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1-2 GENERAL INFORMATION, SAFETY AND TOOLS 

This manual is designed to be a handy reference guide to maintaining 
and repairing your Johnson or Evinrude Outboard. We strongly believe that 
regardless of how many or how few year's experience you may have, there 
is something new waiting here for you. 

This manual covers the topics that a factory service manual (designed for 
factory trained mechanics) and a manufacturer owner's manual (designed 
more by lawyers than boat owners these days) covers. It will take you 
through the basics of maintaining and repairing your outboard, step-by-step, 
to help you understand what the factory trained mechanics already know by 
heart. By using the information in this manual, any boat owner should be 
able to make better informed decisions about what they need to do to 
maintain and enjoy their outboard. 

Even if you never plan on touching a wrench (and if so, we hope that we 
can change your mind), this manual will still help you understand what a 
mechanic needs to do in order to maintain your engine. 

If you are not the type who is prone to taking a wrench to something, 
NEVER FEAR. The procedures provided here cover topics at a level virtually 
anyone will be able to handle. And just the fact that you purchased this 
manual shows your interest in better understanding your outboard. 

You may even find that maintaining your outboard yourself is preferable in 
most cases. From a monetary standpoint, it could also be beneficial. The 
money spent on hauling your boat to a marina and paying a tech to service 
the engine could buy you fuel for a whole weekend of boating. And, if you 
are really that unsure of your own mechanical abilities, at the very least you 
should fully understand what a marine mechanic does to your boat. You may 
decide that anything other than maintenance and adjustments should be 
performed by a mechanic (and that's your call), but if so you should know 
that every time you board your boat, you are placing faith in the mechanic's 
work and trusting him or her with your well-being, and maybe your life. 

It should also be noted that in most areas a factory-trained mechanic will 
command a hefty hourly rate for off site service. If the tech comes to you this 
hourly rate is often charged from the time they leave their shop to the time 
that they return home. When service is performed at a boat yard, the clock 
usually starts when they go out to get the boat and bring it into the shop and 
doesn't end until it is tested and put back in the yard. The cost savings in 
doing the job yourself might be readily apparent at this point. 

Of course, if even you're already a seasoned Do-It-Yourselfer or a 
Professional Technician, you'll find the procedures, specifications, special 
tips as well as the schematics and illustrations helpful when tackling a new 
job on a motor. 

To help you decide if a task is within your skill level, procedures will 
often be rated using a wrench symbol in the text. When present, the 
number of wrenches designates how difficult we feel the procedure to 
be on a 1-4 scale. For more details on the wrench icon rating system, 
please refer to the information under Skill Levels at the beginning of 
this manual. 

Before spending any money on parts, and before removing any nuts or 
bolts, read through the entire procedure or topic. This will give you the 
overall view of what tools and supplies will be required to perform the 
procedure or what questions need to be answered before purchasing parts. 
So read ahead and plan ahead. Each operation should be approached 
logically and all procedures thoroughly understood before attempting any 
work. 

Some procedures in this manual may require you to "label and disconnect 
. . . " a group of lines, hoses or wires. Don't be lulled into thinking you can 
remember where everything goes - you won't. If you reconnect or install a 
part incorrectly, the motor may operate poorly, if at all. If you hook up 
electrical wiring incorrectly, you may instantly learn a very expensive lesson. 

A piece of masking tape, for example, placed on a hose and another on 
its fitting will allow you to assign your own label such as the letter " A ,  or a 
short name. As long as you remember your own code, you can reconnect 
the lines by matching letters or names. Do remember that tape will dissolve 

when saturated in some fluids (especially cleaning solvents). If a component 
is to be washed or cleaned, use another method of identification. A 
permanent felt-tipped marker can be very handy for marking metal parts; but 
remember that some solvents will remove permanent marker. A scribe can 
be used to carefully etch a small mark in some metal parts, but be sure NOT 
to do that on a gasket-making surface. 

SAFETY is the most important thing to remember when performing 
maintenance or repairs. Be sure to read the information on safety in this 
manual. 

Proper maintenance is the key to long and trouble-free engine life, and 
the work can yield its own rewards. A properly maintained engine performs 
better than one that is neglected. As a conscientious boat owner, set aside a 
Saturday morning, at least once a month, to perform a thorough check of 
items that could cause problems. Keep your own personal log to jot down 
which services you performed, how much the parts cost you, the date, and 
the amount of hours on the engine at the time. Keep all receipts for parts 
purchased, so that they may be referred to in case of related problems or to 
determine operating expenses. As a do-it-yourselfer, these receipts are the 
only proof you have that the required maintenance was performed. In the 
event of a warranty problem (on new motors), these receipts can be 
invaluable. 

It's necessary to mention the difference between maintenance and repair. 
Maintenance includes routine inspections, adjustments, and replacement of 
parts that show signs of normal wear. Maintenance compensates for wear or 
deterioration. Repair implies that something has broken or is not working. A 
need for repair is often caused by lack of maintenance. 

For example: draining and refilling the gearcase oil is maintenance 
recommended by all manufacturers at specific intervals. Failure to do this 
can allow internal corrosion or damage and impair the operation of the motor, 
requiring expensive repairs. While no maintenance program can prevent 
items from breaking or wearing out, a general rule can be stated: 
MAINTENANCE IS CHEAPER THAN REPAIR. 

+ See Figure 1 

Two basic rules should be mentioned here. First, whenever the Port side 
of the enaine (or boat) is referred to, it is meant to specifv the left side of the 
engine wien 3ou are sitting at the helm. Conversely, theStarboard means 
your right side. The Bow is the front of the boat and the Stern or Aft is the 
rear. 

/ 
PORT 

:FT SIDE) 

BOW -- FORWARD 
(FRONT) 

? STARBOARD 

(RIGHT SIDE) 

STERN -- AFT 

Fig. 1 Common terminology used for reference designation on 
boats of all size. These terms are used through out the text A 
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GENERAL INFORMATION. SAFETY AND TOOLS 1-3 
Most screws and bolts are removed by turning counterclockwise, and 

tightened by turning clockwise. An easy way to remember this is: righty- 
tighty; lefty-loosey. Corny, but effective. And if you are really dense (and we 
have all been so at one time or another), buy a ratchet that is marked ON 
and OFF (like Snap-on@ ratchets), or mark your own. This can be especially 
helpful when you are bent over backwards, upside down or otherwise turned 
around when working on a boat-mounted component. 

Occasionally, there are some things when working on an outboard that 
are beyond the capabilities or tools of the average Do-It-Yourselfer (DIYer). 
This shouldn't include most of the topics of this manual, but you will have to 
be the judge. Some engines require special tools or a selection of special 
parts, even for some basic maintenance tasks. 

Talk to other boaters who use the same model of engine and speak with a 
trusted marina to find if there is a particular system or component on your 
engine that is difficult to maintain. 

You will have to decide for yourself where basic maintenance ends and 
where professional service should begin. Take your time and do your 
research first (starting with the information contained within) and then make 
your own decision. If you really don't feel comfortable with attempting a 
procedure, DON'T DO IT. If you've gotten into something that may be over 
your head, don't panic. Tuck your tail between your legs and call a marine 
mechanic. Marinas and independent shops will be able to finish a job for 
you. Your ego may be damaged, but your boat will be properly restored to its 
full running order. So, as long as you approach jobs slowly and carefully, you 
really have nothing to lose and everything to gain by doing it yourself. 

On the other hand, even the most complicated repair is within the ability 
of a person who takes their time and follows the steps of a procedure. A rock 
climber doesn't run up the side of a cliff, helshe takes it one step at a time 
and in the end, what looked difficult or impossible was conquerable. Worry 
about one step at a time. 

+ See Figures 2 and 3 

When purchasing parts there are two things to consider. The first is quality 
and the second is to be sure to get the correct part for your engine. To get 
quality parts, always deal directly with a reputable retailer. To get the proper 
parts always refer to the model number from the information tag on your 
engine prior to calling the parts counter. An incorrect part can adversely 
affect your engine performance and fuel economy, and will cost you more 
money and aggravation in the end. 

Just remember a tow back to shore will cost plenty. That charge is per 
hour from the time the towboat leaves their home port, to the time they return 
to their home port. Get the picture. . .$$$? 

Fig. 2 By far the most important asset in purchasing parts is a 
knowledgeable and enthusiastic parts person 

So whom should you call for parts? Well, there are many sources for the 
parts you will need. Where you shop for parts will be determined by what 
kind of parts you need, how much you want to pay, and the types of stores in 
your neighborhood. 

Your marina can supply you with many of the common parts you require. 
Using a marina as your parts supplier may be handy because of location 
(just walk right down the dock) or because the marina specializes in your 
particular brand of engine. In addition, it is always a good idea to get to know 
the marina staff (especially the marine mechanic). 

The marine parts jobber, who is usually listed in the yellow pages or 
whose name can be obtained from the marina, is another excellent source 
for parts. In addition to supplying local marinas, they also do a sizeable 
business in over-the-counter parts sales for the do-it-yourselfer, 

Almost every boating community has one or more convenient marine 
chain stores. These stores often offer the best retail prices and the 
convenience of one-stop shopping for all your needs. Since they cater to the 
do-it-yourselfer, these stores are almost always open weeknights, Saturdays, 
and Sundays, when the jobbers are usually closed. 

The lowest prices for parts are most often found in discount stores or the 
auto department of mass merchandisers. Parts sold here are name and 
private brand parts bought in huge quantities, so they can offer a competitive 
price. Private brand parts are made by major manufacturers and sold to 
large chains under a store label. And, of course, more and more large 
automotive parts retailers are stocking basic marine supplies. 

There are 3 common mistakes in mechanical work: 
1. Following the incorrect order of assembly, disassembly or 

adjustment. When taking something apart or putting it together, performing 
steps in the wrong order usually just costs you extra time; however, it CAN 
break something. Read the entire procedure before beginning disassembly. 
Perform everything in the order in which the instructions say you should, 
even if you can't immediately see a reason for it. When you're taking apart 
something that is very intricate, you might want to draw a picture of how it 
looks when assembled at one point in order to make sure you get everything 
back in its proper position. When making adjustments, perform them in the 
proper order; often, one adjustment affects another, and you cannot expect 
satisfactory results unless each adjustment is made only when it cannot be 
changed by subsequent adjustments. 

Digital cameras are handy. If you've got access to one, take pictures 
of intricate assemblies during the disassembly process and refer to 
them during assembly for tips on part orientation. 

2. Over-torquing (or under-torquing). While it is more common for over- 
torquing to cause damage, under-torquing may allow a fastener to vibrate 
loose causing serious damage. Especially when dealing with plastic and 
aluminum parts, pay attention to torque specifications and utilize a torque 

Fig. 3 Parts catalogs, giving application and part number 
information, are provided by manufacturers for most replacement 
parts 
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1-4 GENERAL INFORMATION, SAFETY AND TOOLS 
wrench in assembly. If a torque figure is not available, remember that if you 
are using the right tool to perform the job, you will probably not have to strain 
yourself to get a fastener tight enough. The pitch of most threads is so slight 
that the tension you put on the wrench will be multiplied many times in actual 
force on what you are tightening. 

3. Cross-threading. This occurs when a part such as a bolt is screwed 
into a nut or casting at the wrong angle and forced. Cross-threading is more 
likely to occur if access is difficult. It helps to clean and lubricate fasteners, 
then to start threading with the part to be installed positioned straight inward. 

Always start a fastener, etc. with your fingers. If you encounter resistance, 
unscrew the part and start over again at a different angle until it can be 
inserted and turned several times without much effort. Keep in mind that 
some parts may have tapered threads, so that gentle turning will 
automatically bring the part you're threading to the proper angle, but only if 
you don't force it or resist a change in angle. Don't put a wrench on the part 
until it has been tightened a couple of turns by hand. If you suddenly 
encounter resistance, and the part has not seated fully, don't force it. Pull it 
back out to make sure it's clean and threading properly. 

In 1971 Congress ordered the US. Coast Guard to improve recreational 
boating safety. In response, the Coast Guard drew up a set of regulations. 

Aside from these federal regulations, there are state and local laws you 
must follow. These sometimes exceed the Coast Guard requirements. This 
section discusses only the federal laws. State and local laws are available 
from your local Coast Guard. As with other laws, "Ignorance of the boating 
laws is no excuse." The rules fall into two groups: regulations for your boat 
and required safety equipment on your boat. 

Most boats on waters within Federal jurisdiction must be registered or 
documented. These waters are those that provide a means of transportation 
between two or more states or to the sea. They also include the territorial 
waters of the United States. 

DOCUMENTING OF VESSELS 

A vessel of five or more net tons may be documented as a yacht. In this 
process, papers are issued by the US.  Coast Guard as they are for large 
ships. Documentation is a form of national registration. The boat must be 
used solelv for pleasure. Its owner must be a citizen of the US., a 

of U.S. citizens, or a corporation controlled by U.S. citizens. The 
cautain and other officers must also be US.  citizens. The crew need not be. 

If you document your yacht, you have the legal authority to fly the yacht 
ensign. You also may record bills of sale, mortgages, and other papers of 
title with federal authorities. Doing so gives legal notice that such instruments 
exist. Documentation also permits preferred status for mortgages. This gives 
you additional security, and it aids in financing and transfer of title. You must 
carry the original documentation papers aboard your vessel. Copies will not 
suffice. 

REGISTRATION OF BOATS 

If your boat is not documented, registration in the state of its principal use 
is probably required. If you use it mainly on an ocean, a gulf, or other similar 
water, register it in the state where you moor it. 

If you use your boat solely for racing, it may be exempt from the 
requirement in your state. Some states may also exclude dinghies, while 
others require registration of documented vessels and non-power driven 
boats. 

All states, except Alaska, register boats. In Alaska, the U.S. Coast Guard 
issues the registration numbers. If you move your vessel to a new state of 
principal use, a valid registration certificate is good for 60 days. You must 
have the registration certificate (certificate of number) aboard your vessel 
when it is in use. A copy will not suffice. You may be cited if you do not have 
the original on board. 

NUMBERING OF VESSELS 

A registration number is on your registration certificate. You must paint or 
permanently attach this number to both sides of the forward half of your 
boat. Do not display any other number there. 

The reaistration number must be clearlv visible. It must not be placed on 
the obscured underside of a flared bow. l iyou can't place the number on the 
bow. dace it on the forward half of the hull. If that doesn't work. out it on the 
supe;structure. Put the number for an inflatable boat on a bracket or fixture. 
Then, firmly attach it to the forward half of the boat. The letters and numbers 
must be plain block characters and must read from left to right. Use a space 
or a hyphen to separate the prefix and suffix letters from the numerals. The 
color of the characters must contrast with that of the background, and they 
must be at least three inches high. 

In some states your registration is good for only one year. In others, it is 
good for as long as three years. Renew your registration before it expires. At 
that time you will receive a new decal or decals. Place them as required by 
state law. You should remove old decals before putting on the new ones. 
Some states require that you show only the current decal or decals. If your 
vessel is moored, it must have a current decal even if it is not in use. 

If your vessel is lost, destroyed, abandoned, stolen, or transferred, you 
must inform the issuing authority. If you lose your certificate of number or 
your address changes, notify the issuing authority as soon as possible. 

SALES AND TRANSFERS 

Your registration number is not transferable to another boat. The number 
stays with the boat unless its state of principal use is changed. 

HULL IDENTIFICATION NUMBER 

A Hull Identification Number (HIN) is like the Vehicle Identification Number 
(VIN) on your car. Boats built between November 1, 1972 and July 31, 1984 
have old format HINs. Since August 1, 1984 a new format has been used. 

Your boat's HIN must appear in two places. If it has a transom, the 
primary number is on its starboard side within two inches of its top. If it does 
not have a transom or if it was not practical to use the transom, the number 
is on the starboard side. In this case, it must be within one foot of the stern 
and within two inches of the top of the hull side. On pontoon boats, it is on 
the aft crossbeam within one foot of the starboard hull attachment. Your boat 
also has a duplicate number in an unexposed location. This is on the boat's 
interior or under a fitting or item of hardware. 

LENGTH OF BOATS 

For some purposes, boats are classed by length. Required equipment, for 
example, differs with boat size. Manufacturers may measure a boat's length 
in several ways. Officially, though, your boat is measured along a straight 
line from its bow to its stern. This line is parallel to its keel. 

The length does not include bowsprits, boomkins, or pulpits. Nor does it 
include rudders, brackets, outboard motors, outdrives, diving platforms, or 
other attachments. 

CAPACITY INFORMATION 

+ See Figure 4 

Manufacturers must put capacity plates on most recreational boats less 
than 20 feet long. Sailboats, canoes, kayaks, and inflatable boats are usually 
exempt. Outboard boats must display the maximum permitted horsepower of 
their engines. The plates must also show the allowable maximum weights of 
the ueo~ le  on board. And thev must show the allowable maximum combined 

- 1  ~ 8~ 

weights of people, engine(s),and gear. lnboards and stern drives need not 
show the weight of their engines on their capacity plates. The capacity plate 
must appear where it is clearly visible to the operator when underway. This 
information serves to remind you of the capacity of your boat under normal 
circumstances. You should ask yourself, "Is my boat loaded above its 
recommended capacity" and, "Is my boat overloaded for the present sea and 
wind conditions?" If you are stopped by a legal authority, you may be cited if 
you are overloaded. 

CERTIFICATE OF COMPLIANCE 

+ See Figure 4 

Manufacturers are required to put compliance plates on motorboats 
greater than 20 feet in length. The plates must say, "This boat," or "This 
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GENERALINFORMATION, SAFETYANDTOOLS 1-5 

Fig. 4 A US.  Coast Guard certification plate indicates the amount 
of occupants and gear appropriate for safe operation of the vessel 

equipment complies with the U. S. Coast Guard Safety Standards in effect 
on the date of certification." Letters and numbers can be no less than one- 
eighth of an inch high. At the manufacturer's option, the capacity and 
compliance plates may be combined. 

VENTILATION 

A cup of gasoline spilled in the bilge has the potential explosive power of 
15 sticks of dynamite. This statement, commonly quoted over 20 years ago, 
may be an exaggeration; however, it illustrates a fact. Gasoline fumes in the 
bilge of a boat are highly explosive and a serious danger. They are heavier 
than air and will stay in the bilge until they are vented out. 

Because of this danger, Coast Guard regulations require ventilation on 
many powerboats. There are several ways to supply fresh air to engine and 
gasoline tank compartments and to remove dangerous vapors. Whatever the 
choice, it must meet Coast Guard standards. 

The following is not intended to be a complete discussion of the 
regulations. It is limited to the majority of recreational vessels. Contact 
your local Coast Guard office for further information. 

General Precautions 

Ventilation systems will not remove raw gasoline that leaks from tanks or 
fuel lines. If you smell gasoline fumes, you need immediate repairs. The best 
device for sensing gasoline fumes is your nose. Use it! If you smell gasoline 
in a bilge, engine compartment, or elsewhere, don't start your engine. The 
smaller the compartment, the less gasoline it takes to make an explosive 
mixture. 

Ventilation for Open Boats 
In open boats, gasoline vapors are dispersed by the air that moves 

through them. So ihey are exempt from v'entilationrequirements. 
To be "ooen." a boat must meet certain conditions. Enaine and fuel tank 

cornpartme& and long narrow compartments that join t&m must be open 
to the atmosphere." This means they must have at least 15 square inches of 
open area for each cubic foot of net compartment volume. The open area 
must be in direct contact with the atmosphere. There must also be no long, 
unventilated spaces open to engine and fuel tank compartments into which 
flames could extend. 

Ventilation for All Other Boats 

Powered and natural ventilation are required in an enclosed compartment 
with a permanently installed gasoline engine that has a cranking motor. A 
compartment is exempt if its engine is open to the atmosphere. Diesel 
powered boats are also exempt. 

VENTILATION SYSTEMS 

There are two types of ventilation systems. One is "natural ventilation." In 
it, air circulates through closed spacesdue to the boat's motion. The other 
type is "powered ventilation." In it, air is circulated by a motor-driven fan or 
fans 

Natural Ventilation System Requirements 
A natural ventilation system has an air supply from outside the boat. The 

air supply may also be from a ventilated compartment or a compartment 
open to the atmosphere. Intake openings are required. In addition, intake 
ducts may be required to direct the air to appropriate compartments. 

The system must also have an exhaust duct that starts in the lower third 
of the compartment. The exhaust opening must be into another ventilated 
compartment or into the atmosphere. Each supply opening and supply duct, 
if there is one, must be above the usual level of water in the bilge. Exhaust 
openings and ducts must also be above the bilge water. Openings and ducts 
must be at least three square inches in area or two inches in diameter. 
Openings should be placed so exhaust gasses do not enter the fresh air 
intake. Exhaust fumes must not enter cabins or other enclosed, non- 
ventilated spaces. The carbon monoxide gas in them is deadly. 

Intake and exhaust openings must be covered by cowls or similar 
devices. These registers keep out rain water and water from breaking seas. 
Most often, intake registers face forward and exhaust openings aft. This aids 
the flow of air when the boat is moving or at anchor since most boats face 
into the wind when properly anchored. 

Power Ventilation System Requirements 
+ See Figure 5 

Powered ventilation systems must meet the standards of a natural 
system, but in addition, they must also have one or more exhaust blowers. 
The blower duct can serve as the exhaust duct for natural ventilation if fan 
blades do not obstruct the air flow when not powered. Openings in engine 
compartment, for carburetion are in addition to ventilation system 
requirements. 

Coast Guard regulations require that your boat have certain equipment 
aboard. These requirements are minimums. Exceed them whenever you 
can 

TYPES OF FIRES 

There are four common classes of fires: 
Class A - fires are of ordinary combustible materials such as paper or 

wood. 
* Class B - fires involve gasoline, oil and grease. 

Class C - fires are electrical. 
Class D - fires involve ferrous metals 

One of the greatest risks to boaters is fire. This is why it is so important to 
carry the correct number and type of extinguishers onboard. 

The best fire extinguisher for most boats is a Class B extinguisher. Never 
use water on Class B or Class C fires, as water soreads these Woes of fires. 
Additionally, you should never use water on a class C fire as it may cause 
you to be electrocuted. 

I Fig. 5 Typical blower and duct system to vent fumes from the 
engine compartment 
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FIRE EXTINGUISHERS 
+ See Figure 6 

If your boat meets one or more of the following conditions, you must have 
at least one fire extinguisher aboard. The conditions are: 

Inboard or stern drive engines 
Closed compartments under seats where portable fuel tanks can be 

stored 
Double bottoms not sealed together or not completely filled with 

flotation materials 
Closed living spaces 

* Closed stowage compartments in which combustible or flammable 
materials are stored 

Permanently installed fuel tanks 
Boat is 26 feet or more in length. 

Contents of Extinguishers 
Fire extinguishers use a variety of materials. Those used on boats usually 

contain dry chemicals, Halon, or Carbon Dioxide (C02). Dry chemical 
extinguishers contain chemical powders such as Sodium Bicarbonate - 
baking soda. 

Carbon dioxide is a colorless and odorless gas when released from an 
extinguisher. It is not poisonous but caution must be used in entering 
comDartments filled with it. It will not suooort life and keeos oxvaen from 
rea&ing your lungs. A fire-killing conceniration of carbon ~ i o i 8 e  can be 
lethal. If you are in a compartment with a high concentration of C02, you will 
have no difficulty breathing. But the air does not contain enough oxygen to 
support life. Unconsciousness or death can result. 

Halon Extinguishers 
Some fire extinguishers and "built-in" or "fixed" automatic fire 

extinguishing systems contain a gas called Halon. Like carbon dioxide it is 
colorless and odorless and will not support life. Some Halons may be toxic if 
inhaled. 

To be accepted by the Coast Guard, a fixed Halon system must have an 
indicator light at the vessel's helm. A green light shows the system is ready. 
Red means it is being discharged or has been discharged. Warning horns 
are available to let you know the system has been activated. If your fixed 
Halon system discharges, ventilate the space thoroughly before you enter it. 
There are no residues from Halon but it will not support life. 

Fig. 6 An approved fire extinguisher should be mounted close to 
the operator for emerclencv use I 

Although Halon has excellent fire fighting properties; it is thought to 
deplete the earth's ozone layer and has not been manufactured since 
January 1, 1994. Halon extinguishers can be refilled from existing stocks of 
the gas until they are used up, but high federal excise taxes are being 
charged for the service. If you discontinue using your Halon extinguisher, 
take it to a recovery station rather than releasing the gas into the 
atmosphere. Compounds such as FE 241, designed to replace Halon, are 
now available. 

Fire Extinguisher Approval 
Fire extinguishers must be Coast Guard approved. Look for the approval 

number on the nameplate. Approved extinguishers have the following on 
their labels: "Marine Type USCG Approved, Size. . ., Type. . ., 162.2081," etc. 
In addition, to be acceptable by the Coast Guard, an extinguisher must be in 
serviceable condition and mounted in its bracket. An extinguisher not 
properly mounted in its bracket will not be considered serviceable during a 
Coast Guard inspection. 

Care and Treatment 
Make certain your extinguishers are in their stowage brackets and are not 

damaged. Replace cracked or broken hoses. Nozzles should be free of 
obstructions. Sometimes, wasps and other insects nest inside nozzles and 
make them inoperable. check' your extinguishers frequently. If they have 
Dressure aauaes, is the oressure within acceotable limits? Do the lockina 
bins and sealkg wires show they have not been used since recharging? 

Don't try an extinguisher to test it. Its valves will not reseat properly and 
the remaining gas will leak out. When this happens, the extinguisher is 
useless. 

Weigh and tag carbon dioxide and Halon extinguishers twice a year. If 
their weiaht loss exceeds 10 oercent of the weiaht of the charae, recharge 
them. ~hYeck to see that they'have not been used. They shouG have been 
inspected by a qualified person within the past six months, and they should 
have tags showing all inspection and service dates. The problem is that they 
can be partially discharged while appearing to be fully charged. 

Some Halon extinguishers have pressure gauges the same as dry 
chemical extinguishers. Don't rely too heavily on the gauge. The extinguisher 
can be partially discharged and still show a good gauge reading. Weighing a 
Halon extinguisher is the only accurate way to assess its contents. 

If your dry chemical extinguisher has a pressure indicator, check it 
frequently. Check the nozzle to see if there is powder in it. If there is, 
recharge it. Occasionally invert your dry chemical extinguisher and hit the 
base with the palm of your hand. The chemical in these extinguishers packs 
and cakes due to the boat's vibration and pounding. There is a difference of 
opinion about whether hitting the base helps, but it can't hurt. It is known that 
caking of the chemical powder is a major cause of failure of dry chemical 
extinguishers. Carry spares in excess of the minimum requirement. If you 
have guests aboard, make certain they know where the extinguishers are 
and how to use them. 

Using a Fire Extinguisher 
A fire extinguisher usually has a device to keep it from being discharged 

accidentally. This is a metal or plastic pin or loop. If you need to use your 
extinguisher, take it from its bracket. Remove the pin or the loop and point 
the nozzle at the base of the flames. Now, squeeze the handle, and 
discharge the extinguisher's contents while sweeping from side to side. 
Recharge a used extinguisher as soon as possible. 

If you are using a Halon or carbon dioxide extinguisher, keep your hands 
away from the discharge. The rapidly expanding gas will freeze them. If your 
fire extinguisher has a horn, hold it by its handle. 

Legal Requirements for Extinguishers 
You must carry fire extinguishers as defined by Coast Guard regulations. 

They must be firmly mounted in their brackets and immediately accessible. 
A motorboat less than 26 feet long must have at least one approved 

hand-portable, Type B-1 extinguisher. If the boat has an approved fixed fire 
extinguishing system, you are not required to have the Type B-1 
extinguisher. Also, if your boat is less than 26 feet long, is propelled by an 
outboard motor, or motors, and does not have any of the first six conditions 
described at the beginning of this section, it is not required to have an 
extinguisher. Even so, it's a good idea to have one, especially if a nearby 
boat catches fire, or if a fire occurs at a fuel dock. - 

A motorboat 26 feet to less than 40 feet long, must have at least two Type 
B-I  approved hand-portable extinguishers. It can, instead, have at least one 
Coast Guard approved Type 8-2. If you have an approved fire extinguishing 
system, only one Type B-1 is required. 
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A motorboat 40 to 65 feet long must have at least three Type B-1 

approved portable extinguishers. It may have, instead, at least one Type B-1 
plus a Type 8-2. If there is an approved fixed fire extinguishing system, two 
Type B-1 or one Type B-2 is required. 

WARNING SYSTEM 

Various devices are available to alert you to danger. These include fire, 
smoke, gasoline fumes, and carbon monoxide detectors. If your boat has a 
galley, it should have a smoke detector. Where possible, use wired 
detectors. Household batteries often corrode rapidly on a boat. 

There are many ways in which carbon monoxide (a by-product of the 
combustion that occurs in an engine) can enter your boat. You can't see, 
smell, or taste carbon monoxide gas, but it is lethal. As little as one part in 
10,000 parts of air can bring on a headache. The symptoms of carbon 
monoxide poisoning - headaches, dizziness, and nausea - are like 
seasickness. By the time you realize what is happening to you, it may be too 
late to take action. If you have enclosed living spaces on your boat, protect 
yourself with a detector. 

PERSONAL FLOTATION DEVICES 

Personal Flotation Devices (PFDs) are commonly called life preservers or 
life jackets. You can get them in a variety of types and sizes. They vary with 
their intended uses. To be acceptable, PFDs must be Coast Guard 
approved. 

Type l PFDs 
A Type I life jacket is also called an offshore life jacket. Type I life jackets 

will turn most unconscious people from facedown to a vertical or slightly 
backward position. The adult size gives a minimum of 22 pounds of 
buoyancy. The child size has at least 11 pounds. Type I jackets provide more 
protection to their wearers than any other type of life jacket. Type I life 
jackets are bulkier and less comfortable than other types. Furthermore, there 
are only two sizes, one for children and one for adults. 

Type I life jackets will keep their wearers afloat for extended periods in 
rough water. They are recommended for offshore cruising where a delayed 
rescue is probable. 

Type ll PFDs 
+ See Figure 7 

A Type I1 life jacket is also called a near-shore buoyant vest. It is an 
approved, wearable device. Type II life jackets will turn some unconscious 
people from facedown to vertical or slightly backward positions. The adult 
size gives at least 15.5 pounds of buoyancy. The medium child size has a 
minimum of 11 pounds. And the small child and infant sizes give seven 
pounds. A Type II life jacket is more comfortable than a Type I but it does not 
have as much buoyancy. It is not recommended for long hours in rough 
water. Because of this, Type Ils are recommended for inshore and inland 
cruising on calm water. Use them only where there is a good chance of fast 
rescue. 

Fig. 7 Type II PFDs are recommended for 
inshorelinland use on calm water (where 
there is a good chance of fast rescue) 

Type Ill PFDs 
Type Ill life jackets or marine buoyant devices are also known as flotation 

aids. Like Type Ils, they are designed for calm inland or close offshore water 
where there is a good chance of fast rescue. Their minimum buoyancy is 
15.5 pounds. They will <B>not</B> turn their wearers face up. 

Type Ill devices are usually worn where freedom of movement is 
necessary. Thus, they are used for water skiing, small boat sailing, and 
fishing among other activities. They are available as vests and flotation 
coats. Flotation coats are useful in cold weather. Type Ills come in many 
sizes from small child through large adult. 

Life jackets come in a variety of colors and patterns - red, blue, green, 
camouflage, and cartoon characters. From purely a safety standpoint, the 
best color is bright orange. It is easier to see in the water, especially if the 
water is rough. 

Type IV PFDs 
+ See Figures 8 and 9 

Type IV ring life buoys, buoyant cushions and horseshoe buoys are Coast 
Guard approved devices called throwables. They are made to be thrown to 
people in the water, and should not be worn. Type IV cushions are often 
used as seat cushions. But, keep in mind that cushions are hard to hold onto 
in the water, thus, they do not afford as much protection as wearable life 
jackets. 

The straps on buoyant cushions are for you to hold onto either in the 
water or when throwing them, they are <B>NOT<IB> for your arms. A 
cushion should never be worn on your back, as it will turn you face down in 
the water. 

Type IV throwables are not designed as personal flotation devices for 
unconscious people, non-swimmers, or children. Use them only in 
emergencies. They should not be used for, long periods in rough water. 

Ring life buoys come in 18, 20, 24, and 30 in. diameter sizes. They 
usually have grab lines, but you will need to attach about 60 feet of 
polypropylene line to the grab rope to aid in retrieving someone in the water. 
If you throw a ring, be careful not to hit the person. Ring buoys can knock 
people unconscious 

Type V PFDs 
Type V PFDs are of two kinds, special use devices and hybrids. Special 

use devices include boardsailing vests, deck suits, work vests, and others. 
They are approved only for the special uses or conditions indicated on their 
labels. Each is designed and intended for the particular application shown on 
its label. They do not meet legal requirements for general use aboard 
recreational boats. 

Hybrid life jackets are inflatable devices with some built-in buoyancy 
provided by plastic foam or kapok. They can be inflated orally or by cylinders 
of compressed gas to give additional buoyancy. In some hybrids the gas is 
released manually. In others it is released automatically when the life jacket 
is immersed in water. 

The inherent buoyancy of a hybrid may be insufficient to float a person 
unless it is inflated. The only way to find this out is for the user to try it in the 

to people in the water. If you can squeeze life buoy, are not designed for unconscious 
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water. Because of its limited buoyancy when deflated, a hybrid is 
recommended for use by a non-swimmer only if it is worn with enough 
inflation to float the wearer. 

If they are to count against the legal requirement for the number of life 
jackets you must carry, hybrids manufactured before February 8, 1995 must 
be worn whenever a boat is underway and the wearer must not go below 
decks or in an enclosed space. To find out if your Type V hybrid must be 
worn to satisfy the legal requirement, read its label. If its use is restricted it 
will say, "REQUIRED TO BE WORN in capital letters. 

Hybrids cost more than other life jackets, but this factor must be weighed 
against the fact that they are more comfortable than Types I, II or Ill life 
jackets. Because of their greater comfort, their owners are more likely to 
wear them than are the owners of Type I, II or Ill life jackets. 

The Coast Guard has determined that improved, less costly hybrids can 
save lives since they will be bought and used more frequently. For these 
reasons, a new federal regulation was adopted effective February 8, 1995. 
The regulation increases both the deflated and inflated buoyancys of hybrids, 
makes them available in a greater variety of sizes and types, and reduces 
their costs by reducing production costs. 

Even though it may not be required, the wearing of a hybrid or a life jacket 
is encouraged whenever a vessel is underway. Like life jackets, hybrids are 
now available in three types. To meet legal requirements, a Type I hybrid can 
be substituted for a Type I life jacket. Similarly Type II and Ill hybrids can be 
substituted for Type II and Type Ill life jackets. AType I hybrid, when inflated, 
will turn most unconscious people from facedown to vertical or slightly 
backward positions just like a Type I life jacket. Type II and Ill hybrids 
function like Type II and Ill life jackets. If you purchase a new hybrid, it 
should have an owner's manual attached that describes its life jacket type 
and its deflated and inflated buoyancys. It warns you that it may have to be 
inflated to float you. The manual also tells you how to don the life jacket and 
how to inflate it. It also tells you how to change its inflation mechanism, 
recommended testing exercises, and inspection or maintenance procedures. 
The manual also tells you why you need a life jacket and why you should 
wear it. A new hybrid must be packaged with at least three gas cartridges. 
One of these may already be loaded into the inflation mechanism. Likewise, 
if it has an automatic inflation mechanism, it must be packaged with at least 
three of these water sensitive elements. One of these elements may be 
installed. 

Legal Requirements 

A Coast Guard approved life jacket must show the manufacturer's name 
and approval number. Most are marked as Type I, 11, Ill, IV or V. All of the 
newer hybrids are marked for type. 

You are required to carry at least one wearable life jacket or hybrid for 
each person on board your recreational vessel. If your vessel is 16 feet or 
more in length and is not a canoe or a kayak, you must also have at least 
one Type IV on board. These requirements apply to all recreational vessels 
that are propelled or controlled by machinery, sails, oars, paddles, poles, or 
another vessel. Sailboards are not required to carry life jackets. 

You can substitute an older Type V hybrid for any required Type I, II or Ill 
life jacket provided: 

1. Its approval label shows it is approved for the activity the vessel is 
engaged in 

2. It's approved as a substitute for a life jacket of the type required on 
the vessel 

3. It's used as required on the labels 
and 

4. It's used in accordance with any requirements in its owner's manual 
(if the approval label makes reference to such a manual.) 

A water skier being towed is considered to be on board the vessel when 
judging compliance with legal requirements. 

You are required to keep your Type I, II or Ill life jackets or equivalent 
hybrids readily accessible, which means you must be able to reach out and 
get them when needed. All life jackets must be in good, serviceable 
condition. 

General Considerations 

The proper use of a life jacket requires the wearer to know how it will 
perform. You can gain this knowledge only through experience. Each person 
on your boat should be assigned a life jacket. Next, it should be fitted to the 
person who will wear it. Only then can you be sure that it will be ready for 
use in an emergency. This advice is good even if the water is calm, and you 
intend to boat near shore. 

Boats can sink fast. There may be no time to look around for a life jacket. 

Fitting one on you in the water is almost impossible. Most drownings occur in 
inland waters within a few feet of safety. Most victims had life jackets, but 
they weren't wearing them. 

Keeping life jackets in the plastic covers they came wrapped in, and in a 
cabin, assure that they will stay clean and unfaded. But this is no way to 
keep them when you are on the water. When you need a life jacket it must 
be readily accessible and adjusted to fit you. You can't spend time hunting 
for it or learning how to fit it. 

There is no substitute for the experience of entering the water while 
wearing a life jacket. Children, especially, need practice. If possible, give 
your guests this experience. Tell them they should keep their arms to their 
sides when jumping in to keep the life jacket from riding up. Let them jump in 
and see how the life jacket responds. Is it adjusted so it does not ride up? Is 
it the proper size? Are all straps snug? Are children's life jackets the right 
sizes for them? Are they adjusted properly? If a child's life jacket fits 
correctly, you can lift the child by the jacket's shoulder straps and the child's 
chin and ears will not slip through. Non-swimmers, children, handicapped 
persons, elderly persons and even pets should always wear life jackets when 
they are aboard. Many states require that everyone aboard wear them in 
hazardous waters. 

Inspect your lifesaving equipment from time to time. Leave any 
questionable or unsatisfactory equipment on shore. An emergency is no time 
for you to conduct an inspection. 

Indelibly mark your life jackets with your vessel's name, number, and 
calling port. This can be important in a search and rescue effort. It could help 
concentrate effort where it will do the most good. 

Care of Life Jackets 

Given reasonable care, life jackets last many years. Thoroughly dry them 
before putting them away. Stow them in dry, well-ventilated places. Avoid the 
bottoms of lockers and deck storage boxes where moisture may collect. Air 
and dry them frequently. 

Life jackets should not be tossed about or used as fenders or cushions. 
Many contain kapok or fibrous glass material enclosed in plastic bags. The 
bags can rupture and are then unserviceable. Squeeze your life jacket 
gently. Does air leak out? If so, water can leak in and it will no longer be safe 
to use. Cut it up so no one will use it, and throw it away. The covers of some 
life jackets are made of nylon or polyester. These materials are plastics. Like 
many plastics, they break down after extended exposure to the ultraviolet 
light in sunlight. This process may be more rapid when the materials are 
dyed with bright dyes such as "neon" shades. 

Ripped and badly faded fabrics are clues that the covering of your life 
jacket is deteriorating. A simple test is to pinch the fabric between your 
thumbs and forefingers. Now try to tear the fabric. If it can be torn, it should 
definitely be destroyed and discarded. Compare the colors in protected 
places to those exposed to the sun. If the colors have faded, the materials 
have been weakened. A life jacket covered in fabric should ordinarily last 
several boating seasons with normal use. A life jacket used every day in 
direct sunlight should probably be replaced more often. 

SOUND PRODUCING DEVICES 

All boats are required to carry some means of making an efficient sound 
signal. Devices for making the whistle or horn noises required by the 
Navigation Rules must be capable of a four-second blast. The blast should 
be audible for at least one-half mile. Athletic whistles are not acceptable on 
boats 12 meters or longer. Use caution with athletic whistles. When wet, 
some of them come apart and loose their "pea." When this happens, they 
are useless. 

If your vessel is 12 meters long and less than 20 meters, you must have a 
power whistle (or power horn) and a bell on board. The bell must be in 
operating condition and have a minimum diameter of at least 200mm (7.9 in.) 
at its mouth. 

VISUAL DISTRESS SIGNALS 
+ See Figure 10 

Visual Distress Signals (VDS) attract attention to your vessel if you need 
help. They also help to guide searchers in search and rescue situations. Be 
sure you have the right types, and learn how to use them properly. 

It is illegal to fire flares improperly. In addition, they cost the Coast Guard 
and its Auxiliary many wasted hours in fruitless searches. If you signal a 
distress with flares and then someone helps you, please let the Coast Guard 
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or the appropriate Search And Rescue (SAR) Agency know so the distress 
report will be canceled. 

Recreational boats less than 16 feet long must carry visual distress 
signals on coastal waters at night. Coastal waters are: 

* The ocean (territorial sea) 
The Great Lakes 

* Bays or sounds that empty into oceans 
* Rivers over two miles across at their mouths upstream to where they 

narrow to two miles. 
Recreational boats 16 feet or longer must carry VDS at all times on 

coastal waters. The same requirement applies to boats carrying six or fewer 
passengers for hire. Open sailboats less than 26 feet long without engines 
are exempt in the daytime as are manually propelled boats. Also exempt are 
boats in organized races, regattas, parades, etc. Boats owned in the United 
States and operating on the high seas must be equipped with VDS. 

A wide variety of signaling devices meet Coast Guard regulations. For 
pyrotechnic devices, a minimum of three must be carried. Any combination 
can be carried as long as it adds up to at least three signals for day use and 
at least three signals for night use. Three daylnight signals meet both 
requirements. If possible, carry more than the legal requirement. 

The American flag flying upside down is a commonly recognized 
distress signal. It is not recognized in the Coast Guard regulations, 
though. In an emergency, your efforts would probably be better used in 
more effective signaling methods. 

Types of VDS 

VDS are divided into two groups; daytime and nighttime use. Each of 
these groups is subdivided into pyrotechnic and non-pyrotechnic devices. 

Daytime Non-Pyrotechnic Signals 

A bright orange flag with a black square over a black circle is the simplest 
VDS. It is usable, of course, only in daylight. It has the advantage of being a 
continuous signal. A mirror can be used to good advantage on sunny days. It 
can attract the attention of other boaters and of aircraft from great distances. 
Mirrors are available with holes in their centers to aid in "aiming." In the 
absence of a mirror, any shiny object can be used. When another boat is in 
sight, an effective VDS is to extend your arms from your sides and move 
them up and down. Do it slowly. If you do it too fast the other people may 
think you are just being friendly. This simple gesture is seldom 
misunderstood, and requires no equipment. 

Daytime Pyrotechnic Devices 

Orange smoke IS a useful daytme slgnal Hand-held or floating smoke 
flares are very effectwe ~n attracting attention from aircraft Smoke flares 
don t last long, and are not very effective in hlgh wlnd or poor v~s~bil~ty As 
w~th other pyrotechn~c dev~ces, use them only when you know there IS a 
possibility that someone wlll see the display 

To be usable, smoke flares must be kept dry Keep them ~n arrt~ght 
contamers and store them ~n dry places If the "striker" is damp, dry ~t out 
before trying to lgnlte the device Some pyrotechn~c devices requlre a 
forceful "strike" to lgnlte them 

All hand-held pyrotechnlc dev~ces may produce hot ashes or slag when 
burnmg Hold them over the side of your boat ~n such a way that they do not 
burn your hand or drlp Into your boat 

Nighttime Non-Pyrotechnic Signals 

An electric distress light is available. This light automatically flashes the 
international morse code SOS distress signal (-• -- --- ). Flashed four to six 
times a minute, it is an unmistakable distress signal. It must show that it is 
approved by the Coast Guard. Be sure the batteries are fresh. Dated 
batteries give assurance that they are current. 

Under the Inland Navigation Rules, a high intensity white light flashing 50- 
70 times per minute is a distress signal. Therefore, use strobe lights on 
inland waters only for distress signals. 

Nighttime Pyrotechnic Devices 
+ See Figure 11 

Aerial and hand-held flares can be used at night or in the daytime. 
Obviously, they are more effective at night. 

Currently, the serviceable life of a pyrotechnic device is rated at 42 
months from its date of manufacture. Pyrotechnic devices are expensive. 
Look at their dates before you buy them. Buy them with as much time 
remaining as possible. 

Fig. 10 Internationally accepted distress signals 

Fig. 11 Moisture-protected flares should be carried onboard any 
vessel for use as a distress signal 
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Like smoke flares, aerial and hand-held flares may fail to work if they 

have been damaged or abused. They will not function if they are or have 
been wet. Store them in dry, airtight containers in dry places. But store them 
where they are readily accessible. 

Aerial VDSs, depending on their type and the conditions they are used in, 
may not go very high. Again, use them only when there is a good chance 
they will be seen. 

A serious disadvantage of aerial flares is that they burn for only a short 
time; most burn for less than 10 seconds. Most parachute flares burn for less 
than 45 seconds. If you use a VDS in an emergency, do so carefully. Hold 
hand-held flares over the side of the boat when in use. Never use a road 

Emergency Position Indicating Radio Beacon (EPIRB) 
There is no requirement for recreational boats to have EPIRBs. Some 

commercial and fishing vessels, though, must have them if they operate 
beyond the three-mile limit. Vessels carrying six or fewer passengers for hire 
must have EPlRBs under some circumstances when operating beyond the 
three-mile limit. If you boat in a remote area or offshore, you should have an 
EPIRB. An EPIRB is a small (about 6 to 20 in. high), battery-powered, radio 
transmitting buoy-like device. It is a radio transmitter and requires a license 
or an endorsement on your radio station license by the Federal 
Communications Commission (FCC). EPlRBs are either automatically 
activated by being immersed in water or manually by a switch. 

hazard flare on a boat; it can easily start a fire. Marine type flares are 
specif~cally oes~gned to lessen risk, out they still mdst be used carefully. a - - , . a  

Aer~al flares should be aiven the same resDect as firearms since thev are 
firearms! Never point themat another Don't allow children to play 
with them or around them. When you fire one, face away from the wind. Aim 
it downwind and upward at an angle of about 60 degrees to the horizon. If 
there is a strong wind, aim it somewhat more vertically. Never fire it straight 
up. Before you discharge a flare pistol, check for overhead obstructions that 
might be damaged by the flare. An obstruction might deflect the flare to 
where it will cause injury or damage. 

Disposal of VDS 

Keep outdated flares when you get new ones. They do not meet legal 
requirements, but you might need them sometime, and they may work. It is 
illegal to fire a VDS on federal navigable waters unless an emergency exists. 
Many states have similar laws. 

One of the roles of the Coast Guard Auxiliary is to promote recreational 
boating safety. This is why they conduct thousands of Courtesy Marine 
Examinations each year. The auxiliarists who do these examinations are 
well-trained and knowledgeable in the field. 

These examinations are free and done only at the consent of boat 
owners. To pass the examination, a vessel must satisfy federal equipment 
requirements and certain additional requirements of the coast guard 
auxiliary. If your vessel does not pass the Courtesy Marine Examination, no 
report of the failure is made. Instead, you will be told what you need to 
correct the deficiencies. The examiner will return at your convenience to redo 
the examination. 

If your vessel qualifies, you will be awarded a safety decal. The decal 
does not carry any special privileges, it simply attests to your interest in safe 
boating. 

Although not required by law, there are other pieces of equipment that are 
good to have onboard. 

All boats less than 16 feet long should carry a second means of 
propulsion. A paddle or oar can come in handy at times. For most small 
boats, a spare trolling or outboard motor is an excellent idea. If you carry a 
spare motor, it should have its own fuel tank and starting power. If you use 
an electric trolling motor, it should have its own battery. 

All boats should carry at least one effective manual bailing device in 
addition to any installed electric bilge pump. This can be a bucket, can, 
scoop, hand-operated pump, etc. If your battery "goes dead it will not 
operate your electric pump. 

+ See Figure 12 

All boats should carry a first aid kit. It should contain adhesive bandages, 
gauze, adhesive tape, antiseptic, aspirin, etc. Check your first aid kit from 
time to time. Replace anything that is outdated. It is to your advantage to 
know how to use your first aid kit. Another good idea would be to take a Red 
Cross first aid course. 

+ See Figure 13 

All boats should have anchors. Choose one of suitable size for your boat. 
Better still, have two anchors of different sizes. Use the smaller one in calm 
water or when anchoring for a short time to fish or eat. Use the larger one 
when the water is rougher or for overnight anchoring. 

Carry enough anchor line, of suitable size, for your boat and the waters in 
which you will operate. If your engine fails you, the first thing you usually 
should do is lower your anchor. This is good advice in shallow water where 
you may be driven aground by the wind or water. It is also good advice in 
windy weather or rough water, as the anchor, when properly affixed, will 
usually hold your bow into the waves. 

Your best means of summoning help in an emergency or in case of a 
breakdown is a VHF-FM radio. You can use it to get advice or assistance 
from the Coast Guard. In the event of a serious illness or injury aboard your 
boat, the Coast Guard can have emergency medical equipment meet you 
ashore. 

W Although the VHF radio is the best way to get help, in this day and 
age, cell phones are a good backup source, especially for boaters on 
inland waters. You probably already know where you get a signal when 
boating, keep the phone charged, handy and off (so it doesn't bother 
you when boating right?). Keep phone numbers for a local dockmaster, 
coast guard, tow service or maritime police unit handy on board or 
stored in your phone directory. 

SELECTION 
+ See Figure 14 

The safety of the boat and her crew may depend on her compass. In 
many areas, weather conditions can change so rapidly that, within minutes, a 
skipper may find himself socked in by a fog bank, rain squall or just poor 
visibility. Under these conditions, he may have no other means of keeping to 
his desired course except with the compass. When crossing an open body of 
water, his compass may be the only means of making an accurate landfall. 

During thick weather when you can neither see nor hear the expected 
aids to navigation, attempting to run out the time on a given course can 
disrupt the pleasure of the cruise. The skipper gains little comfort in a chain 
of soundings that does not match those given on the chart for the expected 
area. Any stranding, even for a short time, can be an unnerving experience. 

A pilot will not knowingly accept a cheap parachute. By the same token, a 
good boater should not accept a bargain in lifejackets, fire extinguishers, or 
compass. Take the time and spend the few extra dollars to purchase a 
compass to fit your expected needs. Regardless of what the salesman may 
tell you, postpone buying until you have had the chance to check more than 
one make and model. 

Lift each compass, tilt and turn it, simulating expected motions of the * 

boat. The compass card should have a smooth and stable reaction. 
The card of a good quality compass will come to rest without oscillations 

about the lubber's line. Reasonable movement in your hand, comparable to 
the rolling and pitching of the boat, should not materially affect the reading. 
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Fig. 12 Always carry an adequately stocked 
first aid kit on board for the safety of the I I Fig. 13 Choose an anchor of sufficient I I Fig. 14 Don't hesitate to spend a few extra 
crew and guests weight to secure the boat without dragging dollars for a reliable compass 

INSTALLATION Once the compass location appears to be satisfactory, give the compass 
- - a test before installation. Hidden influences mav be concealed under the + See Figure 15 

Proper installation of the compass does not happen by accident. Make a 
critical check of the proposed location to be sure compass placement will 
permit the helmsman to use it with comfort and accuracy. First, the compass 
should be placed directly in front of the helmsman, and in such a position 
that it can be viewed without body stress as he sits or stands in a posture of 
relaxed alertness. The compass should be in the helmsman's zone of 
comfort. If the compass is too far away, he may have to bend forward to 
watch it; too close and he must rear backward for relief. 

Second, give some thought to comfort in heavy weather and poor visibility 
conditions during the day and night. In some cases, the compass position 
may be partially determined by the location of the wheel, shift lever and 
throttle handle. 

Third, inspect the compass site to be sure the instrument will be at least 
two feet from any engine indicators, bilge vapor detectors, magnetic 
instruments, or anv steel or iron obiects. If the compass cannot be placed at 
least two feet (six jeet would be better but on a small craft, let's gei real two 
feet is usually pushing it) from one of these influences, then either the 
compass or the other object must be moved, if first order accuracy is to be 
expected. 

Fig. 15 The compass is a delicate instrument which should be 
mounted securely in a position where it can be easily observed by 
the helmsman 

cabin top, forward of the cabin aft bulkhead, wiihin the cockpit ceiling, or in a 
wood-covered stanchion. 

Move the compass around in the area of the proposed location. Keep an 
eye on the card. A magnetrc influence is the only thing that will make the 
card turn. You can quickly find any such influence with the compass. If the 
influence cannot be moved away or replaced by one of nonmagnetic 
material, test to determine whether it is merely magnetic, a small plece of 
iron or steel, or some magnetized steel. Bring the north pole of the compass 
near the object, then shift and bring the south pole near it. Both the north 
and south poles will be attracted if the compass is demagnetized. If the 
object attracts one pole and repels the other, then the compass is 
magnetized. If your compass needs to be demagnetized, take it to a shop 
equipped to do the job PROPERLY. 

After you have moved the compass around in the proposed mounting 
area, hold it down or tape it in position. Test everything you feel might affect 
the compass and cause a deviation from a true reading. Rotate the wheel 
from hard over-to-hard over. Switch on and off all the lights, radios, radio 
direction finder, radio telephone, depth finder and, if installed, the shipboard 
intercom. Sound the electric whistle, turn on the windsh~eld wipers, start the 
engine (with water circulating through the engine), work the throttle, and 
move the gear shift lever. If the boat has an auxiliary generator, start it. 

If the card moves durina anv one of these tests, the compass should be 
relocated. Naturally, if something like the windshield wipers causes a slight 
deviation, it may be necessary for you to make a different deviation table to 
use only when certain pieces of equipment are operating. Bear in mind, 
following a course that is off only a degree or two for several hours can 
make considerable difference at the end, putting you on a reef, rock or shoal. 

Check to be sure the intended compass site is solid. Vibration will 
increase pivot wear. 

Now, you are ready to mount the compass. To prevent an error on all 
courses, the line through the lubber line and the compass card pivot must be 
exactly parallel to the keel of the boat. You can establish the fore-and-aft line 
of the boat with a stout cord or string. Use care to transfer this line to the 
compass site. If necessary, shim the base of the compass until the stile-type 
lubber line (the one affixed to the case and not gimbaled) is vertical when the 
boat is on an even keel. Drill the holes and mount the compass. 

COMPASS PRECAUTIONS 
+ See Figures 16,17 and 18 

Many times an owner will install an expensive stereo system in the cabin 
of his boat. It is not uncommon for the speakers to be mounted on the aft 
bulkhead up against the overhead (ceiling). In almost every case, this 
position places one of the speakers in very close proximity to the compass, 
mounted above the ceiling. -. 

You probably already know that a magnet is used in the operation of the 
speaker. Therefore, it is very likely that the speaker, mounted almost under 
the compass in the cabin will have a very pronounced effect on the compass 
accuracy. 
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Consider the following test and the accompanying photographs as proof: Remember, a boat moving through the water at 10 knots on a 
First, the compass was read as 190 degrees while the boat was secure in compass error of just 5 degrees will be almost 1.5 miles off course in 

her slip. only ONE hour. At night, or in thick weather, this could very possibly 
Next, a full can of soda in an aluminum can was placed on one side and put the boat on a reef, rock or shoal with disastrous results. 

the compass read as 204 degrees, a good 14 degrees off. 
Next, rhe IIA can was moved to the opposite sde of tne compass and 

agaln a reading was observed, this t~me as 189 degrees. 11 aegrees off from 
the orig,nal read~ng. 

Finally, the contents of the can were consumed, the can placed on both + See Figures 19 and 20 
sides of the compass with NO effect on the compass readina. 

Two very important conclusions can be drawn from thesgtests. Carry a few tools and some spare parts, and learn how to make minor 
Something must have been in the contents of the can to affect the repairs. Many search and rescue cases are caused by minor breakdowns 

compass so drastically. that boat operators could have repaired. Carry spare parts such as 
Keep even innocent things clear of the compass to avoid any possible propellers, fuses or basic ignition components (like spark plugs, wires or 

error in the boat's heading. even ignition coils) and the tools necessary to install them. 

Fig. 17 . . .well think again, as seemingly 
Fig. 16 This compass is giving an accurate innocent objects may cause serious Fig. 18 . . . a compass reading off by just a I problems.. . reading, right? I 1 few degrees could lead to disaster 

Fig. 19 A few wrenches, a screwdriver and maybe a pair of pliers 
can be very helpful to make emergency repairs 

Fig. 20 A flashlight with a fresh set of batteries is handy when 
repairs are needed at night. It can also double as a signaling device 

It is virtually impossible to anticipate all of the hazards involved with 
maintenance and service, but care and common sense will prevent most 
accidents. 

The rules of safety for mechanics range from "don't smoke around 
gasoline," to "use the proper tooljs) for the job." The trick to avoiding injuries 
is to develop safe work habits and to take every possible precaution. 
Whenever you are working on your boat, pay attention to what you are 
doing. The more you pay attention to details and what is going on around 
you, the less likely you will be to hurt yourself or damage your boat. 

Do shield your eyes whenever you work around the battery. Batteries 
contain sulfuric acid. In case of contact with the eyes or skin, flush the area 
with water or a mixture of water and baking soda; then seek immediate 
medical attention. 

Do use adequate ventilation when working with any chemicals or 
hazardous materials. 

Do disconnect the negative battery cable when working on the 
electrical system. The secondary ignition system contains EXTREMELY 
HIGH VOLTAGE. In some cases it can even exceed 50,000 volts. 
Furthermore, an accidental attempt to start the engine could cause the 
propeller or other components to rotate suddenly causing a potentially - 

. . 

Do keep a fire extinguisher and first aid kit handy. dangerous situation. ' 

* Do wear safety glasses or goggles when cutting, drilling, grinding or Do follow manufacturer's directions whenever working with potentially 
prying, even if you have 20-20 vision. If you wear glasses for the sake of hazardous materials. Most chemicals and fluids are poisonous if taken 
vision, wear safety goggles over your regular glasses. internally. 
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Do properly maintain your tools. Loose hammerheads, mushroomed 

punches and chisels, frayed or poorly grounded electrical cords, excessively 
worn screwdrivers, spread wrenches (open end), cracked sockets, or 
slipping ratchets can cause accidents. 

* Likewise, keep your tools clean; a greasy wrench can slip off a bolt 
head, ruining the bolt and often harming your knuckles in the process. 

* Do use the proper size and type of tool for the job at hand. Do select a 
wrench or socket that fits the nut or bolt. The wrench or socket should sit 
straight, not cocked. - Do, when possible, pull on a wrench handle rather than push on it, and 
adjust your stance to prevent a fall. 

Do be sure that adjustable wrenches are tightly closed on the nut or 
bolt and pulled so that the force is on the side of the fixed jaw. Better yet, 
avoid the use of an adjustable if you have a fixed wrench that will fit. 

Do strike squarely with a hammer; avoid glancing blows. 
Do use common sense whenever you work on your boat or motor. If a 

situation arises that doesn't seem right, sit back and have a second look. It 
may save an embarrassing moment or potential damage to your beloved 
boat. 

Don't run the engine in an enclosed area or anywhere else without 
proper ventilation - EVER! Carbon monoxide is poisonous; it takes a long 
time to leave the human body and you can build up a deadly supply of it in 

your system by simply breathing in a little every day. You may not realize you 
are slowly poisoning yourself. 

Don't work around moving parts while wearing loose clothing. Short 
sleeves are much safer than long, loose sleeves. Hard-toed shoes with 
neoprene soles protect your toes and give a better grip on slippery surfaces. 
Jewelry, watches, large belt buckles, or body adornment of any kind is not 
safe working around any craft or vehicle. Long hair should be tied back 
under a hat. 

Don't use pockets for toolboxes. A fall or bump can drive a screwdriver 
deep into your body. Even a rag hanging from your back pocket can wrap 
around a spinning shaft. 

Don't smoke when working around gasoline, cleaning solvent or other 
flammable material. 

Don't smoke when working around the battery. When the battery is 
being charged, it gives off explosive hydrogen gas. Actually, you shouldn't 
smoke anyway, it's bad for you. Instead, save the cigarette money and put it 
into your boat! 

* Don't use gasoline to wash your hands; there are excellent soaps 
available. Gasoline contains dangerous additives that can enter the body 
through a cut or through your pores. Gasoline also removes all the natural 
oils from the skin so that bone dry hands will suck up oil and grease. 

Don't use screwdrivers for anything other than driving screws! A 
screwdriver used as a prying tool can snap when you least expect it, causing 
injuries. At the very least, you'll ruin a good screwdriver. 

Troubleshooting can be defined as a methodical process during which 
one discovers what is causing a problem with engine operation. Although it is 
often a feared process to the uninitiated, there is no reason to believe that 
you cannot figure out what is wrong with a motor, as long as you follow a few 
basic rules. 

To begin with, troubleshooting must be systematic. Haphazardly testing 
one component, then another, might uncover the problem, but it will more 
likely waste a lot of time. True troubleshooting starts by defining the problem 
and performing systematic tests to eliminate the largest and most likely 
causes first. 

Start all troubleshooting by eliminating the most basic possible causes. 
Begin with a visual inspection of the boat and motor. If the engine won't 
crank, make sure that the kill switch or safety lanyard is in the proper 
position. Make sure there is fuel in the tank and the fuel system is primed 
before condemning the carburetor or fuel injection system. On electric start 
motors, make sure there are no blown fuses, the battery is fully charged, and 
the cable connections (at both ends) are clean and tight before suspecting a 
bad starter, solenoid or switch. 

The majority of problems that occur suddenly can be fixed by simply 
identifying the one small item that brought them on. A loose wire, a clogged 
passage or a broken component can cause a lot of trouble and are often the 
cause of a sudden performance problem. 

The next most basic step in troubleshooting is to test systems before 
components. For example, if the engine doesn't crank on an electric start 
motor, determine if the battery is in good condition (fully charged and 
properly connected) before testing the starting system. If the engine cranks, 
but doesn't start, you know already know the starting system and battery (if it 
cranks fast enough) are in good condition, now it is time to look at the 
ignition or fuel systems. Once you've isolated the problem to a particular 
system, follow the troubleshootingltesting procedures in the section for that 
system to test either subsystems (if applicable, for example: the starter 
circuit) or components (starter solenoid). 

+ See Figures 21 and 22 

Before attempting to troubleshoot a problem with your motor, it is 
important that you understand how it operates. Once normal engine or 
system operation is understood, it will be easier to determine what might be 
causing the trouble or irregular operation in the first place. System 
descriptions are found throughout this manual, but the basic mechanical 
operating principles for both 2-stroke engines (like most of the outboards 
covered here) and Cstroke engines (like some outboards and like your car) 
are given here. A basic understanding of both types of engines is useful not 

only in understanding and troubleshooting your outboard, but also for dealing 
with other motors in your life. 

All motors covered by this manual (and probably MOST of the motors you 
own) operate according to the Otto cycle principle of engine operation. This 
means that all motors follow the stages of intake, compression, power and 
exhaust. But, the difference between a 2- and Cstroke motor is in how many 
times the piston moves up and down within the cylinder to accomplish this. 
On 2-stroke motors (as the name suggests) the four cycles take place in 2 
movements (one up and one down) of the piston. Again, as the name 
suggests, the cycles take place in 4 movements of the piston for Cstroke 
motors. 

2-STROKE MOTORS 

The 2-stroke engine differs in several ways from a conventional four- 
stroke (automobile or marine) engine. 

1. The intakeiexhaust method by which the fuel-air mixture is delivered 
to the combustion chamber. 

2. The complete lubrication system. 
3. The frequency of the power stroke. 

Let's discuss these differences briefly (and compare 2-stroke engine 
operation with Cstroke engine operation.) 

+ See Figures 23 thru 25a 

Two-stroke engines utilize an arrangement of port openings to admit fuel 
to the combustion chamber and to purge the exhaust gases after burning 
has been completed. The ports are located in a precise pattern in order for 
them to be open and closed off at an exact moment by the piston as it 
moves up and down in the cylinder. The exhaust port is located slightly 
higher than the fuel intake port. This arrangement opens the exhaust port 
first as the piston starts downward and therefore, the exhaust phase begins 
a fraction of a second before the intake phase. 

Actually, the intake and exhaust ports are spaced so closely together that 
both open almost simultaneously. For this reason, some 2-stroke engines 
utilize deflector-type pistons. This design of the piston top serves two 
purposes very effectively. 

First, it creates turbulence when the incoming charge of fuel enters the 
combustion chamber. This turbulence results in a more complete burning of 
the fuel than if the piston top were flat. The second effect of the deflector- 
type piston crown is to force the exhaust gases from the cylinder more <. 

rapidly. 
Loop charged motors, or as they are commonly called "loopers", differ in 

how the airlfuel charge is introduced to the combustion chamber. Instead of 
the charge flowing across the top of the piston from one side of the cylinder 
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Deflector Piston 
1 Exhaust , A 

Intake 
port 

Intake 

/ 
Crankcase 

Compression 
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plug ,n Fuel vapor Exhaust 
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rod 

Ignition power stroke 

' 
closed 
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Fig. 21 The complete piston cycle of a 2-stroke motor (intake, compression, power and exhaust) 

. Intake 12. Compression 3. Ignition 4. Exhaust 

Fig. 22 The complete piston cycle of a Cstroke motor (intake, compression, power and exhaust) 

to the other (CV) the use a looping action on top of the piston as the charge 
is forced through irregular shaped openings cut in the piston's skirt. In an LV 
motor, the charge is forced out from the crankcase by the downward motion 
of the piston, through the irregular shaped openings and transferred upward 
by long, deep grooves in the cylinder wall. The charge completes its looping 
action by entering the combustion chamber, just above the piston, where the 
upward motion of the piston traps it in the chamber and compresses it for 
optimum ignition power. 

Unlike the knife-edged deflector top pistons used in CV motors, the piston 
domes on Loop motors are relatively flat. 

Over the years JohnsonIEvinrude used both LV and CV 
configurations on many of their 2-stroke motors. 

These systems of intake and exhaust are in marked contrast to individual 
intake and exhaust valve arrangement employed on four-stroke engines (and 
the mechanical methods of opening and closing these valves). 

It should be noted here that there are some 2-stroke engines that 
utilize a mechanical valve train, though it is very different from the 
valve train employed by most Cstroke motors. Rotary 2-stroke engines 
use a circular valve or rotating disc that contains a port opening 
around part of one edge of the disc. As the engine (and disc) turns, the 
opening aligns with the intake port at and for a predetermined amount 
of time, closing off the port again as the opening passes by and the 
solid portion of the disc covers the port. 

Deflector Exhaust 

port 

Intake Exhaust 

Fig. 23 The intake and exhaust cycles of a two-stroke engine - 
Cross flow (CV) design shown 
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Fig. 24 Cross-sectional view of a typical 
loop-charged cylinder, showing charge flow 
while piston is moving downward 

Lubrication 

Physical Laws 
+ See Figure 26 

Fig. 25 Cutaway view of a typical loop- Fig. 25a The combustion chamber of a 

the cylinder as the charge enters through enough down the cylinder bore to reveal 

A 2-stroke engine is lubricated by mixing oil with the fuel. Therefore, 
various parts are lubricated as the fuel mixture passes through the 
crankcase and the cylinder. In contrast, four-stroke engines have a 
crankcase containing oil. This oil is pumped through a circulating system and 
returned to the crankcase to begin the routing again. 

Power Stroke 

The combustion cycle of a 2-stroke engine has four distinct phases. 
1. Intake 
2. Compression 
3. Power 
4. Exhaust 

The four phases of the cycle are accomplished with each up and down 
stroke of the piston, and the power stroke occurs with each complete 
revolution of the crankshaft. Compare this system with a four-stroke engine. 
A separate stroke of the piston is required to accomplish each phase of the 
cycle and the power stroke occurs only every other revolution of the 
crankshaft. Stated another way, two revolutions of the four-stroke engine 
crankshaft are required to complete one full cycle, the four phases. 

Actual Operation 
+ See Figure 27 

The 2-stroke engine is able to function because of two very simple 
physical laws. 

One: Gases will flow from an area of high pressure to an area of lower 
pressure. A tire blowout is an example of this principle. The high-pressure air 
escapes rapidly if the tube is punctured. 

Two: If a gas is compressed into a smaller area, the pressure increases, 
and if a gas expands into a larger area, the pressure is decreased. 

If these two laws are kept in mind, the operation of the 2-stroke engine 
will be easier understood. 

The engine described here is of a carbureted type. EFI or DFI 
(FICHT) motors operate similarly for intake of the air charge and for 
exhaust of the unburned gasses. Obviously though, the very nature of 
fuel injection changes the actual delivery of the fuelloil charge. 

Beginning with the piston approaching top dead center on the 
compression stroke: the intake and exhaust ports are physically closed 
(blocked) by the piston. During this stroke, the reed valve is open (because 
as the piston moves upward, the crankcase volume increases, which 
reduces the crankcase pressure to less than the outside atmosphere 
(creates a vacuum under the piston). The spark plug fires; the compressed 
fuel-air mixture is ignited; and the power stroke begins. 

Induced 
low air 

pressure 

\ 

~trnos~her& air pressure 

Fig. 26 Air flow principal for a modern carburetor 

As the piston moves downward on the power stroke, the combustion 
chamber is filled with burning gases. As the exhaust port is uncovered, the 
gases, which are under great pressure, escape rapidly through the exhaust 
ports. The piston continues its downward movement. Pressure within the 
crankcase (again, under the piston) increases, closing the reed valves 
against their seats. The crankcase then becomes a sealed chamber so the 
a
i

r-fuel mixture becomes compressed (pressurized) and ready for delivery to 
the combustion chamber. As the piston continues to move downward, the 
intake port is uncovered. The fresh fuel mixture rushes through the intake 
port into the combustion chamber striking the top of the piston where it is 
deflected along the cylinder wall. The reed valve remains closed until the 
piston moves upward again. 

When the piston begins to move upward on the compression stroke, the 
reed valve opens because the crankcase volume has been increased, 
reducing crankcase pressure to less than the outside atmosphere. The 
intake and exhaust ports are closed and the fresh fuel charge is compressed 
inside the combustion chamber. 

Pressure in the crankcase (beneath the piston) decreases as the piston - 
moves upward and a fresh charge of air flows through the carburetor picking 
up fuel. As the piston approaches top dead center, the spark plug ignites the 
air-fuel mixture, the power stroke begins and one complete Otto cycle has 
been completed. 
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4-STROKE MOTORS 
+ See Figure 22 

The Cstroke motor may be easier to understand for some people either 
because of its prevalence in automobile and street motorcycle motors today 
or perhaps because each of the four strokes corresponds to one distinct 
phase of the Otto cycle. Essentially, a Cstroke engine completes one Otto 
cycle of intake, compression, ignitionlpower and exhaust using two full 
revolutions of the crankshaft and four distinct movements of the piston 
(down, up, down and up). 

lntake 
The intake stroke begins with the piston near the top of its travel. As 

crankshaft rotation begins to pull the piston downward, the exhaust valve 
closes and the intake opens. As volume of the combustion chamber 
increases, a vacuum is created that draws in the airifuel mixture from the 
intake manifold. 

Compression 

Once the piston reaches the bottom of its travel, crankshaft rotation will 
begin to force it upward. At this point the intake valve closes. As the piston 
rises in the bore, the volume of the sealed combustion chamber (both intake 
and exhaust valves are closed) decreases and the airlfuel mixture is 
compressed. This raises the temperature and pressure of the mixture and 
increases the amount of force generated by the expanding gases during the 
IgnitionIPower stroke. 

As the piston approaches top dead center (the highest point of travel in 
the bore), the spark plug will fire, igniting the airlfuel mixture. The resulting 
combustion of the airifuel mixture forces the piston downward, rotating the 
crankshaft (causing other pistons to move in other phaseslstrokes of the Otto 
cycle on multi-cylinder motors). 

Exhaust 
As the piston approaches the bottom of the IgnitioniPower stroke, the 

exhaust valve opens. When the piston begins its upward path of travel once 
again, any remaining unburned gasses are forced out through the exhaust 
valve. This completes one Otto cycle, which begins again as the piston 
passes top dead center, the intake valve opens and the Intake stroke starts. 

COMBUSTION 

Whether we are talking about a 2- or Cstroke engine, all Otto cycle, 
internal combustion engines require three basic conditions to operate 
properly, 

1. Compression 
2. Ignition (Spark) 
3. Fuel 

A lack of any one of these conditions will prevent the engine from 
operating. A problem with any one of these will manifest itself in hard-starting 
or poor performance. 

Compression 
An engine that has insufficient compression will not draw an adequate 

supply of airlfuel mixture into the combustion chamber and, subsequently, 
will not make sufficient power on the power stroke. A lack of compression in 
just one cylinder of a multi-cylinder motor will cause the motor to stumble or 
run irregularly. 

But, keep in mind that a sudden change in compression is unlikely in 2- 
stroke motors (unless something major breaks inside the crankcase, but that 
would usually be accompanied by other symptoms such as a loud noise 
when it occurred or noises during operation). On 4-stroke motors, a sudden 
change in compression is also unlikely, but could occur if the timing belt or 

chain was to suddenly break. Remember that the timing beltlchain is used to 
synchronize the valve train with the crankshaft. If the valve train suddenly 
ceases to turn, some intake and some exhaust valves will remain open, 
relieving compression in that cylinder. 

Ignition (Spark) 
Traditionally, the ignition system is the weakest link in the chain of 

conditions necessary for engine operation. Spark plugs may become worn or 
fouled, wires will deteriorate allowing arcing or misfiring, and poor 
connections can place an undue load on coils leading to weak spark or even 
a failed coil. The most common question asked by a technician under a no- 
start condition is: "do I have spark and fuel" (as they've already determined 
that they have compression). 

A quick visual inspection of the spark plug(s) will answer the question as 
to whether or not the plugjs) islare worn or fouled. While the engine is shut 
OFF a physical check of the connections could show a loose primary or 
secondary ignition circuit wire. An obviously physically damaged wire may 
also be an indication of system problems and certainly encourages one to 
inspect the related system more closely. 

If nothing is turned up by the visual inspection, perform the Spark Test 
provided in the Ignition System section to determine if the problem is a lack 
of or a weak spark. If the problem is not compression or spark, it's time to 
look at the fuel system. 

Fuel 
If compression and spark is present (and within spec), but the engine 

won't start or won't run properly, the only remaining condition to fulfill is fuel. 
As usual, start with the basics. Is the fuel tank full? Is the fuel stale? If the 
engine has not been run in some time (a matter of months, not weeks) there 
is a good chance that the fuel is stale and should be properly disposed of 
and replaced. 

Depending on how stale or contaminated (with moisture) the fuel is, 
it may be burned in an automobile or in yard equipment, though it 
would be wise to mix it well with a much larger supply of fresh gasoline 
to prevent moving your driveability problems to that motor. But it is 
better to get the lawn tractor stuck on stale gasoline than it would be to 
have your boat motor quit in the middle of the bay or lake. 

For hard starting motors, is the choke or primer system operating 
properly. Remember that the chokeiprime should only be used for cold 
starts. A true cold start is really only the first start of the day, but it may be 
applicable to subsequent starts on cooler days, if the engine sat for more 
than a few hours and completely cooled off since the last use. Applying the 
primer to the motor for a hot start may flood the engine, preventing it from 
starting properly. One method to clear a flood is to crank the motor while the 
engine is at wide-open throttle (allowing the maximum amount of air into the 
motor to compensate for the excess fuel). But, keep in mind that the throttle 
should be returned to idle immediately upon engine start-up to prevent 
damage from over-revving. 

Fuel delivery and pressure should be checked before delving into the 
carburetor(s) or fuel injection system. Make sure there are no clogs in the 
fuel line or vacuum leaks that would starve the motor of fuel. 

Make sure that all other possible problems have been eliminated before 
touching the carburetor. It is rare that a carburetor will suddenly require an 
adjustment in order for the motor to run properly. It is much more likely that 
an improperly Stored motor (one stored with untreated fuel in the carburetor) 
would suffer from one or more clogged carburetor passages sometime after 
shortly returning to service. Fuel will evaporate over time, leaving behind 
gummy deposits. If untreated fuel is left in the carburetor for some time 
(again typically months more than weeks), the varnish left behind by 
evaporating fuel will likely clog the small passages of the carburetor and 
cause problems with engine performance. If you suspect this, remove and 
disassemble the carburetor following procedures under Fuel System. 
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WORK GLOVES 
See Figure 27 

Unless you think scars on your hands are cool, enjoy pain and like 
wearing bandages, get a good pair of work gloves. Canvas or leather gloves 
are the best. And yes, we realize that there are some jobs involving small 
parts that can't be done while wearing work gloves. These jobs are not the 
ones usually associated with hand injuries. 

A good pair of rubber gloves (such as those usually associated with dish 
washing) or vinyl gloves is also a great idea. There are some liquids such as 
solvents and penetrants that don't belong on your skin. Avoid burns and 
rashes. Wear these gloves. 

And lastly, an option. If you're tired of being greasy and dirty all the time, 
go to the drug store and buy a box of disposable latex gloves like medical 
professionals wear. You can handle greasy parts, perform small tasks, wash 
parts, etc. all without getting dirty! These gloves take a surprising amount of 
abuse without tearing and aren't expensive. Note however, that some people 
are allergic to the latex or the powder used inside some gloves, so pay 
attention to what you buy. 

EYE AND EAR PROTECTION 
+ See Figures 28 and 29 

Don't begin any job without a good pair of work goggles or impact 
resistant glasses! When doing any kind of work, it's all too easy to avoid eye 
injury through this simple precaution. And don't just buy eye protection and 
leave it on the shelf. Wear it all the time! Things have a habit of breaking, 
chipping, splashing, spraying, splintering and flying around. And, for some 
reason, your eye is always in the way! 

If you wear vision-correcting glasses as a matter of routine, get a pair 
made with polycarbonate lenses. These lenses are impact resistant and are 
available at any optometrist. 

Often overlooked is hearing protection. Engines and power tools are 
noisy! Loud noises damage your ears. It's as simple as that! The simplest 
and cheapest form of ear protection is a pair of noise-reducing ear plugs. 
Cheap insurance for your ears! And, they may even come with their own, 
cute little carrying case. 

More substantial, more protection and more money is a good pair of noise 
reducing earmuffs. They protect from all but the loudest sounds. Hopefully 
those are sounds that you'll never encounter since they're usually associated 
with disasters. 

WORK CLOTHES 

Everyone has "work clothes." Usually these consist of old jeans and a 
shirt that has seen better days. That's fine. In addition, a denim work apron 
is a nice accessory. It's rugged, can hold some spare bolts, and you don't 
feel bad wiping your hands or tools on it. That's what it's for. 

Fig. 27 Three different types of work gloves. 
The box contains latex gloves 

When working in cold weather, a one-piece, thermal work outfit is 
invaluable. Most are rated to below freezing temperatures and are ruggedly 
constructed. Just look at what local marine mechanics are wearing and that 
should give you a clue as to what type of clothing is good. 

There is a whole range of chemicals that you'll find handy for 
maintenance and repair work. The most common types are: lubricants, 
Denetrants and sealers. Keeo these handv. There are also manv chem~cals 
ihat are used for detailing or'cleaning. 

' 

When a particular chemical is not being used, keep it capped, upright and 
in a safe place. These substances may be flammable, may be irritants or 
might even be caustic and should always be stored properly, used properly 
and handled with care. Always read and follow all label directions and be 
sure to wear hand and eye protection! 

LUBRICANTS & PENETRANTS 

+ See Figure 30 

Anti-seize is used to coat certain fasteners prior to installation. This can 
be especially helpful when two dissimilar metals are in contact (to help 
prevent corrosion that might lock the fastener in place). This is a good 
practice on a lot of different fasteners, BUT, NOT on any fastener that might 
vibrate loose causing a problem. If anti-seize is used on a fastener, it should 
be checked periodically for proper tightness. 

Lithium grease, chassis lube, silicone grease or a synthetic brake caliper 
grease can all be used pretty much interchangeably. All can be used for 
coating rust-prone fasteners and for facilitating the assembly of parts that are 
a tight fit. Silicone and synthetic greases are the most versatile. 

Silicone dielectric grease is a non-conductor that is often used to 
coat the terminals of wiring connectors before fastening them. It may 
sound odd to coat metal portions of a terminal with something that 
won't conduct electricity, but here is it how it works. When the 
connector is fastened the metal-to-metal contact between the terminals 
will displace the grease (allowing the circuit to be completed). The 
grease that is displaced will then coat the non-contacted surface and 
the cavity around the terminals, SEALING them from atmospheric 
moisture that could cause corrosion. 

Silicone spray is a good lubricant for hard-to-reach places and parts that 
shouldn't be gooped up with grease. 

Penetrating oil may turn out to be one of your best friends when taking 
something apart that has corroded fasteners. Not only can they make a job 
easier, they can really help to avoid broken and stripped fasteners. The most 
familiar penetrating oils are Liquid Wrench@ and WD-4063. A newer 
penetrant, PB Blaste@ works very well (and has become a mainstay in our 
shops). These products have hundreds of uses. For your purposes, they are 
vital! 

Fig. 28 Don't begin major repairs without a 
pair of goggles for your eyes and earmuffs 
to protect your hearing 

Fig, 29 Things have a habit of, splashing, 
spraying, splintering and flying around 
during repairs 
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Before disassembling any part, check the fasteners. If any appear rusted, 

soak them thoroughly with the penetrant and let them stand while you do 
something else (for parlicularly rusted or frozen parts you may need to soak 
them a few days in advance). This simple act can save you hours of tedious 
work trying to extract a broken bolt or stud. 

SEALANTS 
+ See Figures 31 and 32 

Sealants are an indispensable part for certain tasks, especially if you are 
trying to avoid leaks. The purpose of sealants is to establish a leak-proof 
bond between or around assembled parts. Most sealers are used in 
conjunction with gaskets, but some are used instead of conventional gasket 
material. 

The most common sealers are the non-hardening types such as 
Permatex@ No.2 or its equivalents. These sealers are applied to the mating 
surfaces of each part to be joined, then a gasket is put in place and the parts 
are assembled. 

HI A sometimes overlooked use for sealants like RTV is on the threads 
of vibration prone fasteners. 

One very helpful type of non-hardening sealer is the "high tack type. This 
type is a very sticky material that holds the gasket in place while the parts 
are being assembled. This stuff is really a good idea when you don't have 
enough hands or fingers to keep everything where it should be. 

The stand-alone sealers are the Room Temperature Vulcanizing (RTV) 
silicone gasket makers. On some engines, this material is used instead of a 
gasket. In those instances, a gasket may not be available or, because of the 
shape of the mating surfaces, a gasket shouldn't be used. This stuff, when 
used in conjunction with a conventional gasket, produces the surest bonds. 

Fig. 30 Keep a supply of anti-seize, 
penetrating oil, lithium grease, electronic 
cleaner and silicone spray 

RTV does have its limitations though. When using this material, you will 
have a time limit. It starts to set-up within 15 minutes or so, so you have to 
assemble the parts without delay. In addition, when squeezing the material 
out of the tube, don't drop any glops into the engine. The stuff will form and 
set and travel around a cooling passage, possibly blocking it. Also, most 
types are not fuel-proof. Check the tube for all cautions. 

CLEANERS 

+ See Figures 33 and 34 

There are two basic types of cleaners on the market today: parts cleaners 
and hand cleaners. The parts cleaners are for the parts; the hand cleaners 
are for you. They are not interchangeable. 

There are many good, non-flammable, biodegradable parts cleaners on 
the market. These cleanina aaents are safe for vou, the Darts and the 
environment. Therefore, &ergis no reason to use flammable, caustic or toxic 
substances to clean your parts or tools. 

As far as hand cleaners go; the waterless types are the best. They have 
always been efficient at cleaning, but they used to all leave a pretty smelly 
odor. Recently though, most of them have eliminated the odor and added 
stuff that actually smells good. Make sure that you pick one that contains 
lanolin or some other moisture-replenishing additive. Cleaners not only 
remove grease and oil but also skin oil. 

HI Most women already know to use a hand lotion when you're all 
cleaned up. It's okay. Real men DO use hand lotion too! Believe it or 
not, using hand lotion before your hands are dirty will actually make 
them easier to clean when you're finished with a dirty job. Lotion seals 
your hands, and keeps dirt and grease from sticking to your skin. 

Fig. 31 Sealants are essential for preventing 
leaks 

rxettv aood too. Choose one with ~ u m i c e  for added cleanina Bower 

Fig. 32 On some engines, RTV is used 
instead of gasket material to seal 
components 

Fig. 34 The use of hand lotion seals your hands and keeps dirt and 
grease from sticking to your skin I 
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* See Figure 35 

Tools; this subject could fill a completely separate manual. The first thing 
you will need to ask yourself, is just how involved do you plan to get. If you 
are serious about maintenance and repair you will want to gather a quality 
set of tools to make the job easier, and more enjoyable. BESIDES, TOOLS 
ARE FUN!!! 

Almost every do-it-yourselfer loves to accumulate tools. Though most find 
a way to perform jobs with only a few common tools, they tend to buy more 
over time, as money allows. So gathering the tools necessary for 
maintenance or repair does not have to be an expensive, overnight 
proposition. 

When buying tools, the saying "You get what you pay for . . ." is absolutely 
true! Don't go cheap! Any hand tool that you buy should be drop forged 
andlor chrome vanadium. These two qualities tell you that the tool is strong 
enough for the job. With any tool, go with a name that you've heard of 
before, or, that is recommended buy your local professional retailer. Let's go 
over a list of tools that you'll need. 

Most of the world uses the metric system. However, some American-built 
engines and aftermarket accessories use standard fasteners. So, 
accumulate your tools accordingly. Any good DlYer should have a decent set 
of both US.  and metric measure tools. 

Don't be confused by terminology. Most advertising refers to "SAE 
and metric", or "standard and metric." Both are misnomers. The 
Society of Automotive Engineers (SAE) did not invent the English 
system of measurement; the English did. The SAE likes metrics just 
fine. Both English (U.S.) and metric measurements are SAE approved. 
Also, the current "standard" measurement IS metric. So, if it's not 
metric, it's U.S. measurement. 

SOCKET SETS 
* See Figures 36 thru 42 

Socket sets are the most basic hand tools necessary for repair and 
maintenance work. For our purposes, socket sets come in three drive sizes: 
114 inch, 318 inch and 112 inch. Drive size refers to the size of the drive lug 
on the ratchet, breaker bar or speed handle. 

A 318 inch set is probably the most versatile set in any mechanic's 
toolbox. It allows you to get into tight places that the larger drive ratchets 
can't and gives you a range of larger sockets that are still strong enough for 
heavy-duty work. The socket set that you'll need should range in sizes from 
114 inch through 1 inch for standard fasteners, and a 6mm through 19mm for 
metric fasteners. 
, 

I Fig. 35 Socket holders, especially the magnetic type, are handy 
items to keep tools in order 

You'll need a good 112 inch set since this size drive lug assures that you 
won't break a ratchet or socket on large or heavy fasteners. Also, torque 
wrenches with a torque scale high enouah for larger fasteners are usuallv 
112 inch drive. 

Plus. 114 inch drive sets can be verv handv in tiaht ~ laces.  Thouah thev 
usuallvdu~licate functions of the 318 6. set, i14 in_drive sets are easier to 
use for smaller bolts and nuts. 

As for the sockets themselves, they come in shallow (standard) and deep 
lengths as well as 6 or 12 point. The 6 and 12 points designation refers to 
how many sides are in the socket itself. Each has advantages. The 6 point 
socket is stronger and less prone to slipping which would strip a bolt head or 
nut. 12 point sockets are more common, usually less expensive and can 
operate better in tight places where the ratchet handle can't swing far. 

Standard length sockets are good for just about all jobs, however, some 
stud-head bolts, hard-to-reach bolts, nuts on long studs, etc., require the 
deep sockets. 

Most marine manufacturers use recessed hex-head fasteners to retain 
many of the engine parts. These fasteners require a socket with a hex 
shaped driver or a large sturdy hex key. To help prevent torn knuckles, we 
would recommend that you stick to the sockets on any tight fastener and 
leave the hex keys for lighter applications. Hex driver sockets are available 
individually or in sets just like conventional sockets. 

More and more, manufacturers are using Torx@ head fasteners, which 
were once known as tamper resistant fasteners (because many people did 
not have tools with the necessary odd driver shape). Since TorxB fasteners 
have become commonplace in many DlYer tool boxes, manufacturers 
designed newer tamper resistant fasteners that are essentially Torx@ head 
bolts that contain a small protrusion in the center (requiring the driver to 
contain a small hole to slide over the protrusion. Tamper resistant fasteners 
are often used where the manufacturer would prefer only knowledgeable 
mechanics or advanced Do-It-Yourselfers (DIYers) work. 

Torque Wrenches 
+ See Figure 43 

In most applications, a torque wrench can be used to ensure proper 
installation of a fastener. Torque wrenches come in various designs and most 
stores will carry a variety to suit your needs. A torque wrench should be used 
any time you have a specific torque value for a fastener. Keep in mind that 
because there is no worldwide standardization of fasteners, so charts or 
fiaure found in each re~a i r  section refer to the manufacturer's fasteners. Anv 
g;?neral guideline chark that you might come across based on fastener size 
(they are sometimes included in a repair manual or with torque wrench 
packaging) should be used with caution. Just keep in mind that if you are 
using the right tool for the job, you should not have to strain to tighten a 
fastener. 

Fig. 36 A 318 in. socket set is probably the most versatile tool in 
any mechanic's tool box 
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Fig. 37 A swivel (U-joint) adapter (left), a 114 I I I I Fig.39 Shallow sockets (top) are good for 
in.-to-318 in. adapter (center) and a 318 in.-to- Fig. 38 Ratchets come in all sizes and most jobs. But, some bolts require deep 
114 in. adapter (right) configurations from rigid to swivel-headed sockets (bottom 

Fig. 40 Hex-head fasteners require a socket 
with a hex shaped driver I I Fig. 41 Torx@ drivers . . . I I Fig. 42 . . . and tamper resistant drivers are 

required to remove special fasteners 

BEAM TYPE 
+ See Figures 44 and 45 

The beam type torque wrench is one of the most popular styles in use. If 
used properly, it can be the most accurate also. It consists of a pointer 
attached to the head that runs the length of the flexible beam (shaft) to a 
scale located near the handle As the wrench IS pulled, the beam bends and 
the pointer indicates the torque uslng the scale 

CLICK (BREAKAWAY) TYPE 
+ See Figures 46 and 47 

Another popular torque wrench design is the click type. The clicking 
mechanism makes achieving the proper torque easy and most use a 
ratcheting head for ease of bolt installation. To use the click type wrench you 
pre-adjust it to a torque setting. Once the torque is reached, the wrench has 
a reflex signaling feature that causes a momentary breakaway of the torque 
wrench body, sending an impulse to the operator's hand. But be careful, as 
continuing the turn the wrench after the momentary release will increase 
torque on the fastener beyond the specified setting. 

Fig. 43 Three types of torque wrenches. Top to bottom: a 318 in. 
drive beam type that reads in inch Ibs., a 112 in. drive clicker type 
and a 112 in. drive beam type 

Breaker Bars 
+ See Figure 48 

Breaker bars are long handles with a drive lug. Their main purpose is to 
provide extra turning force when breaking loose tight bolts or nuts. They 
come in all drive sizes and lengths. Always take extra precautions and use 
the proper technique when using a breaker bar (pull on the bar, don't push, 
to prevent skinned knuckles) 

I Fig. 44 Parts of a beam type torque wrench I 
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Fig. 45 A beam type torque wrench consists 
of a pointer attached to the head that runs 
the length of the flexible beam (shaft) to a 
scale located near the handle 

Fig. 47 Setting the torque on a click type 
Fig. 46 A click type or breakaway torque wrench involves turning the handle until the 

WRENCHES 

+ See Figures 49 thru 53 
Basically, there are 3 kinds of fixed wrenches: open end, box end, and 

combination. 
Open-end wrenches have 2-jawed openings at each end of the wrench. 

These wrenches are able to fit onto just about any nut or bolt. They are 
extremely versatile but have one major drawback. They can slip on a worn or 
rounded bolt head or nut, causing bleeding knuckles and a useless fastener. 

Line wrenches are a special type of open-end wrench designed to fit 
onto more of the fastener than standard open-end wrenches, thus 
reducing the chance of rounding the corners of the fastener. 

Box-end wrenches have a 360" circular jaw at each end of the wrench. 
They come in both 6 and 12 point versions just like sockets and each type 
has some of the same advantages and disadvantages as sockets. 

Combination wrenches have the best of both. They have a 2-jawed open 
end and a box end. These wrenches are probably the most versatile. 

As for sizes, you'll probably need a range similar to that of the sockets, 
about 114 in. through 1 in. for standard fasteners, or 6mm through 19mm for 
metric fasteners. As for numbers, you'll need 2 of each size, since, in many 
instances, one wrench holds the nut while the other turns the bolt. On most 
fasteners, the nut and bolt are the same size so having two wrenches of the 
same size comes in handy. 

Although you will typically just need the sizes we specified, there 
are some exceptions. Occasionally you will find a nut that is larger. For 
these, you will need to buy ONE expensive wrench or a very large 
adjustable. Or you can always just convince the spouse that we are 
talking about safety here and buy a whole (read expensive) large 
wrench set. 

One extremely valuable type of wrench is the adjustable wrench. An 
adjustable wrench has a fixed upper jaw and a moveable lower jaw. The 
lower jaw is moved by turning a threaded drum. The advantage of an 
adjustable wrench is its ability to be adjusted to just about any size fastener. 

The main drawback of an adjustable wrench is the lower jaw's tendency 
to move slightly under heavy pressure. This can cause the wrench to slip if it 
is not facing the right way. Pulling on an adjustable wrench in the proper 
direction will cause the jaws to lock in place. Adjustable wrenches come in a 
large range of sizes, measured by the wrench length. 

PLIERS 

+ See Figure 54 

Pliers are simply mechanical fingers. They are, more than anything, an 
extension of your hand. At least 3 pairs of pliers are an absolute necessity - 
standard, needle nose and slip joint. 

In addition to standard pliers there are the slip-joint, multi-position pliers 
such as ChannelLockB pliers and locking pliers, such as Vise Grips@. 

Slip joint pliers are extremely valuable in grasping oddly sized parts and 
fasteners. Just make sure that you don't use them instead of a wrench too 
often since they can easily round off a bolt head or nut. 

Locking pliers are usually used for gripping bolts or studs that can't be 
removed conventionally. You can get locking pliers in square jawed, needle- 
nosed and pipe-jawed. Locking pliers can rank right up behind duct tape as 
the handy-man's best friend. 

Fig. 49 Always use a backup wrench to prevent rounding flare nut 
fittinas 
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Fig. 50 Note how the flare wrench sides are 
extended to grip the fitting tighter and Fig. 51 Several types and sizes of 

adjustable wrenches 

Fig. 52 You may find a nut that requires a 
particularly large or small wrench (it is 
usuallv available at vour local tool store 

.236 6mm 

,354 9mm 

.394 I Omm 

.472 12mm 

Fig. 53 Comparison of U.S. measure and metric wrench sizes 

SCREWDRIVERS 
You can't have too manv screwdrivers. Thev come in 2 basic flavors. 

either standard or Phillips. standard blades cdme in various sizes and 
thickness for all types of slotted fasteners. Phillips screwdrivers come in 
sizes with number designations from 1 on up, with the lower number 
designating the smaller size. Screwdrivers can be purchased separately or in 
sets. 

HAMMERS 

+ See Figure 55 

You need a hammer for just about any kind of work. You need a ball-peen 
hammer for most metal work when using drivers and other like tools. A 
plastic hammer comes in handy for hitting things safely. A soft-faced dead- 
blow hammer is used for hitting things safely and hard. Hammers are also 
VERY useful with non air-powered impact drivers. 

There are a lot of other tools that every DlYer will eventually need (though 
not all for basic maintenance). They include: 

Funnels 
Chisels 
Punches 
Files 

* Hacksaw 
Portable Bench Vise 

* Tap and Die Set 
Flashlight 

* Magnetic Bolt Retriever 
* Gasket scraper 

Putty Knife 
ScrewIBolt Extractors 
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Fig. 54 Pliers and cutters come in many shapes and sizes. You 
should have an assortment on hand I 

Prvhnrs 
' 

Hacksaws have just one use - cutting things off. You may wonder why 
you'd need one for something as simple as maintenance or repair, but you 
never know. Among other things, guide studs to ease parts installation can 
be made from old bolts with their heads cut off. 

A tap and die set might be something you've never needed, but you will 
eventually. It's a good rule, when everything is apart, to clean-up all threads, 
on bolts, screws or threaded holes. Also, you'll likely run across a situation in 
which you will encounter stripped threads. The tap and die set will handle 
that for you. 

Gasket scrapers are just what you'd think, tools made for scraping old 
gasket material off of parts. You don't absolutely need one. Old gasket 
material can be removed with a putty knife or single edge razor blade. 
However, putty knives may not be sharp enough for some really stubborn 
gaskets and razor blades have a knack of breaking just when you don't want 
them to, inevitably slicing the nearest body part! As the old saying goes, 
"always use the proper tool for the job. If you're going to use a razor to 
scrape a gasket, be sure to always use a blade holder. 

Putty knives really do have a use in a repair shop. Just because you 
remove all the bolts from a component sealed with a gasket doesn't mean 
it's going to come off. Most of the time, the gasket and sealer will hold it 
tightly. Lightly inserting a putty knife at various points between the two parts 
will break the seal without damage to the parts. 

A small - 8-10 in. (20-25cm) long - prybar is extremely useful for removing 
stuck parts. 

Never use a screwdriver as a prvbar! Screwdrivers are not meant for 
prying. Screwdrivers, used for p;ying, can break, sending the broken 
shaft flying! 

Screwibolt extractors are used for removing broken bolts or studs that 
have broken off flush with the surface of the part. 

4 See Figure 53 

Almost every marine engine around today requires at least one special 
tool to perform a certain task. In most cases, these tools are specially 
designed to overcome some unique problem or to fit on some oddly sized 
component. 

When manufacturers go through the trouble of making a special tool, it is 
usually necessary to use it to ensure that the job will be done right. A special 
tool might be designed to make a job easier, or it might be used to keep you 
from damaging or breaking a part. 

Don't worry, MOST maintenance procedures can either be performed 
without any special tools OR, because the tools must be used for such basic 
things, they are commonly available for a reasonable price. It is usually just 
the low production, highly specialized tools (like a super thin 7-point star- 
shaped socket capable of 150 ft. Ibs. (203 Nm) of torque that is used only on 

Fig. 55 Three types of hammers. Top to bottom: ball peen, rubber 
dead-blow, and plastic 

Fig. 56 Almost every marine engine around today requires at least 
one special tool to perform a certain task 

the crankshaft nut of the limited production what-dya-callit engine) that tend 
to be outrageously expensive and hard to find. Hopefully, you will probably 
never need such a tool. 

Special tools can be as inexpensive and simple as an adjustable strap 
wrench or as complicated as an ignition tester. A few common specialty tools 
are listed here, but check with your dealer or with other boaters for help in 
determining if there are any special tools for YOUR particular engine. There 
is an added advantage in seeking advice from others, chances are they may 
have already found the special tool you will need, and know how to get it 
cheaper (or even let you borrow it). 

BATTERY TESTERS 

The best way to test a non-sealed battery is using a hydrometer to check 
the specific gravity of the acid. Luckily, these are usually inexpensive and are 
available at most parts stores. Just be careful because the larger testers are 
usually designed for larger batteries and may require more acid than you will 
be able to draw from the battery cell. Smaller testers (usually a short, 
squeeze bulb type) will require less acid and should work on most batteries. - 

Electronic testers are available and are often necessary to tell if a sealed 
battery is usable. Luckily, many parts stores have them on hand and are 
willing to test your battery for you. 
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BATTERY CHARGERS 

* See Figure 57 

If you are a weekend boater and take your boat out every week, then you 
will most likely want to buy a battery charger to keep your battery fresh. 
There are many types available, from low amperage trickle chargers to 
electronically controlled battery maintenance tools that monitor the battery 
voltage to prevent over or undercharging. This last type is especially useful if 
you store your boat for any length of time (such as during the severe winter 
months found in many Northern climates). 

Even if you use your boat on a regular basis, you will eventually need a 
battery charger. The charger should be used anytime the boat is going to be 
in storage for more than a few weeks or so. Never leave the dock or loading 
ramp without a battery that is fully charged. 

Also, some smaller batteries are shipped dry and in a partial charged 
state. Before placing a new battery of this type into service it must be filled 
and properly charged. Failure to properly charge a battery (which was 
shipped dry) before it is put into service will prevent it from ever reaching a 
fully charged state. 

MULTI-METERS (DVOMS) 

+ See Figure 58 

Multi-meters or Digital Volt Ohmmeter (DVOMs) are an extremely useful 
tool for troubleshooting electrical problems. They can be purchased in either 
analog or digital form and have a price range to suit any budget. A multi- 
meter is a voltmeter, ammeter and ohmmeter (along with other features) 
combined into one instrument. It is often used when testing solid state 
circuits because of its high input impedance (usually 10 mega-ohms or 
more). A brief description of the multi-meter main test functions follows: 

* Voltmeter - the voltmeter is used to measure voltage at any point in a 
circuit or to measure the voltage drop across any part of a circuit. Voltmeters 
usually have various scales and a selector switch to allow the reading of 
different voltage ranges. The voltmeter has a positive and a negative lead. 
To avoid the possibility of damage to the meter, whenever possible, connect 
the negative lead to the negative (-) side of the circuit (to ground or nearest 
the ground side of the circuit) and connect the positive lead to the positive 
(t) side of the circuit (to the power source or the nearest power source). 
Luckily, most quality DVOMs can adjust their own polarity internally and will 
indicate (without damage) if the leads are reversed. Note that the negative 
voltmeter lead will always be black and that the positive voltmeter will always 
be some color other than black (usually red). 

* Ohmmeter - the ohmmeter is designed to read resistance (measured in 
ohms) in a circuit or component. Most ohmmeters will have a selector switch 
which oermits the measurement of different ranaes of resistance fusuallv the 
selector switch allows the multiplication of the Geter reading by 10, 100: 
1,000 and 10,000). Some ohmmeters are "auto-ranging" which means the 
meter itself will determine which scale to use. Since the meters are powered 
by an internal battery, the ohmmeter can be used like a self-powered test 
light. When the ohmmeter is connected, current from the ohmmeter flows 
through the circuit or component being tested. Since the ohmmeter's internal 
resistance and voltage are known values, the amount of current flow through 
the meter depends on the resistance of the circuit or component being 
tested. The ohmmeter can also be used to perform a continuity test for 
suspected open circuits. In using the meter for making continuity checks, do 
not be concerned with the actual resistance readings. Zero resistance, or 
any ohm reading, indicates continuity in the circuit. Infinite resistance 
indicates an opening in the circuit. A high resistance reading where there 
should be little or none indicates a problem in the circuit. Checks for short 
circuits are made in the same manner as checks for open circuits, except 
that the circuit must be isolated from both power and normal ground. lnfinite 
resistance indicates no continuity, while zero resistance indicates a dead 
short. 

Never use an ohmmeter to check the resistance of a component or wire 
while there is voltage applied to the circuit. 

* Ammeter - an ammeter measures the amount of current flowing 
through a circuit in units called amperes or amps. At normal operating 
voltage, most circuits have a characteristic amount of amperes, called 
"current draw" which can be measured using an ammeter. By referring to a 

I Fig. 57 The Battery TendetC3 is  more than just a battery charger, 
when left connected, i t  keeps your battery fully charged 

Fig. 58 Multi-meters, such as this one from UEI, are an extremely 
useful tool for troubleshooting electrical problems 

specified current draw rating, then measuring the amperes and comparing 
the two values; one can determine what is happening within the circuit to aid 
in diagnosis. An open circuit, for example, will not allow any current to flow, 
so the ammeter readina will be zero. A damaaed comDonent or circuit will 
have an increased curb draw, so the reading will be high. The ammeter is 
always connected in series with the circuit being tested. All of the current that 
normally flows through the circuit must also flow through the ammeter; if 
there is any other path for the current to follow, the ammeter reading will not 
be accurate. The ammeter itself has very little resistance to current flow and, 
therefore, will not affect the circuit, but, it will measure current draw only 
when the circuit is closed and electricity is flowing. Excessive current draw 
can blow fuses and drain the battery, while a reduced current draw can 
cause motors to run slowly, lights to dim and other components to not 
operate properly. 

GAUGES 

Compression Gauge 
+ See Figure 59 

An important element in checking the overall condition of your engine is to - 
check compression. This becomes increasingly more important on outboards 
with high hours. Compression gauges are available as screw-in types and 
hold-in types. The screw-in type is slower to use, but eliminates the 
possibility of a faulty reading due to pressure escaping by the seal. A 
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Fig. 59 Cylinder compression test results Fig. 60 Vacuum gauges are useful for 
are extremely valuable indicators of internal troubleshooting including testing some fuel 
engine condition Pumps 

compression reading will uncover many problems that can cause rough 
running. Normally, these are not the sort of problems that can be cured by a 
tune-up. 

Vacuum Gauge 
+ See Figures 60 and 61 

Vacuum gauges are handy for discovering air leaks, late ignition or valve 
timing, and a number of other problems. 

Eventually, you are going to have to measure something. To do this, you 
will need at least a few precision tools. 

MICROMETERS & CALIPERS 

Micrometers and calipers are devices used to make extremely precise 
measurements. The simple truth is that you really won't have the need for 
many of these items just for routine maintenance. But, measuring tools, such 
as an outside caliper can be handv durinn repairs. And, if you decide to 
tackle a major overhaul, a micrometer wili absolutely be necessary. 

Should vou decide on becomina more involved in boat enaine mechanics. 
such as repair or rebuilding, then 6ese tools will become ve6  important.   he 
success of any rebuild is dependent, to a great extent on the ability to check 
the size and fit of components as specified by the manufacturer. These 
measurements are often made in thousandths and ten-thousandths of an 
inch. 

Micrometers 
+ See Figure 62 

A micrometer is an instrument made up of a precisely machined spindle 
that is rotated in a fixed nut, opening and closing the distance between the 
end of the spindle and a fixed anvil. When measuring using a micrometer, 
don't over-tighten the tool on the part as either the component or tool may be 
damaged, and either way, an incorrect reading will result. Most micrometers 
are equipped with some form of thumbwheel on the spindle that is designed 
to freewheel over a certain light touch (automatically adjusting the spindle 
and preventing it from over-tightening). 

Outside micrometers can be used to check the thickness of parts such 
shims or the outside diameter of components like the crankshaft journals. 
They are also used during many rebuild and repair procedures to measure 
the diameter of components such as the pistons. The most common type of 
micrometer reads in 1/1000 of an inch. Micrometers that use a vernier scale 
can estimate to 1/10 of an inch. 

Inside micrometers are used to measure the distance between two 
parallel surfaces. For example, in powerhead rebuilding work, the "inside 
mike" measures cylinder bore wear and taper. lnside mikes are graduated 
the same way as outside mikes and are read the same way as well. 

Remember that an inside mike must be absolutely perpendicular to the 
work being measured. When you measure with an inside mike, rock the mike 
gently from side to side and tip it back and forth slightly so that you span the 
widest part of the bore. Just to be on the safe side, take several readings. It 
takes a certain amount of experience to work any mike with confidence. 

Fig. 61 You can also use the vacuum gauge 
on a hand-operated vacuum pump for tests 

Fig. 62 Outside micrometers measure thickness, like shims or a 
shaft diameter 

Metric micrometers are read in the same way as inch micrometers, except 
that the measurements are in millimeters. Each line on the main scale equals 
I mm. Each fifth line is stamped 5, 10, 15 and so on. Each line on the thimble 
scale equals 0.01 mm. It will take a little practice, but if you can read an inch 
mike, you can read a metric mike. 

Calipers 

+ See Figures 63,64 and 65 

Inside and outside calipers are useful devices to have if you need to 
measure something quickly and absolute precise measurement is not 
necessary. Simply take the reading and then hold the calipers on an 
accurate steel rule. Calipers, like micrometers, will often contain a 
thumbwheel to help ensure accurate measurement. 

DIAL INDICATORS 

+ See Figure 66 

A dial indicator is a gauge that utilizes a dial face and a needle to register 
measurements, There is a movable contact arm on the dial indicator. When 
the arm moves, the needle rotates on the dial. Dial indicators are calibrated 
to show readings in thousandths of an inch and typically, are used to 
measure end-play and runout on various shafts and other components. - 

Dial indicators are quite easy to use, although they are relatively 
expensive. A variety of mounting devices are available so that the indicator 
can be used in a number of situations. Make certain that the contact arm is 
always parallel to the movement of the work being measured. 
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TELESCOPING GAUGES DEPTH GAUGES 
+ See Figure 67 + See Figure 68 

A telescope gauge is really only used during rebuilding procedures (NOT A depth gauge can be inserted into a bore or other small hole to 
during basic maintenance or routine repairs) to measure the inside of bores. determine exactly how deep it is. One common use for a depth gauge is 
It can take the place of an inside mike for some of these jobs. Simply insert measuring the distance the piston sits below the deck of the block at top 
the gauge in the hole to be measured and lock the plungers after they have dead center. Some outside calipers contain a built-in depth gauge so you 
contacted the walls. Remove the tool and measure across the plungers with can save money and buy just one tool. 
an outside micrometer. 

Fig. 63 Calipers are the fast and easy way 
to make precise measurements 

Fig. 66 This dial indicator is measuring the 
end-play of a crankshaft during a 
powerhead rebuild 

Fig. 64 Calipers can also be used to 
measure depth . . . 

Fig. 65 . . . and inside diameter 
measurements, to 0.001 in. accuracy 

Fig. 67 Telescoping gauges are used during 
powerhead rebuilding procedures to I I Fig. 68 Depth gauges are used to measure 
measure the inside diameter of bores the depth of bore or other small holes 

+ See Figures 69 and 70 

Although there are a great variety of fasteners found in the modern boat 
engine, the most commonly used retainer is the threaded fastener (nuts, 
bolts, screws, studs, etc). Most threaded retainers may be reused, provided 
that they are not damaged in use or during the repair. 

Some retainers (such as stretch bolts or torque prevailing nuts) are 
designed to deform when tightened or in use and should not be reused. 

Whenever possible, we will note any special retainers which should be 
replaced during a procedure. But you should always inspect the condition of 
a retainer when it is removed and you should replace any that show signs of 
damage. Check all threads for rust or corrosion that can increase the torque 
necessary to achieve the desired clamp load for which that fastener was 
originally selected. Additionally, be sure that the driver surface itself (on the 
fastener) is not compromised from rounding or other damage. In some cases 
a driver surface may become only partially rounded, allowing the driver to 
catch in only one direction. In many of these occurrences, a fastener may be 
installed and tightened, but the driver would not be able to grip and loosen 
the fastener again. (This could lead to frustration down the line should that 
component ever need to be disassembled again). 

If you must replace a fastener, whether due to design or damage, you 
must always be sure to use the proper replacement. In all cases, a retainer 

of the same design, material and strength should be used. Markings on the 
heads of most bolts will help determine the proper strength of the fastener. 
The same material, thread and pitch must be selected to assure proper 
installation and safe operation of the motor afterwards. 

Thread gauges are available to help measure a bolt or stud's thread. Most 
part or hardware stores keep gauges available to help you select the proper 
size. In a pinch, you can use another nut or bolt for a thread gauge. If the 
bolt you are replacing is not too badly damaged, you can select a match by 
finding another bolt that will thread in its place. If you find a nut that will 
thread properly onto the damaged bolt, then use that nut as a gauge to help 
select the replacement bolt. If however, the bolt you are replacing is so badly 
damaged (broken or drilled out) that its threads cannot be used as a gauge, 
you might start by looking for another bolt (from the same assembly or a 
similar location) which will thread into the damaged bolt's mounting. If so, the 
other bolt can be used to select a nut; the nut can then be used to select the 
replacement bolt. 

In all cases, be absolutely sure you have selected the proper 
replacement. Don't be shy, you can always ask the store clerk for help. 

Be aware that when you find a bolt with damaged threads, you may - 
also find the nut or tapped bore into which it was threaded has also 
been damaged. If this is the case, you may have to drill and tap the 
hole, replace the nut or otherwise repair the threads. Never try to force 
a replacement bolt to fit into the damaged threads. 
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A - Length 
B - Diameter (major diameter) 
C - Threads per inch or mm 
D - Thread length 
E - Size of the wrench required 
F - Root diameter (minor diameter) 

Fig. 69 Threaded retainer sizes are determined using these 
measurements 

Torque is defined as the measurement of resistance to turning or rotating. 
It tends to twist a body about an axis of rotation. A common example of this 
would be tightening a threaded retainer such as a nut, bolt or screw. 
Measuring torque is one of the most common ways to help assure that a 
threaded retainer has been properly fastened. 

When tightening a threaded fastener, torque is applied in three distinct 
areas, the head, the bearing surface and the clamp load. About 50 percent of 
the measured torque is used in overcoming bearing friction. This is the 
friction between the bearing surface of the bolt head, screw head or nut face 
and the base material or washer (the surface on which the fastener is 
rotating). Approximately 40 percent of the applied torque is used in 
overcoming thread friction. This leaves only about 10 percent of the applied 
torque to develop a useful clamp load (the force that holds a joint together). 
This means that friction can account for as much as 90 percent of the 
applied torque on a fastener. 

Fig. 70 Thread gauges measure the threads-per-inch and the pitch 
of a bolt or stud's threads 

Specifications are often used to help you determine the condition of 
various components, or to assist you in their installation. Some of the most 
common measurements include length (in. or cm/mm), torque (ft. Ibs., inch 
Ibs. or Nm) and pressure (psi, in. Hg, kPa or mm Hg). 

In some cases, that value may not be conveniently measured with what is 
available in your toolbox. Luckily, many of the measuring devices that are 
available today will have two scales so U.S. or Metric measurements may 
easily be taken. If any of the various measuring tools that are available to 
you do not contain the same scale as listed in your specifications, use the 
conversion factors that are provided in the Specifications section to 
determine the proper value. 

The conversion factor chart is used by taking the given specification and 
multiplying it by the necessary conversion factor. For instance, looking at the 
first line, if you have a measurement in inches such as "free-play should be 2 
in." but your ruler reads only in millimeters, multiply 2 in. by the conversion 
factor of 25.4 to get the metric equivalent of 50.8mm. Likewise, if a 
specification was given only in a Metric measurement, for example in 
Newton Meters (Nm), then look at the center column first. If the 
measurement is 100 Nm, multiply it by the conversion factor of 0.738 to get 
73.8 ft. Ibs. 

Metric Bolts 

Relative Strength 
Marking 4.6,4.8 8.8 

Markings 

Usage 

I Bolt Size 

Thread Size x Pitch 

(mm) 
6 x  1.0 

8 x 1.25 

10 x 1.25 

Frequent 

Maximum Toraue 

Ft-Lb Kgm Nm 

Infrequent 

Maximum Torque I 
Ft-Lb Kam Nm I 
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SAE Bolts 

SAE G r a d e  Number lor2 5 6 o r  7 

Bolt Markings 

Manufacturers '  marks  m a y  
vary-number of l ines  
a l w a y s  two l e s s  t h a n  t h e  Q . . . 
g r a d e  number. 

U s a g e  Frequent  

Bolt S ize  Maximum 
(inches)-(Thread) Torque  

Ft-Lb kgm Nm 

'14-20 5 0.7 6.8 
- 28 6 0.8 8.1 

Frequent  

Maximum 
Torque  

Ft-Lb kgm Nm 

8 1.1 10.8 
10 1.4 13.6 

Infrequent 

Maximum 
Torque  

Ft-Lb kgm Nm 

10 1.4 13.5 

LENGTH-DISTANCE 
Inches (in ) 

Feet (ft ) 

Miles 

VOLUME 
Cub~c lnches (in3) 

IMP Pmts (IMP pt.) 

IMP Quarts (IMP qt ) 

IMP Gallons (IMP gat.) 

IMP Quarts (IMP qt.) 

IMP Gallons (IMP gal.) 

F1. Ounces 

US Pmts (US pt.) 

US Quarts (US qt ) 

US Gallons (US gal.) 

MASS-WEIGHT 
Ounces (or.) 

Pounds (lb.) 

PRESSURE 
Pounds Per Sq In. (psi) 

Inches of Mercury (Hg) 

Inches of Mercury (Hg) 

Inches of Water (H,O) 

Inches of Water (H,O) 

Inches of Water (H,O) 

TORQUE 
Pounds-Force Inches (in-lb) 

Pounds-Force Feet (ft-lb) 

VELOCITY 
Miles Per Hour (MPH) 

POWER 
Horsepower (Hp) 

CONVERSION FACTORS 

FUEL CONSUMPTION' 
Miles Per Gallon IMP (MPG) x ,354 

Kilometers Per Llter (Km/L) x 2.352 

Miles Per Gallon US (MPG) x .425 

Kilometers Per L~ter  (Km/L) x 2.352 

= M~llimeters (mm) 

= Meters (m) 

= Kilometers (km) 

= Cubic Centimeters 

= Liters (L) 

= Liters (L) 

= Liters (L) 

= US Quarts (US st.) 

= US Gallons (US gal ) 

= Milliliters 

= Liters (L) 

= Liters (L) 

= Liters (L) 

= Grams (g) 

= Kilograms (kg) 

= K~lopascals (kPa) 

= psi 

= Kilopascals (kPa) 

= Inches of Mercury 

= psi 

= Kilopascals (kPa) 

= Newton Meters (N.m) 

= Newton Meters (N.m) 

= Kilometers Per Hour (KPH) x ,621 

= Kilometers Per Liter (Km/L) 

= IMP MPG 

= Kilometers Per Liter (Km/L) 

= US MPG 

= lnches 

= Feet 

= Mrles 

= in3 

= IMP pt. 

= IMP qt. 

= IMP gal. 

= IMP qt. 

= IMP gal. 

= Ounces 

= Pints 

= Quarts 

= Gallons 

= Ounces 

= Pounds 

= psi 

= Hg 

= Hg 

= H,O 

= H,O 

= H,O 

= in-lb 

= ft-lb 

= MPH 

= Horsepower 

*It IS common to covert from miles per gallon (mpg) to 1rters/100 kilometers (1/100 km), where mpg (IMP) x 1/100 km 
= 282 and mpg (US) x 1/100 km = 235 

TEMPERATURE 
Degree Fahrenheit ('F) = ('C x 1.8) + 32 

Degree Cekius ('C) = CF - 32) x 56 
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2-2 MAINTENANCE & TUNE-UP 

 We estimate that 75% of engine repair work can be directly or 
indirectly attributed to lack of proper care for the engine. This is especially 
true of care during the off-season period. There is no way on this green earth 
for a mechanical engine, particularly an outboard motor, to be left sitting idle 
for an extended period of time, say for six months, and then be ready for 
instant satisfactory service. 

Imagine, if you will, leaving your car or truck for six months, and then 
expecting to turn the key, having it roar to life, and being able to drive off in 
the same manner as a daily occurrence. 

Therefore it is critical for an outboard engine to either be run (at least 
once a month), preferably, in the water and properly maintained between 
uses or for it to be specifically prepared for storage and serviced again 
immediately before the start of the season. 

Only through a regular maintenance program can the owner expect to 
receive long life and satisfactory performance at minimum cost. 

Many times, if an outboard is not performino properly, the owner will 
"nurseU'it through the season with good intentions of working on the unit 
once it is no lonaer beina used, As with manv New Year's resolutions. the 
good intentions i r e  not completed and the ohboard may lie for manimonths 
before the work is begun or the unit is taken to the marine shop for repair. 

Imagine, if you will, the cause of the problem being a blown head gasket. 
And let us assume water has found its way into a cylinder. This water, 
allowed to remain over a long period of time, will do considerably more 
damage than it would have if the unit had been disassembled and the repair 
work performed immediately. Therefore, if an outboard is not functioning 
properly, do not stow it away with promises to get at it when you get time, 
because the work and expense will only get worse, the longer corrective 
action is postponed. In the example of the blown head gasket, a relatively 
simple and inexpensive repair job could very well develop into major 
overhaul and rebuild work. 

OK, perhaps no one thing that we do as boaters will protect us from risks 
involved with enjoying the wind and the water on a powerboat. But, each 
time we perform maintenance on our boat or motor, we increase the 
likelihood that we will find a potential hazard before it becomes a problem. 
Each time we inspect our boat and motor, we decrease the possibility that it 
could leave us stranded on the water. 

In this way, performing boat and engine service is one of the most 
important ways that we, as boaters, can help protect ourselves, our boats, 
and the friends and family that we bring aboard. 

Owners of sailboats pride themselves in their ability to use the wind to 
clear a harbor or for movement from Port A to Port B, or maybe just for a day 
sail on a lake. For some, the outboard is carried only as a last resort - in 
case the wind fails completely, or in an emergency situation or for ease of 
docking. 

Therefore, in some cases, the outboard is stowed below, usually in a very 
poorly ventilated area, and subjected to moisture and stale air - in short, an 
excellent environment for "sweating" and corrosion. 

If the owner could just take the time at least once every month, to pull out 
the outboard, clean it up, and give it a short run, not only would heishe have 
"peace of mind knowing it will start in an emergency, but also maintenance 
costs will be drastically reduced. 

 We strongly feel that every boat owner should pay close 
attention to this section. We also know that it is one of the most frequently 
used portions of our manuals. The material in this section is divided into 
sections to help simplify the process of maintenance. Be sure to read and 
thoroughly understand the various tasks that are necessary to keep your 
outboard in tip-top shape. 

Topics covered in this section include: 
1. General Information (What Everyone Should Know About 

Maintenance) - an introduction to the benefits and need for proper 
maintenance. A guide to tasks that should be performed before and after 
each use. 

2. Lubrication Service - after the basic inspections that you should 
perform each time the motor is used, the most frequent form of periodic 
maintenance you will conduct will be the Lubrication Service. This section 
takes you through each of the various steps you must take to keep corrosion 
from slowly destroying your motor before your very eyes. 

3. Engine Maintenance -the various procedures that must be 
performed on a regular basis in order to keep the motor and all of its various 
systems operating properly. 

4. Boat Maintenance -the various procedures that must be performed 
on a regular basis in order to keep the boat hull and its accessories looking 
and working like new. 

5. Tune-up - also known as the pre-season tune-up, but don't let the 
name fool you. A complete tune-up is the best way to determine the 
condition of your outboard while also preparing it for hours and hours of 
hopefully trouble-free enjoyment. 

6. Winter Storage and Spring Commissioning Checklists - use these 
sections to guide you through the various parts of boat and motor 
maintenance that protect your valued boat through periods of storage and 
return it to operating condition when it is time to use it again. 

7. Specification Charts - located at the end of the section are quick- 
reference, easy to read charts that provide you with critical information such 
as General Engine Specifications, Maintenance Intervals, Lubrication Service 
(intervals and lubricant types) and Capacities. 

+ See Figures 1 and 2 

From 1990 to 2001 Johnson and Evinrude produced a large number of 
models with regards to horsepower ratings, as well a large number of trim 
and option variances on each of those models. In this manual, we've 
included all of the 1-4 cylinder inline models (of both 2 and 4-stroke designs). 
We chose to do this because of the many similarities these motors have to 
each other. But, enough differences exist that many procedures will apply 
only to a sub-set of these motors. When this occurs, we'll either refer to the 
differences within a procedure or, if the differences are significant, we'll break 
the motors out and give separate procedures. In order to prevent confusion, 
we try to sort and name the models in a way that is most easily understood. 

In many cases, it is simply not enough to refer to a motor as a 9.9 hp 
model, since in these years JohnsonlEvinrude produced four different 2- 
cylinder motors with that rating (the 211cc Cstroke, the 216cc 2-stroke, the 
255cc 2-stroke, and the 305cc 4-stroke). Across that same year span, 
Johnson1Evinrude produced and sold no fewer than 4 different 2-stroke 
motors rated at 25hp (the 2-cylinder, 521cc, the 2-cylinder 737cc, the 3- 
cylinder 913cc and the 3-cylinder 933cc). This makes proper engine 
identification important for everything from ordering parts to even just using 
the procedures in this manual. 

Throughout this manual we will make reference to motors the easiest way 
possible. In some cases procedures will apply to all 2-strokes or all 4- 
strokes, in other cases, they will apply to all I-cylinder or all 2-cylinder motor 
(or all 3 or 4-cylinder motors, as applicable). When it is necessary to 
distinguish beiween different types of moto'rs with the same number of 
cvlinders. we'll differentiate usina the Ho ratina or, since different motors may 
iave the'same rating, we'll use ?he Hp ;ahg blus the size. In most cases, ' 

mechanical procedures will be similar or the same across different Hp ratings 
of the same engine family (of the same size). So it won't be uncommon to 
see a title or a procedure refer to 9.911 5 hp (255cc) motors or 9.911 5 hp 
(305cc) motors. In both cases, we would be referring to the 9.9 or 15 hp 
motors of a particular family, including all Rope Start, Tiller Electric or 
Remote Electric Models. In the case of the 9.9115 hp (255cc) motors, we 
would be referring to the 2-strokes, of that size, including any Sail, 
Commercial or other special models. 

To help with proper engine ident~fication, all of the engines covered by this 
manual are listed in the General Engine and General Engine System 
Specifications charts at the end of this section. In these charts, the engines 
are listed with their respective engine families, by horsepower rating, number 
of cylinders, engine type (2- or 4-stroke), years of production and 
displacement (cubic inches and cubic centimeters or CCs). 

But, whether you are trying to tell which version of a particular 
horsepower rated motor you have in order to follow the correct procedure or 
are trying to order replacement parts, the absolute best method is to start by 
referring to the engine serial number tag. For all models covered by this 
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MAINTENANCE & TUNE-UP 2-3 
manual an ID tag (A, in the accompanying figure) is located on the port side 
of the engine clamp or swivelitilt brackets. Most models are also equipped 
with an Emissions Control Information label (B, in the accompanying figure) 
as well. 

ENGINE SERIAL NUMBERS 
+ See Figure 2 

The englne serral numbers are the manufacturer's key to englne changes 
These alpha numerlc codes ~dent~fy the year of manufacture, the horsepower 
ratlng, gearcase shaft length and various modellopt~on d~fferences (such as 
rope start, tiller electr~c or remote electr~c models) If any correspondence or 
parts are required, the englne serial number must be used for proper 
~dent~f~cat~on 

Remember that the serral number establ~shes the year In whlch the 
englne was produced, wh~ch is often not the year of first installation 

The engine ser~al number tag contalns ~nformation such as the plant In 
which the motor was produced, the model number or code, the ser~al number 
(a unlque sequent~al ~dent~f~er grven ONLY to that one motor) as well as other 
useful ~nformation such as weight (mass) ~n K~lograms (kg) 

The emlssions control ~nformat~on label states that the motor IS in 
compl~ance with EPA emlssions regulat~ons for the model year of that 
englne And, more importantly, it gives tune-up specif~cat~ons that are vltal to 
proper englne performance (that mlnimlze harmful emlssions) The 

Fig. 1 A model ID tag (A) and an emission control label (B) is found 
on the port side of most engine clamp or swivelltilt brackets 

Fig. 2 The model ID tag (top) and emission label (bottom) provide 
critical information to identify and service the engine 

specifications on this label may reflect changes that are made during 
production runs and are often not later reflected in a company's service 
literature. For this reason, specifications on the label always supercede those 
of a print manual. Typical specifications that are found on this label will 
include: 

* Spark plug type and gap. 
Fuel recommendations. 

* Idle speed settings 
Engine timing ignition (such as wide-open throttle andlor idle timing) 

specification 
Engine displacement (in Cubic Inches or Cubic Centimeters, as noted 

on the label) 

Deciphering The Model Code on 1990-98 Engines 
+ See Figure 3 

Engines built for the 1990-98 model years (and all JohnsonIEvinrude 
engines built back through 1980) will contain an 8-12 digit code for 
identification. If the code begins with A, B, C, H, S, T or V, it represents a 
model variation (a model built for use in certain countries or specifically for a 
boat-builder to include with their new boat). If one of these alphas is not 
present, the code should start with J (for Johnson) or E (for Evinrude). The 
next one, two or three digits will be numbers, representing the horsepower 
rating. The digit following the horsepower rating will be a one, two or three 
digit alpha code identifying the various trimlmodel types (such as TE for tiller 
electric or FRE for Cstroke, electric startiremote). Following the model 
identifier may be a single alpha identifier (L, Y, X or Z) representing gearcase 
shaft length (a lack of this identifier would represent a 15 in. shaft length). 
Next, a two-digit, alpha identifier is used for the year. And lastly, the 
manufacturer internally uses a single check digit to designate the model run. 

Refer to the accompanying illustration to interpret the various alpha 
identifiers found throughout the model code. 

Starting in 1980, OMC began using the word lNTRODUCES as an 
easy way to decipher model years. The 10 letters of that word 
correspond to the digits 1-9 and 0, in that order. The first letter "I" 
represents a 1, the second letter "N" represents a 2 and so on until "S" 
which represents a 0. When deciphering a model code, each of the two 
alpha identifiers correspond to the last two digits of the model year. A 
1998 model would therefore be EC, a 1996 would be ED, and so on. For 
quick deciphering, right out the word INTRODUCES and then number 
the letters from 1-9 and then 0. 

Deciphering The Model Code on 1999-01 Engines 
+ See Figure 4 

Engines built for the 1999-01 model years contain a simplified version of 
the model code (when compared with earlier models) containing only 7-8 
digits, In all cases, the identifier should start with a single alpha representing 
Johnson (J) or Evinrude (E). The next one, two or three digits will be 
numbers, representing the horsepower rating. The digit following the 
horsepower rating will be a single one or two digit alphalnumeric code 
identifying design featuresimodel types (such as W for commercial models, T 
for tiller steering or 4 for Cstroke). Following the design featurelmodel 
identifier may be a single alpha identifier (L, Y, X or Z) representing gearcase 
shaft length (a lack of this identifier would represent a 15 in. shaft length). 
Next, a two-digit, alpha identifier is used for the year and is deciphered in the 
same manner as all JohnsoniEvinrude models numbers since 1980. Finally, 
in some cases, a single check digit is used by the manufacturer internally to 
designate the model run. 

Refer to the accompanying illustration to interpret the various alpha digits 
found throughout the model code. 

As stated earlier, the best means of extending engine life and helping to 
protect yourself while on the water is to pay close attention to boatiengine 
maintenance. This starts with an inspection of systems and components 
before and after each time you use your boat. - 

A list of checks, inspections or required maintenance can be found in the 
Maintenance Intervals Chart at the end of this section. Some of these 
inspections or tasks are performed before the boat is launched, some only 
after it is retrieved and the rest, both times. 
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Model Variation: 
A = Australia 
B = Belgium 
C = Canada 
H = Hong Kong 
S = South America 
T = Tracker Model 

= Commercial 

Design Feature: 
AE = Electric Start - Alaska 
AR =  ROD^ Start - Alaska 
BA = AC' Lighting - Rope Start 
BE = Belgium Derated - Electric Start 
BF = Belgium Derated - Rope Start 
BG = Belgium Derated - Rope Start 
BI = Belgium Derated - Rope Start 
BR = Euro Rope Start 
C = Counter-Rotation 
CE = Canada Derated - Electric Start 
CR = Canada Derated - Rope Start 
D = Remote Electric 
DE = Derated - Electric Start 
DR = Derated - Rope Start 
DT = Derated - Electric Startmrim & Tilt 
E = Electric Start 
ER = Electric Start - Sport Styling 
ES = Electric Start - S~ecia l  
FA = 4-Stroke, Rope %art - AC Lighting 
FE = 4-Stroke, Electric Startrriller 
FP = Commercial with Program Tilt 
FR = 4-Stroke. Rooe Start 
FRE= 4-Stroke, ~ lkct r ic  StartlRemote 
FS = FICHT", Trim & Tilt 
FT = FICHT, Trim & TiltISpecial Styling 
G = Soecial Stvlina 
H = ~ e s s  lnteg;al 6 n ~ ~ y d r a u l i c  Steering 
I = FICHT Fuel Injection 
IE = ltaly Electric Start 
IK = ltaly Electric Start 
J = Jet Drive 
K = 3-Cylinder 25135 
KC = Kerosene Rope Start 
KG = KeroseneIGasoline 
KS = Kerosene Rope Start 
M = Manual Tilt - Electric Start 
MS = Manual Tilt - Electric StartlSpecial 
N = Counter-Rotation 
P = Power Steering 
0 = 3-Cylinder 25/35 Trim &Ti l t  
R = Rope Start 
RA = Australia Rooe Start 

Year Built: 

U =  7 

S =  0 
Examples: 
CS = 80 
CR = 84 I 

RC = Rope Start - CommercialICD Ignition 
RD = Rope Start - Deluxe 
RE = Remote Electric 
RP = Commercial with Program Tilt 
RS = Rope Start - Commercial 
RW = Commercial with Interlock 
S = Sail - Special Styling 
SC = Special StylingICounter-Rotation 
SE = Electric Start Non-Tilt Sail 
SI = ltaly Special Derated 
SL = 60"V, Trim &Til t  
SP = Special Styling 
SR = Rope Start - Sail - Non-Tilt 
ST = Special Styling - Trim &Ti l t  
T = Trim &Til t  - Electric Start 
TE = Tiller Electric 
TR = Trim & Tilt - Sport Styling 
TT = Tiller - Trim &Ti l t  (Backtroller) 
U  = Manual Tilt 
V = Special Gearcase 
W = 110" Angle Drive - Rope Start 
WM = Electric Commercial - Manual Tilt 
WMP= Same as "WM" wIChrome Pump 
WT = Electric Commercial - Trim & Tilt 
WTP= Same as "WT" wIChrome Pump 

I Fig. 3 Model codes - 1990-98 models 

J = Johnson 
E = Evinrude 

Horsepower 

.T 
Shaft Length: 

= 15 in. 
L = 20 In. 
Y = 22.5 In 
X = 25 in. 
Z = 30 in. 1 

I 
3esign Feature: 
3 = 3-Cylinder (25 o r  35 HP) 
4 = Four-Stroke Engine 
C = Counter-Rotation wmrim & Til t  
E = Electric Start wfRemote Steering 
F = FICHT'" Fuel Injection 
J = Jet 
M = Mil i tary Mode l  
P = Power Trim & Til t  
R = Rope Start wmil ier Steering 
S = Special Styl ing (White Evinrude) 
T = Tiller Steering 
W = Commercial Model  

Fig. 4 Model codes - 1999-01 models 

I = 1  
N -  2 
T =  3 
R =  4 
o =  5 
D =  6 
u =  7 
C =  8 
E =  9 
S =  0 

Example: 
EE = 99 
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VISUALLY INSPECTING THE BOAT AND MOTOR 

+ See Figures 5 and 6 

Both before each launch and immediately after each retrieval, visually 
inspect the boat and motor as follows: 

1. Check the fuel and oil levels according to the procedures in this 
manual. Do NOT launch a boat without properly topped off fuel and oil tanks 
(or without the proper crankcase oil level on 4-stroke motors). It is not worth 
the risk of getting stranded or of damage to the motor. Likewise, upon 
retrieval, check the oil and fuel levels while it is still fresh in your mind. This 
is a good way to track fuel consumption (one indication of engine 
performance). For 2-stroke motors, compare the fuel consumption to the oil 
consumption (a dramatic change in proportional use may be an early sign of 
trouble). For 4-stroke motors, oil consumption should be minimal, but all 4- 
stroke engines allow a small portion of oil to burn. Watch for sudden 
increases in the amount of oil burned and investigate further if found. 

2. Check for signs of fuel or oil leakage. Probably as important as 
making sure enough fuel and oil is onboard, is the need to make sure that no 
dangerous conditions might arise due to leaks. Thoroughly check all hoses, 
fittings and tanks for signs of leakage. Oil leaks may cause the boat to 
become stranded, or worse, could destroy the motor if undetected for a 
significant amount of time. Fuel leaks can cause a fire hazard, or worse, an 
explosive condition. This check is not only about properly maintaining your 
boat and motor, but about helping to protect your life. 

3. Inspect the boat hull and engine cases for signs of corrosion or 
damage. Don't launch a damaged boat or motor. And don't surprise yourself 
dockside or at the launch ramp by discovering damage that went unnoticed 
last time the boat was retrieved. Repair any hull or case damage now. 

4. Check the battery connections to make sure they are clean and 
tight. A loose or corroded connection will cause charging problems 
(damaging the system or preventing charging). There's only one thing worse 
than a dead battery docksideilaunch ramp and that's a dead battery in the 
middle of a bay, river or worse, the ocean. Whenever possible, make a quick 
visual check of battery electrolyte levels (keeping an eye on the level will 
give some warning of overcharging problems). This is especially true if the 
engine is operated at high speeds for extended periods of time. 

5. Check the propeller (impeller on jet drives and rotor on 
RescuePro@ motors) and gearcase. Make sure the propeller shows no 
signs of damage. A broken or bent propeller may allow the engine to over- 
rev and it will certainly waste fuel. The gearcase should be checked before 
and after each use for signs of leakage. Check the gearcase oil for signs of 
contamination if any leakage is noted. Also, visually check behind the 
propeller for signs of entangled rope or fishing lines that could cut through 
the lower gearcase propeller shaft seal. This is a common cause of gearcase 

I Fig. 5 Rope and fishing line entangled behind the propeller can cut 
through the seal, allowing water to enter and lubricant to escape 

lubricant leakage, and eventually, water contamination that can lead to 
gearcase failure. Even if no gearcase leakage is noted when the boat is first 
retrieved, check again next time before launching. A nicked seal might not 
seep fluid right away when still swollen from h e d  immediately after;se, but 
might begin seeping over the next day, week or month as it sat, cooled and 
dried out. 

6. Check all accessible fasteners for tightness. Make sure all easily 
accessible fasteners appear to be tight. This is especially true for the 
propeller nut, any anode retaining bolts, all steering or throttle linkage 
fasteners and the engine clamps or mounting bolts. Don't risk loosing control 
or becoming stranded due to loose fasteners. Perform these checks before 
headincl out, and immediately after you return (so you'll know if anything . . 

needs ib be serviced before you want to launch again.) 
7. Check o~eration of all controls includina the throttlelshifter, 

steering and emergency stoplstart switch andlor safety lanyard. ~ e f o r e  
launching, make sure that all linkage and steering components operate 
properly and move smoothly through their range of motion. All electrical 
switches (such as power trimttilt) and especially the emergency stop 
system(s) must be in proper working order. While underway, watch for signs 
that a system is not working or has become damaged. With the steering, 
shifter or throttle, keep a watchful eye out for a change in resistance or the 
start of jerkyinotchy movement. 

8. Check the water pump intake grate and water indicator. The 
water pump intake grate should be clean and undamaged before setting out. 
Remember that a damaged grate could allow debris into the system that 
could destroy the impeller or clog cooling passages. Once underway, make 
sure the cooling indicator stream is visible at all times. Make periodic checks, 
including one final check before the motor is shut down each time. If a 
cooling indicator stream is not present at any point, troubleshoot the problem 
before further engine operation. 

9. If equipped, check the power steering belt and fluid level. A quick 
visual inspection of the power steering belt and fluid level at the end of each 
day will warn of problems that should be fixed before the next launch. 

10. If used in salt, brackish or polluted waters thoroughly rinse the 
engine (and hull), then flush the cooling system according to the 
procedure in this section. 

11. Visually inspect all anodes after each use for signs of wear, 
damage or to make sure they just plain didn't fall off (especially if you weren't 
careful about checking all the accessible fasteners the last time you 
launched). 

12. Om EFI models, be sure to shut the battery switch off if the 
engine is not going to be run for a couple of weeks or more. The Engine 
Control Unit (ECU) on fuel-injected motors covered by this manual will 
continue to draw a small amount of current from the battery, even when the 
motor is shut off. In order to prevent a slow drain of the entire battery, either 
periodically recharge the battery, or isolate it by disconnecting the cables or 
shutting off the battery switch when the boat is dockside or on the trailer. 

Fig. 6 Always make sure the transom plug is installed and 
tightened securely before a launch 

- www.instant-manuals.com -



2-6 MAINTENANCE & TUNE-UP 
R If the boat is not equipped with a battery switch, remove the green 13. For Pete's sake, make sure the plug is in! We shouldn't have to 
30 amp fuse from the fuse holder found on the sideof the engine. Of say it, but unfortunately we do. If you've been boating for any length of time, 
course, if this is done, tape the fuse to an obvious point so it will be you've seen or heard of someone whose backed a trailer down a launch 
installed before the next attempt to start the motor. This could save ramp, forgetting to check the transom drain plug before submerging (literally) 
some embarrassing and frustrating troubleshooting time if the fact that the boat. Always make sure the transom plug is installed and tight before a 
it was removed becomes lost in your memory. launch. 

An outboard motor's greatest enemy is corrosion. Face it, oil and water 
just don't mix and, as anyone who has visited a junkyard knows, metal and 
water aren't the greatest of friends either. To expose an engine to a harsh 
marine environment of water and wind is to expect that these elements will 
take their toll over time. But, there is a way to fight back and help prevent the 
natural process of corrosion that will destroy your beloved boat motor. 

Various marine grade lubricants are available that serve two important 
functions in preserving your motor. Lubricants reduce friction on metal-to- 
metal contact surfaces and, they also displace air and moisture, therefore 
slowing or preventing corrosion damaae. Periodic lubrication services are 
your best method ofireserving an oufboard motor. 

Lubrication takes dace throuah various forms. For all enaines, internal 
moving parts are lubiicated by engine oil, either through oil zontained in the 
fuelloil mixture on 2-stroke motors, or the oil contained in the engine 
crankcase and pumped through oil passages in 4-stroke motors. On all 
motors (both 2 and 4-stroke) the gearcase is filled with gear oil that 
lubricates the driveshaft, propshaft, gears and other internal gearcase 
components. The gear oil for all motors and the engine crankcase oil on 4- 
stroke motors should be periodically checked and replaced following the 
appropriate Engine Maintenance procedures. Perform these services based 
on time or engine use, as outlined in the Maintenance Intervals chart at the 
end of this section. 

For motors equipped with power trimltilt, the fluid level and condition in 
the reservoir should be checked periodically to ensure proper operation. 
Also, on these motors, correct fluid level is necessary to ensure operation of 
the motor impact protection system. 

When equipped with power trimltilt, proper fluid level is necessary for 
the built-in impact protection system. Incorrect fluid level could lead to 
significant gearcase damage in the event of an impact. 

Most other forms of lubrication occur through the application of grease 
(OMC Triple-Guard, OMC EPlWheel bearing grease, OMC Starter Pinion 
Lube, or their equivalents) to various points on the motor. These lubricants 
are either applied by hand (an old toothbrush can be helpful in preventing a 
mess) or using a grease gun to pump the lubricant into grease fittings (also 
known as zerk fittings). When using a grease gun, do not pump excessive 
amounts of grease into the fitting. Unless otherwise directed, pump until 
either the rubber seal (if used) begins to expand or until the grease just 

Fig. 7 Apply lubricant to the sliding surface 
of the electric starter pinion 

begins to seep from the joints of the component being lubricated (if no seal is 
used). 

To ensure your motor is getting the protection it needs, perform a visual 
inspection of the various lubrication points at least once a week during 
regular seasonal operation (this assumes that the motor is being used at 
least once a week). Follow the recommendations given in the Lubrication 
Chart at the end of this section and perform the various lubricating services 
at least every 60 days when the boat is operated in fresh water or every 30 
days when the boat is operated in salt, brackish or polluted waters. We said 
at least meaning you should perform these services more often, as 
discovered by your weekly inspections. 

6 Jet drive models require one form of lubrication every time that they 
are used. The jet drive bearing should be greased, following the 
procedure given in this section, after every day of boating. But don't 
worry, it only takes a minute once you've done it before. 

RECOMMENDED LUBRICANT 

Use OMC Starter Pinion lubricant. 

LUBRICATION 

+ See Figures 7 and 8 

The starter pinion is the gear and slider assembly located on the top of 
the starter motor as it is mounted to the engine. When power is applied to 
the starter, the gear on the pinion assembly slides upward to contact and 
mesh with the gear teeth on the outside of the flywheel. Periodically, apply a 
small amount of lubricant to the sliding surface of the starter pinion in order 
to prevent excessive wear or possible binding on the shaft. 

R Access to the starter pinion is possible on most models by reaching 
under the flywheel cover using an applicator. But, in most cases, 
removal of the flywheel cover andlor manual starter assembly will make 
it much easier. If necessary refer to the Flywheel Cover or Manual 
Starter Assembly removal procedures for details. 

Fig. 8 In most cases, removing the flywheel 
cover will make access to the pinion much 
easier 

Fig. 9 If equipped, use the grease fittings to 
supply lubricant to the cover latches 
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RECOMMENDED LUBRICANT 

Use OMC Triple-Guard, or an equivalent water-resistant marine grease for 
lubrication. 

LUBRICATION 

+ See Figures 9 

Although the sliding surfaces of all cover latches can benefit from an 
application of grease, the design of the latches used on all 737cc and larger 
2-stroke motors makes periodic greasing necessary to prevent the latches 
from binding or wearing. Depending on the latch type, either apply a small 
amount of grease to the metal surfaces using an applicator brush (this is 
typically necessary on 2-cylinder models) or use a grease gun to pump 
grease into the zerk fitting facing upward from the latch assembly. 

+ See Figure 10 

RECOMMENDED LUBRICANT 

Use OMC Triple-Guard, or an equivalent water-resistant marine grease for 
lubrication. 

LUBRICATION 

+ See Figure 10 

Many of the models covered by this manual are designed to be portable 
or permanently installed. Although installation and rigging will vary, if the 
motor is not permanently mounted in place, the threads of the engine mount 
clamp screws should be lubricated periodically. Apply a light coating of a 
suitable marine grease to the threads of both clamp screws. If necessary, 
apply the grease and loosen the clamp to ensure the grease is drawn 
through the threaded portion of the bracket, then retighten the clamp and 
repeat for the remaining clamp. When you are finished, be certain that the 
clamps are properly tightened. Also, pay extra attention to the clamps before 
and after the next use, to make sure they remain tightened. 

Fig. 10 When equipped, be sure to apply lubricant to the threads 
on the engine mount clamps 

+ See Figure 11 

Jet drive models covered by this manual require special attention to 
ensure that the driveshaft bearing remains properly lubricated. 

After each day of use, the jet drive bearing should be properly lubricated 
using a grease gun. Also, after every 30 hours of fresh water operation or 
everv 15 hours of saltibrackishlpolluted water o~eration, the drive bearina 
grease must be replaced. ~ o l l o w  the appropriate procedure: 

Fig. 11 Jet drive models require lubrication of the bearing after 
each day of use, a label on the housing usually reminds the owner 

RECOMMENDED LUBRICANT 

Use OMC EPiWheel Bearing grease or an equivalent water-resistant 
NLGl No. 1 lubricant. 

DAILY BEARING LUBRICATION 

S Y 
+ See Figures 12 and 13 

A grease fitting is located under a vent hose on the lower port side of the 
jet drive. Disconnect the hose from the fitting, then use a grease gun to apply 
enough grease to the fitting to just fill the vent hose. Basically, grease is 
pumped into the fitting until the old grease just starts to come out from the 
passages through the hose coupling, then reconnect the hose to the fitting. 

Do not attempt to just grasp the vent hose and pull, as it is a tight fit 
and when it does come off, you'll probably go flying if you didn't 
prepare for it. The easier method of removing the vent hose from the 
fitting is to deflect the hose to one side and snap it free from the fitting. 

GREASE REPLACEMENT 

+ See Figures 12,13 and 14 

A grease fitting is located under a vent hose on the lower port side of the 
jet drive. This grease fitting is utilized at the end of each day's use to add 
fresh grease to the jet drive bearing. But, every 30 or 15 days (depending if 
use is in fresh or saltlbrackishlpolluted waters), the grease should be 
completely replaced. This is very similar to the daily greasing, except that a 
lot more grease it used. Disconnect the hose from the fitting (by deflecting it 
to the side until it snaps free from the fitting), then use a grease gun to apply - 
enough grease to the fitting until grease exiting the assembly fills the vent 
hose. Then, continue to pump grease into the fitting to force out all of the old 
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I Fig. 12 The jet drive lubrication fitting is 
found under the vent hose 

Fig. 13 Attach a grease gun to the fitting for 
lubrication 

grease (you can tell this has been accomplished when fresh grease starts to 
come out of the vent instead of old grease, which will be slightly darker due 
to minor contamination from normal use). When nothing but fresh grease 
comes out of the vent the fresh grease has completely displaced the old 
grease and you are finished. Be sure to securely connect the vent hose to 
the fitting. 

Each time this is performed, inspect the grease for signs of moisture 
contamination or discoloration. A gradual increase in moisture content over a 
few services is a sign of seal wear that is beginning to allow some seepage. 
Very dark or dirty grease may indicate a worn seal (inspect andlor replace 
the seal, as necessary to prevent severe engine damage should the seal fail 
completely). 

Keep in mind that some discoloration of the grease is expected 
when a new seal is broken-in. The discoloration should go away 
gradually after one or two additional grease replacement services. 

Whenever the jet drive bearing grease is replaced, take a few minutes to 
apply some of that same water-resistant marine grease to the pivot points of 
the jet linkage. 

* See Figure 15 

When equipped with power trimltilt, proper fluid level is necessary for 
the built-in impact protection system. Incorrect fluid level could lead to 
significant gearcase damage in the event of an impact. 

RECOMMENDED LUBRICANT 

The power trimltilt reservoir must be kept full of OMC Power Trimrrilt and 
Power Steering Fluid. 

CHECKING FLUID LEVEUCONDITION 

* See Figure 15 

The fluid in the power trimltilt reservoir should be checked periodically to 
ensure it is full and is not contaminated. To check the fluid, tilt the motor 
upward to the full tilt position, then manually engage the tilt support for safety 
and to prevent damage. Remove the filler cap (they are usually threaded in 
position) and make a visual inspection of the fluid. It should seem clear and 
not milky. The level is proper if, with the motor at full tilt, the level is even 
with the bottom of the filler cap hole. 

Fig. 14 Also, coat the pivot points of the jet 
linkage with grease periodically 

RECOMMENDED LUBRICANT 

Use OMC Triple-Guard, or an equivalent water-resistant marine grease for 
lubrication. 

LUBRICATION 
A 

Every Johnson and Evinrude outboard uses some combination of cables 
andlor linkage in order to actuate the throttle plate (of the carburetor, 
carburetors or throttle body), the gearcase shifter and, on some smaller 
carbureted motors, the choke plate. Because linkage and cables contain 
moving parts that work in contact with other moving parts, the contact points 
can become worn and loose if proper lubrication is not maintained. These 
small parts are also susceptible to corrosion and breakage if they are not 
protected from moisture by light coatings of grease. Periodically apply a light 
coating of suitable water-resistant marhe grease on each of these surfaces 
where either two moving parts meet or where a cable end enters a housing. 
For more details on grease points refer to the accompanying illustrations. 

Fig. 15 Maintaining the proper power trimltilt fluid level is critical to 
protecting the engine in case of an impact 
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ColffJunior and 2-6 Hp Single Cylinder Motors 
+ See Figures 16 thru 20 

Apply a light coating of grease to the carburetor, choke and shift linkage 
at the points shown for your single cylinder motor. 

3-8 Hp Two Cylinder, 2-Stroke Motors 
+ See Figures 21 thru 25 

Apply a light coating of grease to the carburetor, choke and shift linkage 
at the points shown. On models equipped with a built-in fuel tank, check for a 

Fig. 16 Carburetorlthrottle linkage and 
choke shaft lubrication - ColtlJunior and 2- 
3.5 hp motors 

Fig. 19 Carburetor throttle and choke 
linkage lubrication - 516 hp 4-stroke motors 

Fig. 22 The shift linkage on some models, 
like the 314 hp motors, is equipped with a 
arease fittina 

fuel valve and/or choke shaft assembly and grease, as necessary. Make 
sure all sliding, rotating or contact surfaces of the linkage are coated. 

9.9110114/15 HP (216cc) and 9.9110115 HP (255cc) Two Cylinder, 
2-Stroke Motors 

+ See Figures 26 and 27 

Apply a light coating of grease to the carburetor, cam follower, throttle, 
spark advance, choke and shift linkage at the points shown. Make sure all 
sliding, rotating or contact surfaces of the linkage are coated. 

Fig. 17 Carburetorlthrottle linkage and 
choke shaft lubrication - 5 hp 2-stroke 
motors 

Fig. 20 Shift linkage lubrication - 516 hp 4- 
stroke motors 

Fig. 23 Some models equipped with a built- 
in fuel tank utilize a fuel valvelchoke shaft 
assembly - 314 hp motor shown (4 ~eiuxe 
similar) 

Fig. 18 If equipped, lubricate the neutral 
lockout cable (shown) or linkage - 5 hp 2- 
stroke motor shown 

Fig. 21 Carburetorlthrottle linkage 
lubrication - 314 hp motors 

Fig. 24 Throttle and choke linkage 
lubrication - 51618 hp (164cc) motors 
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Fig. 25 Carburetor linkage lubrication - 51618 hp (164cc) motors (4 
Deluxe similar) 

Fig. 26 Carburetor, cam follower and throttle linkage - 9.9/10114115 
hp (216cc) and 9.9110115 hp (255cc) 2-stroke motors 

=ig. 27 Choke, shift lever shaft and detent (left) and spark advance linkage (right) lubrication - 9.9110114115 hp (216cc) and 9.9110115 hp ( 2 5 5 ~ ~ )  2- 
;troke motors 

819.9 and 9.9115 Hp Two Cylinder, 4-Stroke Motors 
+ See Figures 28 and 29 

to the carburetor, throttle and shifter linkage, including the timer link and 
throttle shaft fittings, as applicable. Refer to the illustrations for more details. 

A~o lv  a liaht coatina of arease to the carburetor, throttle, choke linkaaes 25135 Hp (5001565~~) Three Cylinder Motors 
as well as th;e shift lever shgft and detent points shown. ~ a k e  sure all - 
sliding, rotating or contact surfaces of the linkage are coated. 

18-35 Hp Two Cylinder (521cc) Motors 
+ See Figures 30 and 31 

For 18-35 hp (521 cc) 2-cylinder motors, be sure to apply a light coating of 
grease to the carburetor, throttle and shift linkages as well as the starter 
lockout assembly as shown. Make sure all sliding, rotating or contact 
surfaces of the linkage are coated. 

25-55 Hp Two Cylinder (737cc) Motors 

+ See Figures 32 thru 36 

+ See Figures 37 and 38 

For all 25135 hp (5001565~~) 3-cylinder motors, be sure to coat the throttle 
and shift linkage on the starboard side of the motor, as well as the carburetor 
linkage found on the port side. Refer to the illustrations for more details. 

25-70 Hp (913cc) Three Cylinder, 2-Stroke Motors 
+ See Figures 39 and 40 

Refer to the following illustrations to determine the applicable throttle, 
carburetor and shift linkage lubrication points on your 913cc 3-cylinder, 2- 
stroke motor. 

Though the exact lubrication points vary slightly from model-to-model, for 
737cc motors, be sure to apply a light coat of water resistant marine grease 
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Fig. 28 Carburetor, choke and throttle linkage (left) and shift lever shaft and detent (right) lubrication - 819.9 hp (211cc) 4-stroke motors 

Fig. 29 Shift lever shaft and detent (left) and carburetor, choke and throttle linkage (right) and lubrication - 9.9115 hp (305cc) 4-stroke motors 

1- Throttle and shaft linkage 2- Rear engine cover latch 3- Shift lever shaft grease fitting 4- Vertical throttle shaft 

Fig. 30 Linkage, engine latch and shifter greasing points 18-35 hp two cylinder (521cc) motors 
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Fig. 31 Carburetor linkage, cam and shifter 
starter lockout greasing points 18-35 hp two 
cylinder (521cc) Motors 

Fig. 32 Carburetor linkage and timer link 
greasing points on some 40-55 hp two 
cylinder (737cc) motors, including the 40RP, 
40RW, 40WR, 45,55WR and 55 RescuePro 

Fig. 33 Throttle and shaft linkage greasing 
points on some 40-55 hp two cylinder 
(737cc) motors, including 40RP, 40RW, 
40WR, 45,55WR and 55 RescuePro 

I Fig. 34 Carburetor (left) and throttle (right) linkage greasing points on most 25-55 hp two cylinder (737cc) motors including the 25,35 Jet, 40EL, 
40RS. 40TL. 48.50EL. 5OSPL. 50TL and 55WML 

Fig. 35 Shift and throttle shaft fitting lubrication 25-50 hp two 
cylinder (737cc) motors including the 25, 35 Jet, 40EL, 40RS, 40TL, 
48,50EL, 50SPL and 50TL 

Fig. 37 Throttle and shift linkage greasing points for 25135 hp 
(5001565~~) 3-cylinder motors I 

Fig. 36 Shift and throttle shaft greasing points for 55WML two 
cylinder (737cc) motors 

Fig. 38 Carburetor linkage lubrication points for 25135 hp 
(5001565~~) 3-cylinder motors 
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Fig. 39 Carburetor linkage, cam roller, shift shaft and control shaftllever bushing lubrication points for 25-70 hp (913cc) 3-cylinder, 2-stroke motors 
(except the 65RS, 65WR and some 50-70TTL models) 

Fig. 40 Shift shaft and linkage and control lever bearing (left) along with shift and throttle cable fittings, carburetor linkage and cam follower 
(right) lubrication points for 65RS, 65WR and some 50-70TTL models of the (913cc) 3-cylinder, 2-stroke motor 

40-70 Hp 4-Stroke Motors 
+ See Figures 41 and 42 

+ See Figures 43 thru 46 

RECOMMENDED LUBRICANT 

Use OMC Triple-Guard, or an equ~valent water-resistant marine grease for 
lubrrcation. 

LUBRICATION 

+ See Figures 43 thru 46 

All motors covered by this manual are equipped with a tiller control and/or 
a remote control assembly. On models equipped with a tiller, the arm's pivot 
point (where it attaches to the engine) should be lubricated periodically. On 
models with remote controls, the steering arm should be given a light coating 
of fresh lubricant to prevent corrosion or scoring. Many of the outboards 
covered by this manual (especially the portable units) are equipped with a 
steering friction adjustment knobiscrew. Coat the exposed threads of the 
screw with fresh grease during lubrication services. 

Fig. 41 Shift and throttle linkage lubrication - 40150 hp (815cc) 3- 
cylinder, 4-stroke motors 
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Fig. 42 Shift and throttle linkage lubrication - 70 hp (1298cc) 4- 
cylinder, 4-stroke motors 

Fig. 44 Besides the tiller arm, most models 
utilize a steering friction knob or screw that 
also requires lubrication - 2-3.5 hp 1- 
cylinder, 2-stroke shown (others similar) 

+ See Figure 47 

Fig. 43 On tiller control motors, lubricate the pivot point where the 
arm attaches to the engine - 314 hp 2-cylinder, 2-stroke shown 
(others similar) 

Fig. 45 Apply a light coating of grease to 
the threads and spring of the friction screw 

RECOMMENDED LUBRICANT 

Use OMC Triple-Guard, or an equivalent water-resistant marine grease for 
lubrication. 

LUBRICATION 

+ See Figure 47 

All motors covered by this manual are equipped with at least one grease 
fitting on the gearcase swivel bracket. Use a grease gun to apply fresh 
water-resistant marine grease until a small amount of lubricant begins to 
seep from the swivel bracket. It is important to keep this system corrosion 
free in order to prevent corrosion that would lead to excessive resistance or 
even binding that might cause dangerous operational conditions. 

Fig. 46 For remote control motors, apply a 
light coating of grease to the steering arm 

+ See Figures 48 and 49 

RECOMMENDED LUBRICANT 

Use OMC Triple-Guard, or an equivalent water-resistant marine grease for 
lubrication. 

LUBRICATION 

See Figures 48 and 49 

Although the precise points vary from model-to-model, all motors are 
equipped with pivot and anchor points for the tilt system. Be sure to apply 
grease to all zerk fittings (check carefully, as some fittings are hidden or 
partially obstructed when the motor is in the full upward tilt or full downward 
tilt position). Apply a water-resistant marine grade grease to the fitting(s) until 
a small amount of grease seeps from the joints. Also, on manual tilt models, 
apply grease to the tilt lever and/or pin and any other metal-to-metal friction 
surfaces. Applying grease will prevent corrosion while also ensuring smooth 
operation. To make sure all surfaces are covered, apply grease with the 
motor in both the full tilt and full downward positions. * 
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Fig. 47 Apply grease to the swivel bracket 
through the fitting on the port or starboard 
side (depending on the model) 

Fig. 48 Use a grease gun on all tilt 
assembly zerk fittings (the exact number 
and location vary from model-to-model) . . . 

Fig. 49 . . . then apply a light coating of 
grease to all metal-to-metal contact areas on 
the tilt assembly 

REMOVAL & INSTALLATION 

+ See Figures 50 thru 53 

Removal of the top cover is necessary for the most basic of maintenance 
and inspection procedures. The cover should come off before and after each 
use in order to perform these basic safety checks. The lower covers do not 
need to be removed nearly as often, but on models where they are easily 
removed, they should be removed at least seasonally for service and 
inspection procedures. Don't let a small leak or damaged cablelhose hide 
behind the safety of a cover. 

On all models, the engine top cover is attached by some type of lever or 
latch. No tools are necessary to remove the cover itself. The exact shape 
and design of the levers vary somewhat from model-to-model, though they 
are usually located on the aft part of the motor, at the split line between the 
top cover and the lower cases. 

Some of the smaller motors use a lever that is pulled outward to release 
the cover. A few of the very small 2-strokes and the largest 4-strokes use 
over-center latches that hook onto tabs on the top cover, these are normally 
released bv ~ull ina at the base of the latch. However, the vast maioritv of 

The lower covers of most motors are screwed or bolted together by 
fasteners found around the perimeter of one or both sides of the cover. In a 
few cases, such as some 5i6 hp or 819.9 hp 4-stroke motors, one or more of 
the fasteners may be hidden. These fasteners may be accessible only 
through access points around the cover such as through the choke handle 
or, in the case of many motors, through the water indicator outlet hole. 

Cover screws on JohnsonlEvinrude outboards are usually of the 
Phillips or Slotted head types, but some are also of the star-headed 
Torx@ design. For Torx@ head screws, be sure to use only the proper- 
sized driver as an undersized driver will strip or damage to the fastener 
head. 

Some motors however, are equipped with I-piece covers that are not 
designed for easy or convenient removal. On the 5 hp (109cc) motor, 18 Jet- 
35 hp (521cc) motors, some 40-55 hp (737cc) Commercial model motors, 
and the 25-70 hp (914cc) motors, this cover is normally a low-rise 
component that should not interfere with service procedures. For this reason, 
the cover is normally usually not removed except during a complete overhaul 
where the powerhead is removed from the gearcase. 

In most cases, remote or tiller control cables (and choke mechanisms, if 
equipped) must be disconnected andlor removed from the case in order to 
completely remove the lower cases. But, for many procedures, the lower 
case can be supported out of the way (using a length of mechanic's wire or a 
bent wire coat hanger) with the cables still attached to the cover. You'll have 
to decide for vourself how much trouble it is worth to remove the covers for 

motors coieied b i  thls manual utlhze a rotating lever that is twiste'd 45-90" in various marnienance procedures, but obv~ously they must be completely 
order to release the top cover removed for major overhauls 

No matter what des~gn is used, be certain that the cover is fully seated To separate the lower covers on 2pece  models, proceed as follows 
and mounted tlahtly to the lower cases ~n order to prevent the poss~billty of ~t 1 On some models the top cover seal is mounted In the qroove on the 
coming loose insehice. 

Fig. 50 Most of the engines covered by this 
manual utilize a 2-piece lower port and 
lower starboard cover assemblv 

top cover, for others it is placed on the top sealing surface of the lower 

Fig. 51 The 314 hp and 4 Deluxe motors are Fig. 52 The lower covers are normally 
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Fig. 53 . . .and inside the covers 

covers. On models where the seal is attached to the lower covers, carefully 
lift it from the covers and place it aside where it will not be damaged. 

2. Locate and remove the cover retaining screws as follows: 
a. On 2-3.5 hp (78cc) motors, there is a port and a starboard cover 

half. Remove the 4 screws from the side, then remove the 6 screws from the 
front and bottom. 

b. On 5 hp (109cc) motors, the lower cover is a low-rise, one-piece 
component that should not interfere with service procedures. The cover is 
normally not removed except during a complete overhaul where the 
powerhead is removed from the gearcase. 

c. On 3-4 hp and 4 hp Deluxe (87cc) motors, there are front and rear 
cover halves. Remove the screws securing the halves together on the inside 
of the covers and, check underneath as there is at least one screw mounted 
upward from under the rear cover half. 

d. On 516 hp (128cc) and 819.9 (211cc) 4-stroke motors, there is a port 
and starboard cover half. Be careful on these motors, as not all screws are 
accessible from the outside of the case. Start by disengaging the choke knob 
from the carburetor link, then remove the two screws at the front of the lower 
cover half. Next remove the screw visible at the rear of the lower cover half. 
The last screw is inside the case, directly behind the water indicator tube. To 
access and remove that screw, disconnect the water indicator hose from the 
indicator, then remove the plastic indicator fitting from the case. Insert a 
screwdriver through the hole in the case for the indicator fitting and remove 
the final screw. 

The lower of the two front cover half screws on the 516 hp (128cc) 
and 819.9 (211cc) motors can be accessed either using a stubby 
screwdriver, or by inserting a long screwdriver through the opening for 
the choke knob at the front of the case. 

e. On 5-8 hp (164cc) motors, there is a port and starboard cover half. 
There are usually 3 screws securing the cover halves, one is inserted from 
the outside of the starboard cover half, while the other two are located on 
tabs inside the cover halves. If necessary, remove the two front plate-to- 
lower cover screws also. 

f. On 9.9110114115 hp (216cc) and 9.9110115 hp (255cc) motors, there 
is a port and starboard cover half. Be careful on these motors, as not all 
screws are accessible from the outside of the case. Remove the two screws 
and nuts from the top rear of the lower engine cover. The next screw is 
located inside the case, directly behind the water indicator tube. To access 
and remove that screw, disconnect the water indicator hose from the 
indicator, then remove the plastic indicator fitting from the case. Insert a 
screwdriver through the hole in the case for the indicator fitting and remove 
the screw from the lower rear of the cover. Finally, remove the 2 screws from 
the top front and the one screw and nut from the lower front of the lower 
engine cover. 

g. On 9.9115 hp (305cc) Cstroke motors, there is a port and starboard 
cover half. Remove the screw securing the choke cable clamp to the 
powerhead, then disconnect the cable from the carburetor choke link. 
Remove the nut from the knob end of the choke cable, and remove the 
cable, this will provide access to one of the upper screws securing the lower 
cover. Remove the 2 upper screws from the lower cover, then remove the 5 
screws from the side of the cover. Lastly, remove the water indicator hose, 
followed by the water indicator, then use a screwdriver inserted through the 

opening in the case to remove the final screw from the rear starboard side of 
the motor. 

h. On 18 Jet-35 hp (521cc) motors, the lower cover is a low-rise, one- 
piece component that should not interfere with service procedures. The 
cover is normally not removed except during a complete overhaul where the 
powerhead is removed from the gearcase. 

i. On 25-55 hp (737cc) non-commercial motors, there is a port and 
starboard cover half. Remove the 4 screws securing the halves. Two screws 
are mounted near the cover latch, just inside the rear of the housing. One 
screw is located at the top of the cover, near the front of the motor. The final 
screw is found outside the lower covers, just behind the steering pivot. 

j. On 40-55 hp (737cc) commercial model motors, the lower cover is 
usually a low-rise, one-piece component that should not interfere with service 
procedures. The cover is normally not removed except during a complete 
overhaul where the powerhead is removed from the gearcase. If a 2-piece 
cover is encountered, refer to the previous step for 737cc non-commercial 
motors. 

k. On 25135 hp (5001565~~) 3-cylinder motors, there is a port and 
starboard cover half, but cover removal is not normally associated with 
maintenance or inspection for these motors, therefore the cover removal is a 
long and involved process. For this reason, the cover removal and 
installation procedure can be found as part of the powerhead removal and 
installation procedure for these motors. 

I. On 25-70 hp (913cc) motors, the lower cover is a low-rise, one-piece 
component that should not interfere with service procedures. The cover is 
normally not removed except during a complete overhaul where the 
powerhead is removed from the gearcase. Refer to Powerhead Removal and 
Installation for more details. 

m. On 40-70 hp 4-stroke motors, there is a port and starboard cover 
half. Remove the aft cover latch, then remove the screws from around the 
perimeter of the cover. There are normally 5-7 screws depending on the 
model. 

Be careful to make sure that all fasteners are removed before trying to 
separate the covers. Absolutely never force them. If it appears that they 
are stuck, go back and recheck for any fasteners or screws that were 
missed. 

3. Once the screws are removed, pull the covers back for access. 
Some covers will come off completely at this time, but others will still be 
attached to the engine due to wires, cables or hoses that are also attached 
to the cover. Either support the cover halves aside with these component still 
attached, or free any remaining components from the cover halves and 
remove them from the engine. 

4. Installation is the reverse of the removal procedure, making sure to 
reattach any components that were freed from the cover or removed for 
access. Be careful not to pinch or damage and hoses, cables or wiring when 
seating the lower covers. 

5. Tighten the cover screws securely, but do not over-tighten and crack 
the covers or strip the screw threads. 

6. Make sure the top cover seal is in proper position before installing 
the top cover and securing the latch(es). The top cover must be a tight fit to 
protect the motor from excessive spraylmoisture and to ensure the top cover 
remains properly seated in use. 

FLUSHING THE COOLING SYSTEM 

W + See Figures 54 thru 59 

The most important service that you can perform on your motor's cooling 
system is to flush it periodically using fresh, clean water. This should be 
done immediately following any use in salt, brackish or polluted waters in 
order to prevent mineral deposits or corrosion from clogging cooling 
passages. Even if you do not always boat in salt or polluted waters, get used 
to the flushing procedure and perform it often to ensure no silt or debris - 
clogs your cooling system over time. 

Flush the cooling system after any use in which the motor was 
operated through suspendedichurned-up silt, debris or sand. 

- www.instant-manuals.com -



MAINTENANCE & TUNE-UP 2-17 
Although the flushing procedure should take place right away (dockside or 

on the trailer), be sure to protect the motor from damage due to possible 
thermal shock. If the engine has just been run under high load or at 
continued high speeds, allow time for it to cool to the point where the 
powerhead can be touched. Do not pump very cold water through a very hot 
engine, or you are just asking for trouble. If you trailer your boat short 
distances, the flushing procedure can probably wait until you arrive home or 
wherever the boat is stored, but ideally it should occur within an hour of use 
in salt water. Remember that the corrosion Drocess beains as soon as the 

The flushing procedure is not used only for cooling system maintenance, 
but it is also a tool with which a technician can provide a source of cooling 
water to protect the engine (and water pump impeller) from damage anytime 
the motor needs to be run out of the water. Never start or run the engine out 
of the water, even for a few seconds, for any reason. Water pump impeller 
damage can occur instantly and damage to the engine from overheating can 
follow shortly thereafter. If the engine must be run out of the water for tuning 
or testing, always connect an appropriate flushing device before the engine 

motor is removed from the water and exposed to air. is started and leave it turned on until after the engine is shut off. 

I Fig. 54 All models may be flushed in a test 
tank. Smaller ones, in a garbage pail I Fig. 55 The easiest way to flush most 

models is using a clamp-type adapter 

Fig. 56 Some models (like these 25135 hp 3- 
cylinder motors) are equipped with an 
engine mounted flushing port. . . 

Fig. 57 . . .while some others (like the 819.9 and 919115 hp Cstrokes) have a port in the side of the powerhead that requires use of an adapter 

Fig. 58 A water source, such as a flushing device or test tank, must 
be used ANYTIME the engine is started 

Fig. 59 When using a clamp-type adapter on 18-35 hp (521cc) 
motors, cover the small holes on each side of the gearcase using 
tape 
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ANYTIME the engine is run, the first thing you should do is check the 
cooling stream or water indicator. All models covered by this manual 
are equipped with some form of a cooling stream indicator towards the 
aft portion of the lower engine cover. Anytime the engine is operating, a 
steady stream of water should come from the indicator, showing that 
the pump is supplying water to the engine for cooling. If the stream is 
ever absent, stop the motor and determine the cause before restarting. 

As we stated earlier, flushing the cooling system consists of supplying 
fresh, clean water to the system in order to clean deposits from the internal 
passaqes. If the engine is running, the water does not normally have to be 
pressurized, as it icdelivered through the normal water intake.passages and 
the water Dumr, (the svstem can self flush if sumlied with clean water). 
Smaller, portable engihes can be flushed by mounted them in a test tank (a 
sturdy, metallic 30 gallon drum or garbage pail filled with clean water). 

Almost all JohnsonlEvinrude engines will also accept flush fittings or 
adapters. Most adapters are of the generic type and are designed to fit over 
the engine water intakes on the gearcase (and resemble a pair of strange 
earmuffs with a hose fitting on one side). But, other adapters (available from 
the manufacturer) are designed for special flushing fittings on specific 
motors. These special adapters attach to a cooling passage on the gearcase 
or powerhead. When using the later type adapter, follow the manufacturer's 
instructions closely regarding flushing conditions. In some cases, flushing 
with this type of adapter should occur only with the motor turned off, so as to 
prevent damage to the water pump impeller or other engine components. 
This varies with each motor, so be sure to check with your dealer regarding 
these direct to the powerhead adapters when you purchase one. 

W Most jet drive models are equipped with a flushing port mounted 
under a flat head screw directly above the jet drive bearing grease 
fitting. Use an OMC adapter (#435299) or equivalent to attach a garden 
hose to this port. 

When running the engine on a flushing adapter using a garden 
hose, make sure the hose delivers 20-40 psi (140-300 kPa) of pressure. 

Some of the smaller, portable motors covered by this manual utilize a 
water intake that is directly above the propeller. On these models the 
propeller must usually be removed before a clamp style flush adapter can be 
connected to the motor (unless the adapter is very thin and mounted so 
close to the anti-ventilation plate that it will not be hit by the propeller). 

For safety, the propeller should be removed ANYTIME the motor is run 
on the trailer or on an engine stand. We realize that this is not always 
practical when flushing the engine on the trailer, but cannot emphasize 
enough how much caution must be exercised to prevent injury to you 
or someone else. Either take the time to remove the propeller or take 
the time to make sure no-one or nothing comes close enough to it to 
become injured. Serious personal injury or death could result from 
contact with the spinning propeller. 

When using a flushing device and a pressurized water source, most 
motors can be flushed tilted or in a vertical position, BUT, the manufacturer 
warns against flushing most motors in the tilted position with the engine 
running. Some models (especially most 4-strokes) can be seriously damaged 
by attempting to flush them with the engine running in the full tilt position. If 
the motor must be flushed tilted (dockside) then your best bet it to do so with 
the engine shut off. 

1. Check the engine top case and, if necessary remove it to check the 
powerhead, to ensure it is cooled enough to flush without causing thermal 
shock. 

2. Prepare the engine for flushing depending on the method you are 
using as follows: 

a. If using a test tank, make sure the tank is made of sturdy material, 
then securelv mount the motor to the tank. If necessarv. oosition a wooden 
plank between the tank and engine clamp bracket for {hickness. Fill the tank 
so the water level is at least 4 in. (10cm) above the anti-ventilation plate 
(above the water inlet). 

b. If using a flushing adapter of either the generic clamp-type or 
specific port-type for your model attach the water hose to the flush test 
adapter and connect the adapter to the motor following the instructions that 
came with the adapter. If the motor is to be run (for flushing or testing), 

position the outboard vertically and remove the propeller, for safety. Also, be 
sure to position the water hose so it will not contact with moving parts (tie the 
hose out of the way with mechanic's wire or wire ties, as necessary). 

The fuel injected motors covered by this manual are equipped with 
labeled flushing ports on the gearcase. The port on the 40150 hp 
(815cc) 4-stroke motors must NOT be used for flushing while the 
engine is running as it will restrict water supply to the powerhead and 
could lead to engine damage. 

When using a clamp-type adapter, position the suction cup@) over 
water intake grate@) in such a way that they form tight seals. A little 
pressure seepage should not be a problem, but look to the water 
stream indicator once the motor is running to be sure that sufficient 
water is reaching the powerhead. 

3. If using a clamp-type flush test adapter, follow any special 
instructions for your model, as noted below: 

a. On 18 Jet-35 hp (521cc) motors, use heavy duct-tape to cover the 
two holes on each side of the crankcase immediately below the anti- 
ventilation plate and just above the water intake grate. This will help ensure 
sufficient water pressure at the powerhead. 

b. On 40150 hp (815cc) 4-stroke motors, use heavy duct-tape to cover 
the water inlet located on the underside of the anti-ventilation plate. 

4. Unless using a test tank, turn the water on, making sure that 
pressure does not exceed 45 psi (300 kPa). 

5. If using a test tank or if the motor must be run for testingltuning 
procedures, start the engine and run in neutral until the motor reaches 
operating temperature. For most motors, the motor will continue to run at fast 
idle until warmed, on fuel injected motors, speed will be automatically 
regulated by the Engine Control Unit (ECU) at 1000 rpm for 40150 hp models 
or atlbelow 1500 rpm for 70 hp motors. 

As soon as the engine starts, check the cooling system indicator 
stream. it must be present and strong as long as the motor is operated. 
If not, stop the motor and rectify the problem before proceeding. 
Common problems could include insufficient water pressure or 
incorrect flush adapter installation. 

6. Flush the motor for at least 5-10 minutes or until the water exiting the 
engine is clear. When flushing while running the motor, check the engine 
temperature (using a gauge or carefully by touch) and stop the engine 
immediately if steam or overheating starts to occur. Make sure that 
carbureted motors slow to low idle for the last few minutes of the flushing 
procedure. 

7. S t o ~  the enaine (if runnina). then shut the water off. 
8. Fiemove theadapter fromi'he engine or the engine from the test 

tank, as applicable. 
9. If flushing did not occur with the motor running (so the motor would 

already by vertical), be sure to place it in the full vertical position allowing the 
cooling system to drain. This is especially important if the engine is going to 
be placed into storage and could be exposed to freezing temperatures. 
Water left in the motor could freeze and crack the powerhead or gearcase. 

OIL RECOMMENDATIONS 
+ See Figure 60 

Use only an NMMA (National Marine Manufacturers Association) certified 
TC-W3 or equivalent Pstroke lubricant. Of course, OMC recommends using 
JohnsonlEvinrude brand oils, since they are specially formulated to match 
the needs of OMC motors. In all cases, a high quality TC-W3 oils are 
proprietary lubricants designed to ensure optimal engine performance and to 
minimize combustion chamber deposits, to avoid detonation and prolong 
spark plug life. Use only 2-stroke type outboard oil. Never use automotive 
motor oil. - 

Remember, i t  is this oil, mixed with the gasoline that lubricates the 
internal parts of the 2-stroke engine. Lack of lubrication due to the 
wrong mix or improper type of oil can cause catastrophic powerhead 
failure. 
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I Fig. 60 This scuffed piston is an example of the damage caused by 
improper 2-stroke oil or mixture I 

There are two methods of adding 2-stroke oil to an outboard. The first is 
the pre-mix method used on most low horsepower and on some commercial 
outboards. The second is the automatic oil injection method that 
automatically injects the correct quantity of oil into the engine based on 
throttle position and operating conditions. In both cases, the fuel ratio should 
be considered. This is even true on automatic oiling systems if the engine is 
going to be used under certain severe or high performance conditions. 

Fuel:Oil Ratio 
The proper fuel:oil ratio will depend upon engine operating conditions. 

Many of the engines covered by this manual may be equipped with an 
automatic oiling system (such as the VR02 or AccuMix systems) that is 
designed to maintain a 509 ratio without adding anything to the fuel tank. 
But, whether or not an oiling system is used, for all JohnsonlEvinrude 2- 
stroke engines covered by this manual, the proper fuel:oil ratio is 50:l for 
normal operating conditions. Most manufacturers define normal as a motor 
operated under varying conditions from idle to wide open throttle, without 
excessive amounts of use at either. Unfortunately, no-one seems to put a 
definition to "excessive amount" either, so you'll have to use common sense. 
We don't think an hour of low speed trolling mixed in with some high speed 
operation or an hour or two of pulling a skier constitute "excessive amounts," 
but you'll have to make your own decision. Also necessary for defining 
normal operating conditions is the ambient and sea-water temperatures. The 
sea-water temperatures should be above 32°F (0°C) and below 68" F (20" 
C). Ambient air conditions should be above freezing and below the point of 
extreme discomfort (90-100°F). 

E The fuekoil ratios listed here are OMC recommendations given in 
service literature. Because your engine may differ slightly from service 
manual specification, refer to your owner's manual or a reputable 
dealer to be certain that your mixture meets your conditions of use. 

If your outboard is to be used under severe conditions including, long 
periods of idle, long periods of heavy load, use in severe ambient 
temperatures (outside the range of normal use) or under high performance 
(constant wide-open throttle or racing conditions) some adjustment may be 
necessary to the fuel:oil ratio. Proper ratios for use vary by model and oiling 
system: 

Most 2.0-8 hp motors (usually about 1993 and later), require a 251 
ratio for severe and high performance conditions. 

9.9115 hp (255cc) and 18 jet-35 hp (521cc) motors, require a 251 ratio 
for high performance use, but OMC advises that recreational models still 
require only a 50:l ratio for commercial, rental or extended severe 
conditions. 

25D-55 hp (737cc) motors, require a 251 ratio for severe and high 
performance conditions. But, many of these models are equipped with VR02 
or the AccuMix oiling systems. On models equipped with either of these 

systems, a tank mixture of 50:l combined with the oil system output will total 
the correct 25:l. 

E OMC advises that although additional oil can be mixed with gas to 
achieve a 25:l ratio for 737cc engines equipped with the VR02 system, 
and that this should be done for high performance applications, it is 
not necessary for severe service. On VR02 motors used in commercial, 
rental or extended severe service other than high performance 
applications, no additional oiling is necessary. 

25135 hp (5001565~~) motors, require a 251 ratio for high performance 
conditions. Most of these models are equipped with an oil mixing unit. On 
models equipped with an oil mixing unit, a tank mixture of 503 combined 
with the oil system output will total the correct 251. No additional oiling is 
necessary for these engines when used in commercial, rental or extended 
severe service other than high performance applications. 

25-70 hp (913cc) motors, require a 25:l ratio for high performance 
conditions. Most of these models are equipped with the VR02 oiling system. 
On models equipped with the automatic oiling system, a tank mixture of 50:l 
combined with the oil system output will total the correct 251. No additional 
oiling is necessary for engines equipped with the VR02 system when used 
in commercial, rental or extended severe service other than high 
performance applications. 

E All motors covered by this manual require a 25:l ratio during the 
first 20 hours of break-in. If equipped with an oiling system, make sure 
the system is operating properly (by verifying that the level in the tank 
dropped during that 20 hours of use) before using untreated gasoline 
in the fuel tank. 

Pre-Mix 
+ See Figure 61 

Mixing the engine lubricant with gasoline before pouring it into the tank is 
bv far the sim~lest method of lubrication for 2-stroke outboards. However. 
t k rne thod  is' the messiest and causes the most amount of harm to our 
environment. 

The most important part of filling a pre-mix system is to determine the 
proper fuelioil ratio. Most operating conditions require a 50:l ratio (that is 50 
parts of fuel to 1 part of oil). Consult the information in this section on 
Fuel:Oil Ratio and your owner's manual to determine what the appropriate 
ratio should be for your engine. 

The procedure itself is uncomplicated, but you've got a couple options 
depending on how the fuel tank is set-up for your boat. To fill an empty 
portable tank, add the appropriate amount of oil to the tank, then add 
gasoline and close the cap. Rock the tank from side-to-side to gently agitate 
the mixture, thereby allowing for a thorough mixture of gasoline and oil. 
When just topping off built-in or larger portable tanks, it is best to use a 
separate 3 or 6 gallon (11.4 or 22.7 L) mixing tank in the same manner as 
the portable tank noted earlier. In this way a more exact measurement of fuel 
can occur in 3 or 6 gallon increments (rather than just directly adding fuel to 
the tank and realizing that you've just added 2.67 gallons of gas and need to 

Fig. 61 Either add the oil and gasoline at the same time, or add the 
oil first, then add the gasoline to ensure proper mixing 
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ad, uh, a little less than 8 oz of oil, but exactly how many ounces would that 
be?) Use of a mixture tank will prevent the need for such mathematical 
equations. Of course, the use of a mixing tank may be inconvenient or 
impossible under certain circumstances, so the next best method for topping 
off is to take a good guess (but be a little conservative to prevent an 
excessively rich oil ratio). Either add the oil and gasoline at the same time, or 
add the oil first, then add the gasoline to ensure proper mixing. For 
measurement purposes, it would obviously be more exact to add the 
gasoline first, then add a suitable amount of oil to match it. The problem with 
adding gasoline first is that unless the tank could be thoroughly agitated 
afterward (and that would be really difficult on built-in tanks), the oil might 
not mix properly with the gasoline. Don't take that unnecessary risk. 

To determine the proper amount of oil to add to achieve the desired 
fuel:oil ratio, refer to the Fuel:Oil Ratio chart at the end of this section. 

Oil Injection 
4 See Figure 62 

Most outboard manufacturers use a mechanically driven oil pump 
mounted on to the powerhead that is connected to the throttle by way of a 
linkage arm. The system is powered by the crankshaft, which drives a gear 
in the pump, creating oil pressure. As the throttle lever is advanced to 
increase engine speed, the linkage arm also moves, opening a valve that 
allows more oil to flow into the oil pump. 

Most mechanical-injection systems incorporate low-oil warning alarms that 
are also connected to an engine-overheatina sensor. Also, these svstems 
may have a built-in speed limiter. This s~b-s-~stem is designed to reduce 
enaine soeed automaticallv when oil oroblems occur. This im~ortant feature 
go& a long way toward p;eventing severe engine damage in'the event of an 
oil injection problem. 

The procedure for filling these systems is simple. Most of the OMC 
systems use a remote oil tank and a connecting hose. The tank contains a 
filler cap that is removed in order to add oil to the tank. EVERY time the 
motor is operated, check the oil level. Whenever oil is added, place a piece 
of tape on the tank to mark the level and watch how fast it drops in relation 
to engine usage (hours and fuel consumption). Watch for changes in usage 
patterns that could indicate under or over oiling. Especially with a system 
that suddenly begins to deliver less oil, you could save yourself significant 
engine damage by discovering a problem that could have starved the motor 
for lubrication. 

Should the oil hose become disconnected or suffer a breakileak, the oil 
prime might be lost. If so, the system should be primed before priming the 
fuel system and starting the engine. More details on servicing the oiling 
system are found in the Lubrication section of this manual. 

H It is highly advisable to carry several spare bottles of 2-stroke oil 
with you onboard. Even in the event of an oil system failure, oil can be 
added to a fuel tank (in the proper ratio) in order to limp the boat and 
motor safely home. 

Fig. 62 Mark the oil level with a piece of tape and watch for 
consumption patterns 

OIL RECOMMENDATIONS 

For all Cstroke motors covered by this manual OMC recommends the use 
of Johnson or Evinrude brand Ultra 4-Stroke oil. When this oil is used, the oil 
can be changed after every 200 hours of operation (or at the end of each 
season, whichever comes first). If this oil is not available, OMC advises that 
a high quality oil of the correct viscosity can be substituted. For 5-15 hp 
motors, use an SAE 10W-30 SG or SH (or latest superceding oil type) motor 
oil. For the 40-70 hp motors, use an SAE 10W-40 SG or SH (or latest 
superceding oil type) motor oil. 
H On the smaller 4-stroke motors covered by this manual (5-15 hp 
models) the manufacturer recommends switching to an alternate 
weight oil under certain severe operating conditions. When operating 
these models in conditions such as under constant heavy loads, or in 
sea-water temperatures above 68°F (20"C), a high-qualitylhigh- 
detergent SAE 10W-40 or SAE 10W-50 should be used to provide better 
engine protection. Should the engine suffer from high oil consumption, 
even under normal operating conditions, use SAE 10W-50 to slow oil 
burning. 

The Society of Automotive Engineers (SAE) grade number indicates the 
viscosity of the engine oil; its resistance to flow at a given temperature. The 
lower the SAE grade number, the lighter the oil. For example, the mono- 
grade oils begin with SAE 5 weight, which is a thin light oil, and continue in 
viscosity up to SAE 80 or 90 weight, which are heavy gear lubricants. These 
oils are also known as "straight weight", meaning they are of a single 
viscosity, and do not vary with engine temperature. 

Multi-viscosity oils offer the important advantage of being adaptable to 
temperature extremes. These oils have designations such as 1 OW-40, 20W- 
50, etc. The 10W-40 means that in winter (the " W  in the designation) the oil 
acts like a thin 10 weight oil, allowing the engine to spin easily when cold 
and offering rapid lubrication. Once the engine has warmed up, however, the 
oil acts like a straight 40 weight, maintaining good lubrication and protection 
for the engine's internal components. A 20W-50 oil would therefore be 
slightly heavier than and not as ideal in cold weather as the 10W-40, but 
would offer better protection at higher rpm and temperatures because when 
warm it acts like a 50 weight oil. Whichever oil viscosity you choose when 
changing the oil, make sure you are anticipating the temperatures your 
engine will be operating in until the oil is changed again. 

The American Petroleum Institute (API) designation indicates the 
classification of engine oil used under certain given operating conditions. 
Only oils designated for use "Service SG, SH" or greater should be used. 
Oils of the SG, SH or its superseding oil type perform a variety of functions 
inside the engine in addition to the basic function as a lubricant. Through a 
balanced system of metallic detergents and polymeric dispersants, the oil 
prevents the formation of high and low temperature deposits and also keeps 
sludge and particles of dirt in suspension. Acids, particularly sulfuric acid, as 
well as other by-products of combustion, are neutralized. Both the SAE 
grade number and the APE designation can be found on top of the oil can. 

CHECKING OIL LEVEL 

4 See Figures 63 thru 67 

One of the most important service items for a 4-stroke engine is 
maintaining the proper level of fresh, clean engine oil in the crankcase. Be 
certain to check the oil level both before and after each time the boat is 
used. In order to check the oil level the motor must be placed in the full 
vertical position. Because it takes some time for the oil to settle (and at least 
partially cool), the engine must be shut off for at least 30 minutes before an 
accurate reading can be attained. If the boat is trailered, use the time for 
loading the boat onto the trailer and prepping the trailer for towing to allow 
the motor to cool. If the boat is kept in the water, take some time around the 
dock to secure lines, stow away items kept onboard and clean up the deck 
while waiting for the oil to settlelcool. 

Running an engine with an improper oil level can cause significant - 
engine damage. Although it is typically worse to run an engine with 
abnormally low oil, it can be just as harmful to run an engine that is 
overfilled. Don't take that risk, make checking the engine oil a regular 
part of your launch and recoveryldocking routine. 
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Fig. 63 On 516 hp (128cc) motors, the Fig. 65 The oil dipstick and filler cap are 
engine oil dipstick is located on the port Fig. 64 . . .while the oil filler cap is found on both found on the port side of 9.9115 hp 

the starboard side (305cc) motors I s i d e . .  1 1  1 1  / 
All motors covered by this manual are equipped with an automotive-style 

dipstick and oil filler cap located on the powerhead. The engine cover must 
be removed for access, but once removed it should be easy to locate the 
dipstick and filler cap if you look in the right spot (as they vary with the 
engine size): 

For 516 hp (128cc) and 819.9 hp (211cc) models, the oil dipstick is on 
the port side of the powerhead (sticking up from between the manual starter 
housing and carburetor for 516 hp motors or between the intake and 
carburetor on 819.9 hp motors.) The oil filler cap is at the top of the starboard 
side (on a flat boss above the ignition coil). - For 9.9115 hp (305cc) models, the oil dipstick is on the port side of the 
powerhead, slightly aft of the oil filter. The oil filler cap is slightly in front of 
the dipstick, on a flat boss slightly aft of and above the oil filter. - For 40150 hp (815cc) models, the oil dipstick is on the lower port side 
of the powerhead, while the oil filler cap is found on top of the rocker arm 
cover (at the top rear of the motor.) 

For 70 hp (1298cc) models, the oil dipstick is on the lower rearlport 
side of the powerhead, while the oil filler cap is found toward the bottom of 
the rocker arm cover (at the rear of the motor.) 

1. Make sure the engine is in the full vertical position and has been shut 
off for at least 30 minutes. If possible, get in the habit of checking the oil with 
the engine cold from sitting overnight 

2. Remove the engine cover. 
3. Carefully pull the engine crankcase oil dipstick from the port side of 

the engine. 
4. Wipe all traces of oil off the dipstick using a clean, lint free rag or 

cloth, then re-insert dipstick back into its opening until it is fully seated. Then, 
pull the dipstick out from the crankcase again and hold it vertically with the 
bottom end facing down in order to prevent a false oil reading. 

Forget how your dad or buddy first taught you to read the level on a 
dipstick. It may be more convenient to hold it horizontally, but laying it 
down like that could allow oil to flow UPWARD giving a false high, or 
worse, false acceptable reading when in fact your engine needs oil. 
Last time we checked, oil won't flow UP a dipstick held vertically (but 
the high point of the oil will remain wet in contrast to the dry portion of 
the stick immediately above the wet line). So hold the dipstick vertically 
and you'll never run your engine with insufficient oil when you thought 
it was full. 

5. If the 011 level IS at or sllghtly below the top or FULL mark on the 
d~pst~ck, the 011 level IS fme If not, add small amounts of 011 through the flller 
cap untd the level IS correct Add 011 slowly, glvlng ~t tme to settle lnto the 
crankcase before recheckmg and agaln, don't overf~ll ~t e~ther 

Dipstick markings will vary slightly from model-to-model. Some, like 
the 516 hp (128cc) and 819.9 hp (211cc) models are normally equipped 
with an L (low) and F (full), while the 9.9115 hp (305cc) model dipsticks 
usually spell out the words low and full. The 40150 hp motors are 
equipped with add and full marks that contain a crosshatched area 
between them. The crosshatched area is the "acceptable" operating 
range, but try to maintain the level towards the top of the markings. As 
for the 70 hp motor, the dipstick normally contains just two dots, the 
bottom one for add and the top for full. 

6. Visually check the oil on the dipstick for water (a milky appearance 
will result from contamination with moisture) or a significant fuel odor. Both 
are signs that the powerhead likely needs overhaul to prevent damage. 

I Fig. 66 On 70 hp motors, the oil filler cap is towards the bottom of 
the rocker cove 

I Fig. 67 Although the markings vary, dipsticks will contain a full and 
a low or add mark I 

7. Insert and properly seat the oil dipstick into the powerhead when you 
are finished. If removed, install the oil fill cap and rotate it until it gently locks 
into position. 

OIL CHANGE & FILTER SERVICE 

+ See Figures 68 thru 73 

Next to regular fluid level checks, the most important way to maintain a 4- 
stroke outboard motor is to change the engine crankcase oil (and change or 
clean the filter, as applicable) on a regular basis. When using Johnson or 
Evinrude brand Ultra 4-stroke crankcase oil this service should be performed 
every 200 hours. When another brand of oil is used, the manufacturer 
recommends that this time be cut to only 100 hours. Of course, no matter 
what brand is used, the oil should be changed at the end of each season, 
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immediately before the motor is placed into storage. That is, as long as you 
use an equivalent high-quality, high-detergent oil of the proper viscosity (SAE 
10W-30 for 5-15 hp motors, or SAE 10W-40 for 40-70 hp motors.) For more 
information regarding engine oil, refer to OIL RECOMMENDATIONS earlier 
in this section. 

Research from experts who deal with these motors every day tells us 
that some models are especially subject to camshaft lobe wear if the 
engine oil is not changed regularly. During each pre-season tune-up, 
watch for excessive changes in valve clearance as possible signs of 
wear. If found, change the oil more frequently or, if oil other than the 
manufacturer's recommended brand is being used, try changing the 
tvoe of oil too. 

Whenever the engine oil is drained, the oil filter should also be serviced. 
The models covered by this manual utilize two types of oil filters. The 
smallest motors, 516 hp (128cc) and 819.9 hp (211cc) models, utilize a 
reusable element mounted in a housing protruding form the lower portion of 
the powerhead. The rest of the motors, 9.9115 hp (305cc) and the 40-70 hp 
models, utilize a disposable, automotive style, spin-on filter mounted to the 
side of the powerhead. The best method to remove the spin-on filter 
(resulting in fewest skinned knuckles) is a filter wrench, and our preference is 
the cap style that fits over the end of the filter. When purchasing a 
replacement oil filter check your local marine dealer or automotive parts 
dealer for a cap wrench that fits the filter. 

Most people who have worked on their own machines, whether that is 
tractors, motorcycles, carsltrucks or boat motors, will tell you that oil should 
be changed hot. This seems to have always been the popular method, and it 
works well since hot oil flows betterlfaster and may remove more deposits 

Fig. 68 The oil drain plug on 4-stroke 
motors is located near the 
powerheadlgearcase split line 

Fig. 71 The oil filter element is mounted 
under this hex-headed cap on 516 and 819.9 
hp motors 

that are still held in suspension. Of course, hot oil can be messy or even a 
bit dangerous to work with. Coupled with the sometimes difficult method of 
draining oil from an outboard, this might make it better in some instances to 
drain the oil cold. Of course, if this is desired, you'll have to leave more time 
for the oil to drain completely, thereby removing as much contaminants as 
possible from the crankcase. The choice is really yours, but be sure to take 
the appropriate steps to protect yourself either way. 

If the engine is not being placed in storage after the oil change, it 
should be run to normal operating temperature (in a test tank or with a 
flushing device) and inspected for leaks before returning it to service. If 
the engine is being placed into storage it should also be run using a 
flush device, but be sure not to run it too long. Just start and run the 
engine for a few minutes to thoroughly circulate the fresh oil, then 
prepare it for storage by fogging the motor. 

If you decide to change oil with the engine hot, a source of cooling such 
as a test tank or flushing hose must be attached to the engine to prevent 
impeller or powerhead damage when running the engine to normal operating 
temperature. If you are lucky enough to store the boat (or live) close to 
waters in which to use the boat, you can simply enjoy a morning, evening or 
whole day on the water before changing the oil. The amount of time 
necessary to haul the boat and tow it to your work area should allow the oil 
to cool enough so that it won't be scalding hot, but still warm enough to flow 
well. 

Although it is not recommended for normal service, the oil CAN be 
drained without removina the enaine cases or servicina the filter. This 
might be desired if too 6uch oil bas  added during a r&tine level check 
or if a small sample of oil is to be removed for inspection. 

1. Prepare the engine and work area for the oil change by placing the 
motor in a fully vertical position over a large, flattened cardboard box (which 

Fig. 69 This 516 hp crankcase drain plug is 
pictured with the lower covers removed 

Fig. 72 Most 4-strokes utilize a spin-on oil 
filter - 9.9115 hp (305cc) motor rigged for 
remote controls shown 

Fig. 70 Use a hex key to loosen the drain 
plug on fuel injected motors 

Fig. 73 The oil filter on the 40150 hp fuel 
injected motors is mounted directly under 
the intake manifold 
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can be used to catch any dripping oil missed by the drain pan). Have a drain 
pan, a few quarts larger than the capacity (refer to the Capacities - Four 
Stroke Engines Chart in this section) for the motor and a lot of clean rags or 
disposable shop towels handy. 

It may be possible to access some filters (such as on tiller control 
9.9115 hp motors) without completely removing the lower covers or by 
just removing one side (as on 819.9 hp motors). But although it may be 
possible, i t  i s  usually easier (and much more convenientlless messy) to 
just go ahead and remove both lower covers. For details, refer to the 
Engine Cover procedure in this section. 

2. Remove the upper engine cover and locate the oil filter. Determine if 
it is necessary to remove the lower side engine cover(s) based on access to 
the filter. If necessary or desired, refer to the Engine Cover procedure for 
more details. 

a. On 516 hp (128cc) and 819.9 hp (211cc) motors with reusable filter 
elements, the filter is found under a large hex-head cap screwed onto a 
bore. The bore is towards the aft, starboard side of the powerhead, directly 
in front of the ignition coil on 516 hp motors or on the aft, port side, right at 
the bottom of the powerhead, immediately below the rear of the intake 
manifold on 819.9 hp motors). Though the starboard lower engine cover must 
be removed in order to access the filter on 516 hp motors, the filter can be 
accessed by simply dislodging the port lower cover on 819.9 hp motors. Of 
course, as we've said, it might be easier to just completely remove the cover 
in the end. 

b. On 9.9115 hp (305cc) and 40150 hp motors, the disposable spin-on 
oil filter is found at the center, port side of the powerhead. It is just above the 
point where the dipstick inserts on 9.9115 hp motors, or directly underneath 
the intake manifold (and behind the throttle cablelshift lever shaft) on 40150 
hp motors. On 70 hp motors, the disposable, spin-on filter is located on the 
lower center, starboard side of the powerhead. On these motors it is directly 
below the fuel injection Electronic Control Unit (ECU), but is still right behind 
the throttle cablelshift lever shaft. 

The drain plug requires a screwdriver for 5-15 hp motors or a 
suitably sized Allen wrench on 40-70 hp motors. 

3. Locate and remove the oil drain plug and gasket. For 5-15 hp motors 
the plug is on the starboard lower side of the engine just above or at the 
gearcase. For 40-70 hp motors the plug is on the port, lower side of the 
engine, towards the front of the motor. In order to improve oil flow, remove 
the oil fill cap. 

4. Either hold the drain pan tightly against the side of the motor, or allow 
the oil to run down the side of the motor and drip into the pan. The later 
method is preferred if draining the engine cold as the oil will require more 
time to drain than you will want to stand there with the pan in your hand. 

5. Inspect the drain plug and gasket for signs of damage. Replace the 
plug or gasket if any damage is found. Also, watch the draining oil for signs 
of contamination by moisture (a milky appearance will result), by fuel (a 
strong odor and thinner running oil would be present) or signs of metallic 
flakeslparticles. A small amount of tiny metallic particles is a sign of normal 
wear, but large amounts or large pieces indicate internal engine damage and 
the need for an overhaul to determine and rectify the cause. 

6. When it appears that the oil has drained, tilt the engine slightly and 
pivot it toward the drain plug side to ensure complete oil drainage. Clean the 
drain plug, the engine and the gearcase. Place a new gasket onto the drain 
plug then carefully thread the plug into the opening. Tighten the plug 
securely. 

Although it is not absolutely necessary to replace the gasket each 
time, it is a cheap way to help protect against possible leaks. We think 
it is a good idea. 

7. For models equipped with a reusable filter element (516 hp and 819.9 
hp motors) remove and service the filter as follows: 

a. On 516 hp (128cc) models, unbolt the ignition coil and position it out 
of the way (with the wiring still connected) for access. Do not lose bolts, star 
washers or, most importantly, the spacer(s) located behind the coil. If 
necessary, refer to the Ignition Coil removal and installation procedures. 

Failure to properly reinstall the ground strap that attaches to the 
ignition coil (along with the screw and star washer) can result in coil 
damage during engine operation. 

b. Hold a small drain pan or rag under the oil filter cap, then use a 
socket or wrench to loosen the cap. Unthread the cap by hand, then remove 
the cap and filter element assembly. 

c. Rinse the element using solvent and dry it using low pressure 
compressed air. If compressed air is not available, allow it to air dry for at 
least 15 minutes. Inspect the element for signs of clogging or damage and 
replace, if found. 

d. Apply a light coating of fresh Cstroke engine oil to the filter element 
and O-rings, then install the element into the bore and thread the cap in 
place. Tighten the cap 114 turn after the O-ring contacts the base. 

Although the procedure for spin-on filters talks about placing a 
shop rag under the filter while it is removed, there is  an alternate 
method to prevent a mess. If desired, loosen the filter slightly with a 
cap wrench, then slide a disposable Zip-Lock@ or similar food storage 
bag completely over the filter and unthread it into the bag. Position the 
shop rag anyway, just to be sure to catch any stray oil that escapes. 
With a little practice, you'll find this method can be the best way to 
remove oil filters. 

8. For models equipped with a disposable, spin-on filter element (9.9115 
hp and 40-70 hp motors) remove and service the filter as follows: 

a. Position a shop rag underneath, then place the oil filter wrench onto 
filter element. 

b. Loosen the spin-on element by turning the filter wrench 
counterclockwise, then remove the wrench and finish unthreading the 
element by hand. Remove the filter from the powerhead and clean up any 
spilled oil. 

c. Make sure the rubber gasket is not stuck to the oil filter mounting 
surface, then use a lint free shop rag to clean all dirt and oil from mounting 
surface. 

d. Apply a thin coating of engine oil to the sealing ring of the new oil 
filter, then thread the filter onto the adapter until the sealing washer touches 
the mounting surface. Tighten the filter by hand an additional 114-213 turn. 

9. Clean up any spilled oil, and then install the lower engine cover(s) by 
carefully aligning the screw holes in the two covers, while also aligning the 
lower cover mating surfaces. Be sure to install and tighten the screws 
securely. Also, don't forget to install any additional removed components 
such as the aft cover latch andlor the cover seal. 

Be careful not to pinch and damage any hoses, cables or wiring when 
installing the engine covers. 

10. Refill the engine through the oil filler cap as described under 
Checking Engine Oil in this section. Add the oil gradually, checking the oil 
level frequently. Add oil until the level reaches the upper dipstick or Full 
mark. 

11. Provide a temporary cooling system to the engine as detailed under 
Flushing The Cooling System, then start the engine and run it to normal 
operating temperature while visually checking for leakage. 

If the engine is being placed into storage, don't run the motor too 
long, just long enough to use a can of fogging spray. Between the fresh 
oil circulated through the motor and the fogging spray coating the 
inside of the intake and combustion chambers you motor should sleep 
like a baby until next season. 

12. Stop the motor and allow it to cool, then properly re-check the oil 
level after it has settled again into the crankcase. 

+ See Figures 74 and 75 

Regular maintenance and inspection of the lower unit is critical for proper 
operation and reliability. A lower unit can quickly fail if it becomes heavily 
contaminated with water or excessively low on oil. The most common cause 
of a lower unit failure is water contamination. 

Water in the lower unit is usually caused by fishing line or other foreign 
material, becoming entangled around the propeller shaft and damaging the 
seal. If the line is not removed, it will eventually cut the propeller shaft seal 
and allow water to enter the lower unit. Fishing line has also been known to 
cut a groove in the propeller shaft if left neglected over time. This area 
should be checked frequently. 
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Fig. 74 This lower unit was destroyed 
because the bearing carrier froze due to 
lack of lubrication 

Fig. 75 Fishing line entangled behind the 
prop can actually cut through the seal 

OIL RECOMMENDATIONS 
* See Figure 76 

Use only OMC Ultra-HPF or an equivalent high quality, marine gearcase 
lubricant that meets GL5 specifications. OMC Hi-Vis gearcase lube may be 
used as a substitute if Ultra-HPF is not available. In both cases, these oils 
are proprietary lubricants designed to ensure optimal performance and to 
minimize corrosion in the lower unit. 

Remember, it is this lower unit lubricant that prevents corrosion and 
lubricates the internal parts of the drive gears. Lack of lubrication due 
to water contamination or the improper type of oil can cause 
catastrophic lower unit failure. 

CHECKING GEARCASE OIL LEVEL & CONDITION 

+ See Figure 77 

Vsually Inspect the gearcase before and after each use for slgns of 
leakage At least monthly, or as needed, remove the gearcase level plug In 
order to check the lubrrcant level and condltron as follows 

1 Posltron the engrne In the upr~ght posltlon w~th the motor shut off for 
at least 1 hour Whenever poss~ble, checklng the level overn~ght cold will 
give a true rnd~catlon of the level wlthout hav~ng to account for heat 
expansron 

2 Drsconnect the negatlve battery cable or remove the propeller for 
safety 

Always observe extreme care when working anywhere near the 
propeller. Take steps to ensure that no accidental attempt to start the 
engine occurs while work is being performed or remove the propeller 
completely to be safe. 

3. Position a small drain pan under the gearcase, then unthread the 
drainlfiller plug at the bottom of the housing and allow a small sample (a 
teaspoon or less) to drain from the gearcase. Quickly install the drainlfiller 
plug and tighten securely. 

4. Examine the gear oil as follows: 
a. Visually check the oil for obvious signs of water. A small amount of 

moisture may be present from condensation, especially if a motor has been 
stored for some time, but a milky appearance indicates that either the fluid 
has not been changed in ages or the gearcase allowing some water to 
intrude. If significant water contamination is present, the first suspect is the 
propeller shaft seal. 

Fig. 76 Use OMC Ultra-HPF, OMC Hi-Vis or 
an equivalent marine gear oil 

b. Dio an otherwise clean finaer into the oil, then rub a small amount of 
the fluid between your finger and your thumb to check for the presence of 
debris. The lubricant should feel smooth. A very small amount of metallic 
shavings may be present, but should not really be felt. Large amounts of grit 
or metallic particles indicate the need to overhaul the gearcase looking for 
damagedlworn gears, shafts, bearings or thrust surfaces. 

W If a large amount of lubricant escapes when the levellvent plug is 
removed, either the gearcase was seriously overfilled on the last 
service, the crankcase is still too hot from the last use (and the fluid is 
expanded) or a large amount of water has entered the gearcase. If the 
later is true, some water should escape before the oil andlor the oil will 
be a milky white in appearance (showing the moisture contamination). 

Fig. 77 Although the exact location varies slightly, the ventllevel 
plug is always towards the top, while the fill and drain plug is 
towards the bottom of the gearcase 
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5. Next, remove the levellvent plug from the top of the gearcase and 

ensure the lubricant level is up to the bottom of the levellvent plua openina. 
A very small amount of fluid may be added through the level but larger 
amounts of fluid should be added through the drainlfiller plug opening to 
make certain that the case is properly filled. If necessary, add gear oil until 
fluid flows from the levellvent opening. If much more than 1 oz. (29 ml) is 
required to fill the gearcase, check the case carefully for leaks. Install the 
drainlfiller plugs andlor the levellvent plug, then tighten both securely. 

One trick that makes adding gearcase oil less messy is to install the 
levellvent plug BEFORE removing the pump from the drainlfiller 
opening and threading the drainlfiller plug back into position. 

6. Once fluid is pumped into the gearcase, let the unit sit in a shaded 
area for at least 1 hour for the fluid to settle. Recheck the fluid level and, if 
necessary, add more lubricant. 

7. Install the propeller andlor connect the negative battery cable, as 
applicable. 

DRAINING AND FILLING 

+ See Figures 78,79 and 80 

The EPA warns that prolonged contact with used engine oil may cause 
a number of skin disorders, includina cancer! You should make everv 
effort to minimize your exposure to used engine oil. Protective glove's 
should be worn when changing the oil. Wash your hands and any other 
exposed skin areas as soon as possible after exposure to used engine 
oil. Soap and water or waterless hand cleaner should be used. 

1. Place a suitable container under the lower unit. 
2. Loosen the oil levellvent plug on the lower unit. This step is 

important! If the oil levellvent plug cannot be loosened or removed, you 
cannot complete lower unit lubricant service. 

Never remove the vent or filler plugs when the lower unit is hot. 
Expanded lubricant will be released through the hole. 

3. Remove the drainlfiller plug from the lower end of the gear housing 
followed by the oil levellvent plug. 

4. Allow the lubricant to completely drain from the lower unit. 
5. If applicable, check the magnet end of the drain screw for metal 

particles. Some amount of metal is considered normal wear is to be 
expected but if there are signs of metal chips or excessive metal particles, 
the gearcase needs to be disassembled and inspected. 

Fig. 78 Gearcase oil is pumped or squeezed 
into the lower unit through the filler 
opening, while the vent opening is removed 
to let air escape 

6. Inspect the lubricant for the presence of a milky white substance, 
water or metallic particles. If any of these conditions are present, the lower 
unit should be serviced immediately. 

7. Place the outboard in the proper position for filling the lower unit. The 
lower unit should not list to either port or starboard and should be com~letelv 
vertical. 

8. Insert the lubricant tube into the oil drain hole at the bottom of the 
lower unit and inject lubricant until the excess begins to come out the oil 
level hole. 

The lubricant must be filled from the bottom to prevent air from 
being trapped in the lower unit. Air displaces lubricant and can cause a 
lack of lubrication or a false lubricant level in the lower unit. 

9. Oil should be squeezed in using a tube or with the larger quantities, 
by using a pump kit to fill the gearcase through the drain plug. 

One trick that makes addina aearcase oil less messy is  to install the 
levellvent plug BEFORE remo&g the pump from the drainlfi~er 
opening and threading the drainlfiller plug back into position. 

10. Using new gaskets (washers) install the oil levellvent plug first, then 
install the oil fill plug. 

11. Wipe the excess oil from the lower unit and inspect the unit for leaks. 
12. Place the used lubricant in a suitable container for transportation to 

an authorized recycling facility. 

A fuel filter is designed to keep particles of dirt and debris from entering 
the carburetor(s) or the fuel injection system and clogging the tiny internal 
passages of each. A small speck of dirt or sand can drastically affect the 
ability of the fuel system to deliver the proper amount of air and fuel to the 
engine. If a filter becomes clogged, the flow of gasoline will be impeded. This 
could cause lean fuel mixtures, hesitation and stumbling and idle problems in 
carburetors. Although a clogged fuel passage in a fuel injected engine could 
also cause lean symptoms and idle problems, dirt can also prevent a fuel 
injector from closing properly. A fuel injector that is stuck partially open by 
debris will cause the engine to run rich due to the unregulated fuel constantly 
spraying from the pressurized injector. 

Regular cleaning or replacement of the fuel filter (depending on the type 
or types used) will decrease the risk of blocking the flow of fuel to the 
engine, which could leave you stranded on the water. It will also decrease 
the risk of damage to the small passages of a carburetor or fuel injector that 
could require more extensive and expensive replacement. Keep in mind that 
fuel filters are usually inexpensive and replacement is a simple task. Service 
your fuel filter on a regular basis to avoid fuel delivery problems. 

The type of fuel filter used on your engine will vary not only with the year 

Fig. 79 The exact location of the filler 
opening (1) and the vent opening (2) will 
varv sliahtlv - small hp gearcase shown 

Fig. 80 Notice how the filler opening (1) is 
above the skeg rear on this 70 hp motor, 
while the vent opening (2) is still towards 
the front 
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and model, but also with the accessories and rigging. Because of the 
number of possible variations it is impossible to accurately give instructions 
based on model. Instead, we will provide instructions for the different types 
of filters the manufacturer used on various families of motors or systems with 
which they are equipped. To determine what filter(s) are utilized by your boat 
and motor rigging, trace the fuel line from the tank to the fuel pump and then 
from the pump to the carburetors (or premix oiling system, which ever is 
applicable). The fuel injected motors are listed separately, as their design 
does not vary in the same way as the carbureted motors. 

In addition to the fuel filter mounted on the engine, a filter is usually found 
inside or near the fuel tank. Because of the large variety of differences in 
both portable and fixed fuel tanks, it is impossible to give a detailed 
procedure for removal and installation. Most in-tank filters are simply a 
screen on the pick-up line inside the fuel tank. Filters of this type usually only 
need to be cleaned and returned to service (assuming they are not torn or 
otherwise damaged). Fuel filters on the outside of the tank are typically of 
the inline type and are replaced by simply removing the clamps, 
disconnecting the hoses and installing a new filter. When installing the new 
filter, make sure the arrow on the filter points in the direction of fuel flow. 

SERVICING FUEL FILTERS ON CARBURETED MOTORS 

Observe all applicable safety precautions when working around fuel. 
Whenever servicing the fuel system, always work in a well-ventilated 
area. Do not allow fuel spray or vapors to come in  contact with a spark 
or open flame. Do not smoke while working around gasoline. Keep a 
dry chemical fire extinguisher near the work area. Always keep fuel in  a 
container specifically designed for fuel storage; also, always properly 
seal fuel containers to avoid the possibility of fire or explosion. 

Integral Tank Models 
+ See Figures 81 and 82 

The smallest motors covered by this manual, the ColffJun~or and 2-5 hp 
(78-100cc) 2-strokes are equ~pped w~th integral fuel tanks The smallest of 
these motors (such as the 78cc) gravity feed the carburetor through a fuel 
valve In the bottom of the tank and are therefore not equipped with a fuel 
pump The fuel tanks on these models are equ~pped wlth a fuel valvelf~lter 
assembly (78cc models) The filter IS serv~ced by removing the assembly 
from the tank and cleanlng the element or replacing ~t The larger of these 
small, single and twin cylinder motors are equ~pped with a fuel pump and 
utilize an lnllne f~lter between the tank and the pump assembly lnline filters 
hke this are serviced by removmg them from lrnes and replacing them They 
are usually sealed and cannot be cleaned The ~ntegral tank models that are 
equipped with fuel pumps usually are also equipped w~th a filter screen 
under the pump mlet cover For deta~ls on how to servlce the f~lter screen, 
refer to ~ u e l  pump Filters (Remote Tank Models) in this section. 

d' AND FILTER 
ASSEMBLY 

Fig. 81 Some motors with an integral fuel tank use a fuel valvelfilter 
assemblv 

Fuel Pump Filters (Remote Tank Models) 
+ See Figures 83 thru 87 

Most of the models covered by this manual are equipped with a small, 
flat, mechanical or vacuum (pulse) driven fuel pump mounted somewhere on 
the powerhead. Although the exact shape and design of this pump varies 
slightly from model-to-model, for this discussion, they are serviced virtually 
the same way and we'll refer to them as Type A fuel pumps. The various 
Type A JohnsonlEvinrude mechanical fuel pumps normally contain a 
serviceable fuel filter screen mounted just underneath the fuel inlet cover. On 
all versions, the cover is connected to the fuel inlet hose from the fuel tank. 
Additionally, on all models except the smallest 4-strokes (516 hp 128cc and 
819.9 hp 211cc motors) the cover is either round or a rounded square and is 
retained by a single bolt at the center. 

The smallest 4-strokes (516 and 819.9 hp models) use four screws, but 
only two of the screws retain the cover, while the other two hold the fuel 
pump body. Of the 2 cover screws, there is one at the top and one at the 
bottom of the cover (looking at the pump as if the fuel inletloutlets are on the 
bottom). These models may or may not be equipped with a screen under the 
cover, so check with your dealer before removing it. If they are not equipped 
with a screen, you should find an inline filter somewhere before the pump, 
usually in the line between the engine fuel connector and the fuel pump. 

To service the fuel inlet screen on Type A fuel pumps, remove the inlet 
cover screw(s), then carefully separate the inlet cover, gasket or O-ring and 
screen from the fuel pump body. Clean the screen using a suitable solvent 
and blow dry with low pressure compressed air or allow it to air dry. Once the 
screen is dry, check it carefully for clogs or tears and replace, if necessary. 
Depending on the gasket material and condition it may be reused, but it is 
normally best (and safest) to simply replace the gasket@). 

Some of the larger 2-stroke motors covered by this manual may be 
equipped with a larger, more complicated fuel pump that we'll refer to as 
Type B. We've provided a photo for visual identification. On these pumps an 
inline filter is normally used somewhere between the tank and the pump. 
Service of the inline filter is normally limited to replacement. Inline filters 
should be replaced annually and anytime fuel deliverylstarvation problems 
are suspected. 

Some Type A fuel pump motors will also be equipped with an inline 
filter. When present be sure to replace all inline filters at least annually. 

lnline Filters 
+ See Figures 88 and 89 

As noted earlier, many of the models covered by this manual are 
equipped with an inline filter. On some the filter is used in lieu of a fuel pump 
mounted or fuel tank mounted filter, but for many models the inline filter is 
used as an additional line of defense. We also noted earlier that most inline 
filters are of the sealed canister type (plastic or metallic) and cannot be 
cleaned, so service is usually limited to replacement. Because of the relative 
ease and relatively low expense of a filter (when compared with the time and 
hassle of a carburetor overhaul) we encourage you to replace the filter at 
least annually. 

When replacing the filter, release the hose clamps (they are usually 
equipped with spring-type clamps that are released by squeezing the tabs 

Fig. 82 Other motors with an integral fuel tank use an inline filter 
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Y@&$v4 0 a O-RING FUEL PUMP or GASKET BODY w 5  @ FILTER ELEMENT 
@ INLET COVER 

9 9/15 HP 4-STROKES @ SCREW 

Fig. 83 Versions of the Type A fuel pump are found on most 
carbureted models covered bv this manual 

Fig. 85 . . .then remove the inlet cover to 
access the filter element 

Fig. 84 Remove the bolt(s) securing the Type A pump cover.. . 

Fig. 86 A few of the smallest 4-strokes 
contain an inline filter instead of the pump Fig. 87 Models with Type B fuel pumps 
element utilize inline filters 

I I using a pair of pliers) and slide them back on the hose, past the raised 
portion of the filter inletloutlet nipples. Once a clamp is released, position a 
small drain pan or a shop towel under the filter and carefully pull the hose 
from the nipple. Allow any fuel remaining in the filter and fuel line to drain 
into the drain pan or catch fuel with the shop towel. Repeat on the other 
side, noting which fuel line connects to which portion of the filter (for 
assembly purposes). Inline filters are usually marked with an arrow indicating 
fuel flow. The arrow should point towards the fuel line that runs to the motor 
(not the fuel tank). 

Before installation of the new filter, make sure the hoses are in good 
condition and not brittle, cracking and otherwise in need of replacement. 
During installation, be sure to fully seat the hoses, then place the clamps 
over the raised portions of the nipples to secure them. Spring clamps will 
weaken over time, so replace them if they've lost their tension. If wire ties or 
adjustable clamps were used, be careful not to overtighten the clamp. If the 
clamp cuts into the hose, it's too tight; loosen the clamp or cut the wire tie 
(as applicable) and start again. 

A few models (mostly commercial motors) are equipped with a 
serviceable inline filter. These can be identified by their design and shape, 
which varies from the typical inline filter. A typical, disposable inline filter will 
have a simple round canister on which the fuel lines attach to either end (or 
a few, with both lines on one end). The serviceable inline filters used by 
JohnsonlEvinrude have one fuel inlet on the side and the fuel outlet on the 
top. Serviceable filters consist of an assembly with a knurled cap that 
threads onto the filter bowl or base. When servicing these filters, disconnect 
the hose from one end, for instance, remove the fuel pump hose from the 
cap nipple, then unthread the cap from the base. The filter element is 
removed with the cap. Clean and inspect the element in the same manner as 
the fuel pump filter screens described under Fuel Pump Filters (Remote Tank 
Models) in this section. Replace any damaged filter element. Check the filter 
gasket andlor O-ring for damage and replace, as necessary. When 
reconnecting the hose to the nipple, inspect and replace any damaged hose 
or clamp as you would with any other inline filter. 

I TO MOTOR 

I Fig. 88 Disposable JohnsonIEvinrude inline filter 

TO MOTOR 

/ 

I Fig. 89 Serviceable JohnsonlEvinrude inline filter 
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SERVICING FUEL FILTERS ON FUEL INJECTED MOTORS 

Observe all applicable safety precautions when working around fuel. 
Whenever servicing the fuel system, always work in a well-ventilated 
area. Do not allow fuel spray or vapors to come in contact with a spark 
or open flame. Do not smoke while working around gasoline. Keep a 
dry chemical fire extinguisher near the work area. Always keep fuel in a 
container specifically designed for fuel storage; also, aiways properly 
seal fuel containers to avoid the ~ossibil i tv of fire or ex~losion. 

Fuel injected motors covered by this manual are equipped with two 
interrelated fuel circuits, the high-pressure and low-pressure systems. The 
low-pressure system operates essentially the same way as does a 
carbureted motor's fuel system. A mechanical, engine mounted fuel pump 
draws fuel from the tank and feeds a mechanical float controlled fuel 
reservoir. The difference occurs at this point as the reservoir is for the high- 
pressure circuit and electric high-pressure pump instead of a float bowl 
attached to a carburetor. 

These motors utilize at least 3 fuel filters, two of these filters are inline 
and are replaced during normal service. One inline filter is used for each fuel 
circuit. An additional filter screen is mounted on the electric high-pressure 
fuel pump inlet. Although this screen can be replaced, it is not normally part 
of maintenance. The pump filter screen can only be replaced once the pump 
is removed from the vapor separator. Depending on the boat rigging, 
additional inline filters or tank filter screen may also be present. 

Fuel System Pressure 

On fuel injected engines, always relieve system pressure prior to 
disconnectina anv hiah-pressure fuel circuit component, fittina or fuel line. , - ,  
For details, piease refer to Fuel System ~ressurization unde;~uel Injection. 

Exercise extreme caution whenever relieving fuel system pressure to 
avoid fuel spray and potential serious bodily injury. Please be advised 
that fuel under pressure may penetrate the skin or any part of the body 
it contacts. 

To avoid the possibility of fire and personal injury, always disconnect the 
negative battery cable while servicing the fuel system or fuel system 
components. 

Always place a shop towel or cloth around the fitting or connection prior to 
loosening to absorb any excess fuel due to spillage. Ensure that all fuel 
spillage is removed from engine surfaces. 

Low-Pressure Filter 

+ See Figure 90 

Fuel injected motors utilize an inline, nylon canister to protect the low- 
pressure fuel circuit. The canister secured to a clamp bracket at the port side 
front of the powerhead, immediately below the intake manifold. For most 
applications, the filter is not serviceable and must be replaced if 
contaminated. But, on some motors, the canister can be opened to allow 
inspection, cleaning and replacement of the low-pressure filter element. In all 
cases, service the filter at least annually, every 100 hours of operation or if 
problems are suspected with the low-pressure circuit. 

1. Disconnect the negative battery cable for safety. 
2. Tag the hoses attached to the top and side of the fuel filter. Look for 

an arrow on the canister, it should indicate the fuel line that runs to the fuel 
vapor separator. The top line normally connects to the low-pressure fuel 
pump, while the line on the side of the filter usually supplies fuel to the 
separator. 

3. The factory usually secures these fuel lines with spring-type hose 
clamps. Squeeze the clamp tabs and hold while sliding the clamps up the 
hose, past the raised nipple on the fitting. If other threaded clamps are used, 
loosen and slide them back. If wire ties were used, they must be cut away 
carefully, making sure not to damage the hose. lnspect all metallic clamps for 
corrosion, lack of spring tension andlor other damage. Replace any faulty or 
questionable hose clamps. 

4. Position a container or shop rag below the fuel filter. Carefully pull 
the hoses from the fittings, taking care to avoid bending or breaking the fuel 
hose fittings on serviceable canisters. Check the hoses for cracks or brittle 
ends and replace any that are worn or damaged. 

5. Remove the filter from the bracket on the powerhead. If the filter is 
serviceable, clean it using a suitable solvent, then blow it dry with low 
pressure compressed air (or allow it to air dry). Inspect the element of 
serviceable filters for clogs or tears and replace if damaged. 

To install: 
6. Position the new or cleaned filter on the powerhead, then attach the 

fuel hoses as tagged during removal. Secure the hoses using clamps. When 
usina wire ties or threaded clamps, be sure not to over-tiohten the clamps, 
cuttiilg the hoses. 

7. Pressurize the fuel system using the fuel primer bulb from the tank 
line and check for leaks. Observe the fuel hose fittings for fuel leakage and 
repair any fuel leaks before starting the motor. Clean up any spilled fuel. 

Fig. 90 Low-pressure fuel filter - Fuel Injected Motors 

High-pressure Filter 
+ See Figure 91 

On fuel iniected motors, the hiah-pressure circuit is protected by an inline 
filter canisteifound between the kgh-pressure pump ski the fuel rail 
assembly. The canister is attached to the middle, port side of the powerhead, 
immediately above the fuel rail on 40150 hp motors or right below the intake 
manifold on 70 hp motors. 

1. Properly relieve the fuel system pressure as described in Fuel 
System Pressurization under the Fuel Injection section, then disconnect the 
negative battery cable for safety. 

Even if you leave the fuel pump fuse (70 hp motors) or fuel pump 
wiring harness (40150 hp motors) disconnected it is still a good idea to 
disconnect the negative battery cable. Remember that sparks are a 
dangerous source of ignition that could ignite fuel vapors and by 
removing battery power from the engine components you help 
minimize the ~ossibil i tv of causina sparks while working on the motor. 

2. If necessary, remove the lower engine cover for access, as described 
in this section under Engine Cover. 

The filter canister is embossed with markings (IN and OUT) -. 
indicating where the fuel line comes IN from the pump or the line OUT 
to the fuel rail attach. With this said, we would still advice tagging the 
fuel lines prior to removal to help ensure ease of connection during 
filter installation. 
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Fig. 91 High-pressure fuel filter - Fuel Injected Motors 

3. Tag the fuel hoses and note the filter positioning, then remove the 
clamps and carefully pull the hoses from the fittings on each end of the filter. 
Drain any residual fuel from the hoses. 

4. Remove the filter from the powerhead (on some models it may be 
necessary to remove the retaining bolt from the bracket first). Drain residual 
fuel from the filter. 

To install: 
5. Position the filter as noted during removal, carefully seat the hoses 

over the fittings and secure using the clamps. Make sure any spring-type 
clamps used have not lost their tension. If threaded clamps or wire ties are 
used, they should be snug, but not tight enough to cut the hose. 

Upon installation, be certain to connect the hoses as tagged during 
removal. The hose from the fuel pump connects to the IN fitting, while 
the fuel rail hose connects to the fitting marked OUT. If the hoses were 
repositioned while servicing the filter, make sure they are routed as 
they were prior to removal. This will help ensure that there will be no 
interference with parts of the motor that could damage the hoses 
through heat or contact. 

6. Secure the filter by tightening the mounting bolt(s). 
7. Connect the negative battery cable and either reinstall the fuel pump 

fuse or reconnect the pump wiring harness, then pressurize the fuel system 
and check for leakage before starting the motor. For details, refer to Fuel 
System Pressurization, under Fuel System. 

+ See Figures 92 thru 94 

The propeller is secured to the gearcase propshaft either by a drive pin on 
ColtlJunior and 2-8 hp 2-stroke and 516 hp Qstroke motors, or by a 
castellated hex nut on all other motors covered by this manual. 

Fig. 92 This propeller is long overdue for 
repair or replacement 

For models secured by a hex nut, the propeller is driven by a splined 
connection to the shaft and the rubber drive hub found inside the propeller. 
The rubber hub provides a cushioning that allows softer shifts, but more 
importantly, it provides some measure of protection for the gearcase 
components in the event of an impact. On motors where the propeller is 
retained by a drive pin, impact protection is provided by the drive pin itself. 
The pin is designed to break or shear when a specific amount of force is 
applied because the propeller hits something. In both cases (rubber hubs or 
shear pins) the amount of force necessary to break the hub or shear the pin 
is supposed to be just less than the amount of force necessary to cause 
gearcase component damage. In this way, the hope is that the propeller and 
hub or shear pin will be sacrificed in the event of a collision, but the more 
expensive gearcase components will survive unharmed. Although these 
systems do supply a measure of protection, this, unfortunately, is not always 
the case and gearcase component damage will still occur with the right 
impact or with a sufficient amount of force. 

INSPECTION 

+ See Figures 92,93 and 94 
The propeller should be inspected before and after each use to be sure 

the blades are in good condition. If any of the blades become bent or nicked, 
this condition will set up vibrations in the motor. Remove and inspect the 
propeller. Use a file to trim nicks and burrs. Take care not to remove any 
more material than is absolutely necessary. 

Never run the engine with serious propeller damage, as it can allow for 
excessive engine speed and/or vibration that can damage the motor. 
Also, a damaged propeller will cause a reduction in boat performance 
and handling. 

Also, check the rubber and splines inside the propeller hub for damage. If 
there is damage to either of these, take the propeller to your local marine 
dealer or a "prop shop". They can evaluate the damaged propeller and 
determine if it can be saved by rehubbing. 

Additionally, the propeller should be removed every 100 hours of 
operation or at the end of each season, whichever comes first for cleaning, 
greasing and inspection. Whenever the propeller is removed, apply a fresh 
coating of OMC Triple-Guard or an equivalent water-resistant, marine grease 
to the propeller shaft and the inner diameter of the propeller hub. This is 
necessary to prevent possible propeller seizure onto the shaft that could lead 
to costly or troublesome repairs. Also, whenever the propeller is removed, 
any material entangled behind the propeller should be removed before any 
damage to the shaft and seals can occur. This may seem like a waste of 
time at first, but the small amount of time involved in removing the propeller 
is returned many times by reduced maintenance and repair, including the 
replacement of expensive parts. 

Propeller shaft greasing and debris inspection should occur more 
often depending upon motor usage. Frequent use in salt, brackish or 
polluted waters would make it advisable to perform greasing more 
often. Similarly, frequent use in areas with heavy marine vegetation, 
debris or potential fishing line would necessitate more frequent 
removal of the propeller to ensure the gearcase seals are not in danger 
of becoming cut. 

Fig. 93 Although minor damage can be 
dressed with a file. . . 

Fig. 94 . . . a propeller specialist should 
repair large nicks or damage 
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Clearing the Fish Line Trap 

The 8-15 hp (211-304cc) 4-stroke and 9.9-35 hp (216-521cc) 2-stroke 
motors covered by this manual are equipped with a special propeller thrust 
washer. It contains an integral fishing line trap to keep line that becomes 
entangled from cutting the propeller shaft seal. For models so equipped, the 
manufacturer recommends removing the propeller every 15-20 hours (or 
anytime fishing line may become entangled) in order to check and clean the 
trap. Whenever the propeller and thrust washer are removed, the washer 
must be positioned with the line trap groove facing the gearcase in order to 
work properly. Always note the direction of the trap groove during removal. 

REMOVAL & INSTALLATION 

Do not use excessive force when removing the propeller from the hub 
as excessive force can result in damage to the propeller, shaft and, 
even other gearcase components. If the propeller cannot be removed 
by normal means, consider having a reputable marine shop remove it. 
The use of heat or impacts to free the propeller will likely lead to 
damage. 

Clean and lubricate the propeller and shaft splines using a high- 
quality, water-resistant, marine grease every time the propeller is 
removed from the shaft. This will help keep the hub from seizing to the 
shaft due to corrosion (which would require special tools to remove 
without damage to the shaft or gearcase.) 

Many outboards are equipped with aftermarket propellers. Because of 
this, the attaching hardware may differ slightly from what is shown. Contact a 
reputable propeller shop or marine dealership for parts and information on 
other brands of propellers. 

Colt1Junior and 2-8 Hp 2-Strokes and 516 Hp 4-Strokes 
+ See Figures 95,96 and 97 

The propeller on all ColWunior and 2-8 hp 2-stroke motors, as well as on 
516 hp Cstroke motors is secured to the propshaft using a drive pin. Be sure 
to always keep a spare drive pin handy when you are onboard the boat. 
Remember that a sheared drive pin will leave you stranded on the water. A 
damaged shear pin can also contribute to motor damage, exposing it to over- 
revving while trying to produce thrust. The pin itself is usually locked in 
position by a propeller cap (or the entire propellerlcap assembly on 2-3.5 hp 
motors and possibly some ColWunior models) that is in turn fastened by a 
cotter pin. ALWAYS replace the cotter pin once it has been removed. 
Remember that should the cotter pin fail, you could be diving to recover your 
propeller. 

1. Disconnect the negative battery cable or, more likely since these 
motors are rarely equipped with batteries, disconnect the spark plug lead(s) 
from the plug(s) for safety. 

Fig. 95 Propeller mounting - 2-3.5 hp motors 

Don't ever take the risk of working around the propeller if the engine 
could accidentally be started. Always take precautions such as 
disconnecting the spark plug leads and, if equipped, the negative 
battery cable. 

2. Cut the ends off the cotter pin (as that is easier than trying to 
straighten them in most cases). Next, free the pin by grabbing the head with 
a pair of needlenose pliers. Either tap on the pliers gently with a hammer to 
help free the pin from the propeller cap or carefully use the pliers as a lever 
by carefully prying back against the propeller cone. Discard the cotter pin 
once it is removed. 

3. On all models, except the 2-3.5 hp motors: 
a. Remove the propeller cap for access to the drive pin. 
b. Grasp and remove the drive pin using the needlenose pliers. 

If the drive pin is difficult to remove, use a small punch or a new 
drive pin as a driver and gently tap the pin free from the shaft. 

c. Remove the thrust washer and the propeller from the shaft by sliding 
them from the shaft and splines. 

4. On the 2-3.5 hp motors, the end cap is normally part of the propeller: 
a. Carefully slide the propeller from the shaft and drive pin once the 

cotter pin is removed. 
b. Grasp and remove the drive pin using the needlenose pliers. 

If the drive pin is difficult to remove, use a small punch or a new 
drive pin as a driver and gently tap the pin free from the shaft. 

To install: 
5, Clean the propeller hub and shaft splines, then apply a fresh coating 

of OMC Triple-Guard or an equivalent water-resistant, marine grease. 
6. On the 2-3.5 hp motors, insert the drive pin into the propeller shaft. 
7. Align the propeller, then carefully slide it over the shaft. 
8. On all models, except the 2-3.5 hp motors, install the thrust washer, 

followed by the drive pin and the propeller end cap. 
9. Install a new cotter pin, then spread the pin ends in order to form 

tension and secure them. Do not bend them over too far as the pin will 
loosen and rattle in the shaft. 

All Motors Except ColtlJunior, 2-8 Hp 2-Strokes and 516 Hp CStrokes 

+ See Figure 97 thru 101 

On all 8 hp and larger 4-stroke motors, as well as all 9.9 hp and larger 2- 
stroke motors the propeller is held in place over the shaft splines by a large 
castellated nut. The nut is so named because, when viewed from the side, it 
appears similar to the upper walls or tower of a castle. 

For safety, the nut is locked in place by a cotter pin that keeps it from 
loosening while the motor is running. The pin passes through a hole in the 
propeller shaft, as well as through the notches in the sides of the castellated 
nut, Install a new cotter pin anytime the propeller is removed and, perhaps 
more importantly, make sure the cotter pin is of the correct size and is made 
of materials designed for marine use. 

'OTTER DRIVE PIN PIN 

Fig. 96 If equipped with a propeller cap, 
remove the cotter pin to free it 

Fig. 97 If equipped with a propeller cap, 
remove the cotter pin to free it 
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Fig. 98 Most propellers are held on the shaft by a castellated nut 

Whenever working around the propeller, check for the presence of black 
rubber material in the drive hub and spline grease. Presence of this material 
normally indicates that the hub has turned inside the propeller bore (have thc 
propeller checked by a propeller repair shop). Keep in mind that a spun hub 
will not allow proper torque transfer from the motor to the propeller and will 
allow the enaine to over-rev in order to oroduce thrust. If the ~rooeller has 
spun on thekub it has been weakened and is more likely to jail ~ompletely in 
use. 

1. For safety, disconnect the negative cable (if so equipped) andlor 
disconnect the spark plug leads from the plugs (ground the leads to prevent 
possible ignition damage should the motor be cranked at some point before 
the leads are reconnected to the spark plugs). 

Don't ever take the risk of working around the propeller if the engine 
could accidentally be started. Always take precautions such as 
disconnecting the spark plug leads and, if equipped, the negative 
battery cable. 

2. If the propeller is equipped with a matching propeller cap, cut the 
ends off the cotter pin (as that is easier than trying to straighten them in most 
cases). Next, free the pin by grabbing the head with a pair of needle nose 
pliers. Either tap on the pliers gently with a hammer to help free the pin from 
the propeller cap or carefully use the pliers as a lever by prying back against 
the propeller cap. Discard the cotter pin once it is removed. 

3. Cut the ends off the cotter pin (as that is easier than trying to 
straighten them in most cases). Next, free the pin by grabbing the head with 
a pair of needlenose pliers. Either tap on the pliers gently with a hammer to 
help free the pin from the nut or carefully use the pliers as a lever by prying 
back against the castellated nut. Discard the cotter pin once it is removed. 

COTTER 

NUT 
CASTELLATED THRUST WASHER 

Fig. 99 Typical propeller mounting on all 8 
hp and larger Cstrokes and 9.9 hp and 
larger 2-strokes 

4. Place a block of wood between the propeller and the anti-ventilation 
housing to lock the propeller and shaft from turning, then loosen and remove 
the castellated nut. Note the orientation, then remove the plain (40-70 hp 4- 
stroke motors only) or splined spacer (all other motors) from the propeller 
shaft. 

5. Slide the propeller from the shaft. If the prop is stuck, use a block of 
wood to prevent damage and carefully drive the propeller from the shaft. 

If the propeller is completely seized on the shaft, have a reputable 
marine or propeller shop free it. Don't risk damage to the propeller or 
gearcase by applying excessive force. 

6. Note the direction in which the thrust washer is facing (since manv 
models may use a thrust washer equipped with a fishing linetrap that mist  
face the wooer direction if it is to orotect the aearcase seal). Remove the 
thrust washer from the propshaft (if the washer appears stuck, tap lightly to 
free it from the propeller shaft). 

If equipped with a thrust washer mounted fishing line trap, always 
check the trap and clean it of any fishing line, vegetation or other 
debris whenever the propeller is removed. This is usually found on the 
9.9115 hp Cstroke motors as well as 9.9-35 hp (216-521cc) motors, but 
can be found on other motors as well, depending on the propeller 
setup. When equipped, make sure the thrust washer on these motors is 
positioned with the fishing line trap groove facing toward the gearcase. 

7. Clean the thrust washer, propeller and shaft splines of any old 
grease. Small amounts of corrosion can be removed carefully using steel 
wool or fine grit sandpaper. 

8. Inspect the shaft for signs of damage including twisted splines or 
excessively worn surfaces. Rotate the shaft while looking for any deflection. 
Replace the propeller shaft if these conditions are found. Inspect the thrust 
washer for signs of excessive wear or cracks and replace, if found. 

To install: 
9. Apply a light coat of OMC Triple-Guard or equivalent high-quality, 

water-resistant, marine grease to all surfaces of the propeller shaft and to the 
splines inside the propeller hub. 

10. Position the thrust washer over the propshaft in the direction noted 
during removal. On all models, the shoulder should face the propeller. On 
washers equipped with a fishing line trap, the trap is on the opposite side of 
the shoulder and should face the gearcase (front of the motor). 

11. Carefully slide the propeller onto the propshaft, rotating the propeller 
to align the splines. Push the propeller forward until it seats against the 
thrust washer. 

12. Install the splined and/or plain spacer onto the propeller shaft, as 
equipped. 

13. Place a block of wood between the propeller and housing to hold the 
prop from turning, then thread the castellated nut onto the shaft with the 
cotter pin grooves facing outward. 

14. Tighten the castellated nut to 120 inch Ibs. (14 Nm) using a suitable 
torque wrench, then install a new cotter pin through the grooves in the nut 
that align with the hole in the propshaft. If the cotter pin hole and the grooves 
do not align, tighten the nut additionally, just enough to align them (do not 
loosen the nut to achieve alignment.) Once the cotter pin is inserted, spread 
the ends sufficiently to lock the pin in place. Do not bend the ends over at 

Fig. 100 Use a block of wood to keep the 
propeller from turning when loosening or 
tightening the nut 

Fig. 101 On models so equipped, the fishing 
line groove on the thrust washer must face 
the gearcase 
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90" or greater angles as the pin will loose tension and rattle in the slot. 

15. If equipped with a propeller cap, install the cap and secure using a 
new cotter pin. 

16. Connect the spark plug leads andlor the negative battery cable, as 
applicable. 

A jet drive motor uses an impeller enclosed in a jet drive housing instead 
of the propeller used by traditional gearcases. Outboard jet drives are 
designed to permit boating in areas prohibited to a boat equipped with a 
conventional propeller outboard drive system. The housing of the jet drive 
barely extends below the hull of the boat allowing passage in ankle deep 
water, white water rapids, and over sand bars or in shoal water which would 
foul a propeller drive. 

The outboard jet drive provides reliable propulsion with a minimum of 
moving parts. It operates, simply stated, as water is drawn into the unit 
through an intake grille by an impeller. The impeller is driven by the 
driveshaft off the powerhead's crankshaft. Thrust is produced by the water 
that is expelled under pressure through an outlet nozzle that is directed away 
from the stern of the boat. 

As the speed of the boat increases and reaches planing speed, only the 
very bottom of the jet drive where the intake grille is mounted facing 
downward remains in contact with the water. 

The jet drive is provided with a reverse-gate arrangement and linkage to 
permit the boat to be operated in reverse. When the gate is moved 
downward over the exhaust nozzle, the pressure stream is deflected 
(reversed) by the gate and the boat moves sternward. 

Conventional controls are used for powerhead speed, movement of the 
boat, shifting and power trim and tilt. 

INSPECTION 

+ See Figure 102 
v 

The jet impeller is a precisely machined and dynam~calry oalancea 
aluminum spiral. Close observation will reveal drilled recesses at exact 
locations used to achieve this delicate balancing. Excessive vibration of the 
jet drive may be attributed to an out-of-balance condition caused by the jet 
impeller being struck excessively by rocks, gravel or from damage caused by 
cavitation "burn". 

The term cavitation "burn" is a common expression used throughout the 
world among people working with pumps, impeller blades, and forceful water 
movement. These "burns" occur on the jet impeller blades from cavitation air 
bubbles exploding with considerable force against the impeller blades. The 
edges of the blades may develop small dime-size areas resembling a porous 
sponge, as the aluminum is actually "eaten" by the condition just described. 

Excessive rounding of the jet impeller edges will reduce efficiency and 

I Fig. 102 Visually inspect the intake grate 
and impeller with each use 

performance. Therefore, the impeller and intake grate (that protects it from 
debris) should be inspected at regular intervals. 

Before and after each use, make a quick visual inspection of the intake 
grate and impeller, looking for obvious signs of damage. Always clear any 
debris such as plastic bags, vegetation or other items that sometimes 
become entangled in the water intake grate before starting the motor. If the 
intake grate is damaged, do not operate the motor, or you will risk destroying 
the impeller if rocks or other debris are drawn upward by the jet drive. If 
possible, replace a damaged grate before the next launch. This makes 
inspection after use all that much more important. Imagine the 
disappointment if you only learn of a damaged grate while inspecting the 
motor immediately prior to the next launch. 

An obviously damaged impeller should be removed and either repaired or 
replaced depending on the extent of the damage. If rounding is detected, the 
impeller can be placed on a work bench and the edges restored to as sharp 
a condition as possible, using a file. Draw the file in only one direction. A 
back-and-forth motion will not produce a smooth edge. Take care not to nick 
the smooth surface of the jet impeller. Excessive nicking or pitting will create 
water turbulence and slow the flow of water through the pump. For more 
details on impeller replacement or service, please refer to the information on 
Jet Drives in the Gearcase section of this manual. 
CHECKING IMPELLER CLEARANCE 

+ See Figures 103 and 104 DERA TE 
Prooer ooeration of the iet drive deoends 

maxinkm thrust. In order f i r  this to occur the clearance beiween the outer 
edge of the jet drive impeller and the water intake housing cone wall should 
be maintained at approximately 0.020-0.030 in. (0.5-0.8mm). This distance 
can be checked visually by shining a flashlight up through the intake grille 
and estimating the distance between the impeller and the casing cone, as 
indicated in the accompanying illustrations. But, it is not humanly possible to 
accurately measure this clearance by eye. Close observation between 
outings is fine to maintain a general idea of impeller condition, but, at least 
annually, the clearance must be measured using a set of feeler gauges. 
Although some gauges may be long enough to make the measurement with 
the intake grate installed, removal is advised for access and to allow for a 
more thorough inspection of the impeller itself. 

Whenever working around the impeller, ALWAYS disconnect the 
negative battery cable andlor disconnect the spark plug leads to make 
sure the engine cannot be accidentally started during service. Failure 
to heed this caution could result in serious personal injury or death in 
the event that the engine is started. 

When checking clearance, a feeler gauge larger than the clearance 

Fig. 103 Jet drive impeller clearance is the 
gap between the edges of the impeller and 
its housing 

Fig. 104 Impeller clearance is adjusted by 
moving shims from below to above the 
impeller 
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specification should not fit between the tips of the impeller and the housing. 
A gauge within specification should fit, but with a slight drag. A smaller gauge 
should fit without any interference whatsoever. Check using the feeler gauge 
at various points around the housing, while slowly rotating the impeller by 
hand. 

After continued normal use, the clearance will eventually increase. In 
anticipation of this the manufacturer mounts the tapered impeller deep in a 
its housing, and positions spacers beneath the impeller to hold it in position. 
The spacers are used to position the impeller along the driveshaft with the 
desired clearance between the jet impeller and the housing wall. When 
clearance has increased, spacers are removed from underneath the impeller 
and repositioned behind it, dropping the impeller slightly in the housing and 
thereby decreasing the clearance again. Moving 1 spacer will decrease 
clearance approximately 0.004 in. (0.lOmm). 

If adjustment is necessary, refer to the Jet Drive procedures under 
Gearcase in this manual for impeller removal, shimming and installation 
procedures. 

+ See Figure 105 

Rescuepro@ models covered by this manual are equipped with a lower 
unit that incoroorates a uniaue drive feature for safetv Durooses. Althouah 
the internals of the gearcase are very similar to the redreationa~ models'bf 
the same engines, the gearcase differs in how it incorporates the final drive 
unit. Instead of the exposed propeller used by most recreational models, the 
gearcase of a Rescuepro@ motor incorporates a built-in rotor housing so that 
an enclosed rotor can be used in place of a propeller. 

A tapered housing cover is bolted over top of the rotor to achieve jet 
pump like performance without sharing all of the design features of a jet 
drive gearcase. Shallow water jet drive housings draw water from 
underneath a shortened gearcase (perpendicular to movement of the boat) 
and achieve reverse thrust through a deflection gate. In contrast, the 
gearcase of a Rescue Pro@ motor is virtually the same size as a typical 
propeller equipped recreational model. Water is drawn into the rotor housing 
from either side of the aearcase (parallel to the movement of the boat) and 
thrust is achieved by pkhing thewater through the tapered rotor housing 
cover. Reverse thrust is achieved by reversing rotor direction through the 
gears located inside the case, in the same fashion as a propeller-equipped 
motor. Exhaust is ported around the rotor housing by an exhaust pipe 
assembly. 

@ Castellated nut 
O Spacer 
@ Thrust washer 

Fig. 105 RescuePro63 motors are equipped with a rotor assembly 
instead of a propeller 

INSPECTION 

+ See Figure 105 

Rotor design and operation is similar to the impeller of a jet drive. It is a 
precisely weighted and balanced component that must be kept in good 
condition in order to achieve maximum thrust, But, because of the protective 
housing, the rotor is somewhat less likely to be exposed to the rocks, sand 
or debris that so often damage propellers and many jet drive impellers. 
Nonetheless, always perform a quick visual inspection of the rotor and 
housing before and after each use to verify its condition. Also, be sure to 
check the water intake of the rotor housing, making sure to keep it free of 
vegetation and debris. 

CHECKING ROTOR CLEARANCE 

DERATE 
- a v  + See Figures 105,106 and 107 

Proper operation of the rotor pump depends upon the ability to create 
maximum thrust. In order for this to occur the clearance between the outer 
edge of the rotor and the rotor housing must be less than 0.125 in. (3.2mm). 
This gap is checked using a feeler gauge or the special tool that comes with 
the OMC rotor removal tool (#345104). 

Be sure to check clearance at least annually using a feeler gauge. A 
gauge of 0.125 in (3.2mm) should not fit between the tips of the rotor blades 
and the housing or should fit with a noticeable drag. A larger gauge must not 
fit otherwise the rotor is worn and must be replaced. Unlike the impeller used 
by jet drives, there is no method of shimming to decrease clearance. 

In order to check the rotor clearance, the rotor housing cover must be 
removed for access. Also at least annually, the rotor must be removed so the 
shaft and hub may be greased using OMC Triple-Guard or equivalent high- 
quality, water-resistant, marine grease. It's best to make this one service 
procedure. For this detail, refer to the Removal & Installation procedure in 
this section. 

Fig. 107 Use a feeler gauge to  check rotor clearance 
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REMOVAL & INSTALLATION 

-*T + See Figures 105 thru 109 

The rotor removal, greasing and installation procedure is very similar to 
the same actions with a standard propeller-equipped motor. The difference 
comes in the rotor housing which must be unbolted for access. The rotor 
housing must also be removed in order to check the rotor-to-housing 
clearance, so it is handy to conduct the removal, inspection and re-greasing 
procedure all at the same time. 

Two special tools are necessary for this procedure. The first is a 3116 in. 
ball hex driver. This is essentially a hex key with a ball on the end to allow a 
slight variance from a perpendicular fit in the hex-head bolt. A driver mounted 
in a socket, as opposed a standard ball hex key, is necessary so that a 
torque wrench can be used to tighten the rotor housing cover screws during 
installation. 

The second special tool is OMC rotor removal tool (#345104). It is 
essentially a fixed spanner wrench that can be bolted onto the rotor in order 
to hold it steady during removal or installation of the castellated nut. If this 
tool is unavailable, one can be fabricated from a thick piece of metal stock, 
or aftermarket adjustable spanner wrenches of an appropriate size may be 
substituted as excessive torque is not required on the rotor nut. 

The rotor is held in place over the shaft splines by a large castellated nut. 
The nut is so named because, when viewed from the side, it appears similar 
to the upper walls or tower of a castle. 

For safety, the nut is locked in place by a cotter pin that keeps it from 
loosening while the motor is running. The pin passes through a hole in the 
rotor shaft, as well as through the notches in the sides of the castellated nut. 
Install a new cotter pin anytime the rotor is removed and, perhaps more 
importantly, make sure the cotter pin is of the correct size and is made of 
materials desianed for marine use. 

Fig. 108 A spanner or rotor tool is used to keep the rotor from 
turning 

4 

Fig. 109 Rotor housing cover screw torque sequence 

1. For safety, disconnect the negative battery cable andlor disconnect 
the spark plug leads and ground them on the motor. 

Whenever working around the rotor, ALWAYS disconnect the negative 
battery cable andlor disconnect the spark plug leads to make sure the 
engine cannot be accidentally started during service. Failure to heed 
this caution could result in serious personal injury or death in the event 
that the engine is started. 

2. Use a 3116 in. ball hex driver to loosen the stator housing screws 
using a crisscross pattern to prevent cover warpage. Once the screws are all 
loosened, remove the cover and screws from the rotor housing. 

H The rotor housing cover screws are captive and cannot be removed 
from the cover. Loosen each screw until it is free of the rotor housing, 
then remove the screws along with the cover. 

3. Use a feeler gauge or the feeler that accompanies the OMC rotor 
removal tool to check clearance between the tips of the rotor blades and the 
housing. The inspection tool (or 0.125 in. feeler gauge) should not move 
freely for the entire width of any one rotor blade, otherwise the rotor must be 
replaced. Turn the rotor 30" and repeat inspection at each of the blade tips. 

4. Cut the ends off the cotter pin (as that is easier than trying to 
straighten them in most cases). Next, free the pin by grabbing the head with 
a pair of needle-nose pliers. Either tap on the pliers gently with a hammer to 
help free the pin from the nut or carefully use the pliers as a lever by 
carefully prying back against the castellated nut. Discard the cotter pin once 
it is removed. 

5. lnstall the holding tool to the rotor, then loosen and remove the 
castellated nut. 

6. Carefully slide the spacer and then the rotor from the shaft. If the 
rotor is stuck, use a block of wood to prevent damage and carefully drive the 
rotor from the shaft. 

H If the rotor is completely seized on the shaft, have a reputable 
marine or propeller shop free it. Don't risk damage to the rotor or 
gearcase by applying excessive force. 

7. Note the direction in which the thrust washer is facing, then slide the 
washer from the shaft. 

8. Clean the thrust washer, rotor and shaft splines of any old grease. 
Small amounts of corrosion can be removed carefully using steel wool or fine 
grit sandpaper. 

9. Inspect the shaft for signs of damage including twisted splines or 
excessively worn surfaces. Rotate the shaft while looking for any deflection. 
Replace the rotor shaft if these conditions are found, lnspect the thrust 
washer for signs of excessive wear or cracks and replace, if found. 

To install: 
10. Apply a light coat of OMC Triple-Guard or equivalent high-quality, 

water-resistant, marine grease to all surfaces of the rotor shaft and to the 
splines inside the propeller hub. 

11. Position the thrust washer over the shaft in the direction noted during 
removal. 

H During installation, the shoulder (relief) side of the thrust washer 
must face the rotor (aft). 

12. Carefully slide the rotor onto the shaft, twisting the rotor to align the 
splines. Push the rotor until it seats against the thrust washer. 

13. Install the spacer onto the shaft, then thread the castellated nut by 
hand to hold the rotor in place. 

14. Position the rotor holding tool, then tighten the castellated nut to 120 
inch Ibs. (14 Nm) using a suitable torque wrench. lnstall a new cotter pin 
through the grooves in the nut that align with the hole in the shaft. if the 
cotter pin hole and the grooves do not align, tighten the nut additionally, just 
enough to align them (do not loosen the nut to achieve alignment.) Once the 
cotter pin is inserted, spread the ends sufficiently to lock the pin in place. Do 
not bend the ends over at 90" or greater angles as the pin will loose tension 
and rattle in the slot. 

15. Install the rotor housing cover and tighten the screws using a - 
crisscross pattern (as shown in the accompanying illustration) to 60-80 inch 
Ibs. (7-9 Nm). 

16. Connect the spark plug leads andlor the negative battery cable, as 
applicable. 
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+ See Figure 110 

The idea behind anodes (also known as sacrificial anodes) is simde: 
When dissimilar metals are dunked in water and a small electrical current is 
leaked between or amongst them, the less-noble metal (galvanically 
speaking) is sacrificed (corrodes). 

The zinc alloy of which the anodes are made is designed to be less noble 
than the aluminum alloy of which your outboard is constructed. If there's any 
electrolysis, and there almost always is, the inexpensive zinc anodes are 
consumed in lieu of the expensive outboard motor. 

These zincs require a little attention in order to make sure they are 
capable of performing their function. Anodes must be solidly attached to a 
clean mounting site. Also, they must not be covered with any kind of paint, 
wax or marine growth. 

I Fig. 110 Extensive corrosion of an anode suggests a problem or a 
complete disregard for maintenance I 

INSPECTION 

+ See Figure 110 thru 117 

Visually inspect the anodes, especially gearcase mounted ones, before 
and after each use. You'll want to know right away if it has become loose or 
fallen off in service. Periodically inspect them closely to make sure they 
haven't eroded too much. At a certain point in the erosion process, the 
mounting holes start to enlarge, which is when the zinc might fall off. 
Obviously, once that happens your engine no longer has any protection. 
Generally, a zinc anode is considered worn if it has shrunken to 213 or less 
than the original size. To help judge this, buy a spare and keep it handy (in 
the boat or tow vehicle for comparison). 

If you use your outboard in salt water or brackish water, and your zincs 
never seem to wear, inspect them carefully. Paint, wax or marine growth on 
zincs will insulate them and prevent them from performing their function 
properly. They must be left bare and must be installed onto bare metal of the 

motor. If the zincs are installed properly and not painted or waxed, inspect 
around them for sings of corrosion. If corrosion is found, strip it off 
immediately and repaint with a rust inhibiting paint. If in doubt, replace the 
zincs. 

On the other hand, if your zinc seems to erode in no time at all, this may 
be a symptom of the zincs themselves. Each manufacturer uses a specific 
blend of metals in their zincs. If you are using zincs with the wrong blend of 
metals, they may erode more quickly or leave you with diminished protection. 

At least annually or whenever an anode has been removed or replaced, 
check the mounting for proper electrical contact using a multi-meter. Set the 
multi-meter to check resistance (ohms), then connect one meter lead to the 
anode and the other to a good, unpainted or corroded ground on the motor. 
Resistance should be very low or zero. If resistance is high or infinite, the 
anode is insulated and cannot perform its function properly. 

SERVICING 

V + See Figures 111 thru 117 

Depending on your boat, motor and rigging, you may have anywhere from 
one to four (or even more) anodes. Regardless of the number, there are 
some fundamental rules to follow that will give your boat and motor's 
sacrificial anodes the ability to do the best job protecting your boat's 
underwater hardware that they can. 

On fuel injected models, the trim tab serves as the gearcase anode. 
If the anode must be replaced, make an alignment mark between the 
anode and gearcase before removal, then transfer the mark to the 
replacement anode to preserve trim tab adjustment. If the boat pulls to 
one side after replacement and did not previously, refer to the Trim Tab 
Adjustment procedure in the Gearcase section to correct this 
condition. 

All motors covered by this manual are equipped with at least one 
gearcase anode, normally mounted in, on, or near the anti-ventilation plate. 
Some of the motors covered by this manual also have a powerhead mounted 
anode andlor an engine clamp bracket anode. Location of the powerhead 
zincs will vary slightly from motor-to-motor including mounting bosses 
specifically cast in the motor (9.9115 hp 4-strokes) or on the manifold 
assemblies (40-70 hp 4-strokes). Most 737cc and larger motors are 
equipped with one or more anodes on the engine mount clamp bracket. 

The 25-55 hp (737cc) 2-stroke motors are equipped with unique 
anodes when it comes to mounting locations. Many of these motors are 
equipped with an anode on the propshaft, behind the propeller and 
thrust washer. Also, most of the motors are equipped with a clamp 
bracket-mounted anode, located on the inner, port side of the bracket It 
faces the boat's transom. Access to the clamp bracket anode on these 
models may be possible from underneath the bracket. 

Some people replace zincs annually. This may or may not be necessary, 
depending on the type of waters in which you boat and depending on 
whether or not the boat is hauled with each use or left in for the season. 
Either way, it is a good idea to remove zincs at least annually in order to 
make sure the mounting surfaces are still clean and free of corrosion. 

The first thing to remember is that zincs are electrical components and 
like all electrical components, they require good clean connections. So after 

Fig. 111 All motors have at least one anode 
mounted on the gearcase.. . 

Fig. 112 . . .though some are under the 
anti-ventilation plate and . . . 

Fig. 113 . . . others are mounted inside the 
gearcase (often accessed from underneath) 
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Fig. 117 Some motors use lead wires used to  connect bracketed 
parts and assist in corrosion resistance 

Fig. 114 Fuel injected motors utilize a trim 
tab anode on the gearcase 1 

you've undone the mounting hardware you want to get the zinc mounting 
sites clean and shiny. 

Get a piece of coarse emery cloth or some 80-grit sandpaper. Thoroughly 
rough up the areas where the zincs attach (there's often a bit of corrosion 
residue in these spots). Make sure to remove every trace of corrosion. 

Zincs are attached with stainless steel machine screws that thread into 
the mounting for the zincs. Over the course of a season, this mounting 
hardware is inclined to loosen. Mount the zincs and tighten the mounting 
hardware securely. Tap the zincs with a hammer hitting the mounting screws 
squarely. This process tightens the zincs and allows the mounting hardware 
to become a bit loose in the process. Now, do the final tightening. This will 
insure your zincs stay put for the entire season. 

+ See Figure 118 

Fig. 115 Some motors, like this 9.9115 4- 
stroke have bosses to mount powerhead 
anodes 

All 4-stroke motors covered by this manual, except the 40150 hp (815cc) 
models, use a timing belt to synchronize the camshaft and crankshaft (for 
correct valve timing). The timing belt is a long life component that does not 
require much in the way or service, but we would recommend that you 
inspect it at least once every year. Also, although the manufacturer provides 
no recommended replacement interval, experience shows that it is wise to 
replace it every 4-5 years or after 600-800 hours of operation, whichever 
comes first. Keep in mind, a timing belt that breaks or even slips a tooth will 
likely disable the motor, possibly stranding the boat. The 40150 hp 4-strokes 
are equipped with a timing chain and do not require regular inspection. 

Fig. 116 Most 737cc and larger units at least I one anode on the engine clamp bracket 

I Fig. 118 Although the timing belt i s  partially visible on many 4- 
strokes, thorough inspection rewires cover removal I 
On some versions of 9.9115 hp (305cc), the timing belt is visible at one 

point in the manual starter cover. On most 819.9 hp (211cc) and 516 hp 
(128cc) motors, the belt is partially visible under the manual starter cover, but 
a thorough inspection is much easier once the manual starter cover and/or 
assembly is removed. For 70 hp (1298cc) motors, the flywheel cover must 
be removed to inspect the belt. 

1. For safety when working around the flywheel, disconnect the 
negative battery cable andlor disconnect the leads from the spark plugs, 
then ground the leads on the powerhead. 

W Although not absolutely necessary for this procedure, it is a good 
idea to remove the spark plugs at this time. Removing the spark plugs 
will relieve engine compression, making it easier to manually rotate the 
motor. Also, it presents a good opportunity to inspect, clean andlor 
replace the plugs. 

2. Remove the manual starter assembly or the flywheel cover, as 
applicable, for better access to the timing belt. 

3. Use low-pressure compressed air to blow debris out from under the 
camshaft pulley, flywheel and timing belt. 

4. Visually check the belt for worn, cracked or oil soaked surfaces. 
Slowly rotate the flywheel (by hand) while inspecting all of the timing belt 
cogs. 

5. Visually check the camshaft pulley and flywheel teeth for worn, 
cracked, chipped or otherwise damaged surfaces. 

6. If the belt and or pulleys are damaged, replace them as described 
under Powerhead in this manual. - 

7. If removed, install the manual starter assembly or flywheel cover to 
the powerhead. 

8. Install the spark plugs, then connect the leads followed by the 
negative battery cable and the engine cover. 
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+ See Figures 119 and 120 

Batteries require periodic servicing, so a definite maintenance program 
will help ensure extended life. 

A failure to maintain the battery in good order can prevent it from properly 
charging or properly performing its job even when fully charged. Low levels 
of electrolyte in the cells, loose or dirty cable connections at the battery 
terminals or possibly an excessively dirty battery top can all contribute to an 
improperly functioning battery. So battery maintenance, first and foremost, 
involves keeping the battery full of electrolyte, properly charged and keeping 
the casingiconnections clean of corrosion or debris. 

If a battery charges and tests satisfactorily but still fails to perform 
properly in service, one of three problems could be the cause. 

1. An accessory left on overnight or for a long period of time can 
discharge a battery. 

The Engine Control Unit (ECU) on fuel-injected motors covered by 
this manual will continue to draw a small amount of current from the 
battery, even when the motor is shut off. Although it will takes weeks to 
discharge a fully charged battery, periodically recharging the battery, or 
isolating it by disconnecting the cables or shutting off the battery 
switch when the boat is dockside or on the trailer will prevent this. 

Fig. 119 Explosive hydrogen gas is released from the batteries in a 
discharged state. This one exploded when something ignited the 
gas. Explosions can also be caused by a spark from the battery 
terminals or jumper cables 

Fig. 121 Place a battery terminal tool over 
posts, then rotate back and forth . . . 

2. Using more electrical power than the stator assembly or lighting coil 
can replace would slowly drain the battery during motor operation, resulting 
in an undercharged condition. 

3. A defect in the charging system. A faulty stator assembly or lighting 
coil, defective regulator or rectifier or high resistance somewhere in the 
system could cause the battery to become undercharged. 

MAINTENANCE 

+ See Figures 120 thru 123 

Electrolyte Level 

The most common and important procedure in battery maintenance is 
checking the electrolyte level. On most batteries, this is accomplished by 
removing the cell caps and visually observing the level in the cells. The 
bottom of each cell has a split vent which will cause the surface of the 
electrolyte to appear distorted when it makes contact. When the distortion 
first appears at the bottom of the split vent, the electrolyte level is correct. 
Smaller marine batteries are sometimes eauiooed with translucent cases that 
are printed or embossed with high and low'l&el markings on the side. On 
some of these, shining a flashlight through the battery case will help make it 
easier to determine the electrolyte level. 

Fig. 120 Ignoring a battery (and corrosion) to this extent is asking 
for it to fail 

Fig. 122 . . . until the internal brushes 
exDose a fresh. clean surface on the post 

Fig. 123 Clean the insides of cable ring 
terminals using the tool's wire brush 
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During hot weather and periods of heavy use, the electrolyte level should 

be checked more often than during normal operation. Add distilled water to 
bring the level of electrolyte in each cell to the proper level. Take care not to 
overfill, because adding an excessive amount of water will cause loss of 
electrolyte and any loss will result in poor performance, short battery life and 
will contribute quickly to corrosion. 

H Never add electrolyte from another battery. Use only distilled water. 
Even tap water may contain minerals or additives that will promote 
corrosion on the battery plates, so distilled water is always the best 
solution. 

Although less common in marine applications than other uses today, 
sealed maintenance-free batteries also require electrolyte level checks, 
through the window built into the tops of the cases. The problem for marine 
applications is the tendency for deep cycle use to cause electrolyte 
evaporation and electrolyte cannot be replenished in a sealed battery. 

The second most important procedure in battery maintenance is 
periodically cleaning the battery terminals and case. 

Cleaning 

Dirt and corrosion should be cleaned from the battery as soon as it is 
discovered. Any accumulation of acid film or dirt will permit a small amount of 
current to flow between the terminals. Such a current flow will drain the 
battery over a period of time. 

Clean the exterior of the battery with a solution of diluted ammonia or a 
paste made from baking soda and water. This is a base solution to neutralize 
any acid that may be present. Flush the cleaning solution off with plenty of 
clean water. 

H Take care to prevent any of the neutralizing solution from entering 
the cells as it will quickly neutralize the electrolyte (ruining the battery). 

Poor contact at the terminals will add resistance to the charging circuit. 
This resistance will cause the voltage regulator to register a fully charged 
battery and thus cut down on the stator assembly or lighting coil output 
adding to the low battery charge problem. 

At least once a season, the battery terminals and cable clamps should be 
cleaned. Loosen the clamps and remove the cables, negative cable first. On 
batteries with top mounted posts, if the terminals appear stuck, use a puller 
specially made for this purpose to ensure the battery casing is not damaged. 
NEVER pry a terminal off a battery post. These are inexpensive and 
available in most parts stores. 

Clean the cable clamps and the battery terminal with a wire brush until all 
corrosion, grease, etc., is removed and the metal is shiny. It is especially 
important to clean the inside of the clamp thoroughly (a wire brush or brush 
part of a battery post cleaning tool is useful here), since a small deposit of 
foreign material or oxidation there will prevent a sound electrical connection 
and inhibit either starting or charging. It is also a good idea to apply some 
dielectric grease to the terminal, as this will aid in the prevention of 
corrosion. 

After the clamps and terminals are clean, reinstall the cables, negative 
cable last, do not hammer the clamps onto battery posts. Tighten the clamps 
securely but do not distort them. To help slow or prevent corrosion, give the 
clamps and terminals a thin external coating of grease after installation. 

Check the cables at the same time that the terminals are cleaned. If the 
insulation is cracked or broken or if its end is frayed, that cable should be 
replaced with a new one of the same length and gauge. 

TESTING 

- + See Figure 124 

A quick check of the battery is to place a voltmeter across the terminals. 
Although this is by no means a clear indication, it gives you a starting point 
when trying to troubleshoot an electrical problem that could be battery 
related. Most marine batteries will be of the 12 volt DC variety. They are 
constructed of 6 cells, each of which is capable of producing slightly more 
than two volts, wired in series so that total voltage is 12 and a fraction. A fully 
charged battery will normally show more than 12 and slightly less than 13 
volts across its terminals. But keep in mind that just because a battery reads 
12.6 or 12.7 volts does NOT mean it is fully charged. It is possible for it to 

have only a surface charge with very little amperage behind it to maintain 
that voltage rating for long under load. A discharged battery will read some 
value less than 12 volts, but can be brought back to 12 volts through 
recharging. Of course a battery with one or more shorted or un-chargeable 
cells will also read less than 12, but it cannot be brought back to 12 t  volts 
after charging. For this reason, the best method to check battery condition on 
most marine batteries is through a specific gravity check. 

A hydrometer is a device that measures the density of a liquid when 
compared to water (specific gravity). Hydrometers are used to test batteries 
by measuring the percentage of sulfuric acid in the battery electrolyte in 
terms of specific gravity. When the condition of the battery drops from fully 
charged to discharged, the acid is converted to water as electrons leave the 
solution and enter the plates, causing the specific gravity of the electrolyte to 
drop. 

It may not be common knowledge but hydrometer floats are calibrated for 
use at 80°F (27°C). If the hydrometer is used at any other temperature, 
hotter or colder, a correction factor must be applied. 

Remember, a liquid will expand if it is heated and will contract if 
cooled. Such expansion and contraction will cause a definite change in 
the specific gravity of the liquid, in this case the electrolyte. 

A quality hydrometer will have a thermometerltemperature correction table 
in the lower portion, as illustrated in the accompanying illustration. By 
measuring the air temperature around the battery and from the table, a 
correction factor may be applied to the specific gravity reading of the 
hydrometer float. In this manner, an accurate determination may be made as 
to the condition of the battery. 

When using a hydrometer, pay careful attention to the following points: 
1. Never attempt to take a reading immediately after adding water to the 

battery. Allow at least 114 hour of charging at a high rate to thoroughly mix 
the electrolyte with the new water. This time will also allow for the necessary 
gases to be created. 

2. Always be sure the hydrometer is clean inside and out as a 
precaution against contaminating the electrolyte. 

3. If a thermometer is an inteqral part of the hydrometer, draw liauid into 
several times to ensure the correct temperature before taking a reading. 

Fig. 124 A hydrometer is the best method for checking battery 
condition 
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4. Be sure to hold the hydrometer vertically and suck up liquid only until 

the float is free and floating. 
5. Always hold the hydrometer at eye level and take the reading at the 

surface of the liquid with the float free and floating. 
6. Disregard the slight curvature appearing where the liquid rises 

against the float stem. This phenomenon is due to surface tension. 
7. Do not drop any of the battery fluid on the boat or on your clothing, 

because it is extremely caustic. Use water and baking soda to neutralize any 
battery liquid that does accidentally drop. 

8. After drawing electrolyte from the battery cell until the float is barely 
free, note the level of the liquid inside the hydrometer. If the level is within 
the charged (usually green) band range for all cells, the condition of the 
battery is satisfactory. If the level is within the discharged (usually white) 
band for all cells, the battery is in fair condition. 

9. If the level is within the green or white band for all cells except one, 
which registers in the red, the cell is shorted internally. No amount of 
charging will bring the battery back to satisfactory condition. 

10. If the level in all cells is about the same, even if it falls in the red 
band, the battery may be recharged and returned to service. If the level fails 
to rise above the red band after charging, the only solution is to replace the 
battery. 

STORAGE 

If the boat is to be laid up (placed into storage) for the winter or for more 
than a few weeks, special attention must be given to the battery to prevent 
complete discharge andlor possible damage to the terminals and wiring. 
Before putting the boat in storage, disconnect and remove the batteries. 
Clean them thoroughly of any dirt or corrosion and then charge them to full 
specific gravity readings. After they are fully charged, store them in a clean 
cool dry place where they will not be damaged or knocked over, preferably 
on a couple blocks of wood. Storing the battery up off the deck, will permit 
air to circulate freely around and under the battery and will help to prevent 
condensation. 

Never store the battery with anything on top of it or cover the battery in 
such a manner as to prevent air from circulating around the filler caps. All 
batteries, both new and old, will discharge during periods of storage, more so 
if they are hot than if they remain cool. Therefore, the electrolyte level and 
the specific gravity should be checked at regular intervals. A drop in the 
specific gravity reading is cause to charge them back to a full reading. 

In cold climates, care should be exercised in selecting the battery storage 
area. A fully-charged battery will freeze at about 60°F below zero. The 
electrolyte of a discharged battery, almost dead, will begin forming ice at 
about 19°F above zero. 

For more information on batteries and the engine electrical systems, 
please refer to the Ignition and Electrical section of this manual. 

Fig. 125 The best way to  care for a 
fiberglass hull is to wash it thoroughly 

INSPECTION AND CARE 

* See Figures 125,126 and 127 

Fiberglass reinforced plastic hulls are tough, durable and highly resistant 
to impact. However, like any other material they can be damaged. One of the 
advantages of this type of construction is the relative ease with which it may 
be repaired. 

A fiberglass hull has almost no internal stresses. Therefore, when the hull 
is broken or stove-in, it retains its true form. It will not dent to take an out-of- 
shape set. When the hull sustains a severe blow, the impact will be either 
absorbed by deflection of the laminated panel or the blow will result in a 
definite, localized break. In addition to hull damage, bulkheads, stringers and 
other stiffening structures attached to the hull may also be affected and 
therefore, should be checked. Repairs are usually confined to the general 
area of the rupture. 

The best way to care for a fiberglass hull i s  to wash it thoroughly, 
immediately after hauling the boat while the hull i s  still wet. 

A foul bottom can seriously affect boat performance. This is one reason 
why racers, large and small, both powerboat and sail, are constantly giving 
attention to the condition of the hull below the waterline. 

In areas where marine growth is prevalent, a coating of vinyl, anti-fouling 
bottom paint should be applied if the boat is going to be left in the water for 
extended periods of time such as all or a large part of the season. If growth 
has developed on the bottom, it can be removed with a diluted solution of 
muriatic acid applied with a brush or swab and then rinsed with clear water. 
Always use rubber gloves when working with Muriatic acid and take extra 
care to keep it away from your face and hands. The fumes are toxic. 
Therefore, work in a well-ventilated area or if outside, keep your face on the 
windward side of the work. 

If marine growth i s  not too severe you may avoid the 
unpleasantness of working with muriatic acid by trying a power washer 
instead. Most marine vegetation can be removed by pressurized water 
and a little bit of scrubbing using a rough sponge (don't use anything 
that will scratch or damage the surface). 

Barnacles have a nasty habit of making their home on the bottom of boats 
that have not been treated with anti-fouling paint. Actually they will not harm 
the fiberglass hull but can develop into a major nuisance. 

If barnacles or other crustaceans have attached themselves to the hull, 
extra work will be required to bring the bottom back to a satisfactory 
condition. First, if practical, put the boat into a body of fresh water and allow 
it to remain for a few days. A large percentage of the growth can be removed 
in this manner. If this remedy is not possible, wash the bottom thoroughly 
with a high-pressure fresh water source and use a scraper. Small particles of 
hard shell may still hold fast. These can be removed with sandpaper. 

Fig. 126 If marine growth i s  a problem, 
apply a coating of anti-foul bottom paint 

Fig. 127 Fiberglass, vinyl and rubber care 
products, like those from Meguiar's protect 
your boat 
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A proper tune-up is the key to long and trouble-free outboard life and the 
work can yield its own rewards. Studies have shown that a properly tuned 
and maintained outboard can achieve better fuel economy than an out-of- 
tune engine. As a conscientious boater, set aside a Saturday morning, say 
once a month, to check or replace items which could cause major problems 
later. Keep your own personal log to jot down which services you performed, 
how much the parts cost you, the date and the number of hours on the 
engine at the time. Keep all receipts for such items as oil and filters, so that 
they may be referred to in case of related problems or to determine 
operating expenses. These receipts are the only proof you have that the 
required maintenance was performed. In the event of a warranty problem on 
newer engines, these receipts will be invaluable. 

The efficiency, reliability, fuel economy and enjoyment available from 
boating are all directly dependent on having your outboard tuned properly. 
The importance of performing service work in the proper sequence cannot 
be over emphasized. Before making any adjustments, check the 
specifications. Never rely on memory when making critical adjustments. 

Before tuning any outboard, insure it has satisfactory compression. An 
outboard with worn or broken piston rings, burned pistons or scored cylinder 
walls, will not perform properly no matter how much time and expense is 
spent on the tune-up. Poor compression must be corrected or the tune-up 
will not give the desired results. 

The extent of the engine tune-up is usually dependent on the time lapse 
since the last service. In this section, a logical sequence of tune-up steps will 
be presented in general terms. If additional information or detailed service 
work is required, refer to the section of this manual containing the 
appropriate instructions. 

A tune-up can be defined as predetermined series of procedures 
(adjustments, tests and worn component replacements) that are performed 
to bring the engine operating parameters back to original condition. The 
series of steps are important, as the later procedures (especially 
adjustments) are dependant upon the earlier procedures. In other words, a 
procedure is performed only when subsequent steps would not change the 
result of that procedure (this is mostly for adjustments or settings that would 
be incorrect after changing another part or setting). For instance, fouled or 
excessively worn spark plugs may affect engine idle. If adjustments were 
made to the idle speed or mixture before these plugs were cleaned or 
replaced, the idle speed or mixture might be wrong after replacing the plugs. 
The possibilities of such an effect become much greater when dealing with 
multiple adjustments such as timing, idle speed andlor idle mixture. 
Therefore, be sure to follow each of the steps given here. Since many of the 
steps listed here are full procedures in themselves, refer to the procedures of 
the same name in this section for details. 

A complete pre-season tune-up should be performed at the beginning of 
each season or when the motor is removed from storage. Operating 
conditions, amount of use and the frequency of maintenance required by 
your motor may make one or more additional tune-ups necessary during the 
season. Perform additional tune-ups as use dictates. 

1. Before starting, inspect the motor thoroughly for signs of obvious 
leaks, damage and loose or missing components. Make repairs, as 
necessary. 

2. If OMC Carbon Guard of equivalent is not used consistently with 
each fill-up, remove carbon from the pistons and combustion chamber after 
every 50 hours of operation. Refer to the De-carboning the Pistons in this 
section. 

3. Perform a compression check to make sure the motor is 
mechanically ready for a tune-up. An engine with low compression on one or 
more cylinder should be overhauled, not tuned. A tune-up will not be 
successful without sufficient engine compression. Refer to the Compression 
Test in this section. 

4. Since the spark plugs must be removed for the compression check, 
take the opportunity to inspect them thoroughly for signs of oil fouling, carbon 
fouling, damage due to detonation, etc. Clean and re-gap the plugs or, better 
yet, install new plugs as no amount of cleaning will precisely match the 
performance and life of new plugs. Refer to Spark Plugs, in this section. 

5. A couple of early 1990 single cylinder models are equipped with a 
breaker point and condenser style ignition system. On these models it is 
usually a good idea to proactively replace the points at LEAST every 100 
hours or at the beginning of the season, whichever comes first. 

6. Visually inspect all ignition system components for signs of obvious 
defects. Look for signs of burnt, cracked or broken insulation. Replace wires 
or components with obvious defects. If spark plug condition suggests weak 
or no spark on one or more cylinders, perform ignition system testing to 
eliminate possible worn or defective components. Refer to the Ignition 
System Inspection procedures in this section and the Ignition and Electrical 
System section. 

7. Remove and clean (on serviceable filters) or replace the inline filter 
andlor fuel pump filter, as equipped. Refer to the Fuel Filter procedures in 
this section. Perform a thorough inspection of the fuel system, hoses and 
components. Replace any cracked or deteriorating hoses. 

8. Perform engine Timing and Synchronization adjustments as 
described in this section. 

Although most of the motors covered by this manual allow for 
certain ignition timing and carburetor adjustment procedures, none of 
them reauire the level of tunina attention that was once the norm. Manv 
of the mbtors are equipped with electronic ignition systems that limit dr 
eliminate timina adiustments. Manv of the carburetors covered bv this 
manual are u.< EPA regulated and contain few mixture adjustmehs. 
EFI motors are all but completely controlled by the Engine Control Unit 
(ECU) and contain no timing or fuel adjustments. 

9. Except for jet drive models, remove the propeller (or rotor on 
RescueProB) in order to thoroughly check for leaks at the shaft seal. Inspect 
the propeller or rotor condition, look for nicks, cracks or other signs of 
damage and repair or replace, as necessary. If available, install a test wheel 
to run the motor in a test tank after completion of the tune-up. If no test 
wheel is available, lubricate the shaftkplines, then install the propeller or 
rotor. Refer to the procedures for Propeller or RescueProB Rotor in this 
section, as applicable. 

10. Change the gearcase oil as directed under the Gearcase Oil 
procedures in this section. If you are conducting a pre-season tune-up and 
the oil was changed immediately prior to storage this is not necessary. But, 
be sure to check the oil level and condition. Drain the oil anyway if significant 
contamination is present. 

Anytime large amounts of water or debris is present in the gearcase 
oil, be sure to troubleshoot and repair the problem before returning the 
gearcase to service. The presence of water may indicate problems with 
the seals, while debris could a sign that overhaul is required. 

11. Check all accessible bolts and fasteners and tighten any that are 
loose. 

12. On all carbureted models, re-torque the cylinder head bolts following 
the applicable steps of the cylinder the cylinder head removal and installation 
procedures. The cylinder head cover or rockerlvalve cover must be removed 
for access. Each of the bolts should be loosened using the reverse of the 
tightening sequence, then re-torque using one or more passes of the 
tightening sequence, as directed. Refer to the procedures under Powerhead 
for details. 

Before installing the cylinder head (valve cover) on &stroke 
engines, check and adjust the valve lash, as necessary. 

13. On all Cstroke models, check and adjust the valve lash clearance. 
Although the manufacturer does not specifically call for periodic checks of 
the valve clearance on 40-70 hp motors, we suggest that you make this part 
of your annual routine to check for premature camshaft wear that has been 
noticed in the field. This wear often occurs from the use of incorrect 
typesigrade of oil or from infrequent oil changes. A sudden or drastic change 
in valve lash can be an early indicator, giving you time to change types of oil 
or the frequency of service the engine is receiving before necessitating a 
costly and troul;lesome camshaft replacement. 

- 

14. Pressurize the fuel svstem accordina to the ~rocedures found in the 
Fuel System section, then ckeck carefully f& leaks.' 

15. Perform a test run of the engine to verify proper operation of the _ 
starting, fuel, oil and cooling systems. Although this can be performed using 
a flushitest adapter or even on the boat itself (if operating with a normal 
loadlpassengers), the preferred method is the use of a test tank. If possible, 
run the engine, in a test tank using the appropriate test wheel. Monitor the 
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cooling system indicator stream to ensure the water pump is working 
properly. Once the engine is fully warmed, slowly advance the engine to 
wide-open throttle, then note and record the maximum engine speed. Refer 
to the Tune-up Specifications chart to compare engine speeds with the test 
propeller minimum rpm specifications. If engine speeds are below 
specifications, yet engine compression was sufficient at the beginning of this 
procedure, recheck the fuel and ignition system adjustments. 

A by-product of the normal combustion process, carbon will build-up on 
the pistons and in the combustion chambers of a motor over time. Engine 
tuning and condition will affect this process, as a properly tuned engine 
running high-quality fuels under proper conditions will reduce the amount of 
build-up, but not stop it completely. Generally speaking an out-of-tune motor, 
a motor running too rich or a motor run under extended idle conditions will 
increase the rate at which carbon deposits are formed. Carbon, when its 
presence becomes significant enough, will increase the compression ratio 
(by decreasing effective combustion chamber size) and will lead to 
detonation. Also, over time, carbon may cause piston rings to stick, which 
would lead to blow-by or, on 4-stroke motors, excessive oil combustion. For 
this reason, the original engine manufacturer recommends the use of OMC 
Carbon Guard fuel additive with each fill up in order to help slow this 
process. 

The manufacturer also warns that, if this fuel additive is not used. the 
pistons and combustion chambers should be cleaned of deposits using OMC 
Engine Tuner after, at least every 50 hours of engine operation. As noted 
earlier, variables such as types of fuel used and patterns of usage (wide- 
open throttle vs. extensive idle) will also have an effect upon how often this 
procedure should be followed. Let your own experience (and the amount of 
carbon found on your spark plugs) be your guide. 

1. Provide the engine with a cooling water source (either and engine 
flushing adapter, a test tank, or if necessary, perform this procedure with the 
boat and motor in the water, attached to a sturdy dock). 

2. Start and run the engine at normal idle until it reaches normal 
operating temperature. 

3. Set the engine to fast idle (except on fuel injected motors where the 
idle speed is controlled by the computer module). For most engines a fast 
idle of around 1200 rpm is sufficient. 

4. For severe cases of carbon build-up, run the engine to normal 
operating temperature, then shut the engine off and remove the spark plugs. 
Lay the engine into a horizontal position and peer through the spark plug 
holes as you slowly turn the motor over by hand. With the pistons leveled so 
as to best block of the ports (on 2-strokes) cover the tops of the pistons with 
engine tuner and let sit for approximately one hour. After at least that amount 
of time, rotate the engine a couple of revolutions by hand to remove the 
cleaner. 

5. For less severe (typical cases of carbon build-up), spray the entire 
contents of the OMC Engine Tuner can either through the carburetor 
throat(s) or through the fuel primer solenoid fogging fitting with the engine 
still running from Step 3 above. If working with multiple carburetors, the 
fogging fitting is best to use at it will ensure even distribution of the Engine 
Tuner. But, if the engine is not equipped with an electric primer solenoid, 
move the spray nozzle from carburetor-to-carburetor, back and forth in 
sequence until the can is emptied. Once all of the Engine Tuner has been 
sprayed, shut the engine OFF and allow the cleaner to penetrate for at least 
15 minutes (but more time is permissible). 

6. If removed, reconnect the flushing device or place the engine back in 
the water (test tank or dockside), then start the engine again and warm it to 
normal operating temperature. When warmed, run the engine above 112 
throttle for at least 3-5 minutes. 

7. Shut the engine off, then remove and inspect the spark plugs. Shine 
a small light through each spark plug bore to examine the tops of the pistons 
and compare the visual evidence of carbon build-up to that before the 
procedure. If necessary, repeat the procedure using a second can of engine 
tuner and following the step for severe cases. 

The quickest (but not necessarily most accurate) way to gauge the 
condition of an internal combustion engine is through a compression check. 
In order for an internal combustion engine to work properly, it must be able to 

generate sufficient compression in the combustion chamber to take 
advantage of the explosive force generated by the expanding gases after 
ignition. This is true on motors whether they are of the 2- or Cstroke design. 

If the combustion chambers, ports (2-stroke engines) or valves (4-stroke 
engines) are worn or damaged in some fashion as to allow pressure to 
escape, the engine cannot develop sufficient horsepower. Under these 
circumstances, combustion will not occur properly, airlfuel mixtures cannot 
be set to maximize power and minimize emissions. A engine with poor 
compression on one or more cylinders cannot given a proper tune-up, it 
should be overhauled. 

There are two compression tests provided here, the first (TUNE-UP 
COMPRESSION TEST) is a quick-test used during a tune-up to determine if 
you should continue or stop and overhaul the motor. This test is what 
technicians think of when you say compression check as it measures the 
ability of a motor to create compression. The second (OVERHAUL 
LEAKAGE TEST) is a diagnostic check that is used when the engine has 
been partially disassembled for an overhaul (to precisely check components 
in the powerhead for pressure leakage) or during assembly after an overhaul 
(to confirm powerhead condition). The second test is also referred to as a 
"leak-down" test by some technicians as it measures the ability of an engine 
to hold pressure provided by another source and keep it from "leaking." 

A compression check requires a compression gauge and a spark plug 
port adapter that matches the plug threads of your motor. A leakage test 
requires a source of pressurized air, a pressure gauge or leak-down test 
adapter, a spark plug port adapter and, for two-stroke motors, various plates 
to block of intakelexhaust ports on your engine. The low-pressures of a 
leakage test for a 2-stroke engine allow the use of a simple source of 
pressurized air such as a hand pump. The much greater pressures used on 
4-stroke engines typically makes a hand pump impractical. For 4-stroke 
motors, use a portable air tank filled with pressurized air or best yet, an air 
compressor. 

TUNE-UP COMPRESSION CHECK 

ERA TE 
+ See Figure 128 

When analyzing the results of a compression check, generally the actual 
amount of pressure measured during a compression check is not as 
important as the variation from cylinder-to-cylinder on the same motor. For 
multi-cylinder powerheads, a variation of 15 psi (100 kPa) or more is usually 
considered questionable. On single cylinder powerheads, a drop of 15 psi 
(100 kPa) from the normal compression pressure you established when it 
was new is cause for concern (you did do a compression test on it when it 
was new, didn't you?). 

Ok, for the point of arguments sake let's say you bought the engine used 
or never checked compression the first season or so, assuming it wasn't 
somethino you needed to worry about. You're not alone. Although 
~ohnson/&nrude does not publish a specification for the amount of 
compression each of their engines should generate, a general rule of thumb 

I Fig. 128 Compression check on a typical multi-cylinder powerhead 
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that can be applied is that internal combustion engines should generate at 
least 100 psi (690 kPa). However, even this rule of thumb may be misleading 
on smaller 2-strokes, as we've seen initial specifications as low as about 70 
psi (483 kPa) on units from other manufacturers (and even less if they used 
a form of cylinder decompression for easy starting). 

Another point of comparison for your compression specifications can be 
similar design marine engines from other manufacturers. Other single and 
twin marine engines show published specifications of 115-142 psi (800-1000 
kPa), while triple and Ccylinder motors are sometimes even higher in the 
185-228 psi (1 300-1 600 kPa) range, especially on Cstrokes. 

BUT, keep in mind that these are typical specs and not specifications for 
JohnsonlEvinrude motors, so don't put too much credence on your results as 
compared to these. Again, comparison figures with the other cylinders on the 
same motor (or readings when the motor was new) are most important. 

When taking readings during the compression check, repeat the 
procedure a few times for each cylinder, recording the highest reading for 
that cylinder. Then, for all carbureted multi-cylinder motors covered by this 
manual, the compression reading on the lowest cylinder should within 15 psi 
(100 kPa) of the highest reading. If not, consider performing an OVERHAUL 
LEAKAGE CHECK to determine if the powerhead is in need of a complete or 
partial overhaul. 

For EFI motors covered by this manual, the manufacturer states a slightly 
different tolerance for compression checks. On these motors, the 
compression reading on the lowest cylinder reading should be equal to 80% 
or more of the reading from the highest cylinder reading. In other words, the 
lowest reading should be the equal to or greater than the highest cylinder 
reading multiplied by 0.8. For example, if the highest reading was 150 psi 
(1034 kPa), then the lowest reading must be equal to or more than 150 psi x 
0.8 (1035 kPa x 0.8) or 120 psi (827 kPa). 

If the powerhead has been in storage for an extended period, the 
piston rings may have relaxed. This will often lead to initially low and 
misleading readings. Always run an engine to normal operating 
temperature to ensure that the readings are accurate. 

If you've never removed the spark plugs from this cylinder head 
before, break each one loose and retighten them, to make sure they will 
not seize in the head once it is warmed. Better yet, remove each one 
and coat the threads very lightly with some fresh anti-seize compound. 

1. Using a test tank, flush fitting adapter or other water supply, start and 
run the engine until it reaches normal operating temperature, then shut the 
engine OFF. 

2. Disable the ignition system by removing the lanyard clip. If you do 
not have a lanyard, take a wire jumper lead and connect one end to a good 
engine ground and the other end to the metal connector inside the spark 
plug boot, using one jumper for each plug wire. Never simply disconnect all 
the plug wires. 

Removing all the spark plugs and cranking over the powerhead can 
lead to an explosion if raw fuelloil sprays out of the plug holes. A plug 
wire could spark and ignite this mix outside of the combustion 
chamber if i t  isn't grounded to the engine. Also, on many of the ignition 
systems covered by this manual, cranking the engine and firing the coil 
without allowing the coils to discharge through the spark plug leads 
can lead to severe damage to the ignition system. 

3. Remove all the spark plugs and be sure to keep them in order. 
Carefully inspect the plugs, looking for any inconsistency in coloration and 
for any sign of water or rust near the tip. Refer to the procedures on Spark 
Plugs in this section for more details. 

4. Thread the compression gauge into the No. 1 spark-plug hole, taking 
care to not cross-thread the fitting. 

5. Open the throttle to the wide open throttle position and hold it there. 

Some engines allow only minimal opening if the gearshift i s  in 
neutral, to guard against over-revving. 

6. Crank over the engine an equal number of times for each cylinder 
you test, zeroing the gauge for each cylinder. 

7. If you have electric start, count the number of seconds you crank. On 
manual start, pull the starter rope four to five times for each cylinder you are 
testing. 

8. Record your readings from each cylinder. When all cylinders are 
tested, compare the readings and determine if pressures are within the 15 
psi (100 kPa) or 80% criterion, as applicable. 

9. If compression readings are lower than normal for any cylinders, try a 
"wet" compression test, which will temporarily seal the piston rings and 
determine if they are the cause of the low reading. Using a can of fogging oil, 
fog the cylinder with a circular motion to distribute oil spray all around the 
perimeter of the piston. Retest the cylinder: 

a. If the compression rises noticeably in a wet test, the piston rings are 
sticking. You may be able to cure the problem by decarboning the 
powerhead. 

b. If the dry compression test was really low and no change is evident 
during the wet test, the cylinder is dead. The piston andlor cylinder are worn 
beyond specification and a powerhead overhaul or replacement is 
necessary. 

On 4-stroke engines, a problem with the valve train can also cause 
poor engine compression. A valve that is sticking open (due to physical 
damage, warpage or improper adjustment) will allow pressure to 
escape, lowering the compression readings. 

10. If two adjacent cylinders on a multi-cylinder engine give a similarly 
low reading then the problem may be a faulty head gasket. This should be 
suspected if there was evidence of water or rust on the spark plugs from 
these cylinders. 

OVERHAULLEAKAGECHECK 

Because a 2-stroke powerhead is a pump, the crankcase must be sealed 
against pressure created on the down stroke of the piston and vacuum 
created when the piston moves toward top dead center. If there are air leaks 
into the crankcase, insufficient fuel will be brought into the crankcase and 
into the cylinder for normal combustion. 

If it is a very small leak, the powerhead will run poorly, because the 
fuel mixture will be lean and cylinder temperatures will be hotter than 
normal. 

Air leaks are possible around any seal, O-ring, cylinder block mating 
surface or gasket. Always replace O-rings, gaskets and seals when service 
work is performed. 

The Cstroke engine also acts as a pump, drawing airlfuel mixture into the 
combustion chambers, but in a way slightly different from the 2-stroke 
engine. On 4-strokes, vacuum is created in the combustion chamber itself as 
the piston moves downward on the intake stroke draws the airlfuel mixture 
through the intake manifold and intake valve(s). Similarly, the pressure 
created on the exhaust stroke forces unburned gases out through the 
exhaust valves. Air leaks can wreak havoc for these motors as well, but 
again in a slightly different way. On carbureted Cstroke motors, a lean fuel 
mixture can result from leaks downstream of the carburetor (leaks between 
the carburetor and intake manifold or between the intake manifold and 
engine). Air leaks can also occur on Cstroke motors from slightly different 
so;rce's, as valve trains play an important part in cylinder pressurization (a 
damaged or improperly adjusted intakelexhaust valve can cause problems). 

If the powerhead is running, soapy water can be sprayed onto the 
suspected sealing areas. If bubbles develop, there is a leak at that point. Oil 
around sealing points and on ignition parts under the flywheel indicates a 
crankcase leak. 

The base of the powerhead and lower crankshaft seal is impossible to 
check on an installed powerhead. When every test and system have been 
checked out and the bottom cylinder seems to be effecting performance, 
then the lower seal should be tested. 

Adapter plates are usually available from tool manufacturers to seal the 
inlet, exhaust and base of the powerhead on 2-stroke motors. Adapter plates 
can also be manufactured by cutting metal block off plates from pieces of 
plate steel or aluminum. A pattern made from the gaskets can be used for an 
accurate shape. Seal these plates using rubber or silicone gasket making 
compound. 

* 

Adapter plates are not necessary for leakage tests on 4-stroke 
motors since the camshaft can be turned to close both intakelexhaust 
valves, allowing for a theoretically sealed area in which to perform the 
leakage test (the combustion chamber). 
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I .  For 2-stroke motors, prepare the powerhead for testing by removing 

the carburetorlmanifold and exhaust manifold as necessary, then installing 
adapter plates over the intake ports and the exhaust ports to completely seal 
the powerhead. For details, refer to procedures in the Fuel System and 
Powerhead Overhaul sections. Into one adapter, place an air fitting which will 
accept a hand air pump. 

When installing the adapter plates on 2-stroke motors, make sure to 
leave the water jacket holes open. 

2. For Cstroke motors, prepare a cylinder for testing by turning the 
engine (in the normal direction of rotation) until that piston is approaching top 
dead center of the compression stroke. This can be determined by removing 
the valve cover and observing the intakelexhaust valves. Both valves will 
close and remain so as the engine approaches the top of the compression 
stroke. If one valve opens as this occurs, the engine is on the exhaust stroke 
and crankcase must be rotated one complete revolution to bring that cylinder 
onto the compression stroke. 

Top dead center of the compression stroke is the point at which all 
valves should be closed on a 4-stroke motor so that power from 
combustion can be properly utilized. Leakage tests can only be 
conducted once the valves are fully seated. 

3. Using the hand pump for 2-strokes (or another regulated air source 
for Cstrokes), pressurize the crankcase of 2-stroke motors to about 5 psi 
(34.5 psi) or the combustion chamber of Cstroke motors to 100 psi (690 
kPa). 

4, For 2-stroke motors, spray soapy water around the lower seal area 
and other sealed areas watching for bubbles that would indicate a leaking 
point, Turn the powerhead upside down and fill the water jacket with water. If 
bubbles show up in the in the water when a positive pressure is applied to 
the crankcase, there may be cracks or corrosion holes in the cooling system 
passages. These holes can cause a loss of cooling system effectiveness and 
lead to overheating. 

5. On Cstroke motors, listen for leakage at the carburetorlthrottle body 
andlor exhaust (which would indicate valve sealing problems) or at the 
engine crankcase oil fill (which would indicate problems with the cylinder 
wallslcompression rings). Only a very small amount of pressure should leak 
under normal conditions, excessive pressure leakage indicates a need for 
overhaul or repair. Repeat the procedure for each remaining cylinder on the 
4-stroke motor. 

The manufacturer does not provide specifications for leak-down 
tests on 4-stroke motors. Industry standards vary greatly from 
manufacturer-to-manufacturer. Expect a small percentage of leakdown 
to be normal, anything from a few percent to 10 percent should not be 
cause for alarm. Twenty percent leakdown on a Cstroke motor is 
generally considered a reason for overhaul when combined with other 
driveability symptoms. 

6. For 2-stroke motors, after the pressure test is completed, pull a 
vacuum to stress the seals in the opposite direction and watch for a pressure 
drop. 

7. Note the leaking areas and repair or replace components, seals or 
gaskets, as applicable. 

The spark plug performs four main functions: 
* First and foremost, it provides spark for the combustion process to 

occur. 
It also removes heat from the combustion chamber. 
Its removal ~rovides access to the combustion chamber (for insoection \ ,  

or testing) through a hole in the cylinder head. 
It acts as a dielectric insulator for the ignition system. 

It is important to remember that spark plugs do not create heat, they help 
remove it. Anything that prevents a spark plug from removing the proper 
amount of heat can lead to pre-ignition, detonation, premature spark plug 
failure and even internal engine damage, especially in 2-stroke engines. 

In the simplest of terms, the spark plug acts as the thermometer of the 
engine. Much like a doctor examining a patient, this "thermometer" can be 
used to effectively diagnose the amount of heat present in each combustion 
chamber. 

Spark plugs are valuable tuning tools, when interpreted correctly. They will 
show symptoms of other problems and can reveal a great deal about the 
engine's overall condition. Evaluating the appearance of the spark plug's 

firing tip, gives visual cues to determine the engine's overall operating 
condition, get a feel for airlfuel ratios and even diagnose driveability 
problems. 

As spark plugs grow older, they lose their sharp edges and material from 
the center and ground electrodes slowly erodes away. As the gap between 
these two points grows, the voltage required to bridge this gap increases 
proportionately. The ignition system must work harder to compensate for this 
higher voltage requirement and hence there are a greater rate of misfires or 
incomplete combustion cycles. Each misfire means lost horsepower, reduced 
fuel economy and higher emissions. Replacing worn out spark plugs with 
new ones (with sharp new edges) effectively restores the ignition system's 
efficiency and reduces the percentage of misfires, restoring power, economy 
and reducing emissions. 

Although spark plugs can typically be cleaned and re-gapped if they 
are not excessively worn, no amount of cleaning or re-gapping will 
return most spark plugs to original condition and it is usually best to 
just go ahead and replace them. 

How long spark plugs last will depend on a variety of factors, including 
engine compression, fuel used, gap, centerlground electrode material and 
the conditions in which the outboard is operated. 

SPARK PLUG HEAT RANGE 

+ See Figure 129 

Spark plug heat range is the ability of the plug to dissipate heat from the 
combustion chamber, The longer the insulator (or the farther it extends into 
the engine), the hotter the plug will operate; the shorter the insulator (the 
closer the electrode is to the engine's cooling passages) the cooler it will 
operate. 

Selecting a spark plug with the proper heat range will ensure that the tip 
maintains a temperature high enough to prevent fouling, yet cool enough to 
prevent pre-ignition. A plug that absorbs little heat and remains too cool will 
quickly accumulate deposits of oil and carbon since it won't be able to burn 
them off. This leads to plug fouling and consequently to misfiring. A plug that 
absorbs too much heat will have no deposits but, due to the excessive heat, 
the electrodes will burn away quickly and might also lead to pre-ignition or 
other ignition problems. 

Pre-ignition takes place when plug tips get so hot that they glow 
sufficiently to ignite the airlfuel mixture before the actual spark occurs. This 
early ignition will usually cause a pinging during heavy loads and if not 
corrected, will result in severe engine damage. While there are many other 
things that can cause pre-ignition, selecting the proper heat range spark plug 
will ensure that the spark plug itself is not a hot-spot source. 

The manufacturer recommended spark plugs are listed in the Tune- 
Up Specifications chart. When provided, alternate plugs for extended 
idle andlor extended wide-open throttle service are also listed. 

THE SHORTER THE LONGER 
THE PATH. THE THE PATH. THE 
FASTER THE SLOWER THE 

S- 
NO 
ER 

HEAVY LOADS. 
HIGH SPEEDS 

SHORT Insulator TIP 
Fast Heal Transfer 
LOWER Heaf Range 
COLD PLUG 

SHORT TRIP 
STOP-AND-GO 

LONG lnsulalor Ttp 
Slow Heal Transfer 
HIGHER Heal Range 
HOT PLUG 

Fig. 129 Spark Plug heat range 
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REMOVAL & INSTALLATION 

O See Figures 130 thru 133 

New technologies in spark plug and ignition system design have 
greatly extended spark plug life over the years. But, spark plug life will 
still vary greatly with engine tuning, condition and usage. In general, 2- 
stroke motors are a little tougher on plugs, especially if great care is 
not taken to maintain proper oillfuel mixtures on pre-mix motors. On 4- 
stroke engines, it is not uncommon for plugs to last up to 100 hours of 
operation. 

Typically spark plugs will require replacement once a season. The 
electrode on a new spark plug has a sharp edge but with use, this edge 
becomes rounded by wear, causing the plug gap to increase. As the gap 
increases, the plug's voltage requirement also increases. It requires a 
greater voltage to jump the wider gap and about two to three times as much 
voltage to fire a plug at high speeds than at idle. 

Fouled plugs can cause hard-starting, engine mis-firing or other 
problems. You don't want that happening on the water. Take time, at 
least once a month to remove and inspect the spark plugs. Early signs 
of other tuning or mechanical problems may be found on the plugs that 
could save you from becoming stranded or even allow you to address a 
problem before it ruins the motor. 

Tools needed for spark plug replacement include: a ratchet, short 
extension, spark plug socket (there are two types; either 13116inch or 
5/8inch, depending upon the type of plug), a combination spark plug gauge 
and gapping tool and a can of anti-seize type compound. 

1. When removing spark plugs from multi-cylinder motors, work on one 
at a time. Don't start by removing the plug wires all at once, because unless 
you number them, they may become mixed up. Take a minute before you 
begin and number the wires with tape. 

2. For safety, disconnect the negative battery cable or turn the battery 
switch OFF. 

3. If the engine has been run recently, allow the engine to thoroughly 
cool (unless performing a compression check). Attempting to remove plugs 
from a hot cylinder head could cause the plugs to seize and damage the 
threads in the cylinder head, especially on aluminum heads! 

To ensure an accurate reading during a compression check, the 
spark plugs must be removed from a hot engine. But, DO NOT force a 
plug if it feels like it is seized. Instead, wait until the engine has cooled, 
remove the plug and coat the threads lightly with anti-seize then 
reinstall and tighten the plug, then back off the tightened position a 
little less than 114 turn. With the plug(s) installed in this manner, re- 
warm the engine and conduct the compression check. 

4. Carefully twist the spark plug wire boot to loosen it, then pull the boot 
using a twisting motion to remove it from the plug. Be sure to pull on the boot 
and not on the wire, otherwise the connector located inside the boot may 
become separated from the high-tension wire. 

A spark plug wire removal tool is recommended as it will make 
removal easier and help prevent damage to the boot and wire 
assembly. Most tools have a wire loom that fits under the plug boot so 
the force of pulling upward is transmitted directly to the bottom of the 
b toot. 

5. Using compressed air (and safety glasses), blow debris from the 
park plug area to assure that no harmful contaminants are allowed to enter 

Fig. 130 Remove the spark plug cap using a 
twisting motion I 

the combustion chamber when the spark plug is removed. If compressed air 
is not available, use a rag or a brush to clean the area. Compressed air is 
available from both an air compressor or from compressed air in cans 
available at photography stores. In a pinch, blow up a balloon by hand and 
use the escaping air to blow debris from the spark plug port(s). 

Remove the spark plugs when the engine is cold, if possible, to 
prevent damage to the threads. If plug removal is difficult, apply a few 
drops of penetrating oil to the area around the base of the plug and 
allow it a few minutes to work. 

6. Using a spark plug socket that is equipped with a rubber insert to 
properly hold the plug, turn the spark plug counterclockwise to loosen and 
remove the spark plug from the bore. 

Avoid the use of a flexible extension on the socket. Use of a flexible 
extension may allow a shear force to be applied to the plug. A shear 
force could break the plug off in the cylinder head, leading to costly 
andlor frustrating repairs. In addition, be sure to support the ratchet 
with your other hand - this will also help prevent the socket from 
damaging the plug. 

7. Evaluate each cylinder's performance by comparing the spark 
condition. Check each spark plug to be sure they are from the same plug 
manufacturer and have the same heat range rating. Inspect the threads in 
the spark plug opening of the block and clean the threads before installing 
the plug. 

8. When purchasing new spark plugs, always ask the dealer if there has 
been a spark plug change for the engine being serviced. Sometimes 
manufacturers will update the type of spark plug used in an engine to offer 
better efficiency or performance. 

9. Always use a new gasket (if applicable). The gasket must be fully 
compressed on clean seats to complete the heat transfer process and to 
provide a gas tight seal in the cylinder. 

10. lnspect the spark plug boot for tears or damage. If a damaged boot is 
found, the spark plug boot and possibly the entire wire will need 
replacement. 

11. Check the spark plug gap prior to installing the plug. Most spark 
plugs do not come gapped to the proper specification. 

12. Apply a thin coating of anti-seize on the thread of the plug. This is 
extremely important on althinum head engines to prevent co;roSon and 
heat from seizing the plug in the threads (which could lead to a damaged 
cylinder head upon removal). 

13. Carefully thread the plug into the bore by hand. If resistance is felt 
before the plug completely bottoms, back the plug out and begin threading 
again. 

Do not use the spark plug socket to thread the plugs. Always carefully 
thread the plug by hand or using an old plug wirelboot to prevent the 
possibility of crossthreading and damaging the cylinder head bore. An 
old plug wirelboot can be used to thread the plug if you turn the wire 
by hand. Should the plug begin to crossthread the wire will twist before 
the cylinder head would be damaged. This trick is useful when 
accessories or a deep cylinder head design prevents you from easily 
keeping fingers on the plug while it is threaded by hand. 

Fig. 131 Then loosen the plug using a spark 
plug socket. . . 

Fig. 132 . . . and remove the spark plug 
from the cvlinder head 
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Fig. 133 To prevent corrosion, apply a small amount of grease to 
the plug and boot during installation 

14. Carefully tighten the spark plug to specification using a torque . . .  

wrench as follows:- 
* All 2-stroke motors and 70 hp 4-strokes: 17-20 ft. Ibs. (23-27 Nm) 

All 5-15 hp 4-stroke motors: 14-1 8 ft. Ibs. (1 9-24 Nm) 
All 40150 hp 4-stroke motors: 11-14 ft. Ibs. (15-19 Nm) 

Whenever possible, spark plugs should be tightened to the factory 
torque specification. If a torque wrench is not available, and the plug 
you are installing is equipped with a crush washer, tighten the plug 
until the washer seats, then turn it ll4turn to crush the washer. 

15. Apply a small amount of OMC Triple-Guard or a silicone dielectric 
grease to the ribbed, ceramic portion of the spark plug lead and inside the 
spark plug boot to prevent sticking, then install the boot to the spark plug and 
push until it clicks into place. The click may be felt or heard. Gently pull back 
on the boot to assure proper contact. 

16. Connect the negative battery cable or turn the battery switch ON. 
17. Test run the outboard (using a test tank or flush fitting) and insure 

proper operation. 

Fig. 134 A normally worn spark plug should 
have light tan or gray deposits on the firing 
tip (electrode) 

READING SPARK PLUGS 

+ See Figures 134 thru 139 
Readmg spark plugs can be a valuable tuning aid By examining the 

~nsulator firma nose color, you can determine much about the enqme's 
overall operahg condition: 

In general, a light tanlgray color tells you that the spark plug is at the 
optimum temperature and that the engine is in good operating condition. 

Dark coloring, such as heavy black wet or dry deposits usually indicate a 
fouling problem. Heavy, dry deposits can indicate an overly rich condition, 
too cold a heat range spark plug, possible vacuum leak, low compression, 
overly retarded timing or too large a plug gap. 

If the deposits are wet, it can be an indication of a breached head gasket, 
oil control from ring problems (on 4-stroke engines) or an extremely rich 
condition, depending on what liquid is present at the firing tip. 

Also look for signs of detonation, such as silver specs, black specs or 
melting or breakage at the firing tip. 

Compare your plugs to the illustrations shown to identify the most 
common plug conditions. 

Fouled Spark Plugs 
A spark plug is "fouled" when the insulator nose at the firing tip becomes 

coated with a foreign substance, such as fuel, oil or carbon. This coating 
makes it easier for the voltage to follow along the insulator nose and leach 
back down into the metal shell, grounding out, rather than bridging the gap 
normally. 

Fuel, oil and carbon fouling can all be caused by different things but in 
any case, once a spark plug is fouled, it will not provide voltage to the firing 
tip and that cylinder will not fire properly. In many cases, the spark plug 
cannot be cleaned sufficiently to restore normal operation. It is therefore 
recommended that fouled plugs be replaced. 

Signs of fouling or excessive heat must be traced quickly to prevent 
further deterioration of performance and to prevent possible engine damage. 

Overheated Spark Plugs 
When a spark plug tip shows signs of melting or is broken, it usually 

means that excessive heat andlor detonation was present in that particular 
combustion chamber or that the spark plug was suffering from thermal 
shock. 

Fig, 135 A carbon-fouled plug, identified by 
soft, sooty black deposits, may indicate an 
improperly tuned powerhead 

Fig. 136 This spark plug has been left in the 
powerhead too long, as evidenced by the 
extreme gap. Plugs with such an extreme 
gap can cause misfiring and stumbling 
accompanied by a noticeable lack of power 

- www.instant-manuals.com -



2-46 MAINTENANCE & TUNE-UP 

Fig. 137 An oil-fouled spark plug indicates a 
powerhead with worn piston rings or a 
malfunctioning oil injection system that 
allows excessive oil to enter the combustion 
chamber 

Fig. 138 A physically damaged spark plug 
mav be evidence of severe detonation in 
thai cylinder. Watch the cylinder carefully 
between services, as a continued detonation 
will not only damage the plug but will most 
likely damage the powerhead 

Since soark ctluas do not create heat bv themselves, one must use this 
visual clue to trackcdown the root cause oi the problem: In any case, 
damaged firing tips most often indicate that cylinder pressures or 
temperatures were too high. Left unresolved, this condition usually results in 
more serious engine damage. 

Detonation refers to a type of abnormal combustion that is usually 
preceded by pre-ignition. It is most often caused by a hot spot formed in the 
combustion chamber. 

As air and fuel is drawn into the combustion chamber during the intake 
stroke, this hot spot will "pre-ignite" the air fuel mixture without any spark 
from the spark plugs. 

Detonation 

Detonation exerts a great deal of downward force on the pistons as they 
are being forced upward by the mechanical action of the connecting rods. 
When this occurs, the resulting concussion, shock waves and heat can be 
severe. Spark plug tips can be broken or melted and other internal engine 
components such as the pistons or connecting rods themselves can be 
damaged. 

Left unresolved, engine damage is almost certain to occur, with the spark 
plug usually suffering the first signs of damage. 

When signs of detonation or pre-ignition are observed, they are 
symptom of another problem. You must determine and correct the 
situation that caused the hot spot to form in the first place. 

INSPECTION & GAPPING 

+ See Figures 140 and 141 
\%r 

A particular spark plug might fit hundreds of powerheads and although the 
factory will typically set the gap to a pre-selected setting, this gap may not be 
the right one for your particular powerhead. 

Insufficient spark plug gap can cause pre-ignition, detonation, even 
engine damage. Too much gap can result in a higher rate of misfires, 
noticeable loss of power, plug fouling and poor economy. 

Fig. 139 A bridged or almost bridged spark 
plug, identified by the build-up between the 
electrodes caused by excessive carbon or 

Refer to the Tune-up Specifications chart for spark plug gaps. 

Check spark plug gap before installation. The ground electrode (the L- 
shaped one connected to the body of the plug) must be parallel to the center 
electrode and the specified size wire gauge must pass between the 
electrodes with a slight drag. 

Do not use a flat feeler gauge when measuring the gap on a used plug, 
because the reading may be inaccurate. A round-wire type gapping tool is 
the best way to check the gap. The correct gauge should pass through the 
electrode gap with a slight drag. If you're in doubt, try a wire that is one size 
smaller and one larger. The smaller gauge should go through easily, while 
the larger one shouldn't go through at all. 

Wire gapping tools usually have a bending tool attached. USE IT! This 
tool greatly reduces the chance of breaking off the electrode and is much 
more accurate. Never attempt to bend or move the center electrode. Also, be 

I Fig. 140 Use a wire-type spark plug gapping tool to check the 
distance between center and ground electrodes 
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Fig. 141 Most plug gapping tools have an adjusting fitting used to 
bend the ground electrode 

careful not to bend the side electrode too far or too often as it may weaken 
and break off within the engine, requiring removal of the cylinder head to 
retrieve it. 

All JohnsonlEvinrude motors, except the 40150 hp EFI engines that 
utilize direct ignition coils, are equipped with secondary spark leads or 
spark plug wires to carry ignition voltage from the coils to the spark 
plugs. 

TESTING 

DERATE 

Each time you remove the engine cover, visually inspect the spark plug 
wires for burns, cuts or breaks in the insulation. Check the boots on the coil 
and at the spark plug end. Replace any wire that is damaged. 

Once a year, usually when you change your spark plugs, check the 
resistance of the spark plug wires with an ohmmeter. Wires with excessive 
resistance will cause misfiring and may make the engine difficult to start. In 
addition worn wires will allow arcing and misfiring in humid conditions. 

Remove the spark plug wire from the engine.?est the wires by connecting 
one lead of an ohmmeter to the coil end of the wire and the other lead to the 
spark plug end of the wire. Typically resistance for spark plug leads would 
measure approximately 7000 ohms per foot of wire. However, on carbureted 
JohnsonlEvinrude motors, the manufacturer calls for a reading very close to 
or equal to zero ohms resistance. In contrast, the 70 hp EFI motors uses 
resistor leads that should generate 2500-4100 ohms of resistance. If a spark 
plug wire is found to have excessive resistance (much higher resistance than 
specified), or, in the case of 70 hp EFI motors, insufficient resistance, the 
entire set should be replaced. 

Keep in mind that just because a spark plug wire passes a 
resistance test doesn't mean that it is in good shape. Cracked or 
deteriorated insulation will allow the circuit to misfire under load, 
especially when wet. Always visually check wires to cuts, cracks or 
breaks in the insulation. If found, run the engine in a test tank or on a 
flush device either at night (looking for a blueish glow from the wires 
that would indicate arcing) or while spraying water on them while 
listening for an engine stumble. 

Regardless of resistance tests and visual checks, it is never a bad idea to 
replace spark plug leads at least every couple of years, and to keep the old 
ones around for spares. Think of spark plug wires as a relatively low cost 
item that whose replacement can also be considered maintenance. 

REMOVAL & INSTALLATION 

When installing a new set of spark plug wires, replace the wires one at a 
time so there will be no confusion. Coat the inside of the boots with OMC 
Triple-Guard or dielectric grease to prevent sticking. Install the boot firmly 
over the spark plug until it clicks into place. The click may be felt or heard. 
Gently pull back on the boot to assure proper contact. Repeat the process 
for each wire. 

It is important to route the new spark plug wire the same as the 
original and install i t  in  a similar manner on the powerhead. Improper 
routing of spark plug wires may cause powerhead performance 
problems. 

GENERAL INFORMATION 

The breaker points on an outboard powerhead are an extremely important 
part of the ignition system. A set of points may appear to be in good 
condition, but they may be the source of hard starting, misfiring, or poor 
powerhead performance. The rules and knowledge gained from association 
with 4-cycle engines does not necessarily apply to a 2-cycle engine. The 
points should be replaced AT LEAST every 100 hours of operation (or once a 
year, whichever comes first). 

Remember, the less an outboard engine is operated, the more care it 
needs. Allowing an outboard engine to remain idle will do more harm than if 
it is used regularly. 

A breaker point set consists of two points. One is attached to a stationary 
bracket and does not move. The other point is attached to a moveable 
mount. A spring is used to keep the points in contact with each other, except 
when they are separated by the action of a cam built into the flywheel or 
machined on the crankshaft. Both points are constructed with a steel base 
and a tungsten cap fused to the base. 

To properly diagnose magneto (spark) problems, the theory of electricity 
flow must be understood. The flow of electricity through a wire may be 
compared with the flow of water through a pipe. Consider the voltage in the 
wire as the water pressure in the pipe and the amperes as the volume of 
water. Now, if the water pipe is broken, the water does not reach the end of 
the pipe. In a similar manner if the wire is broken the flow of electricity is 
broken. If the pipe springs a leak, the amount of water reaching the end of 
the pipe is reduced. Same with the wire. If the installation is defective or the 
wire becomes grounded, the amount of electricity (amperes) reaching the 
end of the wire is reduced. 

For more details on the theory of electricity flow, please refer to 
Understanding and Troubleshooting Electrical Systems in the Ignition 
and Electrical System section. 

INSPECTION & TESTING 

DERATE - + See Figures 142,143 and 144 

Rough or discolored contact surfaces are sufficient reason for 
replacement. The cam follower will usually have worn away by the time the 
points have become unsatisfactory for efficient service. 

Check the resistance across the contacts. If the test indicates zero 
resistance, the points are serviceable. A slight resistance across the points 
will affect idle operation. A high resistance may cause the ignition system to 
malfunction and loss of spark. Therefore, if any resistance across the points 
is indicated, the point set should be replaced. 

Check the wiring carefully, inspect the points closely and adjust them 
accurately. The point gap setting for all breaker point ignition powerheads - 
covered in this section (except the 2 and 2.3 hp motors) is 0.020 in. 
(0.51 mm) for USED points, and USUALLY 0.22 in. (0.56mm) for new point 
sets. The point gap for the 2.0 hp powerhead is 0.008 in. (both new and 
used points) and the gap for the 2.3 hp powerhead is 0.014 in. (0.35mm). 
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Fig. 142 Worn and corroded breaker points unfit for further service 

Fig. 143 Drawing to illustrate proper point alignment, bottom set, 
compared with exaggerated misalignment of the other two 

Even though the 3.3 hp powerhead is very similar in almost every detail to 
the 2.3 hp, and was introduced in the same year, the point gap for the 3.3 hp 
engine is 0.020 in. (0.5mm) but for both new and used sets of points. 

REPLACEMENT 

DERATE 

Magnetos installed on outboard engines will usually operate over 
extremely long periods of time without requiring adjustment or repair. 
However, if ignition system problems are encountered, and the usual 
corrective actions such as replacement of spark plugs does not correct the 
problem, the magneto output should be checked to determine if the unit is 
functioning properly. 

1. Remove the hood or enough of the powerhead cover to expose the 
flywheel. 

2. If equipped, disconnect the battery connections from the battery 
terminals, if a battery is used to crank the powerhead. If a hand starter is 
installed, remove the attaching hardware from the legs of the starter 
assembly and lift the starter free. 

3. On hand rewind starter models, a round ratchet plate is attached to 
the flywheel to allow the hand starter to engage in the ratchet and thus rotate 
the flywheel. This plate must be removed before the flywheel nut is removed. 

Fig. 144 Drawing to depict how a 0.016 in. feeler gauge may be 
inserted between a badly worn set of points and the actual opening 
is 0.021 in. The point set must be in good condition to obtain an 
accurate adjustment 

4. Remove the nut securina the flvwheel to the crankshaft. It mav be 
necessary to use some type of fiywhed strap to prevent the flywheel irom 
turning as the nut is loosened. 

After the flywheel has been removed it should be placed on the 
bench with the magnets facing upward. This position will help prevent 
small particles from becoming attached to the magnets 

5. Install the proper flywheel puller using the same screw holes in the 
flywheel that are used to secure the ratchet plate removed earlier. Never 
attempt to use a puller that pulls on the outside edge of the flywheel or the 
flywheel may be damaged. After the puller is installed, tighten the center 
screw onto the end of the crankshaft. Continue tightening the screw until the 
flywheel is released from the crankshaft. Remove the flywheel. 

Do not strike the puller center bolt with a hammer in an attempt to 
dislodge the flywheel. Such action could seriously damage the lower 
seal andlor lower bearing. 

~ ~ 

Stop, and carefully observe the magneto and associated wiring layout. 
Study how the magneto is assembled. Take time to make notes on the wire 
routing. Observe how the heels of the laminated core, with the coil attached, 
is flush with the boss on the armature plate. These items must be replaced in 
their proper positions. You MIGHT want to take a digital photo of the engine 
with the flywheel removed: one from the top, and a couple from the sides 
showing the wiring and arrangement of parts. 

The armature plate does not have to be removed to service the 
magneto. If it is necessary to remove the plate for other service work, 
such as to replace the coil or to replace the top seal, see the 
information in the Ignition and Electrical System section. 

6. Remove the screw attaching the wires from the coil and condenser to 
one set of points. On engines equipped with a key switch, "kill" button, or 
"runaway" switch, a ground wire is also connected to this screw. 

7. Using a pair of needle-nose pliers, remove the wire clip from the post - 
protruding through the center of the points. 

8. Again, with the needle-nose pliers, remove the flat retainer holding 
the set of points together. 

9. Lift the moveable side of the points free of the other half of the set. 
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Fig. 145 For access first remove the hand 
rewind starter. . . I 

Fig. 148 Ignition component locations - 
breaker point models 

I Fig. 151 . . .then remove the flat retainer 
holding the point set together 

I Fig. 146 . . .then unbolt.. . 

Fig. 149 Remove the screw securing coil 
and condenser wirina 

Fig. 152 Lift the moveable side of the points 
free. . . 

Fia. 147 . . .and remove the flvwheel 

Fig. 150 Remove the wire clip from the 
point set post. . . 

Fig. 153 . . .then unscrew the fixed side of 
the points 
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I Fig. 156 Set the proper breaker point gap 
using a feeler gauge I I Fig. 154 Always replace the condenser. . . I Fig. 155 . . .and the wick 

10. Remove the hold-down screw securing the non-moveable half of the 
point set to the armature plate. 

11. Remove the hold down screw securing the condenser to the 
armature plate. Observe how the condenser sets into a recess in the 
armature plate. 

W The wick, mounted in a bracket under the coil, can be replaced 
without removing the armature plate. The wick should be replaced each 
and every time the breaker points are replaced. 

12. To replace the wick, simply loosen all three coil retaining screws and 
remove the one screw through the wick holder. Lift the coil slightly and 
remove the wick and wick holder. Slide the new wick into the holder; install 
the holder and wick under the coil; and secure it in place with the retaining 
screw. Adjust the coil as described earlier in this section and tighten the 
three screws. 

To install: 
13. Install the condenser and secure it in place with the hold-down 

screw(s). 

W Hold the base side of the points and the flat retainer. Notice how the 
base has a bar at right angle to the points. Observe the hole in the bar. 
Observe the flat retainer. Notice that one side has a slight indentation. 
When the points are installed, this indentation will slip into the hole in 
the base bar. Fig. 157 Before setting the breaker point gap, the points must be 

properly aligned (top). Always bend the stationary point, never the 
breaker lever. Attempting to adjust an old worn set of points is not 
practical because oxidation and pitting of the points will always 

14. Hold the base side of the points and slide it down over the anchor pin 
onto the armature plate, Install the wavy washer and hold-down screw to 
secure the point base to the armature plate. Tighten the hold-down screw I give a false reading I securely. 

Fig. 158 Then reinstall the flywheel. . . Fig. 159 . . .don't forget any washers used.. , ratchet assemblv 
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15. Hold the moveable arm and slide the points down over post, and at 

the same post of the base points. Continue to work the points on down into 
the base. 

16. Observe the points. The points should be together and the spring 
part of the moveable arm on the inside of the flat post. 

17. Install the flat retainer onto the flat bar of the base points. Check to 
be sure the flat spring from the other side of the points is on the inside of the 
retainer. Push the retainer inward until the indentation slips into the hole in 
the base. The retainer must be horizontal with the armature plate. 

Install the wire clip into the groove of the post. 

against the base. There IS enough clearance to allow the eccentric on the 
base points to turn. If the hold-down screw is tightened after the point 
adjustment has been made, it is very likely the adjustment will be changed. 

20. Place the key in the crankshaft keyway, with the outer edge parallel 
to the centerline of the crankshaft, as indicated in the accompanying 
illustration. Apply OMC Nut Lock, or equivalent, to the cam drive pan, and 
then install the pin into the crankshaft. Install the cam with the side marked 
top facing up. 

21. Slide the flywheel down over the crankshaft with the keyway in the 
flywheel aligned with the key on the crankshaft. 
' 22. ~ o t a t e  the flywheel cloc~wise and check to be sure the flywheel does 

not contact any part of the magneto or the w~ring. 
As the coil, condenser, and "kill" switch wire are being attached to the 
point set, take the following precautions and adjustments: (a) The wire 
between the coil and the points should be tucked back under the coil 
and as far away from the crankshaft as possible; (b) The condenser 
wire leaving the top of the condenser and connected to the point set, 
should be bent downward to prevent the flywheel from making contact 
with the wire. A countless number of installations have been made only 
to have the flywheel rub against the condenser wire and cause failure 
of the ignition system; (c) Check to be sure all wires connected to the 
point set are bent downward toward the armature plate. The wires must 
not touch the plate. If any of the wires make contact with the armature 
plate, the ignition system will be grounded and the engine will fail to 
start. 

18. The point spring tension is predetermined at the factory and does not 
require adjustment. Once the point set is properly installed, all should be 
well. In most cases, breaker contact and alignment will not be necessary. If a 
slight alignment adjustment should be required, carefully bend the insulated 
part of the point set. 

19. Point Adjustment: 
a. Install the flywheel nut onto the end of the crankshaft. Now, rotate 

the crankshaft clockwise and at the same time observe the cam on the 
crankshaft. Continue rotating the crankshaft until the rubbing block of the 
point set is at the high point of the cam. 

b. At this position, use a wire gauge or feeler gauge and set the points. 
The point gap setting for all breaker point ignition powerheads covered in this 
section (except the 2 and 2.3 hp motors) is 0.020 in. (0.51 mm) for USED 
points, and USUALLY 0.22 in. (0.56mm) for new point sets. The point gap for 
the 2.0 hp powerhead is 0.008 in. (both new and used points) and the gap 
for the 2.3 hp powerhead is 0.014 in. (0.35mm). Even though the 3.3 hp 
powerhead is very similar in almost every detail to the 2.3 hp, and was 
introduced in the same year, the point gap for the 3.3 hp engine is 0.020 in. 
(0.5mm) but for both new and used sets of points. 

E A wire gauge will always give a more accurate adjustment than a 
feeler gauge. However, neither will guarantee an accurate adjustment 
on a used set of points. 

c. Work the gauge between the points and, at the same time, turn the 
eccentric on the armature plate until the proper adjustment is obtained. 

d. Rotate the crankshaft a complete revolution and again check the 
gap adjustment. After the crankshaft has been turned and the points are on 
the high point of the cam, check to be sure the hold-down screw is tight 

23. Place the ratchet for the starter on top of the flywheel and install the 
three 7116 in. screws. On some models, a plate retainer covers these 
screws. 

24. Coat the flywheel nut with OMC Gasket Sealing Compound, or 
equivalent, and then thread the flywheel nut onto the crankshaft and tighten 
it to the following torque value: 

Colt & Junior: 22-25 ft. Ibs. (30-40 Nm) 
212.313.3 hp: 29-33 ft. Ibs. (40-45 Nm) 
314 hp & 4D: 30-40 ft. Ibs. (40-54 Nm) 
5 hp thru 8 hp: 40-50 ft. Ibs. (54-70 Nm) 

25. After the ratchet and flywheel nut have been installed, install the 
hand starter over the flywheel, if one is used. Check to be sure the ratchet 
engages the flywheel properly. 

26. If equipped, connect the battery leads to the battery terminals. 

INSPECTION 

CULT 

Modern electronic ignition systems have become one of the most reliable 
components on an outboard. There is very little maintenance involved in the 
operation of these ignition systems and even less to repair if they fail. Most 
systems are sealed and there is no option other than to replace failed 
components. 

1. Just as a tune-up is pointless on an engine with no compression, a 
installing new spark plugs will not do much for an engine with a damaged 
ignition system. At each tune-up, visually inspect all ignition system 
components for signs of obvious defects. Look for signs of burnt, cracked or 
broken insulation. Replace wires or components with obvious defects. If 
spark plug condition suggests weak or no spark on one or more cylinders, 
perform ignition system testing to eliminate possible worn or defective 
components. 

If trouble is suspected, it is very important to narrow down the problem to 
the ignition system and replace the correct components rather than just 
replace parts hoping to solve the problem. Electronic components can be 
very expensive and are usually not returnable. 

Refer to the "Ignition and Electrical" section for more information on 
troubleshooting and repairing ignition systems. 

+ See Fiaures 161 and 162 which reauire few, if anv adiustments on installed. 

In simple terms, synchronization is timing the fuel system to the ignition. 
Timing and synchronization ensures that as the throttle is advanced to 
increase powerhead rpm, the fuel and the ignition systems are both 
advanced equally and at the same rate. 

Various models have unique methods of checking ignition timing. As 
appropriate, these differences will be explained in detail in the text. 

Any time the fuel system or the ignition system on a powerhead is 
serviced to replace a faulty part or any adjustments are made for any 
reason, powerhead timing and synchronization must be carefully checked 
and verified. 

Depending on the engine, adjustment of the timing and synchronization 
can be extremelv imlsortant to obtain maximum efficiencv. The lsowerhead 
cannot perform prop'erly and produce its designed horsepower'output if the 
fuel and ignition systems have not been precisely adjusted. We say, 
depending on the engine because some of the models covered by this 
manual are equipped with a single, carburetor or an EFI system both of 

As a matter of fact, because of the EPA regulated carburetors used on 
most of the motors covered here, very few adjustments are possible on most 
carburetors. There are no periodic mixture adjustments necessary on most of 
the motors covered by this manual. Most high-speed jets are fixed units and 
the low speed mixture screws are usually sealed to prevent unnecessary 
tampering. However, any carburetor will require initial set-up and adjustment 
after disassembly or rebuilding. Also, any motor equipped with multiple 
carburetors will require synchronization with each other after the carburetors 
have been removed or separated. 

Although some of the motors covered by this manual utilize fully 
electronically controlled ignition and timing systems, most of the 2-stroke _ 
motors allow for some form of timing adjustment. Care should be taken to 
ensure settings are correct during each tune-up. 

Many models have timing marks on the flywheel and CDI base. A timing 
light is normally used to check the ignition timing with the powerhead 
operating (dynamically). 
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Fig. 161 On some models a special timing pointer can be installed 
to help when checking or setting ignition timing 

Fig. 162 Flywheel timing marks, aligned with a timing pointer tool 

Many of the smaller models equipped with electronic ignitions do not have 
timing adjustments, as the system is completely controlled by the ignition 
module/powerpack. Most of the larger motors, excluding the EFI units, 
require idle andlor maximum advance timing adjustments. 

Before making any adjustments to the ignition timing or 
synchronizing the ignition to the fuel system, both systems should be 
verified to be in good working order. 

Timing and synchron~mg the ignit~on and fuel systems on an outboard 
motor are critical adjustments. The following equipment is essential and is 
called our repearedly in tn~s sect~on. This equipment must be used as 
described. unless otherwise insrructed bv the eauloment manufacturer. 
Naturally, the equipment is removed fo16wing cdn$etion of the adjustments. 

For many of the adjustments, the manufacturer recommends the use of a 
test wheel instead of a normal propeller in order to put a load on the engine 
and propeller shaft. The use of the test wheel prevents the engine from 
excessive rpm. 

Timing Light - During many procedures in this section, the timing mark 
on the flywheel must be aligned with a stationary timing mark on the engine 
while the powerhead is being cranked or is running. Only through use of a 
timing light connected to the No. 1 spark plug lead, can the timing mark on 
the flywheel be observed while the engine is operating 

Tachometer - A  tachometer connected to the powerhead must be used 
to accurately determine engine speed during idle and high-speed 
adjustment. Engine speed readings range from 0-6,000 rpm in increments of 
100 rpm. Choose a tachometers with solid state electronic circuits which 
eliminates the need for relays or batteries and contribute to their accuracy. 
For maximum performance, the idle rpm should be adjusted under actual 
operating conditions. Under such conditions it might be necessary to attach a 
tachometer closer to the powerhead than the one installed on the control 
panel. 

Flywheel Rotation - The instructions may call for rotating the flywheel 
until certain marks are aligned with the timing pointer. When the flywheel 
must be rotated, always move the flywheel in the indicated direction. If the 
flywheel should be rotated in the opposite direction, the water pump impeller 
vanes would be twisted. Should the powerhead be started with the pump 
tangs bent back in the wrong direction, the tangs may not have time to bend 
in the correct direction before they are damaged. The least amount of 
damage to the water pump will affect cooling of the powerhead 

Test Tank - Since the engine must be operated at various times and 
engine speeds during some procedures, a test tank or moving the boat into a 
body of water, is necessary. If installing the engine in a test tank, outfit the 
engine with an appropriate test propeller 

Water must circulate through the lower unit to the powerhead anytime 
the powerhead is operating to prevent damage to the water pump in the 
lower unit. Just a few seconds without water will damage the water 
pump impeller. 

Remember the powerhead will not start without the emergency 
tether in place behind the kill switch knob. 

Never operate the powerhead above a fast idle with a flush attachment 
connected to the lower unit. Operating the powerhead at a high rpm 
with no load on the propeller shaft could cause the powerhead to 
runaway causing extensive damage to the unit. 

* See Figures 163 and 164 

When making a synchronization adjustment, it is important to 
understand exactly what to look for and why. The critical time when the 
throttle shaft in the carburetor begins to move is of the utmost 
importance. First, realize that the instant the cam follower makes 
contact with the cam is not the point at which the throttle shaft starts to 
move. Instead, the critical instant for adjustment is when the follower 
hits the designated position and the throttle shaft at the carburetor 
begins to move. 

On most motors, a considerable amount of play exists between the 
follower at the top of the carburetor (through the linkage) to the actual throttle 
shaft. Therefore, the most important consideration is to watch for movement 
of the throttle shaft, and not the follower. Movement of the shaft can be 
exaggerated by attaching a short piece of stiff wire (or a drill bit) to an 
alligator clip; grinding down the teeth on one side of the clip; and then 
attachina the clio to the throttle shaft. as shown in the illustrations. Movement 
of the di% bit or'a jiggling of the wire'will instantly indicate movement of the 
shaft. 

Fig. 163 Use an alligator clip and drill bit (or piece of wire) as a 
homemade tool 
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I Fig. 164 Attach the clip to the carburetor throttle shaft and watch 
the bit or wire for movement 

ADJUSTMENTS 

These are the simplest motors covered by th's manbal and, as such. have 
the fewest amounts of oeriodc adiustments. The ldle Soeed should be 
checked and adjusted periodically: There is no low spe& needle screw on 
these motors, instead, the low speed mixture is adjusted by repositioning a 
clip on the throttle jet needle (and doing so requires partial disassembly of 
the carburetor). If a change from sea level to high altitude use or vice versa 
requires an adjustment to be made, refer to the section on the Carbureted 
Fuel System for more details regarding Throttle Jet Needle Adjustment. 

ldle Speed Adjustment 
The 2.0-3.5 Hp models covered by this manual utilize a spring-wound idle 

speed screw mounted into the side of the carburetor body. Periodic checking 
and adjustment of this setting should be considered a part of routine 
maintenance. 

Here's your excuse, show this page to your better half in case she (or he) 
doesn't believe you. It's time to take the boat out because that's how the 
manufacturer wants you to adjust the idle speed. Not in a test tank, not on a 
trailer or even attached to a dock, but with the motor mounted on a boat, 
underway. For safety, use an assistant to navigate while you make the 
adjustment. 

Always adjust the idle speed with the correct propeller installed. 

Refer to the Tune-up Specifications chart for idle speed specs. 
1. Set a shop tachometer to the two-cycle setting, then connect it to the 

primary lead for the ignition coil. Start the motor and run it at 112 throttle in 
forward gear until it warms to normal operating temperature. 

2. Once the engine is fully warmed turn the idle speed adjustment 
screw until the engine runs in the correct rpm range. Turn the screw slowly, 
less than one turn at a time, allowing at least 15 seconds between 
adjustments for the engine to respond and the idle speed to stabilize. 

3. Once adjustments are complete, confirm proper operation by running 
the engine at various throttle positions. If the engine is running too rich it will 
generally hesitate or stumble when the throttle is advanced more than 
213rds. 

ADJUSTMENTS 

These are the simplest motors covered by this manual and, as such, have 
the fewest amounts of periodic adjustments. The carburetor low speed 
setting should be checked periodically, but only adjusted if abnormal 
operation is noted. 

Carburetor Low Speed Mixture 
The adjustment is made with the boat in a body of water, with the correct 

propeller installed, the motor in forward gear and the boat unrestrained (not 
tied to the dock or trailer). For safety, you'll need an assistant to navigate 
while you make the adjustments. Start the engine and allow it to reach 
normal operating temperature. 

1. Start and run the motor until normal operating temperature is 
reached. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

2. With the engine running in forward gear, close the throttle and make 
sure the engine runs at 900-1000 rpm. If necessary, adjust the tiller control 
knob andlor the throttle stop screw on the top side of the carburetor to close 
or open the throttle slightly to achieve proper idle speed. 

H The throttle stop screw and the low speed mixture screws are 
mounted on opposite sides at the top of the carburetor, don't confuse 
them. The mixture screw is on the same side as fuel inlet line. For more 
details, refer to the illustrations under Carburetor service procedures in 
the Fuel System section. 

3. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Rotate the low speed needle 
1116th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the powerhead responds as expected. Repeat the full 
throttle test and sudden deceleration with the shift into neutral to check each 
adjustment. 

H If the engine does not respond properly to these adjustments, check 
for other problems with the fuel or ignition systems. Make sure a 
quality fuel is being used along with the proper amount of and type of 
oil. 

4. Once a satisfactory adjustment has been achieved, shut OFF the 
engine. 

ADJUSTMENTS 

The ignition timing is not adjustable on these models. 

The following procedures provide detailed instructions to adjust the cam 
follower pickup point, carburetor high speed mixture (ColtlJunior models 
only), carburetor low speed mixture and throttle cable. Procedures should be 
performed exactly as directed and in the order given to ensure proper 
adjustments. 

Camshaft Follower Pickup Point 
+ See Figures 165 and 166 

For access remove the engine covers. On some models this means the 
port and starboard covers. On the ColUJunior, remove the starter housing 
and the fuel tank support bracket. 

Movement of the throttle shaft can be exaggerated by attaching a short 
piece of stiff wire or drill bit to an alligator clip; grinding down the teeth on 
one side of the clip; and then attaching the clip to the throttle shaft, as shown 
under Homemade Synchronization Tool. Attach a homemade synchronization 
tool to the carburetor throttle shaft. Attach the clip on the port side for 3hp 
and 4hp models, - on the starboard side for 4D models. The wire jiggling will 
instantly indicate movement of the shaft. 

Advance the throttle until the tip of the wire begins to move. When 
movement occurs, the center of the roller must align with the single mark on 
the cam. 

H Some early 1990s models may have a cam which contains 2 marks. 
If so equipped, the roller should be centered between the two marks at 
the moment the synchronization tool starts to move. 
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I Fig. 165 Roller set at the cam mark - most models except 4D 
powerheads I 

I Fig. 166 Roller set at the cam mark - 4D powerheads I 
If not, back out the cam follower adjustment screw on the port side on the 

throttle shaft, with a ball hex driver (OMC #327622 or equivalent), until the 
throttle valve is completely closed. Now, rotate the screw clockwise until the 
throttle shaft just starts to rotate. 

Carburetor Mixture Adjustments 

Colt/Junior Models 
The manufacturer recommends this adjustment will be most accurate if 

made on a boat that is underway. Obviously there are some safety concerns 
for making this adjustment in that manner. You'd need an assistant, and a 
relatively calm and empty body of water. If necessary, this adjustment can 
also be done in a test tank or on a boat that is securely affixed to a trailer or 
dock. 

1. Temporarily install knobs onto the low speed and high speed mixture 
needles so they can be turned easily during this procedure. 

2. With the motor on a launched craft or in a test tank, start and allow 
the engine to warm up normally. During warm up, run the engine at or a little 
more than about half throttle. 

During warm up, take this opportunity to inspect the motor for potential 
fuel leaks. This is especially important if any component of the fuel 
system was just removedlreplaced or otherwise serviced. 

3. Once the engine is fully warmed, run the motor at full throttle and 
carefully adjust the high speed needle until the motor runs at the highest 
consistent rpm. 

4. Now slow the engine to an idle speed of about 700-800 rpm. Next 
adjust the idle speed needle until the motor runs at the highest consistent 
idle RPM. Turn the needle in small increments, allowing at least 15 seconds 
for the idle speed to stabilize before making further adjustments. 

5, After the final low speed adjustment is made, turn the low speed 
needle out COUNTERCLOCKWISE 118th of a turn to make sure it is not 
TOO lean at idle speeds. 

6. After the low speed needle is set, go back and READJUST the high 
speed needle. 

7. After the final high speed adjustment is made, turn the high speed 
needle out COUNTERCLOCKWISE 118th of a turn to make sure it is not 
TOO lean above idle speeds. Hold the needle steady and tighten the packing 
nut to lock the needle in this position. 

8. Install the low speed knob with the pointer up. 

W Make sure the needle positions are not disturbed. 

9. Install the high speed knob with the pointer down. 

3/4 Hp and 4 Deluxe Models 
+ See Figures 167 thru 170 

To adjust the carburetor: First, adjustment is made with the boat in a body 
of water, with the correct propeller installed, the motor in forward gear and 
the boat unrestrained (not tied to the dock or trailer). For safety, you'll need 
an assistant to navigate while you make the adjustments. Start the engine 
and allow it to reach normal operating temperature. 

1. To make the low speed adjustment: Loosen the two throttle cable 
nuts, one on each side of the throttle cable support bracket. Back out the idle 
speed adjustment screw, located at the rear of the powerhead just under the 
flywheel, - to allow the stator plate to contact the stop cast into the 
powerhead. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damaae the water DumD. 

2. Start the powerhead and rotate the idle speed adjustment screw until 
the powerhead idles in the proper range according to the listing under Idle 
Speed (RPM) in Gear for your motor under the Tune-up Specifications chart. 

3. Adjust the low speed needle until the highest consistent powerhead 
speed is attained. Allow about 15 seconds between each adjustment for the 
engine to stabilize. 

Turn the screw slowly, in fractional 114 or 118 increments for each 
adjustment, then allow time for it to take effect. 

4. Once the engine has stabilized and runs smoothly at the highest 
possible idle speed, rotate the low speed needle counterclockwise 118th turn 
to prevent the powerhead from operating too lean at low speeds, particularly 
in neutral. 

5. With the engine still shifted into forward gear, rotate the idle speed 
adjustment screw until the powerhead speed is reduced to the lowest setting 
in the idle rpm range (Tune-up Specifications chart). 

6. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Rotate the low speed needle 
1116th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the powerhead responds as expected. Repeat the full 
throttle test and sudden deceleration with the shift into neutral to check each 
adjustment. 

W If the engine does not respond properly to these adjustments, check 
for other problems with the fuel or ignition systems. Make sure a 
quality fuel is being used along with the proper amount of and type of 
oil. 

7. Once a satisfactory adjustment has been achieved, shut OFF the 
engine and adjust the throttle cable. 

Throttle Cable 
+ See Figures 167 and 168 

Adjust the throttle cable with the engine OFF. Rotate the throttle twist grip 
to the idle position. Move the stator plate against the idle speed adjustment 
screw. Eliminate the slack in the throttle cable by adjusting the two nuts on 
the cable support bracket. 

ADJUSTMENTS 

W The ignition timing is not adjustable on the 1991 and later versions 
of these models. However the 1990 versions of these motors usually 
used a slightly different ignition system which allowed the technician to 
adjust the idle timing. e 

The following procedures provide detailed instructions to adjust the timing 
pointerlidle timing (1990 models only), throttle cable, carburetor low speed 
mixture and wide open throttle stop. Procedures should be performed exactly 
as directed and in the order given to ensure proper adjustments. 
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Throttle ' I 
"cracking" L n - - r l  

I Fig. 171 Location of the throttle "cracking" screw on 5-8hp 2-stroke 
powerheads 

3. Start the powerhead and allow it to reach normal operating 
temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

4. With the outboard at normal operating temperature, shift into forward 
gear and adjust the idle cracking screw to the center range of the ldle Speed 
(RPM) in Gear listed for your motor under the Tune-up Specifications chart. 

5. Adjust the low speed needle until the highest consistent powerhead 
speed is attained. Allow about 15 seconds between each adjustment for the 
engine to stabilize. 

H Turn the screw slowly, in fractional 114 or 118 increments for each 
adjustment, then allow time for it to take effect. 

6. Once the engine has stabilized and runs smoothly at the highest 
possible idle speed, rotate the low speed needle counterclockwise 118th turn 
to prevent the powerhead from operating too lean at low speeds, particularly 
in neutral. 

7. Rotate the "cracking" screw again until the powerhead idles at about 
the center of the specification range for ldle in Gear. 

8. Stop the engine and, as necessary, remove the air intake silencer for 
access to the carburetor throttle shaft and throttle follower cam screw. 

Movement of the throttle shaft can be exaggerated by attaching a 
short piece of stiff wire or drill bit to an alligator clip; grinding down the 
teeth on one side of the clip; and then attaching the clip to the throttle 
shaft, as shown under Homemade Synchronization Tool. 

9. Attach a homemade synchronization tool to the throttle shaft, then 
use a ball hex (like OMC #327622 or equivalent) to rotate the throttle cam 
follower screw clockwise until the follower just contacts the cam and the tip 
of the homemade synchronization tool begins to move. Back off the throttle 
cam screw 118th turn from this point 

10. Reinstall the air silencer, then restart the motor and make sure it is 
fully warmed in order to check the carburetor adjustments. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just five seconds without water will damage the water pump. 

11. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Rotate the low speed needle 
118th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the powerhead responds as expected. Repeat the full 
throttle test and sudden deceleration with the shift into neutral to check each 
adjustment. 

II If the engine does not respond properly to these adjustments, check 
for other problems with the fuel or ignition systems. Make sure a 
quality fuel is being used along with the proper amount of and type of 
oil. 

12. Once the low speed mixture setting is correct, shut the engine OFF, 
then check andlor adjust the wide open throttle stop as follows: 

a. Set the throttle to the wide open position. 
b. Verify the position of the throttle shaft roll pin. The roll pin should be 

vertical. If not, use the ball hex driver to adjust the throttle cam position until 
the roll pin is exactly vertical. 

ADJUSTMENTS 

The ignition timing is controlled by the ignition modulelpowerpack 
on these models. No adjustments are necessary or possible. 

The following procedures provide detailed instructions to adjust the 
carburetor initial low speed setting and the idle speed. Although the idle 
speed should be checked periodically (and adjusted if necessary), the 
carburetor low speed setting (mixture adjustment) is not a periodic 
adjustment. The carburetor low speed setting should not require adjustment 
unless the carburetor has been removed and the setting was disturbed 
during cleaning or rebuilding. 

Carburetor Low Speed Setting 
+ See Figures 170 and 172 

The 516 Hp (128cc) and 819.9 Hp (211cc) 4-stroke models covered by this 
manual utilize an idle mixture screw mounted vertically in a round housing on 
top of the carburetor. The screw should be found under a small cap or 
sealed using RTV to discourage unnecessary tampering. EPA regulations 
require you to reseal it under RTV if adjustments are made. 

EPA emission regulations prohibit tampering with the low speed 
mixture screw on these models, other than to properly follow the 
manufacturer's adjustment procedure. 

The adjustment procedure should only be performed following a 
carburetor overhaul or replacement. No periodic adjustment of the low speed 
idle mixture screw is necessary. 

The engine must be run under load for this procedure (either in a test tank 
or on a boat). 

H The idle speed setting procedure, which must follow this 
adjustment, requires that the motor operate on a boat that is 
unrestrained and not secured to a dock, mooring or trailer. For safety, 
use an assistant to navigate while you make the adjustments. 

Fig. 172 Carburetor low speed mixture screw - 516 hp 4-stroke 
shown (819.9 hp similar) 
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1. If not done during carburetor overhaul or cleaning, remove the RTV 

sealant. then liahtlv seat the low meed idle mixture screw. Back the screw 
out the'initial n h b e r  of turns from'a lightly seated position as directed 
during carburetor overhaul (and listed in the Carburetor Set-Up 
Specifications chart under Fuel System). 

Be very gentle when seating the idle mixture screw as the tapered seat 
is easily damaged if force is used. Turn the screw lightly and stop as 
soon as any resistance is felt. 

2, Set a shop tachometer to the two-cycle setting, then connect it to the 
primary lead for the ignition coil. Start the motor and run it at 112 throttle in 
forward gear until it warms to normal operating temperature. 

3. On tiller models, turn the idle speed adjustment knob 
counterclockwise (when facing the tiller handle from the motor operator's 
position) until the full slow idle position is reached. 

4. With the engine running at idle in forward gear, adjust the low speed 
screw until the highest consistent powerhead speed is attained. Allow about 
15 seconds between each adjustment for the engine to stabilize. 

Turn the screw slowly, in fractional 114 or 118 increments for each 
adjustment, then allow time for it to take effect. 

To adjust the idle mixture screw you will need OMC 910245 or an 
equivalent female slotted adjustment tool. 

5. Once the engine has stabilized and runs smoothly at the highest 
possible idle speed, rotate the low speed needle counterclockwise 118th turn 
to prevent the powerhead from operating too lean at low speeds, particularly 
in neutral. 

6. With the engine still running at normal operating temperature and in 
forward gear, adjust the idle speed screw to the center range of the ldle 
Speed (RPM) in Gear listed for your motor under the Tune-Up Specifications 
chart. 

7. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Rotate the low speed needle 
1116th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the powerhead responds as expected. Repeat the full 
throttle test and sudden deceleration with the shift into neutral to check each 
adjustment. 

If the engine does not respond properly to these adjustments, check 
for other problems with the fuel or ignition systems. Make sure a 
quality fuel is being used. 

8. Once a satisfactory adjustment has been achieved, verify engine idle 
speed using the ldle Speed Adjustment procedure. .. After performing the ldle Speed Adjustment procedure, shut the 
engine off and reseal the low speed mixture screw using RTV silicone. 

ldle Speed Adjustment 
+ See Figure 173 

The 516 Hp (128cc) and 819.9 Hp (211cc) 4-stroke models covered by this 
manual utilize a spring-wound idle stop screw to hold the carburetor throttle 
plate open very slightly, even when the remote or tiller throttle is manually 
closed. Periodic checking and adjustment of this setting should be 
considered a part of routine maintenance. 

Here's your excuse, show this page to your better half in case she (or he) 
doesn't believe you. It's time to take the boat out because that's how the 
manufacturer wants you to adjust the idle speed. Not in a test tank, not on a 
trailer or even attached to a dock, but with the motor mounted on a boat, 
underway. For safety, use an assistant to navigate while you make the 
adjustment. 

Always adjust the idle speed with the correct propeller installed. 

Refer to the Tune-up Specifications chart for idle speed specs. 
1. Set a shop tachometer to the two-cycle setting, then connect it to the 

primary lead for the ignition coil. Start the motor and run it at 112 throttle in 
forward gear until it warms to normal operating temperature. 

2. Reduce engine speed to the slowest setting allowed by the throttle 
control as follows: 

516 HP 
MOTORS 

Fig. 173 Throttle cable adjustment - 516 hp and 819.9 hp 4-strokes 

a. On tiller models, turn the idle speed adjusting knob on the end of the 
tiller handle counterclockwise (when facing the end of the handle) to the 
slowest position. 

b. On remote models, manually set the throttle to the slowest position, 
right before the neutral shift gate. 

3. S t o ~  the enaine and remove the cable retainer from the powerhead 
as follows: 

c. On tiller models, remove the screw and washer retainina the throttle 
cable bracket to the side of the powerhead. 

d. On remote models, free the cable from the anchor retainer and 
remove the throttle cable trunnion nut from the anchor pocket. 

4. Restart the engine and observe the speed on the shop tachometer 
with the engine running in forward gear. Compare with the idle speeds listed 
in the Tune-Up Specifications chart. 

5. If adjustment is necessary, either stop the engine for safety or use 
extreme caution around moving parts. Turn the spring-wound idle speed 
screw on the carburetor to make an adjustment. Restart the engine and 
recheck idle speed with the gearcase in the forward setting. Repeat this 
cycle until the proper setting is obtained. 

We realize that most people probably don't shut the engine off 
before playing with the idle speed screw, but the manufacturer does 
not recommend attempting to adjust the idle speed with the engine 
running for safety reasons and we cannot disagree. If you ignore this 
caution, make sure that you take all possible precautions to prevent 
injury by making sure someone else is navigating. Also, keep your 
hands and clothing away from any hot or moving parts on the 
outboard. 

6. Once the proper idle speed setting is confirmed, stop the engine. 
7, For tiller models, twist the grip to the full slow position, then properly 

set the throttle cable bracket position as follows: 
a. On 516 hp (128cc) models, thread the throttle cable bracket on the 

cable until there are only two threads exposed at the rear of the bracket. 
b. On 819.9 hp (2l lcc) models, thread the throttle cable bracket on the 

cable until there is only one thread exposed at the front end of the bracket. 
c. On all tiller models, secure the throttle cable bracket to the 

Dowerhead usina the screw and washer. Tighten the screw to 48-96 inch Ibs. 
(5.4-1 0.8 Nm). 

8. For remote models, pull slightly on the throttle cable casing to 
remove backlash, then secure the throttle cable trunnion nut into the anchor 
pocket, install the cover and tighten the cover screws securely. 

ADJUSTMENTS 

The ignition timing is not adjustable on these models. 

The following procedures provide detailed instructions to adjust the cam 
follower pickup point, wide open throttle stop, carburetor low speed mixture 
(which is not a periodic adjustment but is provided here in case these 
adjustments are made after an overhaul), idle speed and shift lever detent. 
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Procedures should be performed exactly as directed and in the order given 
to ensure proper adjustments. The preliminary adjustments must also be 
followed prior to the other specific adjustments as listed. 

The idle speed portion of the timing and synchronization procedures for 
these units require that the engine be operated at idle rpm mounted on the 
boat, under load and unrestrained. For this reason, the adjustments should 
take place on a low-traffic body of water and only with an assistant to 
navigate while you make the adjustments. 

Preliminary Adjustments 
Perform the following procedures in the sequence given for correct timing 

and carburetor synchronization. 
1. For remote control models, remove both remote control cables from 

the powerhead before commencing these adjustments. 
2. For tiller models: 
a. Turn the idle adjusting knob counterclockwise (when facing the tiller 

handle from the motor operator's position) to the full slow position. 
b. Remove the pin securing the connector to the throttle lever on the 

powerhead. Turn the connector clockwise until it seats, then turn it back 
counterclockwise to align it with the lever (but, be sure not to twist is back 
more than 112 turn). Install the retaining pin. 

c. The throttle cable bracket bolted to the side of the powerhead must 
be flush with the inside edge of the threaded cable. If necessary, remove the 
bolt securing it to the powerhead, then rotate the bracket around the cable 
until it is even. Secure the bracket back to the powerhead using the bolt. 

3. For all models, close the throttle so that the sprina-wound idle speed 
screw on the carburetor linkage is against the stop.  he center of the cam 
follower roller should be 112 the distance between the ~ickuo mark and the 
end of the throttle cam. If it must be adjusted proceed i s  foilows: 

a. Advance the throttle to the wide-open posit~on and turn the idle 
speed screw (inward to move the cam closer to the roller or outward to move 
the cam away from the roller). 

b. Close the throttle completely and verify that the cam roller alignment 
is halfway between pickup mark and the end of the throttle cam. Repeat 
Step A, as necessary. 

Cam Follower Pickup Point 

+ See Figures 174 and 175 

Movement of the throttle shaft can be exaggerated by attaching a short 
piece of stiff wire or drill bit to an alligator clip; grinding down the teeth on 
one side of the clip; and then attaching the clip to the throttle shaft, as shown 
under Homemade Synchronization Tool. The shaft is normally accessed on 
the starboard side for these models. The wire jiggling will instantly indicate 
movement of the shaft. 

If the air intake silencer is installed, an access plug can be removed 
in order to reach the cam follower adjustment screw. 

To determine the cam follower pickup point: Advance the throttle until the 
tip of the wire begins to move. When movement occurs, the center of the 
roller must align with the single mark on the cam. If not, back out the cam 
follower adjustment screw, identified in the accompanying illustration, with a 
ball hex driver (like OMC PIN 327622 or equivalent), until the throttle valve is 
completely closed, and then, rotate the screw clockwise until the throttle 
shaft just starts to rotate. 

Fig. 174 Roller set at the cam mark - 9.9110114115 hp (216cc) and 
9.9110115 hp (255cc) 2-strokes 

screw 

Fig. 175 Location of the cam follower adjustment screw for the cam 
follower pickup point - 9.9110114115 hp (216cc) and 9.9110115 hp 
(255cc) 2-strokes 

Wide Open Throttle Stop 

To adjust the wide open throttle stop: With the powerhead not operating, 
turn the throttle stop screw until the tip protrudes 114 in. (8mm) throuah the 
throttle lever. ~anually open the throkle to the wide open position. ~6r i fy the 
position of the throttle shaft roll pin. The roll pin should be completely 
vertical. If not, use a ball hex driver (like OMC #327622 or equivalent) to 
adjust the throttle cam position until the roll pin is exactly vertical. Turn the 
throttle cam screw clockwise to open the valve or counterclockwise to close 
the valve. 

Carburetor Low Speed Mixture Adjustment 
+ See Figures 170 and 176 

The carburetor low speed mixture adiustment procedure should only be 
performed following a carburetor overhaul or replacement. No periodic 
adiustment of the low soeed idle mixture screw is necessarv. If however 
adjustment is necessar), be certain to perform it at this poiit in the timing 
and synchronization procedures (after adjusting the wide open throttle stop 
and before adjusting the idle speed). 

The engine must be run under load for this procedure (either in a test tank 
or on a boat). 

The idle speed setting procedure, which must follow this 
adjustment, requires that the motor operate on a boat that is 
unrestrained and not secured to a dock, mooring or trailer. For safety, 
use an assistant to navigate while you make the adjustments. 

1. If applicable, connect the remote control cables. 
2. Start the engine and allow it to reach normal operating temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

3. Shift the engine into forward gear and allow it to run at slow idle 
(which should match the specification given in the Tune-up Specifications 
chart). If not, adjust the position of the idle speed adjustment knob on the 
steering handle - tiller model, or adjust the idle screw - remote model, to 
correct the idle speed. 

4. With the engine running at idle in forward gear, adjust the low speed 
screw until the highest consistent powerhead speed is attained. Allow about 
15 seconds between each adjustment for the engine to stabilize. 

Turn the screw slowly, in fractional 114 or 118 increments for each 
adjustment, then allow time for it to take effect. 

5. Once the engine has stabilized and runs smoothly at the highest 
possible idle speed, rotate the low speed needle counterclockwise 118th turn 
to prevent the powerhead from operating too lean at low speeds, particularly 
in neutral. - 

6. With the engine still running at normal operating temperature and in 
forward gear, adjust the idle speed screw to the center range of the Idle 
Speed (RPM) in Gear listed for your motor under the Tune-up Specifications 
chart. 
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7. Operate the outboard in forward at or near full throttle for a full 

minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Rotate the low speed needle 
1116th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the powerhead responds as expected. Repeat the full 
throttle test and sudden deceleration with the shift into neutral to check each 
adjustment. 

If the engine does not respond properly to these adjustments, check 
for other problems with the fuel or ignition systems. Make sure a 
quality fuel is being used along with the proper mixture of oil. 

8. Once a satisfactory adjustment has been achieved, verify engine idle 
speed using the Idle Speed Adjustment procedure. 

I Fig. 176 ldle speed adjustment is made with the idle screw shown - 
remote 9.9/10114115 hp (216cc) and 9.9110115 hp (255cc) 2-strokes 

ldle Speed 
+ See Figure 170 

Here's your excuse, show this page to your better half in case she (or he) 
doesn't believe you. It's time to take the boat out because that's how the 
manufacturer wants you to adjust the idle speed. Not in a test tank, not on a 
trailer or even attached to a dock, but with the motor mounted on a boat, 
underway. For safety, use an assistant to navigate while you make the 
adjustment. 

Always adjust the idle speed with the correct propeller installed. 
Refer to the Tune-Up Specifications chart for idle speed specs. 
After a replacement or overhaul the carburetor low speed mixture 

screw must be set before the idle speed can be properly adjusted. If 
necessary, refer to that adjustment procedure first. However, the low 
speed setting is NOT a periodic adjustment and if no repairs were 
made, it should not be necessary. 

1. Start and run the engine to normal operating temperature, then with 
the engine running in forward gear, reduce the engine speed to slow idle. 

2. On tiller models, turn the idle speed adjusting knob on the end of the 
tiller handle counterclockwise (when facing the end of the handle) to the 
slowest position. 

3. Observe the speed with the engine running in forward gear. Compare 
with the idle speeds listed in the Tune-up Specifications chart. 

4. If adjustment is necessary, either stop the engine for safety or use 
extreme caution around moving parts. Turn the idle adjustment screw on the 
linkage arm (at the side of the powerhead) to make an adjustment. Restart 
the engine and recheck idle speed with the gearcase in the forward setting. 
Repeat this cycle until the proper setting is obtained. For tiller models, 
remove the throttle cable-to-powerhead bracket screw, then spin the bracket 
to adjust the cable so there is a slight preload against the idle speed screw 
when the tiller grip is held at the full slow position. 

We realize that most people probably don't shut the engine off 
before playing with the idle speed screw, but the manufacturer does 
not recommend attempting to adjust the idle speed with the engine 
running for safety reasons and we cannot disagree. If you ignore this 
caution, make sure that you take all possible precautions to prevent 
injury by making sure someone else is navigating. Also, keep your 
hands and clothing away from any hot or moving parts on the 
outboard. 

5. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Refer to the Carburetor Low 
Speed Mixture Adjustment procedure in this section. 

6. Once the proper idle speed setting is confirmed and engine runs 
smoothly when dropped from wide open throttle to idle, stop the engine. 

Shift Lever Detent 
Shift lever detent adjustment is performed with the engine removed from 

water and with the negative battery cable andlor spark plug leads 
disconnected for safety. 

1. Rotate the propeller or propeller shaft by hand and shift the gearcase 
into neutral. 

2. Make sure the lower detent spring on the linkage is fully engaged 
with the notch on the shift lever detent. 

3. If necessary, loosen the detent retaining screw, then physically move 
the lower detent spring to fully engage the notch, then tighten the screw 
securely. 

An. II ISTMFNTS 

DERATE 

The ignition timing is controlled by the ignition module mounted 
under the flywheel at the front of the motor on these models. No 
adjustments are necessary or possible. 

The following procedures provide detailed instructions to adjust the 
carburetor initial low soeed settina and the idle s~eed.  Althouah the idle 
speed should be checked periodically (and adjusted if necessary), the 
carburetor low speed setting is not a periodic adjustment. The carburetor low 
soeed settina should not reauire adiustment unless the carburetor has been 
removed andv the setting was disturbed during cleaning or rebuilding. 

Shift Lever Detent Adjustment 
+ See Figure 177 

Although provided as a preliminary procedure (before setting the idle 
mixture and idle speed), the shift lever detent should not be a periodic 
adjustment. Follow this procedure any time the shift components have been 
removed and installed or if harsh or improper shifting is noted during 
operation. 

1. Disconnect the negative battery cable andlor disconnect the spark 
plugs leads for safety, then slowly rotate the propeller or propeller shaft by 
hand and move the shifter into neutral. 

2. For remote models, remove the shift cable trunnion nut from the 
anchor pocket. 

I Fig. 177 Shift lever detent screw (1) and neutral lockout link (2) - 
9.9115 hp Cstrokes 
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3. Loosen the detent spring adjustment screw (found on the lower front 

of the motor, directly below the manual starter handle). Disconnect the 
neutral lockout link from the shift lever. 

4. With the gearcase in neutral, move the detent sprint until it fully 
engages the notch of the shift lever detent. Tighten the shift detent spring 
adjustment screw. 

5. Use the neutral lockout link to move the starter lockout plunger 
(found in the manual starter housing at the top of the link) into a horizontal 
position. Next, adjust the neutral lockout link connector so that the lockout 
plunger remains horizontal once the connector is attached to the shift lever, 
then fasten the connector to the shift lever. 

6. For remote models, remove cable backlash (if present) by pulling on 
the casing, then use the cable trunnion nut to locate it properly in the anchor 
pocket. Secure the cable to the anchor retainer and tighten the screw to 60- 
84 inch Ibs. (7-9 Nm). 

7. Connect the negative battery cable andlor reconnect the spark plugs 
leads. 

8. Operate the engine and check for proper shift engagement. Make 
any corrections before returning the engine to service. Proceed with idle 
mixture andlor speed adjustment procedures, as necessary. 

Carburetor Low Speed Setting 
+ See Figures 170,178 and 179 

The 9 9/15 Hp (305cc) 4-stroke models covered by thrs manual utlllze an 
Idle mlxture screw mounted vertically rn a round housrng on top of the 
carburetor The screw should be found under a small cap or sealed usrng 
RTV to discourage unnecessary tampering EPA regulatrons requlre you to 
reseal rt under RTV d adjustments are made 

EPA emission regulations prohibit tampering with the low speed 
mixture screw on these models, other than to properly follow the 
manufacturer's adjustment procedure. 

The adjustment procedure should only be performed following a 
carburetor overhaul or replacement. No periodic adjustment of the low speed 
idle mixture screw is necessary. 

The engine must be run under load for this procedure (either in a test tank 
or on a boat). 

The idle speed setting procedure, which must follow this 
adjustment, requires that the motor operate on a boat that is 
unrestrained and not secured to a dock, mooring or trailer. For safety, 
use an assistant to navigate while you make the adjustments. 

1 If not done durmg carburetor overhaul or clean~ng, remove the RTV 
sealant, then lightly seat the low speed ~dle m~xture screw Back the screw 
out the rn~t~al number of turns from a l~ghtly seated posrtlon as d~rected 
dur~ng carburetor overhaul (and listed rn the Carburetor Set-Up 
Speclfrcat~ons chart under Fuel System) 

Be very gentle when seating the idle mixture screw as the tapered seat 
is easily damaged if force is used. Turn the screw lightly and stop as 
soon as any resistance is felt. 

2 Set a shop tachometer to the two cycle setting, then connect ~t to the 
prmary lead for the rgnrtron corl Start the motor and run ~t at 112 throttle rn 
forward gear unt~l rt warms to normal operatrng temperature 

3 On trller models, turn the rdle speed adjustment knob 
counterclockwise (when fac~ng the trller handle from the motor operator's 
posrtron) untrl the full slow rdle posrtron IS reached 

4 Wlth the engrne runnrng at rdle ~n forward gear, adjust the low speed 
screw untll the h~ghest consistent powerhead speed IS attamed Allow about 
15 seconds between each adjustment for the engrne to stabrl~ze 

Turn the screw slowly, in fractional 114 or 118 increments for each 
adjustment, then allow time for it to take effect. 

To adjust the idle mixture screw you will need OMC 910245 or an 
equivalent female slotted adjustment tool. 

5. Once the engine has stabilized and runs smoothly at the highest 
possible idle speed, rotate the low speed needle counterclockwise 118th turn 
to prevent the powerhead from operating too lean at low speeds, particularly 
in neutral. 

I Fig. 178 The low speed mixture screw is found on top of the 
carburetor.. . 

I Fig. 179 . . . inside a cylindrical housing - 9.9115 hp 4-strokes 

6. With the engine still running at normal operating temperature and in 
forward aear. adiust the idle soeed screw to the center ranae of the ldle 
Speed ( ~ P M )  in '~ear  listed for your motor under the ~ u n e r ~ ~  Specifications 
chart. 

7. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Rotate the low speed needle 
1116th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the powerhead responds as expected. Repeat the full 
throttle test and sudden deceleration with the shift into neutral to check each 
adjustment. 

If the engine does not respond properly to these adjustments, check 
for other problems with the fuel or ignition systems. Make sure a 
quality fuel is being used. 

8. Once a satisfactory adjustment has been achieved, verify engine idle 
speed using the ldle Speed Adjustment procedure. 

After performing the ldle Speed Adjustment procedure, shut the 
engine off and reseal the low speed mixture screw using RTV silicone. 

ldle Speed Adjustment 
+ See Figures 180 and 181 

The 9.9115 Hp (305cc) Cstroke models covered by this manual utilize a 
* 

spring-wound idle stop screw to hold the carburetor throttle plate open very 
slightly, even when the remote or tiller throttle is manually closed. Periodic 
checking and adjustment of this setting should be considered a part of 
routine maintenance. 
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Here's your excuse, show this page to your better half in case she (or he) 

doesn't believe you. It's time to take the boat out because that's how the 
manufacturer wants you to adjust the idle speed. Not in a test tank, not on a 
trailer or even attached to a dock, but with the motor mounted on a boat, 
underway. For safety, use an assistant to navigate while you make the 
adjustment. 

Always adjust the idle speed with the correct propeller installed. 

Refer to the Tune-up Specifications chart for idle speed specs. 
1. Set a shop tachometer to the two-cycle setting, then connect it to the 

primary lead for the ignition coil. Start the motor and run it at 112 throttle in 
iorward gear unril I I  warms to normal operal~ng temperature. 

2. Reduce engine speed to the slowest sett ng allowea by the tnrottle 
control as follows: 

a. On tiller models, turn the idle speed adjusting knob on the end of the 
tiller handle counterclockwise (when facing the end of the handle) to the 
slowest position. 

b. On remote models, manually set the throttle to the slowest position, 
right before the neutral shift gate. 

3. Stop the engine and remove the cable retainer from the powerhead 
as follows: 

c. On tiller models, remove the screw and washer retaining the throttle 
cable bracket to the side of the powerhead. 

d. On remote models, free the cable from the anchor retainer and 
remove the throttle cable trunnion nut from the anchor pocket. 

4. Pull on the cable casing in order to move the throttle cam away from 
the cam follower roller. 

5. Restart the engine and observe the speed on the shop tachometer 
with the engine running in forward gear. Compare with the idle speeds listed 
in the Tune-up Specifications chart. 

6. If adjustment is necessary, either stop the engine for safety or use 
extreme caution around moving parts. Turn the spring-wound idle speed 
screw on the carburetor to make an adjustment. Restart the engine and 
recheck idle speed with the gearcase in the forward setting. Repeat this 
cycle until the proper setting is obtained. 

Fig. 180 The spring-wound idle speed screw - 9.9115 hp Cstrokes 

Fig. 181 On tiller models, position the throttle cable bracket 118 in. 
from end of the threads - 9.9 hpll5 Qstrokes 

We realize that most people probably don't shut the engine off 
before playing with the idle speed screw, but the manufacturer does 
not recommend attempting to adjust the idle speed with the engine 
running for safety reasons and we cannot disagree. If you ignore this 
caution, make sure that you take all possible precautions to prevent 
injury by making sure someone else is navigating. Also, keep your 
hands and clothing away from any hot or moving parts on the 
outboard. 

7. Once the proper idle speed setting is confirmed, stop the engine. 
8. On tiller models, twist the grip to the full slow position, then properly 

set the throttle cable bracket position by threading the throttle cable bracket 
on the cable until it is 118 in. (3mm) from the end of the housing threads. 
Then, pull slightly on cable casing to remove backlash and secure the 
throttle cable bracket using the screw and washer. Tighten the screw to 48- 
96 inch Ibs. (5.4-10.8 Nm). 

9. For remote models, pull slightly on the throttle cable casing to 
remove backlash, then secure the throttle cable trunnion nut into the anchor 
pocket, install the cover and tighten the cover screws securely. Verify that 
there is a 1132 in. (0.8mm) gap between the throttle cam and cam follower 
roller on the engine. If adjustment is necessary on tiller models, remove the 
throttle bracket screw and turn the bracket on the housing threads until the 
proper gap is achieved. 

Some of the timing and synchronization procedures for these units require 
operating the motor at idle rpm under load and at wide-open throttle. 
Therefore, the outboard must be placed in a test tank or a body of water 
with the boat well secured to the dock or in a slip (except for the idle speed 
setting which must be conducted on an unrestrained boat). Never attempt to 
make the load adjustments or run the engine at wide open throttle with a 
flush attachment connected to the lower unit. The powerhead operating at 
high rpm with such a device, would likely cause a runaway condition from a 
lack of load on the propeller, causing extensive damage. 

Mount the outboard unit in a test tank or on a boat well secured. Connect 
a fuel line from a fuel source to the powerhead. Remove the powerhead top 
cover to gain access to adjustment locations. 

If a test tank must be used for most of the settings, the final idle 
speed adjustment will have to wait until the motor is installed on a boat 
for a proper loaded adjustment. 

On remote control models, the control cables must be removed from the 
engine before performing these adjustments. Obviously, the cables should 
be reconnected before the idle speed setting. 

The following procedures provide detailed instructions to adjust the cam 
follower pickup point, throttle control rod (1990 only), maximum spark 
advance and idle speed. The carburetor low speed mixture adjustment 
(which is not a periodic adjustment) is also provided here in case this 
adjustment is necessary due to carburetor replacement, overhaul or 
otherwise un-resolvable idle problems after the other adjustments are 
completed. Procedures should be performed exactly as directed and in the 
order given to ensure proper adjustments. 

The idle speed portion of the timing and synchronization procedures for 
these units require that the engine be operated at idle rpm mounted on the 
boat, under load and unrestrained. For this reason, the adjustments should 
take place on a low-traffic body of water and only with an assistant to 
navigate while you make the adjustments. 

ADJUSTMENTS 

Perform the following procedures in the sequence given forcorrect timing 
and carburetor synchronization. 

Cam Follower Pickup Point 
+ See Figures 182 and 183 

Movement of the throttle shaft can be exaggerated by attaching a short 
piece of stiff wire or drill bit to an alligator clip; grinding down the teeth on 
one side of the clip; and then attaching the clip to the throttle shaft, as shown 
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under Homemade Synchronization Tool. The shaft is normally accessed on 
the starboard side for these models. The wire jiggling will instantly indicate 
movement of the shaft. 

1. For tiller models, turn the idle speed adjusting knob on the end of the 
tiller handle counterclockwise (when facing the end of the handle) to the 
slowest position. 

2. On remote models, turn the arm stop screw until the arm touches the 
screw's mounting bracket. 

3. To determine the cam follower pickup point: Advance the throttle by 
moving the throttle control lever, until the tip of the wire (or drill bit) begins to 
move. When movement occurs, the center of the roller must align between 
the two marks on the cam. If the roller does not align, loosen the screw 
securing the adjustment lever to the throttle shaft. Move the adjustment lever 
up or down to make the adjustment. 

Fig. 182 Roller at the cam marks - 18 Jet-35 hp (521cc) models 

Fig. 183 If the roller does not align between the two cam marks, 
reposition the adjustment lever - 18 Jet-35 hp (521cc) models 

Throttle Control Rod (1990 Models Only) 
1. While rotating the propeller shaft slowly by hand, move the shift lever 

to the FORWARD aear. 
2. Advance t& throttle lever to contact the stop on the cylinder block. At 

this point the carburetor throttle plate should be horizontal and the throttle 
shaft must be free-moving. Also the off-set on the pivot block must face 
toward the control rod collar. 

3. If necessary, move the control rod collar so to ensure the carburetor 
plate is exactly horizontal with the throttle lever is fully advanced. Tighten the 
collar screw securely after it is repositioned. 

4. Retard the linkage and recheck the adjustment. 

Maximum Spark Advance 
+ See Figure 184 

To check the maximum spark advance: the outboard must be operated 
with the proper test wheel. Do not operate the powerhead with a propeller 
and esoeciallv don't use a flush adaoter while ~erformina this adiustment. 

I .  ' connkct a timing light to theatop cylinder. 
.. 

2. Start the powerhead and allow it to reach normal operating 
temperature. Boat movement must be restrained - secured to the dock. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damaae the water oumo. 

3. With the engine at normal operating temperature, run the motor in 
forward gear at Wide Open Throttle (WOT). Aim the timing light at the timing 
marks on the flywheel perimeter. On electric start models, the mark on the 
timing pointer (located next to the starter motor) should align between the 
appropriate marks mark on the flywheel. On manual start models, the 
triangular pointer embossed on the manual starter housing should align 
between the appropriate marks on the flywheel. 

The maximum spark advance specifications are found in the Tune- 
Up Specifications chart. 

4. If the marks do not align, shut down the engine. Loosen the nut on 
the timing adjustment screw, identified in the accompanying illustrations. 
Turn the adjustment screw to correct the timing. Rotating the screw through 
one revolution clockwise retards the timing one degree. Rotating the screw 
through one revolution counterclockwise advances the timing one degree. 
Tighten the nut on the timing adjustment screw to hold this new adjustment. 

5. After adjustment, recheck the timing to ensure it did not change while 
tightening the hold-down nut. 

h screw 

screw 

Fig. 184 Timing marks and adjustment points for electric start (top) 
and a manual start (bottom) 18 Jet-35 hp (521cc) motors 

Idle Speed 
+ See Figures 170,185 and 186 

The 20 Hp (521cc) models covered by this manual utilize either a 
threaded throttle cable bracket (tiller models through 1996) or a spring- 
wound throttle arm stop screw to hold and adjust idle speed (remote models 
and 1997 and later tiller models). Periodic checking and, when necessary, 
adjustment of this setting should be considered a part of routine 
maintenance. 

Here's your excuse, show this page to your better half in case she (or he) 
doesn't believe you. It's time to take the boat out because that's how the 
manufacturer wants you to adjust the idle speed. Not in a test tank, not on a 
trailer or even attached to a dock, but with the motor mounted on a boat, 
underway. For safety, use an assistant to navigate while you make the 
adjustment. 

Always adjust the idle speed with the correct propeller installed. 

Refer to the Tune-up Specifications chart for idle speed specs. 
1. On remote models, if the control cables were disconnected for other 

adjustments, reconnect them now. 
2. Start the engine and allow it to reach normal operating temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

3. If servicing a tiller model, rotate the idle adjustment knob on the tiller 
grip counterclockwise (when facing the steering handle) to the full slow 
position. 

4. The engine should idle between 650 and 700 rpm in forward gear. 
Ideally, always try to set the idle in the middle of the range - 675 rpm. 

5. If idle speed is incorrect, adjust by moving the throttle cable bracket 
on tiller models through 1996 or using the throttle arm stop screw on remote 
models and 1997 or later tiller models. 
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~ h r 6 t t l e  
cable 

bracket 
Fig. 185 Throttle cable bracket - 18 Jet-35 hp (521cc) tiller models 

I Fig. 186 Location of the throttle arm screw for idle adjustment - 18 
Jet-35 hp (521cc) remote and 1997 or later tiller models 

E On tiller models throuah 1996. if the throttle cable bracket is 
repositioned for idle s p e h  adjustment, check the Cam Follower Pickup 
Point to verify it has not changed and adjust, as necessary. For details 
refer to the procedure in this section. 

6. To check the carburetor mixture adjustment, operate the powerhead 
with the outboard in forward gear at or near wide open throttle for a full 
minute. Quickly reduce powerhead speed to an idle of 700-800 rpm and shift 
into neutral. The powerhead should continue to operate smoothly. If the 
powerhead pops or stalls, the airlfuel mixture is probably too lean. Rotate the 
low speed needle 1116th turn counterclockwise, allowing about 15 seconds 
between adjustments, until the powerhead responds as expected. Repeat 
the wide open throttle and quick deceleration test to verify smooth operation. 
If this does not help, verify the condition of the fuel and oil (as well as type 
used and mixture), make sure there are no other problems (such as fuel or 
ignition system trouble) and if no problems are found, reset the Carburetor 
Initial Low Speed Setting. 

Carburetor Initial Low Speed Setting 

Although not a periodic adjustment, periodic inspections could reveal the 
need for this adjustment to correct for otherwise unresolved performance 
issues. Generally speaking however, this adjustment should not be 
necessary unless the carburetor has been replaced or overhauled. 

The engine must be run under load for this procedure (either in a test tank 
or on a boat). 

1. Start the engine and allow it to reach normal operating temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump inthe lower unit. 
Just a few seconds without water will damaae the water oumD. 

2. If servicing a tiller model, rotate the idle adjustment knob on the tiller 
grip counterclockwise (when facing the steering handle) to the full slow 
position. 

3. Shift the engine into forward gear and allow it to run at slow idle 
(which should match the specification given in the Tune-up Specifications 
chart). If not, adjust the idle speed according to the procedure in this section. 

4. With the engine running at idle in forward gear, adjust the low speed 
screw until the highest consistent powerhead speed is attained. Allow about 
15 seconds between each adjustment for the engine to stabilize. 

E Turn the screw slowly, in fractional 114 or 118 increments for each 
adjustment, then allow time for it to take effect. 

5. Once the engine has stabilized and runs smoothly at the highest 
possible idle speed, rotate the low speed needle counterclockwise 118th turn 
to prevent the powerhead from operating too lean at low speeds, particularly 
in neutral. 

6. With the engine still running at normal operating temperature and in 
forward gear, adjust the idle speed screw to the center range of the ldle 
Speed (RPM) in Gear listed for your motor under the Tune-up Specifications 
chart. 

7. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Rotate the low speed needle 
1116th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the powerhead responds as expected. Repeat the full 
throttle test and sudden deceleration with the shift into neutral to check each 
adjustment. 

If the engine does not respond properly to these adjustments, check 
for other problems with the fuel or ignition systems. Make sure a 
quality fuel is being used along with the proper mixture of oil. 

8. Once a satisfactory adjustment has been achieved, verify engine idle 
speed using the ldle Speed Adjustment procedure. 

Some of the timing and synchronization procedures for these units require 
operating the motor at idle rpm under load and at wide-open throttle. 
Therefore, the outboard must be placed in a test tank or a body of water 
with the boat well secured to the dock or in a slip (except for the idle speed 
setting which must be conducted on an unrestrained boat). Never attempt to 
make the load adjustments or run the engine at wide open throttle with a 
flush attachment connected to the lower unit. The powerhead operating at 
high rpm with such a device, would likely cause a runaway condition from a 
lack of load on the propeller, causing extensive damage. 

Mount the outboard unit in a test tank or on a boat well secured. Connect 
a fuel line from a fuel source to the powerhead. Remove the powerhead top 
cover to gain access to adjustment locations. 

E If a test tank must be used for most of the settings, the final idle 
speed adjustment will have to wait until the motor is  installed on a boat 
for a proper loaded adjustment. 

On remote control models, the control cables must be removed from the 
engine before performing these adjustments. Obviously, the cables should 
be reconnected before the idle speed setting. 

The following procedures provide detailed instructions to adjust the cam 
follower pickup point, throttle control rod, maximum spark advance and idle 
speed. The carburetor low speed mixture adjustment (which is not a periodic 
adjustment) is also provided here in case this adjustment is necessary due to 
carburetor replacement, overhaul or otherwise un-resolvable idle problems 
after the other adjustments are completed. Procedures should be performed 
exactly as directed and in the order given to ensure proper adjustments. 

The idle speed portion of the timing and synchronization procedures for 
these units require that the engine be operated at idle rpm mounted on the 
boat, under load and unrestrained. For this reason, the adjustments should 
take place on a low-traffic body of water and only with an assistant to 
navigate while you make the adjustments. 

ADJUSTMENTS 

DERATE 

Perform the following procedures in the sequence given for correct timing 
and carburetor synchronization. 

Cam Follower Pickup Point 

+ See Figures 182 and 183 

Movement of the throttle shaft can be exaggerated by attaching a short 
piece of stiff wire or drill bit to an alligator clip; grinding down the teeth on - 
one side of the clip; and then attaching the clip to the throttle shaft, as shown 
under Homemade Synchronization Tool. The shaft is normally accessed on 
the starboard side for these models. The wire jiggling will instantly indicate 
movement of the shaft. 
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1. For tiller models, turn the idle speed adjusting knob on the end of the 

tiller handle counterclockwise (when facing the end of the handle) to the 
slowest position. 

2. On remote models through 1996, turn the arm stop screw until the 
arm touches the screw's mounting bracket. 

3. On all 1997-2001 models, loosen the locknut, then turn arm stop 
screw counterclockwise until the arm touches the screw's mounting bracket. 

4. To determine the cam follower pickup point: Advance the throttle by 
moving the throttle control lever, until the tip of the wire (or drill bit) begins to 
move. When movement occurs, the center of the roller must align between 
the two marks on the cam. If the roller does not align, loosen the screw 
securing the adjustment lever to the throttle shaft. Move the adjustment lever 
up or down to make the adjustment. 

Throttle Control Rod 
+ See Figure 187 

Before making any adjustment to the throttle control rod, be sure the 
offset on the pivot block faces toward the control rod collar. 

Before touching the propeller, always disconnect the negative battery 
cable andlor remove the spark plugs leads for safety. 

1. Rotate the propeller shaft and at the same time, move the shift lever 
into the forward position. 

2. Loosen the control rod collar screw. 
3. Advance the throttle lever until the lever makes contact with the stop 

cast into the cylinder block. Now, move the throttle control rod forward until 
the carburetor throttle plate is horizontal. 

4. Slide the control rod collar backwards until it makes contact with the 
pivot block, then tighten the screw on the collar to hold this new adjustment. 

5. Verify the adjustment by observing the carburetor throttle plate, it 
must be precisely horizontal when the throttle lever is fullv advanced. Repeat 
the adjustment, as necessary. 

Control rod Pivot 
collar block 

/--\ 

Fig. 187 Throttle control rod - 18 Jet and 25-35 hp (521cc) models 

Maximum Spark Advance 
+ See Figure 184 

To check the maximum spark advance: the outboard must be operated 
with the proper test wheel. Do not o~erate the powerhead with a ao~e l le r  
and especially don't use a flush adapter while performing this adjustment. 

1. Connect a timing light to the top cylinder. 
2. Start the powerhead and allow it to reach normal operating 

temperature. Boat movement must be restrained - secured to the dock. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

3. With the engine at normal operating temperature, run the motor in 
forward gear at Wide Open Throttle (WOT). Aim the timing light at the timing 
marks on the flywheel perimeter. On electric start models, the mark on the 

timing pointer (located next to the starter motor) should align between the 
appropriate marks mark on the flywheel. On manual start models, the 
triangular pointer embossed on the manual starter housing should align 
between the appropriate marks on the flywheel. 

The maximum spark advance specifications are found in the Tune- 
Up Specifications chart. 

4. If the marks do not align, shut down the engine. Loosen the nut on 
the timing adjustment screw, identified in the accompanying illustrations. 
Turn the adjustment screw to correct the timing. Rotating the screw through 
one revolution clockwise retards the timing one degree. Rotating the screw 
through one revolution counterclockwise advances the timing one degree. 
Tighten the nut on the timing adjustment screw to hold this new adjustment. 

5. After adjustment, recheck the timing to ensure it did not change while 
tightening the hold-down nut. 

Idle Speed 
+ See Figures 170,185 and 186 

The 18 Jet and 25-35 Hp (521cc) models covered by this manual utilize 
either a threaded throttle cable bracket (tiller models through 1996) or a 
spring-wound throttle arm stop screw to hold and adjust idle speed (remote 
models as well as 1997 and later tiller models). Periodic checking and, when 
necessary, adjustment of this setting should be considered a part of routine 
maintenance. 

Here's your excuse, show this page to your better half in case she (or he) 
doesn't believe you. It's time to take the boat out because that's how the 
manufacturer wants you to adjust the idle speed. Not in a test tank, not on a 
trailer or even attached to a dock, but with the motor mounted on a boat, 
underway. For safety, use an assistant to navigate while you make the 
adjustment. 

Always adjust the idle speed with the correct propeller installed. 

Refer to the Tune-up Specifications chart for idle speed specs. 
1. On remote models, if the control cables were disconnected for other 

adjustments, reconnect them now. 
2. Start the engine and allow it to reach normal operating temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

3. If servicing a tiller model, rotate the idle adjustment knob on the tiller 
grip counterclockwise (when facing the steering handle) to the full slow 
position. 

4. The engine should idle between 650 and 700 rpm in forward gear. 
Ideally, always try to set the idle in the middle of the range - 675 rpm. 

5. If idle speed is incorrect, adjust by moving the throttle cable bracket 
on tiller models through 1996 or using the throttle arm stop screw on all other 
models (remote models and tiller models 1997 or later). 

On tiller models through 1996, if the throttle cable bracket is 
repositioned for idle speed adjustment, check the Cam Follower Pickup 
Point to verify it has not changed and adjust, as necessary. For details 
refer to the procedure in this section. 

6. To check the carburetor mixture adjustment, operate the powerhead 
with the outboard in forward gear at or near wide open throttle for a full 
minute. Quickly reduce powerhead speed to an idle of 700-800 rpm and shift 
into neutral. The powerhead should continue to operate smoothly. If the 
powerhead pops or stalls, the airlfuel mixture is probably too lean. Rotate the 
low speed needle 118th turn counterclockwise, allowing about 15 seconds 
between adjustments, until the powerhead responds as expected. Repeat 
the wide open throttle and quick deceleration test to verify smooth operation. 
If this does not help, verify the condition of the fuel and oil (as well as type 
used and mixture), make sure there are no other problems (such as fuel or 
ignition system trouble) and if no problems are found, reset the Carburetor 
Initial Low Speed Setting. 

Carburetor Initial Low Speed Setting 

Although not a periodic adjustment, periodic inspections could reveal the 
need for this adjustment to correct for otherwise unresolved performance 
issues. Generally speaking however, this adjustment should not be 
necessary unless the carburetor has been replaced or overhauled. 
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Before disturbing the factory setting, make an alignment mark on 

the carburetor body. This mark is used as a point of reference during 
the adjustment procedure. 

The engine must be run under load for this procedure (either in a test tank 
or on a boat). 

1. Start the engine and allow it to reach normal operating temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damaae the water aumo. 

2. If servicing a tiller model, rotate the idle adjustment knob on the tiller 
grip counterclockwise (when facing the steering handle) to the full slow 
position. 

3. Shift the engine into forward gear and allow it to run at fast idle of 
700-800 rpm for at least 3 minutes. 

4. With the engine running at idle in forward gear, observe the running 
conditions as follows: 

a. If the engine is running rich, it will show a rough or unsteady idle. 
b. If the engine is running lean, it will sneeze or backfire. 
5. If necessary, adjust the low speed mixture screw as follows to obtain 

a smooth idle: 
a. For rich mixtures, noting the reference mark made earlier, turn the 

needle 118th turn clockwise, allowing about 15 seconds between 
adjustments, until the highest consistent rpm is reached. 

b. For lean mixtures, noting the reference mark made earlier, turn the 
needle 118th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the highest consistent rpm is reached. 

6. With the engine still running at normal operating temperature and in 
forward gear, adjust the idle speed screw to the center range of the ldle 
Speed (RPM) in Gear listed for your motor under the Tune-up Specifications 
chart. 

7. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Rotate the low speed needle 
118th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the powerhead responds as expected. Repeat the full 
throttle test and sudden deceleration with the shift into neutral to check each 
adjustment. 

If the engine does not respond properly to these adjustments, check 
for other problems including: 

Improper engine temperatures 
Incorrect linkage adjustments 
Insufficient exhaust backpressure 
Other problems with the fuel or ignition systems - Quality and mixture of fuel and oil 

8. Once a satisfactory adjustment has been achieved, verify engine idle 
speed using the ldle Speed Adjustment procedure. 

Some of the timing and synchronization procedures for these units require 
operating the motor at idle rpm under load and at wide-open throttle. 
Therefore, the outboard must be placed in a test tank or a body of water 
with the boat well secured to the dock or in a slip (except for the idle speed 
setting which must be conducted on an unrestrained boat). Never attempt to 
make the load adjustments or run the engine at wide open throttle with a 
flush attachment connected to the lower unit. The powerhead operating at 
high rpm with such a device, would likely cause a runaway condition from a 
lack of load on the propeller, causing extensive damage. 

Mount the outboard unit in a test tank or on a boat well secured. Connect 
a fuel line from a fuel source to the powerhead. Remove the powerhead top 
cover to gain access to adjustment locations (on some models this means 
only the top cover, but on models equipped with split lower covers, they must 
usually be removed as well). 

If a test tank must be used for most of the settings, the final idle 
speed adjustment will have to wait until the motor is installed on a boat 
for a proper loaded adjustment. 

The following procedures provide detailed instructions to adjust the 
throttle plate synchronization, cam pickup point, idle speed, throttle control 
rod, wide open throttle stop, throttle cable installation, maximum spark 
advance and, for some models, shift lever adjustment. The carburetor low 
speed mixture adjustment (which is not a periodic adjustment) is also 
provided here in case this adjustment is necessary due to carburetor 
replacement, overhaul or otherwise un-resolvable idle problems after the 
other adjustments are completed. Procedures should be performed exactly 
as directed and in the order given to ensure proper adjustments. 

The preliminary adjustments must be performed before starting 
these adjustment procedures. 

The idle speed portion of the timing and synchronization procedures for 
these units require that the engine be operated at idle rpm mounted on the 
boat, under load and unrestrained. For this reason, the adjustments should 
take place on a low-traffic body of water and only with an assistant to 
navigate while you make the adjustments. 

ADJUSTMENTS 

DERATE 
+ See Figures 188 and 189 

Perform the following procedures in the sequence given in order to ensure 
correct timing and carburetor synchronization. Start the procedures by 
following these preliminary adjustments: 

Preliminary Adjustments 
+ See Figures 188 and 189 

1. Either disconnect the throttle cable from the lever (except 40RW, 
40RP, 40WR, 45 and 55 Commercial models) or remove the bolt and washer 
securing the throttle cable bracket to the powerhead (40RW, 40RP, 40WR, 
45 and 55 Commercial models). 

2. For 40148150 hp models through 1993, check that the throttle control 
rod is approximately 7 13116 in. (19.8cm) in length when measured to the 
center of the socket. If necessary, disconnect the socket and turn it inward or 
outward to achieve the proper preliminary length. For later models, OMC 
changed the procedures slightly and adjust the throttle control rod length 
based on a gap measured later in the procedure. 

3. Measure the length of the short spark control rod from the ball joint 
center at one end to the ball joint center at the other end of the rod, as 
shown in one of the accompanying illustrations. This distance varies slightly 
by year and model. If the distance between centers is not as specified, 
carefully pry the forward ball joint free of the spark lever cam and rotate the 
rod end to correct the length of the rod. Spark control rod specifications are 
as follows: 

For motors through 1992, the spark control rod on 40148150 hp models 
should be about 2 1116 in. (5.3cm) lona. For 45155 commercial models 
through 1992 there is NO preliminary spark control rod spec or adjustment. 

For 1993 motors, the spec~fications are as follows: 25D 40R 40BA 48 
hp models (these have a Camp charging system) the spark control rod 
should be about 2 1/16 in. (5.3cm) long. For 
40E/40TEl40TU40TTU5OBEl5OTE/5OTU5OJE models (these have a 12-amp 
charging system) the spark control rod should be about 2 518 in. (6.7cm) 
long. For 1993 45155 commercial models there is NO preliminary spark 
control rod spec or adjustment. 

For 1994 and later motors spark control rod adjustment varies only with 
the charging system. It should be either 2-112 in, (6.4cm) on models 
equipped with a 12-amp charging system or 2 in. (5.8cm) on models 
equipped with a Camp charging system (most commercial models in this 
year range have a Camp system). 

4. On all except the 40RW, 40RP, 40WR, 45 and 55 Commercial 
models, disconnect the throttle control rod socket from the throttle cam 
(unless already done on models through 1993 in a previous step). 

5. On 40RW, 40RP, 40WR, 45 and 55 Commercial models proceed as 
follows, depending upon the year: 

For models through 1993 back out the idle speed and WOT stop 
screws, then turn the twist grip to the full open and full closed positions. - 
Make sure there is 114 in. (6mm) gap between the roller and the end of the 
slot in the throttle lever in both positions. If necessary, adjust this by 
loosening the jam nut and rotating the thumb wheel at the throttle cable 
bracket. Re-tighten the jam nut once the throttle lever is positioned correctly. 
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For 1994 and later models, loosen the locknut, then rotate the nut and 

the thumb wheel clockwise until seated on the rod. 
6. For all models EXCEPT 45155 Commercial motors through 1993, 

check the initial idle screw adjustment dimension (distance from the 
underside of the screw head to the spark lever cam). The initial adjustment 
must be 112 in. (12mm), if necessary loosen the idle speed screw locknut, 
and rotate the screw to set the dimension. Tighten the locknut to keep the 
screw from moving. 

7. Proceed with the adjustments, starting with throttle plate 
synchronization. 

Throttle Plate (Cam) Synchronization 
+ See Figures 188,189 and 190 

To synchronize the throttle plate (cam): 
1. Loosen the adjustment screw for the throttle cam follower roller, then 

move the follower away from the throttle cam. 
2. Loosen the carburetor lever adjustment screw for the upper 

carburetor. 

3. Rotate both throttle shafts slightly and permit them to snap shut. 
Apply a gentle pressure on the adjustment tab, as shown, and tighten the 
adjustment screw. 

4. Check to be sure that both throttle shafts begin to rotate at exactly 
the same time. 

Cam Pickup Point 
+ See Figures 188 and 189 

To adjust the cam pickup point: Verify that both carburetor throttle plates 
are closed, then check to be sure the throttle cam follower roller makes 
contact with the throttle cam at the embossed mark on the cam. The mark 
must align with the center of the roller. If not, loosen the adjustment screw 
and reposition the roller until it makes contact at the mark on the cam. 
Tighten the screw to hold the new adjustment. 

The throttle cam on 40RW, 40RP, 40WR, 45 and 55 Commercial models 
have 2 embossed marks facing the follower roller. Make sure that the 
LOWER of the 2 marks aligns with the center of the roller otherwise use the 
adjustment screw to center the follower. On these models through 1993 

Throttle 
cam 

screw &;T;e?rm 
removed) 

Fig. 188 Throttle, idle and spark linkage - 737cc 2-cylinder 25,40,40RS, 48 and 50 Hp motors, except 40RW, 40RP, 40WR, 45 and 55 Commercial 
models 

Fig. 189 Throttle, idle and spark linkage - 737cc 2-cylinder 40RW, 40RP, 40WR, 45 and 55 Commercial models 
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Adjustment Adjustment 
screw tab 

adjusting 

OMC recommended that you also check the pickup timing (Idle Timing) using 
a timing light and, if necessary, adjusting it at this point by loosening the jam 
nut on the spark lever cam-to-throttle cam link rod and using the thumb 
wheel to change the length of the link. Rotate the TOP of the thumb wheel 
toward the crankcase to INCREASE pickup timing and away from the 
crankcase to DECREASE pickup timing. Tighten the jam nut after any 
adjustment. 

We're not sure why, but OMC changed their recommended order of 
procedures here. On models through 1993 they wanted you to adjust 
the Maximum Spark Advance next (followed by the Wide Open Throttle 
Stop on Commercial Models only) and THEN return to adjust ldle 
Speed. However starting in 1994 they recommended going to ldle 
Speed next and later adjusting the Maximum Spark Advance. We've 
tried it both ways and honestly think it doesn't matter, but we mention 
it here so that you can follow the original recommendations on earlier 
models IF you prefer. 

ldle Speed 

+ See Figures 188 and 189 

Here's your excuse, show this page to your better half in case she (or he) 
doesn't believe you. It's time to take the boat out because that's how the 
manufacturer wants you to adjust the idle speed. Not in a test tank, not on a 
trailer or even attached to a dock, but with the motor mounted on a boat, 
underway. For safety, use an assistant to navigate while you make the 
adjustment. 

W Always adjust the idle speed with the correct propeller installed. 

Refer to the Tune-Up Specifications chart for idle speed specs. 
1. Connect an accurate shop tachometer, then start the engine and 

allow it to reach normal operating temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

2. Once the engine has fully warmed, operate the engine at idle with 
the gearcase in the forward position. Note the engine speed reading on the 
tachometer as compared to the specs listed in the Tune-up Specifications 
chart. Anything in this range is acceptable, but ideally idle should be set 
toward the center of this range. 

3, If adjustment is necessary, either stop the engine for safety or use 
extreme caution around moving parts. Loosen the idle speed screw locknut, 
then turn the screw to make an adjustment. Restart the engine and recheck 
idle speed with the gearcase in the forward setting. Repeat this cycle until 
the proper setting is obtained. 

We realize that most people probably don't shut the engine off 
before playing with the idle speed screw, but the manufacturer does 
not recommend attempting to adjust the idle speed with the engine 
running for safety reasons and we cannot disagree. If you choose to 
iunore this caution. make sure that vou take all possible precautions to 
Gevent injury by making sure someone else is navigating. Also, keep 
vour hands and clothing away from any hot or moving parts on the - - 
outboard. 

4. Once the proper idle speed setting is confirmed, use a timing light to 
check and confirm that idle timing is 0-2" or 1-5" After Top Dead Center 
(ATDC), depending upon the year and model. If idle timing is out of 
specification, perform the carburetor low speed mixture adjustment to 
optimize carburetor settings. If even after adjustment, proper idle timing 
cannot be set, check the engine temperature, powerhead condition, for 
sufficient exhaust backpressure and, if used, vacuum balance hose 
condition. 

Carburetor Initial Low Speed Setting 

On these models the low speed mixture for each carburetor is controlled 
by an adjustable needle. 

Although not a periodic adjustment, periodic inspections could reveal the 
need for this adjustment to correct for otherwise unresolved performance 
issues. Generally speaking however, this adjustment should not be 
necessary unless the carburetor has been replaced or overhauled. 

H Before disturbing the factory setting, make an alignment mark on 
the carburetor body. This mark is used as a point of reference during 
the adjustment procedure. 

The engine must be run under load for this procedure (either in a test tank 
or on a boat). 

1. Start the engine and allow it to reach normal operating temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

2. If servicing a tiller model, rotate the idle adjustment knob on the tiller 
grip counterclockwise (when facing the steering handle) to the full slow 
position. 

3. Shift the engine into forward gear and allow it to run at idle for at 
least 3 minutes. 

4. With the engine running at idle in forward gear, observe the running 
conditions as follows: 

a. If the engine is running rich, it will show a rough or unsteady idle. 
b. If the engine is running lean, it will sneeze or backfire. 
5. If necessary, adjust the low speed mixture screw as follows to obtain 

a smooth idle: 
a. For rich mixtures, noting the reference mark made earlier, turn the 

needle 118th turn clockwise, allowing about 15 seconds between 
adjustments, until the highest consistent rpm is reached. 

b. For lean mixtures, noting the reference mark made earlier, turn the 
needle 118th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the highest consistent rpm is reached. 

6. Repeat this procedure for the remaining carburetor. 
7. With the engine still running at normal operating temperature and in 

forward gear, adjust the idle speed screw to the center range of the ldle 
Speed (RPM) in Gear listed for your motor under the Tune-Up Specifications 
chart. 

8. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Rotate the low speed needle 
118th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the powerhead responds as expected. Repeat the full 
throttle test and sudden deceleration with the shift into neutral to check each 

- 
adjustment. 

W If the engine does not respond properly to these adjustments, check 
for other problems including: 
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Improper engine temperatures 

* Incorrect linkage adjustments 
Insufficient exhaust backpressure 
A problem with the pulse equalization hose 
Other problems with the fuel or ignition systems 

* Quality and mixture of fuel and oil 

Throttle Control Rod (1994 and Later Models) 
+ See Figures 188 and 189 

On 1993 and earlier models the throttle control rod was already adjusted 
either during preliminary procedures or during other adjustments. However, 
starting in 1994 OMC changed the recommendation for when and how to 
adjust this rod, so take a moment now on later-model motors to adjust the 
rod as follows: 

The throttle control rod adjustment is performed statically (with the 
engine NOT running). 

1. Hold the idle speed screw against its stop on the engine (making 
sure that both throttle plates are closed), and check the gap between the 
throttle cam and follower roller using a feeler gauge, it should be 0.020 in. 
(0.5mm). 

When checking gaps, a feeler gauge of the proper size should pass 
through the gap with a slight drag while the next size up should not fit 
and the next size down should not drag. 

2. If the throttle control rod gap is incorrect, adjust the length of the rod 
as follows: 

a. On all except 40RW, 40RP, 40WR, 45 and 55 Commercial models, 
pry the rod free of the throttle cam and rotate the rod end until the correct 
length is achieved in order to produce the specified gap. Then, reconnect the 
control rod socket to the throttle cam and verify the adjustment. 

b. On 40RW, 40RP, 40WR, 45 and 55 Commercial models, loosen the 
throttle rod locknut, then turn the thumbwheel (counterclockwise when 
dealing with a fully seated throttle cam) to obtain the proper gap. Tighten the 
locknut and verify the adjustment. 

Wide Open Throttle Stop 
+ See Figures 188,189 and 191 

The Wide Open Throttle (WOT) stop adjustment is performed 
statically (with the engine NOT running). 

To check the WOT stop position: With the powerhead not operating, 
advance the throttle lever to the full throttle (or wide open) position. At this 
point the carburetor throttle shaft roll pins (found on the opposite side of the 
carburetors from the linkage) should be completely vertical indicating the 
throttle valves are all the way open. If not, loosen the locknut on the stop 
screw at the lower corner of the throttle lever. Rotate the screw as necessary 
to bring the roll pins into vertical alignment, then tighten the locknut on the 
stop screw to hold this new adjustment. Verify the positioning of the screw 
did not change while tightening the locknut. 

~h?ottle 
cab le  

Fig. 191 The WOT stop screw is on the lower corner of the throttle 
lever - 737cc motors except 40RW, 40RP, 40WR, 45 and 55 
Commercial models shown, others similar 

Throttle Cable Installation 

Tiller Control Models, Except 40RW 40RE 40WR, 45 and 55 Commercial 
Motors 
+ See Figures1 31 22gl88> re-reference 

1. Turn the idle speed adjustment knob counterclockwise (when facing 
the tiller handle from the motor operator's position) until the full slow idle 
position is reached. 

2. Connect the throttle cable to the upper hole in the throttle lever arm 
and secure using the pin and cotter clip. Make sure the clip is installed 
parallel to the raised ridge on the lever. 

3. Hold the tiller throttle grip in the full slow position, and with the idle 
speed screw on its stop, pull firmly on the cable to remove any backlash. 
Rotate the cable bracket to align with the mounting screw hole. 

4. Preload the linkage by threading the cable 2 turns toward the cable 
end, then install the bracket using the flat washer between the bracket and 
intake manifold. Tighten the retaining bolt to 36 inch Ibs. (4 Nm). 

5. Install the cable retainer plate and tighten the bolts securely. 
6. Check the throttle cable bracket adjustment by rotating the throttle 

twist several times and verifying that the idle speed screw touches the stop 
with the throttle grip in the slow position. 

Remote Control Models, Except 40RW, 40RP, 40WR, 45 and 55 
Commercial Motors 

+ See Figure 188 

1. If the gearcase was serviced, check the neutral detent adjustment as 
directed under Gearcase. 

2. Attach the throttle cable to the arm and tighten the locknut securely. 
3. Verify that the fast idle lever is down in the run position. 
4. Have an assistant slowly rotate the propeller shaft by hand while you 

shift the remote handle from neutral to forward and then 112 the distance 
back to neutral. This positions the control as necessary to obtain proper 
adjustment. 

5. Move the engine throttle lever so that the spark lever stop screw is 
against the stop. Then, attach the throttle cable casing guide to the throttle 
lever lower hole using the pin and cotter clip. The clip must be installed 
parallel to the raised rib. 

6. Pull firmly on the throttle cable to remove backlash, then install the 
trunnion nut in the anchor pocket. 

7. Install the cable retainer and screw to hold everything in position, 
then check cable adjustment to ensure proper idle speed (that it is not too 
high) and shifting (to prevent excessive effort). Move the remote control all 
the way forward and then back into neutral. Verify that the idle stop screw is 
against the stop. If not, remove backlash by adjusting the trunnion nut. 

8. Once adjustment is correct, securely tighten the cable retainer screw. 

40RW 40RF 40WR, 45  and 5 5  Commercial Motors 

+ See Figure 189 

1. Turn the idle speed adjustment knob counterclockwise (when facing 
the tiller handle from the motor operator's position) until the full slow idle 
position is reached. 

2. Loosen the locknut on the throttle cable bracket. 
3. Hold the tiller throttle grip in the full slow position and turn the bracket 

thumbwheel until the forward bracket hole aligns with the mounting hole. 
Install the screw through the forward mounting hole, placing the washer 
between the bracket and the powerhead, then tighten the screw to 36 inch 
Ibs. (4 Nm). 

4. Rotate the thumbwheel 2 revolutions clockwise to preload the 
linkage, then securely tighten the locknut. 

5. Verify the throttle cable adjustment by rotating the throttle twist 
several times and verifying that the idle speed screw touches the stop with 
the throttle grip in the slow position. 

Maximum Spark Advance 

+ See Figures 188 and 189 * 

To check the maximum spark advance, the outboard must be operated 
with the proper test wheel. Do not operate the powerhead with a propeller, or 
flush adapter while performing this adjustment. 
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Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

1. Connect a timing light to the top cylinder. 

For a clear reference, mark the flywheel timing grid at the 19" mark. 

2. Start the engine and run it at idle until it reaches operating 
temperature. 

3. Once the motor is fully warmed, run it at a minimum of 5000 rpm with 
the outboard in forward gear. Aim the timing light at the timing marks on the 
flywheel perimeter. The mark on the timing pointer should align between the 
18" and 20" marks on the flywheel. 

4. If the timing requires adjustment, shut down the powerhead for safety 
and alter the length of the spark control lever to correct the timing, as 
follows: 

a. Pry off the forward ball joint on the spark control rod from the ball 
joint on the spark lever cam. 

b. Rotate the rod end clockwise to advance the timing, or 
counterclockwise to retard the timing. 

Two complete revolutions of the rod end equals approximately one 
degree change in the timing. Also, keep in mind that if you make an 
adjustment of more than 2 revolutions, the idle speed adjustment and 
throttle control length must both be readjusted to ensure proper motor 
operation. 

c. Snap the rod end onto the spark lever cam ball joint when the 
adjustment is complete. 

5. Restart the engine and verify proper maximum spark advance timing. 
6. Double-check the idle speed. IF the forward ball joint was turned 

more than 2 full revolutions, it is quite likely that the ldle Speed and Throttle 
Control Rod adjustments must be'performed again. THIS might be one of the 
reasons that OMC oriainallv had the Maximum Soark Advance adiustment 
BEFORE the ldle speed aijustment (at least as {heir recommendations went 
for models through 1993). It is likely that other benefits from placing the 
Maximum Spark Advance towards the ends of the adjustments outweighed 
the minor inconvenience of resetting these two adjustments. 

Shift Lever Detent (40RW, 40RP, 40WR, 45 and 55 Commercial Models) 
1. Loosen the detent spring screw. 
2. Move the shift lever until the gearcase neutral shift position is felt 

(and verified by turning the propeller shaft slowly by hand). 
3, Center the detent spring in the detent plate notch, then tighten the 

screw to 60 inch Ibs. (7 Nm). 

Some of the timing and synchronization procedures for these units require 
operating the motor at idle rpm under load and at wide-open throttle. 
Therefore, the outboard must be placed in a test tank or a body of water 
with the boat well secured to the dock or in a slip (except for the idle timing 
setting which must be conducted on an unrestrained boat). Never attempt to 
make the load adiustments or run the enaine at wide ooen throttle with a 
flush attachment connected to the lower unit. The powerhead operating at 
high rpm with such a device, would likely cause a runaway condition from a 
lack of load on the propeller, causing extensive damage. 

The necessity to conduct the idle timing procedure on an unrestrained 
boat so early inihe timing and synchroniing sequence makes it impractical 
to trulv tune these motors without havina them mounted on a boat. If at all 
possil;le, avoid the use of a test tank fo;these adjustments. Remove the 
engine top cover to gain access to adjustment locations. 

If a test tank must be used for most of the settings, all settings from 
the idle timing on should be checked and adjusted again once the 
motor is finally mounted on a boat. 

The following procedures provide detailed instructions to set the timing 
pointer (if disturbed), then adjust the throttle plate synchronization, idle 
timing, cam follower pickup, maximum spark advance, wide open throttle 
positioning and neutral detent adjustment. The carburetor low speed mixture 
adjustment (which is not a periodic adjustment) is also provided here in case 
this adjustment is necessary due to carburetor replacement, overhaul or 
otherwise un-resolvable idle problems after certain of the other adjustments 

are completed. Procedures should be performed exactly as directed and in 
the order given to ensure proper adjustments. 

The preliminary adjustments must be performed before starting 
these adjustment procedures. 

The idle iiming portion of the synchronization procedures for these units 
require that the engine be operated at idle rpm mounted on the boat, under 
load and unrestrained. For this reason, the adjustments should take place on 
a low-traffic body of water and only with an assistant to navigate while you 
make the adjustments. 

ADJUSTMENTS 

+ See Figure 192 

Perform the following procedures in the sequence given in order to ensure 
correct timing and carburetor synchronization. Start the procedures by 
following these preliminary adjustments: 

Preliminary Adjustments 
+ See Figure 192 

These preliminary adjustments will ensure that the linkage us in the 
correct position before starting the timing and synchronization procedures. 

For safety, the manufacturer recommends disconnecting the spark plug 
leads whenever the Drocedure does not call for running the motor. This 
will prevent the possibility that the engine could be acEidentally started 
while someone's hands are near a moving part. 

1. Measure the length of the idle stop screw from the contact point at 
the throttle arm to the beginning of the screw boss (the throttle arm side of 
the screw boss). This length should be 314 in. (Igmm), if necessary loosen 
the locknut on the face of the screw boss, then adjust the screw and tighten 
the nut to hold it in place. 

2. For tiller models: 
a, Remove the pivot screw that holds the throttle cable bracket to the 

support arm. 

NG ADJUSTMENT SCREW 

LE STOP SCREW 

/ PIVOTSCREW 

THRO 
ARM 

I WASHER 
UNDER 
BRACKET 

Fig. 192 Throttle and idle linkage - 25135 hp &cylinder models 
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b. Turn the idle speed adjustment knob on the tiller handle 

counterclockwise to the full slow position. Make sure that the knob is turned 
fully to the slow setting and that the throttle arm is contacting the idle stop 
screw. 

c. Twist the throttle cable bracket in order to align it with the mounting 
screw hole, then twist the bracket 1 complete revolution forward toward the 
cable end in order to preload the cable. 

d. Install the bracket and pivot screw placing the flat washer 
underneath the bracket, between the bracket and the cable support arm. 

3. For remote models, disconnect the throttle cable from the engine. 

Setting the Timing Pointer 

+ See Figures 193 and 194 

A timing pointer is mounted to the flywheel cover, at the mouth of an 
access opening directly above the carburetors. If the timing pointer bracket 
has been disturbed use this procedure to check and set the pointer 
positioning (thereby ensuring the accuracy of the idle timing and maximum 
spark advance procedures to follow). 

1. Remove the 3 spark plugs from the cylinder head using the 
procedures found under Spark Plugs in this section. 

2. Loosen the screw fastening the timing pointer, then center the pointer 
and retighten the screw to hold it in position. 

3. Slowly rotate the flywheel clockwise until the cast Top Dead Center 
(TDC) mark is about I in. (25.4mm) past the timing pointer. One way to 
rotate the enaine is to SLOWLY pull on the hand starter, but be careful not to 
pull too hardor fast, otherwise you'll kick the motor around, right past the 
timing marks. 

\ 

POINTER 0 

Fig. 193 Centering the timing pointer (marks 1 and 2 are used to 
find 3 which is TRUE TDC where the pointer is currently aligned) 

Fig. 194 OMC Piston Stop Tool (#384887) 

Under NO circumstances should you EVER rotate the flywheel 
counterclockwise. If you do there is a good chance that the water pump 
impeller vanes will become damaged. 

4. Install the OMC Piston Stop Tool (#384887) or equivalent, into the 
spark plug bore for the top (No.1) cylinder. Adjust the tool to a point where it 
makes contact with the piston. 

5. Hold the piston firmly against the tool piston stop tool and make a 
mark on the flywheel inline with the timing pointer. Label this mark 1 or A to 
distinguish it from the next mark. 

6. Rotate the flywheel in a clockwise direction until the piston contacts 
the tool again, then make a second mark (label it 2 or B) on the flywheel 
inline with the timing pointer, then remove the piston stop tool. 

7. Use the molded marks to locate the exact midway point between the 
first and second marks and place a mark (label it 3 or C) at this location, 
since it represents actual TDC for where the timing pointer is currently set. 

The piston stop tool is basically just an adjustable rod with a 
locknut, mounted through spark plug threads. A substitute could be 
fabricated with a little creativity (using the casing of a spark plug or 
even a plug thread chaser). The key to the tool is that it can be locked 
in place (using the locknut) at some early point in the piston's 
downstroke. The first mark you make on the flywheel translates into 
this random point. Then, the piston is brought the rest of the way down 
in its travel and back up again (by rotating the flywheel) until it reaches 
the very same height in the bore (and contacts the tool again, but this 
time on the way up). A second mark, represents the exact same 
physical point in the bore, on the exact opposite side of Top Dead 
Center (TDC) or the very top of the piston travel. By locating the exact 
point midway between these to marks, you've found the spot on the 
flywheel that corresponds perfectly to Top Dead Center with regards to 
the pointer's current position. 

8. Rotate the flywheel clockwise to align your TDC mark (labeled 3 or 
C) with the timing pointer, since you know that will place the flywheel and 
crankshaft at TRUE Top Dead Center, then, holding the flywheel in this 
position, loosen the timing pointer screw again. Slide the pointer away from 
the center mark and align it with the cast TDC mark on the flywheel itself. 
Voila, your pointer is now aligned with the flywheel TDC mark WHILE the 
crankshaft and flywheel is TRULY at TDC. Tighten the timing pointer 
retaining screw securely as it is now set for accurate readings on the 
flywheel again. 

9. Install the spark plugs. 

Throttle Plate (Cam) Synchronization 

1. Remove the air intake silencer for access. 
2. Use a 5/16 ball-hex driver to turn the cam follower adjustment screw 

counterclockwise until the cam and follower are not in contact with each 
other. 

3. Loosen the two carburetor link screws and verify that the throttle 
plates are completely closed (by peering through the throttle bores). 

4. Very, very lightly push upward on the carburetor link tabs and tighten 
the screws. 

Idle Timing 

+ See Figure 192 

Here's your excuse, show this page to your better half in case she (or he) 
doesn't believe you. It's time to take the boat out because that's how the 
manufacturer wants you to adjust the idle speed. Not in a test tank, not on a 
trailer or even attached to a dock, but with the motor mounted on a boat, 
underway. For safety, use an assistant to navigate while you make the 
adjustment. 

Always adjust the idle speed with the correct propeller installed. 

Refer to the Tune-up Specifications chart for idle speed specs. 
1. Disable the motor's QuikStart cold starting feature in order to get an 

accurate timing reading. To do this, disconnect the whitelblack lead 
connector from the temperature switch on the powerhead, then use an 
alligator clip jumper wire to connect the ignition module side of the circuit to a , 
clean engine ground. 

2. Connect an accurate shop tachometer, then connect an inductive 
timing light to the No. 1 (top) cylinder spark plug lead. 
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Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump inthe lower unit. 
Just a few seconds without water will damaae the water Dumtx 

3. Start the engine and wait at least 10 seconds for the QuikStart 
system to return the timing to normal, then shift the engine into forward gear. 
Visually check the throttle arm to make sure it is against the stop, then check 
the idle timing by aiming the timing light at the timing pointer and the 
flywheel. On these motors, idle timing should be 4" After Top Dead Center 
(ATDC). 

4. If adjustment is necessary, either stop the engine for safety or use 
extreme caution around moving parts. Loosen the idle speed screw locknut 
(located just in front of the screw boss), then turn the screw to make an 
adjustment. Turning the screw clockwise will advance the idle timing, while 
turning the screw counterclockwise will retard the idle timing. Restart the 
engine and recheck idle speed with the gearcase in the forward setting. 
Repeat this cycle until the proper setting is obtained. 

We realize that most people probably don't shut the engine off 
before playing with the idle speed screw, but the manufacturer does 
not recommend attempting to adjust the idle speed with the engine 
running for safety reasons and we cannot disagree. If you choose to 
ignore this caution, make sure that you take all possible precautions to 
prevent injury by making sure someone else is navigating. Also, keep 
your hands and clothing away from any hot or moving parts on the 
outboard. 

5. Once the proper idle timing setting is confirmed, use the tachometer 
to check idle rprn. This procedure should result in an idle speed of 700-800 
rpm (as specified for these motors), depending on propeller selection and 
condition. If the speed is incorrect, check the following: 

a. If the speed it too high, check the induction system for air leaks. 
b. If the speed is too low, and engine components and systems are 

operating properly, decrease the idle timing by one or two degrees (say from 
4 ATDC to 3 or 2 ATDC) to achieve the desired rprn. 

c. If idle speed is inconsistent or the engine runs rough or spits, and no 
problems can be found, suspect an incorrect carburetor mixture problem, 
refer to Carburetor Initial Low Speed Setting adjustment in this section. 

Carburetor lnitial Low Speed Setting 

On these models the low speed mixture for each carburetor is controlled 
by an adjustable needle. 

~ l though not a periodic adjustment, periodic inspections could reveal the 
need for this adiustment to correct for otherwise unresolved ~erformance 
issues. ~ e n e r a l i ~  speaking however, this adjustment should ;lot be 
necessary unless the carburetor has been replaced or overhauled. 

The engine must be run under load for this procedure (either in a test tank 
or on a boat). 

1. Verify that the low speed screw was properly set to factory 
specifications before starting this procedure. To start this procedure, the 
underside of the screw head should be 0.390 in. (9.9mm) above the 
carburetor cover. 

2. Start the engine and allow it to reach normal operating temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

3. If servicing a tiller model, rotate the idle adjustment knob on the tiller 
grip counterclockwise (when facing the steering handle) to the full slow 
position. 

4. Shift the engine into forward gear and allow it to run at slow idle of 
about 700-800 rprn. 

5. With the engine running at idle in forward gear, adjust the low speed 
screw until the highest consistent powerhead speed is attained. Allow about 
15 seconds between each adjustment for the engine to stabilize. 

Turn the screw slowly, in fractional 114 or 118 increments for each 
adjustment, then allow time for it to take effect. 

6. Once the engine has stabilized and runs smoothly at the highest 
possible idle speed, rotate the low speed needle counterclockwise 118th turn 
to prevent the powerhead from operating too lean at low speeds, particularly 
in neutral. 

7. With the engine still running at normal operating temperature and in 
forward gear, adjust the idle speed screw to run the engine at a minimum of 
650 rpm in forward gear. 

8. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle (700-800 rprn) and shift into 
neutral. The powerhead should continue to operate smoothly. If the 
powerhead pops or stalls, the airlfuel mixture is probably too lean. Rotate the 
low speed needle 1116th turn counterclockwise, allowing about 15 seconds 
between adjustments, until the powerhead responds as expected. Repeat 
the full throttle test and sudden deceleration with the shift into neutral to 
check each adjustment. 

If the engine does not respond properly to these adjustments, check 
for other problems with the fuel or ignition systems. Make sure a 
quality fuel is being used along with the proper mixture of oil. 

9. Once a satisfactory adjustment has been achieved, verify engine idle 
speed again using the idle timing procedure. 

Cam Follower Pickup 
+ See Figure 192 

1. Check the throttle arm to make sure it is against the stop screw. 
2. Use a grease pencil to make a mark on the crankcase, directly below 

and inline with the 4" ATDC mark on the timer base grid. The grid is located 
just under the flywheel cover at the very front of the motor (right above the 
regulatorlrectifier and round wiring connector). 

3. Advance the throttle to align the mark on the crankcase with the 0" 
mark on the timing base grid, then use a 5164 in. ball hex driver to adjust the 
cam follower screw so it just touches the cam. 

4. Close the throttle, then open it again until the mark on the crankcase 
aligns with the 0" mark on the timing grid and verify that the cam follower is 
again just touching the cam. 

Maximum Spark Advance 

For the ignition timing maximum spark advance specifications, 
please refer to the Tune-up Specifications chart. 

1. Advance the throttle fully to the wide open position, then check the 
timing pointer, it must align with the correct timing mark on the timer base 
grid. The grid is located just under the flywheel cover at the very front of the 
motor (right above the regulatorlrectifier and round wiring connector). 

2, If adjustment is necessary, loosen the locknut on the timing 
adjustment screw, then rotate the screw to align the mark on the crankcase 
with the correct timing specification on the base grid. Each complete turn 
clockwise will advance timing approximately 2", while each complete turn 
counterclockwise will retard timing about 2". 

3. Tiqhten the timinq adiustrnent screw locknut after adiustrnent is - .  
complete.- 

4. Verify the adjustment by opening and closing the throttle repeatedly 
and checkina to make sure mark on the crankcase consistently aligns with 
the correct specification on the timer base grid each time the fhrottie is 
advanced to the WOT position. 

Wide Open Throttle Positioning 
1. Disconnect the drain hose and remove the air intake silencer for 

access. 
2. Advance the throttle to the Wide Open Throttle (WOT) position and 

hold while visually checking the throttle plates to make sure they are 
completely horizontal (peer in through the carburetor throttle bores and make 
sure the plates are completely open). 

3, If the plates are not in the WOT position, check the linkage or 
incorrect assembly, binding or interference. 

4. Attach the drain hose and install the air intake silencer. 

Neutral Detent Adjustment 
1. Rotate the propeller shaft slowly by hand while moving the shift lever - 

into the neutral position. 
2. Move the shift lever back and forth slightly to verify the neutral detent 

position, then loosen both neutral detent screws (found side-by-side at the 
base of the lever). 
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3. Locate the middle of the neutral position by first moving the lever 

forward to the limit of free-play and mark this position with a line on the 
neutral detent cam. Then move the shift lever backward to the other limit of 
free-play and mark this position with a line as well. Find the physical middle 
point between the two lines and place a mark at this position. 

4. Move the shift lever to the middle mark and tighten the two detent 
screws to 60-84 inch Ibs. (7-9 Nm). 

Some of the timing and synchronization procedures for these units require 
operating the motor at idle rpm under load and at wide-open throttle. 
Therefore, the outboard must be placed in a test tank or a body of water 
with the boat well secured to the dock or in a slip (except for the idle timing 
setting which must be conducted on an unrestrained boat). Never attempt to 
make the load adjustments or run the engine at wide open throttle with a 
flush attachment connected to the lower unit. The powerhead operating at 
high rpm with such a device, would likely cause a runaway condition from a 
lack of load on the propeller, causing extensive damage. 

The necessity to conduct the idle timing procedure on an unrestrained 
boat so early in the timing and synchronizing sequence on RS, TTL, WR 
models and 25SIK makes it impractical to truly tune these motors without 
having them mounted on a boat. If at all possible, avoid the use of a test 
tank for these adjustments. Remove the powerhead cowling to gain access 
to adjustment locations. 

H If a test tank must be used for most of the settings, all settings from 
the idle timing on should be checked and adjusted again once the 
motor is finally mounted on a boat. 

The following procedures provide detailed instructions to set the timing 
pointer (if disturbed). Then, adjust the throttle cable (on RS, TTL, WR models 
and 25SIK), throttle plate synchronization, cam follower pickup, the throttle 
cam, wide open throttle positioning, idle timing (performed before the throttle 
cam and wide open throttle adjustments on RS, TTL, WR models and 25SIK) 
and maximum spark advance. The RS, TTL, WR models and 25SIK also 
have a neutral detent adjustment. The carburetor low speed mixture 
adiustment (which is not a ~eriodic adiustment) is also ~rovided here in case 
this adjustment is necessaiv due to c&buretorrreplacement, overhaul or 
othewke un-resolvable idle problems after certain of the other adjustments 
are completed. Procedures should be performed exactly as directed and in 
the order given (or noted) to ensure proper adjustments. 

The idle timing portion of the synchronization procedures for these units 
require that the engine be operated at idle rpm mounted on the boat, under 
load and unrestrained. For this reason, the adjustments should take place on 
a low-traffic body of water and only with an assistant to navigate while you 
make the adjustments. 

ADJUSTMENTS 

H For remote control models, remove the throttle cable from the 
control arm and the anchor pocket prior to beginning these 
procedures. 

Setting the Timing Pointer 

+ See Figures 193,194 and 195 

A timing pointer is mounted to the top of the engine, under the flywheel 
cover. If the timing pointer or intake manifold has been disturbed use this 
procedure to check and set the pointer positioning (thereby ensuring the 
accuracy of the idle timing and maximum spark advance procedures to 
follow). 

H Most models are equipped with two timing mark grids, be certain to 
use the correct arid for the motor on which vou are workina. Remote 
control models and TTL models all use the second grid (fly';vheel 
rotates in a clockwise direction). The 65RS models use the arid marked " 
"rope." 

1. Remove the 3 spark plugs from the cylinder head using the 
procedures found under Spark Plugs in this section. 

2. Loosen the screw fastening the timing pointer, then center the pointer 
and retighten the screw to hold it in position. 

I Fig. 195 Most 913cc 3-cylinder motors use the second timing grid 

3. Slowly rotate the flywheel clockwise until the cast Top Dead Center 
(TDC) mark is about 1 112 in. (40mm) past the timing pointer. 

Under NO circumstances should you rotate the flywheel 
counterclockwise. If you do there is a good chance that the water pump 
impeller vanes will become damaged or will when the motor is started 
next time. IF for some reason the flywheel is ever rotated 
counterclockwise, slowly and carefully rotate it back clockwise, by 
hand, for a couple of turns. This SHOULD reset the impeller vanes 
protecting them from the possibility of further damage during the next 
engine start-up. 

4. Install the OMC Piston Stop Tool (#384887) or a dial gauge, into the 
spark plug bore for the top (No.1) cylinder. Adjust the tool using the slider to 
a point where it makes contact with the piston, then lock the tool in place 
using the lock ring (or zero the gauge). 

5. Hold the piston firmly against the piston stop tool and make a mark 
on the flywheel inline with the timing pointer. Label this mark "1" to 
distinguish it from the next mark. 

6. Rotate the flywheel in a clockwise direction until the piston contacts 
the tool again, then make a second mark (label it "2 )  on the flywheel inline 
with the timing pointer, then remove the piston stop tool. 

7. Using a flexible scale, measure along the flywheel to locate the exact 
midway point between the first and second marks and place a mark at this 
location labeled " 3 .  This mark represents TDC to the timing pointer's current 
setting. If this mark and the cast TDC mark on the flywheel align, then the 
pointer position is correct. 

H The piston stop tool is basically just an adjustable rod with a 
locknut, mounted through spark plug threads. A substitute could be 
fabricated with a little creativity (using the casing of a spark plug or 
even a plug thread chaser). The key to the tool is that it can be locked 
in place (using the locknut) at some early point in the piston's 
downstroke. The first mark you make on the flywheel translates into 
this random point. Then, the piston is brought the rest of the way down 
in its travel and back up again (by rotating the flywheel) until it reaches 
the very same height in the bore (and contacts the tool again, but this 
time on the way up). A second mark, represents the exact same 
physical point in the bore, on the exact opposite side of Top Dead 
Center (TDC) or the very top of the piston travel. By locating the exact 
point midway between these to marks, you've found the spot on the 
flywheel that corresponds perfectly to Top Dead Center with regards to 
the pointer's current position. 

8. If adjustment is necessary (the " 3  mark and the cast TDC do not 
align), rotate the flywheel clockwise to align this TDC mark with the timing 
pointer. Then, holding the flywheel in this position, loosen the timing pointer " 

screw again. Slide the pointer away from the center mark and align it with 
the cast TDC mark on the flywheel itself. Tighten the timing pointer retaining 
screw securely as it is now set for accurate readings on the flywheel again. 

9. Install the spark plugs. 
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Throttle Cable Adjustment (RS, TTL, WR Models and 25SIK only) 

1. Turn the idle speed adjustment knob on the tiller handle 
counterclockwise to the full slow position. 

2. Check to verify that the throttle cable bracket is secured to the 
powerhead using the forward mounting hole. 

3. Loosen the idle speed and wide open throttle screws (threaded 
upward against the throttle cam, the idle speed screw is the top of the two 
screws mounted side-by-side). Back the screws out until they are flush with 
the anchor block. 

4. Turn the twist grip to the full open and then full closed positions. 
Check the clearance between the throttle cam roller and the end of the 
throttle cam slot in each position. The roller should have about a 114 in. 
(6mm) gap between itself and the respective end in each position. 

5. If adjustment is necessary, loosen the locknut, then rotate the 
thumbwheel until the correct gaps are achieved. Tighten the locknut after 
adjustment. 

Throttle Plate Synchronization 
+ See Figures 196 and 197 

1. Loosen the cam follower screw, then aush the follower awav from the 
throttle cam. The follower cannot touch the cam during this procedire or the 
adjustment will be incorrect. 

2. Loosen the upper and lower carburetor tab linkage screws, then 
verify that all throttle plates are closed. 

If necessary, remove the air intake for a view down the throttle bore 
of each carburetor. 

3. With all throttle plates closed, apply a light upward pressure to the 
upper and lower carb linkage tabs while tightening each tab's screw. 

For proper results, tighten the lower carburetor's tab screw first, 
then the upper carburetor's tab screw. 

Fig. 196 The cam follower screw is used to adjust the follower in 
relation to the throttle cam 

Fig. 197 Apply light pressure upward (arrow) to each carb linkage 
tab while tightening its screw 

Cam Follower Pickup 
+ See Figures 196,198 and 199 

1. Carefully snap the throttle link coupler free of the ball on the throttle 
cam. 

2. While holding the cam follower against the throttle cam, move the 
throttle cam until the embossed mark aligns with the center of the cam 
follower. Tighten the cam follower screw to hold it in this position. 

Some 1990 models may be equipped with a throttle cam which has 2 
alignment marks. IF SO, use the shorter embossed mark which is 
normally located lower on the cam than the longer mark. Align the 
shorter mark with the center of the cam follower. 

3. Connect an amplifier tool (as described under Homemade 
Synchronization Tool in this section) to the linkage tab on the top carburetor. 

4. Verify the adjustment by advancing the throttle cam and watching the 
amplifier tool for movement. The throttle cam mark should align with the 
roller just as the end of the amplifier tool begins to move. 

The throttle cam on some 1990 and 1991 models (like models equipped 
with a dual marked throttle cam or the 65RS) contain a throttle cam whose 
link rod is adjusted through a jam nut and thumbwheel. On those models 
OMC recommended that you also check the pickup timing (Idle Timing) using 
a timing light at this point in the procedure and adjust it now, as necessary 
(instead of later during the ldle Timing procedure later in this section). To 
adjust the ldle or Pickup timing on these models, loosen the jam nut on the 
saark lever cam-to-throttle cam link rod and use the thumb wheel to change 
the length of the link. Rotate the TOP of the thumb wheel toward the 
crankcase to INCREASE pickup timing and away from the crankcase to 
DECREASE pickup timing. Tighten the jam nut after any adjustment. 

Fig. 199 Attach a homemade amplifier tool to the top carb linkage 
tab 
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Throttle Cam 
O See Figure 198 

The manufacturer recommends performing the ldle Timing procedure 
BEFORE the Throttle Cam and Wide Open Throttle Stop adjustments on all 
RS, TTL, WR and 25SIK motors. It is unclear whether that has something to 
do with the necessity of reconnecting the throttle cable on remote models 
that forces the Throttle Cam procedure to come first or if there is another 
benefit to performing the procedures in that order. Suffice it to say that you 
will not ao wrona on the RS. TTL. WR and 25SIK if vou  ski^ ahead to the 
ldle ~ i m T n ~  pro&dure and come back to Throttle cam and'wide Open 
Throttle Stop afterwards. 

This procedure does not apply to models equipped with a dual 
marked throttle cam or the 65RS through 1991. 

1. For remote control models, reconnect the throttle cable as follows: 
a. Verify that the fast idle lever is down in the run position. 
b. Have an assistant slowly rotate the propshaft by hand while you shift 

the remote handle from neutral to forward and then 112 the distance back to 
neutral. This positions the control as necessary to obtain proper adjustment. 

c. Move the engine throttle lever tightly against the throttle stop screw. 
Then, attach the throttle cable casing guide to the throttle lever pin using the 
washer and locknut, tighten the locknut securely. 

d. Pull firmly on the throttle cable to remove backlash, then install the 
trunnion nut in the anchor pocket. 

e. Install the cable retainer and screw to hold everything in position, 
then check cable adjustment to ensure proper idle speed (that it is not too 
high) and shifting (to prevent excessive effort). Move the remote control all 
the way forward and then back into neutral. Verify that the idle stop screw is 
against the stop. If not, remove backlash by adjusting the trunnion nut. 

f. Once adjustment is correct, securely tighten the cable retainer screw. 
2. For all models, verify that the throttle arm is firmly against the idle 

stop. 
3. Lightly hold the throttle link coupler against the throttle cam ball using 

light pressure. Rotate the cam follower and check clearance between the 
follower and the throttle cam. The adjustment is correct if the follower does 
not touch the cam and the clearance between the two comDonents is 0.010 
in. (0.25mm). 

4. If adjustment is necessary, turn the shell of the throttle link coupler 
further onto the link in order to increase clearance, or further off the link to 
decrease clearance. Once the proper gap is achieved, carefully snap the 
shell back onto the ball. 

5. Test the adjustment by slowly raising the remote or tiller control to 
fast idle or run, then returning the control to low idle and check that the 
throttle arm is against the idle stop while the same 0.010 in. (0.25mm) of 
clearance exists between the roller and throttle cam. 

Wide Open Throttle Stop 
O See Figure 200 

1. With the engine not running manually advance the throttle lever to 
the Wide Open Throttle (WOT) position. 

2. With the throttle lever at WOT, check each of the roll pins in the 
carburetor shafts (located under a spring, on the shafts behind each of the 

Fig. 200 When properly adjusted, the roll pins in the carburetor 
shafts will be vertical at WOT 

linkage tabs. The roll pins should be fully vertical, but NOT over-rotated past 
vertical. 

3. If adjustment is necessary, turn the WOT screw to achieve the proper 
setting. 

ldle Timing 
+ See Figure 201 

This procedure applies to all models OTHER than those equipped 
with a dual marked throttle cam or the 65RS through 1991, on which 
the ldle or Pickup timing should have been adjusted earlier, during the 
Cam Follower Pickup adjustment. 

Here's your excuse, show this page to your better half in case she (or he) 
doesn't believe you. It's time to take the boat out because that's how the 
manufacturer wants you to adjust the idle speed. Not in a test tank, not on a 
trailer or even attached to a dock, but with the motor mounted on a boat, 
underway. For safety, use an assistant to navigate while you make the 
adjustment. 

Always adjust the idle speed with the correct propeller installed. 
Refer to the Tune-Up Specifications chart for idle speed specs. If not done 

already, reconnect the spark plug leads. 
1. Connect an accurate shop tachometer, then connect a timing light to 

the No. 1 (top) cylinder spark plug lead. 
2. Start the engine and allow it to reach normal operating temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

3. Once the engine has fully warmed, operate the engine at idle with 
the gearcase in the forward position. 

4. Make sure the throttle arm is against the idle stop, then aim the 
timing light at the pointer and check the result against the idle timing spec in 
the Tune-up Specifications chart in this section. 

5. If adjustment is necessary, either stop the engine for safety or use 
extreme caution around moving parts. Adjust the idle timing by turning the 
idle timing screw found under the flywheel (as shown in the accompanying 
photo). Turning the screw inward (clockwise) advances timing, while backing 
the screw out (counterclockwise) retards idle timing. Restart the engine and 
recheck idle timing with the gearcase in the forward setting. Repeat this 
cycle until the proper setting is obtained. 

We realize that most people probably don't shut the engine off 
before playing with the idle speed screw, but the manufacturer does 
not recommend attempting to adjust the idle speed with the engine 
running for safety reasons and we cannot disagree. If you choose to 
ignore this caution, make sure that you take all possible precautions to 
prevent injury by making sure someone else is navigating. Also, keep 
your hands and clothing away from any hot or moving parts on the 
outboard. 

Fig. 201 ldle timing is adjusted using this screw found under the 
flywheel 
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6. Once the proper idle timing setting is confirmed, use the tachometer 

to check idle rpm. This procedure should result in an idle speed within spec 
(as listed in the Tune-Up Specifications chart in this section), depending on 
propeller selection and condition. If the speed is incorrect, check the 
following: 

a. If the speed it too high, check the induction system for air leaks. 
b. If the speed is too low, and engine components and systems are 

operating properly, decrease the idle timing by one or two degrees (say from 
4 ATDC to 3 or 2 ATDC) to achieve the desired rpm. 

c. If idle soeed is inconsistent or the enaine runs rouah or sdts, and no 
problems can be found, suspect an incorrect Earburetor mkture $roblem, 
refer to Carburetor Initial Low Speed Setting adjustment in this section. 

E If this procedure was followed before Throttle Cam and Wide Open 
Throttle Stop adjustments on RS, TTL, WR and 25SIK models, perform 
those adjustments now. 

Carburetor Initial Low Speed Setting 
On these models the low speed mixture for each carburetor is controlled 

by an adjustable needle. 
Although not a periodic adjustment, periodic inspections could reveal the 

need for this adjustment to correct for otherwise unresolved performance 
issues. Generally speaking however, this adjustment should not be 
necessary unless the carburetor has been replaced or overhauled. 

E Before disturbing the factory setting, make an alignment mark on 
the carburetor body. This mark is used as a point of reference during 
the adjustment procedure. 

The engine must be run under load for this procedure (either in a test tank 
or on a boat). 

1. Start the engine and allow it to reach normal operating temperature. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

2. If servicing a tiller model, rotate the idle adjustment knob on the tiller 
grip counterclockwise (when facing the steering handle) to the full slow 
position. 

3. Shift the engine into forward gear and allow it to run at idle for at 
least 3 minutes. 

4. With the engine running at idle in forward gear, observe the running 
conditions as follows: 

a. If the engine is running rich, it will show a rough or unsteady idle. 
b. If the engine is running lean, it will sneeze or backfire. 

5. If necessary, adjust the low speed mixture screw as follows to obtain 
a smooth idle: 

a. For rich mixtures, noting the reference mark made earlier, turn the 
needle 118th turn clockwise, allowing about 15 seconds between 
adjustments, until the highest consistent rpm is reached. 

b. For lean mixtures, noting the reference mark made earlier, turn the 
needle 118th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the highest consistent rpm is reached. 

6. Repeat this procedure for each of the remaining carburetors. 
7. With the engine still running at normal operating temperature and in 

forward gear, adjust the idle speed screw to the center range of the Idle 
Speed (RPM) in Gear listed for your motor under the Tune-Up Specifications 
chart. 

8. Operate the outboard in forward at or near full throttle for a full 
minute. Reduce speed suddenly to a low idle and shift into neutral. The 
powerhead should continue to operate smoothly. If the powerhead pops or 
stalls, the airlfuel mixture is probably too lean. Rotate the low speed needle 
118th turn counterclockwise, allowing about 15 seconds between 
adjustments, until the powerhead responds as expected. Repeat the full 
throttle test and sudden deceleration with the shift into neutral to check each 
adjustment. 

E If the engine does not respond properly to these adjustments, check 
for other problems including: 

Improper engine temperatures 
* Incorrect linkage adjustments - Insufficient exhaust backpressure 

A problem with the pulse equalization hose 

Other problems with the fuel or ignition systems 
Quality and mixture of fuel and oil 

If this procedure was followed before Throttle Cam and Wide Open 
Throttle Stop adjustments on RS, TTL, WR and 25SIK models, perform 
those adjustments now. 

Maximum Spark Advance 
+ See Figure 202 

E For the ignition timing maximum spark advance specifications, 
please refer to the Tune-Up Specifications chart. 

To check the maximum spark advance, the outboard must be operated 
with the proper test wheel. Do not operate the powerhead with a propeller, or 
flush adapter while performing this adjustment. 

Water must circulate through the lower unit to the engine any time the 
engine is run to prevent damage to the water pump in the lower unit. 
Just a few seconds without water will damage the water pump. 

1. Connect a timing light to the top cylinder. 
2. Start the engine and run it at idle until it reaches operating 

temperature. 
3. Once the motor is fully warmed, run it at a minimum of 5000 rpm with 

the outboard in forward gear. Aim the timing light at the timing marks on the 
flywheel perimeter. The mark on the timing pointer should align at the correct 
degree mark on the flywheel (refer to the Tune-Up Specifications chart in this 
section). 

4. If the timing requires adjustment, shut down the powerhead for safety 
and adjust as follows: 

a. For all models, except the RS, TTL, WR and 25SIK, loosen the 
locknut on the max timing adjustment screw (found under the flywheel, just 
behind the starter), then turn the screw to adjust the timing. Turning the 
screw 1 turn counterclockwise will advance the timing approximately lo. 
Likewise, turning the screw clockwise 1 turn will retard timing approximately 
l o .  Tighten the nut and recheck the max timing setting. 

b. For US, TTL, WR and 25SlK models, timing is adjusted by 
repositioning the nut in the slotted cam roller. Loosen the roller screw and 
rotate the nut until the specified timing is reached. Secure the cam, then 
recheck the max timing setting. 

Shift Lever Detent Adjustment (US, TTL, WR Models and 25SIK only) 
1. Rotate the propeller shaft slowly by hand while moving the shift lever 

into the neutral position. 
2. The lower detent spring should be fully engaged in the notch on the 

shift lever detent. If not, loosen the detent spring screw and move the lower 
spring to fully engage the notch, then tighten the screw securely. 

Fig. 202 The maximum spark advance is adjusted using a slotted 
head screw and locknut 
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ADJUSTMENTS 

One of the great benefits of a fuel injected motor is that most of the 
functions that are mechanical on a carbureted motor (and therefore subject 
to wear and adjustment) are electronically monitored and adjusted to 
maximize engine performance. The fuel and ignition systems are all but 
completely controlled by the Engine Control Unit (ECU) on these models. 
The ECU is a computer control module that accepts input from various 
sensors mounted around the engine and makes both ignition timing and fuel 
mapping decisions based on those inputs. 

Ignition timing can be checked using a timing light, but there are no 
adjustments. Should it be found out of specification, the electronic engine 
control system should be checked for problems. Of course, don't get into the 
trap of assuming every problem that arises is electronic. Although the ECU 
does an incredible job of regulating engine operation on these motors, it is 
subject to the same mechanical limitations of any motor. Mechanical 
problems will often manifest themselves in symptoms of the electronic 
engine control system and can lead frustration during troubleshooting if you 
concentrate only on the electronics. 

Shift linkage on these motors are still mechanical (no drive by wire 
systems here, yet) and therefore some adjustments are possible. But, do not 
expect to make periodic adjustments on the shift linkage. Attention should 
only be necessary after service has been performed and these components 
have been at least disconnected and reinstalled. Again, a procedure is 
provided here to check and adjust the linkage, but a good adage applies 
here, "if it ain't broke, don't fix it." Don't go looking for problems in the linkage 
just to have something to adjust, enjoy the fact that your buddies are still 
working on their tenth adjustment procedure after you install new spark plugs 
and launch for the first time that season. 

There is one mechanical setting that should be checked and adjusted 
annually (or after every 200 hours of operation). The idle air bypass air 
screw is a mechanically adjustable passage that provides air to the motor 
beyond what is controlled by the ECU. This system is used to set a base idle 
speed by allowing a certain amount of air to bypass the ECU controls. 
Although the manufacturer recommends annual checking of this setting, 
don't get too excited yet, these motors have proven to be very reliable when 
maintained properly and this setting does not require adjustment often. 

Shift Linkage 

The shift cablellinkage is adjusted during initial engine rigging, whenever 
the linkage is disturbed, when the gearcase has been serviced or if incorrect 
adjustment is suspected to cause an engine malfunction. Periodic 
adjustments should not be necessary as a part of normal engine 
maintenance, though verifying proper operation can be a part of a through 
tune-up. 

1. For safety, disconnect the negative battery cable and remove the 
propeller from the gearcase. For details, refer to the Propeller procedures in 
this section. 

2. Remove the locking pin, then pull the shift linkage from the post on 
the lever. 

3. Move the shift linkage lever back and forth to find the neutral detent. 

The propeller shaft turns freely in both directions in neutral. 

4. Use a piece of masking tape and felt marker to mark neutral lever 
position on the powerhead. 

5. Move the shift linkage lever forward until the detent is felt when the 
forward gear engages. Rotate the propeller shaft to engage the clutch to the 
forward gear. 

6. Place another piece of tape on the powerhead or a new mark on the 
original piece that represents the forward shift lever position. 

7. Move the lever rearward until the detent is felt when the reverse gear 
engages. Rotate the propeller shaft to fully engage the clutch to the reverse 
gear. 

8. Place another piece of tape or another mark on the original to mark 
the reverse lever position. 

9. Using the marks as reference, place the lever in neutral and measure 
the distance from neutral to each of the other two marks. The amount of 
movement, forward or reverse, necessary to engage a gear from neutral 
should be the same in both directions. 

10. If adjustment is necessary (more movement is necessary in one 
direction than the other) proceed as follows: 

a. Locate the lower to upper shift connector (it can be found on the 
front edge of the driveshaft housing). 

b. Loosen the locknut, then rotate the shift connector until there is 
equal shift selector movement in both directions. 

c. Thread the connector onto the lower shaft for at least 6 threads, then 
tighten the locknut. 

d. Check the lever for equal movement in both directions. Repeat the 
adjustment, if necessary. 

11. Place the shift linkage lever in neutral, then rotate the propeller shaft 
to verify. 

12. Reconnect the linkage to the post of the linkage lever, then slip the 
locking pin into the hole in the post. 

13. Remove the locking pin and pull the cable connector from the arm 
post, Inspect the alignment of the tip on shift arm to the plunger on the 
neutral switch. The shift lever tip must align with the switch plunger. If 
necessary, adjust it as follows: 

a. Loosen the locknut on the lever end of the linkage, then rotate the 
linkage connector until the lever and plunger are aligned. 

b. Verify that the linkage connector threads onto the linkage at least 
0.314 in. (8mm), then tighten the locknut. 

c. Install the linkage to the post and secure using the locking pin. 
d. Check the adjustment to make sure it is correct. 

14. Place the remote control shift selector in neutral. 
15. Remove excessive slack by pushing in lightly on the shift cable 

during adjustment. Loosen the locknut 
and rotate the cable connector until it aligns with the shift arm post. The 

cable end must thread onto the shift cable at least 0.314 in. (8mm). Tighten 
the locknut, then install the cable to the arm and secure using the locking 
pin. Check alignment of the lever and neutral switch. Readjust the shift cable 
as necessary, then tighten all fasteners. 

16. Install the propeller and connect the negative battery cable. 
17. Operate the engine and check for proper shift engagement. 
18. Verify proper operation of the neutral switch. The engine must not 

start if in gear. Do not return the motor to service if unless all systems test 
properly. 

Checking Ignition Timing 
The ECU controls both the fuel and ignition systems. The ECU adjusts 

ignition t~ming to optimize englne operacon based on input from sensors 
such as the Manifold Absolute Pressure (MAP) sensor. Closed Throttle 
Position (CTP) switch, Cylinder ~em~era iu re  (CT) sensor and the Crankshaft 
Position (CKP) sensors. 

At initial start-up (while cranking), each all ignition coils fire simultaneously 
each time a piston reaches 7 degrees Before Top Dead Center (BTDC). 
Once engine speed rises above 440 rpm, the ECU will begin ignition timing 
based on programmed mapping. 

After the engine starts and runs at fast idle, ignition timing will remain 
fixed at 9 degrees BTDC with the motor running in neutral above 1200 rpm. 

During idlingltrolling, the ECU will vary ignition timing to help stabilize idle 
speed. The ECU will control ignition timing at 5-13 degrees BTDC with 
engine speed between 800-900 rpm. 

For normal operation including acceleration, deceleration and engine 
speeds in gear, above idle, the ECU will follow various ignition timing 
mapping programs. The ECU will maintain timing between 0-32 degrees 
BTDC on 40 hp motors or 0-25 BTDC for 50 hp motors. 

To check ignition timing: 
1. Connect the timing light according to the tool manufacturer's 

instructions. 
2. Run the engine either at idle in neutral using a cooling water supply 

or mounted on a boaffin a test tank and under the various conditions noted 
above. 

Timing marks can be found along with a pointer on the flywheel 
cover at the top of the motor. 

3. If proper fixed timing is noted during fast idle operation, the ECU is 
controlling engine timing. 

Idle Bypass Air Screw Adjustment - 
ldle speed on the 40150 hp EFI motors is controlled electronically through 

the ldle Air Control (IAC) valve. The valve is a stepper motor that can be 
used by the ECU to allow greater amounts of air into the engine in order to 
produce fast idle (for quick engine warm-up). Once the engine reaches 
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normal operating temperature, the IAC valve usually closes and all idle air is 
supplied through the IAC bypass. Therefore, during warm engine operation, 
the idle bypass air screw adjustment determines the amount of air 
circumventing the otherwise closed IAC valve. 

Perform the warm engine idle speed and bypass air screw check and 
adjustment annually or during every other tune-up (every 200 hours of 
operation). 

E Incorrect idle air bypass screw adjustment may affect the IAC 
dashpot during deceleration, as well as fast-idle operation during 
engine warm-up. 

1. Connect a shop tachometer following the manufacturer's instructions 
and provide a cooling water source. 

2. Place the gear selector in neutral, then start the engine and allow it 
to run until it fully reaches normal operating temperature. 

3. Place the throttle control in the idle position and keep the gear 
selector in neutral. 

4. Disconnect the IAC valve hose from the air silencer, then block air 
flow by using a golf tee, plastic plug or piece of tape to seal the hose. 

5. If used, remove the rubber plug from the idle speed screw opening 
on top of the boss, just below the overhang in the air intake silencer. 

6. If idle speed requires adjustment, slowly turn the idle speed screw 
until the engine reaches 800 rpm. Turning the screw clockwise reduces air 
flow (decreases rpm), while turning the counterclockwise increases air flow 
(increases rpm). 

7. Advance the throttle to 2000 rpm, then slowly return it to idle. 
8. Allow a few minutes for the idle to stabilize, then note the idle speed. 

Readjust the idle speed as necessary. 
9. Unblock the IAC valve hose and shift the engine into forward gear, 

then note the idle speed. Compare the idle speed with the specification given 
in the Tune-up Specifications chart in this section. If idle speed is incorrect, 
check the IAC valve for proper operation. 

10. Shift the engine into neutral and shut the motor down. 
11. Remove the tachometer and install the rubber idle air screw plug. 

ADJUSTMENTS 

One of the great benefits of a fuel injected motor is that most of the 
functions that are mechanical on a carbureted motor (and therefore subject 
to wear and adjustment) are electronically monitored and adjusted to 
maximize engine performance. The fuel and ignition systems are all but 
completely controlled by the Engine Control Unit (ECU) on these models. 
The ECU is a computer control module that accepts input from various 
sensors mounted around the engine and makes both ignition timing and fuel 
mapping decisions based on those inputs. 

Ignition timing can be checked using a timing light, but there are no 
adjustments. Should it be found out of specification, the electronic engine 
control system should be checked for problems. Of course, don't get into the 
trap of assuming every problem that arises is electronic. Although the ECU 
does an incredible job of regulating engine operation on these motors, it is 
subject to the same mechanical limitations of any motor. Mechanical 
problems will often manifest themselves in symptoms of the electronic 
engine control system and can lead frustration during troubleshooting if you 
concentrate only on the electronics. 

Shift linkage on these motors are still mechanical (no drive by wire 
systems here, yet) and therefore some adjustments are possible. But, do not 
expect to make periodic adjustments on the shift linkage. Attention should 
only be necessary after service has been performed and these components 
have been at least disconnected and reinstalled. Again, a procedure is 
provided here to check and adjust the linkage, but a good adage applies 
here, "if it ain't broke, don't fix it." Don't go looking for problems in the linkage 
just to have something to adjust, enjoy the fact that your buddies are still 
working on their tenth adjustment procedure after you install new spark plugs 
and launch for the first time that season. 

There is one mechanical setting that should be checked and adjusted 
annually (or after every 200 hours of operation). The idle air bypass air 
screw is a mechanically adjustable passage that provides air to the motor 
beyond what is controlled by the ECU. This system is used to set a base idle 
speed by allowing a certain amount of air to bypass the ECU controls. 
Although the manufacturer recommends annual checking of this setting, 

don't get too excited yet, these motors have proven to be very reliable when 
maintained properly and this setting does not require adjustment often. 

Shift Linkage 
The shift cableilinkage is adjusted during initial engine rigging, whenever 

the linkage is disturbed, when the gearcase has been serviced or if incorrect 
adjustment is suspected to cause an engine malfunction. Periodic 
adjustments should not be necessary as a part of normal engine 
maintenance, though verifying proper operation can be a part of a through 
tune-up. 

Shift linkage is adjusted in the same manner as the 40150 hp motors 
covered earlier in this section. Please refer to that procedure for details on 
checking and adjusting the shift linkage. 

Checking Ignition Timing 
The ECU controls both the fuel and ignition systems. The ECU adjusts 

ignition timing to optimize engine operation based on input from sensors 
such as the Manifold Absolute Pressure (MAP) sensor, Closed Throttle 
Position (CTP) switch, Cylinder Temperature (CT) sensor and the Crankshaft 
Position (CKP) sensors. 

At initial start-up (while cranking), each all ignition coils fire simultaneously 
each time a piston reaches 5 degrees Before Top Dead Center (BTDC). 
Once engine speed rises above 440 rpm, the ECU will begin ignition timing 
based on programmed mapping. 

After the engine starts and runs at fast idle, ignition timing will remain 
fixed. The ECU will fix timing 5 degrees BTDC with the motor running in 
neutral above 1000 rpm. 

During idlingitrolling, the ECU will vary ignition timing to help stabilize idle 
speed. The ECU will maintain ignition timing at 6-14 degrees BTDC with a 
stable engine speed of 700 rpm. 

For normal operation including acceleration, deceleration and engine 
speeds in gear, above idle, the ECU will follow various ignition timing 
mapping programs. The ECU will maintain timing between 10-36 degrees 
BTDC. 

To check ignition timing: 
1. Connect the timing light according to the tool manufacturer's 

instructions. 
2. Run the engine either at idle in neutral using a cooling water supply 

or mounted on a boatiin a test tank and under the various conditions noted 
above. 
E Timing marks can be found along with a pointer on the flywheel 
cover at the top of the motor. 

3. If proper fixed timing is noted during fast idle operation, the ECU is 
controlling engine timing. 

ldle Bypass Air Screw Adjustment 
The idle speed on the 70 hp motor is controlled electronically through the 

ldle Air Control (IAC) valve that protrudes from the side of the intake at the 
front, center of the motor. The valve is a stepper motor that is be used by the 
ECU to allow greater amounts of air into the engine in order to produce fast 
idle (for quick engine warm-up). Once the engine reaches normal operating 
temperature, the IAC valve closes and idle air is supplied through the IAC 
bypass (a small brass inlet on the intake manifold that looks like a hose 
connector). 

During warm operation, the idle bypass air screw adjustment determines 
the amount of air circumventing the closed IAC valve. The screw, located in 
the intake manifold downstream of the throttle body and adjacent to the 
brass air inlet, is set at the factory and sealed to prevent unnecessary 
tampering or adjustment. 

Perform the warm engine idle speed and bypass air screw check 
annually or at least after every 200 hours of operation. 

1. Connect a shop tachometer following the manufacturer's instructions 
and provide a cooling water source. 

2. Shift the gearcase into neutral, then start the engine and allow it to 
run until it reaches normal operating temperature. 

3. With the engine still running in neutral, place the throttle control in the 
idle position. 

4. Disconnect the IAC valve hose from the intake air silencer. Block air 
flow using a plastic plug, golf tee or tape to seal the hose. 

5. If adjustment is necessary, remove the rubber plug from the idle 
* 

speed screw opening, then turn the idle speed screw slowly until the idle 
speed reaches 600 rpm. Turn the screw clockwise to reduce air flow 
(decrease engine rpm), or counterclockwise to increase air flow (increase 
engine rpm). 
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6. Advance the throttle to 2000 rpm, then slowly return it to idle. Tune-up Specifications chart in this section. If idle speed is incorrect, check 
7. Allow a few minutes for the idle to stabilize then note the idle speed. the IAC valve for proper operation. 

Readjust the as necessary. 9. Shift the engine to neutral, then shut down the powerhead. 
8. Unblock the IAC valve hose and shift the engine into forward gear. 10. Remove the tachometer and reinstall the rubber idle air screw plug. 

Note the idle speed. Compare the idle speed with the spec found in the 

+ See Figures 203 thru 206 

Valve lash is the clearance between the rocker arm and the valve tappet 
or valve stem, as equipped. This distance is critical, as too little clearance 
can hold the valve open or keep it from fully contacting the valve seat, 
preventing it from cooling by transmitting heat to the cylinder head through 
contact. This would lead to a burnt valve, requiring overhaul and 
replacement. Also, too much valve clearance might keep the valve from 
opening fully, preventing the engine from making maximum horsepower. Of 
course poor driveability is arguably better than burning a valve. There's an 
older mechanic's saying that applies here, "a tappy valve, is a happy valve." 
That's not to say you necessarily WANT your valves a little too loose and 
tapping, but whenever your in doubt, leave a valve a little too loose rather 
than a little too tight. 

Adjusting valve lash is a part of normal maintenance to keep the valve 
clearance within a specifiedrange accounting for the normal wear and tear 
of valve train components. Valve clearance is alwavs measured when the 
rocker or tappet for the valve being measured is fuily released meaning that 
it is in a position where it contacts the base of the camshaft and not any part 
of the raised camshaft lobe. For this reason it is necessary to find when the 
piston for the valve being measured is a TDC of the compression stroke. 
Remember that TDC of the compression stroke is the point during the 4- 
stroke engine cycle when the piston travels upward and both valves close in 
order to seal the combustion chamber and compress the airlfuel mixture. 

Although timing marks can be used to determine TDC, always double- 
check the timing marks by watching the valves for the cylinder on which you 
are working as the timing mark on the flywheel or camshaft approaches the 
mark on the engine. During a normal cycle, the exhaust valve and then the 
intake valve will close as the piston begins its travel upward. If instead the 
exhaust valve opens, the engine is one full turn of the crankshaft away from 
the start of the compression stroke. Both valves must be closed, and remain 
closed as the piston comes to the top of the cylinder and the timing marks 
align. If so, that piston is on TDC and the valves for that cylinder may be 
adjusted. 

I 

Fig. 203 Adjusting valve clearance between 
a rocker and valve stem - all models except 
40150 ht, motors 

ADJUSTMENT 

5-15 Hp Motors 

+ See Figure 203 

A set of flat feeler gauges is the only tool that is absolutely necessary to 
check valve clearance on these motors, but, adjustment is much easier when 
using OMC adjustment tool (#341444) or an equivalent tappet adjustment 
tool to rotate the valve adjuster. 

Valve specifications are for an overnight cold engine. It is best to check 
andlor adjust the valves with the powerhead at approximately 20" C (68" F). 

1. For safety, disconnect the negative battery cable andlor remove the 
spark plug($ and ground the spark plug lead($. For twin cylinder motors, be 
sure to tag the spark plug leads before disconnection. 

2. If necessary for additional clearance, remove the lower engine covers 
as described in this section. 

3. Remove the manual starter assembly as described in the section on 
Manual Starters. 

4. For 516 hp (128cc) and 819.9 (211cc) motors, tag and disconnect the 
3 hoses from the rocker cover. 

When disconnecting the fuel hoses, use a rag to catch all spilled fuel. 
Use extreme care when working around fuel and fumes as both are 
highly flammable. Keeping all potential sources of spark or ignition (no 
smoking and avoid sparks) out of the work area. Refer to the Fuel 
System section for more details. 

5. For 9.9115 hp (305cc) motors, disconnect the hose from the side of 
the rocker cover and, if necessary, remove the spark plug wires from the 
retaining clips at the top of the cover. On some models, other hoses may be 
run near the cover and could interfere with removal. Either pull these hoses 

Fig. 204 To check valve lash on the 40150 hp 
motors, face the camshaft lobe away from 
the shim.. . 

MEASURE 
CLEARANCE 
SHIM 

Fig. 205 . . .then measure between the shim 
and camshaft using a feeler gauge 
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back out of the way while they are still attached or tag and disconnect the 
hoses before proceeding. 

6. Support the rocker arm cover while removing the four (516 and 819.9 
hp) or eight (9.9115 hp) cover bolts using the reverse of the rocker arm cover 
torque sequence. For details, please refer to the Powerhead overhaul 
section. 

7. Carefully pull the rocker arm cover from the cylinder head. lnspect 
the gasket for damage. 

8. Rotate the flywheel clockwise to align the timing mark@) for valves 
being checked, as follows: 

a. For 516 hp (128cc) and 819.9 hp (211cc) models, turn the flywheel 
slowly until the triangular mark on the flywheel aligns with the raised mark on 
the manual starter boss. At the same time, the mark on the camshaft pulley 
should align with the protrusion on the cylinder head. Both valves should be 
closed on the 516 hp motor, confirming that the single cylinder is a TDC. For 
819.9 hp motors, both valves for cylinder No. 1 should be closed, confirming 
that No. I cylinder is at TDC. The exhaust valve should be open on cylinder 
No. 2 for these motors). 

b. For 9.9115 hp motors, turn the flywheel slowly until the pointer on the 
cam pulley aligns with the protrusion on the manual starter boss. At the 
same time, the white mark on the lower belt will align with the crankcase to 
cylinder block split line on the port side of the powerhead. In this position the 
valves for the No. 2 piston will both be closed, confirming that the No. 2 
piston is a TDC of the compression stroke. 

9. Measure the clearance of the cylinder intake and exhaust valves. 
lnsert feeler gauges of various sizes between the rocker arm and the valve 
stem for both valves being checked at this point. The size gauge that passes 
between the arm and stem with a slight drag indicates the valve clearance. 
Compare the clearance measured with the Valve Clearance Specifications 
Chart. To determine which valve is an intake and which is an exhaust, 
observe the position of the valves in relation to the other components on the 
powerhead. The intake valves are adjacent to the ports for the intake 
manifold attached to the powerhead and the exhaust valves are adjacent to 
the exhaust ports. On these motors, the intake and exhaust valves are 
situated as follows: 

On 516 hp (128cc) and 819.9 hp (211cc) motors, the intake valve is the 
upper rocker while the exhaust valve is the lower rocker. 

* On 9.9115 hp (305cc) motors the intake valve is on bottom of each 
cylinder while the exhaust valve rocker is on top. 

10. If adjustment is necessary, proceed as follows: 
a. Loosen the locknut, then turn the adjusting screw until the clearance 

is correct. 
b. Hold the screw and tighten the locknut to 10-20 inch Ibs. (1.1-2.3 

Nm) for all models, except the 1999-01 516 hp and 819.9 hp motors on which 
the locknuts should be tightened to 100-115 inch Ibs. (11-13 Nm). 

11. For 8-15 hp motors, rotate the flywheel clockwise one full revolution 
or 360 degrees in order to turn the camshaft pulley one half of a revolution or 
180 degrees. The pointer should now face opposite the timing mark on the 
starter boss. In this position the opposite cylinder will be at TDC: 

c. For 819.9 hr, (211cc) motors, the valves for the No. 2 cylinder should 
now be closed. ~ d j k i  those valves in the same manner as theprevious 
cylinder. 

Fig. 206 Use a micrometer to measure old shims when determining 
the proper replacements 

d. For 9.9115 hp (305cc) motors, the valves for the No. 1 cylinder 
should now be closed. Adjust those valves in the same manner as the 
previous cylinder. 

12. lnstall a new rocker arm cover gasket as follows: 
a. For 516 hp (128cc) motors coat the gasket with OMC Triple-Guard or 

an equivalent marine grease. 
b. For 819.9 hp (211cc) motors, coat the gasket with OMC Gasket 

Sealing Compound. 
c. For 9.9115 hp (305cc) motors, leave the gasket dry. 
d. For all models, coat the cover screw threads with a light coating of 

OMC Gasket Sealing Compound. 
13. lnstall the rocker arm cover and tighten the bolts using the proper 

crossing pattern as directed under the Powerhead section to 84-106 inch Ibs. 
(10-12 Nm). 

14. Reconnect any hoses that were removed. 
15. lnstall the lower engine covers. 
16. lnstall the manual starter. 
17. lnstall the spark plug(@ and lead(s) and, if applicable, connect the 

negative battery cable. 
18. Provide a water source, then start the engine and check for oil leaks 

at the rocker arm cover mating surfaces. 
19. lnstall the upper engine cover. 

40150 Hp Motors 

+ See Figures 204,205 and 206 

The 40150 hp motors utilize replaceable shims to adjust valve clearance. 
A set of flat feeler gauges is all that is required to check valve clearance. 
But, if adjustments are necessary, you will need a micrometer for shim 
measurement, an assortment of shims (or a trip during the procedure to 
purchase the proper size shims) and OMC #345832 or an equivalent tappet 
holder tool. 

For these motors, the No. 1 cylinder is at TDC of the compression 
stroke when the mark on the crankshaft aligns with the mark on the 
crankcase and the marks on the camshaft sprockets align with the 
protrusions on the cylinder head. At TDC of a compression stroke, the 
base of the camshaft lobe will be directly above the valve tappet shim 
(the raised portion of the lobe will face away from the valve 
tappetlshim). 

Valve specifications are for an overnight cold engine. It is best to check 
andlor adjust the valves with the powerhead at approximately 20" C (68" F). 

1. For safety, disconnect the negative battery cable. 
2. Remove the spark plugs as described in this section. 
3. Remove the lower engine covers as described in this section. 
4. Remove the flywheel cover as described under Powerhead. 
5. Rotate the engine clockwise to bring the No. 1 cylinder to TDC of the 

compression stroke and thereby relieving mechanical pressure from the fuel 
pump arm. Remove the low pressure fuel pump from the cylinder head cover 
as described in the Fuel System section. 

6. Remove the breather hose and ignition coils from the cylinder head 
cover. 

7. Disconnect the harness from the camshaft position sensor. For 
details, please refer to Electronic Engine Controls. 

8. Loosen and remove the cylinder head cover bolts in the opposite of 
the tightening sequence as detailed under Powerhead. 

9. Remove the cover along with the gasket and O-rings from the 
powerhead. Be careful not to damage the cover or any O-rings that might be 
reused. Inspect the gasket for damaged surfaces and replace, if necessary. 

10. Check that the flywheel is still in the No. 1 TDC position by making 
sure the camshaft lobes still face out and directly opposite the valve tappets 
for that cylinder. lnsert feeler gauges of various sizes between the tappet 
shim and the camshaft lobe. The size gauge that passes between the shim 
and lobe with a slight drag indicates the valve clearance. Record the 
clearance for each valve. 

11. The firing order on this motor is 1-3-2, so the No. 3 cylinder should 
come up to TDC next and the No. 2 cylinder last, then the cycle will return 
back to the beginning of the firing order. Rotate the flywheel clockwise until 
the No. 3 camshaft lobe tips are facing out and directly opposite the valve 
tappets. lnsert feeler gauges of various sizes between the tappet shim and - 
the camshaft lobe. The size gauge that passes between the shim and lobe 
with a slight drag indicates the valve clearance. Record the valve clearance 
for each valve. 
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12. Rotate the flywheel clockwise until the No. 2 camshaft lobe tips are 

facing out and directly opposite the valve tappets. lnsert feeler gauges of 
various sizes between the tappet shim and the camshaft lobe. The size that 
passes between the shim and lobe with a slight drag indicates the valve 
clearance. Record the valve clearance for each valve. 

13. Compare the clearances with the Valve Clearance Specifications 
chart in this section. 

14. If incorrect valve clearance is noted, substitute the proper sized shim, 
determined as follows: 

a. If valve clearance is greater than spec, subtract the valve clearance 
specification (using the dead middle of the range) listed in the specification 
chart from the measured clearance. Obtain a replacement shim, that much 
thicker than the current shim. 

b. If valve clearance is less than specification, subtract the measured 
cleara~ce from the valve clearance specification (again, using the dead 
middle of the range) listed in the chart. Obtain a replacement shim that much 
smaller than the original. 

15. If shim replacement is necessary to obtain the proper valve lash: 
a. Rotate the flywheel clockwise until the camshaft lobe tip for the 

selected valve is opposite the tappet. 
b. Carefully rotate the tappet within its bore until the notch is facing 

toward the opposite camshaft. The notch must be accessible for tappet shim 
removal. 

c. Rotate the flywheel clockwise one complete revolution or until the 
camshaft lobe tip contacts the tappet shim (opening the valve). Remove the 
bolts from the camshaft cap next to the selected valve. 

d. Place OMC #345832 or an equivalent tappet retainer over the 
camshaft cap. Each end of the retainer is marked either IN (for intake) or EX 
(for exhaust) and the appropriate end must face inward toward the center of 
the cylinder head (toward the notch on the tappet from which the shim will be 
removed). Thread the camshaft cap bolts through the retainer and the 
camshaft cap. Tighten the bolts securely, ensuring the fingers of the tool 
contact the barrel portion of the tappet and not the shim itself. 

e. Rotate the flywheel clockwise one half revolution or until the 
camshaft lobe tip rotates 90" away from the tappet. lnsert a screwdriver (with 
tape covering the blade to prevent scoring or damage) into the tappet notch 
and carefully pry the shim from the tappet. Use a magnet to pull the shim 
from the tappet. Do not use your fingers. 

f. Measure the shim thickness using a micrometer. Shims are available 
in sizes from 0.086-0.118 in. (2.18-3.0mm) in 0.001 in. (0.02mm) increments. 
Select the correct shim thickness as described earlier. 

On new shims, the thickness can be identified by the number 
present on the shim's face, divided by 100. Move the decimal point 2 
places to the left and you've got your size. For example a new shim 
labeled 258 on the face is 2.58mm thick. The label can only be trusted 
on new shims, that have not been in service, as normal wear during 
service might change shim thickness overtime. 

g. Place the selected shim into the tappet with the numbered side 
facing down. 

h. Make sure the shim seats fully against the step within the tappet, 
then rotate the flywheel counterclockwise one half revolution or until the 
camshaft lobe tip contacts the shim. Remove the bolts from the camshaft 
cap and tappet retainer. 

i. Carefully pull the retainer from the cap, then install camshaft cap 
bolts and tighten evenly to 84-90 inch Ibs. (9.5-10.2 Nm). 

16. Repeat for each of the valves whose lash was noted out of 
specification. 

17. Apply a light coating of GM Silicone Rubber Sealer (or equivalent 
RTV gasket sealant) to the cylinder head cover mating surfaces of the 
cylinder head (the mounting areas for the O-rings and gasket). 

18. Install the cover to the cylinder head, then tighten the cover bolts 
using the sequence provided under Powerhead to 40-54 inch Ibs. (4.5-6.0 
Nm). 

19. Connect the harness to the camshaft position sensor. 
20. Connect the breather hose. 
21. Install the spark plugs and the ignition coils. 
22. Install the fuel pump, flywheel cover and lower engine covers as 

detailed in the appropriate procedures. 
23. Connect the negative battery cable, then connect a flushing device 

and start the engine to check for oil leaks at the rocker arm cover mating 
surfaces. 

24. lnstall the engine top case. 

70 Hp Motors 

+ See Figure 203 

A set of flat feeler gauges is necessary to check valve clearance on these 
motors. . . 

Valve specifications are for an overnight cold engine. It is best to check 
and or adjust the valves with the powerhead at approx~mately 20 C \6B0 F). 

The No. 1 cylinder is at TDC of the compression stroke on the 70 hp 
motor, when the holes in the crankshaft pulley belt guides align with 
the protrusion on the cylinder block and the No. 1 mark on the 
camshaft pulley aligns with the raised boss on the cylinder head. At 
TDC of a compression stroke, the base of the camshaft lobe will be 
touching the rocker arm (the raised portion of the lobe will face away 
from the rocker). 

1. Disconnect the negative battery cable for safety. 
2. Tag and disconnect the spark plug wires, then remove the spark 

plugs. For details, please refer to the Spark Plug procedure in this section. 

Ground the spark plug leads to prevent damage if the engine is 
cranked while they are disconnected. 

3. Remove the lower engine covers as described in this section. 
4. Remove the flywheel cover as described under Powerhead. 
5. Rotate the engine clockwise to bring the No. 1 cylinder to TDC of the 

compression stroke and thereby relieving mechanical pressure from the fuel 
pump arm. Remove the low pressure fuel pump from the cylinder head cover 
as described in the Fuel System section. 

6. Remove the breather hose from the cylinder head cover. 
7. Remove the ignition coils from the cylinder head. For details, refer to 

the Ignition System section. 
8. Support the rocker arm cover and remove the six cover bolts using a 

crossing pattern. 
9. Pull the rocker arm cover from the cylinder head, then carefully 

remove the cover gasket. 
10. Make sure the flywheel is still in the No. 1 TDC position. The raised 

portion of the camshaft lobes should face away from and not be in contact 
with the rockers. If the position is correct, both the valves for the No. 1 
cylinder will be closed. 

11. Measure the clearance intake and exhaust valves for the No. 1 
cylinder, also measure the No. 2 cylinder intake valve and the No. 3 cylinder 
exhaust valve. lnsert feeler gauges of various sizes between the rocker arm 
and the valve stem for each valve. The size that passes between the arm 
and stem with a slight drag indicates the valve clearance. Compare the 
clearance measured with the Valve Clearance Specification chart in this 
section. 

12. If lash is out of specification on one or more valve, adjust it as 
follows: 

a. Loosen the locknut, then turn the adjusting screw until the clearance 
is correct. 

b. Hold the screw while tightening the locknut to 12-13 ft. Ibs. (16-17 
Nm). 

c. Recheck the valve clearance to make sure the adjuster wasn't 
turned while tightening the locknut. 

13. Rotate the flywheel clockwise one full revolution (360 degrees) so the 
No. 4 TDC mark aligns with the raised boss on the cylinder head (and the 
No. 1 cylinder is now on its exhaust stroke). The camshaft rotates at 112 the 
rate of the crankshaftlflywheel, so rotating the flywheel as directed will turn 
the camshaft sprocket only 180 degrees. This places the No. 1 TDC mark 
exactly 112 a turn away from the previous location. At this point, both of the 
valves for the No. 4 cylinder should be closed. 

14. Measure the clearance of the No. 4 cylinder intake and exhaust 
valves, the No 2 exhaust valve and the No. 3 intake valve. lnsert feeler 
gauges of various sizes between the rocker arm and the valve stem for each 
valve. The size that passes between the arm and stem with a slight drag 
indicates the valve clearance. Compare the clearance measured with the 
specs listed in the Valve Clearance Specifications chart in this section. If 
necessary, adjust the valve clearance as described earlier. - 

15. Rotate the flywheel clockwise one full revolution (360 degrees), until 
the No. 1 TDC mark again aligns with the raised boss on the cylinder head. 

16. Install the rocker arm cover using a new gasket, then tighten the 
bolts using a crisscross pattern to 84-96 inch Ibs. (10-11 Nm). 
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17. Install the fuel pump, ignition coils, flywheel cover and lower engine 20. Connect the negative battery cable, then connect a flushing device 

covers as described in the appropriate procedures. and start the engine to check for oil leaks at the rocker arm cover mating 
18. Reconnect the breather hose to the rocker cover. surfaces. 
19. Install the spark plugs and connect the leads. 21. Install the engine top case. 

+ See Figure 207 

Taking extra time to store the boat and motor properly at the end of each 
season or before any extended period of storage will greatly increase the 
chances of satisfactory service at the next season. Remember, that next to 
hard use on the water, the time spent in storage can be the greatest enemy 
of an outboard motor. Ideally, outboards should be used regularly. If weather 
in your area allows it, don't store the motor, enjoy it. Use it, at least on a 
monthly basis. It's best to enjoy and service the boat's steering and shifting 
mechanism several times each month. If a small amount of time is spent in 
such maintenance, the reward will be satisfactory performance, increased 
longevity and greatly reduced maintenance expenses. 

But, in many cases, weather or other factors will interfere with time 
for enjoying a boat and motor. If you must place them in storage, take 
time to properly winterize the boat and outboard. This will be your best 
shot at making time stand still for them. 

For many years there was a widespread belief simply shutting off the fuel 
at the tank and then runnina the powerhead until it s t o ~ s  constituted 
prepping the motor for storage. dight? Well, WRONG!' 

First, it is not possible to remove all fuel in the carburetor or fuel iniection 
system by operating the powerhead until it stops. Considerable fuel will 
remain t rao~ed in the float chamber and other Dassaaes. es~eciallv in the 
lines leadiig to carburetors. The only guaranteed mghod ofLremohg all fuel 
is to take the physically drain the carburetors from the float bowls. On EFI 
systems, disassembling the fuel injection components to drain the fuel is 
impractical so properly mixing fuel stabilizer becomes that much more 
important. Actually, the manufacturer recommends prepping all of the motors 
using fuel stabilizer as opposed to draining the fuel system, but on 
carbureted motors, you always have the option. 

Proper storage involves adequate protection of the unit from physical 
damage, rust, corrosion and dirt. The following steps provide an adequate 
maintenance program for storing the unit at the end of a season. 

Fig. 207 Add fuel stabilizer to the system 
anytime it will be stored without complete 
draining 

PREPPING FOR STORAGE 

W 
Where to Store Your Boat and Motor 

Ok, a well lit, locked, heated garage and work area is the best place to 
store you precious boat and motor, right? Well, we're probably not the only 
ones who wish we had access to a place like that, but if you're like most of 
us, we place our boat and motor wherever we can. 

Of course, no matter what storage limitations are placed by where you 
live or how much space you have available, there are ways to maximize the 
storage site. 

If possible, select an area that is dry. Covered is great, even if it is under 
a carport or sturdy portable structure designed for off-season storage. Many 
~eoo le  utilize canvas and metal frame structures for such purposes. If you've 
got ioom in a garage or shed, that's even better. If you've got'a heated 
garage, God bless you, when can we come over? If you do have a garage or 
shed that's not heated, an insulated area will help minimize the more 
extreme temperature variations and an attached garage is usually better than 
a detached for this reason. Just take extra care to make sure you've properly 
inspected the fuel system before leaving your boat in an attached garage for 
any amount of time. 

If a storage area contains large windows, mask them to keep sunlight off 
the boat and motor otherwise, use a high-quality, canvas cover over the 
boat, motor and if possible, the trailer too. A breathable cover is best to avoid 
the possible build-up of mold or mildew, but a heavy duty, non-breathable 
cover will work too. If using a non-breathable cover, place wooden blocks or 
length's of 2 x 4 under various reinforced spots in the cover to hold it up off 
the boat's surface. This should provide enough room for air to circulate under 
the cover, allowing for moisture to evaporate and escape. 

Whenever possible, avoid storing your boat in industrial buildings or parks 
areas where corrosive emissions may be present. The same goes for storing 
your boat too close to large bodies of saltwater. Hey, on the other hand, if 
you live in the Florida Keys, we're jealous again, just enjoy it and service the 
boat often to prevent corrosion from causing damage. 

Fig. 208 Fogging oil can be added through 
a service fitting when equipped with an 
electric primer 

Fig. 209 The 25135 hp (5001565~~) 2-stroke 
motors can be fogged through the 
maintenance valve on the intake 
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Finally, when picking a place to store your motor, consider the risk or 

damage from fire, vandalism or even theft. Check with your insurance agent 
regarding coverage while the boat and motor is stored. 

Storage Checklist (Preparing the Boat and Motor) 
+ See Figure 207,208 and 209 

The amount of time spent and number of steps followed in the storage 
procedure will vary with factors such as the length of planed storage time, 
the conditions under which boat and motor are to be stored and your 
personal decisions regarding storage. 

But, even considering the variables, plans can change, so be careful if 
you decide to perform only the minimal amount of preparation. A boat and 
motor that has been thoroughly prepared for storage can remain so with 
minimum adverse affects for as short or long a time as is reasonably 
necessary. The same cannot be said for a boat or motor on which important 
winterization steps were skipped. 

Always store a JohnsonlEvinrude motor, especially a 4-stroke 
model, vertically on the boat or on a suitable engine stand. Do not lay a 
4-stroke motor down for any length of time, as engine oil will seep past 
the rings causing extreme smoking upon startup. At best, burning that 
oil will promote spark plug and combustion chamber fouling, at worst it 
could cause a partial hydro-lock condition that could even 
mechanically damage the powerhead. 

1. Thoroughly wash the boat motor and hull. Be sure to remove all 
traces of dirt, debris or marine life. Check the water stream fitting, water 
inlet(s) and, on jet models, the impeller grate for debris. If equipped, inspect 
the speedometer opening at the leading edge of the gearcase or any other 
gearcase drains for debris (clean debris with a compressed air or a piece of 
thin wire). 

The manufacturer recommends the use of OMC 2t4 Fuel 
Conditioner when treating the fuel systems on JohnsonlEvinrude 
motors. OMC 2+4 is normally used in a ratio of 1 .O oz. (30 ml) for every 
gallon (3.8 L), but follow the directions on the bottle if they differ. On 
carbureted motors, you have the option of draining the fuel system 
instead, either using the float bowl drains on the carburetor@) or by 
removing the carburetor@) completely from the motor. For more details 
on carburetor service, please refer to the Fuel System section. 

2. Stabilize the engine's fuel supply using a high quality fuel stabilizer 
and take this opportunity to thoroughly flush the engine cooling system at the 
same time as follows: 

a. Add an appropriate amount of fuel stabilizer to the fuel tank and top 
off to minimize the formation of moisture through condensation in the fuel 
tank. For EFI motors prepare a fuel storage mixture as directed. Use of 6.0 
gal. (23 L) gas tank to mix 5.0 gal. (19 L) of gas, 2.0 qt. (1.9 L) of OMC 
Storage Fogging Oil and 2.5 oz. (74 ml) of OMC 2 t 4  Fuel Conditioner or 
equivalent storage fluids. Connect this tank to the engine in order to provide 
a treated fuel mixture to the enaine for storaae. 

b. Attach a flushing attac6ment as a cooling waterlflushing source. For 
details, please refer to the information on Flushing the Cooling System, in 
this section. 

c. Start and run the engine at about 1500 rpm for approximately 5 
minutes on carbureted models or 10 minutes on EFI models. This will ensure 
the entire fuel supply system contains the appropriate storage mixtures. 

d. Stop the engine and remove the flushing source, keeping the 
outboard perfectly vertical. Allow the cooling system to drain completely, 
especially if the outboard might be exposed to freezing temperatures during 
storage. 

NEVER keep the outboard tilted when storing in below-freezing 
temperatures as water could remain trapped in the cooling system. Any 
water left in cooling passages might freeze and could cause severe 
engine damage by cracking the powerhead or gearcase. 

3. Drain and refill the engine gearcase while the oil is still warm (for 
details, refer to the Gearcase Oil procedures in this section). Take the 
opportunity to inspect for problems now, as storage time should allow you 
the oooortunitv to reolace damaaed or defective seals. More imoortantlv. 
remo'ie the old, coniaminated gear oil now and place the motor'into stirage 
with fresh oil to help prevent internal corrosion. 

4. On 4-stroke models, drain the engine crankcase oil while it is still 
warm. Replace the oil filter. Refill the crankcase and gearcase with fresh oil 
(for details, refer to the Oil and Filter Change procedures in this section). On 

EFI motors (or carbureted motors than will not be run for fogging), reconnect 
the flush fitting, then start and run the motor again, but only for a few 
minutes to evenly distribute the fresh oil across internal bearing surfaces. 

Besides treating the fuel system to prevent evaporation or clogging 
from deposits left behind, coating all bearing surfaces in the motor with 
FRESH, clean oil is the most important step you can take to protect the 
engine from damage during storage. NEVER leave the engine filled with 
used oil, that likely contains moisture and, in the case of 4-stroke 
crankcase oil, acids and other damaging byproducts of combustion 
that will damage engine bearings over time. 

5. Fog the motors using one of the following methods (as appropriate 
for your engine, or as desired): 

a. For EFI motors (or other motors that will not be run again until re- 
commissioning), Tag and disconnect the spark plug leads, then remove the 
spark plugs as described under Spark Plugs. Spray a generous amount of 
fogging oil into the spark plug ports. Turn the flywheel slowly by hand 
(clockwise, in the normal direction of rotation) to distribute the fogging oil 
evenly across the cylinder walls. On electric start models, the starter can be 
used to crank the motor over in a few short bursts, but make sure the spark 
plugs leads remain disconnected and grounded to the powerhead (away 
from the spark plug ports) to prevent accidental combustion. If necessary, re- 
spray into each cylinder when that cylinder's piston reaches the bottom of its 
travel. Reinstall and tighten the spark plugs, but leave the leads 
disconnected to prevent further attempts at starting until the motor is ready 
for re-commissioning. 

On motors equipped with a rope start handle, the rope can be used 
to turn the motor slowly and carefully using the rope starter. For other 
models, turn the flywheel by hand or using a suitable tool, but be sure 
to ALWAYS turn the engine in the normal direction of rotation (normally 
clockwise on these motors). 

b. For carbureted motors, the engine can also be fogged by spraying 
the can of fogging oil either down the carburetor throat(s) or through a 
fogging fitting while the engine is running. Reconnect the cooling water 
source and follow the instructions on the can of fogging oil. 
JohnsonIEvinrude electric fuel primers are normally equipped with a fogging 
fitting. Some models are equipped with a separate fitting, such as the 25135 
hp (5001565~~) motors that use an intake manifold mounted maintenance 
valve to conveniently attach a spray can of fogging oil. 

Even if a carbureted motor is fogged while running, it is a good idea 
to follow the steps of the fogging procedure for EFI motors. Remove 
the spark plugs, spray additional fogging oil directly into the 
combustion chambers and manually turn the engine over by hand to 
distribute that oil. Better safe than seized, we always say! 

6. For models equipped with portable fuel tanks, disconnect and 
relocate them to a safe, well-ventilated, storage area, away from the motor. 
Drain any fuel lines that remain attached to the tank. 

7. Remove the battery or batteries from the boat and store in a cool dry 
place. If possible, place the battery on a smart charger or Battery Tender@, 
otherwise, trickle charge the battery once a month to maintain proper charge. 

Remember that the electrolyte in a discharged battery has a much 
lower freezing point and is more likely to freeze (crackingldestroying 
the batterv case) when stored for lona periods in areas exposed to 
freezing timperatures. Although kee6ng the battery charged offers one 
level or protection against freezing; the other is to store the battery in a 
heated or protected storage area. 

8. For models equipped with a boat mounted fuel filter or filterlwater 
canister, clean or replace the boat mounted fuel filter at this time. If the fuel 
system was treated, the engine mounted fuel filters should be left intact, so 
the sealed system remains filled with treated fuel during the storage period. 

9. For 2-stroke motors with external oil tanks, if possible, leave the oil 
supply line connected to the motor. This is the best way to seal moisture out 
of the system. If the line must be disconnected for any reason (such as to 
remove the motor or oil tank from the boat), seal the line by sliding a snug 
fitting cap over the end. Most motors equipped with remote oil tanks are 
equipped with a cap, mounted somewhere on the engine, such as on the 
fuel line, near the fuel pump. Top off the oil tank to displace moisture-laden 
air and help prevent contamination of the oil in storage. 
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10. For EFI motors or motors equipped with a gearcase speedometer 

pickup, disconnect the speedometer hose from the upper most connector 
and blow all water from the gearcase speedometer pickup. If compressed air 
is available, use less than 25 psi (167 kPa) of air pressure in order to 
prevent damage to the system. 

11. Perform a complete lubrication service following the procedures in 
this section. 

12. Remove the propeller (or rotor on RescueProB models) and check 
thoroughly for damage. Clean the propeller shaft and apply a protective 
coating of grease. On Jet models, thoroughly inspect the impeller and check 
the impeller clearance. Refer to the procedures in this section. 

13. Check the motor for loose, broken or missing fasteners. Tighten 
fasteners and, again, use the storage time to make any necessary repairs. 

14. lnspect and repair all electrical wiring and connections at this time. 
Make sure nothing was damaged during the season's use. Repair any loose 
connectors or any wires with broken, cracked or otherwise damaged 
insulation. 

15. Clean all components under the engine cover and apply a corrosion 
preventative spray. 

16. Too many people forget the boat and trailer, don't be one of them. 
a. Coat the boat and outside painted surfaces of the motor with a fresh 

coating of wax, then cover it with a breathable cover 
b. If possible place the trailer on stands or blocks so the wheels are 

supported off the ground. . . 
c. Check theair pressure in the trailer tires. If it hasn't been done in a 

while. remove the wheels to clean and reoack the wheel bearinas. 
17. Sleep well, since you know that your baby will be readyjor you come 

next season. 

REMOVAL FROM STORAGE 

The amount of service required when re-commissioning the boat and 
motor after storage depends on the length of non-use, the thoroughness of 
the storage procedures and the storage conditions. 

At minimum, a thorough spring or pre-season tune-up and a full 
lubrication service is essential to getting the most out of your engine. If the 
engine has been properly winterized, it is usually no problem to get it in top 
running condition again in the springtime. If the engine has just been put in 
the garage and forgotten for the winter, then it is doubly important to perform 
a complete tune-up before putting the engine back into service. If you have 
ever been stranded on the water because your engine has died and you had 
to suffer the embarrassment of having to be towed back to the marina you 

know how it can be a miserable experience. Now is the time to prevent that 
from occurring. 

Take the opportunity to perform any annual maintenance procedures that 
were not conducted immediately prior to placing the motor into storage. If the 
motor was stored for more than one off-season, 

pay special attention to inspection procedures, especially those regarding 
hoses and fittings. Check the engine gear oil for excessive moisture 
contamination. The same goes for engine crankcase oil on 4-strokes or oil 
tanks on Pstrokes, so equipped. If necessary, change the gearcase or 
engine oil to be certain no bad or contaminated fluids are used. 

H Although not absolutely necessary, i t  is a good idea to ensure 
optimum cooling system operation by replacing the water pump 
impeller at this time. 

Other items that require attention include: 
1. Install the battery (or batteries) if so equipped. 
2. lnspect all wiring and electrical connections. Rodents have a knack 

for feasting on wiring harness insulation over the winter. If any signs of 
rodent life are found, check the wiring carefully for damage, do not start the 
motor until damaged wiring has been fixed or replaced. 

3. On 2-strokes with a remote oil tank, if the line was disconnected, 
remove the cover and reconnect the line, then prime the system to ensure 
proper operation once the motor is started. 

4. If not done when placing the motor into storage clean and/or replace 
the fuel filters at this time. This is usually the case on EFI motors, as the 
filters are often not replaced before filling the system with the storage fuel 
mixture. 

5. If the fuel tank was emptied, or if it must be emptied because the fuel 
is stale fill the tank with fresh fuel. Keep in mind that even fuel that was 
treated with stabilizer will eventually become stale, especially if the tank is 
stored for more than one off-season. Pump the primer bulb and check for 
fuel leakage or flooding at the carburetor or vapor separator tank. For EFI 
motors, pressurize the high pressure fuel circuit turning the ignition on (and 
listening to verify that the fuel pump runs for a few seconds). lnspect the fuel 
rail and fittings under the engine top case for leaks. 

6. Attach a flush device or dace the outboard in a test tank and start 
the engine. Run the engine at idle speed and warm it to normal operating 
temperature. Check for proper operation of the cooling, electrical and 
warning systems 

Before putting the boat in the water, take time to verify the drain plug is 
installed. Countless number of spring boating excursions have had a 
very sad beginning because the boat was eased into the water only to 
have the boat begin to fill with it. 

Unfortunately, because an outboard is mounted on the exposed transom 
of a boat, and many of the outboards covered here are portable units that 
are mounted and removed on a regular basis, an outboard can fall 
overboard. Ok, it's relatively rare, but it happens often enough to warrant 
some coveraqe here. The best way to deal with such a situation is to prevent 
it, by keepinga watchful eye on the engine mounting hardware (bolts'andior 
clamps). But, should it occur, here's how to salvage, service and enjoy the 
motor again. 

In order to prevent severe damage, be sure to recover an engine that is 
dropped overboard or otherwise completely submerged as soon as possible. 
It is really best to recover it immediately. But, keep in mind that once a 
submerged motor is recovered exposure to the atmosphere will allow 
corrosion to begin etching highly polished bearing surfaces of the crankshaft, 
connecting rods and bearings. For this reason, not only do you have to 
recover it right away, but you should service it right away too. Make sure the 
motor is serviced within 3 hours of initial submersion. 

OK, maybe now you're saying "3 hours, it will take me that long to get it to 
a shop or to my own garage." Well, if the engine cannot be serviced 
immediately (or sufficiently serviced so it can be started), re-submerge it in a 
tank of fresh water to minimize exposure to the atmosphere and slow the 
corrosion process. Even if you do this, do not delay any more than 

absolutely necessary, service the engine as soon as possible. This is 
especially important if the engine was submerged in salt, brackish or polluted 
water as even submersion in fresh water will not preserve the engine 
indefinitely. Service the engine, at the MOST within a few days of protective 
submersion. 

After the engine is recovered, vigorously wash all debris from the engine 
using pressurized freshwater. 

H If the engine was submerged while still running, there is  a good 
chance of internal damage (such as a bent connecting rod). Under 
these circumstances, don't start the motor, follow the beginning of this 
procedure to try turning it over slowly by hand, feeling for mechanical 
problems. If necessary, refer to Powerhead Overhaul for complete 
disassembly and repair instructions. 

NEVER try to start a recovered motor until at least the first few steps 
(the ones dealing with draining the motor and checking to see it if is 
hydro-locked or damaged) are performed. Keep in mind that attempting 
to start a hydro-locked motor could cause major damage to the - 
powerhead, including bending or breaking a connecting rod. 

If the motor was submerged for any length of time it should be thoroughly 
disassembled and cleaned. Of course, this depends on whether water 
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intruded into the motor or not. To determine this check the crankcase oil (on 
4-strokes), and check the gearcase oil (on all motors) for signs of 
contamination. 

The extent of cleaning and disassembly that must take place depends 
also on the type of water in which the engine was submerged. Engines 
totally submerged, for even a short length of time, in salt, brackish or 
polluted water will require more thorough servicing than ones submerged in 
fresh water for the same length of time. But, as the total length of submerged 
time or time before service increases, even engines submerged in fresh 
water will require more attention. Complete powerhead disassembly and 
inspection is required when sand, silt or other gritty material is found inside 
the engine cover. 

Many engine components suffer the corrosive effects of submersion in 
salt, brackish or polluted water. The symptoms may not occur for some time 
after the event. Salt crystals will form in areas of the engine and promote 
significant corrosion. 

Electrical components should be dried and cleaned or replaced, as 
necessary. If the motor was submerged in salt water, the wire harness and 
connections are usually affected in a shorter amount of time. Since it is 
difficult (or nearly impossible) to remove the salt crystals from the wiring 
connectors, it is best to replace the wire harness and clean all electrical 
component connections. The starter motor, relays and switches on the 
engine usually fail if not thoroughly cleaned or replaced. 

To ensure a through cleaning and inspection: 
1. Remove the engine cover and wash all material from the engine 

using pressurized freshwater. If sand, silt or gritty material is present inside 
the engine cover, completely disassemble and inspect the powerhead. 

2. Tag (except on single cylinder motors) and disconnect the spark 
plugs leads. Be sure to grasp the spark plug cap and not the wire, then twist 
the cap while pulling upward to free it from the plug. Remove the spark 
plugs. For more details, refer to the Spark Plug procedure in this section. 

3. Disconnect the fuel supply line from the engine, then drain and clean 
all fuel lines. Depending on the circumstances surrounding the submersion, 
inspect the fuel tank for contamination and drain, if necessary. 

4. Support the engine horizontally with the spark plug port(s) facing 
downward, allowing water, if present, to drain. Force any remaining the water 
out by slowly rotating the flywheel by hand about 20 times or until there are 
no signs of water. If there signs of water are present, spray some fogging oil 
into the spark plug ports before turning the flywheel. This will help dislodge 
moisture and lubricate the cylinder walls. 

When attempting to turn the flywheel for the first time after the 
submersion, be sure to turn it SLOWLY, feeling for sticking or binding 
that could indicate internal damage from hydro-lock. This is a concern, 
especially if the engine was cranked before the spark plug(s) were 
removed to drain water or if the engine was submerged while still 
running. 

5. On carbureted models, drain the carburetor(s). The best method to 
thorouahlv drainlclean the carburetor is to remove and disassemble it. For 
details-reier to the Carburetor procedures under Fuel System. 

6. Support the engine in the normal upright position. Check the engine 
gearcase oil for contamination. Refer to the procedures for Gearcase Oil in 
this section. The gearcase is sealed and, if the seals are in good condition, 
should have survived the submersion without contamination. But, if 
contamination is found, look for possible leaks in the seals, then drain the 
gearcase and make the necessary repairs before refilling it. For more details, 
refer to the section on Gearcases. 

7. On 4-stroke motors, drain the crankcase engine oil and change the 
filter. Refer to the procedures in this section. If contaminated oil drains from 
the crankcase, flush the crankcase using a quart or two of fresh four-stroke 
engine oil (by pouring it into the motor as normal, but allowing it to drain as 
well) before refilling the crankcase. 

8. Remove all external electrical components for disassembly and 
cleaning. Spray all connectors with electrical contact cleaner, then apply a 
small amount of dielectric grease prior to reconnection to help prevent 
corrosion. For electric start models, remove, disassemble and clean the 
starter components. For details on the electrical system components, refer to 
the Ignition and Electrical section. 

9. Reassemble the motor and mount the engine or place it in a test 
tank. Start and run the enaine for 112 hour. If the enaine won't start, remove 
the spark plugs again and-check for signs of moisture on the tips. If 
necessarv. use comoressed air to clean moisture from the electrodes or 
replace the plugs. ' 

10. Stop the engine, then recheck the gearcase oil (and engine 
crankcase oil on Cstrokes). 

11. Perform all other lubrication services. 
12. Try not to let it get away from you (or anyone else) again! 

Magneto Breaker Point Gap Specifications 

Model 

3 
4 

No. 

1 

1 

Displace 

1990 
1990 

Breaker Point Gap 
Used Points I New Points 

5.28 (87) 
5.28 (87) 

Condenser 

0.020 (0.51) 1 0.022 (0.056) 
0.020 (0.51) 1 0.022 (0.056) 

0.1 8-0.22 Mfd. 
0.1 8-0.22 Mfd. 
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General Engine Specifications 
APPx 

Weight Gear 
Bore and 

Stroke 
Model Engine No. 

Dis~lacement 
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O Gear ratio of 13:28 (0.46) except on 25 commercial, 28 and 30 SPL models through 1997 which are 12:21 (0.57) 

@ Gear ratio of 12:29 (0.41) on all models, including the 40RS commercial, except on 40RW, 40RP and all other 
commercial models which are 12:32 (0.38) 

General Engine Specifications 
Model No. 

Gear 
Engine APPX 

Weight Displacement 
Bore and 

Stroke 
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General Engine System Specifications 

Model 1 No. 1 Engine 1 I Displace I Oil Injection I Ignition I Starting I Cooling 1 Fuel 1 Charging I Battery W 

35 1 2 1 2-stroke 11990-971 31.8 (521) 1 pre-mix I Mag CD 1 RIMP, TEIMP or RElEP I IMP I UG ~ C I  1 - I bc  1 4 amp NR 1 360 (465) 8 
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General Engine System Specifications 
Model ( No. I Engine I I Displace I Oil Injection I Ignition I Starting 1 Cooling I Fuel 1 Charging Battery @I 
(Hp) 1 o f  Cyl 1 Type I Year 1 cu. in. (cc) 1 System @ I System I System I System I System 1 System @ I cca (mca) 

25D 1 2 ( 2-stroke 11990-951 45 (737) 1 VRO or AM I Mag CD I RIMP, TEIEP or REIEP I IMP I UG ITCI 2 - I bc I 4-amp NR @ 1 360 (465) @ 

I bc: 1 barrel carburetor 
AM: AccuMix system (2 fuel pumps and an englne mounted oiling chamber) 
ECU Cont: Fully transistorized, ECU controlled, battery powered ignition 
EFI: Electronic Fuel lnjection 
EP: Electric Primer 
FR: Fully-Regulated (equipped with regulatorlrectifier) 
IMP: impelier pump 
LG: Lower gearcase mounted 
Mag CD. Magneto Powered Capacitor Discharge 
MC: Manual Choke 

MP: Manual Primer 
NA: Not applicable 
NR: Non-Regulated (equipped with rectifier) 
R: Rope 
RE: Remote Electric Start 
TC: Thermostatically controlled 
TE: Tiller Electric Start 
UG: Upper gearcase mounted 
VRO: OMC's VRO automatic oiling system (VRO pump and external oil tank) 

@ Most common oiiing system noted but will vary with installation, most 2-stroke models can be set-up for pre-mix or an automatic oiling system 

@ The most common, referenced charging system (may be optional on some models, ratings shown is minimum) 

@ When equipped with electric start or optional battery charging system 

@ If not equipped with regulator or rectifier, but equipped with AC wiring, system output is 60 watts 

@ 65 hp WM, WMLW, WMYW and WE models are equipped with a &amp NR charging system, all other models are 12-amp 

@ Minimum recommended battery for electric start models: 360 cca (465 mca) wl  90 min reserve (50 AH) 

@ Minimum recommended battery for electric start models: 550 cca (620 mca) w190 min reserve (60 AH) 
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Maintenance Intervals Chart 

A-Adjust l-Inspect and Clean. Adjust, Lubricate or Replace, as necessary R-Replace 

C-Clean L-Lubricate T-Tighten 

" Denotes possible safety Item (although, all maintenance inspectionslse~ce can be considered safety related when it means not being stranded on h e  water should a component fall 
@lntewai esendedto evey200 h o u ~  ifuslng JohnsonlEvinrude crankcase oil 

@Varies wlth use generally evey30 dap when used in sail, bracksh or potluled waler and every60 dais when used in iresh waler (referto Lubrication Chart for more detalls) 

@ Every50 houn !s OMC Carbon Guard addltwe B NOT used consEtenUy wlth fuel 

@Replace every800 houn or 4 years. whichevercomes flrsf Note that70 hp 4-slroke c an Interference motor and a broken bellcould allowsevere engine damage 

Lubrication Chart 

O Lubrication points should be checked weekly or with each use, whiiever k LESS frequent. Based upon individual motorIuse needs frequency of actual 
lubrication should occur at recommended intervals or more o h  during season. Perform all lubricafmn procedures immediately prior to extended motor 
storage. 

i I I I 

Minimum Frequency 
I Salt, Polluted or Applicable Recommended 

OMC TripkGuard w equivalent marine gease every 60 days O Tilt assembly @racket, tube, 
pin andla tilt lever shaft) 

every 30 days O All 
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j100:l (l% oil) I 4 fl oz. (118 mL) I 8 fl. oz (236 mL) I 24 fl. oz (708 mL) 40 tl oz (1180 mL) I 

TWO-STROKE MOTOR FUEL:OIL RATIO CHART 

Desired 
Fuel:Oil Ratio 

NOT€ Fuel 011 ratios listed here are for cakuation purposes Refer to the fuel 011 recommndations for your engrns M o r e  mwng  eme ember that a 
pr-rnu( system desrgned to produce a 50 1 raho WII produa a 25 1 ratm # a  50 1 ratlo s already ~n the fuel tank feedtng the motor 

50:l (2% oil) 

25:l (4% oil) 

Capacities - Two-Stroke Engines 
Model No. Displace Gear Oil Injection Oil 

lHol of Cvl Year CU. in. lccl Oz fmLl Ratio @ 

Amount of oil needed when mixed with: 

O Varries with gearcase, either 16.4 fl. oz. (485 mL) or 22 fl. oz (650 mL), fill slowly as you approach the 16 oz mark and 
continue until full. 
O Varries with model, 16.4 fl. oz. (485 mL) on most models, including the 40RS commercial, but 22 fl. or (650 mL) on the 
40RW, 40RP and all other commercial models. 
@ Injection oil ratio based on normal operating conditions, some severe or high performance applications may need higher 
ratio, refer to information on Fuel Recommendations under Maintenance 

3 G (11.4 L) 
of Gas 

8 11. oz. (236 mL) 

16 fl. oz (473 mL) 

I I I I 

6 G (22.7 L) 
of Gas 

16 fl. or. (473 mL) 

32 R. oz. (946 mL) 

18 G (68.1 L) 
of Gas 

48 fl. oz (1419 mL) 

96 fl. 02. (2838 mL) 

30 G (114 L) 
of Gas 

80 fl 02. (2360 mL) 

160 fl oz. (4.73 L) 

45 G (171 L) 
of Gas 

120 fl oz. (3.54 L) 

240 fl oz. (7.1 L) 
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Capacities - Four-Stroke Engines 

M ode1 I No. I 1 Displace I tngine 011 I Gear 011 
WP) 

5 
6 

8 
9.9 

0fW 
1 
1 

9.9 
15 

I I I I I 

70 I 4 I 199801 1 79.2(1298) 1 4.8 qt. (4.5 L) / 19 (560) 

40 
50 

Year 
199741 
199741 

I 

2 
2 

12.87 (211) 
12.87 (211) 

2 
2 

3 
3 

cu. in. (cc) 
7.8 (128) 
7.8 (128) 

1996.01 
1997-98 

199501 
199501 

33.8 fl. oz. (1000 mL) 
33.8 fl. 02. (1000 mL) 

199401 
199401 

u.s.-(~etric) 
27 fl. oz. (800 mL) 
27 fl. OZ. (800 mL) 

9.0 (260) 
9.0 (260) 

I 

fl. oz (mL) 
11 (325) 
11 (325) 

49.7 (815) 
49.7 (815) 

9.0 (260) 
9.0 (260) 

18.61 (305) 
18.61 (305) 

33.8 fl. oz. (1272 mL) 
33.8 fl. oz. (1272 mL) 

2.5 qt. (2.4 L) 
2.5 qt. (2.4 L) 

21 (610) 
21 (610) 
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* Note: Test propeller and rpm not applicable to Jet models nla: not available not adj: not adjustable not app: not i not app: not applicable 
C? For sustained high speed operation on models other than the 8RC or 8RCL, use Champion QL16V or L16V fixed gap spark plug 

@ For extended idle use Champion L90C 

@ For extended idle on models other than the 8RC use Champion L92YC 

@ For extended idle on models other than the 8RC or 8WR, use Champion L82YC 

@ ldle speed is 650-700 rpm on all models through 1993 or 675-725 rpm on all 1994 and later models except 6SL, 8SRL and 8RX which are 850-900 rpm through 1993 or 875-925 rpm for 
1994 and later models 
8 Test prop rpm is 5300 on all 8 hp models except the 8SRL and 8RX which are 4850 rpm 

@I For sustained high speed operation use Champion fixed gap spark plugs QL16V or L16Vfixed except on commercial models which use QL78V or L78V 

@ Use test prop part no. 340177 for all models except 15 KC commmercial models and all 1999 and later commercial models which use 386537 

8 Test prop rpm is 4900 on most 9.9 2-stroke models. except 9.9 SEL models which are 3500 rpm 

@ For extended idle use Champion QL86C or L86C 

@ ldle speed in gear is 675-725 rpm for all 2-stroke 15 hp models, except the KC which is 1000-1200 rpm for 1995 models or 900-1 100 rpm for later models 
@ Test prop rpm is 3500 on all 4-stroke 9.9 rope start models or 4W0 on 9 9 electric start models 

03 Specification is for non-commercial under normal conditions, for other conditions and applications note the following: 
a . non-commercial motors under sustained high speed use fixed gap plugs QLI 6V or L16V 
b. 25 hp Commercial motors under normal conditions use fixed gap plugs QL16V or L16V 
c. 25 hp Commercial motors under sustained high speed use fixed gap plugs QL78V or L78V 

8 Specification is for non-commercial motors, for 25 hp commercial motors use the fixed gap plugs QLIGV or L16V 

@ 25 hp motors use test prop no. 434505, except 1995-1 997 25 hp commercial models which use 396561 
@ Standard models use test prop no. 434505 for a test rpm of 5400, SPL models use test prop no. 398948 for a test rpm of 4800 

@ Specification is for standard 40150 hp models, on these model use fixed gap plugs QL16V or L16V for sustained high speed operation, for other 40 hp models: 
a. For 40RS models use QL16V or L16V for normal operation or QL78C for sustained high speed operation 
b. For 40RW or 40RP models models use QL16V or L16V for normal operation or QL78V or L78V for sustained high speed operation 

63 Use test prop no. 432968 for standard 40 hp and 40RS commercial models, or prop no. 382861 for 40RW, 40RP, WR or other commercial models 

8 Test prop speed is 4900 rpm for standard 40 hp models, while speed on all commercial models such as the 40RS, 40RW. 40RP and 40WR is 5200 rpm 

@3 For sustained high speed operation use Champion f~xed gap spark plugs QL78V or L78V 
@For extended idle use Champion QL82C 

@ For extended idle use Champion QL86C or L86C 
@ ldle speed achieved in gear at proper timing setting as follows: 
a For tiller control models 750-850 rpm 
b. For remote control models 600-700 rpm for 1990-97 models, 750-850 for 1998-2001 models 

@Idle timing is 4 degrees ATDC on all models, except the 65RS and 65WR on which idle timing Is 7 degrees ATDC 

@ ignition timing is ECU controlled and varies upon engine operating condition between 0-32 degrees for 40 hp motors, 0-25 for 50 hp motors and 5-36 for 70 hp motors 

@ Use standard propeller. 

@ For rope start models max rpm is 5000-6000 rpm, for electric start models max rpm is 4000-5000 rpm 

Valve Clearance Specifications - Four-Stroke Engines 
Model I No. I I D ~ S P ~ C ~  I Intake I Exhaust 
(HP) 

5 
6 

0 f q  

1 
1 

Year 
199741 
199741 

cu. in. (cc) 
7.8 (128) 
7.8 (128) 

in. (mm) 
0.003 (0.08) 
0.003 (0.08) 

in. (mm) 
0.005 (0.1 2)  
0.005 (0.12) 
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3-2 FUEL SYSTEM 

If equipped, disconnect the negative battery cable ANYTIME work is 
performed on the engine, especially when working on the fuel system. 
This will help prevent the possibility of sparks during service (from 
accidentally grounding a hot lead or powered component). Sparks 
could ignite vapors or exposed fuel. Disconnecting the cable on 
electric start motors will also help prevent the possibility fuel spillage if 
an attemDt is made to crank the enaine while the fuel svstem is ooen. 

Fuel leaking from a loose, damaged or incorrectly installed hose or 
fitting may cause a fire or an explosion. ALWAYS pressurize the fuel 
system and run the motor while inspecting for leaks after servicing any 
component of the fuel system. 

The carburetion or fuel injection, and the ignition principles of engine 
operation must be understood in order to perform troubleshoot and repair an 
outboard motors fuel system or to perform a proper tune-up on carbuieted 
motors. 

If you have any doubts concerning your understanding of engine 
operation, it would be best to study 

The Basic Operating Principles of an engine as detailed under 
Troubleshooting in Section 1, before tackling any work on the fuel system. 

The fuel systems used on engines covered by this manual range from 
single carburetors to multiple carburetors or electronic fuel injection. The 
carbureted motors utilize various means of enriching fuel mixture for cold 
starts, including a manual choke, manual primer or electric primer solenoid. 
Similarly, the 2-stroke motors covered by this manual may require premixing 
of the fuel and oil or may be equipped with the Variable Rate Oiling (VR02) 
or AccuMix automatic oiling systems. Refer to the General Engine System 
Specifications chart in Section 2 for more details as to what systems were 
commonly used on what motors, but keep in mind that additional systems, 
such as the AccuMix were available as accessories for most motors. For 
details on the VR02 and AccuMix oiling systems, please refer to the section 
on Lubrication and Cooling. 

There is no way around it. Working with gasoline can provide for many 
different safety hazards and requires that extra caution is used during all 
steps of service. To protect yourself and others, you must take all necessary 
precautions against igniting the fuel or vapors (which will cause a fire at best 
or an explosion at worst). 

Take extreme care when working with the fuel system. NEVER smoke 
(it's bad for you anyhow, but smoking during fuel system service could 
kill you much faster!) or allow flames or sparks in the work area. 
Flames or sparks can ignite fuel, especially vapors, resulting in a fire at 
best or an explosion at worst. 

For starters, disconnect the negative battery cable EVERY time a fuel 
system hose or fitting is going to be disconnected. It takes only one moment 
of forgetfulness for someone to crank the motor, possibly causing a 
dangerous spray of fuel from the opening. This is especially true on the high- 
pressure fuel circuit of EFI motors, where just turning the key to on will 
energize the fuel pump. 

Gasoline contains harmful additives and is quickly absorbed by exposed 
skin. As an additional precaution, always wear gloves and some form of eye 
protection (regular glasses help, but only safety glasses can really protect 
your eyes). 

Throughout service, pay attention to ensure that all components, 
hoses and fittings are installed them in the correct location and 
orientation to prevent the possibility of leakage. Matchmark 
components before they are removed as necessary. 

Because of the dangerous conditions that result from working with 
gasoline and fuel vapors always take extra care and be sure to follow these 
guidelines for safety: 

Keep a Coast Guard-approved fire extinguisher handy when working. 
Allow the engine to cool completely before opening a fuel fitting. Don't 

all gasoline to drip on a hot engine. 
The first thing you must do after removing the engine cover is to check 

for the presence of gasoline fumes. If strong fumes are present, look for 
leaking or damage hoses, fittings or other fuel system components and 
repair. 

Do not repair the motor or any fuel system component near any 
sources of ignition, including sparks, open flames, or anyone smoking. 

Clean up spilled gasoline right away using clean rags. Keep all fuel 
soaked rags in a metal container until they can be properly disposed of or 
cleaned. NEVER leave solvent, gasoline or oil soaked rags in the hull. 

Don't use electric powered tools in the hull or near the boat during fuel 
system service or after service, until the system is pressurized and checked 
for leaks. 

Fuel leaking from a loose, damaged or incorrectly installed hose or 
fitting may cause a fire or an explosion. ALWAYS pressurize the fuel system 
and run the motor while inspecting for leaks after servicing any component of 
the fuel system. 

+ See Figure 1 

Fuel recommendations have become more complex as the chemistry of 
modern gasoline changes. The major driving force behind the many of the 
changes in gasoline chemistry was the search for additives to replace lead 
as an octane booster and lubricant. These additives are governed by the 
types of emissions they produce in the combustion process. Also, the 
replacement additives do not always provide the same level of combustion 
stability, making a fuel's octane rating less meaningful. 

In the 1960's and 1970's, leaded fuel was common. The lead served two 
functions. First, it served as an octane booster (combustion stabilizer) and 
second, in Cstroke engines, it served as a valve seat lubricant. For 2-stroke 
engines, the primary benefit of lead was to serve as a combustion stabilizer. 
Lead served very well for this purpose, even in high heat applications. 

For decades now, all lead has been removed from the refining process. 
This means that the benefit of lead as an octane booster has been 
eliminated. Several substitute octane boosters have been introduced in the 
place of lead. While many are adequate in an automobile engine, most do 
not perform nearly as well as lead did, even though the octane rating of the 
fuel is the same. 

Fig. 1 Damaged piston, possibly caused by; using too-low an 
octane fuel; using fuel that had "soured" or by insufficient oil (in 
fuel on 2-strokes or in a crankcase on Cstrokes) 
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OCTANE RATING 
+ See Figure 1 

A fuel's octane rating is a measurement of how stable the fuel is when 
heat is introduced. Octane rating is a major consideration when deciding 
whether a fuel is suitable for a particular application. For example, in an 
engine, we want the fuel to ignite when the spark plug fires and not before, 
even under high pressure and temperatures. Once the fuel is ignited, it must 
burn slowly and smoothly, even though heat and pressure are building up 
while the burn occurs. The unburned fuel should be ignited by the traveling 
flame front, not by some other source of ignition, such as carbon deposits or 
the heat from the expanding gasses. A fuel's octane rating is known as a 
measurement of the fuel's anti-knock properties (ability to burn without 
exploding). Essentially, the octane rating is a measure of a fuel's stability. 

Usually a fuel with a higher octane rating can be subjected to a more 
severe combustion environment before spontaneous or abnormal 
combustion occurs. To understand how two gasoline samples can be 
different, even though they have the same octane rating, we need to know 
how octane rating is determined. 

The American Society of Testing and Materials (ASTM) has developed a 
universal method of determining the octane rating of a fuel sample. The 
octane rating you see on the pump at a gasoline station is known as the 
pump octane number. Look at the small print on the pump. The rating has a 
formula. The rating is determined by the RtM12 method. This number is the 
average of the research octane reading and the motor octane rating. 

The Research Octane Rating is a measure of a fuel's anti-knock 
properties under a light load or part throttle conditions. During this test, 
combustion heat is easily dissipated. 

The Motor Octane Rating is a measure of a fuel's anti-knock properties 
under a heavy load or full throttle conditions, when heat buildup is at 
maximum. 

In general, 2-stroke engines tend to respond more to the motor octane 
rating than the research octane rating, because a 2-stroke engine has a 
power stroke (with heat buildup) every revolution. Therefore, in a 2-stroke 
outboard motor, the motor octane rating of the fuel is one of the best 
indications of how it will perform. 

VAPOR PRESSURE 

Fuel vapor pressure is a measure of how easily a fuel sample evaporates. 
Many additives used in gasoline contain aromatics. Aromatics are light 
hydrocarbons distilled off the top of a crude oil sample. They are effective at 
increasing the research octane of a fuel sample but can cause vapor lock 
(bubbles in the fuel line) on a very hot day. If you have an inconsistent 
running engine and you suspect vapor lock, use a piece of clear fuel line to 
look for bubbles, indicating that the fuel is vaporizing. 

One negative side effect of aromatics is that they create additional 
combustion products such as carbon and varnish. If your engine requires 
high octane fuel to prevent detonation, de-carbon the engine more frequently 
with an internal engine cleaner to prevent ring sticking due to excessive 
varnish buildup. 

ALCOHOL-BLENDED FUELS 

When the Environmental Protection Agency mandated a phase-out of the 
leaded fuels in January of 1986, fuel suppliers needed an additive to improve 
the octane rating of their fuels. Although there are multiple methods currently 
employed, the addition of alcohol to gasoline seems to be favored because 
of its favorable results and low cost. Two types of alcohol are used in fuel 
today as octane boosters, methanol (wood alcohol) or ethanol (grain 
alcohol). 

When used as a fuel additive, alcohol tends to raise the research octane 
of the fuel, so these additives will have limited benefit in an outboard motor. 
There are, however, some special considerations due to the effects of 
alcohol in fuel. 

Since alcohol contains oxygen, it replaces gasoline without oxygen 
content and tends to cause the airlfuel mixture to become leaner. 

On older outboards, the leaching affect of alcohol will, in time, cause 
fuel lines and plastic components to become brittle to the point of cracking. 
Unless replaced, these cracked lines could leak fuel, increasing the potential 
for hazardous situations. 

When alcohol blended fuels become contaminated with water, the 
water combines with the alcohol then settles to the bottom of the tank. This 
leaves the gasoline (and the oil for 2-stroke models using premix) on a top 
layer. 

Modern outboard fuel lines and plastic fuel system components 
have been specially formulated to resist alcohol leaching effects. 

HIGH ALTITUDE OPERATION 

At elevated altitudes there is less oxygen in the atmosphere than at sea 
level. Less oxygen means lower combustion efficiency and less power 
output. As a general rule, power output is reduced three percent for every 
thousand feet above sea level. 

On carbureted engines, re-jetting for high altitude does noi restore lost 
power, it simply corrects the air-fuel ratio for the reduced air density and 
makes the most of the remaining available power. The most important thing 
to remember when re-jetting for high altitude is to reverse the jetting when 
return to sea level. If the jetting is left lean when you return to sea level 
conditions, the correct airlfuel ratio will not be achieved (the motor will run 
very lean) and possible powerhead damage may occur. 

RECOMMENDATIONS 

According to the fuel recommendations that come with your outboard, 
there is no engine in the product line that requires more than 87 octane 
when rated by the RtMI2 or. Most JohnsonlEvinrude engines need only 87 
octane or less. An 89 or hiqher octane ratinq generally means middle to 
premium grade unleaded. premium unlead6ddls morestable under severe 
conditions but also oroduces more combustion ~roducts. Therefore, when 
using premium unle'aded, more frequent de-carboning is necessary: 

Check the emissions label found on your motor as it will normally 
list the minimum required fuel octane rating for your specific model. 

CHECKING FOR STALEICONTAMINATED FUEL 

+ See Figures 2, 3 ,4  and 5 

Outboard motors often sit weeks at a time making them the perfect 
candidate for fuel problems. Gasoline has a short life, as combustibles begin 
evaporating almost immediately. Even when stored properly, fuel starts to 
deteriorate within a few months, leaving behind a stale fuel mixture that can 
cause hard-starting, poor engine performance and even lead to possible 
engine damage. 

Further more, as gasoline evaporates it leaves behind gum deposits that 
can clog filters, lines and small passages. Although the sealed high-pressure 
fuel system of an EFI motor is less susceptible to fuel evaporation, the low- 
pressure fuel systems of all engines can suffer the affects. Carburetors, dues 
to their tiny passages and naturally vented designs are the most susceptible 
components on non-EFI motors. 

As mentioned under Alcohol-Blended fuels, modern fuels contain alcohol, 
which is hydroscopic (meaning it absorbs water). And, over time, fuel stored 
in a partially filled tank or a tank that is vented to the atmosphere will absorb 
water. The waterlalcohol settles to the bottom of the tank, promoting rust (in 
metal tanks) and leaving a non-combustible mixture at the bottom of a tank 
that could leave a boater stranded. 

One of the first steps to fuel system troubleshooting is to make sure the 
fuel source is not at fault for engine performance problems. Check the fuel if 
the engine will not start and there is no ignition problem. 

Stale or contaminated fuels will often exhibit an unusual or even 
unpleasant unusual odor. 

The best method of disposing stale fuel is through a local waste 
pickup service, automotive repair facility or marine dealership. But, this 
can be a hassle. If fuel is not too stale or too badly contaminated, it 
may be mixed with greater amounts of fresh fuel and used to power 
lawnlyard equipment or even an automobile (if greatly diluted so as to 
prevent misfiring, unstable idle or damage to the automotive engine). 
But we feel that it is much less of a risk to have a lawn mower stop 
running because of the fuel problem than it is to have your boat motor 
quit or refuse to start. 

Most carburetors are equipped with a float bowl drain screw that can be 
used to drain fuel from the carburetor for storage or for inspection. Some 
models are equipped with an orifice plug behind the drain screw and this 
must usually be removed as well. For EFI models, a fuel system drain is *. 

found on the vapor separator tank, but access to the drain may require 
removal of the intake manifold and other interfering components. 

For some motors, it may be easier to drain a fuel sample from the hoses 
leading to or from the low pressure fuel filter or fuel pump. Removal and 
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I Fig. 2 Carburetor float bowls are normally I I Fig. 3 To drain the carburetor, remove the I I Fig. 4 . . . and, if equipped, the orifice plug 
equipped with a drain screw drain screw. . . from the float bowl I 

installation instructions for the fuel filters are provided in the Maintenance 
Section, while fuel pump procedures are found in this section. To check for 
stale or contaminated fuel: 

1. Disconnect the negative battery cable for safety. Secure it or place 
tape over the end so that it cannot accidentally contact the terminal and 
complete the circuit. 

Throughout this procedure, clean up any spilled fuel to prevent a fire 
hazard. 

2. For carbureted motors, remove the float bowl drain screw (and orifice 
plug, if equipped), then allow a small amount of fuel to drain into a glass 
container. 

If there is no fuel present in the carburetor, disconnect the inlet line 
from the fuel pump and use the fuel primer bulb to obtain a sample as 
on EFI motors. 

3. For EFI motors, disconnect the fuel supply hose from the pump or 
low pressure fuel filter (as desired), then squeeze the fuel primer bulb to 
obtain a small sample of fuel. Place the sample in a clear glass container 
and reconnect the hose. 

If a samole cannot be obtained from the fuel filter or Duma suoalv 
hose, thereis a problem with the fuel tank-to-motor fuel'circh. check 
the tank, primer bulb, fuel hose, fuel pump, fitting or inlet needle on 
carbureted models. 

4. Check the appearance and odor of the fuel. An unusual smell, signs 
of visible debris or a cloudy appearance (or even the obvious presence of 
water) points to a fuel that should be replaced. 

5. If contaminated fuel is found, drain the fuel system and dispose of 
the fuel in a responsible manner, then clean the entire fuel system. On EFI 
models, this includes draining the vapor separator tank, then properly 
draining the high-pressure fuel system by relieving system pressure 
according to the instructions in this section. 

If debris is found in the fuel system, clean andlor replace all fuel 
filters. 

6. When finished, reconnect the negative battery cable, then properly 
pressurize the fuel system and check for leaks. 

When it comes to safety and outboards, the condition of the fuel system is 
of the utmost importance. The system must be checked for signs of damage 
or leakage with every use and checked, especially carefully when portions of 
the system have been opened for service. 

Fig. 5 Commercial additives, such as Sta-bil, may be used to help 
prevent "souring 

The best method to check the fuel system is to visually inspect the lines, 
hoses and fittings once the system hasbeen properly pressurized. 

Furthermore, EFI motors are equipped with two inter-related fuel circuits, 
a low pressure circuit that is similar to the circuit that feeds carburetors on 
other motors and a high pressure circuit that feeds the fuel injection system. 
As its name implies, the high pressure circuit contains fuel under pressure 
that, if given the chance, will spray from a damagedlloose hose or fitting. 
When servicing components of the high pressure system, the fuel pressure 
must first be relieved in a safe and controlled manner to help avoid the 
potential explosive and dangerous conditions that would result from simply 
opening a fitting and allowing fuel to spray uncontrolled into the work area. 
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RELIEVING FUEL SYSTEM PRESSURE (EFI MOTORS ONLY) 

DERATE 

Before servicing the high pressure fuel circuit or related components, 
including the vapor separator tank, high pressure filter, fuel rail, injector and 
related lines, the pressure must be released. Failure to do so in a proper 
manner could lead to high pressure fuel spray, excessive concentrations of 
vapors and an extremely dangerous, potentially explosive condition. 

40150 Hp EFI Models 

1. Turn the key switch to OFF. 
2. Tag, then disconnect the wiring (primary lead wire) from each ignition 

coil. 
3. Disconnect the high pressure fuel pump wiring from the vapor 

separator by pushing down on the connector's lock tab, then pulling the 
connector free. 

4. Use the key switch to crank the engine in 3 second bursts for 10-20 
times. This will dissipate the fuel pressure in the lines. After the first couple of 
bursts, start squeezing the high pressure line to determine when the 
pressure is released, Once the hose is soft to the touch, crank the engine a 
few more times to ensure pressure is gone. 

Even after most or all of the pressure has been dissipated, there 
may still be some liquid fuel left in the lines. Always wrap a shop rag 
around fittings before they are disconnected to catch any escaping 
fuel. 

5. Unless necessary for service procedures or for safety, reconnect the 
ignition coil primary leads. 

6. Disconnect the negative battery cable for safety during service, or 
leave the fuel pump wiring disconnected until the maintenance or repairs 
have been completed. 

We still recommend disconnecting the negative battery cable, 
especially if any work will be one or around electrical components. Any 
work on or near the gearcase, propeller or other potentially hazardous 
moving parts is also good reason to keep the battery disconnected. 

7. After maintenance or repairs are finished, fully pressurize the high 
and low pressure fuel circuits and thoroughly check the system for leakage. 

70 Hp EFI Models 

1. Locate and remove the 15 amp fuse for the high pressure fuel pump 
circuit from the fuse holder. 

H The 15 amp fuel pump fuse is found on the port side of the 
powerhead, mounted between the No. 1 and No. 2 intake manifold 
runners (if necessary, follow the pink wire back from the fuel pump 
connector at the vapor separator tank to the fuse holder). 

2. With power removed from the fuel pump, use the engine to dissipate 
pressure from the high pressure circuit using one of 3 possible ways, as 
follows: 

a. If the engine operates (is not being repaired for a no start or no run 
condition), start the engine and allow it to run until it stalls. Then restart or 
crank the engine 3 more times, to make sure fuel line pressure is dissipated. 

b. If the engine cranks, but does not start or remain run properly, crank 
the engine 5-10 times, in 3 second long bursts in order to dissipate fuel 
pressure. 

When releasing fuel pressure using the screw on the top of the fuel rail, 
use extreme caution to prevent fuel from spraying uncontrolled into the 
work area. There must be NO open flames, sparks or other sources of 
ignition. It is imperative that there is proper ventilation in order to 
dissipate vapors. Wear safety glasses to protect your eyes, gloves to 
protect your skin and, finally, keep extra rags handy, as one might not 
do the trick. 

c. If the engine does not crank at all, place a shop rag over the screw 
on top of the fuel rail and slowly loosen it. Once all pressure is relieved, 
tighten the screw to 28-30 ft. Ibs. (38-41 Nm). 

Even after most or all of the pressure has been dissipated, there 
may still be some liquid fuel left in the lines. Always wrap a shop rag 
around fittings before they are disconnected to catch any escaping 
fuel. 

3. Disconnect the negative battery cable for safety during service, or 
leave the fuel pump fuse disconnected until the maintenance or repairs have 
been completed. 

We still recommend disconnecting the negative battery cable, 
especially if any work will be one or around electrical components. Any 
work on or near the gearcase, propeller or other potentially hazardous 
moving parts is also good reason to keep the battery disconnected. 

4. After maintenance or repairs are finished, fi 
and low pressure fuel circuits and thoroughly checi 

S Y 

PRESSURIZING THE FUEL SYSTEM (CHECKING FOR LEAKS) 

Fuel leaking from a loose, damaged or incorrectly installed hose or 
fitting may cause a fire or an explosion. ALWAYS pressurize the fuel 
system and run the motor while inspecting for leaks after servicing any 
component of the fuel system. 

Carbureted Models 

Carbureted engines covered by this manual are only equipped with a low 
pressure fuel system, making pressure release before service an non-issue. 
But, even a low Dressure fuel svstem should be checked followinn repairs to 
make sure that no leaks are present. Only by checking a fuel sysem'under 
normal operating pressures can you be sure of the system's integrity. 

Most carbureted engines (except some integral tank models with gravity 
feed) utilize a fuel primer bulb mounted inline between the fuel tank and 
engine. On models so equipped, the bulb can be used to pressurize that 
portion of the fuel system. Squeeze the bulb until it and the fuel lines feel 
firm with gasoline. At this point check all fittings between the tank and motor 
for signs of leakage and correct, as necessary. 

Once fuel reaches the engine it is the job of the fuel pump(s) to distribute 
it to the carburetors. On 4-stroke motors and premix 2-stroke motors the fuel 
is pumped directly from the pump to the carburetor. On 2-strokes equipped 
with the AccuMix oiling system, the one fuel pump draws fuel from the tank, 
while the other pumps it through the mixing unit to the carburetor(s). When 
equipped with the VR02 system, a traditional fuel pump and the VRO pump 
(consisting of a fuel and oil pump, as well as a fuelloil mixing unit) is 
responsible for feeding an fuelloil mixture to the carburetors. 

No matter what system you are inspecting, start and run the motor with 
the enaine  to^ case removed, then check each of the svstem hoses, fittings 
and g&ket-sealed components to be sure there is no leakage after service. 

EFI Models 

EFI models covered by this manual utilize 2 fuel circuits. A low pressure 
circuit consisting of a fuel tank, primer bulb, low pressure fuel pump and low 
pressure filter and low pressure fuel line to the vapor separator tank all 
operate in the same manner as the low pressure fuel system of a carbureted 
motor. The high pressure circuit consists of the electric fuel pump (integral 
with the vapor separator tank), the high pressure filter, the fuel raillinjectors 
and the high pressure lines. 

Although it is necessary to pressurize and inspect both systems after 
repairs have been performed on the motor, it is especially important to 
properly check the high pressure circuit. Leaks from the high pressure circuit 
will (as you might expect) be under much greater pressures leading to even 
more potentially hazardous conditions than a low pressure leak. That's not to 
say the a low pressure leak isn't dangerous, but a high pressure leak can be 
even more so. - 

1. Pressurize and check the low pressure circuit as follows: Make sure 
the fuel tank is sufficiently full to provide an uninterrupted fuel source, then 
squeeze the bulb until it begins to feel firm. Check the low pressure lines, 
fittings and components for signs of leakage before continuing. 
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2. Pressurize the high pressure fuel circuit as follows: Make sure the Once pressurized, check the high pressure lines, fittings and components for 

negative battery cable is connected (if removed for service), then turn the signs of leakage. 
key switch to ON for 3 seconds and then OFF again for 3 seconds. Repeat 3. Start the engine, then allow it to idle it for a few seconds, while 
the key switch cycle 3-4 times, while listening at the vapor separator to hear continuing to scan all fuel system components for signs of leakage. 
the high pressure pump run each time the key is turned to the ON position. If 4. Stop the motor and recheck the fittings. 
the pump does not run, check the fuel pump and circuit as described in this 5. Repair any leakage, then recheck the fuel system integrity. 
section under Vapor Separator Tank and High Pressure Pump in this section. 

If equipped, disconnect the negative battery cable ANYTIME work is 
performed on the engine, especially when working on the fuel system. 
This will help prevent the possibility of sparks during service (from 
accidentally grounding a hot lead or powered component). Sparks 
could ignite vapors or exposed fuel. Disconnecting the cable on 
electric start motors will also help prevent the possibility fuel spillage if 
an attempt is made to crank the engine while the fuel system is open. 

Fuel leaking from a loose, damaged or incorrectly installed hose or 
fittina mav cause a fire or an exalosion. ALWAYS aressurize the fuel 
syst& a i d  run the motor while'inspecting for leaks after servicing any 
component of the fuel system. 

If a problem is suspected in the fuel supply, tank andlor lines, by far the 
easiest test to eliminate these components as possible culprits is to 
substitute a known good fuel supply. This is known as running a motor on a 
test tank (as opposed to running a motor IN a test tank, which is an entirely 
different concept). If possible, borrow a portable tank, fill it with fresh 
gasoline (or gas and oil for premix 2-strokes) and connect it to the motor. 

When using a test fuel tank, make sure the inside diameter of the 
fuel hose and fuel fittings is at least 5116 in. (8mm) or larger. 

+ See Figures 6 and 7 

There are 3 different types of fuel tanks that might be used along with 
these JohnsonIEvinrude motors. The very smallest motors covered by this 
manual may be equipped with an integral fuel tank mounted to the 
powerhead. But, most motors, even some of the smaller ones, may be 
rigged using either a portable fuel tank or a boat mounted tank. In both 
cases, a tank that is not mounted to the engine itself is commonly called a 
remote tank. 

H Although many JohnsonIEvinrude dealers rig boats using OMC fuel 
tanks, there are many other tank manufacturers and tank designs may 
vary greatly. Your outboard might be equipped with a tank from the 
engine manufacturer, the boat manufacturer or even another tank 
manufacturer. Although components used, as well as the techniques 
for cleaning and repairing tanks are similar for almost all fuel tanks be 
sure to use caution and common sense. If the design varies from the 
instructions included here, stop and assess the situation instead of 
following the instructions blindly. If we reference 2 or 4 screws for 
something and the component is still tight after removing that many, 
look for another or for another means of securing the component, don't 
force it. Refer to a reputable marine repair shop or marine dealership 
when parts are needed for aftermarket fuel tanks. 

Whether or not your boat is equipped with a boat mounted, built-in tank 
depends mostly on the boat builder and partially on the initial engine installer. 
Boat mounted tanks can be hard to access (sometimes even a little hard to 
find if parts of the deck must be removed. When dealing with boat mounted 
tanks, look for access panels (as most manufacturers are smart or kind 
enough to install them for tough to reach tanks). At the very least, all 
manufacturers must provide access to fuel line fittings and, usually, the fuel 
level sender assembly. 

No matter what type of tank is used, all must be equipped with a vent 
(either a manual vent or an automatic one-way check valve) which allows air 
in (but should prevent vapors from escaping). An inoperable vent (one that is 

blocked in some fashion) would allow the formation of a vacuum that could 
orevent the fuel oumo from drawina fuel from the tank. A blocked vent could 
bause fuel starvation' problems. ~Genever filling the tank, check to make 
sure air does not rush into the tank each time the cap is loosened (which 
could be an early warning sign of a blocked vent). 

If fuel delivery problems are encountered, first try running the motor with 
the fuel tank cap removed to ensure that no vacuum lock will occur in the 
tank or lines due to vent problems. If the motor runs properly with the cap 
removed but stall, hesitates or misses with the cap installed, you know the 
problem is with the tank vent system. 

SERVICE 

Integral Fuel Tanks 
+ See Figure 8 

On small powerheads equipped with an integral fuel tank above the 
flywheel, or elsewhere on the powerhead, the filter in the tank may become 
plugged preventing proper fuel flow. To check fuel flow, disconnect the fuel 
line at the carburetor and fuel should flow from the line if the shut-off valve is 
open. If fuel is not present, the usual cause is a plugged filter in the fuel tank. 
It is very difficult to determine if a porcelain-type filter is plugged. The general 
appearance that the filter is satisfactory may be a false indication. Therefore, 
if the filter is suspected, the best remedy is replacement. The cost is very 
modest and this one area is thus eliminated as a problem source. 

Would you believe, many times a lack of fuel at the carburetor is caused 
because the vent on the fuel tank was not opened? As mentioned under Fuel 
Tank in this section, it is important to make sure the vent is open at all times 
during engine operation to prevent formation of a vacuum in the tank that 
could prevent fuel from reaching the fuel pump or carburetor. 

To remove the tank, proceed as follows: 
1. Remove the upper and lower engine covers (as applicable) and as 

detailed under Engine Covers (Top and Lower Cases) in the Engine 
Maintenance section. 

2. If equipped, make sure the fuel tank valve is shut off. 

H For models not equipped with a fuel tank mounted shut off valve, 
have a shop rag, large funnel and gas can handy to drain the fuel into 
when the hose is removed from the carburetor. 

3. For all models except the 1999 and later 5 hp 2-stroke, trace the fuel 
line from the tank to the carburetor, then disconnect it from the carburetor. 
For models without a shut off valve, immediately direct the hose into the 
funnel and gas can to prevent or minimize fuel spillage. 

4. For 1999 and later 5 hp 2-strokes (and on other models, AS 
necessary), remove the 3 bolts securing the manual starter, then move it out 
of the way. 

5. Remove the screws fastening the tank to the powerhead, additional 
details are available on some models as follows: 

a. For 2.0-3.5 hp models, remove the 2 screws securing the tank to the 
powerhead. 

b. For 314 hp models, remove the 3 screws securing the tank to the 
mounting brackets. 

c. For 5 hp models, remove the rear fuel tank retaining screw. 
6. Carefully lift the fuel tank from the powerhead. On 5 hp motors, you 

will have to compress the spring clamp holding the fuel line to the shut off 
valve, then slide the clamp back and pull the line from the valve. Immediately 
direct the fuel line into the funnellgas can and allow the tank to drain. 

7. Check the tank, filler cap and gasket for wear or damage. Replace 
any components as necessary to correct any leakage (if found.) 

8. On models with a tank-mounted filter element, remove the filter and 
clean or replace as necessary. For more information refer to Fuel Filters in 
the Engine Maintenance section. 
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Fig. 6 These engines are most commonly 
rigged with portable fuel tanks such as this 
example 

Fig. 7 Remote tanks are connected to the 
motor using a fuel line with a primer bulb 

9. If cleaning is necessary, flush the tank with a small amount of solvent 
or gasoline, then drain and dispose of the flammable liquid properly. 

10. If equipped, check the tank cushions for excessive deterioration, 
wear or damage and replace, as necessary. 

11. When installing the tank, be sure all fuel lines are connected properly 
and that the retaining screws are securely bolted in place. 

12. Refill the tank and pressure test the system by opening the fuel 
valve, then starting and running the engine. 

Portable Fuel Tanks 
+ See Figures 9 thru 13 

Modern fuel tanks are vented to prevent vapor-lock of the fuel supply 
system, but are normally vented by a one-way valve to prevent pollution 
through the evaporation of vapors. A squeeze bulb is used to prime the 
system until the powerhead is operating. Once the engine starts, the fuel 
pump, mounted on the powerhead pull fuel from the tank and feeds the 
carburetor(s) or EFI high pressure fuel circuit, as applicable. The pickup unit 
in the tank is usually sold as a complete unit, but without the gauge and 
float. 

To disassemble and inspect or replace tank components, proceed as 
follows: 

1. For safety, remove the filler cap and drain the tank into a suitable 
container. 

2. Disconnect the fuel supply line from the tank fitting. 
3. To replace the pickup unit, first remove the screws (normally 4) 

securing the unit in the tank. Next, lift the pickup unit up out of the tank. 
4. Remove the Phillips screws (usually 2) securing the fuel gauge to the 

bottom of the pickup unit and set the gauge aside for installation onto the 
new pickup unit. 

If the pickup unit is not being replaced, clean and check the screen 
for damage. It is possible to bend a new piece of screen material 
around the pickup and solder it in place without purchasing a complete 
new unit. 

5. If equipped with a level gauge assembly, check for smooth, non- 
hindino movement of the float arm and reolace if bindin0 is found. Check the 
float ~t;elf for phys~cal damage or saturatlbn and replace, ~f found. 

Fig. 10 To service the tank, disconnect the 
fuel line from the auick-connect fittina. . . I 

w Filter 

Y Valve 
To carburetor 

Fig. 8 Typical integral fuel tank and fuel 
supply circuit 

Fig. 9 Exploded view of a typical OMC portable fuel tank 

Fig. 11 . . .then remove the screws holding 
the pickup and float assembly to the tank 

Fig. 12 When removing the pickup and float, 
be careful not to damage the float arm 
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3-8 FUEL SYSTEM 

Fig. 13 The assembly must be tilted to remove the float arm from 
the tank 

6. Check the fuel tank for dirt or moisture contamination. If any is found 
use a small amount of gasoline or solvent to clean the tank. Pour the solvent 
in and slosh it around to loosen and wash away deposits, then pour out the 
solvent and recheck. Allow the tank to air dry, or heip it along with the use of 
an air hose from a compressor. 

Use extreme care when working with solvents or fuel. Remember that 
both are even more dangerous when their vapors are concentrated in a 
small area. No source of ignition from flames to sparks can be allowed 
in the workplace for even an instant. 

To install: 
7. Attach the fuel gauge to the new pickup unit and secure it in place 

with the Phillips screws. 
8. Clean the old gasket material from fuel tank and, if being used, the 

old pickup unit. Position a new gasketiseal, then work the float arm down 
through the fuel tank opening, and at the same time the fuel pickup tube into 
the tank. It will probably be necessary to exert a little force on the float arm in 
order to feed it all into the hole. The fuel pickup arm should spring into place 
once it is through the hole. 

9. Secure the pickup and float unit in place with the attaching screws. 
10. If removed, connect the fuel tank, then pressurize the fuel system 

and check for leaks. 

Boat Mounted Fuel Tanks 

The other type of remote fuel tank sometimes used on these models 
(usually only on the larger models covered by this manual) is a boat 
mounted built-in tank. Depending on the boat manufacturer, built-in tanks 
may vary greatly in actual shapetdesign and access. All should be of a one- 
way vented to prevent a vacuum lock, but capped to prevent evaporation 
design. 

Most boat manufacturers are kind enough to incorporate some means of 
access to the tank should fuel lines, fuel pickup or floats require servicing. 

But, the means of access will vary greatly from boat-to-boat. Some might 
contain simple access panels, while others might require the removal of one 
or more minor or even major components for access. If you encounter 
difficulty, seek the advice of a local dealer for that boat builder. The dealer or 
histher techs should be able to set you in the right direction. 

Observe all fuel system cautions, especially when working in recessed 
portions of a hull. Fuel vapors tend to gather in enclosed areas causing 
an even more dangerous possibility of explosion. 

+ See Figure 7 

In order for an engine to run properly it must receive an uninterrupted and 
unrestricted flow of fuel. This cannot occur if improper fuel lines are used or 
if any of the linestfittings are damaged. Too small a fuel line could cause 
hesitation or missing at higher engine rpm. Worn or damaged lines or fittings 
could cause similar problems (also including stalling, poortrough idle) as air 
might be drawn into the system instead of fuel. Similarly, a clogged fuel line, 
fuel filter or dirty fuel pickup or vacuum lock (from a clogged tank vent as 
mentioned under Fuel Tank) could cause these symptoms by starving the 
motor for fuel. 

If fuel delivery problems are suspected, check the tank first to make sure 
it is properly vented, then turn your attention to the fuel lines. First check the 
lines and valves for obvious signs of leakage, then check for collapsed hoses 
that could cause restrictions. 

E If there is a restriction between the primer bulb and the fuel tank, 
vacuum from the fuel pump may cause the primer bulb to collapse. 
Watch for this sign when troubleshooting fuel delivery problems. 

Only use the proper fuel lines containing suitable Coast Guard ratings 
on a boat. Failure to do so may cause an extremely dangerous 
condition should fuel lines fail during adverse operating conditions. 

TESTING 

Fuel Line Quick Check 
+ See Figure 7 

Stalling, hesitation, rough idle, misses at high rpm are all possible results 
of problems with the fuel lines. A quick visual check of the lines for leaks, 
kinked or collapsed lengths or other obvious damage may uncover the 
problem. If no obvious cause is found, the problem may be due to a 
restriction in the line or a problem with the fuel pump. 

If a fuel delivery problem due to a restriction or lack of proper fuel flow is 
suspected, operate the engine while attempting to duplicate the miss or 
hesitation. While the condition is present, squeeze the primer bulb rapidly to 
manually pump fuel from the tank to (and through) the fuel pump to the 
carburetors (or EFI vapor separator tank). If the engine then runs properly 
while under these conditions, suspect a problem with a clogged restricted 
fuel line, a clogged fuel filter or a problem with the fuel pump. 

Checking Fuel Flow at Motor 
+ See Figures 7,14 and 15 

To perform a more thorough check of the fuel lines and isolate or 
eliminate the possibility of a restriction, proceed as follows: 

1. For safety, disconnect the spark plug leads, then ground each of 
them to the powerhead to prevent sparks and to protect the ignition system. 

2. Disconnect the fuel line from the engine quick-connector. Place a 
suitable container over the end of the fuel line to catch the fuel discharged. 
Insert a small screwdriver into the end of the line to hold the valve open. - 

3, Squeeze the primer bulb and observe if there is satisfactory fuel flow 
from the line. If there is no fuel discharged from the line, the check valve in 
the squeeze bulb may be defective, or there may be a break or obstruction in 
the fuel line. 
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4. If there is a good fuel flow, reconnect the tank-to-motor fuel supply 

line and disconnect the fuel line from the carburetor@) or EFI vapor 
separator, directing that line into a suitable container. Crank the powerhead. 
If the fuel pump is operating properly, a healthy stream of fuel should pulse 
out of the line. If sufficient fuel does not pulse from the line, compare flow at 
either side of the inline fuel filter (if equipped) or check the fuel pump. 

5. Continue cranking the powerhead and catching the fuel for about 15 
pulses to determine if the amount of fuel decreases with each pulse or 
maintains a constant amount. A decrease in the discharge indicates a 
restriction in the line. If the fuel line is plugged, the fuel stream may stop. If 
there is fuel in the fuel tank but no fuel flows out the fuel line while the 
powerhead is being cranked, the problem may be in one of several areas: 

6. Plugged fuel line from the fuel pump to the carburetor(s). 
7. Defective O-ring in fuel line connector into the fuel tank. 
8. Defective O-ring in fuel line connector into the engine. 
9. Defective fuel pump. 

10. The line from the fuel tank to the fuel pump may be plugged; the line 
may be leaking air; or the squeeze bulb may be defective. 

11. Defective fuel tank. 
12. If the engine does not start even though there is adequate fuel flow 

from the fuel line, the fuel inlet needle valve and the seat may be gummed 
together and prevent adequate fuel flow into the float bowl or EFI vapor 
separator tank. 

Checking the Primer Bulb 
* See Figures 7,14 and 16 

The way most outboards are rigged, fuel will evaporate from the system 
during periods of non-use. Also, anytime quick-connect fittings on portable 
tanks are removed, there is a chance that small amounts of fuel will escape 
and some air will make it into the fuel lines. For this reason, outboards are 
normally rigged with some method of priming the fuel system through a 
hand-operated pump (primer bulb). 

When squeezed, the bulb forces fuel from inside the bulb, through the 
one-way check valve toward the motor filling the carburetor float bow@) or 
EFI vapor separator tank with the fuel necessary to start the motor. When 
the bulb is released, the one-way check valve on the opposite end (tank side 
of the bulb) opens under vacuum to draw fuel from the tank and refill the 
bulb. 

When using the bulb, squeeze it gently as repetitive or forceful pumping 
may flood the carburetor (or overfill the EFI vapor separator tank. The bulb is 
operating normally if a few squeezes will cause it to become firm, meaning 
the float bowlltank is full, and the float valve is closed. If the bulb collapses 
and does not regain its shape, the bulb must be replaced. 

For the bulb to operate properly, both check valves must operate properly 
and the fuel lines from the check valves back to the tank or forward to the 
motor must be in good condition (properly sealed). To check the bulb and 
check valves use hand operated vacuumlpressure pump (available from 
most marine or automotive parts stores): 

1. Remove the fuel hose from the tank and the motor, then remove the 
clamps for the quick-connect valves at the ends of the hose. 

Fig. 14 Remove the fuel supply line quick- 
disconnect fitting from the engine to check 
fuel flow 

Most quick-connect valves are secured to the fuel supply hose 
using disposable plastic ties that must be cut and discarded for 
removal. If equipped, spring-type or threaded metal clamps may be 
reused, but be sure they are in good condition first. Do not overtighten 
threaded clamps and crack the valve or cut the hose. 

2. Carefully remove the quick-connect valve from the motor side of the 
fuel line, then place the end of the line into the filler opening of the fuel tank. 
Gently pump the primer bulb to empty the hose into the fuel tank. 

Be careful when removing the quick-connect valve from the fuel line 
as fuel will likely still be present in the hose and will escape (drain or 
splash) if the valve is jerked from the line. Also, make sure the primer 
bulb is empty of fuel before proceeding. 

3. Next, remove the quick-connect valve from the tank side of the fuel 
line, draining any residual fuel into the tank. 

For proper orientation during testing or installation, the primer bulb 
is marked with an arrow that faces the engine side check valve. 

4. Securely connect the pressure pump to the hose on the tank side of 
the primer bulb. Using the pump, slowly apply pressure while listening for air 
escaping from the end of the hose that connects to the motor. If air escapes, 
both one-way check valves on the tank side and motor side of the prime bulb 
are opening. 

5. If air escapes prior to the motor end of the hose, hold the bulb, check 
valve and hose connections under water (in a small bucket or tank). Apply 
additional air pressure using the pump and watch for escaping bubbles to 
determine what component or fitting is at fault. Repair the fitting or replace 
the defective hoselbulb component. 

6. If no air escapes, attempt to draw a vacuum form the tank side of the 
primer bulb. The pump should draw and hold a vacuum without collapsing 
the primer bulb, indicating that the tank side check valve remained closed. 

7. Securely connect the pressure pump to the hose on the motor side of 
the primer bulb. Using the pump, slowly apply pressure while listening for air 
escaping from the end of the hose that connects to the motor. This time, the 
check valve on the tank side of the primer bulb should remain closed, 
preventing air from escaping or from pressurizing the bulb. If the bulb 
pressurizes, the motor side check valve is allowing pressure back into the 
bulb, but the tank side valve is operating properly. 

8. Replace the bulb andlor check valves if they operate improperly. 

SERVICE 

+ See Figures 15 thru 18 

Whenever work is performed on the fuel system, check all hoses for wear 
or damage. Replace hoses that are soft and spongy or ones that are hard 
and brittle. Fuel hoses should be smooth and free of surface cracks, and 
they should definitely not have split ends (there's a bad hair joke in there, but 
we won't sink that low). Do not cut the split ends of a hose and attempt to 

Fig. 15 Fuel quick-connector with O-ring 
and check valve visible 

FUEL FLOW 

Fig. 16 The primer bulb contains an arrow 
that indicates the direction of fuel flow 
(points toward the motor) 
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reuse it, whatever caused the split (most likely time and deterioration) will 
cause the new end to follow soon. Fuel hoses are safety items, don't scrimp 
on them, instead, replace them when necessary. If one hose is too old, 
check the rest, as they are likely also in need of replacement. 

When replacing fuel lines, make sure the inside diameter of the fuel 
hose and fitting is at least 5116 in. (8mm) or larger. Also, be certain to 
use only marine fuel line the meets or exceeds United States Coast 
Guard (USCG) A1 or B1 guidelines. 

When replacing fuel lines only use JohnsonlEvinrude replacement hoses 
or other marine fuel supply lines that meet United States Coast Guard 
(USCG) requirements A1 or B1 for marine applications. All lines must be of 
the same inner diameter as the original to prevent leakage and maintain the 
proper seal that is necessary for fuel system operation. 

Fig. 17 Use two picks, punches or other small tool to replace 
quick-connect O-rings. One to push the valve and the other work 
the O-ring free 

I Fig. 18 A squeeze bulb kit usually includes the bulb, 2 check 
valves, and two tie straps 

Using a smaller fuel hose than specified could cause fuel starvation 
problems leading to misfiring, hesitation, rough idling and possibly 
even engine damage. 

The USCG ratings for fuel supply lines have to do with whether or not the 
lines have been testing regarding length of time it might take for them to 
succumb to flame (burn through) in an emergency situation. A line is " A  
rated if it passes specific requirements regarding burn-through times, while 
" B  rated lines are not tested in this fashion. The A1 and B1 lines (normally 
recommended on JohnsonlEvinrude applications) are capable of containing 
liquid fuel at all times. The A2 and 82 rated lines are designed to contain fuel 
vapor, but not liquid. 

To help prevent the possibility of significant personal injury or death, 
do not substitute "B" rated lines when " A  rated lines are required. 
Similarly, DO NOT use "A2" or "B2" lines when " A l"  or "A2" lines are 
s~ecified. 

Various styles of fuel line clamps may be found on these motors. Many 
applications will simply secure lines with plastic wire ties or special plastic 
locking clamps. Although some of the plastic locking clamps may be 
released and reconnected, it is usually a good idea to replace them. 
Obviously wire ties are cut for removal, which requires that they be replaced. 

Some applications use metal spring-type clamps, that contain tabs which 
are squeezed allowing the clamp to slid up the hose and over the end of the 
fitting so the hose can be pulled from the fitting. Threaded metal clamps are 
nice since they are very secure and can be reused, but do not overtighten 
threaded clamps as they will start to cut into the hose and they can even 
damage some fittings underneath the hose. Metal clamps should be replaced 
anytime they've lost tension (spring type clamps), are corroded, bent or 
otherwise damaged. 

The best way to ensure proper fuel fitting connection is to use the 
same size and style clamp that was originally installed (unless of 
course the "original" clamp never worked correctly, but in those cases, 
someone probably replaced it with the wrong type before you ever saw 
it). 

To avoid leaks, replace all displaced or disturbed gaskets, O-rings or 
seals whenever a fuel system component is removed. 

On most installations, the fuel line is provided with quick-disconnect 
fittings at the tank and at the powerhead. If there is reason to believe the 
problem is at the quick-disconnects, the hose ends can be replaced as an 
assembly, or new O-rings may be installed. A supply of new O-rings should 
be carried on board for use in isolated areas where a marine store is not 
available (like dockside, or worse, should you need one while on the water). 
For a small additional expense, the entire fuel line can be replaced and 
eliminate this entire area as a problem source for many future seasons. (If 
the fuel line is replaced, keep the old one around as a spare, just in case). 

If an O-ring must be replaced, use two small punches, picks or similar 
tools, one to push down the check valve of the connector and the other to 
work the O-ring out of the hole. Apply just a drop of oil into the hole of the 
connector, Apply a thin coating of oil to the surface of the O-ring. Pinch the 
O-ring together and work it into the hole while simultaneously using a punch 
to depress the check valve inside the connector. 

The primer squeeze bulb can be replaced in a short time. A squeeze bulb 
assembly kit, complete with the check'valves installed, may be obtained from 
the local JohnsonlEvinrude dealer. The reolacement kit will also include two 
tie straps to secure the bulb properly in the line. 

An arrow is clearly visible on the squeeze bulb to indicate the direction of 
fuel flow. The squeeze bulb must be installed correctly in the line because 
the check valves in each end of the bulb will allow fuel to flow in only one 
direction. Therefore, if the squeeze bulb should be installed backwards, in a 
moment of haste to get the job done, fuel will not reach the carburetor or EFI 
vapor separator tank. 

To replace the bulb, first unsnap the clamps on the hose at each end of 
the bulb. Next, pull the hose out of the check valves at each end of the bulb. 
New clamps are included with a new squeeze bulb. 

If the fuel line has been exposed to considerable sunlight, it may have 
become hardened, causing difficulty in working it over the check valve. TO 
remedy this situation, simply immerse the ends of the hose in boiling water 
for a few minutes to soften the rubber. The hose will then slip onto the check " 

valve without further problems. After the lines on both sides have been 
installed, snap the clamps in place to secure the line. Check a second time 
to be sure the arrow is pointing in the fuel flow direction, towards the 
powerhead. 
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Float Systems 

If equipped, disconnect the negative battery cable ANYTIME work is 
performed on the engine, especially when working on the fuel system. 
This will help prevent the possibility of sparks during service (from 
accidentally grounding a hot lead or powered component). Sparks 
could ignite vapors or exposed fuel. Disconnecting the cable on 
electric start motors will also help prevent the possibility fuel spillage if 
an attempt is made to crank the engine while the fuel system is open. 

Fuel leaking from a loose, damaged or incorrectly installed hose or 
fitting may cause a fire or an explosion. ALWAYS pressurize the fuel 
system and run the motor while inspecting for leaks after servicing any 
component of the fuel system. 

Carbureted motors covered by this manual are equipped with either one, 
two or three single barrel carburetors that are used to feed an airlfuel (4- 
stroke) or air/fuel/oil (2-stroke) mixture to the combustion chambers. 
Although on initial inspection some of the larger carbureted motors may look 
somewhat complicated, they're actually very basic, especially when 
compared with other modern fuel systems (such as an automotive or marine 
fuel injection system). 

The entire svstem essentiallv consists of a fuel tank, a fuel suo~lv line. 
and a mechanical fuel pump a&embly mounted to the'powerhead (and on 
some 2-stroke motors a oillfuel mixing system) all designed to feed the 
carburetor with the fuel necessary to power the motor. 

Cold starting is enhanced by the use of a choke plate on the smallest 
motors (generally speaking, tiller control models up to and including 15 
horsepower), a manual primer (usually found on tiller models 18 hp and 
larger) or an electric fuel primer solenoid (generally all remote models). 

For information on fuels, tanks and lines please refer to the sections on 
Fuel System Basics and Fuel Tanks and Lines. 

The most important fuel system maintenance that a boat owner can 
perform is to provide and to stabilize fuel supplies before allowing the system 
to sit idle for any length of time more than a few weeks. The next most 
important item is to provide the system with fresh gasoline if the system has 
stood idle for any length of time, especially if it was without fuel system 
stabilizer during that time. 

If a sudden increase in gas consumption is noticed, or if the engine does 
not perform properly, a carburetor overhaul, including cleaning or 
replacement of the fuel pump may be required. 

+ See Figures 19 and 20 

BASIC FUNCTIONS 

The Role of a Carburetor 
+ See Figures 19 and 20 

The carburetor is merely a metering device for mixing fuel and air in the 
proper proportions for efficient engine operation. At idle speed, an outboard 
engine requires a mixture of about 8 parts air to 1 part fuel. At high speed or 
under heavy duty service, the mixture may change to as much as 12 parts 
air to 1 part fuel. 

Carburetors are wonderful devices that succeed in precise airlfuel mixture 
ratios based on tiny passages, needle jets or orifices and the variable 
vacuum that occurs as engine rpm and operating conditions vary. 

Because of the tiny passages and small moving parts in a carburetor (and 
the need for them to work precisely to achieve exact airlfuel mixture ratios) it 
is important that the fuel system integrity is maintained. Introduction of water 
(that might lead to corrosion), debris (that could clog passages) or even the 
presence of unstabilized fuel that could evaporate over time can cause big 
problems for a carburetor. Keep in mind that when fuel evaporates it leaves 
behind a gummy deposit that can clog those tiny passages; preventing the 
carburetor (and therefore preventing the engine) from operating properly. 

+ See Figures 19 and 20 

Ever lift the tank lid off the back of your toilet. Pretty simple stuff once you 
realize what's going on in there. A supply line keeps the tank full until a valve 
opens allowing all or some of the liquid in the tank to be drawn out through a 
passage. The dropping level in the tank causes a float to change position, 
and, as it lowers in the tank it opens a valve allowing more pressurized liquid 
back into the tank to raise levels again. OK, we were talking about a toilet 
right, well yes and no, we're also talking about the float bowl on a carburetor. 
The carburetor uses a more precise level, uses vacuum to draw out fuel from 
the bowl through a metered passage and, most importantly, store gasoline 
instead of water, but otherwise, they basically work in the same way. 

Throttle 
valve 
\ 

Idle and 
slow speed 
/orifices ,Air intake 

Float chamber 

vent& ring / 
High speed orifice 

Fig. 19 Fuel flow through the venturi, showing principle and related 
parts controlling intake and outflow (carburetor with manual choke 
circuit shown) 

Induced 
l o w  ai r  

p ressure  

\ 

~ t m o s ~ h e r i c  a i r  p ressure  

Fig. 20 Air flow principle of a modern carburetor, demonstrates 
how the low pressure induced behind the venturi draws fuel 
through the high speed nozzle 
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A small chamber in the bottom of the carburetor serves as a fuel reservoir. 

A float valve admits fuel into the reservoir to replace the fuel consumed by 
the engine. 

Fuel level in each chamber is extremely critical and must be maintained 
accurately. Accuracy is obtained through proper adjustment of the float. This 
adjustment will provide a balanced metering of fuel to each cylinder at all 
speeds. Improper levels will lead to engine operating problems. Too high a 
level can promote rich running and spark plug fouling, while excessively low 
float bowl fuel levels can cause lean conditions, possibly leading to engine 
damage. 

Following the fuel through its course from carburetor float bowl to the 
combustion chamber of the cylinder, will provide an appreciation of exactly 
what is taking place. At the carburetor, fuel from the pump or fuelloil mixing 
unit fuel passes through the inlet passage to the needle and seat, and then 
into the float chamber (reservoir). A float in the chamber rides up and down 
on the surface of the fuel. After fuel enters the chamber and the level rises to 
a predetermined point, a tang on the float closes the inlet needle and fuel 
entering the chamber is cutoff. When fuel leaves the chamber as the 
powerhead operates, the fuel level drops and the float tang allows the inlet 
needle to move off its seat and fuel once again enters the chamber. In this 
manner a constant reservoir of fuel is maintained in the chamber to satisfy 
the demands of the engine at all speeds. 

A fuel chamber vent hole is located near the top of the carburetor body to 
permit atmospheric pressure to act against the fuel in each chamber. This 
pressure assures an adequate fuel supply to the various operating systems 
of the engine. 

AirlFuel Mixture 
+ See Figures 19 and 20 

A suction effect is created each time the piston moves upward in the 
cylinder of a 2-stroke motor, or conversely, every OTHER time the piston 
moves downward in a 4-stroke motor (each time the piston moves downward 
on the intake stroke, with the intake valve open). This suction draws air 
through the throat of the carburetor. A restriction in the throat, called a 
venturi, controls air velocity and has the effect of reducing air pressure at this 
point. 

The difference in air pressures at the throat and in the fuel chamber, 
causes the fuel to be pushed out metering jets extending down into the fuel 
chamber. When the fuel leaves the jets, it mixes with the air passing through 
the venturi. This airlfuel mixture should then be in the proper proportion for 
burning in the cylinderls for maximum engine performance. 

In order to obtain the proper airlfuel mixture for all engine speeds, high- 
and low-speed orifices or needle valves are installed. On most modern 
powerheads the high-speed needle valve has been replaced with a fixed 
high-speed orifice (to more discourage tampering and to help maintain 
proper emissions under load). There is no adjustment with the orifice type. 
The needle valves are used to compensate for changing atmospheric 
conditions. The low-speed needles, on the other hand, are still provided so 
that airlfuel mixture can be precisely adjusted for idle conditions other than 
what occurs at atmospheric sea-level. Although the low speed needle should 
not normally require periodic adjustment, it can be adjusted to compensate 
for high-altitude (riverllake) operation or to adjust for component wear within 
the fuel system. 

Powerhead operation at sea level compared with performance at high 
altitudes is quite noticeable. A throttle valve controls the volume of airlfuel 
mixture drawn into the powerhead. A cold engine requires a richer fuel 
mixture to start and during the brief period it is warming to normal operating 
temperature. Either a choke valve is placed ahead of the metering jets and 
venturi to provide the extra amount of air required for start and while the 
engine is cold, or an enrichment system is used to provide extra fuel through 
additional passages. 

When the choke valve is closed or the enrichment system is actuated, a 
very rich fuel mixture is drawn into the engine. This mixture will help wake-up 
a cold motor, but will quickly foul the plugs on a warm engine so it should 
only be used for cold starts. 

The throat of the carburetor is usually referred to as the "barrel." 
Carburetors installed on engines covered in this manual all have a single 
metering jet with a single throttle and, if used, a single choke plate. Single 
barrel carburetors are fed by one float and chamber. 

So, as far as carburetors go, these are relatively easy carburetors to 
understand, rebuild or adjust. 

COMMON PROBLEMS 

DERATE 

The last step fuel system troubleshooting is to adjust or rebuild and then 
adiust the carburetor. We say it is the last step, because it is the most 
in;olved repair procedures on the fuel system and should only be performed 
after all other possible causes of fuel system trouble have been eliminated. 

Fuel Delivery 
+ See Figures 21 and 22 

Many times fuel system troubles are caused by a plugged fuel filter, a 
defective fuel pump, or by a leak in the line from the fuel tank to the fuel 
pump. Aged fuel left in the carburetor and the formation of varnish could 
cause the needle to stick in its seat and prevent fuel flow into the bowl. A 
defective choke may also cause problems. Would you believe, a majority of 
starting troubles, which are traced to the fuel system, are the result of an 
empty fuel tank or aged fuel. 

If fuel deliverv problems are susoected, refer to the testina orocedures in 
Fuel Tank and lhes to make sure the tank vent is working and that 
there are not leaks or restrictions that would prevent fuel from getting to the 
pump andlor carburetor(s). 

A blocked low-pressure fuel filter causes hard starting, stalling, misfire or 
poor performance. Typically the engine malfunction worsens with increased 
engine speed. This filter prevents contaminants from reaching the low- 
pressure fuel pump. Models covered by this manual are usually equipped 
with a fuel filter screen under the pump inlet cover andlor (especially for 
integral tank models) on the fuel tank outlet (outlet valve or pickup tube, as 
applicable). Refer to the Fuel Filter in the section on Maintenance and Tune- 
Up for more details on checking, cleaning or replacing fuel filters. 

Sour Fuel 
Fuel will begin to sour in a matter of weeks, and within a couple of 

months, will cause engine starting problems. Therefore, leaving the motor 
setting idle with fuel in the carburetor, lines, or tank during the off-season, 
usually results in very serious problems. A fuel additive such as Sta-BilB may 
be used to prevent gum from forming during storage or prolonged idle 
periods. 

Refer to the information on Fuel System Basics in this section, specifically 
the procedure under Fuel entitled Checking For StaleIContaminated Fuel will 
p r o h e  information on how to determine ifstale fuel is present in the system. 
If drainina the svstem of contaminated fuel and refillina it with fresh fuel does 
not makea diffe'rence in the problem, look for restrictiins or other problems 
with the fuel delivery system. If stale fuel was left in the tankisystem for a 
long period of time and evaporation occurred, there is a good chance that 
the carburetor is gummed (tiny passages are clogged by deposits left behind 
when the fuel evaporated). If no fuel delivery problems are found, the 
carburetor@) should be removed for disassembly and cleaning. 

Although there are some commercially available fuel system 
cleaning products that are either added to the fuel mixture or sprayed 
into the carburetor throttle bores, the truth is that although they can 
provide some measure of improvement, there is not substitute for a 
thorough disassembly and cleaning. The more fuel which was allowed 
to evaporate, the more gum or varnish that may have been left behind 
and the more likely that only a disassembly will be able to restore 
proper performance. 

ChokelEnrichment Problems 
+ See Figure 23 

When the engine is hot, the fuel system can cause starting problems. 
After a hot engine is shut down, the temperature inside the fuel bowl may 
rise to 200°F (94°C) and cause the fuel to actually boil. All carburetors are 
vented to allow this pressure to escape to the atmosphere. However, some 
of the fuel may percolate over the main nozzle. 

If the choke should stick in the open position or the enrichment circuit 
(manual or electric) fail to operate, while the engine is cold, it will be hard to - 
start. Likewise, if the choke should stick in the closed position or the 
enrichment circuit remains activated during normal engine operating 
temperatures, the engine will flood making it very difficult to start or, once 
started, making it buck or hesitate, especially at lower speeds. 
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Fig. 23 Fouled spark plug, possibly caused 
Fig. 21 Typical JohnsoniEvinrude fuel Fig. 22 . . . most are equipped with filter by over-choking or a malfunctioning 
pumps.. . elements under the pump inlet covers enrichment circuit 

In order for this raw fuel to vaporize enough to burn, considerable air must Excessive Fuel Consumption 
be added to lean out the mixture. Therefore,bne remedy is to make sure the + 9, F~~~~~~ 24,25 aid 26 
choke is open or the enrichment circuit is off and open the throttle to the fullv 
open posiion (to allow in maximum air) and hold it'there while the engine is' Excessive fuel consumption can result from one of three conditions, or a 
cranked. If this doesn't work, the only remedy remaining is to remove the combination of all three. 
spark plugs and ground the leads, then crank the powerhead through about 1. Inefficient engine operation. 
ten revolutions to blow out raw fumes. Then, clean the plugs; install the 2. Damaged condition of the hull, outdrive or propeller, including 
plugs again; and start the engine. excessive marine arowth. 

If the needle valve and seat assembly is leaking, an excessive amount of 
fuel may enter the intake manifold in the following manner: After the 
powerhead is shut down, the pressure left in the fuel line will force fuel past 
the leaking needle valve. This extra fuel will raise the level in the fuel bowl 
and cause fuel to overflow into the intake manifold. 

A continuous overflow of fuel into the intake manifold may be due a 
defective float or overpriming the system using the primer bulb which would 
cause an extra high level of fuel in the bowl and overflow into the intake 
manifold. 

Rough Engine Idle 

If a powerhead does not idle smoothly, the most reasonable approach to 
the problem is to perform a tune-up to eliminate such areas as faulty spark 
plugs and timing or synchronization out of adjustment. 

Other problems that can prevent an engine from running smoothly include 
an air leak in the intake manifold; uneven compression between the 
cylinders; and sticky or broken reeds on 2-stroke motors. 

Of course any problem in the carburetor affecting the airifuel mixture will 
also prevent the engine from operating smoothly at idle speed. These 
problems usuallv include too hiah a fuel level in the bowl: a heavv float: 

3. Poor boating habits of the operator. 
If the fuel consumption suddenly increases over what could be considered 

normal, then the cause can probably be attributed to the engine or boat and 
not the operator (unless heishe just drastically changed the manner in which 
the boat is operated). 

Marine growth on the hull can have a very marked effect on boat 
performance. This is why sail boats always try to have a haul-out as close to 
race time as possible. While you are checking the bottom take note of the 
propeller condition. A bent blade or other damage will definitely cause poor 
boat performance. 

If the hull and propeller are in good shape, then check the fuel system for 
possible leaks. Check the line between the fuel pump and the carburetor 
while the engine is running and the line between the fuel tank and the pump 
when the engine is not running. A leak between the tank and the pump many 
times will not appear when the engine is operating, because the suction 
created by the pump drawing fuel will not allow the fuel to leak. Once the 
engine is turned off and the suction no longer exists, fuel may begin to leak. 

If a minor tune-up has been performed and the spark plugs and engine 
timingisynchronization are properly adjusted, then the problem most likely is 
in the carburetor, indicating an overhaul is in order. Check for leaks at the 

ieaking needle ialve and seat; ;defective choke or enrichment circuit; and needle valve and seat. Use extra care when making any adjustments 
improper idle (low-speed) needle valve adjustments. affecting the fuel consumption, such as the float level. 

"Sour" fuel (fuel left in a tank without a preservative additive) will cause an 
engine to run rough and idle with great difficulty. Engine Surge 

As with all troubleshooting procedures, start with the easiest items to If the engine operates as if the load on the boat is being constantly 
checklfix and work towards the more complicated ones. increased and decreased, even though an attempt is being made to hold a 

1 Oxidized 

Fig. 24 If spark plugs are not to blame for 
poor performance, the point set used on the 
smallest motors may require attention I Fig. 25 Marine growth on the lower unit will 

create "drag" and seriously hamper boat 
~erformance 

Fig. 26 A corroded hub on a small engine 
propeller. Hub and propeller damage will 
also cause poor performance 
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3-14 FUEL SYSTEM 
constant engine speed, the problem can most likely be attributed to the fuel 
pump. Refer to Fuel Tank and Lines in this section for information on 
checking the lines for restrictions and checking fuel flow. Also, refer to Fuel 
Pump under Carbureted Fuel System for more information on fuel pump 
operation and service. 

This section provides complete detailed procedures for removal and 
installation (including initial bench adjustments), overhaul 
(disassemblylassembly) and cleaning and inspecting, for the various 
carburetors installed on powerheads covered in this manual. Although there 
are similarities between the carburetors used on each motor, small 
differences from model-to-model make it best to cover them in multiple 
procedures, sorted by the models on which that carburetor is found. 

SERVICE (REMOVAL, OVERHAUL & INSTALLATION) 

Good shop practice dictates a carburetor repair kit be purchased 
and new parts be installed any time the carburetor is disassembled. 

Make an attempt to keep the work area clean and organized. Be sure to 
cover parts after they have been cleaned. This practice will prevent foreign 
matter from entering passageways or adhering to critical parts. 

Be sure to have a rag handy to catch spilled fuel, as some fuel is bound 
to still be present in the lines and the float bowl. Take this opportunity to 
closely inspect the fuel lines and replace any that are damaged or 
deteriorated. 

During removal or overhaul procedures, always matchmark hoses or 
connections orior to removal to ensure wooer assemblv and installation. 
Following a ;ebuild a complete and the'iniial bench seitings, perform the 
complete Timing and Synchronization procedure as detailed in the 
Maintenance and Tune-up section. 

To avoid leaks, replace all displaced or disturbed gaskets, O-rings 
or seals whenever a fuel system component is removed. This is 
especially true when rebuilding a carburetor. 

2.0-3.5 Hp Motors 
+ See Figure 27 

This carburetor is a single-barrel, float feed type with a manual choke. 
Fuel to the carburetor is normally gravity fed from a fuel tank mounted on top 
of the powerhead. 

REMOVAL & INSTALLATION 

+ See Figures 27 

1. Remove the spark plug lead to prevent accidental starting of the 
engine. Shut off the fuel supply at the fuel valve on the side of the engine. 

2. Remove the engine covers as described under Engine Maintenance 
in the Maintenance and Tune-up section. 

3. Remove the knobs from the throttle and choke levers. 
4. If necessary, disconnect the stop switch wiring. 
5. Remove the 2 screws holding the air silencer to the carburetor, then 

remove the silencer from the powerhead. 

THROTTLE 
CABLE 

. 
NEEDLE y' MAIN JET 

L ----- ----A 

Fig. 27 Exploded view of the carburetor assemblv - 2.0-3.5 Hr, Models 

@\HINGE 
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FUEL SYSTEM 3-15 
6. Place a small shop rag under the fuel line connection at the 

carburetor (to catch any escaping fuel still in the line), then disconnect the 
hose from the carburetor. 

7. Loosen the carburetor clamp screw, then carefully remove the 
carburetor from the engine. 

To install: 
8. Position the new O-ring the carburetor throat, then slide the 

carburetor onto the mount and secure by tightening the clamp. 
9. Connect the fuel tank supply hose to the carburetor and secure to 

the fitting using a plastic wire tie. 
10. Install the air intake silencer and secure using the retaining screws. 
11. Install the knobs to the throttle and choke levers. 
12. If removed, connect the stop switch wiring. 
13. Install the engine covers as detailed under Engine Maintenance. 
14. Check engine idle speed and adjust, as necessary. For details, refer 

to the procedures found under Timing and Synchronization in the 
Maintenance and Tune-up section. 

OVERHAUL 

+ See Figures 27 thru 35 

1. Position the carburetor over a small drain basin, then remove the 
float bowl drain screw from the bottom of the carburetor and drain any fuel 
remaining in the bowl. Discard the drain screw gasket. 

2. Remove the 2 float chamber screws, then turn the carburetor upside 
down and carefully lift the float chamber from the carburetor body. 

3. Lift the float from the carburetor body, then remove and discard the 
float chamber gasket. 

4. Remove the main jet and nozzle (needle jet) from the center 
underside of the carburetor body. 

5. Count and record the number of turns required to lightly seat the idle 
adjustment screw. The number of turns will give a rough adjustment during 
installation. Back out the idle meed screw and sorina from the side of the 

screw is usually provided in the carburetor rebuild kit to ensure a damaged 
screw is not used again.) 

6. Remove the float pin and hinge, then remove the float valve. 
7. Remove the valve seatifuel inlet nozzle from the carburetor body. 
8. Remove the throttle lever, then remove the cap (mixing chamber) 

from the top of the carburetor body. 
9. compress the spring, then unhook the throttle cable from the throttle 

valve. Withdraw the jet needle and retainer from the throttle valve. 

It is not necessary to remove the E-clip from the jet needle, unless 
replacement is required or if the engine is to be operated at a 
significantly different elevation. 

10. Thoroughly clean and visually check all of the carburetor components 
as detailed under Cleaning & Inspection in this section. 

To assemble: 
11. Before starting, make sure all components are completely clean and 

serviceable. Compare parts from the replacement kit to the parts removed 
from the carburetor. With the exception of wear or damage that might occur 
on the old parts (requiring their replacement in the first place) the new 
components should be identical. If you have any questions, check with a 
local dealer to check parts against a current part catalog before proceeding. 

To ensure proper operation and durability, replace all displaced or 
disturbed gaskets, O-rings or seals when rebuilding a carburetor 
regardless of their appearance. 

12. If the adjustment clip was removed form the jet needle, refer to 
Throttle Jet Needle Adjustment in this section before proceeding. 

13. Prepare the jet needle and carburetor cap assembly as follows: 
a. Reassemble the jet needle to the throttle valve, then place the jet 

retainer over the E-clip. Align the retainer slot with the slot in the throttle 
valve. 

b. Position the spring over the throttle cable, then compress the spring 
and slide the cable anchor through the slot and into the pocket at the bottom 

carburetor body. Normally you discard the screw: bursave the spring (a new of the valve. 

Fig. 28 Parts usually included in a 
carburetor repair kit. 

Fig. 29 View of the float bowl and float 
(removed from the carburetor body) 

Fig. 30 Remove the main jet and nozzle 
from the carburetor body. . . 

Fig. 31 . . .then remove the idle speed screw 
and spring 

Fig. 32 Use an awl to gently remove or 
install the float pin 

Fig. 33 The needle valve fits into a groove 
on the float arm 
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3-16 FUEL SYSTEM 
c. Position the throttle valve so the slot slides over the alignment pin, 

then slide the assembly into the carburetor body and secure the cover. 
14. lnstall the throttle lever, placing it in front of the holder, then position 

the support tab on the holder (at the hole) and tighten the retaining screw. 
15. lnstall the valve seatifuel inlet nozzle to the carburetor body. Do NOT 

over-tighten needles or jets as this will likely cause distortion and problems 
with airlfuel metering. 

16. Carefully insert the float valve into the valve seat, then attach the 
float hinge and pin. 

17, lnstall the main nozzle and jet. 
18. lnstall the low speed adjustment screw and spring onto the side of 

the carburetor body. For initial adjustment, tighten the screw until just lightly 
seated, then back it out the same number of turns that were necessary to 
seat it during removal. If the number of turns was not recorded, back the 
screw out 1- 314 turns as a rough adjustment. A finer adjustment will be 
made with the engine in the water at the end of the installation procedures. 

19. Position the new float chamber gasket on the carburetor body, then 
check float height adjustment by measuring the distance from the top of the 
gasket to the top of the float hinge. Height should be 0.090 in. (2.3mm). 
Carefully, bend the hinge, if necessary, to achieve the required 
measurement. 

20. lnstall the float, followed by the float chamber. Tighten the float 
chamber screws securely. 

21. lnstall the float bowl drain screw using a new gasket and tighten 
securely. 

22. Adjust the idle speed as detailed under the Engine Maintenance 
section. 

23. If spark plug fouling or excessively rich operation is noted (the motor 
cannot reach maximum rDm or hesitateslstumbles whenever the throttle is 
opened past 213rds, chedk and adjust the Throttle Jet Needle as specified in 
this section. 

THROTTLE JET NEEDLE ADJUSTMENT 

+ See Figures 27 and 36 

The carburetor on these motors uses a throttle valve that is equipped with 
a tapered needle to vary fuel flow with throttle opening. Adjustments are 
made by raising or lowering the needle in relation to the throttle valve (which 
is done by repositioning the clip on the needle). 

If the E-clip on the jet needle is lowered, the carburetor will cause the 
engine to operate "rich". Raising the E-clip will cause the engine to operate 
"lean". 

If the mixture is too rich, the engine will experience a decrease in rpm as 
the throttle is advanced beyond 213 of full throttle. If the mixture is too lean, 
the engine temperature will rapidly increase. Since there are no temperature 
monitoring devices on these small hp engines, the operator must be aware 

Fig. 34 Exploded view of the carburetor cap 
(mixing chamber) and jet needle assembly 

of operating temperature at all times. A lean motor will also likely spit or pop 
when throttle is rapidly reduced from a wide-open position to or near idle. 

If the outboard is to be operated at higher altitude - raise E-clip to 
compensate for the lower oxygen contents found in the air at elevations. 

The carburetor must be partially disassembled in order to access 
the needle and clip. Refer to the Overhaul procedure in this section for 
more details. 

5 Hp (109cc) Motors 
+ See Figure 37 

This carburetor is a single-barrel, float feed type with a manual choke. 
Fuel to the carburetor is normally supplied via pump from either an integral 
tank mounted on top of the powerhead or from a remote tank. 

REMOVAL & INSTALLATION 

+ See Figure 37 -TE 
1. Remove the spark plug lead to prevent accidental starting of the 

engine. 
2. Loosen or release the clamp on the fuel line attached to the side of 

the carburetor. 

How to release the fuel line clamp will vary depending on the style 
clamp used to retain the fuel line. Plastic ties must be cut and removed 
from the line while metallic clamps are loosened and slid back up the 
line away from the carburetor and off the fitting. 

3. Place a small shop rag under the fuel line connection at the 
carburetor (to catch any escaping fuel still in the line), then disconnect the 
hose from the carburetor. 

4. Loosen the set screw securing the throttle cable end to the top of the 
carburetor, then pull the cable free of the carburetor throttle linkage. 

5. Remove the 2 carburetor retaining bolts, then move the choke lever 
to the full choke position and remove the carburetor. Tilt the carburetor as 
necessary to disconnect the choke linkage, then remove it from the motor. 

6. Remove the carburetor insulator and keep for reuse, but remove and 
discard the gaskets. 

7. Make sure the gasket mating surfaces are clean and free of all 
gasket traces. Be careful not to damage the surfaces when cleaning them. 

To install: 
8. Inspect the insulator for wear, deterioration or cracks and replace, if 

necessary. 

Do not use any sealant on the carburetor insulator gaskets. 

9. Position new gaskets on each side of the carburetor insulator, then 
install the carburetor (with the choke lever in the full choke position to 

t 
0.090 in. 
(2.3mm) 

Fig. 35 The top of the float hinge must be 
0.090 in. (2.3mm) above the float bowl 
gasket 

Normal 

Fig. 36 Normally, the E-clip is in the groove 
shown. If the clip is moved up into a higher 
groove, the airlfuel mixture will become 
leaner. If the clip is moved down to a lower 
groove, the mixture will richen. 
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Exploded view of the carburetor 
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assembly Models 

facilitate connection of the choke linkage). Tilt the carburetor as necessary to 
connect the choke linkage, then position the carburetor, insulator and 
gaskets to the motor. 

10. Secure the carburetor assembly using the two retaining bolts. Tighten 
them securely. 

11. Connect the throttle cable to the carburetor, then tighten the set 
screw. 

12. Connect the fuel supply hose to the carburetor and secure to the 
fitting using the metallic clamp or a new plastic tie, as applicable. 

13. Check the Carburetor Low Speed Adjustment. For details, refer to the 
procedures found under Timing and Synchronization in the Maintenance and 
Tune-up section. 

0 VERHA UL 

+ See Figures 37 and 38 
CULT 

1. Remove the low speed needle and spring protruding at an angle from 
the top, side of the carburetor. 

2. Remove the pilot jet mounted vertically into the top of the carburetor. 
3. Use a 114 in. bladed flat-head screwdriver to carefully remove the air 

jets from the cast pockets in the front opening of the carburetor throat 
(venturi). Mark each of the air jets as they are removed for identification 
during installation. 

Keep the two air jets separated and identified to ensure they are 
installed in the correct sides of the venturi. The two air jets are 
normally of different sizes and mixing them up can lead to significant 
engine performance problems. 

4. Position the carburetor over a small drain basin, then remove the 
float bowltdrain screw from the bottom of the carburetor and drain any fuel 
remaining in the bowl. Discard the screw gasket. 

Fig. 38 Float height measurement and adjustment (adjust by 
bending the float lever tab) 
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5. Remove the float bowl and gasket from the underside of the 

carburetor body, 
6. Carefully remove the hinge pin by pressing with a small awl or pick, 

then remove the float and valve. 
7. Remove the main jet and nozzle from the underside of the carburetor 

body. 

Do not attempt to remove the nozzle without first removing the main 
jet. 

8. Thoroughly clean and visually check all of the carburetor components 
as 

detailed under Cleaning & Inspection in this section. 
To assemble: 

9. Before starting, make sure all components are completely clean and 
serviceable. Compare parts from the replacement kit to the parts removed 
from the carburetor. With the exception of wear or damage that might occur 
on the old parts (requiring their replacement in the first place) the new 
components should be identical. If you have any questions, check with a 
local dealer to check parts against a current part catalog before proceeding. 

To ensure proper operation and durability, replace all displaced or 
disturbed gaskets, O-rings or seals when rebuilding a carburetor 
regardless of their appearance. 

10. Gently and carefully install the main nozzle and the main jet. Do not 
over-tighten and crack or distort the nozzle or jet. 

11. Position the float and valve, then secure using the hinge pin. 
12. Position the new float bowl gasket on the carburetor body, then 

check float height adjustment by measuring the distance from the top of the 
gasket to the top of the float. This measurement should be taken with the 
carburetor inverted, the gasket surface horizontal and the float lightly 
contacting the needle valve. A vernier caliper is the best method to make this 
measurement. Float height should be 0.047-0.055 in. (12-14mm). Carefully, 
bend the float lever tab, if necessary, to achieve the required measurement. 

Be VERY careful when measuring or adjusting the float height not to 
force the float needle valve downward into the seat. The valve or the 
seat will likely be damaged if this occurs. 

13. Make sure the gasket is in the carburetor body groove, then install 
the float bowl. Secure the bowl using the bowlidrain screw and a new 
gasket, then tighten to 84-138 inch Ibs. (10-16 Nm). 

14. lnstall the each air jets to the appropriate cast pocket of the 
carburetor venturi (as marked during removal). 

15. lnstall the pilot jet to the top of the carburetor. 
16. lnstall the low speed needle and spring to the top, side of the 

carburetor body. Gently tighten the needle by hand until it just lightly 
contacts the valve (DO NOT force the needle or it will become distorted), 
then back the screw out 2 112 turns for initial low speed adjustment. 

17. lnstall the carburetor as directed in this section, then check the low 
speed adjustment as detailed under Timing and Synchronization in the 
Maintenance and Tune-up section. 

ColtiJunior, 3-4 Hp and 4 Deluxe Motors 
+ See Figure 39 

This carburetor is a single-barrel, float feed type with a manual choke. 

REMOVAL & INSTALLATION 
ERA TE 

+ See Figure 39 

1. Remove the spark plug leads to prevent accidental starting of the 
engine. 

2. For ColWunior models, proceed as follows: 
a. Remove the hand rewind starter for access. 
b. If not done already, tag and disconnect the fuel line from the 

carburetor. 
c. At the top rear of the carburetor, remove the cam follower screw, 

follower and link. 
3. For 3-4 hp models (except 4 Deluxe models), proceed as follows: 
a. Remove the choke knob and the stop button retainer nut. 
b. Remove the engine covers as detailed in the Engine Maintenance 

section. 

c. Cut the wire tie securing the fuel line to the lower cover. Be very 
careful when cutting the tie, not to cut, nick or otherwise damage the fuel 
line. 

d. Remove the two screws securing the air silencer, then remove the 
silencer. 

e. Disconnect the choke linkage. 
f. Use a pair of pliers or a pair of cutters to carefully grasp and remove 

the fuel shut-off valve roll pin, then withdraw the valve. 
4. On 4 Deluxe models: 
a. Remove the low speed adjustment knob by pulling it straight 

outward. 
b. Remove the snapring from the rear of the choke knob shaft, then 

pull the knob out through the hole in the lower engine cover. 
c. Remove the screw securing the cam follower and link to the top side 

of the carburetor. 
5. Place a small shop rag under the fuel line connection(s) at the 

carburetor (to catch any escaping fuel still in the line), then disconnect the 
hose(s) from the bottom of the carburetor. 

6. Except on 4 Deluxe models, remove the screw, cam follower and link 
from the side of the carburetor. 

7. Remove the 2 carburetor retaining nuts, then carefully remove the 
carburetor and gasket. 

8. If necessary, remove the intake manifold bolts, then remove the leaf 
plate and gaskets. 

9. Carefully clean all gasket mating surfaces of any remaining material. 
To install: 

Install the intake and carburetor gaskets dry. Do not use sealer. 

10. If the intake manifold was removed, install the manifold and leaf plate 
using new gaskets. Tighten the bolts to 96-120 inch Ibs. (10.8-13.6 Nm) on 
all models, except the 4 Deluxe, on which the bolts are tightened to 60-84 in. 
Ibs. (7-9 Nm). 

Anytime the intake manifold bolts are tightened the ignition module- 
to-flywheel air gap must be checked and, if necessary, adjusted. For 
details, please refer to the lgnition Module procedures found in the 
Ignition and Electrical section. 

11. lnstall the carburetor using a new gasket, then tighten the nuts 
securely. 

12. Connect the fuel hose(s) to the carburetor. Use a wire tie to secure 
the fuel hose(s) over the fitting(s). 

13. lnstall the cam follower and link to the side of the carburetor using 
the retaining screw. 

14. For 4 Deluxe models: 
a. lnstall the choke knob and secure using the snapring. 
b. lnstall the low speed adjustment knob. 

15. On 3-4 hp motors (Except for 4 Deluxe models), proceed as follows: 
a. Make sure both O-rings are in place and in good condition (better 

yet, replace them) in the grooves on the fuel shut-off valve, then install the 
valve. lnstall the roll pin to secure the valve. 

b. Connect the choke assembly and choke shaft. 
c. lnstall the lower covers and the control panel, then install the choke 

knob and stop switch nut. 
16. For ColtIJunior models, proceed as follows: 

a. Reconnect the cam follower screw, follower and link. 
b. After the necessary preliminary synchronization adjustments (which 

might be easier with the hand rewind starter still out of the way) reconnect 
the fuel line and install the hand rewind starter assembly. 

17. Check the carburetor synchronization and adjustments. For details, 
refer to the procedures found under Timing and Synchronization in the 
Maintenance and Tune-up section. 

OVERHAUL 

CULT 
+ See Figures 39 thru 43 

1. Position the carburetor over a small drain basin, then remove the 4 
float bowl screws from the underside of the carburetor body flange. Carefully 
separate the float bowl from the carburetor body and drain any fuel - 
remaining in the bowl. 

2. Remove the low speed packing nut, then back out and remove the 
needle. Remove the valve packing washers from the bore, but be carefully 
not to damage the threads. 
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Fig. 39 Exploded view of the carburetor assembly - 3-4 Hp Models (4 Deluxe and ColtiJunior similar. Note the version found on the ColtiJunior 
normally has a high speed needle in place of the shut off valve in the float bowl and no fuel pump nipplelbladder) 

11. Check float height adjustment using OMC float gauge (#324891). 3 Use a par of pl~ers or small par of cutters to carefully grasp and pull 
the roll pln from the srde of the carburetor body (freetng the fuel shut-off 
valve) If equ~pped, grasp and carefully pull the shut-off valve from the 
carburetor, then remove and discard the O-rings 

4 If equipped, unthread the fuel pump n~pple, then remove the fuel 
pump bladder from the bore In the s~de of the float bowl 

5 Remove the hmge pin using a small awl or prck, then remove the 
float, float valve and sprlng chp Unscrew and remove the valve seat and 
gasket 

6 If equ~pped, remove the hlgh speed oriflce plug, then carefully 
remove the high speed nozzle On ColVJuntor models th~s funct~on IS 
normally performed by a high speed needle mstalled In the float bowl bore In 
place of the shut off valve on other models L~ke the low speed needle ~t IS 
installed under a packmg nut and threaded through packing and a washer 

7 Thoroughly clean and v~sually check all of the carburetor components 
as detaded under Cleanrng & Inspectron in th~s sectlon 

To assemble: 
8 Before starting, make sure all components are completely clean and 

servceable Compare parts from the replacement k ~ t  to the parts removed 
from the carburetor With the exception of wear or damage that might occur 
on the old parts (requmng the~r replacement In the first place) the new 
components should be   den tical If you have any questrons, check with a 
local dealer to check parts against a current part catalog before proceedrng 

To ensure proper operation and durability, replace all displaced or 
disturbed gaskets, O-rings or seals when rebuilding a carburetor 
regardless of their appearance. 

9. If applicable, slowly install the high speed nozzle into the carburetor 
by hand and tighten lightly. Do not over-tighten and crack or distort the 
nozzle. Install the orifice in the nozzle. 

10. Install the float valve seat using a new gasket, then posrtion the float 
valve, float, spring clip and hinge pin. 

This measurement should be taken with the carburetor inverted, the gasket 
surface horizontal and the float valve lightly closed (by the float weight). Use 
the cutout marked "2 thru 6 H P  on the float gauge, the top of the float must 
rest between the notches on the gauge. Carefully bend the metal float arm, if 
necessary, to achieve the required measurement. 

Be VERY careful when measuring or adjusting the float height not to 
force the float needle valve downward into the seat. The valve or the 
seat will likely be damaged if this occurs. 

12. Invert the carburetor so the top is now facing upward and check the 
float drop setting (to ensure the float valve can open completely for high 
rpmlfull throttle operation). Measure the distance from the bottom lip of the 
carburetor body to the lowest corner of the float. The float drop must be 1 
118 -1 112 in. (28-38mm). If not, carefully bend the tab on the float arm, 
where it contacts the float seat. 

13. Install the fuel pump bladder and nipple, as equipped. 
14. If equipped, install 2 new O-rings in the grooves on the fuel shut-off 

valve, then coat the O-rings lightly with fresh, clean, 2-stroke engine oil. 
Insert the valve into the bore on the float bowl twisting slowly from side-to- 
side as it is inserted in order to protect the O-rings. Secure the valve in 
position using the roll pin. 

15. Install the float bowl with a new gasket and tighten the retaining 
screws to 15-22 inch Ibs. (1 6-2.4 Nm) using a crisscross pattern. 

16. lnstall the cam follower linkage. 
17. Position new valve packing washers into the low speed needle bore, - 

then install packing nut, but do not tighten it against the washers at this time. 
Carefully thread the low speed needle into the bore and tighten slowly using 
light pressure until it is just lightly seated, then back it out 1 turn to the initial 
low speed setting (1 114 turns on ColVJunior models). 
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ing 

Fig. 40 Typical components from a 
JohnsonlEvinrude carburetor rebuild kit 

Fig. 41 The main (high speed) orifice 
usually threads into the removable main 
nozzle 

Fig. 43 Check the float drop dimension to prevent fuel starvation at 
high rpm 

Use extreme care when threaded needles into the carburetor passages. 
Tightening them against their valve seats with anything more than 
extremely light force will likely distort or damage the valve andlor the 
valve seat. 

18. Gently tighten the packing nut against the packing washers until the 
needle can just be turned by finger pressure. 

19. On ColtIJunior models, position new valve packing and washers into 
the high speed needle bore, then install packing nut, but do not tighten it 
against the washers at this time. Carefully thread the high speed needle into 
the bore and tighten slowly using light pressure until it is just lightly seated, 
then back it out 1 turn to the initial high speed setting. 

20. Install the carburetor, then check and adjust the Timing and 
Synchronization settings. 

516 Hp 4-Stroke Motors 

+ See Figure 44 

This carburetor is a single-barrel, float feed type with an accelerator pump 
and a manual choke. 

REMOVAL & INSTALLATION 

DERATE 
W + See Figures 44 and 45 

1. Remove the spark plug leads to prevent accidental starting of the 
engine. 

FLOAT MUST ALIGN WITH 
CORRECT SET OF NOTCHES 
AS DIRECTED IN TEXT 

Fig. 42 Use OMC float gauge tool No. 
324891 to check float height 

2. Remove the manual starter andlor the lower engine covers, if 
necessary for additional access. Although the carburetor can be removed 
without removing either of these components completely from the motor, 
removal makes access a lot easier and it is probably worth the additional 
time. Refer to the procedures under Manual Starter and Engine Covers, as 
necessary. 

3. Remove the air horn by disconnecting the hose, then removing the 
retaining screws. 

Most hoses are secured by plastic wire ties on these models, for 
removal carefully cut the ties using a pair of cutters or dikes. Be careful 
when cutting the ties not to cut, nick or otherwise damage the hoses. 

4. Disconnect the hoses from the carburetor water andlor fuel fittings, 
as applicable. Have a rag or small drain basin handy to drain residual fuel 
from the carburetor fuel hose. 

5. If necessary for clearance, remove the oil pressure sensor wire from 
the sending unit. 

Access to the carburetor flange nuts is tight on some models. Either 
use a short, thin wrench or the OMC carburetor flange nut removal tool 
(#342211). 

6. Remove the carburetor flange nuts, then remove the carburetor, 
gaskets and insulator. As the carburetor assembly is separated from the 
motor, carefully disconnect the carburetor and throttle linkage. 

7. Separate the insulator from the carburetor, then carefully clean all 
gasket mating surfaces of any remaining material. 

To install: 

Install the intake and carburetor gaskets dry. Do not use sealer. 

8. Position a new gasket on either side of the insulator, then position 
the insulator to the intake manifold. 

9. Connect the throttle and choke linkage as the carburetor is 
positioned onto the insulator and carburetor retaining studs, then install the 
carburetor to the intake manifold and tighten the nuts securely. 

10. If removed, reconnect the oil pressure sensor wiring. 
11. Install the air horn and tighten the screws securely. 
12. Connect the air horn, carburetor fuel and carburetor water hoses, as 

applicable, then secure using new wire ties. 
13. If removed, install the manual starter assembly andlor the lower 

engine covers. 
14. Gently squeeze the primer bulb while checking for fuel leakage. -. 

Correct any fuel leaks before returning the engine to service. 
15. Perform the necessary timing and synchronization procedures from 

the Maintenance and Tune-up Section. If the carburetor was repaired or 
rebuilt, be sure to perform the initial low speed adjustment procedure 
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END 

CAP\@ 0 0 

,/I 

ACCELERATOR 

PLUNGER 
PUMP ROD-* 

a 
DIAPHRAGM r( 

SPRING 

ACCELE'WTOR 
PUMP COVER 

LOW SPEED \c- MIXTURE SCREW 

Fig. 45 Disconnect carburetor components in the following order 
(1) air horn, (2) hoses, (3) retaining nuts and (4) linkage - 516 hp 4- 
stroke motors (note most but not all connections visible) 

OVERHAUL 

W + See Figures 42,43 and 44 

1. Position the carburetor over a small drain basin, then remove the 
float bowl drain screw from the bottom of the carburetor and drain any fuel 
remaining in the bowl. Discard the drain screw gasket. 

2. Remove the low speed (idle mixture) screw and spring from the small 
tower in the top of the carburetor cover. 

3. Remove the 7 carburetor cover screws, then lift the cover and gasket 
from the carburetor. 

4. Invert the carburetor, then remove the 8 float bowl and accelerator 
pump housing screws (6 short and 2 long, keep track of the short screw 
locations for installation purposes). 

5. Lift the float bowl and gasket from the underside of the carburetor 
body. Remove the accelerator rod, rod retainer and the end cap from the 
accelerator pump body on the float bowl. 

PIN 

6. Using a small pick or awl, carefully remove the float hinge pin, then 
remove the float and float valve from the carburetor body. Remove the inlet 
valve seat and the gasket. 

Use OMC #317002 or an equivalent orifice plug screwdriver to 
remove the main orifice (high speed jet) from these carburetors. 

7. Remove the main orifice (high speed jet) from the side of the 
carburetor body. 

8. Remove the idle speed screw and spring mounted vertically in the 
boss on the side of the carburetor body. 

9. Remove the air vent from the side of the carburetor body. 
10. Remove the accelerator pump cover from the bottom of the float 

bowl, then remove the spring, diaphragm and pump rod plunger. 
11. Thoroughly clean and visually check all of the carburetor components 

as detailed under Cleaning & Inspection in this section. 
To assemble: 
12. Before starting, make sure all components are completely clean and 

serviceable. Compare parts from the replacement kit (especially the gaskets) 
to the parts removed from the carburetor. With the exception of wear or 
damage that might occur on the old parts (requiring their replacement in the 
first place) the new components should be identical. If you have any 
questions, check with a local dealer to check parts against a current part 
catalog before proceeding. 

To ensure proper operation and durability, replace all displaced or 
disturbed gaskets, O-rings or seals when rebuilding a carburetor 
regardless of their appearance. 

13. lnstall the accelerator rod plunger, diaphragm and spring to the float 
bowl with the accelerator pump cover. Secure using the screw(s). 

14. Press the air vent carefully into the side of the carburetor body, then 
carefully thread the main orifice (high speed jet) into place on the opposite 
side of the carburetor body. 

15. lnstall the float valve seat using a new gasket. Carefully insert the 
float valve into the valve seat, while installing the float using the hinge pin. 

When using the OMC float gauge on these models, DO NOT use the 
cutout marked "2 THRU 6 HP" as it is intended for 2-stroke models 
only. - 

16. Check float height adjustment using OMC float gauge (No. 324891). 
This measurement should be taken with the carburetor inverted, the gasket 
surface horizontal and the float valve lightly closed (by the float weight). 
Contrary to common sense, use the cutout marked "9.9 & 15 H P  on the 
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float gauge, the top of the float must rest between the notches on the gauge. 
Carefully bend the metal float arm, if necessary, to achieve the required 
measurement. 

Be VERY careful when measuring or adjusting the float height not to 
force the float needle valve downward into the seat. The valve or the 
seat will likely be damaged if this occurs. 

17. Invert the carburetor so the top is now facing upward and check the 
float drop setting (to ensure the float valve can open completely for high 
rpmlfull throttle operation). Measure the distance from the bottom lip of the 
carburetor body to the lowest corner of the float. The float drop must be 1-1 
318 in. (25-35mm). If not, carefully bend the tab on the float arm, where it 
contacts the float seat. 

18. install the end cap so it will be positioned between the accelerator 
rod and the throttle shaft cam, then install the float bowl and accelerator 
pump assembly using a new gasket. lnstall the float bowl and accelerator 
pump assembly screws, then tighten to 8-10 inch Ibs. (0.8-1.2 Nm) following 
the sequence embossed on the float bowl. 

19. lnstall the idle speed adjustment screw and spring into the vertical 
boss on the side of the carburetor body. Thread the screw until it just 
contacts the idle adjustment lever. 

20. Install the carburetor cover to the body using a new gasket. lnstall 
the cover screws, then tighten to 8-10 inch Ibs. (0.8-1.2 Nm) following the 
sequence embossed on the cover. 

21. lnstall the low speed (idle) mixture screw and spring into the round 
boss on top of the cover. Thread the screw slowly into the bore until it just 
lightly contacts the seat, then back it off the specified number of turns listed 
in the Carburetor Set-Up Specifications table in this section. 

22. lnstall the carburetor, then perform the necessary timing and 
synchronization procedures from the Maintenance and Tune-up Section 
(including the idle speed and mixture adjustments). 

819.9 and 9.9115 Hp 4-Stroke Motors 
+ See Figures 46 and 47 

The carburetors found on these models are single-barrel, float feed types. 
The two versions found on 15 hp models, are equipped with accelerator 
pumps. 

REMOVAL & INSTALLATION 

- + See Figures 46,47 and 48 

1. Remove the spark plug leads andlor disconnect the negative battery 
cable (if equipped) to prevent accidental starting of the engine. 

2. Remove the manual starter, if necessary for additional access. 
3. Remove the air horn by disconnecting the hose, then removing the 

retaining screws. (For 819.9 motors there is at least one screw on top of the 
housing, while 9.9115 hp motors utilize one screw on top and one screw on 
the side of the carburetor.) 

Most hoses are secured by plastic wire ties on these models, for 
removal carefully cut the ties using a pair of cutters or dikes. Be careful 
when cutting the ties not to cut, nick or otherwise damage the hoses. 

4. Disconnect the hoses from the carburetor fuel and water fittings. 
Have a rag or small drain basin handy to drain residual fuel from the 
carburetor fuel hose. 

On most 9.9115 hp models the choke cable clamp is retained by a 
Torx@ head screw. Use the proper sized Torx@ head driver when 
loosening or tightening the screw. 

5. On 9.9115 hp motors, remove the choke cable clamp screw, then 
disengage the cable from the link. 

6. If necessary for clearance on 819.9 hp motors, remove the oil 
pressure sensor wire from the sending unit. 

Access to the carburetor flange nuts is tight on some models. Either 
use a short, thin wrench or the OMC carburetor flange nut removal tool 
(#342211). 

7. Remove the carburetor flange nuts, then remove the carburetor, 
gaskets and insulator. On 819.9 hp motors, carefully disconnect the 
carburetor and throttle linkage as the carburetor assembly is separated from 
the motor. 

8. Separate the insulator from the carburetor, then carefully clean all 
gasket mating surfaces of any remaining material. 

1995-1997 MODELS 1- Low speed (idle) 
@ 1998 AND LATER MODELS 

mixture screw 
2- Spring 
3- Main orifice /a 
4- Idle speed O O 

screw ;//'A 
5- Air vent 0 

6- Valve seat 
and gasket 

7- Float needle 
8- Float 
9- Hinge pin 
10- O-ring 
11- Check valve 
12- Retainer 
13- Diaphragm 
14- Valve cap 
15- Check ball 
16- End cap 
17- Rod retainer 
18- Accelerator rod 
19- Rod plunger 

Fig. 46 Exploded view of the carburetor assembly - 15 Hp 4-Stroke Models 
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Fig. 48 Remove the choke clamp screw (I), then disconnect the 
choke link (2) from the carburetor - 9.9115 Hp 4-Stroke Models 

To install: 

Install the intake and carburetor gaskets dry. Do not use sealer. 

9. Position a new gasket on either side of the insulator, then position 
the insulator to the intake manifold. 

On 819.9 hp motors, connect the throttle and choke linkage as the 
carburetor is positioned over the studs. 

10. Position the carburetor over the retaining studs and against the 
insulator (connecting the throttle and choke linkage in the process on 819.9 
hp motors). 

11. Install and securely tighten the carburetor retaining nuts. 
12. For 9.9115 hp motors, install the choke cable in the link, then secure 

the cable to the powerhead using the clamp and tighten the bolt to 60-84 
inch Ibs. (7-9 Nm). 

13. Install the air horn and tighten the retaining screw(s). 

14. Connect the hoses and secure using new wire ties 
15. If removed, reconnect the oil pressure sensor wiring. 
16. If removed, install the manual starter assembly. 
17. Gently squeeze the primer bulb while checking for fuel leakage. 

Correct any fuel leaks before returning the engine to service. 
18, Perform the necessary timing and synchronization procedures from 

the Maintenance and Tune-up Section. If the carburetor was repaired or 
rebuilt, be sure to perform the initial low speed adjustment procedure. 

OVERHAUL - 
CULT 

+ See Figures 42,43 and 49 

1. Position the carburetor over a small drain basin, then remove the 
float bowl drain screw from the bottom or side of the carburetor float bowl (as 
applicable) and drain any fuel remaining in the bowl. Discard the drain screw 
gasket. 

2. Remove the low speed (idle) mixture screw and spring from the 
round boss on top of the carburetor. 

3. Remove the 7 screws securing the carburetor cover to the body, then 
lift the cover and gasket from the carburetor. 

Most models covered here utilize 7 float bowl screws, except 1998 
and later 15 hp models which use 6 screws. Also, the 1998 and later 15 
hp models utilize both short and long screws, so pay attention to screw 
placement in order to ease assembly. 

4. Invert the carburetor, then remove the float bowl (and, if applicable, 
accelerator pump housing) screws. Separate the float bowl from the 
carburetor body, then remove the gasket. 

5. On 15 hp models: 
a. For motors through 1997, remove the check ball, gasket and check 

valve cap from the carburetor body. 
b. For 1998 and later motors, remove the accelerator rod, rod retainer 

and the end cap from the accelerator pump body on the float bowl. 
6. Use a small pick or awl to remove the hinge pin, then carefully 

remove the float and float valve from the bottom of the carburetor. Remove 
the float valve and gasket. 
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Fig. 49 During assembly, position the valve cap with the orifice 
hole 180" away from the idle fuel pickup tube - 15 Hp motors 
through 1997 

Use OMC #317002 or an equivalent orifice plug screwdriver to 
remove the main orifice (high speed jet) from these carburetors. 

7. Remove the main orifice (high speed jet) from the side of the 
carburetor body. 

8. Remove the idle speed screw and spring mounted vertically in the 
boss on the side of the carburetor body. 

9. On all motors, except for 1998and later 15 hp motors, remove the air 
vent from the side of the carburetor body. 

10. On 15 hp models: 
a. For motors through 1997, loosen the bolts, then remove the cover 

from the underside of the float bowl. Remove the spring, diaphragm, retainer, 
large O-ring, check valve assembly and small O-ring. 

b. For 1998 and later motors, remove the accelerator pump cover from 
the bottom of the float bowl, then remove the spring, diaphragm and pump 
rod plunger. 

11. Thoroughly clean and visually check all of the carburetor components 
as detailed under Cleaning & Inspection in this section. 

To assemble: 
12. Before starting, make sure all components are completely clean and 

serviceable. Comoare oarts from the re~lacement kit to the oarts removed 
from the carburetor. with the exceptionaof wear or damage ihat might occur 
on the old parts (requiring their replacement in the first place) the new 
components should be identical. If you have any questions, check with a 
local dealer to check parts against a current part catalog before proceeding. 

To ensure proper operation and durability, replace all displaced or  
disturbed gaskets, O-rings or seals when rebuilding a carburetor 
regardless of their appearance. 

13. On 15 hp motors: 
a. For motors through 1997, install the small O-ring , check valve 

assembly, large O-ring, retainer, diaphragm and spring into the bottom of the 
float bowl, then secure using the cover. Make sure the retainer is positioned 
with the flat side against the check valve assembly. The diaphragm is then 
positioned so the outer rib fits in the cover groove. 

b. For 1998 and later motors, install the accelerator rod plunger, 
diaphragm and spring to the float bowl with the accelerator pump cover. 
Secure using the screw(s). 

14. On all models, except for 1998 and later 15 hp motors. carefully 
press the air vent into the side of the carburetor body. 

15. Carefully thread the main orifice (high speed jet) into the carburetor 
body. 

16. Install the float valve seat using a new gasket. Carefully insert the 
float valve into the valve seat, while installing the float using the hinge pin. 

17. Check float height adjustment using OMC float gauge (No. 324891). 
This measurement should be taken with the carburetor inverted, the gasket 

surface horizontal and the float valve lightly closed (by the float weight). On 
all 8-15 hp 4-strokes, use the cutout marked "9.9 & 15 H P  on the float 
gauge, the top of the float must rest between the notches on the gauge. 
Carefully bend the metal float arm, if necessary, to achieve the requ~red 
measurement. 

Be VERY careful when measuring or  adjusting the float height not to 
force the float needle valve downward into the seat. The valve or the 
seat will likely be damaged if this occurs. 

18. Invert the carburetor so the top is now facing upward and check the 
float drop setting (to ensure the float valve can open completely for high 
rpmlfull throttle operation). Measure the distance from the bottom lip of the 
carburetor body to the lowest corner of the float. The float drop must be 1-1 
318 in. (25-35mm). If not, carefully bend the tab on the float arm, where it 
contacts the float seat. 

19. On 15 hp motors: 
a. For motors through 1997, install the check ball, gasket and valve 

cap. The cap must be positioned with the orifice hole 180" away from the idle 
fuel pickup tube. 

b. For 1998 and later motors, install the end cap so it will be positioned 
between the accelerator rod and the throttle shaft cam when the float bowl 
and accelerator pump cover assembly is installed to the carburetor body. 

20. Position the float bowl to the carburetor body using a new gasket. 
lnstall and tighten the screws to 8-10 inch Ibs. (0.8-1.2 Nm) following the 
sequence embossed on the float bowl. 

21. lnstall the idle speed adjustment screw and spring into the vertical 
boss on the side of the carburetor body. Thread the screw until it just 
contacts the idle adjustment lever. 

22. lnstall the cover to the carburetor body using a new gasket. lnstall 
the cover screws, then tighten to 8-10 inch Ibs. (0.8-1.2 Nm) following the 
sequence embossed on the cover. 

23. lnstall the low speed (idle) mixture screw and spring into the round 
boss on top of the cover. Thread the screw slowly into the bore until it just 
lightly contacts the seat, then back it off the specified number of turns listed 
in the Carburetor Set-Up Specifications table in this section. 

24. lnstall the carburetor, then perform the necessary timing and 
synchronization procedures from the Maintenance and Tune-up Section 
(including the idle speed and mixture adjustments). 

9.9110114115 Hp (216cc1255cc) Motors Thru 1993 and All 18 Jet 
Thru 35 Hp (521cc) Motors 

See Figures 50 thru 53 

A few slightly different carburetors may be found on these models over 
the years covered here, but they generally fall into 2 categories (with slight 
variances available on each of the categories). Both carburetors were used 
on different versions of these models across the covered year span. If the 
motor on which you are working contains a one-piece carburetor body with a 
metallic housing and integral cover, we'll refer to it here as a Type "A" 
carburetor (or the less common Type " A  Variance). Some models are 
equipped with a carburetor that uses a separate (removable) cover that is 
made of a black plastic material, we'll refer to that model as a Type " B  
carburetor (or the less common Type " B  Variance). 

Both the Type A and B carburetors used on these models are single- 
barrel, float feed types. Neither model is equipped with an idle speed screw, 
as idle speed is controlled through positioning of the throttle cable bracket 
(tiller models) or the linkaae throttle arm stoo screw (remote models). 

Main fuel hetering is akomplished by a'removable main orifice (main jet) 
USUALLY mounted in the float chamber, directlv behind the main fuel inlet 
nipple (though the Type " B  Variance mounts it in a nozzle well instead). Low 
speed (idle) mixture is adjusted using a low speed screw (needle) that 
mounts in the top, side of the carburetor body on both types (except the 
Type " A  Variance, where it mounts in the front of the carburetor body). 

Since all of these motors should be equipped with electric or manual 
primer's to assist in cold starts, a fuel primer nipple is also mounted to the 
carburetor, on the opposite side as the idle mixture screw. 

Most service and adjustment procedures are identical on Type A and B 
carburetors. Differences for the carb types or their variances are noted in text 
where necessary. 
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I TYPE "B" CARBURETOR 

FLOAT 
HINGE 
PIN 

INTERMEDIATE 

CARBURETOR 
BODY GASKET 

'FLOAT N E ~ " ' - ~ - ~ ,  NEEDLE VALVE I VALVE SEAT 

'4 LOWSPEED -a/ FLOAT 

FLOAT BOWL 

MAIN ORIFICE 

,GASKET 

I Fig. 52 Exploded view of a typical Type "B" removable cover carburetor used on some 18 Jet 
thru 35 Hp (521cc) Motors 

CARBURETORCOVER 
\ 0 

LOW SPEED 
(IDLE) MIXTURE - 
NEEDLE 

GASKET --- 

Fig. 53 Exploded view of a bs-typical  Type "B" removable cover carburetor variance used on 
51616.518 hp (164cc) and (9.9i90114115 hp (216ccl255cc) motors thru 1993 as well as most 20 Hp 
(521cc) Motors. Note the difference from the more common type "B" carb in the use of a high- 
speed orifice, nozzle well and idle lift tube as well as the difference in the shapelmounting of 
the cover 
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REMOVAL & INSTALLATION 

+ See Figures 50 thru 53 

1. Remove the spark plug leads andlor disconnect the negative battery 
cable (if equipped) to prevent accidental starting of the engine. 

2. If equipped, remove the electric starter bracket for access. 
3. For 9.9llOll4Il5 hp models, proceed as follows: 
a. Remove the manual starter for access. On 216cc models, hold the 

starter pinion securely against the starter base to keep the recoil spring 
retained, then loosen the mounting screw and remove the assembly with the 
screw. Position the assembly on aide on 216cc models and install a 318-16 
nut on the starter mounting screw. 

b. For 216cc models, remove the low speed adjustment knob. 
c. Loosen the 4 (216cc) or 2 (255cc) retaining screws and remove the 

air intake silencer cover. On 216cc models you'll have to tilt the base in order 
to get it past the low speed needle. 

d. Remove the choke knob detent and chock knob (216cc models) or 
the choke lever (255cc models). 

e. Remove the cam follower screw and washer (216cc models) or cam 
follower O-ring (255cc models). 

4. For 18 Jet and larger models, proceed as follows: 
a. Carefully push the throttle link out of the cam follower. 

rn Most hoses are secured by plastic wire ties on these models, for 
removal carefully cut the ties using a pair of cutters or dikes. Be careful 
when cutting the ties not to cut, nick or otherwise damage the hoses. 

b. Disconnect the fuel hose(s) from the carburetor. On 18 Jet and 
larger models this includes the primer fuel hose from the nipple on the side 
of the carburetor body. 

5. Remove the carburetor flange nuts, then remove the carburetor and 
gasket from the intake manifold. 

6. Turn the carburetor slightly for access, then use a pair of cutters to 
carefully remove the wire tie from the carburetor fuel supply line. Position a 
rag or small drain basin to catch any fuel left in the line, then disconnect the 
line from the carburetor and remove the carburetor completely from the 
motor. 

7. Carefully clean the gasket mating surfaces of any remaining material. 
To install: 

E lnstall the carburetor gasket dry. Do not use sealer. 

8. Position a new gasket over the intake manifold studs. 
9. Connect the fuel inlet line to the carburetor, then secure using a new 

wire tie. 
10. Position the carburetor over the intake manifold studs and tighten the 

flange nuts securely. 
11. For 18 Jet and larger models, proceed as follows: 

a. Connect the throttle link to the cam follower. 
b, lnstall the primer hose to the nipple on the upper side of the 

carburetor, then secure using a new wire tie. 
12. For 9.911 011411 5 hp models, proceed as follows: 

a. lnstall the cam follower screw and washer (216cc models) or cam 
follower O-ring (255cc models). 

b. lnstall the choke knob detent and chock knob (216cc models) or the 
choke lever (255cc models). 

c. lnstall the air intake silencer cover. 
d. For 216cc models, install the low speed adju: lent knob. 

I Fig. 54 On models so equipped, unthread 
the intermediate orifice. . 

e. lnstall the manual starter assembly. 
13. Gently squeeze the primer bulb while checking for fuel leakage. 

Correct any fuel leaks before returning the engine to service. 
14. Perform the necessary timing and synchronization procedures from 

the Maintenance and Tune-up Section. If the carburetor was repaired or 
rebuilt, be sure to perform the carburetor initial low speed setting procedure. 

OVERHAUL 

CULT 

+ See Figures 42,43 and 50 thru 62 

Because of design similarities, this overhaul procedure is also 
applicable to the carburetors used on 51616.518 hp (164cc) models 
through 1993. 

1. Position the carburetor over a small drain basin, then remove the 
main fuel inlet nipple, followed for most models (except the variance of Type 
B carburetors) by the main orifice (high speed jet) from the float bowl. Drain 
any fuel remaining from the bowl through the opening. 

2. If equipped, remove the fuel primer nipple from the upper side of the 
carburetor body. 

3. Remove either the intermediate air bleed orifice from the cover of 
Type B carburetors, the orifice plug from the top front of Type A carburetors, 
or the low speed needle and packing from the top front of the Type A 
variance carburetors. 

4. Invert the carburetor, then remove the float bowl retaining screws and 
carefully separate the bowl from the bottom of the carburetor body. Remove 
the gasket and all traces of gasket material from the mating surfaces. 

5. Using an awl or small pick, carefully remove the hinge pin, then 
remove the float, float needle from the bottom of the carburetor body. 
Unthread the needle valve seat and remove the gasket. 

6. For Type B variance carburetors CAREFULLY cut the idle lift tube 
away from the 2 nipples and discard (a new tube will be used during 
installation), then remove the high speed orifice and nozzle well. Remove the 
lower nozzle well gasket (which sits between the well and float bowl). 

7. Remove the high speed nozzle well gasket from the center underside 
of the carburetor body. 

8. If not done already (such as on Type A variance carburetors), remove 
the low speed needle and spring. On Type A carburetors, remove the O-rings 
and adapter as well. 

9. On Type B carburetors, remove the 4 screws (5 or 7 screws on the 
variance carb) retaining the cover to the carburetor body, then remove the 
cover and gasket. Carefully remove all traces of gasket material from the 
mating surfaces. 

10. Thoroughly clean and visually check all of the carburetor components 
as detailed under Cleaning & Inspection in this section 

To assemble: 
11. Before starting, make sure all components are completely clean and 

serviceable. Compare parts from the replacement kit to the parts removed 
from the carburetor. With the exception of wear or damage that might occur 
on the old parts (requiring their replacement in the first place) the new 
components should be identical. If you have any questions, check with a 
local dealer to check parts against a current part catalog before proceeding. 

To ensure proper operation and durability, replace all displaced or 
disturbed gaskets, O-rings or seals when rebuilding a carburetor 
regardless of their appearance. 

Fig. 55 . . .and remove it from the carburetor 
cover Fig. 56 Remove the carburetor float bowl.. . 
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Fig. 57 . . . and gasket for access to the 
float components 

Fig. 60 With the float and needle removed, 
unthread the valve seat 

Fig. 58 Use a small pick or awl to push 
gently on the hinge pin. . . 

Fig. 59 . . . then remove the pin, freeing the 
float and needle valve 

Fig. 61 Unthread the low speed needle and I I Fig. 62 If equipped, remove the carburetor 
stxinu cover and aasket I 

12. Starting with the carbureted inverted on the work surfaces, install a 
new high speed nozzle gasket. 

13. For Type B variance carburetors, install the high speed orifice into 
the nozzle well, then position the nozzle well and well-to-carburetor body 
gasket onto the carburetor. Connect the nozzle well to the carburetor using a 
NEW idle lift tube. 

14. Install the inlet valve seat using a new gasket. Tighten the valve seat 
lightly, do not over-tighten and crack or distort it. 

15. Carefully install the float and needle valve assembly, using the hinge 
pin to secure them. 

16. Check float height adjustment using OMC float gauge (#324891) as 
follows: 

a. For 18J and 25 hp or larger motors this measurement should be 
taken with the carburetor inverted, the gasket surface horizontal and the float 
valve lightly closed (by the float weight). Use the side of the gauge marked 
"V-4 & V -6  on one side of the cutout and marked "25 THRU 75 HP" on the 
other side of the cutout. 

b. For 20 hp and smaller models only this measurement should be 
taken with the part of the gauge cutout marked "9.9 & 15 H P  or the portion 
of the cutout marked "2 THRU 6 H P  on the same side. 

17. The top of the float must rest between the notches on the gauge. 
Carefully bend the metal float arm, if necessary, to achieve the required 
measurement. 

Be VERY careful when measuring or adjusting the float height not to  
force the float needle valve downward into the seat. The valve or the 
seat will likely be damaged if this occurs. 

18. Invert the carburetor so the top is now facing upward and check the 
float drop setting (to ensure the float valve can open completely for high 
rpmlfull throttle operation). Measure the distance from the bottom lip of the 
carburetor body to the lowest corner of the float. The float drop must be 1 
118 -1 518 in. (28-41mm) for 18J and 25 hp or larger models or 1 - 1 1 318 in. 
(25-35mm) for all 20 hp and smaller models. If not, carefully bend the tab on 
the float arm, where it contacts the float seat. 

19. On all except Type B variance carburetors (for which you would have 
already installed the main orifice), install the main orifice (high speed jet), 
gasket and fuel nipple to the float bowl. Do not overtighten and distort the 
main orifice. 

20. Apply a coating of OMC Locquic Primer and OMC screw lock or 
equivalent threadlocking compound to the 4 (or 5, as applicable) float bowl 
retaining screws. Position a new gasket on the underside of the carburetor 
body, then install the float bowl and tighten the screws to 25-35 inch Ibs. 
(2.8-4.0 Nm) for all 25 hp and larger motors or to 8-10 inch Ibs. (0.8-1.2 Nm) 
for 20 hp and smaller motors using a crisscross pattern. 

21. Install the intermediate air bleed orifice (Type B), orifice plug (Type A, 
non variance), as applicable. 

22, On Type A carburetors as applicable, install the low speed needle 
adapter using a new O-ring. 

23. Install the low speed needle and spring or packing, as applicable. On 
Type A carburetors (non-variance), make sure a new O-ring is installed on 
the needle. Thread the screw into the bore slowly until it just lightly contacts 
the seat, then back it the correct number of turns as listed under Initial Low 
Speed Setting in the Carburetor Specifications chart in this section as a 
starting point for the initial low speed setting. 

24. On Type B carburetors, install the carburetor cover to the body using 
a new gasket. Tighten the retaining screws to 15-22 inch Ibs. (1.6-2.4 Nm) 
for all 25 hp and larger motors or to 8-10 inch Ibs. (0.8-1.2 Nm) for 20 hp and 
smaller motors using a crisscross pattern. 

25. Install the carburetor, then perform the necessary timing and 
synchronization procedures from the Maintenance and Tune-up Section 
(including the idle speed and mixture adjustments). 

25135 Hp (5001565~~) Motors 

+ See Figure 63 

The carburetors used on these models are single-barrel, float feed types. 
They are unitized, with a removable float bowl and carburetor cover. Main - 
fuel metering is accomplished by a removable main orifice (main jet) 
mounted in the float chamber, directly behind the main fuel inlet nipple or 
drain plug. Low speed (idle) mixture is adjusted using a low speed screw 
(needle) that mounts in the side of the carburetor cover. 
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SPRING LOW SPEED 

MAIN ORIFICE 

CARBURETOR COVER - 
-COVER GASKET 

I FLOAT NEEDLE &-NEEDLE VALVE 
1 VALVE SEAT 
I 
I @ -FLOAT 
I f 
1 HINGE PIN I 

REMOVAL & INSTALLATION 

1) See Figure 63 
LIERATE 

1. Remove the spark plug leads and/or disconnect the negative battery 
cable (if equipped) to prevent accidental starting of the engine. 

2. Release the air intake silencer from the motor by turning the retainer 
knob located at the center of the silencer, then disconnecting the drain hose 
from the nipple at the bottom. 

3. If equipped, disconnect the choke link from the carburetor choke 
lever. 

4. Disconnect the throttle linkage from the throttle arm. 

On these models the carburetor mounting screws require a driver, 
usually of a TorxQ head design. 

5. Remove the carburetor mounting screws, then remove the carburetor 
and gasket from the intake manifold. 

When removing the plastic wire ties on these models use a pair of 
cutters or dikes, but be careful not to cut, nick or otherwise damage the 
hoses. 

6. Turn the carburetor slightly for access, then use a pair of cutters to 
carefully remove the wire tie from the carburetor fuel supply line. Position a 
rag or small drain basin to catch any fuel left in the line, then disconnect the 
line from the carburetor and remove the carburetor completely from the 
motor. 

7. Carefully clean the gasket mating surfaces of any remaining material. 
To install: 

8. Apply a coating of OMC Locquic Primer and OMC nut lock or 
equivalent threadlocking compound to the 2 carburetor retaining screws. 

9. Holding the carburetor near the mounting in one hand, attach the fuel 
supply hose and secure using a new wire tie. 

Install the carburetor gasket dry. Do not use sealer. 

10. Insert the 2 carburetor bolts through the mounting flange, then place 
a new gasket over the bolts. Position the carburetor and gasket to the intake 
manifold, then tighten the bolts to 60-84 inch Ibs. (7-9 Nm) 

11. Snap the throttle linkage into the fitting on the throttle arm, then pull 
back gently to check for a secure connection. 

12. If equipped, install the choke linkage to the choke lever. 
13. Gently squeeze the primer bulb while checking for fuel leakage. 

Correct any fuel leaks before returning the engine to service. 
14. Attach the drain hose to the nipple on the bottom of the housing, then 

install the air intake silencer to the carburetors and secure by turning the lock 
at the center of the silencer. 

15. Perform the necessary timing and synchronization procedures from 
the Maintenance and Tune-up Section. If the carburetor was repaired or 
rebuilt, be sure to perform the carburetor initial low speed setting procedure. 

OVERHAUL 
CULT ." 

1) See Figures 42,43 and 56 thru 63 

1. Remove the 2 screws holding the air intake silencer adapter to the 
carburetor, then remove the adapter and gasket from the carburetor 
assembly. 

2. Remove the low speed (idle) mixture needle and spring from the 
carburetor body cover. 

3. Remove the 8 screws from the carburetor body cover, then remove 
the cover and gasket from the carburetor assembly. 

4. Remove the 7 float bowl screws, then remove the float bowl and 
gasket from the carburetor assembly. Carefully drain any remaining fuel from 
the float bowl as it is removed. 

5. Using a small pick or awl, carefully remove the hinge pin, then 
remove the float and float needle valve from the underside of the carburetor 
body. 

6. Remove the float needle valve seat and discard the gasket. 
7. Remove the main (high speed) orifice from the float bowl. 
8. Thoroughly clean and visually check all of the carburetor components 

as detailed under Cleaning & Inspection in this section. Carefully remove all 
traces of gasket from the mating surfaces on the carburetor body, adapter, 
cover and float bowl. 

To assemble: 
9. Before starting, make sure all components are completely clean and 

serviceable. Compare parts from the replacement kit to the parts removed 
from the carburetor. With the exception of wear or damage that might occur 
on the old parts (requiring their replacement in the first place) the new 
components should be identical. If you have any questions, check with a 
local dealer to check parts against a current part catalog before proceeding. 

To ensure proper operation and durability, replace all displaced or 
disturbed gaskets, O-rings or seals when rebuilding a carburetor 
regardless of their appearance. 

10. Install the main (high speed) orifice. 
11. Install the needle valve seat using a new gasket. 
12. Install the float and float needle valve, then carefully secure using the , 

hinge pin. 
When using the OMC float gauge on these models, DO NOT use the 

cutout marked "25 THRU 75 H P  as it is for the other 2-stroke models 
of this horsepower range only. 

- www.instant-manuals.com -



3-30 FUEL SYSTEM 
13. Check float height adjustment using OMC float gauge (#324891). 

This measurement should be taken with the carburetor inverted, the gasket 
surface horizontal and the float valve lightly closed (by the float weight). 
Contrary to common sense, use the cutout marked "9.9 & 15 H P  on the 
float gauge, the top of the float must rest between the notches on the gauge. 
Carefully bend the metal float arm, if necessary, to achieve the required 
measurement. 

Be VERY careful when measuring or adjusting the float height not to 
force the float needle valve downward into the seat. The valve or the 
seat will likely be damaged if this occurs. 

14. Invert the carburetor so the top is now facing upward and check the 
float drop setting (to ensure the float valve can open completely for high 
rpmlfull throttle operation). Measure the distance from the bottom lip of the 
carburetor body to the lowest corner of the float. The float drop must be 1-1 
318 in. (25-35mm). If not, carefully bend the tab on the float arm, where it 
contacts the float seat. 

15. lnstall the air intake silencer to the carburetor using a new gasket, 
secure using the retaining screws. 

16, lnstall the float bowl using a new gasket, then tighten the screws to 
17-19 inch Ibs. (1.9-2.1 Nm) following the sequence embossed on the float 
bowl. 

17. lnstall the carburetor cover using a new gasket, then tighten the 
screws to 17-19 inch Ibs. (1.9-2.1 Nm) following the sequence embossed on 
the cover. 

18. lnstall the low speed (idle) mixture needle and spring. Turn the 
needle inward slowlv bv hand until the underside of the screw head sits 
0.390 in. (9.9mm) aboie the boss of the cover. Use a straightedge placed 
against the cover boss where the spring contacts it, and measure out to the 
underside of the screw head. 

19. lnstall the carburetor, then perform the necessary timing and 
synchronization procedures from the Maintenance and Tune-up Section 
(including the idle speed and mixture adjustments). 

All Except Above, Including 51616.518 (164cc), 9.9110115 (255cc, 1994 and 
later), 25-55 (737cc) and 25-70 (913cc) Motors 
+ See Figures 64 and 65 

The carburetors used on these models are single-barrel, float feed types. 
They are unitized, with a removable float bowl and carburetor cover. The 
unitized design allows the same basic carburetor body to be adapted for a 
wide variety of models. Although some design features (especially linkage) 
will vary from model-to-model, the basic operating principles remain the 
same. 

Main fuel metering is accomplished by a removable main orifice (main jet) 
mounted in the float chamber, directly behind the main fuel inlet nipple or 
drain plug, Low speed (idle) mixture is adjusted using a low speed screw 
(needle) that mounts in the side of the carburetor cover. 

Because of slight differences in the float bowls, covers and related 
components, we'll divide these carburetors further by model as: 

15 Hp motors and below 
25 Hp motors or larger. 

Although the service procedures are virtually the same on these models, 
we've included illustrations and specific steps where there are differences 
using these identifications. 

Because of a few unique components found on the 51616.518 hp 
motors through 1993, please refer to the procedures for 9.9110114115 Hp 
(216ccl255cc) Motors Thru 1993 and All 18 Jet Thru 35 Hp (521cc) 
Motors with regards to OVERHAUL only. 

REMOVAL & INSTALLATION 

+ See Figures 64 thru 67 

The fuel hose fittings are delicate on these models, especially on 
the 25 hp and larger motors). To protect the fittings, gently push the 
hoses from them instead of grasping and pulling on the hose itself. If 
pushing won't free the hose, use a utility knife to carefully slit the hose 
from the end to a point at or near the fitting flange, then peel the hose 
from the fitting and replace it upon reinstallation. 

1. Remove the spark plug leads andlor disconnect the negative battery 
cable (if equipped) to prevent accidental starting of the engine. 

2. For 51616,518 hp motors, remove the manual starter from the top of 
the powerhead. 

On some models, access to the air intake silencer or carburetors is 
easier with the lower engine covers removed. For details, please refer 
to Engine Covers (Top and Lower Cases) under Engine Maintenance for 
more details. 

3. Remove the air intake silencer: 
a. For 15 hp and smaller motors, remove the two retaining screws, 

then separate the silencer from the engine. 
b. For 25 hp and larger motors, first remove the bolts (usually 7 or 4 

depending on them model) from the perimeter of the silencer cover, then 
remove the cover and discard the gasket. Next remove the silencer base 
screws (at least 6) mounted to the silencer base at the carburetor throats. 
Remove the silencer base, disconnecting the drain hose as it is pulled away 
from the motor, then discard both the base screws and gasket. 

On 25 hp and larger motors the air intake silencer base screws must 
be replaced each time they are removed. 

4. Proceed as follows as per model: 
a. For 51616.518 hp motors, remove the bellcrank retaining screw, then 

cut the wire tie or release the clamp and remove the fuel hose from the 
carburetor. Have a rag handy to catch any escaping fuel. 

When removing the plastic wire ties on these models use a pair of 
cutters or dikes, but be careful not to cut, nick or otherwise damage the 
hoses. 

b. For 9.9110115 hp motors, disconnect the choke lever (if equipped), 
then remove the cam follower O-ring. 

c. For 25 hp and larger motors, cut the fuel hose wire ties at the 
carburetors, then disconnect the fuel hoses. Have a rag handy to catch any 
escaping fuel. 

5. Remove the carburetor mounting nuts, lock washers and the 
carburetor(s) from the powerhead. 

6. For 15 hp and smaller motors, reposition the carburetor for better 
access, then cut the wire ties and disconnect the fuel supply hose from the 
carburetor. 

7. For models equipped with an electric primer (such as some remote 
9.9110115 hp motors and all 25 hp and larger motors) disconnect the fuel 
primer hose(s) from the carburetor(s). 

8. If necessary on 51616.518 hp motors, remove the cam follower and 
linkage. 

9. Remove the carburetor flange gasket(s). 
10. Turn the carburetor slightly for access, then use a pair of cutters to 

carefully remove the wire tie from the carburetor fuel supply line. Position a 
rag or small drain basin to catch any fuel left in the line, then disconnect the 
line from the carburetor and remove the carburetor completely from the 
motor. 

11. Carefully clean the gasket mating surfaces of any remaining material. 
To install: 
12. Position a new gasket (or new gaskets on multi-carburetor motors) 

over the carburetor mounting studs. 
lnstall the carburetor gasket dry. Do not use sealer. 
13. If it was easier to access fuel supply or primer lines with the 

carburetor(s) off the mounting studs, attach those lines now and secure 
using new wire ties. 

14. lnstall the carburetor(s) over the mounting studs using the nuts and 
lock washers, then tighten the nuts securely. 

15. If any fuel hoses were not installed prior to positioning the 
carburetor(s), connect them now and secure using a new wire tie. 

16. Proceed as follows, depending on the model: 
a. For 51616.518 hp motors, if removed, install the cam follower linkage, 

then install the bellcrank retaining screw. 
b. For 9.9110115 hp motors, install the cam follower on the post, 

positioning the O-ring on the post to secure the follower. If equipped, connect 
the choke lever. 

c. For 25 hp and larger motors, snap the throttle linkage into place. 
17. Gently squeeze the primer bulb while checking for fuel leakage. 

Correct any fuel leaks before returning the engine to service. -= 

18. Except for 25 hp and larger motors, install the air intake silencer 
assembly. For 25 hp and larger motors, perform the next step first, as access 
to some components will be restricted if the silencer is installed before 
making adjustments. 
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-ADJUSTMENT 

CARBURETOR COVER 

IDLE PASSAGE 

LOW SPEED 

FUEL PRIMER 

AIR SILENCER 

GASKET 

'0@\ MAlN 
I@, ORIFICE - 

DRAIN PLUG 

I 
NEEDLE' 

(9.9115 only) 

FLOAT 

7- . 

SEAL 

HINGE ' J 
PIN 

FLOAT 
BOWL 

Fig. 64 Exploded view of a the typical carburetor assembly - 1994 and later 51616.518 (164cc) and 9.9110115 (255cc) Motors 

VARIES 
WITH MODE1 

HIGH SPEED 
a NOZZLE GASKET 

NEEDLE - @ \ FLOAT NEEDLE 
VALVE SEAT 

VALVE 
FLOAT BOWL 

/ MAlN ORIFICE 

GASKET 
FUEL SUPPLY 

LOW SPEED 
(IDLE) MIXTURE 
NEEDLE 

-iQ -DRAIN PLUG 

Fig. 65 Exploded view of the typical carburetor assembly - 25-55 (737cc) and 25-70 (913cc) Motors 
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Fig. 66 Photo showing all multiple carburetors being removed as 
an assembly 

Fig. 67 In this case, all 3 carburetors and the electric primer were 
removed together from a 70 hp motor 

19. Perform the necessarv timino and svnchronization orocedures from 
the Maintenance and ~ u n e - ~ b  ~ect6n.  If t i e  carburetor was repalred or 
rebullt, be sure to perform the carburetor lnltlal low speed settmg procedure. 

20 For 25 hp and larger motors, connect the dram hose to the nipple on 
the bottom of the s~lencer base, then ~nstall the base uslng new screws and 
a new gasket lnstall the alr s~lencer cover using a new gasket. 

OVERHAUL 

CUl T 

+ See Figures 42,43 and 56 thru 65 

E Because of a few unique components found on the 51616.518 hp 
motors through 1993, please refer to the procedures for 9.9110114115 Hp 
(216ccl255cc) Motors Thru 1993 and All 18 Jet Thru 35 Hp (521cc) 
Motors with regards to OVERHAUL only. 

1. Position the carburetor over a small drain basin, then remove the 
float bowl drain screw or fuel inlet nipple from the bottom side of the float 
bowl and drain any fuel remaining in the bowl. Discard the drain screw or 
nipple gasket. 

2. On most models the main orifice (high speed jet) is mounted in the 
float bowl directly behind the fuel inlet nipple or drain screw. If accessible, 
remove the orifice at this time. If not accessible, wait until the float bowl is 
removed. 

3. For 25 hp and larger motors, remove the intermediate air bleed 
orifice from the side of the carburetor cover. 

4. Remove the screws (usually 7 for 15 hp and smaller motors or 5 for 
25 hp and larger motors) securing the float bowl the carburetor body, then 
remove the float bowl and gasket. 

5. Using a pick or awl carefully push out the float hinge pin, then 
remove the float and float needle valve from the underside of the carburetor 
body. Remove the float valve needle seat and gasket. 

6. On 25 hp and larger motors, remove the high speed nozzle gasket 
from the center underside of the carburetor body (some smaller motors are 
equipped with a nozzle plug at this point, do NOT remove the plug unless 
otherwise directed). 

7. Unthread the low speed (idle) mixture screw from the top of the 
carburetor body or carburetor cover, as applicable. Remove the needle and 
spring. 

8. Remove the screws (usually 6 for 15 hp and smaller motors or 4 for 
25 hp and larger motors) securing the carburetor cover to the body, then 
remove the cover and gasket. 

9. If not done earlier, remove the main orifice. 
10. If necessary on 15 hp and smaller motors, remove the air vent from 

the vertical mount on the side of the carburetor body. 
11. Thoroughly clean and visually check all of the carburetor components 

as detailed under Cleaning & Inspection in this section. Carefully remove all 
traces of gasket material from the various mating surfaces. 

To assemble: 
12. Before starting, make sure all components are completely clean and 

serviceable. Compare parts from the replacement kit to the parts removed 
from the carburetor. With the exception of wear or damage that might occur 
on the old parts (requiring their replacement in the first place) the new 
components should be identical. If you have any questions, check with a 
local dealer to check parts against a current part catalog before proceeding. 

E To ensure proper operation and durability, replace all displaced or 
disturbed gaskets, O-rings or seals when rebuilding a carburetor 
regardless of their appearance. 

13. For 25 hp and larger motors, install a new high speed nozzle gasket. 
Also, install the intermediate air bleed orifice to the carburetor cover. 

14. For 15 hp and smaller motors, If removed, carefully press the air vent 
into the vertical boss on the side of the carburetor body. 

15. lnstall the main orifice (high speed jet). 
16. lnstall the drain plug or the fuel supply nipple to the float bowl, as 

applicable. 
17. lnstall the needle valve seat using a new gasket. 
18. lnstall the float and float needle valve, then carefully secure using the 

hinge pin. 

E When using the OMC float gauge on these models, use the cutout 
marked "25 THRU 75 HP" for 25 hp and larger motors or the cutout 
marked "9.9 & 15 HP" for 15 hp and smaller motors. 

19. Check float height adjustment using OMC float gauge (No. 324891). 
This measurement should be taken with the carburetor inverted, the gasket 
surface horizontal and the float valve lightly closed (by the float weight). Use 
the cutouts marked "9.9 & 15" for 15 hp and smaller motors. For all 25 hp 
and larger motors, use the cutout marked "V-4 & V-6" on one side of the 
cutout and marked "25 THRU 75 HP" on the other side of the cutout. In 
either case, the top of the float must rest between the notches on the gauge. 
Carefully bend the metal float arm, if necessary, to achieve the required 
measurement. 

Be VERY careful when measuring or adjusting the float height not to 
force the float needle valve downward into the seat. The valve or the 
seat will likely be damaged if this occurs. 

20. Invert the carburetor so the top is now facing upward and check the 
float drop setting (to ensure the float valve can open completely for high 
rpmlfull throttle operation). Measure the distance from the bottom lip of the 
carburetor body to the lowest corner of the float. The float drop must be 1-1 
318 in. (25-35mm) for 15 hp and smaller motors or 1 118 -1 518 in. (28-41mm) 
for 25 hp and larger motors. If not, carefully bend the tab on the float arm, 
where it contacts the float seat. 

21. For 25 hp and larger motors, apply a coating of OMC Locquic primer 
and OMC screw lock to the float bowl retaining screw threads. 

22. lnstall the float bowl using a new gasket, then tighten the bolts as 
follows: * 

a. For 15 hp and smaller motors, tighten the bolts to 8-10 inch Ibs. 
(0.8-1.2 Nm) following the pattern embossed on the float bowl. 

b. For 25 hp and larger motors, tighten the bolts to 25-35 inch Ibs. (2.8- 
4.0 Nm) using a crisscross pattern. 
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23. Install the carburetor cover using a new gasket, then tighten the bolts 

as follows: 
c. For 15 hp and smaller motors, tighten the bolts to 8-10 inch Ibs. (0.8- 

1.2 Nm) following the pattern embossed on the float bowl 
d. For 25 hp and larger motors, tighten the bolts to 15-22 inch Ibs. 

(1.6-2.4 Nm) using a crisscross pattern. 
24. Install the low speed (idle) mixture needle and spring to the 

carburetor body or cover (as applicable). Thread the needle in slowly until it 
just lightly contacts the valve seat, then back the screw out the number of 
turns listed for initial low speed setting in the Carburetor Set-Up 
Specifications chart in this section. 

25. Install the carburetor, then perform the necessary timing and 
synchronization procedures from the Maintenance and Tune-up Section 
(including the idle speed and mixture adjustments). 

CLEANING & INSPECTION 

+ See Figures 68 thru 71 

Start by making sure that all components (even those being discarded) 
are spread out on a clean work surface for inspection and comparison to 
replacement parts. Make sure that gaskets are of the same patterns. If a 
gasket differs, determine if the gasket will function by holding it to each side 
of the gasket mating surface it will seal. Make sure that the replacement 
doesn't block or cover any passage that the original did not. If it differs, seek 
the advice of your parts supplier, they should be able to hunt down the 
correct gasket or the reason it is now acceptable (possibly its a superceding 
part). 

Never dip rubber parts, plastic parts, diaphragms, or pump plungers in 
carburetor cleaner. These parts should be cleaned only in solvent safe for 
plastic or rubber components and then immediately blown dry with low 
pressure (less than 25 psi or 172 kPa) compressed air. 

Fig. 68 Lav out all original parts for comparison to the rebuild kit I 

Fig. 69 Pay close attention to the needle 
tips during inspection I 

Always take precautions when working with solvent and compressed 
air. Protect your eyes and your skin from chemical burns. 

Place all metal parts in a screen-type tray and dip them in carburetor 
cleaner until they appear completely clean, then blow them dry with 
compressed air. 

If compressed air and/or a small solvent tank is not available, use a 
commercially available carburetor and choke cleaner (such as that sold 
by OMC) to clean components and blow out carburetor passages. 

Blow out all passages in the castings with low pressure (less than 25 psi 
or 172 kPa) compressed air. Whenever possible, apply air in the same 
direction as normal air or fuel flow. Check all parts and passages to be sure 
they are not clogged or contain any deposits. Never use a piece of wire or 
any type of pointed instrument to clean drilled passages or calibrated holes 
in a carburetor (wire could remove metal from the inner surface of a 
calibrated passage, changing calibration from spec and causing performance 
problems). If necessary, use something that is small, but softer than the 
metal of the passages to clean them, like a piece of straw from a broom. 

If debris or contamination is found in the carburetor, inspect and 
clean the entire system upstream of the carburetor. Chances are water 
or debris contamination will be present in other components as well. 
Failure to clean the entire fuel system could result in clogging a newly 
rebuilt carburetor shortly after it is reinstalled. 

Move the throttle shaft back and forth to check for wear. If the shaft 
appears to be too loose, replace the complete throttle body because 
individual replacement parts are normally not available. 

Inspect the main body, airhorn, and venturi cluster gasket surfaces for 
cracks and burrs which might cause a leak. 

Check the float for deterioration. Check to be sure the float spring has not 
been stretched. If any part of the float is damaged, the unit must be 
replaced. Check the float arm needle contacting surface and replace the float 
if this surface has a groove worn in it. 

Inspect the tapered section of the idle adjusting needles and replace any 
that have developed a groove. 

As previously mentioned, most of the parts which should be replaced 
during a carburetor overhaul are included in overhaul kits available from your 
local marine dealer. One of these kits will contain a matched fuel inlet needle 
and seat. This combination should be replaced each time the carburetor is 
disassembled as a precaution against leakage (which could lead to flooding 
during normal operation). 

Before assembly, use a syringe filled with isopropyl alcohol to check all 
drillings and passages. 

Many of the carburetors used on JohnsonIEvinrude motors are equipped 
with an emulsion pickup tube in the center of the venturi. If equipped, check 
it for leaks according to the procedure in this section. 

Many of the carburetors used on Johnson/Evinrude motors are equipped 
with one or more plugs on the carburetor body (such as the vent well core 
plug found on the underside of most unitized carburetors for the 25-55 
(737cc) and 25-70 (913cc) motors). If leaks or problems are suspected in 
passages or vent wells behind core plugs, they can be removed for 
inspection. Refer to the core plug procedure in this section. 

Good Worn 

Fig. 70 The float needle valve and seat must 
not be worn or deformed 

Fig. 71 Check all needle valves for grooves, 
pitting or damage 
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Inspecting the Emulsion Pickup Tube 
* See Figure 72 

Many of the carburetors used on JohnsonIEvinrude motors are equipped 
with an emulsion pickup tube in the center of the venturi. If equipped, check 
it for leaks using a syringe filled with isopropyl alcohol as follows: 

1. Invert the carburetor body (so it is upside down), then fill the idle 
circuit with isopropyl alcohol. 

2. Check the top of the emulsion tube (the bottom of the tube now that 
the carburetor is inverted) for leaks of the isopropyl alcohol. 

3. If leakage is found at the tube, drain the alcohol and thoroughly blow 
the area dry using low pressure compressed air. Seal the tube by applying a 
drop of OMC Ultra Lock or equivalent sealant. 

Fig. 72 Check the emulsion tube for leaks while the carburetor is 
inverted, if necessary seal leaks with a drop of OMC Ultra Lock 
applied here 

Removing Core Plugs for Inspection 
+ See Figures 73,74 and 75 

Many of the carburetors used on JohnsonIEvinrude motors are equipped 
with one or more plugs on the carburetor body. For example, the unitized 
carburetor found on 25-55 (737cc) and 25-70 (913cc) motors usually 
contains a vent well core plug on the underside of the carburetor body. 

If leaks or problems are suspected in passages or vent wells behind core 
plugs or lead shot, they can be removed for inspection. 

Most, but not all, plugs are illustrated in the exploded views 
included with each set of carburetor procedures. Refer to the exploded 
views first when deciding whether or not to remove any plug. Also, it is 
advisable to obtain the replacement before removal (to be sure one is 
available). 

To remove a core plug, pierce it with a 118 in. (3mm) or slightly smaller 
punch, then carefully pry the plug out of the bore. Inspect the area as . , 
neeaea 

Fig. 73 To remove a core plug, pierce it with 
a punch. . . 

Before assembling the carburetor, position the plug to the bore with the 
convex (tapered side) facing upward. Drive the plug into the bore using a flat 
end punch (one that is close to the size of the plug, but slightly smaller) and 
a plastic mallet. Once it is installed, apply a coating of Gasoila sealer (or 
equivalent) to the rim of the plug. 

If the carburetor is equipped with an emulsion pickup tube in the center of 
the venturi, check it according to the procedure in this section. Also, for the 
carburetors found on 25-55 (737cc) and 25-70 (913cc) motors, remove the 
vent well core plug for inspection, then install a new plug before assembly, 
again, refer to the procedure in this section. 

+ See Figure 76 

Carbureted models are equipped with a diaphragm-displacement type fuel 
pump. The pump is mounted somewhere on the side or end of the 
powerhead (intake manifold for most 2-strokes and rocker cover for most 4- 
strokes). On 2-stroke motors, the diaphragm is actuated by the cycle of 
crankcase pressure alternately receiving pressure and vacuum. On 4-stroke 
motors, the pump is mounted in such a manner as to mechanically actuate 
the diaphragm through a plunger that contacts a camshaft lobe. 

Engines equipped with the VR02 oiling system are equipped with a 
separate VR02 fuelloil pump assembly that is covered in the Lubrication and 
Cooling Section. For fuel system testing and VR02 pump troubleshooting, 
refer to the information under the VR02 system in the Lubrication and 
Cooling Section. 

The 25135 hp 3-cylinder motors covered here utilize a pre-oiling system 
that depends upon the combined operation of 2 diaphragm-displacement 
pumps (a suction and a pressure pump), mounted side-by-side on the 
powerhead. 

Although repair and overhaul procedures are virtually the same on all 
dia~hraam-displacement fuel pumDs. the uniaue interrelation of the 2 Dumos - ,  
used bythe 25125 hp motors ;equkes different testing procedures. 

Have a shop towel and a suitable container handy when testing or 
servicing a fuel pump as fuel will likely spill from hoses disconnected 
during these procedures. To ensure correct assembly and hose 
routing, mark the orientation of the fuel pump and hoses before 
removal. 

* See Figure 77 
DERATE 

The problem most often seen with fuel pumps is fuel starvation, hesitation 
or missing due to inadequate fuel pressureldelivery. In extreme cases, this 
might lead to a no start condition as all but total failure of the pump prevents 
fuel from reaching the carburetor(s). More likely, pump failures are not total, 
and the motor will start and run fine at idle, only to miss, hesitate or stall at 
speed when pump performance falls short of the greater demand for fuel at . . .  
high rpm. 

Before replacing a suspect fuel pump, be absolutely certain the problem is 
the pump and NOT with fuel tank, lines or filter. A plugged tank vent could 
create vacuum in the tank that will overpower the pump's ability to create 
vacuum and draw fuel through the lines. An obstructed line or fuel filter could 

Fig. 74 . . .then insert the punch for 
leverage and pry 

Fig. 75 A new plug is installed using a 
larger, flat driver 
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also keep fuel from reaching the pump. Any of these conditions could 
partially restrict fuel flow, allowing the pump to deliver fuel, but at a lower 
pressurelrate. A pump delivery or pressure test under these circumstances 
would give a low reading that might be mistaken for a faulty pump. Before 
testing the fuel pump, refer to the testing procedures found under Fuel Lines 
and Fitting to ensure there are no problems with the tank, lines or filter. 

If inadequate fuel delivery is suspected and no problems are found with 
the tank, lines or filters, a conduct a quick-check to see how the pump 
affects performance. Use the primer bulb to supplement fuel pump. This is 
done by operating the motor under load and otherwise under normal 
operating conditions to recreate the problem. Once the motor begins to 
hesitate, stumble or stall, pump the primer bulb quickly and repeatedly while 
listening for motor response. Pumping the bulb by hand like this will force 
fuel through the lines to the carburetor, regardless of the fuel pump's ability 
to deliver fuel. If the engine performance problem goes away while pumping 
the bulb, and returns when you stop, there is a good chance you've isolated 
the fuel pump as the culprit. Perform a pressure test to be certain, then 
repair or replace the pump assembly. 

On 2-stroke models, low vacuum supply from the crankcase or 
insufficient vacuum at the pump itself due to bad seals can also be the 
culprit for poor fuel delivery. 

Never run a motor without cooling water. Use a test tank, a flushltest 
device or launch the craft. Also, never run a motor at speed without 
load, so for tests running over idle speed, make sure the motor is 
either in a test tank with a test wheel or on a launched craft with the 
normal erooeller installed. 

All Models Except the 25135 Hp 3-Cylinder Motors 

Pump Pressure Test 
+ See Figure 77 

By far the most accurate way to test the fuel pump is using a low pressure 
fuel gauge while running the engine at various speeds, under load. To 
prevent the possibility of severe engine damage from over-speed, the test 
must be conducted under load, either in a test tank (with a proper test 
propeller) or mounted on the boat with a suitable propeller. 

1. Test the Fuel Lines and Fittings as detailed in this section to be sure 
there are no vacuumlfuel leaks and no restrictions that could give a false low 
reading. 

2. Make sure the fuel filter@) is(are) clean and serviceable. 
3. Start and run the engine in forward gear, at idle, until normal 

operating temperature is reached. Then shut the motor down to prepare for 
the test. 

4. Remove the fuel tank cap to make sure there is no pressure in the 
tank (the fuel tank vent must also be clear to ensure there is no vacuum). 
Check the tank location, for best results, make sure the tank is not mounted 

Fig. 76 Typical diaphragm-displacement fuel pumps used on 
JohnsonlEvinrude outboards 

any more than 30 in. (76mm) below the fuel pump mounting point. On 
portable tanks, reposition them, as necessary to ensure accurate readings 

The fuel outlet line from the fuel pump may be disconnected at 
either the pump or the carburetor whichever provides easier access. If 
you disconnect it from the pump itself you might have to provide a 
length of fuel line (depending on whether or not the gauge contains a 
length of line to connect to the pump fitting). 

5. Disconnect the fuel output hose from the carburetor or fuel pump, as 
desired. 

6. Connect a fuel pressure gauae inline between the pump and the - - . . 
carburetor(s). 

7. Run the engine at or around each of the following speeds and 
observe the pressure on the gauge: 

* At 600 rpm, the gauge should read about 1 psi (7 kPa). 
At 2500-3000 rpm, the gauge should read about 1.5 psi (10 kPa). 
At 4500 rpm, the gauge should read about 2.5 psi (17 kPa). 

8. If readings are below specification and other causes such as fuel line 
or filter restrictions have been eliminated, repair or replace the pump. 

Pump Leak Test 
Pressurize the fuel system using the primer bulb. Squeeze repeatedly, but 

slowly, until the bulb is firm, then check the pump body and connections for 
leaks. On 2-stroke motors, remove the pump from the powerhead, leaving 
the fuel lines connected. Observe the vacuum port at the rear of the pump 
(where is connects to the port on the powerhead). The leakage of any fuel at 
this point indicates a damaged diaphragm. 

Repair or replace any pump that shows signs of leakage. 

25135 Hp 3-Cylinder Motors 
+ See Figure 77 

The 25135 hp 3-cylinder motors covered here are equipped with an 
integral pre-oiling system. Proper operation of the pre-oiling system depends 
upon the combined operation of 2 diaphragm-displacement pumps. These 
pumps are mounted side-by-side in the powerhead. The first pump, mounted 
to the right while facing them is known as the suction pump since it draws 
fuel from the tank. The other pump, mounted to its left, is known as the 
pressure pump since it delivers fuel under pressure to the mixing unit and 
finally to the carburetors. 

To ensure proper functionality, 2 tests must be performed on this system. 
The first (Suction Pump Test) will determine the ability of the pump on the 
right to draw fuel from the tank. The second (Pressure Pump Test) will 
determine the ability of the pump on the left to supply pressurized fuel to the 
mixing unit and carburetors. 

Because these tests require operation at wide-open throttle, they must be 
conducted with the engine under load, either in a test tank (with a test 
propeller) or mounted on a launched craft (with a suitable propeller installed). 

To prevent the possibility of severe engine damage due to over-speed 
runnina. NEVER conduct these tests on a enaine flush-device. 

Fig. 77 Use a fuel pressure gauge connected in the pump outlet 
line to check operating pressure - typical JohnsonlEvinrude pump 
shown 
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Suction Pump Test 

This test checks the pump mounted to the right (while facing the two 
pumps) and its ability to draw fuel from the tank. 

1. Start and then run the engine at idle, in forward gear, until is reaches 
normal operating temperature, then shut the engine down to install a vacuum 
gauge. 

2. Disconnect the fuel tank supply line from the suction pump inlet 
fitting, then connect a vacuum gauge. 

3. Start and run the engine at wide-open throttle while observing the 
gauge. Vacuum should read no more than 4 in. Hg (102mm Hg). 

4. If the reading is out of specification, check the fuel delivery system 
for restrictions. For more details, refer to Fuel Lines and Fittings in this 
section. 

5. If no restrictions are found, repair or replace the pump, as necessary. 
6. If pump operation is within spec, but a problem is still suspected in 

the system, perform the Pressure Pump Test. 

Pressure Pump Test 
+ See Figure 77 

This test checks the pump mounted to the left (while facing the two 
pumps) and its ability to supply pressurized fuel to the mixing unit and 
carburetors. 

1. Start and run the engine at idle, in forward gear, until is reaches 
normal operating temperature, then shut the engine down to install a vacuum 
gauge. 

2. Disconnect the fuel pump-to-inline filter hose from the inlet fitting, 
then connect fuel pressure gauge inline between the pump outlet fitting and 
the filter. 

3. Start and then run the engine at wide-open throttle while observing 
the gauge. Fuel pressure on the gauge should no less than 3 psi (21 kPa). 

4. If the reading is below specification, repair or replace the pump, as 
necessary. 

REMOVAL & INSTALLATION 

+ See Figures 78 and 79 

The 2 fuel pumps used by 25135 hp (5001565~~) motors are NOT 
interchangeable. Severe damage to the powerhead could occur from 
improper oiling if these pumps are mixed-up and installed in the wrong 
positions. 

1. For safety, either disconnect the negative battery cable (if so 
equipped) and/or disconnect the spark plug lead(s) and ground them to the 
powerhead. 

2. Locate the fuel pump on the powerhead and determine if it will be 
easier to remove the lower engine covers. On some models equipped with 
split (2-piece) lower covers, it is easier to access the pump if the lower 
engine covers are removed. For details, refer to the Engine Cover procedure 
under the Engine Maintenance section. 

On most models, fuel hoses are retained by a plastic wire tie (which 
must be cut to remove the hose). Use a pair or dikes or cutters to 
carefully remove the wire tie. Be sure not to cut, nick or otherwise 
damage the fuel hose or it will have to be replaced. 

3. Place a small drain basin or a shop rag under the fuel line fittings (to 
catch escaping fuel), then tag and disconnect the fuel hoses from the pump. 

The fuel pumps used on these motors are equipped with 2 or 3 sets 
of bolts visible on the surface of the pump. On most models, a round 
inlet cover is mounted to the center of the pump with a single bolt. 
Then, of the remaining bolts, 2 are usually used to secure the pump to 
the powerhead and the balance is used to bolt the halves of the body 
together around the diaphragm. But some smaller models use pumps 
with a squared housing that do not contain a separate inlet housing 
cover screw. On these models there are usually 2 bolts for the housing 
cover and body assembly, and 2 bolts mounting the assembly to the 
powerhead. 

4. Loosen the pump mounting bolts (the bolts that thread not through 
the inlet cover, but the body of the pump and into the powerhead). If in doubt 
as to which bolts secure the pump, look at the back of the pump (as can be 

seen at the pump-to-powerhead seam line) to see which bolts continue 
through the pump assembly and into the powerhead. These are the only 
bolts that should be loosened for pump removal. 

On the 5 sided pumps used by most 2-stroke models covered by 
this manual, there are 2 mounting bolts at the bottom of the pump 
assembly. On squared pumps, 2 of the four visible bolts are usually 
used for mounting, they are usually slightly larger than the coverlbody 
assembly bolts. 

5 HP SINGLE CYLINDER, 2-STROKES 

O FUEL PUMP BODY 
O O-RING or GASKET 
@ FILTER ELEMENT 
O INLET COVER 
O SCREW 

Fig. 79 Various fuel pumps used on these JohnsonIEvinrude 
outboards 
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5. If necessary, remove the cover screw or screws and disassemble the 

fuel pump for inspection or overhaul, as applicable. For details, refer to the 
Fuel Pump, Overhaul procedure in this section. 

6. Clean the mating surface of the pump and powerhead of any 
remaining gasket material (2-strokes), dirt, or debris. Be careful not to 
damage the surface as that could lead to vacuum leaks on 2-stroke motors 
or oil leaks on 4-strokes. 

To install: 
7. Apply a coating of OMC nut lock to the fuel pump retaining screws. 

On 4-stroke models, apply a light coating of OMC Triple Guard or an 
equivalent marine grade grease to the new pump O-ring. 

8. Position a new gasket (2-strokes) or a new O-ring (Cstrokes) and 
install the pump to the powerhead using the retaining screws. Tighten the 
screws to specification as follows: 

For 2-stroke motors: 24-36 inch Ibs. (2.8-4.0 Nm) 
For 516 and 819.9 hp 4-stroke motors: 35-56 inch Ibs. (4-6 Nm) 
For 9.9115 hp 4-stroke motors: 30-35 inch Ibs. (3.4-4.0 Nm) 

9. Connect the fuel lines as noted durina removal and secure usina the 
clamp or new wire ties, as applicable. 

10. Gently squeeze the primer bulb while checking for fuel leakage. 
Correct any fuel leaks before returning the enaine to service. 

11. connect the negative battery cable a&lor spark plug lead(s). 

Fig. 78 Example of pump screw identification - 9.9-70 h~ 2-strokes 

OVERHAUL 

+ See Figures 79 and 80 
DERATE 

Most of the fuel pumps used on these motors may be disassembled for 
overhaul. Of course, the pumps are of a fairly simple design with relatively 
few moving parts. Check with your local parts supplier to make sure that an 
overhaul kit containing the necessary parts are available for your model. In 
most cases, the parts are limited to the diaphragm(s), gasket(s) and a fuel 
inlet screen (if equipped). 

If overhaul is required due to damage from contamination or debris (as 
opposed to simple deterioration) disassemble and clean the rest of the fuel 
supply system prior to the fuel pump. Failure to replace filters and clean or 
replace the lines and fuel tank, could result in damage to the overhauled 
pump after it is placed back into service. 

All diaphragms and seals should be replaced during assembly, regardless 
of their condition. Check for fuel leakage after completing the repair and 
verify proper operating pressures before returning the motor to service. 

No sealant should be used on fuel pump components unless otherwise 
specifically directed. If small amounts of a dried sealant were to break 
free and travel through the fuel supply system it could easily clog 
passages (especially the small, metered orifices and needle valves of 
the carburetor). 

1. Remove the fuel pump from the powerhead as detailed in this 
section. 

2. Matchmark the fuel pump cover, housing and base to ensure proper 
assembly. 

H To ease inspection and assembly, lay out each piece of the fuel 
pump as it is removed. In this way, keep track of each component's 
orientation in relation to the entire assembly. 

3. On all 2-stroke motors, proceed as follows: 
a. For all except the 5 hp single cylinder motor, remove the center 

cover screw, then remove the fuel inlet cover, filter element (screen) and 
gasket or O-rings (as applicable). 

The 5 hp, single cylinder, 2-stroke motor uses a 3-piece diaphragm 
assembly. 

b. Remove the pump housing-to-base screws (usually 2 flat-head 
screws) and carefully separate the housing from the base, removing the 
diaphragm(s) from the center. 

4. For 516 hp and 819.9 Cstroke motors, proceed as follows: 
a. Remove the pump cover screws, then separate the pump cover, 

reed valve, housing and base. 
b. Push inward on the plunger and diaphragm assembly, then hold it 

down while rotating 90" (releasing the diaphragm from the base). Lift up 
slightly on the plungerldiaphragm, allowing spring pressure to gently 
separate the components. Remove the plunger, spring and diaphragm from 
the base. 

5. For 9.9115 hp 4-stroke motors, disassemble the pump as follows: 
a. Remove the center cover screw, then remove the fuel inlet cover, 

filter element (screen) and gasket. 
b. Remove the 2 DumD assemblv screws. then carefullv seDarate the , , 

inner cover, diaphragm: hodsing and base components. 
6. Clean the metallic components thoroughly using solvent and carefully 

remove all traces of gasket material. 
7. lnspect the diaphragm closely for cracks or tears 

H It is advisable to replace the diaphragm ANVTlME the fuel pump is 
disassembled to ensure reliability and proper performance. 

8. Inspect the fuel pump body for cracks. Check gasket surfaces for 
nicks, scratches, or irregularities. lnspect the mating surfaces of the fuel 
cover, body and base using a straight edge to ensure that they are not 
warped from heat or other damage Replace warped or damaged 
components. 

9. On Cstroke motors, check the spring for damage or lack of tension. 
To assemble: 
10. Assemble the components of the fuel pump housing, base and 

diaphragm noting the following: 
a. Use new gaskets. Make sure each gasket and the components it 

seals are aligned properly. 
b. Align the matchmarks made during disassembly to ensure proper 

component mounting. 
c. On 516 and 819.9 hp 4-stroke motors, rotate the diaphragm 90 

degrees after insertion to lock it in place. Be certain that the reed valve is in 
position between the housing and cover. 

d. On 9.9115 hp 4-stroke motors, be sure that the round supports 
(found on either side of the diaphragm) are positioned with the convex side 
(the side that bends outward) facing towards the diaphragm. 

* 

I Fig. 80 Many of the pumps used on these motors are equipped 
with a filter screen under the cover I 
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11. Apply a coating of OMC Nut Lock, or an equivalent threadlocking 

compound to the pump housing and base screws, then install and tighten 
them to specification: 

For 2-stroke motors: 24-36 inch Ibs. (2.8-4.0 Nm) 
For 516 and 819.9 hp Cstroke motors: 35-56 inch Ibs. (4-6 Nm) 
For 9.9115 hp 4-stroke motors: 30-35 inch Ibs. (3.4-4.0 Nm) 

12. If equipped, install the fuel pump cover and filter screen using a new 
gasket or 0-ring(s), then tighten the center screw securely. 

13. Install the fuel pump, then check for leaks and for proper operation. 

+ See Figure 81 

Some of these 18 Jet-70 hp 2-stroke JohnsonlEvinrude outboards are 
equipped with a manual fuel primer system to aid with cold starts. The basic 
design of the manual primer is that of a small, hand-operated plunger-type 
pump. The primer works by drawing fuel into the pump housing through a 
fuel line with a one-way check valve when the shaft is withdrawn. The fuel is 
then forced out, toward the motor, through a second one-way check valve 
when the shaft is pushed back inward. 

The primer performs the same function of a choke (aiding cold starting by 
making sure the engine receives a richer fuel mixture), but by opposite 
means. Whereas a choke reduces the amount of air provided to the 
combustion chamber (thus increasing the fuel portion of the airlfuel ratio), a 
primer works on the fuel side of the ratio by manually increasing the amount 
of fuel. The extra fuel provided by the manual primer enriches the airlfuel 
mixture for cold start purposes only. Use of the primer on an engine that is at 
or near operating temperature can flood the motor preventing starting. 

TESTING 

4 See Figure 81 
DERA TE 

An inoperable manual primer will cause hard start or possibly even a no 
start condition during attempts to start a cold motor. The colder the ambient 
temperature, the more trouble an inoperable primer will cause. A primer with 
internal leakage (allowing fuel to bypass the airlfuel metering system) will 
cause rich running conditions that could include hesitation, stumbling, rough 
running, especially at idle and lead spark plug fouling. 

Function Test 

If the motor IS operable, but trouble IS suspected with the primer system, 
perform a function test with the englne runnlng Although th~s test can be 
conducted on a flush-f~tt~ng, englne speed will reach 2000 rpm and ~t IS much 
safer to conduct the test In a test tank or with the boat launched 

1. Start and run the englne unt~l ~t reaches normal operating 
temperature 

2 Once the engine warms, set the throttle so ~t runs at 2000 rpm. 
3 Pump the manual prlmer knob and observe engine operatlon. If the 

primer IS operating correctly, the englne should run rich and speed should 
drop to about 1000 rpm. 

PRIMER 
BODY . PLUNGER 

VALVE 
0 SPRING 

SLEEVE KNOB 

Fig. 81 Exploded view of a manual primer 
assembly 

4. If the primer seems ineffective, stop the engine, then remove the 
primer hose from its fitting(s). Check each fitting for clogs using a syringe 
filled with isopropyl and a clear vinyl 118 in. inner diameter hose. Attach the 
hose to the fitting being checked and press lightly on the syringe. Fluid will 
move through the fitting unless it is clogged. 

5. If any clogs are found, use a thin pick to carefully clean the fitting. 
OMC makes a cleaning tool for this purpose (#326623). 

6. Be sure to check the primer hose T fitting for clogs as well. 
7. If no clogs are found, perform the Primer Check procedure to see if 

the problem lies within the primer assembly itself. 

Primer Check 

If you suspect the manual primer system is not functioning correctly (and 
no clogs were found in the lines or fittings), check the primer as follows: 

1. Remove the fuel line from the primer fitting at the carburetor. 
2. Place the end of the fuel line just removed into a suitable container. 

Squeeze the fuel tank primer bulb to make sure the carburetor bowls are full 
of fuel. 

3. Operate the primer choke lever twice. If fuel squirts from the 
disconnected fuel line into the container, the manual primer system is 
functioning correctly. If not, a kinked or restricted fuel line may be the 
problem, or if no kinkslclogs are found, the primer is at fault. Check the 
primer nipple to ensure the nipple is free of obstructions. 

The most probable cause of a malfunctioning primer system is 
internal leakage past the O-rings. Therefore if the primer itself is still 
suspected, proceed to Servicing the Manual Primer. 

SERVICING THE MANUAL PRIMER 

+ See Figures 81,82 and 83 

RemovallDisassembly 
+ See Figures 81,82 and 83 

1. Disconnect and plug the inlet and outlet fuel lines to prevent loss of 
fuel and contamination. 

2. Remove the primer lever from the plunger. Back off the large nut 
securing the assembly to the lower cowling and lift the assembly free of the 
powerhead. 

3. Pry the retaining clip from the primer body housing. Pull out the end 
cap, plunger, and spool valve assembly. Slide the end cap from the plunger. 
Remove and discard the O-ring around the end cap. 

Observe the 3 small O-rings, 2 on the spool valve and 1 around the 
plunger shaft. These 3 O-rings are made from a special material and 
must be replaced with a genuine OMC replacement part. Just mating O- 
ring sizes will not work! 

4. Remove and discard the 3 O-rings. 
5. Remove the large washer and spring from the plunger shaft. 

Fig. 82 The primer choke valve removed 
from the powerhead. The large nut is 
temporarily installed onto the threads of the 
end cap for safe keeping 

O-ring 
/ \ 

Large 
washer 

\ Plunger 

valve 

Fig. 83 Plunger shaft assembly removed 
from the choke housing with major parts 
identified 
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Cleaning and Inspection 
+ See Figures 81,82 and 83 

1. lnspect the grooves of the spool valve and the shaft of the plunger 
for any scratches or burrs. Polish away any imperfections using crocus cloth. 
If a smooth finish cannot be obtained without removing excessive material, 
replace the spool valve and plunger assembly. 

2. Check the plunger where the cross hole meets the inside hole. The 
slightest burrs around the cross hole will cause rapid O-ring wear. Remove 
any burrs and polish using crocus cloth. 

3. Inspect the condition of the plunger spring, replace as required. 
4. Test each of the one-way valves (there is 1 at each fuel fitting) by 

blowing through them in turn. Each valve is functioning correctly if it allows 
air to pass one direction, but not in the other direction. If a valve allows air to 
be drawn both in and out, the valve is defective. Individual valves are not 
serviceable. The primer body must be replaced. 

H The valves can also be checked using a syringe filled with isopropyl 
alcohol and a length of tube. Squeeze the syringe lightly to force 
alcohol through the hose, although it is permissible for a drop or two to 
pass through the wrong direction of a check valve, a steady stream 
indicates the valve has failed and must be replaced. 

Assemblyllnstallation 
+ See Figures 81,82 and 83 

1. Install the two new O-rings around the spool valve. Slide the spring, 
followed by the large washer and the third O-ring, over the plunger. 

2. Install a new O-ring over the end cap and place the end cap over the 
plunger end. 

3. If desired, bench test the assembly before installation, as follows: 
a. Connect a 5 in. (127mm) long piece of hose to the large nipple. on 

the primer assembly, then place the other end of the hose in a container of 
alcohol. 

b. Connect a length of hose to the small primer nipple and place the 
other end in a small container (preferable a graduated cylinder or measuring 
CUP). 

c. Hold the primer horizontally (the same way it would be installed on 
the motor) and pump the plunger 10 times. The primer should deliver 
approximately IOcc of alcohol to the graduated cylinder total as a result of 
the 10 strokes. 

d. If the pump does not deliver sufficient volume, disassemble it again 
and check for torn, missing or dislodged O-rings. 

4. Insert the assembly into the primer housing and install the retaining 
clip to secure everything together. 

5. Slide the assembled primer into the opening in the lower cowling and 
thread the large nut over the protruding threads. Tighten the nut securely. 

6. Install the fuel lines to the appropriate fittings and snap the choke 
lever into the vertical hole in the plunger. 

7. Pressurize the fuel system using the fuel tank supply line primer bulb 
and thoroughly inspect for leaks. 

+ See Figure 84 

During engine operation, fuel from the fuel tank, passes through the fuel 
line, to the fuel pump, and into the carburetor. From the carburetor the fuel 
and air mixture passes through the crankcase and into the cylinder. Some 
(mostly remote electric start) 9.9-70 hp motors are equipped with an electric 
fuel primer system to aid with cold starts. 

The primer performs the same function of a choke (aiding cold starting by 
making sure the engine receives a richer fuel mixture), but by opposite 
means. Whereas a choke reduces the amount of air provided to the 
combustion chamber (thus increasing the fuel portion of the airlfuel ratio), a 
primer works on the fuel side of the ratio by manually increasing the amount 
of fuel. The extra fuel provided by the manual primer enriches the airlfuel 
mixture for cold start purposes only. Manual or electronic activation of the 
primer on an engine that is at or near operating temperature can flood the 
motor preventing starting. 

The basic design of the electric primer is that of a solenoid valve and, as 
such, does not pump fuel, but instead opens or closes a passage that allows 
fuel from a pressurized supply to flow. The circuit is designed to receive 
pressurized fuel from the fuel pump or the primer bulb. When power is 

Fig. 84 Typical JohnsonlEvinrude electric fuel primer assembly 

applied to the circuit, the solenoid energizes, opening the valve. Once the 
circuit is deactivated, an internal spring closes the valve once again. 

The primer system injects fuel directly into the cylinder. The system is 
controlled bv the "push-in" tvoe kev switch. As the kev is pushed in, the 
solenoid is activated. The eiectric 6rimer system consists'of a solenoid valve, 
distribution lines, and injection nozzles. 

The electric primer is equipped with a manual lever that can be used in 
the event of battery or solenoid failure. When the lever is rotated by hand it 
will physically move the solenoid valve to the open position, allowing fuel 
from the pump or primer bulb to flow through the priming system. When 
used, the valve must be manually closed immediately following engine start- 
up to prevent spark plug fouling. 

If the fuel tank has been exposed to direct sunlight, pressure may have 
developed inside the tank. Therefore, when the solenoid lever is moved 
to the manual position, an excessive amount of fuel may be forced into 
the cylinders. As a safety precaution, under possible fuel tank pressure 
conditions, the fuel tank cap should be opened slightly to allow the 
pressure to escape before attempting to start the engine. 

The electric primer assembly is also equipped with a maintenance or 
fogging fitting. Under a removable plastic cap on one end or side of the valve 
is a Schraeder valve. The valve is provided as an easy way to add fogging 
oil or OMC Engine Tuner to the combustion chambers. 

TESTING 

+ See Figure 84 

An inoperable electric primer will cause hard start or possibly even a no 
start condition during attempts to start a cold motor. The colder the ambient 
temperature, the more trouble an inoperable primer will cause. A primer with 
internal leakage (weak spring and/or stuck open valve allowing a constant 
supply of additional fuel) will cause rich running conditions that could include 
hesitation, stumbling, rough running, especially at idle and lead spark plug 
fouling. 

Function Test 

+ See Figures 84 and 85 

If the motor is operable, but trouble is suspected with the primer system, 
perform a function test with the engine running. Although this test can be 
conducted on a flush-fitting, engine speed will reach 2000 rpm and it is much 
safer to conduct the test in a test tank or with the boat launched. 

1. Start and run the engine until it reaches normal operating 
temperature. 
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'RUN 

Fig. 85 The electric primer is also equipped with a manual override 
valve 

2. Once the enaine warms. set the throttle so it runs at 2000 rom. 
3. Push inwardon the kevswitch. If the orimer is ooeratina cokctlv. the 

engine should run rich and speed should drop to about'1000 rbm. 
4. If the keyswitch makes no difference in operation, move the manual 

lever on the solenoid housing to the open or prime position. The engine 
should now run rich and speed should drop to about 1000 rpm. If it does not 
respond, suspect a clog in the system. If it responds this time, but not when 
the switch was depressed, suspect a problem with the activation circuit. 
Refer to the Solenoid Test to decide if the problem is the solenoid motor or 
the activation circuit. Refer to the wiring diagrams to help troubleshoot the 
circuit, as necessary. 

5. If a clog is suspected, stop the engine, then remove the primer hose 
from its fitting(s). Check each fitting for clogs using a syringe filled with 
isopropyl and a clear vinyl 118 in. inner diameter hose. Attach the hose to the 
fitting being checked and press lightly on the syringe. Fluid will move through 
the fitting unless it is clogged. 

6. If any clogs are found, use a thin pick to carefully clean the fitting. 
OMC makes a cleaning tool for this purpose (#326623). 

7. If no clogs are found, perform the Solenoid Check procedure to see if 
the problem lies within the solenoid motor itself or the circuit. 

When checking the fuel lines of the primer system, pay particular 
attention to any evidence of a crack in a fuel line that may permit fuel 
to escape and cause a very hazardous condition. 

Solenoid Check 

+ See Figures 84,86 and 87 

Use an ohmmeter to check condition of the solenoid to determine if a 
system fault is localized to the solenoid motor or if you must instead 
troubleshoot the balance of the activation circuit. Refer to the wiring 
diagrams to assist with circuit troubleshooting, as necessary. 

1. Disconnect the primer solenoid wiring, then connect an ohmmeter to 
the solenoid between the purpleiwhite stripe wire and the black ground wire. 
The ohmmeter should indicate 5.5 plusior minus 1.5 ohms (4.0-7.0 ohms). If 
the reading is not within the prescribed range, the solenoid is defective and 
must be replaced. 

Remember that ohmmeter readings will vary with temperature and 
test specifications are designed for ambienticomponent temperatures 
around 68°F (20°F). 

2. Use a syringe filled with isopropyl alcohol to lightly pressurize the fuel 
inlet fitting. With the no power applied to the circuit and the lever in the run 
position (facing the primer body) no fluid should pass through the inlet valve. 

3. Move the lever to the prime position (facing away from the primer 
body) or apply power to the circuit, fluid should come out of the outlet 
fitting(+ 

4. If necessary disassemble the primer for component inspection or 
replacement. 

Fig. 86 Use a DVOM or ohmmeter to probe across the primer 
solenoid terminals 

Fig. 87 Checking the primer solenoid winding resistance 

REMOVAL AND INSTALLATION 

+ See Figures 84,88 and 89 

1. Disconnect the negative battery cable for safety. 

Wrap the end of each fuel line using a shop rag to catch any 
remaining spray when the line is removed from the fitting. 

2. Note the fuel line routing, then tag and disconnect the lines from the 
primer fitting. 

3. Disconnect the solenoid wiring (usually a bullet connector and a wire 
terminal). 

4. Loosen the retainer(s) securing the primer and bracket assembly to 
the powerhead, then remove the primer from the motor. 

5. If necessary, remove the 4 solenoid cover screws, then disassemble 
the primer for component inspection or replacement. 

To install: 
6. If necessary, reassemble the primer and tighten the 4 cover screws 

securely. 
7. Position the primer solenoid and secure using the bracket retainer(@. 
8. Connect the wiring, followed by the fuel lines. Secure the fuel lines in 

the same positions noted during removal. Be sure to install new wire ties if 
any were cut and removed for line repositioning. 

9. Pump the fuel tank supply line primer bulb in order to pressurize the 
system, then check for leaks. Make sure pressure is felt in the bulb. 

10, Connect the negative battery cable. 
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1 . Cover 5. Plunger 
2. Gasket 6. Spring 
3. Seal 7. Solenoid body 
4. Filter 8. Plunger valve 

Fig. 88 Exploded view of an electric fuel primer assembly 
Fig. 89 If overhaul is necessary, remove the 4 solenoid cover 
screws in order to disassemble it 

Disconnect the negative battery cable ANYTIME work is performed on 
the engine, especially when working on the fuel system. This will help 
prevent the possibility of sparks during service (from accidentally 
grounding a hot lead or powered component). Sparks could ignite 
vapors or exposed fuel. Disconnecting the cable on EFI motors will 
also help prevent the possibility fuel spillage if the key is turned to 
start while the high-pressure fuel system is open. 

Fuel leaking from a loose, damaged or incorrectly installed hose or 
fitting may cause a fire or an explosion. ALWAYS pressurize the fuel 
system and run the motor while'inspecting for leaks after servicing any 
comDonent of the fuel svstem. 

+ See Figures 90 and 91 

The fuel system used on 40-70 hp Cstroke models is an electronically 
control multi-port fuel injection system, not unlike that used on modern 
automobiles If fact, all of the EFI motors covered here are built by Suzuki for 
JohnsonIEvinrude and, the 70 hp motor IS essentially a marin~zed version of 
the motor found In the Suzukl S~dekrck and Geo Tracker for many years 

The EFI system itself can be segmented Into 3 inter-related sub-systems 
Low pressure fuel clrcult 

* Hlgh pressure fuel clrcult 
Electronic engine controls 

The low pressure crrcuit dellvers fuel from the tank to the vapor separator 
vla a mechanical d~aphragm-displacement fuel pump, very s~milar in form 
and function to those used on JohnsonIEv~nrude carburetor Cstroke motors 
The low pressure clrcult may be rigged with a portable or bulk-ln fuel tank 
and normally contalns both an Inline f~lter and a fuel primer bulb The role of 
the low pressure clrcuit is to keep the hlgh pressure circult electric pump 
supplied with sufficient fuel to meet englne operating demands 

The high pressure clrcuit IS necessary to ensure proper operatlon of the 
fuel injectors (whose operation depends upon a constant supply of hlghly 
pressurized fuel) The circult uses a high pressure pump mounted withln the 
vapor separator tank to bu~ld system pressure and maintain ~t through a fuel 
pressure regulator that vents excess fuelipressure back into the vapor 
separator tank Fuel Injectors, mounted between a fuel ra~l assembly and the 
intake man~fold or cylmder head, deliver the hlgh pressure fuel directly before 
the cylinder head mounted Intake valves for each cylinder The hlgh pressure 
circuit is activated by the englnes Electronic Control Unlt (ECU) for a few 
seconds every time the lgnitlon is turned ON and constantly durlng engine 
crankmg or operatlon Fuel Injectors, also controlled by the ECU, are 
electronic solenoid valves that open agalnst Internal spring pressure when 

activated (allowing fuel to spray from the nozzle tips). Injector activation 
occurs sequentially, immediately before each intake valve is ready to open. 

The electronic engine control system monitors and controls engine 
operation in order to properly meter fuel delivery to match operating 
conditions. The role of the ECU and the fuel injectors is to do electronically 
what the carburetor does mechanically on other motors. The precise control 
made possible by the ECU's microprocessors allows an EFI engine to 
increase both reliability and performance while simultaneously decreasing 
harmful emissions. And, those are all good things, right? 

The electronic engine control system monitors engine operation through a 
number of electronic switches and sensors. The role of the sensors and 
switches is to translate mechanical information such as engine temperature, 
speed, throttle position or even the exact position of the pistons (on what 
portion of each stroke, each piston is) into electronic data for use by the 
ECU. The system is equipped with the following sensors: 

* Camshaft position (CMP) sensor 
Crankshaft position (CKP) sensor 
Closed throttle position (CTP) switch 
Cylinder temperature (CT) sensor 
Intake air temperature (IAT) sensor 
Manifold air pressure (MAP) sensor 

In fuel injection terms this type of system is known as a speed-density 
injection system. This is because the basic engine fuel mapping decisions 
are made by the ECU based on a comparison between the engine rpm 
(speed) and the manifold pressure (air density). The basic, pre-programmed, 
fuel mapping is then modified based upon input from the remaining sensors. 
Specifically, cylinder and air temperatures are taken into account. When a 
CTP switch signal is received (the throttle is closed), the ECU uses a fuel 
delivery strategy specifically intended for idlingitrolling. 

Besides the amount of fuel delivered (controlled through the fuel injectors) 
the ECU can also control the amount of air delivered during idle conditions. 
This is accomplished through the Idle Air Control (IAC) valve. 

Finally, the ECU uses inputs from the CMP sensor(s) to control the fully 
electronic ignition system and make all ignition timing adjustments. 

On carbureted outboards fuel is metered through needles and valves that 
react to changes in engine vacuum as the amount of air drawn into the motor 
increases or decreases. The amount of air drawn into carbureted motors is 
controlled through throttle plates that effectively increase or decrease the 
size of the carburetor throat (as they are rotated open or closed). 

In contrast, fuel injected engines use a computer control module to 
regulate the amount of fuel introduced to the motor. The module or Electronic 
Control Unit (ECU) monitors input from various engine sensors in order to 
receive precise data on items like engine position (where each piston is on - 
its Cstroke cycle), engine speed, engine and air temperatures, manifold 
pressure and throttle position. Analyzing the data from these sensors tells 
the engine exactly how much air is drawn into the motor at any given 
moment and allows the ECU to determine how much fuel is required. 
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FUEL CIRCUITS - 40150 HP MOTORS 

@ Fuel Connector 

@ Low Pressure Filter 

@ Low Pressure Pump 

@ Vapor Separator and High Pressure 

@ High Pressure Filter 

@ Fuel Rail 

@ Fuel Drain 

- Low Pressure Fuel 

- High Pressure Fuel 

Fig. 90 EFI high and low pressure fuel circuits - 40150 hp motors 

FUEL CIRCUITS - 70 HP EFI MOTORS 

@ Fuel Connector 

(@ Low Pressure Filter 

@ Low Pressure Pump 

@ Vapor Separator and High Pressure Pump 

@ High Pressure Filter 

@ Fuel Rail 

@ Fuel Drain 

@ Cooling Chamber 

- Low Pressure Fuel 

- High Pressure Fuel 

L-P--.)---------- I 
Fig. 91 EFI high and low pressure fuel circuits - 70 hp motors 
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The ECU will energize (open) the fuel injectors for the precise length of 

time required to spray the amount of fuel needed for that intake stroke. In 
actuality, the injectors are not just activated and held-open as much as they 
are pulsed, opened and closed rapidly for the correct total amount of time 
necessarv to saav the desired amount of fuel. This electronicallv controlled. 
precisely'mete;ed'fuel spray or "fuel injection" is the heart of a modern fuel 
injection system and the main difference between a fuel injected and 
carburetor motor. 

Troubleshooting a fuel injected motor contains similarities to carbureted 
motors. Mechanically, the powerhead of a 4-stroke fuel injected motor 
operates in the same way as a carbureted motor. There still must be good 
engine compression and mechanical timing for either engine to operate 
properly. Wear or physical damage will have virtually the same affect upon 
either motor. Furthermore, the low pressure fuel system that supplies fuel to 
the reservoir in the vapor separator tank operates in the same manner as the 
fuel circuit that supplies gasoline to the carburetor float bowl. 

The major difference in troubleshooting engine performance on EFI 
motors is the presence of the ECU and electronic engine controls. The 
complex interrelation of the sensors used to monitor engine operation and 
the ECU used to control both the fuel injection and ignition systems makes 
logical troubleshooting all that much more important. 

Before beginning troubleshooting on an EFI motor, make sure the basics 
are all true. Make sure the engine mechanically has good compression (refer 
to the Compression Check procedure that is a part of a regular Tune-Up). 
Make sure the fuel is not stale. Check for leaks or restrictions in the Lines 
and Fittings of the low pressure fuel circuit, as directed in this section under 
Fuel Tank and Lines. EFI systems cannot operate properly unless the circuits 
are complete and a sufficient voltage is available from the battery and 
charging systems. A quick-check of the battery state or charge and alternator 
output with the engine running will help determine if these conditions are 
adversely affecting EFI operation. 

Looselcorroded connections or problems with the wiring harness 
cause a large percentage of the problems with EFI systems. Before 
getting too far into engine diagnostics, check each connector to make 
sure they are clean and tight. Visually inspect the wiring harness for 
visible breaks in the insulation, burn spots or other obvious damage. 

In order to help find electronic problems with the EFI system, the ECU 
contains a self-diagnostic system that constantly monitors and compares 
each of the signals from the various sensors. Should a value received by the 
ECU from one or more sensors fall outside certain predetermined ranges 
the ECU will determine there is a problem with that sensor's circuit. Basically 
the ECU compares signals received from different sensors to each other and 
to real world possible values and makes a decision if it thinks one must be 
lying. For instance, if the ECU receives camshaft position sensor signals that 
show the engine is rotating, but also receives a signal from the crankshaft 
position sensor that says the engine is stopped, it knows one is wrong. 
Similarly, if it receives a ridiculous signal, say the intake air temperature 
suddenly provides a signal above 338°F11700C, the ECU will know there is 
something wrong with that signal. Depending on the severity of the fault or 
faults, the engine will continue to run, substituting fixed values for the 
sensors that are considered out of range. Under these circumstances, 
engine performance and economy may become drastically reduced. 

Check for diagnostic codes as described in this section BEFORE 
disconnecting the battery. If codes are not present, yet problems 
persist, use the symptom charts to help determine what further 
components or systems to check. 

When a fault is present the ECU will store a diagnostic code in memory. 
The ECU will illuminate the Check Engine light in the gauge package and 
sound the warning horn to alert the operator. Codes can be retrieved by 
following specific procedures and then used to help determine what 
components and circuits should be checked for trouble. Remember that a 
fault code doesn't automatically mean that a component (such as a sensor) 
is bad, it means that the signal received from the sensor circuit is missing or 
out of range. This can be caused by loose or corroded connections, 
problems with the wiring harness, problems with mechanical components 
(that are actually causing this condition to be true), or a faulty sensor. 

In addition, troubleshooting charts are provided based on symptoms that 
should be used to help narrow down problems in engine performance. If no 
diagnostic codes are present, refer to these charts (after performing the 
basic checks mentioned earlier) to help determine what further components 
or systems to check. 

Once components or circuits that require testing have been identified, use 
the testing procedures found in this section (or other sections, as applicable) 

and the wiring diagrams to test components and circuits until the fault has 
been determined. 

Keep in mind that although a haphazard approach might find the cause of 
problems, only a systematic approach will prevent wasted time and the 
possibility of unnecessary component replacement. In some cases, installing 
an electronic component into a faulty circuit that damaged or destroyed the 
previous component, will instantly destroy the replacement. For various 
reasons, including this possibility, most parts suppliers do not accept returns 
on electrical components. 

+ See Figures 92 thru 95 

READING & CLEARING CODES 

+ See Figures 92 thru 95 

Certain electrical equipment such as stereos and communication 
radios can interfere with the electronic fuel injection system. To be 
certain there is no interference, shut these devices off when 
troubleshooting. If a check engine light illuminates immediately after 
installing or re-rigging an existing accessory, reroute the accessory 
wiring to prevent interference. 

When the electronic engine control system detects a problem with one of 
its circuits, the ECU will activate the check engine light found in the gauge 
pack and sound the warning horn. As a result of most faults, the ECU will 
ignore the circuit signal and enter a fail-safe mode designed to keeps the 
boat and motor from becoming stranded. During fail-safe operation the ECU 
will provide a fixed substitute value for the faulty circuit. During fail-safe 
operation the engine will run, but usually with reduced performance (power 
and economv). Substitute values are as follows: - MAP sensor: 319-475mmHg @ 750-4000 rpm. 

CMP sensor: 1 simultaneo~s injection for all cylinders for every 2 
crankshaft rotations (determined bv CKP sensor sianals) and the firina of - ,  
each spark plug 1 time every crankshaft rotation. 

CT or EMT sensors: 140°F (60°C) 
IAT sensor: 11 3°F (45°C) 

Once a malfunction ceases (has been fixed or the circuit signal returns to 
something within the anticipated normal range), the warning system and 
engine operation will return to normal. 

The gauge check engine light is not only used as a warning, but it is also 
used to read the diagnostic trouble codes. A code is normally displayed by 
using short flashes of the check engine light. The manufacturer has 
diagnostic software for the 4-stroke EFI engines that can also be used to 

Fig. 92 The Check Engine light in the various OMC gauge packages 
is used to alert the operator if the ECU detects an electronic fault I 
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Priority Failed Circuit Code No. Gauge LED S.L.O. W. 

MAP Sensor 1 (electrical) 34 
CKP Sensorb) 42 
IAC Valveildle Air Screw 31 
CMP Sensor 24 
CTP Switch 22 
Cylinder Temperature Sensor 14* 
IAT Sensor 23 
MAP Sensor 2 (vacuum loss) 32 
RectifieriReguiator (overcharging) 11 
Manifold Temperature Sensor 15= 

Check Engine 
Check Engine 
Check Engine 
Check Engine 
Check Engine 
Check Engine 
Check Engine 
Check Engine 
Check Engine 
Check Engine 

I Denotes that code is set by a faulty circuiffsensor NOT an overheat condition. I 
Fig. 93 Diagnostic trouble codes - 40150 hp EFI motors 

I I 
Priority -. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
none 
none 
none 
none 

Failed Circuit 

MAP Sensor 1 (electrical) 
CKP Sensor(s) 
IAC Valveildle Air Screw 
CMP Sensor 
CTP Switch 
Cylinder Temperature Sensor 
Cylinder Overheat 
!AT Sensor 
MAP Sensor 2 (vacuum loss) 
RectifieriRegulator (overcharging) 
Manifold Overheat 
Low Battery Voltage 
Over-Rev Sensor 
Oil Pressure Switch 
Neutral Start Switch - Engine 

Code No. 

34 
42 
31 
24 
22 
14 
14 
23 
32 
11 
15 

none 
none 
none 
none 

Gauge LED 

Check Engine 
Check Engine 
Check Engine 
Check Engine 
Check Engine 
Check Engine 

Temp 
Check Engine 
Check Engine 
Check Engine 

Temp 
Check Engine 

none 
No Oil 
none 

S.L.O. w. 
No 
No 
N 0 
No 
N o  
No 
Yes 
No 
No 
N 0 
Yes 
No 
Yes 
Yes 
No 

Fig. 94 Diagnostic trouble codes - 70 hp EFI motors 

Code 

34 

42 

CMP Sensor I e No signal while receiving 12 signals from CKP sensors 1 24 1 ECU Termmal - E2 
I I 3 . 5 ~  0 I 

iAC Valve 1 8  ass Air Screw / 31 1 Adjustment 8 

I 22 I CTP Switch I 0 Receiving "ON" signal when engme speed is 2500 RPM or higher 
ECU Terminal - D8 and intake manifold pressure is 14.96 in. Hg 150.52 kPa) or higher 

Failed Circuit 

MAP Sensor 1 
ECU Terminal - 07 

CKP Sensor 

ECU Terminals - El, E3, E4 

0 IAC valve operates at 90% duty or higher when CTP swltch IS Diag- 20% ? 5% 
"ON" 

e [AC valve operates at 10% duty or lower when CTP sw~tch is I :$? I I "ON" ware 

Tool 

DVM 

Condition 

0 No slgnai (with engine running) 
0 Receiving an out of range 1.45-33.86 In. Hg 14.90-114.35 kPa) 

10.05-4.84V) signal lwlth engine running) 

IAT Sensor 1 23 1 ECU Terminal - D6 

Normal @ 

0 

0 No signal from any CKP sensor whlie receiving 8 signals from 
other CKP sensors 

0 No slgnal from one CMP sensor while receiving 6 signals from 
CMP sensor lone CKP sensor fail1 

14 

I NO sjg"ai 
Receiving an out of range -50 to 336- F 1-46 to +169" C) (0.10 

PRV 
POS50 

Cylinder Temperature Sensor 
ECU Terminal - 03 

4.5V or 
more at 
cranking 

32 

Exhaust Manifold Temperature 
0 Rece~ving an out of range -50 to 338" F (-46 to +170° C) 

ECU Terminal - C9 (0.10-4.84V) signal 
I "" / f$ ?(SOe 1 

No slgnai 
Receiving an out of range -50 to 338" F (-46 to +170" C) 10.10 - 
4.84V) ssgnal 

I 
I I I I I I 

DVM = Digital Volt Ohmmeter (DVOM) 

1 - Normal values will vary slightly due to ambient temperatures and brandltype of DVOM used. 
2 -Approximately 1 . 4 ~  at idle, 2 . 2 ~  at 2500 rpm or 4v at full throttle (WOT) 
3 - CodelConditions may be caused by IAC valve failure OR by incorrect bypass screw adjustment. 

When IAC valve is always closed or there is insufficient bypass air, the ECU will increase IAC valve 
duty cycle in an attempt to maintain idleltrolling speeds. The opposite is also true if the IAC valve 
is stuck open or there is too much bypass air (ECU will decrease duty cycle). 

4 -Value while engine is running. 
5 - Condition can be caused by disconnected, kinked or clogged MAP hose or a clogged filter for the 

inet manifold. Will cause rich engine operation. 

DVM 

( 4 88V) signai 

11 

I Fie. 95 Trouble Codes and conditions that set them vs. normal operatins parameters - 40150 hp Motors 

1.2V @ 
122" F 150" 
C) 

DVM MAP Sensor 2 (Sensor Hose) 
ECU Terminal - D7 

0 0 Receiving unchanging signai regardless englne speed change @ 

RectifteriReguiator 
(Overcharging] 

e Receiving 16 volts or higher signal DVM 14.3V @ 
1500 RPM 
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retrieve codes and other stored ECU operational data. If available, a 
diagnostic connector is located on the jront starboard side of the engine. 
Follow the instructions that come with the software oack to use the 
diagnostic connector. 

Proceed as follows to display stored codes: 
1. If the engine is running, shut the engine OFF using the ignition key 

switch. 
2. Turn the ignition switch to ON without starting the engine. All 4 LEDs 

in the gauge will illuminate and then go out, one at a time. 
3. If present, a trouble code will begin flashing on the Check Engine 

LED. Count the flashing to determine the code(s). If more than one is 
present, codes will flash in the order of priority listed in the accompanying 
code charts. 

Interpret codes by counting the flashes. There will be a short pause 
between digits of the 2-digit code. A longer pause indicates the start of 
a different number. A code will flash 3 times, then, if there i s  more than 
one code, the next code will flash 3 times and the sequence will repeat. 

4. Once all the codes are countedlrecorded, watch the sequence again 
to verify then shut the ignition switch OFF 

5. .compare the codes with the accompanying code tables to determine 
the defective circuit. Remember that a codes does NOT necessarilv mean a 
given component is at fault, it means that the ECU sees signal thai is out of 
the normal, predetermined operating range. The problem may also lie with 
the wiring, another system or component that would make a circuit read out 
of specification. 

Make sure all connections for that circuit and related components of 
the electrical system are clean and tight before troubleshooting the 
circuit. Bad wiring or connections can cause out of range signals and 
set trouble codes. 

6. Test the sensor or system components as described in this section. 
When troubleshooting, always start with the easiest checksifixes and work 
toward the more complicated. 

7. Once the problem has been corrected, connect a source of cooling 
water to the flushing system, then start and run the engine to clear the codes 
and verify proper operation. If the problems are gone, all LEDs should 
extinguish within 3 minutes of starting the motor. 

CULT 

+ See Figures 96 thru 99 

TESTING EFI COMPONENTS 

CULT 
See Figures 96 thru 99 

Before conducting resistance or voltage checks on a componenticircuit, 
make sure all electrical connections in the system are clean and tight. 
Visually check the wiring for obvious breaks, defects or other problems. 

Keep in mind that although a haphazard approach might find the cause of 
problems, only a systematic approach will prevent wasted time and the 
possibility of unnecessary component replacement. In some cases, installing 
an electronic component into a faulty circuit that damaged or destroyed the 
previous component, will instantly destroy the replacement. For various 
reasons, including this possibility, most parts suppliers do not accept returns 
on electrical components. 

Make sure you perform each test procedure and especially, make all test 
connections as described. If a component tests out of range (faulty), but the 
reading is close to the service limit, bring the component to your marine 
dealer so they can verify your result before purchasing the replacement. In 
some cases, your dealer may be willing to check a sensor against the 
reading on a new one to verify whether or not your sensor is actually faulty. 

Although resistance checks are relatively easy to conduct, their results 
can be difficult to interpret. Remember that resistance in any electrical 
component or circuit will vary with temperature. Also, ohmmeters will vary 
with quality, meaning that readings can vary on the same component 
between different meters. The specifications provided in this manual are 
based upon the use of a high-quality digital multi-meter applied to a 
component that is currently at about 68°F (20"). 

I D (Black) I 

Fig. 96 ECU harness connector terminal identification (pin out) - 
view facing connectors after they are removed from the back of the 
ECU 

More information on electrical test equipment is can be found in the 
General Information section, while additional information on basic 
electrical theory and electrical troubleshooting can be found in  the 
Electrical section. 

As a general rule, the resistance of a circuit or component will increase 
(rise) as temperature increases. Although this is true for most resistor and 
windings, some manufacturers use negative temperature coefficient sensors 
for certain functions. A negative temperature coefficient sensor reacts in an 
opposite manner, meaning that its resistance decreases (lowers) as 
temperature increases (rises) and vice-versa. 

Most components of the EFI system are checked using resistance or 
voltages checks. This means that a voltmeter or ohmmeter is connected to 
the component or circuit under the proper circumstances. 

For resistance checks, no voltage must be applied to the circuit (except 
that as provided by the meter to perform the check). Typically, the circuit or 
component wiring is isolated, by disconnecting the wiring from the 
component itself or somewhere else in the circuit, then applying the meter 
probes across 2 terminals that connect through the component. When 
conducting resistance checks, you must isolate the ECU from the meter in 
order to prevent the possibility of damage to the control module. By 
identifying the proper circuit you can conduct tests of the entire component 
circuit right from the harness connectors that attach to the ECU. Otherwise, 
use the wirinq diagrams and the test procedures to determine other points to 
disconnect t6e wihng and test the circuitlcomponent. 

We recommend vou work in one of two directions. Either test the 
component first, th& work your way back through the component wiring 
toward the ECU, or disconnect the harness connectors from the ECU, testing 
the entire circuit first, then working your way toward the component. A bad 
test reading at the ECU harness connector must be verified by making sure 
it is not the result of a bad wiring harness or connection along the way to the 
component. Likewise, a good reading at a component (when there is a bad 
reading on the circuit as noted by the presence of a trouble code or by a 
reading at the ECU harness) must be verified by checking the circuit wiring 
for trouble. 

When checking the circuit wiring, isolate the harness by disconnecting it 
from both the component and the ECU, then using an ohmmeter to check 
resistance from one connector to the next on each wire. Wiggle the wire and 
connectors while conducting the test to see if reading fluctuate. Although no 
specifications are provided for wiring resistance, all sensor/switch wiring for 
these motors should have very little resistance. Also, be sure to check wiring 
for shorts to ground (by checking resistance between one terminal and a 
good engine ground), and for shorts to power (by checking a terminal using 
a voltmeter and connecting the other probe to a good engine ground or the 
negative battery cable). - 

When conducting voltage tests, the circuit must be complete in order to 
receive a reading. In most cases, this means the wiring must be left 
connected and the meter probes should be carefully inserted through the 
back of the connector (called back-probing) in order to get a reading without 
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3-46 FUEL SYSTEM 

Fig. 97 Component/circuit test values for 40150 hp motors when testing at the ECU harness connectors 

ECU PINOUT 
I 

Component  

CKP Sensor No. 2 

CKP Sensor No. 3 

Igni t ion Coi l  No. 1 (Pr imary) 

Igni t ion Coi l  No .  2 (Pr imary) 

Igni t ion Coi l  No .  3 (Pr imary) 

Igni t ion Coi l  No. 1 (Secondary) 

Igni t ion Co i l  No .  2 (Secondary) 

Igni t ion Coi l  No. 3 (Secondary) 

Fuel Injector No .  1 

Fuel Injector No. 2 

CKP Sensor No. 1 ( E 4  (RIB) to D l  I B M I t  

Termina l  P r o b e  

Fuel Injector No .  3 I A 8  I R M I I  to B 5  ( G r l  I 

I Fig. 98 ECU terminal identification (pin out) - Rear of control module shown 

n @ 68' F (20" C) 

- 

E 3  IWIB)  t o  D l  (B IWI  

E l  (RIW) t o  D l  I B M I )  

A 5  101 to €35 (Gr) 

A1 (Blt t o  85 (Grt  

A3 I G )  t o  8 5  I G r )  

€35 (Gr) t o  No .  1 spark p l u g  c a p  

B 5  IGr )  to No. 2 spark p l u g  c a p  

B5 I G r I  to No. 3 spark p l u g  c a p  

A 4  1018) t o  B 5  (Gr) 

A 7  I B N )  to B 5  I G r )  

IAC Valve 1 8 4  (BIR) t o  8 5  ( G r l  

IAT Sensor 

Cylinder Temperature Sensor 

Exh. Man i fo ld  Temperature Sensor  

Starter M o t o r  Relay 

Tar- mind &ioi Circuit Voltage Candaion I Remarks Standard 

~l I BI I NO. 2 lsniiion 1-1 / Appro% 12V 1 Key switch ON 

168 - 252  n 

1.9 - 2.5 n 

8.1 - 11.1 k R  

11 .0 -  1 6 . 5 R  

21.5 - 32.3 R 

A2 B Ground for power source I 
A3 G No. 3 Ignition (-1 

A4 Bff No. 2 Fuel injector (-1 Appror l2V 
I ' ' ' I 

A5 0 No. 1 Ignition (-1 I 

D 6  (LgIB) t o  D l  ( 8 N )  

D 3  I L g M I )  to D l  18NVl 
C 9  ( V M I )  to D l  (B/Wl 

D l 1  (Y/G) t o  G r o u n d  

- 

A6 1 B ( Ground for power source I I 
A7 I WW I No. 3 Fuel injector I-) I Approx. 12V 1 Key switch ON 

A8 I 010 I No. 1 fuel iniector I-) I Appro% 1% 1 Key switch ON 1 

32' F (0' C) : 5.3 - 6.6 k n  
77" F (25" CI : 1.8 - 2.3 k n  

122' F (50' C) : 0.73 - 0.96 kR 
135' F (75' C) . 0.33 - 0.45 k n  

IThermistor characteristic) 

3.5 - 5.1 0 

B1 BAV fuel Pump 1-1 Approx. OV For 3 seconds after Key switch ON or while cranking 
engine 

Approx. 12V Other than above (Key switch ON1 

82 PIB Ground for ECU main relay 

83 B Ground for ECU 

04 BIR IAC value solenoid 1-J Approx. 12V Key switch ON 

85 GI ECU power source Apprax. 12V Key switch ON 

86 B Ground for ECU 
I 

Cl BlIR Emergency stop swltch Apptor 5V I Key switch ON, dsp ON 

Appror OV I Key switch ON. dip OFF I 
C2 I YIB I Tachometer I I 
u I GAV I CHECK ENG~NE lamp 

cz I GN 1 T E M P I ~ ~ P  1 

C7 BiMl Not used 

C8 Br Neutral witch Appror OV Key switch ON. in NEUTRAL 

APPIOX. 5V Keyswitch ON, in gear 

C9 VNY Exh. manifold temperature sensor 0.14 - 4.7N Key switch ON 

C10 I B I PC mmmunicaiim I I 
Cl l  1 B I PC communication 

Dl0 - Natured I 
Dl1 YIG Engine sfart switch (signal1 6 -  t?V I While engine cranking 

Approx OV I Other than above (Key rwitch ON1 

Dl? Off PC communication I 
El RAV CKPsenror No 3 

E2 OIG CMP sensor Approx 1V or SV Key swltch ON 

E3 WIB CKP sensor No 2 

E4 RIB CKP sensor No 1 

Fig. 99 ECU pin-out circuit identification and normal voltage readings - values for completed circuit only (back-probed at the harness connectors, 
with all connectors attached to the ECU) 
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FUEL SYSTEM 3-47 
opening and disrupting circuit operation. This is true for the ECU pin-out 
voltages (circuit actuation and reference voltages) provided for 40150 hp 
motors. Take great care when testing circuits, especially those on an ECU. 
Connecting the wrong circuits through the meter can cause significant 
damage, even destroy an ECU. Also, take care not to damage the wire or 
connector when backprobing. Never force the meter probe into the 
connector, use a little finesse. 

On 40150 hp motors, the manufacturer has provided ECU harness 
connector, circuit identifier and test values. In a few cases, these values for 
tests of the entire circuit vary slightly than tests conducted at the component 
itself, be sure to use the values given in the accompanying chart when 
testing at the ECU harness for these engines. 

On 70 hp motors, the manufacturer does NOT provide information 
specifically for the ECU harness testing. That does not mean you cannot 
conduct tests in the same manner, but you may need to make a slight 
allowance in the specifications for readings taken on 70 hp motors. When 
conducting testing on the at the ECU harness connectors, use the values 
given under the individual test procedures for those components. Also, use 
the wiring diagrams and wire colors provided to help verify ECU harness 
connections. 

ENGINE WON'T CRANK 

ENGINE CRANKS BUT WON'T RUN - 40160 HP 

epar  as necessary 

System1 
Component CauseslEffects 

Key Switch 

Anions Code 

I none 

Failed 

system 
Vacuum test boat system(4 m iHg maxi - check I none 

Replace 

%I wrnagec! Iwr8.w 1.4 n, iirmtms p n v  \ a  i c  o' 
poor connecvons tnat .ear . r - . -- -I 

none 

I Faded low pressure pump Engme will run if prlmei bulb is constantly 
squeezed - replace as necessary 

Replace o Fuel 

Vapor separator needle stuck 
closed 

No or low pressure at fuel raii 
Repalr vapor separator 

Replace Blown high pressure pump fuse 
r r m i  , . -. ., 

Failed h g h  pressure pump (pump 
should run far 3 seconds at key 
on) or plugged intake screen on 
pump 

Failed pressure regulator 

t 

(1) Verify fuel pump fuse none 
12) Repair separatorlfuel pump assembly 

I 

Low pressure at fuel rall - replace fuel regulator none 
m vapor separator 

Engine may start and run by usmg the warm-up 
ievei - test and reolace as necessary. See 

I that cylinder component test 42 

Engine may start and run by uslng the warm-up 
lever. Check CMP signal or Resistance 24 

amshaft Sensor 
:MP) 

Loss of signal 
See defauit values -th is sect~on. 
Shoo tach wi l l  read double. 

Hose off or plugged - No signal 
change 
See default Values - this sectlon 

Engine may start and run by uslng the warm-up 
lever, but will run very rich and rough at lower 32 
meeds - test and reolace as necessarv I 

ailed ECU Would probably affect other 
e n g m  functions 

Disconnected or plugged 

Cranks but won't start 

In stop poeitlon 

Repiace I none 

4C Valve 

lain Relay 

mergency Stop 
witch 

lo B+ to 
Ijeclors 

lo B i  to Cmis 

lechanical 
aiiure 

Hard to stari - Low idle speed 

Faded main relay, fuse, wire, or 
connection 

Same as above 

Valve tbmlng, valve clearance. 
powerhead damage, etc. 

Check each component I 
Check each com~onent I 
Repax as necessary I 
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ENGINE IDLES INCORRECTLY - 40150 HP ENGINE CRANKS BUT WON'T RUN - 70 HP 

Systeml 
Component Actions Code Systeml 

Component Actions I Code 

Tank empty 

Restricted or leaking fuel delivery 
system 

Vacuum test boat system -check for damaged 
primer bulb, anti-siphon valve or poor 
connections that leak air 

MAP Sensor 
MAP 1 - Open 
Circuit 

ldle may be slightly high -Goes 
lean above 3000 RPM 

Check for disconnected wires or faded sensor. I 
UAP Sensor 
MAP 2 - Hose Off 

Hard to start - extremely rough at 
idle or may die - very rich idle 

Lower than normal tdle speed - 
@ 600 RPM. Won't accelerate 

Check for disconnected or damaged hose - if OK 
test sensor I 32 

Faded low pressure pump Engine will run if primer bulb is constantly none 
squeezed - replace as necessary UAP Sensor 

MAP 2 - Hose 
Plugged 

Idle Air Control 
.IAC) - Open 
:ircuit 

Check for pmched hose or plugged filter 1 32 

Hose not connected none 

Replace none Check for disconnected or failed IAC valve. Use 31 
Diagnostic Software to verify IAC duty cycle 
(15-25%) after repair. 

One or both fuel filters completely 
~ luaaed 

Lower than normal idle speed 
tends to die when throttle is 
quickly returned to idle 

lo  Fuel 

Vapor separator needle stuck 
closed 

No or low pressure at fuel rail - repair I none 

dle Air Control 
IACI Plugged 
Hose 

(1) Requres warm-up lever to start 
(21 Slow idle 
(3) Will set code in gear 

Check for pinched hose, plugged silencer, or none 
incorrectly connected hose. Use Diagnostic 
Software to verify iAC duty cycle (15-25%) after 
repair 

Blown high pressure pump fuse 
115AI 

Replaco 8r.d 'om for overloaded c rc.rot prnw 
dfahs excass'be c..rrenr - cnec* .s ng ammerer, 

-. - - -. . 
Failed high pressure pump (pump 
should run for 3 sec, at key on) or 
duaoed intake screen on DumD 

Replace separatorlfuel pump assembly 

Engine may start and run by using the warm-up 
lever -test and replace as necessary. Dashboard 
tach wili read 1h actual RPM but Diagnostic 
Software wbll show correct RPM. Test using 

(1) Will return to idle speed 
immediately - not gradually 
decrease from 1200 RPM 
12) W ~ l l  idle faster than normal 

Probably no bad running 
characteristics but IAC duty cycle 
wili be out of normal range 

Check for disconnected or damaged switch. Check none 
for voltage change at ECU D8 terminal. I 

Failed pressure regulator 

Adjust idle air screw to attain 15.25% IAC duty maybe 
cycle - abnormal IAC duty cycle can also be 31 
caused by other problems such as a vacuum leak 
or mechan~cal damage 

Spray around ~ntake gasket areas with starter maybe 
fluid whlle idling - engine will react when starter 31 
fluid hlts leak 

Check for a failed thermostat or debris #n  none 
thermostat. Verify using Diagnostic Software or 
pyrometer 

Adjust valve lash none 

ldle Air Screw 
Misadjusted Failed component or broken wire 

Vacuum Leak at 
Intake Manifold 

Faster than normal idle IAC duty 
cycle will be extremely low 

:amshaft Sensor 
CMPI 

Failed comoonent or broken wire Engine may start and run by using the warm-up 
lever - test using ohmmeter and replace as 
necessarv. Verify using Diagnostic Software 1 

Overcooling of 
Engine 

Faster than normal idle similar to 
a cold started engine 

iriAP Sensor 
MAP21 

'atled ECU 

Hose off Engine may start and run by using the warm-up 
lever, but will run very rough at lower speeds - 
test and replace as necessary 

Replace Would probably affect other 
englne functions 

Vaive timing, valve clearance, 
powerhead damage, etc 

Incorrect Valve 
Adiustment 

Excessive tappet noise or uneven 
comoression 

Mechanical 
:ailwe 

Repair as necessary I Failed Injector Low, rough idle - dies going into 
m a r  

Test injector signal and resistance maybe 
24 or 4; 

Test coil signal and resistance maybe 
24 or 4; 

Same as failed injector Failed Coil 

Low, rough idle CUP Sensor Loss of both injector and ignition slgnals on an 42 
affected cylinder. Test signal and resistance I 
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ENGINE RUNS ROUGHINO POWER - 40150 HP NE IDLES INCORRECTLY - 70 HP 

Actions Code Systeml 
Component Actions Code Systeml 

Component 

MAP Sensor 
MAP 1 

CauseslEffects 
CauseslEffects 

Ill Worn electric fuel pump or 
restricted fuel system 
121 Fatled pressure regulator in 
yapor separator 

Improper fuel delivery to one 
cylinder 

Engine should run ~f primer bulb 
1s constantly squeezed 

No spark to one cylinder 

rest fuel pressure at fuel rail - should be 34 PSI none 
234 kPa) or more and steady May idle slightly high - 800 to 850 

RPM 

.ow Fuel 
'ressure at 
njectors 

=ailed Injector 

Check for disconnected wires or fa~led sensor. 
Verify using Diagnostic Software 

Check for disconnected or damaged hose - if OK 
replace sensor 

Check for pinched hose or plugged pulse l~miter 

MAP Sensor 
MAP 2 

Hard to start -extremely rough at 
idle or may die Jerify injector signal and resistance I none 

I 
3heck for fuel leakage around diaphragm drive none 
3iston 

MAP Sensor 
MAP 2 

Lower than normal idle speed - 
@ 600 RPM =ailed Low 

'ressure PumD 
dle Air Control 
IACI 
Iisconnected 
Nire 

Lower than normal Idle speed 
@ 600 RPM 

Check for dmonnected IAC valve. Use Diagnostic 31 
Software to verify IAC duty cycle after repalr Fouled Spark 

Plug or Failed 
Coil 

nspect spark plugs ,se t l r l n g  I qnt to v r r  l y  coll none 
3utput Heq~tres Sfevwscn txtenslon Icad 
P h CL 301 C h e c ~  cocl signal and res stance 

Check for p~nched hose, plugged silencer, or 
incorrectly connected hose. Use Diagnostic 
Software to verify IAC duty cycle after repair 

continuity and use Diagnostic Software to verlfy 

d le  Air Control 
IIAC) Plugged 
Hose 

(1) Requires warm-up lever to start 
(2) Slow idle - 550-600 RPM 
(31 Will set code in gear 

(1) Will return to idle speed 
immediatelv - not araduallv 

MAP Sensor 1 - 
Open Circu~t 

Engine goes lean above 3000 
RPM Elevated ldle speed 

Hose off or pulse limiter is 
plugged 

Timing wil l  remain at 5" BTDC 
when engine speed exceeds 1000 
RPM 

Check for Voltage change at ECU D2 terminal as 
vacuum changes 

Engine may start with warm-up lever raised but 
will run very r ~ c h  and rough at low speed 

Verify using timing light or Diagnostic Software - 
check for pinched wire or faulty swltch 

Closed Throttle 
Switch (CTP) 

MAP Sensor 2 - 
No signal change 

CTP Switch Stuck 
On 

decrease from 120; RPM ' 

(2) Will idle faster than normal - 
@ 800 RPM 

ldle Air Screw 
M~sadjusted 

Adjust idle air screw - abnormal IAC duty cycle none 
can also be caused by other problems such as a 
vacuum leak or mechanical damage 

Probably no bad running 
characteristics but IAC duty cycle 
will be out of normal range 

Faster than normal idle - IAC duty 
cycle will be extremely low 

I 
Install correct pltch propeller none Rig is 

Overpropped 
WOT RPM is less than 
recommended when water-testing 

Vacuum Leak at 
Intake Manifold 

Spray around ~ntake gasket areas with starter 
fluid while idling -engine will react when starter 
fluid h~ t s  leak 

Check for a failed thermostat or debris in 
thermostat. Verify using diagnostic Software or 
pyrometer 

Adjust valve iash 

mayb~ 
31 

- 
none 

- 
none 

(1) Overheat ver~fy  water flow 
12) No oll - verlfy oll level 
13) Over-revvlng lnstall correct propeller 
141 Repa~r as necessary 

Check compression, gear lube, etc 

Engine IS in 
S.L.O.W. (caused 
by:) 

11) Overheat 
(2) No oil 
13) Extended over-revving 
141 Neutral switch stuck on 

Overcooiing of 
Englne 

Faster than normal idle similar to 
a cold started engine Internal 

Mechanical 
Problem 

ECU Calibrat~on 

Incorrect Valve 
Adjustment 

Excessive tappet noise or uneven 
compression Incorrect fuel callbration Recalibrate using 0, sensor and Diagnostic 

Software. See Software User's Guide I 
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3-50 FUEL SYSTEM 

ENGINE OVERHEATS - 40150 HP 

System/ 
Component 

Faulty Thermostat 

Exhaust Temp I Overheat Itght, horn, and S.L.O.W. I Check for both items listed above - o n  late I none 1 Sensor modeis onlv 

Pressure Relkef 
Valve 

CauseslEffects 

Overheat Ilght, horn, and S.L.O.W. 

Worn or plugged 

Overheat Ilght. horn, and S.L O.W. 

Water Discharge 
Hose 

Run engine for short time with flushing plug 
removed from midsection - considerable water 
discharge should be observed / 

Actions 

Inspect thermostat for biockage or damage Test 
!n hot water - should oDen at C 122' F (50" C) 

Code 

none 

Check for damaged or plugged relief valve or 
relief valve assembled backwards. Normal system 
pressure IS about 5.5 PSI 140 kPa) 

Blocked or pinched 

Alr in Cooling Eng~ne mounted too hlgh al low~ng Lower engine on transom or block auxiliary I none 1 Water I air into sub-water make I subwater intake using Plug, PIN 5031618 

none 

M~sslng Flushing 
Piug 

Remove hose from powerhead adapter and 
run engine briefly w h k  watching for 
consrderable water flow 

none 

Considerable water discharge 
from fresh water flushing port 

False Warning 

ENGINE RUNS ROUGHINO POWER - 70 HP 

Blocked Water 
Intakes 

Actions Code 

Replace plug 

Failed sensor or lead shorted to 
ground 

Low Fuel (11 Worn electric fuel pump or 
Pressure at restricted fuel system 
lniectors (21 Failed pressure regulator in 

vapor separator 

Failed Injector Improper fuel delivery to one 
cylinder 

Fa~led Low Engine will run ~f primer bulb is 
Pressure P u m ~  constantiv squeezed 

none 

Plugged 

Use adapter C i K  PIN 5000000 Test fuel pressure none 
at fuel raal s h o u l d  be 34 PSI 1234 kPa1 or more 
and steady 

Verify overheat using pyrorneter - repar as 
necessary 

Verbfy inlector signal - replace as necessary ( none 

none 

Clean as necessary 

Verlfy cam lobe is not damaged - replace as none 
neces5ary 

Verify coll output none 

none 

Fouled Spark No spark to one or two cylinders I Plug or Faded I 
Coil 

Engine may start with warmup lever cawed but 
wcli run  very rough at low speed 

Verify using Diagnostic Software - check for 
pinched w m  or faulty swltch 

Rig is WOT RPM is less than 
Overpiopped recommended when water-testing 

Install correct pitch propeller j none 

11) Overheat - verify water flow 14 
I21 No ail -verify ail level none 
I31 Over revving - lnstail correct piopeiler 
141 Reoalr as necessarv 

I Internal 
Mechanical 
Problem I Check compression, gear lube, etc. I "One 

ENGINE OVERHEATS - 70 HP 

Overheat light, horn. and S.L O.W. Check for damaged or plugged relief valve or 
reltef valve assembied backwards Normal system I ~ r e w r e  IS .bout 5.5 PSI 140 kPaI 

I 1 4 0 r i 5 ~  

System/ 
Component 

Faulty Thermostat 

Exhaust Temp 
Sensor 

Water Discharge 

CausedEffects 

Overheat hght, horn, and S.L.O.W. 

I "ad water 

Overheat Ilght, horn, and S L O.W. 

Biocked or ptnched 

Warn or piugged 

Actions 

Inspect thermostat for blockage or damage. Test 
in hot water - should o w n  at @ 122°F (50°C) 

Run engine for short tlme with flush~ng plug 
removed from midsection -considerable water 1 dischame should be observed 

I 1 4 0 r 1 5 ~  

Code 

14 

Check for both (terns listed above - an late 
models only 

Remove fitting from powerhead adapter and 
run engine briefly while watch~ng for 
considerable water flow 

15 

14 or 15 

Air In Coailng Engine mounted too high allowing Lower englne on transom or block sub-water I air into sub-water make 1 intake I 1 4 0 r 1 5 ~  

Missing Flushing 
Plug 

Consrderable water discharge 
from fresh water flushing port 

False Warmng 

Blacked Water 
Intakes 

Replace piug 

Failed sensor or lead shorted to 
ground 

1 4 o i  15 

I Plugged 

Verify overheat using pyiometer - repair as 
necessary 

Clean as necessary 

14 or 15 

- www.instant-manuals.com -



FUEL SYSTEM 3-5 

+ See Figures 109 and 110 

The air intake silencer and flame arrester assembly attaches to the 
throttle body at the front of the powerhead. As their names imply, the air 
intake silencer is designed to reduce mechanical noise emitted from the 
engine while the flame arrester is designed to protect the engine cases and 
external components from the possibility of a backfire through the manifold 
and throttle body. 

SILENCER 

Fig. 109 Exploded view of the air intake silencer and flame arrester 
assembly - 40150 Hp Motors 

I 
FLAME SEAL 
ARRESTOR 

HOLDER h. I FLAME 

Fig. 110 Exploded view of the air intake silencer and flame arrester 
assembly - 70 Hp Motors 

REMOVAL & INSTALLATION 

40150 Hp Models 
See Figure 109 

For the 40 and 50 hp motors, a plastic silencer housing is mounted over 
the flame arrester, seal plate and seal. A small drain valve located in the 
bottom of the silencer housing prevents condensation build-up. 

The silencer housing serves as a mounting point for the Intake Air 
Temperature (IAT) sensor and the ldle Air Control (IAC) valve air hose. 

1. Remove the flywheel cover as described in the Powerhead section if 
needed for additional access. 

2. Disconnect the IAC valve hose from the bottom center of the silencer 
housing. 

3. Disengage the wiring connector from the IAT sensor. 
4. Remove the intake silencer mounting bolt(s). 
5. Carefully pull the silencer housing away from the throttle body. Wipe 

the inside of the silencer housing using a rag and a small amount of suitable 
solvent. 

6. If necessary, remove the flame arrester, seal plate and seal. Whether 
removed or not, inspect the flame arrester and seal for signs of damage, and 
replace, as necessary. 

To install: 
7. If removed, install the seal, seal plate and flame arrester. 
8. Align the cover and throttle body, then carefully push the cover onto 

the throttle body and install the retaining bolt@). 
9. Inspect the wiring connector terminals and clean, if necessary. 

Connect the wiring harness to the IAT sensor. 
10. Connect the IAC valve hose to the silencer fitting. 
11. If removed, install the flywheel cover as described in the Powerhead 

section. 

70 Hp Models 
+ See Figure 110 

For 70 hp motors, a separate plastic silencer cover is mounted over top a 
flame arrester, holder and the air intake silencer housing. The silencer 
housing itself serves as a mounting point for the vent hoses from the vapor 
separator and the crankcase. 

1, Remove the flywheel cover as described in the Powerhead section if 
needed for add~tional access. 

2. Disconnect the crankcase and vapor separator breather hoses from 
the silencer cover. 

3. Remove the bolt holding the silencer cover, then remove the cover 
from the silencer. Wipe the inside of the silencer cover clean with a shop 
towel and suitable solvent. 

4. If necessary, remove the flame arrester and holder. Whether 
removed or not, inspect the flame arrester for signs of damage, and replace, 
as necessary. 

5. Remove the bolts securing the intake silencer housing itself and 
remove it from the engine. 

To install: 
6. Align the bolt holes, then install intake silencer housing and secure 

using the retaining bolts. 
7. If removed install the flame arrester and holder. 
8. Align the cover and intake silencer opening, then install the cover 

and secure using the mounting bolt. 
9, Connect the breather hoses to the intake silencer cover. 

10. If removed, install the flywheel cover as described in the Powerhead 
section. 

+ See Figures 111 and 112 

Like the throttle bore of a carburetor, the throttle body assembly controls 
engine speed by mechanically controlling the amount of air allowed to enter 
the engine. For all EFI models, it is found at the front of the intake manifold, 
behind the air intake silencer. 

The Closed Throttle Position (CTP) switch that is mounted to the throttle 
body was adjusted at the factory to signal the Engine Control Unit (ECU) 
when the throttle is closed. When the engine is operating at idle, the throttle 
plate closes most of the way, but is held open very slightly by the CTP 
switch. The air that passes by the throttle plate, along with the air metered 
through the ldle Air Control (IAC) valve and idle air bypass screw passage 
determines engine speed at idle. 

For 70 hp motors, the Intake Air Temperature (IAT) sensor is also 
mounted to the throttle body assembly. For 40150 hp motors, the IAT sensor 
is found in the intake silencer housing. 

REMOVAL & INSTALLATION 

+ See Figures 111 and 112 

1. Remove the air intake silencer and flame arrester assembly as 
described in this section. 

2. Disengage the wiring connector from the CTP switch. 

When disconnecting wiring, be sure to note routing for installation 
purposes. 

3. On 70 hp motors, disengage the wiring connector from the IAT * 

sensor. 
4. Separate the throttle rod from the throttle lever by carefully prying it 

from the pivot. 
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Fig. 111 Exploded view of the throttle body assembly - 40150 Hp 
Motors 
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Fig. 112 Exploded view of the throttle body assembly - 70 Hp 
Motors 

5. Remove the throttle body retaining bolts, then remove the assembly 
from the powerhead. 

6, Remove and discard the gasket, then carefully clean the mating 
surfaces of all debris. 

7. If necessary, remove the throttle lever retaining bolt, washer, spacer 
and throttle lever from the throttle body assembly. 

To install: 
8. If removed, install the throttle lever to the throttle body using the 

spacer, washer and bolt. Tighten the bolt securely. 
9. Install the throttle body using a new gasket, then tighten the bolts 

securely. 
10. Apply a light coating of grease to all pivot points. Reconnect the 

throttle rod to the throttle lever. 

Grease all points, even any pivot point not disconnected. 

11. Engage the harness connectors to the IAT sensor andlor CTP switch, 
as applicable. 

Be sure to route all wiring as noted during removal to avoid 
interference. 

12. Install the air intake silencer and flame arrester assembly as 
described in this section. 

+ See Figures 113 and 114 

On EFI motors the intake manifold consists of a common plenum 
connected to separate intake runners (one for each cylinder). The intake 
manifold is used a mounting or anchoring point for multiple other 
components on these models as well. 

For all EFI motors, the vapor separator tank and the throttle body, as well 
as the Manifold Absolute Pressure (MAP) sensor vacuum hose are attached 
to the manifold assembly. 

On 40150 hp motors, the fuel rail is integral with (is a cast portion of) the 
intake manifold. For this reason, the high pressure fuel lines and the fuel 
injectors are attached to the intake manifold as well. 

For 70 hp motors, the Idle Air Control (IAC) valve and IAC air silencer, 
along with the idle air bypass screw and high pressure fuel filter are all 
mounted to the manifold assembly as well. 

REMOVAL & INSTALLATION 

DERA Ti5 

+ See Figures 113 thru 116 

Use the exploded views accompanying this procedure and other 
procedures in this section to assist with manifold removal and disassembly. 

1. For safety, properly relieve the fuel system pressure as described 
under Fuel System Pressurization in this section. 

2. Remove the lower engine covers as described under Engine Coves 
in the Engine Maintenance section. 

3. Remove the air intake silencer cover and flame arrester assembly, as 
described in this section. 

4. Remove the throttle body assembly, as described in this section. 
5. Loosen the water hose clamps, then disconnect the water inlet and 

outlet hoses from the bottom of the vapor separator tank. 
6. For 70 hp motors disconnect the hoses from the low pressure fuel 

Pump. 
7. Drain the fuel from the vapor separator tank. Loosen the screw on 

the bottom of the tank, then use the drain hose to empty the fuel from the 
vapor tank into an appropriate container (the fuel can be poured back into 
the main boats fuel tank). 

8. Tag and disconnect all fuel hoses from the vapor separator tank. 
Position a shop rag to catch any spillage, then drain each hose into a 
suitable container as it is removed from the fitting. 

9. For 70 hp motors, remove the high pressure fuel filter bracket from 
the manifold. 

10. If necessary, remove the fuel rail andlor fuel injectors as described in 
this section. 

For 40150 hp models, the fuel rail is integral with the manifold. For 
these models, tag and disconnect the lines, then disengage the injector 
wiring from the manifoldlrail assembly. 

11. Tag or note any remaining hose or wire connections, then remove 
them from the intake manifold. 

12. For 70 hp motors either remove the oil dipstick and guide tube or 
remove the dipstick and take great care when removing the manifold. 
Leaving the guide tube in place will force you to pull the manifold carefully 
over the guide without damaging the tube. 

To prevent the possibility of warping and damaging the intake manifold, 
work slowly when loosing the fasteners. Although not absolutely 
necessary, i t  is a good idea to a few passes in the reverse of the torque 
sequence to properly loosen the fasteners. 

13. Support the intake manifold, then loosen the nuts and bolts gradually 
in the reverse of the toraue seauence (workina from the front of the 
powerhead and moving ioward'the rear; starting from the outside and 
moving toward the inside). Once you are certain all fasteners are removed, 
carefully pry the intake from the cylinder head. - 

14. If necessary, remove the vapor separator tank from the manifold as 
detailed in this section. 

15. Remove the screws, then lift the water jacket cover from starboard 
side of the manifold. 
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Fig. 113 Exploded view of the intake manifold mounting - 40150 Hp 
Motors 

16. Remove all gasket material from the mating surfaces, being careful 

0 
1- lntake manifold 
2- Manifold gasket 
3- Manifold cover 
4- Manifold cover gasket 
5- Dowel pin 
6- Stud 
7- Bolt 
8- Nut 
9- Cushion 

10- Clamp 
11- Anode screw 
12- Anode 

Fig. 114 Exploded view of the intake manifold mounting - 70 Hp 
Motors 

Fig. 115 Intake manifold torque sequence - 40150 Hp Motors 

Fig. 116 lntake manifold torque sequence - 70 Hp Motors 

not to score or otherwise damage them, then use a quick drying solvent to 
clean all removed components. 

To install: 
17, Install the water jacket cover to the starboard side of the manifold 

and secure using the sckews. 
18. If removed, install the vapor separator tank to the manifold assembly. 
19. Position a new intake manifold gasket, then install the manifold using 

the retainers. Carefully thread and hand-tighten the retainers, then tighten 
them to the following specifications, using multiple passes of the torque 
sequence: 

40150 hp motors, tighten all large screwslnuts to 16-18 ft. Ibs. (22-24 
Nm) and the small screwslnuts 96-108 inch Ibs. (11-12 Nm). . 70 hp motors: all screwslnuts to 16-18 ft. lbs. (22-24 ~ m ) .  

20. Route all hoses and wiring as noted during removal. Reconnect and 
secure the fuel, water and/or vent hoses, as applicable. Engage all wiring 
connectors. 

21. Install the throttle body assembly. 
22, Install the air intake silencer and flame arrester assembly. 
23. Install the lower engine covers. 
24. Properly pressurize the fuel system, then check for fuel leakage 

before starting and running the motor. Repair all fuel leaks before 
proceeding any further. 

+ See Figures 117 and 118 

The low pressure fuel pump operates in an identical fashion to the pump 
found on 4-stroke carbureted engines. It draws a steady fuel supply from the 
tank and feeds a float bowl. The difference comes in what happens in the 
float bowl, since it is mounted in a vapor separator tank with a high pressure _ 
pump instead of under the throttle bore of a carburetor. 

In any case, the low pressure, mechanical fuel pump is mounted on the 
rocker cover at the rear of the powerhead. The pump is actuated by a lobe 
on the camshaft. 
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Fig. 117 Exploded view of the low pressure fuel pump assembly - 
40150 Hp Motors 

TESTING 

+ See Figures 117 and 118 v 

The problem most often seen with fuel pumps is fuel starvation, hesitation 
or missing due to inadequate fuel pressureldelivery. In extreme cases, this 
might lead to a no start condition as all but total failure of the pump prevents 
fuel from reaching and filling the vapor separator tank). More likely, pump 
failures are not total, and the motor will start and run fine at idle, only to 
miss, hesitate or stall at speed when pump performance falls short of the 
greater demand for fuel at high rpm. 

Before replacing a suspect fuel pump, be absolutely certain the problem is 
the pump and NOT with fuel tank, lines or filter. A plugged tank vent could 
create vacuum in the tank that will overpower the pump's ability to create 
vacuum and draw fuel through the lines. An obstructed line or fuel filter could 
also keep fuel from reaching the pump. Any of these conditions could 
partially restrict fuel flow, allowing the pump to deliver fuel, but at a lower 
pressurelrate. A pump delivery or pressure test under these circumstances 
would give a low reading that might be mistaken for a faulty pump. Before 
testing the fuel pump, refer to the testing procedures found under Fuel Lines 
and Fitting to ensure there are no problems with the tank, lines or filter. 

If inadequate fuel delivery is suspected and no problems are found with 
the tank, lines or filters, a conduct a quick-check to see how the pump 
affects performance. Use the primer bulb to supplement fuel pump. This is 
done by operating the motor under load and otherwise under normal 
operating conditions to recreate the problem. Once the motor begins to 
hesitate, stumble or stall, pump the primer bulb quickly and repeatedly while 
listening for motor response. Pumping the bulb by hand like this will force 
fuel through the lines to the vapor separator tank, regardless of the fuel 
pump's ability to draw and deliver fuel. If the engine performance problem 
goes away while pumping the bulb, and returns when you stop, there is a 
good chance you've isolated the low pressure fuel pump as the culprit. 
Perform a pressure test to be certain, then repair or replace the pump 
assembly. 

Never run a motor without cooling water. Use a test tank, a flushhest 
device or launch the craft. Also, never run a motor at speed without 
load, so for tests running over idle speed, make sure the motor is 
either in a test tank with a test wheel or on a launched craft with the 
normal ~ r o ~ e l l e r  installed. 

Pump Pressure Test 
+ See Figure 117 

By far the most accurate way to test the fuel pump is using a low pressure 
fuel gauge while running the engine at various speeds, under load. To 
prevent the possibility of severe engine damage from over-speed, the test 
must be conducted under load, either in a test tank (with a DroDer test 
propeller) or mounted on the boat with a suitable propeller. '~njortunatel~ the 
manufacturer does not provide operating specifications for the low pressure 
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fuel pump, so the specifications given here are taken from similar design fuel 
circuits and cannot be considered absolute. If possible, ask a dealer about 
your findings before condemning the low pressure pump. Also, perform the 
quick-check (pumping the primer bulb by hand) to override the fuel pump 
and see what affects that has on the condition. 

1. Test the Fuel Lines and Fittings as detailed in this section to be sure 
there are no vacuumlfuel leaks and no restrictions that could give a false low 
reading. 

2. Make sure the tank and inline fuel filter are clean and serviceable. 
3. Start and run the engine in forward gear, at idle, until normal 

operating temperature is reached. Then shut the motor down to prepare for 
the test. 

4. Remove the fuel tank cap to make sure there is no pressure in the 
tank (the fuel tank vent must also be clear to ensure there is no vacuum). 
Check the tank location, for best results, make sure the tank is not mounted 
any more than 30 in. (76mm) below the fuel pump mounting point. On 
portable tanks, reposition them, as necessary to ensure accurate readings. 

The fuel outlet line from the fuel pump may be disconnected at 
either the pump or the vapor separator tank whichever provides easier 
access. If you disconnect it from the pump itself you might have to 
provide a length of fuel line (depending on whether or not the gauge 
contains a length of line to connect to the pump fitting). 

5. Disconnect the fuel output hose from the vapor tank or fuel pump, as 
desired. 

6. Connect a fuel pressure gauge inline between the pump and the 
tank. 

7. Run the engine at or around each of the following speeds and 
observe the pressure on the gauge: 

At 600 rpm, the gauge should read about 1 psi (7 kPa). 
At 2500-3000 rpm, the gauge should read about 1.5 psi (10 kPa). 
At 4500 rpm, the gauge should read about 2.5 psi (17 kPa). 

8. If readings are much different than specification and all other tests 
point to the fuel pump, speak with a dealer to confirm your findings then 
replace the pump. 

REMOVAL & INSTALLATION 

+ See Figures 117 and 118 

The pump is located on the rocker arm cover on the cylinder head (at the 
rear of the powerhead assembly). 

To ensure proper assembly and hose routing, mark the fuel pump 
relative to the powerhead before removal. 

1. Disconnect the negative battery cable for safety. 
2. Set the engine at Top Dead Center (TDC) to ensure the fuel pump 

rod or arm is not pre-loaded. - 
For details on finding TDC of the No. 1 cylinder refer to the Valve 

Adjustment procedure found in  the Maintenance and Tune-up section. 
Of course, only follow the portions of the procedure that you need to, 
and there should be no need to remove the valve cover. 
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3. Tag and disconnect the hoses. 

If hoses are removed completely or replaced, be sure to make a note 
of hose routing for installation purposes. Hoses must be carefully 
positioned to prevent interference with other components, as 
interference could wear away at hoses over time, eventually causing a 
hazardous fuel leak. 

4. Loosen the spring clamps (using pliers) and reposition them back on 
the fuel hoses. With a small drain basin to catch anv escaoina fuel. carefullv 
disconnect the hoses from the fittings. If a hose is i uck  on tce fitting, use a 
small blade to carefully cut and peel it free of the fitting. Be careful not to 
damage the fittings with the blade. 

Use extreme care when disconnecting the hoses to prevent damaging 
or breaking the fittings on the fuel pump assembly. Replace hoses that 
are worn (spongy, hard or brittle). 

5. Loosen the pump mounting bolts, then slowly pull the pump from the 
rocker cover. 

It is not necessary to remove the pump pushrod from the 
powerhead except for replacement. 

6. To replace the pump pushrod, use a pair of pliers or a magnet to pull 
it from the opening in the rocker cover. 

7. Remove and discard the O-ring seal from the fuel pump or rocker 
arm surface. 

8. Carefully clean and thoroughly inspect the fuel pump mounting 
surfaces. Keep in mind that dirty or damaaed surfaces can cause oil leaks. 

9. lnspect spring clamps for corrosion or a lack of spring tension. 
Redace damaaed, worn or auestionable clamos. 

'10. ~ e ~ l a &  hoses that are worn (spongy,'hard or brittle). 
11. If necessary, disassemble the pump for overhaul as detailed in this 

section. 
To install: 
12. If removed, install the new pushrod by applying oil to the surfaces 

and then sliding it into the bore in the pump mounting boss. 
13. Apply a coating of fresh engine oil to the new pump O-ring seal, then 

install the seal to the pump assembly. 
14. Position the pump carefully onto the rocker cover, then install and 

tighten the retaining bolts to 84 inch Ibs. (10 Nm). 
15. Connect the fuel lines as noted during removal and secure the hoses 

using clamps. 
16. Connect the negative battery cable, then properly pressurize the fuel 

system and check for leakage. Pump the primer bulb until it becomes firm, 
then check of the fuel fittings and lines that were disconnected for any signs 
of weepage. 

17. Correct any fuel leaks before starting or running the engine, then run 
the motor and recheck. 

OVERHAUL 

+ See Figures 117 and 118 

If overhaul is required due to damage from contamination or debris (as 
opposed to simple deterioration) disassemble and clean the rest of the fuel 
supply system prior to the fuel pump. Failure to replace filters and clean or 
replace the lines and fuel tank, could result in damage to the overhauled 
pump after it is placed back into service. 

All diaphragms and seals should be replaced during assembly, regardless 
of their condition. Check for fuel leakage after completing the repair and 
verify proper operating pressures before returning the motor to service. 

No sealant should be used on fuel pump components unless otherwise 
specifically directed. If small amounts of a dried sealant were to break 
free and travel through the fuel supply system it could easily clog 
passages (especially the small, metered orifices and needle valves of 
the fuel injectors). 

1. Remove the fuel pump from the powerhead as detailed in this 
section. 

2. Matchmark the fuel pump cover, housing and base to ensure proper 
assembly. 

To ease inspection and assembly, lay out each piece of the fuel 
pump as it is removed. In this way, keep track of each component's 
orientation in relation to the entire assembly. 

3. Remove the 6 cover screws from the fuel pump, then carefully lift the 
outer cover from the pump body. If necessary, pry gently using a small 
prytool covered with tape to avoid damaging the gasket surface. 

Do not disturb the diaphragm that is attached to the pump cover unless 
the diaphragm is going to be replaced. During installation the 
diaphragm surface molded into the shape of the cover, and, if it is 
removed for any reason it must be installed EXACTLY in the same 
position (which is pretty darn tough and not worth the effort). 

4. If you are replacing the diaphragms, remove them from the outer 
cover and pump body. To do so you'll have to remove the pump body from 
the mounting base, but, matchmark them to ensure proper installation, then 
carefully pry them apart. 

5. Note the position of the diaphragm tab (again this is for assembly 
purposes), then slowly push the plunger in until the spring fully compresses. 
Hold the plunger compressed while rotating the upper portion of the plunger 
assembly on the pump mounting base. Turn it about 90 ", until the pin in the 
plunger aligns with the mounting base slot. Continue to hold pressure on the 
plunger. 

6. Remove the pun from the mounting base using a small magnet, then 
release the pressure on the plunger, slowly allowing the plunger to push 
outward. Lift the plunger and spring from the mounting base. Pull the piston 
and spring from the opposite side of the base. 

7. Clean the fuel pump using a suitable solvent, then dry all 
components with compressed air. 

8. lnspect the fuel pump cover, body and base using a straight edge. 
lnspect their gasket surfaces for scratches, voids or any irregularities. 
Replace warped or damaged components. 

9. Inspect the fuel pump body for cracks. Replace damaged 
components. 

10. lnspect the pump check valves for bent, cracked or corroded 
surfaces. The check valves are not normally replaceable, if damage or 
defects are found, replace the pump body. 

To assemble: 
11. Insert the large spring into the top of the body and the small spring 

into the bottom, then align the slotted portion of the plunger with the hole in 
the piston and the slot in the mounting base. Push in on the plunger and 
piston, compressing the spring. Then hold the spring tension. 

12. With the spring still compressed, install the pin through the openings. 
Rotate the plunger 90" to face the pin opposite from the mounting base slot, 
then slowly release spring tension, making sure the plunger and piston do 
not bind in the body. 

When assembling, use the screw holes in the gaskets and 
diaphragms to ensure proper orientation. 

13. Install new gaskets and, if disturbed, worn or in anyway damaged, 
install new diaphragms. 

14. Align the matchmarks made before disassembly, then install the 
outer cover and secure using the covers screws. Tighten the screws to 84 
inch Ibs. (10 Nm). 

15. Install the low pressure fuel pump, as described in this section. 

The first major difference between an EFI and carbureted system (as far 
as fuel delivery is concerned) comes at the fuel vapor separator tank. The 
vapor separator is mounted on the powerhead (port side) of the motor, 
directly behind and attached to the intake manifold. 

The separator tank functions as a bizarre cross between a very large float 
bowl and a very tiny gas tank. It receives fuel from the low pressure pump 
via a float and needle valve assembly (in the same manner as a carburetor's - 
float bowl). The level is maintained within the vapor separator tank so that is 
serves as a reservoir for the high pressure electric fuel pump mounted in the 
separator cover. In addition, the separator tank also provides an outlet for 
excessive fuel pressure generated by the electric fuel pump. 
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The float and needle valve are serviced in the same manner as a 

carburetor's float bowl. They can be accessed once the vapor separator 
coverlfuel pump assembly is removed. 

To help prevent fuel problems like vapor lock or hot soak, the separator is 
water cooled by the engine cooling circuit. On 40150 hp motors, fuel vapors 
are vented to the flywheel cover, but on 70 hp models, the vapors are vented 
to the air intake silencer so they can be drawn into the throttle body and 
burned when the engine is running. 

The tank cover contains the high pressure fuel pump assembly. Although 
the coverlpump assembly utilizes a replaceable pickup filter screen, they are 
otherwise unserviceable and must be replaced as an assembly should 
problems arise. 

The fuel pressure regulator mounted in the bottom of the separator tank. 
On most applications and the fuel pressure regulator may be removed from 
within the tank should the regulator require replacement. 

A fuel reservoir drain screw can be found on the bottom of the tank and 
can be used to drain the tank of fuel, but the cooling water circuit will self- 
drain whenever the engine is shut off and left in a perfectly vertical position. 

TESTING 

+ See Figures 119 and 120 

The test procedures for the low pressure fuel system are covered in this 
section under Low Pressure Fuel Pump and under Fuel Tanks and Lines. 

Perform the Electric Pump Circuit Tests if the engine refuses to start 
andlor you suspect the high pressure circuit is not building any fuel pressure. 
The pressure tests are used to locate the culprit when power is applied to 
the pump, and the pump seems to be running, but is still not supplying 
sufficient pressure. 

The high pressure fuel system, as it name might imply, is capable of 
s~ravina fuel under extreme pressure. This means that the fuel will 
sprai f i e  under high pressure if a fitting is opened without first 
relieving pressure (which makes for good fuel atomization and a highly 
combustible condition). It will also spray fuel if the pump is actuated 
for any reason while a fitting is disconnected. These could lead to 
extremely dangerous work conditions. Do not allow ANY source of 
ignition (sparks, flames, etc) anywhere near the work area when 
servicing the fuel system. 

Electrical Pump Circuit Tests 
Use this test to check for circuit operation (including proper pump voltage 

supply and proper pump motor operation). 

QUICK TEST 
1. Place a stethoscope (or if one is not available, use a short length of 

hose or a small wooden dowel as a substitute tool) on the vapor separator 
tank behind the intake manifold. 

2. Listen on the stethoscope or substitute while an assistant turns the 
ignition keyswitch to ON, without starting the motor. You should hear the 
pump run for about 2-3 seconds. 

3. Turn the switch OFF for at least 30 seconds, then repeat. 
4. Again, you should hear the pump run for about 2-3 seconds. This 

should occur anytime the keyswitch is turned ON in such as manner as 
described with 30 second delays between each cycle. 

VOLTAGE TEST 

If the pump fails to operate in the Quick Test, check the voltage supply as 
follows: 

1. Disconnect the wire harness from the top side of the vapor separator 
tank. 

2. Set the DVOM to the 20 VDC scale, then connect the positive meter 
test lead to the pink wire terminal in the engine harness connector. Connect 
the negative meter test lead to the blacklwhite wire terminal of the connector. 

3. Observe the meter while an assistant cycles the ignition key switch to 
the ON position. If the connections are correct and the circuit is working 
properly, the meter should indicate 6-12 volts for 2-3 seconds, then it should 
indicate about 0 volts. If so, the circuit is operating properly. 

Fig. 119 To test the fuel pump and high pressure system, connect a 
fuel pressure gauge to the top of the fuel rail using an adapter 

I 

Fig. 120 To isolate and only check the electric pump, connect a 
gauge inline between the pump and filter, then pinch off the line 
after the gauge 

4. If the specified voltage could not been found across the pump 
harness connectors, move the positive meter test lead to the battery terminal 
of the starter relay and repeat the previous step. If the meter still fails to 
show voltage during the cycle, check the 15 amp fuse (if blown, check all 
wiring and connections before installing the replacement). 

5. If still no voltage is generated, and the 15 amp fuse is intact, check 
the 30 amp fuse, system relay, neutral switch, ignition key switch and all 
wiring in the circuit. 

6. ONLY after all components and wiring in the system test correctly 
should you suspect the ECU. On 40150 hp motors, refer to the information on 
Sensor and Circuit ResistancelOutput Tests to see if there is any information 
that can be used in the ECU pinout and normal reference values. 

7. When finished testing, be sure to reconnect harness to the vapor 
separator tank. 

PUMP PRESSURE TEST 

+ See Figures 119 and 120 

Perform the Quick Test found under Electric Pump Circuit Tests to 
ensure that the fuel pump is operating before attempting to check its 
pressure. 

The Pump Pressure Test is used to determine if the electric fuel pump is 
delivering fuel at the fuel pressures necessary for proper engine operation. 
But, use this test with caution as it only determines if the pump is capable of 
building sufficient pressure. It does not test whether or not the pump and 
regulator continue to deliver sufficient fuel pressure under all possible engine 
operating conditions. 

Remember that the low and high pressure fuel systems may test %. 

within specification at or near idle speeds only to fall below spec once 
higher rpm and load demands are placed on them. Leaks or restrictions 
(including partially blocked fuel filters) may cause fuel starvation 
problems only at higher engine rpm. 
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If pressure tests fine, but engine performance suggests inadequate fuel 

supply under certain conditions, operate the engine under those conditions 
with a fuel pressure gauge still attached to determine if the fuel delivery 
system is responsible. 

A special hoseladapter (#5000900) or equivalent, and a fuel pressure 
gauge of at least 46 psi (317 kPa) capacity are necessary for pressure 
testing. Make sure the gauge and test hoseladapter are sealed in order to 
prevent the possibility of a hazardous fuel leak. 

1. Relieve the fuel system pressure, as detailed in this section, leaving 
the fuel pump harness disengaged (40150 hp motors) or the 15 amp fuse 
removed (70 hp motors) for safety while installing the test gauge. 

2. Either disengage the harness connector from each of the three 
ignition coils (40150 hp motors) or disconnect the secondary spark plug leads 
and ground them on the powerhead (70 hp motors), as applicable. 

3. Remove the bolt from the top of the fuel rail at the intake manifold, 
then install an adapter, hose and pressure gauge to the fuel rail. 

4. Reconnect the fuel pump wiring harness or install the 15 amp fuse, 
as applicable. 

5. Squeeze the primer bulb to fill the vapor separator tank with fuel. 
6. Turn the ignition switch ON and listen for the fuel pump. It should run 

for about 3 seconds. Turn the ignition switch back OFF and wait a few 
seconds, then turn it on again. Repeat the cycle 3 or 4 times to ensure the 
pump runs sufficiently to build maximum pressure in the system. Watch the 
gauge as you cycle the switch. The gauge should indicate a minimum of 34 
psi (234 kPa) of fuel pressure while the pump is running: 
H Fuel pressure may drop slightly when the pump stops running, but 
should stabilize in less than 20 seconds and should hold steady for at 
least 5 minutes. 

a. If the pump does not run, perform the pump Voltage Test 
b. If the pressure was insufficient, install the gauge using a "T" adapter 

between the electric fuel pump outlet and the high pressure filter, then pinch 
the hose between the "T" and the filter while cycling the switch. If pressure is 
now sufficient, the problem is no the pump and is probably a leaking injector. 
If pressure still does not build to specification, the pump is faulty. 

c. If the pressure was sufficient, but drops too much or too quickly, 
suspect either a leakinq iniector or a bad fuel pressure reaulator. Test the 
pressure regulator to see 3 that is the problem (inspect spark plugs to help 
determine if there is a leakv iniector. The excessive fuel allowed into the 
combustion chamber bv a ieakv iniector should lead to some extra carbon . . 
fouling). 

7. Connect the harness connectors to the coils (40150 hp motors) or the 
spark plus leads (70 hp motors), as apdicable. , . 

8. connect a cooiing system flustiing adapter (or alternate source of 
cooling water) to the motor. 

9. Start and run the engine at idle while watching the fuel pressure 
gauge. The pressure must be at least 34 psi (234 kPa) and should remain 
steady. 

10. Vary the engine speed, again the gauge should remain steady. If 
system pressures are sufficient and steady, the pump and fuel system is 
operating properly. If the pressure drops, check for a restricted line or filter. If 
no restrictions are found and the low pressure system is operating properly, 
check the pressure regulator. If the regulator is operating correctly, suspect 
the high pressure pump. 

11. Relieve the fuel system pressure once again, leaving the fuel pump 
fuse or connector removed for safety, then remove the gauge and adapter. 

12. Pressurize the fuel system and check for leaks. 

PRESSURE REGULATOR TEST 

A regulated air supply (from a compressor or a hand-pump), along with a 
pressure gauge and a length of fuel hose are necessary to test the fuel 
pressure regulator. 

1. Relieve the fuel system pressure, as detailed in this section. 
2. Position a small basin to catch any fuel that might escape, then 

disconnect the fuel supply hose from the regulator pressure nipple (located 
at the bottom of the vapor separator tank assembly). 

3. Attach the regulated air source (compressor or hand-pump) to the 
regulator pressure nipple using a length of fuel supply hose. 

4. Apply 45 psi (310 kPa) of air pressure to the regulator nipple and 
listen for air discharging from the regulator. If using an air compressor, shut 
the compressor off once 45 psi (310 kPa) is applied (if using a hand-pump, 
stop pumping). The pressure should stabilize at 34 psi (240 kPa) or more. 

5. The fuel pressure regulator should be replaced if insufficient pressure 
is obtained or if it does not stabilize at a sufficient pressure once the pump is 
turned off. 

REMOVAL & INSTALLATION 

ERATE 
+ See Figures 121 and 122 

1. Relieve the fuel system pressure, as detailed in this section. 
2. Drain the fuel from the vapor separator tank into an approved 

container using the drain screw located on the bottom of the tank and a drain 
hose. 

3. On 70 hp motors, disengage the harness connector from the high 
pressure fuel pump by pressing downward on the lock tab and pulling the 
connector free. 

4. Carefully free the fuel pump fuse holder (15 amp) from the retaining 
clip. 

5. Remove the intake manifold, as detailed under the Intake Manifold 
procedure in this section. 

6. Loosen and remove the mounting screws (normally 3), then remove 
the vapor separator as an assembly from the back of the intake manifold. 

7. Loosen and remove the cover screws (usually 6), then carefully 
separate the cover and pump assembly from the reservoir tank. Remove and 
discard the O-ring from the cover. 

8. Invert the cover to visually check the small, round, fuel pump pickup 
screen. Replace the screen if it is damaged or contaminated: 

a. Remove the screw securing bracket to the bottom of the pump 
assembly (the bracket is shaped something like a 112 moon), then lift out the 
support bracket. 

b. Carefully grasp the filter screen and pull it from the pump. If it is 
stuck, carefully pry the screen free. 

c. Taking care not to damage the replacement screen or the pump 
inlet, push the new screen into the pump. 

d. Install the 112 moon support bracket and securely tighten the 
retaining screw. 

2- Pump filter 
3- plate 
4- Needle & 

Valve 

\i/ " '  
Pressure I( 

0-ring 
Cushion 
Vapor 
Separator 
Housing 

Fig. 121 Exploded view of the vapor separator tank and high 
wessure fuel pump assembly 
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Fig. 122 Just like when servicing carburetors, check the float 
needle and valve seat for wear or damage 

Good Worn 

9. If necessary, remove the pressure regulator from the bottom of the 
vapor separator tank. Remove the plastic deflector plate from the bottom of 
the separator tank for access, then'remove retaining screw and separate the 
regulator from the tank. Remove and discard the old O-ring from the 
regulator fitting. 

10. If necessary, remove the float, valve and needle assembly for 
inspection or replacement: 

a. Using a small pick or awl, carefully remove the float hinge pin. 
b. Carefully lift the float and inlet valve needle from the underside of 

the tank cover. 
c. Remove the screw, plate and valve seat from the underside of the 

tank cover, 
11. Clean vapor separator tank, cover and any parts which were 

removed that are not being replaced (such as components of the floathalve 
assembly) using a suitable solvent. Use low pressure compressed air to 
carefully blow out each of the passages. 

Make sure all passages, especially the cooling passage on the side 
of the separator are clean and free of all debris or obstructions. 

12, If disassembled for inspection, check the inlet valve seat and needle 
for damage. Make sure the surfaces are not grooved, pitted, worn, cracked 
or otherwise unsuitable for further service, Also, check the float and pin for 
damage or excessive wear. Replace any worn or defective components in 
the float valve assembly. 

To install: 
13. If removed, carefully install the valve seat, then install the float and 

needle valve securing them with the hinge pin. 
14. If removed, apply a small amount of fuel to the new O-ring and install 

the fuel Dressure reaulator. Tiahten the retainina bolt securely and install the 
deflecto; plate. " 

RETAINING 

SEAL 
1 
Q 

I 
INJECTOR 

Fig. 123 Exploded view of the fuel injector 
mounting - 40150 Hp Motors 

15. Apply a light coating of OMC Adhesive M (or an equivalent sealant) 
to the very outer edge of the cover lip. 

Do not apply any sealant to the O-ring, groove or inner edge of the 
mating surfaces. 

16. Install the cover and fuel pump assembly to the tank, then tighten 
securely tighten the retaining screws. 

17. Secure to the vapor separator tank to the intake manifold using the 
retaining screws. 

18. Install the intake manifold as detailed in this section. 
19. Secure the fuel pump fuse holder to the retaining clip and connect 

the fuel pump wiring harness. 
20. Properly pressurize the fuel system, as detailed in this section and 

check for leaks. Correct any leaks before returning the engine to service. 

* See Figures 123 and 124 

A fuel injector is a small, solenoid valve that is designed to open against 
spring pressure when power is applied to the circuit. An internal spring snaps 
the valve closed the instant that power is removed from the circuit. 

Fuel injectors are supplied with a constant supply of high pressure fuel. 
Because the pressure is held constant, the amount of fuel that sprays 
through the injector is a function of time (the less each injector is actuated, 
the less fuel is delivered, the more each iniector is actuated, the more fuel is 
delivered). 

Each cylinder is equipped with an individual electronic fuel injector to 
deliver metered amounts of fuel, matchina enaine olseratina conditions. The 
exact fuel metering made possible by the-fuefinjecion sysiem is responsible 
for the EFI engine's ability to maximize both engine performance and fuel 
economy. 

The most important fuel injection system maintenance is a combination of 
periodic filter changes and the use of fuel stabilizer if the motor is stored for 
any amount of time (more than a few weeks). This is true because the 
passages inside a fuel injector are very small, and are easily clogged by dirt 
or debris in the fuel system. 

The fuel injectors are installed in a fuel rail assembly so they spray fuel 
directly behind the intake valves. For 40150 hp motors, the fuel rail is an 
integral portion (cast into) the intake manifold. The injectors are fastened to 
the fuel rail by clips on these models. For 70 hp motors, fuel rail is bolted to 
the powerhead, securing the injectors between them. 

TESTING 

CULT 
+ See Figures 123,124 and 125 

The injectors are mounted on the rear and port side of the powerhead to 
the intake manifold and fuel rail. 

Fig. 124 Exploded view of the fuel injector 
and fuel rail assembly mounting - 70 Hp 
Motors 

"Click" A 

Fig. 125 One quick check for an injector is  
to listen or feel for operating with the engine 
cranking or running 
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lnjector Operational Test 
+ See Figure 125 

The fastest way to check for inoperable injectors is to listen or feel for 
solenoid operation. If available, use a mechanic's stethoscope, but because 
solid matter transmits sound and vibration, a long screwdriver can also be 
used to amplify andlor feel each injector. 

1. Provide the motor with a source of cooling water. 
2. Start and run the engine at idle. 
3, Position the stethoscope or screwdriver against the body of each fuel 

injector. 

If using a screwdriver to amplify the sounds of the injector, place 
your ear near the handle or hold the driver lightly while feeling for the 
light tapping of the solenoid valve. 

4. If an injector is operating properly you will hear or feel a slight 
clicking from it. This tells you that the valve is opening and closing. 

5. If there is a noticeably different noise or no clicking is felt at all from 
an individual injector, perform the lnjector Resistance Test and check the 
wiring between the injector and ECU. If resistance is within specification, 
check the harness for opens or shorts. Before replacing an ECU, substitute a 
known good injector. 

For test purposes, fuel injectors can be switched from cylinder-to- 
cylinder to see if the problem follows the injector or remains behind. If 
the problem remains behind, look to the harness and signal for trouble. 
If the problem follows the injector, the problem IS the injector. 

lnjector Resistance Test 

Another quick-check of a fuel injector is made using an ohmmeter to 
measure the resistance of the winding inside the injector itself. It is important 
to remember that a correct reading does not mean the injector is operating. 
Mechanical damage or clogs within the injector could prevent it from opening 
or closing properly which would lead to engine performance problems. 

The injector does not need to be removed from the engine to check 
its resistance. 

The combined fuel injector and circuit resistance can be checked at the 
ECU wiring harness connectors. lnformation on connector views, pinouts and 
additional specifications are found under Sensor and Circuit Resistance 
TestslOutput in this section. 

1. In order to protect the test equipment, disconnect the negative 
battery cable. 

2. Push inward on the wire clip, then disengage the wire harness 
connector from the injector. 

3. Set the DVOM to the resistance scale, then apply the meter probes 
across the 2 terminals on the top of the injector. The meter should read 
between 11 .O-16.6 ohms. Replace the injector if resistance exceeds 
specification. 

4. If the injector is inoperable, but resistance is within specification, 
check the circuit and signal to help determine if it is a circuit fault or a 
mechanical fault within the injector itself. 

5. When finished, align the tabs on the connector with the slot and 
connect the wiring harness to the injector. 

lnjector Signal Test 

If an injector appears to be inoperable and resistance is within or close to 
specification, check the signal circuit using a DVOM, a Peak-Reading 
Voltmeter (PRV) or a fuel injector test light (noid). Test lights are available 
from aftermarket sources such as Snap-On's @ Blue Point@ division, part 
No. FID-8339. Inexpensive noid lights should be available from other sources 
as well, just check carefully to make sure the connector on the light will mate 
properly with the injector wiring harness. 

Refer to the wiring diagrams to identify the wires leading to the injectors. 
1. Decide how you will proceed based on the equipment that is 

available. 
2. If one or more injector test lights are available: 
a. Push inward on the wire clip, then disengage the wire harness 

connector from the injector(s) to be tested. 
b. Connect a noid light to the wiring harness being tested. 
c. Crank the engine, watching the light. If the circuit is operating 

properly the light will blink as the engine is cranked. Check the main power 
relay or the 30 amp fuse if no power is applied to the injector light while 
cranking. On 40150 hp motors, a faulty CKP for that cylinder can also cause 
this condition. 

E lnformation on connector views, pinouts and additional 
specifications are found under Sensor and Circuit Resistance 
TestslOutput in this section. 

3. If a PRV is available: 
a. Reconnect the injector wiring (if removed) and backprobe the circuit. 

Connecting the black meter lead to the positive battery terminal (either at the 
battery or at the starter solenoid), then connect the red lead either to the 
colored (not gray) wire at the injector or the appropriate terminal at the ECU 
harness connector. On 40150 hp motors, ECU testing occurs at 
connectorlterminals A4, A7 and A8. 

A small amount of dielectric grease can be applied to the probe to 
ease insertion into the back of the connector. Better yet, OMC test 
probe No. 342677 can be used to ease circuit backprobing and help 
protect the harness from physical damage. 

b. Crank the motor while reading the meter. The meter should display 
6-10 volts at peak if the ECU is operating properly and there are no 
problems with the harness. 

c. If the signal is not received at the injector end of the harness, check 
continuity of the harness between the ECU and the injector (be sure to 
disconnect the harness from the ECU first for safety). Check the main power 
relay or the 30 amp fuse if no power is applied to the injector light while 
cranking. On 40150 hp motors, a faulty CKP for that cylinder can also cause 
this condition. 

4, If only a standard DVOM is available: 
a. Disconnect the wiring harness from both the injector and the ECU in 

order to protect the ECU itself, then check circuit continuity between the 
harness and the injector. 

b. Check the main power relay and the 30 amp fuse to make sure 
power is applied to the circuit. 

W lnformation on ECU pinout testing and additional specifications are 
found under Sensor and Circuit ResistancelOutput Tests in this 
section. 

REMOVAL & INSTALLATION 

+ See Figures 123 and 124 

W New O-rings and grommets should be installed anytime the 
injectors are removed. Pay close attention to all hose routing and 
connections prior to removal. 

40150 Hp Models 
+ See Figure 123 

1. Relieve the fuel system pressure as detailed in this section and 
disconnect the negative battery cable for safety. 

2. Remove the lower engine covers for access. For details, refer to 
Engine Covers under the Engine Maintenance section. 

3. Use compressed air (from a compressor or hand pump) to blow 
debris from the injectors and intake manifold. 

W If no compressed air is available, use a soft brush or some spray 
engine degreaser and rag to clean debris from the area around the 
injector mounting. 

4. Push inward on the wire clip, then disengage the wire harness 
connectors from the injectors. 

5. Remove the screws and clips securing the injectors to the intake 
manifold. 

6. Carefully withdraw each injector from the intake manifold (use a rag 
to catch any escaping fuel). If necessary, gently rock the injector from side- 
to-side to help free it from the manifold. e 

7. Remove and discard the injector O-ring seals. 
To install: 

8. Injectors must be completely clean before installation, if necessary 
clean all dirt or debris from the injectors using solvent and lint free towels. 
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9. Lubricate the new O-rings usjng clean engine oil, then slide them 

over the injector bodies. 

Always use new O-rings for safety (to make sure no leaks develop 
from the use of old O-rings). 

10. Insert each injector into the manifold openings, taking care not to 
nick, pinch or otherwise damage the O-rings. Once installed, rotate the 
injector body to position the connector so it is 180" away from the retainer 
clip bolt. 

11. lnstall the injector retaining clips and tighten the bolts to 98-108 inch 
Ibs. (11-12 Nm). 

12. Pressurize the fuel system, as detailed in this section and then check 
for leaks. Repair all fuel leaks before returning the motor to service. 

70 Hp Models 
+ See Figure 124 

1. Relieve the fuel system pressure as detailed in this section and 
disconnect the negative battery cable for safety. 

2. Remove the lower engine covers for access. For details, refer to 
Engine Covers under the Engine Maintenance section. 

3. Use compressed air (from a compressor or hand pump) to blow 
debris from the injectors and cylinder head. 

If no compressed air is available, use a soft brush or some spray 
engine degreaser and rag to clean debris from the area around the 
injector mounting. 

4. Push inward on the wire clip, then disengage the wire harness 
connectors from the injectors. 

The fuel rail may be completely removed from the engine or it may 
be unbolted and pulled back for access to the injectors with the fuel 
supply line still attached. 

5. If the fuel rail is being completely removed from the motor: 
a. Position a rag to catch any remaining fuel in the lines. 
b. Remove the bolt at the bottom of the rail 
c. Disconnect the fuel supply hose connector from the rail. 
6. Remove the 2 retaining bolts and spacers from the fuel rail assembly, 

then pull the assembly and the injectors from the engine. Carefully free each 
injector from the fuel rail, using a gently rocking motion, as necessary. 

7. Remove and discard the O-ring seals from the injectors andlor the 
injector openings in the fuel rail and manifold. 

To install: 
8. Injectors must be completely clean before installation, if necessary 

clean all dirt or debris from the injectors using solvent and lint free towels. 
9. Lubricate the new O-rings using clean engine oil, then slide them 

over the injector bodies. 

I 

I 
CAMSHAFT 
POSITION 
SENSOR 

SENSORS 

Fig. 126 Exploded view of the CMP and CKP sensor mounting - 
40150 Hp Motors 

B Always use new O-rings for safety (to make sure no leaks develop 
from the use of old O-rings). 

10, Insert each injector into the fuel rail or the manifold openings 
(whichever you feel will be easier), taking care not to nick, pinch or otherwise 
damage the O-rings. Once installed, rotate each injector body to position the 
harness connector facing the cylinder head. 

11, Install the fuel rail, carefully seating the injectors into the cylinder 
head or the rail (depending on your choice in the previous step). 

12. Install the fuel rail bolts and spacers, then tighten to 16.5 ft. Ibs. (23 
Nm). 

13. If the fuel rail was completely removed from the motor, carefully 
position the fuel line so it will not be kinked, pinched or damaged by other 
components, then secure it to the fuel rail. Tighten the union bolt to 29 ft. Ibs. 
(40 Nm). 

14. Pressurize the fuel system, as detailed in this section and then check 
for leaks. Repair all fuel leaks before returning the motor to service. 

+ See Figures 126 and 127 

The Camshaft Position (CMP) sensor is used to determine engine 
positioning, relative to the four-stroke engine cycle moment. The ECU uses 
the CMP signal, along with the Crankshaft Position Sensor (CKP) signals to 
set fuel injection and ignition timing, as well as injector duration, fuel pump 
operation, tachometer operation and IAC valve operation. 

The sensor is a Hall-effect type, designed to generate an electrical signal 
based upon a magnetic force passed through its field. On 70 hp motors, the 
signal is generated by a reluctor bar is fitted to the top edge of the camshaft 
pulley. On 40150 hp motors, the reluctor bar is pressed into the top end of 
the intake port side (camshaft). 

The sensor is mounted at the rear, top, port edge of the rocker cover on 
40150 hp motors (near the No. 1 cylinder ignition coil). For 70 hp motors the 
sensor is wired as part of the CMPICKP sensor assembly, but is mounted 
separately from the CKP sensors, on the top, starboard side, rear of the 
cylinder head (near the camshaft pulley). 

TESTING 

CULT - + See Figures 126 and 127 

If the ECU detects a CMP circuit fault it will make fuel and ignition timing 
decisions based upon signals from the crankshaft position sensors. Engine 
performance is usually not impacted, but the ECU will set fault code No. 24 

CAMSHAFT & CRANKSHAFT 
SENSOR HARNESS ASSEMBLY 

Fig. 127 Exploded view of the CMP and CKP sensor mounting - 70 
HD Motors 

- www.instant-manuals.com -



FUEL SYSTEM 3-61 
and display the Check Engine light. In some instances, failure of a CMP 
sensor will cause the tachometer to display 112 engine speed. 

Sensor removal is not required for testinq, but keep in mind that 
resistance readings for this component will iary somewhat with temperature. 
Specifications are based upon testing the sensor when it is at approximately 
68°F (20°C). 

1: t is connect the negative battery cable for safety and in order to 
protect the test meter. 

2. Follow the camshaft position sensor wires from the sensor either to 
the sensor connector on 40150 hp motors or to the 4-pin connector at the 
ECU. Refer to the wiring diagrams for more information on these sensor 
harness colors. 

3. Disconnect the sensor harness from the sensor or the ECU, as 
desired. 

On 70 hp motors, the sensor is wired to the 4-pin connector located 
at one end of the ECU (connector "En). Check terminals No. 1 (black 
wire) and No. 2 (orangelgreen wire). More information on connector 
views and pinouts are found under Sensor and Circuit 
ResistancelOutput Tests in this section. 

4. Set the DVOM to the resistance scale, then connect the probes to 
the sensor wire terminals or the ECU wiring harness terminals for the sensor 
and record the meter reading. CMP resistance should be about 168-252 
ohms. If resistance is outside specifications, check the wiring harness for 
damage before replacing the sensor. 

DO NOT attach a DVOM to the ECU itself. Some circuits of the ECU can 
be damaged or destroyed by applying voltage from an ohmmeter or a 
DVOM set to the resistance scale. 

5. Connect the sensor wire harness to the sensor or ECU, as 
applicable. Be sure to route the wires carefully, avoiding interference with 
other components. 

6. Connect the negative battery cable. 

REMOVAL & INSTALLATION 

+ See Figures 126 and 127 

Prior to removal, note the wire harness routing (a digital camera can be 
very handy for these matters) to ensure proper positioning during installation. 
On 70 hp motors, a feeler gauge will be necessary to properly adjust the air 
gap while installing the sensor. 

40150 Hp Models 
+ See Figure 126 

The sensor is mounted at the rear, top, port edge of the rocker cover, 
near the No. 1 cylinder ignition coil. 

1. Disconnect the negative battery cable for safety. 
2. Carefully bend the clamp back to free the sensor wire, then unplug 

the harness connector from the sensor. 
3. Remove the retaining bolt, then lift the sensor and clamp from the 

rocker arm cover. 
4. Use a suitable solvent to clean dirt or debris from the sensor and 

mounting surface. Clean the harness connector terminals of debris or 
corrosion. 

To install: 
5. Insert the tip of the sensor into the opening, then seat the sensor on 

the rocker cover and secure using the bolt and clamp. 
6. Engage the harness connector to the CMP sensor. 
7. With the wire harness properly routed, bend the clamp to secure the 

harness. 
8. Connect the negative battery cable. 
9. Check for proper ignition system operation. 

70 Hp Models 
+ See Figure 127 

The sensor is wired as part of the CMPICKP sensor assembly, but is 
mounted separately from the CKP sensors, on the top, starboard side, rear 
of the cylinder head (near the camshaft pulley). Each sensor of the CKP 

assembly contains an individual signal lead, but use a common ground wire. 
The CMP may be replaced separately, but you will have to splice it into the 
CMPICKP harness. 

1. Disconnect the negative battery cable for safety. 
2. Remove the flywheel as detailed under Flywheel in the Powerhead 

section. 
3. Remove the CKPICMP sensor assembly as detailed under 

Crankshaft Position (CKP) Sensor, Removal & Installation, in this section. 
Remove both CMP sensor mounting screws, then lift the sensor and 
mounting block from the cylinder head. 

4. If only the CMP sensor is being replaced, compare the replacement 
sensor to the current assembly in order to determine the proper point for 
splicing in the ground wire, then cut the old sensor ground wire free of the 
harness. 

5. Clean the sensor mounting location and the threads of the mounting 
screws. 

To install: 
6. If the only the CMP sensor (and not the entire harness) was 

replaced, carefully splice the new sensor ground wire to the CMPICKP 
harness. The best method for splicinq is to twist and solder the wires, then 
seal the connection using heat shrinK material. Solderless connectors of the 
proper size can be used, but are more likely to fail if not sized and connected 
properly. 

7. Place the mounting block and sensor onto the cylinder head. Apply a 
coating of OMC Nut Lock or and equivalent threadlock to the threads and 
install the sensor mounting screws. Do not tighten the screws at this time. 

8. Slowly rotate the flywheel clockwise by hand until the reactor plate 
(raised section) on the camshaft pulley aligns with the sensor, then slide a 
0.030 in. (0.75mm) feeler gauge between the sensor and the reactor plate. 

9. To adjust the sensor air gap, push the sensor toward the camshaft 
pulley using light finger pressure, then hold it in that position while tightening 
the screws. Check the air gap to make sure it has not changed. An 0.030 in. 
(0.75mm) feeler gauge should pass between the pulley and sensor with a 
slight drag (the next larger size should not fit and the next smaller size 
should pass with no drag). 

10. If necessary, loosen the sensor retaining screws and readjust the 
gap, then retighten the screws. 

11. Install the balance of the CKP sensor assembly. 
12. Connect the negative battery cable. 
13. Check for proper ignition system operation. 

* See Figures 126 and 127 

The CKP sensors are similar in both design and function to the CMP 
sensor. The CKP sensors convert changes in an electromagnetic field to a 
voltage signal used by the ECU to help control engine operation. Each CKP 
sensor is positioned to give the ECU information regarding where a piston 
(40150 hp motors) or pair of pistons (70 hp motors) are in the cylinder. 

The major difference between the CMP and CKP is the fact that the 
crankshaft completes two full turns for each single turn of the camshaft. This 
is necessary since the 4 phases of a 4-stroke engine require the piston to 
travel up and down in the cylinder 2 times. This limits the amount of 
information that the ECU can gain from the CKP sensors, since they will 
generate the same signal for 2 different strokes of the 4-stroke cycle. Without 
a CMP sensor signal as well, the ECU cannot determine if a given signal 
means that cylinder is at TDC of the compression stroke or the exhaust 
stroke. 

For more details on the basic operation of a 4-stroke engine, refer to 
the information on Engine Operation under General Information. 

As stated earlier, the 40150 hp motors manual a CKP sensor for each 
cylinder (3). The sensors are mounted directly under the flywheel, evenly 
spaced apart around the top of the top of the engine. They are set at points 
around the flywheel so as to determine piston positioning for one individual 
cylinder. If one of the CKP sensors fail, the ECU will maintain engine 
operation based on the signals from the CMP and remaining CKP sensors, 
but both fuel and ignition will not be provided to the cylinder for the failed 
sensnr - - - . . - - . . 

The 70 hp motors utilize 2 CKP sensors that provide information on paired 
cvlinders. One sensor ~rovides a sianal the ECU inter~rets as  ist ton 
p'ositioning for the No. '1 and No. 4 cylinders, while t h i  other sensor provides 
a signal for the No. 2 and No. 3 cylinders. On 70 hp motors the two signals 
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from the CKP sensors are redundant (meaning that they provide the ECU 
with the same basic information, since the ECU can calculate positioning of 
one pair of cylinders if it knows the position of the other pair). 

For this reason, if once sensor fails the ECU can maintain engine 
operation based on the other CKP sensor (and the CKP sensor) signal. The 
manufacturer designed the system with 2 sensors for fast starts and as a 
fail-safe should one sensor cease functioning while the boat is underway (to 
get you home). 

CULT - + See Figures 126 and 127 

The CKP sensors are mounted to the top of the powerhead underneath 
and around the perimeter of the flywheel. Two or three sensors are used 
depending on the model (3 sensors on 40150 hp motors and 2 sensors on 70 
hp motors). 

For 40150 hp motors, a faulty sensor will cause the Engine Control Unit 
(ECU) to stop spark and fuel delivery to the corresponding cylinder. A fault 
with more than one sensor will cause the engine to cease operation (ECU 
will prevent spark and fuel to all 3 cylinders). 

For 70 hp motors, a fault with one sensor causes the ECU to base engine 
timing on the remaining CKP sensor signal. Normal operation will continue 
with 1 faulty CKP sensor on these motors, but, like the 40150 hp models, a 
fault on 2 sensor circuits will cause the engine to stop running. 

It is not necessary to remove the CKP sensor(s) for testing. As with 
all resistance readings, keep in mind that test results will vary with 
temeerature. The seecifications for this test were determined at an 
ambient temperature of about 68°F (20°C). 

1. Disconnect the negative battery cable for safety and in order to 
protect the test meter. 

Depending on the model, the CKP harness traced back from the 
assembly and disconnected inline before the main wiring harness for 
testing andlor at the ECU wiring harness connectors, as noted. Wire 
colors should be the same at either point. 

2. Locate and unplug the appropriate ECU connector(s) and 
corresponding terminals in order to connect an ohmmeter to conduct a 
resistance check. For more details, refer to the wiring diagram andlor the 
connector views and pinouts found under Sensor and Circuit 
ResistancelOutput Testing, in this section. 

a. For 40150 hp motors, use the ECU harness connectors "En (small 4- 
wire connector) and " D  (large, black, 12-wire connector) to test the following 
connections using a DVOM set to the resistance scale: 

No. 1 cylinder sensor: D l  (blackiwhite wire) and E4 (redlblack wire) 
* No. 2 cylinder sensor: D l  (blacklwhite wire) and E3 (whitelblack wire) 

No. 3 cylinder sensor: D l  (blackiwhite wire) and E l  (redlwhite wire) 

Information on connector views, pinouts and additional 
specifications are found under Sensor and Circuit ResistancelOutput 
Tests in this section. 

b. For 70 hp motors, use the ECU harness connector "E" from the end 
of the ECU to test the following connections using a DVOM set to the 
resistance scale: 

Port side CKP sensor: E l  (black wire) and E4 (redlblue wire) 
Starboard side sensor: E l  (black wire) and E3 (whitelblack wire) 

3. The DVOM should read approximately 168-252 ohms. If resistance is 
outside specifications, check the wiring harness for damage before replacing 
the sensor. 

DO NOT attach a DVOM to the ECU itself. Some circuits of the ECU can 
be damaged or destroyed by applying voltage from an ohmmeter or a 
DVOM set to the resistance scale. 

4. Connect the sensor wire harness to the sensor or ECU, as 
applicable. Be sure to route the wires carefully, avoiding interference with 
other components. 

5. Connect the negative battery cable. 

REMOVAL & INSTALLATION 

+ See Figures 126 and 127 

There are 3 sensors wired together in the CKP (40150 hp motors) or 
CKPICMP (70 hp motors) assembly. If one sensor has and the engine has 
been in service for some time, it is probably advisable (and easier) to simply 
replace the whole sensor assembly (all 3 sensors). 

But, individual replacement sensors are normally available. Although each 
of the sensors utilize a unique signal wire, they all share the same ground 
wire. If a single sensor is to be replaced, trace the wire back to the common 
ground and cut it out at a position where the replacement can be spliced (be 
sure to have the replacement on hand before performing this to ensure it is a 
logical point). The best method for splicing is to twist and solder the wires, 
then seal them using heat shrink, but if desired solderless crimp connectors 
may be used. The major concern with solderless crimp connectors are that 
they must be of the proper size and crimped properly to ensure connection. 
Most crimp connectors are also designed to seal with heat. 

Prior to removal note the wire routing (or take a picture with a digital 
camera) for reference during installation. Make sure that wires are routed 
properly to prevent interference, especially with moving components such as 
the flywheel. 

Although no adjustment is necessary on 40150 hp motors, a feeler gauge 
must be used to properly adjust the air gap on the sensors for 70 hp motors 
to ensure proper operation. 

1. Disconnect the negative battery cable for safety. 
2. If necessary, remove the flywheel as detailed under Flywheel in the 

Powerhead section for better access. 
3. Remove the 6 retaining bolts for the CKP or CKPICMP sensors (2 

bolts per sensor) and remove the assembly from the powerhead. If only one 
sensor is being replaced, it may be easier to remove them all and perform 
the splicing on a workbench, but that's your call. 

4. Clean the sensor mounts, as well as the mounting screw threads. 
To install: 

5. Carefully route the sensor wires into position as noted proper to 
removal, then position the sensors onto the powerhead with the protrusions 
facing the flywheel. 

6. Apply a coating of OMC Nut Lock or equivalent threadlock to the 
threads of the sensor mounting screws. 

7. Position the sensors to the mounting points and install the retaining 
screws. For 40150 hp motors, tighten the screws securely. For 70 hp motors, 
position the flywheel and adjust the sensors before tightening the screws as 
follows: 

a. If removed, install the flywheel and hand-tighten the retaining bolt. 
b. Slide a 0.030 in. (0.75mm) feeler gauge between the sensor and the 

raised section of the flywheel (reactor plate). Push on the sensor lightly by 
finger against the gauge and flywheel to adjust the air gap. Holding the 
sensor lightly in this position and tighten the mounting screws, then double- 
check for correct gap. Loosen the screws and readjust, as necessary. 

When using a feeler gauge to check the air gap, make sure that a 
0.030 in. (0.75mm) gauge passes between the sensor and flywheel with 
only a slight drag. The next larger gauge should not pass and the next 
smaller gauge should pass without any interference. 

8. Make sure all sensor screws are tightened securely and the 
harnesses are properly routed. If any clamps were used to retain the 
harness, bend them over in position. 

9. Connect the harness wiring. 
10. If removed, finish installing the flywheel, as detailed in the 

Powerhead section. Once the flywheel is bolted in position, rotate it slowly by 
hand to make sure that no interference occurs between it and any sensors or 
wiring. 

11. Connect the negative battery cable, then check for proper ignition 
system operation. 

+ See Figure 128 

The Engine Control Unit (ECU) controls all functions of the EFI and 
ignition systems. Problems with the ECU are rare, but when they occur can 
cause a no-start, stumbling, misfire, hesitation, rough idle or incorrect speed 
limiting through improper control of the ignition andlor fuel injection systems. 
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Unfortunately, solid state components like the ECU cannot be directly 

tested in many ways. One exception comes with checking reference 
voltages, which can be performed using the information found under Sensor 
and Circuit ResistancelOutput Tests on 40150 hp motors. In most cases, 
ECU testing involves a process of elimination, testing all other possible 
causes of a symptom. Condemn the ECU only if all other components that 
could cause a problem have been eliminated. Remember that many of the 
circuits used by the ECU for information or for direct control of the motor are 
sensitive to changes in resistance. Simple problems such as loose, dirty or 
corroded connectors, even   inched wires or interference caused bv marine 
radios or other electronic accessories can cause symptoms making an 
otherwise good ECU seem bad, 

Motors shown (40150 motors 

REMOVAL & INSTALLATION 

+ See Figure 128 

The ECU is mounted on the starboard side of the powerhead in a rubber 
mounted electrical parts holder. On 40150 hp motors, the ECU is mounted 
vertically, on 70 hp motors it is mounted horizontally with the connectors 
facing upward. 

Make sure all other possible causes of improper operation have been 
eliminated before replacing this component. The ECU tends to be expensive 
and is normally non-returnable. Also, make sure that no other problems exist 
in the EFI system and wiring harnesses, because circuit problems could exist 
that destroy or damage an ECU could also instantly destroy or damage the 
replacement. 

1. Disconnect the negative battery cable to prevent the possibility of 
damage to the ECU. 

Static electricity can instantly damage or destroy the solid state control 
modules. In order to prevent this possibility, ground yourself by 
touching a metallic component on the motor immediately prior to 
touching the ECU. If you feel a small static shock, you may have 
prevented damage to the control unit. 

2. If equipped, remove the plastic cover from the electrical component 
holder for access. 

3. Tag and disconnect the 5 wiring harness connectors fastened to the 
ECU. Push the retaining tabs on each connector DOWN while pulling back 
on the connector housing to free them from the ECU. 

H Three of the five connectors can only be installed on one of the ECU 
terminals, but there are two 12-pin connectors (one black and one 
white). Make sure the 12-pin terminals are tagged to ensure proper 
installation. 

4. If equipped, remove the screws retaining the ECU, 

H Note any ground wires connected at the retaining bolts. To prevent 
problems with the unit (including failures due to poor grounding) make 
sure ground wires are connected during installation. 

5. Remove the ECU from the powerhead. 
To install: 

6. Clean dirt and corrosion from the mounting location. 

H Make sure any ground wires that are used are installed properly. 
Take care when routing all ground or harness wiring to prevent 
interference with other components. 

7. Position the ECU to the powerhead, then install any fasteners and 
tighten securely. 

8. Engage the 5 wiring harness connectors to the back of the ECU. 
9. If equipped, install the plastic cover to the electrical component 

holder. 
10. Connect the negative battery cable and check for proper operation. 

+ See Figures 129 thru 132 

Signals from the Intake Air Temperature (IAT) and Cylinder Temperature 
(CT) sensor are used by the EFI system to manage engine operation. The 
IAT sensor is used by the ECU to help determine airlfuel ratios. The CT 
sensor is used to inform the ECU once the engine has warmed to normal 
operating temperature. During operation signals from both the CT sensor 
and the Exhaust Manifold (EM) sensor are also used by the encline overheat 
or Speed Limited overheat warning (S.L.O.W.) system: 

Temoerature sensors for modern fuel iniection svstems are normallv 
thermisiors, meaning that they are variabli resisto;~ or electrical components 
that change their resistance value with changes in temperature. The 
JohnsonlEvinrude temperature sensors are Negative Temperature 
Coefficient (NTC) thermistors. Whereas the resistance of most thermistors 
(and most electrical circuits) increases with temperature increases (or lowers 
as the temperature goes down), an NTC sensor operates in an opposite 
manner. The resistance of an NTC thermistor goes down as temperature 
rises (or goes up when temperature goes down). 

On 40150 hp motors the sensors are located: 
CT: the center, top of the powerhead, immediately behind the flywheel 

For 70 hp motors, the CT is found just below the thermostat housing, behind 
the eleckic parts holder. 

* EM: toward the top of the (drum roll please) exhaust manifold 
(surprised?), on the starboard side of the engine. 

The EM is on the opposite end of the manifold from the anode on 
these models. 

IAT: the bottom of the air intake silencer for 40 and 50 hp motors, or 
just behind the flame arrester screen in the throttle body on 70 hp motors. 

On 70 hp motors the sensors are located: 
CT: immediately below the thermostat housing, behind the electric 

component holder. 
EM: toward the top of the (drum roll please) exhaust manifold 

(surprised?), on the starboard side of the engine. 

H The EM is mounted only inches above the anode on these motors, 
of course there is little chance of confusing the two since no wiring 
harness is attached to the anode. 

TEMPERATURE 
l0 SENSOR ' - GASKET 

I Fig. 129 Typical Cylinder Temperature (CT) an Exhaust Manifold 
(EM) - 40150 Hp Motors 
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3-64 FUEL SYSTEM 

IAT SENSOR 0 - GROMMET 

Fig. 130 Cylinder Temperature (CT) sensor 
used on the 70 Hp Motors 

IAT 

IAT SENSOR 0 - GROMMET 

Fig. 131 Intake Air Temperature (IAT) sensor 
- 40150 Hp Motors 

IAT: in the throttle body, behind the flame arrester screen. 

Because fuel mapping decisions are made using input from the IAT 
and CT sensors, incorrect o~eration can result in excessive exhaust 
smoke, spark pl'ug fouling & other poor engine performance can result 
from an incorrect air fuel mixture caused bv a defective IAT sianal. 
Problems with the CT circuit can lead to hard starting or probhms 
during warm-up operation. 

TESTING 

+ See Figures 133 and 134 

Temperature sensors are among the easiest components of the EFI 
system to check for proper operation. That is because the operation of an 
NTC thermistor is basically straightforward. In general terms, raise the 
temperature of the sensor and resistance should go down. Lower the 
temperature of the sensor and resistance should go up. The only real 
concern during testing is to make clean test connections with the probe and 
to use accurate (high quality) testing devices including a DVOM and a 
relatively accurate thermometer or thermosensor. 

A quick check of the circuit andlor sensor can be made by disconnecting 
the sensor wiring and checking resistance (comparing specifications to the 
ambient temperature of the motor and sensor at the time of the test). Keep in 
mind that this test can be misleading as it could mask a sensor that reads 
incorrectly at other temperatures. Of course, a cold engine can be warmed 
and checked again in this manner. 

More detailed testing involves removing the sensor and suspending it in a 
container of liquid (either water or oil, as desired), then slowly heating the 
liquid (without using a flame if the liquid of choice is oil) while watching 
sensor resistance changes on a DVOM. This method allows you to check for 
problems in the sensor as it heats across it's entire operating range. 

Information on ECU connector views, pinouts and additional 
specifications for testing at the ECU harness are found under Sensor 
and Circuit ResistancelOutput Tests in this section. 

1 \\ 'L 

1. Thermal rw~tch 
2, Cool water 
3. Thermometer 

Fig. 133 Resistance of these temperature sensors should be high 
when the temperature is low. . 

GASKET 

I IATSENSOR 

Fig. 132 Intake Air Temperature (IAT) sensor 
- 70 Hp Motors 

Quick Test 

A quick check of a temperature sensor can be made using a DVOM set to 
the resistance scale and applied across the sensor terminals. The DVOM 
can be connected to directly to the sensor ([AT), the sensor pigtail (CT or 
EM) or at the appropriate ECU harness connector. Use a thermometer or a 
thermosensor to determine ambient enginelsensor temperature before 
checking resistance. 

Isolate the ECU from the sensor harness by disconnecting sensor or 
ECU harness connector before attempting to check resistance. Even 
the small voltage provided by a DVOM in order to check a circuit's 
resistance can damage an ECU. 

Even if the sensor tests ok cold, the sensor might read incorrectly hot (or 
anywhere in between). If trouble is suspected, reconnect the circuit, then 
start and run the engine to normal operating temperature. After the engine is 
fully warmed, shut the engine OFF and recheck the sensor hot. If the sensor 
checks within specification hot, it is still possible that another point during 
warm-up could be causing a problem, but not likely. The sensor can be 
removed and checked using the Comprehensive Test in this section or other 
causes for the symptoms can be checked. If the sensor was checked 
directly, be sure to check the wiring harness between the ECU and the 
sensor for continuity. Excessive resistance due to loose connections or 
damage in the wiring harness can cause the sensor to read out of range. 

When checking the sensor be sure to make the correct connections as 
follows: 

* CT: Connect the meter to the violet (40150 hp motors) or light green (70 
hp motors) and black wires of the sensor pigtail or to the light greenlwhite 
and blacklwhite ECU harness wires, as desired. 

EM: Connect the meter to the violet and black wires of the sensor 
pigtail or to the violetiwhite and blacklwhite ECU harness wires, as desired. 

IAT Connect the meter directly the sensor terminals (there is no pigtail 
on these sensors) or to the light greenlblack and blacklwhite ECU harness 
wires, as desired. 

1. Hot water 

Fig. 134 . . . temperature sensor resistance will lower as 
temperature rises 
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When testing 40150 hp motors through the ECU harness, the 

manufacturer provides resistance specifications that are slightly 
different than those listed here. Unfortunatelv thev do not aive an 
explanation for these difference (although it is likely that tEey are 
allowing slightly for additional resistance in the wiring harness and the 
terminal connectors). For specific connector and terminal identification, 
as well as resistance specifications for testing through the ECU 
harness refer to Sensor and Circuit ResistanceiOutput Tests in this 
section. To complicate matters further, the manufacturer does NOT 
provide alternate resistance specifications for these tests on 70 hp 
motors, so use the specs listed here, even if testing through the circuit 
(but allow for a small, about 5%, variance in readings through the 
harness before replacing a sensor). 

Resistance specifications for these temperature sensors are as follows: 
* 5,100-6,000 ohms @ 32°F (PC) 
* 1,9OO-2,IOO ohms @ 77°F (25°C) 

760-900 ohms @ 122°F (50°C) 
* 340-420 ohms @ 135°F (75°C) 

Comprehensive Test 

+ See Figures 133 and 134 

It is important to EFI operation that the temperature sensor (especially the 
IAT and CT) provides accurate signals across the entire operating range and 
not just when fully hot or fully cold. For this reason, it is best to test the 
sensor by watching output or resistance constantly as the sensor is heated 
from a cold temperature to the upper end of the engine's operating range. 
The easiest way to do this is to use the OMC Diagnostic Software installed in 
a suitable IBM compatible laptop. If the software is not available, the next 
best (and most often used solution) is to suspend the sensor in a container 
of water or oil, connect a DVOM and slowly heat the liquid while watching 
resistance on the meter. 

To perform this check, you will need a high quality (accurate) DVOM, a 
thermometer (or thermosensor, some multi-meters are available with 
thermosensor adapters), a length of wire, a metal or laboratory grade glass 
container and a heat source (such as a hot plate or camp stove). A DVOM 
with alligator clip style probes will make this test a lot easier, otherwise 
alligator clip adapters can be used, but check before testing to make sure 
they do not add significant additional resistance to the circuit. This check is 
performed by connecting the two alligator clips together and checking for a 
very low or 0 resistance reading. If readings are higher than 0, record the 
value to subtract from the sensor resistance readings compensating for the 
use of the alligator clips. 

When using a camp stove or source of open flame to heat the container 
oil should not be used as the suspension liquid to protect against the 
possibility of an oil fire. Use water when flame is involved. 

1. Remove the temperature switch as detailed in this section. 
2. Suspend the sensor and the thermometer or thermosensor probe in 

a container of cool water or four-stroke engine oil. 

To ensure accurate readings make sure the temperature sensor and 
the thermometer are suspended in the liquid and are not touching the 
bottom or sides of the container. 

3. Set the DVOM to the resistance scale, then attach the probes to the 
sensor or sensor pigtail terminals, as applicable. 

To ensure test accuracy, do not allow the sensoriswitch or 
thermometer to touch the bottoms or sides of the container during the 
test as the temperature of the container may vary somewhat from the 
liquid contained within and sensor held in suspension. 

4. Allow the temperature of the sensor and thermometer to stabilize, 
then note the temperature and the resistance reading. 

5. Use the hot plate or camp stove to slowly raise the temperature. 
Continue to note resistance readings as the temperature rises to 77°F 
(25"C), 122°F (50°C) and finally to 135°F (75°C). The meter should show a 
steady decrease in resistance that is proportional to the rate at which the 
liquid is heated. Extreme peaks or valleys in the sensor signal should be 
rechecked to see if they are results of sudden temperature increases or a 
possible problem with the sensor. 

6. Compare the readings to the following specifications: 
* 5,100-6,000 ohms @ 32°F (0°C) 

1,900-2,100 ohms @ 77°F (25°C) 
* 760-900 ohms @ 122°F (50°C) 
* 340-420 ohms @ 135°F (75°C) 

7. Sensors that read well outside specifications (more than about a 5% 
variance in reading) should be replaced to ensure proper engine operation. 

REMOVAL & INSTALLATION 

Cylinder Temperature (CT) Sensor 
Uf T 

4+ See Figures 129 and 130 

1. Disconnect the negative battery cable for safety. 
2. Locate the CT sensor (if necessarv refer to the wirina diaarams to ., ., 

help trace the wires from the ECU harness) as follows: 
40150 hp motors: the sensor is mounted on the center, top of the 

powerhead (behind the flywheellin front of the thermostat). 
70 hp motors: the sensor is mounted on the starboard side of the 

powerhead (behind the electrical component holderibelow the thermostat 
housing). If necessary, remove or reposition the electrical component holder 
for additional access. 

3. Pull upward on the retaining tab, then disengage the wiring harness 
connector from the sensor. Note the wire routing for installation purposes. 
Make sure the terminals on the sensor and in the wiring harness are clean 
and free of corrosion. 

4. Either unthread and remove the sensor from the powerhead (40150 
hp motors) or remove the retaining bolt and plate, then remove the sensor 
from the powerhead (70 hp motors). Be sure to clean the sensor threads and 
the threads in the powerhead before installation. 

5. If removed, remove and discard the gasket or seal. 
6. Installation is the reverse of removal, but take care not to overtighten 

the sensor or mounting bolt (as applicable) and damage the sensor or the 
mounting threads in the powerhead. Push the wiring connector until the 
retaining tab snaps in place, then pull back gently to ensure proper 
connection. 

Exhaust Manifold (EM) Temperature Sensor 

+ See Figure 129 

1. Disconnect the negative battery cable for safety. 

The exhaust manifold becomes extremely hot during operation, to 
prevent burns, make sure the engine has cooled sufficiently before 
removing the sensor. 

2. Locate the EM sensor on the top of the exhaust manifold (if 
necessary refer to the wiring diagrams to help trace the wires from the ECU 
harness). 

3. Pull upward on the retaining tab, then disengage the wiring harness 
connector from the sensor. Note the wire routing for installation purposes. 
Make sure the terminals on the sensor and in the wiring harness are clean 
and free of corrosion. 

4. Unthread and remove the sensor from the manifold. Be sure to clean 
the sensor threads and the threads in the manifold before installation. 

Repeated heating and cooling cycles of the motor during normal 
service will often seize components in the exhaust manifold, including 
this sensor. If it is difficult to remove, DO NOT force it or i t  could break 
off in the manifold. Instead, apply a few drops of a penetrating oil such 
as PB Blaster or WD-40 and give it a few minutes to work before 
attempting to loosen the sensor again. If the sensor still won't budge, 
warm'theengine to normal operating temperature and loosen the - 

sensor as it cools lusina GREAT care to Drevent burnina vourself). 

5. If removed, remove and discard the gasket or seal. - 
6. Installation is the reverse of removal, but take care not to overtighten 

and damage the sensor or the mounting threads in the manifold. Push the 
wiring connector until the retaining tab snaps in place, then pull back gently 
to ensure proper connection. 
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Intake Air Temperature (IAT) Sensor TESTING 
+ See Figures 131 and 132 

1. Disconnect the negative battery cable for safety. 
2. Locate the IAT sensor (if necessary refer to the wiring diagrams to 

help trace the wires from the ECU harness) as follows: 
40150 hp motors: the sensor is mounted in the bottom of the silencer 

cover, on the starboard side. 
70 hp motors: the sensor is mounted to the top, side of the throttle 

body (behind the flame arrester screen). 
3. Push the retaining tab downward and disengage the wiring harness 

connector from the sensor. Note the wire routing for installation purposes. 
Make sure the terminals on the sensor and in the wiring harness are clean 
and free of corrosion. 

4. Either unthread and remove the sensor from the throttle body (70 hp 
motors) or grasp the sensor and gently pull it free of the grommet in the 
silencer cover (40150 hp motors). 

5. For 70 hp motors, remove and discard the sensor gasket. Clean the 
sensor threads and the threads in the throttle body before installation. 

6. For 40150 hp motors, inspect the sensor grommet (mounted in the 
silencer cover) for damage or deterioration and replace, if necessary. 

7. lnstallation is thereverse of removal. Do not overtighten thesensor 
on 70 hr, motors and damaae the sensor or the throttle bodv. On 40150 h~ 
motors,'make sure the senior is fully seated and secure in {he grommet.' 
Push the wiring connector until the retaining tab snaps in place, then pull 
back gently to ensure proper connection. 

+ See Figure 135 

During normal EFI operation, the majority of fuel mapping decisions 
(injector on-time strategy) is made based upon signals from the MAP sensor. 
The sensor detects atmospheric pressure (air density) when the key is 
turned on (such as during engine starting) or cranking. Once the engine 
starts, the sensor provides intake manifold air pressure. 

The sensor is mounted to the top of the intake manifold runners (port 
side) on 40150 hp motors or attached to the starter motor bracket (front, port 
side above the throttle bodv) for 70 ho motors. On all models, a short rubber 
hose connects the sensor id a pulse iimiter (mounted behind the throttle 
body) that is used to dampen vacuum signal changes. 

PULSE 
LIMITER 

Fia. 135 Mao sensor and oulse limiter 

CULT - + See Figures 96 and 135 

The single largest input on which the ECU relies for fuel mapping is the 
MAP sensor signal regarding intake manifold pressure (during engine 
operation). The sensor cannot function correctly unless the vacuum hose is 
attached without leaks. 

If problems occur with the sensor circuit (out of range operation), there is 
excessive smoke form the exhaust, spark plug fouling or other driveability 
problems, check the condition and connection of the vacuum hose before 
performing electronic tests on the sensor and circuit. 

If trouble codes are present, keep in mind that a code 32 refers to a 
suspected possible problem with the hose (as determined by the ECU if it 
sees a steady MAP sensor signal regardless of varying rpm signals from the 
CKP sensors). When the ECU sets a code 34, it either see no signal from 
the sensor at all or a signal that is out of range. The most likely causes of a 
code 34 are circuit, not vacuum hose, problems. 

The voltage output check is the best way to test the sensor circuit. 
Because the wiring must be connected in order to conduct a voltage check, 
testing is performed by carefully probing through the back of the appropriate 
connector (back-probe). Testing can take place at the back of the component 
wiring connector or at the back of the appropriate ECU harness connector. 
When installed, the harness connector view would be a mirror image of the 
connector views shown under the Sensor and Circuit ResistancelOutput 
Test. If necessary, refer to the wiring diagrams to check circuit wire colors 
and confirm terminal positioning. 

Make sure all sensor wiring/connections are in clean and tight 
before replacing the sensor due to voltage output check test results. 

A DVOM equipped with a small test probe or a test probe from the OMC 
test probe kit (#342677) and a hand vacuum pump are necessary to perform 
this test. Hand vacuum pumps should be available at most marine or 
automotive supply stores (they are used for testing and for certain 
maintenance tasks such as drawing hydraulic fluid through a system). 

1. Locate ECU connector D, the black 12-pin connector attached to the 
back of the ECU, just to the side of the white 12-pin connector located at the 
center of the 5 connectors. On 70 hp motors, remove the cover from the 
electrical component holder for access to the ECU wiring. 

2. Using a DVOM set to the low DC voltage scale, insert the back of a 
small probe (or a test probe from OMC test probe kit {#342677}) through the 
back of the connector D terminal 7. D7 should have a white wire. Connect 
the other voltmeter probe to a good engine ground. 

3. Disconnect the vacuum hose from the MAP sensor, then attach a 
hand vacuum pump so that specific pressures can be applied to the sensor 
while testing for specific voltage outputs. 

4. Turn the ignition key ON and apply the following vacuum levels, 
looking for the appropriate voltage readings on the DVOM: 

0 in. Hg (0 kPa): 4.0 volts 
11.8 in. Hg (40 kPa): 2.42 volts 
24 in. Hg (80 kPa): 0.84 volts 

5. Replace the MAP sensor if the voltage does read as specified under 
each of the test vacuum conditions. 

REMOVAL & INSTALLATION 

+ See Figures 135 
DERATE 

The sensor is mounted to the top of the intake manifold runners (port 
side) on 40150 hp motors or attached to the starter motor bracket (front, port 
side above the throttle body) for 70 hp motors. On all models, a short rubber 
hose connects the sensor to a pulse limiter (mounted behind the throttle 
body) that is used to dampen vacuum signal changes. 

1. Disconnect the negative battery cable for safety. 
2. Locate the map sensor on the intake manifold (40150 hp motors) or 

starter motor bracket (70 hp motors), as applicable. 

Note the wire and hose routing before disconnecting anything from - 
the sensor to ensure proper installation. 

3. Push down on the locktab while pulling back on the harness 
connector to disconnect it from the sensor. 
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4. Disconnect the vacuum hose from the sensor. 
5. Carefully remove sensor the mounting screws, then remove the 

sensor from the intake manifold or powerhead bracket, as applicable. 
6. Clean the sensor and manifoldlbracket mating surfaces. 
7. Installation is essentially the reverse of removal, but take care to 

make sure the sensor bolt, vacuum hose and wiring connector are all secure. 
Do not over-tighten the mounting bolt that could damage the sensor housing 
or strip the threads in the manifold or starter bracket. Pull back on the wiring 
connector after the tab engages to make sure it is locked in place. Most of 
all, make sure the vacuum hose is properly connected with no leaks. 

+ See Figure 136 

The Closed Throttle Position (CTP) switch signals the ECU when the 
throttle is in the closed position, indicating that the ECU should control idle 
speed. When the throttle is closed the ECU will actuate the Idle Air Control 
(IAC) solenoid valve and alter ignition timing in order to control idle speed. 

Once the throttle is opened, the signal from the switch alerts the ECU to 
increase fuel delivery and advance spark timing to improve throttle response. 

The switch is located on the top of the throttle body for 40150 hp motors or 
on the bottom of the throttle body on 70 hp motors. 

TESTING 

CULT 

Problems with the CTP circuit will usually cause hesitation when the 
throttle is advanced auicklv off idle. but trouble with the circuit can also 
cause a high idle speed o; a rough idle. 

1. Disconnect the negative battery cable. 
2. Locate the throttle body on the front, port side of the powerhead, 

then locate the CTP switch and wiring on the throttle body. If necessary, 
trace the light greenired wire to the switch. 

3. Push the retaining tab downward and disengage the wiring harness 
connector from the sensor. Note the wire routing for installation purposes. 
Make sure the terminals on the sensor and in the wiring harness are clean 
and free of corrosion. 

4. Set a DVOM to the resistance scale, then connector the red 
(positive) meter lead to a good engine ground and the black (negative) meter 
lead to the switch wire terminal. 

5. Slowly open and close the throttle while watching output on the 
meter, is should read as follows: 

With the throttle closed and the switch button fully depressed, the 
meter should show continuity. 

As the throttle is just cracked open, and the switch button is released, 
the meter should show no continuity. 

6. Replace the throttle body if the switch does not operate properly. 

THROTTLE , 
BODY 

Fig. 136 The CTP is part of the throttle body assembly, installed 
and adjusted at the factory - 40150 hp motors shown 

REMOVAL & INSTALLATION 

The CTP switch is mounted to the throttle body and calibrated at the 
factory. Do NOT disturb the switch or attempt to replace it, no parts are 
available for service. If the switch fails, the throttle body assembly must be 
replaced. 

Like the electric fuel pump, the fuel pressure regulator is part of the vapor 
seDarator tank assemblv. The regulator itself is mounted inside the tank and 
can be replaced when servicing ihe tank if the coverlpump assembly is 
removed. If problems are suspected with the high pressure fuel system, refer 
to the regulator and pump pressure testing procedures found under the 
Vapor Separator Tank and High Pressure Fuel Pump procedures in this 
section.0 

+ See Figure 137 

A main system relay is mounted in the upper left of the electrical parts 
holder (near the ECU) on the starboard side of the powerhead. On 70 hp 
motors, the electrical component holder cover must be removed for access. 
The main relay provides power to the ECU, fuel injectors, ignition coils, IAC 
valve, diagnostic connector, and for 40150 hp motors, the CMP sensor. 
Power is applied only when the ignition keyswitch is turned to the ON 
position. 

TESTING & SERVICE 

CULT - + See Figure 137 

Problems with the system relay will normally keep the engine from 
starting, but intermittent problems (that come and go) could cause the engine 
to stall periodically. Intermittent faults are often caused by heat related 
conditions, so if the engine stalls with no other symptoms, but restarts only 
after it has cooled, check the system relay. 

Although the manufacturer provides various tests for the relay, the easiest 
and safest test is to remove the relay (which helps protect test equipment 
during testing). In order to properly test the relay in this fashion you will need 
a DVOM, jumper wires with alligator clips and fresh (charged) 12-volt battery. 

The solenoid terminals are identified as follows: 
B+ Batterv (12-volt) oositive solenoid, white wire. 
B- ~attery' (j2-volt)' ECU negative (ground), pinkiblack wire. 
L Load (12-volt) power feed to components, large gray wire. 
S Keyswitch signal, small gray wire. 

1. Disconnect the negative battery cable for safety, then remove the 
main relay from the powerhead and disconnect it from the wiring harness. 

2. Position the relay on the workbench with the connector retainer tab 
facing up as shown in the accompanying figure. Use the art to help identify 
the relay terminals as follows: 

Fig. 137 EFI main system relay terminal identification 
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Bt Upper left terminal (when relay tab is on top). 
B- Upper right terminal (when relay tab is on top). 
L Lower left terminal (when relay tab is on top). 
S Lower right terminal (when relay tab is on top). 

3. With the DVOM set to the resistance scale, connect the positive 
meter test lead to the Bt terminal, then connect the negative meter test lead 
to the L terminal. No continuity should be noted on the DVOM. 

4. Move the meter leads to the B- and S terminals. The meter must now 
read 80-120 ohms resistance. 

5. Remove the meter leads, now connect relay terminal S to the 
positive terminal of a fully charged 12-volt battery. Connect another jumper 
lead to the negative terminal of the battery. 

6. Connect the DVOM (still set to check resistance) to the B t  and L 
terminals again. With the meter connected and the 12-volt battery positive 
terminal jumped to the S terminal, jump the negative terminal of the battery 
to the remaining relay terminal B-. When power is applied to S and B- the 
internal switch in the relay should close causing Bt and L to show continuity. 

7. Replace the system relay if Bt and L fail to show continuity when 
power is applied to the other 2 terminals or if they show continuity when 
power is removed. 

8. Clean the relay and harness connector terminals, then plug the relay 
back into the harness connector. Secure the relay back into it's mounting, 
and if applicable, install the electrical component cover. 

9. Connect the negative battery cable and verify proper relay operation. 

+ See Figures 138 and 139 

Although some air for idle operation is provided by the idle air bypass 
screw and the CTP switch which holds the throttle plate open slightly, 
additional air is provided by the Idle Air Control (IAC) valve. The ECU uses 
the IAC valve control idle speed through the additional air metered to the 
engine through the valve passages. Air for the IAC valve is drawn through a 
dedicated IAC valve air silencer mounted in a clamp to the powerhead in the 
same vicinity as the valve. 

The IAC valve is located at the front of the engine. It is just starboard of 
the throttle body on 40150 hp motors. For 70 hp motors, the valve is just 
above and slightly port of the throttle body, mounted directly to the intake 
manifold (visible from the front of the engine, just below the top, port side of 
the air silencer). 

TESTING 

CULT 
+ See Figures 138 and 139 

A faulty IAC valve can cause varied idle problems (including rough, slow 
or hiah idles), but it can also cause the enqine to stall when shifted into clear. 
~ecause the IAC valve operates by allowing small amounts of air through 

INTAKE AIR 

SILENCER 

Fig. 138 Exploded view of the IAC valve and silencer mounting - 
40150 Hp Motors 

dedicated passages, the affects of a faulty valve are usually inconsequential 
at higher speeds. 

Information on ECU connector views, pinouts and additional 
specifications for testing the IAC valve at the ECU harness are found 
under Sensor and Circuit ResistancelOutput Tests in this section. 

1. Disconnect the negative battery cable for safety. 
2. Locate the valve mounted near the throttle body and air intake 

silencer (40150 hp motors) or intake manifold (70 hp motors). If necessary, 
trace the redlblack and gray wires from the appropriate ECU connectors 
(refer to the wiring diagrams for more details) to the harness connector. 

3. Release the lock tab (by pushing downward on 40150 hp motors or 
pulling upward on 70 hp motors), and carefully pull the harness wiring 
connector from the valve (40150 hp motors) or the IAC valve pigtail (70 hp 
motors). 

4. 'Using a DVOM set to the resistance scale, connect the leads across 
the IAC valve (or tiatail, as amlicable) terminals. Resistance should be 21.5- , -  . 
32.3 ohms on 40150 hp models or 4.817.2 ohms on 70 hp models. Replace 
the IAC valve if resistance is not within specification. 

5. When finished, reconnect the wire harness to the valve (routing the 
wires to avoid interference if they were moved significantly), then reconnect 
negative battery cable. 

REMOVAL & INSTALLATION 

ERA TE 
V 

e See Figures 138 and 139 

The IAC valve is located at the front of the engine. It is just starboard of 
the throttle body on 40150 hp motors. For 70 hp motors, the valve is just 
above and slightly port of the throttle body, mounted directly to the intake 
manifold (visible from the front of the engine, just below the top, port side of 
the air silencer). 

1. Disconnect the negative battery cable for safety. 
2. If necessary for additional access, remove the air intake silencer 

140150 h~ motors) or silencer cover (70 ho motors) as detailed in this section 
h d e r  ~ i ;  Intake Silencer and ~1ame'~rrester. 

' 

3. Locate the IAC valve, then note the routing and connection points of 
the hoses and wires for installation purposes. 

4. On 40150 hp motors, disconnect the hoses from the valve. 
5. Release the lock tab (by pushing downward on 40150 hp motors or 

pulling upward on 70 hp motors), and carefully pull the harness wiring 
connector from the valve. 

6. Remove the valve as follows: 
a. For 40150 hp motors, remove the screws, then pull the valve and 

bracket from the powerhead. 
b. For 70 hp motors, remove the screws and retainer, then pull the 

valve and flange. Remove the rubber gasket (valve seat) from the valve 
flanae or intake manifold. 

7. Carefully clean the mating surfaces using solvent. 

AIR BYPASS 
SCREW 

INTAKE 
MANIFOLD 

I 

SILENCER 

Fig. 139 Exploded view of the IAC valve and silencer mounting - 70 
Hp Motors 
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8. If desired, remove the IAC valve silencer (a round plastic housing) as 

follows: 
a. For 40150 hp motors, the silencer is located directly under the 

throttle body at the front of the engine. The silencer hoses attach to the IAC 
valve (already disconnected at this point) and the air intake silencer (which 
also may be disconnected already if the main air intake silencer was 
removed in Step 2 for additional access. To remove the IAC valve silencer, 
carefully pull it from the retaining clamp. 

b. For 70 hp motors, the silencer is located under the intake runners at 
the port front of the englne. One of the silencer hoses attaches to the intake 
manifold (disconnect it from the manifold or the silencer, whichever is 
easier), while the other is simply routed to provide intake air. The second 
hose (open to the atmosphere) may be secured in a wire tie or clamp (if so, 
disconnect it from the anchor point or from the silencer, as desired). Carefully 
remove the silencer from the retaining clamp. 

To install: 
9. If removed, install the IAC valve silencer to the retaining clamp. 

Reposition hoses for connection to the valve and main silencer (40150 hp 
motors) or the intake manifold and anchor point (70 hp motors), as 
applicable. 

10. Install the IAC valve to the mounting bracket. On 70 hp motors, be 
sure to install the flange and valve seat (rubber gasket). 

11. Tighten the mounting screws securely. 
12. Connect the hoses and wiring as noted during removal to avoid 

interference with other components. When installing the harness connector, 
push gently until the lock tab engages, then give a slight tug back on the 
harness to ensure it is locked in place. On 40150 hp motors, one hoses 
attaches the air intake silencer, if it was removed, connect the hose as it is 
reinstalled. 

13. If removed, install the air intake silencer or silencer cover, as 
applicable. 

14. Connect the negative battery cable. 

TESTING 

DERATE 
+ See Figures 140 and 141 

Problems with the neutral (safety) switch could allow the engine to start in 
gear (a potentially dangerous condition) or could cause a no-start condition 
in neutral. 

The quickest way to test the neutral switch is to attempt to start the motor 
in gear, if it starts, there's a problem with the circuit. Alternately, the switch 
should be checked (along with the starter solenoid) if the battery, fuses and 
connections are good, but a no-start condition exists in neutral. 

To isolate and test the switch itself: 
1. Disconnect the negative battery cable for safety. 
2. Remove the lower engine covers as described under Engine Covers 

in the Engine Maintenance section. 
3. For 70 hp motors, remove the holder from the electrical component 

cover, then remove the ECU from the holder for access to the switch 
harness. 

4. Locate the neutral switch wiring harness connector (behind the upper 
side of the vapor separator tank on 40150 hp motors, or behind the ECU on 
70 hp motors). If the connector is hard to find, first locate the switch itself (on 
the lower starboard side of the powerhead, next to the shift linkage), then 
trace the switch wires (yellowlgreen and brown) back to the harness 
connector. 

5. Pull upward on the retaining tab, then disengage the wiring harness 
connector from the switch pigtail connector. Note the wire routing for 
installation purposes. Make sure the terminals on the switch pigtail connector 
and in the wiring harness are clean and free of corrosion. 

6. Using a DVOM set to read resistance, connect the positive meter 
lead to the pigtail terminal for the yellowlgreen wire and the negative test 
lead to the pigtail terminal for the brown wire. 

+ See Figures 140,141 and 142 To prevent damage to the gear shifter assembly, have an assistant 
slowly rotate the propeller shaft by hand when attempting to move the 

The neutral switch signals the ECU when the engine is shifted into or out 
of neutral gear. The ECU uses the signal to prevent starting (but cutting 
operation of the fuel injectors and ignition system) if an attempt is made to 
start the engine in gear. 

The switch is mounted so plunger contacts the shifter linkage. The 
plunger should be actuated (depressed) only when the shifter is in Neutral 
(as can be verified by manually rotating the prop shaft). The harness 
connector is found behind the upper side of the vapor separator (40150 hp 
motors) or directly behind the ECU (70 hp motors). The ECU must be 
removed from the holder and repositioned to access the harness connector 
on 70 hp motors (this usually can be accomplished with the wiring 
connected, as long as care is taken not to pull on the wires and terminals). 

Fig. 140 The neutral safety switch should 
only show continuity when the shift linkage 
is in neutral - 70 Hr, Motors shown 

shifter into or  out of gear. 

7. Place the remote control handle in neutral. The switch plunger should 
be depressed and the meter should show continuity. 

8. Place the remote control the forward and then the reverse gear 
positions. The switch plunger should release and the meter should shown no 
continuity with the engine in either gear. 

9. Adjust the switch if the plunger is not where it should be in the noted 
positions. Replace the switch if the meter shows incorrect readings when the 
plunger is actuated as noted. 

10. When finished with tests and, if necessary, repairs, reconnect the 
engine wire harness to the neutral switch pigtail connector. Route the wires 
to avoid interference 

Fig. 141 The switch plunger should be fully 
depressed (for switch continuity) with the 
shift linkage in  neutral - 40150 Hp Motors 
shown 

NEUTRAL 
(SAFETY) 

Fig. 142 Exploded view of the switch 
mounting - 40150 Hp Motors shown (70 hp 
motors similar, but the switch i s  mounted 
vertically instead of horizontally) 
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11. For 70 hp motors, reposition the ECU into the holder, then install the 

cover. 
12, Install the lower engine covers and reconnect the negative battery 

cable. 

REMOVAL & INSTALLATION 

+ See Figure 142 
DERATE 

The switch is mounted so plunger contacts the shifter linkage. The 
plunger should be actuated (depressed) only when the shifter is in Neutral 
(as can be verified by manually rotating the prop shaft). Adjustment is 
accomplished by repositioning the switch in a position where the shifter 
linkage properly actuates the plunger ONLY in neutral. The switch bracket 
should be positioned in such a way as to eliminate the need for adjustment 
unless the switch, bracket or linkage have been physically damaged in some 
way. 

1. Disconnect the negative battery cable for safety. 
2. Remove the lower engine covers as described under Engine Covers 

in the Engine Maintenance section. 
3. Locate the neutral switch on the lower starboard side of the 

powerhead, next to the shift linkage. If the switch is hard to find, locate the 
wiring harness connector (behind the upper side of the vapor separator tank 
on 40150 hp motors, or behind the ECU on 70 hp motors), then trace the 
switch wires (yellowlgreen and brown) back through the pigtail to the switch. 

To prevent damage to the gear shifter assembly, have an assistant 
slowly rotate the propeller shaft by hand when attempting to move the 
shifter into or out of gear. 

4. To remove the switch, position the shifter in forward or reverse (so 
the switch plunger is released), then loosen the switch locknut and remove 
the switch from the bracket. 

To install: 
5. Installation is essentially the reverse of removal. Before installing the 

lower covers or other components removed in order to access the switch, 
observe switch plunger operation (the plunger should be depressed only with 
the shifter in neutral). Temporarily connect the negative battery cable and 
verify switch operation. If necessary, reposition the switch and bracket 
sliclhtlv to ensure proper operation, the remove the negative battery cable . .  . 
a&inior safety. 

6. Complete the installation and connect the negative battery cable. 
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Carburetor Set-U p Specifications 
OMC Float Setting Initial Low Model Engine No. Displace 
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Carburetor Set-Up Specifications 

(Hp) 
25D 

30 

I 2 1 2-stroke 1 1995-96 1 45 (737) 1 3 112 turns 1 1 118-1 518 (28-41) 1 324891 

50 1 2 1 2-stroke 1 1990-94 1 45 (737) 1 2 112 turns 1 1 118-1 518 (28-41) 1 324891 

OMC 

40 
45 
48 

Model 
o f  Cyl 

2 
2 

Initial Low 

2 
2 
2 

55 

- - - -- -- ppp - - 

nla' not applicable 
Initial low speed setting turn(s)' back (counterclockwise) from a lightly seated position 
@ All 40 hp models are 2 to 2 112 turns, except the 40RW wh~ch is 3 112 turns 

O Low speed screw is initrally installed so the undersrde of the screw head is 0 390 in. (9.9mm) above the carburetor 
cover 

No. Float Setting 

~ ~ i e  
2-stroke 
2-stroke 

60 
65 
70 

2-stroke 
2-stroke 
2-stroke 

2 
2 

Engine 
Year 

1990-95 
1998-01 

3 
3 
3 
3 

Displace 

1990-01 
1990-98 
1990-94 

2-stroke 

2-stroke 

c u .  in. (cc) 

45 (737) 
45 (737) 

2-stroke 
2-stroke 

2-stroke 
2-stroke 

45 (737) 
45 (737) 
45 R37) 

1995-01 

1990-01 

Speed Setting 

2 to 2 112 turns 
2 112 turns 

1995-98 
1990-01 
1990-01 
1990-01 

0 
2 112 turns 
2 112 turns 

45 (737) 

45 (737) 

- 
In. (rnrn) 

1 118-1 518 (28-41) 
1 118-1 518 (28-41) 

56.1 (913) 
56.1 (913) 
56.1 (913) 
56.1 (913) 

Float G u a g e  

324891 
324891 

1 118-1 518 (28-41) 
1 118-1 518 (28-41) 
1 118-1 518 (28-41) 

3 112 turns 
3 112 turns 

324891 
324891 
324891 

1 314 turns 
2 to 2 314 turns 
2 to 2 314 turns 
2 to 2 314 turns 

1 118-1 518 (28-41) 

1 118-1 518 (28-41) 
324891 
324891 

1 118-1 518 (28-41) 
1 118-1 518 (28-41) 
1 118-1 518 (28-41) 
1 118-1 518 (28-41) 

324891 
324891 
324891 
324891 

- www.instant-manuals.com -



CHARGING CIRCUIT ................. 4-57 
AC LIGHTING COIL . . . . . . . . . . . . . . . . .  4-66 

Removal & Installation . . . . . . . . . . . . . .  4-67 
Testina . . . . . . . . . . . . . . . . . . . . . . . . . .  4-66 

BATTERYY . . . . . . . . . . . . . . . . . . . . . . . . .  4-67 
CHARGING SYSTEM IDENTIFICATION . . 4-58 
GENERAL INFORMATION . . . . . . . . . . . .  4-57 
RECTIFIER . . . . . . . . . . . . . . . . . . . . . . . .  4-62 

Removal & Installation . . . . . . . . . . . . . .  4-63 
Testing . . . . . . . . . . . . . . . . . . . . . . . . . .  4-63 

REGULATORIRECTIFIER . . . . . . . . . . . . .  4-64 
Removal & Installation . . . . . . . . . . . . . .  4-66 
Testing . . . . . . . . . . . . . . . . . . . . . . . . . .  4-64 

SERVICE PRECAUTIONS . . . . . . . . . . . . .  4-57 
. . . . . .  STATORIBATTERY CHARGE COIL 4-61 

Removal & Installation . . . . . . . . . . . . . .  4-62 
Testing . . . . . . . . . . . . . . . . . . . . . . . . . .  4-61 

TROUBLESHOOTING . . . .  .. . . . . . . . . .  4-58 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Testing 4-59 

IGNITION SYSTEMS (BREAKER POINT 
MAGNETO) ........................ 4-8 

. . . . . . . . . . . .  CLEANING'& INSPECTION 4-13 
FLYWHEEL & BREAKER POINT . . . . . . . .  4-11 

Installation . . . . . . . . . . . . . . . . . . . . . . .  4-15 
Removal . . . . . . . . . . . . . . . . . . . . . . . . .  4-11 

GENERAL INFORMATION . . . . . . . . . . . .  4-8 
. . . . . . . . .  IGNITION COIL & ARMATURE 4-11 

Installation . . . . . . . . . . . . . . . . . . . . . . .  4-14 
. . . . . . . . . . . . . . . . . . . . . . . . .  Removal 4-11 

IGNITION SERVICE . . . . . . . . . . . . . . . . .  4-10 
General Information . . . . . . . . . . . . . . . .  4-1 0 

TOP SEAL . . . . . . . . . . . . . . . . . . . . . . . . .  4-13 
Replacement . . . . . . . . . . . . . . . . . . . . .  4-1 3 

TROUBLESHOOTING . . . . . . . . . . . . . . . .  4-8 
IGNITION SYSTEMS (ELECTRONIC) . . . . .  4-15 

CHARGE COIL . . . . . . . . . . . . . . . . . . . . .  4-24 
Removal & Installation . . . . . . . . . . . . . .  4-29 
Testing . . . . . . . . . . . . . . . . . . . . . . . . . .  4-24 

. . . . . . .  DESCRIPTION AND OPERATION 4-15 
IGNITION COILS . . . . . . . . . . . . . . . . . . . .  4-51 

. . . . . . . . . . . . .  Description & Operation 4-51 
. . . . . . . . . . . . . .  Removal & Installation 4-54 

Testing . . . . . . . . . . . . . . . . . . . . . . . . . .  4-52 
POWER COIL . . . . . . . . . . . . . . . . . . . . . .  4-39 

Removal & Installation . . . . . . . . . . . . . .  4-41 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Testing 4-39 

POWER PACK (IGNITION MODULE) . CARB 
ONLY . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-45 

Removal & Installation . . . . . . . . . . . . . .  4-51 
Testing . . . . . . . . . . . . . . . . . . . . . . . . . .  4-46 

. . . . . . . . . . . . .  SENSORirRlGGER COIL 4-41 
Removal & Installation . . . . . . . . . . . . . .  4-45 

Testing . . . . . . . . . . . . . . . . . . . . . . . . . .  
TROUBLESHOOTING . . . . . . . . . . . . . . . .  

.................... SPECIFICATIONS 
IGNITION TESTING SPECIFICATIONS . 

. . . . . . . . . . . . . . . . . . . .  CARB MOTORS 
.................. STARTING CIRCUIT 

. . . . . . .  DESCRIPTION AND OPERATION 
. . . . . . . . . . . . . . . . . .  STARTER MOTOR 

. . . . . . . . . . . . .  Cleaning And Inspection 
. . . . . . . . . . . . . .  DisassemblylAssembly 
. . . . . . . . . . . . . .  Removal & lnstallation 

Testing . . . . . . . . . . . . . . . . . . . . . . . . . .  
STARTER MOTOR SOLENOIDIRELAY 

. . .  . . . . . . . . . . . . . . . . . . . .  SWITCH .. 
Removal & Installation . . . . . . . . . . . . . .  
Testing The Solenoid . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  TROUBLESHOOTING. 
. . . . . . . . . . . . . . . . . . . . .  Testing (Carb) 

. . . . . . . . . . . . . . . . . . . . . .  Testing (EFI) 
UNDERSTANDING AND TROUBLE- 

.... SHOOTING ELECTRICAL SYSTEMS 
. . . . . . . . .  BASIC ELECTRICAL THEORY 

. . . . . . . . . .  ELECTRICAL COMPONENTS 
ELECTRICAL TESTING . . . . . . . . . . . . . . .  
PRECAUTIONS . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  TEST EQUIPMENT 
. . . . . . . . . . . . . . . .  TROUBLESHOOTING 

. . . . . .  WIRE AND CONNECTOR REPAIR 
. . . . . . . . . . . . . . . . . .  WARNING SYSTEM 

. . . . . . .  DESCRIPTION AND OPERATION 
. . . . . . . . . . . . . . . . .  Carbureted Models 

EFI Models . . . . . . . . . . . . . . . . . . . . . . .  
ENGINE TEMPERATURE SENSORS 

ENGINE TEMPERATURE SWITCHES 
(CARB) . . . . . . . . . . . . . . .  ... . . . . . . . .  

. . . . . . . . . . . . . .  Removal & lnstallation 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Testing 

OIL LEVEL SWITCH (OIL INJECTED 
. . . . . . . . . . . . . . . . . . . . . . .  2.STROKES) 

OIL PRESSURE SWITCH (4-STROKE 
ONLY) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  Removal & lnstallation 
. . . . . . .  . . . . . . . . . . . . .  Testing .... 

. . . . . . . . .  WARNING HORN OR BUZZER 
Testing . . . . . . . . . . . . . .  ... . . . . . . . .  

WARNING SYSTEM TROUBLE- 
. . . . . . . . . . . . . . . . . . . . . . . .  SHOOTING 

WIRING DIAGRAMS .................. 
INDEX . . . . . . . . . . . . . .  .. . . . . . . . . . . .  

- www.instant-manuals.com -
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+ See Figure 1 

For any 12-volt, negative ground, electrical system to operate, the 
electricity must travel in a complete circuit. This simply means that current 
(power) from the positive terminal ( t )  of the battery must eventually return to 
the negative terminal (-) of the battery. Along the way, this current will travel 
through wires, fuses, switches and components. If, for any reason, the flow 
of current through the circuit is interrupted, the component fed by that circuit 
would cease to function properly. 

Perhaps the easiest way to visualize a circuit is to think of connecting a 
light bulb (with two wires attached to it) to the battery - one wire attached to 
the negative (-) terminal of the battery and the other wire to the positive ( t )  
terminal. With the two wires touching the battery terminals, the circuit would 
be complete and the light bulb would illuminate. Electricity would follow a 
path from the battery to the bulb and back to the battery. It's easy to see that 
with wires of sufficient length, our light bulb could be mounted nearly 
anywhere on the boat. Further, one wire could be fitted with a switch inline 
so that the light could be turned on and off without having to physically 
remove the wire(s) from the battery. 

The normal marine circuit differs from this simple example in two ways. 
First, instead of having a return wire from each bulb to the battery, the 
current travels through a single ground wire that handles all the grounds for 
a specific circuit. Secondly, most marine circuits contain multiple components 
that receive power from a single circuit. This lessens the overall amount of 
wire needed to power components. 

HOW DOES ELECTRICITY WORK: THE WATER ANALOGY 

Electricity is the flow of electrons - the sub-atomic particles that constitute 
the outer shell of an atom. Electrons spin in an orbit around the center core 
of an atom. The center core is comprised of protons (positive charge) and 
neutrons (neutral charge). Electrons have a negative charge and balance out 
the positive charge of the protons. When an outside force causes the 
number of electrons to unbalance the charge of the protons, the electrons 
will split off the atom and look for another atom to balance out. If this 
imbalance is kept up, electrons will continue to move and an electrical flow 
will exist. 

Many people find electrical theory easier to understand when using an 
analogy with water. In a comparison with water flowing through a pipe, the 
electrons would be the water and the wire is the pipe. 

The flow of electricity can be measured much like the flow of water 
through a pipe. The unit of measurement used is amperes, frequently 
abbreviated as amps (a). You can compare amperage to the volume of water 
flowing through a pipe (for water that would mean a measurement of mass 
usually measured in units delivered over a set amount of time such as 

PROTECTION LOAD 
DEVICE (BULB) 

POWER SOURCE (FUSE) 
(BASTERY) 

CONWCTOR 
WIRE1 

CONTROL DEVICE 
(SWITCH OPEN) 

RETURN A 
CONDUCTOR 

GROUND 

Fig. 1 This example illustrates a simple circuit. When the switch is 
closed, power from the positive (+) battery terminal flows through 
the fuse and the switch, and then to the light bulb. The electricity 
illuminates the bulb and the circuit is completed through the 
ground wire back to the negative (-) battery terminal. 

gallons or liters per minute). When connected to a circuit, an ammeter will 
measure the actual amount of current flowing through the circuit. When 
relatively few electrons flow through a circuit, the amperage is low. When 
many electrons flow, the amperage is high. 

Water pressure is measured in units such as pounds per square inch 
(psi). The electrical pressure is measured in units called volts (v). When a 
voltmeter is connected to a circuit, it is measuring the electrical pressure. 

The actual flow of electricity depends not only on voltage and amperage, 
but also on the resistance of the circuit. The higher the resistance, the higher 
the force necessary to push the current through the circuit. The standard unit 
for measuring resistance is an ohm (Q). Resistance in a circuit varies 
depending on the amount and type of components used in the circuit. The 
main factors that determine resistance are: 

Material - some materials have more resistance than others. Those 
with high resistance are said to be insulators. Rubber materials (or rubber- 
like plastics) are some of the most common insulators used, as they have a 
very high resistance to electricity. Very low resistance materials are said to 
be conductors. Copper wire is among the best conductors. Silver is actually 
a superior conductor to copper and is used in some relay contacts, but its 
high cost prohibits its use as common wiring. Most marine wiring is made of 
copper. 

Size - the larger the wire size being used, the less resistance the wire 
will have (just as a large diameter pipe will allow small amounts of water to 
just trickle through). This is why components that use large amounts of 
electricity usually have large wires supplying current to them. 

Length - for a given thickness of wire, the longer the wire, the greater 
the resistance. The shorter the wire, the less the resistance. When 
determining the proper wire for a circuit, both size and length must be 
considered to design a circuit that can handle the current needs of the 
component. 

Temperature - with many materials, the higher the temperature, the 
greater the resistance (positive temperature coefficient). Some materials 
exhibit the opposite trait of lower resistance with higher temperatures (these 
are said to have a negative temperature coefficient). These principles are 
used in many engine control sensors (especially those found on EFI 
systems). 

OHM'S LAW 

There is a direct relat~onship between current, voltage and resistance. The 
relationship between current, voltage and resistance can be summed up by a 
statement known as Ohm's law. 

Voltage (E) is equal to amperage (I) times resistance (R): E=l x R 
Other forms of the formula are R=EII and I=EIR 
In each of these formulas, E is the voltage in volts, I is the current in 

amps and R is the resistance in ohms. The basic point to remember is that if 
the voltage of a circuit remains the same, as the resistance of that circuit 
goes up, the amount of current that flows in the circuit will go down. 

The amount of work that electricity can perform is expressed as pcaer. 
The unit of power is the watt (w). The relationship between power, voltage 
and current is exoressed as: 

Power (W) is equal to amperage (I) times voltage (E): W=l x E 
This is onlv true for direct current (DC) circuits: the alternatina current 

formula is a tad different, but since the eiectrical circuits in most';essels are 
DC type, we need not get into AC circuit theory. 

POWER SOURCE 

+ See Figure 2 

Typically, power is supplied to a vessel by two devices: The battery and 
the stator (or battery charge coil). The stator supplies electrical current 
anytime the engine is running in order to recharge the battery and in order to - 
operate electrical devices of the vessel. The battery supplies electrical power 
during starting or during periods when the current demand of the vessel's 
electrical system exceeds stator output capacity (which includes times when 
the motor is shut off and stator output is zero). 
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Fig. 2 Functional diagram of a typical charging circuit showing the 
relationship between the stator (battery charge coil), rectifier (or 
regulatorlrectifier) and battery 

The Battery 
In most modern vessels, the battery is a leadlacid electrochemical device 

consisting of six 2-volt subsections (cells) connected in series, so that the 
unit is capable of producing approximately 12 volts of electrical pressure. 
Each subsection consists of a series of positive and negative plates held a 
short distance apart in a solution of sulfuric acid and water. 

The two types of plates in each battery cell are of dissimilar metals. This 
sets up a chemical reaction, and it is this reaction which produces current 
flow from the battery when its positive and negative terminals are connected 
to an electrical load. Power removed from the battery in use is replaced by 
current from the stator and restores the battery to its original chemical state. 

The Stator 
Alternators and generators are devices that consist of coils of wires 

wound together making big electromagnets. The coil is normally referred to 
as a stator or battery charge coil. Either, one group of coils spins within 
another set (or a set of permanentlv charaed maanets, usuallv attached to 
the flywheel,' are spun around a sei of co'k) and ihe interaction of the 
magnetic fields generates an electrical current. This current is then drawn off 
the coils and fed into the vessel's electrical system. 

Some vessels utilize a generator instead of an alternator. Although 
the terms are often misused and interchanged, the main difference is 
that an alternator supplies alternating current that is changed to direct 
current for use on the vessel, while a generator produces direct 
current. Alternators tend to be more efficient and that is why they are 
used on almost all modern engines. 

GROUND 

Two types of grounds are used in marine electric circuits. Direct ground 
components are grounded to the electrically conductive metal through their 
mounting points. All other components use some sort of ground wire that 
leads back to the battery. The electrical current runs through the ground wire 
and returns to the battery through the ground or negative (-) cable; if you 
look, you'll see that the battery ground cable connects between the battery 
and a heavy gauge ground wire, 

A large percentage of electrical problems can be traced to bad 
grounds. 

If you refer back to the basic explanation of a circuit, you'll see that the 
ground portion of the circuit is just as important as the power feed. The wires 
delivering power to a component can have perfectly good, clean 
connections, but the circuit would fail to operate if there was a damaged 
ground connection. Since many components ground through their mounting 
or through wires that are connected to an engine surface, contamination 
from dirt or corrosion can raise resistance in a circuit to a point where it 
cannot operate. 

PROTECTIVE DEVICES 
+ See Figure 3 

Problems can occur in the electrical system that will cause large surges of 
current to pass through the electrical system of your vessel. These problems 
can be the fault of the charging circuit, but more likely would be a problem 
with the operating electrical components that causes an excessively high 
load. An unusually high load can occur in a circuit from problems such as a 
seized electric motor (like a damaged starter) or the excessive resistance 
caused by a bad ground (from loose or damaged wires or connections). A 
short to ground that bypasses the load and allows the battery to quickly 
discharge through a wire can also cause current surges. 

If this surge of current were to reach the load in the circuit, the surge 
could burn it out or severely damage it. It can also overload the wiring, 
causing the harness to get hot and melt the insulation. To prevent this, fuses, 
circuit breakers andlor fusible links are connected into the supply wires of the 
electrical system. These items are nothing more than a built-in weak spot in 
the system. When an abnormal amount of current flows through the system, 
these protective devices work as follows to protect the circuit: 

* Fuse - when an excessive electrical current passes through a fuse, the 
fuse blows (the conductor melts) and opens the circuit, preventing current 
flow. 

Circuit Breaker - a circuit breaker is basically a self-repairing fuse. It will 
open the circuit in the same fashion as a fuse, but when the surge subsides, 
the circuit breaker can be reset and does not need replacement. Most circuit 
breakers on marine engine applications are self-resetting, but some that 
operate accessories (such as on larger vessels with a circuit breaker panel) 
must be reset manually (just like the circuit breaker panels in most homes). 

Fusible Link - a fusible link (fuse link or main link) is a short length of 
special, high temperature insulated wire that acts as a fuse. When an 
excessive electrical current passes through a fusible link, the thin gauge wire 
inside the link melts, creating an intentional open to protect the circuit. To 
repair the circuit, the link must be replaced. Some newer type fusible links 
are housed in plug-in modules, which are simply replaced like a fuse, while 
older type fusible links must be cut and spliced if they melt. Since this link is 
very early in the electrical path, it's the first place to look if nothing on the 
vessel works, yet the battery seems to be charged and is otherwise properly 
connected. 

I Fig. 3 Fuses and circuit breakers may be found in a central 
location, or mounted to individual holders in the wiring harness I 

- www.instant-manuals.com -



4-4 IGNITION AND ELECTRICAL SYSTEMS 

Always replace fuses, circuit breakers and fusible links with identically 
rated components. Under no circumstances should a component of 
higher or lower amperage rating be substituted. A lower rated 
component will disable the circuit sooner than necessary (possibly 
during normal operation), while a higher rated component can allow 
dangerous amounts of current that could damage the circuit or 
component (or even melt insulation causing sparks or a fire). 

SWITCHES & RELAYS 

+ See Figure 4 

Sw~tches are used In electr~cal crrcults to control the passage of current 
The most common use is to open and close crrcults between the battery and 
the various electrrc dev~ces in the system Sw~tches are rated accordlnq to 
the amount of amperage they can handle. If a sufficient amperage r a t d  
switch is not used in a circuit, the switch could overload and cause damaae. 

Some electrical components that require a large amount of current to - 
operate use a special switch called a relay. Since these circuits carry a large 
amount of current, the thickness of the wire in the circuit is also greater. If 
this large wire were connected from the load to the control switch, the switch 
would have to carry the high amperage load and the space needed for wiring 
in the vessel would be twice as big to accommodate the increased size of 
the wiring harness. A relay is used to prevent these problems. 

Think of relays as essentially "remote controlled switches." They allow a 
smaller current to throw the switch that operates higher amperages devices. 
Relays are composed of a coil and a set of contacts. When current is passed 
through the coil, a magnetic field is formed that causes the contacts to move 
together, closing the circuit. Most relays are normally open, preventing 
current from passing through the main circuit until power is applied to the 
coil. But, relays can take various electrical forms depending on the job for 
which they are intended. Some common circuits that may use relays are 
horns, lights, starters, electric fuel pumps and other potentially high draw 
circuits. 

LOAD 

Every electrical circuit must include a load (something to use the 
electricity coming from the source). Without this load, the battery would 
attempt to deliver its entire power supply from one pole to another. This is 
called a short circuit. All this electricity would take a short cut to ground and 
cause a great amount of damage to other components in the circuit 

RELAY 
COIL 

SWITCH B+ 

GROUND CONPONENT 

RELAY 
-SWITCH 

Fig. 4 Relays are composed of a coil and a switch. These two 
components are linked together so that when one is operated it 
actuates the other. The large wires in the circuit are connected from 
the battery to one side of the relay switch (Bt) and from the 
opposite side of the relay switch to the load (component). Smaller 
wires are connected from the relay coil to the control switch for the 
circuit and from the opposite side of the relay coil to ground 

(including the battery) by developing a tremendous amount of heat. This 
condition could develop sufficient heat to melt the insulation on all the 
surrounding wires and reduce a multiple wire cable to a lump of plastic and 
copper. A short can allow sparks that could ignite fuel vapors or other 
combustible materials in the vessel, causing an extremely hazardous 
condition. 

WIRING & HARNESSES 

The average vessel contains miles of wiring, with hundreds of individual 
connections. To protect the many wires from damage and to keep them from 
becoming a confusing tangle, they are organized into bundles, enclosed in 
plastic or taped together and called wiring harnesses. Different harnesses 
serve different parts of the vessel. Individual wires are color coded to help 
trace them through a harness where sections are hidden from view. 

Marine wiring or circuit conductors can be either single strand wire, multi- 
strand wire or printed circuitry. Single strand wire has a solid metal core and 
is usually used inside such components as stator coil windings, motors, 
relays and other devices. Multi-strand wire has a core made of many small 
strands of wire twisted together into a single conductor. Most of the wiring in 
a marine electrical system is made up of multi-strand wire, either as a single 
conductor or grouped together in a harness. All wiring is color coded on the 
insulator, either as a solid color or as a colored wire with an identification 
stripe. A printed circuit is a thin film of copper or other conductor that is 
printed on an insulator backing. Occasionally, a printed circuit is sandwiched 
between two sheets of plastic for more protection and flexibility. A complete 
printed circuit, consisting of conductors, insulating material and connectors is 
called a printed circuit board. Printed circuitry is used in place of individual 
wires or harnesses in places where space is limited, such as behind I-piece 
instrument clusters. 

Since marine electrical systems are very sensitive to changes in 
resistance, the selection of properly sized wires is critical when systems are 
repaired. A loose or corroded connection or a replacement wire that is too 
small for the circuit will add extra resistance and an additional voltage drop 
to the circuit. 

The wire gauge number is an expression of the cross-section area of the 
conductor. Vessels from countries that use the metric system will typically 
describe the wire size as its cross-sectional area in square millimeters. In 
this method, the larger the wire, the greater the number. Another common 
system for expressing wire size is the American Wire Gauge (AWG) system. 
As gauge number increases, area decreases and the wire becomes smaller. 
Using the AWG system, an 18 gauge wire is smaller than a 4 gauge wire. A 
wire with a higher gauge number will carry less current than a wire with a 
lower clauae number. Gaucle wire size refers to the size of the strands of the 
conductor~not the size of ?he complete wire with insulator. It is possible, 
therefore. to have two wires of the same aauae with different diameters 
because one may have thicker insu1ation"tha; the other. 

It is essential to understand how a circuit works before trying to figure out 
why it doesn't. An electrical schematic shows the electrical current paths 
when a circuit is operating properly. Schematics break the entire electrical 
system down into individual circuits. In most schematics no attempt is made 
to represent wiring and components as they physically appear on the vessel; 
switches and other components are shown as simply as possible. But, this is 
usuallv not the case on JohnsonlEvinrude schematics and some of the 
wiring-diagrams provided here. So, when using a JohnsonlEvinrude 
schematic if the comDonent in auestion is re~resented bv somethina more 
than a small square or rectangle with a labei, it is likely a true repr&entation 
of the component. On most schematics, the face views of harness 
connectors show the cavity or terminal locations in all multi-pin connectors to 
help locate test points. 

Pinpointing the exact cause of trouble in an electrical circuit is usually 
accomplished by the use of special test equipment, but the equipment does 
not always have to be expensive. The following sections describe different - 
types of commonly used test equipment and briefly explains how to use them 
in diagnosis. In addition to the information covered below, be sure to read 
and understand the tool manufacturer's instruction manual (provided with 
most tools) before attempting any test procedures. 
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JUMPER WIRES 

+ See Figure 5 

-- 

Never use jumper wires made from a thinner gauge wire than the circuit 
being tested. If the jumper wire is of too small a gauge, it may overheat 
and possibly melt. Never use jumpers to bypass high resistance loads 
in a circuit. Bypassing resistances, in effect, creates a short circuit. 
This may, in turn, cause damage and fire. Jumper wires should only be 
used to bypass lengths of wire or to simulate switches. 

Jumper wires are simple, yet extremely valuable, pieces of test 
equipment. They are basically test wires that are used to bypass sections of 
a circuit. Although jumper wires can be purchased, they are usually 
fabricated from lengths of standard marine wire and whatever type of 
connector (alligator clip, spade connector or pin connector) that is required 
for the particular application being tested. In cramped, hard-to-reach areas, it 
is advisable to have insulated boots over the jumper wire terminals in order 
to prevent accidental grounding. It is also advisable to include a standard 
marine fuse in any jumper wire. This is commonly referred to as a fused 
jumper. By inserting an in-line fuse holder between a set of test leads, a 
fused jumper wire is created for bypassing open circuits. Use a 5-amp fuse 
to provide protection against voltage spikes. 

Jumper wires are used primarily to locate open electrical circuits, on either 
the ground (-) side of the circuit or on the power (t) side. If an electrical 
component fails to operate, connect the jumper wire between the component 
and a good ground. If the component operates only with the jumper installed, 
the ground circuit is open. If the ground circuit is good, but the component 
does not operate, the circuit between the power feed and component may be 
open. By moving the jumper wire successively back from the component 
toward the power source, you can isolate the area of the circuit where the 
open is located. When the component stops functioning, or the power is cut 
off, the open is in the segment of wire between the jumper and the point 
previously tested. 

You can sometimes connect the jumper wire directly from the battery to 
the hot terminal of the component, but first make sure the component uses a 
full 12 volts in operation. Some electrical components, such as fuel injectors 
or sensors, are designed to operate on smaller voltages like 4 or 5 volts, and 
running 12 volts directly to these components can damage or destroy them. 

TEST LIGHTS 

+ See Figure 6 

The test light is used to check circuits and components while electrical 
current is flowing through them. It is used for voltage and ground tests. To 
use a 12-volt test light, connect the ground clip to a good ground and probe 
connectors the pick where you are wondering if voltage is present. The test 
light will illuminate when voltage is detected. This does not necessarily mean 
that 12 volts (or any particular amount of voltage) is present; it only means 
that some voltage is present. It is advisable before using the test light to 

Fig. 5 Jumper wires are simple, but valuable 
pieces of test equipment 

touch its ground clip and probe across the battery posts or terminals to make 
sure the light is operating properly and to note how brightly the light glows 
when 12 volts is present. 

Do not use a test light to probe electronic ignition, spark plug or coil 
wires, as the circuit is much, much higher than 12 volts. Also, never 
use a pick-type test light to probe wiring on electronically controlled 
systems unless specifically instructed to do so. Whenever possible, 
avoid piercing insulation with the test light pick, as you are inviting 
shorts or corrosion and excessive resistance. But, any wire insulation 
that is pierced by necessity, must be sealed with silicone and taped 
after testing. 

Like the jumper wire, the 12-volt test light is used to isolate opens in 
circuits. But, whereas the jumper wire is used to bypass the open to operate 
the load, the 12-volt test light is used to locate the presence or lack of 
voltage in a circuit. If the test light illuminates, there is power up to that point 
in the circuit; if the test light does not illuminate, there is an open circuit (no 
power). Move the test light in successive steps back toward the power 
source until the light in the handle illuminates. The open is between the 
probe and the point that was previously probed. 

The self-powered test light is similar in design to the 12-volt test light, but 
contains a 1.5 volt penlight battery in the handle. It is most often used in 
place of a multimeter to check for open or short circuits when power is 
isolated from the circuit (thereby performing a continuity test). 

The battery in a self-powered test light does not provide much current. A 
weak battery may not provide enough power to illuminate the test light even 
when a complete circuit is made (especially if there is high resistance in the 
circuit). Always make sure that the test battery is strong. To check the 
battery, briefly touch the ground clip to the probe; if the light glows brightly, 
the battery is strong enough for testing. 

A self-powered test light should not be used on any electronically 
controlled system or component. Even the small amount of electricity 
transmitted by the test light is enough to damage many electronic 
components. 

MULTI-METERS 

+ See Figure 7 

Multi-meters are extremely useful for troubleshooting electrical problems. 
They can be purchased in either analog or digital form and have a price 
range to suit nearly any budget. A multi-meter is a voltmeter, ammeter and 
ohmmeter (along with other features) combined into one instrument. It is 
often used when testing solid state circuits because of its high input 
impedance (usually 10 megaohms or more). A high-quality digital multi-meter 
or Digital Volt Ohm Meter (DVOM) helps to ensure the most accurate test 
results and, although not absolutely necessary for electronic components 
such as EFI systems and charging systems, is highly recommended. A brief 
description of the main test functions of a multi-meter follows: 

Voltmeter - the voltmeter is used to measure voltage at any point in a 
circuit, or to measure the voltage drop across any part of a circuit. Voltmeters 

Fig. 6 A 12-volt test light is used to detect 
the presence of voltage in a circuit 

Fig. 7 Multi-meters are probably the most 
versatile and handy tools for diagnosing 
faulty electrical components or circuits 
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usually have various scales and a selector switch to allow metering and 
display of different voltage ranges. The voltmeter has a positive and a 
negative lead. To avoid damage to the meter, connect the negative lead to 
the negative (-1 side of the circuit (to ground or nearest the ground side of 
the circuit) and connect the positive lead to the positive (t) side of the circuit 
(to the power source or the nearest power source). This is mostly a concern 
on analog meters, as DVOMs are not normally adversely affected (as they 
are usually designed to take readings even with reverse polarity and display 
accordingly). Note that the negative voltmeter lead will always be black and 
that the positive voltmeter will always be some color other than black (usually 
red). 

Ohmmeter - the ohmmeter is designed to read resistance (measured in 
ohms) in a circuit or component. Most ohmmeters will have a selector switch 
which permits the measurement of different ranges of resistance (usually the 
selector switch allows the multiplication of the meter reading by 10, 100, 
1,000 and 10,000). Most modein ohmmeters (especially DVOMS) are auto- 
ranaina which means the meter itself will determine which scale to use. 
since ohmmeters are powered by an internal battery, the ohmmeter can be 
used like a self-powered test light. When the ohmmeter is connected, current 
from the ohmmeter flows through the circuit or component being tested. 
Since the ohmmeter's internal resistance and voltage are known values, the 
amount of current flow through the meter depends on the resistance of the 
circuit or component being tested. The ohmmeter can also be used to 
perform a continuity test for suspected open circuits. When using the meter 
for continuity checks, do not be concerned with the actual resistance 
readings. Zero resistance, or any ohm reading, indicates continuity in the 
circuit. Infinite resistance indicates an opening in the circuit. A high 
resistance reading where there should be none indicates a problem in the 
circuit. Checks for short circuits are made in the same manner as checks for 
open circuits, except that the circuit must be isolated from both Dower and 
normal ground. lnfhite resistance indicates no continuity, while iero 
resistance indicates a dead short. 

Never use an ohmmeter to check the resistance of a component or wire 
while there i s  voltaae amlied to  the circuit. Voltaae in the circuit can 
damage or destroyihe meter. 

" 

Ammeter - an ammeter measures the amount of current flowing 
through a circuit in units called amperes or amps. At normal operating 
voltage, most circuits have a characteristic amount of amperes, called 
current draw that can be measured using an ammeter. By referring to a 
specified current draw rating, then measuring the amperes and comparing 
the two values, you can determine what is happening within the circuit to aid 
in diagnosis. An open circuit, for example, will not allow any current to flow, 
so the ammeter readlng will be zero. A damaged component or circuit will 
have an increased current draw, so the reading will be high. The ammeter is 
always connected in series with the tested circuit. All of the current that 
normally flows through the circuit must also flow through the ammeter; if 
there is any other path for the current to follow, the ammeter reading will not 
be accurate. The ammeter itself has very little resistance to current flow and, 
therefore, will not affect the circuit, but it will measure current draw only when 
the circuit is closed and electricity is flowing. Excessive current draw can 
blow fuses and drain the battery, while a reduced current draw can cause 
motors to run slowly, lights to dim and other components to not operate 
properly. 

When diagnosing a specific problem, organized troubleshooting is a must. 
The complexity of a modern marine vessel demands that you approach any 
problem in a logical, organized manner. There are certain troubleshooting 
techniques, however, which are standard: 

Establish when the problem occurs. Does the problem appear only 
under certain conditions? Were there any noises, odors or other unusual 
symptoms? Isolate the problem area. To do this, make some simple tests 
and observations, then eliminate the systems that are working properly, 
Check for obvious problems, such as broken wires and loose or dirty 
connections. Always check the obvious before assuming something 
complicated is the cause. 

Test for problems systematically to determine the cause once the 
problem area i s  isolated. Are all the components functioning properly? Is 
there power going to electrical switches and motors? Performing careful, 
systematic checks will often turn up most causes on the first inspection, 
without wasting time checking components that have little or no relationship 
to the problem. 

Test all repairs after the work i s  done to make sure that the 
problem is  fixed. Some causes can be traced to more than one component, 
so a careful verification of repair work is important in order to pick up 
additional malfunctions that may cause a problem to reappear or a different 
problem to arise. A blown fuse, for example, is a simple problem that may 
require more than another fuse to repair. If you don't look for a problem that 
caused a fuse to blow, a shorted wire (for example) may go undetected and 
cause the new fuse to blow right away (if the short is still present) or during 
subsequent operation (as soon as the short returns if it is intermittent). 

Experience shows that most problems tend to be the result of a fairly 
simple and obvious cause, such as loose or corroded connectors, bad 
grounds or damaged wire insulation that causes a short. This makes careful 
visual inspection of components during testing essential to quick and 
accurate troubleshooting. 

VOLTAGE 

+ See Figure 8 

This test determines the voltage available from the battery and should be 
the first step in any electrical troubleshooting procedure after visual 
inspection. Many electrical problems, especially on electronically controlled 
systems, can be caused by a low state of charge in the battery. Many circuits 
cannot function correctly if the battery voltage drops below normal operating 
levels. 

Loose or corroded battery cable terminals can cause poor contact that will 
prevent proper charging and full battery current flow. 

1. Set the voltmeter selector switch to the 20V position. 
2. Connect the meter negative lead to the battery's negative (-) post or 

terminal and the positive lead to the battery's positive (t) post or terminal. 
3. Turn the ignition switch ON to provide a small load. 
4. A well charged battery should register over 12 volts. If the meter 

reads below 11.5 volts, the battery power may be insufficient to operate the 
electrical system properly. Check and charge or replace the battery as 
detailed under Engine Maintenance before further tests are conducted on the 
electrical system. 

VOLTAGE DROP 

+ See Figure 9 

When current flows through a load, the voltage beyond the load drops. 
This voltage drop is due to the resistance created by the load and also by 
small resistances created by corrosion at the connectors (or by damaged 
insulation on the wires). Since all voltage drops are cumulative, the 
maximum allowable voltage drop under load is critical, especially if there is 
more than one load in the circuit. 

1. Set the voltmeter selector switch to the 20 volts position. 
2. Connect the multi-meter negative lead to a good ground. 
3. Operate the circuit and check the voltage prior to the first component 

(load). 
4. There should be little or no voltage drop in the circuit prior to the first 

component. If a voltage drop exists, the wire or connectors in the circuit are 
suspect. 

5. While operating the first component in the circuit, probe the ground 
side of the component with the positive meter lead and observe the voltage 
readings. A small voltage drop should be noticed. This voltage drop is - 
caused by the resistance of the component. 

6. Repeat the test for each component (load) down the circuit. 
7. If an excessively large voltage drop is noticed, the preceding 

component, wire or connector is suspect. 
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RESISTANCE SHORT CIRCUITS 

+ See Figure 10 

Never use an ohmmeter with power applied to the circuit. The 
ohmmeter is designed to operate on its own power supply. The normal 
12-volt electrical system voltage will damage or destroy many meters! 

1 Isolate the clrcult from the vessel's power source 
2 Ensure that the lgnltlon key IS OFF when d~sconnect~ng any 

components or the battery 
3 Where necessary, also solate at least one sde of the clrcult to be 

checked, ~n order to avo~d readlng parallel reslstances Parallel c~rcult 
reslstances will always grve a lower readmg than the actual resistance of 
e~ther of the branches 

4 Connect the meter leads to both sldes of the crrcult (wlre or 
component) and read the actual measured ohms on the meter scale Make 
sure the selector swltch IS set to the proper ohm scale for the clrcult bemg 
tested, to avo~d m~sreadlng the ohmmeter test value 

The resistance reading of most electrical components will vary with 
temperature. Unless otherwise noted, specifications given are for 
testing under ambient conditions of 68°F (20°C). If the component is 
tested at higher or lower temperatures, expect the readings to vary 
slightly. When testing engine control sensors or coil windings with 
smaller resistance specifications (less than 1000 ohms) it is best to use 
a high quality DVOM and be especially careful of your test results. 
Whenever possible, double-check your results against a known good 
part before purchasing the replacement. If necessary, bring the old part 
to the marine parts dealer and have them compare the readings to 
prevent possibly replacing a good component. 

OPEN CIRCUITS 

+ See Figure 11 

This test already assumes the existence of an open in the circuit and it is 
used to help locate position of the open. 

1. Isolate the circuit from power and ground. 
2. Connect the self-powered test light or ohmmeter ground clip to the 

ground side of the circuit and probe sections of the circuit sequentially. 
3. If the light is out or there is infinite resistance, the open is between 

the probe and the circuit ground. 
4. If the light is on or the meter shows continuity, the open is between 

the probe and the end of the circuit toward the power source. 

HOT AT A!-L TIMES 

NEGATIVE LEAD - - 
Fig. 8 A voltage check determines the 
amount of battery voltage available and, as 
such, should be the first step in any 
troubleshootina ~rocedure 

+ See Figure 12 

Never use a self-powered test light to perform checks for opens or 
shorts when power is applied to the circuit under test. The test light 
can be damaged by outside power. 

1, Isolate the circuit from power and ground. 
2. Connect the self-powered test light or ohmmeter ground clip to a 

good ground and probe any easy-to-reach point in the circuit. 
3. If the light comes on or there is continuity, there is a short 

somewhere in the circuit. 
4. To isolate the short, probe a test point at either end of the isolated 

circuit (the light should be on or the meter should indicate continuity). 
5. Leave the test light probe engaged and sequentially open connectors 

or switches, remove parts, etc. until the light goes out or continuity is broken. 
6. When the light goes out, the short is between the last two circuit 

components that were opened. 

Almost anyone can replace damaged wires, as long as the proper tools 
and parts are available. Wire and terminals are available to fit almost any 
need. Even the specialized weatherproof, molded and hard shell connectors 
used on JohnsoniEvinrude engines are usually available for purchase 
individually. 

Be sure the ends of all the wires are fitted with the proper terminal 
hardware and connectors. Wrapping a wire around a stud is not a permanent 
solution and will only cause trouble later. Replace wires one at a time to 
avoid confusion. Always route wires in the same manner of the manufacturer. 

When replacing connections, make absolutely certain that the connectors 
are certified for marine use. Automotive wire connectors may not meet 
United States Coast Guard (USCG) specifications. 

If connector repair is necessary, only attempt it if you have the 
proper tools. Weatherproof and hard shell connectors require special 
tools to release the pins inside the connector. Attempting to repair 
these connectors with conventional hand tools will damage them. See a 
JohnsonIEvinrude dealer about the proper connector terminal tools 
available from the manufacturer for these engines. 

Wear safety glasses when working on or near the battery. 
Don't wear a watch with a metal band when servicing the battery or 

POSITIVE LEAD 1 

Fig. 9 Voltage drops are due to resistance in 
the circuit, from the load or from problems 
with the wirina 

NEGATIVE LEAD 

LEAD 

- 

Fig. 10 Resistance tests must be conducted 
on portions of the circuit, isolated from 
battery power 

BATTERY 
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MULTIMETER 

m 

POSITIVE LEAD 

a 1 
- 

NEGATIVE LEAD 

Fig. 11 The easiest way to illustrate an open circuit is to picture a 
circuit in which the switch is turned OFF (creating an opening in 
the circuit) that prevents power from reaching the load 

starter. Serious burns can result if the band completes the circuit between 
the positive battery terminal (or a hot wire) and ground. 

* Be absolutely sure of the polarity of a booster battery before making 
connections. Remember that even momentary connection of a booster 
battery with the polarity reversed will damage charging system diodes. 
Connect the cables positive-to-positive, and negative (of the good battery)- 

, POSITIVE L E A  , , , 
MULTIMETER 

SWITCH 

[OHMS] OFFIOPEN 

BATTERY 

Fig. 12 In this illustration a load (the light) is powered when it 
should not be (since the switch should be creating an open 
condition), but a short to power (battery) is powering the circuit. 
Shorts like this can be caused by chaffed wires with worn or 
broken insulation 

to-a good ground on the engine (away from the battery to prevent the 
possibility of an explosion if hydrogen vapors are present from the electrolyte 
in the discharged battery). Connect positive cables first (starting with the 
discharged battery), and then make the last connection to ground on the 
body of the booster vessel so that arcing cannot ignite hydrogen gas that 
may have accumulated near the battery. Disconnect both vessel battery 
cables before attempting to charge a battery. 

Never ground the alternator or generator output or battery terminal. Be 
cautious when using metal tools around a battery to avoid creating a short 
circuit between the terminals. 

* When installing a battery, make sure that the positive and negative 
cables are not reversed. 

Always disconnect the battery (negative cable first) when charging. 
* Never smoke or expose an open flame around the battery. Hydrogen 

gas is released from battery electrolyte during use and accumulates near the 
battery. Hydrogen gas is highly explosive. 

+ See Figure 13 and 14 

As of 1996 all Johnson1Evinrude outboard engines use some form of a 
pointless electronic ignition system, however prior to that various models of 
the 1 hp motors use a point type magneto. Specifically, all ColtiJunior 
models, certain versions of 1990 314 hp (87cc) and certain versions of 1991- 
95 212.313.3 hp ( 7 7 . 8 ~ ~ )  models. 

Read and Believe. A battery installed to crank the powerhead does not 
mean the engine is equipped with a battery-type ignition system. A magneto 
system uses the battery only to crank the powerhead. Once the powerhead 
is running, the battery has absolutely no effect on engine operation. 
Therefore, if the battery is low and fails to crank the powerhead properly for 
starting, the powerhead .may be cranked manually, started, and operated. 
Under these conditions, the key switch must be turned to the on position or 
the powerhead will not start by hand cranking. 

A magneto system is a self-contained unit. The unit does not require 
assistance from an outside source for starting or continued operation. 
Therefore, as previously mentioned, if the battery is dead, the engine may be 
cranked manually and the powerhead started. 

This ignition system uses a mechanically switched, collapsing field to 
induce spark at the plug. A magnet moving by a coil produces current in the 
primary coil winding. The current in the primary winding creates a magnetic 
field. When the points are closed the current goes to ground. As the breaker 
points open the primary magnetic field collapses across the secondary field. 
This induces (transforms) a high voltage potential in the secondary coil 
winding. This high voltage current travels to the spark plug and jumps the 
gap. 

The point type ignition system contains a condenser that works like a 
sponge in the circuit. Current that is flowing through the primary circuit tries 
to keep going. When the breaker point switch opens the current will arc over 
the widening gap. The condenser is wired in parallel with the points. The 

condenser absorbs some of the current flow as the points open. This 
reduces arc over and extends the life of the points. 

The flywheel-type magneto unit consists of an armature plate and a 
permanent magnet built into the flywheel. The ignition coil, condenser and 
breaker points are mounted on the armature plate. 

As the pole pieces of the magnet pass over the heels of the coil, a 
magnetic field is built up about the coil, causing a current to flow through the 
primary winding. 

At the proper time, the breaker points are separated by action of a cam 
designed into the collar of the flywheel and the primary circuit is broken. 
When the circuit is broken, the flow of primary current stops and causes the 
magnetic field about the coil to break down instantly. At this precise moment, 
an electrical current of extremely high voltage is induced in the fine 
secondary windings of the coil. This high voltage is conducted to the spark 
plug where it jumps the gap between the points of the plug to ignite the 
compressed charge of air-fuel mixture in the cylinder. 

The carburetion and ignition principles of two-cycle engine operation must 
be understood in order to perform a proper tune-up on or troubleshoot an 
outboard motor. 

If you have any doubts concerning your understanding of two-cycle 
enaine o~eration, it would be best to studv the o~eration theorv section in 
the~enera l  information, Safety and ~oolssectio,n, before tacking any work 
on the ignition system. 

Always attempt to proceed with the troubleshooting in an orderly manner. 
The "shotgun" approach will only result in wasted time, incorrect diagnosis, - 
replacement of unnecessary parts, and frustration. 

Begin the ignition system troubleshooting with the wiring harness and the 
spark plugs and then continue through the system until the source of trouble 
is located. 
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IGNITION AND ELECTRICAL SYSTEM 

Fig. 13 Typical magneto ignition system installed on a single 
cylinder powerhead 

Remember, a magneto system is a self-contained unit. Therefore, if the 
engine has a key switch and wire harness, remove them from the powerhead 
and then make a test for spark. If a good spark is obtained with these two 
items disconnected, but no spark is available at the plug when they are 
connected, then the trouble is in the harness or the key switch. If a test is 
made for spark at the plug with the harness and switch connected, check to 
be sure the key switch is turned to the on position. 

CHECKING THE WIRING HARNESS & KEYSWITCH 
+ See Figure 15 and 16 

These next two paragraphs may well be the most important words in 
this section. Misuse of the wiring harness is the most single cause of 
electrical problems with outboard power plants. 

A wiring harness is used between the key switch and the powerhead. This 
harness seldom contains wire of sufficient size to allow connecting 
accessories. Therefore, anytime a new accessory is installed, new wiring 
should be used between the battery and the accessory. 

A separate fuse panel must be installed on the control panel. To connect 
the fuse panel, use one red and one black No. 10 gauge wire from the 
battery. If a small amount of 12 volt current should be accidentally attached 

Key swllch 

\T 
Condenser 1 

Secondary Magnet Magnetic field 

/ 
High tenslon 

lead 

I Breaker mints 

/ 
Spark plug 

Fig. 14 Schematic diagram of a simple single cylinder magneto 
ianition system with principle parts identified 

Kev   an el 

Bow light 
switch 

harness box 

Fig. 15 A coil destroyed when 12 volts was connected into the 
magneto wiring system. Mechanics report in 85% of the cases, the 
damage occurs when an accessory is connected through the key 
switch 

Fig. 16 Functional diagram to illustrate proper hookup of accessories through a junction box. If a junction is not installed on the boat, connect 
accessories directly to the battery. Never connect accessories through the key switch 
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to the magneto system, the coil may be damaged or destroyed. Such a 
mistake in wiring can easily happen if the source for the 12 volt accessory is 
taken from the key switch. Therefore, again let it be said, never connect 
accessories through the key switch. 

A magneto key switch operates in reverse of any other type key switch. 
When the key is moved to the off position, the circuit is closed between the 
magneto and ground. In some cases, when the key is turned to the off 
position the points are grounded. For this reason, an automotive type switch 
must never be used, because the circuit would be opened and closed in 
reverse, and if 12-volts should reach the coil, the coil will be destroyed. 

CHECKING SPARK PLUGS & CHECKING FOR SPARK 
+ See Figures 17 and 18 

1. Check the plug wires to be sure they are properly connected. Check 
the entire length of the wire, from the plug to the magneto under the 
armature plate. If the wire is to be removed from the spark plug, always use 
a pulling and twisting motion as a precaution against damaging the 
connection. 

2. Attempt to remove the spark plugs by hand. This is a rough test to 
determine if the plug is tightened properly. You should not be able to remove 
the plug without using the proper socket size tool. Remove the spark plugs 
and identify from which cylinder they were removed. 

If the spark plugs have been removed and the problem cannot be 
determined, but the plug appears to be in satisfactory condition, electrodes, 
etc., then replace the plugs in the spark plug openings. 

A conclusive spark plug test should always be performed with the spark 
plugs installed. A plug may indicate satisfactory spark when it is removed 
and tested but under a compression condition, may fail. An example would 
be the possibility of a person being able to jump a given distance on the 
ground, but if a strong wind is blowing, his distance might be reduced by 
half. The same is true with the spark plug. Under good compression in the 
cylinder, the spark may be too weak to ignite the fuel properly. 

Therefore, to test the spark plug under compression, replace it in the 
engine and tighten it to the proper torque value. Another reason for testing 
for spark with the plugs installed is to duplicate actual operating conditions 
regarding flywheel speed. If the flywheel is rotated with the pull cord with the 
plugs removed, the flywheel will rotate much faster because of the no- 
compression condition in the cylinder, giving the false indication of 
satisfactory spark. 

3. Use a spark tester and check for spark at each cylinder. If a spark 
tester is not available, hold the plug wire about 114 in. from the powerhead. 
Turn the flywheel with a pull starter or electrical starter and check for spark. 
A strong spark over a wide gap must be observed when testing in this 
manner, because under compression a strong spark is necessary in order to 
ignite the air-fuel mixture in the cylinder. This means it is possible to think 
vou have a strona mark, when in realitv the soark will be too weak when the 
plug is installed. rf there is no spark, or'if the spark is weak, the trouble is 
most likely under the flywheel in the magneto, 

4. Each cylinder has its own ignition system in a flywheel-type ignition 
system. This means if a strong spark is observed on one cylinder and not at 
another, only the weak system is at fault. However, it is always a good idea 
to check and service all systems while the flywheel is removed. 

Fig. 17 Disconnect the spark plug lead. . . 

CHECKING THE CONDENSER 

+ See Figures 19 and 20 

In simple terms, a condenser is composed of two sheets of tin or 
aluminum foil laid one on top of the other, but separated by a sheet of 
insulating material such as waxed paper, etc. The sheets are rolled into a 
cylinder to conserve space and then inserted into a metal case for protection 
and to permit easy assembly. 

The purpose of the condenser is to absorb or store the secondary current 
built up in the primary winding at the instant the breaker points are 
separated. By absorbing or storing this current, the condenser prevents 
excessive arcing and the useful life of the breaker points is extended. The 
condenser also gives added force to the charge produced in the secondary 
winding as the condenser discharges. 

Modern condensers seldom cause problems, therefore, it is not necessary 
to install a new one each time the points are replaced. However, if the points 
show evidence of arcing, the condenser may be at fault and should be 
replaced. A faulty condenser may not be detected without the use of special 
test equipment. The modest cost of a new condenser justifies its purchase 
and installation to eliminate this item as a source of trouble. 

CHECKING THE BREAKER POINTS 

Complete details for breaker point service including inspection, 
removal, installation and gapping can be found under Tune-up in the 
Maintenance and Tune-up section. 

CHECKING THE IGNITION COIL 

The ignition coil functions in the same basic manner on the Magneto 
Breaker Point ignition as it does for Electronic Ignitions. For details on 
Testing the lgnition Coil, please refer to lgnition Coils, in the lgnition 
System (Electronic) section. 

GENERAL INFORMATION 

Magnetos installed on outboard engines will usually operate over 
extremely long periods of time without requiring adjustment or repair. 
However, if ignition system problems are encountered and the usual 
corrective actions such as replacement of spark plugs does not correct the 
problem, the magneto output should be checked to determine if the unit is 
functioning properly. 

Photographs for the illustrations in this section were taken of both 
single and twin cylinder powerheads. Naturally, the single cylinder 
powerheads covered here will have only one set of breaker points, one 
coil, etc. 

Fig. 18 . . .then use a spark tester to check for proper spark I 
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Fig. 19 Proper hookup to test a condenser 

Fig. 20 Rough sketch to illustrate how the waxed paper, aluminum 
foil, and insulation are rolled in a typical condenser 

FLYWHEEL & BREAKER POINT REMOVAL 

+ See Figure 21 TE 

W Because removal of the flywheel along with breaker point and 
condenser replacement is necessary for periodic maintenance on these 
motors we've included this procedure under Tune-up in the 
Maintenance and Tune-up section of this manual. Please refer there for 
details. 

1. Remove the hood or enough of the powerhead cover to expose the 
flywheel. 

2. If equipped, disconnect the battery connections from the battery 
terminals, if a battery is used to crank the powerhead. If a hand starter is 
installed, remove the attaching hardware from the legs of the starter 
assembly and lift the starter free. 

3. On hand rewind starter models, a round ratchet plate is attached to 
the flywheel to allow the hand starter to engage in the ratchet and thus rotate 
the flywheel. This plate must be removed before the flywheel nut is removed. 

4. Remove the nut securing the flywheel to the crankshaft. It may be 
necessary to use some type of flywheel strap to prevent the flywheel from 
turning as the nut is loosened. 

5. Install the proper flywheel puller using the same screw holes in the 
flywheel that are used to secure the ratchet plate removed earlier. Never 
attempt to use a puller that pulls on the outside edge of the flywheel or the 
flywheel may be damaged. After the puller is installed, tighten the center 
screw onto the end of the crankshaft. Continue tightening the screw until the 
flywheel is released from the crankshaft. Remove the flywheel. 

Do not strike the puller center bolt with a hammer in an attempt to 
dislodge the flywheel. Such action could seriously damage the lower 
seal andlor lower bearing. 

I 
I 

I 
I g@\ Flywheel nu t  
I 

Flywheel I 
I 
I het 

Ring gear- 

i*1 

Fig. 21 Exploded view of a typical magneto system. Only one coil 
and set of points are shown 

Stop, and carefully observe the magneto and associated wiring layout. 
Studv how the maaneto is assembled. Take time to make notes on the wire 
routiig. Observe h;ow the heels of the laminated core, with the coil attached, 
is flush with the boss on the armature plate. These items must be replaced in 
their proper positions. You MIGHT want to take a digital photo of the engine 
with the flywheel removed: one from the top, and a couple from the sides 
showing the wiring and arrangement of parts. 

The armature plate does not have to be removed to service the 
magneto. If it is necessary to remove the plate for other service work, 
such as to replace the coil or to replace the top seal, see the 
information in the Ignition and Electrical System section. 

6. Remove the screw attaching the wires from the coil and condenser to 
one set of points. On engines equipped with a key switch, "kill" button, or 
"runaway" switch, a ground wire is also connected to this screw. 

7. Using a pair of needle-nose pliers, remove the wire clip from the post 
protruding through the center of the points. 

8. Again, with the needle-nose pliers, remove the flat retainer holding 
the set of points together. 

9. Lift the moveable side of the points free of the other half of the set. 
10. Remove the hold-down screw securing the non-moveable half of the 

point set to the armature plate. 
11. Remove the hold down screw securing the condenser to the 

armature plate. Observe how the condenser sets into a recess in the 
armature plate. 

IGNITION COIL & ARMATURE REMOVAL 

DERATE 
O See Figures 21 and 22 thru 26 * 

W It is not necessary to remove the armature plate unless the top seal 
or the coil is to be replaced. 
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The armature plate does not have to be removed to service the magneto 4. Observe the four screws in a square pattern through the armature 

breaker points or condenser. However, removal IS necessary to replace the plate. Two of these screws pass through the laminated core and the 
ignition coil or top seal. armature plate into the powerhead retainer. The other two pass just through 

the plate. Loosen these four screws. After the screws are loose, lift the 
Photographs for the illustrations in this section were taken of both armature plate up the crankshaft and clear of the engine. If any oil is present 

single and twin cylinder powerheads. Naturally, the single cylinder on top of the armature plate, or on the points, the top seal must be replaced. 
powerheads covered here will have only one set of breaker points, one 
coil. etc. Notice how the coil has a laminated core. The coil cannot be 

1. Remove the Flywheel as detailed under Flywheel & Breaker Point 
Removal. 

2. Disconnect the advance arm connecting the armature plate with the 
power shaft on the side of the powerhead. 

3. Next, remove the wires connecting the underside of the armature 
plate with the "kill" switch. If a "kill" switch is not installed, these wires are 
connected to the wiring harness plug. The wires of most units have a quick- 
disconnect fitting. Remove the wires from the vacuum (runaway) switch, if 
one is installed. 

Armature 

Fig. 22 The armature plate assembly must 
be removed for ignition coil or top seal 
service 

separated, that is, the laminations from the core. 

5. Turn the armature plate over and notice how the high-tension leads 
are installed on the plate in a recess. The routing of the wires is misleading. 
The wire to the No. I spark plug is not connected to the No. 1 coil as might 
be expected. 

6. Remove the three screws attaching the coils to the armature plate. 
7. Hold the armature plate and separate the coil from the plate. As the 

coil is separated from the plate, observe the high-tension lead to the spark 
plug inside the coil. Work the small boot, if used, and the high-tension lead 
from the coil. 

Fig. 23 Remove the retaining screws and lift 
the plate from the top of the motor 

Fig. 25 Loosen the retaining screws and remove the coil 

Fig. 24 Before removing the coil, note the 
wire routing underneath the plate 

cavity 

Fig. 26 As the coil is removed, note how it mounts on the plate 
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TOP SEAL REPLACEMENT 

+ See Figures 27,28 and 29 v 

Replacement of the top seal on a JohnsonlEvinrude engine is not a 
difficult task, with the proper tools: a seal remover and seal installer. Never 
attempt to remove the seal with screwdrivers, punch, pick, or other similar 
tool. Such action will most likely damage the collars in the powerhead. 

Obtain an OMCIBOMBARDIER Seal Remover (#387780). A 1 118 in. 
open end wrench is needed to hold the remover portion of the tool, while a 
318 in. open end wrench is used on the top bolt. 

1. To remove the seal, first, work the point cam up and free of the 
driveshaft. 

2. Next, remove the Woodruff key from the crankshaft. A pair of side- 
cutters is a handy tool for this job. Grasp the Woodruff key with the side- 
cutters and use the leverage of the pliers against the crankshaft to remove 
the key. 

3. Work the special tool into the seal. Observe how the special tool is 
tapered and has threads. Continue working and turning the tool until it has a 
firm grip on the inside of the seal. 

4. Now, tighten the center screw of the puller against the end of the 
crankshaft and the seal will begin to lift from the collars. Continue turning this 
center screw until the seal can be raised manually from the crankshaft. 

6. Slide the seal down the crankshaft and start ~t into the recess of the 
powerhead. Use the special tool and drive the seal completely into place in 
the recess. 

7. Install the Woodruff key into the crankshaft. On some models, a pin 
was used to locate the cam for the points. If the pin was used, install it at this 
time. Observe the difference to the sides of the cam. On almost all cams, the 
word top is stamped on one side. Also, on some cams, the groove does not 
go all the way through. Therefore, it is very difficult to install the cam 
incorrectly, with the wrong side up. 

8. Slide the cam down the crankshaft with the word top facing upward. 
Continue working the cam down the crankshaft until it is in place over the 
Woodruff key or pin. 

CLEANING & INSPECTION 

V + See Figures 21 and 30 thru 32 

Inspect the flywheel for cracks or other damage, especially around the 
inside of the center hub. Check to be sure metal parts have not become 
attached to the magnets. Verify each magnet has good magnetism by using 
a screwdriver or other tool. 

Thoroughly clean the inside taper of the flywheel and the taper on the 
crankshaft to prevent the flywheel from "walking" on the crankshaft while the 

5. To install the new seal: Coat the inside diameter of the seal with a engine is running. 
thin layer of oil. Apply OMCIBOMBARDIER sealer to the outside diameter of Check the top seal around the crankshaft to be sure no oil has been 
the seal. leaking onto the armature plate. If there is any evidence the seal has been 

Fig. 27 For access to the top seal, first lift I I Fig. 28 . . . then work a taperedlthreaded 
off the point cam from the crankshaft. . . seal remover into the seal 

Fig. 30 A coil burned where the high- 
tension lead enters the coil on the bottom 
side. Arcing caused the damage 

Fig. 31 A broken crankshaft and cracked 
flywheel damaged when the engine was 
operated at a high rpm with a flush 
attachment and garden hose connected to 
the lower unit 

Fig. 29 Oil and install a new seal using a 
suitable driver. . . 

Fig. 32 Cracks in the flywheel hub caused 
by metal fatigue due to flywheel 
construction and the inspection hole. This 
hole is no longer incorporated in late-model 
flywheels 
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4-1 4 IGNITION AND ELECTRICAL SYSTEMS 
leaking, it must be replaced, as outlined earlier in this section. 

Test the armature plate to verify it is not loose. Attempt to lift each side of 
the plate. There should be little or no evidence of movement. 

Clean the surface of the armature plate where the points and condenser 
attach. Install a new condenser into the recess and secure it with the hold- 
down screw. 

Because lnsaection & Testina of the breaker ~ o i n t  is Dart for 
periodic maintenance on these motors we've included this procedure 
under Tune-UD in the Maintenance and Tune-UD section of this manual. 
Please refer there for details. 

IGNITION COIL & ARMATURE INSTALLATION 

DERATE + See Figures 21 and 33 thru 39 

Photographs for the illustrations in this section were taken of both 
single and twin cylinder powerheads. Naturally, the single cylinder 
powerheads covered here will have only one set of breaker points, one 
coil, etc. 

1. To install a new coil, first turn the armature plate over, and loosen the 
spark plug lead wires, and push them through the armature plate. Now, work 
the leads into the coil. 

2. After the leads are into the coil, work the small boot up onto the coil. 
Apply a coating of rubber seal material underneath the boot, if a boot is 
used. 

3. Start the three screws through the laminated core into the armature 
plate, but do not tighten them. If the powerhead being serviced has a second 
coil, install the other coil in the same manner. 

Fig. 34 . . .then apply a coating of rubber 
seal material 

Fig. 37 Use a locating ring to position the 
coil on the plate before tighten the mounting 
screws 

I Fig. 33 Install the high tension lead to the coil. . . 

4. Check to be sure the spark plug (high-tension) leads are properly 
positioned in the coil and are securely attached to the bottom side of the 
armature plate. 

5. To adjust the coil: A special ring tool is required that fits down over 
the armature plate. This tool will properly locate the coil in relation to the 
flywheel, Install this special tool over the armature plate. Push outward on 
the coil and secure the two outer screws. 

6. If a special ring tool is not available, and in an emergency, hold a 
straight edge against the boss on the armature plate and bring the heel of 
the laminated core out square against the edge of the boss on the armature 
plate. The ground wire for the coil should be attached under the head of the 
top screw passing through the laminated core. 

7. Slide the armature plate down over the crankshaft and onto the 
powerhead. 

Fig. 35 . . .then apply a coating of rubber 
seal material 

Fig. 38 If a locating ring is not available, use 
a straight edge to ensure the heel of the coil 
laminated core sits square against the plate 
bosses 

Fig. 36 . . .then route the wires and noted 
during removal 

Fig. 39 Position the assembled plate to the 
motor 
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8. Align the screw holes in the armature plate with the holes in the BREAKER POINT & FLYWHEEL INSTALLATION 

powerhead retainer. After the armature plate is in place, install and tighten 
the two screws securing the armature plate to the retainer. Now, take up on 
the three screws through the laminated core closest to the crankshaft. 5,!%4 TE 
Tighten the screws securely. Attach the advance arm from the magneto to 
the tower shaft arm. 

The points must be assembled as they are installed. One side of Because installation of the flywheel along with breaker point and 
each point set has the base and is non-moveable. The other side of the condenser replacement is necessary for periodic maintenance on these 
set has a moveable arm. A small wire clip and a flat retainer are motors we've included this procedure under Tune-up in the 
included in each point set package. Maintenance and Tune-up section of this manual. Please refer there for 

details. 

The VAST majority of the motors covered here (except a handful of 
1990-95 single-cylinder motors) utilize an electronic ignition system. 
When an electronic system is used, for all carbureted motors, the 
system is either a version of the magneto powered Capacitor Discharge 
lgnition (CDI) system commonly referred to as CD II (as in CD TWO) by 
the OEM or a version of the similar JohnsonlEvinrude Under Flywheel 
lgnition (UFI) system. On all EFI motors, the ignition is a fully 
transistorized, battery powered, electronic ignition system. 

For testing and service purposes the CDI, UFI and EFI lgnition systems 
are virtually the same, with slight differences in components or specifications 
that vary by year and model. Individual components will vary slightly from 
model-to-model (especially between rope start and electric start versions of 
some models or models with 6-amp charging systems when compared to the 
same models equipped with 12-amp systems). But, even with slight 
variances in the system's source of power and trigger signals, the basic 
theories of system operation and service are virtually the same for all 
models. Differences are noted under suitable headings or sub-steps. 

The ignition system's main purpose is to provide the spark necessary for 
engine combustion, and to do so at the proper time. It does so by converting 
a low voltage power source (such as the low voltage alternating current 
produced by the stator or charge coil on carbureted models or the 12-volt DC 
battery power from EFI motors) into a high voltage DC current. This is 
accomplished in the primary circuit of the ignition coil. Power is then 
conducted from the primary circuit, through the ignition coil's secondary 
circuit to the spark plugs. 

On all electronic ignition models except the 40150 hp EFI motors, this 
conduction is through secondary spark plug leads (spark plug wires). 
However, on 40150 hp EFI motors individual ignition coils are mounted 
directly to the top of each spark plug, eliminating the need for secondary 
leads. 

This section provides information for troubleshooting and repairing the 
ignition system. 

Fig. 40 Power for CDI systems comes from 
the magneto comprised of the flywheel- 
mounted magnets and . . . 

CAPACITOR DISCHARGE IGNITION (CD1)IUNDER FLYWHEEL 
IGNITION (UFI) - CARBURETED MOTORS 
+ See Figures 40 thru 45 

In its simplest form, a CDllUFl ignition system is composed of the 
following elements: 

* Power Source (Magneto stator or charge coil) 
Signal Source (Signal coil either separate from the lgnition Module for 

CDI or integrated for UFI) 
lgnition coil (to transfer low voltage signals to the high voltage current 

necessary for proper spark) 
Spark plugs 

Other components such as main switches, stop switches, or computer 
systems may be included, though, these items are not necessary for basic 
CDI operation. 

To understand basic CDI operation, it is important to understand the basic 
theory of induction. Induction theory states that if we move a magnet 
(magnetic field) past a coil of wire (or the coil by the magnet), it will generate 
AC current in the coil. This current is used to feed the ignition system. 

The amount of current produced depends on several factors: 
How fast the magnet moves past the coil 
The size of the magnet (strength) 
How close the magnet is to the coil 
Number of turns of wire and the size of the windings 

On most models, current for the ignition system is provided to the power 
pack (ignition module) and stored in a capacitor located inside the box. As a 
charge coil produces current, a capacitor stores it. 

The 314 HD (except 4 Deluxe) 2-cvlinder, 2-stroke motors utilize a 
charge coil that is h i l t  into the ~ ~ i ~ o w e r ~ p a c k l i g n i t i o n  module. 

Fig. 41 . . . the charge coil windings 
mounted under the flywheel, like in this 
stator 

Fig. 42 Some models utilize a separate 
charge coil (note the location of the lgnition 
Module means this is a UFI motor) 
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Fig. 43 The ignition coil uses the low 
voltage from the charge coil to  induct high 
voltage to fire the spark plugs 

Fig. 44 On most models, the ignition coil is 
controlled by either a remote mounted (CDI). 
. . 

For almost all models, at a specific time in the magneto's revolution, the 
magnets go past the sensor or trigger coil. A sensor coil is essentially a 
smaller version of a charge coil that produces a smaller current. The current 
from the sensor coil is used by the power pack to fire the capacitor (that 
explains why the sensor coil is often referred to as a trigger coil).   he current 
from the caoacitor flows out to the ianition coil and soark olua. The sensor 
acts much ike the points found on &itions systems'in daysgone by. 

The 5 hp single-cylinder motor i s  the only model covered here that 
does not use any sensor coil signal (even internal). This i s  only 
possible because the single-cylinder motor is a Bstroke that requires 
the spark plug to fire each time the charge coil produces voltage, so no 
separate controlling circuit is necessary. The charge coil on this model 
feeds the primary side of the combined power packlignition coil directly 
with no other components contained in  the system. 

The ignition coil is a step-up transformer. It turns the relatively low voltage 
entering the primary windings into high voltage at the secondary windings. 
This occurs due to a phenomenon known as induction. 

The high voltage generated in the secondary windings leaves the ignition 
coil and goes to the spark plug. The spark in turn ignites the air-fuel charge 
in the combustion chamber. 

Once the complete cycle has occurred, the spinning magneto repeats the 
process again and again. 

All but the most simple JohnsonlEvinrude engines contain additional 
components to enhance functionality of the ignition system. Although the 
primary power for the ignition system comes from the charge coil, most 
motors also contain another set of windings called the power coil. When 
equipped with power coil is usually used to supply current for additional 
features such as the Speed Limiting Operator Warning (S.L.O.W.) circuits 
integrated into the power pack. On some models (mostly on smaller rope 
start motors) the charge and power coils are separate units mounted next to 
each other on an ignition plate directly under the flywheel. On most motors 
(pretty much all of the larger motors and many of the smaller units, including 
most electric start or models equipped with lighting coils) the power andlor 
charge coils are often combined with the charging system's battery charge 
coil in a one-piece stator assembly. 

The spark advance is handled by a variety of means, depending largely 
on whether or not it is adjustable (refer to Timing and Synchronization for 
more details on your model). Most later-models utilize an electronic advance 
for the spark system that is controlled via the power pack. All 4-stroke 
models covered here are completely electronically controlled. 

Main switches, engine stop switches, and the like are usually connected 
on the wire in between the power pack box and the ignition coil. When the 
main switch or stop switch is turned to the OFF position, the switch is closed. 
This closed switch short-circuits the charge coil current to ground rather than 
sending it through the power pack. With no charge coil current through the 
power pack, there is no spark and the engine stops or, if the engine is not 
running, no spark is produced preventing it from starting. 

FULLY TRANSISTORIZED, BATTERY POWERED IGNITION - 
EFI MOTORS 

The fully transistorized direct ignition system used on 40150 hp motors is 
completely controlled by the Engine Control Unit (ECU). The computer 
control module or ECU sets and adjusts ignition timing based on engine 
speed for efficiency and reliability. No end user adjustments are necessary or 
possible on this system, which only requires periodic cleaning, inspection 

Fig. 45 . . . or an under the flywheel (UFI) 
mounted ignition module 

and replacement of the spark plugs for service. Problems that can occur with 
the system are usually traced to poor wire connections or a defective stop 
circuit. 

As the name Battery Powered might imply, current to power the system 
comes from the battery, through the ECU, system relay and ignition switch. 
On 40150 hp motors, one crankshaft position sensor for each cylinder 
provides the ECU with information on engine rpm and piston positioning. For 
70 hp motors, 2 crankshaft position sensors and a camshaft position sensor 
provide signals to the ECU. The ECU will then control the ignition coil 
primary circuit based upon pre-programmed ignition timing to match the fuel- 
mapping and operating conditions. When the ECU interrupts the current to 
the primary coil winding, high voltage is induced in the secondary coil circuit 
in order to fire the spark plugs. 

On 40150 hp motors, an individual ignition coil is mounted directly over top 
of each spark plug, eliminating the need for secondary spark plug leads. The 
system found on 70 hp motors, utilizes two ignition coils, one for cylinders 1 
and 4, and one for cylinders 2 and 3. When an individual coil fires, it fires 
both spark plugs simultaneously, even though only one cylinder is at TDC. In 
automotive terms, the type of ignition used on 70 hp motors is called a 
waste-spark system s i k e  eacb time a coil fires it simultaneously fires both a 
olua at TDC of comoression and a olua at TDC of exhaust. But, this is reallv 
a nknomer, since no real voltage is a&ally wasted, the major/ty of the 

* 

available voltage is used by the plug at TDC of compression. 

Anytime the ignition switch is turned to the OFF position the system relay 
will de-energize, removing power from the ECU and coil. 

Don't waste your time with haphazard testing. The only way to ensure 
success (and the only way to avoid the possibility of accidentally replacing a 
good part) is to perform ignition system testing in a logical and systematic 
manner. 

An engine must have 3 things to run properly, Compression, Fuel and 
Spark. If compression is not an issue, then fuel system and ignition system 
checks are normally next. 

Begin all electronic troubleshooting procedures by ensuring that wiring 
and connections are in good condition. For EFI systems, check battery 
condition to make sure it is at a sufficient voltage to operate the system at 
start-up (and that the charging system is producing sufficient voltage to 
charge and maintain battery voltage levels during operation). 

Before conducting any tests, double-check all wire colors and locations 
with the Wiring Diagrams provided in this section. 

The quickest and most important check after the basic condition of the 
wiring harness has been verified is to perform a Spark Check, as detailed in 
this section to determine if further ignition system troubleshooting is 
warranted, or if problems are instead fuel or compression related. 

Weak or no spark conditions found during the Spark Check will lead you 
to additional circuit or component testing procedures, depending on the 
results and the specific systems utilized on the motor being tested. 
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During ignition system testing, ALWAYS follow the steps of our 
procedures and any tool manufacturer's instructions closely to avoid 
injury or possible damage to the engine's ignition system. Make sure 
that spark tests are only conducted with spark plugs installed in the 
engine to prevent the possible combustion of fuel vapors leaking out of 
the cylinders. 

If, during testing, the engine is to be run at speeds over 2000 rpm, it 
must be mounted in a test tank using a suitable test wheel or placed in 
the water. Running the engine on a flushing device at speeds above 
2000 rpm could allow the motor to run overspeed and possibly suffer 
severe mechanical damage. 

IGNITION SYSTEM TESTING 

+ See Figures 46 thru 49 

Spark Test (All Models) 

+ See Figures 46 thru 49 

The first question normally asked when an engine does not run properly, 
or at all "Is there spark and fuel?" should be answered before in depth 
troubleshooting is conducted on any system. Since engine mechanical 
problems that might cause a lack of compression do not usually happen 
without warning or without an accompanying noise or other symptom, 
compression is usually taken for granted. If you are unsure of engine 
compression, refer to the tests provided under Engine Maintenance to 
ensure there is no mechanical problem before proceeding. 

If there is no problem with engine compression, then this Spark Test is the 
quickest way to determine whether or not the ignition system requires further 
attention. 

Because modern ignition systems are capable of extremely high voltages 
(30,000-50,000 and sometimes even higher voltage outputs) we must insist 
that you abandon the spark test you might have witnessed as a child. It is no 
longer advisable to simply remove a spark plug and hold it against the 
powerhead (even using an insulated tool) while the motor is cranked to see if 
a spark jumps the gap. Besides being dangerous to the person holding the 
spark plug, this form of testing also jeopardizes the solid state components 
of the ignition system that can be destroyed by excessively high or infinite 
resistance in output circuits. Never operated the ignition system on these 
motors unless the spark plugs are properly attached or their leads are 
properly grounded to the powerhead. 

Fig. 46 Twist and disconnect the spark plug 
lead(s) from the spark plug(s) . . . 

With all that said, a spark gap tester is required for this test. There are 
many types of spark testers available from both marine and automotive parts 
outlets. The most basic (and least expensive) consists of what looks 
somewhat like a spark plug and a large alligator clip that is used to fasten 
the device to an engine ground or a jumper with an alligator clip for the same 
reason. Most spark testers will be equipped with some form of an adjustable 
gap (often a threaded, screw-type adjuster is built into the tester) so either 
the spark plug gap or a test gap for your motor can be used to simulate the 
proper electrical load on the system. The most convenient type of a tester, 
for multi-cylinder motors is a unit in a self-contained housing that allows the 
connection of all spark plug leaks at the same time. Of course, you also have 
the option of buying one small, inexpensive tester per cylinder too. If you 
only have one tester connection for a multi-cylinder motor, remove and 
ground the spark plug leads for the other cylinders, then move the tester 
from lead to lead for each test. 

The extremely high voltages generated by the secondary ignition 
circuit (for spark) can cause serious injury or even death from electric 
shock. Never touch bare wires or wire connections during testing or 
while the engine is running. Also, for additional safety, never perform 
tests while you or the powerhead is wet (sure a water supply or test 
tank must be used when cranking or running the motor, just keep it off 
you and the outside of the powerhead, and DO NOT stand in puddles). 
Finally, we know you're not reading the fuel system section right now, 
but spark and fuel don't mix, unless it's inside the combustion 
chamber, so NEVER perform tests on the ignition system if you can 
smell fuel vapors. Ventilate the area thoroughly before proceeding. 

The 40150 hp EFI motors are equipped with an individual ignition 
coil mounted directly above each spark plug, without secondary spark 
plug leads. The spark tester@) should be connected directly to the 
ignition coil spark plug connector on these models. 

1. Except for jet drive or RescueProB models, remove the propeller for 
safety. Refer to the procedures found for Propeller under Engine 
Maintenance. 

2. For 2-Ccylinder motors, tag and disconnect the spark plug wires to 
ensure proper connection after the test is finished. Be sure to note the wiring 
routing as well as the final connection point. 

Leave all spark plugs installed and tightened in the powerhead to 
ensure that no raw fuel or fuel vapors are expelled from the spark plug 
bores and ignited by the testing procedure. Spark plug leads not 
connected to a tester (if you are using a single connection tester on a 
multi-cylinder motor) must be grounded to prevent damage to the 
ignition system (for safety, ground them as far away from the spark 
plug bores as possible). 

Fig. 47 . . . in order to connect a spark 
tester to the leads. . . 

Fig. 48 . . . or to the coil, as directed by the 
tool manufacturer 
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I Fig. 49 The use of multiple inexpensive testers like this will allow 
vou to check all cylinders simultaneously I 

3. Connect the spark tester alligator clip or ground lead to a good 
grounding point on the powerhead, such as a cylinder head bolt. 

4. Connect the spark plug connector (lead on most models, the ignition 
coil spark plug connector itself on 40150 hp EFI motors) to the spark tester. 

5. Set the spark tester qap as follows: 
2-stroke motors up to 4 hp (except 4 Deluxe) and 5 hp single cylinder: 

318 in. (9mrn) 
2:stroke motors, 4 Deluxe and larger (except 5 hp single cylinder): 112 

in. (12mm) - 4-stroke carbureted motors: 318 in. (9mm) 
a 4-stroke EFI motors: 7/16 in. (I lmm) 

W To prevent the possibility of high voltage arcing, try to route tester 
wiring at least 2 in. (51mm) away from any metallic surface. 

6. Make sure the shifter is in Neutral then operate the starter and 
observe the spark tester. Display on testers will vary slightly, so refer to the 
instructions that came with the tester. On simple mechanical gap testers, 
watch make sure the ignition produces a strong blue spark from each of the 
spark leads (coils). 

7. If using a single test connection on multi-cylinder motors, repeat the 
procedure for each of the remaining cylinders. Results must be good on all 
cylinders or further testing is required. 

8. Refer to the testing procedures according to the motor being tested: 

2,O-3.5 (78cc) Hp Motors 

If the spark tester shows good test results, but problems are still 
suspected, perform the running output test for the Power Pack found under 
Power Pack (Ignition Module) in this section to ensure performance under 
load. 

If the spark tester shows no spark or poor spark on these models, perform 
the Stop Circuit Test found in this section. 

It is possible for the ignition to show good output on the spark test 
and still have problems. If the engine spits, pops or backfires during 
startup, the ignition system may be out of time. Check the condition 
and mounting of the flywheel as directed under Powerhead. 

5 Hp (109cc) Motors 

If the spark tester shows no spark when cranking, perform the Stop 
Circuit Test found in this section. 

It is possible for the ignition to show good output on the spark test 
and still have problems. If the engine spits, pops or backfires during 
startup, the ignition system may be out of time. Check the condition 
and mounting of the flywheel as directed under Powerhead. 

3-4 Hp (87cc) Motors (Except 4 Deluxe) 

If the spark tester shows good test results on both cylinders, but problems 
are still suspected, perform the running output test for the Power Pack found 
under Power Pack (Ignition Module) in this section to ensure performance 
under load. 

If the spark tester shows no spark or poor spark on these models, perform 
the Stop Circuit Test found in this section. 

It is possible for the ignition to show good output on the spark test 
and still have problems. If the engine spits, pops or backfires during 
startup, the ignition system may be out of time. Check the following: 

Routing of the coil primary wires 
Routing of the spark plug leads 
Condition and mounting of the flywheel as directed under Powerhead 
Timing and synchronization adjustments 

If the spark tester shows good test results, but problems are still 
suspected, perform the running output test for the Power Pack found under 
Power Pack (lgnition Module) in this section to ensure performance under 
load. 

If the spark tester shows good test results on ONE cylinder, perform the 
cranking output test for the Power Pack, found under Power Pack (Ignition 
Module) in this section. 

If the spark tester shows no spark poor spark on these models, perform 
the Stop Circuit Test found in this section. 

It is possible for the ignition to show good output on the spark test 
and still have problems. If the engine spits, pops or backfires during 
startup, the ignition system may be out of time. Check the following: 

Routing of the coil primary wires 
Routing of the spark plug leads 
Condition and mounting of the flywheel as directed under Powerhead 
Timing and synchronization adjustments 

5/6 Hp (128cc) And W9.9 Up (211cc) 4-Stroke Motors 

If the spark tester shows good test results, but problems are still 
suspected, perform the running output test for the Power Pack found under 
Power Pack (Ignition Module) in this section to ensure performance under 
load. 

If the spark tester shows good test results on ONE cylinder of 819.9 hp 
motors, perform the Ignition Coil resistance tests (or test the ignition coil 
using a dynamic coil tester, if available). 

If the spark tester shows no spark on these models, perform the Stop 
Circuit Test found in this section. 

W It is possible for the ignition to show good output on the spark test 
and still have problems. If the engine spits, pops or backfires during 
startup, the ignition system may be out of time. Check the following: 

Power Pack cranking and running outputs 
Timing belt condition and timing mark alignment 
Timing wheel and timing wheel key 

9.9/15 Hp (305cc) $-Stroke Motors 

If the spark tester shows good test results, but problems are still 
suspected, perform the running output test under Power Pack (Ignition 
Module) in this section to ensure performance under load. 

If the spark tester shows good test results, but for only ONE cylinder, 
perform the lgnition Coil resistance tests (or test the ignition coil using a 
dynamic coil tester, if available). 

If the spark tester shows no spark on these models, perform the Stop _ 
Circuit Test for the stop button and keyswitch, found in this section. 

It is possible for the ignition to show good output on the spark test 
and still have problems. If the engine spits, pops or backfires during 
startup, the ignition system may be out of time. Check the following: 
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Power Pack cranking and running outputs 
Timing belt condition and timing mark alignment 

* Timing wheel and timing wheel key 

9.9/10/14/15 Hp (216cc), 9.9/10/15 Hp (255cc) And 18 Jet-35 Hp 
(521cc) Motors 

If the spark tester shows good test results, but problems are still 
suspected, perform the running output test under Power Pack (Ignition 
Module) in this section to ensure performance under load. 

If the spark tester shows good test results, but for only ONE cylinder, 
perform the Power Pack crank~ng output port~on of the test. 

If the spark tester shows no spark on these models, perform the Stop 
Circuit Test for the stop button and keyswitch, found in this section. 

It is possible for the ignition to show good output on the spark test 
and still have problems. If the engine spits, pops or backfires during 
startup, the ignition system may be out of time. Check the following: 

Coil prlmary wlre routlng 
* Spark plug secondary wire routing 

Flywheel cond~t~on and locat~on 
Tmng and synchron~zation adjustments 

25/35 HP /500/565cc) Motors . . 

+ See Figure 50 

Various components of the ignition system should be checked, when 
interpreting the results of the Spark Test. Refer to the accompanying chart to 
help determine what additional components or systems should be tested 
depending on the observed results of the Spark Test. If the tester shows 
good results, but problems are still suspected, other systems should be 
checked to help decide whether or not the ignition system is actually at fault 
for a performance problem. 

It is possible for the ignition to show good output on the spark test 
and still have problems. If the engine spits, pops or backfires during 
startup, the ignition system may be out of time. Check the following: 

Coil primary wire routing 
Spark plug secondary wire routing 
Spark Sensor and Encoder 

25-55 Hp (737cc) Motors 

If the spark tester shows good test results, but problems are still 
suspected, perform the running output test under Power Pack (Ignition 
Module) in this section to ensure performance under load. 

If the spark tester shows good test results, but for only ONE cylinder, 
proceed as follows: 

For Rope start models or models with a Camp charging system, 
perform the cranking output portion of the Power Pack test, as detailed in 
this section. 

For models equipped with a 12-amp charging system, test the 
SensoriTrigger Coil, as detailed in this section. 

If the spark tester shows no spark on these models, perform the Stop 
Circuit Test for the stop button and keyswitch, found in this section. 

It is possible for the ignition to show good output on the spark test 
and still have problems. If the engine spits, pops or backfires during 
startup, the ignition system may be out of time. Check the following: 

Coil primary wire routing 
Spark plug secondary wire routing 
Flywheel condition and location 
Timing and synchronization adjustments 

25-70 Hp (913cc) Motors 

+ See Figure 51 

Various components of the ignition system should be checked, when 
interpreting the results of the Spark Test. Refer to the accompanying chart to 
helo determine what additional components or systems should be tested 
depending on the observed results of the spark jest. If the tester shows 
good results, but problems are still suspected, other systems should be 
checked to help decide whether or not the ignition system is actually at fault 
for a performance problem. 

It is possible for the ignition to show good output on the spark test 
and still have problems. If the engine spits, pops or backfires during 
startup, the ignition system may be out of time. Check the following: 

Coil primary wire routing 
Spark plug secondary wire routing 
Flywheel condition and location 
Timing and synchronization adjustments 

Spark I _ I  
Good Spark. Good Spark, 
Motor Runs 

Run 

Visually Check Test Stop 
Pack Running lgnltion Coil Ssnwr & 

Encoder 
Circuit 

output 

v v v 
Verify SL.0. W. r-l Test Power 

Coil n 
Enwder 

Coil 

Module 

Check Encoder 

Fig. 50 Ignition system troubleshooting (interpreting Spark Test results) - 25135 hp (5001565~~) motors 
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Spark 
Test 

Good Spark Good Spark Good spa*, No Spark On No Spark On 
Engine Will High Speed Motor Doesn t One or Two Any Cylinder 

Not Shut Off Misfin, Run Cylinders 
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Fig. 51 Ignition system troubleshooting (interpreting Spark Test results) - 25-70 hp (913cc) motors 

40/50 Hp (815cc) And 70 Hp (1298cc) EFI Motors 

CULT 

A peak-reading DVOM will be necessary for this test. Also, the OMC 
test probe (#342677) is useful to help prevent damage to connectors 
when back-probing them to check their signal without interrupting the 
circuit. 

Unlike the ignition system used on carbureted JohnsonIEvinrude motors 
(whose diagnostic process involves testing various sources of power) the 
system used on EFI motors is comparatively simple. Power for the EFI 
ignition system comes from the battery and is controlled by the ECU. Testing 
is therefore a simple matter of verifying battery power and inputioutput 
signals for ignition components. 

The EFI system relay is used to supply voltage to the ignition coils (as 
well as the fuel injection system). Usually, a problem with the relay prevents 
the engine from starting, but intermittent problems can cause engine stalling 
(especially right after the engine warms up). When this occurs, the engine 
will usually not restart unless the keyswitch is switched off long enough so 
the relay cools. Refer to the Electronic Fuel lnjection (EFI) section for details 
on testing the System Relay. 

If the spark test shows a lack of proper spark, check the ignition system 
signals as follows: 

Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1. Set a peak-reading DVOM to indicate positive voltage on the 50 volts 
scale. 

2. Connect the meter as follows: 
a. For 40150 hp motors, connect the black meter probe to the positive 

terminal of the battery. Then, back-probe each of the following ECU 

connector terminals: Al,  A3 and A5 by carefully inserting the red meter lead 
(or a test probe attached to the red lead) into the back of the appropriate 
ECU connector. 

Information on ECU connector and pin-outs can be found under 
Sensor and Circuit ResistancelOutput Tests in the Electronic Fuel 
lnjection section. Connector A is the 8-pin connector found at one end 
of the ECU. Terminals A1 and A5 are on one end of the connector, while 
A3 is two terminals over from Al. The terminals can also be identified 
using the wire colors that are attached: A1 (blue, for the No. 2 coil), A3 
(green, for the No. 3 coil) and A5 (orange, f ~ r  the No. 1 coil). 

b. For 70 hp motors, it is easiest to back-probe the ignition coil wiring 
harness. Connect the black meter lead to a good engine ground, then use 
the red lead (or a test probe attached to the red lead) to carefully back-probe 
the blue wire (No. 1 and No. 2 ignition coil) or the orange wire (No. 3 and 
No. 4 ignition coil). 

3. With the meter connected to the ECU or ignition coil wiring harness 
as directed, note the meter reading. The meter should show 0 volts with the 
ignition keyswitch ON and battery voltage with the keyswitch OFF. 

4, Move the black meter lead to the positive battery connector of the 
starter solenoid (the point where the positive battery cable connects to the 
starter solenoid). Then crank the engine and watch the reading on the 
DVOM, it should indicate 6-1 0 volts: 

If voltage is present as indicated, the ECU signal is good. If the 
cylinder's still show no spark, check the secondary coil resistance. 

5. If there is no voltage, disconnect the wiring harness from the ECU (to 
protect the module) and ignition coil, then check continuity on the primary 
wire circuit. Next check primary and secondary coil resistance, as detailed in 
this section. Finally, on 40150 hp motors, check the Crankshaft Position - 
(CKP) Sensor, as detailed in the Electronic Fuel lnjection (EFI) section. 

6. If all wiring and other system components test ok, but there is still no 
spark, replace the ECU. 
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IGNITION AND ELECTRICAL SYSTEMS 
Stop Circuit Test 

CULT 
+ See Figure 52 

H Refer to the schematics found in the Wiring Diagram section for 
more details on the stop circuit. 

The Stop Circuit Test is used to determine if an ignition fault is caused by 
the ignition or stop switch side of the circuit, or if the problem comes from the 
charge coil, power pack and ignition coil side of the circuit. Problems with the 
stop circuit usually cause a no start fault, but intermittent faults may occur 
that cause the engine to cut out. 

The Spark Test is normally performed before checking the stop circuit in 
order to determine if spark is occurring at all. If there is spark at one or more 
cylinders of a multi-cylinder motor it is not likely that the stop circuit is the 
culprit. Of course, checking it is a relatively fast and easy way to eliminate 
concern over it. 

2.0-3.5 (78cc) Ha Motors 

Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1, Disengage the connector for the black lead between the stop button 
and the power pack, then crank the motor and watch the tester. If spark now 
appears or improves with the black lead disconnected, the problem is with 
the stop circuit; proceed with the next step. If there is still no spark, perform 
the Sensor Coil test as detailed in this section. 

2. With the engine off, connect the ohmmeter probes between the stop 
button black lead terminal and a good engine ground. The meter must show 
high or infinite resistance. 

3. Press the stop button and observe the meter reading, it should show 
low or zero resistance with the button held in the down position. 

4. Replace the stop button if the circuit does not perform as noted. 
5. Reconnect all wiring as removed for testing. 

5 Hp (109cc) Motors 

Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1. Disengage the bullet connectors for the bluelred and black leads 
between the stop button and the ignition coil, then crank the motor and 
watch the tester. 

2. If spark now appears only with these leads disconnected, the 
problem is with the stop circuit. Replace the switch assembly. 

3. If there is still no spark, perform the Charge Coil test as detailed in 
this section. 

4. Reconnect all wiring as removed for testing. 

3-4 Hp (87cc) Motors (Except 4 Deluxe) 

Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1. Disengage the 6-pin connector (it's a Packard style connector) from 
the power pack (ignition module) at the flywheel assembly. 

1990 models are normally not equipped with the referenced 6-pin 
connector. On an early-model motor, simply disconnect the black lead 
directly from the ignition module instead of from the connector used on 
later model motors. 

2. Use a thin wire, like a paper clip, about 114 in. (6mm) into the slot at 
the top of the terminal for the blackiyellow lead (connector terminal E) to 
release the terminal. Gently pull the lead out of the back of the connector 
body. 

3. Reconnect the 6-pin Packard connector to the power pack (ignition 
module) without the blackiyellow lead. Put a piece of tape over the 
blackiyellow terminal to make sure it does not ground on the powerhead. 

4. Crank the motor and watch the spark tester. If spark appears only 
with the blackiyellow lead disconnected, it appears the problem is with the 
stop circuit. Proceed with the next step. If there is still no spark, perform the 
Sensor Coil test as detailed in this section. 

5. Disengage the 6-pin connector from the power pack (ignition module) 
again. Install the blackiyellow lead back into the harness connector. Gently 
push the terminal in through the rear of the connector until the tab locks in 
place, then pull back on the wire with light pressure to be sure it is secured. 

6. With the engine off, connect the ohmmeter probes between terminal 
E (connector blackiyellow lead) and a good engine ground. The meter must 
show high or infinite resistance. 

7, Press the stoo button and observe the meter readina, it should show 
low or zero resistanck with the button held in the down posizon. 

8. Replace the stop button if the circuit does not perform as noted 
9. Reconnect all wiring as removed for testing. 

Power Pack 

Fig. 52 Typical stop circuit - the stop button connects the power pack to ground, interrupting the charge coil voltage supplied to the ignition coil 
primary circuits, through the power pack 
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IGNITION AND ELECTRICAL SYSTEMS 
4 Deluxe (87cc) And 5/6/8 Hp (164cc) Motors 

Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1. Disengage the 5-pin connector (it's an Amphenol style connector) 
between the power pack (ignition module) and the ignition charge coil 
mounting plate located under the flywheel. 

The 5-8 hp motors through 1992 and the 4D through 1993 were 
equipped with the UFi version of this ignition system and therefore did 
not use the Bpin amphenol connector. So on those models not 
equipped with the connector, trace the stop circuit wire to the retainer 
and the SINGLE PIN amphenol connector. Disengage the 1-pin 
connector and use that lead for this test. 

2. Use 4 jumper wires to reconnect terminals A, B, C and D with the 
halves of the wiring harness still disconnected. In effect, this removes the 
black wire, terminal E for the stop switch from the circuit. 

3. Crank the motor and watch the spark tester. If spark appears on both 
cylinders only with the black lead disconnected, it appears the problem is 
with the stop circuit. Proceed with the next step. If there is no spark at ONE 
cylinder, perform the output test on the Power Pack (Ignition Module), as 
detailed in this section. If there is still no spark at both cylinders, perform the 
Charge Coil test, as detailed in this section. 

4. Remove the jumper wires from the 5-pin connector. 
5. With the engine not running or cranking, check the stop buttonlsafety 

lanyard switch as follows: 
a. Connect the ohmmeter probes between terminal E (connector for 

the black lead) and a good engine ground, 
b. With the safety lanyard clip installed and the switch in the run 

position, the meter must show high or infinite resistance. 
c. Press the stop button andlor remove the safety lanyard while 

observing the meter reading, it should show low or zero resistance with the 
button held in the down position or the safety lanyard removed. 

d. Replace the stop button if the circuit does not perform as noted. 
6. If equipped, check the keyswitch with the engine not running or 

cranking, as follows: 
a. Connect the ohmmeter probes between terminal E (connector for 

the black lead) and a good engine ground. 
b. Make sure the safety lanyard is installed and the stop switch is in 

the run position. 
c. The meter must show a low reading with the keyswitch OFF and a 

high or infinite reading with the keyswitch ON. 
d. With the keyswitch ON, remove the blacklyellow lead from the 

keyswitch harness. If the meter now shows a high reading, replace the 
keyswitch. If the meter now shows a low reading, test the wiring harness. 

H If the engine fails to shut off during normal operation, check for an 
open blacklyellow lead, damaged keyswitch or damaged power pack. 

7. Reconnect all wiring as removed for testing. 

5/6 Hp (128cc) And 8/9.9 Hp (211cc) 4-Stroke Motors 

Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1.  Disengage the stop button I-pin connector (it's an Amphenol style 
connector for the black wire found between the stop switch and power pack). 
Although the other stop switch wire is also black, it is connected to a ground 
terminal at the power pack lower mounting bolt. 

2. Crank the engine and observe the spark tester again. If the spark 
jumps (at all gaps on 819.9 motors), but did not in a preliminary test, the 
problem is the stop circuit. If there is no spark at one gap on 819.9 motors, 
check the Ignition Coil as detailed in this section. If there is no spark on 516 
hp motors or at all gaps on 819.9 hp motors, proceed with the Power Coil 
testing as detailed in this section. 

3. If equipped, check the keyswitch with the engine not running or 
cranking, as follows: 

a. Follow the blacklyellow power pack (ignition module) wiring from the 
power pack to the I-pin connector and then disengage the wiring. 

b. Connect the probes of a DVOM set to read resistance between a 
good engine ground and the keyswitch side of the connector for the 
blacWyellow wire. 

c. Make sure the safety lanyard is installed and the stop switch is in the 
run position. 

d. The meter must show a low reading with the keyswitch OFF and a 
high or infinite reading with the keyswitch ON. 

e. If resistance was low with the keyswitch ON, disconnect harness 
wiring harness from the keyswitch (especially, make sure the blacklyellow 
lead is now removed from the from the keyswitch terminal M). If the 
ohmmeter now shows a high or infinite reading, replace the keyswitch. If the 
meter connection still shows a low reading, check and repair the harness. 

H If the engine fails to shut off during normal operation, check for an 
open black/yellow lead, damaged keyswitch or damaged power pack. 

4. Reconnect all wiring as removed for testing 

9.9/15 Hp (305cc) 4-Stroke Motors 

H Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1. Disengage the stop button 3-pin connector (it's an Amphenol style 
connector found between the start button or remote harness and power 
pack). 

H For rope start models, terminals B and C of the Spin stop button 
connector are bridged on one side of the connector. The wiring on the 
engine side of the connector runs to both the power pack lianition . . -  
mdule) and the stop switch. 

2. Crank the engine and observe the spark tester again. If the spark 
now jumps both gaps, but did not in a preliminary test, the problem is the 
stop circuit; proceed with the ohmmeter tests given in this procedure to 
isolate a problem with the stop button or keyswitch. If there is no spark at 
one gap, check the ignition coil as detailed in this section. If there is no spark 
at all gaps, then proceed with the Power Coil testing as detailed in this 
section. 

3. Check the stop button with the engine not running or cranking, as 
follows: 

a. Install the safety clipllanyard and make sure the switch is in the RUN 
position. 

b. Using a DVOM set to measure resistance between the terminal C 
(black wire) on the button side of the 3-pin stop button connector and a good 
engine ground. There should be high or infinite resistance with the lanyard 
and the button in the RUN position. 

c. Press the stop button inward and observe the meter. Resistance 
between terminal C and ground should become very low to zero with the 
button depressed, then go back up when released. 

d. Remove the safety lanyard, the meter should show continuity to 
ground (resistance should drop again). 

e. If the stop button does not respond as indicated, replace the stop 
button assembly for safety. 

4. If equipped, check the keyswitch with the engine not running or 
cranking, as follows: 

a. Follow the blacklyellow power pack (ignition module) wiring from the 
power pack to the 3-pin connector and then disengage the wiring. 

b. Connect the probes of a DVOM set to read resistance between a 
good engine ground and the keyswitch side of the connector for terminal B 
the blacklyellow wire. (Actually, terminals B and C that come out of the back 
of that connector both have blacklyellow wires, but they are bridged in the 
harness, so in theory, either is fine, though terminal B should be at the 
center of the connector). 

c. Make sure the safety lanyard is installed and the stop switch is in the 
run position. 

d. The meter must show a low reading with the keyswitch OFF and a 
high or infinite reading with the keyswitch ON. 

e. If resistance was low with the keyswitch ON, disconnect harness 
wiring harness from the keyswitch (especially, make sure the blacklyellow 
lead is now removed from the from the keyswitch terminal M). If the 
ohmmeter now shows a high or infinite reading, replace the keyswitch. If the 
meter connection still shows a low reading, check and repair the harness. 

H If the engine fails to shut off during normal operation, check for an " 

open blacklyellow lead, open blacklwhite lead, damaged keyswitch or 
damaged power pack. 

5. Reconnect all wiring as removed for testing. 
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9.9/10/14/15 Hp (216cc), 9.9/10/15 Hp (255cc) And 18 Jet-35 Hp 
(521cc) Motors 

Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1. Disengage the 5-pin connector (it's an Amphenol style connector) 
between the power pack (ignition module) and the ignition charge coil 
mounting plate located under the flywheel. 

Motors through 1991 and some 1992 models were equipped with the 
UFI version of this ignition system and therefore did not use the 5-pin 
amphenol connector. So on those models not equipped with the 
connector, trace the stop circuit wire to the retainer and the SINGLE 
PIN amphenol connector. Disengage the 1-pin connector and use that 
lead for this test. 

2. Use 4 jumper wires to reconnect terminals A, B, C and D with the 
halves of the wiring harness still disconnected. In effect, this removes the 
black or blackiyellow wire, terminal E for the stop switch or remote keyswitch 
from the circuit, as applicable. 

3. Crank the motor and watch the spark tester. If spark appears on both 
cylinders only with the black (or blackiyellow) lead disconnected, it appears 
the problem is with the stop circuit. Proceed with the next step. If there is no 
spark at ONE cylinder, perform the output test on the Power Pack (Ignition 
Module), as detailed in this section. If there is still no spark at both cylinders, 
perform the Charge Coil test, as detailed in this section. 

4, Remove the jumper wires from the 5-pin connector. 
5. With the engine not running or cranking, check the stop buttonlsafety 

lanyard switch as follows: 
a. Except for remote models, connect the ohmmeter probes between 

terminal E (connector for the black lead) and a good engine ground. For 
remote motors, refer to the wiring diagram, then disengage the bullet 
connector for the tan or tanlred wire running to the stop button, connect the 
ohmmeter probes between the switch side of the button and a good engine 
ground. 

b. With the safety lanyard clip installed and the switch in the run 
position, the meter must show high or infinite resistance. 

c. Press the stop button andlor remove the safety lanyard while 
observing the meter reading, it should show low or zero resistance with the 
button held in the down position or the safety lanyard removed. 

d. Replace the stop button if the circuit does not perform as noted. 
6. If equipped, check the keyswitch with the engine not running or 

cranking, as follows: 
a. Connect the ohmmeter probes between terminal E (connector for 

the blackiyellow lead) and a good engine ground. 
b. Make sure the safety lanyard is installed and the stop switch is in 

the run position. 
c. The meter must show a low reading with the keyswitch OFF and a 

high or infinite reading with the keyswitch ON. 
d. With the keyswitch ON, remove the blackiyellow lead from the 

keyswitch harness. If the meter now shows a high reading, replace the 
keyswitch. If the meter now shows a low reading, test the wiring harness. 

If the engine fails to shut off during normal operation, check for an 
open blacklyellow lead, damaged keyswitch or damaged power pack. 

7. Reconnect all wiring as removed for testing. 

25/35 Hp (500/565cc) Motors 

Rl Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1. Disengage the 4-pin connector (it's an Amphenol style connector) 
located between the power pack (ignition module) and the start button. 

2. Use 4 jumper wires to reconnect terminals A, C and D with the 
halves of the wiring harness still disconnected. In effect, this removes the 
blackiyellow (black on one side of the connector for some models) wire, 
terminal B for the stop switch or remote keyswitch from the circuit, as 
applicable. 

3. Crank the motor and watch the spark tester. If spark appears on both 
cylinders only with the blackiyellow lead disconnected, it appears the 
problem is with the stop circuit. Test the stop button andlor the keyswitch, as 
equipped. If there is still no spark, perform the Power Coil test, as detailed in 
this section. 

4. Remove the jumper wires from the 4-pin connector. 
5. Except for remote models, check the stop buttonlsafety lanyard 

switch with the engine not running or cranking as follows: 
a. Connect the ohmmeter probes between terminal B (connector for 

the blackiyellow or black lead) and a good engine ground. 
b, With the safety lanyard clip installed and the switch in the run 

position, the meter must show high or infinite resistance. 
c. Press the stop button andlor remove the safety lanyard while 

observing the meter reading, it should show low or zero resistance with the 
button held in the down position or the safety lanyard removed. 

d. Replace the stop button if the circuit does not perform as noted. 
6. For remote models, check the keyswitch with the engine not running 

or cranking, as follows: 
a. Connect the ohmmeter probes between terminal B (connector for 

the blacWyellow lead) and a good engine ground. 
b, If equipped, make sure the safety lanyard is installed. 
c. The meter must show a low reading with the keyswitch OFF and a 

high or infinite reading with the keyswitch ON. 
d. With the keyswitch ON, remove the blachiyellow lead from the 

keyswitch harness. If the meter now shows a high reading, replace the 
keyswitch. If the meter now shows a low reading, test the wiring harness. 

If the engine fails to shut off during normal operation, check for an 
open blacklyellow lead, damaged keyswitch or damaged power pack. 

7. Reconnect all wiring as removed for testing. 

25-55 Hp (737cc) Motors 

Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1. Disengage the 5-pin connector (it's an Amphenol style connector) 
between the power pack (ignition module) and the ignition charge coil 
mounting plate located under the flywheel. 

Motors through 1991 and some 1992-93 models were equipped with 
the UFI version of this ignition system and therefore did not use the 5- 
pin amphenol connector. So on those models not equipped with the 
connector, trace the stop circuit wire to the retainer and the SINGLE 
PIN amphenol connector. Disengage the 1-pin connector and use that 
lead for this test. 

2. Use 4 iumr~er wires to reconnect terminals A, B, C and D with the 
halves of the wiring harness still disconnected. In effect, this removes the 
blackiyellow wire, terminal E for the stop switch or remote keyswitch from the 
circuit, as applicable. 

3. Crank the motor and watch the spark tester. If spark appears on both 
cylinders only with the blackiyellow) lead disconnected, it appears the 
problem is with the stop circuit. Proceed with testing of the stop button or 
keyswitch, as applicable. If there is no spark at ONE cylinder, perform the 
output test on the Power Pack (Ignition Module), as detailed in this section. If 
there is still no spark at both cylinders, perform the Charge Coil test, as 
detailed in this section. 

4. Remove the jumper wires from the 5-pin connector. 
5. With the engine not running or cranking, check the stop buttonlsafety 

lanyard switch as follows: 
a. Connect the ohmmeter probes between terminal E (connector for 

the blackiyellow lead) and a good engine ground. 
b. With the safety lanyard clip installed and the switch in the run 

position, the meter must show high or infinite resistance. 
c. Press the stop button andlor remove the safety lanyard while 

observing the meter reading, it should show low or zero resistance with the 
button held in the down position or the safety lanyard removed. 

d. Replace the stop button if the circuit does not perform as noted. 
6. If equipped, check the keyswitch with the engine not running or 

cranking, as follows: 
a. Connect the ohmmeter probes between terminal E (connector for 

the blackiyellow lead) and a good engine ground. 
b. Make sure the safety lanyard is installed and the stop switch is in , . 

the run position. 
c. The meter must show a low reading with the keyswitch OFF and a 

hiah or infinite readina with the kevswitch ON. 
d. With the keyswitch ON, remove the blackiyellow lead from the 

keyswitch harness. If the meter now shows a high reading, replace the 
keyswitch. If the meter now shows a low reading, test the wiring harness 
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4-24 IGNITION AND ELECTRICAL SYSTEMS 
If the engine fails to shut off during normal operation, check for an 

open blacklyellow lead, damaged keyswitch or damaged power pack. 

7. Reconnect all wiring as removed for testing. 

25-70 Up (913cc) Motors 

Leave the spark tester installed as detailed in the Spark Test in this 
section. 

1. Disengage the 5-pin connector (it's an Amphenol style connector) 
located between the power pack (ignition module) and the ignition charge 
coil mounting plate located under the flywheel. 

Power packs on these models are normally equipped with more than 
one connector, in all cases, disengage the Cpin connector that 
contains the blacklyellow wire coming from the power pack. 

2. Use 4 jumper wires to reconnect terminals A, B, C and D with the 
halves of the wiring harness still disconnected. In effect, this removes the 
blacldyellow wire, terminal E for the stop switch or remote keyswitch from the 
circuit, as applicable. 

3. Crank the motor and watch the spark tester. If spark appears on both 
cylinders only with the black/yellow) lead disconnected, it appears the 
problem is with the stop circuit. Proceed with testing of the stop button or 
keyswitch, as applicable. If there is SOME spark present at one or more 
cylinder, but the system is not operating properly, check the Sensor Coil, as 
detailed in this section. If there is still no spark from at cylinder, perform the 
Charge Coil test, as detailed in this section. 

4. Remove the jumper wires from the 5-pin connector. 
5. With the engine not running or cranking, check the stop buttonisafety 

lanyard switch as follows: 
a. Connect the ohmmeter probes between terminal E (connector for 

the blacldyellow or black lead) and a good engine ground. 
b. With the safety lanyard clip installed and the switch in the run 

position, the meter must show high or infinite resistance. 
c. Press the stop button andlor remove the safety lanyard while 

observing the meter reading, it should show low or zero resistance with the 
button held in the down position or the safety lanyard removed. 

d. Replace the stop button if the circuit does not perform as noted. 
6. If equipped, check the keyswitch with the engine not running or 

cranking, as follows: 
a. Connect the ohmmeter probes between terminal E (connector for 

the blackiyellow lead) and a good engine ground. 
b. If equipped, make sure the safety lanyard is installed and the stop 

switch is in the run position. 
c. The meter must show a low reading with the keyswitch OFF and a 

high or infinite reading with the keyswitch ON. 
d. With the keyswitch ON, remove the blacldyellow lead from the 

keyswitch harness. If the meter now shows a high reading, replace the 
keyswitch. If the meter now shows a low reading, test the wiring harness. 

If the engine fails to shut off during normal operation, check for an 
open blacklyellow lead, open blacWwhite lead, a damaged keyswitch or 
damaged power pack. 

7. Reconnect all wiring as removed for testing. 

+ See Figures 40,41 and 42 

All carbureted JohnsonIEvinrude motors are equipped with an ignition 
system charge coil that is used to generate voltage to power the ignition 
system. The coil is mounted under the flywheel (centered directly underneath 
on most models) to interact with one or more permanent magnets attached 
to the underside of the flywheel assembly. As the flywheel rotates, the 
magnetic force cuts through the coil assembly, generating an electric current 
that is utilized by the ignition system. 

The 314 Hp (except 4 Deluxe) 2-cylinder, 2-stroke motors utilize a 
charge coil that is built into the power packiignition module. For this 
reason, the charge coil cannot be tested or replaced separately. For 
more details, please refer to the heading for this engine under Power 
Pack. 

On some motors, the charge coil is an individual component, mounted 
side-by-side with a battery charge coil or accessory lighting coil that can be 

removed or replaced separately. In many instances, the semi-circular bracket 
that contains an individual charge coil also contains a power coil. On even 
more JohnsonIEvinrude outboards, the charge coil is part of a round one- 
piece stator that also supplies current to the charging system and must be 
serviced as an assembly. 

Refer to the wiring diagrams provided in this section to help determine the 
system on your engine. Each diagram shows whether a one-piece stator or 
an individual charge coil is used. 

EFI motors are equipped with a one-piece stator. The battery 
powered transistorized ignition system used on EFI motors does not 
utilize an ignition charge coil circuit. 

TESTING 

CULT - + See Figures 53,54 and 55 

Charae coil testina tvpicallv encompasses makin0 sure the wiring is in 
good codition, thenmaking ;erifying coil output (u;ng a peak-reading 
DVOM) while crankina the motor andior checkina resistance k i n a  an 
ohmmeter) across thecoil windings when the mitor is not turning."~he 
charge coil and wiring can also be checked for shorts to ground either using 
the peak-reading DVOM while the motor is cranking or the ohmmeter when 
the motor is at rest. 

Problems with the ignition charge coil usually cause a no start condition. 
But, a partial short of the coil winding can cause hard starting and/or an 
ignition misfire. The most reliable tests for the charge coil are to dynamically 
check the output with the engine cranking (or in some cases, running). Of 
course, dynamic tests require a digital multimeter capable of reading and 
displaying peak voltage values (also known as a peak-reading voltmeter). If 
one is not available, specifications are usually available to statically check 
the coil winding using an ohmmeter. But, before replacing the coil based only 
on static test that shows borderline readings, remember that resistance 
readings will vary with temperature and the specifications provided here are 
based on a component temperature of about 68°F (20°C). Also, remember 
that a coil mav test within specification staticallv, but show intermittent faults 
under engine operating conditions, especially at'normal operating 
temperature. 

Fig. 53 Charge coil testing on CDI models involves checking 
between the appropriate harness terminals and a good engine 
ground to make sure there are no shorts to ground. This test can 
usually be conducted with a voltmeter (engine cranking) andior an 
ohmmeter (engine static) 
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Fig. 54 Charge coil testing on CDI models also involves either 
checking voltage output while the motor is cranking and/or 
checking resistance across coil windings while the motor is at rest 
- cranking test on a typical stator equipped motor shown 

Ignition 
moduie 

\ 
Charge 

oil 

- 
Fig. 55 All checks can be made at the wlring harness, but this 
shows a resistance check on a UFI model being made to a partially 
removed charge coil 

2.0-3.5 (78cc) Hp Motors 

A peak-reading DVOM is necessary for the ground and output 
portions of this test. If one is not available, the resistance check will 
give some idea of coil condition, but be careful as a bad coil could test 
within specification but short out and fail intermittently under load. 
Likewise, a good coil may test out of spec due to variances in meters 
and test temperatures. 

1 .  Check the charge coil ground first as follows: 
a. Set the peak reading voltmeter to read positive on the 500 volts 

scale. 
b. Disengage the brown and brownlyellow leads between the charge 

coil and power pack. 

c. Connect the meter between the brown lead from the charge coil and 
a good engine ground, then crank the engine and observe the readings. 

d. Connect the meter between the browniyellow lead from the charge 
coil and a good engine ground, then crank the engine and observe the 
readings. 

e. Any voltage from this portion of the test indicates that the charge coil 
is shorted to ground. Repair the wire which is grounded or replace the 
charge coil, as necessary. If there is no reading, perform the next step to 
check coil output. 

2. Check the charge coil output next as follows: 
a. Set the peak reading voltmeter to read positive on the 500 volts 

scale. 
b. Now connect the meter probes across the 2 charge coil leads. 

Connect one probe to the brown lead and the other to the brownlyellow lead. 
c. Crank the motor and observe charge coil output on the meter. If the 

reading is 180 volts or higher, perform the cranking power pack test as 
detailed in this section under Power Pack (Ignition Module), Testing. If the 
reading is less than 180 volts, check the condition of the wiring and 
connectors (if no problems are found with the wiring, perform the resistance 
check in the next step.) 

3. With the engine not running or cranking, connect the probes from a 
DVOM set to read resistance across the two terminals of the charge coil 
(brown and browniyellow). The meter must show 550-670 ohms resistance 
at a temperature of about 68°F (20°C) or the charge coil is out of 
specification. 

An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

4. Verify test results and connections, then replace the charge coil, if 
the reading is well out of specification. 

5. Reconnect all wiring as removed for testing. 

3-4 Hp (87cc) Motors 

On these motors the functions of the charge coil are integrated into the 
power pacWignition module that is mounted along the edge of the flywheel. 
Because of the internal circuitry of the coil windings, no separate provisions 
are provided to test or replace the charge coil. Refer to Power Pack in this 
section for information on testing or servicing the primary circuit of the 
ignition system. 

5 Hp (109cc) Motors 

The charge coil on this model feeds the primary side of the combined 
power packlignition coil directly with no other components contained in the 
system. 

A peak-reading DVOM is necessary for the dynamic (cranking) 
portions of this test. If one is not available, the resistance check will 
give some idea of coil condition, but be careful as a bad coil could test 
within specification but short out and fail intermittently under load. 
Likewise, a good coil may test out of spec due to variances in meters 
and test temperatures. 

1. Check the charge coil ground first as follows: 
a. Set the peak reading voltmeter to read positive on the 500 volts 

scale. 
b. Disengage the blueired and black leads between the charge coil and 

ignition coil 
c. Connect the meter red lead to the blacklorange (possibly blackired 

on some models) lead from the charge coil and the black meter lead to a 
good engine ground, then crank the engine and observe the readings. 

d. The meter should show 130 volts or more. If there reading is low or 
there is no reading at all, replace the charge coil. 

e. Now connect the meter probes across the 2 charge coil leads. 
Connect the red probe to the blacklorange (possibly blacklred on some 
models) lead and the black probe to the black lead. 

f. Crank the motor and observe charge coil output on the meter. If the 
- 

reading is 130 volts or higher, the ignition system is performing normally. If 
the reading is less than 130 volts, check for continuity between the black 
lead and a good engine ground. If the lead is open (no continuity with 
ground) the engine will not shut down when the stop button is actuated. If 
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there are no problems with the wiring and output is still below 130 volts, 
replace the charge coil. 

2. A resistance check can be used to statically check the charge coil, 
but keep in mind that a coil could test within spec statically, but show a fault 
dynamically (especially once operating temperatures are reached). The 
advantage of the resistance check is that not everyone has access to a 
peak-readina DVOM. ' 

a.  ise engage the bullet connectors for the black and the blacklorange 
(possibly blacklred on some models) leads coming directly from the charge 
coil. 

b. Connect the leads of an ohmmeter across the two charge coil leads. 
Resistance should be 100-150 ohms for a component at about 68°F (20°C) 
or the charge coil is out of specification. 

An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

3. Verify test results and connections, then replace the charge coil, if 
the reading is well out of specification. 

4. Reconnect all wiring as removed for testing. 

4 Deluxe (87cc) and 51618 Hp (164cc) Motors 

The 5-8 hp motors through 1992 and the 4D through 1993 were 
equipped with the UFI version of this ignition system. Since the charge 
coil is connected to the Ignition Module and cranking tests would 
involve checking the voltage on those lines (which cannot be accessed 
with the flywheel installed) there is no way to perform cranking tests on 
those years, Instead you'll only be able to remove the flywheel (for 
access to the wiring) and conduct static ohmmeter tests. 

A peak-reading DVOM is necessary for the basic ground and the 
dynamic (cranking) portion of this test. If one is not available, the 
resistance check will give some idea of coil condition, but be careful as 
a bad coil could test within s~ecification but short out and fail 
intermittently under load. ~ikewise, a good coil may test out of spec 
due to variances in meters and test temperatures. 

1. For most models (not equipped with UFI system), check the charge 
coil ground first as follows: 

a. Set the peak reading voltmeter to read negative on the 500 volts 
scale. 

b. Disengage the 5-pin connector (it's an Amphenol style connector) 
between the power pack (ignition module) and the ignition charge coil 
mounting plate located under the flywheel. 

c. Connect the meter red lead to terminal A (brown lead from the 
charge coil) and the black meter lead to a good engine ground, then crank 
the engine and observe the readings. 

d. Connect the meter red lead to terminal D (brownlyellow lead from 
the charge coil) and the black meter lead to a good engine ground, then 
crank the engine and observe the readings. 

e. Voltage present at either test indicates that the charge coil or the 
wiring harness is shorted to ground. Locate and repair the short or replace 
the charge coil assembly. 

2. For most models (not equipped with UFI system), check the charge 
coil output as follows: 

a. Now connect the red meter probe to terminal D (brownlyellow lead 
from the charge coil) and the black meter probe to terminal A (brown lead 
from the charge coil). 

b. Crank the motor and observe charge coil output on the meter. If the 
reading is 230 volts or higher, the charge coil is performing normally, to 
continue troubleshooting an ignition system problem, perform the Sensor 
Coil testing as detailed in this section. If the reading is less than 230 volts, 
check the condition of the wiring and connectors. If there are no problems 
with the wiring and output is still below 230 volts, proceed with the resistance 
test in the next step (but charge coil replacement is probably necessary). 

3. For models equipped with UFI system (specifically this should include 
5-8 hp motors through 1992 and the 4D through 1993), access the charge 
coil, as follows: 

a. Remove the manual starter assembly, as detailed in the Hand 
Rewind Starter section. 

b. Remove the Flywheel. 
c. Remove the 2 ignition module mounting screws, then reposition the 

module as necessary for access to the wiring. 
d. Disconnect the brown and brownlyellow lead bullet connectors. 
4. A resistance check can be used to statically check the charge coil 

(and the wiring harness), but keep in mind that a coil could test within spec 
statically, but show a fault dynamically (especially once operating 
temperatures are reached). Of course, this is your only option for testing the 
charge coil on UFI motors, so do your best. And, one small advantage of the 
resistance check is that not everyone has access to a peak-readinq DVOM. 

a. With the 5-pin connectoi still disengaged from'the previous steps (or 
the flvwheel and other comoonents removed for access on UFI models 
direcily to the wires), probe'across terminals A (brown lead) and D 
(brownlyellow lead) from the charge coil. On UFI models the terminal 
references are not applicable, but the wire colors should be the same. 

b. Resistance should be 800-1000 ohms for a component at about 
68°F (20°C) or the charge coil is out of specification. Please note that the 
specification given is for all 1991 and later models with either CDI or UFI, 
however the specification for 1990 UFI models differs and is only 535-585 
ohms. 

An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

5. Verify test results and connections, then replace the charge coil, if 
the reading is well out of specification. 

6. Reconnect all wiring as removed for testing. On UFI models, 
remember the orangelblue primary lead must be connected to the No. 1 
ignition coil. 

516 Hp (128cc) and 819.9 Hp (211cc) 4-Stroke Motors 

+ See Figure 56 

A peak-reading DVOM is necessary for the basic ground and the 
dynamic (cranking) portion of this test. If one is not available, the 
resistance check will give some idea of coil condition, but be careful as 
a bad coil could test within specification but short out and fail 
intermittently under load. Likewise, a good coil may test out of spec 
due to variances in meters and test temperatures. 

1. Set a peak-reading DVOM to read positive in the 500 volts scale, 
then check for a grounded charge coil as follows: 

a. Disconnect the 2 bullet connectors for the brown wires (usually 
brownlwhite and browniblack) coming from the charge coil underneath the 
flywheel and running to the power pack. 

Fig. 56 Most of the wiring for the charge coil, power coil, battery 
charge coil and sensor coil on these models is attached through 
bullet connectors found on the back of the power pack - 516 hp and 
819.9 hp 4-strokes 
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b. Connect the black meter probe to a good engine ground and the red 

probe to one of the brown charge coil leads. Crank the engine and observe, 
then note the reading. 

c. Move the red meter probe to the other brown charge coil lead, then 
crank the engine and observe the meter again. 

d. Any voltage reading from either test connection indicates a short in 
the charge coil or harness. Either, locate and repair the problem with the 
harness, or replace the charge coil. 

2. Check the charge coil cranking output using the peak-reading 
voltmeter, set to the same scale. Connect the meter probes to the two brown 
leads from the charge coil and crank the engine. Note the meter reading, it 
should be at least 200 volts for 516 hp motors or 300 volts for 819.9 hp 
motors: 

If the cranking voltage is within spec, but ignition problems still exist, 
check the Power Pack output, as detailed in this section. 

If the cranking voltage is below the specification, check the 
wiringlconnectors, then, if the wiring appears to be in good shape, check coil 
resistance. 

3. With the engine not running or cranking, connect the probes from a 
DVOM set to read resistance across the two brown leads from the charge 
coil. The meter must show 800-1000 ohms resistance at a temperature of 
about 68°F (20°C) or the charge coil is out of specification. 

An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

4. Verify test results and connections, then replace the power coil, if the 
reading is well out of specification. 

5. Reconnect all wiring as removed for testing. 

9.9115 Hp (305cc) 4-Stroke Motors 

The charge coil is incorporated into stator assembly on these models. 
Although the charge and power coil winding can be tested separately, the 
entire stator assembly must be replaced if either is faulty. 

A peak-reading DVOM is necessary for the basic ground and the 
dynamic (cranking) portion of this test. If one is not available, the 
resistance check will give some idea of coil condition, but be careful as 
a bad coil could test within specification but short out and fail 
intermittently under load. Likewise, a good coil may test out of spec 
due to variances in meters and test temperatures. 

1. Set a peak-reading DVOM to read positive in the 500 volts scale, 
then check for a grounded charge coil as follows: 

a. Disengage the 4-pin connector (it's a Packard style connector) 
located between the stator and the power pack (it contains two brown or one 
brown and one brownlyellow charge coil wires). 

b. Connect the black meter probe to a good engine ground and the red 
probe to one of the brown charge coil leads. Crank the engine and observe, 
then note the reading. 

c. Move the red meter probe to the other brown (or brownlyellow) 
charge coil lead, then crank the engine and observe the meter again. 

d. Any voltage reading from either test connection indicates a short in 
the charge coil or harness. Either, locate and repair the problem with the 
harness, or replace the charge coil. 

2. Check the charge coil cranking output using the peak-reading 
voltmeter, set to the same scale. Connect the meter probes to the two brown 
leads from the charge coil and crank the engine. Note the meter reading, it 
should be at least 300 volts for 1995-96 motors or 220 volts for 1997 and 
later motors: 

* If the cranking voltage is within spec, but ignition problems still exist, 
check the Power Pack output, as detailed in this section. 

If the cranking voltage is below the specification, check the 
wiringlconnectors, then, if the wiring appears to be in good shape, check coil 
resistance. 

3. With the engine not running or cranking, connect the probes from a 
DVOM set to read resistance across the two brown (or brown and 
brownlyellow) leads from the charge coil. The meter'must show 1010-1230 
ohms resistance for 1995-97 roDe start models. or 720-880 ohms resistance 
for all other models.   em em be; that these specifications are for a 
temperature of about 68°F (20°C). 

An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

4. Verify test results and connections, then replace the power coil, if the 
reading is well out of specification. 

5 ,  Reconnect all wiring as removed for testing. 

9.9i10114115 Hp (216cc), 9.9110115 Hp (255cc) and 18 JET-35 Hp 
(52lcc)Motors 

Motors through 1991 and some 1992 models were equipped with the 
UFI version of this ignition system. Since the charge coil is connected 
to the Ignition Module and cranking tests would involve checking the 
voltage on those lines (which cannot be accessed with the flywheel 
installed) there is no way to perform cranking tests on those 
yearsimodels. Instead you'll only be able to remove the flywheel (for 
access to the wiring) and conduct static ohmmeter tests. 

A peak-reading DVOM is necessary for the basic ground and the 
dynamic (cranking) portion of this test. If one is not available, the 
resistance check will give some idea of coil condition, but be careful as 
a bad coil could test within specification but short out and fail 
intermittently under load. Likewise, a good coil may test out of spec 
due to variances in meters and test temperatures. 

1, For most models (not equipped with UFI system), check the charge 
coil ground first as follows: 

a. Set the peak reading voltmeter to read negative on the 500 volts 
scale for 9.9115 hp motors or to the positive 500 volts scale for 18 jet-35 hp 
motors. 

b. Disengage the 5-pin connector (it's an Amphenol style connector) 
between the power pack (ignition module) and the ignition charge coil 
mounting plate located under the flywheel. 

c. Connect the meter red lead to terminal A (brown lead from the 
charge coil) and the black meter lead to a good engine ground, then crank 
the engine and observe the readings. 

d. Connect the meter red lead to terminal D (brownlyellow lead from 
the charge coil) and the black meter lead to a good engine ground, then 
crank the engine and observe the readings. 

e. Voltage present at either test indicates that the charge coil or the 
wiring harness is shorted to ground. Locate and repair the short or replace 
the charge coil assembly. 

2, For most models (not equipped with UFI system), check the charge 
coil output as follows: 

a. Now connect the red meter probe to terminal D (brownlyellow lead 
from the charge coil) and the black meter probe to terminal A (brown lead 
frqm the charge coil). 

.i b. Crank the motor and observe charge coil output on the meter. If the 
reading is 230 volts or higher, the charge coil is performing normally, to 
continue troubleshooting an ignition system problem, perform the Sensor 
Coil testing as detailed in this section. If the reading is less than 230 volts, 
check the condition of the wiring and connectors. If there are no problems 
with the wiring and output is still below 230 volts, proceed with the resistance 
test in the next step (but charge coil replacement is probably necessary). 

3. For models equipped with UFI system (specifically this should be all 
1990-91 models and some 1992 models), access the charge coil, as follows: 

a. Remove the manual starter assembly, as detailed in the Hand 
Rewind Starter section. 

b. Remove the Flywheel. 
c. Remove the 2 ignition module mounting screws, then reposition the 

module as necessary for access to the wiring. 
d. Disconnect the brown and brownlyellow lead bullet connectors. 
4. A resistance check can be used to statically check the charge coil 

(and the wiring harness), but keep in mind that a coil could test within spec 
statically, but show a fault dynamically (especially once operating 
temperatures are reached). Of course, this is your only option for testing the 
charge coil on UFI motors, so do your best. And, one small advantage of the 
resistance check is that not everyone has access to a peak-reading DVOM. - 

a. With the 5-pin connector still disengaged from the previous steps (or 
using the wires disconnected from the UFI module as applicable), probe 
across terminals A (brown lead) and D (brownlyellow lead) from the charge 
coil. 
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b. Resistance will vary by year and model (and ignition type). Please 

refer to the lgnition Testing Specifications chart for more details. Keep in 
mind that specifications are for a component at about 68°F (20°C). 

An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

5. Verify test results and connections, then replace the charge coil, if 
the reading is well out of specification. 

6. Reconnect all wiring as removed for testing. On UFI models, 
remember the orangelblue primary lead must be connected to the No. 1 
ignition coil. 

25135 Hp (5001565~~) Motors 

The charge coil is incorporated into stator assembly on these models. 
Although the charge and power coil winding can be tested separately, the 
entire stator assembly must be replaced if either is faulty. 

I A peak-reading DVOM is necessary for the basic ground and the 
dynamic (cranking) portion of this test. If one is not available, the 
resistance check will give some idea of coil condition, but be careful as 
a bad coil could test within specification but short out and fail 
intermittently under load. Likewise, a good coil may test out of spec 
due to variances in meters and test temperatures. 

1. Set a peak-reading DVOM to read positive in the 500 volts scale, 
then check for a grounded charge coil as follows: 

a. Disengage the 4-pin connector (it's a Packard style connector) 
located between the stator and the power pack (it contains two brown or one 
brown and one brownlyellow charge coil wires). 

b. Connect the black meter probe to a good engine ground and the red 
probe to one of the brown charge coil leads. Crank the engine and observe, 
then note the reading. 

c. Move the red meter probe to the other brown (or brownlyellow) 
charge coil lead, then crank the engine and observe the meter again. 

d. Any voltage reading from either test connection indicates a short in 
the charge coil or harness. Either, locate and repair the problem with the 
harness, or replace the charge coil. 

2. Check the charge coil cranking output using the peak-reading 
voltmeter, set to the same scale. Connect the meter probes to the two brown 
leads from the charge coil and crank the engine. Note the meter reading, it 
should be at least 300 volts for motors through 1998 motors or 220 volts for 
1999 and later motors: 

If the cranking voltage is within spec, but ignition problems still exist, 
check the Power Pack output, as detailed in this section. 

If the cranking voltage is below the specification, check the 
wiringlconnectors, then, if the wiring appears to be in good shape, check coil 
resistance. 

3. With the engine not running or cranking, connect the probes from a 
DVOM set to read resistance across the two brown (or brown and 
brownlyellow) leads from the charge coil. The meter must show 1010-1230 
ohms resistance for 1995-97 rope start models, or 720-880 ohms resistance 
for all other models. Remember that these specifications are for a 
temperature of about 68" (20°C). 

An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

4. Verify test results and connections, then replace the power coil, if the 
reading is well out of specification. 

5. Reconnect all wiring as removed for testing. 

25-55 Hp (737cc) Motors 

Rope start models or models with a 4-amp charging system are equipped 
with an ignition charge coil as well as separate battery charge and 
sensoritrigger coils. Each of these components can be tested and replaced 

separately. On models with 12-amp charging systems (including all electric 
start and remote models) the ignition charge coil is incorporated into stator 
assembly. Although the charge coil and battery charge coil windings can be 
tested separately, the entire stator assembly must be replaced if either is 
faulty. 

The quickest way to check whether one of these models is equipped 
with a 4-amp or 12-amp charging system is  to trace the yellow wires 
(for the battery charge coil or stator) from under the flywheel. If they 
connect (through a rectangular junction block) to a rectangular, finned 
electronic component (a regulatorlrectifier), the motor has a 12-amp 
charging system. If, however they run unregulated to AC lighting, or to 
a small cylindrical component mounted on a triangular bracket (a 
rectifier) the motor contains the 4-amp charging system. 

Motors through 1991 and some 1992-93 models were equipped with 
the UFI version of this ignition system. Since the charge coil is 
connected to the Ignition Module and cranking tests would involve 
checking the voltage on those lines (which cannot be accessed with 
the flywheel installed) there is no way to perform cranking tests on 
those yearslmodels. Instead you'll only be able to remove the flywheel 
(for access to the wiring) and conduct static ohmmeter tests. 

I A peak-reading DVOM is necessary for the basic ground and the 
dynamic (cranking) portion of this test. If one is not available, the 
resistance check will give some idea of coil condition, but be careful as 
a bad coil could test within specification but short out and fail 
intermittently under load. Likewise, a good coil may test out of spec 
due to variances in meters and test temperatures. 

1. For most models (not equipped with UFI system), check the charge 
coil ground first as follows: 

a. Set the peak reading voltmeter to read positive on the 500 volts 
scale. 

b. Disengage the 5-pin connector (it's an Amphenol style connector) 
between the power pack (ignition module) and the ignition charge coil 
mounting plate located under the flywheel. 

c. Connect the meter red lead to terminal A (brown lead from the 
charge coil) and the black meter lead to a good engine ground, then crank 
the engine and observe the readings. 

d. Connect the meter red lead to terminal D for ropel4-amp models or 
terminal B for 12-amp models (brownlyellow lead from the charge coil) and 
the black meter lead to a good engine ground, then crank the engine and 
o b s e ~ e  the readings. 

e. Voltage present at either test indicates that the charge coil or the 
wiring harness is shorted to ground. Locate and repair the short or replace 
the charge coil assembly. 

2. For most models (not equipped with UFI system), check the charge 
coil output as follows: 

a. Now connect the red meter probe to terminal D for ropel4-amp 
models or terminal B for 12-amp models (brownlyellow lead from the charge 
coil) and the black meter probe to terminal A (brown lead from the charge 
coil). 

b. Crank the motor and observe charge coil output on the meter. If the 
reading is 230 volts or higher, the charge coil is performing normally, to 
continue troubleshooting an ignition system problem, perform the Sensor 
Coil testing as detailed in this section. If the reading is less than 230 volts, 
check the condition of the wiring and connectors. If there are no problems 
with the wiring and output is still below 230 volts, proceed with the resistance 
test in the next step (but charge coil replacement is probably necessary). 

3. For models equipped with UFI system (specifically this should be all 
models through 1991 and some 1992-93 models), access the charge coil, as 
follows: 

a. Remove the manual starter assembly, as detailed in the Hand 
Rewind Starter section. 

b, Remove the Flywheel. 
c. Remove the 2 ignition module mounting screws, then reposition the 

module as necessary for access to the wiring. 
d. Disconnect the brown and brownlyeilow lead bullet connectors. 
4. A resistance check can be used to staticallv check the charae coil 

(and the wiring harness), but keep in mind that a cbil could test w i t h  spec - 
statically, but show a fault dynamically (especially once operating 
temperatures are reached). Of course, this is your only option for testing the 
charge coil on UFI motors, so do your best. And, one small advantage of the 
resistance check is that not everyone has access to a peak-reading DVOM. 
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a. With the 5-pin connector still disengaged from the previous steps (if 

applicable), probe across terminals A (brown lead) and D for ropel4-amp 
models or terminal B for 12-amp models (brownlyellow lead) from the charge 
coil. On UFI models the terminal references are not applicable, but the wire 
colors should be the same. 

b. Resistance should be 800-1000 ohms for rope starti4-amp models 
or 750-950 ohms for 12-amo models. Keeo in mind that soecifications are for 
a component at about 6 8 " ~ ' ( 2 0 " ~ ) .  
H An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

5. Verify test results and connections, then replace the charge coil, if 
the reading is well out of specification. 

6. Reconnect all wiring as removed for testing. On UFI models, 
remember the orangelblue primary lead must be connected to the No. 1 
ignition coil, 

25-70 Hp (913cc) Motors 

On these models the ignition charge and power coils are incorporated into 
I-piece stator assembly. Although the charge coil and battery charge coil 
windings can be tested separately, the entire stator assembly must be 
replaced if either is faulty. 

When testing the charge coil, some specifications vary between models 
equipped with 6-amp charging systems and those equipped with 12-amp 
systems. Most models are equipped with a 12-amp system, except certain 
commercial models, usually including the 65RS and 65WR, but this might 
also include some 65WE, 65WM, 65WMLW and the 65WMYW. The easiest 
way to tell the difference between a 12-amp and 6-amp system is that the 6- 
amp system is not regulated. If a finned rectangular box is attached to the 
powerhead and connected to the yellow battery charge coil wiring coming 
out from the stator assembly (after connecting to a terminal strip), the motor 
is equipped with a 12-amp, regulated charging system. 
H A peak-reading DVOM is necessary for the basic ground and the 
dynamic (cranking) portion of this test. If one is not available, the 
resistance check will give some idea of coil condition, but be careful as 
a bad coil could test within specification but short out and fail 
intermittently under load. Likewise, a good coil may test out of spec 
due to variances in meters and test temperatures. 

1. Check the charge coil ground first as follows: 
a. Set the peak reading voltmeter to read positive on the 500 volts 

scale. 
b. Disengage the 5-pin connector (it's an Amphenol style connector) 

between the power pack (ignition module) and the stator (ignition charge 
coil) located under the flywheel. 

c. Connect the meter red lead to terminal A (brown lead from the 
charge coil) and the black meter lead to a good engine ground, then crank 
the engine and observe the readings. 

d. Connect the meter red lead to terminal B (brownlyellow lead from 
the charge coil) and the black meter lead to a good engine ground, then 
crank the engine and observe the readings. 

e. Voltage present at either test indicates that the charge coil or the 
wiring harness is shorted to ground. Locate and repair the short or replace 
the charge coil assembly. 

2. Check the charge coil output as follows: 
a. Now connect the red meter probe to terminal B (brownlyellow lead 

from the charge coil) and the black meter probe to terminal A (brown lead 
from the charge coil). 

b. Crank the motor and observe charge coil output on the meter. If the 
reading is 250 volts or higher, the charge coil is performing normally, to 
continue troubleshooting an ignition system problem, perform the Sensor 
Coil testing as detailed in this section. If the reading is less than 250 volts, 
check the condition of the wiring and connectors. If there are no problems 
with the wiring and output is still below 250 volts, proceed with the resistance 
test in the next step (but charge coil replacement is probably necessary). 

3. A resistance check can be used to statically check the charge coil 
(and the wiring harness), but keep in mind that a coil could test within spec 
statically, but show a fault dynamically (especially once operating 
temperatures are reached). The advantage of the resistance check is that 
not everyone has access to a peak-reading DVOM. 

a. With the 5-pin connector still disengaged from the previous steps, 
probe across terminals A (brown lead) and B (brownlyellow lead) from the 
charge coil. 

b. Resistance should be 455-505 ohms for 1990-91 models, or for later 
models it will vary by system output and is either 360-440 ohms for &amp 
models or 750-950 ohms for 12-amp models. Keep in mind that 
specifications are for a component at about 68°F (20°C). 

H An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

4. Verify test results and connections, then replace the charge coil, if 
the reading is well out of specification. 

5. Reconnect all wiring as removed for testing. 

REMOVAL & INSTALLATION 

+ See Figures 57 thru 60 

The charge coil may be an individual component mounted to an ignition 
base plate or it may be incorporated into the windings on the 1-piece stator 
assemblv. In all cases, the manual starter cover or flvwheel cover, and the 
flywheel'must be removed for access. Refer to the bocedures found in the 
Manual Starter section and Powerhead section (on Flywheel) for more 
details. 

Prior to removal, make a quick sketch or take a photograph (aren't 
digital cameras great?) of the wire harness routing. During installation, 
be sure to position all wires as noted before removal so as to prevent 
possible interference with moving parts. Remember that contact with a 
component such as the flywheel could break wear through the 
insulation or the wires themselves. An exposed portion of wire could 
short damaging the coil windings or other components in the system. 

on flywheel 
nut 

to fit over 
flywheel nut 

Fig. 57 The flywheel retaining bolt or nut is usually removed while 
holding the flywheel steady using a homemade removal tool or a 
strap wrench 
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I Fig. 58 If necessary, use a puller to help 
free the flywheel 

Fig. 59 Remove the stator or individual coil 
retainina bolts. . . 

2.0-3.5 Hp (78cc) Motors 

+ See Figure 61 

1. Remove the Manual Starter and then remove the Flywheel, as 
detailed under the appropriate section. 

2. Disengage the brown and blue wires connectors for the charge coil 
and the sensorltrigger coil. 

3. For access to the wiring clip, remove the 2 Philip's head screws 
securing the ignition plate, then remove the plate from the motor. 

4. Invert the ignition plate, then loosen the wiring clip screw and free the 
wiring from the clip. 

5. Turn the ignition plate over again for access to the charge coil andlor 
sensoritrigger coil retaining screws. 

#I The manufacturer makes a locating tool to ensure proper 
positioning of the charge andlor sensorltrigger coils once they have 
been removed from the ignition plate. If the tool is not available, make 
alignment marks on the plate to ensure installation of the coils in the 
proper positions. The best method is to trace part of the component's 
outline to ensure exact positioning. 

6. Remove the 2 screws securing the charge coil and/or the 2 screw 
securing the sensorltrigger coil to the ignition plate, as desired, then remove 
the coil from the plate. 

Fig. 61 Exploded view of the ignition plate, charge coil and sensor 
coil mounting - 2.0-3.5 Hp (78cc) Motors 

Fig. 60 . . . then lift the coil from the 
mounting plate 

To install: 
7. Clean the ignition plate and mounting area of dirt, corrosion or debris. 
8. Position the charge coil andlor sensor coil on the ignition plate, 

positioning the wiring under the clip and through the braided sleeve. 
9. Apply a coating of OMC Screw Lock or equivalent threadlock to the 

threads of the wire clip, coil and ignition plate retaining screws. 
10. Make sure the wiring is properly positioned under the clip, then install 

and tighten the clip retaining screw to 15-19 inch Ibs. (1.7-2.2 Nm). 
11. If available, position an OMC Locating Tool (# 342674) using the 

studs and nuts that come with the tool. The S mark on the tool should align 
with the sensor and the C mark should align with the charge coil. 

#I When using the locator tool, the mark second from the left on the 
sensor should align with the mark second from the left on the ignition 
plate. 

12. Install the charge andlor sensor coils to the ignition plate, aligning 
with the marks made earlier, andlor the marks on the locator tool, as 
applicable. Install and tighten the retaining screws to 19-25 inch Ibs. (2.2-2.8 
Nm) for the charge coil andlor to 15-19 inch Ibs. (1.7-2.2 Nm) for the sensor 
coil. 

13. If used, remove the locator tool. 
14. Install the ignition plate to the engine while routing the wiring 

harness, then install and tighten the retaining screws to 27-44 inch Ibs. (3-5 
Nm). 

15. Install the flywheel, followed by the manual starter cover. 

3-4 Hp (87cc) Motors 

On these motors the functions of the charge coil are integrated into the 
power packiignition module that is mounted along the edge of the flywheel. 
Because of the internal circuitry of the coil windings, no separate provisions 
are provided to test or replace the charge coil. Refer to Power Pack in this 
section for information on testing or servicing the primary circuit of the 
ignition system. 

5 Hp (109cc) Motors 

+ See Figure 62 

1. Remove the Manual Starter and then remove the Flywheel, as 
detailed under the appropriate section. 

2. Disengage the bullet connectors for the charge coil wiring. 

#I Be sure to note routing of the charge coil wiring to ensure proper 
installation. Remember that wires improperly routed could contact 
moving parts (like the flywheel), and rub through the installation 
causing shorts that could destroy the coil (or just cutting the wires). 

#I Make a small alignment mark before removing the coil to ensure 
installation with the exact proper orientation. 

3. Remove the screw, washer and clamp securing the charge coil to the 
engine. 

4. Remove the charge coil assembly. 
5. Installation is essentially the reverse of the removal. Be sure to align 

* 

the marks made during removal when securing the coil. Also, make sure the 
wiring is routed exactly as noted to prevent interference with moving 
components. 
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Fig. 62 Exploded view of the power packlignition module and 
charge coil mounting - 5 Hp (109cc) Motors 

- 

6. Install the flywheel, followed by the manual starter cover. 

516 HP (128CC) AND 819.9 HP (211CC) CSTROKE MOTORS 

+ See Figures 56 and 63 

These motors are equipped with a combination chargelpower coil and a 
sensor coil. Some versions are also equipped with a battery charge coil. All 
of the coil windings may be tested separately and, with the exception of the 
chargelpower coil assembly, maybe replaced separately. 

If only the sensorltrigger coil is being serviced only the manual 
starter must be removed, the flywheel does not have to be removed for 
access. 

1 On electrc start models, d~sconnect the negative battery cable for 
safety 

2 Remove the Manual Starter and then remove the Flywheel, as 
detailed under the appropriate sectlon 

3 Disengage the wmng for the component bemg removed (orange and 
brown wlres for the charge and power cod assembly) If the battery charge 
coil (yellow w~res) or sensorltr~gger co~l (wh~telblack) wires are being 
removed also, disconnect their wring too at th~s tme 

It may be necessary to cut one or more plastic wire ties. If so, take 
note of their location to ensure proper harness restraint by securing 
the wires with a new tie during installation. 

4. Mark the positioning of the chargelpower coil relative to the mounting 
base. 

5. Remove the chargelpower coil mounting screws, then lift the coil 
from the top of the motor, while carefully guiding the coil wires. 

6. If the sensorltrigger coil andlor, the battery charge coil (if equipped) 
must be removed, mark their alignment, then loosen and remove the screws 
in the same manner as directed for the chargelpower coil. Remove the coil 
from the motor. 

To install: 
7. Clean the coil mounting location(s), as well as the threads of the 

mounting screws of dirt corrosion or debris. 
8. Position the coil on the powerhead, carefully aligning the marks 

made earlier. 

Flywheel 

Stator or 
battery charge 
coil (if equipped) 

I 

Fig. 63 Exploded view of the ignition chargelpower coil, sensor coil 
and, battery charge coil (if equipped) mounting - 5-9.9 Hp (128- 
211cc) 4-stroke motors 

9. Apply a coat of OMC Nut Lock or equivalent threadlock to the coil 
retainina screws, then install and finaer-tiahten the screws. 

10. i f  the OMC Stator ~li~nment-~uid; Kit (# 342670) and the Locating 
Ring (# 334994) are available, use them to check coil alignment. Place the 
bridae on the locatina rina and secure usina the set-screws on either end of 
the $ridge. Install thecorFect end of the guilde bushing (from the locating kit) 
over the tapered end of the crankshaft (aligning the keyway), then place the 
bridge and ring over the bushing. Push on the powerlcharge or battery 
charge coil until it lightly contacts the edge of the locating ring. 

11. Once the powerlcharge or battery charge coil is aligned perfectly with 
the alignment marks made before removal andlor the alignment ring from the 
OMC kit, tighten the retaining screws to 36-60 inch Ibs. (4-6 Nm). 

12. If the sensorltrigger coil was removed, install the flywheel, then install 
the sensor coil and adjust the air gap at follows: 

a. Apply a coating of OMC Nut Lock or an equivalent threadlock to the 
sensorltrigger coil mounting screw threads. 

b. Position the sensor to the mounting boss and finger-tighten the 
screws. 

c. Slowly turn the flywheel clockwise by hand until the raised sensor 
plate (that protrudes from the side of the flywheel) is facing the sensor. 

The proper air gap for the sensorltrigger coil is 0.009-0.011 in. (0.23- 
0.28mm) for 516 hp motors or to 0.03-0.05 in. (0.8-1.2mm) for 819.9 hp 
motors. 

d. Hold a feeler gauge (of about 0.008 in. in size for 516 hp motors or 
0.04 in. in size for 819.9 motors) between the sensor and flywheel sensor 
plate. Push the sensor lightly against the gauge and tighten the mounting " 

screws to 36-60 inch Ibs. (4-6 Nm), then recheck the gap to ensure it did not 
change while tightening the fasteners. 

13. Install the manual starter cover, and if equipped, connect the 
negative battery cable. 
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9.9115 Hp (305cc) 4-Stroke Motors 

+ See Figures 64 and 65 

The charge coil windings in these models are incorporated into the stator 
coil assembly. 

1. On electric start models, disconnect the negative battery cable for 
safety. 

2. Remove the Manual Starter, as detailed in the Manual Starter 
section. 

3. Remove the Flywheel, as detailed in the Powerhead section. 
4. Disengage the wiring connector from the ignition module. 
5. If equipped, disengage the wiring connector for the rectifier or the 

regulatorirectifier. 

E It may be necessary to cut one or more plastic wire ties. If so, take 
note of their location to ensure proper harness restraint by securing 
the wires with a new tie during installation. 

6. Remove the stator retaining screws, then remove the stator coil from 
the powerhead. 

6 Coil 

Fig. 64 The stator coil includes the charge coil, power coil and, on 
electric start models, the battery charge coil windings - 9.9115 Hp 
(305cc) motors 

Fig. 65 Disengage the stator coil wiring from the ignition module 
(1) and, if equipped, the regulatorirectifier (2) 

To install: 
7. Clean the coil mounting location(s), as well as the threads of the 

mounting screws of dirt corrosion or debris. 
8. Position the stator coil on the powerhead, and align the coil with the 

3 holes in the powerhead for the mounting screws. 
9. Apply a coat of OMC Nut Lock or equivalent threadlock to the coil 

retaining screws, then install and tighten the screws to 60-84 inch Ibs. (7-9 
Nm). 

Make sure the wiring is routed properly to avoid interference with 
moving components. If any wire ties were present and removed, be 
sure to replace them with new wire ties in the same position(s). 

10. Connect the stator wiring to the ignition module, and, if equipped, the 
rectifier or regulatorirectifier assembly. 

11. Install the flywheel. 
12. Install the manual starter cover. 
13. If equipped, connect the negative battery cable. 

4 Deluxe (87cc). 51618 Ho ( 1 6 4 ~ ~ ) .  9.9110114i15 HD (216cc). 9.9110115 Hp 
(255cc) and 18'jet-35 H~ (52lcc) '~otors 

+ See Figures 66 thru 75 

Most of these models (both CDI and UFI versions) are equipped with 
ignition and charging system components that are mounted independently to 
the ignition plate. On these models, the charge coil, sensor coil (or lgnition 
Module on UFI) and, if equipped, battery charge coil may be removed and 
replaced individually. But, on some 9.9-15 hp motors (usually electric start 
models only) the charge coil windings (as well as the windings for the sensor 
and battery charge coils) are incorporated into the stator coil assembly. 
Although the functions of the individual coil windings may be tested 
separately on these models, a fault with one will require replacement of the 
entire stator. 

E Some early-models through about 1992 or 1993 MAY be equipped 
with the Under Flywheel Ignition (UFI) where the ignition module is 
mounted on the ignition plate next to the charge coil andlor stator coil. 
For these models, Power Pack (Ignition Module) replacement is the 
same basic procedure as Coil replacement, and as such is also 
covered in this procedure. 

In most cases, a wire cover is mounted to the underside of the ignition 
plate that will prevent the safe removal of the wiring harness for the 
component being serviced, unless the ignition plate itself is unbolted and 
removed from the top of the powerhead. In some cases, you will be able to 
sneak the wiring through the cover, but it is usually lot easier to simply 
remove the screws and lift the ignition plate from the powerhead to ease 
removal and installation. 

The OMC Locating Ring (# 334994) should be used to ensure proper 
component alignment whenever installing a charge, sensor or battery charge 
coil assembly to the ignition plate. If this tool is not available, it is possible to 
make matchmarks on the plate to help align the new component. Be sure to 
trace as much of the old component's outline as possible, to ensure the best 
possible placement. If the new component does not function properly after 
installation, check alignment using the proper locating ring. 

E There is another old trick to get around the use of the OMC Locating 
Ring. Place the coil or module on the ignition plate and just barely 
tighten the mounting screws with the outside edge of the modulelcoil 
flush with the machined surface of the stator plate. Apply about three 
layers of masking tape to achieve about a total thickness of 0.025 in. 
(0.64mm) of tape across the flywheel magnets. Slip the flywheel down 
over the crankshaft and rotate the flywheel slowly CLOCKWISE, then 
remove the flywheel and inspect the tape. If the magnets have dug into 
the masking tape, the module must be moved inward shghtly. If there IS 
absolutely no sign of the magnets making even the slightest contact 
with the tape, the module must be moved outward just a few thousands 
of an inch (mm). Once some evidence of the tape making the smallest 
amount of contact with the protrusion on the module is achieved, 
consider the module adjusted and secure the mounting screws 
securely to prevent shifting during powerhead operation. Make a final 
check to ensure the module did not shift during final tightening of the 
screws. - 

1. On electric start models, disconnect the negative battery cable for 
safety. 

2. Remove the Manual Starter, as detailed in the Manual Starter 
section. 
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3. Remove the Flywheel, as detailed in the Powerhead section. 
4. Identify the coil (or UFI ignition module) that is being removed and, 

especially if a locating ring tool is not available, trace the outline of the coil 
on the ignition plate to help ensure proper alignment during installation. 

5. Loosen the screws retaining the coil (charge, sensor, battery charge 
or stator) that is being removed. On some UFI assemblies it will be easier to 
loosen and swing another component out of the way to remove the desired 
component (for example when removing the stator or charge coils it is 
normally easier to remove one ignition module retainer and loosen the other, 
then swing the module out of the way). 

6. Loosen the retaining screws, then remove the wire clamplretainer 
plate from the top of the ignition plate. 

It is not necessary to remove the ignition plate in all instances. 
However for certain oil replacements on CDI units or for stator coil 
replacement on UFI units you normally need to remove the plate for 
access to the wiring. 

7. Loosen the ignition plate retaining screws (usually 4 bolts on UFI or 5 
or 6 on CDI), then carefully lift the ignition plate from the powerhead and 
invert it for access to the wires or, if equipped, the wire cover. 

8. If eauitmed, loosen the screw, then lift the wire cover from the 
underside &the ~gnition plate 

It may be necessary to cut one or more plastic wire ties when 
removing components like a stator or battery charge coil. If so, take 
note of their location to ensure proper harness restraint by securing 
the wires with a new tie during installation. 

e-- -.=d9 Flywheel 

Charge 

Battery charge 
coil (if equipped) 

;or Coil 

Fig. 66 Exploded view of the charge coil, sensor coil and, if 
equipped, battery charge coil mounted to the ignition plate 
assembly - CDI equipped 4 Deluxe (87cc) and 51618 Hp (164cc) 
motors 

9. Disengage the wiring connector(s) for the component(s) being 
removed. For most charge and sensor coils, individual leads with blade 
terminals are connected from the coil assembly to the wiring harness. 
Disconnect these leads and remove them from the spiral wrap. On battery 
charge coils or stators, the wires may be routed into a multi-pin connector, 
individual bullet connectors or attached to ring-terminals depending on the 
component and model. Although the wire colors may vary slightly, they are 
usually as follows: 

Charge coil: brown and brownlyellow 
Sensor coil: white or whitelblack, and blackiwhite 
Battery charge coil: yellow, yellow blue and yellow gray 
Stator: all of the above 

If necessary, refer to the schematics found in the Wiring Diagram 
section to help identify the wiring for the component being removed. 
Also, refer to the testing information in this section to help identify wire 
colors. 

10. Remove the coil from the ignition plate and the engine. 
To install: 
11. Clean the coil mounting location(s), as well as the threads of the 

mounting screws of dirt corrosion or debris. Coat the threads of the coil 
retainina screws with OMC Nut Lock, or eauivalent threadlockina com~ound. 

12. iooselv install the new coil on the i'gnition plate to hold i t in position 
when installing the leads. 

13. Route the leads as noted during removal and reconnect them to the 
blade, wiring connectors or ring-terminals, as applicable. If the leads were 
removed from the spiral wrap, reposition them as noted during removal. 

Flywhe 

attery Charge 
Coil (if equipped) 
I 

R Wire Clamp 
I 

8 
!. - Retainer 

e- Throttle 

\ Cam 
e 

Plate 

Plate 
Bearing 

Fig. 67 Exploded view of the charge coil, sensor coil and, if 
equipped, battery charge coil mounted to the ignition plate 
assembly - CDI equipped rope start 9.9110114115 Hp (216cc) and 
8.9110115 Ha (255cc) motors 
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I I I I I lanition 

Fig. 71 Most ignition plates use a wiring I I Fig. 72 Ignition module mounting - UFI 
clampiretainer plate - UFI shown, CDI similar models I I Fig. 73 Charge coil mounting - UFI models 

Ignition 

ac lighting 
coil 

Fig. 74 Stator coil mounting - UFI models 

14. Make sure that all wiring is properly routed. If equipped make sure 
the wires are run under the cover, then secure the cover to the underside of 
the ignition plate, using the retaining screw. 

15. Make sure the wiring is properly routed under the clamplretainer 
plate, then secure the clamp to the top of the ignition plate. 

On most models there is a friction surface at the crankcase boss 
area toward the center of the ignition plate which should be lightly 
coated with OMC Moly Lube before reinstallation. Also some models 
contain a groove for the bearing assembly which should be lightly 
coated with the same lube. 

16. Position the ignition plate to the powerhead while aligning the 4-6 
mounting bolt holes (as applicable). Make sure there is sufficient slack on the 
ignitionlcharging system component leads to prevent damage, but not such 
excessive movement as to cause damage. 

17. Coat the ignition plate retaining screw threads using OMC Nut Lock 
or an equivalent threadlocking compound, then install and tighten the screws 
to 25-35 inch Ibs. (2.8-4.0 Nm). 

18. Make sure the new coil is aligned to the marks traced prior to 
removal. On all components except a 1-piece stator coil assembly, if an 
OMC Locating Ring (# 34994) is available, position the ring over the ignition 
plate and push the coil against it to ensure proper positioning. When the coil 
is properly aligned with the locator tool or pre-removal alignment marks, 
tighten the mounting screws to 15-22 inch Ibs. (1.6-2.4 Nm). 

I 
Apply 

OMC Moly 
lube to 

Retainer shaded 

Double check the positioning of all wires that were disturbed during 
service. If a battery charge coil or stator coil was replaced, make sure 
the wires are routed properly and, any wire ties that were removed, are 
replaced with new ties. 

19. Install the flywheel. 
20, Install the manual starter cover. 
21. If equipped, connect the negative battery cable. 

25/35 Hp (5001565~~) Motors 

+ See Figure 76 

These models are eaui~ped with a 1-piece stator assembly that 
incorporates the functions'of the charge coil, power coil and, if equipped, the 
battery charge coil windings. Although the functions of the individual coil 
windings may be tested separately on these models, a fault with one will 
require replacement of the entire stator. 

A separate optical sensor assembly is mounted underneath the stator, 
while an encoder ring for the sensor is attached to the flywheel. 

1. On electric start models, disconnect the negative battery cable for , 
safety. 

2. Remove the Manual Starter. as detailed in the Manual Starter 
section. 

3. Remove the Flywheel, as detailed in the Powerhead section. The 
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encoder wheel for the sensor is attached to the underside of the flywheel. 
Always inspect the encoder for dirt, debris or damage. If replacement is 
necessary, be sure to note encoder orientation before removal and match it 
upon installation. 

4. Disengage the stator wiring connector and, if necessary, the sensor 
wiring connector from the ignition module. 

5. On all models except rope start motors, disengage the stator wiring 
connector from the regulatorlrectifier wiring. 

6. Loosen the 3 screws retaining the stator coil to the powerhead, then 
remove the stator assembly. 

7. If the optical sensor must be replaced, disconnect the ball socket (if 
available, the OMC Ball Socket Remover (#342226) will accomplish this 
easily and without possible damage). Loosen the 3 sensor retaining screws 
and then remove the sensor from the powerhead. 

To install: 
8. Clean the sensor andlor stator coil mounting location(s), as 

applicable, of dirt, corrosion or debris. Remember to clean the threads of the 
mounting screws as well. 

9. If the sensor assembly was removed, position it to the powerhead. 
Coat the sensor retaining screw threads using OMC Licquic Primer, followed 
by OMC nut lock (or equivalent threadlocking compound), then install the 
screws and tighten to 24-36 inch Ibs. (2.7-4.1 Nm). Connect the sensor ball 
link (OMC Ball Socket Installer {#342225} will make this job easier). 

10. Place the stator coil in position on the powerhead, aligning the 
mounting holes, then install the retaining screws and tighten securely. 

11. Route the wiring as noted prior to removal, then engage the 
connectors for the sensor and stator to the ignition module, and if equipped, 
connect the stator-to-regulatorlrectifier connector. 

Double check the positioning of all wires that were disturbed during 
service. Make sure the wires are routed properly and, any wire ties that 
were removed, are replaced with new ties. 

Flywheel 

\ @ 

Encoder 
(for 
sensor) 

Stator 

Support 
\ 

Fig. 76 Exploded view of the ignitionlcharging system stator and 
optical sensoriencoder assembly mounting - 25135 Hp (5001565~~) 
motors 

12. Install the flywheel. 
13. Install the manual starter cover. 
14. If equipped, connect the negative battery cable. 

25-55 Hp (737cc) Motors 
CDI Rope start models, or models with a 4-amp charging system, are 

equipped with an ignition charge coil as well as separate battery charge and 
sensorltrigger coils. Each of these components can be tested and replaced 
separately. On models with 12-amp charging systems (including all electric 
start and remote models) the ignition charge coil is incorporated into stator 
assembly. Although the charge, power and battery charge coil windings can 
each be tested separately, the entire stator assembly must be replaced if 
either is faulty. 

Some 1990-93 models may be equipped with a UFI ignition system 
as opposed to the CDI. The major difference on these models is that 
the Power Pack (Ignition Module) is also mounted under the flywheel in 
proximity to react to spinning flywheel magnets. To service the coils or 
ignition module on these models please refer to the procedures in this 
section for the Charge Coil on the 4 Deluxe (87cc), 51618 Hp (164cc), 
9.9110114115 Hp (216cc), 9.9110115 Hp (255cc) and 18 Jet-35 Hp (521cc) 
Motors. 

The quickest way to check whether one of these models is equipped with 
a 4-amp or 12-amp charging system is to trace the yellow wires (for the 
battery charge coil or stator) from under the flywheel. If they connect 
(through a rectangular junction block) to a rectangular, finned electronic 
component (a regulatorlrectifier), the motor has a 12-amp charging system. If 
however, they run unregulated to AC lighting, or to a small cylindrical 
component mounted on a triangular bracket (a rectifier), the motor contains a 
4-amp charging system. 

4-Amp Charging Systems 

+ See Figure 77 

The OMC Locating Ring (# 334994) should be used to ensure proper 
component alignment whenever installing a charge, sensor or battery 
charge coil to the ignition plate. If this tool is not available, it is 
possible to make matchmarks on the plate to help align the new 
component. Be sure to trace as much of the old component's outline as 
possible, to ensure the best possible placement. If the new component 
does not function properly after installation, check alignment using the 
proper locating ring. 

1. On electric start models, disconnect the negative battery cable for 
safety. 

2. Remove the Manual Starter, as detailed in the Manual Starter 
section. 

3. Remove the Flywheel, as detailed in the Powerhead section. 
4. Identify the coil that is being removed and, especially if a locating 

ring tool is not available, trace the outline of the coil on the ignition plate to 
help ensure proper alignment during installation. 

5. Loosen the screws retaining the coil (charge, sensor or battery 
charge) that is being removed. 

6. Loosen the retaining screws, then remove the wire clamp from the 
top of the ignition plate. 

7. Loosen the ignition plate retaining screws (usually 5), then carefully 
lift the ignition plate from the powerhead and invert it for access to the wire 
cover. 

8. Loosen the screw, then lift the wire cover from the underside of the 
ignition plate. 

It may be necessary to cut one or more plastic wire ties when 
removing components a battery charge coil. If so, take note of their 
location to ensure proper harness restraint by securing the wires with a 
new tie during installation. 

9. Disengage the wiring connector(s) for the component(s) being 
removed. For most charge and sensor coils, individual leads with blade 
terminals are connected from the coil assembly to the wiring harness. 
Disconnect these leads and remove them from the spiral wrap. On battery 
charge coils, the wires may be routed into individual bullet connectors or - 
attached to ring-terminals depending on the model. Although the wire colors 
may vary slightly, they are usually as follows: 

Charge coil: brown and brownlyellow 
Sensor coil: whitelblack, and blackiwhite 
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Battery charge coil: yellow, yellow blue and yellow gray 

H If necessary, refer to the schematics found in the Wiring Diagram 
section to help identify the wiring for the component being removed. 
Also, refer to the testing information in this section to help identify wire 
colors. 

10. Remove the coil from the ignition plate and the engine. 
To install: 
11. Clean the coil mounting location(s), as well as the threads of the 

mounting screws of dirt corrosion or debris. Coat the threads of the coil 
retaining screws with OMC Nut Lock, or equivalent threadlocking compound. 

12. Loosely install the new coil on the ignition plate to hold it in position 
when installing the leads. 

13. Route the leads as noted during removal and reconnect them to the 
blade, wiring connectors or ring-terminals, as applicable. If the leads were 
removed from the spiral wrap, reposition them as noted during removal. 

14. Make sure that all wiring is routed under the cover and then secure 
the cover to the underside of the ignition plate, usipg the retaining screw. 

15. Make sure the wiring is properly routed under the clamp and then 
secure the clamp to the top of the ignition plate. 

16. Position the ignition plate to the powerhead while aligning the 5 
mounting bolt holes. Make sure there is sufficient slack on the 
ignitionlcharging system component leads to prevent damage, but not such 
excessive movement as to cause damage. 

17. Coat the ignition plate retaining screw threads using OMC Nut Lock 
or an equivalent threadlocking compound, then install and tighten the screws 
to 25-35 inch Ibs. (2.8-4.0 Nm). 

18. Make sure the new coil is aligned to the marks traced prior to 
removal. If an OMC Locating Ring # 34994 is available, position the ring over 
the ignition plate and push the coil against it to ensure proper positioning. 
When the coil is properly aligned, tighten the mounting screws to 15-22 inch 
Ibs. (1.6-2.4 Nm). 

- 

Flywheel - 

Charge lS 

plate support c 3 -  
,Support 

Bearing 

Fig. 77 Models equipped with the Camp charging system have a 
separately serviceable charge, sensor, and if equipped, battery 
chargelAC lighting coil - 25-55 Hp (737cc) motors 

H Double check the positioning of all wires that were disturbed during 
service. If a battery charge coil or stator coil was replaced, make sure 
the wires are routed properly and, any wire ties that were removed, are 
replaced with new ties. 

19. Install the flywheel. 
20. lnstall the manual starter cover. 
21. If equipped, connect the negative battery cable. 

12-Amp Charging Systems 

+ See Figures 78,79 and 80 

These models are equipped with a I-piece stator assembly that 
incorporates the functions of the charge, power and battery charge coil 
windings. Although the functions of the individual coil windings may be tested 
separately, a fault with one will require replacement of the entire stator. 

The timer base mounted inside and slightly underneath the stator 
assembly, performs the functions of the sensorltrigger coil. 

1. On electric start models, disconnect the negative battery cable for 
safety. 

2. Remove the Manual Starter, as detailed in the Manual Starter 
section. 

3. Remove the Flywheel, as detailed in the Powerhead section. 
4. Disconnect the yellow and yellowlgray ring stator ring terminals from 

the terminal board on the powerhead. 
5. Disengage the 5-pin Arnphenol style connector in the wiring that runs 

between the stator and power pack. Use a small pick or wire terminal tool to 
release the terminal locktab and then carefully pull the blacklyellow wire (for 
the stop circuit) free from terminal E of the connector (on the stator side). 

6. Loosen the 3 screws retaining the stator coil to the stator mounting 
plate on the powerhead, then remove the stator assembly. 

7. If the timer base must be replaced, disengage the 3-pin Amphenol 
style connector for the sensor wiring, then remove the 3 timer base retaining 
clamp screws and separate the base from the adapter. If necessary, remove 
the timer base retainer (noting the orientation of the tabs in relation to the 
timer base lever for installation purposes), loosen the 3 stator mounting plate 
retaining screws and remove the mounting plate from the powerhead. 

To install: 
8. Clean the stator mounting plate, timer base andlor stator coil 

mounting location(s), as applicable, of dirt, corrosion or debris. Remember to 
clean the threads of the mounting screws as well. 

If the timer base was removed, check the bushing in the base, as 
well as the boss for dirt, metal chips or scratches. Clean or replace 
components as necessary to ensure proper operation. 

9. If the stator mounting plate was removed, align it with the threaded 
holes in the powerhead, making sure the slotted portion of the plate faces 
the starboard side of the motor. lnstall the plate and tighten the mounting 
screws to 48-60 inch Ibs. (5.5-7 Nm). 

10. If the timer base was removed install it as follows: 
a. Apply a light coating of OMC Moly Lube or equivalent assembly 

lubricant on the powerhead boss, timer base bushing, the groove in the timer 
base and the timer base retaining ring. 

b. lnstall the retainer into the timer base groove so that the tabs on the 
retainer are to the right of the lever (as noted during removal). 

c. lnstall the timer base, positioning the 3 retainer clamps over the 
mounting holes. 

d. Apply a coating of OMC Nut Lock or equivalent threadlocking 
compound to the retainer clamp screws, then install and tighten them to 25- 
35 inch Ibs. (2.8-4 Nm). 

e. Reconnect the 3-pin Amphenol wiring connector for the timer base. 
11. Place the stator coil in position on the powerhead mounting plate and 

around the timer base, then route the wiring as noted during removal. 
12. Apply a coating of OMC Nut Lock or equivalent threadlocking 

compound to the threads of the stator mounting screws, then install the 
screws and tighten to 120-144 inch Ibs. (14-16 Nm). 

13. Secure the yellow and yellowlgray ring terminal connectors to the 
proper spots on the terminal bar. 

14. lnstall the blacklyellow wire into the 5-pin Amphenol connector for the 
stator wiring, then engage the connector half with the half from the power - 
pack. 

Double check the positioning of all wires that were disturbed during 
service. Make sure the wires are routed properly and, any wire ties that 
were removed, are replaced with new ties. 
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Fig. 78 Models with a 12-amp charging system utilize a I-piece 
stator that contains windings for the charge, power and battery 
charae coils - 25-55 Hp (737cc) motors 

Fig. 79 If necessary, remove the timer base (sensoritrigger coil) 
retaining clamp screws. . . 

15. Install the flywheel. 
16. Install the manual starter cover. 
17. If equipped, connect the negative battery cable. 

25-70 Hp (913cc) Motors 
+ See Figures 79 and 81 

These models are equipped with a I-piece stator assembly that 
incorporates the functions of the charge, power and battery charge coil 
windings. Although the functions of the individual coil windings may be tested 
separately, a fault with one will require replacement of the entire stator. 

The timer base mounted inside and slightly underneath the stator 
assembly, performs the functions of the sensoritrigger coil. 

1. On electric start models, disconnect the negative battery cable for 
safety. 

2. Remove the Manual Starter, as detailed in the Manual Starter 
section. 

3. Remove the Flywheel, as detailed in the Powerhead section. 
4. Disconnect the yellow and yellowlgray ring stator ring terminals from 

the terminal board on the powerhead. 
5. Disengage the 5-pin Amphenol style connector in the wiring that runs 

between the stator and power pack (it contains brown and orange wires). 
Use a small pick or wire terminal tool to release the terminal locktab and 
then carefully pull the blackiyellow wire (for the stop circuit) free from 
terminal E of the connector (on the stator side). 

6. Loosen the 3 screws retaining the stator coil to the stator mounting 
plate on the powerhead, then remove the stator assembly. 

7. If the timer base must be replaced, disengage the 4- or 5-pin 
Amphenol style connector for the sensor wiring (it contains blue, green, 
purple and white wires), then remove the 3 timer base retaining clamp 
screws and separate the base from the adapter. If necessary, remove the 
timer base retainer. 

To install: 
8. Clean the timer base and/or stator coil mounting location(s), as 

applicable, of dirt, corrosion or debris. Remember to clean the threads of the 
mounting screws as well. 
W If the timer base was removed, check the bushing in the base, as 
well as the boss on the powerhead for dirt, metal chips or scratches. 
Clean or replace components as necessary to ensure proper operation. 

9. If the timer base was removed install it as follows: 
a. Apply a light coating of OMC Moly Lube or equivalent assembly 

lubricant on the powerhead boss, timer base bushing, the groove in the timer . . 

base and the timer base retaining ring. 
b. Compress the retaining ring lightly and install the timer base 

assembly. 
c. Position the 3 retainer clamps over the mounting holes. 
d. Apply a coating of OMC Nut Lock or equivalent threadlocking 

compound to the retainer clamp screws, then install and tighten them to 25- 
35 inch Ibs. (2.8-4 Nm). 

I Fio. 80 . . .then lift the timer base from the ~owerhead 
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e. Reconnect the 4 or 5-pin Amphenol wiring connector for the timer 

base. 
10. Place the stator coil in position on the powerhead and around the 

timer base, then route the wiring as noted during removal. 
11. Apply a coating of OMC Nut Lock or equivalent threadlocking 

compound to the threads of the stator mounting screws, then install the 
screws and tighten to 120-144 inch Ibs. (14-16 Nm). 

12. Secure the yellow and yellowlgray ring terminal connectors to the 
proper spots on the terminal bar. 

13. Install the blackivellow wire into the 5-pin Amphenol connector for the 
stator wir~ng, then engage the connector half with the half from the power 
pack. 

~ i m &  base ~ i m e r  base 
clamp retainer 

Fig. 81 Exploded view of a typical stator coil and timer base 
mounting - 25-70 Hp (913cc) motor 

Fig. 82 Power coil windings are tested in 
the same manner as other coil windings, 
using a voltmeter andlor ohmmeter to check 
for shorted windings. . . 

Double check the positioning of all wires that were disturbed during 
service. Make sure the wires are routed properly and, any wire ties that 
were removed, are replaced with new ties. 

14. Install the flywheel. 
15. Install the manual starter cover. 
16. If equipped, connect the negative battery cable. 

Many carbureted JohnsonlEvinrude motors are equipped with an ignition 
system power coil that is used to generate voltage for various ignition system 
functions. On most motors equipped with a power coil voltage generated 
from the coil is provided to the power pack (ignition module) in order to 
operate the Speed Limiting Operator Warning (S.L.O.W.) system. But a lack 
of a power coil does not mean the motor is not equipped with the S.L.O.W. 
system, as power for the system can be provided from other sources. For 
instance, the 9.9115 hp (255cc) and 18 Jet-35 hp (521cc) 2-strokes are not 
equipped with a power coil, but are often equipped with the S.L.O.W. system. 
Power for system operation comes from other sources on these models. 

Like the ignition charge coil, the power coil is mounted directly under the 
flywheel to interact with one or more permanent magnets attached to the 
underside of the flywheel assembly. As the flywheel rotates, the magnetic 
force cuts through the coil assembly, generating an electric current that is 
utilized by the ignition system. 

When equipped, the power coil is mounted either to the semi-circular 
bracket containing the charge coil or it is integrated into the round, one-piece 
stator assembly that powers the charging system as well. 

Refer to the wiring diagrams provided in this section to help determine the 
system on your engine. Each diagram shows whether a round one-piece 
stator or a semi-circular chargelpower coil assembly is used. Also, refer to 
the Ignition Testing Specifications chart in this section. A lack of testing specs 
for a power coil on your motor indicates that it is not used. 

EFI motors are always equipped with a one-piece stator assembly. 

TESTING 

-1 
4 See Figures 82,83 and 84 

Power coil testing typically encompasses making sure the wiring is in 
good condition, then verifying coil output andlor checking resistance across 
the coil windings. 

Problems with the ignition power coil can result in a no-spark condition, 
but can also account for hard starting andlor an ignition misfire. The most 
reliable tests for the power coil are to dynamically check the output with the 
engine cranking (or in some cases, running). Of course, dynamic tests 
require a digital multi-meter capable of reading and displaying peak voltage 
values (also known as a peak-reading voltmeter). If one is not available, 
specifications are usually available to statically check the coil winding using 

Fig. 83 . . .using a voltmeter to check 
cranking power output (stator shown) 

Fig. 84 . . .and using an ohmmeter to check 
resistance (combination chargelpower coil 
shown) 
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an ohmmeter. But, before replacing the coil based only on static test that 
shows borderline readings, remember that resistance readings will vary with 
temperature and the specifications provided here are based on a component 
temperature of about 68°F (20°C). Also, remember that a coil may test within 
specification statically, but show intermittent faults under engine operating 
conditions, especially at normal operating temperature. 

516 Hp (128cc) and 819.9 Hp (211cc) 4-Stroke Motors 

* See Figure 56 

These motors are equipped with a combination chargelpower coil and a 
sensor coil. Some versions are also equipped with a battery charge coil. All 
of the coil windings may be tested separately and, with the exception of the 
chargelpower coil assembly, maybe replaced separately. 

1. Disengage the 2 bullet connectors for the orange wires (one may be 
orangelblack) coming from the power coil (underneath the flywheel) and 
running to the power pacWignition module. 

2. Set a peak-reading DVOM to read positive in the 500 volts scale, 
then check for a grounded power coil as follows: 

a. Connect the black meter probe to a good engine ground and the red 
probe to one of the orange power coil leads. Crank the engine and observe, 
then note the reading. 

b. Move the red meter probe to the other orange power coil lead, then 
crank the engine and observe the meter again. 

c. Any voltage reading from either test connection indicates a short in 
the power coil or harness. Either, find and repair the problem with the 
harness, or replace the power coil. 

3. Check the power coil cranking output using the peak-reading 
voltmeter, set to the same scale. Connect the meter probes to the two 
orange leads from the power coil and crank the engine. Note the meter 
reading, it should be at least 60 volts for 516 hp motors or I00 volts for 819.9 
hp motors: 

* If the cranking voltage is within spec, but ignition problems still exist, 
perform the Charge Coil test, as detailed in this section. 

* If the cranking voltage is below the specification, check the 
wiringlconnectors, then, if the wiring appears to be in good shape, check coil 
resistance. 

4. With the engine not running or cranking, connect the probes from a 
DVOM set to read resistance across the two orange leads from the power 
coil. The meter must show 82-102 ohms resistance at a temperature of 
about 68°F (20°C) or the charge coil is out of specification. 

An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

5. Verify test results and connections, then replace the power coil, if the 
reading is well out of specification. 

6. Reconnect all wiring as removed for testing. 

9.9115 Hp (305cc) 4-Stroke Motors 

These models are equipped with a one-piece stator assembly that 
incorporates the functions of both the charge and power coils. Although the 
coils can be tested separately, replacement involves the entire stator 
assembly. 

1. Disengage the 4-pin connector (it's a Packard style connector) 
located between the stator and power pack. The connector contains two 
orange stator power coil leads on models through 1997 or one orange and 
one orangelblack lead on 1998 and later models, coming from the power coil 
(underneath the flywheel) and running to the power packlignition module. 

2. Set a peak-reading DVOM to read positive in the 500 volts scale, 
then check for a grounded power coil as follows: 

a. Connect the black meter probe to a good engine ground and the red 
probe to one of the orange power coil leads. Crank the engine and observe, 
then note the reading. 

b. Move the red meter probe to the other orange (or orangelblack) 
power coil lead, then crank the engine and observe the meter again. 

c. Any voltage reading from either test connection indicates a short in 
the power coil or harness. Either, find and repair the problem with the 
harness, or replace the power coil. 

3. Check the power coil cranking output using the peak-reading 
voltmeter, set to the same scale. Connect the meter probes to the two 
orange (or orange and orangelblack) leads from the power coil and crank the 
engine. Note the meter reading. Cranking output should be at least 100 volts 
for 1995-96 models, 70 volts for 1997-98 models, or 30 volts for 1999 and 
later models. 

* If the cranking voltage is within spec, but ignition problems still exist, 
perform the Charge Coil test, as detailed in this section. 

If the cranking voltage is below the specification, check the 
wiringlconnectors, then, if the wiring appears to be in good shape, check coil 
resistance. 

4. With the engine not running or cranking, connect the probes from a 
DVOM set to read resistance across the two orange (or orange and 
orangelblack) leads from the power coil. The meter must show 76-92 ohms 
resistance for 1995-97 rope start models or 52-62 ohms resistance for all 
other models. Remember that these specifications are for a temperature of 
about 68OF (20°C). 

An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleading 
because the coil might short to ground intermittently only under engine 
operation. 

5. Verify test results and connections, then replace the power coil, if the 
reading is well out of specification. 

6. Reconnect all wiring as removed for testing. 

25/35 Hp (5001565~~) Motors 

These models are equipped with a one-piece stator assembly that 
incorporates the functions of both the charge and power coils. Although the 
coils can be tested separately, replacement involves the entire stator 
assembly. 

1. Disengage the 4-pin connector (it's a Packard style connector) 
located between the stator and power pack. The connector contains two 
orange stator power coil leads on models through 1997 or one orange and 
one orangelblack lead on 1998 and later models, coming from the power coil 
(underneath the flywheel) and running to the power paddignition module. 

2. Set a peak-reading DVOM to read positive in the 500 volts scale, 
then check for a grounded power coil as follows: 

a. Connect the black meter probe to a good engine ground and the red 
probe to one of the orange power coil leads. Crank the engine and observe, 
then note the reading. 

b. Move the red meter probe to the other orange (or orangelblack) 
power coil lead, then crank the engine and observe the meter again. 

c. Any voltage reading from either test connection indicates a short in 
the power coil or harness. Either, find and repair the problem with the 
harness, or replace the power coil. 

3. Check the power coil cranking output using the peak-reading 
voltmeter, set to the same scale. Connect the meter probes to the two 
orange (or orange and orangelblack) leads from the power coil and crank the 
engine. Note the meter reading. Cranking output should be at least 100 volts 
for 1995-98 models or 30 volts for 1999 and later models. 

If the cranking voltage is within spec, but ignition problems still exist, 
perform the Charge Coil test, as detailed in this section. 

If the cranking voltage is below the specification, check the 
wiringlconnectors, then, if the wiring appears to be in good shape, check coil 
resistance. 

4. With the engine not running or cranking, connect the probes from a 
DVOM set to read resistance across the two orange (or orange and 
orangelblack) leads from the power coil. The meter must show 76-92 ohms 
resistance for 1995-97 rope start models or 52-62 ohms resistance for all 
other models. Remember that these specifications are for a temperature of 
about 68°F (20°C). 

An ohmmeter may also be used to check for a grounded coil using a 
static resistance test by checking between each coil lead and a good 
engine ground. Meter should show very high or infinite resistance, or 
the coil is grounded. Remember though that this test can be misleadjng 
because the coil might short to ground intermittently only under engine -. 

operation. 
5. Verify test results and connections, then replace the power coil, if the 

reading is well out of specification. 
6. Reconnect all wiring as removed for testing. 
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REMOVAL & INSTALLATION 

4 See Figures 57 thru 60 

When equipped the power coil windings are either part of the charge coil 
or the I-piece stator coil assembly. For removal and installation procedures, 
please refer to Charge Coil, in this section. 

4 See Figures 85 and 86 

The ignition timing functions of the sensoritrigger coil are 
performed by the crankshaft and, if applicable, the camshaft position 
sensors on EFI motors. Please refer to the section on Electronic Fuel 
lnjection for information on testing or servicing the sensors on EFI 
motors. 

Most JohnsonlEvinrude engines are equipped with some form of a sensor 
or trigger coil. Various forms of the sensor exist, and not all can be 
accurately described as a coil (such as the optical sensors used on the 
25/35 hp 3-cylinder 2-strokes). But on most carbureted motors some form of 
sensor is used to generate a voltage based on the rotating magnets in the 
flywheel. This signal is used by the power pack to fire the ignition coil(s) at 
the appropriate times. The nickname Trigger Coil comes from this function. 

On EFI motors, the Crankshaft Position (CKP) and Camshaft 
Position (CMP) sensors perform the functions of the sensor coil. For 
more information on testing and service of these sensors, please refer 
to the Electronic Fuel Injection (EFI) section. 

I Fig. 85 Sensor coils take many forms, like this individual sensor 
coil (516 hp Cstroke shown). . . I 

Fig. 86 . . . or this timer base assembly found on some 25-55 hp 
(737cc) motors and all 25-70 hp (913cc) motors 

The sensor coil is therefore normally mounted somewhere under the 
flywheel. On a few motors, such as the 9.9115 hp Cstroke, as well as the 
early 2-strokes equipped with a UFI system, its function is incorporated into 
the power pack assembly that is mounted under the flywheel. On other 
motors, the coil is a separate component that can be removed, tested or 
replaced individually. On a few motors, the sensor coil is referred to as a 
timer base, because it is mounted under other ignition system components, 
like the stator on 25-55 hp (737cc) motors with a 12-amp charging system or 
all 25-70 hp (913cc) motors. The 3-4 hp (87cc) motors, except the 4 Deluxe, 
utilize a sensor coilitimer base assembly mounted directly underneath the 
flywheel. The power pack on these models is mounted to the edge of the 
sensor coilitimer base. 

The manufacturer provides no information on testing the optical 
sensors used on 25135 hp 3-cylinder 2-strokes, other than to say to 
make sure the sensors are kept clean and free of dirt or debris to 
ensure proper function. 

Signals from the sensor coil are generated at certain points in flywheel 
revolution, thus alerting the power pack to exact engine positioning. In turn, 
the power pack uses the signal to determine proper spark timing. In this 
manner, a spark at the plug may be accurately timed by the timing marks on 
the flywheel relative to the magnets in the flywheel and to provide as many 
as 100 sparks per second for a powerhead operating at 6000 rpm. 

The simple ignition system of the 5-cylinder, single cylinder, 2- 
stroke engine does not use a sensoritrigger coil or a power pack, firing 
the ignition coil instead each time the flywheel magnet passes by the 
charge coil. 

TESTING 

CULT 
W 

O See Figures 87,88 and 89 

Most motors (except the 25135 hp motors equipped with optical sensors) 
are equipped with a sensor coil that operates in the same manner as a 
charge, power or battery charge coil (generating voltage using the 
electromagnetic force created by magnets attached to the flywheel). 
Therefore, on most motors, testing is conducted in the same manner as the 
charge, power or battery charge coils. A voltmeter is used to perform 
dynamic checks (watching for voltage while cranking the motor checking for 
shorts to ground andlor for proper output), while an ohmmeter is used for 
static checks (testing the windings for proper resistance and checking for 
shorts to ground). 

2.0-3.5 (78cc) Hp Motors 

Rl A peak-reading DVOM like the Stevens CD-77 is necessary for this 
test. 

1, Set the peak reading voltmeter to read positive sensor readings on 
the 5 volts scale (on the Stevens meter that is accomplished by setting POS 
and 5, or SEN and 5). 

2. Disengage the blue lead between the sensor coil and the power 
pack. 

3. Connect the black probe from the DVOM to a good engine ground, 
then attach the red meter lead to the sensor coil blue lead. 

4. Crank the engine and observe the meter and proceed as follows: 
If the meter reads 1 volt or higher, sensor output it probably good, test 

the Charge Coil as detailed in this section. 
If the meter shows less than 1 volt, first check the wiring and 

connectors. If the wiring and connectors appear in good condition, proceed 
with the ohmmeter test in the next step. 

5. With the engine not running or cranking, connect the ohmmeter leads 
between the sensor coil blue lead and a good engine ground. The meter 
must show 40-60 ohms resistance at a temperature of about 68°F (20°C) or - 
the sensor coil is out of specification. 

6. Verify test results and connections, then replace the sensor coil, if the 
reading is well out of specification. 

7. Reconnect all wiring as removed for testing. 

- www.instant-manuals.com -



4-42 IGNITION AND ELECTRICAL SYSTEMS 

.87 Sensor coils are tested usina a Fig 
voltmeter (or 
shorts to ground 

Fig. 88 A peak-reading voltmeter is 
necessary to sensor coil output while the 
motor is cranking (individual coil assembly 
shown) 

3-4 Hp (87cc) Motors (Except 4 Deluxe) 

A peak-reading DVOM like the Stevens CD-77 is necessary for this 
test. 

1. Set the peak reading voltmeter to read positive sensor readings on 
the 5 volts scale (on the Stevens meter that is accomplished by setting POS 
and 5, or SEN and 5). 

2. Disengage the 6-pin harness connector from the power pack (ignition 
module) at the flywheel. 

1990 models did not use the 6-pin harness connector, so the test 
must be conducted directly using the 2 sensor coil leads directly at the 
ignition module. Identify and disconnect the 2 sensor coil leads from 
the module, then continue with the testing procedure. 

3. Connect the black probe from the DVOM to a good engine ground, 
then attach the red meter lead to the sensor coil bluelwhite lead (terminal C 
of the 6-pin connector). Then move the red meter lead to the sensor coil 
white lead (terminal C of the 6-pin connector). Any reading indicates that the 
sensor coil or leads are grounded, repair the wiring or replace the coil. If 
there is no reading, proceed to the next step for a dynamic check. 

4. Attach the meter probes to the 2 sensor leads (terminals C and D, 
the bluelwhite and white leads of the 6-pin connector). 

5. Crank the engine and observe the meter and proceed as follows: 
* If the meter reads 4 volts or higher, sensor output it probably good, test 

the Power Pack output while cranking, as detailed in this section. 
If the meter shows less than 4 volts, first check the wiring and 

connectors. If the wiring and connectors appear in good condition, proceed 
with the ohmmeter test in the next step. 

6. With the engine not running or cranking, leave the DVOM probes 
connected between the sensor coil leads (bluelwhite and white leads off the 
6-pin connector). The meter must show 85-115 ohms resistance at a 
temperature of about 68°F (20°C) or the sensor coil is out of specification, 

The sensor coil can also be checked for a possible short to ground 
by probing between a good engine ground and each of the two sensor 
coil leads. If the meter shows continuity between either lead and 
ground the wiring or the sensor coil itself is grounded. Repair the 
harness or replace the sensor coil, as necessary. 

7. Verify test results and connections, then replace the sensor coilltimer 
base, if the reading is well out of specification. 

8. Reconnect all wiring as removed for testing. 

4 Deluxe (87cc) and 51618 Hp (164cc) Motors 

The 5-8 hp motors through 1992 and the 4D through 1993 were 
equipped with the UFI version of this ignition system. Since the ignition 
module is mounted directly to the ignition plate Under the Flywheel (as 
the name UFI suggests) so that internal coil windings can react directly 
to flywheel movement, it does NOT use a separate signal coil. 
Therefore, on these models, if the sensor coil circuit seems to be the 
issue, and all other components test normally, you should suspect the 
Ignition Module itself. 

Fig. 89 An ohmmeter is necessary for 
checking resistance across the sensor coil 
windings (timer base shown) 

This test is for the signal coil on CDI equipped models. 

A peak-reading DVOM like the Stevens CD-77 is necessary for this 
test. 

1. Set the peak reading voltmeter to provide negative sensor readings 
on the 5 volts scale (on the Stevens meter that is accomplished by setting 
NEG and 5, or SEN and 5). 

2. Disengage the 5-pin connector (it's an Amphenol style connector) 
between the power pack (ignition module) and the ignition charge coil 
mounting plate located under the flywheel. 

3. Check for a grounded sensor coil as follows: 
a. Connect the meter red lead to terminal B (whitelblack lead from the 

sensor coil) and the black meter lead to a good engine ground, then crank 
the engine and observe the meter reading. 

b. Connect the meter red lead to terminal C (blackiwhite lead from the 
sensor coil) and the black meter lead to a good engine ground, then crank 
the engine and observe the meter reading. 

c. Any voltage reading indicates that the sensor coil or wiring harness 
is shorted to ground. Either repair the harness or replace the sensor coil 
assembly. 

4. Check the sensor coil output as follows: 
a. Attach the meter probes to the 2 sensor leads (terminals B and C, 

the whitelblack and blacklwhite leads of the 5-pin connector). 
b. Crank the engine and observe the meter and proceed as follows: 
If the meter reads 1.5 volts or higher, sensor output it probably good, 

test the Power Pack output while cranking, as detailed in this section. 
If the meter shows less than 1.5 volts, first check the wiring and 

connectors. If the wiring and connectors appear in good condition, proceed 
with the ohmmeter test in the next step. 

5. With the engine not running or cranking, leave the DVOM probes 
connected between the sensor coil leads (whitelblack and blackiwhite leads 
off the 5-pin connector). The meter must show 30-50 ohms resistance at a 
temperature of about 68°F (20°C) or the sensor coil is out of specification. 

The sensor coil can also be checked for a possible short to ground 
by probing between a good engine ground and each of the two sensor 
coil leads. If the meter shows continuity between either lead and 
ground the wiring or the sensor coil itself is grounded. Repair the 
harness or replace the sensor coil, as necessary. 

6. Verify test results and connections, then replace the sensor coil, if the 
reading is well out of specification. 

7. Reconnect all wiring as removed for testing. 

516 Hp (128cc) and 819.9 Hp (211cc) 4-Stroke Motors 

+ See Figure 56 

On these motors, the sensorltrigger coil is mounted on top of the 
powerhead, just to the outside and along the edge of the flywheel. 

A peak-reading DVOM is necessary for the basic ground and the 
dynamic (cranking) portion of this test. If one is not available, the -s 

resistance check will give some idea of coil condition, but be careful as 
a bad sensor coil could test within specification but short out and fail 
intermittently under load. Likewise, a good coil may test out of spec 
due to variances in meters and test temperatures. 
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1. Set the peak reading voltmeter to provide negative sensor readings 

on the 5 volts scale (on the Stevens meter that is accomplished by setting 
NEG and 5, or SEN and 5). 

2. Disconnect the black sensor ground wire between the starter mount 
plate and the sensorltrigger coil, then disengage the bullet connector for the 
whitelblack sensor wire that runs to the power pack. 

3. Check for a grounded sensor. Connect the black meter probe to a 
good engine ground and the red probe to the sensor end of the whitelblack 
bullet connector. Crank the engine and observe the reading. A reading (of 
any value) indicates that the charge coil is grounded. Either, locate and 
repair the ground or replace the sensor assembly, as necessary. 

4. Check the sensor output during engine cranking. Reconnect the 
black sensor ground strap between the sensor and starter mount plate, then 
connect the black meter probe to the ground wire. Connect the red meter 
probe to the sensor end of the whitelblack bullet. Crank the engine and 
observe the peak voltage: - If the meter reads 0.2 volts or higher, sensor output it probably good, 
test the Power Pack output while cranking, as detailed in this section. 

If the meter shows less than 0.2 volts, first check the wiring and 
connectors. If the wiring and connectors appear in good condition, proceed 
with the ohmmeter test in the next step. 

5. With the engine not running or cranking, leave the DVOM probes 
connected between the sensor coil lead (whitelblack and black ground wire). 
The meter must show 132-162 ohms resistance at a temperature of about 
68°F (20°C) or the sensor coil is out of specification. 

The sensor coil can also be checked for a possible short to ground 
by first disconnecting the black wire from the starter mount plate, then 
probing between a good engine ground and the whitelblack sensor coil 
lead. Be sure to place some tape over the end of the black wire to 
ensure it does not contact and ground anywhere else, which would 
give a false reading. If the meter shows continuity between the 
whitelblack sensor lead and ground (with the black lead isolated) either 
the wiring or the sensor coil itself is grounded. Repair the harness or 
replace the sensor coil, as necessary. 

6. Verify test results and connections, then replace the sensor coil, if the 
reading is well out of specification. 

7. Reconnect all wiring as removed for testing. 

9.9/10114115 Hp (216cc), 9.9110115 Hp (255cc) and 18 JET-35 Hp (521cc) 
Motors 

E Motors through 1991 and some 1992 models were equipped with the 
UFI version of this ignition system. Since the ignition module is 
mounted directly to the ignition plate Under the Flywheel (as the name 
UFI suggests) so that internal coil windings can react directly to 
flywheel movement, i t  does NOT use a separate signal coil. Therefore, 
on these models, if the sensor coil circuit seems to be the issue, and 
all other components test normally, you should suspect the lgnition 
Module itself. 

This test is for the signal coil on CDI equipped models. 

A peak-reading DVOM like the Stevens CD-77 is necessary for this 
test. 

1. Set the peak reading voltmeter to provide negative sensor readings 
on the 5 volts scale (on the Stevens meter that is accomplished by setting 
NEG and 5, or SEN and 5) for 9.9115 hp motors. For 18 Jet-35 hp motors, 
set the meter to read positive sensor readings on the 5 volts scale (on the 
Stevens meter that is accomplished by setting POS and 5, or SEN and 5). 

2. Disengage the 5-pin connecto; (it's a i~mphenol style connectorj 
between the power pack (ignition module) and the ignition charge coil 
mounting plate located under the flywheel. 

3. Check for a grounded sensor coil as follows: 
a. Connect the meter red lead to terminal B (whitelblack lead from the 

sensor coil) and the black meter lead to a good engine ground, then crank 
the enqine and observe the meter readinq. 

by Connect the meter red lead to terminal C (blackiwhite lead from the 
sensor coil) and the black meter lead to a good engine ground, then crank 
the engine and observe the meter reading. 

c. Any voltage reading indicates that the sensor coil or wiring harness 
is shorted to ground. Either repair the harness or replace the sensor coil 
assembly. 

4. Check the sensor coil output as follows: 

a. Attach the meter probes to the 2 sensor leads (terminals B and C, 
the whitelblack and blackjwhite leads of the 5-pin connector). 

b. Crank the enaine and observe the meter and ~roceed as follows: 
If the meter readYs 1.5 volts or higher, sensor output it probably good, 

test the Power Pack output while cranking, as detailed in this section. 
If the meter shows less than 1.5 volts, first check the wiring and 

connectors. If the wiring and connectors appear in good condition, proceed 
with the ohmmeter test in the next step. 

5. With the engine not running or cranking, leave the DVOM probes 
connected between the sensor coil leads (whitelblack and blackiwhite leads 
off the 5-pin connector). The meter must show 30-50 ohms resistance at a 
temperature of about 68°F (20°C) or the sensor coil is out of specification. 

The sensor coil can also be checked for a possible short to ground 
by probing between a good engine ground and each of the two sensor 
coil leads. If the meter shows continuity between either lead and 
ground the wiring or the sensor coil itself is grounded. Repair the 
harness or replace the sensor coil, as necessary. 

6. Verify test results and connections, then replace the sensor coil, if the 
reading is well out of specification. 

7. Reconnect all wiring as removed for testing. 

25135 Hp (5001565~~) Motors 

The manufacturer does not provide any information for testing the optical 
sensor used on the 3-cylinder 25 hp (500cc) and 35 hp (565cc) 2-stroke 
models. If trouble is suspected with the assembly, the sensor lens should be 
inspected for signs of dirt, contamination or physical damage. 

25-55 Hp (737cc) Motors 

Motors through 1991 and some 1992-93 models were equipped with 
the UFI version of this ignition system. Since the ignition module is 
mounted directly to the ignition plate Under the Flywheel (as the name 
UFI suggests) so that internal coil windings can react directly to 
flywheel movement, i t  does NOT use a separate signal coil. Therefore, 
on these models, if the sensor coil circuit seems to be the issue, and 
all other components test normally, you should suspect the lgnition 
Module itself. 

This test is for the signal coil on CDI equipped models. 

E A peak-reading DVOM like the Stevens CD-77 is necessary for this 
test. 

1. Set the peak reading voltmeter to provide positive sensor readings 
on the 5 volts scale (on the Stevens meter that is accomplished by setting 
POS and 5, or SEN and 5). 

E The 12-amp models are equipped with 2 separate connectors 
between the power pack and the statorlsensor mounting plate (located 
under the flywheel). Although one is a 5-pin connector similar to the 
type used by ropel4-amp models, i t  does not contain the wiring for the 
sensor on 12-amp models. 

2. Disengage the 5-pin connector for ropel4-amp models or the 3-pin 
connector for 12-amp models located between the power pack (ignition 
module) and the ignition sensor coil mounting plate located under the 
flywheel. In both cases, it is an Amphenol style connector. 

3. Check for a grounded sensor coil as follows: 
a. For rope14-amp models, connect the meter red lead to terminal B 

(whitelblack lead from the sensor coil) and the black meter lead to a good 
engine ground, then crank the engine and observe the meter reading. Then 
connect the meter red lead to terminal C (blackiwhite lead from the sensor 
coil) and the black meter lead to a good engine ground, then crank the 
engine and observe the meter reading. 

b. For 12-amp models, connect the meter red lead to terminal A (blue 
lead from sensor coil) and the black meter lead to a good engine ground, 
then crank the engine and observe the meter reading. Repeat this step for 
terminals B (white lead from sensor coil) and C (green lead from sensor 
coil), cranking the engine and observing the meter each time for any reading. " 

c. Any voltage reading indicates that the sensor coil or wiring harness 
is shorted to ground. Either repair the harness or replace the sensor coil 
assembly. 

4. Check the sensor coil output as follows: 
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a. Attach the red meter probe to the sensor lead for terminal B and the 

black meter probe to terminal C (as identified earlier), then crank the engine 
and note the meter reading. For 12-amp models, move the black meter 
probe from terminal C to terminal A, then crank the engine and note the 
meter reading: 

* If the meter reads 1.5 volts or higher for ropeil2-amp models or 0.5 
volts or higher for 12-amp models, sensor output it probably good. If further 
ignition troubleshooting is necessary, test the Power Pack output while 
cranking, as detailed in this section. 

If the meter shows less than 1.5 volts or 0.5 volts respectively, first 
check the wiring and connectors. If the wiring and connectors appear in good 
condition, proceed with the ohmmeter test in the next step. 

5. With the engine not running or cranking, connect the DVOM probes 
between the sensor coil leads for terminal B and terminal C, then note the 
resistance reading on the meter. For 12-amp models, move one probe from 
terminal C to terminal A and note the reading. The meter must show 30-50 
ohms resistance for ropei4-amp models or 22-32 ohms resistance across 
both noted testing combinations for 12-amp models. Remember the 
specifications are for a component at a temperature of about 68°F (20°C). 

E The sensor coil can also be checked for a possible short to ground 
by probing between a good engine ground and each of the sensor coil 
leads. If the meter shows continuity between any lead and ground the 
wiring or the sensor coil itself is grounded. Repair the harness or 
replace the sensor coil, as necessary. 

6. Verify test results and connections, then replace the sensor coil, if the 
reading is well out of specification. 

7. Reconnect all wiring as removed for testing. 

25-70 Hp (913cc) Motors 

When testing the sensoritrigger coil, specifications vary between models 
that are equipped with the Quickstart system, as opposed to models that are 
not equipped with this system. Most models are in fact equipped with this 
system, except certain 65 hp commercial models, usually including the 65RS 
and 65WR, as well as most versions of the 65WE, 65WMLW and the 
65WMLC. The easiest way to tell the difference between models equipped 
with Quickstart and those that are not, is to examine the wiring coming from 
the sensoritrigger coil assembly located under the flywheel. Models equipped 
with Quickstart have two 5-pin connectors coming from the stator and sensor 
assemblies, while models that are not equipped with Quickstart have a 5-pin 
connector for the stator and a 4-pin connector for the sensor. 

Models With Quickstart 

A peak-reading DVOM like the Stevens CD-77 is necessary for this 
test. 

1. Set the peak reading voltmeter to provide positive sensor readings 
on the 5 volts scale (on the Stevens meter that is accomplished by setting 
POS and 5, or SEN and 5). 

These models equipped with 2 separate connectors between the 
power pack and the statorisensor mounting plate (located under the 
flywheel). Both are 5-pin connectors. The connector with orange and 
brown wires is for the powerlcharge coil windings in the stator, while 
the connector with the blue, purple and green wires is for the 
sensoritrigger coil windings. 

2. Disengage the 5-pin connector (it's an Amphenol style connector) for 
the sensorltrigger coil assembly. 

3. Check for a grounded sensor coil or wire at each terminal of the 
sensor connector by connecting the meter red probe to the terminal and 
black probe to ground, then cranking the motor while watching the meter. 
Repeat this for each of the terminals. Any voltage reading from one of the 
connections indicates that the sensor coil or wiring harness is shorted to 
ground. Either repair the harness or replace the sensor coil assembly. 

4. Check the sensor coil output as follows: 
a. Attach the black meter probe to the sensor lead for terminal E (white 

wire) and the red meter probe to terminal A (blue wire), B (purple wire), or C 
(green wire), then crank the engine and note the meter reading. Repeat for 
each of the 3-terminals noted. 

If the meter reads 1.5 volts or higher, continue with the next sub-step. 
If the meter shows less than 1.5 volts, first check the wiring and 

connectors. If the wiring and connectors appear in good condition, proceed 
with the ohmmeter test in the next numeric step. 

b. Use 2 jumpers wires to reconnect the wiring for terminals D 
(blacklwhite wire) and E (white wire) completing those two circuits across the 
disconnected halves of the 5-pin connector. 

c. Attach the black meter probe to a good engine ground and the red 
meter probe to terminal A (blue wire), B (purple wire), or C (green wire), then 
crank the engine and note the meter reading. Repeat for each of the 3- 
terminals noted. 

If the meter reads 1.5 volts or higher, but ignition system trouble is still 
suspected, perform the cranking output test for the Power Pack, as detailed 
in this section. 

If the meter shows less than 1.5 volts, first check the wiring and 
connectors. If the wiring and connectors appear in good condition, replace 
the timer base. 

5. With the engine not running or cranking, connect the DVOM red lead 
to terminal E (white wire). Then connect the black meter probe alternately to 
terminal A (blue wire), B (purple wire), or C (green wire), noting the 
resistance readings across terminal E and each of the other terminals. 
Resistance readings will vary slightly depending on the meter used, but in all 
cases a high-quality DVOM is necessary. Some examples of readings on 
different meters include: 

Stevens AT-101 : 270-330 ohms for models through 1998 or 250-350 
ohms for 1999 and later models. 

* Merc-0-Tronic M-700: 630-770 ohms for models through 1998 or 750- 
850 ohms for 1999 and later models. 

Fluke 29 Series II: no specification provided for models through 1998 
or 850-950 ohms for 1999 and later models. 

Remember that resistance specifications are for a component at a 
temperature of about 68°F (20°C). 

6. The sensor coil can also be checked for a possible short to ground 
by probing between a good engine ground and each of the sensor coil leads. 
If the meter shows continuity between any lead and ground the wiring or the 
sensor coil itself is grounded. Repair the harness or replace the sensor coil, 
as necessary. 

7. Verify test results and connections, then replace the sensor coil, if the 
reading is well out of specification. 

8. Reconnect all wiring as removed for testing. 

Models Without Quickstart 

A peak-reading DVOM like the Stevens CD-77 is necessary for this 
test. 

1. Set the peak reading voltmeter to provide positive sensor readings 
on the 5 volts scale (on the Stevens meter that is accomplished by setting 
POS and 5, or SEN and 5). 

These models equipped with 2 separate connectors between the 
power pack and the statorisensor mounting plate (located under the 
flywheel). One is a 5-pin connector (with orange and brown wires) for 
the powericharge coil windings in the stator, while the other is a Cpin 
connector (with the blue, purple and green wires) for the sensoritrigger 
coil windings. 

2. Disengage the 4-pin connector (it's an Amphenol style connector) for 
the sensoritrigger coil assembly. 

3. Check for a grounded sensor coil or wire at each terminal of the 
sensor connector by connecting the meter red probe to the terminal and 
black probe to ground, then cranking the motor while watching the meter. 
Repeat this for each of the terminals. Any voltage reading from one of the 
connections indicates that the sensor coil or wiring harness is shorted to 
ground. Either repair the harness or replace the sensor coil assembly. 

4. Check the sensor coil output as follows: 
a. Attach the black meter probe to the sensor lead for terminal D (white 

wire) and the red meter probe to terminal A (blue wire), B (green wire), or C 
(purple wire), then crank the engine and note the meter reading. Repeat for 
each of the 3-terminals noted. 

If the meter reads 0.3 volts or higher, but ignition system trouble is still 
suspected, perform the cranking output test for the Power Pack, as detailed * 

in this section. 
If the meter shows less than 0.3 volts, first check the wiring and 

connectors. If the wiring and connectors appear in good condition, perform 
the resistance test to verify the sensor coil must be replaced. 
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5. With the engine not running or cranking, connect the DVOM black 

lead to terminal D (white wire). Then connect the red meter probe alternately 
to terminal A (blue wire), B (green wire), or C (purple wire), noting the 
resistance readings across terminal D and each of the other terminals. 
Resistance readings should be 8-14 ohms for a component at a temperature 
of about 68°F (20°C). 

The sensor coil can also be checked for a possible short to ground 
by probing between a good engine ground and each of the sensor coil 
leads. If the meter shows continuity between any lead and ground the 
wiring or the sensor coil itself is grounded. Repair the harness or 
replace the sensor coil, as necessary. 

6. Verify test results and connections, then replace the sensor coil, if the 
reading is well out of specification. 

7. Reconnect all wiring as removed for testing. 

REMOVAL & INSTALLATION 

+ See Figures 85 and 86 

The sensor coil takes various forms on the carbureted versions of these 
engines. On some motors an individual sensor is mounted on the perimeter 
of the flywheel or on the ignition plate with other ignitionlcharging system 
coils (like the charge, power andlor battery charge coils) directly underneath 
the flywheel. On some models (3-4 hp, except 4 Deluxe models), a sensor 
coilltimer base assembly is mounted directly under the flywheel. On still 
other models, like the 25-55 hp (737cc) motors with a 12-amp charging 
system or all 25-70 hp (913cc) motors, the sensor coilltimer base assembly 
is located under the stator. 

A few models do not use individually serviceable sensor coils. 
These include the 5 hp (109cc) single cylinder, 2-stroke motor and the 
9.9115 hp (305cc) 4-stroke motor. 

All Except 3-4 Hp (87cc) Motors (Including the 4-Deluxe) 

For all models equipped with a serviceable sensoritrigger coil or sensor 
coilltiming base assembly, the coil is accessible once the flywheel and, in the 
case of most timer bases, when the I-piece stator assembly is removed. 

For these models, please refer to the Removal & Installation procedures 
for the Charge Coil in this section for more details. 

3-4 Hp (87cc) Motors (Not Including the 4-Deluxe) 

* See Figure 90 

The 3-4 Hp (87cc) JohnsonlEvinrude motors (not including the 4-Deluxe 
which is equipped with multiple coils mounted to an ignition plate and a 
remote power pack), do not use a separately serviceable charge coil. 
Instead, the functions of the charge coil are incorporated into the power pack 
that is mounted under the flywheel, directly adjacent to the timer base 
assembly. If the sensor is not functioning properly, or is otherwise damaged, 
the timer base must be replaced. 

1. Remove the Manual Starter, as detailed in the Manual Starter 
section. 

2. Remove the Flywheel, as detailed in the Powerhead section. 
3. Disengage the sensor coilltimer base-to-power packiignition module 

wiring (white and whitelblue wires). 
4. Remove the 3 screws securing the sensor coilitimer base to the 

support plate and plate retainer. 
5. Lift the sensor coilltimer base from the powerhead. 

To install: 
6. Clean the sensor coilltimer base mounting location, as well as the 

threads of the mounting screws of dirt corrosion or debris. 
7. Position the sensor coilitimer base to the support plate, and align the 

base with the 3 holes in the plate retainer for the mounting screws. 
8. Apply a coat of OMC Nut Lock or equivalent threadlock to the timer 

base retaining screws, then install and tighten the screws to 25-35 inch Ibs. 
(2.8-4.0 Nm). 

Make sure the wiring is routed properly to avoid interference with 
moving components. l fany wire ties were present and removed, be 
sure to replace them with new wire ties in the same position(s). 

9. Connect sensor coilltimer base-to-power packlignition module wiring. 

Sensor coil I timer base 
/ 

Idle adjustment 

Flywheel- 

@ 

. 
ignition module 

Throttle cam 
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beari 
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retain 

Fig. 90 Exploded view of the sensor coilltimer base and power 
pack mounting - 3-4 hp (87cc) models (except 4 Deluxe) 

10. Install the flywheel. 
11. Install the manual starter cover. 

+ See Figures 91,92 and 93 

On carbureted motors, current from the charge coil used to run the 
ignition, is controlled by a solid-state Power Pack or lgnition Module. When 
equipped with the Speed Limiting Operator Warning (S.L.O.W.) system, 
additional circuits are provided for warning system control and speed limiting 
operation. 

When ignition timing is controlled electronically functions such as timing 
advance are also performed by the solid-state circuitry in the power pack. 

lgnition functions on EFI motors, are managed by the Electronic 
Control Unit (ECU). For more details on those models, refer to the 
Electronic Fuel Injection section. 

Most motors use a remote mounted power packiignition module 
assembly. Wiring runs from the charge (and power coil or stator) and the 
sensor assembly to the remote mounted power pack. Wires from the power 
pack are then connected to the primary side of the ignition coil to power the 
coils and control coil firing. 

The power pack on 5 hp single-cylinder motor is combined with the 
ignition coil and cannot be serviced separately. On these models, 
please refer to the procedures under lgnition Coil for testing and 
service of the ignition coillpower pack assembly. 

Some models are equipped with a power packiignition module that is 
mounted under the flywheel because the module also incorporates the 
function of another component. On 3-4 hp (87cc) motors (except 4 Deluxe), 
the power pack incorporates the windings and functions of the charge coil, 
generating power for the system, For this reason, the module positioning is 
very sensitive on these models and the air gap between the module and the = 

flywheel must be adjusted anytime the module is removed. 
The power pack used on 9.9115 hp (305cc) four-stroke motors is mounted 

under the flywheel because it incorporates the functions of the timing sensor, 
however module positioning is fixed on these models and not adjustable. 
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Fig. 92 . . .but some modules, like on this 
9.9115 hp Qstroke, are mounted under the 

On EFI motors, the Electronic Control Unit (ECU) performs the 
functions of the power pack, completely controlling ignition coil 
function based on input from the Camshaft Position (CMP) andlor 
Crankshaft Position (CKP) sensors. For more information on the ECU 
for these models, please refer to the Electronic Fuel Injection (EFI) 
section. 

TESTING 

CULT 
+ See Figures 94 and 95 

A peak-reading voltmeter must be used to check the power pack output 
with the engine cranking or running. The power pack (ignition module) used 
on carbureted JohnsonIEvinrude motors is a solid state component. For this 
reason, there area no static methods to check it (such as a resistance check 
using an ohmmeter). 

The cranking test for most motors requires the use of a special test load 
adapter. The manufacturer recommends an adapter produced by the 
Stevens Test Equipment Company, No. PL-88. If this special adapter is not 
available, you can make one using a 10-ohm, 10-watt resistor from an 
electronics store (at the time of publication this was available from Radio 
Shack@ as part #271-132.) 

The engine running test requires a terminal adapter on the primary side of 
the ignition coil so you can connect the meter without disrupting the circuit. If 
a terminal extender is not available, you can make one out of an old primary 
side ignition wire (the wire that is normally connected between the power 

Voltorneter 
l ead  / 

Fig. 94 Checking the power pack output while cranking usually 
involves connecting an adapter (Stevens PL-88 or equivalent) and a 
voltmeter to the primary lead from the power pack 

POWER 
PACK 

Fig. 93 The ignition module on 3-4 hp (87cc) 
motors (except 4 Deluxe) must be adjusted 
to set the air aaa with the flvwheel 

pack and coil). Cut a small section of the insulation away from an old wire, 
taking great care not to damage or break any strands of the wire under the 
insulation (as this would raise resistance in the circuit, possibly rendering 
false results). Install the wire in place of the one that is currently installed 
between the power pack and coil. During testing, connect the voltmeter 
probe to the exposed portion of the wire, using great care to make sure 
neither shorts to ground on the powerhead. 

2.0-3.5 (78cc) HD Motors . . .  

+ See Figures 94 and 95 

A peak-reading DVOM is necessary for this test, as well as certain 
test adapters. You can refer to the information provided under the 
Testing head for fabricating test adapters from other sources, but 
there's no way around the peak-reading voltmeter to ensure accurate 
testing. 

1. Check the power pack cranking output first as follows: 
a. Set the peak reading voltmeter to read positive on the 500 volts 

scale. 
b. Twist and pull the primary lead from the power pack off the ignition 

coil, then install the terminal extender and reconnect the primary lead (or 
install the homemade primary test lead, as applicable). 

Primary 
lead 

Fig. 95 The running output test requires that the circuit is 
completed so a terminal extender (or modified primary wire that 
allows signal probing) is necessary to get a voltage reading 
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c. Connect the black DVOM lead to a good engine ground, then 

connect the red meter lead to the bare portion of the terminal extender (or 
test lead). 

d. Crank the engine and observe meter reading, it should be 180 volts 
or higher. 

e. If the reading was less than 180 volts, disconnect the wiring from the 
terminal extender and install the Stevens PL-88 load-ada~ter to the wire from 
the power pack. Connect the other end of the adapter to a good engine 
ground (when using the Stevens adapter, connect the red end to the power 
pack wiring and the black end to ground). Crank the engine and observe the 
meter readings as follows: 

If the meter now reads 180 volts or higher, test the lgnition Coil as 
detailed in this section. 

If the meter still reads below 180 volts, check the primary wire and 
spring clip for wear or damage and replace if any is found. If the wiring is not 
faulty, replace the power pack. 

2. Check the power pack under load, at engine speeds where 
intermittent problems are noted as follows: 

a. Connect a source of cooling water to the engine, as detailed under 
Flushing the Cooling System in the Engine Maintenance section. 

If the engine is to be run at speeds over 2000 rpm, it must be mounted 
in a test tank using a suitable test wheel or placed in the water to 
prevent possible overspeed and damage which could occur if the 
engine was run on a flushing device. 

b. Install a terminal extender to the primary terminal of the ignition coil. 
c. Set the peak-reading DVOM to read positive 500 volts scale, then 

connect the black meter lead to a good engine ground and the red meter 
lead to the metal portion of the terminal extender (or bare wire of the 
homemade test lead). 

d. Double-check to make sure the test leads are routed so they will not 
be damaged by rotating parts, then start and run the engine. If the engine is 
to be run above high-idle, allow it to warm before advancing the throttle. 

e. With the engine running, power pack output should be at least 220 
volts and should remain steady and a constant engine speed. If a problem 
has been noted at a particular engine speed, attempt to duplicate the 
symptom while observing the meter. Output must not dip below 220 volts. 

f. If the meter reads less than 220 volts, the power pack is faulty and 
should be replaced. 

3. Verify test results and connections, then replace the power pack, if 
necessary. 

4. Reconnect all wiring as removed for testing. 

3-4 Hp (87cc) Motors (Except 4 Deluxe) 

O See Figure 95 

W A peak-reading DVOM is necessary for this test, as well as certain 
test adapters. You can refer to the information provided under the 
Testing head for fabricating 2 terminal extending test leads from other 
sources, but there's no way around the peak-reading voltmeter to 
ensure accurate testing. 

1. Check the power pack cranking output first as follows: 
a. Set the peak reading voltmeter to read negative on the 500 volts 

scale. 
b. Twist and pull the primary leads from the power pack off the ignition 

coil, then install 2 terminal extenders and reconnect the primary leads (or 
install 2 homemade primary test leads, as applicable). 

c. Connect the black DVOM lead to a good engine ground, then 
connect the red meter lead to the bare portion of a terminal extender (or test 
lead) for one of the cylinders. 

d. Crank the engine and observe meter reading, it should be 125 volts 
or higher. 

e. If the reading was less than 125 volts, disconnect the wiring from the 
terminal extender and connect the red meter lead directly to the spring clip 
inside the primary lead boot. Crank the engine again and observe the meter 
readings as follows: 

If the meter now reads 125 volts or higher, test the lgnition Coil as 
detailed in this section. 

If the meter still reads below 125 volts, check the primary wire and 
spring clip for wear or damage and replace if any is found. If the wiring is not 
faulty, replace the power pack. 

W If you are now testing the other coil for the other cylinder, reconnect 
the primary lead to the terminal extender that was just removed. 

2. Repeat the previous step to check cranking output on the other 
cylinder. 

3. Check the power pack under load, at engine speeds where 
intermittent problems are noted as follows: 

a. Connect a source of cooling water to the engine, as detailed under 
Flushing the Cooling System in the Engine Maintenance section. 

If the engine is to be run at speeds over 2000 rpm, it must be mounted 
in a test tank using a suitable test wheel or placed in the water to 
prevent possible overspeed and damage which could occur if the 
engine was run on a flushing device. 

b. Install terminal extenders to the primary terminals of the ignition coil. 
c. Set the peak-reading DVOM to read negative 500 volts scale, then 

connect the black meter lead to a good engine ground and the red meter 
lead to the metal portion of the terminal extender for the No. 1 cylinder (or 
bare wire of the homemade test lead). 

5 The primary lead for the No. 1 cylinder is colored orangelblue, while 
the primary lead for the No. 2 cylinder is colored orangelgreen. 

d. Double-check to make sure the test leads are routed so they will not 
be damaged by rotating parts, then start and run the engine. If the engine is 
to be run above high-idle, allow it to warm before advancing the throttle. 

e. With the engine running, power pack output should be at least 150 
volts and should remain steady at a constant engine speed. If a problem has 
been noted at a particular engine speed, attempt to duplicate the symptom 
while observing the meter. Output must not dip below 150 volts. 

f. If the meter reads 125 volts or more, test the lgnition Coil as detailed 
in this section. If the meter reads less than 125 volts, the power pack is 
faulty and should be replaced. 

4. Verify test results and connections, then replace the power pack, if 
necessary. 

5. Repeat the engine running portion of the test for the No. 2 ignition 
coil, 

6. Reconnect all wiring as removed for testing. 

4 Deluxe (87cc) and 51618 Hp (164cc) Motors 

O See Figures 94 and 95 

I$ A peak-reading DVOM is necessary for this test, as well as certain 
test adapters. You can refer to the information provided under the 
Testing head for fabricating a test load adapter (for the cranking test) 
and 2 terminal extending test leads (for the running test) from other 
sources, but there's no way around the peak-reading voltmeter to 
ensure accurate testing. 

1. Check the power pack cranking output first as follows: 
a. Set the peak reading voltmeter to read negative on the 500 volts 

scale. 
b. Twist and pull the primary lead from the power pack off the ignition 

coil whose input signal from the power pack is being tested. Install the 
Stevens PL-88 load adapter connecting the red end of the adapter to the 
primary wire lead and the black end of the adapter to a good engine ground. 

c. Connect the black DVOM lead to a good engine ground also, then 
connect the red meter lead to the red end of the test adapter (where it 
connects to the primary wire). 

d. Crank the engine and observe meter reading, it should be 175 volts 
or higher. Record the results, remove the test adapter and reconnect the 
wiring. Then repeat the test for the other primary lead. 

e. Interpret the meter readings as follows: 
If the meter reads 175 volts or higher, but the ignition is not performing 

properly for the spark test, check each lgnition Coil as detailed in this 
section. 

If one primary lead has no output, replace the Power Pack, as detailed 
in this section. 

* If both primary leads have no output, test the Charge Coil, as detailed = 

in this section. If the charge coil output is within spec, the Power Pack must 
be replaced, as detailed in this section. 

2. To check the power pack under load, at engine speeds where 
intermittent problems are noted, proceed as follows: 
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a. Connect a source of cooling water to the engine, as detailed under 

Flushing the Cooling System in the Engine Maintenance section. 

If the engine is to be run at speeds over 2000 rpm, it must be mounted 
in a test tank using a suitable test wheel or placed in the water to 
prevent possible overspeed and damage which could occur if the 
engine was run on a flushing device. 

b. Install terminal extenders to the primary terminals of the ignition coil. 
When the terminal extenders (or test leads) are installed, make sure the 
ignition coils are connected to the proper terminals. The orangelblue primary 
lead from the power pack should attach to the No. 1 cylinder ignition coil. 

c, Set the peak-reading DVOM to read negative 500 volts scale, then 
connect the black meter lead to a good engine ground and the red meter 
lead to the metal portion of the terminal extender for the No. I cylinder (or 
bare wire of the homemade test lead). 

The primary lead for the No. 1 cylinder is colored orangelblue, while 
the primary lead for the No. 2 cylinder is colored orange. 

d. Double-check to make sure the test leads are routed so they will not 
be damaged by rotating parts, then start and run the engine. If the engine is 
to be run above high-idle, allow it to warm before advancing the throttle. 

e. With the engine running, power pack output should be at least 200 
volts and should remain steady at a constant engine speed. If a problem has 
been noted at a particular engine speed, attempt to duplicate the symptom 
while observing the meter. Output must not dip below 200 volts. 

f. If the meter reads less than 200 volts, test the Charge Coil as 
detailed in this section (if the charge coil is good, replace the power pack). 

g. Repeat the engine running test for the other ignition coil primary 
lead. 

3. Verify test results and connections, then replace the power pack, if 
necessary. 

4. Reconnect all wiring as removed for testing. 

516 Hp (128cc) and 819.9 Hp (211cc) 4-Stroke Motors . . . . 

+ See Figures 94 and 95 

A peak-reading DVOM is necessary for this test, as well as certain 
test adapters. You can refer to the information provided under the 
Testing head for fabricating a test load adapter (for the cranking test) 
and a terminal extending test lead (for the running test) from other 
sources, but there's no way around the peak-reading voltmeter to 
ensure accurate testing. 

1. Check the power pack cranking output first as follows: 
a. Set the peak reading voltmeter to read positive on the 500 volts 

scale. 
b. Twist and pull the primary lead from the power pack off the ignition 

coil. lnstall the Stevens PL-88 load adapter connecting the red end of the 
adapter to the primary wire lead and the black end of the adapter to a good 
engine ground. 

c. Connect the black DVOM lead to a good engine ground also, then 
connect the red meter lead to the red end of the test adapter (where it 
connects to the primary wire). 

d. Crank the engine and observe meter reading, it should be 100 volts 
or higher for 1996 motors or 50 volts or higher for 1997 and later motors. 
Record the results, remove the test adapter and reconnect the wiring. 

e. lnterpret the meter readings as follows: 
If the meter reads at or higher than specification, but the ignition is not 

performing properly for the spark test, check the Ignition Coil as detailed in 
this section. 

If the primary lead has no output, check the Charge Coil as detailed in 
this section. If the charge coil is good, then replace the Power Pack, as 
detailed in this section. 

2. To check the power pack under load, at engine speeds where 
intermittent problems are noted, proceed as follows: 

a. Connect a source of cooling water to the engme, as detailed under 
Flushing the Cooling System in the Engine Maintenance section. 

If the engine is to be run at speeds over 2000 rpm, it must be mounted 
in a test tank using a suitable test wheel or placed in the water to 
prevent possible overspeed and damage which could occur if the 
engine was run on a flushing device. 

b. lnstall a terminal extender to the primary terminal of the ignition coil. 
c. Set the peak-reading DVOM to read positive 500 volts scale, then 

connect the black meter lead to a good engine ground and the red meter 
lead to the metal portion of the terminal extender. 

d. Double-check to make sure the test leads are routed so they will not 
be damaged by rotating parts, then start and run the engine. If the engine is 
to be run above high-idle, allow it to warm before advancing the throttle. 

e. With the engine running, power pack output should be at least 220 
volts for 516 hp motors or 240 volts for 819.9 hp motors, and should remain 
steady at a constant engine speed. If a problem has been noted at a 
particular engine speed, attempt to duplicate the symptom while observing 
the meter. Output must not dip below the specified voltage output for engine 
running conditions. 

f. If the meter reads less than specified, test the Charge Coil as 
detailed in this section (if the charge coil is good, replace the power pack). 

3. Verify test results and connections, then replace the power pack, if 
necessary. 

4. Reconnect all wiring as removed for testing. 

9.9115 HD (305cc) 4-Stroke Motors , > 

+ See Figures 94 and 95 

A peak-reading DVOM is necessary for this test, as well as certain 
test adapters. You can refer to the information provided under the 
Testing head for fabricating a test load adapter (for the cranking test) 
and a terminal extending test lead (for the running test) from other 
sources, but there's no way around the peak-reading voltmeter to 
ensure accurate testing. 

1. Check the power pack cranking output first as follows: 
a. Set the peak reading voltmeter to read positive on the 500 volts 

scale. 
b. Twist and pull the primary lead from the power pack off the ignition 

coil. lnstall the Stevens PL-88 load adapter connecting the red end of the 
adapter to the primary wire lead and the black end of the adapter to a good 
engine ground. 

c. Connect the black DVOM lead to a good engine ground also, then 
connect the red meter lead to the red end of the test adapter (where it 
connects to the primary wire). 

d. Crank the engine and observe meter reading, it should be 100 volts 
or higher. Record the results, remove the test adapter and reconnect the 
wiring. 

e. Interpret the meter readings as follows: 
If the meter reads at or higher than specification, but the ignition is not 

performing properly for the spark test, check the Ignition Coil as detailed in 
this section. 

If the primary lead has no output, check the Charge Coil as detailed in 
this section (if not already tested earlier). If the charge coil is good, then 
replace the Power Pack, as detailed in this section. 

2. To check the power pack under load, at engine speeds where 
intermittent problems are noted, proceed as follows: 

a. Connect a source of cooling water to the engine, as detailed under 
Flushing the Cooling System in the Engine Maintenance section. 

If the engine is to be run at speeds over 2000 rpm, it must be mounted 
in a test tank using a suitable test wheel or placed in the water to 
prevent possible overspeed and damage which could occur if the 
engine was run on a flushing device. 

b. Install a terminal extender to the primary terminal of the ignition coil. 
c. Set the peak-reading DVOM to read positive 500 volts scale, then 

connect the black meter lead to a good engine ground and the red meter - 
lead to the metal portion of the terminal extender. 

d. Double-check to make sure the test leads are routed so they will not 
be damaged by rotating parts, then start and run the engine. If the engine is 
to be run above high-idle, allow it to warm before advancing the throttle. 
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e. With the engine running, power pack output should be at least 240 

volts and should remain steady at a constant engine speed, If a problem has 
been noted at a particular engine speed, attempt to duplicate the symptom 
while observing the meter. Output must not dip below the specified voltage 
output for engine running conditions, 

f. If the meter reads less than specified, test the Charge Coil (if not 
done already), as detailed in this section (if the charge coil is good, replace 
the power pack). 

3. Verify test results and connections, then replace the power pack, if 
necessary. 

4. Reconnect all wiring as removed for testing. 

9.911 011411 5 Hp (21 6cc), 9.911 0115 Hp (255cc) and 18 JET-35 Hp . . 
(52lcc)~otors ' 

* See Figures 94 and 95 

A peak-reading DVOM is necessary for this test, as well as certain 
test adapters. You can refer to the information provided under the 
Testing head for fabricating a test load adapter (for the cranking test) 
and 2 terminal extending test leads (for the running test) from other 
sources, but there's no way around the peak-reading voltmeter to 
ensure accurate testing. 

1. Check the power pack cranking output first as follows: 
a. Set the peak reading voltmeter to read as follows, depending upon 

the yearlmodellignition system: 
9.9-15 hp motors with UFI to positive on the 500 volts scale - 9.9-15 hp motors with CDI to negative on the 500 volts scale 
18 Jet-35 hp motors with UFI or CDI to positive on the 500 volts scale 
b. Twist and pull the primary lead from the power pack off the ignition 

coil whose input signal from the power pack is being tested. lnstall the 
Stevens PL-88 load adapter connecting the red end of the adapter to the 
primary wire lead and the black end of the adapter to a good engine ground. 

c. Connect the black DVOM lead to a good engine ground also, then 
connect the red meter lead to the red end of the test adapter (where it 
connects to the primary wire). 

d. Crank the engine and observe meter reading, it should be 175 volts 
or higher. Record the results, remove the test adapter and reconnect the 
wiring. Then repeat the test for the other primary lead. 

e. Interpret the meter readings as follows: 
If the meter reads 175 volts or higher, but the ignition is not performing 

properly for the spark test, check each Ignition Coil as detailed in this 
section. 

If one primary lead has no output, replace the Power Pack, as detailed 
in this section. 

If both primary leads have no output, test the Charge Coil, as detailed 
in this section. If the charge coil output is within spec, the Power Pack must 
be replaced, as detailed in this section. 

2. To check the power pack under load, at engine speeds where 
intermittent problems are noted, proceed as follows: 

a. Connect a source of cooling water to the engine, as detailed under 
Flushing the Cooling System in the Engine Maintenance section. 

If the engine is to be run at speeds over 2000 rpm, it must be mounted 
in a test tank using a suitable test wheel or placed in the water to 
prevent possible overspeed and damage which could occur if the 
engine was run on a flushing device. 

b. lnstall terminal extenders to the primary terminals of the ignition coil. 
When the terminal extenders (or test leads) are installed, make sure the 
ignition coils are connected to the proper terminals. The orangelblue primary 
lead from the power pack should attach to the No. 1 cylinder ignition coil. 

c. Set the peak reading voltmeter to read as follows, depending upon 
the yearlmodellignition system: 

9.9-15 hp motors with UFI to positive on the 500 volts scale 
9.9-15 hp motors with CDI to negative on the 500 volts scale 
18 Jet-35 hp motors with UFI or CDI to positive on the 500 volts scale 
d. Then connect the black meter lead to a good engine ground and the 

red meter lead to the metal portion of the terminal extender for the No, 1 
cylinder (or bare wire of the homemade test lead). 

The primary lead for the No. 1 cylinder is colored orangelblue, while 
the primary lead for the No. 2 cylinder is colored orange. 

e. Double-check to make sure the test leads are routed so they will not 
be damaged by rotating parts, then start and run the engine. If the engine is 
to be run above high-idle, allow it to warm before advancing the throttle. 

f. With the engine running, power pack output should be at least 200 
volts and should remain steady at a constant engine speed. If a problem has 
been noted at a particular engine speed, attempt to duplicate the symptom 
while observing the meter. Output must not dip below 200 volts. 

g. If the meter reads less than 200 volts, test the Charge Coil as 
detailed in this section (if the charge coil is good, replace the power pack). 

h. Repeat the engine running test for the other ignition coil primary 
lead. 

3. Verify test results and connections, then replace the power pack, if 
necessary. 

4. Reconnect all wiring as removed for testing. 

25135 Hp (5001565~~) Motors 

+ See Figures 94 and 95 

A peak-reading DVOM is necessary for this test, as well as certain 
test adapters. You can refer to the information provided under the 
Testing head for fabricating a test load adapter (for the cranking test) 
and a terminal extending test lead (for the running test) from other 
sources, but there's no way around the peak-reading voltmeter to 
ensure accurate testing. 

1. Check the power pack cranking output first as follows: 
a. Set the peak reading voltmeter to read positive on the 500 volts 

scale. 
b. Twist and pull the primary lead from the power pack off the ignition 

coil, lnstall the Stevens PL-88 load adapter connecting the red end of the 
adapter to the primary wire lead and the black end of the adapter to a good 
engine ground. 

c. Connect the black DVOM lead to a good engine ground also, then 
connect the red meter lead to the red end of the test adapter (where it 
connects to the primary wire). 

d. Crank the engine and observe meter reading, it should be 100 volts 
or higher. Record the results, remove the test adapter and reconnect the 
wiring. Repeat the cranking output test for each of the remaining ignition coil 
outputs from the power pack. 

e. Interpret the meter readings as follows: 
* If the meter reads at or higher than specification, but the ignition is not 

performing properly for the spark test, check the Ignition Coil as detailed in 
this section. 

If the primary lead has no output, check the Charge Coil as detailed in 
this section (if not already tested earlier). If the charge coil is good, then 
visually inspect the optical sensor for dirt, debris or damage. If no visible 
sensor damage is found, the only method for testing whether the problem is 
the sensor, encoder or power pack is to substitute a known good component 
(one at a time) until the system operates properly. 

2. To check the power pack under load, at engine speeds where 
intermittent problems are noted, proceed as follows: 

a. Connect a source of cooling water to the engine, as detailed under 
Flushing the Cooling System in the Engine Maintenance section. 

If the engine is to be run at speeds over 2000 rpm, it must be mounted 
in a test tank using a suitable test wheel or placed in the water to 
prevent possible overspeed and damage which could occur if the 
engine was run on a flushing device. 

b. lnstall a terminal extender to !he primary terminal of the ignition coil 
whose power pack signal is being tested. 

c. Set the peak-reading DVOM to read positive 500 volts scale, then 
connect the black meter lead to a good engine ground and the red meter 
lead to the metal portion of the terminal extender. 

d. Double-check to make sure the test leads are routed so they will not 
be damaged by rotating parts, then start and run the engine. If the engine is 
to be run above high-idle, allow it to warm before advancing the throttle. 

e. With the engine running, power pack output should be at least 240 
volts and should remain steady at a constant engine speed. If a problem has - 
been noted at a particular engine speed, attempt to duplicate the symptom 
while observing the meter. Output must not dip below the specified voltage 
output for engine running conditions. Repeat the running output test on the 
power pack signals for the remaining engine coils. 
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f. If the meter reads less than specified, test the Charge Coil (if not 

done already), as detailed in this section. If the charge coil is good, then 
visually inspect the optical sensor for dirt, debris or damage. If no visible 
sensor damage is found, the only method for testing whether the problem is 
the sensor, encoder or power pack is to substitute a known good component 
(one at a time) until the system operates properly. 

3. Reconnect all wiring as removed for testing. 

+ See Figures 94 and 95 

If the engine is to be run at speeds over 2000 rpm, it must be mounted 
in a test tank using a suitable test wheel or placed in the water to 
prevent possible overspeed and damage which could occur if the 
engine was run on a flushing device. 

b. Install terminal extenders to the primary terminals of the ignition coil. 
When the terminal extenders (or test leads) are installed. make sure the 
ignition coils are connected tothe proper terminals. The orangelblue pr/mary 
lead from the power pack should attach to the No. 1 cylinder ignition coil. 

c. With the peak-reading DVOM set as directed at the beginning of this 
test, connect the black meter lead to a good engine ground and the red 
meter lead to the metal portion of the terminal extender for the No. 1 cylinder 
(or bare wire of the homemade test lead). 

d. Double-check to make sure the test leads are routed so they will not 
be damaged by rotating parts, then start and run the engine. If the engine is 
to be run above high-idle, allow it to warm before advancing the throttle. 

e. With the engine running, power pack output should be at least 175 
volts and should remain steady at a constant engine speed. If a problem has 

A peak-reading DVOM is necessary for this test, as well as certain 
test adapters. You can refer to the information provided under the 
Testing head for fabricating a test load adapter (for the cranking test) 
and 2 terminal extending test leads (for the running test) from other 
sources, but there's no way around the peak-reading voltmeter to 
ensure accurate testing. 

1. Set the peak reading voltmeter to read on the appropriate scale, 
depending on the model as follows: 

For all UFI models, set the meter to read positive on the 500 volts 
scale. 

For all CDI models through 1998 except the 40RE, 40BA or any 12- 
amp model, set the meter to read negative on the 500 volts scale. - For all 1999 and later models except the 40R, or any 12-amp model, 
set the meter to read negative on the 500 volts scale. 

For all CDI 12-amp models, as well as any 40RE or 40BA through 
1998, any 1999 and later 40R model, set the meter to read positive on the 
500 volts scale. 

2. Check the power pack cranking output first as follows: 
a. Twist and pull the primary lead from the power pack off the ignition 

coil whose input signal from the power pack is being tested. Install the 
Stevens PL-88 load adapter connecting the red end of the adapter to the 
primary wire lead and the black end of the adapter to a good engine ground. 

b. Connect the black DVOM lead to a good engine ground also, then 
connect the red meter lead to the red end of the test adapter (where it 
connects to the primary wire). 

c. Crank the engine and observe meter reading, it should be 150 volts 
or higher. Record the results, remove the test adapter and reconnect the 
wiring. Then repeat the test for the other primary lead. 

d. Interpret the meter readings as follows: 
* If the meter reads 150 volts or higher, but the ignition is not performing 

properly for the spark test, check each Ignition Coil as detailed in this 
section. 

If one primary lead has no output, replace the Power Pack, as detailed 
in this section. 

If both primary leads have no output, test the Charge Coil, as detailed 
in this section. If the charge coil output is within spec, the Power Pack must 
be replaced, as detailed in this section. 

3. To check the power pack under load, at engine speeds where 
intermittent problems are noted, proceed as follows: 

a. Connect a source of cooling water to the engine, as detailed under 
Flushing the Cooling System in the Engine Maintenance section. 

been noted at a particular engine speed, attempt to duplicate the symptom 
while observing the meter. Output must not dip below 175 volts. 

f. If the meter reads less than 175 volts, test the Charge Coil as 
detailed in this section (if the charge coil is good, replace the power pack). 

g. Repeat the engine running test for the other ignition coil primary 
lead. 

4. Verify test results and connections, then replace the power pack, if 
necessary. 

5. Reconnect all wiring as removed for testing. 

25-70 Hp (913cc) Motors 

+ See Figures 94 and 95 

A peak-reading DVOM is necessary for this test, as well as certain 
test adapters. You can refer to the information provided under the 
Testing head for fabricating a test load adapter (for the cranking test) 
and 3 terminal extending test leads (for the running test) from other 
sources, but there's no way around the peak-reading voltmeter to 
ensure accurate testing. 

1. Check the power pack cranking output first as follows: 
a. Set the peak reading voltmeter to read positive on the 500 volts 

scale. 
b. Twist and pull the primary lead from the power pack off the ignition 

coil whose input signal from the power pack is being tested. Install the 
Stevens PL-88 load adapter connecting the red end of the adapter to the 
primary wire lead and the black end of the adapter to a good engine ground. 

c. Connect the black DVOM lead to a good engine ground also, then 
connect the red meter lead to the red end of the test adapter (where it 
connects to the primary wire). 

d. Crank the enghe and observe meter reading, it should be 190 volts 
or hiaher. Record the results, remove the test adaoter and reconnect the 
wiring. Then repeat the test for the other primary leads. 

e. Interpret the meter readings as follows: 
* If the meter reads 190 volts or higher for most models however it is 230 

volts or higher for 1990-91 models, but the ignition is not performing properly 
for the spark test, check each Ignition Coil as detailed in this section. 

If one primary lead has no output, replace the Power Pack, as detailed 
in this section. 

* If all primary leads have low output, test the Charge Coil, followed by, 
as detailed in this section. If all the primary leads have no output, test the 
sensor coil. If the charge coil and sensor coil outputs are within spec, the 
Power Pack must be replaced, as detailed in this section. 

2. To check the power pack under load, at engine speeds where 
intermittent problems are noted, proceed as follows: 

a. Connect a source of cooling water to the engine, as detailed under 
Flushing the Cooling System in the Engine Maintenance section. 

If the engine is to be run at speeds over 2000 rpm, it must be mounted 
in a test tank using a suitable test wheel or placed in the water to 
prevent possible overspeed and damage which could occur if the 
engine was run on a flushing device. 

b. Install terminal extenders to the primary terminals of the ignition 
coils. When the terminal extenders (or test leads) are installed, make sure 
the ignition coils are connected to the proper terminals. The orangelblue 
primary lead from the power pack should attach to the No. 1 cylinder ignition 
coil, the orangelgreed primary lead is for the No. 2 cylinder coil, while the 
orangelgreen lead is for the No 3 cylinder. 

c. Make sure the peak-reading DVOM is still set to read positive on the 
500 volts scale. Then connect the black meter lead to a good engine ground 
and the red meter lead to the metal portion of the terminal extender for the 
No. 1 cylinder (or bare wire of the homemade test lead). 

d. Double-check to make sure the test leads are routed so they will not 
be damaged by rotating parts, then start and run the engine. If the engine is 
to be run above high-idle, allow it to warm before advancing the throttle. 

e. With the engine running, power pack output should be at least 220 
volts for most models or 250 volts for 1990-91 models, and should remain - 
steady at a constant engine speed. If a problem has been noted at a 
particular engine speed, attempt to duplicate the symptom while observing 
the meter. Output must not dip below 220 or 250 volts (respectively). Note 
the reading. 

- www.instant-manuals.com -



IGNITION AND ELECTRICAL SYSTEM 
f. Repeat the engine running test for the other ignition coil primary 

leads. 
g. If the meter reads less than 220 or 250 volts (respectively) for one or 

more cylinders, test the Charge Coil as detailed in this section. If the meter 
shows no output for one or more cylinders, test the Sensor Coil, as detailed 
in this section. If all other ignition components are good, replace the power 
pack. 

3. Verify test results and connections, then replace the power pack, if 
necessary. 

4. Reconnect all wiring as removed for testing. 

REMOVAL & INSTALLATION 

On most CDI models, power pack removal and installation is pretty 
straight-forward. You simply disconnect the wiring and unbolt the module. 
But, pay close attention to wiring harness position, especially any ground 
straps that may be present. Failure to reattach a ground strap properly could 
cause ignition system problems at best or module damage at worst. 

Some 1990-93 models may be equipped with a UFI ignition system 
as opposed to the CDI. The major difference on these models is that 
the Power Pack (Ignition Module) is also mounted under the flywheel in 
proximity to react to spinning flywheel magnets. To service the coils or 
ignition module on ALL UFI models please refer to the procedures in 
this section for the Charge Coil on the 4 Deluxe (87cc), 51618 Hp 
(164cc), 9.9110114115 Hp (216cc), 9.9110115 Hp (255cc) and 18 Jet-35 Hp 
(521cc) Motors. 

On 3-4 Hp (87cc) JohnsonlEvinrude motors (except the 4-Deluxe), 
module air gap must be adjusted anytime the unit is removed. 

All CDI Except 3-4 Hp (87cc) Motors (Including the 4-Deluxe) 

4 See Figures gland 92 

0 The power pack on 5 hp single-cylinder motor is combined with the 
ignition coil and cannot be serviced separately. On these models, 
please refer to the procedures under Ignition Coil for testing and 
service of the ignition coillpower pack assembly. 

1. If equipped, disconnect the negative battery cable for safety and to 
protect components during service. 

2, For 9.9115 hp motors, remove the manual starter cover for access 
and so the lower timing belt guide can be properly aligned. Rotate the 
crankshaft slowly by hand (in the normal clockwise direction of rotation) until 
the lower belt guide opening is aligned over the power pack timing sensors. 
This will allow the sensors to clear the wheel during removal. 

The power packs on some motors are equipped with a ground strap 
secured by a star washer and retaining bolt. Pay close attention 
whenever this strap is removed to make sure the ground strap and star 
washer is retained and positioned properly during installation. 

3. Tag and disconnect the power packiignition module wiring. This is 
especially important on models that contain multiple primary leads, as they 
must be reconnected to the proper terminals on the power pack assembly 
during installation. 

0 Note the routing of all wiring harnesses, especially if wire ties must 
be cut so that wires can be repositioned. During installation, the wiring 
must be routed in an identical manner to make sure no contact occurs 
with moving components (which could rub through the insulation, 
shorting or cutting out ignition circuits). 

4. Loosen the power pack mounting boltiscrews, then remove the 
power packignition module from the motor. 

5. Clean the mounting area of the power pack and powerhead of any 
dirt, debris, oil or corrosion. Be especially sure that the mounting point(s) and 
ring terminaljs) for any ground strap is clean and free of dirt, debris or 
corrosion to ensure to electrical contact. 

To install: 
6. Position the power pack to the powerhead. Make sure any ground 

straps attached to the module itself are in position with their appropriate 
washers (usually star washers). 

7. Install and tighten the retaining boltslscrews securely. 
8. Apply a light coating of dielectric grease to the terminal(s) for the 

primary ignition circuit (the terminal for the wire running to the ignition coil). 

9. Connect the power pack wiring as tagged during removal. Be certain 
that wires, if disturbed, are routed properly to prevent interference with and 
damage from other components. 

10. For 9.9115 hp (305cc) 4-stroke motors, install the manual starter 
cover assembly. 

11. If equipped, connect the negative battery cable. 

CDI 3-4 Hp (87cc) Motors (Not including the &Deluxe) 

4 See Figure 93 

The 3-4 Hp (87cc) JohnsonIEvinrude motors (not including the 4-Deluxe 
which is equipped with a remote power pack), do not use a separately 
serviceable charge coil. Instead, the power pack, mounted under the 
flywheel, performs the functions of the charge coil and the ignition module. 
For this reason, the module positioning is very sensitive on these models 
and the air gap between the module and the flywheel must be adjusted 
anytime the module is removed. 

1. Unplug the wiring harness from the ignition module located on the 
perimeter of the flywheel. 

2. Remove the mounting screws and then remove the ignition module 
from the powerhead. 

3. Clean the mounting boss and bolt threads of dirt, corrosion or debris. 
To install: 

4. Apply a light coating of OMC Gasket sealing compound to the 
threads of the ignition module mounting screws. 

5. Install the ignition module, threading the screws by hand until just 
finger-tight. 

6. Adjust the ignition module air gap (clearance between the module 
pickup and the flywheel) using a non-metallic feeler gauge that is 0.013- 
0.017 inch (0.33-0.43mm). Place the gauge between the flywheel and 
module, then lightly press the module against the gauge while tightening the 
mounting screws to 60-84 inch Ibs. (7-9 Nm). 

7. Remove the gauge and then double-check the gap. A slightly thicker 
gauge should not pass between the module and the flywheel, while a slightly 
smaller gauge should pass with no drag. The proper sized gauge should 
pass, with a slight drag. If necessary, loosen the screws and reposition the 
module until the proper adjustment is achieved, then retighten the screws. 

8. Plug the wiring harness back into the module. 

DESCRIPTION & OPERATION 
4 See Figure 96 

Besides the spark plugs and wires, the ignition coil is the last major link in 
the chain that produces spark for ignition. Coils of various size, shape and 
design are used on JohnsonlEvinrude engines. Some are equipped with a 1 
orimarv inout and a 1 secondarv outout terminal. Others are eauiooed with 1 
brimarb a"d 2 secondary terminals, and even more may be equipped with 2 
primary and 2 secondary terminals. It all depends on how many spark plugs 
are attached to the coil and whether the motor is designed to fire them 
individually or simultaneously. 

PRIMARY 
TERMINAL -A 1 1 

HIGH TENSION 
CONNECTOR 
TERMINAL 
(SECONDARY) 

PRIMARY WINDING 
FEW COILS 
HEAVY WlRE - SECONDARY 

WINDING- 
MANY TURNS 
THIN WlRE 

IRON CORE 

Fig. 96 Conventional ignition coil. All coils work on the same 
principal: power is transformed from low voltage on the primary 
side to high voltage on the secondary side 
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The primary circuit of an ignition coil is connected to the Power Pack 

(Ignition Module) on carbureted models or the Electronic Control Unit (ECU) 
on EFI models. Low voltage power is fed and cut from the primary circuit in a 
manner that induces a high voltage discharge in the secondary winding. 
When power is cut to the primary circuit, the secondary winding discharges a 
burst of high voltage through the secondary lead. The voltage then travels 
through the spark plug and jumps the gap at the plug's tip. The actual 
voltage jump is the spark referred to when discussing ignition system 
operation. This spark is what ignites the airlfuel mixture in the combustion 
chamber and causes the engine to produce power. 

The 40150 hp EFI motors do not use secondary leads (spark plug 
wires) since each ignition coil is mounted over and connected directly 
to its spark plug. 

TESTING 

+ See Figures 97,98 and 99 

Although the best test for an ignition coil is performed using a dynamic 
ignition coil tester (which will show problems that might occur under load and 
might not be revealed by static test), the simple fact that not everyone has 
access to a coil tester makes resistance checks useful. 

If you do have access to an ignition coil tester, follow the manufacturer's 
instructions closely in order to prevent damage to the test equipment or the 
coil assembly. For all JohnsonIEvinrude carbureted engines, be sure not to 
exceed the maximum test amperage ratings. These ratings will vary slightly 
with test equipment, but two representative values would be 1.1 amps for a 
Stevens ignition coil tester or 1.5 amps for the Merc-0-Tronic ignition coil 
tester. 

When checking ignition coils, keep in mind that there are two circuits, the 
primary winding circuit and the secondary winding circuit. Unless coil design 
prevents it, both need to be checked. 

BI The combined ignition coillpower pack module used on 
JohnsonIEvinrude 5 hp single-cylinder 2-stroke motors prevents you 
from testing of the primary circuit, but the secondary winding should 
be checked in the normal manner. 

The tester connection procedure for a continuity check will depend on 
how the coil is constructed. Generally, the primary circuit is the small gauge 
wire, while the secondary circuit contains the high tension or plug lead. The 
primary circuit is connected to the Power Pack (carbureted models) or ECU 
(EFl models), while the secondary circuit is connected to the spark plug. 

Problems with an ignition coil usually cause a no spark condition for the 
connected spark plug@). But, a partial internal short or a crackedldamaged 
coil case that allows voltage leakage could cause an ignition misfire that 
appears only under certain conditions. If this is the case, the best test for the 
coil is to use a dynamic ignition tester and try to recreate those conditions. 

i ~ r o u n d  
tab  

Fig. 97 Checking primary resistance for a 
coil on a typical carbureted motor with one 
primary and one secondary terminal 

An ignition coil with an internal or external short will prevent the 
creation of a strong, blue spark at the plug. If this is suspected, listen 
closely to the coil during operation for audible clicking noises that may 
be an indication of a short. External shorts are often visible at night as 
they cause a blue arc from the coil body to short. 

To ensure the best possible results with resistance testing, remember that 
specifications will change with temperature and with meters. Whenever 
possible, use a high quality DVOM for coil resistance testing. The 
specifications provided are for ignition coils tested when they are 68°F 
(20°C). That means you can't simply stop a motor that has been operating 
for 112 hour and take a resistance test just because it is 68°F (20°C) outside 
today. You'd have to wait for the coil to cool off first. 

In most cases the ignition coil does not have to be removed from the 
powerhead for testing, as long as the wiring can be disconnected for access 
to the terminals. 

On method for checking ignition coils on EFI motor is through the 
wiring harness (once the appropriate harness connectors are removed 
from the back of the ECU). For details on testing components through 
the wiring harness on these EFI motors, including wire colors, 
connector and terminal identifications and specifications, please refer 
to Sensor and Circuit ResistanceIOutput Tests in the Electronic Fuel 
Injection section. 

If there is any question as to the location of a coil, find a spark plug 
in the powerhead and trace the secondary ignition wire (spark plug 
lead) back to the coil. 

Primary Coil Winding 

+ See Figure 97 

1. If equipped, disconnect the negative battery cable to protect the test 
equipment and for safety. 

2. Note the routing and connection points then disconnect the primary 
wire or wires from the ignition coil. This is easy enough on electronic ignition 
systems, but requires some work to access the coil on breaker point 
systems. 

When testing multiple ignition coils on the same motor, it is a good 
idea to only disconnect and test one coil at a time, this will help 
prevent confusion when reconnecting the wiring. 

3. Select the resistance scale on the DVOM. 

Bl The combined ignition coillpower pack module used on 
JohnsonlEvinrude 5 hp single-cylinder 2-stroke motors prevents you 
from testing of the primary circuit, but the secondary winding should 
be checked in the normal manner. 

4. On all carbureted motors (except the 5 hp single-cylinder 2-stroke), 
test the primary side of the coil as follows: 

Primary 
post 

&ition 
coil 

Fig. 98 Checking secondary resistance for a 
coil on a typical carbureted motor with one 
primary and one secondary terminal 

Fig. 99 On carbureted motors, spark plug 
lead resistance should be very low, close to 
zero 
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a. Connect the black meter probe to a good ground (on the engine if 

the coil is installed or to a tab on the coil itself if it is removed from the 
motor). 

b. Connect the red meter probe to the primary terminal (the small 
terminal on which the wire coming from the power pack normally connects). 

c. Resistance should be 0.05-0.15 ohms for all CDllUFl 2-stroke 
engines, except the 25135 hp (5001565~~) 3-cylinder motors through 1999. 
On the aforementioned 25135 hp 3-cylinder 2-strokes through 1999 and on 
all carbureted 4-stroke motors, the coil primary resistance should be 0.23- 
0.15. On breaker point ignition 2-stroke engines the primary coil resistance 
should be 0.7-1 .I ohms. 

5. On 40150 hp EFI motors, either take the reading across the 2 
terminals of the wiring connector (primary harness) or use the appropriate 
terminals of the ECU harness connector (only after they've been 
disconnected from the ECU). When testing through the harness, touch the 
positive meter probe to the ignition coil terminals of the ECU connector A 
that connect to the orange, blue or green engine harness wires. Touch the 
negative meter probe to the coil terminal of ECU connector B that connects 
to the gray engine harness wire. Either way, primary ignition coil resistance 
should be 1.9-2.5 ohms. 

For more information on terminal pin numbers, connector views and 
testing through the ECU wire harness, please refer to Sensor and 
Circuit Resistance1Output Tests in the Electronic Fuel Injection section. 

6. On 70 hp motors, conduct the test through the ECU wiring harness 
or at the connector terminals on the coil itself. To test directly at the coil, 
touch the meter probes to the two coil terminals that normally connect to the 
blue and gray or the orange and gray wires of the engine harness connector 
(dependin0 on which of the 2 coils you are testina). To test throuah the ECU 
harness, refer to the wiring diagrams in this section and the ~ ~ f h a r n e s s  
connectorlpinout information found in the Electronic Fuel Injection section 
under Sensor and Circuit ResistanceIOutput Tests. Touch the positive meter 
probe to ECU harness terminal that connects to the orange or blue engine 
harness wires. Touch the negative meter probe to the harness terminal that 
connects to the gray engine harness wire. Either way, primary ignition coil 
resistance should be 1.9-2.5 ohms. 

7. If tests are out of specification, make sure that only the 
wireslconnectors were probed. When checking with a ground on the motor, 
make sure the ground was good (painted and insulated surfaces will prevent 
you from getting a good ground). When testing through any portion of the 
harness, carefully trace the wires in the harness to make sure there are no 
loose, damaged, corroded or broken wires or terminals in the harness that 
could give a false negative test result. 

8. Replace the coil(s) if readings are out of specification and no other 
causes can be located. 

9. Reconnect the wiring when testing andlor repairs are complete. 
10. If equipped, connect the negative battery cable and verify proper 

system operation. 

Secondary Coil Winding 

+ See Figures 98 thru 103 

On most carbureted models (except those with breaker point ignitions) it 
is best to remove the spark plug leads before checking the ignition coils. 
Spark plug leads on these models should have little or no resistance when in 
proper condition, but age, deterioration or problems with the connectors may 

Fig. 100 Checking secondary resistance on 
a 2-stroke motor that uses 2 primary and 2 

cause high readings that could make an otherwise good coil test out of 
range. On breaker point models OMC specifically stated to test the coil with 
the secondary lead connected, so it may have been taken into consideration 
in the specifications. 

In contrast, EFI motors are tested with the secondary leads (70 hp 
motors) or connector (40150 hp motors) installed. In both cases, any 
resistance of the secondary lead or connector has been taken into 
consideration with the resistance specification. The secondary leads for 70 
hp motors are resistor leads and should produce 2500-4100 ohms resistance 
when in proper condition. The leads may be checked individually as well to 
ensure they are within specification. 

1. If equipped, disconnect the negative battery cable to protect the test 
equipment and for safety. 

2. Select the resistance scale on the DVOM. 
When testing multiple ignition coils on the same motor, it is a good 

idea to only disconnect and test one coil at a time, this will help 
prevent confusion when reconnecting the wiring. 

3. Disconnect the appropriate wiring and connect the DVOM probes to 
the coil terminals as follows: 

a. On breaker point ignition 2-stroke.motors, connect one meter probe 
to the coil primary connector and the other to the spark plug lead. The 
resistance should be 4500-5100 ohms. 

b. On 8-15 hp carbureted 4-stroke motors, connect the meter probes to 
the two spark plug towers on the coil itself. Resistance should be 2000-2600 
ohms. 

c. On all other carbureted motors (2- and 4-strokes), connect one 
meter probe to the coil primary connector tower and the other to the adjacent 
secondary tower. If there is a second spark plug tower (for coils that fire 2 
spark plugs), note the reading, then move both meter leads to the primary 
and secondary tower pair for the other spark plug. Resistance should be 
225-325 ohms except for the 1995-99 25135 hp (5001565~~) Pstrokes on 
which the resistance should be 2000-2600 ohms. 

On 40150 hp EFI motors the ignition coil must be removed from the 
engine (from its mounting directly above the spark plug) in order to 
provide access to the secondary connector. However, the primary 
connector does not need to be removed if testing is desired through 
the ECU harness. For more information on terminal pin numbers, 
connector views and testing through the ECU wire harness, please 
refer to Sensor and Circuit Resistance1Output Tests in the Electronic 
Fuel lnjection section. 

d. For 40150 hp EFI motors, connect the red meter probe to the ignition 
coil terminal that normally connects to the gray engine harness wire. Touch 
the black meter test probe to the coil terminal that normally connects directly 
to the spark plug. Resistance should be 8,100-11,100 ohms. 

On 70 hp EFI motors, the ignition coil secondary circuit 
specification is for the coil winding and the spark plug resistor leads, 
so for these motors, disconnect both secondary wires from the spark 
plugs instead of the ignition coil. 

e. For 70 hp EFI motors, connect the meter probes across the two 
spark plug secondary lead caps. Resistance should be 15,000-28,000 ohms. 
If resistance is too high, remove the spark plug leads and check to make 
sure they are within specification. The spark plug leads should generate 
2500-4100 ohms resistance. If the leads are out of specification, replace 
them and retest the coil to determine if the coil itself should be replaced as 
well. 

Fig. 101 Checking secondary coil resistance 
for 8-15 hp Cstroke motors 

Fig. 102 Checking secondary coil resistance 
on 70 ha EFI motors 
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Fig. 103 Since the secondary lead resistance on carbureted motors 
should be at or near zero, the spark plug end of the lead may be 
probed instead of the tower itself-note this coil tests in spec for 
most 2-stroke motors 

4. Confirm all connections and readinas, es~eciallv if the coils test out 
of specification. Replace the ignition coil(snf the'primaiy or Secondary 
readings are well out of specification and all test connectionslconditions were 
conducted properly. 

5. Reconnect the wirina after testina andlor repairs. Be sure to route the 
wires carefully so as to contact with moving components. 

6.  If equipped, connect the negative battery cable. 

REMOVAL & INSTALLATION 

S Y + See Figures 104 and 105 

On most JohnsonlEvinrude motors the ignition coil(s) is(are) found on the 
rear side of the motor (starboard or port depending on the model). If coil 
location is not readily apparent, locate a spark plug wire and trace the wire 
back to the coil. If necessary, refer to the schematics under Wiring Diagrams 
to help identify the primary wiring for motors equipped with multiple coils. 

Fig. 104 The ignition coil is normally found on the rear side of the 
motor (port or starboard, depending on the model) 

If the engine has more than one spark plug andlor more than one 
primary lead, be sure to tag the wiring before disconnecting it from the 
ignition coil(s) in order to ensure proper installation and operation. 

Carbureted Motors 

See Figures 106 thru 114 

The ignition coil contains an integral ignition module on 5 hp single- 
cylinder motors, therefore there is no traditional primary side wiring 
from a separate power pack. But, in addition to the secondary spark 
plug lead, wiring from the charge coil is attached to the ignition coil in 
order to power the primary circuit. 

1. If equipped, disconnect the negative battery cable for safety. 
2. On multi-cylinder motors, tag and disconnect the wiring (spark plug 

leads and primary leads) from the ignition coil(s). 

If more than one coil is being removed, either replace them one at a 
time to avoid confusion or tag all wiring before removal. Failure to 
reconnect the primary and secondary wiring in the same order as 
originally installed will usually cause incorrect timing and minor-to- 
severe performance problems including backfiring, stumbling or even a 
no-start. 

3. Check the coil mounting bolts for spacers, ground wires and flat, fiber 
or star washers. Note the location of each on a piece of paper (or if the 
mounting matches one of the provided illustrations). The washers, spacers 
and, most importantly ground straps, must be installed in the proper 
orderlorientation during installation. 

4. Carefully remove the ignition coil mounting bolts (usually 2 on most 
coils), keeping each of the washers and ground straps in order as they are 
removed. If necessary, reposition the bolt back into the powerhead through 
the various washers and straps (marking at what point the coil is installed) or 
spread them out on a secure work surface to remind you of their proper 
order. 

5. Remove the coil from the powerhead. 
To install: 

6. Carefully clean any traces of dirt, debris or corrosion from the mating 
surfaces of the coil and powerhead. This is especially important to ensure 
proper electrical contact for the ground strap. 

7. On 516 hp (128cc) and 819.9 hp (211cc) 4-stroke motors, apply a light 
coating of OMC nut lock to the threads of the ignition coil mounting screws. 

Fig. 105 When the motor is equipped with more than one coil, be 
careful not to mix up the primary or secondary wires 
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8. Position the ignition coil to the powerhead with the washers and W On multi-cylinder inodels with more than one primary lead, the No. 1 

around straoisi in the order noted durina removal. Make sure the around cvlinder orimarv lead is normallv oranaelblue. When eauipoed with a 
strap has gbod electrical contact with th;e powerhead. (This can bequickly 
checked using an ohmmeter if there is any concern). 

W Although there is no diagram for the 516 hp (128cc) motors, make 
sure to install the lower of the 2 coil retaining bolts through the star 
washer, followed by the ground strap, coil body and finally the 
washerlspacer. 

9. Tighten the coil retaining screws to 84-106 inch Ibs. (9-12 Nm) for 516 
hp (128cc) and 819.9 hp (2l lcc) 4-stroke motors, or to 48-96 inch Ibs. (5.4- 
10.8 Nrn) for all other carbureted 2- and 4-stroke motors. 

10. Apply a light coating OMC electrical grease or other suitable 
dielectric grease to the primary and secondary terminals, then reconnect the 
wiring as noted during removal. 

Flywheel Charge 

b 
rno 

Fig. 106 Exploded view of the combination 
power packfignition coil mounting found on 
5 Hp (109cc) Motors 

coil ground strap F-- - 

? Powerhead 

L_____/ 

&coil ground strap 

Fig. 109 lgnition coil mounting (washer and 
ground strap orientation) - 51618 hp (164cc) 
motors 

s6parate'~o. 2 cylinder primary iead, $cylinder motors m'ay utilize an 
orange or orangelgreen lead. On 3-cylinder motors, the No. 1 primary 
lead is orangelblue, while the No. 2 is normally orangelpurple and the 
No. 3 is normally orangelgreen. 

Fuel Injected Motors 

40150 Hp EFI Models 
The 40150 hp EFI motors are equipped with a direct ignition system that 

mounts the ignition coils to the rocker cover, directly over and connected to 
the spark plugs. This design uses an individual coil to fire each cylinder and 
eliminates the need for spark plug wires. 

1. Disconnect the negative battery cable for safety. 

Coil 
groupd $rap 

coli 
ground strap 

Fig. 107 lgnition coil mounting (washer and 
ground strap orientation) - 314 hp (87cc) 
motors (except 4 Deluxe) 

No. 1 coil a/ / 

Fig. 110 lgnition coil mounting (washer and 
ground strap orientation) - 9.9-15 2-stroke 
(216cc) motors and some early-model 18 jet- 
35 hp (521cc) motors 

head 
SS 

washer ~ r o > d  strap 

Fig. 108 lgnition coil mounting (washer and 
ground strap orientation) - 4 Deluxe 
motorslgnition coil mounting (washer and 
ground strap orientation) - 4 Deluxe motors 

2- Flat washer 
3- Coil ground strap 
4- Starwasher 
5- J-Clamp 
6- Stop switch ground lead 

Fig. 111 lgnition coil mounting (washer and 
ground strap orientation) - 9.9-15 2-stroke 
(255cc) motors 
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1 - Fiber washer 
2- Flat washer 
3- Coil ground strap 
4- Starwasher 
5- J-Clamp 
6- Stop switch ground lead 

Fig. 112 lgnition coil mounting (washer and 
ground strap orientation) - late-model 18 jet- 
35 hp (521cc) motors 

\ k Coil Ground 
i 

\ Strao 

her 

trap 

Fig. 113 lgnition coil mounting (washer and 
ground strap orientation) - 25-55 hp (737cc) 
motors 

Before removal, note the positioning of the coils and wiring harness 
connectors. The No. 1 and No. 2 (top and middle) cylinder's wiring 
connectors point toward the starboard side of the motor at a 45" angle 
up from vertical. Similarly, the wiring connector for the No. 3 (bottom) 
cylinder points toward the port side at a 45"ngle up from vertical. 

2. Free the wires for the No. 2 and No. 3 ignition coil wires from the 
clamp(s), as necessary. 

3. Push downward on the locktab to release the connector and then 
carefully unplug the wiring connector from the ignition coil. If one or both of 
the remaining coils must be removed at the same time, tag the wiring and 
repeat for the remaining coil(s). 

Replace coils one at a time to prevent the wiring from becoming 
mixed. But, if more than one coil must be removed at a time, the wiring 
should be tagged before removal. 

4. Loosen the coil-to-rocker cover bolt, then carefully twist and pull the 
ignition coil from the spark plug. 

To install: 
5. Make sure the spark plug connector in the coil housing is clean and 

free of debris or corrosion. 
6. Clean the mounting surface and the coil retaining bolt threads of dirt, 

debris or corrosion. 
7. Place a small amount of dielectric grease over the end of the spark 

plug and then gently snap the coil into position over the selected spark plug. 
Twist the coil until the connector aligns as noted during removal (45" up from 
vertical to the starboard side of the motor for No. 1 and No. 2 cylinder coils 
or port for the No. 3 cylinder coil). 

8. Secure the ignition coil using the retaining bolt and tighten securely. 
9. Connect the wiring harness to the ignition coil by aligning the 

terminals and pushing gently until the locktab snaps into position. 
10. Repeat, as necessary, for the remaining coils. 
11. Connect the negative battery cable. 

70 Hp EFI Models 
On the 70 hp EFI motor, 2 ignition coils are mounted on the aft, starboard 

side of the cylinder head. 
1.  isc connect the negative battery cable for safety. 
2. Push downward on the locktab to release the connector and then 

carefully unplug the primary wiring connector from the ignition coil. If both 
coils must be removed at the same time, tag the wiring to make sure each 
harness connector is plugged into the proper coil upon installation. 

1 - Flat washer 
2 - Starwasher 
3 - lgnition coil ground strap 

Fig. 114 lgnition coil mounting (washer and 
ground strap orientation) - 25-70 hp (913cc) 
motors 

3. Tag and disconnect the spark plug leads from the plugs. Grasp the 
lead boot and pull it from the spark plug while twisting gently from side to 
side. 

4. Use a 1Omm socket to loosen the coil retaining bolts, then carefully 
remove the coil with the attached secondary leads from the cylinder head 
brackets. 

The top mounting bolt for the upper coil secures a metal wire 
harness guideiprotector. Note the positioning of the guide bracket for 
installation purposes. 

5. If on or more of the secondary spark plug leads must be removed 
from the coil (for replacement or isolated testing), use a small tool to 
carefully release the lead retainer prongs, then pull the lead from the coil. If 
the wire separator is still installed, free the wire from the separator. 

To install: 
6. Make sure the spark plug connector in the coil housing or the 

secondary spark plug lead (whichever is exposed) is clean and free of debris 
or corrosion. 

7. Clean the mounting surface and the coil retaining bolt threads of dirt, 
debris or corrosion. 

8. If one or more of the secondary spark plug leads were removed from 
the coil, install the lead@) as follows: 

a. Make sure the small O-ring is in position between the plastic 
connector that secures the lead to the ignition coil, and the ignition coil itself. 

b. Use a small amount of silicone spray to lubricate the lead, connector . . 
and retainer. 

c. Slide the retainer up the lead at least 2 in. (51mm) for clearance, 
then slide the O-ring up against the retainer. 

d. Push the lead into the coil until it seats (the lead should push inward 
about 2 in. or 51mm, positioning the O-ring and retainer close to the coil. 

e. Slide the retainer and O-ring toward the coil until the retainer locks 
the lead into position. If removed, repeat for the other lead. 

9. Position the coil onto the cylinder head bracket (with the metal wiring 
harness guideiprotector positioned properly on the top bolt or the top coil), 
then tighten the mounting bolts securely. 

10. Connect the wiring harness to the ignition coil by aligning the 
terminals and pushing gently until the locktab snaps into position. 

11. Place a small amount of dielectric grease over the end of the spark 
plugs or lubricate the inside of the boots with a small amount of sllicone 
spray to ease installation, then connect the secondary leads to the plugs as 
tagged during removal. 

12. Connect the negative battery cable. 
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+ See Figures 115,116 and 117 

A charging system is standard on all tiller or remote electric start models. 
The charging system provides current to maintain the battery and to operate 
other enginelboat mounted electric components. 

The charging systems used electric start models have various outputs (4- 
amp, 5-amp, 6-amp, 12-amp) matched to appropriate load capacities for the 
motor and loads from accessories due to anticipated boat size. The systems 
can be broken down into two basic types, unregulated and regulated (the 
difference being that regulated systems protect the battery from overcharging 
and boiling away electrolyte or possibly even overheating and cracking). An 
AC lighting coil is standard on some rope start models, but may be added as 
an option to most. However, because the voltage produced by this system is 
Alternating Current (AC), and not Direct Current (DC, which is necessary for 
12-volt DC marine batteries), models equipped only with AC lighting coils 
cannot charge marine batteries. 

Regardless of the system used, all types start by generating an AC 
current in the same fashion. A stator coil, battery charge coil or AC lighting 
coil is mounted directly under the flywheel in order to utilize its mechanical 
spinning motion when the engine is operating. Permanent magnets attached 
to the flywheel generate a spinning magnetic field that cuts through the coil 
windings producing an alternating current. The coil wiring (yellow and/or 
yellow with various tracer colors on all models), delivers current (through a 
ring-terminal board on most larger 2-stroke motors) to charging system 
components or to the AC lighting system. 

On charging systems (as opposed to AC lighting systems), current is then 
passed through a series of diodes (electrical components that only pass 
current in one direction) contained in the rectifier or rectifierlregulator. The 
diodes convert the current to DC in order to charge the battery and operate 
DC voltage accessories. On non-regulated systems, charging rates are 
controlled only by engine speed, as a rectifier only contains circuitry to 
convert the current, not control it. For this reason, the total output on a non- 
regulated system is normally lower than a regulated system in order to help 
prevent the possibility of battery overcharging. However, extended high- 
speed operation will risk overcharging on some models, so be diligent with 
battery maintenance (checking and topping-off cell fluid levels) on these 
models. A non-regulated system can be identified easily by the cylindrical 
rectifier mounted on a small, triangular bracket. 

Regulated charging systems utilize a rectifieriregulator that not only 
converts current to DC, but limits charging system output to about 14.6 volts 
maximum output to prevent battery overcharging. Visually, the rectifier is 
identified easily by tracing the yellow (or yellow with tracers) wires from the 
stator coil (through the terminal bar on some models) to the rectangular, 
finned regulator assembly. 

Fig. 115 A universal puller tool can be used 
to access the charging coil (stator, battery 
charge or AC lighting) 

Servicing charging systems is not difficult if you follow a few basic rules. 
Always start by verifying the problem. If the complaint is that the battery will 
not stay charged do not automatically assume that the charging system is at 
fault. Something as simple as an accessory that draws current with the key 
off will convince anyone they have a bad charging system. Another culprit is 
the battery. Remember to clean and service your battery regularly. Battery 
abuse is the number one charging system problem. The second most 
common cause of charging system complaints comes from loose or corroded 
wiring connections, mostly at the battery, but problems can be caused at any 
charging system harness connection. 

On regulated systems, the regulatorlrectifier is the brains of the charging 
system. This assembly controls current flow in the charging system. If battery 
voltage is low the regulator sends the available current from the rectifier to 
the battery. If the battery is fully charged the regulator diverts most of the 
current from the rectifier back to the lighting coil through ground. 

Do not expect the regulatorlrectifier to send current to a fully charged 
battery. You may find that you must pull down the battery voltage below 12.5 
volts to test charging system output. Running the power trim and tilt will 
reduce the battery voltage, or running other accessories, especially a spot 
light or other high-power accessory load will reduce the battery voltage 
auicklv. 

' ~ h ' e n  equipped, the regulatorirectifier is the most complex item to 
troubleshoot. You can avoid troubleshootina the reaulatorlrectifier bv 
checking around it. Check the battery and charge or replace it as needed. 
Check the amp output of the coil. If amperage is low check the coil for proper 
resistance and insulation to ground. If all tests and wiring are good, the 
regulator is likely the culprit, but this can be verified using a variable load 
tester, if available. 

SERVICE PRECAUTIONS 

For safety and to prevent damage to the ECU on EFI motors or Power 
Pack and, when equipped, regulatorirectifier on carbureted motors the 
following precautionary measures must be taken when working with the 
electrical system: 

Wear safety glasses when working on or near the battery. 
* Don't wear a watch with a metal band when servicing the battery. 

Serious burns can result if the band completes the circuit between the 
positive battery terminal and ground. 

When installing a battery, make sure that the positive and negative 
cables are not reversed. 

* Be absolutely sure of the polarity of a booster battery before making 
connections. Connect the cables positive-to-positive, and negative-to- 
negative. Connect positive cables first, and then make the last connection to 
ground on the body of the booster vehicle so that arcing cannot ignite 
hydrogen gas that may have accumulated near the battery. Even momentary 

Fig. 116 When equipped an AC lighting or 
battery charge coil is normally mounted on 
the ignition plate, adjacent or across from 
the charge coil (UFI ignition model shown) 

Fig. 117 Most electric start models are 
equipped with a 1-piece stator whose 
windings incorporate the battery charge and 
ignition charge coils (or only the battery 
charge coils on EFI motors) 
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connection of a booster battery with the polarity reversed will damage 
alternator diodes. This also applies to using a battery charger. Reversed 
polarity will burn out the alternator and regulator in a matter of seconds. 

Always disconnect the battery ground cable before disconnecting the 
alternator lead. 

Always disconnect the battery (negative cable first) when charging it. 
Never ground the alternator or generator output or battery terminal. Be 

cautious when using metal tools around a battery to avoid creating a short 
circuit between the terminals. Be just as careful when working around a hot 
wire (a circuit to which current is currently applied). Because terminal 
grounding can occur with any hot wire, not just the battery cable, the 
negative battery cable should be disconnected before servicing any part of 
the electrical system. 

=++ See Figure 118 

One of three basic systems can be found on these motors. 
1. AC lighting system 
2. Unregulated charging system 
3. Regulated charging system 

Most motors may be equipped with 2 or more of these systems 
depending on the model. For the most part, rope start models will be 
equipped with no charging system, but may be equipped with an AC lighting 
coil. Tiller or remote electric models are equipped with a charging system of 
some sort, but amperage output and whether or not it is regulated various 
with model or options. 

The most common motor and system combinations are listed below, but 
keep in mind that systems can vary. If in doubt, trace the yellow (or yellow 
with tracer) wires coming from the coil (stator, battery charge or AC lighting) 
under the flywheel. Follow the wires back to their first connection (unless it is 
ring terminal board, in which case, you should continue to follow them to the 
first component). 

If the wires run only to a boat connection or electrical accessory on rope 
start models, you've got an AC lighting coil. If the wires run to a smooth 
cylindrical shaped component mounted to a small triangular bracket on the 
powerhead (it's a rectifier), you've got an un-regulated charging system (look 
at bulleted model list to determine output). If the wires run to a finned, 
rectangular box (a regulatorlrectifier) mounted to the powerhead, you've got 
a regulated charging system (again, check the bulleted model list to help 
determine output). 

* 618 hp (1 64cc) 2-stroke sail models: 4-amp, non-regulated (battery 
charge coil and rectifier equipped) 

9.9 hp (211cc) 4-stroke tiller or remote electric models: 4-amp, non- 
regulated (battery charge coil and rectifier equipped) 

* 9.9-1 5 hp (21 6cc) and 1993 9.9-1 5 hp (255cc) 2-stroke sail and tiller or 
remote electric models; Camp, non-regulated (battery charge coil or stator, 
and rectifier equipped) 

1994 or later 9.9-15 hp (255cc) 2-stroke sail and tiller or remote electric 
models: 5-amp, non-regulated (battery charge coil or stator, and rectifier 
equipped) 

Fig. 118 The most obvious sign of a motor's charging system is the 
presence of a regulatorlrectifier (which indicates the motor has a 
fuilv-venulated svstem) 

9.9 hp (305) Cstroke tiller or remote electric high-thrust models: 12- 
amp, fully-regulated (stator and regulatorlrectifier equipped) 

15 hp (305) Cstroke tiller or remote electric models: 6-amp, non- 
regulated (stator and rectifier equipped) 

18 Jet-35 hp (521cc) rope with AC: 60 watts AC, non-rectified (AC . , , . 
lighting coil) 

18 Jet-35 ho 1521cc) tiller or remote electric models: 4-amo, non- , . 
regulated (battery charge coil and rectifier equipped) 

25-55 hp (737cc) rope with AC: 60 watts AC, non-rectified (AC lighting 
coil) 

25-55 hp (737cc) tiller or remote electric models without VR02 or 
power trimltilt: Qamp, non-regulated (battery charge coil and rectifier 
equipped) 

25-55 hp (737cc) tiller or remote electric models with power trimltilt 
andlor VR02: IPamp, fully-regulated (stator and regulatorlrectifier equipped) 

25135 hp (5001565~~) rope with AC: 71 watts AC, non-rectified (AC 
lighting coil integrated into stator) 

25135 hp (5001565~~) tiller or remote electric models: 12-amp, fully- 
regulated (stator and regulatorlrectifier equipped) 

25-70 hp (913cc) rope with AC: 100 watts AC, non-rectified (AC lighting 
coil integrated into stator) 

65 hp (913cc) commercial electric model without VR02 and all 1990-91 
25-70 hp (913cc) models: 6-amp, fully-regulated (stator and regulatorlrectifier 
equipped) 

1992 or later 25-70 hp (913cc) tiller or remote electric models with 
power trimltilt andlor VR02: 12-amp, fully-regulated (stator and 
regulatorlrectifier equipped) 

40-70 hp EFI 4-stroke motors: 17 amp, fully-regulated (stator and 
regulatorlrectifier equipped) 

rn For more details on charging system components and model 
identification information, refer to the schematic located in the Wiring 
Diagram section. 

+ See Figure 119 

Don't waste your time with haphazard testing. The only way to ensure 
success (and the only way to avoid the possibility of accidentally replacing a 
good part) is to perform charging system testing in a logical and systematic 
manner. 

Begin all electronic troubleshooting procedures by ensuring that wiring 
and connections are in good condition. Check battery condition and 
connections to make sure there is sufficient voltage to operate the system at 
start-up. 

Before conducting any tests, double-check all wire colors and locations 
with the Wiring Diagrams provided in this section. 

During system testing, ALWAYS follow the steps of our procedures and 
any tool manufacturer's instructions closely to avoid injury or possible 
damage to the engine's charging system. 

If, during testing, the engine is to be run at speeds over 2000 rpm, it 
must be mounted in a test tank using a suitable test wheel or placed in 
the water. Running the engine on a flushing device at speeds above 
2000 rpm could allow the motor to run overspeed and possibly suffer 
severe mechanical damage. 

Servicing charging systems is not difficult if you follow a few basic rules. 
Always start by verifying the problem. 

Do not automatically assume that the charging system is at fault. 
A small draw with the key off, a battery with a low electrolyte level, or 

an overdrawn system can cause the same symptoms. 
It has become common practice on outboard engines to overload the 

electrical system with accessories. This places an excessive demand on the - 
charging system. If the system is "overdrawn at the amp bank then no 
amount of parts changing will fix it. 

The charging system should be inspected if:* The battery is 
undercharged (there is insufficient power to crank the starter) 
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Where t o  Look 

Battery 

Wiring 

Coi l  (Stator, 
Battery charge, 
o r  AC Lighting) 

Rectifier 

Cause 1 Procedure I 
1. Battery defective o r  worn ou t  1. Check condition and 

charge 
2. Low electrolyte level 2. Add  water and recharge 
3. Terminal connections loose 3. Clean and tighten 

o r  corroded 
4. Excessive electrical load 4. Evaluate accessory loads 

I. Connections loose o r  
corroded 

2. Stator leads shorted o r  
grounded 

3. Circuit wi r ing grounded 

1. Clean and tighten 

2. Perform ohmmeter tests 

3. Perform ohmmeter tests 

1. Damaged stator windings 1. Perform ohmmeter tests 

2. Weak flywheel magnets 2. Perform running output 
tests 

3. Damaged stator leads 3. Perform ohmmeter tests 

Fig. 119 When inspecting and troubleshooting the charging system, check each of the components, as applicable. Charging systems are 
equipped with either a rectifier or a regulatorirectifier. AC lighting coil models are not equipped with either, nor are they equipped with a battery 

The battery is overcharged (electrolyte level is low and/or boiling out) 
The voltmeter on the instrument panel (if equipped) indicates improper 

charging (either high or low) voltage 
A thorough, systematic approach to troubleshooting will pay big rewards. 

Build your troubleshooting check list with the most likely offenders at the top. 
Do not be tempted to throw parts at a problem without systematically 
troubleshooting the system first. 

The starting point for all charging system problems begins with the 
inspection of the battery and related wiring. The battery must be in good 
condition and fully charged before system testing. Perform a visual check of 
the battery, wiring and fuses. Are there any new additions to the wiring? An 
excellent clue might be, "Everything was working OK until I added that live 
well pump." With a comment like this you would know where to check first (is 
the pump operating properly or did it increase total draw on the system past 
capacity). 

1. Test the battery thoroughly. Check the electrolyte level, the wiring 
connections and perform a load test to verify condition. 

2. Perform a fuse and Red wire (positive battery cable) check with the 
voltmeter. Verify the ground at the rectifier or regulatorirectifier. Do you have 
12 volts and a good fuse? While you are at the Red wire, check alternator 
output with an ammeter. Be sure the battery is down around 12 volts. 

3. Do a draw test if it fits the symptoms. Many times a battery that will 
not charge overnight or week-to-week has a constant electrical draw applied 
that is always sapping a small amount of power. Put a test lamp or ammeter 
in the line with everything off and look for a draw. 

4. A similar problem can be a system that is simply overdrawn. The 
electrical system cannot keep up with the demand. Do a consumption 
survey. More amps out than the alternator can return will require a different 
strategy. 

5. Next, go to the source. Check the stator (or battery charge) coil for 
correct resistance and shorts to ground. 

6. If all these tests fail to pinpoint the problem and you have verified low 
or no output to the battery then replace the rectifier or regulatorlrectifier. 

On fully-regulated systems there is really only one cause for 
undercharging (unless wiring is damagedicorroded or the battery is cannot 
accept a charge). If other components are in good shape, the only cause for 
undercharging on a regulated system is that the regulatorirectifier is not 
working. Refer to the information under regulatorirectifier for more testing 
hints, 

Never operate a marine motor without providing a source of cooling 
water such as a test tank or flush fitting. It takes less than a minute to 
damage the water pump impeller that could lead to much more 
expensive powerhead failures later during normal motor usage. Use a 
suitable test wheel whenever possible, but remember that for safety the 
propeller should not be installed on motors when running on a flush 
fittina. 

To protect the motor and test equipment, perform voltage tests with the 
leads connected and the terminals exposed to accommodate test lead 
connection (unless specifically directed otherwise by our instructions). 
All electrical components must be securely grounded to the powerhead 
any time the engine is cranked or started or certain components could 
be damaaed. 

Charging System Quick Test 

You can use a DVOM and a tachometer to get a quick idea whether or 
not the charging system is doing its job. For part of this test, the engine is 
run while a suitable source of water is supplied to the cooling system (such 
as a test tank or a flush fitting). 

Fully regulated charging systems are designed to keep system voltage 
output around 14.5 volts in order to charge the battery to a point near 13 
volts. Any regulated charging system that is putting out less than 12 volts or - 
more than 15 volts indicates a problem. Undercharging could be a problem 
with a coil windingiwiring or the regulatorirectifier, while overcharging is 
usually the fault of the regulatorlrectifier, but perform additional component 
tests as directed in this section to be sure. 
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Remember that charging system problems are often caused by 

problems with the wiring harness. Loose and corroded connections 
can cause excessive resistance in the charging circuit. Similarly 
damaaed wirina such as insulation that exooses the wire core because 
of burning, mehng or wear from interference with moving components 
like the flvwheel can cause shorts to around ~reventina voltaae from - " 
reaching ihe rectifier or regulatorlrec8fier. 

' 

Never operate a marine motor without providing a source of cooling 
water such as a test tank or flush fitting. It takes less than a minute to 
damage the water pump impeller that could lead to much more 
expensive powerhead failures later durina normal motor usaae. Use a 
sthable test wheel whenever possible, b i t  remember that fo;safety the 
propeller should not be installed on motors when running on a flush 
fitting. 

1. Make sure the ignition switch and all electrical boatimotor 
accessories are turned OFF. 

2. Connect a shop tachometer to the engine, following the instructions 
provided from the tool manufacturer. 

3. With the engine not running, connect the red DVOM lead to the 
positive battery terminal and the black lead to a good engine ground. Read 
and record the voltage. If the battery is fully charged (reads more than 12.6 
volts) apply a load to draw the system down slightly for testing purposes. 
Use boatimotor mounted accessories for a few minutes such as search 
lights, trolling motors, power trimltilt to drain the battery slightly, but not below 
11.0 volts, then note the reading. 

4. Start and run the engine until it warms, then allow it to run at slow 
idle. Again, check the DVOM and record the voltage produced by the 
charging system at idle. 

5. Advance the throttle until the engine is running at or above 2000 rpm. 
Check the DVOM and record the voltage produced by the charging system 
above idle. 

6. If the charging system is working at all, the voltage readings taken 
with the motor running at idle and above 2000 rpm should show an increase 
of at least 0.3 volt over the static reading of the battery prior to running the 
motor. If no voltage increase is noted, test statorlbattery charge coil and the 
rectifier or regulatorlrectifier as detailed in this section. 

7. If the charging system performed properly, but battery the battery is 
discharging (and the battery tests ok), take additional voltage readings, with 
the engine running above 2000 rpm, running at idle and engine stopped, but 
this time, turn on ALL boat and motor accessories. Again, the voltage must 
be at least 0.3 volt higher with the engine running than stopped or the 
statorlcharge coil and the rectifier or regulatorlrectifier should be tested. If 
component tests show that there is no problem, the system is being 
overtaxed by accessories (more amps are being withdrawn from the system 
than are available at the proverbial amp bank, don't use all those 
accessories at once). 

Charging System Running Output Test 

CULT 

+ See Figure 120 

Using an ammeter and a tachometer you can determine if the charging 
system is operating to specification (generating sufficient amperage). This 
test requires running the engine across a wide portion of its powerband and 
is really best conducted with the motor in a test tank or attached to a boat 
that is firmly secured to a dock or navigated by an assistant. We don't 
recommend running an engine close to wide open throttle on a flush fitting 
as damage could occur if the engine is run overspeed. 

1. Determine proper amperage output for the motor being tested. Refer 
to the information on Charging System Identification in this section. 

2. Make sure the ignition switch and all electrical boatimotor 
accessories are turned OFF. 

3. Connect a shop tachometer to the engine, following the instructions 
provided from the tool manufacturer. 

4. With the engine not running, connect the red DVOM lead to the 
positive battery terminal and the black lead to a good engine ground. Read 
and record the voltage. If the battery is fully charged (reads more than 12.6 
volts) apply a load to draw the system down slightly for testing purposes. 
Use boatimotor mounted accessories for a few minutes such as search 
lights, trolling motors, power trimltilt to drain the battery slightly, but not below 
11.0 volts, then note the reading. 

5. Disconnect the red rectifier lead or the red regulatorirectifier lead 
from the terminal board. 

6. Connect an ammeter with at least 0-40 amp capacity in series with 
the rectifier red lead and the wiring harness red lead. (connect the ammeter 
inline into the harness). 

Make sure no portion of the wiring (red lead, harness or ammeter leads) 
contacts engine ground while the engine is running or arcing will likely 
occur. 

7. Start and run the engine until it warms, then allow it to run at slow 
idle. While the engine is running at idle compare the reading on the ammeter 
with the specified amperage output for that engine rpm on the accompanying 
charts. 

8. Once the engine has warmed fully, slowly advance the throttle noting 
the ammeter readings at each 500 or 1000 rpm increase in speed. Output 
should increase linearly according to the output chart for the system being 
tested. If there is no output or output is incorrect, perform the statorlbatterv 
charge coil and rectifier or regulatorlrectifier tests'in this section, as 
applicable. 

4 AMP 

6 AMP 

5 AMP 

0500 15002500350045005500 
12 AMP 

Fig. 120 Charging system amperage output at engine rpm-be sure to refer to the correct charge based on amperage rating for your charging 
system 
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Electric Svstem Current Draw Test 

CULT 

Using an ammeter you can determine if the total load of all electrical 
accessories on the boatlmotor exceed the total capability of the charging 
system to produce power. The ammeter should be rated for at least 3-5 
amps more than the charging system rating, meaning a minimum of 7 amps 
on the smallest, unregulated charging systems or as much as 20 amps for 
the most powerful systems (which are found on EFI motors). 

To help determine the rated output for the charging system of the 
motor being tested, please refer to the information on Charging System 
Identification in this section. 

1. Install an ammeter as follows: 
a. Unless an inductive ammeter is being used, disconnect the negative 

cable, followed by the positive cable from the battery. Install the ammeter 
between the positive battery post and cable, then reconnect the negative 
battery cable. 

b. If using an inductive ammeter, attach the inductive pickup clamp to 
the positive battery cable following any instructions provided by the tool 
manufacturer. 

2. Turn the ignition keyswitch ON to the RUN position, but do not start 
the engine. Turn on all boatlmotor accessories (radios, spot lights, trolling 
motors etc) and note the reading on the ammeter. 

3. If the reading exceeds charging system output, turn off accessories 
one at a time (noting the difference in the reading each time) to determine 
the individual loads provided by each accessory. This will tell you what 
accessories can be used together in order to prevent discharging the battery 
while the motor is running. 

* See Figure 117 

All models equipped with a marine battery and charging system are 
equipped with either a I-piece stator (that incorporates the windings of the 
battery charge and ignition charge coils) or a separate battery charge coil. 
Whether or not the coil windings are integrated into a stator, they can be 
tested separately using the proper winding leads. 

The stator or battery charge coil consists of a series of metal windings 
that are used generate Alternating Current (AC) voltage current that is then 
converted to Direct Current (DC) by a rectifier or regulatorlrectifier. Current is 
generated with the help a magnetic field generated by permanent magnets 
that are attached to the flywheel and which rotate past the coil winding 
repeatedly during engine operation. The rectified DC current is used to 
recharge the marine battery and supply voltage to the boat and motor 
electrical accessories whenever the engine is running. 

In all cases the stator or battery charge coil is mounted directly 
underneath the flywheel. Testing occurs-through the wirlng harness, but 
removal and replacement of the coil requires removal of the flywheel for 
access. 

TESTING 

CUi T 
+ See Figure 121 

Before testing, make sure all connections and mounting bolts are 
clean and tight. Many charging system problems are related to loose 
and corroded terminals or bad grounds. Don't overlook the engine 
ground connection to the body. 

Since most stator or battery charge coil test values are near or below 1 
ohm, testing requires the use of a high quality Digital Volt Ohmmeter 
(DVOM). As with all resistance testing, care must be taken as specifications 
are determined by testing components that are precisely 68°F (20°C) and 
readings taken on components at other temperatures will vary. Also, keep in 
mind that certain intermittent problems (such as certain internal shorts) might 
only appear when the coil is put under a load during normal operation or at 
certain operating temperatures. Therefore, dynamic checks such as those 
provided under the Charging System Running Output Test and Charging 
System Quick Test should be used to verify problems with the system before 
suspecting a coil based only on this resistance check. 

During testing the coil winding resistance is checked across various 
combinations of the stator coil wiring (yellow or yellow with trace color wires) 
in order to see if the circuit contains the proper amount of resistance and is 
therefore complete, yet containing no internal shorts between coils. Each 
stator lead is then checked between the coil and a good engine ground to 
make sure no coil winding is shorted to ground. If opens or shorts are found, 
the wiring harness should be checked for damage (when present, visible 
signs of broken or worn insulation are usually the cause of the problem) 
before deciding to replace the coil itself. 

1. Disconnect the negative battery cable for safety and to protect the 
test equipment. 

2. On EFI motors, when applicable, carefully free the statorlbattery 
charge coil wires from the spiral wrap. 

3. Trace the stator yellow (and yellow with a trace color) wiring from . 
under the edge of the flywheel to the harness or terminal board connectors, 
as applicable. Disconnect the stator wiring for access while testing with the 
DVOM. Inspect the terminals for corrosion or damage and clean or replace 
them, as necessary. 

As usual on outboards, take note of wire routing before 
disconnecting them. Wires must always be returned to the original 
positionlrouting in order to prevent interference with and damage from 
moving components. 

4. Using the DVOM set to its lowest resistance scale, probe across the 
appropriate lead pairs for the coil windings and compare the readings to 
specification, as follows: 

618 hp (164cc) 2-stroke sail models (with 4-amp, non-regulated 
systems), connect the black meter probe to the yellowiblue lead and the red 
probe to the yellow lead and note the reading, then move the red lead to the 
yellowlgray lead. Both readings should be 0.50-0.60 ohms. 

* 9.9 hp (211cc) 4-stroke tiller or remote electric models (with Camp, 
non-regulated systems), connect one probe to the yellowlblue lead and the 
other probe to the yellow lead. The meter should show 0.40-0.80 ohms. 

9.9-15 hp (216cc) and 1993 9.9-15 hp (255cc) 2-stroke sail and tiller or 
remote electric models (with Camp, non-regulated systems), connect the 
black meter probe to the yellowlblue lead and the red probe to the yellow 
lead and note the reading, then move the red lead to the yellowigray lead. In 
either combination, the meter should show 0.22-0.32 ohms for 1990 models 
or 0.50-0.60 ohms for 1991-93 models. 

1994 or later 9.9-15 hp (255cc) 2-stroke sail and tiller or remote electric 
models (with 5- am^, non-reaulated svstemsi, first connect the   robes to the 
2 yellowjgray leads. The ohmmeter Aould show little or no reistance, 
otherwise repair the wiring between the 2 yellowlgray connector or replace 
the stator. Next, connect the probes to the yellow and yellowlblue leads and 
note the reading. Move one probe from the yellowlblue lead to the 
yellowlgray lead. Both readings between the yellow and either of the other 2 
stator wires should be 0.80-0.90 ohms. Finally, take a resistance reading 
across the yellowlblue and yellowlgray lead, resistance should be 1.5-1.7 
ohms. 

Fig. 121 Testing the statorlbattery charge coil involves using an 
ohmmeter to check resistance across various terminals - note 
removal is NOT necessary (or even preferred) for testing 
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9.9 hp (305) 4-stroke tiller or remote electric high-thrust models (with 

12-amp, fully-regulated systems), connect one probe to the yellowlgray lead 
and the other probe to the yellow lead. The meter should show 0.45-0.54 
ohms. 

15 hp (305) 4-stroke tiller or remote electric models (with 6-amp, non- 
regulated systems), connect one probe to the yellowlgray lead and the other 
probe to the yellow lead. The meter should show 1.38-1.68 ohms. 

18 Jet-35 hp (521cc) tiller or remote electric models and 25-55 hp 
(737cc) tiller or remote electric models without VR02 or power trimltilt (all 
with 4-amp, non-regulated systems). Connect the black meter probe to the 
yellowlblue lead and the red probe to the yellow lead and note the reading, 
then move the red lead to the yellowlgray lead. Both readings should be 
0.50-0.60 ohms. 

25-55 hp (737cc) tiller or remote electric models without VR02 or 
power trimltilt (with Camp, non-regulated systems), connect the black meter 
probe to the yellowlblue lead and the red probe to the yellow lead and note 
the reading, then move the red lead to the yellowlgray lead. In either 
combination, the meter should show 0.22-0.32 ohms for 1990 models or 
0.50-0.60 ohms for 1991 and later models. 

25-55 hp (737cc) tiller or remote electric models with power trimltilt 
andlor VR02 (with IPamp, fully-regulated systems), connect one probe to 
the yellowlgray lead and the other probe to the yellow lead. The meter 
should show 0.40-0.80 ohms. 

25135 hp (5001565~~) tiller or remote electric models (with IPamp, 
fully-regulated systems), connect one probe to the yellowlgray lead and the 
other probe to the yellow lead. The meter should show 0.45-0.54 ohms. 

65 hp (913cc) commercial electric model without VR02 and all 1990- 
91 25-70 hp (913cc) models (with 6-amp, fully-regulated systems), connect 
one probe to the yellowlgray lead and the other probe to the yellow lead. The 
meter should show 1.3-1.5 ohms. 

1992 or later 25-70 hp (913cc) tiller or remote electric models with 
power trimltilt andlor VR02 (with IPamp, fully-regulated systems), connect 
one probe to the yellowlgray lead and the other probe to the yellow lead. The 
meter should show 0.40-0.60 ohms. 

40-70 hp EFI 4-stroke motors: (with 17-amp, fully-regulated systems), 
connect one probe to any of the stator harness terminals for one of the 3 
yellow wires and the other to one of the 2 remaining terminals. Note the 
reading, then move the probe to the 3rd terminal and note the reading. 
Finally move the probe that was not moved in the second step to the other 
terminal from the first check and note the reading (in this way you will have 
checked across all possible combinations of the 3 terminals). In all cases, 
the meter should show 0.56-0.84 ohms for 40150 hp EFI motors or 0.30-0.50 
ohms for 70 hp EFI motors 

5. If resistance readings across any pair of the appropriate terminals 
are out of specification, recheck connections to ensure proper testing 
readings (and make sure the components are being tested at the proper 
temperature). Double-check the wiring harness for any problems and, if none 
are found, replace the stator or battery charge coil, as applicable. 

6. Check the stator or battery charge coil winding and harness for 
shorts to ground as follows. Connect one meter probe to a good engine 
ground, then probe each of the statorlbattery charge coil wires (yellow or 
yellow with tracer) in turn using the other probe. Resistance should be high 
or infinite in all cases, or there is a short to ground. If a short is present 
either repair the wiring harness or replace the coil, as applicable. 

7. Once the tests andlor repairs are completed, be sure to route the 
wires as noted before removal to ensure there is no interference with moving 
components (such as the flywheel). 

8. If applicable on EFI motors, protect the wires by enclosing them back 
into the spiral wrap. 

9. Connect the negative battery cable. 

REMOVAL & INSTALLATION 

+ See Figures 122 and 123 

Carbureted Motors 
On all carbureted JohnsonlEvinrude outboards the battery charge coil 

windings are either integrated into the 1-piece stator that also contains the 
charge coil windings or are mounted separately immediately adjacent to the 
charge coil. For this reason, access to the stator or battery charge coil and 
removallreplacement procedures are covered in the Charge Coil, Removal & 
Installation procedures under the Ignition System portion of this section. 
Please refer there for details. 

Fuel Injected Motors 

+ See Figures 122 and 123 

On EFI motors, the stator coil is not directly part of the ignition system (as 
the ignition draws power from the battery instead of a charge coil winding in 
the stator dedicated to the ignition system as occurs in most carbureted 
models). The I -piece stator used on all EFI motors however is removed and 
installed in essentially the same manner. In all cases, the flywheel must be 
removed for access. 

1. Disconnect the negative battery cable for safety. 
2. Remove the Manual Starter, as detailed in the Manual Starter 

section. 
3. Remove the Flywheel, as detailed in the Powerhead section. 
4. Disconnect the stator wiring from the wiring harness connector for 

the 3 yellow wires running to the regulatorlrectifier. 

Note the wire routing to ensure proper installation without 
interference with any moving components. 

5. Loosen the screws retaining the stator coil to the stator mounting 
plate on the powerhead, then remove the stator assembly. 

6. Clean the coil mounting location, the threads or the mounting screws 
To install: 

7. Clean the stator mounting plate of dirt, corrosion or debris. 
Remember to clean the threads of and powerhead bores for the stator 
mounting screws as well. 

8. Place the stator coil in position on the powerhead mounting plate. 
9. Apply a coating of OMC Nut Lock or equivalent threadlocking 

compound to the threads of the stator retaining screws, then install and 
tighten the screws to 24-36 inch Ibs. (3-4 Nm). 

10. Route the stator wiring as noted during removal to prevent damage, 
then reconnect the wiring harness. 

H Double check the positioning of all wires that were disturbed during 
service. Make sure the wires are routed properly and, any wire ties that 
were removed, are replaced with new ties. 

11. Install the flywheel. 
12. Install the manual starter cover. 
13. Connect the negative battery cable. 

+ See Figure 124 

Carbureted models that are equipped with a battery charging system are 
either non-regulated or fully-regulated depending on model design 
parameters. About half of the charging systems on 18 Jet-55 hp (737cc) 
motors, as well as most of the charging systems on smaller motors are of the 
non-regulated type. Though, even with this said, you should check the 
information under Charging System Identification to be sure of the specified 
charging system for your model, since there are exceptions. 

Non-regulated systems tend to be equipped with a separate battery 
charge coil, as opposed to a I-piece stator assembly, though there are some 
exceptions in the 9.9-15 hp 2-stroke engine family. These systems are 
equipped with a rectifier whose purpose is to convert the Alternating Current 
(AC) voltage produced by the battery charge coil windings into Direct Current 
(DC) voltage for use in charging the battery. 

These systems are known as non-regulated because there is no 
electronic control for the amount of current put out. Whenever the engine is 
running, voltage is produced to charge the battery. These systems tend to 
have lower amperage output (4,5 or 6-amps) in order to help reduce the 
possibility of overcharging the battery during engine operation. Of course, 
extended full-throttle operation on a boat with an otherwise fully-charged 
battery and no other electrical accessories could lead to overcharging and 
boiling away of electrolyte. This makes periodic battery maintenance even 
more important on these models to prevent the possibility of premature 
battery failure. 

The rectifier can be visually identified by following the yellow (and 
yellow with tracer) wiring for the battery charge coil from underneath 
the flywheel (through the terminal board when used) to a smooth, * 

round component mounted to a small triangular base (the rectifier). If 
these wires instead are connected to a finned, rectangular box, the 
motor is equipped with a regulated system and uses a 
regulatorlrectifier instead of the rectifier we discuss here. 
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Fig. 122 A universal puller usually makes 
flywheel removal much easier 

Fig. 123 The stator (or battery charge coil) 
is mounted directly underneath the flywheel 

TESTING 

CULT 
+ See Figures 124 thru 126 

Rectifiers use diodes to act as one-way electrical check valves, thereby 
converting Alternating Current (AC) to Direct Current (DC). Testing is 
performed by using an ohmmeter to verify that the rectifier will only pass 
current in one direction. Essentially the test is conducted by connecting the 
ohmmeter probes, one to a common ground and one to a lead (terminal) 
coming from the rectifier. Using the high ohm scale, look for a reading, then 
reverse the leads. This time there should be no reading (infinity). This means 
the diode is good. Repeat the test on the other leads. Also test between the 
red lead and the other two leads (terminals). A normal diode will show a 
reading. For step-by-step instructions, proceed as follows: 

1. Disconnect the negative battery cable for safety and to protect the 
test equipment. 

The 9.9 hp (211cc) 4-stroke only uses 3 leads, red, yellow and 
yellowlblue. Also, unlike most other rectifier equipped models, the 
wiring on this engine is attached with 2 bullet connectors and one ring 
terminal (red lead). 

2. To ensure proper installation, note the wire harness routing and all of 
the connection points, then disconnect the rectifier lead ring terminals from 
the terminal board (most models) or from the bullet connector(s), ring 
terminals or other wiring harness connector (as applicable on certain 9.9-15 
hp models). 

If necessary, refer to the schematics found under Wiring Diagrams 
in this section for more details on wire colors and connections. 

3. Connect the black lsrobe of a DVOM set to read resistance to a aood 
engine ground, then connect the red probe to the yellowlblue lead. ~ote-the 

probe 
Fig. 125 Rectifier testing involves checking between various yellow 
leads and ground for continuity in only one direction. . . 

Fig. 124 A wire terminal strip is attached to 
the back of some rectifiers 

reading on the meter, then reverse the leads (or, if the DVOM is equipped, 
press the reverse polarity button on the meter) and note the reading. The 
readings must be high in one direction and low in the other, indicating the 
diode inside the rectifier is good. If readings are the same (high or low) in 
both directions, the diode is damaged and the rectifier must be replaced. 

4. Repeat the previous step for the yellow lead, then for all models 
except the 9.9 hp (211cc) 4-stroke which only uses two leads, repeat the 
step again for the yellowlgray lead. 

5. Connect the black DVOM probe to the red rectifier lead, then connect 
the red probe to the rectifier yellowlblue lead. Reverse the leads or press the 
polarity button and compare the results. The readings must be high in one 
direction and low in the other, indicating the diode inside the rectifier is good. 
If readings are the same (high or low) in both directions, the diode is 
damaged and the rectifier must be replaced. 

6. Repeat the previous step connecting the red probe to the yellow 
lead, then for all models except the 9.9 hp (211cc) 4-stroke which only uses 
two leads, repeat the step again for the yellowlgray lead. 

7. If test results vary, verify all test connections and results, then 
replace the rectifier. 

8. After testing andlor repairs, route the wiring and secure it to the 
terminal board or connectors as noted during removal. 

9. Reconnect the negative battery cable. 

REMOVAL & INSTALLATION 

* See Figure 124 

To help locate the smooth round metal cased rectifier (mounted to a 
trianaular bracket), trace the vellow (and vellow with tracer) wires from under 
the fbwheel eith& through thk terminal board (most motors) or through the 
bullet connectors (9.9 hp Cstrokes) to the rectifier. 

1. Disconnect the negative battery cable for safety. 

Fig. 126 . . .then checking between the red rectifier lead and the 
various yellow leads for continuity in only one direction 
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H The 9.9 hp (211cc) 4-stroke only uses 3 leads, red, yellow and 
yellowlblue. Also, unlike most other rectifier equipped models, the 
wiring on this engine is attached with 2 bullet connectors and one ring 
terminal (red lead). 

2. To ensure proper installation, note the wire harness routing and all of 
the connection points, then disconnect the rectifier lead ring terminals from 
the terminal board (most models) or from the bullet connector(s), ring 
terminals or other wiring harness connector (as applicable on certain 9.9-15 
hp models). 

fZ# If necessary, refer to the schematics found under Wiring Diagrams 
in this section for more details on wire colors and connections. 

3. Remove the mounting screws from the triangular bracket, then 
remove the rectifier from the powerhead. 

fil The rectifier mounting screws on some models require the use of an 

TQ install: 
4. Clean the rectifier mounting area, along with the powerhead and 

screw threads of any dirt, corrosion or debris. 
5. Inspect the rectifier terminal wiring and connectors for damage or 

corrosion and repair, clean or replace, as necessary. 
6. Position the rectifier and tighten the mounting bolts securely. 
7. Properly route and reconnect the rectifier wiring as noted during 

removal. 
8. Reconnect the negative battery cable. 

@ See Figure 118 

Carbureted models that are equipped with a battery charging system are 
either non-regulated or fully-regulated depending on model design 
parameters. About half of the charging systems on 18 Jet-55 hp (737cc) 
motors, as well as most of the charging systems on larger motors (including 
all EFI motors) are of the fully-regulated type. Though, even with this said, 
you should check the information under Charging System Identification to be 
sure of the specified charging system for your model, since there are 
exceptions. 

Fully-regulated systems tend to be equipped with a I-piece stator 
assembly, though there are some exceptions in the 9.9-15 hp 2-stroke 
engine family. These systems are equipped with a regulatorlrectifier that 
serves a dual purpose. Just like a rectifier, the regulatorlrectifier first and 
foremost converts the Alternating Current (AC) voltage produced by the 
battery charge coil windings of the stator into Direct Current (DC) voltage for 
use i~ charging the battery. Then, the regulator portion of the circuitry is used 
to control the amount of volt;gelcurrent that is supplied to the battery, in 
order to prevent overcharging. This type of a charging system works on the 
same principles and in the same basic manner as the charging system in 
your car or truck. 

These systems tend to have higher amperage output (6-, 12- or 17-amps) 
in order to meet the larger demands of boat and motor electrical accessories 
that come with larger motors and boats. Also, the fact that the charging 
circuit is regulated or controlled to protect the battery allows the system to 
generate more power without the worry that the battery will be damaged. 

Although the location and appearance of the regulatorlrectifier varies 
slightly by model, it can be easily found by tracing the yellow stator battery 
charge coil wires from underneath the flywheel (and through the terminal 
board on most larger carbureted models) to the regulatorirectifier assembly. 

The regulatorirectifier can be visually identified by following the 
yellow (and yellow with tracer) wiring for the stator battery charge coil 
from underneath the flywheel (through the terminal board when used) 
to a finned, rectangular box (the regulatorlrectifier). If these wires 
instead are connected a smooth, round component mounted to a small 
triangular base (the rectifier), the motor is equipped with a non- 

system and uses a rectifier instead of the regulatorlrectifier 
we discuss here. 

On smaller carbureted models, it is mounted to the front of the engine, 
just below the rope starter on 9.9 hp (305cc) motors, or next to the 
carburetors on 25135 hp (5001565~~) motors. For larger carbureted motors 
such as the 25-55 hp (737cc) and the 25-70 hp (913cc) motors, the 
regulatorlrectifier is normally mounted to the aft of the starboard side of the 
motor (on the opposite side from the electric starter motor). 

Like the larger carbureted model, on all EFI motors the rectifierlregulator 
is located on the starboard side of the engine. For 40150 hp models, it is 
mounted immediatelv above the low Dressure fuel filter on the aft, starboard 
side of the powerhead. For 70 hp models it is mounted inside the electrical 
component cover (which must be removed for access) on the starboard side 
of the powerhead. 

If necessary, refer to the schematics provided under Wiring 
Diagrams in this section to help locate the regulatorlrectifier and wiring 
necessary for this test. 

TESTING 

+ See Figures 127,128 and 129 

The only reliable way to test the regulatorlrectifier is observe its affect on 
charging system output when a battery is fully charged as opposed to when 
a battery is discharged. The safest and easiest method to perform this test is 
using a ammeter lo monitor charging system output in amps while a carbon 
pile load tester (such as the Stevens LB-85 or the Snap-On MT540D) is 
used to draw down power from the battery. 

It may be possible to simulate the affect of the carbon pile load 
tester by performing the test using different batteries, one fully or near 
fully charged and the other near fully discharged. The only problem is 
how to start the motor with the near fully discharged. The best method 
would be to use the auxiliary rope start on motors so equipped, though 
it might be possible to jump-start the motor. Connecting a booster 
battery just long enough to get the motor running should not 
appreciably charge the "discharged" battery so test readings would 
still likely be valid. 

We do not recommend using a dual-battery switch to change between 
the charged and the discharged battery while the motor is running, 
especially on EFI units as voltage spikes could damage solid state 
electronic modules like the ECU on EFI motors or the power pack on 
carbureted engines. 

Perform this test with the motor in a test tank or with the motor properly 
mounted on a boat that is either firmly secured to a dock or underway and 
navigated by an assistant. The test will involve running the engine under load 
at speeds of 3000-5000 rpm depending on the model. Running the engine at 
these speeds using a flush fitting could allow the motor to become damaged 
from overspeed operation. 

Never operate a marine motor without providing a source of cooling 
water such as a test tank or flush fitting. It takes less than a minute to 
damage the water pump impeller that could lead to much more 
expensive powerhead failures later during normal motor usage. Use a 
suitable test wheel whenever possible, but remember that for safety the 
propeller should not be installed on motors when running on a flush 
fittina. 

1. Determine proper amperage output for the motor being tested. Refer 
to the information on Charging System Identification in this section. 

2. On 70 hp EFI motors, remove the electrical component cover for 
access to the regulatorlrectifier. 

3. The regulation circuit of the charging system cannot work properly 
unless it receives a signal of battery voltage during operation. Before 
proceeding, use a DVOM to check the battery power signal to the regulator 
is working. The test should be performed between the appropriate by 
checking for battery power with the key on, engine not running at the proper 
wire connector as follows: 

9.9 hp (305cc) and 25135 hp (5001565~~) carbureted motors, check the 
purple lead bullet connector for the regulator from the keyswitch harness. 

* 25-55 hp (737cc) and 25-70 hp (913cc) carbureted motors, check the 
purple lead at the terminal strip (for the regulator from the keyswitch 
harness.) 

* 40-70 hp EFI engines, check the regulator white wire. 
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/ Ammeter 

w -Red Wire 

Fig. 127 Regulatorlrectifier testing using an ammeter and carbon pile load tester - 9.9 hp 
(305cc) 4-strokes shown, but 25135 hp (5001565~~) 2-strokes similar, but with different style 
solenoid 

Stator 

Rectif ierl , ,- 

Battery 
/cable 

(913 cc) 

Fig. 128 Regulatorlrectifier testing using an ammeter and carbon pile load tester - 25-55 hp 
(737cc) and 25-70 ho (913cc) motors 
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4. Disconnect the cables from the battery, then connect an ammeter 

(with a minimum capacity of 0-40 amps) in series as follows: 
For carbureted motors, use a jumper wire to install the ammeter in 

series between the red regulator wire and the battery side of the starter 
solenoidlrelay. 

For EFI motors use a pair jumper wires to install the ammeter in series 
between the male and female connectors of the regulator white wire. 

5. Reconnect the battery cables and then install a carbon pile load 
tester to the battery terminals. Be sure to follow the tool manufacturer's 
instructions when connecting the carbon pile load tester. 

Excessive battery discharge rates could overheat the battery, releasing 
highly explosive hydrogen gas from the battery electrolyte and creating 
a dangerous explosive condition. Regardless, be especially sure to 
keep sparks, open flame, or any possible source of ignition away from 
the test area to prevent severe personal injury or even death should the 
batterv exalode. 

6. Start and run the engine at idle speed until it reaches normal 
operating temperature 

7. Once the engine has fully warmed, run it at the specified rpm while 
using the variable carbon pile load tester to draw the battery down at a rate 
equivalent to the stator's full output, then watch charging system output on 
the ammeter: 

9.9 hp (305cc) carbureted motors, run the engine at about 5000 rpm, 
watching the ammeter for full or near full output of 12 amps. 

25/35 hp (500/565cc), 25-55 hp (737cc) and 25-70 hp (913cc) 
carbureted motors, run the engine at about 4500 rpm, watching the ammeter 
for full or near full output of either 6 or 12 amps, depending on the system. 
Refer to Charging System Identification for more details. 

40-70 hp EFI engines, run the engine first at 700 rpm looking for about 
10 amps output, then advance the throttle to 1200 rpm looking for about 16 
amps. Next advance the throttle to about 5000 rpm and watch for output to 
drop slightly, to about 13 amps. 

8. Using the carbon pile load tester, slowly decrease the battery load 
toward zero amps while watching the ammeter. The meter should show a 
decrease in output from the charging system as the draw decreases. Check 
the battery voltage, it should stabilize at approximately 14.5 volts as the 
voltage decreases. 

9. If output is too high or if output is too low and the stator has already 
passed a static ohmmeter check, perform a final inspection of all other 
svstem wirinaiconnections and, if no oroblems are found. reolace the 
regulatorlre~fier assembly as detailed in this section. 

1- Stator 
2- RectifierlRegulator Assy 
3- Jumper Wire 
4- Ammeter (0-40) 
5- 30A Fuse 
6- Starter Relay 
7- Red battery cable 
8- Carbon Pile 

Fig. 129 Regulatorlrectifier testing using an ammeter and carbon 
pile load tester - 40-70 hp EFI motors 

REMOVAL & INSTALLATION 

v 

See Figures 130 and 131 

1. Disconnect the battery cables for safety. 
2. On 70 hp EFI motors, remove the electrical component cover for 

access to the regulatorlrectifier. 

H Note wire routing before disconnecting any ring terminals or wiring 
connectors. Noting the routing at this stage will help during installation 
to make sure wires are properly positioned to prevent interference with 
any moving components. 

3. Tag and disconnect the regulatorlrectifier terminal leads at the 
terminal board (most larger carbureted motors) or tag and disengage the 
wiring connectors (usually Amphenol and/or bullet connectors) from the 
wiring harnesses. 

H If necessary, refer to the schematics found under Wiring Diagrams 
in this section to assist with wire terminallconnector identification. 
RegulatoriRectifier assemblies are normally connected to two or more 
yellow (and in some cases yellow wl  some tracer color) wires from the 
statoriterminal strip. They are also connected to either a red power and 
a purple battery signal wire, and possibly a ground wire, on carbureted 
models or a white signal wire and black ground wire on EFI models. 

4. Remove the mounting bolts (usually 2), then remove the 
regulatorlrectifier from the powerhead. 

To install: 
5. Clean the regulatorirectifier mounting area, along with the powerhead 

and screw threads of any dirt, corrosion or debris. 
6. Inspect the ring terminal or wiring connectors for damage or 

corrosion and repair, clean or replace, as necessary. 
7. Position the regulatorirectifier, then install and tighten the mounting 

bolts to 60-84 inch Ibs. (7-9 Nm). 
8. Properly route and reconnect the regulatorlrectifier wiring as noted 

during removal. For larger carbureted models (that are equipped with ring 
terminal connections), apply a coating of OMC Black Neoprene Dip or 
equivalent terminal sealant to the ring terminal connections (this will help 
keep them securely connected and help to protect them from corrosion). 

9. Reconnect the battery cables. 

Some rope start models are equipped with an AC lighting coil that is used 
to generate Alternating Current (AC) voltage to operated AC voltage powered 
boat mounted accessories. Because this system is not equipped with a 
rectifier or regulatorlrectifier to convert this voltage to Direct Current (DC) it 
cannot be used to charge marine batteries or run DC powered accessories. 

The coil generates electricity in the same manner as a statorlbattery 
charge coil or ignition charge coil as detailed in this section. In fact, when 
equipped with an AC lighting coil, the coil itself is mounted to the ignition 
plate, directly adjacent to the ignition charge coil. For more details, including 
removal and installation procedures for AC lighting coils, please refer to the 
Charge Coil procedures under Ignition System, in this section. 

TESTING 

CULT 

H Before testing, make sure all connections and mounting bolts are 
clean and tight. Many problems with the AC lighting system are related 
to loose and corroded terminals or bad grounds. 

Since most AC charge coil test values are near or below 1 ohm, testing 
requires the use of a high quality Digital Volt Ohmmeter (DVOM). As with all 
resistance testing, care must be taken as specifications are determined by 
testing components that are precisely 68°F (20°C) and readings taken on 
components at other temperatures will vary. Also, keep in mind that certain 
intermittent problems (such as certain internal shorts) might only appear 
when the coil is put under a load during normal operation or at certain - 
operating temperatures. Therefore, care should be taken to make sure all 
other possible problems have been considered before condemning the AC 
lighting coil based only on resistance test results. 
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During testing the coil winding resistance is checked across various 

combinations of the AC lighting coil wiring (yellow or yellow with trace color 
wires) in order to see if the circuit contains the proper amount of resistance 
and is therefore complete, yet containing no internal shorts between coils. 
Each lead is then checked between the coil and a good engine ground to 
make sure no coil winding is shorted to ground. If opens or shorts are found, 
the wiring harness should be checked for damage (when present, visible 
signs of broken or worn insulation are usually the cause of the problem) 
before deciding to replace the AC lighting coil itself. 

1. Disconnect the negative battery cable for safety and to protect the 
test equipment. 

0 As usual on outboards, take note of wire routing before 
disconnecting them. Wires must always be returned to the original 
positionlrouting in order to prevent interference with and damage from 
moving components. 

2. Trace the AC lighting coil yellow (and yellow with a trace color) wiring 
from under the edge of the flywheel to the harness or terminal board 
connectors, as applicable. Disconnect the coil wiring for access while testing 
with the DVOM. Inspect the term~nals for corrosion or damage and clean or 
replace them, as necessary. 

0 Most AC lighting coils are equipped with 3 wires (yellow, yellowlgray 
and yellowlblue), but some motors contain coils whose winding are 
only connected to 2 wires (yellow and yellowlgray). Don't be alarmed if 
your motor is equipped with either. 

3. Using the DVOM set to its lowest resistance scale, probe across the 
appropriate lead pairs for the coil windings and compare the readings to 
specification, as follows: 

a. Connect one meter probe to the AC lighting coil yellowlgray wire and 
the other to the yellow wire. Resistance should be 0.81-0.91 ohm. 

b. On most models (equipped with 3 coil leads), move one meter probe 
from the yellow wire to the yellow blue wire (leaving the other probe still 
connected to the yellowlgray wire). Resistance should be 

1.19-1.23 ohms. 
4. If resistance readings across either pair of the noted terminals are 

out of specification, recheck connections to ensure proper testing readings 
(and make sure the components are being tested at the proper temperature). 
Double-check the wiring harness for any problems and, if none are found, 
replace the AC lighting coil. 

5. Check the coil windings and harnesses for shorts to ground as 
follows. Connect one meter probe to a good engine ground, then probe each 
of the AC lighting coil wires (yellow, yellowlgray and, if applicable, 
yellowlblue) using the other probe. Resistance should be high or infinite in all 
cases, or there is a short to ground. If a short is present either repair the 
wiring harness or replace the coil, as applicable. 

6. Once the tests andlor repairs are completed, be sure to route the 
wires as noted before removal to ensure there is no interference with moving 
components (such as the flywheel). 

7. Connect the negative battery cable. 

Fig. 130 To remove the regulator on most 
models, first disconnect the wiring (1) from 
the terminal strip (2) or harness connections 
(as applicable). . . 

REMOVAL & INSTALLATION 

When equipped, the AC lighting coil is mounted immediate6 adjacent to 
the charge coil on the ignition plate (found under the flywheel). Because 
removal and installation procedures are the same, please refer to Charge 
Coil, Removal & Installation procedures that are found under the Ignition 
System portion of this section. 

The battery is one of the most important parts of the electrical system. In 
addition to providing electrical power to start the engine (and for the ignition 
system on EFI motors), it also provides power for operation of the running 
lights, radio, and electrical accessories. 

Because of its job and the consequences (failure to perform in an 
emergency), the best advice is to purchase a well-known brand, with an 
extended warranty period, from a reputable dealer. 

The usual warranty covers a pro-rated replacement policy, which means 
the purchaser would be entitled to a consideration for the time left on the 
warranty period if the battery should prove defective before its time. 

Do not consider a battery of less Cold Cranking Amperage (CCA) or Amp 
Hour (AH) rating than the battery that was originally installed for your motor. 
In fact, due to the increased resistance that will occur in circuits over time 
(from things like corrosion or internal wire strands that wear and break inside 
the insulation), it is advisable to buy a replacement battery with higher 
capacity than the original (but do not go overboard, pun intended). 

0 Original minimum battery CCA ratings are provided in the General 
Engine System Specifications chart found in the General Information 
and Maintenance section. 

MARINE BATTERIES 

+ See Figure 132 

Because marine batteries are required to perform under much more 
rigorous conditions than automotive batteries, they are constructed differently 
than those used in automobiles or trucks. Therefore, a marine battery should 
always be the No. 1 unit for the boat and other types of batteries used only 
in an emergency (or possibly as a second battery). 

Marine batteries have a much heavier exterior case to withstand the 
violent pounding and shocks imposed on it as the boat moves through rough 
water and in extremely tight turns. The plates are thicker and each plate is 
securely anchored within the battery case to ensure extended life. The caps 
are spill proof to prevent acid from spilling into the bilges when the boat 
heels to one side in a tight turn, or is moving through rough water. Because 
of these features, the marine battery will recover from a low charge condition 
and give satisfactory service over a much longer period of time than any type 
intended for automotive use. 

1 

Fig. 132 A fully charged battery, filled to the 
proper level with electrolyte, is the heart of 
the ignition and electrical systems. Engine 
cranking and efficient performance of 

Fig. 131 . . . then unbolt and remove the electrical items depend on a full rated 1 1 battery 1 *. regulatorlrectifier from the powerhead 
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Never use a maintenance-free battery with an outboard engine that is 
not voltage regulated. The charging system will continue to charge as 
long as the engine is running and it is possible that the electrolyte 
could boil out rendering the battery useless. 

BATTERY CONSTRUCTION 

+ See Figure 133 

A battery consists of a number of positive and negative plates immersed 
in a solution of diluted sulfuric acid. The plates contain dissimilar active 
materials and are kept apart by separators. The plates are grouped into 
elements. Plate straps on top of each element connect all of the positive 
plates and all of the negative plates into groups. 

The battery is divided into cells holding a number of the elements apart 
from the others. The entire arrangement is contained within a hard plastic 
case. The top is a one-piece cover and contains the filler caps for each cell. 
The terminal posts protrude through the top where the battery connections 
for the boat are made. Each of the cells is connected to its neighbor in a 
positive-to-negative manner with a heavy strap called the cell connector. 

BATTERY RATINGS 
+ See Figure 434 

Three different methods are used to measure and indicate battery 
electrical capacity: 

Ampihour (AH) rating 
* Cold Cranking Amp (CCA) performance 

Reserve capacity 
The AH rating of a battery refers to the battery's ability to provide a set 

amount of amps for a given amount of time under test conditions at a 

OVERFILLING 

\ 
\ CORROSION FRAYED OR BROKEN 

CRACKED - LOW 
CELL COVER ELECTROLYTE 

Fig. 133 A visual inspection of the battery should be made each 
time the boat is used. Such a quick check may reveal a potential 
problem in its early stages. A dead battery in a busy waterway or 
far from assistance could have serious consequences 

constant temperature. Therefore, if the battery is capable of supplying 4 
amps of current for 20 consecutive hours, the battery is rated as an 80 
ampihour battery. The ampihour rating is useful for some service operations, 
such as slow charging or battery testing. 

CCA performance is measured by cooling a fully charged battery to 0°F (- 
17°C) and then testing it for 30 seconds to determine the maximum current 
flow. In this manner the cold cranking amp rating is the number of amps 
available to be drawn from the battery before the voltage drops below 7.2 
volts. 

The illustration depicts the amount of power in watts available from a 
battery at different temperatures and the amount of power in watts required 
of the engine at the same temperature. It becomes quite obvious - the colder 
the climate, the more necessary for the battery to be fully charged. 

Reserve capacity of a battery is considered the length of time, in minutes, 
at 80°F (27"C), a 25 amp current can be maintained before the voltage drops 
below 10.5 volts. This test is intended to provide an approximation of how 
long the engine, including electrical accessories, could operate satisfactorily 
if the stator assembly or lighting coil did not produce sufficient current. A 
typical rating is 100 minutes. 

If possible, the new battery should have a power rating equal to or higher 
than the unit it is replacing. 

BATTERY LOCATION 

Every battery installed in a boat must be secured in a well protected, 
ventilated area. If the battery area lacks adequate ventilation, hydrogen gas, 
which is given off during charging may gather in a concentrated quantity, and 
could cause a hazardous condition as it is very explosive. 

BATTERY SERVICE 

Details regarding cleaning the battery, checking fluid level and testing it 
and maintaining a proper charge while the battery is in storage can be found 
under Batteriesin the'Boat ~Gntenance section.. 

POWER (WATTS) AVAILABLE n POWER (WATTS) AEQUIREI: 

ENERGIZERS 
IATED AT OaFB 

61% - - 

Fig. 134 Comparison of battery efficiency and engine demands at 
various temperatures 
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+ See Figure 135 

In the early days, all outboards were started by pulling on a rope wrapped 
around the flywheel. As time passed and owners were reluctant to use 
muscle power (or came up short especially with larger and larger motors), it 
was necessary to replace the rope starter with some form of power cranking 
system. Today, most small engines may be started by pulling on a rope, but 
many smaller most larger engines are also equipped with an electric starter 
system, 

The system used to replace the rope starter is an electric starter motor 
coupled with a mechanical gear mesh between the starter motor and the 
powerhead flywheel, similar to the method used to crank an automobile 
engine. 

As the name implies, the sole purpose of the starter circuit is to control 
operation of the starter motor causing it to crank the powerhead until the 
engine catches and runs. The circuit usually includes a solenoid or magnetic 
switch that connects the motor to the battery when the circuit is actuated and 
disconnects the motor from the battery when the circuit is deactivated. The 
operator controls the solenoid switch with a key switch or starter button, 
depending on the model. 

Some smaller models, like the 9.9-15 hp 2-strokes, do not use a 
solenoid. The starter button is located inline between power and the 
starter itself. In this unique case, the starter button switch physically 
closes (directly performing the job of the solenoid) to provide power to 
the starter. 

A neutral safety or, on some smaller models, a mechanical starter lockout 
is installed to permit operation of the starter motor only if the shift control 
lever is in neutral. When used, the switch is a safety device that prevents 
accidental engine starts when the motor is in gear. 

The starter motor itself is an electric component consisting of a wound coil 
that draws a heavy current from the battery. It is designed for short periods 
of usage when cranking the engine for startup. To prevent overheating the 
motor, cranking should not be continued for more than 30-seconds without 
allowing the motor to cool for at least three minutes. Actually, this time can 
be spent in making preliminary checks to determine why the engine fails to 
start. 

Power is transmitted from the starter motor to the powerhead flywheel 
through a Bendix drive. This drive has a pinion gear mounted on screw 
threads. When the motor is operated, the pinion gear moves upward and 
meshes with the teeth on the flywheel ring gear. 

When the powerhead starts, the pinion gear is driven faster than the 
shaft, and as a result, it screws out of mesh with the flywheel. A rubber 

cushion is built into the Bendix drive to absorb the shock when the pinion 
meshes with the flywheel ring gear. The parts of the drive must be properly 
assembled for efficient operation. If the drive is removed for cleaning, take 
care to assemble the parts as noted during removal (and shown in 
accompanying illustrations). If the screw shaft assembly is reversed, it will 
strike the splines and the rubber cushion will not absorb the shock. 

The sound of the motor during cranking is a good indication of whether 
the starter motor is operating properly or not. Naturally, temperature 
conditions will affect the speed at which the starter motor is able to crank the 
engine. The speed of cranking a cold engine will be much slower than when 
cranking a warm engine. An experienced operator will learn to recognize the 
favorable sounds of the powerhead cranking under various conditions. 

If the starter motor spins, but fails to crank the engine, the cause is 
usually a corroded or gummy Bendix drive. The drive should be at least 
lubricated or it should be removed, cleaned, and given an inspection. 

If the starter motor cranks the engine too slowly, the following are possible 
causes and the corrective actions that may be taken: 

Battery charge is low. Charge the battery to full capacity. 
High resistance connections at the battery, solenoid, or motor. Glean 

and tighten all connections. - Undersize battery cables. Replace cables with sufficient size. 
Battery cables too long (which creates too high a resistance in the 

circuit). Relocate the battery to shorten the run to the solenoid. 
Binding mechanical problem with the powerhead or gearcase. 

If the starter does not crank the motor at all, before wasting too much time 
troubleshooting the starter motor circuit, the following checks should be 
made. Many times, the problem will be corrected. Make sure the: 

Battery is fully charged. 
Shift control lever is in neutral. 
Main fuse (if used in the starter circuit, refer to Starter Circuit Testing or 

Wiring Diagrams, in this section for more information) is good (not blown). 
All electrical connections are clean and tight. 
Wiring in good condition, insulation not worn or frayed. 

Also, keep in mind that mechanical problems could exist that would cause 
the powerhead to freeze or crank slowly even though the starter motor circuit 
is in excellent condition 

* A tight or frozen powerhead 
* Hydro-locked motor (see Clearing a Submerged Motor, in the 

Maintenance and General Information section). 

Fig. 135 A typical starting system converts electrical energy into mechanical energy to turn the engine. The components are: Battery, to provide 
electricity to operate the starter; Ignition switch, to control the energizing of the starter relay or solenoid; Starter relay or solenoid switch, to make 
and break the circuit between the battery and starter; Starter, to convert electrical energy into mechanical energy to rotate the engine; Starter drive 
gear, to transmit the starter rotation to the engine flywheel 
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Water in the lower unit. 

If no obvious cause has been found and the starter motor does not 
operate, test the circuit andlor components as detailed in this section. 

STARTING SYSTEM TESTING (CARBURETED MODELS) 

Voltage Drop Test (Starter Turns Slowly) 

CULT 

+ See Figures 136 thru 139 

If the preliminary checks covered under Troubleshooting the Starting 
System do not reveal the problem, either perform the voltage drop test 
covered here or the No Load Current Draw Test covered under Starter Motor. 

H For more details on the theory behind Voltage Drop Testing, please 
refer to the information found in Understanding and Troubleshooting 
Electrical Systems, found in this section. 

Excessively high resistance within the starter circuit (from problems with 
battery cables, the starter solenoid or any of the wiringlgrounds) can impede 
the amount of voltage available to the starter. This may cause the starter to 

Fig. 136 Checking voltage drop between the positive battery 
terminal and positive connection on the starter solenoid (or starter 
button on non-solenoid models) tests the positive battery cable 

Fig. 137 Test the solenoid itself for high 
resistance by checking drop on either side 
of i t  (solenoid positive terminal and solenoid 
starter terminal) - NEVER make this 
connection unless the motor is cranking 
(the same test could be made at the starter 
button on non-solenoid models) 

turn slowly or even not at all. In addition, a slow cranking speed will keep the 
ignition charge coil from reaching full output, thereby weakening spark during 
attempts to start the motor. This might cause the ignition system to appear 
faulty when diagnosing a hard or no-start condition. 

A voltage drop test is used to check the amount of voltage consumed by 
the circuit. Remember also that intermittent ~roblems from internallv broken 
or frayed cables to loose or corroded connedions can cause slow &anking. 
If readings vary when testing a portion of the circuit, grasp and flex cables 
attached to the point of testing to make sure no intermittent connections are 
adversely affecting the test or circuit operation. 

1. Disconnect and ground the spark plug leads to the powerhead for 
safety (to keep the engine from starting during testing) and to protect the 
ignition system. 

2. If not done already, perform all preliminary checks as listed under 
Troubleshooting the Starting System. The battery must be fully charged, all 
connections must be clean and tight. All wiring and electrical components 
must at least appear to be in good condition. 

3. Using a DVOM set to read voltage, connect the red probe to the 
positive battery post and the black probe to positive post of the starter 
solenoid terminal (the point at which the red cable from the battery connects 
to the starter solenoid). Then crank the starter while watching the DVOM. A 
reading of more than 0.3 volt indicates high resistance in thepositive battery 
cable (meaning it should be cleaned and tightened or replaced, as necessary 
to test within specification). 

4. Connect the DVOM black probe to the starter side of the solenoid 
terminal (the terminal whose wiring runs to the starter motor itself). With the 
engine cranking, touch the red DVOM probe to the positive post of the 
starter solenoid terminal (again, the point at which the red cable from the 
battery connects to the solenoid). In order to prevent damage to the DVOM, 
do not allow the red probe to make contact with the post unless the motor 
is cranking (othervise, voltage may try to short around the solenoid, through 
the meter). A reading of more than 0.2 volt indicates high resistance in the 
starter solenoid itself. If such a reading is noted on the meter, replace the 
starter solenoid. 

5. Connect the DVOM red probe to the starter side of the solenoid 
terminal (again, the terminal whose wiring runs to the starter motor itself). 
Connect the black probe directly to the terminal on the starter motor (the 
other end of the wire where the red probe is connected). Actuate the starter 
while watching the DVOM. A reading of more than 0.2 volt indicates high 
resistance in the solenoid-to-motor cable (meaning it should be cleaned and 
tightened or replaced, as necessary to test within specification). 

6. Connect the DVOM red probe to the negative battery cable, where it 
connects to the powerhead, then connect the bhck probe to the negative 
batterv ~os t .  Actuate the starter while watchina the DVOM. A readina of more 
than d.3 volt, indicates high resistance in the iegative battery cable- 
(meaning it should be cleaned and tightened or replaced, as necessary to 
test within specification). 

Fig. 138 Probing at both ends of the 
solenoid-to-starter cable and cranking the 
motor will check for excessive resistance in 
this cablelconnection 

Fig. 139 Checking voltage drop between the 
negative battery terminal and the powerhead 
ground connection tests the negative 
battery cable-typical 4-stroke solenoid 
aictured 
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Starter Circuit Testing (Starter Does Not Turn) through each starter circuit in the most logical sequence for that circuit. On 

some, that means checking for battery voltage first at the starter and then 

CULT working your way back until power is found (meaning the problem in the 
circuit is between that point and the previously tested point). While on other 

+ See Figures 140 thru 172 models, sub-circuits are checked in a specific order, eliminating them one by 
one, but not necessarily beginning at the starter and working your way back 

If the starter does not operate at all, check the starter circuit using a to the battery. Illustrations accompany each chart that can be used to help 
DVOM (or a test light if one if not available) to check for voltage at points determine proper testing points. 
throughout the circuit. The accompanying charts will take you step-by-step 

Disconnect starter cable at @ to avoid accidental starting while testing. 

E n g i n e  m u s t  b e  i n  NEUTRAL, a n d  b a t t e r y  m u s t  b e  f u l l y  c h a r g e d .  

Step 

A. Check voltage o n  cable a t  @ 

B. Check vol tage a t  terminal  @. 

Procedure 

Connect vol tmeter o r  test  l ight  t o  
cable a t  @ a n d  t o  ground. Press 
start  bu t ton  @. 

Connect vol tmeter o r  test  l ight  t o  
terminal  @and t o  ground. 

Results 

a. If meter shows 12 volts, o r  test  
l ight  goes ON, test  starter. 

b. I f  mete r  shows 0 vol ts o r  test  
l ight  remains OFF, g o  t o  Step 

A 

a. I f  mete r  shows 12 vol ts o r  test 
l ight  goes ON, test  start switch 
a n d  wires. 

b. I f  mete r  shows 0 vol ts o r  test  
l ight  remains OFF, test  battery 
cables and  connections. 

Fin. 140-141 Starter circuit testing - 9.9 hp (211cc) 4-stroke tiller control models 

Note: Battery m u s t  b e  fu l l y  charged 

Step Procedure R e s u l t s  
1. Check voltage between A and a l~onnect meter red lead to A (neutral start swlkh) lif no voltage 1s present, go to step 2 

good ground Connect meter black lead to an engine gmund 
Press starl button, voltage should be present at A 

2. Check voltage between I3 and a Connect meter red iead to B (wire temlnal) If voltage 1s now present, the lead between A and B 
good ground. Connect meter black lead to an engine ground is open and must be fixed 

Again, press the start button, voltage should be If still no voltage, go to step 3 
present at B 
I 

3. Check the start button G and Disconnect the start swltch leads at C, F and B Meter should show veiy low madlng or 0 ohms 
leads for continuity Connect an ohmmeter lead to A and We other to 8. otherwe the switch or leads are open and must be 

Watch the meter replaced 
If switchlieads are good at this polnt, go to step 4 

I 1 
4. Continue to check the start button Connect an ohmmeter lead to A and We other to C, Meter should show veiy low reading or 0 ohms 
G and leads for coniinu~ty Press the start button and watch the meter. otherwise the switch or leads are open and must be 

connect black lead to an engine giound. necessaiy) 
Press the start button G and watch forbatteiy 

voltage on !he meter checkheplace the starter motor itself. 

Fig. 142-143 Starter circuit testing - 9.9-15 hp (216cc) 2-stroke models 
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Avoid accidental starting while testing; disconnect the  starter cable a t  point  @. 

Engine must be i n  NEUTRAL throughout test procedure and battery must be fully charged. 

Procedure Results 

A. Check voltage between Q and 
69. 

Connect voltmeter red lead to @. 
Connect meter black lead to @. 

a. If meter shows 12 volts, go to 
Step B 

b. If meter shows 0 volts, test 
battery 

a. If meter shows 12 volts, go to 
Step C 

b. If meter shows 0 volts, test 
negative battery cable. 

a. If meter shows 12 volts, go to 
step D 

b. If meter shows 0 volts, test 
~osi t ive banew cable. 

Connect meter black lead to Q. B. Check voltage between Q and 
0. 

Connect meter red lead to @. C. Check voltage between @ and 
0. 

a. If meter shows 12 volts. go to (@ 
Step E 

b. If meter shows 0 volts, clean 
and retighten rectifier screw 
0. 

D. Check voltage between @ and 
0. 

Connect meter black lead to @ 
(powerhead). 

Check voltage between @ and 
0. 

Connect meter red lead to @. 
Push start button O. 

a. If meter shows 12 volts. go to 
Step F 

b. If meter shows 0 volts, check 
start switch, wires. and con- 
nector @. 

F. Check ooeration of starter. Connect start switch output lead 
@ to starter terminal @. Push 
start button @. 

a. If starter runs, check condition 
of pinion a, 

b. If starter does not run, service 
starter. 

Fig. 144-145 Starter circuit testing - 9.9-15 hp (255cc) 2-stroke models 

Avoid accidental s tar t ing wh i le  testing; disconnect t h e  starter cable a t  po in t  0. 

Engine must  be i n  NEUTRAL throughout  test procedure and  battery must  b e  fully charged. 

A. Check voltage to cable at @. Connect voltmeter between ca- a. If meter shows 12 volts, test 1 ble at (3 and around. Press start starter. 

Step 

button@ - b. If meter shows 0 volts, go to 

Step B 

B. Check voltage at @. 

I I 
Procedure Results 

b. If meter shows 0 volts, test I battery and cables. 

Connect voltmeter between @ 
and ground. 

C. Check voltage at @. 

a. If meter shows 1 2  volts, go to 
step C 

D. Check voltage at @ 

Connect voltmeter between @ 
and ground. Press start button 
6% 

a. If meter shows 12 volts, go to 
Step D 

b. If meter shows 0 volts, test 
fuse, start button, and wiring. 

Fig. 146-147 Starter circuit testing - 9.9115 hp (305cc) 4-stroke tiller control models 

Connect voltmeter between @ 
and ground. Press start button 
@ 

a. If meter shows 12 volts, re- 
place starter cable. 

b. If meter shows 0 volts, check 
solenoid and ground wire. 
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Battery must be fully charged. 

Procedure Rsrutt 

a. If no reading, go to Step B 
b. If meter reads battery voltage. 

reconnect black lead to ground 
and go to Step F 

F. ch& voitage between ground 
and @. 

Connect voltmeter at O. Turn key 
to START position. 

a. B no reading, solenoid IS 

f*"lfy. 

b. If rolenold ckks and meter 
reads banety voltage, go to 
Step G 

a. If rnefer reads banety voitage 
and rtanei motor does not 
turn, check staner motor. 

b. If no 'eadmg, check for broken 
cable or poor mnneetion. 

A. Check voltage between ground 
and 0. 

Step A thru F - Remove 
starter to solenoid cable from 
@ to prevent starter engage 
ment while making checLa 

B. Check voltage between ground 

Remove blacklead from ground at 
@. Connect voltmeter between 0 
and common engine ground. Turn 
key to START position. Voltmeter 
should show battery voltage. 

Reconnect saner to solenold cb 
ble at @. Connect meter at @. 
Turn key to START pornion. 

6. ChecL voltage between gmund 
and @ 

a. If meter reads battery voltage, 
lead is open between @ and 
0. 

Connect meter at @. Turn key to 
START wsition. and 0. 

lNotel Steps B thru F - Turn key 
OFF before connecting and di r  b. If no reading, go to Step C 
connecting meter. ~ u i n  key to 
START position after wnnecf- 
ing. 

C. Check voltage between ground 
and @. 

Connect meter at @. Turn key to 
START position. 

a. If meter reads battery voltage, 
solenoid is faulty. 

b. If no reading, go to Step D 
~- 

D. Check voltage behveen ground 
and @. 

Connect meter at @. Turn key to 
START position. 

a. If meter reads banely voltage, 
lead is open between @ and @ 
or neutral stan switch @ is 
open or improperly adjusted. 

b. If no reading, go to Step E 

E. Check voltage between ground 
and @. 

Connect meter at @. Turn key to 
OFF position. 

a. If meter reads battery voltage, 
check key witch. 

b. If no reading at @, check for 
open lead or open fuse be- 
tween @and @. 

c. Connect meter at @. If no read- 
ing, check for open lead be- 
ween @and battery"+" termi- 
nal. If meter reads battery 
voltage, go to Step G 

Fig. 148-149 Starter circuit testing - 9.9115 hp (305cc) 4-stroke remote control models 

Avoid accidental starting whi le testing; disconnect the  starter cable a t  point  @ 

lNotel Engine must be in NEUTRAL throughout test procedure and battery must  be fu l ly  charged. 

Step Procedure 

A. Check voltage to cable at a. Connect voltmeter @ between 
cable at and ground. Press 
start button @. 

a. If meter shows 12 volts, test 
starter. 

b. If meter shows 0 volts, go to 
S t e ~  B 

B. Check voltage at 0. Connect voltmeter @ between @ 
and ground. 

a. If meter shows 12 volts, go to 

step C 
b. If meter shows 0 volts, test 

battery and cables. 

C. Check voltage at @. a. If meter shows 12 volts, go to 
Step D 

b. If meter shows 0 volts, test 
start button and wiring. 

Connect voltmeter between @ 
and ground. Press start bunon 
@. 

D. Check voltage at @. Disconnect yellowired lead @ 
from neutral start switch Q. Con- 
nect voltmeter @ between lead 
@and ground. Press start button 
63. 

a. If meter shows 12 volts, test 
neutral start switch @ and 
proceed to Step E 

b. If meter shows 0 volts, replace 
solenoid or lead. 

- 

E. Check voltage at @. Reconnect yellowlred lead @. 
Connect voltmeter @ between @ 
and ground. Press Start button 

63. 

3. If meter shows 0 volts, replace 
solenoid. 

2. If meter shows 12 volts, re- 
place starter cable. 

mtrol models (note late-model solenoid shown, tests are the same on earlier model Fig. 150-151 Starter circuit tes 
with round-body solenoid) 
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lNote Battery must be fully charged. 

Step Procedure 

Remove black lead from ground 
at @ Connect voltmeter be- 
tween @ and common engine 
ground. Turn key to START posi- 
tion. Voltmeter should show bat- 
tery voltage. 

Result 

a. If no reading, go to Step B 
b. If meter reads battery voltage, 

reconnect black lead to ground 
and go to Step F 

A. Check voltage between ground 
and ii? Connect voltmeter at @ Turn a. If no reading, solenoid is 

key to START position. faulty. 
F. Check voltage between ground 
and @ - 

Steps A thru . F - Remove 
starter to solenoid cable from 
@to prevent starter engage- 
ment while making checks. 

b. If solenoid clicks and meter 
reads battery voltage, go to 
Step G 

G. Check voltage between ground 
and @ 

Reconnect starter to solenoid ca- a. If meter reads battery voltage 
ble at @ Connect meter at Q and starter motor does not 
Turn key to START position. turn, check starter motor. 

b. If no reading, check for broken 
cable or poor connection. 

B. Check voltage between ground Connect meter at @ Turn key to 
START position. 

a. If meter reads battery voltage, 
lead is open between @and 
0 

b. If no reading, go to Step C 

and @ 

Stem B thru F - Turn kev 
OFF before connecting and 
disconnecting meter. Turn key 
to START position after con- 
necting. 

C. Check voltage between ground 
and %, 

Connect meter at @Turn key to 
START position. 

a. If meter reads battery voltage, 
solenoid is faulty. 

b. If no reading, go to Step D 

Connect meter at @ Turn key to 
START position. 

D. Check voltage between ground a. If meter reads battery voltage, 
lead is open between @and 
@or neutral start switch @is 
open or improperly adjusted. 

and @ 

b. If no reading. go to Step E 

E. Check voltage between ground 
and @ 

Connect meter at @ Turn key to 
OFF position. 

a. If meter reads battery voltage, 
check key switch. 

b. If no reading at @ check for 
open lead or open fuse be- 
tween @and @ 

c. Connect meter at @ If no read- 
ing, check for open lead be- 
tween @and battery "+" ter- 
minal. If meter reads battery 
voltage, go to Step G 

Fig. 152-153 Starter circuit testing - 18 Jet-35 hp (521cc) remote control models (note late-model solenoid shown, tests are the same on earlier model with round-body solenoid) 

h 
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Battery must be fully charged. 

Procedure Result 

F. Check voltage between ground 
and @. 

Connect voltmeter at @. Turn 
key to START position. 

a. If no reading, solenoid is 
faulty. 

b. If solenoid clicks and meter 
reads battery voltage, go to 
Step G 

A. Check voltage between ground 
and 0. 

Steps A thru F - Remove 
starter t o  solenoid cable from 
@ to  prevent starter engage- 
ment while making checks. 

Remove black lead from ground 
at @. Connect voltmeter be- 
tween @ and common engine 
ground. Turn key to START posi- 
tion. Voltmeter should show bat- 
tery voltage. 

a. If no reading, go to Step 6 
b. If meter reads battery voltage, 

reconnect black lead to ground 
and go to Step F 

G. Check voltage between ground 
and @. 

Reconnect starter to solenoid ca- 
ble at @. Connect meter at @. 
Turn key to START position. 

a. If meter reads battery voltage 
and starter motor does not 
turn, check starter motor. 

b. If no reading, check for broken 
cable or poor connection. 

B. Check voltage between ground Connect meter at 0. Turn key to 
START position. 

a. If meter reads battery voltage, 
lead is open between @ and 
0. 

b. If no reading, go to Step C 

and 0. 
lNotel Stem B thru F - Turn kev 

OFF before connecting and 
disconnecting meter. Turn key 
to START position after con- 
necting. 

C. Check voltage between ground 
and @. 

Connect meter at @. Turn key to 
START position. 

a. If meter reads battery voltage, 
solenoid is faulty. 

b. If no reading, go to S t e ~  D 

D. Check voltage between ground 
and 0. 

Connect meter at @. Turn key to 
START position. 

a. If meter reads banery voltage, 
lead is open between and 
@ or neutral start switch @ is 
open or improperly adjusted. 

b. If no reading, go to Step E 

E. Check voltage between ground 
and @. 

Connect meter at @. Turn key to 
OFF position. 

a. If meter reads battery voltage, 
check key switch. 

b. If no reading at @, check for 
open lead or open fuse be- 
tween @ and @. 

c. Connect meter at @. If no read- 
ing, check for open lead be- 
tween @ and banery "+" ter- 
minal. If meter reads battery 
voltage, go to Step 

Fig. 154-155 Starter circuit testing 25135 hp (5001565~~) models 
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4-76 IGNITION AND ELECTRICAL SYSTEMS 

Disconnect starter cable at point @ before proceeding 
check to avoid accidental starting while testing. 

Engine must be In "Neutral" throughout test procedure. 

Sreo Procedure Results 

Check voltage to cabit 
at paint @ . 

Connect voltmeter between 

cable at point a and ground. 

Press start button @. 

. If meter shows 12 volts, t s t  
starter. 
I f  meter shows 0 volts, go to 
step . 
If meter shows 12 volts, go to 

step a. 
I f  meter shows 0 volts, test 
battery and cables. 

Connect voltmeter between 

point a and ground. 

If meter shows 12 volts, go 
to step m. 
If meter shows 0 volts, test 
start button and wirins. 

Check voltage at 
point a. Connect voltmeter between 

point 8 and ground. Press 

start button. 

Check voltage at 
point 3. Disconnect small solenoid 

lead @ from engine ground. 

Connect voltmeter between 

lead '3 and ground. Press 

start button 3. 

Reconnect small solenoid lead 

@. Connect voltmeter be- 

tween point 3 and ground. 

Press start button @. 

b If meter shows 12 volts, pro- 

ceed to step =. 
0 If meter shows 0 volts, re- 

place solenoid or lead. 

Check voltage at 
pomt S . 

b If meter shows 0 volts, re- 
place solenoid. 
If meter shows 12 volts, 
reoiace starter cable. 

Fig. 156-157 Starter circuit testing - 25-55 hp (737cc) 1990 tiller models 

, Avoid accidental starting while testing; disconnect the starter cable a t  point @before proceed- 
mg w i th  this check. 

b%d Engine must be in NEUTRAL throughout test procedure. Battery must be fully charged. 

Procedure I Results Step 

Check voltage to cable 
at point . 

Connect voltmeter between 

cable at point and ground. 

Press start button @. 

Connect voltmeter between 

point @ and ground. 

Connect voltmeter between 

point @ and ground. Press 

start button. 

If meter shows 12 volts, test 
starter. 
I f  meter shows 0 volts, go to 

step . 

8 I f  meter shows 12 volts, go to 

step a. 
If meter shows 0 volts, test 
battery and cables. . If  meter shows 12 volts, go 

to step a. . If meter shows 0 volts, test 
start button and wiring. 

Check voitage at 
point @ . 

Check voltage at 

point @ . 
Disconnect solenoid ground 

lead @ from engine ground. 

Connect voltmeter between 

lead @ and point @. Press 

start button @. 

0 If meter shows 12 volts, Pro- 

ceed to step . 
If meter shows 0 volts, re- 

place solenoid or lead 

Reconnect solenoid ground 

lead @. Connect voltmeter be- 

tween point @ and ground. 

Press start button @. 

---- 

a I f  meter shows 0 volts, re 
place soleno~d. 

0 If meter shows 12 volts, 
replace starter cable. 

Check voltage at 

point @ . 

Fig. 158-159 Starter circuit testing - 25-55 hp (737cc) 1991-92 tiller models 
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IGNITION AND ELECTRICAL SYSTEMS 4-77 

, Avoid acc~dental starting while testing; disconnect the starter cable at point @ before proceed- 
~ n g  wi th ,is check. 

h d  Engine must be in NEUTRAL throughout test procedure. Battery must be fully charged. 

Procedure 1 Result Step 

Check voltage betweer 
(3 and ground. 

Connect voltmeter between @ I o If meter shows 12V, test starter. 
and ground. 
Press start button @. 

o If meter shows OV, go to Step m. 
Check voltage betweer 
@ and ground. 

Connect voltmeter between @ 0 If meter shows 12V, test cable to 
and ground. starter. 
Press start button @. If meter shows OV, go to Step Ell. 
Connect voltmeter between @ o If meter shows OV, check battery 
and ground. cable and battery. 

0 If meter shows 12V. go to Step 101. 

Check voltage betweer 
(3 and ground. 

Check voltage between 
@ and ground. 

Connect voltmeter between @ 0 If meter shows 12V, go to Step m. 
and ground. 
Turn key switch @ ON. 

o If meter reads OV, go to Step m. 
Press start button @. 

Check voltage between 
@ and ground. 

Connect voltmeter between @ 0 If meter shows 12V, replace start 
and ground. button @ andior wire. 
Turn key switch @ ON. 

0 If meter shows OV, go to Step m. 
Check voltage between 
8 and ground. 

Connect voltmeter between @ If meter shows 12V, go to Key 
and ground. Switch Check, this section. Check 

wire to terminal strip. 

0 If meter shows OV, go to Step a. 
Check voltage between 
@ and ground. 

Connect voltmeter between @ 0 If meter shows 12V, replace fuse, 
and ground. holder, or wire to key switch. 

0 If meter shows OV, replace wire from 
solenoid terminal @ to fuse :q. 

Check voltage between 
8 and ground. 

Disconnect black ground wires 0 If meter shows 12V, repairireplace 
from a. Connect voltmeter be- black wire between R and wound. . . 
tween solenO'd terminal@ and o If meter shows OV, disconnect all 
ground. 
Turn key switch @ ON. 

leads from solenoid, and test sole- 

Push start switch @. 
noid. Go to Solenoid Check, this 
section. 

I - 
Fia. 160-161 Starter circuit testina - 25-55 ho (737cc) 1993-95 tiller models 

A To avoid accidental starting of engine, disconnect starter cable at @ 

Engine must be in NEUTRAL throughout test procedure. Battery must be fully charged 

Step Procedure Results 

Connect voltmeter between 0 If meter shows 1 2  volts, test 
Check voltage to cable at @. cable at @ and ground. Press starter. 

start button @. 0 If meter shows 0 volts, go to 
Step a. 

Check voltage at 3 
Connect voltmeter between@ If meter shows 12 volts, go 
and ground. to Step a. 

o If meter shows 0 volts, test 
battery and cables. 

Check voltage at @ 
Connect voltmeter between@ 0 If meter shows 12 volts, go I and ground. Press start but- I to Step m. - 

If meter shows 0 volts, test 1 start button and wiring. 

Disconnect solenoid ground 0 If meter shows 12 volts, pro- 
lead @ from engine ground. ceed to Step m. 
Connect voltmeter between 
lead @ and @. Press start but- * b f l ~ ~ t ~ ~ l ~ , " ~ ~ o ~  1~~~~ re- 
ton G3. 

Check voltage at @ 

Check voltage at ,a. 

- I 

Reconnect solenoid ground o If meter shows 0 volts, re- 
lead13. Connect voltmeter be- dace solenoid. 
tween @ and ground. Press meter shows 12 volts, re- 
start button @. place starter cable. 

Fig. 162-163 Starter circuit testing - 40-70 hp (913cc) tiller models through 1993 (note, models after 1991 did not normally use the yellowlred wire 
from the solenoid to the terminal strio) 
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4-78 IGNITION AND ELECTRICAL SYSTEMS 

To avoid accidental starting of engine, disconnect starter cable at '3. 

Engine must be in NEUTRAL throughout test procedure. Battery must be fully charged. 

@ Start Button 

Step Procedure 

Connect voltmeter between 
cable at '9 and ground. Turn 
key switch to ON position. 
Press start button LB. 

a If meter shows 12 volts, test 
starter. 

Fl 
9 Check voltage to cable at 1 

If meter shows 0 volts, go to 
Step 8. 

a Check voltage at 3 
Connect voltmeter between @ 
and ground. 

a If meter shows 12 volts, $70 
to Step u. 

0 If meter shows 0 volts, test 
battery and cables. 

Check voltage at 3 
Connect voltmeter between % 
and ground. Press start but- 
ton. 

a If meter shows 12 volts, go 
to Step a. 

a If meter shows 0 volts, test 
start button, key switch, and 
wiring. 

a If meter shows 12 volts, pro- 
ceed to Step m. 

a lf'meter shows 0 volts, re- 
place solenoid or lead. 

P-9 

Check voltage at 
Disconnect solenoid ground 
lead 3 from engine ground. 
Connect voltmeter between 
lead 3 and engine ground. 
Press start button -2. 

:;;; 
Check voltage at ?. 

Reconnect solenoid around a If meter shows 0 volts, re- 
place solenoid. 

a If meter shows 12 volts, re- 
place starter cable. 

laan . Cornecr vo,tmeter he- 
w e e r  ' and ground. Press 
start button 2 

Fig. 164-165 Starter circuit testing - 40-70 hp (913cc) 1994-95 tiller models 

To avoid accidental starting of engine, disconnect starter cable a t  @. 

Engine must be i n  NEUTRAL throughout test procedure. Battery must be fully charged 

Procedure 

Connect voltmeter between ca- 
ble at @ and ground. Turn key 
switch to ON position. Press start 
button @. 

Results 

If meter shows 12 volts, test 
starter. 

a If meter shows 0 volts, go to 
Step B 

A.~heck  voltage to cable at @. 

B .~heck  voltage at @ 
Connect voltmeter between @ 
and ground. 

a If meter shows 12 volts, go to 
step C 

a If meter shows 0 volts. test @ Black 

battery and cables. 

a If meter shows 12 volts, go to 
Step D + 
If meter shows Ovolts, test start 
button, kev switch, and wiring. 

C. Check voltage at @ 
Connect voltmeter between @ 
and ground. Press start button. 

D.~heck voltage at @. 
Disconnect solenoid ground lead 
@from engine ground. Connect 
voltmeter between lead @ and 
engine ground. Press start button 
@. 

a If meter shows 12 volts, pro- 
ceed to Step E 

a If meter shows 0 volts, replace 
solenold or lead. Button 

/ 

0 If meter shows 0 volts, replace 
solenoid. E. Check voltage at @ 

Reconnect solenoid ground lead 
@. Connect voltmeter between 
@and ground. Press start button 
@. 

If meter shows 12 volts, replace 
starter cable. 

Fig. 166-167 Starter circuit testing - 25-70 hp (913cc) 1996-98 tiller control models 
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Avoid accidental starting while testing; disconnect the starter cable at point @ before proceeding 
with this check. 

Engine must be in NEUTRAL throughout test procedure. Battery must be fully charged. 

Step 

A. Check voltage be- 
tween @ and ground. 

B. Check voltage be- 
tween @ and ground. 

C. Check voltage be- 
tween @ and ground. 

Dm Check voltage be- 
tween @ and ground. 

E. Check voltage be- 
tween @ and ground. 

F. Check voltage be- 
tween @ and ground. 

G.. Check voltage be- 
tween @ and ground. 

H. Check voltage be- 
tween @ and ground. 

Procedure 

Connect voltmeter between @ 
and ground. 
Press start button @. 

Connect voltmeter between @ 
and ground. 
Press start button @. 

Connect voltmeter between @ 
and ground. 

Connect voltmeter between @ 
and ground. 
Turn key switch @ ON. 
Press start button @. 

Connect voltmeter between @ 
and ground. 
Turn key switch @ ON. 

Connect voltmeter between @ 
and ground. 

Connect voltmeter between @ 
and ground. 

Disconnect black ground wires 
from @. Connect voltmeter be- 
tween solenoid terminal @ and 
ground. 
Turn key switch @ ON. 
Push start switch @. 

Result 

If meter shows 12V, test starter. 

a If meter shows OV, go to Step B 

If meter shows 12V, test cable to 
starter. 

a If meter shows OV, go to Step C 

a If meter shows OV, check battery 
cable and battery. 

If meter shows 12V, go to Step D 

a If meter shows 12V, go to Step H 
a If meter reads OV, go to Step E 

If meter shows 12V, replace start 
button @ andlor wire. 

a If meter shows OV, go to Step F 

a If meter shows 12V, go tocheck 
Key Switch , this section. Check 

wire to terminal strip. 

a If meter shows OV, go to Step G 

Red ' 

Yellow f Red 

~ t a i t  
Button 

f 
Red 

8' 

If meter shows 12V, replace fuse, 
holder, or wire to key switch. 

@ If meter shows OV, replace wire from 
solenoid terminal @ to fuse @. 

Key Switch 

If meter shows 12V, repairtreplace 
black wire between @ and ground. 

If meter shows OV, disconnect all 
leads from solenoid, and test sole- 
noid. Go to Check solenoid , this 
section. 

Fig. 168-169 Starter circuit testing - 25-55 hp (737cc) 1996 and later tiller models and 40-70 hp (913cc) 1999 and later tiller models 

4 
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Battery must  be fu l ly  charged. 

Result Step 

A. Check voltage between ground 
and 0. 

Steps A thru F - Remove 
starter t o  solenoid cable from 
@ t o  prevent starter engage- 
ment while making checks. 

Procedure 

F. Check voltage between ground Connect voltmeter at @. Turn a. If no reading, solenoid is 
and 0. key to START position. faulty. Remove black lead from ground 

at @. Connect voltmeter be- 
tween @ and common engine 
ground. Turn key to START posi- 
tion. Voltmeter should show bat- 
tery voltage. 

a. If no reading, go to Step B 
b. if meter reads battery voltage. 

reconnect black lead to ground 
and go to Step G 

b. If solenoid clicks and meter 
reads battery voltage, go to 
Step G 

G. Check voltage between ground 
and @. 

Reconnect starter to solenoid ca- a. If meter reads battery voltage 
ble at @. Connect meter at Q, and starter motor does not 
Turn key to START position. turn, check starter motor. B. Check voltage between ground 

and 0. 
lNotel Steps B thru F - Turn key 

OFF before connecting and 
disconnecting meter. Turn key 
to START position after con- 
necting. 

C. Check voltage between ground 
and @. 

Connect meter at 0. Turn key to 
START position, 

a. If meter reads battery voltage, 
lead is open between @ and 
0. 

b. If no reading, go to Step C 
b. If no reading. check for broken I cable or poor connection. 

Connect meter at @. Turn key to 
START position. 

a. If meter reads battery voltage, 
solenoid is faulty. 

b. If no reading, go to Step D 

a. If meter reads battery voltage, 
lead is open between @ and 
@ or neutral start switch @ is 
open or improperly adjusted. 

b. If no reading, go to Step E 

- 

D. Check voltage between ground 
and 0. 

Connect meter at @. Turn key to 
START oosition. 

E. Check voltage between ground 
and @. 

Connect meter at @. Turn key to 
OFF position. 

a. If meter reads battery voltage, 
check key switch. 

b. If no reading at @, check for 
open lead or open fuse be- 
tween @ and @. 

c. Connect meter at@. If no read- 
ing, check for open lead be- 
tween @ and battery "+" ter- 
minal. If meter reads battery 
voltage, go to Step H 

Fig. 170-171 Starter circuit testingt25-55 hp (737cc) and 25-70 hp (913cc) remote control models 
through 1995 (note the difference in the keyswitch terminals from later models) 

Fig. 172 Starter circuit testing - 25-55 hp (737cc) and 25-70 hp (913cc) remote control models 
1996 and later (note the difference in the keyswitch terminals from earlier models) 
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IGNITION AND ELECTRICAL SYSTEM 
Testing the Starter Button and Neutral Safety Switch (Tiller Models) 

Although the wire colors and mounting positions vary slig&ly, all 
JohnsoniEvinrude starter buttons operate in the same basic fashion. The 
button is a spring-loaded, continuity switch that completes the circuit (has 
continuity) when held down (depressed) and breaks the circuit (has no 
continuity) when released. 

Refer to the schematics in the Wiring Diagrams section for details. 
1. Disconnect the negative battery cable for safety (and to prevent 

accidental starting when testing or if switch leads are accidentally connected 
when they are removed from the switch or harness). 

2. Locate the starter button and trace the wiring looking for the easiest 
disconnectionltesting point. Disconnect the harness for access to the switch 
wires. 

3. Connect a DVOM set to read resistance across the two switch 
terminals or wires leading to the switch. Switch harness wires are normally 
yellowlred and redlpurple for 4-stroke or yellowlred and red or yellowired and 
purple for most 2-stroke motors, except 9.9115 hp 2-strokes on which both 
leads are red. 

4. Observe the meter with the button depressed and the button 
released. The DVOM should show no continuity (infinite resistance) when the 
button is released, then must show continuity (low resistance) when the 
button is held down. 

5. Reconnect the wiring once the testing andlor repairs are completed. 
6. For tiller models equipped with a neutral safety switch the switch 

operates in the same manner as the starter switch (completing or breaking 
the circuit depending upon the position of the switch plunger). Test is the 
same way using a DVOM or Ohmmeter. 

7. Connect the negative battery cable. 

Testing Starter Switches (Isolating Wiring Problems) on 1995 and 
earlier-non-MWS Equipped Modek 

+ See Figure 173 

Starting in 1996 JohnsoniEvinrude introduced the new Modular Wiring 
System (MWS) for all Remote models. Prior to the introduction of the MWS 
system remote models were wired with another common proprietary system, 
the tests for which are included here. HOWEVER, an adaptor was available 
to rig older engines to the MWS system if necessary, so use caution when 
testing. Basically if the connectors match the descriptions in this section, you 
should be good to go. 

The following tests can all be performed using an ohmmeter or a 
continuity test light to test for continuity. All tests must be started with these 
preliminary steps 

1.  isc connect the cables from both terminals on the battery. 
2. Disconnect the throttle and shift cables at the ~owerhead. 
3. Remove the retainer securing the harness connector together at the 

powerhead. 

Apply grease 
to shaded 

area 

whe

n 

connecting 

I Fia. 173 Harness connectors and wooer orientation for testina 

4. Disengage the harness connector. Note the arrow on both halves. 
During the tests this arrow must always be on top - at the 12 o'clock position 
-for the test probes to be inserted in the correct openings, per the 
illustrations. 

Emeraencv S t o ~  Switch Circuit - ,  . 

+ See Figure 174 

1. Install the safety clip and lanyard behind the stop switch button. 
2. Obtain an ohmmeter or a continuity light. Set the meter scale for 

continuity reading. A continuity test light may also be used. 
3, Turn the.key to the on position. 
4. With the connector arrow at the 12 o'clock position, insert the 

ohmmeter probes into the 1 o'clock and 6 o'clock female openings. The 
meter must show no continuity. 

5. Keep the test probes in the same openings and remove the 
emergency stop switch clip from behind the knob. The ohmmeter must 
indicate continuity. 

6. If the tests are not satisfactory, check the wiring carefully. Final 
solution - replace the emergency stop switch. 

Key Switch Circuit 

+ See Figures 174,175 and 176 

An ohmmeter or a continuity light may be used to make the following 
tests. 

1. Install the safety switch clip behind the knob. 

Fig. 176 Checking the neutral start switch 
circuit 

Fig. 174 Checking the emergency stop 
switch and keyswitch circuits 

Fig. 175 Checking the cold start and 
ignition on functions of the keyswitch 
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4-82 IGNITION AND ELECTRICAL SYSTEMS 
2. With the connector arrow at the 12 o'clock position, leave the meter 

test probes in the 1 o'clock and 6 o'clock openings, as in the previous tests, 
illustration B. 

3. Turn the key switch to the OFF position. The meter should indicate 
continuity. 

4. Now, turn the key switch to the on position. The meter should 
indicate no continuity. 

5. Keep the connector arrow at the 12 o'clock position, and move the 
meter probes to the 5 o'clock and 9 o'clock positions in order to check the 
cold start and ignition on functions of the switch .With probes in place, move 
the key switch to the on and start positions and at the same time push the 
key inward. The meter should indicate continuity. Allow the key to move 
outward and the meter should indicate no continuity. 

6. With the control handle in the neutral position, insert the meter 
probes into the 5 o'clock and 11 o'clock positions in order to check the 
neutral start switch circuit. After the probes are in place, turn the key switch 
to the start position. The meter should show continuity. Release the key and 
the meter should indicate no continuity. If the test results are not satisfactory, 
check the wiring and test the switch. 

Neutral Start Switch Circuit 

DERATE 
+ See Figure 175 

An ohmmeter or a continuity light may be used to make the following 
tests. 

1. Check to be sure the control handle is in the neutral position. Insert 
the meter probes in the 5 o'clock and 11 o'clock positions. Turn the key to 
the start position and the meter should indicate continuity. 

2. Move the control handle to the forward position and again turn the 
key to the start position. The meter should indicate no continuity. 

3. Move the control handle to the reverse position and turn the key to 
the start position. The meter should indicate no continuity. 

4. If the test results are not satisfactory, check the wiring and test the 
neutral start switch. 

Trim/Ti/t Switch Circuit - ~-~ 

TE 
+ See Figures 177 and 178 

An ohmmeter or a continuity light may be used to make the following 
tests. 

1. At the outboard, disconnect the control handle trimltilt harness from 
the trimltilt motor harness at the connector. 

2. Make contact with the meter test probes to the upper center pin and 
the lower left pin, as indicated in the illustration for the first connection. 
Depress the trimltilt switch for the up direction. The meter should indicate 
continuity. Release the switch and the meter should indicate no continuity. 

Fig. 177 First connection for trimltilt switch 
testing 

3. Make contact with the meter probes to the upper center pin and the 
lower right pin, as show in the illustration for the second connection. 

4. Depress the trimltilt switch for the down direction. The meter should 
indicate continuity. Release the switch and the meter should indicate no 
continuity. 

5. If the test results are not satisfactory check the wire location or 
replace the switch. 

Keyswitch Test 

+ See Figure 179 

This test directly checks function of factory JohnsonlEvinrude rigged 
keyswitch assemblies that is used with the 1995 and earlier models (PRE- 
MWS). For details on terminal locations refer to the accompanying 
illustration. 

A DVOM set to read resistance is used by this test to check continuity, 
though a self-powered test light could also be used. 

1. Disconnect the negative battery cable from the battery for safety. 
2. Disassemble the remote control as necessary for access to the 

keyswitch terminals. Tag (for proper installation) and disconnect the wiring 
from the terminals. 

3. Install the stop switch clip and safety lanyard. 
4. Make sure the keyswitch is turned to OFF. 
5. Probe across terminals B (for Battery) and A, there should be no 

continuity. 
6. Turn the keyswitch to ON, there should now be continuity across 

terminals A and B. 
7. Turn the keyswitch to START, there should still be continuity across 

terminals A and B. 
8. With the keyswitch held in START, move one probe from terminal A 

to terminal S, there should still be continuity. 
9. Move both probes to the M terminals. There should be NO continuity 

with the keyswitch in the START or ON positions. 
10. Turn the keyswitch OFF, there should now be continuity across the M 

terminals. 
11. Move the probes to terminals B and C, then turn the keyswitch to ON 

and push inward. There should be continuity once the switch is pushed 
inward in this position. 

12. With the probes still connected across terminals B and C, turn the 
keyswitch to START and push inward. There should be continuity once the 
switch is pushed inward in this position as well. 

13. Recheck connections and test conditions if the switch fails any part of 
the test, then replace the switch if found defective. If the switch is not faulty, 
recheck the harness or look for other problems. 

14. When tests or repairs are completed, assembly the remote control 
assembly. 

15. Connect the negative battery cable. 

Fig. 178 Second connection for trimltilt 
switch testing 

Fig. 179 Terminal identification for direct 
keyswitch testing on 1995 and earlier 
models 
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Testing Starter Switches (Isolating Wiring Problems) on 1996 and 
Later MWS Equipped Models 

Keyswitch Circuit Test 

CULT 
- - -  * See Figures 180 thru 183 

This test checks function of factory JohnsonlEv~nrude rigged keyswitch 
assembl~es through the Modular Wiring System (MWS) For more details on 
term~nal locations and w m g  colors refer to the accompanying illustrat~ons or 
the schematics for the MWS remote control and harness found ~n the Wirina 
Diagram section. 

A DVOM set to read resistance is used by this test to check continuity, 
though a self-powered test light could also be used. 

1. Disconnect the negative battery cable from the battery for safety. 
2. Install the stop switch clip and safety lanyard. 
3. Locate and disengage the MWS 6-pin remote harness connector 

inline between the remote and the engine (the harness contains yellowlred, 
blackiwhite, black, red, purple and purplelwhite wires). 

4. Make sure the keyswitch is turned to OFF. 
5. Probe the remote control side of the harness terminals 4 and 6 

(blacWyellow and black wires) as identified in the accompanying illustration, 
there should be continuity, 

Fig. 180 There should be continuity across terminals 4 and 6 with 
the keyswitch OFF 

Fig. 181 There should be no continuity 
across terminals 4 and 6 with the keyswitch 
ON 

6. Turn the keyswitch to ON, while continuing to probe terminals 4 and 
6. There should now be no continuity with the keyswitch ON. 

7. Connect the probes across terminals 1 and 2 (purplelyellow and 
redlpurple wires), there should be no continuity until the keyswitch is pushed 
inward while in the ON and START positions. 

8. Move the control handle into Neutral. 
9. Connect the probes across terminals 2 and 5 (redlpurple and 

yellowlred wires), there should be no continuity if the key is released, but 
there should be continuity when the key is turned to the START position. 

10. If the circuit does not test properly, check for problems with the 
harness wires or connectors. If no problems are found with the harness, test 
the keyswitch directly, as detailed in this section, before replacing the switch. 
If the switch is not faulty, recheck the harness and test connections. 

Keyswitch Test 

CULT 

+ See Figures 184 thru 187 

This test directly checks function of factory JohnsonIEvinrude rigged 
keyswitch assemblies that is used with the Modular Wiring System (MWS). 
For more details on terminal locations and associated wiring colors refer to 
the accompanying illustrations or the schematics for the MWS remote control 
and harness found in the Wiring Diagram section. 

A DVOM set to read resistance is used by this test to check continuity, 
though a self-powered test light could also be used. 

1. Disconnect the negative battery cable from the battery for safety. 
2. Disassemble the remote control as necessary for access to the 

keyswitch terminals. Tag (for proper installation) and disconnect the wiring 
from the terminals. 

3. Install the stop switch clip and safety lanyard. 
4. Make sure the keyswitch is turned to OFF. 
5. Probe across terminals A and B (purple and redlpurple wires), there 

should be no continuity. 
6. Turn the keyswitch to ON, there should now be continuity across 

terminals A and B. 
7. Turn the keyswitch to START, there should still be continuity across 

terminals A and B. 
8. With the keyswitch held in START, move one probe from terminal A 

to terminal S (yellowlred wire), there should still be continuity. 
9. Move both probes to the M terminals (black and blacWyellow). There 

should be NO continuity with the keyswitch in the START or ON positions. 
10. Turn the keyswitch OFF, there should now be continuity across the M 

terminals. 
11. Move the probes to terminals B and C (redlpurple and purplelwhite), 

then turn the kevswitch to ON and ~ u s h  inward. There should be continuitv 
once the switch'is pushed inward in this position. 

12. With the probes still connected across terminals B and C, turn the 
keyswitch to START and push inward. There should be continuity once the 
switch is pushed inward in this position as well. 

Fig. 182 There should be continuity across 
terminals 1 and 2 with the keyswitch pushed 
inward while it is in the ON or START 
position 

Fig. 183 There should be continuity across 
terminals 2 and 5 with the keyswitch turned 
to START and the remote lever in the 
Neutral position 
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Fig. 184 Ignition keyswitch testing and 
terminal identification - with the keyswitch 
OFF the M terminals are connected, but A 
and B should show no continuity 

Fig. 185 With the keyswitch ON the M Fig. 186 With the keyswitch held in the 
terminals are disconnected, while A and B START position, terminals A and B, as well 

Fig. 187 Pressing inward on the keyswitch when it is in ON or, as 
shown in START, while allow for continuity between B and C 
(applying power to the electric primer, when equipped) 

13. Recheck connections and test conditions if the switch fails any part of 
the test, then replace the switch if found defective. If the switch is notfaulty, 
recheck the harness or look for other problems. 

14. When tests or repairs are completed, assembly the remote control 
assembly. 

15. Connect the negative battery cable. 

Neutral Safety Switch And Circuit Test 

DERATE 
4 See Figure 188 

This test checks function of remote control mounted neutral safety switch 
assembly through the Modular Wiring System (MWS) harness. For details on 
terminal locations and wiring colors refer to the accompanying illustrations or 
the schematics for the MWS remote control and harness found in the Wiring 
Diagram section. 

A DVOM set to read resistance is used by this test to check continuity, 
though a self-powered test light could also be used. 

The switch itself can also be tested directly, by checking continuity across 
the switch contacts while the plunger is released and while the plunger is 
depressed. Continuity should only exlst when the plunger is held downward. 

For models equipped with an engine mounted switch, test the 
switch directly following the final step of this test procedure. 

Keep in mind that the function of the neutral safety switch is to prevent 
the motor from being started (to keep the starter circuit open) unless the 
gearcase is in Neutral. This is a safety feature that is meant to prevent injury 
on land during testingltune-ups or on the water (to keep the boat from 
lurching suddenly when the motor is started). 

The gearbox should not be forced into gear without propshaft rotation. 
If necessary, have an assistant slowly turn the shaft by hand when 
shifting into FORWARD or REVERSE gear. 

Be sure to disconnect the negative battery cable and to removelground 
the spark plug leads to prevent accidental starting which could lead to 
serious injury or death, especially for your assistant. 

1. Disconnect the negative battery cable from the battery for safety. 
2. Make sure the keyswitch is turned to OFF. 
3. Locate and disengage the MWS 6-pin remote harness connector 

inline between the remote and the engine (the harness contains yellowlred, 
blacklwhite, black, red, purple and purplelwhite wires). 

4. Probe the remote control side of the harness terminals 2 and 5 
(redlpurple and yellowlred wires) as identified in the accompanying 
illustration, there should be continuity only with the shifter in Neutral and the 
keyswitch held in the START position. 

5. Shift into FORWARD while an assistant rotates the propshaft slowly 
by hand to prevent damage, then turn and hold the keyswitch in the START 
position. The DVOM must now show no continuity. Repeat this step, moving 
the shifter into REVERSE, the meter must still show no continuity. 

6. If readings vary, check the wiring harness and switch itself. 
7. To check the neutral safety switch directly (mounted in the remote 

assembly or on the motor, depending on the application): 
a. Locate the switch (by removing the engine cover or disassembling 

the remote control unit for access). 
b. Disconnect the wiring from the switch (usually 2 yellowlred leads), 

then probe across the 2 switch terminals using a DVOM. 
c. Depress and release the switch while watching the meter. The 

switch must shown continuity only when the plunger is depressed and should 
show no continuity as soon as the plunger is released. 

Fig. 188 Testing the remote mounted neutral safety switch through 
the MWS harness 
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d. The switch should be replaced if it does not function properly. 

In some applications the switch mounting is adjustable. If so, when 
installed, make sure the switch ~lunaer is onlv held down when in 
NEUTRAL. The plunger must beextinded when in gear (either 
FORWARD or REVERSE). 

8. Once testing andlor repairs are finished, reconnect the wiring. 
9. Connect the negative battery cable. 

STARTING SYSTEM TESTING (EFI MODELS) 

Perform all preliminary checks as noted under Troubleshooting the 
Starting System. Also, refer to the engine troubleshooting charts found in the 
Electronic Fuel Injection (EFI) System section, specifically ENGINE WON'T 
CRANK for troubleshooting hinds. If no obvious causes of a no or slow 
cranking condition are found, perform the voltage and switch component 
testing in the order provided here. 

Test the voltage at the starter motor, then the starter solenoid relay and 
finally the keyswitch. 

If voltage readings are good, check the function of the neutral safety 
switch, then the starter solenoid relay and finally the keyswitch. 

4. Move the red probe to the starter cable side of the relay (terminal to 
which the red cable that runs to the starter motor is attached). Operate the 
keyswitch while watching the meter, it must read at least 9.5 volts. Otherwise 
the solenoid is faulty or no signal is being received to trigger the solenoid. 

5. Disconnect the yellowlgreen wire from the solenoid, then connect the 
red DVOM probe to the wire itself. Move the black probe to a good engine 
ground. Operate the keyswitch while watching the meter, if a reading of 12 
volts or higher is not noted, the signal is not reaching the solenoid. The 
problem could be in the neutral safety switch or keyswitch (and any of the 
related wiring). In this case, proceed with checking Voltage at the Ignition 
Keyswitch, as detailed in this section. 

If the signal voltage is present when checking between the 
yellowlgreen wire and a good engine ground, move the black meter 
probe to the solenoid wire terminal for the small black wire that 
attaches to the point on the solenoid next to the yellowlgreen wire. 
Repeat the check, if voltage is not present, the solenoid has a bad 
ground. Either clean and tighten the terminals or repair or replace the 
wire to provide a suitable ground (or replace the solenoid relay if that 
does not fix the problem). 

6. If signal voltage is present and no bad ground is located, yet the 
solenoid relay is not closing the internal switch to apply power to the starter, 
you've found the problem (it's the solenoid). 

Voltage Testing 

CULT 

Checking at the Starter Motor 
1. For safety and to prevent accidental engine starting, disconnect the 

leads from the spark plugs (70 hp motors) and ground them or disconnect 
and ground the primary leads (40150 hp motors) from the coils. 

2. If not already, place the gear shifter into Neutral. If shifting is difficult, 
have an assistant manually rotate the propshaft slowly by hand until the shift 
lever moves freely. 

3. Locate the starter motor, then find where the red power cable 
attaches to it. Pull the rubber insulator cover back slightly for access and 
connect a DVOM red probe to the red power cable at the point where it 
attaches to the starter motor terminal. Connect the black probe to a good 
engine ground. 

4. Operate the keyswitch while observing the meter for a reading of at 
least 9.5 volts and proceed as follows: 

a. If power is present, but the starter is not cranking, move the black 
probe to the top of the starter casing and recheck. If there is no reading or 
voltage drops, check the starter for a bad ground that is preventing the circuit 
from properly completing, clean the starter mounting surface to achieve a 
better ground. If the voltage reading does not change, repair or replace the 
starter, as necessary. 

b. If no power is present, check for voltage at the starter solenoid relay 
as the next step in determining the problem with the circuit. At this point, it 
could be the fuse, solenoid, neutral safety switch, or keyswitch. 

c. If insufficient power is present, check the battery, cables and 
connections. 

Checking at the Starter Solenoid Relay 
The solenoid relay is the remote controlled electric switch that is used by 

the starting circuit to apply power to the starter motor. It can be located by 
following the red starter cable back from the starter motor to the solenoid 
itself. For 40150 hp motors the solenoid relay is found on the starboard side 
of the powerhead, adjacent to the electric starter. For 70 hp motors it is 
found on the starboard side of the powerhead, just aft of the air intake 
silencer cover. 

1. If not done already, disconnect the leads from the spark plugs (70 hp 
motors) and ground them or disconnect and ground the primary leads (40150 
hp motors) from the coils for safety and to prevent accidental engine starting. 

2. If not already, place the gear shifter into Neutral. If shifting is difficult, 
have an assistant manually rotate the propshaft slowly by hand until the shift 
lever moves freely. 

3. Connect a DVOM red probe to the battery cable side of the relay 
(terminal to which the red battery cable is attached), then connect the black 
meter probe to a good engine ground. There must be a reading of at least 12 
volts at this point, or the cable, battery or connections are faulty. Clean, 
repair or replace, as necessary before proceeding. 

Checking at the lgnition Keyswitch 
The EFI motors sold by JohnsonIEvinrude are rigged from the factory for 

remote control installation. When installed in this fashion, a remote or dash 
mounted ignition keyswitch is used. Long jumpers may be necessary to test 
remote models. Some EFI motors however, may be equipped with accessory 
tiller controls and, when so equipped would use an ignition keyswitch 
mounted to the motor. The switch however is tested in the same fashion as 
the remote switch. 

Before switch testing can occur, the remote or tiller control housing may 
require partial disassembly for access to the switch itself. Before going 
through this trouble, make sure all other possible causes of a no or slow 
crank condition have been thoroughly checks. Wires, connections and fuses 
should be checked for damage or corrosion. 

For remote models turn the ignition keyswitch to ON while watching the 
instruments for backlights or other indications that power has been applied. If 
there is not power when the keyswitch is turned, check for a blown fuse or 
faulty wiring problem. 

1. For safety and to prevent accidental engine starting, disconnect the 
leads from the spark plugs (70 hp motors) and ground them or disconnect 
and ground the primary leads (40150 hp motors) from the coils. 

2. Either remove the lower tiller cover for access to switch wiring (tiller 
models) or disassemble the remote for access to the switch (remote 
mounted keyswitch models) or access the switch from under the dash (dash 
mounted remote keyswitch models), as applicable. 

3. Disconnect the white wire from the harness. 
4. Using a DVOM set to read DC voltage, connect the red probe to the 

engine side of the white wire and a the black probe to a good engine ground. 
Reconnect the negative battery cable and check for at least 12 volts on the 
meter. A lack of voltage (or insufficient voltage) indicates a problem with the 
battery, fuse, wiring or connections. Check for damaged components and 
looselcorroded connections. If the correct voltage is present, proceed with 
component testing to find the culprit, start with the neutral safety switch, then 
the solenoid relay and finally the ignition keyswitch. 

5. Once tests or repairs are completed, reconnect the white switch to 
the harness, routing the wiring as noted during removal. 

Switch Component Testing 

Checking the Neutral Safety Switch 

DERATE + See Figure 189 

JohnsonlEvinrude EFI motors are equipped with an engine mounted 
neutral safety switch. The switch is designed to open the signal circuit to the 
starter relay whenever the gearcase is shifted into FORWARD or REVERSE. 
The switch is mounted in such as manner as to allow direct contact with the 
shift linkage. When the linkage is in Neutral. A tab on the linkage depresses 
and holds the switch plunger in a downward position, providing for switch 
continuity. In any position other than Neutral the linkage tab is no longer in 
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I Fig. 189 The neutral safety switch must show continuity only when 
the plunger is held downward (in NEUTRAL) 

contact with the switch plunger which moves back outwards, opening the 
circuit. 

Testing is a simple matter of connecting a DVOM across the two switch 
contacts and checking response to gear linkage and plunger movement. 

1. Disconnect the negative battery cable for safety. 
2. Locate the neutral safety switch by following the yellowlgreen wire 

back from the starter solenoid to the neutral switch. 
3. Disengage the harness connector, removing both wires (yellowlgreen 

and brown) from the switch pigtail. 
4. Connect the DVOM across the two switch pigtail terminals. 
5. Using an assistant to slowly rotate the propshaft (thereby preventing 

binding and damage to the gearcaselshifter linkage), place the shit linkage in 
Neutral. Visibly check to ensure that the switch plunger is held downward 
and observe the meter, there should be continuity. 

6. Shift the gearcase into FORWARD and REVERSE respectively, 
observing the meter each time. The plunger must be released as the linkage 
is moved into either gear and the meter should show no continuity. 

7. Replace the switch if it does not close the circuit ONLY when the 
plunger is held downward. 

8. Once tests andlor repairs are completed, reconnect the switch 
harness and the negative battery cable. 

Checking the Solenoid Relav 

DERATE 
+ ~ e e ~ i ~ u r e  f 90 

A DVOM can be used to check the coil winding of the starter solenoid. In 
addition a fully-charged 12-volt battery and a set of jumper leads can be 
used to perform a functional check of the solenoid by applying power to the 
signal circuit and watching the DVOM to see if the main switch circuit (starter 
power feed circuit) closes. 

To protect the test equipment, all engine wiring must be disconnected 
from the solenoid relay before performing these tests. 

Be sure to perform both parts of the test and replace the solenoid 
relay if it fails either one. 

Fig. 190 Testing solenoid relay coil winding resistance across the 
signal circuit terminals 

1. Disconnect the negative battery cable for safety. 
2. Tag and disconnect the wiring from the solenoid. If desired, remove 

the solenoid completely from the powerhead. 
3. Set the DVOM to read resistance, then connect the probes across 

the yellowlgreen and black wire connections for the solenoid relay signal 
circuit. Resistance should be about 3.5-5.1 ohms. 

Remember like with all resistance testing, resistance specifications 
and readings vary with temperature. The specifications provided are for 
a component being tested at 68°F (20°C). 

4. Move the DVOM probes to the battery input and starter motor output 
terminals, then use the jumpers to apply battery power to the yellowlgreen 
and black wire (signal) connections for the solenoid. If it is functioning 
properly, an audible click should be heard as the solenoid closes the switch 
contacts for the starter power circuit and the DVOM should now show 
continuity between the battery input and starter output terminals. 

5. If the solenoid relay fails either test, recheck to make sure 
connections were proper, then replace the solenoid. 

6. After testing or repairs, reconnect the wiring as tagged and reconnect 
the negative battery cable. 

Checking the Ignition Keyswitch 

The ignition keyswitch provides battery voltage to operate dash gauges, 
the starting circuit and engine control circuits on EFI models. Access to the 
switch leads is required for testing, which will require partial disassembly of 
the remote control or accessory tiller control bracket on most motors. 

These motors are normally rigged using the standard JohnsonIEvinrude 
keyswitch assembly and, on remote models, the Modular Wiring System 
(MWS). Testing is conducted in the same manner as keyswitch and circuit 
testing for carbureted models. For this reason, please refer to the Keyswitch 
Circuit Test and the Keyswitch test under Testing Starter Switches (Isolating 
Wiring Problems) in the Starting System Troubleshooting (Carbureted 
Models) section for details. 

+ See Figures 191 and 192 

As the name implies, the sole purpose of the cranking motor circuit is to 
control operation of the electric starter motor to crank (turn) the powerhead 
flywheel and crankshaft until the engine is operating. The circuit usually 
includes a solenoid relay (magnetic switch) to connect or disconnect the 
motor from the battery. When equipped, the operator controls the solenoid 
relay using either a key switch or a starter button. 

A neutral safety switch (or sometimes a mechanical lockout) is usually 
installed into the circuit to permit operation of the cranking motor only if the 
shift control lever is in neutral. This switch is a safety device to prevent 
accidental engine startup when the motor is in gear. 

The starter is an electric motor consisting of a series of windings that 
draw a heavy current from the battery. It is designed to be used only for 
short periods of time. To prevent overheating the motor, cranking should not 
be continued for more than 30-seconds without allowing the motor to cool for 
at least three minutes. Actually, this time can be spent in making preliminary 
checks to determine why the engine fails to start. 

Power is transmitted from the cranking motor to the powerhead flywheel 
throuah a Bendix drive that utilizes a  ini ion aear mounted on screw threads 
 hei it he motor is operated, the pinion geaimoves upward and meshes with 
the teeth on the flywheel ring gear. When the powerhead starts, the pinion 
gear is driven faster than the shaft, and as a result, it screws out of mesh 
with the flvwheel. A rubber cushion is built into the Bendix drive to absorb the 
shock when the pinion meshes with the flywheel ring gear. The parts of the 
drive must be orooerlv assembled for efficient ooeration. If the drive is 
removed for cl'eahg: take care to assemble thb parts as shown in the 
accompanying illustrations in this section. If the screw shaft assembly is 
reversed, it will strike the splines and the rubber cushion will not absorb the 
shock. 

The sound of the motor during cranking is a good indication of whether 
the starter is operating properly or not. Naturally, temperature conditions will I. 

affect the speed at which the cranking motor is able to crank the engine. The 
speed of cranking a cold engine will be much slower than when cranking a 
warm engine. An experienced operator will learn to recognize the favorable 
sounds of the powerhead cranking under various conditions. 
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TESTING 

Starter No-Load Current Draw Test 

+ See Figure 193 
CULT 

JohnsonlEvinrude does not provide specifications for a no-load 
current draw test on EFI motors. If the starter motor is suspect on 
these models (fails to operate properly even though sufficient voltage 
is available at the motor wiring) the starter should be removed, 
disassembled and inspected, as detailed in this section. 

On carbureted JohnsoniEvinrude outboards, if starter motor is suspect 
(failed to operate properly even though sufficient voltage is available at the 
motor wiring and no ground problem was located), the motor can be 
removed and checked using a no-load current draw test. An ammeter of 0-50 
amp capacity, a vibration tachometer (such as a Frahm Reed tachometer) 
and a fully-charged battery of suitable capacity will be necessary for this test. 
On all models except 25135 hp (5001565~~) motors, a battery of 350 CCA 
should be sufficient, but for 25135 hp (5001565~~) motors the manufacturer 
recommends using a 500 CCA battery. For safety, you should also use a 
bench vise mounted to a suitable working surface to hold the motor securely 
in place during testing. Though people have been known to simply place the 
starter on the floor and hold it securely underfoot, but this can get pretty 
awkward when trying to read the various meters used during testing. 

An inductive (clamp-on type) ammeter is easiest to use for this test. 

To use a Frahm Reed or other suitable vibration tachometer, simply hold it 
against the starter housing while the motor is running. If one if not available, 
a stroboscopic tachometer may be used, provided a reference mark is 
placed on the drive gear (pinion). 

Most hobby shops will sell tachometers designed for use on model 
plane engines that would be held against the drive unit to measure 
rotational speed. 

1. Remove the starter from the engine as detailed in this chapter. 
2. Mount the starter motor in a suitable bench vise (or a mounting 

fixture to which the motor can be bolted to hold it securely during testing). 

If possible, use a soft-jawed vise or some form of rubber padding to 
protect the starter housing. Be careful not to overtighten and damage 
the housing by crushing it in the vise. 

3. Connect a voltmeter across the battery terminals to monitor voltage. 

Make sure the cables used to connect the starter motor are of sufficient 
gauge (at least as thick as the battery cables normally connected to the 
starter motor, in fact those cables can be used). Also, make sure the 
cables are not too long. Use of cables with insufficient gauge or of too 
great a length will increase resistance in the circuit leading to false 
readings and possibly overheating the components used in the test. 

Fig. 191 When equipped, the electric starter 
motor is mounted vertically to the 

H If jumper cables of some sort are used to connect the battery to the 
starter motor, make sure that sufficient electrical connections are 
provided. cables held loosely against the starter will increase 
resistance in the test circuit, and could lead to false results. 

4. Connect the positive terminal of the battery to the positive wiring 
terminal on the starter motor itself (the point where the red cable normally 
attaches to the motor when installed). If using a conventional ammeter you'll 
have to place the meter inline between the 2 points (connect the positive 
battery terminal to the ammeter positive probe, then wire the negative meter 
probe to the starter motor positive terminal). If using an inductive meter, 
connect the positive terminal of the battery directly to the positive terminal on 
the starter, then clamp the meter pickup somewhere on the cable that was 
used. 

Use great care when connecting the cable from the negative terminal of 
the battery to the starter motor. Make sure there are NO sparks created 
anywhere near the battery (that could ignite the explosive vapors 
emitted by battery electrolyte). 

5. Connect a suitable jumper cable to the negative terminal of the 
battery, then make sure the voltmeter, ammeter and tachometer are all ready 
to conduct the test. 

6. Connect the jumper from the negative battery terminal to the starter 
motor casing, then check each of the meters. 

H Voltage must not drop below 12 volts DC or the battery is either 
insufficiently charged for this test or defective. 

7. With voltage maintained between 12.0-12.4 VDC make sure the 
starter motor reaches the proper cranking RPM without exceeding amperage 
rating for the engine model being tested, as follows: 

For 9.9 hp (211cc) 6stroke and 9.9-15 hp (2161255~~) 2-stroke motors, 
the starter must rotate 7000-9200 rpm while drawing no more than 7 amps. 

For 9.9115 hp (305cc) Cstroke or 18-35 hp (521cc) and 25/35 hp 
(5001565~~) 2-stroke motors, the starter must rotate 6500-7500 rpm while 
drawing no more than 30 amps. 

For 25-55 hp (737cc) and 25-70 hp (913cc) motors, the starter must 
rotate 5700-8000 rpm while drawing no more than 32 amps. 

8. If the motor exceeds current draw andlor fails to achieve proper 
speed, the motor must be overhauled or replaced. Refer to the procedures 
found in this section. 

REMOVAL & INSTALLATION 

+ See Figure 191 and 194 thru 197 
v 

Be careful when servicing the starter motor assembly not to drop or 
strike the housing as this could crack or damage the permanent 
magnets contained with the motor. 

Fig. 192 When actuated, the starter pinion 
gear meshes with the flywheel ring gear 
teeth in order to turn the flywheel 

Fig. 193 Starters can be tested for operation 
using a fully-charged 12-volt battery and a 
set of iumper cables 
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Fig. 194 On some riggings, cables or hoses 
may be attached to the starter - 4-stroke 
carbureted motor shown 

Fig. 195 All carbureted Cstrokes have at 
least one bolt mounted vertically 
underneath the flywheel coverlmanual 
starter 

I Fig. 197 . . . then remove the starter assembly from the powerhead I 
Except 25135 Hp (5001565~~) Motors 
* See Figures 191 and 194 thru 197 

1. Disconnect the negative battery cable, followed by the positive cable 
at the battery for safety. 

2. If necessary for access on carbureted models, remove the flywheel 
cover or manual starter assembly 

H On 4-stroke carbureted models the flywheel coverlmanual starter 
assembly must usually be removed in order to access and remove the 
starter bolt(s) mounted vertically through the top of the starter bracket 
and into the powerhead. 

3. For EFI motors, remove the flywheel cover, followed by the flywheel. 
For details, refer to the Flywheel procedure in the Powerhead section. 

4. If necessary for access to the starter wiring or, if used, lower 
mounting bolt, remove one or both of the lower engine covers. 

H On 4-stroke carbureted models, the lower port engine over must be 
removed in order to access both the lower mounting bolt and the 
starter positive terminal wiring. 

5. For 25-70 hp (913cc) 2-strokes and all EFI 4-stroke motors, remove 
the air intake silencer for improved access. 

Fig. 196 Once accessed, disconnect the 
wiring and remove the mounting bolts. . 

6. For 18-35 hp (521cc) motors, tag and disconnect all leads from the 
starter solenoid. Then, right above the solenoid, remove the vertical throttle 
shaft clamp screws and remove the clamp. 

7. To free the starter from the motor, remove the starter retaining bolts 
and disconnect the red positive power cable from the starter terminal. If 
access to the wiring terminal is clear, disconnect it first, but on some models 
it is easier to unbolt and pivot the starter for access to the wiring. For more 
details on your model proceed as follows: 

On 9.9 hp (211cc) 4-stroke motors, disconnect the wiring lead from the 
bottom of the starter motor and the 2 retaining bolts mounted vertically 
through the top of the motor. 

On 9.9-15 hp (2161255~~) 2-stroke motors, if equipped, unbolt the 
rectifier from the starter motor bracket and position it aside with the wiring 
attached. Then, disconnect the wiring lead from the bottom of the starter 
motor and the 2 retaining bolts mounted horizontally through top of the motor 
housing and into the powerhead. 

On 9.9115 hp (305cc) 4-stroke motors, loosen the terminal nut and 
disconnect the red positive cable wiring from the bottom side of the starter 
motor. Remove the screw holding the bottom starter mounting bracket to the 
powerhead, then remove the 2 screws (on mounted horizontally and the 
other mounted vertically) from the top of the starter assembly. 

On 18-35 hp (521cc) 2-stroke motors, remove the screws and washers 
securing the starter mounting bracket to the side of the powerhead. Take 
note of the fact that the lower screw also secures a ground strap and a star 
washer. Next, remove the locknut and washer securing the mounting bracket 
to the front of the powerhead. Remove the motor with the red lead still 
attached, from the powerhead. If necessary, the red lead can be removed 
from the motor at this time. 

On 25-55 hp (737cc) and 25-70 hp (913cc) motors, disconnect the red 
positive cable from the starter, then remove the 2 side bracket and 1 front 
bracket retaining screws. 

On EFI motors, tag and disconnect the positive and negative cables 
from the starter motorlbracket. Remove the starter band clamp, then remove 
the 2 mounting bolts from the top of the starter. 

8. Using a suitable solvent, clean all dirt, debris or corrosion from the 
starter mounting surfaces of the starter housing and powerhead. Clean all 
boltlstud threads of any dirt, debris or corrosion. 

9. If used, inspect rubber insulators for wear, damage or decay and 
replace as necessary. 

To install: 
10. Apply a light coating of OMC Nut Lock or an equivalent threadlock to 

the threads of the retaining bolts and, if applicable, nut(s). - 
11. If it is easier to access the wiring with the starter unbolted from the 

powerhead, connect the wiring at this point. 
12. Position the starter to the powerhead and secure using the retainers. 

Tighten the starter mounting bolts and, if applicable, nuts to: 
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On 9.9-15 hp (2161255~~) 2-stroke motors, tighten the retainers to 10- 

12 ft. Ibs. (14-16 ~ m ) .  
On 18-35 hr, f521cc) 2-stroke motors. tiahten the retainers to 60-84 , \  , . - 

inch Ibs. (7-9 Nm). 
On 9.9 hp (211cc) and 9.9115 hp (305cc) 4-stroke motors, as well as 

25-55 hp (737cc) and 25-70 hp (913cc) 2-stroke motors, tighten the retainers 
to 14-16 ft. Ibs. (19-22 Nm). 

On EFI motors, tighten the retainers to 15-18 ft. Ibs. (20-24 Nm). 
13. If not done before positioning the starter motor, connect the red 

positive cable to the starter motor terminal (and on EFI motors, the black 
ground wire to the ground terminallbracket). Tighten the retaining nut 
securely. JohnsonlEvinrude does not provide torque specs for the terminal 
on all motors, but when applicable, tighten the terminal nut to: 

On 9115 hp (305cc) 4-stroke motors, tighten the nut to 14-16 ft. Ibs. 
(1 9-22 Nm). 

On 25-55 hp (737cc) and 25-70 hp (913cc) motors, tighten the nut to 
10-12 ft. Ibs. (14-16 Nm). 

On EFI motors, tighten the nut to 8-10 ft. Ibs. (11-14 Nm). 
14. For all carbureted motors, apply a light coating of OMC Black 

Neoprene Dip or a weather-strip sealant over all wiring terminals to protect 
them from moisture and corrosion, except the red, positive lead on 18-35 hp 
(521 cc) 2-strokes. 

JohnsonlEvinrude specifically excludes the red positive lead 
terminal on 18-35 hp (521cc) 2-strokes from being coated with sealant. 
They do not, however, provide any explanation why. 

15. For 25-70 hp (913cc) Pstrokes, use new air silencer base screws 
when installing the silencer and base onto the carburetors. Tighten the 
screws to 60-84 inch Ibs. (7-9 Nm). 

16. The balance of the installation procedure is the reverse of the 
removal. 

17. Connect the positive battery cable, followed by the negative. 

25135 Hp (5001565~~) Motors 

On these engines the electric starter motor is mounted to the starboard 
side of the powerhead, but its location might not be obvious at first glance. 
That's because it is mounted behind an electrical bracket box, sandwiched 
between the oil tank reservoir and the shift linkage. The quickest way to spot 
it is to look for the small toothed pinion gear attached to the top of the starter 
motor assembly, it just peeks out from underneath the flywheellmanual 
starter cover. 

1. Disconnect the negative battery cable, followed by the positive cable 
at the battery for safety. 

2. Disconnect all ground cables and wires from the ground stud at the 
front, lower corner of the electrical bracket that obscures the starter motor. 

3. Tag all connections on the starter solenoid (located at the base of the 
starter motor, directly below the ground stud from the previous step). 
Disconnect the positive battery cable from the large post on the solenoid, 
then, disconnect the yellowlred neutral safety switch wire and the ground 
wire from the starter solenoid posts. Finally, disconnect the red lead from the 
remaining large solenoid terminal. 

4. Remove the ground stud (from the second step) at the forward, 
bottom of the electrical bracket, then remove the retaining bolt from the top, 

Fig. 198 To disassemble a typical 
JohnsonlEvinrude starter, begin by 
removing the protective cap. . . 

aft corner (opposite corner from the ground stud). Reposition the bracket for 
access to the starter motor assembly. 

5. Remove the top oil reservoir mounting screw and pull the reservoir 
out slightly from the powerhead for access to the aft starter motor mounting 
bolt. 

6. Remove the 2 bolts securing the top of the starter motor horizontally 
to the side of the powerhead. 

7. Using a suitable solvent, clean all dirt, debris or corrosion from the 
starter mounting surfaces of the starter housing and powerhead. Clean all 
boltlstud threads of any dirt, debris or corrosion. 

To install: 

8. Apply a light coating of OMC Locquic Primer, followed by OMC Nut 
Lock or an equivalent threadlock to the threads of the 2 starter retaining 
bolts. 

9. Install the starter to the powerhead and tighten the retaining bolts to 
15-17 ft. Ibs. (20-23 Nm). 

10. Install the top oil reservoir mounting screw and tighten to 6-9 ft. Ibs. 
(8-12 Nm). 

11. Reposition and secure electrical bracket using the retaining screw 
and ground stud. Tighten the screw and stud to 60-84 inch Ibs. (7-9 Nm). 

12. Connect the wiring to the starter solenoid as tagged during removal 
and tighten the nuts securely (but do not over-tighten and damage the 
terminals). Position the protective cover over the positive battery cable 
connection. 

13. Connect the ground straps to the ground stud and tighten the nut 
securely. 

14, Apply a light coating of OMC Black Neoprene Dip or a weather-strip 
sealant over all wiring terminals (except the positive battery terminal 
connection with the protective cover) to protect them from moisture and 
corrosion. 

45. Connect the positive battery cable, followed by the negative. 

OVERI-IAUL 

ULT 

+ See Figures 198 thru 213 

Although the working internal components of all JohnsonlEvinrude starter 
motors are virtually the same, slight differences in housings, end-caps and 
mounting brackets used on a few motors makes for subtle differences in the 
most logical order of disassemblylassembly. For this reason, we've provided 
a few different disassembly and assembly procedures, based on engine 
models. When it comes to cleaning and inspection however, a starter motor 
is a starter motor, except that specifications will vary with engine model. A 
single cleaning and inspection procedure is provided. 

Fig. 199 . . . then use driver to push the cup 
a i d  spring down revealing the snapring 

Fig. 200 Once the snapring and cup are 
removed, lift the spring and lower 
cupispacer from the armature shaft 
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I Fig. 201 Remove the pinion gear and. . . 

Fig. 204 Remove the starter housing 
through-bolts (usually 2).  . . I 

Fig. 207 Exploded view of a typical starter. 
Lay out each of your starter's components 
in such a manner to ease assembly 

Fig. 210 . . . then use a modified putty knife 
to hold the brushes in position as the 
armature and starter housing are lowered 
onto the commutator cap 

Fig. 202 . . . if equipped, remove pinion gear 
base from the helical coils on the armature 
shaft 

Fig. 203 Matchmark the end caps 
(commutator and drive) to the starter 
housing for assembly purposes 

Fig. 205 . . . then remove the end caps Fig. 206 The brush assemblies are located 
(commutator and drive, the drive end cap is in the commutator end cap, if removed, note 
shown) the wire routing 

Fig. 208 Take care when inserting the 
armature in the starter housing, as 
permanent magnets will pull it inward 
strongly 

Fig. 211 An alternative procedure for 
holding the brushes that will work on most 
starters is to position the armature over the 
commutator. . . 

Fig. 209 During assembly, position the 
brushes as noted during removal, and place 
the brush springs under each contact.. . 

Fig. 212 . . .then carefully slide the starter 
housing over the assembly (remember the 
magnets will pull strongly) 

- www.instant-manuals.com -



IGNITION AND ELECTRICAL SYSTEMS 4-91 

Fig. 213 Align the matchmarks as the housing is placed in position 

9.9 Hp (211cc) CStroke And 9-9-75 Hp (2W255cc) 2-Stroke 
Starter Motors 

CULT 
* See Figures 211 thru 216 

Rl Many of the early model 2-strokes, including 18-35 hp (521cc), 25-55 
hp (737cc) and 25-70 hp (913cc) models are equipped with a nut 
retained drive assembly, almost identical to the drive unit found on 
these models. If so, refer to this procedure for order of disassembly 
and for methods to remove the drive assembly. 

1. Remove the starter from the powerhead as detailed in this section. 
2. Mount the starter with the pinion gear sideways in a soft-jawed vise 

to ease disassembly. Do not overtighten the vise and damage the starter 
motor housing. 

3. Matchmark the 2 end caps (drive cap on top and the commutator cap 
assembly on the bottom) to the starter housing. 

4. Remove the 2 starter housing through-bolts from the bottom 
(commutator cap) end of the starter. 

Take care not to disturb or loose the springs under the 2 ground 
brushes and insulated brushes when removing the commutator cap. 

5. Remove the starter from the vise and hold it vertically (with the pinion 
gear towards the top as with normal installation), then carefully remove the 
commutator cap from the bottom of the starter. 

If the commutator or drive cap is difficult to remove, gently tap on 
the end of the cap using a plastic or soft-faced mallet to help free it. 
Keep in mind that the permanent magnets contained in the housing will 
resist removal of the drive cap and armature from the housing. 

6. Remove the drive cap and armature from the starter housing. 
7. If necessary, hold the pinion gear from turning using a pair of sliding 

jaw pliers (or hold the armature directly using a strap wrench), then use a 
deep socket or wrench to loosen the nut securing the spring and spacer over 
the pinion gear. Discard the old pinion nut. Unthread the pinion gear from the 
armature shaft, then remove the armature from the drive cap. 

8. Clean and inspect all components as detailed in this section under 
Cleaning and Inspection. 

9. Replace any worn or unserviceable components. 
To assemble: 
10. Apply a single drop of SAE No. 10 oil on the armature shaft bearing 

surface, then apply a light coating of OMC Starter Pinion Lube to the helical 
threads and the bearing surface above the threads on the armature shaft. 

11. Position new gaskets on the commutator and/or drive caps. 

JohnsoniEvinrude allows for 2 slightly different methods of 
assembling the starter from this point forward. Although either series 
of steps should work for either of the engines on which these starters 
are used, the specifications differ slightly between the actual starter 
assemblies used on 2-strokes and those used on Cstrokes. We'll 
provide both procedures and recommend that you follow the one for 
your motor, but if you have trouble, try the other (just remember to use 
the specs that apply to your motor). 

LATE-MOD 
el il kt, spring & 

, Drive, Pinion 

Armature 
/ Assy 

0 
/ 

0 
0 

0 
/ 

/ 
0 

, * 0 

EARLY-MODEL 

- Drive, Pinion 

'0 ' 1 - Commutator cap 4 - Washer, lock thru bolt 
2 - Disc, thrust 5 - Thru bolt package 
3 - Spring, brush 

Spacer 

Fig. 214 Exploded view of the starter motor assembly - 9.9 hp (211cc) Cstroke and 9.9/15 hp (255cc) 2-stroke motors 
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12. For starters on 2-stroke motors, proceed as follows: 

a. Assemble the commutator cap, complete with brushes and springs 
onto the lower portion of the armature shaft. 

Protect your fingers when installing the armature shaft into the starter 
housing. Remember that the permanent magnets contained within the 
housing will excerpt extreme force on the components, pulling them 
together and crushing any fingers left in between! 

b. Carefully slide the starter housing over the armature, while aligning 
the matchmarks made on the commutator cap and the housing. 

c. If removed, position the thrust washer over the armature shaft, then 
install the drive cap (with a new gasket) over the armature shaft and onto the 
starter housing (while aligning the matchmarks made during disassembly). 

d. Apply a single drop of oil to each of the 2 starter through-bolts, then 
gently insert them through the end cap. Tighten the 2 through-bolts to 30-40 
inch Ibs. (3.4-4.6 Nm), then seal the bolts using OMC Black Neoprene Dip or 
an equivalent weather strip sealant. 

e. Install the pinion gear, spring and spacer to the top of the armature 
shaft, then secure using a new pinion nut. Hold the pinion gear and armature 
shaft from turning using a pair of sliding jaw pliers and tighten the pinion nut 
to 150-170 inch Ibs. (17-19 Nm) 

Fig. 215 On 211cc and 255cc 2-strokes, the pinion gear and spring 
assembly is secured using a nut. . . 

Fig. 216 . . .once the nut is removed, the retainer, spring and pinior 
gear can be removed from the armature shaft 

13. For starters on 4-stroke motors, proceed as follows: 
a. If removed, position the thrust washer over the upper end of the 

armature shaft. 
b. Assemble the drive cap, pinion, spring and spacer to the armature 

shaft, then secure using a new pinion locknut. Use a strap wrench to hold 
the armature shaft from turning and tighten the nut to 20-25 ft. Ibs. (27-34 
Nm). 

c. Install the armature and drive cap assembly to the starter housing 
while aligning the matchmarks made on the cap and housing during removal. 

Remember the permanent magnets of the starter housing will pull the 
armature in forcibly, so watch your fingers during assembly. 

d. Use a pair of external snapring pliers to hold the brushes apart while 
you carefully position the armature and starter housing over the commutator 
cap. Align the matchmarks on the commutator cap and housing before the 
housing is seated. 

e. Apply a single drop of oil to each of the 2 starter through-bolts, then 
gently insert them through the end cap. Tighten the 2 thru-bolts to 95-110 
inch Ibs. (11-12 Nm), then seal the bolts using OMC Black Neoprene Dip or 
an equivalent weather strip sealant. 

14. Perform the Starter No-Load Current Draw Test in order to check 
starter operation. 

15. Install the starter to the powerhead, as detailed in this section. 

25/35 Hp (500/565cc) Starter Motors 

CULT 
6 See Figures 209,210 and 217 v 

R If a brush holder is not available, install the armature to the 
commutator cap BEFORE assembling the drive cap components. In 
this alternative method of assembly, the armature is held in position on 
top of the brushes while the starter housing is lowered over the 
assembly, THEN the drive cap and components are installed. 

1. Remove the starter from the powerhead as detailed in this section. 
2. If not done already, remove the nut fastening the solenoid strap to 

the starter post. 
3. If not done already, remove the 2 screws securing the solenoid and 

bracket to the bottom of the starter motor. 
4. Check the end caps for matchmarks, and if not present, Matchmark 

the 2 end caps (drive cap on top and the commutator cap on the bottom) to 
the starter housing. 

5. Remove the 2 starter housing through-bolts from the bottom of the 
starter. 

6. Carefully remove the commutator cap from the bottom of the starter, 
trying not to disturb or loose the brush springs. The brush kits (brush and 
terminal sets) are mounted to the commutator cap. They can be removed for 
inspection, cleaning or replacement, but first take note of the correction 
orientation of each brush set and wire terminal. 

7. Remove the drive cap and armature as an assembly from the top of 
the starter housing. 

8. Remove the plastic protective cap from the Bendix shaft. 
9. Gently push the cupped spacer down on the armature shaft until the 

snapring is exposed, then carefully remove the retaining ring with a pair of 
snapring pliers. 

10. Pull the cup, spring and spacer off the armature shaft. 
11. Unthread the pinion gear and base from the armature shaft. 
12. Separate the armature and the drive cap. If necessary, remove the 

thrust washer from the upper end of the armature shaft. 
13. Clean and inspect all components as detailed in this section under 

Cleaning and Inspection. 
14. Replace any worn or unserviceable components. 
To assemble: 
15. Apply a single drop of SAE No. 10 oil on the armature shaft bearing 

surface, then apply a light coating of OMC Starter Pinion Lube to the helical 
threads and the sliding surface above the threads of the armature shaft. 

16. If removed, install the thrust washer over the top of the armature 
shaft, then place the drive cap over top of the armature shaft. < 

17. Thread the base and pinion gear over the armature shaft, then slide 
the spacer (with the recessed end facing the end of the shaft), spring and 
cup (with the deeper recess facing the end of the shaft) over the shaft. 
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W The spacer and the cup form a housing or retainer for the spring 
assembly, the openings in each must face the spring itself so the 
spring can seat in them. 

18. Push downward on the cup in order to expose the snapring groove in 
the armature shaft and then install the snapring. Pull the cup upward over 
the snapring to verify that the ring seats in both the shaft and cup grooves to 
allow proper Bendix travel. If there is interference, use a small pry tool to 
gently compress and seat the ring. 

19. Gently snap the protective plastic cover into place. 
20. Insert the armature into the starter housing while aligning the 

matchmarks made on the drive cap and housing during removal. Put the 
assembly down and prepare the commutator cap. 

21. Apply a light coating of OMC wheel bearing grease to the armature 
bearing surfaces in the commutator cap. 

If removed, apply OMC Locquic Primer, followed by OMC Screw 
Lock or equivalent threadlock to the brush card screws. 

22. If removed, install the brush plate assembly to the commutator cap 
with the leads properly routed. Be sure to position the brush sets as noted 
during removal (as reversing the positive and negative brushes will cause 
the motor to run backwards). Place each brush spring into the bore in the 
brush plate, then position each brush just above its spring. 

W A brush holder can be fabricated by cutting a slot in putty knife. 
Make the slot just thick enough so that the knife can be slid around the 
bottom of the armature shaft, or more correctly, the armature shaft can 
be positioned over the knife and commutator cap, then the knife can be 
withdrawn from between the 2 components. This will hold the brushes 
down against spring pressure until armature is in place. 

23. Position a brush holder tool (modified putty knife) over the brushes to 
hold them down into the commutator cap, then carefully lower the armature 
(with the drive cap and starter housing assembly) onto the commutator cap 
while aligning the matchmarks. As the armature is seated, slowly withdraw 
the putty knife from between the cap and armature, making sure the brushes 
remain positioned properly as the assembly is seated. 

24. Apply OMC Locquic Primer, followed by OMC Screw Lock or 
equivalent threadlock to the threaded portion of the 2 starter housing thru- 
bolts and then apply a single drop of oil to the shafts of each bolt. 

25. Gently insert the starter housing through-bolts into the housing from 
the commutator cap and tighten to 50-60 inch Ibs. (5.6-9 Nm) 

26. Install the starter solenoid and bracket to the starter. Attach the 
solenoid strap to the starter post. Tighten the screws and nut securely, then 
coat the strap, post and nut usinq OMC Black Neoprene Dip or an equivalent 
weather strip sealant. 

27. Perform the Starter No-Load Current Draw Test in order to check 
starter operation. 

28. Install the starter motor, as detailed in this section. 

9.9/15 Hp (305~1, 18-35 Hp (521cc), 25-55 Hp (737cc) And 25-70 Up 
(913cc) Starter Motors 

CULT 

+ See Figures 198 thru 213,218 and 219 

W Many of the early model 2-strokes are equipped with a nut retained 
drive assembly, almost identical to the drive unit found on 9.9 hp 
(211cc) lstroke and 9.9-15 hp (2111255~~) 2-stroke motors. To find out 
if the motor on which you are working if of this type, simply check the 
top of the starter motor pinion shaft. If there is a nut on the end, 
instead of a protective cap and lockring, refer to the 9.9-15 hp 2-stroke 
procedures found earlier in this section for order of disassembly and 
for methods to remove the drive assembly. 

1. Remove the starter from the powerhead as detailed in this section. 
2. Mount the starter with the pinion gear facing upward (in the same 

direction the starter motor is normally installed on the powerhead) in a soft- 
jawed vise to ease disassembly. Do not over-tighten the vise and damage 
the starter motor housing. 

3. Carefully pry the protective cap from the groove in the spacer. 
4. Gently push the cupped spacer down on the armature shaft until the 

snapring is exposed, then carefully remove the retaining ring with a pair of 
snapring pliers. 
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Fig. 217 Exploded view of the starter motor assembly - 25135 hp (5001565~~) motors 
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Fig. 218 Exploded view of the starter motor assembly - 9.9115 hp 
(305cc) Cstroke motors 
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Fig. 219 Exploded view of the starter motor assembly - 18-35 hp 
(521cc), 25-55 hp (737cc) and 25-70 hp (913cc) motors (Note that 
many early models use a drive assembly more similar to the 2- 
stroke 9.9115 hp motors) 

5. Pull the cup, spring and spacer off the armature shaft. 
6. Unthread the pinion gear and base from the armature shaft. 
7. If necessary on 4-stroke motors, remove the screws holding the 

mounting bracket to the bottom of starter motor (to the commutator cap). 
8. Matchmark the 2 end caps (drive cap on top and the commutator cap 

on the bottom) to the starter housing. 
9. Remove the 2 starter housing through-bolts from the top or bottom of 

the starter (depending on the model). 

On models where the through-bolts thread from the bottom 
(commutator cap) it may be necessary to remove the starter housing 
from the vise and reposition it for access. 

10. Separate the end caps from the housing and carefully withdraw the 
armature assembly. 

11. The brush kits (brush and terminal sets) are mounted to the 
commutator cap. They can be removed for inspection, cleaning or 
replacement, but first take note of the correction orientation of each brush set 
and wire terminal. 

12. Clean and inspect all components as detailed in this section under 
Cleaning and Inspection. 

13. Replace any worn or unserviceable components. 
To assemble: 
14. Apply a single drop of SAE No. 10 oil on the armature shaft bearing 

surface, then apply a light coating of OMC Starter Pinion Lube to the helical 
threads of the armature shaft. 

If a brush holder is not available, install the armature to the 
commutator cap BEFORE assembling the drive cap components. In 
this alternative method of assembly, the armature is held in position on 
top of the brushes while the starter housing is lowered over the 
assembly, THEN the drive cap and components are installed. 

15. If removed, install the thrust washer over the top of the armature 
shaft, then place the drive cap over top of the armature shaft. 

16. Insert the armature into the starter housing while aligning the 
matchmarks made on the drive cap and housing during removal. Put the 
assembly down and prepare the commutator cap. 

17. If removed, install the brush plate assembly to the commutator cap 
with the long lead in the slot. Be sure to position the brush sets as noted 
during removal (as reversing the positive and negative brushes will cause 
the motor to run backwards). Place each brush spring into the bore in the 
brush plate, position each brush just above its spring. 

A brush holder can be fabricated by cutting a slot in putty knife. 
Make the slot just thick enough so that the knife can be slid around the 
bottom of the armature shaft, or more correctly, the armature shaft can 
be positioned over the knife and commutator cap, then the knife can be 
withdrawn from between the 2 components. This will hold the brushes 
down against spring pressure until armature is in place. 

18. Position a brush holder tool (modified putty knife) over the brushes to 
hold them down into the commutator cap, then carefully lower the armature 
(with the drive cap and starter housing assembly) onto the commutator cap 
while aligning the matchmarks. As the armature is seated, slowly withdraw 
the putty knife from between the cap and armature. 

19. Apply a single drop of oil to each of the 2 starter through-bolts, then 
gently insert them through the end cap. 

20. Tighten the starter housing through-bolts to 95-100 inch Ibs. (11-12 
Nm), then seal the bolts using OMC Black Neoprene Dip or an equivalent 
weatherstrip sealant. 

21. On 4-stroke motors, apply a coating of OMC nut lock or equivalent 
threadlock to the threads of the lower bracket retaining screw. lnstall the 
bracket to the bottom of the commutator cap and tighten to 95-100 inch Ibs. 
(11-12 Nm). 

22. Thread the base and pinion gear over the armature shaft, lhen slide 
the spacer, spring and cup over the shaft. 

23. Push downward on the cup in order to expose the snapring groove in 
the armature shaft, then install the snapring. Pull the cup upward over the 
snapring to verify that the ring seats in both the shaft and cup grooves to 
allow proper Bendix travel. If there is interference, use a small prytool to 
gently compress and seat the ring. 

24. Gently snap the protective cap into place. 
25. Perform the Starter No-Load Current Draw Test in order to check 

starter operation. 
26. Install the starter motor, as detailed in this section. 
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EFI Engine Starter Motors 

CULT 
+ See Figures 211 thru 213 and 220 .%r 

1. Remove the starter from the powerhead as detailed in this section. 
2. Mount the starter with the pinion gear facing upward (in the same 

direction the starter motor is normally installed on the powerhead) in a soft- 
jawed vise to ease disassembly. Do not overtighten the vise and damage the 
starter motor housing. 

Wear safety glasses when removing the pinion stop set, as the 
components are held against spring pressure and could fly free once 
the snapring is removed. 

3. Grasp the stopper using a pair of pliers and push it downward one 
the armature shaft toward the pinion drive until the snapring is exposed. 
Carefully pry the snapring from the slot in the shaft, then slowly release the 
spring pressure while pulling the stopper and spring upward and off the 
shaft. 

4. Unthread the pinion gear counterclockwise from the armature helical 
splines. 

5. Matchmark the end covers (drive on top and commutator on bottom) 
to the starter housing with a permanent marker for reference during 
assembly. 

6. Reposition the starter housing in the vise to access the through-bolts 
on the bottom, then remove the bolts. 

7. While holding the starter upright (facing the normal direction of 
installation with the drive end on top), pull the commutator (lower) cap from 
the starter housing, being careful not to disturb the brushes until the you can 
note the orientation of the wiring. 

It mav be necessarv to tao LIGHTLY on the commutator cover with a 
rubber mallet in orderio free it from the housing. 

8. Remove the thrust washers from the armature shaft or lower cover. 
9. Turn the starter housing sideways, then tap lightly (using the rubber 

mallet) on the exposed end of the armature shaft to free the armature and 
upper cover from the starter housing. 

Before proceeding, note the arrangement and orientation of the 
thrust washers on the drive end of the armature shaft. They must be 
reinstalled in the same order, facing the same direction. 

Bolt, 
Starter 
motor 

b 1,' 

Holder, 
brush 

Fig. 220 Exploded view of the starter motor assembly - 40-70 hp 
EFI 4-stroke motors 

10. Remove the thrust washers from the drive end of the armature shaft. 
Mark them and wire them together to ensure installation in the original order 
and directions. 

11, If disassembly of the commutator cap and brushes is necessary: 
a. Remove the nut from the large terminal and then slide the washers 

and insulators from the terminal. 
b. Matchmark the brush plate and commutator cover to ensure correct 

orientation during assembly. c. Remove the 2 screws securing the brush 
plate to the commutator cover (from the underside of the cover), then 
carefully lift out the brush plate, brush set and spring. 

12. Clean and inspect all components as detailed in this section under 
Cleaning and Inspection. 

13. Replace any worn or unserviceable components. 
To assemble: 
14. Apply a light coating of OMC Moly Lube or equivalent marine grease 

to the armature shaft bushing surfaces in the commutator and drive covers. 

Be sure not to apply excessive amounts of grease to the bushing 
surfaces. No grease should be allowed near the brushes or brush 
contact surfaces. 

15. Apply a light coat of OMC Starter Pinion Lube to the helical threads 
on the base of the armature shaft (where the shaft meets the armature 
body). 

16. Align the matchmarks made during disassembly, then install the 
brush plate into the commutator cover. Tighten all fasteners securely. Be 
certain that the larqe terminal and insulator fit securely into the commutator 
cover opening. 

17. If used, dace the thrust washerfs) onto the lower end of the armature 
shaft, then install the armature shaft into ihe commutator plate, while holding 
the brushes in position. Manually hold the brushes away while attaching t h e  
armature to the cover. Release the brushes and insaect them for damaae 
before proceeding. If the brushes become dislodged, pull the assembly-apart 
again and fabricate a tool to hold the brushes in place during installation. 
Bend a stiff piece of thin rod into a shape like the letter U, then use the ends 
of the tool to hold them in position. 

18. Hold the armature tightly into the commutator cover, then align the 
matchmarks made earlier and carefully slide the starter housing into position. 

19. Install the thrust washers over the top of the armature shaft using the 
same order and orientation as noted during removal. 

20. Slide the drive cover over the armature and into contact with the 
starter housing while aligning the matchmarks made earlier. 

21. Install the 2 through-bolts and tighten them to 36-60 inch Ibs. (4-7 
Nm). 

22, Thread the pinion gear onto the armature shaft, then position the 
spring and stopper. 

23. While wearing safety glasses, push the pinion stopper downward 
toward the starter housing in order to expose the slot in the armature shaft, 
then install the snapring. 

Make sure the snapring fully engages the armature shaft and 
stopper. 

24. Install the starter motor, as detailed in this section, then check 
operation. 

Cleanina and lnsoection 

V + See Figures 221 thru 229 

NEVER attempt to clean the starter drive assembly with solvent 
while the components are installed. Solvent could wash dirt into the 
bearings and commutator that would eventually lead to starter failure. 

1. Remove the starter motor from the powerhead, as detailed in this 
section. 

2. Disassemble the starter motor, laying out each of the components in 
a logical order to ease inspection and assembly, as detailed in this section. 

FId Work on only one component at a time, then place it back into your 
logical layout on the wor surface. 

3. Use compressed air to remove brush material or debris from the 
armature and commutator cover. 
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4. Use a mild solvent to clean all starter motor components, except the 

brush plate and brushes. 
5. Clean the brush plate and brushes using an electrical contact 

cleaner. 
6. Visually check the pinion drive for damaged (chipped, cracked or 

worn) teeth and replace it if needed. 
7. Inspect the helical splines at the base of the armature shaft (where 

the armature shaft meets the body) for damage or corrosion. Thread the 
pinion drive on and off of the shaft splines. Replace the pinion drive andlor 
armature if the pinion drive does move smoothly on the threads. 

8. Inspect the entire armature assembly for damage, wear or corrosion 
and, replace, if necessary. 

9. Carefully secure the armature in a vise with soft jaws (otherwise, use 
wooden blocks or rubber pads to protect the armature in the vise). Tighten 
the vise just sufficiently to secure the armature, but not so tight as to damage 
it. 

10. With the armature in the vise, carefully polish the commutator using 
300-qrit emery cloth. Rotate the armature often in the vise to polish it evenly 
around the ci~cumference. 

Fig. 221 Check the pinion gear for damaged 
or worn teeth and replace, if necessary I 

Fig. 224 Use an ohmmeter to check the 
commutator for shorts between the 
commutator and core or shaft. . . 

Fig. 227 ... followed by the mica undercut.. . 

Only polish the commutator by hand as power tools would likely 
remove too much material making it unserviceable. Proceed slowly and 
evenly removing only a minimal amount of material. 

11. Check the commutator for shorts or open windings using a DVOM or 
ohmmeter: 

a. Probe between the commutator segments and the core (laminated 
section) of the armature. There should be no continuity between any 
commutator segment and any laminated section (if continuity is present, 
there is a shorted winding and the commutator must be replaced). 

12. Probe between the armature shaft and each commutator segment. 
There should be no continuity should between any commutator segment and 
the armature shaft (if continuity is present, there is a shorted winding and the 
commutator must be replaced). 

13. Probe between the between each commutator segment (place one 
meter grobe on a segment and the other probe against an adiacent segment, 
then move the probes sequentially around the segments until.all are 

- 

Fig. 222 Compare the color and length of 
the brush springs. Replace the set if any are 
stretched or bluish in color 

Fig. 225 . . .and for opens between 
segments 

Fig. 228 . . . and finally, the brush length. 
Replace components if under spec for EFI 
motors 

Fig. 223 Use 300 grit emery cloth to 
carefully polish the commutator surface 

Fig. 226 For starter motors on EFI engines, 
measure the commutator outside diameter ... 

Ground 

Fig. 229 Use an ohmmeter to make sure 
there is no continuity between positive (t) 
and, negative (-) or the brush plate ground 
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checked). There must be continuity between segment pairs (if continuity is 
not present, there is an open winding and the armature must be replaced). 

14. Use a small file to carefully undercut the mica (lengthwise cuts that 
are located between the commutator segments). Remove all metal particles 
using compressed air. 

15. Visually inspect the brushes, springs and brush plate for damage 
(chipped or broken surfaces), dirt or corrosion. If any brush springs are 
weak, lack tension, or are discolored, replace all the springs as a set. 
Brushes or brush plates that show damage must be replaced. 

16. Additional specifications are available from the manufacturer for the 
starters used on 

EFI motors, measure the following dimensions to help determine if the 
starter components are serviceable: 

a. Using a sliding or dial caliper or outside diameter micrometer, 
measure the outer diameter of the armature commutator (after polishing) at 
several locations. The commutator is manufactured with an outer diameter of 
1.30 in (33mm), but must be replaced if it has become less than 1.26 in. 
(32mm) due to wear or polishing. 

b. Using a depth micrometer, measure the depth of each mica 
undercut. The commutator is manufactured with 0.020-0.030 in. (0.5-0.8mm) 
deep undercuts, but must be replaced if wear causes undercut depth to 
become less than 0.008 in. (0.2mm). 

c. Using the same sliding caliper or outside micrometer as in Step A, 
earlier, measure the length of each brush. New brushes should be about 
0.49 In. (12.5mm), and old brushes must be replaced once they are less 
than 0.35 in. (9.0mm). 

d. Using the ohmmeter, check the brush holder for proper continuity. 
Probe between the positive terminals of the brush holder and the negative 
terminals, then between positive and the base plate ground. The brush plate 
must be replaced if continuity exists between the positive terminals and 
either negative or ground. 

17. Check the permanent magnets in the starter housing for dirt, debris 
or corrosion and clean, as necessary. Make sure none of the magnets are 
loose or damaged (cracked or visibly deformed). The starter housing must 
be replaced if it or the magnets have been damaged. 

18. Check the bearing surfaces on the armature and inside the bushing 
(commutator and drive caps) for discoloration andlor excessive or uneven 
wear. Replace any questionable bearingsibushings using a suitable puller 
and driver. Replace the armature its bearing surfaces are rough or uneven. 

19. Assemble the starter and install it to the powerhead as detailed in the 
procedures in this section. 

4 See Figure 230 

When the starter button or ignition keyswitch is actuated, current flows to 
and energizes the starters solenoidlrelay coil. The energized coil closes a set 
of contacts that allows high current from the battery terminal of the starter to 
connect with the power output terminal of the relay and reach the starter 
motor. 

Fig. 230 Typical JohnsonlEvinrude starter solenoid with signal 
terminal identification - used on most 2-strokes, 4-stroke models 
similar but varv in terminal 

The solenoidlrelay is normally mounted to the powerhead in the 
immediate vicinity of the starter motor. If its location is not immediately 
apparent, remember that the solenoid is essentially a remote controlled 
switch located inline between the battery and starter. Follow either the 
positive battery cable from the battery to the solenoid or the red, positive 
cable, from the starter back to the solenoid. 

On 25/35 hp (5001565~~) motors the solenoid is actually mounted to 
a bracket on the base of the starter itself, but because the starter is 
hidden by an electrical bracket, this might not be readily apparent. 

TESTING THE SOLENOID 

DERA TE 
4 See Figure 230 and 231 

Solenoid testing on EFI models is part of the step-by-step 
troubleshooting process for the entire starting system. Also, it varies, 
very slightly, from the carbureted models covered here, therefore on 
EFI motors, please refer to Checking the Solenoid Relay found under 
Starting System Testing (EFI Models), earlier in this section. 

For all carbureted models, a DVOM can be used to check the coil winding 
of the starter solenoid for continuity only under specific conditions. To 
perform this functional check of the solenoid, a fully-charged 12-volt battery 
and a set of jumper leads will also be necessary. The test essentially 
involves checking to make sure the main switch (battery power-to-starter 
power terminal) is closed when the solenoid signal circuit is not activated, 
then manually activating the circuit using the battery and jumpers to make 
sure the main switch closes. 

For safety and to ensure proper results, be sure to tag and disconnect all 
wirina from the starter solenoidlrelav before ~ e r f o r m i n ~  this test. 

7. Disconnect the negative baitery cable for safe&. 
2. Tag and disconnect the wiring from the solenoid. If desired, remove 

the solenoid completely from the powerhead. 
3. Set the DVOM to read resistance, then connect the probes across 

the 2 large terminals on either end or either side of the solenoid. These are 
the main switch terminals to which the positive battery cable and the red 
starter cable normally attach. The meter should show no continuity. If the 

ground 
Starter 

Fig. 231 On all JohnsonIEvinrude solenoids, the larger terminals 
are for the battery and starter cables, while the smaller terminals 
connect to the signal wires -typical late-model 2-stroke solenoid 
shown (Cstroke and early-models vary in shape, but should share 
the same BASIC terminal layout, though sides may switch) 
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switch is closed with no power applied to the signal terminals, the solenoid is 
stuck closed and must be replaced. 

4. Using the set of jumper wires, apply battery voltage to the solenoid 
signal terminals. Use one jumper wire to connect from the positive battery 
cable to one signal terminal (the small terminals to which the ignition switch 
and ground wiring normally connect) and the other jumper wire to connect 
the negative battery cable to the other terminal. 

Listen as the battery connections are made to the signal terminals 
of the solenoid. An audible click should be heard as the main power 
switch closes. 

5. With the battery power applied to the signal switch of the solenoid, 
recheck the meter for continuity between the 2 large terminals. The meter 
must now show very little or no resistance at all, as the main switch must be 
closed (which would normally allow battery power to reach the starter motor). 
If the solenoidlrelay switch does not close, it must be replaced. 

6. After testing or repairs, reconnect the wiring as tagged and reconnect 
the negative battery cable. 

REMOVAL & INSTALLATION 

+ See Figure 230 

Removal and installation of the solenoid itself is a relatively simple matter 
of disconnecting the wiring and unbolting the solenoid. Sounds easy right? 
Well, it is, as long as you remember to tag the wiring before disconnecting it. 
Look, we all do this, we go, I'll remember it, then the phone rings or 
someone walks in or you bang you big toe on the trailer, whatever. Point is, 
take a few pieces of tape and a few seconds to tag the wiring before you 
start and you'll have no problem installing the solenoid, whenever you finish. 

On 25135 hp (5001565~~) motors the solenoid is actually mounted to 
a bracket on the base of the starter itself, but because the starter is 
hidden by an electrical bracket, this might not be readily apparent. 
Although it may be possible to access the relay with the electrical 
bracket installed, it may be easier to remove the ground wires from the 
ground stud, then remove the ground stud and the bolt at the upper 
corner of the bracket, then reposition the bracket for clearance. For 
more information, please refer to the Starter removal and installation 
procedure for these engines. 

1. Disconnect the negative battery cable, followed by the positive 
battery cable for safety. 

2. Locate the starter solenoid by following the red positive cable back 
from the starter or forward from the battery. 

3. Tag the wiring to ensure proper and easy installation. If necessary, 
sketch a quick diagram of each wire color and terminal location. Disconnect 
the wiring and move it gently aside for clearance. 

The retaining screws used on JohnsonlEvinrude starter solenoids 
are of varying designs. Some motors, mostly Cstrokes, may be 
equipped with Torx@ head screws. Be sure to use the proper sized 
driver for the screws on your solenoid or solenoid bracket. 

4. Remove the solenoid or solenoid bracket retaining screws, then 
remove the solenoid from the powerhead or mounting bracket. 

5. Installation is the reverse of the removal procedure. Tighten the 
screws and wiring terminal nuts securely. If the wiring is not equipped with a 
plasticlrubber protective cover, apply a light coating of OMC Black Neoprene 
or equivalent weather stripping adhesive over the wires to protect them from 
moisture and corrosion. 

+ See Figures 232 and 233 

Read and follow all warningslcautions in your owner's manual 
regarding engine warning system operation. The warning system is 
meant to protect both your engine (by protecting it from potentially 
severe engine damage) and you (by protecting you from becoming 
stranded on the water). 

Most JohnsonlEvinrude models, except some 2-strokes, 8 hp and smaller, 
are equipped with one or more warning systems designed to alert the boater 
should a malfunction occur in various engine operating systems (such as 
engine cooling or oil delivery). Most JohnsonlEvinrude engines (especially 
late-models) are equipped with some version of the Speed Limiting 
Operational Warning (S.L.0.W) system. This system monitors one or more 
parameters, dependin0 on the model. On most models it monitors enaine 
iemperature (on all 2-strokes and most remote control Cstrokes) andjor oil 
pressure (on all 4-stroke models), andlor oil level in the oil tank (oil injected 

Fig. 232 The System Check monitor in normally installed in the 
boat dash as a stand-alone gauge. . . 

2-strokes). The system is used to warn the boater of trouble before damage 
to the engine can occur. 

The system will normally trigger if high temperature or low oil pressure (4- 
stroke)/low oil level (2-stroke) is detected, depending on the model. A much 
more comprehensive version of the system is incorporated into the Electronic 
Control Unit (ECU) on EFI engines. For fuel injected engines, the system 
monitors engine speed as well as oil pressure and both coolant and exhaust 
component temperatures. 

All EFI and most remote control carbureted engines are equipped with 
either a stand-alone JohnsonIEvinrude System Check engine monitor gauge 
or a tachometer housing that contains the same 4 trouble-lights at the base. 
The System Check monitor acts as a dash mounted gaugelhorn to alert the 
operator in the event of certain potentially damaging operating conditions. 

Gauge circuits monitor conditions such as a lack of oil, excessive water 
temperature, electronic fault detection (check engine light condition) or low 
oil (meaning low oil in a reservoir that feeds an automatic oiling system on a 
2-stroke engine). On EFI motors, in addition to the information on oil 
pressure and water temperature provided by powerhead mounted sensors, 
the Check Engine light is connected to a warning circuit for the ECU 
designed to alert the boat operator should a malfunction occur in the 
electronic engine control system. 

Fig. 233 . . . or as part of a tachometer 
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CARBURETED MODELS 
+ See Figures 232 and 233 

All carbureted outboards are equipped with a water pump indicator 
stream. Always be sure that a strong stream of water exits the fitting at the 
lower rear area of the motor cover while the engine is operating. If the 
stream of water is ever absent or weak, shut the motor down immediately 
and inspect the cooling system. Check the stream more frequently anytime 
engine is operated in water clouded with sand or debris. 

On carbureted engines, if the S.L.O.W. system is activated, the ignition 
module will gradually reduce and limit the engine speed to 2000-2500 rpm, 
depending on the model. This will occur if 4-stroke oil pressure drops to a 
dangerously low level. This will also occur if the oil level in the tank drops to 
a predetermined level on certain 2-strokes. On most remote control 4- 
strokes, as well as all 2-strokes equipped with the system it will also occur if 
the engine temperature exceeds specification as follows: 

4-stroke motors (carbureted): approximately 240°F (116°C) 
18-35 hp (521cc) 2-stroke motors: approximately 180°F (82°C) 
25135 hp (5001565~~) 2-stroke motors: approximately 250°F (11 6°C) 
25-55 hp (737cc) and 23-70 hp (913cc) 2-stroke motors: approximately 

207°F (97°C) 
In order for normal operation to resume, engine speed must drop below 

1500 rpm and the condition that caused system activation must cease. On 
some models, the motor must actually be shut down and restarted to resume 
normal operation (this is includes all 25-55 hp [737cc] and 23-70 hp [913cc] 
2-stroke motors with 12 amp charging systems). 

EFI MODELS 
+ See Figures 232 and 233 

On EFI models, the ECU monitors input from multiple sensors to 
determine if the S.L.O.W. system mode should be actuated. It will 
automatically trigger the operation in this mode if oil pressure drops below or 
temperature (from coolant or exhaust sensors) rises above predetermined 
levels. It will also actuate the system for excessive engine speed. 

Excessive engine speed is defined as more than 3000 rpm in Neutral or, 
in gear, more than 6500 rpm (on 40 and 70 hp motors) or 7000 rpm (on 50 
hp motors) for more than 10 seconds. In S.L.O.W. mode, the ECU will supply 
only an intermittent signal to the fuel injectors to gradually reduce engine 
speed to 3000 rpm. Once engine speed drops below 3000 rpm, the ECU will 
resume normal operation for speeds up to that rpm. If the condition that 
caused activation ceases (temperature goes down or oil pressure resumes) 
and engine speed has been reduced to idle, normal operation throughout the 
engine rpm range will resume. 

A warning buzzer is normally located within the remote control unit (but 
also may be located with the tiller control housing or behind the dash). The 
buzzer is actuated by the ECU, which provides a ground circuit. When the 
ignition switch is first turned on, battery voltage is applied to the buzzer and if 
the circuit is completed through the ECU at any time, the buzzer sounds. 

The oil pressure warning circuit is comprised of the oil pressure switch, 
the No Oil warning light in the System Check gauge, the buzzer and ECU. 
Anytime oil pressure falls below approximately 10-19 psi (70-130 kPa) the oil 
pressure switch will close sending a signal to the ECU. When low oil 
pressure is detected, the ECU will illuminate the oil light and sound the 
warning buzzer in a cyclical on - off tone. 

The overheat warning circuit is comprised of an engine temperature 
sensor, as well as an exhaust manifold temperature sensor. The overheat 
warning will be activated anytime the occurs receives a signal of excessive 
temperature from either sensor. For 40150 hp models this occurs at 
temperatures of 250°F (121°C) or more. For 70 hp models the ECU is 
looking for temperatures of 234°F (111°C) or more. When an overheat signal 
is detected, the ECU will illuminate the Water Temp light and sound the 
buzzer. 

On EFI motors, the ECU unit can also activate an overheat warning 
if it detects a rapid temperature increase immediately following a cold- 
start or if it detects excessive enaine weed before the enaine reaches 
normal operating temperature. ~ 6 t h  conditions are designled to force 
the operator to allow the engine to reach normal operating temperature 
before attempting to operate the motor at high speeds. 

Besides actuating the No Oil and Water Temp lights, the ECU will limit 
engine speed during certain conditions (to protect the powerhead) by 
intermittently switching off the fuel injectors. Anytime the warning system is 
activated by low oil pressure, normal operation will resume after the engine 

is shut down and restarted (provided that oil pressure returns). When a 
warning circuit is activated due to temperature, normal operation will resume 
once temperature drops below system activation levels. 

If the Check Engine warning light illuminates, first check the battery 
condition as detailed under Batteries in the General Information and 
Maintenance section. If the battery is good, the ECU may have detected a 
fault within the electronic engine control system (and stored a diagnostic 
trouble code). If the ECU detects a fuel injection or electronic engine control 
fault, it will store a Service Code, sound the horn for 10 seconds and 
illuminate the gauge LED for a minimum of 30 seconds. The light will go out 
if the fault does not remain present, otherwise the LED will remain 
illuminated until the fault goes away or the key is turned off (whichever 
comes first). If the fault is still present the next time the engine is started, the 
LED will illuminate once again to alert the operator that problem is still 
present. The Check Engine light can also be used to output the Service 
Code. For more information, please refer to Reading and Clearing Codes in 
the section for Electronic Fuel Injection (EFI). 

TESTING WARNING CIRCUITS 

System Check Gauge 

+ See Figures 232 and 233 

Self-Test Mode 

+ See Figures 232 and 233 

The System Check gauge enters a self-test mode each time the key is 
turned to the ON or RUN position. When power is first applied, the internal 
gauge electronics gauge (or the circuits in the ECU) will sound the warning 
horn for a 112 second and illuminate all four gauge LEDs. Then, the 
electronics will turn off each LED in sequence. Each self-test helps the 
operator be sure that the warning horn and all LEDs are functioning, as well 
as reassuring that the electronic control circuits for the system are operating 
correctly. 

Should battery voltage drop below 7 VDC anytime during engine 
operation or if the ignition switch is simply left in the ON or RUN position, the 
gauge may automatically re-enter the self-test mode. 

If the self test mode does not occur normally, check the following: 
If 1-3 of the LEDS do not illuminate, the control circuits may be at fault 

and, if so the gauge or ECU, must be replaced. Make sure the control 
circuits are at fault by checking the related circuits1components. 

If all 4 LEDs do not illuminate, test the power to the gauge as follows: 
1. Locate and disconnect the system gauge 8-pin connector, then use a 

voltmeter to check for power on the purple lead (using the black lead to 
provide ground) with the ignition keyswitch turned to ON or RUN. If battery 
voltage is not supplied under these conditions, recheck connecting the black 
lead directly to ground (if power is now present, repairlreplace the open in 
the black lead). If voltage is not available under either condition, check the 
purple lead, 20-amp fuse andlor ignition keyswitch and repair or replace 
components, as necessary. 

2. If the purple lead indicates battery voltage and the black lead is 
continuous with ground, but not LEDs illuminate when the harness is 
reconnected, replace the system check gauge or the ECU. 

The high cost of an ECU would make us seek a second opinion if we 
were not completely sure of our test procedures and that nothing was 
overlooked in making harness connections. 

If the warning horn does not sound for 112 second when the keyswitch 
is first turned to ON or RUN 

3. If available, substitute a known good horn. If the replacement horn 
bee~s ,  the problem is found. More likely, if a known good horn is not 
available, disconnect the 8-pin connector at the system check gauge. Turn 
the ionition switch to ON or RUN and use a suitab e iumper lead to ground 
the tonnector's tanlblue lead to the black lead. If thewa'rning horn now 
sounds, replace the system check gauge. 

4. If the warning still does not sound, leave the gauge disconnected and - 
now disengage the warning horn from its 2-pin connector. Test the tanlblue 
lead for continuity between the warning horn (2-pin) and gauge (8-pin) 
connectors. If no continuity is found, repair or replace the tanlblue lead 
(andlor connectors) whichever is necessary. 
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5. Next, test the purple lead in the 2-pin connector (on the wiring 

harness side) for battery voltage whenever the ignition switch is turned to ON 
or RUN. Repair or replace the purple lead, 20-amp fuse andlor ignition 
switch as necessary. Reconnect the 2-pin connector when finished. 

6. If the circuits check out, but the horn will still not sound you can 
check the horn using jumpers to connect it directly to a 12-volt battery, then 
replace the horn if it will not sound. 

Operational Mode 

CULT 
- + See Figures 232 and 233 

The System Check gauge (or ECU) circuitry enters operational mode 
each time the self-test mode is complete and the engine is started. When in 
the operational mode, anytime a sensor activates (the switch closes 
providing a ground signal) or anytime the ECU detects a fault in a monitored 
signal for EFI motors, the corresponding LED will illuminate and the warning 
horn will sound for ten seconds. The LED will remain illuminated for a 
minimum of 30 seconds, even if the problem only occurred momentarily and 
then disappeared. This gives the operator time to react to the horn and 
check what LED circuit was illuminated. If the problem remains, the LED will 
remain illuminated until the condition goes away or the keyswitch is turned 
OFF 

When the sensor deactivates (opens from ground on the switch type 
sensors used by carbureted motors), the LED will remain illuminated for an 
additional 30 seconds, then go out. 

E Should additional sensors activate while an LED is already 
illuminated (say an overheating engine, suddenly reaches the point of 
no oil (low pressure or low level in the remote tank), the warning horn 
will sound again for ten seconds and the second LED will illuminate. 

If the warning system activates immediately take steps to identify and 
rectify the problem andlor protect the motor: 

If the NO OIL LED illuminates: 
1. On 4-stroke motors, this indicates that oil pressure has dropped 

below safe levels. Stop the engine immediately and check the oil level. If the 
oil level appears good, perform a oil pressure check using a gauge before 
restarting the motor. If you are stranded on the water by this, you can 
remove the oil pressure sensor from the motor and start the engine 
momentarily to check for a stream of pressurized oil from the open bore 
(catch it, if present using a small bucket to prevent un-necessary pollution.). 
If some oil stream is present, the motor may be operated at idle to limp the 
boat home. If oil is present, it is possible that oil flow is just below spec (and 
dangerous for hiah-speed operation) or that there is a ~roblem with the 
circiit (meaning Yhat'oil pressure might be within spec and high-speed 
operation would be ok, but who wants to take that risk). Limp in and check 
out the oil delivery system. 

2. On 2-stroke motors, this indicates that an oil delivery problem has 
occurred with the VR02 system. Stop the engine and check oil level in the 
tank, check for kinked oil delivery hoses or problems with the oil line (leaks 
or blockages). Also, check the VR02 pump for proper operation. If 
necessary, determine how much fuel is left in your tank and how much oil is 
on hand, it may be possible to mix the oil directly into the fuel tank in order to 
limp the engine home without damaging the powerhead. Refer to the 
information on 2-Stroke Engine Oil and Pre-Mixing under General 
Information and Maintenance in order to help determine proper ratios. 

Operating an engine with insufficient oiling (too little oil for 2-strokes or 
insufficient oil pressure on 4-strokes) can result in SEVERE powerhead 
damaae reauirina a total overhaul or reolacement. 

If the WATER TEMP LED illuminates, reduce the engine speed to idle 
and immediately check the cooling water indicator stream. If present, 
carefully check to see if the water from the stream is hotter than usual 
(you've of course checked it before during normal operation, ok if you 
haven't take a guess, if it's steaming, it's too hot). Stop the motor and allow it 
to cool, then limp home at idle. If the stream is absent, check for clogging at 
the water intake, and if not found, start signaling for a tow. Remember that 
even if you let the motor cool thoroughly for an hour or so, overheating will 
occur again quickly (possibly warping or damaging the powerhead beyond 
repair) in no time at all without cooling water. When back at port, inspect the 
water pump impeller. 

If the CHECK ENGINE LED illuminates on EFI motors, the ECU has 
detected an out-of-range sensor signal in the engine control system and 
stored a diagnostic trouble code. For most faults, the engine will continue to 
run, but with diminished performance until the circuit is repaired and the 
proper signal restored. For more details on troubleshooting please refer to 
the information in the Electronic Fuel Injection (EFI) section. 

* If the LOW OIL LED illuminates on 2-stroke motors with oiling systems, 
immediately check the level in the oil tank. This LED is designed to illuminate 
when the tank reaches 114 capacity. But keep in mind that a stuck float may 
have kept the signal from illuminating until it was jarred loose by action of the 
boat and the level could be lower. Of course, as a responsible boater you 
ALWAYS check the level in the oil tank visually before setting out, so it is not 
likely that you've used THAT much oil today right? 

Diagnosfic Mode (Carbureted Models) 

CULT - + See Figures 232, 233 and 234 

The System Check gauge electronics on carbureted models feature a 
gauge diagnostic mode which is entered automatically by turning the ignition 
switch to the ON or RUN position without starting the motor. When this is 
done, the aauae will ao throuah the usual self-test mode, then enter the 
diagnosticvmoae autchaticall~ In this mode the warning 'horn circuits are 
disabled so a technician can manually activate a circuits to manually check 
it's LED. 

If a switch is activated in this mode (by simulating sensor fault conditions 
or by manually connecting the sensor lead to ground), the appropriate LED 
will illuminate as long as the sensor is activated. 

Keep in mind that the diagnostic mode does not operate unless the self- 
test mode has satisfactorily completed. 

To test various LEDs of the System Check gauge, turn the ignition 
keyswitch to ON or RUN and wait for it to complete the self-check mode, 
then proceed as follows: 

* To check the NO OIL LED proceed according to instructions for your 
motor: 

1. For carbureted 4-stroke motors, disconnect the taniyellow wire from 
the oil pressure switch, then use a jumper wire to ground the lead (connect it 
to a good engine ground). The NO OIL led must illuminate and remain so as 
long as the tan lead is jumpered to ground. Otherwise, trace and repair the 
tanlyellow lead. 

2. For 2-strokes other than 25135 hp (5001565~~) motors, remove the 4 
screws securing the pickup assembly to the oil tank, then carefully lift the 
assembly out of the tank and hold it upright. As the float drops the LOW OIL 
led must illuminate and remain so as long as float is toward the bottom of its 
travel. If the LED does not illuminate, disengage the 2-pin harness connector 
at the pickup and connect the 2 wires of the harness together using a 
jumper. If the LED now illuminates, replace the pickup. If the LED still does 
not illuminate, trace the wiring and repair the problem with the taniblack and 
black wires. 

3. For 25135 hp (5001565~~) 2-stroke motors, remove the pickup 
assembly from the integral oil tank, and hold it horizontally. Slowly move the 

No Oil 

Low Oil 

Fig. 234 On 25/35 hp motors, activation of the LOW OIL or NO OIL 
LEDS depends upon float positioning 
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float down the pickup tube until it comes within an inch or two (about 25- 
50mm) from the lower end of its travel (see the accompanying illustration). 
The LOW OIL led must illuminate and remain so as long as float is toward 
the bottom (but not actually AT the bottom) of its travel. If the LED does not 
illuminate, disengage the 3-pin harness connector at the pickup and connect 
the taniblack and black leads of the harness together using a jumper. If the 
LED now illuminates, replace the pickup. If the LED still does not illuminate, 
trace the wiring and repair the problem with the taniblack and black wires. 

To check the WATER TEMP LED, disconnect the tan lead from the 
temperature switch harness connector, then use a jumper wire to ground the 
lead (connect it to a good engine ground). The WATER TEMP led must 
illuminate and remain so as long as the tan lead is jumpered to ground. 
Otherwise, trace and repair the tan lead. 

To check the LOW OIL LED proceed according to instructions for your 
motor: 

4. For 2-strokes other than 25135 hp (5001565~~) motors, disengage the 
4-pin connector for the VR02 pump. Connect the taniyellow and black wires 
of the harness together using a jumper. If the LED now illuminates, check the 
VR02 pump warning circuit, as detailed under the VR02 Oil System section. 
If the LED still does not illuminate, trace the wiring and repair the problem 
with the taniyellow and black wires. 

5. For 25/35 hp (5001565~~) 2-stroke motors, remove the pickup 
assembly from the integral oil tank, and hold it horizontally. Slowly move the 
float down the pickup tube until it comes to the VERY end of its travel its 
travel (see the accompanying illustration). The NO OIL led must illuminate 
and remain so as long as float at the very bottom of its travel. If the LED 
does not illuminate, disengage the 3-pin harness connector at the pickup and 
connect the taniyellow and black leads of the harness together using a 
jumper. If the LED now illuminates, replace the pickup. If the LED still does 
not illuminate, trace the wiring and repair the problem with the taniyellow and 
black wires. 

Diagnostic Mode (EFI Models) 
If the CHECK ENGINE LED illuminates on EFI motors, the ECU has 

detected an out-of-range sensor signal in the engine control system and 
stored a diagnostic trouble code. For most faults, the engine will continue to 
run, but with diminished performance until the circuit is repaired and the 
proper signal restored. For more details on troubleshooting, including 
information on how to read and interpret stored diagnostic trouble codes 
please refer to the information in the Electronic Fuel Injection (EFI) section. 

The engine temperature sensors used on EFI motors are an integral part 
of the Electronic Fuel Injection (EFI) system. As such, details on testing, as 
well as removal and installation instructions can be found in that section. 

A temperature switch is used on most remote control carbureted 4-strokes 
as well as all 18 hp and larger 2-strokes (and possibly some smaller 
models). The switch is used to activate the warnina horn or buzzer to warn of 
potential overheating conditions when a specific tekperature is reached. 

In addition, some 25135 hp (500i565cc) and 25-70 hp (913cc) models are 
equipped with a second warm-up temperature switch. The function of the 
warm-up switch is to monitor at what point the motor has reached normal 
operating temperature. This is used by the power pack on these models to 
control spark advance functions. 

TESTING 

DERATE 
+ See Figure 235 

A DVOM (or ohmmeter or even a self-powered test light), a 
thermometer (or thermo-sensor adapter for the DVOM), a metal or 
laboratory grade glass container and a length of mechanic's wire are 
necessary for this test. Also, you will need a heat source, but for safety 
(since oil is used), you should not use an open flame, instead make 
sure you have access to an electric burner (your stove?) or a hot plate. 
To prevent the possibility of burns (and to ease testing), use probes 
that can be attached (clipped) to the test points. 

The temperature switch used on carbureted motors differs slightly from 
the sensors found on EFI motors in the way that it operates. Whereas the 
sensor (on EFI motors) is a thermistor or variable resistor that changes its 
resistance value based on temperature, and thereby is capable of sending 
different electrical sianals across a ranae of temDeratures, the switch (on 
carbureted motors) simply an onioff kpe. ~he'temperature switch is used 
only by the warning system and only to turn on the LED andlor warning horn. 

All temperature switches on these motors are designed to remain open 
until a specific temperature (that varies with model) is reached. When the 
switch is open, the circuit that is fed power anytime the engine is running 
cannot complete. Once a specific temperature is reached, the switch closes, 
grounding and completing the circuit, and activating the LED and/or warning 
horn (or in the case of warm-up switches, signaling the power pack that the 
engine has reached operating temperature). 

Temperature switches are tested in the same basic fashion as the sensors 
on EFI motors, only the specifications observed during the test differ. The 
best method to test the switch is to remove it from the powerhead, suspend it 
in a warm liquid (oil) and to use an ohmmeter and a temperature probe to 
determine at what temperature the circuit closes. 

When testing the switch avoid the use of an open flame to heat the 
container as it will be filled with oil. If possible, use an electric stove or 
a hot plate. 

If the switch may have been removed!replaced previously, make sure the 
proper switch for your motor. JohnsoniEvinrude OE switches will have 
different lead wire colors based on switch calibration: 

Cstroke motors (carbureted) use a switch with a tan!blue lead 
18-35 hp (521cc) 2-stroke motors: use either a switch with a tan lead or 

one with a tanired lead, depending on the modelicalibration 
25135 hp (5001565~~) 2-stroke motors: use a warning switch with a 

taniblue lead and, if equipped, a these motors use a warm-up switch with a 
whiteiblack lead 

25-55 hp (737cc) motors: use a warning switch with either a tan lead or 
one with a taniblue lead, depending on the modelicalibration 

23-70 hp (913cc) 2-stroke motors use a warning switch with either a 
tan lead or one with a taniblue lead, depending on the modellcalibration. 
Also these motors may be equipped with a warm-up switch that uses a 
whitelblack lead as well 

1. Remove the temperature switch from the powerhead, as detailed in 
this section. 

2. Connect a DVOM set to read resistance or check continuity with one 
lead on the switch terminal and the other to the metallic switch body. There 
should be no continuity with a switch that is cold or at ambient temperatures. 

Fig. 235 Temperature switches are tested by suspending them in 
an oil bath, heating the oil and watching when the switch closes 
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If there is continuity at ambient temperatures, the switch is shorted 

or stuck closed and must be replaced, in these cases, the hornlbuzzer 
would normally not shut off or otherwise there is a problem with the 
circuit or your test method. 

3. Using a small wooden dowel across the container, suspend the 
switch in a container of cool automotive oil. To ensure the switch remains at 
the same temperature as the liquid (and not the temperature of the 
container) it must only touch the oil (and not touch the bottom or sides of the 
container). 

4. Suspend the thermometer or the thermosensor in the same fashion 
as the switch. Again, to ensure accurate reading it cannot touch the bottoms 
or sides of the container. When using a thermometer give it a few minutes to 
stabilize at the oil's temperature. 

5. Using the heat source, slowly raise the temperature of the liquid. 
6. Watch the DVOM (or listen to the continuity checker) for the point at 

which the circuit closes, then check the thermometerlthermo-sensor reading 
and compare with the specification for your switch (as listed below by the 
switch wiring lead colors). The switch must close at the specified 
temperature for its motor to ensure proper operation of the warning system 
(or warm-up system if testing warm-up switches): 

Tan lead switch: 197-209°F (92-98°C) 
Tanlblue lead switch: 234-246°F (112-120°C) 
Tanired lead switch: 174-186°F (7945°C) - Whitelblack lead (warm-up) sw~tch through 1993: 93-99°F (34-38°C) 
Whitelblack lead (warm-up) switch 1994 or later: 102-108°F (39-43°C) 

7. Remove the heat source, and allow the switch to cool, watch the 
DVOM (or listen to the continuity checker) for the point at which the circuit 
opens, then check the thermometerithermo-sensor reading and compare 
with the specification for your motor. The switch must open at approximately 
the specified temperature for its motor to ensure proper operation of the 
warning system (or warm-up system if testing warm-up switches): 

* Tan lead switch: 155-185°F (68436°C) 
Tanlblue lead switch: 192-222°F (88-1 06°C) 
Tanired lead switch: 140-170°F (62-74°C) 
Whitelblack lead (warm-up) switch (all years): 87-93°F (30-34°C) 

8. A switch that does not close until well after the specified temperature 
MUST be replaced to prevent the potential of powerhead damage should an 
overheating condition occur (or to ensure proper operation of the warm-up 
circuit when testing warm-up switches). A switch that closes a little early can 
still be used, unless it is so early that the horn or buzzer never shuts off (that 
would get old real fast, wouldn't it?). Similarly, a switch that remains closed 
too long after the motor has cooled can cause false overheating signals or, 
worse, on warm-up switches might prevent the motor from operating 
properly. 

9. After testing or repairs, install the switch and reconnect the wiring. 

REMOVAL & INSTALLATION 

+ See Figure 236 

A temperature switch is used on most remote control carbureted 4-strokes 
as well as all 18 hp and larger 2-strokes. The switch is used to activate the 
warning horn or buzzer to warn of potential overheating conditions when a 
specific temperature is reached. The switch is also used as a signal to the 
power pack to activate the S.L.O.W. system operation (limiting engine speed 
until the problem is corrected). 

In addition, some 25135 hp (5001565~~) and 25-70 hp (913cc) models are 
equipped with a second warm-up temperature switch. The function of the 
warm-up switch is to monitor at what point the motor has reached normal 
operating temperature. This is used by the power pack on these models to 
control spark advance functions. 

Temperature switches are normally mounted somewhere on the 
powerhead, but varies slightly from model-to-model. The best method is to 
trace the lead (usually tan or tan with a tracer, except warm-up switches 
which are always whitelblack) from the power pack to the switch itself. For 
more details, please refer to the schematics provided in the Wiring Diagrams 
section. 

1. Disengage the temperature sensor harness connector. 
2. Using an open-end wrench or sensor socket (a socket that is made 

or modified to prevent damage to the sensor terminals or wiring), carefully 
unthread the sensor from the powerhead. 

3. Clean the sensor and powerhead threads. 

To install: 
4. Carefully thread the sensor into the opening by hand making sure not 

to cross-thread it. 
5. Tighten the sensor securely, but take care not to overtighten and 

damage the sensor or the mounting threads. 
6. Connect the sensor wiring harness, making sure all wires are routed 

to prevent interference with moving components. 
7. Connect the motor to a source of cooling water, then start and run 

the engine. If the sensor was threaded into a water jacket, make sure there 
is no leakage. 

+ See Figure 237 

JohnsoniEvinrude 4-stroke motors utilize an oil pressure warning circuit to 
protect the powerhead in case of a drop in oil pressure (due to excessively 
low oil level or pump failure). The pressure warning circuit consists of a 
normally closed oil pressure switch, a warning light (on remote models) and 
a warning horn or buzzer. When the ignition switch is turned on, battery 
voltage is applied to the horn or buzzer and the circuit is completed through 
the closed oil pressure switch. The hornlbuzzer will normally sound to verify 
that the system is operational. When the engine is started, creating sufficient 
oil pressure, the switch is opened, shutting off the hornlbuzzer. But, if at 
anytime during engine operation, the oil pressure drops below a 
predetermined level, the switch will close again, activating the warning 
buzzer and light by providing a ground circuit. 

Fig. 236 The temperature sensor is mounted on the powerhead, to 
locate it, trace the tan wire from the power pack - 9.9 hp 4-stroke 
shown 

I Fig. 237 Although oil pressure switch location varies slightly by 
model. it is alwavs threaded into an oil oassaae on the ~owerhead 
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Switch mounting varies slightly by model, locate your switch as follows: 

For 516 hp (128cc) models, the switch is located under a rubber boot at 
the upper port side of the powerhead, immediately in front of the air intake 
for the carburetor. 

For 819.9 hp (211cc) models, the switch is located under a rubber boot, 
at the upper port side of the powerhead, immediately in front of the oil 
dipstick and behind the carburetor. 

For 9.9115 hp (305cc) models, the switch is located under a rubber 
boot at the upper port side of the powerhead, immediately in front of the oil 
fill and right above the oil filter. 

For 40150 hp (815cc) EFI models, the switch is located at the upper 
port side of the powerhead, right below the flywheel. 

For 70 hp (1298cc) EFI models, the switch is located at the starboard 
side of the powerhead (behind the electric component holder and ECU). 

For all models, verify switch location using the wire harness colors. 
For details, refer to the schematics provided in the Wiring Diagrams 
section. 

TESTING 

DERA TE 
+ See Figure 237 

Testing requires a DVOM and a hand held vacuumlpressure pump. 
1. Remove the oil pressure switch from the powerhead, for details refer 

to the procedure in this section. 
2. Connect the pressure fitting of the pump to a length of hose at the 

other end of the hose to the pressure fitting on the switch. Use a clamp to 
secure the hose to the fitting. 

3. Connect the red probe of a DVOM (set to read resistance) to the 
switch wire terminal and the black probe to the switch body. The switch is 
normally closed, meaning that with no pressure applied and proper test 
connections made, the meter must show continuity (little or no resistance). 

4. Apply pressure to the switch using the gauge while watching the 
meter. The switch must open (showing very highlinfinite resistance) at the 
proper pressure. 

For 516 hp (128cc) motors, the switch must open at approximately 15 
psi (140 kPa). - For 819.9 hp (2l lcc) motors, the switch must open at approximately 10 
psi (70 kPa). 

For 9.9115 hp (305cc) motors, the switch must open at approximately 
20 psi (140 kPa). 

For 40150 hp (815cc) and 70 hp (1298cc) EFI motors, the switch must 
open at approximately 10-1 9 psi (70-1 30 kPa) 

5. Although the switch can be used if it does not open until a slightly 
higher pressure, it MUST be replaced if it opens sooner to protect the 
powerhead in case of diminished oiling capacity. A switch that opens too 
soon could allow the engine to run with insufficient oil pressure. 

6. When testing or repairs are completed, install the oil pressure switch 
to the powerhead. 

REMOVAL & INSTALLATION 

+ See Figure 237 

1. Disengage the wiring harness from the oil pressure switch. 
2. Using an open-end wrench or a suitable socket (a sensor socket or 

socket modified to prevent damage to the switch terminals or wiring, as 
equipped), carefully unthread the switch from the powerhead. 

3. Clean all sealant residue from the switch threads, making sure not 
dirt, debris or residue enters the oil passage in the powerhead. 

To install: 
4. Wrap a layer of Teflon@ tape around the switch threads. 
5. Carefully thread the switch into the opening by hand, then tighten the 

switch until snug (but do not over-tighten and damage the switch or 
powerhead threads). If a torque wrench and sensor socket is available, 
tighten the switch to 120-168 inch Ibs. (13.5-19 Nm) for carbureted motors or 
to 9.5 R. Ibs, (13 Nm) for EFI motors. 

6. Reconnect the switch wiring. Route the harness to prevent 
interference with moving components. 

7. Provide a source of cooling water, then start the engine check for oil 
leakage and proper switch operation. 

JohnsonIEvinrude 2-stroke motors that are equipped with oil reservoir 
tanks and oil injection systems use one or more sensors to ensure that the 
motor is always receiving a supply of Pstroke oil. Two sensors are normally 
used for this circuit, one in the reservoir tank that is used to signal when the 
reservoir reaches approximately 114 or less capacity and one in the VR02 
pump that signals if the oil feed line should loose pressure. For models 
equipped with the VR02 system, please refer to the information on Oil 
Injection Systems for details on the VR02 warning circuit. 

The 25/35 hp (5001565~~) motors utilize a powerhead mounted oil 
reservoir tank. The oil level switch on these models is a multi-position switch 
incorporated into the tank pickup assembly. One switch position will actuate 
the LOW OIL warning circuit and LED, while a second position (lower on the 
pickup) will actuate the NO OIL warning circuit and LED. 

To test the oil level switch warning circuits, refer to the Diagnostic Mode 
(Carbureted Models) section found under Testing Warning Circuits. 

Testing the warning horn or buzzer is a relatively simple matter of using 
two sets of jumper leads to temporarily connect a fully-charged 12-volt 
battery across the hornlbuzzer terminals. For safety, always connect jumpers 
to the battery first and THEN to the horn or buzzer. This prevents the 
possibility of sparkslarcing near the battery (which could ignite explosive 
gases released by batteries). 

Location of the warning horn or buzzer may vary with the boat and motor 
rigging, but it is normally found within the control box or behind the dash on 
remote control models. For tiller models, the horn or buzzer is normally found 
within the tiller control housing or under the engine cover. 

Since access to the wire terminals is required for testing, you may need to 
partially disassembly the remote or tiller control housings. 

To test the horn or buzzer, use the jumper wires to apply 12-volts across 
the hornlbuzzer terminals. Replace the unit if it fails to emit a suitable 
warning tone. 
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1992-95 Remote Electric 25DTL (737cc) 2-Cyl wICDI. VRO & PTT . . 4.124 
1996-98 Remote Electric 48 Hp (737cc) E Model and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1990-95 Breaker Point Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.105 55 Hp (737cc) Com 2-Cyl 4.125 
. . . . . . . . . . . . . . . . . .  1996-01 Rope StarVCDl2.0.3.5 Hp (78cc) I-Cyl . . . . . . . . . . . . . . . .  4.105 1992-98 Tiller Electric 40-55 Hp (737cc) 2-Cyl 4.125 

1999-01 Rope Start 5 Hp (109cc) I-Cyll2-Stroke . . . . . . . . . . . . . . . .  4.106 1992-95 Electric Start 40150 Hp (737cc) TTL 2-Cyl wlCDI, 
1997-01 Rope Start 516 hp (128cc) I-Cyll4-Stroke . . . . . . . . . . . . . . .  4.106 VRO & PTT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.126 

1996-01 Electric Start 40 Hp (737cc) TTL 2-Cyl wlPTT . . . . . . . . . . . .  4.127 
1992-01 Remote Electric 40-55 Hp (737cc) 2-Cyl . . . . . . . . . . . . . . . .  4.128 

1990 4 Hp (87cc) Excel 4 Ultra 4 2-Cyl . . . . . . . . . . . . . . . . . . . . . . . .  4.107 
1990-01 Rope Start 3 4 Hp ( 8 7 ~ ~ )  2-Cyl . . . . . . . . . . . . . . . . . . . . . . .  4.107 . . 
1990-01 start 618 H'P (ls4cc) sail 2 - C ~ l  . . . . . . . . . . . . . . . . .  4-108 1996-01 Rope Start 25/35 Hp (500/565cc) 3-Cyl . . . . . . . .  4-130 
1990-93 Rope Start 4Deluxe (87cc), 51618 Hp (164cc) & 9.9-15 Hp . . . . . . . . . . . . . . .  (2161255~~) 2-Cyll2-Stroke wlUFl & AC power 4.109 1996-01 Tiller Electric 25135 Hp (5001565~~) 3-Cyl 4-130 . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  1991 -01 Rope Start 4Deluxe (87cc), 51616.518 Hp (164cc) and 1996-01 Remote Electric 25/35 Hp (5001565~~) 3-Cyl 4-131 

9.9.1 5 Hp (255cc) 2-CylM-Stroke w1CDI . . . . . . . . . . . . . . . . . . . . . . .  4.109 1999-01 Remote Electric 40150 Hp (815cc) 3-Cyll4-Stroke wlPTT . . .  4.132 
1996-01 Rope Start 819.9 Hp (211cc) 2-Cyll4-Stroke . . . . . . . . . . . . .  4.110 1990-01 Rope 65 Hp (913cc) Commercial 3-Cyl wlAC . . . . . . . . . . . .  4.132 
1997-98 Tiller Electric 9.9 Hp (211cc) 2-Cyll4-Stroke . . . . . . . . . . . . .  4-110 1990-92 Electric 60-70 Hp (913cc) TTL 3-Cyl wlPTT . . . . . . . . . . . . .  4-133 
1997-98 Remote Electric 9.9 Hp (21 Icc) 2-Cyll4-Stroke . . . . . . . . . . .  4-111 1993-98 Electric 50-60 Hp (913cc) TTL 3-CylB-Stroke w1PTT . . . . . .  4-133 
1990-92 Tiller Electric 9.9.15 Hp (211cc) and Electric Sail 2-Cyll2-Stroke 1990-92 Remote Electric 60-70 Hp (913cc) EL 3-Cyl wlpre-mix & 
wIUFI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-111 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  manual trimltilt 4-134 
1990-92 Tiller Electric 9.9.15 Hp (211cc) 2-Cyll2-Stroke wlUFl . . . . . .  4.112 

1993-98 Remote Electric 50-70 Hp (913cc) EL and 
1993-01 Tiller Electric 9.9-15 Hp (255cc) and Electric Sail 2-Cyll2-Stroke . . . . . . . . . . . . . . . . . . . . .  A-117 65 Hp (913cc) WMLE Com 3-CylB-Stroke 4.135 . . . .  
1993-01 Remote Electric 9.9.15 Hp (255cc) 2-Cyll2-Stroke . . . . . . . .  4.113 1993-01 'emote Electric 65 WML1 WMLW & WE 

1995-01 Rope Start 9.9115 Hp (305cc) 2-Cyll4-Stroke . . . . . . . . . . . .  4.114 'Om 3-Cy1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1995-01 Tiller Electric 9.9 Hp (305cc) High Thrust 2-Cyl14-Stroke . . . .  4.114 1990-92 Electric 60-70 Hp (913cc) TL& 

1995 Remote Electric 9.9 Hp (305cc) High Thrust 2-Cyll4-Stroke . . . .  4.115 TX 3-Cyl wlPTT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1996-01 Remote Electric 9.9 Hp (305cc) High Thrust 2-Cyl14-Stroke . 4.115 1993-95 Electric 50-70 (913cc) Dl DTl PL* TLj TX & 

1995-01 Remote Electric 15 Hp (305cc) 2-Cyl14-Stroke . . . . . . . . . . .  4.116 TY 3-Cy1 wlPTT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1990-92 Rope Start 20-30 Hp (521cc) 2-Cyl wlUFl & AC power . . . . .  4.117 lgg6-01 Electric 40-70 Hp (913cc) Dl DTl PLl TLl TX & 

1990-92TillerElectric20-30Hp(521cc)2-CylwlUFI . . . . . . . . . . . . .  4-118 TYM0de13.Cylw1PTT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1990-92 Remote Electric 20-30 Hp (521cc) 2-Cyl wlUFI . . . . . . . . . . .  4.118 
1993-01 Rope Start 18 Jet and 20-35 Hp (521 cc) 2-Cyl wlCDl & AC . 4.119 
1993-01 Tiller Electric 18 Jet and 20-35 Hp (521cc) 2-Cyl wlCDI . . . .  4.119 
1993-01 Remote Electric 18 Jet and 20-35 HP ( 5 2 1 ~ ~ )  2 - c ~ ~  . . . . . . .  4.120 1999-01 Remote Electric 70 Hp ( 1 2 9 8 ~ ~ )  4-Cyl wlElectric Trimnilt . . .  4.139 

1990-93 Rope Start 25D-55 Hp (737cc) 2-Cyl w1UFI & AC . . . . . . . . .  4.121 
1990-93 Tiller Electric 25D-55 Hp (737cc) 2-Cyl wlUFl . . . . . . . . . . . .  4.121 
1990-93 Remote Electric 25D-55 Hp (737cc) 2-Cyl . . . . . . . . . . . . . . .  4.122 

. . . . . . .  1992-01 Rope Start 25D-55 Hp (737cc) 2.Cyl wlCDI & AC . . . . . . . . .  4.123 1996-01 Remote ControllKeyswitch for MWS Wiring Harness 4.140 
. . . . . . . . . . .  1992-95 Remote Electric 25DE and 48E (737cc) 2-Cyl w/CDI & 1996-01 MWS Instrument Wiring Harness for Remotes 4.140 

VRO, Manual Trimnilt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.124 1996-01 Remote ControlIKeyswitch for MWS Wiring Harness . . . . . . .  4.140 
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IGNITION AND ELECTRICAL SYSTEMS 4-105 

Wiring Diagram - 1990-95 Breaker Point lgnition Models 

lgnition Coil 
- 

lgnition Coil 

Sensor 7 ~im\ 
Coil 

Power oack ilanition * module I 

I- 

t 
Ground 

Wiring Diagram - 1996-01 Rope StartlCDl lgnition 2.0-3.5 Hp (78cc) l-Cylinderl2-Stroke Motors 
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4-106 IGNITION AND ELECTRICAL SYSTEMS 

Black 

Integral 
Ignition 
Coil I 

Ignition 
Coil 

Charge 

Wiring Diagram - 1999-01 Rope Start 5 Hp (109cc) 1-Cylinderi2-Stroke Motors 

Ground 

'I Timing Coil 
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IGNITION A ICAL SYSTEMS 4-107 

B - Black 
BI - Blue 
Gr- Grey 
O - Orange 

Wiring Diagram - 1990 4 Hp (87cc) Excel 4lUltra 4 2-Cylinderl2-Stroke Motors 

Wiring Diagram - 1990-01 Rope Start 314 Hp (87cc) 2-CylinderR-Stroke Motors 
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4-108 IGNITION AND ELECTRICAL SYSTEMS 

B - Black 
BI - Blue 
Gn - Green 
0 - Orange - 
R - Red 
Y - Yellow 

Wiring Diagram - 1990-92 Rope Start 618 Hp (164cc) Sail Model 2-CylinderI2-Stroke Motors (including SL, SRL and RX) with UFI lgnition 

Black , 

Wiring Diagram - 1991-01 Rope Start 618 Hp (164cc) Sail Model 2-Cylinderl2-Stroke Motors (including SL, SRL and RX) with CDI lgnition 
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IGNITION AND ELECTRICAL SYSTEMS 4-109 

Wiring Diagram - 1990-93 Rope Start 4 Hp Deluxe (87cc), 51618 Hp (164cc) and 9.9-15 Hp (2161255~~) 2-CylinderI2-Stroke Motors with UFI Ignition 
and AC power 

SensorlTiming coil 

Wiring Diagram - 1991-01 Rope Start 4 Hp Deluxe (87cc), 51616.518 Hp (164cc) and 9.9-15 Hp (255cc) 2-Cylinderl2-Stroke Motors with CDI Ignition 
(note some early-models may have used a 2 separate coils and ground wire for the stop button mounted directly to the powerhead) 
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4-1 10 IGNITION AND ELECTRICAL SYSTEMS 

+ Spark Plug Spark Plug 

I 

C01l pressure 
switch Black 

Wiring Diagram - 1996-01 Rope Start 819.9 Hp (211cc) 2-Cylinderl4-Stroke Motors 

ark Plug 

Ignition charge and Battery charge coil 
power coils \ I 

Stop Switch 

SensorITirning coil 

L 
=-C Ground I 

Battery Cables 

Wiring Diagram - 1997-98 Tiller Electric 9.9 Hp (211cc) 2-Cylinderl4-Stroke Motors 
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IGNITION AND ELECTRICAL SYSTEMS 4-1 11 

Harness Connector 

Harness 

Wiring Diagram - 1997-98 Remote Electric 9.9 Hp (211cc) 2-Cylinderl4-Stroke Motors 

Wiring Diagram - 1990-92 Tiller Electric 9.9-15 Hp (211cc) and Electric Sail Models 2-CylinderI2-Stroke Motors (including TE, E and SEL) with UFI 
ianition 
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4-1 12 IGNITION AND ELECTRICAL SYSTEMS 

W &  
Wiring Diagram - 1990-92 Tiller Electric 9.9-15 Hp (211cc) 2-Cylinderl2-Stroke Motors with UFI ignition 

Starter 
Button 

Wiring Diagram - 1993-01 Tiller Electric 9.9-15 Hp (255cc) and Electric Sail Model 2-Cylinderl2-Stroke Motors (including TE, E and SEL) 

- www.instant-manuals.com -



IGNITION AND ELECTRICAL SYSTEMS 4-1 13 

B - Black 
BI - Blue 
Gn - Green 
Gr -Grey 
0 - Orange 
Pu - Purple 
R - Red 
Y -Yellow 
W -White 

Wiring Diagram - 1993-95 Remote Electric 9.9-15 Hp (255cc) 2-CylinderI2-Stroke Motors 

Harness 
Connector 

arness 
onnector 

Ground 

Temperature Switch 

Wiring Diagram - 1996-01 Remote Electric 9.9-15 Hp (255cc) 2-Cylinderl2-Stroke Motors 
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4-1 I4 IGNITION AND ELECTRICAL SYSTEMS 

Oil Pressure 

Wiring Diagram - 1995-01 Rope Start 9.9115 Hp (305cc) 2-Cylinderlrl-Stroke Motors 

Battery 
Cables 

Starter solenoid I 2 
relay 

Wiring Diagram - 1995-01 Tiller Electric 9.9 Hp (305cc) High Thrust 2-CylinderI4-Stroke Motors 
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IGNITION AND ELECTRICAL SYSTEMS 4-1 15 

Fuel primer solenoid 

Orangelslue =- 

Wiring Diagram - 1995 Remote Electric 9.9 Hp (305cc) High Thrust 2-Cylinderl4-Stroke Motors 

Starter solenoidlrelay 

g % g 6 
2 P 
5 m 

Oil pressure switch 
I i e 

Wiring Diagram - 1996-01 Remote Electric 9.9 Hp (305cc) High Thrust 2-Cylinderl4-Stroke Motors 

- www.instant-manuals.com -



4-1 I6 IGNITION AND ELECTRICAL SYSTEMS 

Wirina Diaaram - 1995-98 Remote Electric 15 Hr, (305cc) 2-Cylinder/CStroke Motors 

Stop 
Switch 

k 

itch 

A 

Starter solenoidlrela 

Wiring Diagram - 1995 Remote Electric 15 Hp (305cc) 2-Cylinderl4-Stroke Motors 

- www.instant-manuals.com -



IGNITION AND ELECTRICAL SYSTEMS 4-1 17 

Wiring Diagram - 1996-01 Remote Electric 15 Hp (305cc) 2-Cylinderl4-Stroke Motors 

Wirina 

Pu - Purple 
R - Red 
Y -Yellow 
W - White 

k 0 1 ~ ~ 4  

Diaaram - 1990-92 Rooe Start 20-30 Ho 1521cc) 2-CvlinderR-Stroke Motors with UFI lanition and AC power 
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4-1 I8 IGNITION AND ELECTRICAL SYSTEMS 

Wiring Diagram - 1990-92 Tiller Electric Start 20-30 Hp (521cc) 2-Cylinderb-Stroke Motors with UFI Ignition 

Wiring Diagram - 1990-92 Remote Electric Start 20-30 Hp (521cc) 2-Cylinder12-Stroke Motors with UFI ignition 
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IGNITION AND ELECT lCAL SYSTEMS 4-1 19 

Wiring Diagram - 1993-01 Rope Start 18 Jet and 20-35 Hp (521cc) 2-Cylinderl2-Stroke Motors with CDI Ignition and AC (Note some early models 
may not have the AC power) 

+ 
Starter solenoid1 
Relay 

Wiring Diagram - 1993-01 Tiller Electric 18 Jet and 20-35 Hp (521cc) 2-Cylinderl2-Stroke Motors with CDI lgnition 
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4-120 IGNITION AND ELECTRICAL SYSTEMS 

Wiring Diagram - 1993-95 Remote Electric 18 Jet and 20-35 Hp (521cc) 2-CylinderIP-Stroke Motors with CDI Ignition 

Wiring Diagram - 1996-01 Remote Electric 18 Jet and 20-35 Hp (521cc) 2-Cylinderl2-Stroke Motors 
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IGNITION AND ELECTRICAL SYSTEMS 4-121 

Y - Yellow 
W -White 

Wiring Diagram - 1990-93 Rope Start 250-55 Hp (737cc) 2-CylinderR-Stroke Motors with UFI lgnition and AC power 

Wiring Diagram - 1990-93 Tiller Electric Start 25D-55 Hp (737cc) 2-Cylinderl2-Stroke Motors with UFI Ignition 
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4-122 IGNITION AND ELECTRICAL SYSTEMS 

Wiring Diagram - 1990-93 Remote Electric Start 25D-55 Hp (737cc) 2-Cylinderl2-Stroke Motors with UFI Ignition and VRO 

Wiring Diagram - 1990-93 Remote Electric Start 25D-55 Hp (737cc) 2-Cylinderi2-Stroke Motors with UFI Ignition and PTT (Pre-Mix Models) 
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IGNITION AND ELECTRICAL SYSTEMS 4-1 23 

Wiring Diagram - 1990-93 Remote Electric Start 25D-55 Hp (737cc) 2-Cylinderi2-Stroke Motors with UFI lgnition and PTT (VRO Models) 

Battery charge 

Wiring Diagram - 1992-01 Rope Start 25D-55 Hp (737cc) 2-CylinderI2-Stroke Motors with CDI Ignition and AC (Note some early models may not 
have the AC power) 

- www.instant-manuals.com -



4-124 IGNITION AND ELECTRICAL SYSTEMS 

B - Black 

Wiring Diagram - 1992-95 Remote Electric 25DE and 48E (737cc) 2-Cylinderl2-Stroke Motors with CDI ignition and VRO, but with Manual TrimRilt 

Wiring Diagram - 1992-95 Remote Electric 25DTL (737cc) 2-Cylinderl2-Stroke Motors with CDI ignition, VRO and PTT 

- www.instant-manuals.com -



IGNITION AND ELECTRICAL SYSTEMS 4-125 

Wiring Diagram - 1996-98 Remote Electric 48 Hp (737cc) E Model and 55 Hp (737cc) WML Commercial Model 2-Cylinderi2-Stroke Motors 

Wiring Diagram - 1992-95 Tiller Electric 40-55 Hp (737cc) 2-Cvlinderl2-Stroke Motors with CDI ignition and VRO, but with Manual Trimmilt 
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4-126 IGNITION AND ELECTRICAL SYSTEMS 

Wiring Diagram - 1996-98 Tiller Electric 40-55 Hp (737cc) 2-Cylinderl2-Stroke Motors 

Fuel primer solenoid 

Temperature 
Switch 

Gn -Green 

Y - Yellow 
W - White 

Wiring Diagram - 1992-95 Electric Start 40150 Hp (737cc) TTL Model 2-Cylinderl2-Stroke Motors with CDI ignition, VRO and PTT 
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IGNITION AND ELECTRICAL SYSTEMS 4-1 27 

Wiring Diagram - 1996-98 Electric Start 40 Hp (737cc) TTL Model 2-CylinderR-Stroke Motors with PTT 

Wiring Diagram - 1999-01 Electric Start 40 Hp (737cc) TPL Model 2-CylinderR-Stroke Motors with PTT 
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4-128 IGNITION AND ELECTRICAL SYSTEMS 

Wiring Diagram - 1992-95 Remote Electric 40-55 Hp (737cc) 2-Cylinderi2-Stroke Motors (including E, BE, EL, ES and JE Models) with CDI Ignition 

arness connector 

I Wiring Diagram - 1996-01 Remote Electric 40-55 Hp (737cc) 2-Cylinder12-Stroke Motors (including E, BE, EL, ES and JE Models) 
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IGNITION AND ELECTRICAL SYSTEMS 4-1 29 

B - Black 

- 

Wiring Diagram - 1992-95 Remote Electric 40-55 Hp (737cc) 2-Cylinderl2-Stroke Motors (including TL and PL Models) with CDI Ignition and PTT 

Wiring Diagram - 1996-01 Remote Electric 40-55 Hp (737cc) 2-Cylinder12-Stroke Motors with PTT (including TL and PL Models) 
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4-130 IGNITION AND ELECTRICAL SYSTEMS 

Stator 

Wiring Diagram - 1996-01 Rope Start 25135 Hp (5001565~~) 3-Cylinderl2-Stroke Motors 

Wiring Diagram - 1996-01 Tiller Electric 25/35 Hp (5001565~~) 3-Cylinderl2-Stroke Motors 
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IGNITION AND ELECTRICAL SYSTEMS 4-131 

Harness 
connector 

Starter soienoidl~elay 

Wirina Diaaram - 1996-01 Remote Electric 25135 HD ~5001565ccl3-Cvlinder12-Stroke Motors 

Wiring Diagram - 1996-01 Remote Electric 25135 Hp (5001565~~) 3-Cylinder12-Stroke Motors with PTT 
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4-132 IGNITION AND ELECTRICAL SYSTEMS 

Wiring Diagram - 1999-01 Remote Electric 40150 Hp (815cc) 3-CvlinderiCStroke Motors with PTT 

Wiring Diagram - 1990-01 Rope Start 65 Hp (913cc) RS and WR Commercial Model 3-Cylinderl2-Stroke Motors with AC power (note wiring position 
on terminal strip may vary on early-models through 1993) 
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IGNITION AND ELECTRICAL SYSTEMS 4-1 33 

Wring Diagram - 1993-95 Electric Start 50-60 Hp (913cc) TTL Model SCylinderR-Stroke Motors with PTT 
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4-134 IGNITION AND ELECTRICAL SYSTEMS 

Wiring Diagram - 1996-98 Electric Start 50-60 Hp (913cc) TTL Model 3-Cylinderl2-Stroke Motors with PTT 

B - Black 
BI - Blue 
Gn - Green 
Gr - Grey 
0 - Orange 
Pu - Purple 
R - Red 
Y -Yellow 
W -White 

I I T  ,: , . . , .  . - '  $11 (3 . >- 

4 
Wiring Diagram - 1990-92 Remote Electric 60-70 Hp (913cc) EL Model 3-Cylinderl2-Stroke Motors with pre-mix and manual trimltilt 
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IGNITION AND ELECTRICAL SYSTEMS 4-135 

B - Black 

Wiring Diagram - 1993-95 Remote Electric 50-70 Hp (913cc) EL Model and 65 Hp (913cc) WMLE Commercial Model 3-CylinderM-Stroke 
manual trimltilt 

Motors with 

Wiring Diagram - 1996-98 Remote Electric 50-70 Hp (913cc) EL Model and 65 Hp (913cc) WMLE Commercial Model 3-Cylinderl2-Stroke Motors 

- www.instant-manuals.com -



4-136 IGNITION AND ELECTRICAL SYSTEMS 

B - Black 
BI - Blue 
Gn - Green 

Wiring Diagram - 1993-95 Remote Electric 65 Hp (913cc) WML, WMLW and WE Commercial Model 3-Cylinder12-Stroke Motors with manual 
trimitilt I 

Wirina Diaaram - 1996-01 Remote Electric 65 HD 1913cc) WML, WMLW and WE Commercial Model 3-Cylinderl2-Stroke Motors 
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IGNITION AND ELECTRICAL SYSTEMS 4-137 

Wiring Diagram - 1990-92 Remote Electric 60-70 Hp (913cc) TL and TX Model 3-Cylinderl2-Stroke Motors with PTT 

Wiring Diagram - 1993-95 Remote Electric 50-70 Hp (913cc) D, DT, PL, TL, TX and TY Model 3-Cylinderl2-Stroke Motors with PTT 
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4-138 IGNITION AND ELECTRICAL SYSTEMS 
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IGNITION AND ELECTRICAL SYSTEMS 4-139 
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4-140 IGNITION AND ELECTRICAL SYSTEMS 

B - Black 
BI - Blue 
Gn - Green 
Gr - Grey 
0 - Orange 
Pu - Purple 
R - Red 
Y -Yellow 
W - White 

lGNlTlDN SWlTCH POSITIONS 

OFF ON START PRlMER OW 
PUSH INSTART 
AMDON POSITION 

Wiring Diagram - 1996-01 JohnsoniEvinrude Remote ControliKeyswitch for MWS Wiring Harness 

Wiring Diagram - 1996-01 MWS Instrument Wiring Harness for JohnsonlEvinrude Remotes 

OFF START PRIMER 
(ON AND START 

POSITIONS) 

Wiring Diagram - 1996-01 JohnsoniEvinrude Remote ControlIKeyswitch for MWS Wiring Harness 
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Ignition Testing Specifications - Carbureted Motors 

-- - -- -- - - - - - - -- - -- - - --- - - -  --- 

NOTE Al l  resrstance tests are based on a high-quality DVOM testing components at an ambient temperature of 68 degrees F (20 degrees C) Testing under other 
conditions, such as using lower quahty meters or at testing different temperatures could lead to false results 
NA - not applicable or not available on this model OS - optical sensor TNA -test not ava~lable 
O Specdicat~on is 800-1000 ohms for rope start models, or 680-840 ohms for electrtc start models 
O Specification is 1010-1230 ohms for rope start models, or 720-880 ohms for electric start models 
8 Spec~fication IS 76-92 ohms for rope start models, or 52-62 ohms for electric start models 

@ Spec~fication is 800-1000 ohms for rope start and 4-amp models, or 750-950 ohms for 12-amp models 
@The power co~l  is used on 12-amp models only, specificat~on is 360-440 ohms 
@ Specthcat~on is 38-50 ohms for rope start and 4-amp models, or 22-32 ohms for 12-amp models 

25135 

O Specifi~ation is 1.5 ohms for rope start and 4-amp models, or 0.5 ohms for 12-amp models 
@Specification is 1010-1230 ohms for rope start models, or 720-880 ohms for electric start models 

8 Specification is 76-92 ohms for rope start models, or 52-62 ohms for electric start models 
@ Specification is 360-440 ohms for 6-amp models, or 750-950 ohms for 12-amp models 
63 Specification is 250 volts output cranking1275 volts output running on 6-amp models, or 250 volts cranking for both the normal and advance sensor coils on 12-amp 
models 

6 Specification is 8-14 ohms on models without Quickstart, or for both normal and advance coils on Quickstart models, it varries by DVOM: 270-330 ohms on a Stevens 
AT-101 meter or 630-770 ohms on a Merc-0-Tronic M-700 meter 

0 Specification is 0.3 volts output crankingll.0 volts output running on models without Quickstart, or 1.5 volts cranking for both the normal and advance sensor coils on 
Quickstart models 

3 12-stroke1 1995-97131135 (5001565)l 0.23-0.33 1 2000-2600 1 @ 1 300 1 8 1 100 1 OS I TNA I OS I TNA 1 100 1 240 
3 12-stroke1 1998 131135 15001565~~ 0.23-0.33 1 2000-2600 1 720-880 1 300 i 52-62 1 100 1 OS I TNA I OS I TNA 1 100 1 240 

@9 Specification is 8-14 ohms on models without Quickstart, or for both normal and advance coils on Quickstart models, it varries by DVOM: 250-350 ohms on a Stevens 
AT-101 meter, 750-850 ohms on a Merc-0-Tronic M-700 meter, or 850-950 ohms on a Fluke 29 Series I I  meter 
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.... LUBRICATION SYSTEMS (2-STROKE) 5-2 
. . . . . . .  ACCUMIX OIL INJECTION SYSTEM 5-2 

. . . . . . . . . . .  OIL RESERVOIR CANISTER 5-2 
Assembly . . . . . . . . . . . . . . . . . . . . . . . . .  5-3 

. . . . . . . . . . . . . .  Cleaning And Inspection 5-3 
Removal . . . . . . . . . . . . . . . . . . . . . . . . .  5-2 

INTEGRAL OIL MIXING UNlT SYSTEM 
(25135 HP 3-CYL) . . . . . . . . . . . . . . . . . . . . .  5-11 

. . . . . . . . . . .  OIL TANK AND MIXING UNIT 5-1 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  Overhaul 5-1 3 

Removalllnstallation . . . . . . . . . . . . . . . . .  5-12 
. . . . . . . . . . . . . . . . . . . . .  SENDING UNIT 5-12 

. . . . . . . . . . . . . . . . .  Removalllnstallation 5-1 2 
TROUBLESHOOTING . . . . . . . . . . . . . . . . .  5-11 

Sending Unit Tests . . . . . . . . . . . . . . . . . .  5-11 
VARIABLE RATIO OIL (VR02) OIL 

. . . . . . . . . . . . . . . . . .  INJECTION SYSTEM 5-3 
. . . . . . . . . . . . . . . . . . . . .  PULSE LIMITER 5-7 

SYSTEM VERIFICATION & 
TROUBLESHOOTING . . . . . . . . . . . . . . . . .  5-3 

. . . . . . . . . . . . .  LOW OIL Warning Circuit 5-3 
. . . . . . . . . . . . . .  NO OIL Warning Circuit 5-4 

. . . . . . . . . .  VR02 FuellOil Pump Circuits 5-4 
. . . . . . . . . . . .  VR02 Fuel Pump Delivery 5-5 

. . . . . . . . . . . . .  VR02 Oil Pump Delivery 5-6 

. . . . . . . . . . . . .  VR02 Pump ~'elf.~riming 5-4 
VR02 PICKUP AND OIL SUPPLY HOSE . . 5-7 
VR02 PUMP . . . . . . . . . . . . . . . . . . . . . . . .  5-8 

Overhaul . . . . . . . . . . . . . . . . . . . . . . . . .  5-8 
. . . . . . . . . . . . .  Removal and Installation 5-8 

..... LUBRICATION SYSTEM (4-STROKE) 5-14 
. . . . . . . .  DESCRIPTION AND OPERATION 5-14 

OIL PRESSURE . . . . . . . . . . . . . . . . . . . . .  5-14 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Testing 5-14 

OIL PRESSURE SWITCH AND WARNING 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  SYSTEM 5-21 
. . . . . . . . . . . . . . . . . . . . . . . . . .  OILPUMP 5-17 

. . . . . . .  Removal, Overhaul & Installation 5-17 
OIL PUMP . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-17 

REMOVAL, OVERHAUL & INSTALLATION . 5-17 
516 Hp (1 2 8 ~ ~ )  . . . . . . . . . . . . . . . . . . . . .  5-1 7 
819.9Hp(211~~). . . . . . . . . . . . . . . . . . . .  5-18 
9.911 5 Hp ( 3 0 5 ~ ~ )  . . . . . . . . . . . . . . . . . . .  5-1 8 

. . . . . . . . . . . . . . . .  40150 Hp (815cc) EFI 5-19 
70 Hp ( 1 2 9 8 ~ ~ )  EFI . . . . . . . . . . . . . . . . .  5-20 

................... COOLING SYSTEM 
. . . . . . .  COOLING SYSTEM SCHEMATICS 

. . . . . . . . . . . . . . . . . .  ColffJunior motors 
. . . . . . . . . . . . . . . . . . .  2.0-3.5 hp ( 7 8 ~ ~ )  

3-4 hp ( 8 7 ~ ~ )  . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  4 deluxe (87cc) 

5 hp (1 09cc) . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  516 hp (128cc) &stroke 

51618 hp (1 64cc) . . . . . . . . . . . . . . . . . . . .  
819.9 hp (211cc) Cstroke . . . . . . . . . . . . .  
9.9.1 5 hp (21 61255~~) . . . . . . . . . . . . . . .  
9.911 5 hp (305cc) Cstroke . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  18 jet-35 hp (521cc) 
25/35 hp (5001565~~) . . . . . . . . . . . . . . . .  
45155 hp (737cc) Commercial . . . . . . . . . .  
25-55 hp ( 7 3 7 ~ ~ )  . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  25-70 hp ( 9 1 3 ~ ~ )  
. . . . . . . . . . . . . . . .  40150 hp (815cc) EFI 

. . . . . . . . . . . . . . . . . .  70 hp (1 298cc) EFI 
. . . . . . . . . .  DESCRIPTION & OPERATION 

. . . . . . . . . . . . . . . . . . . . . .  THERMOSTAT 
. . . . . . . . . . . . . . .  Removal & lnstallation 

. . . . . . . . . . . . . . . . .  TROUBLESHOOTING 
. . . . . . . . . . . . . . . . . . . .  Cooling System 

Thermostat . . . . . . . . . . . . . . . . . . . . . . . .  
WATER PRESSURE RELIEF VALVE . . . . . .  

. . . . . . . . . . . . . . .  Removal & lnstallation 
WATER PUMP . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Inspection & Overhaul 

. . . . . . . . . . . . . . .  Removal & lnstallation 
. . . . . . . . . . . . . . . . . . . . . . . . .  Water Pump 

REMOVAL & INSTALLATION . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  ColffJunior 

. . . . . . . . . . . . . . . . . . .  2.0-3.5 Hp ( 7 8 ~ ~ )  
3-4 Hp ( 8 7 ~ ~ )  . . . . . . . . . . . . . . . . . . . . . .  

. . .  4 Deluxe (87cc) and 51618 Hp (164cc) 
5 Hp ( I  O9cc) . . . . . . . . . . . . . . . . . . . . . .  
516 Hp ( I ~ ~ c c ) ,  819.9 Hp ( ~ ~ I c c ) ,  9.9-15 
Hp (2161255~~) and 9.9115 Hp (305cc) . . .  
1011 4 Hp (21 61255cc), 25 Commercial 

. . . . . . . . . . . . .  And 28 Hp ( 5 2 1 ~ ~ )  2-Cyl 
18 Jet-35 Hp (521cc, Exc . 25 Com & 
28 Hp) and 25135 Hp (5001565cc) . . . . . .  

25-55 Hp (737cc) and 25-70 Hp (913cc) . . 
. . . . . . . . . . . . . . . .  40150 Hp (81 5cc) EFI 

. . . . . . . . . . . . . . . . .  70 Hp (1298cc) EFI 
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5-2 LUBRICATION AND COOLING 

Unlike Cstroke eingines, which contain a reservoir of oil that is re- 
circulated during engine operation, mixing oil with the fuel lubricates 2-stroke 
engines. Internal engine components of 2-stroke motors are lubricated as the 
fuelloil mixture passes through the crankcase and the cylinder. 

Generally speaking, there are 2 methods of adding oil to a 2-stroke 
outboard. The first is to pre-mix oil with the gasoline whenever the fuel tank 
is filled. The pre-mix method is generally used on smaller (lower horsepower) 
motors and on most commercial outboards. It is easiest to perform this on 
portable fuel tanks that can be agitated to ensure proper mixture, but it can 
be successfully accomplished on larger built-in tanks, as long as care is 
taken to properly measure the amounts of fuelloil being added. 

For ease of service and to ensure a constant supply of 2-stroke oil, many 
~ohnson1Evinrude motors are equipped with an oil injection system. Most of 
the larger 2-stroke motors are rigged with some form of automatic oiling 
system from the factory or upon installation. Various forms of automatic oiling 
systems are used. The AccuMix system can be found on nearly any 2-stroke 
outboard (as it is has been available in versions that are both built-into a 
portable fuel tanks or independent, remote-mounted), but it is most often 
found on smaller hp motors (generally 521cc and smaller engines). The 
Variable Ratio Oiling (VR02) system, is usually found on 25-55 Hp (737cc) 
and 25-70 Hp (913cc) motors, though there are some exceptions with certain 
special or commercial models. Lastly, the 25/35 Hp (5001565~~) 3-cylinder 
motors are equipped from the factory with an integral oil reservoir tank and 
oil mixing unit. 

+ See Figure 1 

The AccuMix oil injection system is designed to provide a fuelloil ratio of 
5011 regardless of powerhead rpm. 

The AccuMix system is located either entirely inside the portable fuel tank 
or inside a remote mount, self-contained housing found inline between the 
fuel tank and motor. On fuel tank mounted systems, a 1-112 quart reservoir 
canister contains enough oil for almost five tanks full of fuel. The remote 
mounted unit is of comparable size. An oil metering pump is located at the 
base of the canister. Pulses from the powerhead mounted fuel pump 
assembly activate the oil pump. The oil metering pump automatically blends 
fuel from the fuel ~ ickuo  with oil in the reservoir canister. 

Filter 

Seal 

Fig. 1 Exploded view of a typical remote mount AccuMix assembly 

A low-oil warning indicator activates a warning horn when the level of oil 
falls below one pint. If the operator sustains powerhead operation after the 
warning horn sounds, the fuel supply is automatically cut off to shutdown the 
powerhead. The powerhead cannot be restarted until oil has been added to 
the canister. 

For fuel tank integral assemblies, a visual low oil level indicator is located 
on the reservoir canister cover. This indicator is of the "glass eye" type, 
similar to those found on newer style automotive batteries. Remote mount 
units may be equipped with a sight glass or might require the cap to be 
removed in order to check oil level. 

Due to the inherent design of the fuel tank integrated version of the 
oil injection system, very few individual parts can be repaired or 
replaced, if found to be defective. As an example: if the low oil level 
float is found to be defective, unfortunately, the entire system must be 
replaced. Therefore, no "troubleshooting"procedures &e given, 
because the manufacturer has provided no evaluating tests. 

If any problem is encountered with the delivery of oil, follow the 
procedures outlined under AccuMix Service. The instructions deal mostly 
with cleaning out the system. If the problem persists, the only remedy on 
integral tank models is a new system. However components are usually 
available to service the remote mount system, see your local parts dealer for 
component availability. 

ACCUMIX SERVICE 

+ See Figure 1 
OERATE 

Maintenance of this type oil injection system is limited to draining and 
flushing the oil reservoir canister each season. On integral fuel tank units, to 
properly clean the canister and the integral oil filter, it should be removed 
from the fuel tank. On remote mounted units, the entire remote canister can 
be removed for flushing and cleaning, or the filter assembly can be removed 
once the cap and seal are removed from the top of the tank. In all cases, 
canister or filter element cleaning is accomplished using fresh gasoline or 
solvent. 

Procedures for the canister service on the integral fuel tank units will be 
found in the following paragraphs. 

When the reservoir canister has been removed from the fuel tank, the fuel 
line pickup screen can also be serviced. 

Clean the vent screw and the area around the screw each time the fuel 
tank is filled. This vent screw must be fully open to allow powerhead 
operation and to permit air to enter the tank (taking the place of consumed 
fuelloil). The vent screw and fuel tank cap cannot be serviced, other than 
cleaning. If defective for any reason, the assembly must be replaced as a 
unit. 

Oil Reservoir Canister (Integral Fuel Tank Units) 
+ See Figures 2,3 and 4 

Removal (Integral Fuel Tank Units) 
W 

+ See Figures 2,3 and 4 

1. Disconnect the electrical harness and the fuel line connector from the 
top of the canister. Remove the retaining screws (normally 8 slotted-head 
screws), securing the cover and canister to the fuel tank. Observe the three 
additional washers under the tank handle bracket, when removing the 
handle. Lift out the canister and cover together from the tank, taking care not 
to spill any oil remaining in the canister. Remove and discard the gasket 
between the canister flange and the tank. 

2. Ease the cover from the canister. The fuel tube must be disengaged 
from the cavity in the cover. Remove and discard the O-ring between the 
cover and the canister. =. 

Do not attempt to disassemble the oil pump at the canister base. No 
replacement parts are available. If defective the pump must be replaced 
as an assembly. 
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LUBRICATION AND COOLING 5-3 

Fuel 
joint 

Cleaning And Inspection (All Units) 

Fig. 2 Top view of a typical AccuMix oil 
injection system 

Drain any oil from the canister. Obtain a container of solvent and "dunk 
the oil filter a couple of times. Take care not to alter the low oil level indicator 
float. Use a shop towel moistened with solvent and wipe down the surfaces 
of the cover and the length of the low oil level indicator tube. Blow the cover 
assembly and filter dry with compressed air. 

Pour some solvent into the canister to rinse any residue from the canister 
walls. Make certain no debris obstructs the oil pump pickup or the low oil 
cutoff float mounted on the pump. 

Inspect and service the fuel line pickup screen, as necessary. 

Assembly (Integral Fuel Tank Units) 
+ See Figures 2,3 and 4 

Fig. 3 A cork gasket seals the canister 
flange to the fuel tank 

1. Secure the fuel pickup line into the clip at the base of the canister. 

Fig. 4 Upon installation, index the fuel tube 
with the cavity directly under the fuel joint 
(and the canisterlcover mounting holes) 

Place a new gasket on ihe fuel tank surface and lower the canister into the 
tank. Alian the canister flanae holes with the aasket holes. 

2, Apply a light coat O ~ O M C  ~ r i ~ l e - ~ u a h  grease on both sides of the 
O-ring, and then position the ring onto the canister flange. Align the holes in 
the O-ring with the flange holes. 

3. Lower the cover over the canister and make sure the fuel tube 
indexes with the cavity on the underside of the cover. 

4. Position one washer at each of the three holes for the fuel tank 
handle bracket, and then hold the handle in place while these screws are 
started. Install the remaining screws finger-tight, then tighten all of the 
screws using a crisscross pattern to 10 inch Ibs. (1.1 Nm). 

Engage the electrical harness and the fuel connector to the fittings on top 
of the canister. 

+ See Figure 5 

The VR02 system consists of a remote oil reservoir (tank), a VR02 
oillfuel pump and mixer assembly, an integral No or Low Oil warning circuit 
and the necessary hoses and fittings to connect the various items for 
efficient operation. All connections in the system must be airtight to prevent 
serious damage to the powerhead. 

As the name implies, the VRO pump moves oil from the oil reservoir to 
the powerhead. However, it is a dual pump and also moves fuel. Pumping 
action stops automatically if fuel is not available at the pump for any reason. 
This automatic pump shutdown feature prevents the carburetors from filling 
with oil. 

The warning circuits will vary slightly with rigging and whether or not the 
boat is equipped with the System Check Monitor. If the boat does NOT have 
the system check monitor gauge, the warning circuit is strictly audible (in the 
form of the warning horn usually located in the remote box). However, 
generally speaking, boatslmotors rigged after 1995 are equipped with a 
System Check Monitor gauge which includes LED warning lights in addition 
to the horn. The audible signals will vary depending upon the system and the 
circumstances. 

For boatslmotors which DO NOT have the System Check Monitor, the 
audible warnings are as follows: 

First, as a low oil level warning; The horn will sound for 112 second 

every 20 seconds if the oil tank level drops below 114 of the tank's capacity. 
Secondly, the warning horn will cycle repeatedly on for 112 second, off 

for 112 second, on for 112 second, etc repeatedly if no oil is reaching the 
pump via the oil supply line. 

For boatslmotors which are equipped with the System Check Monitor, the 
audible and visual warnings are as follows: 

First, as a low oil level warning; The horn will sound for 10 seconds and 
the Low Oil LED in the System Check monitor gauge will illuminate if the oil 
tank level reaches 114 of the tank's capacity. 

Secondly, the warning horn will sound for 10 seconds and the No Oil 
LED in the System Check monitor gauge will illuminate if the no oil is 
reaching the pump via the oil supply line. 

To continue powerhead operation after the NO OIL LED and warning 
horn sounds would almost certainly invite serious damage to internal 
moving parts and powerhead seizure! 

VR02 SYSTEM VERIFICATION & TROUBLESHOOTING 

When equipped, the VR02 system is vitally important to the life of an 
outboard. Upon initial installation or repair of the system, proper operation of 
the system and the warning circuits must be verified. If you have any reason 
to suspect the system, verify proper operation of the warning circuits. It is not 
a bad idea to go through the trouble of verifying proper warning circuit 
operation on an annual basis especially when the motor is being removed 
from storage. 

W If the NO or LOW OIL LEDs illuminate (on boats rigged with the 
System Check gauge) andlor the warning horn activates at anytime 
during engine operation, shut the engine down immediately and check 
the oil level. If adding oil to the tank does not rectify the situation, 
troubleshoot the problem before continuing to operate the powerhead. 
If necessary, premix oil into the fuel supply to get the boat and motor 
safely to shore. An oil supply should be kept on board for this purpose, 
or if oil is present in the oil reservoir, i t  can be siphoned off for mixing 
in the tank (if sufficient oil is available to achieve a proper fuelloil ratio. 

If adding oil to the tank does not shut the warning Low Oil LED 
andlor audible signal off, remove the pickup assembly from the tank 
and check to see if the float is stuck. The float can be manually 
repositioned to see if the circuitry may be at fault as opposed to the 
physical fuel supply. But remember that the NO OIL warning on these 
models signals that insufficient oil pressure is reaching the pump. 

Checking the LOW OIL Warning Circuit 

+ See Figures 6 and 7 
DERATE 

Either remove the oil tank pickup and manually reposition the float so it is 
below the 114 level mark or siphon oil from the tank until there is less than 
114 of tank capacity left in the reservoir. Turn the keyswitch on and wait for 
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LUBRICATION AND COOLING 

Fig. 5 Most large 2-stroke (737cc and 913cc) 
motors are equipped with a VR02 pumploil 
injection system 

Fig. 6 If necessary for testing or inspection, 
the oil tank pickup unit is easily removed 
from the tank. . . 

the System Check gauge to complete the self-test, then watch for the Low 
Oil LED to illuminate (System Check) or listen for the audible warning. 
Slowly add oil to the tank or manually reposition the float upward, the LED 
should go out andlor the audible warning should stop as soon as the float 
passes the 114 tank level. 

If the warning circuit does not function properly, check the Warning 
System circuitry. Refer to the information for Testing Warning Circuits, 
found in the Warning System Troubleshooting section. 

Checking the NO OIL Warning Circuit 

+ See Figure 8 TE 

Disconnect the oil line and fuel lines from the fuel tank or outboard, then 
connect a portable tank containing a 50:1 fuelloil pre-mix to the engine's fuel 
inlet line. Connect a source of cooling water to the motor, then start and run 
the outboard at about 1500 rpm. 

It may take a few minutes to consume the residual oil in the pump 
and oil line. 

Once any residual oil is consumed, the No Oil LED should tlluminate 
(System Check) andlor the warnlng horn should sound the no oil signal. 

If the warning circuit does not function properly, check the Warning 
System circuitry. Refer to the information for Testing Warning Circuits, 
found in  the Warning System Troubleshooting section. 

Testing the VR02 Pump for Self-priming 

+ See Figure 8 

To properly test if the VR02 pump will self-prime you shoulJstart with a 
pump that is free of oil. If the pump was removed for service, this is no big 
deal, but if the pump remained installed it is best to empty the pump. The 
easiest way to accomplish this is to attach a premixed source of fuel and 
run the motor without the oil line attached, refer to Checking the NO OIL 
Warning Circuit for more details. 

1. If the oil line is empty, start with the hose disconnected from the 
VR02 pump. Use the primer bulb to fill the oil line (by holding the end of the 
line upward while gently squeezing the bulb until oil appears in the line itself. 

2. Connect the oil line to the VR02 pump, but do not squeeze the 
primer bulb after the line has been connected (or you will manually prime the 
pump). 

3. With the outboard connected to a source of cooling water and the 
fuel line attached to a portable tank of 50:l pre-mix fuelloil, start and run the 
engine at 1500 rprn until the No Oil warning LED (System Check) goes out 
andlor audible warning ceases. If the warning(s) remain, the pump is not 
self-priming properly. 

Fig. 7 Generally the pickup unit is secured 
by about 4 (usually Torx@ head) screws 

Fig. 8 One method of checking the NO OIL warning circuit is to 
disconnect the oil line from the motor and attach a tank of pre- 
mixed fuelioil, then start and run the engine 

Testing the VR02 FuellOil Pump Circuits 

If trouble is suspected with the fuel or oil circuits of the VR02 system 
functional tests can be conducted to check fuel pump or oil pump delivery. 
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Checking VR02 Fuel Pump Delivery 
+ See Figures 9,10 and 11 

Use EXTREME care when working with fuel or flammable solvents. 
Refer to the cautions under General Information and under the Fuel 
System sections. 

Because this test involves running the engine at speed and under load it 
must be conducted in a test tank with a suitable test wheel or on the boat 
(attached to a dock or using an assistant to navigate). You will also need a 
vacuum gauge, a T-fitting and about 8 in. (20cm) of clear vinyl hose to 
connect the gauge. Depending on test results, you might also need a fuel 
pressure gauge capable of reading 0-15 psi (0-103 kPa). 

1. With the engine either mounted on a launched craft or in a test tank, 
start and run the engine at idle until it reaches normal operating temperature, 
then stop the engine. 

When removing fuel hoses from fittings, always PUSH (never pull) on 
the hose itself to prevent the possibility of damaging the fitting. If 
pushing won't do it, use a small utility knife to carefully cut a slit in the 
end of the hose and peel it free of the fitting (the hose will then have to 
be trimmed or replaced upon reconnection). 

2. Carefully install the vacuum gauge using the vinyl hose and T-fitting 
between the fuel inlet fitting on the lower engine cover and the fuel pump. 
The clear vinyl hose should run from the T-fitting to the fuel pump. Use wire- 
ties to secure the hoses on the fittings. 

To prevent damage to the vacuum gauge the primer bulb and the 
manual or electric fuel primer should not be used once the gauge is 
installed. 

3. Start the engine and run at Wide-Open Throttle (WOT) for at least 2 
minutes. During this time, keep a close eye on the clear vinyl hose. There 
should be no signs of air or vapor bubbles. Also, monitor the reading on the 

Anti-siphon 
valve 

Transparent 
Hose \ 

Fig. 9 Check the anti-siphon valve using a length of clear vinyl 
hose and water 

-7 

vacuum gauge - it should not exceed 4 in. Hg. (13.5 kPa) at any point. 
Based on your observations of the hose and of the gauge readings proceed 
as follows: 

4. If the gauge read more than 4 in. Hg. (13.5 kPa), check the fuel 
delivery system for restrictions. For more details, refer to information on fuel 
lines and fittings found under the Fuel System section. If you suspect the 
anti-siphon valve check it as follows: 

a. Remove the anti-siphon valve from the fuel tank. 
b. Connect a clear vinyl hose at least 25 in. (630mm) in length to the 

tank side of the valve using an adapter. 
c. Fill the clear hose with water until the height of water in the 

hoseivalve (measured to the tank side flange of the anti-siphon valve) is 20 
in. (500mm). No water should run through the valve. 

d. Continue to slowly add water until the measured height of the water 
in the hoseivalve is 25 in. (630mm). Water must begin to run through the 
valve before the height reaches 25 in. (630mm) or the valve must be 
replaced. 

5. If the gauge read less than 4 in. Hg (13.5 kPa) and air bubbles were 
present in the clear hose, check the entire fuel supply system for air leaks. 
For more details, refer to information on fuel lines and fittings found under 
the Fuel System section. Repair or replace any leaking hoses, fittings or 
connections. 

An air leak into a fuel supply line does not always create a visible 
fuel leak until the engine is turned off and the fuel system is 
pressurized (as it is naturally warmed say, in the heat of the afternoon 
sun). 

6. If the gauge read less than 4 in. Hg (13.5 kPa) and no air bubbles 
were present in the clear hose, move the vinyl hose to the outlet side of the 
inline fuel filter. Start and run the engine again at WOT, watching for bubbles 
at this point in the hose as proceed as follows based on the results: 

If bubbles appear, test or replace the inline filter. 
If still no bubbles appear, remove the clear hose and install a 0-15 psi 

(0-103 kPa) fuel pressure gauge between the pump and the carburetors. 
Start and run the engine at 800 rpm in gear. Once fuel pressure stabilizes 
the gauge must not indicate less than 3 psi (21 kPa) when held level with the 
VRO fuel outlet fitting. If the pressure is less than 3 psi (21 kPa), service and 
check the Pulse ~im$er as detailed In this section. If the pulse hose and 
pulse limiter are in good shape, refer to the accompanying VRO Pump 
Troubleshooting Chart. 

I Fig. 10 VR02 fuel pump pressure is checked using a gauge 
between the QumD and carburetors 

- www.instant-manuals.com -



5-6 LUBRICATION AND COOLING 

I D o a  pump hold prarure 7 

I I 
I 

TING O-RING, FUEL INLET FITTING O-RING, OR INLET 
HOUSING ASSY. 

Slowly pump gesrcsse taster. Inspect for escaping air. 
b a s  pump cllck sever.1 tlmes with each stroke of tester 7 

I I 

Hold pump in normal running padtion. C o w  fuel outlet, Rapidly 
remove pressure hose from pulse Rnlng. 

Pumo should not cllck. Old Dumo click 7 

I I 

Alr motor covff la cracked of IUing, or I I a'r "Om ? 1 
vacuum wnO-rlno I8 Isskino. REPAIR LEAK. 
REPLA& VACUU~ PORT 6-RING. OR RE- 
PLACE AIR MOTOR COVER. 

Walt S seconds. Unwvw fuel outlet. 
Pump should cllck. Old pump cllck 7 

Fuel plston diaphragm or flapper 
valve leaking. INSTALL FUEL OW- REPLACE FUEL PUMP. REPAIR LEAK; REPLACE FUEL 

I 
Connea oearure vawum temer to VRO ~ u l s e  flttlno. Pump to 1 Connea geucsse vawum temer to VRO pulse flnlng. Pump to 

16 in. Ha. I 15 In. Hg: 
(Air on right of J r  motor dlsphrrm Is evewaled to 16 In. Hg., sir 

ad by "Roswrs valve". Alr motor plston travels 
%h'?v%%t until torcr of spring p1u8 vecoum on left equais I (A;lron right d r i r  motor dlsphrem Is d ~ ~ ~ e t e d t o  16 In. Hg., d r  

on leh la trapped bv "Rsswre wlve". Alr motor pinon trawls I 
rlhhtlv to tliaht until forceof awlno elus m u m  on left muals I 
foice of w - u m  on rlght.) ' - ' 
Hold pump In normal ~ n n l n g  pooitlon. Cover fuel outlet. 
ApMiy remomvacuum hose from pulsemtlng. Walt 5seconds 
end uncover fuel outlet 

Pump ahould click Old pump cllck? 1 
force d vawum on rlaht.) I 

also leaklng. 
REPLACE FUEL PUMP. 

Hold pump In norm& running poritlon. Cover fuel outlet. 
R.pldly removevacuum hosefrom pulaennlng. Walt 5aeconds I 
and unwver fuel outlet 

Pump ohwld d l c t  Did pump click 7 

I I Air motor diaphragm andlor vacuum rectifier 
Vacuum rsetlRer valve leaking. Prsrsure rectifier d v e  leaklng. leaking. 

PUMP IS OK. &I WPLACE FUEL PUMP. REPLACE FUEL PUMP. INSTALL AIR MOTOR DIAPHRAGM. 

-ig. 11 VR02 pump troubleshooting chart 

Checking VR02 Oil Pump Delivery The oil supply hose attaches to the downward facing fitting at the 
rear of the oil pump. It is easy to identify by following the oil supply 
hose from the engine connector (through the oil sight tube) to the 
pump. The hose that connects just in front of the oil supply line is the 
fuel supply line, it is identified by the inline fuel filter. 

3. Install the 10 in. (25cm) clear vinyl hose (with the gradations) to the 
oil supply fitting on the pump. Fill the hose with Evinrude or Johnson 2- 
Stroke Outboard Engine Oil, then start and run the engine to eliminate any 
air trapped in the line or the base of the pump. Shut the engine off and add 

DERA TE + See Figure 12 

If a functional check of the pump is desired or, if warning circuits check 
ok, but trouble is still suspected a pump out check must be performed to 
prevent the possibility of SEVERE damage to the powerhead if the oil circuit 
of the pump is not functioning properly. In order to erform this test ou w~l l  
need a 10 In. (25cm) long piece of 1 7  in. (6.35mm~inner diameter fill) clear 
vmyl tube. Starting several mches from the open end use a permanent 
marker to make gradations on the line every 112 in. (12.7mm) for a total 
length of 4 in. (101.6cm). These gradations will be used to monitor the 
amount of oil drawn into the pump during the functional test. 

additional oil to the hose until it is even with or above the top-most gradation 
in the hose. 

Although the illustration shows a hand holding the marked oil 
supply hose, this test will be much more pleasant if you secure the 
hose in an upright position using a coat hanger or length of mechanic's 
wire. 

Since the engine is run, but NOT at Wide Open Throttle (WOT) for 
the VR02 oil pump delivery check this test CAN be performed using a 
flush fitting or any other suitable source of cooling water. 

1. Hook up a supply of cooling water to the engine, then start and run 
the engine until it reaches normal operating temperature. 4. Start and run the engine at about 1500 rpm while monitoring the 

pump cycles. Although a fuel pressure gauge can be used to monitor fuel 
outlet pulses, light finger pressure on the outlet hose will accomplish the 
same result. Count the total number of pulses necessary for the oil level to 
drop 3 in. (76mm) within the hose. It must take about 6-8 pulses for the oil 
level to drop 3 in. (76mm) inside a 114 in. (6.35mm) inner diameter (ID) hose. 
If results are different, remove and service the pulse limiter and recheck - 
before overhauling or replacing the pump. 

5. Once tests or repairs are completed, reconnect the oil supply line to 
the pump making sure there is an air tight seal. Replace the oil supply line 
metal spring clamp if it has become weak, damaged or deformed. 

When removing fuel or oil hoses from fittings, always PUSH (never 
pull) on the hose itself to prevent the possibility of damaging the fitting. 
If pushing won't do it, use a small utility knife to carefully cut a slit in 
the end of the hose and peel it free of the fitting (the hose will then 
have to be trimmed or replaced upon reconnection). 

2. Shut the engine OFF, then carefully push the oil supply hose from 
the pump fitting. 
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Keep in mind that an air leak in the oil supply line could allow the pump 
to loose prime and stop delivering oil to the motor. Although the 
warning circuit should alert the operator to this condition, a leak could 
allow the motor to be operated with borderline oil pressure for 
sometime before it drops below safety spec. Don't take the risk, make 
sure the oil supply line a sealed and check the fittings visually after 
each outina. 

VR02 SYSTEM COMPONENT SERVICING 

VR02 Pickup and Oil Supply Hose 

DERATE 

+ See Figures 8,13 and 14 

If the oil supply line is suspect of restrictions it should be removed and 
inspectedicleaned in 2 areas, the oil pickup and the oil supply line. 

1. Remove the oil pickup assembly and checked for a clogged or 
contaminated filter as follows: 

a. Loosen the Torx@ head (usually T25) retaining screws using a 
suitable driver, then carefully lift the oil pickup assembly from the tank. 

b. Carefully separate the pickup filter from the pickup assembly, then 
flush the filter using a mild solvent or some fresh fuel. 

Use EXTREME care when working with fuel or flammable solvents. 
Refer to the cautions under General Information and under the Fuel 
System sections. 

c. Install the filter back onto the pickup assembly, taking care not to 
move the pickup assembly on its support rods (as the pickup assembly is 
specifically adjusted to tank height). 

It is not necessary for the pickup assembly to be removed for the 
tank when checking the oil inlet line for restrictions. However, if both 
are being tested at the same time, it is best to leave the pickup out until 
it has been determined what repairs (if any) are necessary. 

2. With the pickup assembly removed from the tank, perform a vacuum 
test on the system to check for air leaks as follows: 

When removing fuel or oil hoses from fittings, always PUSH (never 
pull) on the hose itself to prevent the possibility of damaging the fitting. 
If pushing won't do it, use a small utility knife to carefully cut a slit in 
the end of the hose and peel i t  free of the fitting (the hose will then 
have to be trimmed or replaced upon reconnection). 

a. Carefully disconnect the oil hose from the pickup assembly and from 
the oil inlet fitting on the outboard. 

b. Use low-pressure air from a compressor (or your lungs) to purge the 
hose of oil. 

c. Carefully plug the pickup end of the hose (OMC part # 329661 is 
available for this purpose). 

d. Connect a hand-held vacuum pump tester to the outboard fitting end 
of the oil supply line, then apply 7 in. Hg (23.6 kPa) of vacuum to the line. 
Watch the gauge and make sure that the vacuum holds for at least 5 
minutes. If it does not, make sure vacuum is not leaking at the plugged end 
of the hose otherwise, locate and repair the leak or replace the oil inlet line. 

An easy way to locate vacuum leaks is by applying a small amount 
of clean engine oil to the hose at each of the fittings while watching the 
gauge. When oil is applied to a leaking fitting, the oil will temporarily 
seal the leak and stop the gauge from moving. 

3. Once service has been completed, reconnect the oil lines and secure 
using clamps. 

4. Check the total height of the pickup assembly to make sure it was 
not disturbed during service. The height from the bottom of the pickup flange 
to the end of the pickup tube should be 6.84-6.96 in. (174-177mm) for 1.8 
gallon tanks or 8.74-8.86 in. (222-225mm) for 3.0 gallon tanks. If necessary, 
the pickup can be adjusted by sliding it on the support rods. 

Pulse Limiter 

If fuel pump pressure is less than 3 psi (21 kPa) when checked 
using a pressure gauge inline between the VR02 pump assembly and 
the carburetors with the engine running at 800 rpm, service and check 
the pulse limiter to make sure there are no clogs or restrictions. 

An inline pulse limiting check valve is installed between the motor and the 
VR02 pump. It is designed to allow normal pressureivacuum pulses from the 
engine to the pump, but to close in the event of a backfire, protecting the 
pump from damage. The check valve must be clean and free of clogs to 
work properly and ensure the engine receives a proper supply of fuel and oil. 

1. Remove the oulse limiter from the crankcase and/or the pulse 
hose(s). 

2. Visually check inside the limiter for signs of excessive carbon 
deposits. 

3. If necessary use OMC Carburetor and Choke Cleaner to backflush 
the valve, removing carbon deposits. The valve must be replaced if it cannot 
be cleaned sufficiently. 

If excessive carbon deposits are found, check the outboard for 
possible causes of excessive backfiring such as: 

lncorrect linkage adjustments 
Incorrect engine operating temperatures 
Crankcase air leaks 

FUEL OUTLET 

E 

Fig. 12 VR02 oil pump delivery is checked 
by counting the number of fuel pulses it 
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5-8 LUBRICATION AND COOLING 
Carburetor problems 
Extended use of the flushing attachment 
Internal damage 
4. On models equipped with a threaded pulse limiter, clean the threads 

and coat them using OMC Pipe Sealant with Teflon (or an equivalent 
threadsealant). Install the pulse limiter, then connect the pulse hose and 
secure using the clamp. 

5. On models equipped with an inline pulse limiter, install the limiter with 
the metal end facing toward the powerhead hose. Secure both hoses using 
clamps. 

VR02 Pump Assembly Removal and installation 

+ See Figure 15 ERATE 

1. Disconnect the negative battery cable for safety. 

-- 

When removing fuel or oil hoses from fittings, always PUSH (never 
pull) on the hose itself to prevent the possibility of damaging the fitting. 
If pushing won't do it, use a small utility knife to carefully cut a slit in 
the end of the hose and peel it free of the fitting (the hose will then 
have to be trimmed or replaced upon reconnection). 

2. Tag and disconnect the lines from the VR02 pump assembly as 
follows: 

a. Normally the fuel outlet line (attached to the top of the pump 
assembly) is secured using a plastic tie. The tie must be cut and then the 
line can be carefully pushed off the pump fitting. 

b. The pulse line from the powerhead is secured to the bottom of the 
pump assembly, at the front of the housing, it is normally secured by a 
metallic spring-type clamp. Use a pair of pliers to carefully compress the 
clamp tangs and slide it back over the hose, then push the hose from the 
pump fitting. 

c. The fuel inlet line is secured to the bottom, center of the pump 
assembly. It is usually secured by a spring-type metallic clamp and is 
removed in the same manner as the pulse hose. 

d. The oil inlet line is secured to the bottom, rear of the pump 
assembly. It is usually secured by a spring-type metallic clamp and is 
removed in the same manner as the pulse and fuel supply hoses. 

1 - Bracket, Fuel pump to manifold 
2 - Fuel pump Assy 
3 - Screw, fuel pump to mount 
4 -Connector, 4 socket plug 
5 -Terminal, socket 
6 - Retainer, connector 
7 -Hose assy, sight tube 
8 - Pulse hose 
9 -Clamp, connector 
10- Sight tube, oil 
11- Hose, filter to fuel pump 

12 - Fuel filter assy 
13 - Hose, fuel connector to filter 
14 -Clamp, connector 
15 -Hose, connector to sight tube 
16 - Hose, fuel tess to middle carb. 
17 -Hose, fuel pump to manifold 
18 - Fuel, manifold assy 
19 - Hose, manifold to upper carb. 
20 -Hose, manifold to fuel tee 
21 -Hose, manifold to lower carb. 

Fig. 15 Exploded view of the VR02 pump assembly mounting and 
hose connections 

3. Remove the pump wiring connector from the retainer and then 
disengage the connector from the wiring harness. 

4. Loosen the pump-to-manifold bracket screws (normally 3). They are 
located on the back side of the bracket, facing the opposite direction from 
the TorxB head cover screws located around the perimeter of the pump 
cover. 

5. Carefully remove the pump from the manifold bracket. 
6. If the pump is to be overhauled, disassemble it as detailed in this 

section. 
To install: 

7. If the pump was overhauled, assemble it as follows: 
8. Position the pump to the manifold bracket and install the retaining 

screws. Tighten the screws to 18-24 inch Ibs. (2-3 Nm). 
9. Engage the pump connector to the wiring harness, then position the 

connector into the wire loom retainer. 
10. Connect the hoses to the pump assembly as tagged during removal 

(pump-to-carburetor line at the top, pulse line on bottom futthest from wiring 
and the fuel supply line bottom center). DO NOT connect the oil supply line 
at this time. Secure each of the hoses either using plastic ties or metallic 
spring-type clamps, whichever was used prior to removal. Check each of the 
metallic spring-type clamps to make sure they have not lost their spring 
tension and replace if damaged, worn or weak. 

The oil supply line should be left disconnected until the oil pump 
delivery has been confirmed by following the procedure in this section 
for Checking VR02 Oil Pump Delivery. 

11. Connect the negative battery cable, then verify proper pump 
operation using the procedure in this section for Checking VR02 Oil Pump 
Delivery. 

VR02 Pump Assembly Overhaul 

+ See Figures 16 thru 30 CULT 

For the various housing screws on most VR02 pumps you will need 
Torx@ T-10 and T-15 drivers or bits. 

1. Remove the VR02 pump assembly from the powerhead as detailed 
in this section. 

2. Place the pump assembly on a clean worksurface with the inlet 
housing assembly (the end of the pump with the wiring) facing downward 
and the air motor cover facing upward. 

There is a compressed spring mounted under the air motor cover, be 
sure to hold the cover downward when removing the covers screws to 
prevent injury or damage. 

3. While holding the air motor cover downward against spring pressure 
loosen and remove the TorxB head screws securing the cover to the 
intermediate housing. Once the screws are removed, slowly lift the cover 
from the housing, releasing spring pressure as it is removed. 

As with all overhaul procedures, lay out each component on the 
worksurface in the order and facing the same direction as it was 
removed. 

4. Place the cover, screws, vacuum passage O-ring and 2 springs 
aside. 

5. Invert the pump assembly for access to the fuel inlet housing screws. 
Remove the TorxB head screws securing the fuel inlet housing to the 
intermediate housing. 

6. Lift the fuel inlet housing straight up and off the intermediate housing. 
The oil piston should remain behind, so pulling the housing upward with 
withdraw it from the pump. 

7. Carefully disconnect the oil piston and link from the fuel piston, then 
position the components aside. 

Handle the oil piston with great care to keep from denting the piston 
seal. - 

8. Hold the ~ntermediate housing with the alr motor piston down, then 
push the fuel piston down. Turn the air motor piston counterclockwise in 
order to loosen it, then spin the air motor piston off. The stem will unscrew 
from either the fuel or air motor piston. 
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LUBRICATION AND COOLING 5-9 
9. Remove the fuel piston and air motor ptston from the intermediate An oil check valve and an oil filter that should not require cleaning 

housing. Remove the fuel inlet housing O-ring. or replacement are located under the oil-inletielectronics module. There 
10. Remove the stem from either piston. Set the air motor piston aside, are no service parts available for these components. 

then discard the stem and steel washers. Set the nylon valve retainer, 
flapper valve, fuel piston and stem screw aside. The fuel inlet assembly, oil pulse lever and oil inletielectronics 

module are a matched set and must not be mixed with components 
from another pump. 

DO NOT use pliers to remove a stem unless it is to be replaced. 11. If replaceable fittings are to be removed, proceed as follows: 

Fig. 16 You'll need a T-10 or T-15 Torx@ 
head driver to remove the housing cover 
screws 

Fig. 17 Remove the air motor cover slowly, 
carefully releasing the spring pressure 

Fig. 18 Unless there are signs of weepage, 
there is usually no reason to remove the 
electronics module from the top of the inlet 

Fig. 19 Loosen the Torx@ head screws Fig. 21 Lay out each component on the 
securing the inlet housing to the Fig. 20 . . . then lift the inlet housing, work surface in the order and facing the 

carefully pulling the pump off the oil piston same direction as it was removed 

1- Intermediate Housing 
2- Motor housing cover 
3- Spring, poppet 
4- Spring, air motor 
5- Diaphragm, air motor 
6- 0-Ring, vacuum passage 

20 7- Diaphragm, Fuel 
8- Seal, fuel inlet housing 
9- Washer, piston stem 
10- Piston stem 
11- Retainer, fuel valve 
12- Valve, fuel 
13- Piston & link, oil 
14- inlet housing assy 
15- Seal, fuel inlet 
16 -Valve, fuel inlet 
17 - Retainer, fuel inlet 
18 - Nipple, fuel inlet 
19 - Seal, Filter housing 

0- 26 20 - Connector 

#=a? 
21 -Socket 
22 - Seal, actuator shaft 
23 - 0-Ring, fuel outlet 
24 - Fitting, fuel outlet, V6 
25 - Retainer, fuel outlet 
26 - 0-Ring, pulse fitting 
27 - Fitiing, pulse 
28 - Retainer, pulse fitting 

Fig. 22 Exploaea vlew or me v n u i  pump assemmy 
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5-10 LUBRICATION AND COOLING 
a. If removing a 90 degree fitting (such as the fuel outlet fitting on most 

models), matchmark or note the direction it faces before removal. 
b. Remove the TorxB head screws securing the fitting retainer and 

fitting to the pump housing. 
c. Carefully remove the retainer, fitting and O-ring from the housing. If 

removing the fuel inlet fitting, remove the valve located under the fitting as 
well. 

To assemble: 
12. If one or more of the replaceable fittings were removed, install them 

as follows: 
a. If installing the fuel inlet fitting, position the fuel inlet valve with the 

hold over the alignment pin. 
b. If installing the pulse or fuel inlet fittings, place a drop of clean 2- 

stroke engine oil on the thin O-rings to help ease installation. 
c. Put the O-ring in position on the fitting. When installing the thin O- 

rings on the pulse or inlet fittings, they should be placed toward the end of 
the fitting. 

d. Carefully push the fitting into the housing and twist slightly to seat it, 
then insta! the retainer. 

When thread-forming screws are reinstalled into a plastic 
component, first make sure the threads are clean and free of all oil. 
Next, position the screw against the threads and turn the screw 
backwards (counterclockwise) very slowly by hand until you can feel 
the screw fall down into the threads slightly, then turn the screw 
forward until it is finger-tight. Using this method the screw will find the 
old threads instead of cutting new ones, which might strip. 

e If a 90 degree fittlng must be al~gned drrectly over a retainer screw, 
apply a drop of 011 to the fittlng (where it enters the retamer) and posltlon it 
just past the screw, then tlghten the one retainer screw securely Place a 
Phillrps screwdriver In the end of the 90 degree fltting and carefully rotate it 
Into alignment over, then t~ghten the other retarnlng screw 

f Secure the retalners by t~ghten the TorxB head screws only until the 
retainer is bottomed on the housrng DO NOT over-tighten the screws as 
they will strip easily 

Fig. 23 Remove the oil piston and link from 
the fuel piston 

Fig. 26 During assembly, position O-rings 
carefully to keep them from getting pinched 
or cut 

H Always use new washers and stem when assembling the air motor 
and fuel pistons. Install the stem by hand (never use pliers or damage 
will likely occur). 

13. Working from the hex recess side, carefully insert the stem screw 
into the fuel piston. Place the flapper valve and valve retainer (with the 
recess facing outward) onto the screw. Place a new washer in the retainer 
recess, then thread the new stem onto the screw. 

Make sure the hex head of the stem screw is in  the hex recess and 
that the flapper valve and washer are centered on the piston, before 
finger-tightening the stem. 

14. Apply a light coating of clean 2-stroke engine oil onto the stem, then 
insert the stem through the seal into the intermediate housing. 

15. Place a new washer on the air motor piston screw. Hold the air motor 
piston under the intermediate housing with the poppet valve pushed fully 
upward. 

The screw hex head will be held in the hex recess ONLY when the 
poppet valve is pushed fully upward. 

16. Position the air motor piston screw upward against the stem (if 
necessary, the fuel piston can be pushed downward to extend the stem for 
better visibility). Hold the air motor screw up against the stem and turn the 
fuel piston a few revolutions to start the screw in the stem threads. 

17. Push downward on the fuel piston while spinning the air motor piston 
onto the stem. 

18. Very lightly tighten the 2 pistons against each other in order to 
tighten the stem on both screws. 

H Do not risk damaging either piston or the stem by over-tightening 
the assembly. Besides, there is no need to over-tighten anything since, 
once the assembly is positioned between the housings, they cannot 
turn sufficiently to loosen again. 

19. Snap the oil piston and link carefully onto the stem of the fuel piston 
screw, then place a drop of clean Pstroke engine oil on the seal at the tip of 
the piston. 

Fig. 24 Once the air motor and fuel 
pistonsldiaphragms are compressed and 
unthreaded, carefully pull the air motor 
diaphragm (with the piston stem in this 
case) from the intermediate housina. . . 

Fig. 27 Install the oil piston and link. . . 

Fig. 25 . . . then inspect the air motor 
(shown) and fuel diaphragms for damage 
and replace. as necessanr 

Fig. 28 . . . then apply a drop of clean 2- 
stroke engine oil to the piston seal 
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20. Place an O-ring seal in position around the fuel inlet housing flange, 

then lower the housing over the oil pump piston while inserting the piston 
into the oil pump bore. 

21. Push the fuel inlet housing and O-ring down against the intermediate 
housing, rotating back-and-forth to seat the O-ring in the groove and align 
the flange screw holes. Then install and tighten the Torx@ head screws using 
care not to damage the screws or housings. 

II When thread-forming screws are reinstalled into a plastic 
component, first make sure the threads are clean and free of all oil. 
Next, position the screw against the threads and turn the screw 
backwards (counterclockwise) very slowly by hand until you can feel 
the screw fall down into the threads slightly, then turn the screw 
forward until it is finger-tight. Using this method the screw will find the 
old threads instead of cutting new ones, which might strip. 

22. Put a light coating of a marine grade grease on the vacuum port O- 
ring, then place the O-ring in its bore. Place the air motor spring on the 
piston. 

23. Position the poppet spring in the air motor cover (over the center 
boss), then twist while gently pushing downward to wedge it in place. 

24. Position the cover over the air motor piston spring, then push the 
cover straight downward, compressing the spring and guiding the poppet 
spring into the center of the piston. 

25. Hold the cover in position and carefully start a couple of the cover 
screws. Verify that the vacuum port O-ring has remained in position, then 
install the remaining cover screws and gently tighten in a crisscross pattern. 

26. Install the VR02 pump assembly to the powerhead, as detailed in 
this section. 

27. Verify proper pump operation using the procedure in this section for 
Checking VR02 Oil Pump Delivery 

Fig. 29 Position the large spring (1) and the vacuum passage O- 
ring (2) to the intermediate housing. . . 

I s6rina and makina sure the oassaae 0-rina does not dislodae 1 

+ See Figure 31 

The 25/35 Hp (5001565~~) motors are equipped with a unique powerhead 
mounted oil tank and mixing unit. The system is combined with the motor's 
fuel delivery system to provide a source of blended oil and fuel to the 3 
carburetors. 

On these motors, 2 powerhead mounted fuel pumps work in conjunction 
with each other. One pump draws fuel from the boat's fuel tank and feeds it 
to the second pump, that pushes it through the oil mixing unit and to the fuel 
delivery manifold to the carburetors. 

The system is protected by a level sensor sending unit that is mounted 
inside the oil tank. The sending unit circuit remains open when oil level is 
above the approximate 114 tank level. Once the sending unit float drops to or 
slightly below that level it will complete the Low Oil warning circuit for the 
System Check monitor. When the float drops to the lowest position on the 
pickup assembly, the sending unit will complete the No Oil circuit. 

II For more information on Warning System operation, please refer to 
the Ignition and Electrical Section. 

The mixing unit system is generally reliable and maintenance free as long 
as the operator keeps an eye on the oil level to confirm proper sending unit 
operation. 

TROUBLESHOOTING THE 25135 HP MOTOR MIXING UNIT 
No information is provided by the manufacturer for mixing unit testing. 

Although the unit is designed to prevent operation of the motor without 
proper oiling, care should be taken by the operator to monitor rates of fuel 
and oil usage to ensure that the system is continuing to operate properly. If 
performance problems dictate or if trouble is suspected with the mixing unit, 
the unit can be removed and disassembled for inspection or overhaul. 

Sending Unit Resistance Tests 

+ See Figure 32 DERATE 
Sending unit operation is dependent upon the mechanical position of the 

float on the pickup assembly. If necessary, the unit itself can be checked 
using an ohmmeter to confirm the warning circuit signals will be closed at the 
appropriate points. 

Although tests can be conduced by siphoning the oil from the tank, then 
adding oil gradually while watching resistance on the 2 sending unit circuits, 
it is advisable (and easy enough) to remove the sending unit from the tank 
for testing. Once the sending unit is removed from the oil reservoir tank you 
can perform both a visual check, as well as a physical inspection to ensure 
the float does not stick at any position. 

1. Remove the sending unit from the oil reservoir tank, as detailed in 
this section. 

2. Set a DVOM to read on the resistance or continuity scale. 
3. First check the Low Oil circuit. Connect the meter probes to the 

terminals B and C (black and tanlblack wires) of the sending unit connector, 
then slide the float by hand to each of the positions pictured in the 
accompanying illustration and watch for the following results: 

Float at or above position A (about 114 of the distance from the bottom 
of float travel): meter should show no continuity (high or infinite resistance). 

Float at position B (slightly below the 114 tank line, slightly closer to the 
bottom of the float travel): meter should show continuity (low or no 
resistance). 

Float at position C (float at bottom of travel): meter should show 
continuity (low or no resistance). 

4. Next check the No Oil circuit. Connect the meter probes to the 
terminals B and A (black and tanlyellow wires) of the sending unit connector, 
then slide the float by hand to each of the positions pictured in the 
accompanying illustration and watch for the following results: 

Float at or above position A (about 114 of the distance from the bottom 
of float travel): meter should show no continuity (high or infinite resistance). 

Float at position B (slightly below the 114 tank line, slightly closer to the 
bottom of the float travel): meter should show no continuity (high or infinite - 
resistance). 

Float at position C (float at bottom of travel): meter should show 
continuity (low or no resistance). 
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OIL Tank and Mixing 
Unit 

- - FUEL 

II - oa = - PULSE 

Fuel Suction 

ne quick connector 

Fig. 31 OiliFuel system schematic - 25135 hp (5001565~~) motors 

5. If results differ, the sending unit should be redaced to ensure Sending Unit Removalllnstallation 
powerhead protection. 

SERVICING THE 25135 HP MOTOR MIXING UNIT 

The sending unit can be removed with the oil tank still installed on the 
powerhead. Also, the oil tank and mixing unit can be removed from the 
powerhead as an assembly without draining the oil tank, but if mixing unit is 
to be disconnected, draining the tank is a good idea (to prevent a mess). 
There are alternates to draining the oil tank. For one, the oil tank feed line 
could be plugged with a plastic fitting or capped using a sturdy plastic bag 
and a wire tie. Also, a spare hose could be placed on the tank outlet fitting, 
the end of which could be suspended above the oil level in the tank to keep 
it from draining. But, with all of these alternates, be prepared to catch at least 
some amount of dr~pp~ng 011 Keep~ng the oil tank flrmly In place w~l l  make 
escaping 011 flow a little slower, but ~t w~ll  flow nonetheless, so work fast d 
caDorna the outlet 

Fig. 32 Float positions for resistance testing, A (open circuits), B 
(Low Oil circuit closes), C (No Oil circuit closes) 

+ See Figure 33 DERATE 

1. Disconnect the negative battery cable for safety. 
2. Separate the sending unit 3-pin wiring connector from the retainer, 

then disengage the connector from the engine harness. 
3. Using a backup wrench to keep the sending unit from turning, loosen 

and remove the nut securing the sending unit to the top of the oil reservoir 
tank. 

If additional clearance is necessary for the wrenches or to withdraw 
the sending unit from the top of the oil tank, remove the screw 
fastening the tank to the upper mounting bracket and reposition the 
tank slightly for better access. 

4. Carefully lift the sending unit from the tank. 
5. If necessary, note the positioning of the wires in the 3-pin connector, 

then use a pin removal tool to release the internal tangs and pull the wires 
from the connector shell. Pull the nut, washer and grommet off the sending 
unit lead. 

6. Installation is the reverse of the removal. It is usually a good idea to 
install a new nut, washer and grommet to make certain the sending unit it 
properly mounted and sealed to the oil tank. 

7. When installing the sending unit into the tank, let it rest on the bottom 
of the reservoir, then install the grommet to the tank, the washer on top of 
the grommet and thread the nut onto the sending unit (tightening it securely). 

8. If the upper oil tank mounting screw was removed, apply OMC 
Locquic Primer, followed by OMC Ultra Lock (or equivalent threadlocking 
compounds) to the screw, then install and tighten to 216-240 inch Ibs. (24.4- 
27.1 Nm) 

9. Connect the wiring upon completion of assembly. If wires were 
removed from the connector, make sure they are installed to the proper pins 
as noted during removal. 

10. Connect the negative battery cable. 

Oil Tank And Mixing Unit Removalllnstallation 

+ See Figures 33 and 34 

As stated earlier the oil tank and mixing unit can be removed as an 
assembly without draining the oil tank. If the mixing unit is to be removed 
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Nut 

O i l  Leve l  
Sending Unit 

O i l  Tank Cap 

Fig. 33 Exploded view of the oil tank and sending unit - 25135 hp 
(5001565cc) motors 

~nd~v~dually or separated from the tank, it IS probably best to dram the tank, 
but the tank outlet h e  could be capped or plugged as well. 

1 D~sconnect the negatlve battery cable for safety 
2 Remove the starboard s~de lower englne cover For detarls, please 

refer to Englne Covers (Top and Lower Cases), in the Engme Mamtenance 
section 

3 Separate the sendmg un~t 3-p~n wlrlng connector from the retalner, 
then d~sengage the connector from the engme harness 

4 Remove the screw fastenmg the top of the 011 reservoir tank to the 
top bracket 

5 Loosen the fuel f~lter outlet hose clamp and sl~de ~t back on the fuel 
hose, past the f~tt~ng Carefully push the fuel hose off the f~lter f~tting usmg a 
small dram pan or rag to catch any fuel that m~ght leak from the hose and 
fllter 

6 Remove the screw securmg the lower 011 tank and mlxlng un~t 
brackets to the powerhead, then pull the bracket away from the powerhead 
sl~ohtly for better access to the mlxlno un~t 

- 7: Carefully cut the wire tie the secures the fuel hose to the mixing unit 
outlet nipple, then carefully push the hose off the nipple using a small drain 
pan or raa to catch anv fuel that miaht leak from the hose or mixina unit. ' 

8. lf';lecessary, separate the mixing unit from the oil tank by &refully 
cutting the tie strap and carefully pushing the oil hose off the oil tank or 
mixing unit nipple. Plug the tank to prevent excessive oil drippinglloss or 
contamination. Overhaul, clean and inspect the mixing unit as detailed in this 
section or replace it, as necessary. 

To install: 
9. If removed, connect the mixing unit to the oil tank using the oil feed 

line, then secure using a new wire tie. 
10. Connect the fuel outlet hose to the mixing unit assembly, then secure 

using a new wire tie. 
11. Apply OMC Locquic Primer, followed by OMC Ultra Lock (or 

equivalent threadlocking compounds) to the lower mixing unit and tank 
bracket, as well as the upper oil tank bracket, mounting screws. 

12. Position the oil reservoir tank and mixing unit assembly to the 
powerhead, then install tighten the lower bracket mounting screw to 180-204 
inch Ibs. (20.3-23 Nm) 

13. Connect the fuel hose to the outlet side of the fuel filter and secure 
using the clamp. 

? @-oil mixing 

.@ unit cover - 
Outer 
nipple- % O i l  piston ~4 

diaphragm 
tank to --O-ring 
mixer Seal 

v 
O-ring 0 i i  

filter @ k 0 i l  inlet housing 

Oil outlet 4- Oil inlet 
valve* valve 

Fig. 34 Exploded view of the oil mixing unit - 25135 hp (5001565~~) 
motors 

14. Route the oil tank sending unit lead behind the upper oil tank 
bracket, then install and tighten the upper bracket screw to 216-240 inch Ibs. 
(24.4-27.1 Nm) 

15. Engage the oil tank sending unit wiring to the engine harness and 
secure in the retainer. 

16. Install the starboard lower engine cover. 
17. Connect the negative battery cable. 

Mixing Unit Overhaul 

+ See Figure 34 
CULT 

1. Remove the mixing unit from the powerhead and oil tank, as 
described in this section. 

2. Cut the wire tie, then carefully push the short fuel hose from the fuel 
inlet nipple. 

3. To ensure proper alignment of all components during installation 
matchmark the various covers, fittings and housings before removal. This is 
especially important for the 90 degree fittings and for the oil pump cover, 
which must be installed in one direction only. 

4. From underneath the mixing unit, remove the 2 screws securing the 
oil inlet housing to the intermediate housing. 

5. Separate the oil inlet housing from the intermediate housing, then 
remove and discard the large and small O-rings located between them. 

6. Remove the 2 screws securing the oil pump cover to the oil inlet 
housing, then remove the cover. Remove and discard the elongated cover 
O-ring. 

7. Remove the 3 screws securing the fitting retainer to the oil inlet 
housing, then separate the retainer from the housing. Remove the oil and 
fuel inlet fittings from the oil inlet housing and discard the O-rings. 

8. Remove and discard the old oil filter. 
9. Remove and discard the oil inlet valve. 

10. Push the oil outlet valve and O-ring free of the housing. Do not pull 
the outlet valve from the housing, as this could damage the valve seat. 

11. Remove the 2 screws securing the retainer for the fuel outlet fitting to 
* 

the cover the oil mixing unit. Remove the retainer and fitting, then remove 
and discard the O-ring. 

12. Pinch and roll the piston seal off the diaphragm and piston assembly. 
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13. Matchmark the mounting bracket to the mixing unit, then remove the 

6 screws and the bracket from the unit. 
14. Remove the 2 remaining screws and washers from the oil mixing unit 

cover, then remove the cover from the intermediate housing. Carefully 
remove the piston and diaphragm assembly, the small spring and large 
spring. Discard the old piston and diaphragm assembly. 

15. Wash oil inlet housing components using clean solvent, then blow dry 
with low pressure compressed air (or shake the components free of most 
solvent and allow to air dry). 

Make sure all cleaning, inspection and assembly takes place in a 
clean, dust free environment. 

16. Clean the cover and oil inlet housing threads using OMC Cleaning 
Solvent, or an equivalent mild soiventicleaner. 

To assemble 

Apply a light coating of clean 2-stroke engine oil to all contact 
points and replacement components during assembly. 

17. Position the small spring on the end of the short stub on the piston 
and diaphragm assembly, then place the large spring inside the diaphragm. 

18. Rest the diaphragm and piston assembly (with the springs facing 
upward) inside the intermediate housing. 

19. Place the oil mixing unit cover over top of the piston and diaphragm 
assembly (along with the small and large springs). As you compress the 
large spring into the cover, make sure the small spring seats over the button 
on the underside of the cover. 

20. Rotate the cover to align the cover and housing exactly as during 
disassembly, then press them together and secure using the 2 screws and 

washers. Then install the mixing unit bracket using the 6 screws. Tighten all 
8 screws to 5-7 inch Ibs. (0.6-0.8 Nm). 

21. Using care not to damage the seal, install the oil piston seal into the 
groove on the oil piston. 

22. Position the oil outlet valve into the oil inlet housing and secure using 
a NEW O-ring. 

23. lnstall a NEW oil inlet valve. 
24. Position a NEW elongated O-ring into the groove on the oil pump 

cover, then install the cover to the oil inlet housing aligning the matchmarks 
made during removal (this should ensure that the small round depression on 
the inside of the cover faces the oil inlet valve.) lnstall the cover screws and 
tighten to 5-7 inch Ibs. (0.6-0.8 Nm). 

25. lnstall a NEW oil inlet filter. 
26. lnstall a NEW O-ring to the oil and fuel inlet ports, then install the 

fittings (aligning any matchmarks made for 90 degree fittings). lnstall the 
fitting retainer and tighten the screws to 5-7 inch Ibs. (0.6-0.8 Nm). 

27, lnstall a NEW large and NEW small O-ring into the oil inlet housing. 
28. Connect the oil inlet housing to the intermediate housing, making 

sure the O-rings are not dislodged as they are seated, then install and 
tighten the retaining screws to 7-9 inch Ibs. (0.8-1.0 Nm). 

29. Place a NEW O-ring in the fuel outlet port (on top of the oil mixing 
unit cover), then install the outlet fitting (aligning any matchmarks made 
earlier). lnstall the retainer and tighten the screws to 5-7 inch Ibs. (0.6-0.8 
Nm). 

30. Attach the short fuel inlet hose to the fuel inlet nipple, then secure 
using a new wire-tie. 

31. Connect the mixing unit to the oil tank and install to the powerhead, 
as detailed in this section. 

* See Figures 35 thru 39 

The forced lubrication system used on JohnsonlEvinrude 4-stroke 
outboards closely resembles the system used on other 4-stroke engines like 
the one in your car or truck. Its primary components consist of an oil sump 
located under the powerhead, an oil pickup tube submerged in the sump, an 
oil pump, an oil filter and various oil passage ways in the engine. 

Oil is drawn from the sump by the pump and, on most models is then 
pumped through a filter, where dirt and metal particles are removed. We say 
most motors, because some of the smaller carbureted 4-strokes send oil 
from the pump to various parts of the motor, including the oil filter. It is true, 
however, that on all models this oil passes through the oil filter before it 
reaches the crankshaft. 

After the pump (and filter in most cases) the oil is then delivered under 
pressure to various parts of the engine via oil galleys machined into the 
engine. Oil from the oil pump flows through drilled passages in the camshaft 
to the rockers andlor valves. The oil also travels through one or more 
galleries in the cylinder block. On all models, pressurized oil will travel 
through a passage to the powerhead mounted oil pressure switch, which 
holds the switch circuit open (preventing the warning system from activating) 
whenever sufficient oil pressure exists in the passage (hopefully, anytime the 
engine is running). 

The oil pump itself is a Trochoid design and consists of an inner rotor, 
outer rotor and pump body. Normally, the inner rotor is driven by the 
camshaft while the outer rotor is free in the pump body and is driven by the 
inner rotor. As the rotors spin, the volume of the oil between them changes 
and provides the force to push oil out into the oil gallery. Most oiling systems 
are protected from over pressurization by a check valve that directs pressure 
back to the sump if it rises beyond a certain point. 

TESTING 

4 See Figure 40 
TE 

If there is any doubt as to whether or not a 4-stroke engine is receiving 
sufficient oil, the oil pressure should be checked using a suitable oil pressure 
gauge, 118 in. NPT adapter and a tachometer to monitor engine speeds. On 
carbureted motors, the oil pressure switch is removed and the gauge is 

installed in the powerhead switch bore, but on EFI motors a dedicated 
pressure test port is located near the spin-on oil filter. 

A gauge with a range of 0-100 psi (0-690 kPa) will be sufficient for all 
JohnsonlEvinrude 4-strokes. A gauge with a more limited operating 
range may also be used on most carbureted models, but refer to the 
specifications and make sure there is at least 10% additional capacity 
in the gauge over the specified oil pressures for the engine being 
tested. 

To properly test the oil pressure the engine must be run both at idle and at 
or near Wide Open Throttle (WOT), therefore a flush fitting is not suitable for 
this test. Either mount the engine in a test tank (and use a suitable test 
wheel) or launch the craft using an assistant to navigate while you check oil 
pressures. 

Locate the oil pressure switch (carbureted models) or pressure port (EFI 
models) as follows: 

For 516 hp (128cc) models, the switch is located under a rubber boot at 
the upper port side of the powerhead, immediately in front of the air intake 
for the carburetor. 

For 819.9 hp (211cc) models, the switch is located under a rubber boot, 
at the upper port side of the powerhead, immediately in front of the oil 
dipstick and behind the carburetor. 

For 9.9115 hp (305cc) models, the switch is located under a rubber boot 
at the upper port side of the powerhead, immediately in front of the oil fill and 
right above the oil filter. 

For 40150 hp (815cc) EFI models, the pressure port is located directly 
below the spin-on oil filter. The port lower engine cover must be removed for 
access. 

For 70 hp (1298cc) EFI models, the pressure port is located directly 
above the spin-on oil filter. The starboard lower engine cover must be 
removed for access. 

For carbureted models, verify switch location using the wire 
harness colors. For details, refer to the schematics provided in the 
Wiring Diagrams section. 

1. With the engine cold, locate and remove the oil pressure switch or 
port, as applicable. On carbureted motors, use tape to cover the pressure 
switch wiring terminal (to prevent it from grounding), then tie the wiring back 
out of the way of any moving components. 

2. Following the tool manufacturer's instructions, connect a mechanical 
oil pressure gauge using a 118 in. NPT adapter in the switch or pressure 
port. 
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Fig. 37 Oil float schematic - 9.9115 hp (305cc) Cstroke motors 

II Suction 

Pressure 

Fig. 38 Oil float schematic - 70 hp (1298cc) EFI motors 
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g 

Fig. 39 Oil float schematic - 40150 hp (815cc) EFI motors 

Fig. 40 Use a commonly available oil pressure gauge and a 118 in. 
NPT adapter to measure oil pressure at the oil pressure port 

3. Following the tool manufacturer's instructions, connect a suitable 
shop tachometef. 

4. Start the engine while watching the 011 pressure gauge. Within 10 
seconds of start-up, sufficient pressure must be established in order to 
warrant continuing to run and test the engine. Cold oil pressure is normally 
toward the top end of the specified range, and typically, pressure will drop 
slightly as the engine warms. Either way, suffic~ent pressure must be 
available or the engine cannot be safely runltested. 

Watch the gauge to make sure enough oil pressure is being generated 
to warrant continuing the test. If this test i s  a result of an activation of 
the warning circuit, DO NOT allow the engine to idle until i t  is warm if 
there is little or no oil pressure. If there is little or no pressure and the 
oil level is sufficient, oil pump and related components (pickup 
tubelinlet screen) must be removed for examination to determine the 
cause of the problem. Before performing extensive tear-down work, 
make sure there are no clogged passages (use low pressure 
compressed air to blow out the oil pressure test port and passage). 

5. While the engine idles, check the gauge and fitting for leaks. If 
present, shut the engine OFF and correct the oil leak before proceeding. 

6. Allow the engine to idle until it reaches normal operating temperature 
while continuing to watch the oil gauge. It may take as much as 10 minutes 
to fully warm the motor. 

7. Once the engine is fully warmed, record the oil pressure at the 
specified engine rpm as follows: 

For 516 hp (128cc) motors pressure must be at least 15 psi (1 40 kPa) at 
900 rpm and 35-40 psi (245-276 kPa) at 4200-5200 rpm. 

For 819.9 hp (211cc) motors pressure must be at least 10 psi (70 kPa) 
at 900 rpm and 35-40 psi (245-276 kPa) at 4200-5200 rpm. 

For 9.9115 hp (305cc) motors pressure must be at least 20 psi (140 
kPa) at 2000 rpm and 35-45 psi (245-314 kPa) at 5000-6000 rpm. 

For 40150 hp (81 5cc) motors pressure must be 42-54 psi (295-375 kPa) 
at 4000 rpm. 

For 70 hp (1298cc) motors pressure must be 60-70 psi (420-490 kPa) 
at 3000 rpm. 

Low oil pressure readings may be the result of low oil level, diluted 
oil, incorrect type or grade of oil, , a faulty oil pump or damage to the 
crankshaft and bearings (excessive clearance). High oil pressure 
readings typically indicate a damaged or clogged oil pressure relief 
valve, blockage at the powerhead mating surface or in cylinder oil 
passages. As usual with troubleshooting, inspect the simple things first 
before suspecting and inspecting the complicated items. 

8. Once the oil pressure has been recorded at the appropriate throttle 
setting(s), slowly return the engine to idle, then shut the engine OFF. 

9. Remove the oil pressure gauge and adapter, as well as the 
tachometer. 

10. Wrap a layer of Teflon@ tape around the oil pressure switch 
(carbureted motors) or pressure port plug (EFI motors) threads. 

11. Carefully thread the switch or port into the opening by hand, then 
tighten until snug (but do not overtighten and damage the switchlplug or 
powerhead threads). 

12. For carbureted motors, If a torque wrench and sensor socket is 
available on carbureted motors, tighten the switch to 120-168 inch Ibs. (13.5- 
19 Nm). Then reconnect the switch wiring. 

The exact location and mounting of the oil pump varies slightly by model, 
and for the same reason, so do the service procedures. For the most part, 
the oil pump is mounted directly under the powerhead, either under the 
cylinder head or cylinder block, depending on the model. For all carbureted 
4-strokes, as well as 70 hp EFI motors, the pump is driven off the end of the 
camshaft. The 40150 hp EFI motors however utilize a pump that is driven off 
the crankshaft instead of the camshaft. 

On all 9.9115 hp (305cc) and larger 4-stroke motors, the positioning of the 
pump requires that the powerhead be removed (or conversely, the gearcase 
and, if equipped, the midsection be removed from the powerhead, usually 
whichever is preferred will work) for access to the pump assembly. However, 
on small carbureted 4-strokes, including the 516 hp (128cc) and 819.9 hp 
(211cc) models, the pump and mounting bolts can be accessed once the 
lower engine covers are removed. 

REMOVAL, OVERHAUL & INSTALLATION 

Oil pump component removal, inspection and installation instructions are 
provided in this section for the various JohnsonlEvinrude 4-stroke motors. 
However, the manufacturer only has provided inspection and measurement 
specifications for the 40150 hp EFI motors. On models where the 
manufacturer does not make inspection specifications available they advise 
technicians to disassemble the pump and check visually inspect for obvious 
signs of damage, contamination or excessive wear. For these models, repair 
or replace the pump if any of these signs are found, or if an oil pressure test 
reveals pressure below specification and all other causes (like low oil level, 
restricted pick-up or excessive bearing clearance) have been ruled out. 

516 Hp (128cc) 4-Stroke Motors 

+ See Figure 41 
DEBATE 

The oil pump assembly for the 516 hp 4-stroke motors is bolted to the *. 

bottom side of the cylinder head so the oil pump shaft can be driven directly 
off the end of the camshaft. Access is tight, but possible with the powerhead 
installed. 
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Oil pump-to-cylinder 
head gasket pa 

Oil pump shaft - 1 
Inner rotor- Q 
Outer rotor - 

u 

Pump cover - 
Fig. 41 Exploded view of the oil pump assembly - 516 hp (128cc) 
and 819.9 hp (211cc) Cstroke motors 

1. Disconnect the neaative batterv cable for safetv. 
2. Remove the loweyenaine cove'rs for access. For details, lslease refer 

to Engine Covers (Top and ~ i w e r  Cases), in the Engine ~aintenance 
section. 

3. Remove the bolts (usually 3) securing the oil pump body to the 
cylinder head. Remove and discard the old gasket from the mating surface. 

4. To disassemble the pump for cleaning, inspection or repair: 
a. Remove the 2 Philips head screws and lockwashers from the top of 

the pump body. 
b. Lift the pump cover from the body, then remove and discard the 

cover O-ring along with the inlet and outlet O-rings. 
c. Matchmark the inner and outer rotors to ensure proper assembly, 

then remove the rotors from the pump body. 
d. Clean the rotors, housing, cover and shaft using a suitable solvent. 
e. lnspect the rotors, housing, cover and oil pump shaft for signs of 

obvious damage, contamination or excessive wear. Although the O-rings and 
gaskets are available, the rotors, driveshaft and body are a matched set and 
are normally replaced only as an assembly. Check with your local parts 
supplier to determine if a rebuild is kit is available for damaged pumps. 

To install: 
5. If the pump was disassembled for cleaning and inspection, assemble 

the pump components as follows: 
a. Apply a light coating of clean 4-stroke engine oil to the pump 

components, then assemble the inner and outer rotors, aligning the 
matchmarks made during removal. 

b. Coat the NEW O-rings using a marine grease, then position them on 
the cover, inlet and outlet fittings. 

c. Apply a coating of OMC Nut Lock, or an equivalent threadlocking 
compound to the threads of the cover screws. 

d. Install the pump cover to the body, making sure not to disturb or 
pinch the O-rings, then install the cover screws and tighten securely. 

6. Apply a light coating of OMC Gasket Sealing Compound or an 
equivalent to the threads of the oil pump-to-cylinder head mounting bolts. 

7. Install the oil pump to the cylinder head using a new gasket, then 
tighten the bolts to 84-106 inch Ibs. (10-12 Nm). 

8. Before installing the lower engine covers, connect the negative 
battery cable and install an oil pressure gauge, then perform a pressure test 
to ensure the pump is working properly. 

9. After repairs and testing is completed, install the lower engine covers 
as detailed in the Engine Maintenance section. 

819.9 Hp (211cc) 4-Stroke Motors 
DERA T f  - * See Figure 41 

The oil pump and filter housing assembly for the 819.9 hp 4-stroke motors 
is bolted to the bottom side of the cylinder head so the oil pump shaft can be 
driven directly off the end of the camshaft. Access is tight, but possible with 
the powerhead installed. 

1. Disconnect the negative battery cable for safety. 
2. Remove the lower engine covers for access. For details, please refer 

to Engine Covers (Top and Lower Cases), in the Engine Maintenance 
section. 

3. Remove the bolts (usually 3) securing the oil pump body and filter 
assembly to the cylinder head. Remove and discard the old gasket from the 
mating surface. 

4. To disassemble the pump for cleaning, inspection or repair: 
a. Remove the bolts (usually 2) securing the oil filter housing to the 

pump body. Remove the filter housing from the pump, then remove and 
discard the O-ring. 

b. Remove the slotted screws and lockwashers (usually 2) securing the 
pump body cover. 

c. Lift the pump cover from the body, then remove and discard the 
cover O-ring along with the inlet and outlet O-rings. 

d. Matchmark the inner and outer rotors to ensure proper assembly, 
then remove the rotors from the pump body. 

e. Clean the rotors, housing, cover and shaft using a suitable solvent. 
f. lnspect the rotors, housing, cover and oil pump shaft for signs of 

obvious damage, contamination or excessive wear. Although the O-rings and 
gaskets are available, the rotors, driveshaft and body are a matched set and 
are normally replaced only as an assembly. Check with your local parts 
supplier to determine if a rebuild is kit is available for damaged pumps. 

To install: 
5. If the pump was disassembled for cleaning and inspection, assemble 

the pump components as follows: 
a. Apply a light coating of clean 4-stroke engine oil to the pump 

components, then assemble the inner and outer rotors, aligning the 
matchmarks made during removal. 

b. Coat the NEW O-rings using marine grease, then position them on 
the cover, inlet and outlet fittings. 

c. Apply a coating of OMC Nut Lock, or an equivalent threadlocking 
compound to the threads of the cover screws. 

d. Install the pump cover to the body, making sure not to disturb or 
pinch the O-rings, then install the cover screws and tighten securely. 

e. Coat the pump body-to-filter housing bolt threads lightly using OMC 
Gasket Sealing Compound or an equivalent sealant. Install the filter housing 
to the pump body using a new gasket or O-ring (as applicable), then tighten 
the bolts to 84-106 inch Ibs. (10-12 Nm). 

6. Coat the oil pump assembly-to-cylinder head bolts and the NEW 
pump-to-cylinder head gasket lightly using OMC Gasket Sealing Compound 
or an equivalent sealant. 

7. lnstall the oil pump assembly to the cylinder head using the new 
gasket and then tighten the bolts to 84-106 inch Ibs. (10-12 Nm). 

8. Before installing the lower engine covers, connect the negative 
battery cable and install an oil pressure gauge, then perform a pressure test 
to ensure the pump is working properly. 

9. After repairs and testing is completed, install the lower engine covers 
as detailed in the Engine Maintenance section. 

9.9115 Hp (305cc) 4-Stroke Motors 

+ See Figure 42 CULT 
The oil pump assembly for the 9.9115 hp Cstroke motors is bolted to the 

bottom side of the cylinder head so the oil pump shaft can be driven directly 
off the end of the camshaft. A separate oil filter adapter is mounted to the 
side of the powerhead. Access is too tight when the powerhead is installed 
on the gearcase, so the powerhead must be removed (or alternated, the 
gearcase can be removed from the powerhead, as desired). 

1. Disconnect the negative battery cable for safety. 
2. For access, remove either the powerhead from the gearcase or the 

gearcase from the powerhead, as desired. For details refer to the 
appropriate procedures in the Powerhead and Gearcase sections. 

3. Remove the bolts (usually 3) securing the pump cover and assembly 
to the bottom end of the cylinder head. This will free both the cover and the 
body. 

4. Lift the pump cover from the body, then remove and discard the 
cover O-ring. 

5. Matchmark the pump body, inner and outer rotors to ensure proper 
assembly, then remove body from the cylinder head along with the rotors 
and the pump shaft. 

6. Clean the rotors, housing, cover and shaft using a suitable solvent. 
7. Inspect the rotors, housing, cover and oil pump shaft for signs of 

obvious damage, contamination or excessive wear. Each of the pump 
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Oil Pump Shaft * 0. 
lnner rotor I)@ 

Outer rotor +@ 

Oil pump to cylinder 
head gasket *a 
Oil pump body* 

Pump Cover* Q 

Fig. 42 Exploded view of the oil pump assembly - 9.9115 hp (305cc) 
4-stroke motors 

comDonents, includina matched rotor sets should be available from vour 
dea le r . '~e~ lac~worn  or damaged components or the pump assembly, 

as necessary and desired. 
To install: 

8. Apply a light coating of clean Cstroke engine oil to the inner and 
outer rotors and the oil pump shaft. 

9. Install the pump shaft along with the inner and outer rotors, aligning 
the matchmarks made during removal. 

10. Coat the new pump cover O-ring using a suitable marine grease, 
then position it and the cover over the pump body. Put the assembly down 
on a work surface either sitting on the cover or sitting on the housing with the 
cover straight up so it will not dislodge. 

11. Apply a light coating of OMC Gasket Sealing Compound to the 
threads of the pump-to-cylinder head bolts and to the NEW pump body-to- 
cylinder head gasket. 

12. Pick up the pump assembly, holding the cover firmly in place, then 
position the new gasket over the bottom of the pump body while aligning the 
bolt holes. 

13. Position the pump body to the cylinder head by aligning the pin and 
slot in the camshaft and oil pump shaft. 

14. Make sure the gasket and bolt holes of the cover, housing and 
cylinder head area all aligned, then install the cover bolts and tighten to 84- 
106 inch Ibs. (10-12 Nm). 

15. Before installing the lower engine covers, connect the negative 
battery cable and install an oil pressure gauge, then perform a pressure test 
to ensure the pump is working properly. 

16. After repairs and testing is completed, install the lower engine covers 
as detailed in the Engine Maintenance section. 

40150 Hp (815cc) EFI Motors 

CULT 
+ See Figures 43,44 an 

On 40150 hp EFI motors the powerhead assembly is mounted to a 
midsection and engine holder that contains the oil pan (sump), oil pump 
pickup and filter screen. The engine mounts and gearcase are also secured 
to the midsection assembly. 

The oil pump for these models is contained in an oil pump case that is 
bolted to the bottom of the powerhead, between the powerhead and the 
engine holder. Once the oil pump case is removed from the powerhead the 
oil pump cover can be removed for access to the rotors. 

1. Disconnect the negative battery cable for safety. 
2. For access, remove the powerhead from the gearcase. For details 

refer to the procedures in the Powerhead section. 
3. Remove the bolts and carefully pry the oil pump cover off the bottom 

of the powerhead. 

Pressure 
relief Snap 

Pump 9 \ 
cover-- o 

lnner & outer 

Fig. 43 Exploded view of the oil pump assembly - 40150 hp (815cc) 
EFI motors 

Fig. 44 Measure clearance between the outer rotor and the pump 
case 

I Fig. 45 Measure the oil pump side clearance between a 
straiqhtedae and outer rotor I 
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4. Remove the screws (usually 6) securing the oil pump cover to the 

pump case, then lift the oil pump cover off the case. 
5. Matchmark the rotors, then lift them inner and outer rotor from the 

pump case. 
6. If necessarv disassemble the Dressure relieve valve bv removina the 

snapring from the bore in the side of ihe cover, then withdrawing the r e t h e r  
cap, spring and piston from the bore. 

7. Use a suitable solvent to clean the rotors and, if removed, the 
pressure relief valve components. Use a lint free shop rag soaked in solvent 
to wipe the cover and pump case clean. 

H Be careful not to remove the rotor matchmarks when cleaning or 
keep them together and remark them once dry. 

8. Inspect the rotors and the oil pump housing for worn, discolored or 
damaged surfaces. If removed, check the pressure relief valve components 
for signs of wear (scoring on the piston or a weak spring) or damage. 
Replace all suspect components. 

9. Place the inner and outer rotor into the oil pump housing, positioned 
to align the matchmarks. 

10. Using a feeler gauge, measure the clearance between the outer rotor 
and the oil pump case. The rotors and case must be replaced if clearance is 
greater than 0.0122 in. (0.31mm). 

H Remember that when measuring clearance with a feeler gauge, the 
specified size (or smaller) gauge must pass through with a slight drag. 
A larger sized gauge must not fit or clearance is excessive. 

11. Measure the rotor-to-cover side clearance using a precision 
straightedge. Position the straightedge across the case and both rotors, then, 
while pushing downward on the straightedge, measure clearance between 
the straightedge and the outer rotor. The rotors and pump case must be 
replaced if clearance is greater than 0.0059 in. (0.15mm). 

To install: 
12. Coat the inner and outer rotors with clean 4-stroke engine oil. 

Position them in the case aligning the matchmarks made earlier. 
13. If the pressure relief valve components were removed, coat them 

with engine oil then install the piston, spring and retainer cap into the cover 
bore. Secure using the snapring, making sure the ring is fully seated. 

14. lnstall the oil pump cover to the pump case, then tighten the screws 
securely. 

Once the cover is tightened, rotate the inner rotor by hand and make 
sure if turns smoothly. If the rotor sticks or binds, remove the cover 
and check for causes. 

15. It is a good idea to replace the seals before installing the pump case, 
if desired, proceed as follows: 

a. Remove the screws and washers securing the seal housing to the 
underside of the pump case, then remove the housing and discard the 
gasket. 

b. Remove the seals from the seal housing and pump case. 
c. lnstall a new housing seal with the spring facing away from the tool. 

Use a suitable driver (such as OMC #319875 or equivalent) to gently press 
the seal into position. 

W A smooth socket that is SLIGHTLY smaller than the outer-diameter 
of the seal can be used as a driver. 

d. lnstall a new case seal with the spring facing away from the tool. 
Use a suitable driver (such as OMC #326690 or equivalent) to gently press 
the seal into position. 

e. Apply a light coating of OMC Triple-Guard or an equivalent marine 
grease to the seal lips 

f. lnstall the seal housing using a new gasket. Apply a light coating of 
OMC Nut Lock or equivalent threadlock to the threads of the seal cover 
screws. lnstall the screws and tighten to 89-96 inch Ibs. (9.5-11 Nm). 

16. Apply a light coating of OMC Gasket Sealing Compound to the 
threads of the case screws and to the mating surface of the case and 
powerhead. 

17. Apply a light coating of OMC Gel-Seal I1 or equivalent to the parting 
line of the cvlinder blockihead and to the matina flanae of the oil w m o  case. 

18. Install the oil pump case to the bottom Gf thepowerhead while 
rotating the crankshaft slightly to align the drive with the oil pump. 

19. lnstall and tighten the cover screws to 16-18 ft. Ibs. (22-24 Nm) using 
a star-shaped crossing pattern starting from the inner fasteners and working 
outward. 

70 Hp (1298cc) EFI Motors 
O See Figure 46 CULT 

On 70 hp EFI motors the powerhead assembly is mounted to a 
midsection and engine holder. The midsection is also the oil pan or sump, 

Engine 
holder 
(adapter) 

I 

Ficr. 46 Exploded view of the oil pump assembly - 70 Hp (1298cc) EFI motors 
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and houses the oil pump pickup with filter screen that is bolted to the engine 
holder. The oil pumo assembly is also bolted to the bottom of the enaine 
holder. An exhaust housing is'bolted to the underside of the midsecth (the 
gearcase then bolts to the exhaust housing). 

Although the manufacturer provides procedures for removina the oil pump . . 
and components, it does not provide any information for inspection. 
Furthermore, oarts books do not list individual comoonents for reolacement. 
so it is possibie that only complete replacement pumps are available. should 
a pressure check or a visual inspection of the pump components reveal 
problems, check with your local parts dealer to see what is currently 
available for pump repair or replacement. 

To prevent damage to the camshaft or the oil pump driveshaft, the oil 
pump shafl must be properly aligned to the camshaft slot during 
powerhead installation. An oil pump stop is threaded into the 
midsection. A smaller stop bolt located in the large threaded stop is 
removed to allow rotation of the oil pump through the midsection as 
the powerhead is installed. For more details, refer to the Powerhead 
removal and installation procedure in the Powerhead section. 

1. Disconnect the negative battery cable for safety. 
2. For access, remove the powerhead from the gearcase. For details 

refer to the procedures in the Powerhead section. 

1 The oil pump is bolted to the bottom of the engine holder or engine 
adapter found on top of the midsection. 

3. Remove the bolts (usually 6) securing the engine holder to the top of 
the midsection (oil pan) assembly. The screws are threaded from underneath 
the midsection flange, upward into the engine holder. 

4. Carefully break the gasket seal and lift the engine holder from the top 
of the midsection. The oil pump and the pickup tube are attached to the 
underside of the holder. 

5. Invert the holder and place it carefully on a clean worksurface. 
6. Inspect the oil pump pickup tube and inlet screen. If necessary the 

tube and screen can be removed for cleaning or replacement at this time. 

Before removing the pump rotors either identify the alignment 
marks on the outer and inner rotors or by matchmarking them to 
ensure proper installation. (Small dots are machined into the surface of 
one rotor "tooth" for each component. During assembly, these small 
dots must be aligned on the same side). 

7. Remove the oil pump cover-to-engine holder retaining screws 
(usually 3), then remove the cover, followed by the pump components 
(driveshaft, rotors and base plate). Remove and discard the old base plate 
O-ring. 

8. Carefully remove all gasket material from the midsection (oil pan) 
and engine adapter. 

9. Use a suitable solvent to clean the rotors, cover and base plate. 

Be careful not to remove the rotor matchmarks when cleaning or 
keep them together and remark them once dry. 

10. lnspect the rotors, cover and base plate for worn, discolored or 
damaged surfaces. 

To install: 
11. Place a NEW O-ring on the oil pump base plate. 
12. Coat the inner and outer rotors with clean 4-stroke engine oil. 
13. Install the oil pump components (aligning the matchmarks or the 

machined marks on the rotors) along with the oil pump cover. 
14. lnstall the oil pump cover screws and tighten to 80-90 inch Ibs. (9-10 

Nm) 
15. If removed, install the oil pump pickup tube and inlet screen using a 

NEW O-ring. Tighten the retaining bolt to 80-90 inch Ibs. (9-10 Nm). 
16. Install the engine adapter to the midsection using a new gasket. 

Install and tighten the retaining bolts (usually 6 located under the midsection 
flame) to 8-12 ft. Ibs. (10.8-16.2 Nm). 

77: lnstall the powerhead while carefully aligning the camshaft drive slot 
with the oil oumo driveshaft. For details. olease refer to the orocedures in the 

O See Figure 47 

For specific water flow diagrams showing the cooling system 
components and water passages for each JohnsonIEvinrude outboard, 
please refer to Cooling System Schematics in this section. 

All JohnsonIEvinrude outboard engines are equipped with a raw water 
cooling system, meaning that sea, lake or river water is drawn through a 
water intake in the gearcase lower unit and pumped through the powerhead 
by a water pump impeller. The exact mounting and location of the 
pump/impeller varies slightly on some models, but with only a few 
exceptions, it is mounted to the lower unit along the gearcase-to-intermediate 
section split line. 

For many boaters, annual replacement of the water pump impeller is 
considered cheap insurance for a trouble-free boating season. This is 
probably a bit too conservative for most people, but after a number of 
trouble-free seasons, an impeller doesn't owe you anything and you should 
consider taking the time and a little bit of money necessary to replace it. 
Remember that should an impeller fail you'll be stranded. Worse, a worn 
impeller will simply supply less cooling water than required by specification, 
allowing the powerhead to run hot placing unnecessary stress on 
components and best or risking overheating the powerhead at worst. 

All 5 hp and larger motors (except the single-cylinder 5 hp 2-stroke) are 
equipped with a thermostat that restricts the amount of cooling water allowed 
into the powerhead until the powerhead reaches normal operating 
temoerature. The Duroose of the thermostat is to increase enaine 
performance and ;educe emissions by making sure the eng& warms as 
quickly as possible to operating temperature and remains there during use 
under all conditions. Running a motor without a thermostat may prevent it 
from fully warming, not only increasing emissions and reducing fuel 
economy, but it will likely lead to carbon fouling, stumbling and poor 
performance in general. It can even damage the motor, especially if the 

For information on testing the oil pressure switch and warning LED and/or 
hornlbuzzer circuitry, please refer to Warning System in the Ignition and 
Electrical System section. 

typical outboard cooling system 
hp EFI motors shown 
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motor is then run under load (such as full-throttle operation) without allowing 
it to thoroughly warm). A restricted thermostat can promote engine 
overheating. The good news is that should you be caught on the water with a 
restricted thermostat, you should be able to easily remove it and get back to 
shore, just make sure you replace it before the next outing. 

The water intake grate and cooling passages throughout the powerhead 
and gearcase comprise the balance of the cooling system. Both components 
require the most simple, but most frequent maintenance to ensure proper 
cooling system operation. The water intake grate should be inspected before 
and after each outing to make sure it is not clogged or damaged. A damaged 
grate could allow debris into the motor that could clog passages or damage 
the water pump impeller (both conditions could lead to overheating the 
powerhead). Cooling passages have the tendency to become clogged 
gradually over time by debris and corrosion. The best way to prevent this is 
to flush the cooling system after each use regardless of where you boat 
(salt or freshwater). But obviously, this form of maintenance is even more 
important on vessels used in salt, brackish or polluted waters that will 
promote internal corrosion of the cooling passages. 

+ See Figures 48 thru 52 

The water pump uses an impeller driven by the driveshaft (on all but the 
smallest models, where it is driven by the propshaft) sealing between an 
offset housing and lower plate to create a flexing of the impeller blades. The 
rubber impeller inside the pump maintains an equal volume of water flow at 
most operating speeds. 

At low speeds the pump acts like a full displacement pump with the longer 
impeller blades following the contour of the pump housing. As pump speed 
increases, and because of resistance to the flow of water, the impellers bend 
back away from the pump housing and the pump acts like a centrifugal 
pump. If the impeller blades are short, they remain in contact throughout the 
full RPM range, supplying full pressure. 

The outboard should never be run without water, not even for a 
moment. As the dry impeller tips come in contact with the pump 
housing or insert, the impeller will be damaged. In most cases, damage 
will occur to the impeller in seconds. 

On most Dowerheads, if the Dowerhead overheats, a warnina circuit is 
triggered by'a temperature switch to signal the operator of an herheat 
condition. This should happen before major damage can occur. Reasons for 
overheating can be as simple as a plastic bag over the water inlet, or as 
serious as a leaking head gasket. 

Whenever the powerhead is started and the cooling system begins 
pumping water through the powerhead, a water indicator stream will appear 
from a cooling system indicator in the engine cover. The water stream fitting 
commonly becomes blocked with debris (especially when lazy operators fail 
to flush the system after each use, yes we said LAZY, does this mean 

Fig. 49 The water intake grate and cooling 
passages should be checked and cleaned 
with each use 

Fig. 48 Exploded view of a typical water pump assembly 

YOU?) and ceases flowing. This leads one to suspect a cooling system 
malfunction. Clean the opening in the fitting using a stiff piece of wire before 
testing or inspecting other cooling system components. 

EFI motors are equipped with a water pressure relief valve that allows 
additional water flow at higher engine speeds by providing an additional exit 
passage. Increased pump flow and pressure at higher engine speeds causes 
the valve to open. 

Whenever water is pumped through the powerhead it absorbs and 
removes excessive heat. This means that anytime a motor begins to 
overheat, there is not enough (or no) water flowing to the powerhead. This 
can happen for various reasons, including a damaged or worn impeller, 
cloaaed intake or Dassaaes or a stuck closedlrestricted thermostat. A 
sor%times overlooked &use of overheating is the inability of the linings of 
the cooling passage to conduct heat. Over time, large amounts of corrosion 
deposits will form, especially on engines that have not received sufficient 
maintenance. Corrosion deposits can insulate the powerhead passages from 
the raw water flowing through them. 

Fig. 50 Most water pumps are mounted to 
the top of the gearcase lower unit 

Fig. 51 The water pump impeller is the heart 
of the cooling system 
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After 60 seconds at 
f $00 rpm. 

After 90 seconds at 
f SOU rpm. 

After 30 seconds a t  
2000 rpm. 

After 45 seconds at 
2000 rpm. 

Aftet 60 seconds at 

Fig. 52 NEVER run the motor without a source of cooling water, an 
im~eller can be destroved in less than a minute 

+ See Figures 48 thru 52 

When troubleshooting the cooling system, especially for overheat 
conditions, the motor should be run in a test tank or on a launched 
vessel (to simulate normal running conditions.). Running the motor on 
a flushing device may provide both a higher volume of water than the 
system would deliver (and often times water that is much colder to 
begin with). 

A water-cooled powerhead has a lot of problems to consider when talking 
about overheating. The most overlooked tends to be the simplest, clogged 
cooling passages or water intake grate. Although a visual inspection of the 
intake grate will go a long way, the cooling passage condition can really only 
be checked by operating the motor or disassembling it to observe the . . 
passages. 

Damaaed or worn coolina svstem comlsonents tend to cause most other 
problem<~nd since there Ge;elatively few components, they are easy to 
discuss. The most obvious is a thermostat that is damaged or corroded will 
often cause the motor to run hot or cold (depending on the position in which 
the thermostat is stuck, closed or open). The water pump impeller is really 
the heart of the cooling system and it is easy to check, easy that is once it is 
accessed. 

Periodic inspection and replacement of the water pump impeller is a 
mainstay for many mariners. There are those that wouldn't really consider 
launching their vessel at the beginning of a season without this. If the water 
pump is removed for inspection, check the impeller and housing for wear, 
grooves or scoring that might prevent proper sealing. Check for grooves in 
the driveshaft where the seal rides. Any damage in these areas may cause 
air or exhaust gases to be drawn into the pump, putting bubbles into the 
water. In this case, air does not aid in cooling. When inspecting the pump, 
consider the following: 

Is the pump inlet clear and clean of foreign material or marine growth? 
Check that the inlet screen is totally open. How about the impeller? 

Try and separate the impeller hub from the rubber. If it shows signs of 
loosening or cracking away from the hub, replace the impeller. 

Has the impeller taken a set, and are the blade tips worn down or do 
they look burned? Are the side sealing rings on the impeller worn away? If 
so, replace the impeller. 

Remember that the life of the powerhead depends on this pump, so don't 
reuse any parts that look damaged. Are any parts of the impeller missing! If 
so, they must be found. Broken pieces will migrate up the water tube into the 
water jacket passages and cause a restriction that could block a water 
passage. It can be expensive or time consuming to locate the broken pieces 
in the water passages, but they must be found, or major damage could 
occur. 

Truth of the matter is that pump impeller materials have gotten 
better over the years, and some manufacturers even recommend going 
as long as 3 years on one impeller, provided the number of hours in 
each season are not excessive. We can't tell you how to make this 
decision, other than to know that you're taking a calculated risk which 
COULD cause you to tear down the powerhead or worse if you loose 
the bet. 

The best insurance against breaking the impeller is to replace it at the 
beginning of each boating season (are you sensing a pattern here?), and to 
NEVER run it out of the water. If installing a metal-bodied pump housing, 
coat all screws with non-hardening sealing compound to retard galvanic 
corrosion. The water tube carries the water from the pump to the powerhead. 
Grommets seal the water tube to the water pump and exhaust housing at 
each end of the tube, and can deteriorate. Also, the water tube(s) should be 
checked for holes through the side of the tube, for restrictions, dents, or 
kinks. 

Overheating at high RPM, but not under light load, may indicate a leaking 
head gasket. If a head gasket is leaking, water can go into the cylinder, or 
hot exhaust gases may go into the water jacket, creating exhaust bubbles 
and excessive heat. Remember that aluminum heads have a tendency to 
warp, and usually need to be surfaced each time they are removed. If 
necessary, they can be resurfaces by using emery paper and a surface block 
moving in a figure-eight motion. Also, inspect the cylinders and pistons for 
damage. Other areas to consider are the exhaust cover gaskets and plate. 
Look for corrosion pin holes. This is rare, but if the outboard has been 
operated in salt water over the years, there may just be a problem. 
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If the outboard is mounted too high on the transom, air may be drawn into 

the water inlet or sufficient water may not be available at the water inlet. 
When underway the outboard anti-ventilation plate should be running at or 
near the bottom of the boat and parallel to the surface of the water. This will 
allow undisturbed water to come to the lower unit, and the water pick-up 
should be able to draw sufficient water for proper cooling. 

Whenever the outboard has been run in polluted, brackish or saltwater, 
the cooling system should be flushed. Follow the instructions provided under 
Flushing the Cooling System in the Engine Maintenance section for more 
details. But in most cases, the outboard flushed for at least five minutes. This 
will wash the salt from the castings and reduce internal corrosion. If the 
outboard is small and there is no flushing tool that will fit, run the outboard in 
a tank, drum, or bucket. 

There is no need to run in gear during the flushing operation. After the 
flushing job is done, rinse the external parts of the outboard off to remove 
the salt spray. 

When service work is done on the water pump or lower unit, all the bolts 
that attach the lower unit to the exhaust housing, and bolts that hold the 
water pump housing (unless otherwise specified), should be coated with 
nonhardening gasket sealing compound to guard against corrosion. If this is 
not done, the bolts may become seized by galvanic corrosion and may 
become extremely difficult to remove the next time service work is 
performed. 

Last but not least, check to be sure the overheat warning system is 
working properly. By grounding the wire at the sending unit, the horn should 
sound, andlor a light should turn on. More details can be found under 
Warning System in the Ignition and Electrical System section. 

0 On EFI motors, refer to the troubleshooting information found in the 
Electronic Fuel Injection (EFI) section for more hints on 
troubleshooting an overheating motor. 

TESTING COOLING SYSTEM EFFICIENCY 

- + See Figure 53 

If trouble is suspected, cooling system efficiency can be checked by 
running the motor in a test tank or on a launched boat (while an assistant 
navigates) and monitoring cylinder head temperatures. There are 2 common 
methods available to monitor cylinder head temperature, the use of a heat 
sensitive marker or an electronic pyrometer. 

0 Because of the importance of accurate testing and the range of 
operating temperatures that can be checked, the manufacturer does 
not provide information for using a temperature sensitive marker on 
EFI motors. So for EFI motors go the extra mile and obtain an hand- 
held pyrometer. 

The Stevens Instrument company markets a product known as the Markal 
Thermomelt Stik@. This is a physical marker that can be purchased to check 
different heat ranges. The marker is designed to leave a chalky mark behind 
on a part of the motor that will remain chalky until it is warmed to a specific 
temperature, at which point the mark will melt appearing liquid and glossy. 
When using a Thermomelt Stik or equivalent indicator, markers of 2 different 
heat specifications are necessary for this test. For all models you will want a 
1 6 3 " ~ ( 7 3 " ~ )  marker to check for overheating. You will also need either a 
100°F (38°C) marker for 8 hp and smaller 2-strokes or a 125' (52") marker 
for all other motors to determine if the motor is failing to reach normal 
operating temperature. 

Alternately, an electronic pyrorneter may be used. Many DVOMs are 
available with thermo-sensor adapters that can be touched to the cylinder 
head in order to get a reading. Also, some instrument companies are now 
producing relatively inexpensive infra-red pyrometers (such as the Raytek@ 
MiniTemm) of a point-and-shoot design. These units are simply pointed 
toward the cylinder head while holding down the trigger and the electronic 
display will give cylinder head temperature. For ease of use and relative 
accuracy of information, it is hard to beat these infra-red pyrometers. Be sure 
to follow the tool manufacturer's instructions closely when using any 
pyrometer to ensure accurate readings. 

To test the cooling system efficiency, obtain either a Thermomelt Stik (or 
equivalent temperature indicating marker) or a pyrorneter and proceed as 
follows: 

Fig. 53 By far the easiest way to check cylinder head temperature 
is with a hand-held pyrometer like the MiniTemp@ from Raytek@ 
pictured here 

1. If available, install a shop tachometer to gauge engine speed during 
the test. 

2. Make sure the proper propeller or test wheel is installed on the 
motor. 

3. Place the motor in a test tank or on a launched craft. 

In order to ensure proper readings, water temperature must be 
approximately 60-80°F (18-24°C). 

4. Start and run the engine at 3000 rpm for at least five minutes. 
5. Reduce engine speed to about 900 rpm as proceed as follows 

depending on the test equipment: 
If using Thermo-melt Stiks, make 2 marks on the cylinder head, one 

with the low-range marker and one with the high-range marker. Continue to 
operate the motor at 900 rpm. The low-range mark must turn liquid and 
glossy or the engine is being overcooled (if equipped, check the thermostat 
for a stuck open condition). The high-range mark must remain chalky, or the 
motor is overheating (if equipped, check the thermostat for a stuck closed 
condition and then check the cooling system passages and the water pump 
impeller). 

For most models, temperature readings should be taken on the 
cylinder head. For EFI motors, the manufacturer specifically 
recommends taking temperature readings on the top of the thermostat 
housing. For ColtiJunior models the readings should be taken on the 
crankcase itself, right behind the point where the cylinder head 
attaches. 

If using a pyrometer, take temperature readings on the cylinder head. 
Temperature readings must be 125-155°F (53-67°C) for carbureted motors or 
126-134°F (48-52°C) for EFI motors otherwise the engine is being 
overlunder cooled. If equipped, check the thermostat first for either condition 
and then suspect the cooling water passages andlor the impeller. 

6. Increase engine speed to 5000 rpm and continue to watch the 
markers or the reading on the pyrometer. The engine must not overheat at 
this speed either or the system components must be examined further. 

0 When checking the engine at speed (5000 rpm) expect temperatures 
to vary slightly from the idle test. Some models will run slightly hotter 
and some slightly cooler due to the differences in volume of water 
delivered by the cooling system when compared with engine load. For 
25-55 hp (737cc) motors engine temperatures should not exceed 120°F 
(50°C). For EFI motors, temperatures at speed must NOT exceed 134°F 
(52°C). On all other models, temperatures at speed must be exceed 
160°F (71 "C). 
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TESTING THE THERMOSTAT 

All 5 hp and larger motors (except the single-cylinder 5 hp ?-stroke) are 
equipped with a thermostat that restricts the amount of cooling water allowed 
into the powerhead until the powerhead reaches normal operating 
temperature. The purpose of the thermostat is to prevent cooling water from 
reaching the powerhead until the powerhead has warmed to normal 
operating temperature. In doing this the thermostat will increase engine 
performance and reduce emissions. 

However, this means that the thermostat is vitally important to proper 
cooling system operation. A thermostat can fail by seizing in either the open 
or closed positions, or it can, due to wear or deterioration, open or close at 
the wrong time. All failures would potentially affect engine operation. 

A thermostat that is stuck open or will not fully close, may prevent a 
powerhead from ever fully warming, this could lead to carbon fouling, 
stumbling, hesitation and all around poor performance. Although these 
symptoms could occur at any speed, they are more likely to affect most 
motors at idle when high water flow through the open orifice will allow for 
more coolinq than the lower ~roduction of heat in the powerhead requires. 

A thermostat that is stuck'closed will usually reveal'itself right away as the 
enaine will not onlv come uo to temDerature auicklv, but the temerature 
wahng circuit shduld be triggered shortly thereafter. However, thermostat 
that is stuck partially closed may be harder to notice. Cooling water may 
reach the powerhead and keep it within normal operating temperature range 
at various engine rpm, but allow heat to build up at other rpm. Generally 
speaking, engines suffering from this type of thermostat failure will show 
symptoms a part or full throttle, but problems can occur at idle as well. 
Symptoms, besides overheating, may include hesitation, stumbling, 
increased noise and smoke from the motor and, general, poor performance. 

Testing a thermostat is a relatively easy proposition. Simple remove the 
thermostat from the powerhead and suspend it in a container of water, then 
heat the water watching for the thermostat element to move (open) and 
noting at what temperature it accomplishes this. Unfortunately, some of the 
thermostats used on carbureted JohnsonIEvinrude engines are assembled in 
the thermostat housing on the powerhead. On some of these motors, 
changes in the thermostat element (or vernatherm) may not be obvious. If 
vou susDect a faultv or ino~erable thermostat and cannot seem to verifv 
proper opening/clo~ing temperatures, it may be a good idea (especiallysince 
you've already gone through the trouble of removing the thermostat) to 
simply replace it (it's a relatively low cost part, that performs an important 
function). Doing so should remove it from suspicion for at least a couple of 
seasons. 

1. Locate and remove the thermostat from the powerhead, as detailed 
in this section. 

2. Suspend the thermostat and a thermometer in a container of water. 
For most accurate test results, it is best to hang the thermostat and a 
thermometer using lengths of string so that they are not touching the bottoms 
or sides of the container (this ensures that both components remain at the 
same temperature as the water and not the container). 

3. Slowly heat the water while observing the thermostat vernatherm for 
movement. The moment you observe movement, check the thermometer 
and note the temperature. If the water begins to boil (reaches about 
212°F/1000C at normal atmospheric pressure) and NO movement has 
occurred, discontinue the test and throw the piece of junk thermostat away (if 
you are SURE there was no movement from the vernatherm). 

4. Remove the source of heat and allow the water to cool (you can 
speed this up a little by adding some cool water to the container, but if you're 
using a glass container, don't add too much or you'll risk breaking the 
container). Observe the vernatherm again for movement as the water cools. 
When movement occurs, check the thermometer and record the 
temperature. 

5. Compare the opening temperature with the following specifications: 
For carbureted motors, the thermostat must open at or above 125°F 

(53°C). The thermostat must be fully open by 136-144°F (58-62°C). 
For EFI motors, the thermostat must open at approximately 118-126°F 

(48-52°C). 
6. Specifications for closing temperatures are not specifically provided 

by the manufacturer, but typically a thermostat must close a temperature 
close to, but below the temperature for the opening specification. Refer to 
the Cooling System Efficiency test to determine the operating temperatures 
for your motor. The thermostat MUST close below that temperature. A slight 
modulation (repeated opening and closing) or the thermostat can occur at 

borderline temperatures to make sure the powerhead remains in the proper 
operating range. 

7. Replace the thermostat if it does not operate as described, or if you 
are unsure of the test results and would like to eliminate the thermostat as a 
possible problem. Refer to the removal and installation procedure for 
Thermostat in this section for more details. 

On all JohnsonIEvinrude motors, the water pump is attached to the inside 
of the gearcase. The pump itself usually consists of a composite material 
impeller attached to a portion of the driveshaft that runs through a pump 
housing andlor cover. On most models the housing is located on the 
gearcase lower unit-to-midsection or adapter section split line, but there are 
exceptions, like the 2.0-3.5 hp motors, on which the pump is located in the 
lower unit, directly behind the propeller. On models where the pump is 
located on the gearcase lower unit split line, the lower unit must be removed 
for access. For more details, refer to the removal and installation procedure 
for the model undergoing service. 

For specific water flow diagrams showing the cooling system 
components and water passages for each Johnson/Evinrude outboard, 
please refer to Cooling System Schematics in this section. 

REMOVAL & INSTALLATION 

Replace the impeller, gaskets and any 0-ringsheal whenever the 
water pump is removed for inspection or service. There is no reason to 
use questionable parts. Keep in mind that damage to the powerhead 
caused by an overheating condition (and the subsequent trouble that 
can occur from becoming stranded on the water) quickly overtakes the 
expense of a water pump service kit. 

ColtlJunior Motors 

- + See Figures 54 thru 58 

1. Remove the gearcase lower unit from the intermediate housing. For 
details, refer to the Gearcase section. 

2. Remove the two screws, and then lift the water pump housing up and 
free of the driveshaft. 

3. Remove and discard the water tube qrommet. 
4. Lift the impeller and slide it free of t h i  driveshaft. 

Water pump housing 

Impeller plate 

Impeller cup -+-Fa 

Fig. 54 Exploded view of the water pump assembly - ColtlJunior 
models 
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Fig. 55 lnstall the impeller drive pin into the 
driveshaft 

Water pump 
impeller 

Fig. 56 lnstall the impeller while rotating it 
so the blades area facing the proper 
direction 

Water pump 
tube grommet 

/ 

To install: 
5. Using a pair of needle nose pliers, insert the water pump impeller pin 

into the driveshaft by aligning the " T  portion of the pin with the axis of the 
shaft. Press the pin inward until the pin bottoms against the shaft. 

6. lnstall the plastic pump spacer into the lower unit pump cavity. The 
side of the spacer with the two small prongs toward the cavity. The prongs 
must enter the large main water intake hole in the lower unit casting. 

7. Apply a very light coating of oil to the impeller blades. Rotate the 
impeller in a clockwise direction as the impeller is worked into the housing 
cup. Be sure the blades are seated in the direction shown. 

8. Insert the impeller plate into the water pump body with the long tabs 
extending into the water outlet opening. 

9. Apply a light coating of OMC Gasket Compound, or equivalent, to the 
exterior surface of the impeller cup. lnstall the cup, with the impeller in place, 
into the impeller pump body. Check to be sure the tabs on the cup index into 
the slot in the pump body. 

10. Apply a light coating of oil to the outside and inside surfaces of the 
water pump tube grommet. Force the grommet into the water pump opening. 

11. Apply a coating of OMC Gasket Sealing Compound, or equivalent, to 
the threads of the water pump retaining screws, Carefully slide the water 
pump down the driveshaft, and then align the mounting holes with the holes 
in the matching holes in the lower unit. lnstall and tighten the two screws to 
25-35 inch Ibs. (2.8-4.0 Nm). 

12. lnstall the gearcase lower unit, as detailed in the Gearcase section. 

Fig. 57 lnstall the impeller plate so the long 
tabs are positioned as shown 

2.0-3.5 Hp (78cc) Motors 

+ See Figures 59,60 and 61 

1. Remove the propeller. For details, refer to Propeller under Engine 
Maintenance. 

2. Remove the 2 bolts securing the water pump cover to the lower unit. 
3. Using 2 small screwdrivers - one working on each side-pry the water 

pump cover free of the lower unit. Take care not to mar the sealing surfaces 
of the pump cover or the mating lower unit. Take care not to mar the sealing 
surfaces of the pump cover or the mating lower unit. 

Another way to remove the water pump cover is to rotate the cover 
about 90°, and then gently tap the ears of the cover using a soft-faced 
mallet to jar it free. 

4. Slide the water pump impeller free of the propeller shaft. Pull the 
impeller drive pin out of the propeller shaft. 

5. Thoroughly inspect the impeller, cover and bearing housing for signs 
of damage or wear and replace, as necessary. For more details, please refer 
to Inspection & Overhaul, in this section. 

Regardless of condition, it is always a good idea to replace the 
impeller to ensure proper cooling system operation. 

To install: 
6. Push the water pump impeller drive pin into the hole in the propeller 

shaft. 
7. Cover the impeller vanes with a light coating of engine oil. lnstall the 

water pump impeller onto the propeller shaft and slide it forward on the shaft 
until the groove in the impeller begins to index over the pin. Rotate the water 
pump impeller and shaft clockwise and at the same time (making sure the 
impeller blades seat properly), push the impeller into the bearing carrier 
cavity. The impeller is properly installed when the pin is indexed to the full 
depth of the groove. 

8. Position the water pump cover over the impeller. Apply a coating of 
OMC Gasket Sealing Compound to the threads of the 2 water pump cover 
bolts. Secure the cover in place with the 2 bolts. Tighten the bolts to 60-84 
inch Ibs. (7-9 Nm). 

9. lnstall the propeller. 

3-4 HI, (87cc) Motors 
# >  , 

+ See Figures 62 thru 66 

1. Remove the gearcase lower unit from the intermediate housing. For 
details, refer to the Gearcase section. * 

2. Remove the three bolts securing the water pump coverlhousing to 
the lower unit, then slide the cover and water pump components up and off 
the driveshaft. If necessary, use a small prybar or screwdriver to carefully pry 
up evenly around the pump cover perimeter to release it from the plate. 
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Fig. 59 To service the water pump on 2.0-3.5 
hp motors, remove the propeller. . . 

Fig. 60 . . . then unbolt and remove the 
water pump cover. . . Fig. 61 . . . for access to the impeller 

3. Remove and discard the O-ring from the cover. To install: 
4. Remove and discard the old grommet from the top of the cover. 9. Slide the water intake screen down over the driveshaft, with the 3 
5. Using a pair of needle nose pliers, pull the pump impeller free of the prongs on the screen facing up. 

cover. If the insert is damaged, pull the insert out of the cover with the 10. Apply a coating of OMC Gasket Sealing Compound, or equivalent 
needlenose pliers. sealant to both sides of a new gasket. Install the gasket and then slide the 

6. Remove the im~eller drive oin from the flat on the driveshaft. im~eller date down into ~osition over the screen. 
7. Using a thin flai blade screwdriver pry evenly around the perimeter of 

the pump impeller plate to release it from the lower unit surface. Lift off the 
plate, gasket, and the water intake screen. Discard the gasket and clean the 
intake screen. 

A used tooth brush is a very useful tool to clean the screen. 

8. Thoroughly inspect the impeller, cover, insert and impeller plate for 
signs of damage or wear and replace, as necessary. For more details, 
please refer to Inspection & Overhaul, in this section. 

Regardless of condition, i t  is always a good idea to replace the 
impeller (and often the insert as well) to ensure proper cooling system 
operation. 

' 11. Apply a dab of OMC Needle Bearing Assembly Grease or another 
suitable lubricant onto the pump impeller drive pin, and then place it against 
the flat on the driveshaft. 

12. Apply a light coating of oil to a new water pump grommet, then install 
it to the top of the cover. 

13. If removed, lightly coat the outer diameter of a new insert cup using 
OMC Gasket Sealing Compound or an equivalent sealant, then push a new 
insert into the water pump cover. 

14. Apply a light coating of oil to the new water pump impeller blades, 
then carefully position the impeller into the insert while turning the impeller 
counterclockwise. In this way each vane of the impeller is folded back slightly 
with the tip of the impeller blade facing clockwise when observed from 
underneath the pump housing. This is the same position the blades will be in 

Fig. 62 To service the water pump on 314hp 
(87cc) motors, remove the 3 pump 
coverlhousing bolts. . . 

Fig. 63 . . . then carefully break the gasket 
seal and remove the coverlhousing from the 
lower unit 

Water 

Fig. 64 Exploded view of the water pump 
coverlhousina and comDonents 
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when driveshaft begins turning the impeller in a clockwise direction (when 
viewed looking down from above the housing.) 

15. Apply a light coating of OMC Triple-Guard or equivalent marine 
grease to a new O-ring, then install the O-ring into the groove in the water 
pump cover. 

16. Position the driveshaft so the drive pin will align with the slot in the 
impeller when the housing is installed. Carefully slide the assembled water 
pump down onto the driveshaft and over the plate engaging the impeller 
drive pin and aligning the bolt holes for the housing. 

If necessary when installing the water pump coverlhousing, only 
rotate the housing in a counterclockwise direction to ensure the 
impeller blades are not dislodged and turned backwards. 

I Fig. 65 The impeller is rotated by a drive pin attached to the flat on 
the driveshaft 

screen 

I Fig. 66 The impeller plate and gasket must be removed in order to 
check the water intake screen 

17. Coat the water pump bolt threads using OMC Gasket Sealing 
Compound or an equivalent sealant, then install and tighten to 25-35 inch 
Ibs. (2.8-4 Nm). 

18. Install the gearcase lower unit, as detailed in the Gearcase section. 

4 Deluxe (87cc) and 51618 Hp (164cc) Motors 

+ See Figures 67 thru 70 

For ease of service mount the gearcase in a support such as a 
homemade cavitation plate holder. To fabricate a cavitation plate 
holder, cut a groove in a short piece of 2 x 6 piece of wood. Cut the 
groove so it can accommodate the lower unit with the cavitation plate 
resting on top of the wood. Clamp the wood in a vise to hold the lower 
unit securely during service. 

1. Remove the gearcase lower unit from the intermediate housing. For 
details, refer to the Gearcase section. 

1 Take time to notice the 4 bolts passing through the water pump. If a 
water pump replacement is the only work to be performed, do not 
remove the 3 bolts in the gearcase cover. If these bolts should 
mistakenly be removed, the shift rod will be dislodged - bad news. It 
would then be necessary to rebuild the lower unit. 

2. Remove the 4 through-bolts from the top of the water pump. Work 
the water pump upward and free of the driveshaft. 

The impeller may come off with the pump or may remain behind on 
the shaft. 

3. If the impeller did not come off with the water pump work it free of the 
keyway and uploff the driveshaft. If the impeller remains in the housing, use 
a pair of needle nose pliers to pull the pump impeller free of the insert in the 
pump cover/housing. 

4. Remove the impeller key. 
5. If the insert is damaged, pull the insert out of the cover with the 

needle nose pliers. 

Notice the plate and two gaskets under the water pump impeller, 
especially how the plate is installed with the beveled, or rounded side 
facing up. Both gaskets are identical and either one may be installed on 
top of the plate, but both gaskets should be replaced anytime the water 
pump is removed. 

6. Remove the water pump plate along with the upper and lower 
gaskets. 

7. Thoroughly inspect the impeller, pump coverlhousing, insert and 
impeller plate for signs of damage or wear and replace, as necessary. For 
more details, please refer to Inspection & Overhaul, in this section. 

Regardless of condition, it is always a good idea to replace the 
impeller (and often, the insert too) in order to ensure proper cooling 
system operation. 

To install: 
8. Apply OMC Gasket Sealing Compound or equivalent sealant to both 

surfaces of both water pump plate gaskets. Place one gasket in position on 
the surface of the gearcase cover. Place the water pump plate (with the 
rounded edge facing upward) into position on the gasket. Place the second 
gasket in position on the top of the water pump plate. 

9. Apply a dab of OMC Needle Bearing Assembly Grease or another 
suitable lubricant onto the pump impeller drive key, and then place it against 
the flat on the driveshaft. 

10. If removed, lightly coat the outer diameter of a new insert cup using 
OMC Gasket Sealing Compound or an equivalent sealant, then push a new 
insert into the water pump cover. 

11. Apply a light coating of oil to the new water pump impeller blades, 
then carefully position the impeller into the insert while turning the impeller 
counterclockwise. In this way each vane of the impeller is folded back slightly 
with the tip of the impeller blade facing clockwise when observed from 
underneath the pump housing. This is the same position the blades will be in 
when driveshaft begins turning the impeller in a clockwise direction (when 
viewed looking down from above the housing.) * 

12. Apply a coating of OMC Gasket Sealing Compound or equivalent to 
the water pump bolt threads, then install the housing/cover and tighten the 
bolts evenly and alternately to 60-84 inch Ibs. (7-9 Nm). 

13. Install the gearcase lower unit, as detailed in the Gearcase section. 
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I I Fig. 68 If only servicing the water pump, 
Fig. 67 A wooden fixture is easily fabricated ONLY remove the 4 pump bolts and NOT the 
to hold the lower unit during service 3 clearcase cover screws 

Fig. 70 Remove the impeller plate along with the upper and lower 
gaskets 

5 Hp (109cc) Motors 

+ See Figure 71 
DERATE 

1 Remove the gearcase lower unlt from the ~ntermedlate housmg For 
detalls, refer to the Gearcase sectlon 

2 Remove the nuts securlng the water pump housmg to the lower unlt, 
then lift the housing from the gearcase 

3 Carefully work the ~mpeller up and off the dr~veshaft 
4 Remove the ~rnpeller key 
5 Remove the mpeller plate Carefully clean all traces of gasket from 

the top of the gearcase houslng and the bottom of the ~mpeller plate 
6. If necessary, remove the dr~veshaft seal from the top of the water 

pump hous~ng 
7 Thoroughly Inspect the ~mpeller, housmg and mpeller plate for s~gns 

of damage or wear and replace, as necessary For more deBls, please refer 
to Inspection & Overhaul, ~n th~s sectlon 

Regardless of condition, it is always a good idea to replace the 
impeller to ensure proper cooling system operation. 

To install: 
8. If removed, lightly coat the outer diameter of a new water pump 

driveshaft seal using OMC Gasket Sealing Compound or equivalent, then 
use a suitably sized socket or driver to carefully install the seal into the 
housing with the lips facing upward. Coat the seal lips using OMC Triple- 
Guard or equivalent marine grease. 

9. Apply a coating of OMC Gasket Sealing Compound or equivalent 
sealant to both sides of a new impeller plate gasket, then position the gasket 
and plate onto the gearcase. 

Fig. 69 The impeller is turned by the 
driveshaft using the impeller key 

- 

Housing 

Drive key - - Impeller 

Fig. 71 Exploded view of the water pump assembly used on the 5 
h~ (109cc) motors 

A small dab of marine grease can be used to help hold the key in 
position when installing the impeller. 

10. Insert the impeller key to the driveshaft keyway, then slide the water 
pump impeller down the shaft and over top of the key. 

11. Slide the water pump housing down the driveshaft until it is just 
above the impeller. Rotate the driveshaft clockwise while carefully pushing 
the pump housing down over the impeller and plate. 

12. Install the water pump housing nuts and tighten to 36-60 inch Ibs. (4- 
7 Nm). 

13. Install the gearcase lower unit, as detailed in the Gearcase section. 

516 Hp (128cc), 819.9 Hp (211cc), 9.9-15 Hp (2161255~~) and 
9.9115 Hp (305cc) 

+ See Figures 72 thru 76 

There are some indications indication that the 10114 hp (2161255~~) 
2-stroke commercial models were usually equipped with the split-type 
gearcase used by 25 Commercial and 28 hp (521cc) motors covered 
later in this section. The quick and easy way to determine if you should 
instead follow THAT procedure would be to check the gearcase at the 
height of the prop shaft. If there is a seam (split line) that runs the 
horizontal length of the case, refer to the procedure for the 521cc 
Commercial motors later in this section. - 

1. Remove the gearcase lower unit from the intermediate housing. For 
details, refer to the Gearcase section. 
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grommet 
OMC Gaskel 
Sealing 

/ Compound 
60-84 in. Ibs. 
(7-9 N-m) 

Insert - @ -OMC Gasket 
Sealing 

impeller - Compound 

OMC Gasket 
Sealing 6 
compou\= 

e 
Impeller 
Plate 

Fig. 72 Exploded view of the water pump assembly used on the 516 
hp (128cc) 4-stroke motors 

Fig. 74 The top of the water pump housing 
contains a water tube grommet, driveshaft 
O-ring and driveshaft seal 

Fig. 73 Exploded 
15 hp motors 

view of the water pump assembly used on the 8- 

-+npeller 
Insert 

. Plate 

Fig. 75 Four bolts secure the water pump 
housing and impeller plate to the top of the 
lower unit 

Fig. 76 This cutaway shows the difference 
in size between the impeller and housing. 
The impeller blades must bend to one side 
to fit within the housing 

2. Remove the 4 bolts securing the water pump cover to the lower unit, 8. If the insert is damaged, pull the insert out of the cover with the 
then slide or work the cover up off the driveshaft. 

Depending on whether or not the impeller pulls off the driveshaft 
with the housing, either remove it from the housing using a pair of 
needle-nose pliers or gently pry it upward from the shaft using a 
prybar. 

3. If the impeller did not come off with the cover, work the impeller off 
the driveshaft. 

4. Remove the impeller drive pin from the driveshaft. 
5. Remove the impeller plate. Clean the plate and lower unit of any 

remaining gasket material andlor sealant. 

5 The 516 hp models utilize a gasket on both sides of the impeller 
plate. 

6. Remove and discard the grommet (for the water tube) from the top of 
the pump housing. 

7. On 8-15 hp motors remove and discard the water pump housing O- 
ring and the driveshaft seal from the top of the housing. 

needle nose pliers. 
9. Thoroughly inspect the impeller, pump coverlhousing, insert and 

impeller plate for signs of damage or wear and replace, as necessary. For 
more details, please refer to Inspection & Overhaul, in this section. 

Regardless of condition, it is always a good idea to replace the 
impeller (and often, the insert too) in order to ensure proper cooling 
system operation. 

To install: 
10. For 516 hp motors proceed as follows: 

a. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of the upper and lower impeller plate 
gaskets. Position one gasket on the gearcase and the other on the impeller 
plate, then slide the plate down over the lower gasket and onto the lower 
unit. 

b. Carefully install and seat the water tube grommet into the taller 
opening on top of the water pump housing. Lubricate the inside of the 
grommet using OMC Triple-Guard or equivalent marine grease. 
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c. If removed, coat the outer diameter of the impeller insert using OMC 

Gasket Sealing Compound, or equivalent sealant, then install the insert into 
the water pump housing. 

d. Apply a light coat of engine or gear oil to the insert, then install the 
impeller to the insert while rotating the impeller counterclockwise. In this way 
the impeller blade tips will be facing the clockwise when looking at the 
underside of the pump housing (this is the same direction that they will face 
when the housing is installed and the driveshaft rotates clockwise, the 
normal direction of rotation). 

11. For 8-1 5 hp motors proceed as follows: 
a. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to the outer diameter (the metal casing) of a NEW 
driveshaft seal. Then install the seal into the top of the water pump housing 
with the seal lips facing downward (facing toward the impeller). 

b. Apply a light coating of OMC Adhesive M or an equivalent sealant to 
the impeller housing O-ring and to the outer diameter of the water tube 
grommet. Install the O-ring onto the large round bore on top of the water 
pump housing and the grommet to the water tube (smaller round boss) on 
top of the housing. 

c. Apply a light coating of OMC Triple-Guard or equivalent marine 
grease to the inner surface of the water tube grommet. 

d. If removed, coat the outer diameter of the impeller insert using OMC 
Gasket Sealing Compound, or equivalent sealant, then install the insert into 
the water pump housing making sure the small bleed hole (if used) is 
positioned toward the water tube. 

e. Apply a light coat of engine or gear oil to the insert, then install the 
impeller to the insert while rotating the impeller counterclockwise. In this way 
the impeller blade tips will be facing the clockwise when looking at the 
underside of the pump housing (this is the same direction that they will face 
when the housing is installed and the driveshaft rotates clockwise, the 
normal direction of rotation, when viewed from above). 

f. Apply a thin bead of OMC Adhesive M or equivalent to machined 
mating surfaces of the gearcase and impeller plate. Carefully slide the 
impeller plate over the driveshaft and into position on the gearcase. 

Use caution when applying sealant and installing the impeller plate. 
Excessive sealant may be pressed out from between the mating 
surface during installation. This sealant could clog (or partially clog a 
cooling passage) or worse, it could dry on an impeller contact surface, 
which would cause damage or accelerated wear to the impeller. 

12. Apply a dab of OMC Needle Bearing Assembly Grease or equivalent 
to the impeller drive key to help hold it in place, then position the pin to the 
slot in the driveshaft. 

13. Slide the impeller housing onto the driveshaft, turning the driveshaft 
clockwise slightly, as necessary to align the impeller with the drive key. 
Carefully seat the housing and impeller against the impeller plate. 

Only rotate the driveshaft CLOCKWISE when viewed from the top of the 
water pump or the impeller could be damaged. 

14. For 516 hp motors, apply a light coating of OMC Gasket Sealing 
Compound, or equivalent sealant to the threads of the water pump housing 
bolts. 

15. For 8-1 5 hp motors, apply a light coating of OMC Nut Lock or 
equivalent threadlocking compound to the threads of the water pump 
housing bolts. 

16. Install and finger-tighten the 4 water pump housing bolts, then tighten 
the bolts to 60-84 inch Ibs. (7-9 Nm). 

17. Install the gearcase lower unit, as detailed in the Gearcase section. 

10114 Hp (2161255cc), 25 Commercial Anc 
2-Cylinder Motors DERA TE 

+ See Figure 77 

1. Remove the gearcase lower unit from the intermediate housing. For 
details, refer to the Gearcase section. 

2. Remove the 4 bolts and washers from the top of the water pirmp. 
Work the water pump upward and free of the driveshaft. 

The impeller may come off with the pump or may remain behind on 
the shaft. 

3. If the impeller did not come off with the water pump work it free of the 
keyway and uploff the driveshaft. If the impeller remains in the housing, use 
a pair of needle nose pliers to pull the pump impeller free of the insert in the 
pump housing. 

4. Remove the impeller key. 

If you've taken the trouble to go this far (to service a water pump) it 
is a good idea to replace the impeller, insert and seal to ensure proper 
pump operation. 

5. If the insert is damaged or if the driveshaft seal is to be replaced, pull 
the insert out of the cover with the needle nose pliers. 

6. Remove the driveshaft seal from the underside of the water pump 
housing (located under the insert with the housing inverted). 

7. Remove the water tube grommet from the round boss on the top of 
the pump housing. 

Take note of the plate and two gaskets under the water pump 
impeller. Both gaskets should be replaced anytime the water pump is 
removed. 

8. Carefully pry under the edge of the impeller plate to break the gasket 
seal, then remove the plate along with the upper and lower gaskets. 

9. Thoroughly inspect the impeller, pump coverlhousing, insert and 
impeller plate for signs of damage or wear and replace, as necessary. For 
more details, please refer to Inspection & Overhaul, in this section. 

Regardless of condition, i t  is always a good idea to replace the 
impeller (and often, the insert too) in order to ensure proper cooling 
system operation. 

To install: 
10. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to the outer diameter (the metal casing) of a NEW 
driveshaft seal. Then install the seal into the water pump housing with the 
seal lips facing upward (away from the insert and impeller). 

11. If removed, coat the outer diameter of the impeller insert using OMC 
Gasket Sealing Compound, or equivalent sealant, then install the insert into 
the water pump housing. There are 2 square tabs that will lock the insert into 
the housing. 

12. Apply a light coat of engine or gear oil to the insert, then install the 
impeller to the insert while rotating the impeller counterclockwise. In this way 
the impeller blade tips will be facing the clockwise when looking at the 
underside of the pump housing (this is the same direction that they will face 
when the housing is installed and the driveshaft rotates clockwise, the 
normal direction of rotation, when viewed from above). 

13. Apply a light coating of OMC Adhesive M or an equivalent sealant to 
a new water pump grommet, then install it into the water tube bore on top of 
the housing. Apply a light coating of OMC Triple-Guard or equivalent marine 
grease to the inner surface of the water tube grommet. 

Adhes ive  
Seal ing c o m p o u n d  

f (7-9 N-m) 
Hous ing  

~ r e a s e  
Seal ing c o m p o u n d  - @ I-' 

Impel ler  -@ 
c o m p o u n d  

Fig. 77 Exploded view of the water pump assembly used on the 25 
Commercial and 28 hp motors as well as some 10114 Hp (2161255~~) 
motors (all with Split Gearcases) 
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14. Apply OMC Gasket Sealing Compound or equivalent sealant to both 

surfaces of both water pump plate gaskets. Place one gasket in position on 
the surface of the gearcase cover. Place the water pump plate (with the 
rounded edge facing upward) into position on the gasket. Place the second 
gasket in position on the top of the water pump plate. 

15. Apply a dab of OMC Triple-Guard or equivalent marine grease to the 
impeller drive key to help hold it in place, then position the key to the slot in 
the driveshaft. 

16. Slide the impeller housing onto the driveshaft, turning the driveshaft 
clockwise slightly, as necessary to align the impeller with the drive key. 
Carefully seat the housing and impeller against the impeller plate. 

Only rotate the driveshaft CLOCKWISE when viewed from the top of the 
water pump or the impeller could be damaged. 

17. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the water pump housing bolts. 

18. Install and finger-tighten the 4 water pump housing bolts, then tighten 
the bolts to 60-84 inch Ibs. (7-9 Nm). 

19. Install the gearcase lower unit, as detailed in the Gearcase section. 

18 Jet-35 Hp (521cc, Exc. 25 Com & 28 Hp) and 
25135 Hp (5001565~~) Motors 

+ See Figures 78,79 and 80 

1. Remove the gearcase lower unit from the intermediate housing. For 
details, refer to the Gearcase section. 

2. On 25/35 Hp (5001565~~) motors, remove and discard the long, thin 
seal from the gearcase located immediately behind the water pump housing. 

3. Remove the 6 bolts and washers from the top of the water pump. 
4. Pull upward on the driveshaft, removing the driveshaft and the water 

pump assembly from the lower unit. 
5. Work the water pump and impeller free of the driveshaft. 
6. Remove the impeller key. 

If you've taken the trouble to go this far (to service a water pump) it 
is a good idea to replace the impeller, insert and seal to ensure proper 
pump operation. 

7. If the insert is damaged or if the driveshaft O-ring is to be replaced, 
pull the insert out of the cover with the needle nose pliers. 

8. Remove the driveshaft O-ring from the underside of the water pump 
housing (located under the insert with the housing inverted). 

9. Remove the thick shift rod O-ring and the shift rod bushing from the 
underside of the pump housing. 

Water Pump Housing 

Adhesive 

6044 in. Ibs. 
(7-9 Nm) 

bushing 

Fig. 78 Exploded view of the water pump 
assembly used on the 25135 Hp (5001565~~) 
3-cylinder and 18 Jet-35 Hp (521cc, except 
25 commercial and 28 hp, 2-cylinder) motors 

10. Remove the water tube grommet from the round boss on the top of 
the pump housing. 

11. Remove the split irregular shaped O-ring from the bottom of the 
water pump housing. 

Take note of the plate and the gasket located under the plate. The 
gasket should be replaced anytime the water pump is removed. 

12. Carefully pry under the edge of the impeller plate to break the gasket 
seal, then remove the plate along with the gasket. Remove all traces of 
gasket material from the plate and gearcase mating surfaces. 

13. Thoroughly inspect the impeller, pump coverlhousing, insert and 
impeller plate for signs of damage or wear and replace, as necessary. For 
more details, please refer to Inspection & Overhaul, in this section. 

H Regardless of condition, it is always a good idea to replace the 
impeller (along with the O-rings and insert too) in order to ensure 
proper cooling system operation. 

To install: 
14. Apply a light coating of oil to a NEW shift rod bushing, then install it 

in the small bore on the underside of the housing. 
15. Apply a light coating of OMC Triple-Guard or equivalent marine 

grease to the 2 round housing O-rings (the small thick shift-rod O-ring and 
the large, round driveshaft O-ring). Install the O-rings to the housing. 

16. If removed, coat the outer diameter of the impeller insert using OMC 
Gasket Sealing Compound, or equivalent sealant, then install the insert into 
the water pump housing. There are 2 tabs that will lock the insert into the 
housing. 

17. Apply a light coat of engine or gear oil to the insert, then install the 
impeller to the insert while rotating the impeller counterclockwise. In this way 
the impeller blade tips will be facing the clockwise when looking at the 
underside of the pump housing (this is the same direction that they will face 
when the housing is installed and the driveshaft rotates clockwise, the 
normal direction of rotation, when viewed from above). 

18. Install the water tube grommet to the top of the water pump housing 
as follows: 

For 2-cylinder motors, apply a light coating of either Scotch-Grip Rubber 
Adhesive or OMC Adhesive M (or an eauivalent sealant) to a new water 
pump grommet, then install it into the water tube bore on top of the housing. 
Apply a light coating of OMC Triple-Guard or equivalent marine grease to the 
inner surface of the water tube grommet. 

For 3-cylinder motors, apply a light coating of OMC Adhesive M or 
equivalent sealant to the groove on the underside of the one-piece water and 
shift tube grommet, then position the grommet on the top of the water pump 
housing. 

19. Apply a light coating of OMC Adhesive M or an equivalent sealant 
the grooves in the underside of the water pump housing, then install a NEW 

Normal 
direction of 

Sharp, 

Fig. 79 Driveshaft and impeller drive key 
installation viewed from ABOVE the housing 

Fig. 80 The water pump housing is mounted 
to the lower unit by 6 bolts on all 18 Jet-35 
hp (521cc) and 25135 hp (5001565~~) motors, 
except 25 commercial and 28 hp 2-cylinder 
models 
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water pump housing-to-impeller plate O-ring (irregular shaped, split O-ring) 
into the groove. 

H In the next step, hold the impeller to keep it from being dislodged 
from the housing as the driveshaft is inserted. 

20. Apply a light coating of gear oil to the driveshaft pinion splines, then 
slide the shaft through the water pump housing and impeller. Slide the shaft 
downward until the drive key flat is below the impeller. 

21. Align flat on the driveshaft with the groove in the impeller, then insert 
the drive key with the sharp edge facing the normal direction of rotation for 
the driveshaft. 

H Remember the driveshaft normally rotates clockwise when viewed 
from ABOVE, but since you're working from below, the shaft would 
rotate counterclockwise. 

22. Hold the key in position, then slide the key and driveshaft upward, 
into the impeller. 

Make sure the impeller is securely engaged with the drive key or 
insufficient cooling and powerhead damage could result. 

- --  

23. Apply OMC Gasket Sealing Compound or equivalent sealant to both 
surfaces of the NEW impeller plate gasket. Place the gasket in position on 
the surface of the gearcase cover, then install the impeller plate over the 
gasket. 

24. Insert the driveshaft through the impeller plate, then slide the water 
pump and driveshaft assembly downward to engage the driveshaft splines 
with the pinion. Turn the driveshaft and housing together aligning the holes of 
the water pump housing with the plate, gasket and gearcase lower unit. 

25. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the water pump housing bolts. 

26. Install and finger-tighten the 6 water pump housing bolts, then tighten 
the bolts to 60-84 inch Ibs. (7-9 Nm). 

27. On 25135 Hp (5001565~~) motors, apply a light coating of OMC 
Adhesive M or equivalent sealant to a NEW seal for the gearcase (the thin 
seal that mounts immediately behind the water pump housing). Install the 
seal to the gearcase. 

28. Install the gearcase lower unit, as detailed in the Gearcase section. 

25-55 Hp (737cc) and 25-70 Hp (913cc) Motors 

+ See Figures 79 and 81 thru 91 
DERATE 

1. Remove the gearcase lower unit from the intermediate housing. For 
details, refer to the Gearcase section. 

2. Remove the 4 bolts securing the water pump housing to the lower 
unit, then slide or work the cover up off the driveshaft. 

W Depending on whether or not the impeller pulls off the driveshaft 
with the housing, either remove it from the housing using a pair of 
needle-nose pliers or gently pry it upward from the shaft using a 
prybar. 

3. If the impeller did not come off with the cover, work the impeller off 
the driveshaft. 

4. Remove the impeller drive pin, and the impeller O-ring (if equipped), 
from the driveshaft. 

5. Remove the impeller plate. Clean the plate and lower unit of any 
remaining gasket material andlor sealant. 

6. Disassemble the water pump housing by removing the impeller (if it 
did not come out when removing the pump), the insert, grommets and/or 0 -  
rings. Although people have been known to reuse some of these 
components, it just doesn't make sense. If you've come this far to fix a water 
pump problem (or for other service requirements) it is a good idea to replace 
the rmpeller, insert and all O-rings to ensure proper water pump operation. 

7. Thoroughly inspect the impeller, cover, insert and impeller plate for 
signs of damage or wear and replace, as necessary. For more details, 
please refer to Inspection & Overhaul, in this section. 

H Regardless of condition, i t  is always a good idea to replace the 
impeller (as well as the insert and the O-rings) to ensure proper cooling 
system operation. 

To install: 

H When a 6-blade impeller is installed on the 40RP, 40RW, 40WR, 45 
and 55 hp 2-cylinder motors or any of the 3-cylinder motors, the water 
pump does not require installation of an impeller O-ring 

8. For 2-cylinder motors, except the 40RP, 40RW, 40WR, 45 and 55 hp 
models: 

a. Apply a drop of OMC Adhesive M or an equivalent sealant to the 4 
ribs driveshaft O-ring seal groove (located in the underside of the water 
pump housing, above the insert when it is installed). 

Be careful not to get any sealant on the air bleed groove or the pump 
could loose its prime and fail to pump water in  service. 

Water t ube  
grommet  housing grommet  

I / 
Adhesive 
sealant 

Hous ing 

I 

Sealing 
compound  

Adhesive 
60-84 in. Ibs. /sealant 
(7-9 N-~)/E / ORing ' ~e 

0- 
Driveshaft  
0 - R ing  

Impeller / 

Fig. 81 Exploded view of the water pump assembly used on the 
most 2-cylinder 25-50 hp (737cc) motors, except 40WR, 40RP, 40RW 
and 45 hp motors (note some early-models utilize a 2-piece insert, 
when so equipped the driveshaft O-rings and the plate gasket may 
not be used) 

Hous ing 
grommet  
\ 

Water p u m p  hous ing 

Sealing 
compoun  - impeller 

O - r i n g - g -  Adhesive 
Sealant 

Plate - E? sea l ing  
Gasket - =-compound 

Fig. 82 Exploded view of the water pump assembly used on all 3- 
cylinder 25-70 hp (913cc) motors, and some Scylinder 40-55 hp 
motors, including the 40RP, 40RW, 40WR and 45 and 55 hp motors 
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b. Install the driveshaft O-ring to the groove in the underside of the 

water pump housing (above the insert). 
9. If removed (and you had to in order to access the driveshaft O-ring 

on models so equipped), coat the outer diameter of the impeller insert using 
OMC Gasket Sealing Compound, or equivalent sealant, then install the insert 
into the water pump housing. Most models use a square index tab to lock the 
insert into place in the housing. 

When installing the impeller to the water pump insert, be sure the 
drive pin slot is facing outward. 

10. Apply a light coat of engine or gear oil to the insert, then install the 
impeller to the insert while rotating the impeller counterclockwise. In this way 
the impeller blade tips will be facing the clockwise when looking at the 
underside of the pump housing (this is the same direction that they will face 
when the housing is installed and the driveshaft rotate 
normal direction of rotation, when viewed from abo' 
, 

I Fig. 83 Remove the 4 retaining bolts to 
separate the water pump from the lower unit 

11. Apply a thin bead of OMC Adhesive M or an equivalent sealant in the 
groove for the water pump housing-to-impeller plate O-ring (the irregular 
shaped O-ring that mounts in the bottom of the pump housing). Install the 0 -  
ring to the groove. 

12. Install the water tube grommet into the impeller housing with the 
inside chamfered edge facing upward. If equipped with a water tube bracket, 
install and secure it to the housing (most models that use this bracket are 
equipped with a retaining screw). 

13. Apply a thin bead of OMC Adhesive M or an equivalent sealant in the 
groove for the impeller housing grommet, then position the grommet in the 
top of the housing. 

14. Install the impeller plate as follows: 
For all non-Jet models, apply a bead of OMC Gasket Sealing 

Compound or equivalent sealant to both sides of a new impeller plate 
gasket, then position the gasket and plate on the aearcase lower unit. If 

2s clockwise,.the ised, install the impeller O-ring over ihe driveshafi and slide it down into 
contact with the plate 

Fig. 84 Upon assembly, install a new insert 
(liner) to the pump housing . . . 

Fig. 86 Apply a thin bead of sealant, then Fig. 87 Use a dab of grease to hold the 
install the pump housing O-ring seal impeller drive pin in position . . . 

I Fig. 89 If not done already, the water tube 
grommet should be replaced. . . 

Fig. 90 . . .along with the housing grommet 
(secure both with adhesive sealant) 

Fig. 85 . . . then install the impeller while 
rotating counterclockwise (so the blades 
face clockwise, the normal direction of 
rotation) 

Fig. 88 . . . then slide the water pump 
housing and impeller down the shaft 

Fig. 91 With all parts installed and the 
housing aligned, install and tighten the 
pump bolts 
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Some early model gearcases may have sealed the plate directly to 

the gearcase with the sealing compound only and no gasket. If you 
pulled one off, be sure to use a replacement OR if the kit is upgraded to 
include a new gasket for your application. Otherwise, you should be 
good with just the sealing compound. 

For all Jet models, Apply a bead of OMC Gasket Sealing Compound or 
equivalent sealant directly to the impeller plate (along the gearcase mating 
surface), then install the impeller plate to the gearcase lower unit without 
using a gasket. 

15. Apply a dab of OMC Needle Bearing Assembly Grease or another 
suitable lubricant onto the pump impeller drive pin, and then place it against 
the flat on the driveshaft. Insert the drive key with the sharp edge facing the 
normal direction of rotation for the driveshaft. 

Remember the driveshaft normally rotates clockwise when viewed 
from ABOVE, but since you're working from below, the shaft would 
rotate counterclockwise. 

16. Slide the water pump assembly down the driveshaft, aligning the 
impeller housing with the gearcase. Before the impeller comes to the drive 
pin, rotate the driveshaft to align the drive pin with the slot in the impeller and 
then slide the pump the rest of the way down against the impeller plate. 

It is critical that the drive pin does not move out of position when 
sliding the pumplimpeller down over the driveshaft. 

17. Make sure the drive pin has properly engaged the impeller. 
18. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to the threads of the water pump housing bolts. 
19. lnstall and finger-tighten the 4 water pump housing bolts, then tighten 

the bolts to 60-84 inch Ibs. (7-9 Nm). 
20. Install the gearcase lower unit, as detailed in the Gearcase section. 

40150 Hp (815cc) EFI Motors 

DERA TE + See Figure 92 

1. Remove the gearcase lower unit from the intermediate housing. For 
details, refer to the Gearcase section. 

2. Remove the 4 nuts and lock-washers securing the water pump 
housing to the lower unit, then slide or work the cover up off the driveshaft. 

H Depending on whether or not the impeller pulls off the driveshaft 
with the housing, either remove it from the housing using a pair of 
needle-nose pliers or gently pry it upward from the shaft using a 
prybar. 

3. If the impeller did not come off with the cover, work the impeller off 
the driveshaft. 

4. Remove the impeller drive pin from the driveshaft. 
5. If necessary, use a putty knife to help break the gasket seal, then 

remove the impeller plate. Clean the plate and lower unit of any remaining 
gasket material andlor sealant. 

6. Disassemble the water pump housing by removing the impeller (if it 
did not come out when removing the pump), driveshaft seal and water tube 
grommet. It should be possible to carefully pry the seal and grommet from 
the top of the housing, but be sure not to damage the sealing surface of the 
housing. If necessary, use a suitable small-jawed puller to help remove the 
driveshaft seal. 

7. Thoroughly inspect the impeller, housing and impeller plate for signs 
of damage or wear and replace, as necessary. For more details, please refer 
to Inspection & Overhaul, in this section. 

H Regardless of condition, it is always a good idea to replace the 
impeller and seals to ensure proper cooling system operation. 

To install: 
8. If removed, install a NEW driveshaft seal into the bore on top of the 

water pump housing. Use a suitably sized socket (make sure it is smooth to 
prevent seal damage and is the same size of the hard seal casing) to drive 
the seal into position with the seal lips facing the tool. Seat the seal in the 
bore, then remove the socket and apply a light coating of OMC Triple-Guard, 
or equivalent marine grease. 

Water tube 
grommet 

Drive 0- 
M I pin 

Fig. 92 Exploded view of the water pump assembly - 40150 hp EFI 
motors 

9. lnstall the NEW water tube grommet to the small bore in the top of 
the pump housing. 

10. Apply OMC Gasket Sealing Compound or equivalent sealant to both 
surfaces of the NEW impeller plate gasket. Place the gasket into position on 
the surface of the gearcase cover and then install the impeller plate over the 
gasket. 

11. Apply a dab of grease to the drive pin, then position it into the 
driveshaft. Slide the impeller down the driveshaft, aligning the groove in the 
impeller with the drive pin, then slide the impeller over the pin. 

H If impeller-to-pump housing installation is difficult, apply a light 
coating of marine grade grease to the impeller housing bore. 

12. Slide the water pump housing down the driveshaft and over the 
impeller. Rotate the driveshaft by hand (clockwise when viewed from above) 
as the housing engages the impeller. Position the pump over the retaining 
studs. 

Make sure the impeller drive pin does not become disengaged with the 
driveshaft or impeller while the housing is being installed or the pump 
will not operate properly. Problems with the cooling system can lead to 
serious powerhead damage due to overheating. 

13. Apply a coating of OMC Gasket Sealing Compound or equivalent 
sealant to the threads of the water pump retaining studs. lnstall the 
lockwashers and nuts, then tighten nuts to 70-80 inch Ibs. (8-9 Nm). 

14. lnstall the gearcase lower unit, as detailed in the Gearcase section. 
70 Hp (1298cc) EFI Motors 

+ See Figure 93 

1. Remove the gearcase lower unit from the intermediate housing. For 
details, refer to the Gearcase section. 

2. Remove the 4 bolts and washers securing the water pump housing to 
the lower unit, then slide or work the cover up off the driveshaft. 
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Depending on whether or not the impeller pulls off the driveshaft 

with the housing, either remove it from the housing using a pair of 
needle-nose pliers or gently pry it upward from the shaft using a 
prybar. 

3. If the impeller did not come off with the cover, work the impeller off 
the driveshaft. 

4. Remove the impeller drive pin from the driveshaft. 
5. If necessary, use a putty knife to help break the gasket seal, then 

remove the impeller plate. Clean the plate and lower unit of any remaining 
gasket material andlor sealant. 

6. Disassemble the water pump housing by removing the impeller (if it 
did not come out when removing the pump) and water tube grommet. 

7. Thoroughly inspect the impeller, housing and impeller plate for signs 
of damage or wear and replace, as necessary. For more details, please refer 
to Inspection & Overhaul, in this section. 

E Regardless of condition, i t  is always a good idea to replace the 
impeller and seals to ensure proper cooling system operation. 

To install: 
8. Lubricate the NEW water tube grommet using a light coating of OMC 

Triple-Guard or equivalent marine grease, then install the grommet into the 
small bore in the top of the pump housing. While installing the grommet, be 
sure to align the raised bushing bosses with the holes in the pump housing. 

9. Apply OMC Gasket Sealing Compound or equivalent sealant to both 
surfaces of the NEW impeller plate gasket. Place the gasket into position on 
the surface of the gearcase cover and then install the impeller plate over the 
gasket. 

Be sure to align the gasket and impeller plate with the 2 dowels on 
the top of the gearcase lower unit. 

10. Apply a light coating of oil or marine grade grease to the new water 
pump impeller blades, then carefully position the impeller into the insert while 
turning the impeller counterclockwise. In this way each vane of the impeller 
is folded back sliahtlv with the tir, of the imoeller blade facina clockwise when 
observed from u&e;neath the hous/ng. This is the sake position the 
blades will be in when driveshaft begins turning the impeller in a clockwise 
direction (when viewed looking down from above the housing.) 

11. Apply a dab of grease to the drive pin, then position it into the 
driveshaft. 

12. Install the water pump housing by carefully sliding it down the 
driveshaft assembly, aligning the bolt holes in the housing with the holes in 
the impeller plate and gearcase. As the pump and impeller reaches the 
impeller drive pin, turn the driveshaft slowly (in a clockwise direction when 
viewed from above) until the pin aligns with the groove in the impeller, then 
seat the pump, sliding the impeller over the pin. 

Fig. 93 Exploded view of the water pump assembly - 70 hp EFI 
motors 

Make sure the impeller drive pin does not become disengaged with the 
driveshaft or impeller while the housing is being installed or the pump 
will not operate properly. Problems with the cooling system can lead to 
serious powerhead damage due to overheating. 

13. Apply a coating of OMC Gasket Sealing Compound or equivalent 
threads of the water pump housing bolts, then install and tighten the bolts to 
14 ft. Ibs. (20 Nm). 

14. Install the gearcase lower unit, as detailed in the Gearcase section. 

INSPECTION & OVERHAUL 
A 

DERATE 

Let's face it, you've gone through the trouble of removing the water pump 
for a reason. Either, you've already had cooling system problems and you're 
looking to fix it, or you are looking to perform some preventive maintenance. 
Although the truth is that you can just remove and inspect the impeller, 
replacing only the impeller (or even reusing the impeller if it looks to be in 
good shape). But WHY? The cost of a water pump rebuild kit is very little 
when compared with the even the time involved to get this far. If you've 
misjudged a component, or an O-ring (which by the way, never reseal quite 
the same way the second time), then you'll be taking this lower unit off again 
in the very near future to replace these parts. And, at best this will be 
because the warning system activated or you noticed a weak coolant 
indicator streams or, at worst, it will be cause you're dealing with the results 
of an overheated powerhead. 

In short, if there is one way to protect you and your engine, it is to replace 
the impeller and insert (if used) along with all O-ring seals, grommets and 
gaskets, anytime the pump housing is removed. If not, take time to 
thoroughly clean and inspect the old impeller, housing and related 
components before assembly and installation. New components should be 
checked against the old. seek explanations for differences with your parts 
supplier (but keep in mind that some rebuild kits may contain upgrades or 
modifications. 

1. Remove and disassemble the water pump assembly as detailed in 
this section. 

2. Carefully remove all traces of gasket or sealant material from 
components. If some material is stubborn, use a suitable solvent in the next 
steps to help clean material. Avoid scraping whenever possible, especially on 
plastic components whose gasket surfaces are easily scored and damaged. 

3. Clean all metallic components using a mild solvent (such as Simple 
Green@ cut with water or mineral spirits), then dry using compressed air (or 
allow them to air dry). 

4. Clean plastic components using isopropyl alcohol or OMC Cleaning 
Solvent. 

Skip the next step, we really mean it, don't INSPECT the impeller, 
REPLACE IT. Ok, we've been there before, if you absolutely don't want 
to replace the impeller. Let's say it's only been used one season or so 
and you're here for another reason, but you're just being thorough and 
checking the pump, then perform the next step. 

5. Check the impeller for missing, brittle or burned blades. lnspect the 
impeller side surfaces and blade tipsfor cracks, tears, excessive wear or a 
alazed lor melted) amearance. Reolace the imoeller if these defects are 
kund. ~ e x t ,  squeezk1the vanes toward the hub and release them. The 
vanes should spring back to the extended position. Replace the impeller if 
the vanes are set in a curled position and do not spring back when released. 

6. The water pump impeller should move smoothly up or downward on 
the driveshaft. If not, it could become wedged up against the housing or 
down against the impeller plate, causing undue wear to the top or bottom of 
the blades and hub. Check the impeller on the driveshaft and, if necessary, 
clean the driveshaft contact surface (inside the impeller hub) using emery 
cloth. 

7. lnspect the water pump body or the lining inside the water pump 
body, as applicable, for burned, worn or damaged surfaces. Replace the 
impeller lining, if equipped, or the water pump body if any defects are noted. 

8. Visually check the water pump housing (and insert, if equipped), - 
along with the impeller wear plate for signs of overheating including warpage 
(especially on the plate) or melted plastic. Some wear is expected on the 
impeller plate and, if equipped, on the housing insert, but deep grooves (with 
edges) are signs of excessive wear requiring component replacement. 
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A groove is considered deep or edged if i t  catches a fingernail. 

9. Check the water tube grommets and seals for a burned appearance 
or for cracked or brittle surfaces. Replace the grommets and seals if any of 
these defects are noted. 

All 5 hp and larger motors (except the single-cylinder 5 hp 2-stroke) are 
equipped with a thermostat that restricts the amount of cooling water allowed 
into the powerhead until the powerhead reaches normal operating 
temperature. The purpose of the thermostat is to prevent cooling water from 
reaching the powerhead until the powerhead has warmed to normal 
operating temperature. In doing this the thermostat will increase engine 
performance and reduce emissions. 

On all models so equipped, the thermostat components are mounted in a 
cooling passage, under an access cover that is sealed using a gasket or an 
O-ring. On most 2-stroke models the thermostat is mounted directly into the 
top of the cylinder head. On most 4-stroke models (except the 40150 hp EFI 
motors) the thermostat is located somewhere other than the cylinder head. 
On some 4-strokes (specifically the 9.9115 hp and 70 hp models) it is 
mounted in a bore on the top of the cylinder block and other 4-strokes (the 
516 hp and 819.9 hp models) it is found on the top of the intake manifold. 

REMOVAL & INSTALLATION 

+ See Figures 94 thru 105 

On all models, the thermostat assembly is mounted under a cover on the 
powerhead. The size, shape and location of this cover, including the number 
of components and seals found underneath varies by model. 

Some models are equipped with an assembled thermostat, meaning 
that the components of the thermostat (vernatherm, springs, diaphragm 
and cup) are removed individually. On these models it is imperative 
that you take note of the order and orientation of each component as 
you disassemble them to ensure proper installation and operation. 

* For 51618 hp (164cc), 9.9-15 hp (2161255cc), 25/35 hp (500/565cc), 25- 
55 hp (737cc) and 25-70 hp (913cc) motors, the thermostat is found under a 
small, irregular (on all except the 25135 hp 3-cylinder motors) shaped cover 
facing aft, on top of the cylinder head. For these motors the thermostat 
assembly is normally an assembled unit that includes (in this order) the 
cover, seallo-ring, washer, outer spring, diaphragm and cup assembly, 
vernatherm (thermostat), inner spring and housing. However, some early 
models (including some early 90's 51618 hp, 25-55 hp [737cc] especially 
45155 Commercial models and 25-70 hp [913cc]) may be equipped with a 
one-piece, non-assembled thermostat. Just pay close attention to the order 
of components as they are removed for assembly reference. 

0 
Q- Cover -- Gasket 
0- Washer 

8.spring 
Spacer --@ 

Diaphragm 

Vernatherm e'& Cup Assy 

Fig. 94 Exploded view of the thermostat 
assembly - 516 hp (128cc) 4-stroke motors 

On 516 hp (128cc) Cstroke motors, the thermostat is found under a 
round cover on the rear top of the intake manifold (on the port side of the 
cylinder head). The thermostat on these motors is an assembled unit 
consisting (in this order) of a cover, gasket, washer, outer spring, 
spacerlspring retainer, diaphragm and cup assembly, vernatherm 
(thermostat), inner spring and housing. 

On 819.9 hp (211cc) motors, the thermostat is found under a rounded 
irregular-shaped cover that is attached to the rear top of the intake manifold 
(port side). The thermostat on these motors is an assembled unit consisting 
(in this order) of a cover, gasket, washer, outer spring, diaphragm and cup 
assembly, vernatherm (thermostat), inner spring and housing. 

On 9.9115 hp (305cc) motors, the thermostat is found under a rounded 
irregular-shaped cover that is attached to the top, rear of the cylinder block 
(starboard side). It is just in front of the ignition coil and slightly starboard of 
the engine-lifting bracket. The thermostat on these motors is a one-piece 
unit, mounted above a seal and directly below a cover that is sealed with a 
gasket. 

On 18 Jet-35 hp (521cc) motors, the thermostat is located on the top of 
the cylinder head, but the entire cylinder head cover must be removed for 
access. The thermostat on these motors is a one-piece unit mounted above 
a gasket and below a spring that contacts the cylinder head cover to hold the 
thermostat in position. 

On 40150 hp EFI models, the thermostat is found under an irregular- 
shaped cover mounted to the top of the cylinder head, directly behind the 
engine-lifting bracket. The thermostat on these motors is a one-piece unit 
secured under the cover and sealed with a cover gasket. 

On 70 hp EFI models, the thermostat is found under a round cover at 
the aft, starboard top side of the cylinder block (directly behind the engine- 
lifting bracket). The thermostat on these motors is a one-piece unit secured 
under the cover by removable upper and lower stops. The cover is sealed 
with a gasket. 

1. Disconnect the negative battery cable (if equipped) andlor remove 
the spark plug wire(s) from the plug(s) and ground them on the powerhead 
for safety. 

2. Remove the engine top cover for access. 
3. Locate the thermostat housing for the motor undergoing service. 

Refer to the accompanying paragraphs describing thermostat components 
and mounting location. 

4. On some 4-stroke motors, a hose is attached to the thermostat 
housing cover. On these motors, the hose can either be disconnected or, in 
some cases if there is sufficient play in the hose, it can be left attached while 
the cover is removed and pushed aside for access to the thermostat. If 
necessary or desired, cut the wire tie or loosen the hose clamp, then 
carefully push the hose from the cover fitting. 

On most 4-stroke motors, the cover can be installed facing different 
directions. For these models, matchmark the cover to the mating 
surface or otherwise make a note of cover orientation to ensure 
installation facing the proper direction. This is especially important for 
covers to which hoses attach (that have been removed). 

Cylinder head 

Fig. 95 Exploded view of the thermostat 
assembly - 51618 hp (164cc) motors (note 
some early-models may use a 1-piece t-stat 
instead of the assembled type shown) 

Wire 

'Cylinder Head 

Fig. 96 Exploded view of the thermostat 
assembly - 819.9 hp (211cc) 4-stroke motors 
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5. Loosen and remove the thermostat cover as follows: 
For all models except the 25135 hp motors, remove the cover bolts (on 

some models the bolts are Torx@ head and require a suitably-sized Torx@ 
driver). If necessary, tap around the outside of the cover using a rubber or 
plastic mallet to help loosen the seal, then remove the cover from the 
powerhead. 

For 25135 hp motors, the cover is threaded in position and there is a 
large flat on the center of the cover. Use a suitably-sized wrench (or a large 
adjustable or large pair of slip-joint pliers) to loosen the cover and then 
unthread it from the cylinder head. 

Remove the thermostat cover slowly, on most models (except for 
the 9.9115 hp and larger 4-strokes) there is a spring andlor a washer 
located under the cover which may come loose when the cover is 
removed. Keep track of both the order and the orientation of all 
components as they are removed. 

6. Check if the seal or gasket was removed with the cover. When a 
composite gasket and/or sealant was used, make sure all traces of gasket 
and sealant material are removed from the cover and the powerhead 
mounting surface. 

Fig. 97 Exploded view of the thermostat 
assembly - 9.9-15 hp (216cc) 2-stroke 
motors 

Cylinder 
Covfr Thermostat 

Fig. 100 Exploded view of the one-piece 
thermostat assembly - 18 Jet-35 hp (521cc) 
motors 

Fig. 98 Exploded view of the thermostat 
assembly - 9.9-15 hp (255cc) 2-stroke 
motors 

Gasket Set 

Fig. 101 Exploded view of the thermostat 
assembly - 25135 hp (5001565~~) 2-stroke 
motors 

Wire 

,Cover 

Hose - Gasket 

Thermostat 8: , 

Fig. 99 Exploded view of the one-piece 
thermostat assembly - 9.9115 hp (305cc) 4- 
stroke motors 

Pressure 

Fig. 102 Exploded view of the thermostat 
and pressure valve assemblies - 45/55 hp 
(737cc) 2-stroke Commercial motors 
through 1994 
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LUBRICATION AND COOLING 5-39 
7. Remove the vernatherm and any mounting components. On most 

assembled thermostats that means removing the washer, outer spring, 
diaphragm and cup assembly, followed by the vernatherm, inner spring and 
housing. Refer to the accompanying descriptions and diagrams for more 
details. Pay close attention to each component's orientation. Lay each 
component out on the worksurface in order to ensure installation facing the 
same directions. 

8. Visually inspect the thermostat for obvious damage including 
corrosion, crackslbreaks or severe discoloration from overheating. Make sure 
any springs have not lost tension. If necessary, refer to the Testing the 
Thermostat in this section for details concerning using heat to test thermostat 
function. 

To install: 
9. Install each of the thermostat components in the reverse of the 

removal procedure. Replace any gaskets, seals andlor O-rings. Pay close 
attention to the direction each component is installed. On most models with 
assembled thermostats, the pin end of the vernatherm should face outward. 

On EFI models, the thermostat should be positioned with the spring 
and copper plug side of the assembly facing the engine NOT the cover. 

10. For all models except the 9.9-15 hp 2-strokes and the 25135 hp 
(5001565~~) motors, apply a thin coating of OMC Gasket Sealing Compound 
or an equivalent sealant to both side of a NEW composite gasket and 
position the gasket on the cover. Or, if an O-ring seal is used, apply a thin 
bead of the sealant to the cover groove, then install the seal into the groove 
and apply a thin coating on top of the seal. 

11. For 9.9-15 hp 2-strokes and the 25135 hp (5001565~~) motors 
position the new seal on the cover without using sealant. 

12. Apply a light coating of OMC Gasket Sealing Compound or 
equivalent sealant to the threads of the cover bolts on carbureted models. 
For EFI models, apply a light coating of OMC Nut Lock to the cover bolt 
threads. For 25135 hp (5001565~~) motors, do not treat the threads of cover 
housing. 

13. Install the thermostat cover to the powerhead, making sure the 
gasket or seal and any springs, washers or other thermostat components are 
all properly seated. Tighten the cover bolts (or the cover itself on 25/35 hp 3- 
cylinder motors) securely. 

For 18 Jet-35 hp (521cc) motors, the cylinder head cover (which also 
acts as the thermostat cover) bolts must be tightened using a criss- 
cross pattern, starting at the center and working outward. Be sure to 
tighten these bolts to 60-84 inch Ibs. (7-9 Nm). 

Coyer Gasket 

Diaphragm 
& Cup Assy  

I 

Verna 

.... 

- 'cylinder 
Head 

Fig. 103 Exploded view of the thermostat 
assembly - 25-55 hp (737cc) 2-stroke motors 
shown (except 45155 Commercial models 
through 1994), 25-70 hp (913cc) 2-stroke 
motors same except cylinder head varies 
(and some early models may not use an 
assembled vernatherm, meaning there will 
be less components) 

14. If removed on 4-stroke motors so equipped, connect the hose to the 
thermostat cover fitting and secure using the clamp or a new wire tie. 

15. Connect the negative battery cable andlor spark plug lead(s), then 
verify proper cooling system operation. 

4 See Figures 102 and 106 

The job of the pressure relief valve is to open in response to system 
pressure providing relief and preventing potential damage from over- 
pressurization. On many thermostat equipped models (especially most 
assembled thermostats that are designed so one of the assembly springs is 
a pressure relief spring), the thermostat assembly acts as a water pressure 
relief valve. This method however is inefficient, as it can counteract the very 
job of the thermostat (to remain closed during engine warm-uplprevent 
overcooling). 

EFI models are equipped with a separate water pressure relief valve that 
is capable of diverting water from the powerhead during periods of over- 
pressurization. This valve is located on the powerhead for 70 hp motors, or 
inside the gearcase on 40150 hp motors. 

A FEW of the carbureted models, like the 45155 Commercial Twins 
through 1994 are also equipped with a pressure relief valve. In the specific 
case of the 45155 Commercials, it is located toward the base of the cylinder 
head, under the cylinder head cover and next to the thermostat assembly. 
For removal and installation of this particular valve, follow the same 
procedures as necessary for Thermostat service, listed earlier in this section. 

REMOVAL & INSTALLATION 

4 See Figure 106 
DERATE 

For 40150 hp EFI motors, the water pressure relief valve is located 
inside the gearcase, underneath the oil panlsump. The oil pan must be 
removed in  order to access the valve. For this reason, please refer to 
the procedures located in the Gearcase section on 40150 hp EFI motors. 

For 45155 hp Commercial twins the pressure relief valve is located 
toward the base of the cylinder head, under the cylinder head cover 
and next to the thermostat assembly. For removal and installation of 
this particular valve, follow the same procedures as necessary for 
Thermostat service, listed earlier in this section. 

- Cover - Gasket 

Fig. 104 Exploded view of the one-piece 
thermostat assembly - 40150 hp EFI 4-stroke 
motors 

Cover  - 

Fig. 105 Exploded view of the one-piece 
thermostat assembly - 70 hp EFI 4-stroke 
motors 
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5-40 LUBRICATION AND COOLING 

Water pressure relief valve 
I I Gasket 

I Fig. 106 A water pressure relief valve is mounted under a 
thermostat-like housing on 70 hp EFI motors 

For 70 hp motors, the water pressure relief valve is found under a cover 
on the upper, starboard side of the powerhead. It is located under a 
thermostat-like cover at the top of the exhaust manifold water cooling 
passage. 

The valve is designed to open at 5.56-5.84 psi (38.22-40.18 kPa) of 
pressure, allowing about 5.3 gallons (20 liters) per minute to flow at 7 psi (49 
kPa). Be especially careful when servicing it, as the manifold WILL overheat 
if it is installed backwards. 

You've got a choice. On some installations, it may be possible to 
unbolt and reposition the cover with the hose attached. If not, you 
should matchmark the cover to the powerhead to ensure installation 
facing the proper direction. 

1. If the hose is being removed, matchmark the cover, then squeeze the 
tabs of the spring-loaded clamp and slide the clamp back on the hose. 
Disconnect the hose from the water pressure relief valve cover fitting. 

2. Remove the 2 cover retaining bolts, then carefully break the gasket 
seal and remove the cover from the powerhead. If necessary, use a rubber 
or plastic mallet to help break the seal. 

Remove the cover slowly so the valve does not become dislodged. 
Remember that you need to note the direction in which it is currently 
installed in order to prevent manifold overheating if it is accidentally 
installed facing the wrong way. 

3. Remove the valve from the coolant passage, noting the direction it is 
facing. 

4. Check the valve for obviously damaged, worn or corroded surfaces. 
Check the valve spring for corrosion, damaged or debris. Replace the valve 
if any defects are noted or if it is suspect. 

5. Carefully clean all traces of gasket or sealant from the valve cover 
mating surfaces. 

To install: 
6. Install the valve into the coolant passage, facing the same direction 

as noted during removal. 
7. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to a NEW gasket cover, then install the cover and gasket. 
Be sure align the matchmarks made earlier, making sure the cover is facing 
in the same direction. 

8. Install the retaining bolts and tighten securely. 
9. If removed, connect the hose to the cover fitting, then position the 

spring clamp to secure the hose. As with all spring clamps, replace it before 
connecting the hose if it feels like it has lost its tension. 

+ See Figures 107 thru 123 
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Fig. 108 Cooling system water flow schematic - 2.0-3.5 hp (78cc) motors 

4 

Fig. 109 Cooling system water flow schematic - 3-4 hp (87cc) motors 
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6-2 POWERHEAD REPAIR AND OVERHA 

You can compare the major components of an outboard with the engine 
and drivetrain of your car or truck. In doing so, the powerhead is the 
equivalent of the engine and the gearcase is the equivalent of your drivetrain 
(the transmissionltransaxle~. The powerhead is the assemblv that produces 
the power necessary to move the'vehicle, while the gearcask is thk 
assembly that transmits that power via gears, shafts and a propeller (instead 
of tires). 

Speaking in this manner, the powerhead is the "engine" or "motor" portion 
of your outboard. It is an assembly of long-life components that are protected 
through proper maintenance. Lubrication, the use of high-quality oils (2- 
stroke or 4-stroke) and proper fuelioil ratios (2-stroke) or frequent oil 
inspectionlchanges (4-stroke) are the most important ways to preserve 
powerhead condition. Similarly, proper tune-ups that help maintain proper 
airlfuel mixture ratios and prevent pinging, knocking or other potentially 
damaging operating conditions are the next best way to preserve your motor. 
But, even given the best of conditions, components in a motor begin wearing 
the first time the motor is started and will continue to do so over the life of 
the powerhead. 

Eventually, all powerheads will require some repair. The particular broken 
or worn component, plus the age and overall condition of the motor may help 
dictate whether a small repair or major overhaul is warranted. The complexity 
of the job will vary with 2 major factors. As much as you can generalize 
about mechanical work: 

* The age of the motor (the older OR less well maintained the motor is) 
the more difficult the repair 

The larger and more complex the motor, the more difficult the repair. 
Again, these are generalizations and, working carefully, a skilled do-it- 

yourself boater can disassemble and repair a 70 hp EFI powerhead, as well 
as a seasoned professional. But both DlYers and professionals must know 
their limits. These days, many professionals will leave portions of machine 
work (from cylinder block and piston disassembly, clean and inspection to 
honing and assembly up to a machinist). This is not because they are not 
capable of the task, but because that's what a machinist does day in and day 
out. A machinist is naturally going to be more experienced with the 
procedures. 

If a complete powerhead overhaul is necessary on your outboard, we 
recommend that you find a local machine shop that has both an excellent 
reputation and that specializes in marine work. This is just as important and 
handv a resource to the ~rofessional as a DIYer. If ~ossible. consult with the 
machke shop before disassembly to make sure you follow procedures or 
mark components, as they would desire. Some machine shops would prefer 
to perform the disassembly themselves. In these cases, you can usually 
remove the powerhead from the gearcase and deliver the entire unit to the 
shop for disassembly, inspection, machining and assembly. 

If you decide to perform the entire overhaul yourself, proceed slowly, 
taking care to following instructions closely. Consider using a digital camera 
(if available) to help document assemblies during the removal and 
disassembly procedures. This can be especially helpful if the overhaul or 
rebuild is going to take place over an extended amount of time. If this is your 
first overhaul, don't even THINK about trying to get it done in one weekend, 
YOU WON'T. It is better to proceed slowly, asking help when necessary from 
your trusted parts counterman or a tech with experience on these motors. 

Keep in mind that anytime pistons, rings and bearings have been 
replaced, the powerhead must be broken-in again, as if it were a brand-new 
motor. Once a major overhaul is completed, refer to the section on 
Powerhead Break-In for details on how to ensure the rings set properly 
without damage or scoring to the new cylinder wall or the piston surfaces. 
Careful break-in or a properly overhauled motor will ensure many years of 
service for the trusty powerhead. 

On all models, the flywheel is secured to the top of the crankshaft. The 
flywheel is important to engine operation on multiple levels. First and 
foremost, it represents a means by which the crankshaft can be rotated 
(either by hand using a manual rewind starter or via an electric starter motor) 
for engine start-up. Mechanically, the flywheel is used as a means of 
continuing engine rotation and momentum between piston powerstrokes. 
Permanent magnets are mounted to all JohnsonlEvinrude flywheels that are 
used with the charging andlor ignition systems to generate voltage in various 
coils mounted underneath the flywheel (for more details, refer to the Ignition 
and Electrical System section). 

REMOVAL & INSTALLATION 

v + See Figures 1 thru 7 

Flywheel removal and installation is a relatively straightforward procedure 
during which a tool of some sort it used to hold the flywheel (and therefore 
the crankshaft) from rotating while the retaining nut (carbureted motors) or 
bolt (EFI motors) is loosened. Then once the flywheel is unbolted, a 
universal puller is usually necessary to free it from the tapered portion of the 
crankshaft. 

Various tools can be used to hold the flywheel on most models. On almost 
all models a suitably sized (large) strap wrench that fits around the entire 
flvwheel can usuallv be used. But, the hiah toraue value on the flvwheel 
retainer, especially ior EFI motors, may make this difficult. A flywheel holding 
tool designed to engage with multiple teeth along the curved circumference 
of the flywheel is a good alternative. 

Although mechanics have been known to do it, we don't recommend 
using a flywheel holding tool or prybar against just ONE flywheel tooth 
and a boss or bolt in the top of the powerhead. Placing that much 
stress on a single tooth can result in damage to the flywheel (such as 
breaking teeth from the ring gear) resulting in a need for flywheel 
replacement. 

Perhaps the best answer for holding the flywheel steady on most motors 
is to fabricate a holding tool from cold rolled steel, but the tool can be 
prohibitively large for some of the larger JohnsonlEvinrude outboards. If a 
flywheel holder is fabricated, it must be strong enough to hold against the 
flywheel retainer torque value, even with holes cut into it for 3 flywheel 
holding bolts and a larger hole cut into the center for the socket that is used 
to loosen the flywheel retainer. 

On motors through 35 hp (565cc and smaller) a flywheel holding tool can 
be easily fabricated using a length of 114 in. (6.3mm) cold roll steel that is 
about 15 in, (38cm) in length. Use measurements in the accompanying 
illustration to cut the appropriate sized holes (one for the socket and the 
other 3 for the bolts that will be threaded into the top of the flywheel in order 
to hold it steady when loosening the flywheel retainer). This tool is used 
along with 3 bolts that are threaded into the top of the flywheel to hold it 
securely. 

Never strike the flywheel to loosen it otherwise the magnets may crack 
or dislodge resulting in poor charging andlor ignition system 
performance. Always use a puller to help dislodge a tight flywheel. 

1. If equipped, remove the flywheel cover or hand-rewind starterlpulley 
from the top of the motor and the flywheel. For details on rope start models, 
refer to the Hand Rewind Starter section. 

2. Secure the flywheel using a suitable holding tool. When using a 
fabricated holding tool, use a set of bolts (such as the puller bolts) to firmly 
seat the tool against the top of the flywheel. 

3. Using a large breaker bar and suitably sized socket, turn the flywheel 
retaining nut (carbureted motors) or bolt (EFI motor) counterclockwise to 
loosen and remove it from the top of the flywheel. 

To protect the crankshaft from damage, apply a light coating of OMC 
Molv Lube or eauivalent lubricant to the puller center (pressing) screw 
threads and to t'he center hole of the crankshaft 

4. Remove the flywheel holder and install a suitable puller to the top of 
the flywheel by aligning the puller slots with 3 bolt holes in the top of the 
flywheel. Install the puller bolts to secure the assembly, then installed center 
screw to the puller to drive the flywheel off the top of the crankshaft. Make 
sure the puller assembly is sitting level, parallel to the top of the flywheel 
(adjust the puller bolts as necessary). 

El A universal threaded puller is best for this purpose, refrain from - 
using a jawed puller, even if you have one that is big enough, because 
they do not spread the force out as well as a 3-bolt, threaded puller. 

5. Carefully tighten the puller center screw until the flywheel releases 
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POWERHEAD REPAIR AND OVERHAUL 6-3 
from the crankshaft taper. Remove the flywheel and puller tool assembly and To install: 
then remove the puller tool from the flywheel. 8. Install the flywheel drive key (a NEW one, if necessary) into the key 

6. Thoroughly clean and inspect the flywheel assembly for signs of slot in the crankshaft. Be sure to face the rounded side of the key toward the 
damagedlmissing teeth or magnets and for any cracks, severe discoloration crankshaft. On carbureted motors, pay close attention to key alignment. On 
or other signs of damage. Replace the flywheel, if necessary. all models that utilize a marked key, the upset mark should face downward. 

7. Remove the flywheel key from the crankshaft taper. Check the end of On all carbureted motors, except the 9.9-15 hp (2161255~~) 2-strokes, make 
the crankshaft and key for damage. If the key is damaged in any way, sure the outside of the key (flat side) is positioned parallel to the centerline of 

the crankshaft (straight up and down). On 9.9-15 hp (2161255~~) 2-strokes, replace it to ensure proper engine operation 

Strap-type 
flywheel 
holder 

I 

Fin. 1 Use a large strap wrench . . . 

Large hole 

on flywheel to fit over 
nut flywheel nut 

Fig. 2 . . . or a fabricated holding tool to 
hold the flywheel 

Fig. 3 Once the retainer is removed, use a 
puller to free the flywheel 

I- 
15 in. (38 cm) 

I 1 

I 2 5/16 in. (59 mrn) 1 518 in. (41 mm) 
Dia. Bolt Circle Dia. Bolt Circle 

\ I 

/ \ I 

in, (38 mm) Dia. 3,4 in, mm) Dia, Holes (3) 
3B in. (10 mm) Dia. Holes (3) 1 5/16 in. (33 rnm) Die. 

120' Apart 
120' Apart 

Fig. 4 On 35 hp (565cc) and smaller motors, you can fabricate a suitable flywheel holder using 114 in. (6.3mm) cold roll steel 

Fig. 5 Install the keyway to the crankshaft 
slot - 2-5 hp single-cylinder, 2-stroke shown 

Fig. 6 On carbureted motors larger than the 
2-5 hp single-cylinder, 2-strokes, face key 
the upset mark downward 

Fig. 7 Depending on the model the key 
should be installed either parallel to the 
shaft centerline (most models) or to the 
crankshaft taper (9.9-15 hp 2161255~~ 2- 
strokes) 
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6-4 POWERHEAD REPAIR AND OVERHAUL 
the flat side of the keyway should be positioned parallel to the crankshaft 
taper (top portion tilted slightly toward the center of the crankshaft). 

On ColtlJunior or other breaker point models there is a cam drive 
pun mounted in the base of the exposed portion of the crankshaft 
(below and inline with the keyway). If the cam drive pin was removed, 
apply a light coating of OMC nut lock or equivalent threadlocker to the 
pin, then install the pin into the crankshaft. Also, on these models, the 
flywheel key itself may be marked with an end that says UP or TOP, and 
if so marked, the mark should face upward. 

9. Clean the crankshaft and flywheel tapers using solvent and allow to 
air dry. The surfaces must be clean and dry to allow the proper taper locking 
once the flywheel is installed. 

10. Lower the flywheel onto the crankshaft taper, turning the flywheel in 
order to align the keyway properly with the key. Once aligned, carefully push 
downward on the flywheel to seat it. 

11. Verify that the keyway and key are properly engaged by rotating the 
flywheel slowly by hand in the normal direction of rotation (clockwise when 
viewed from above). The crankshaft must turn along with the flywheel or the 
key and keyway are not properly engaged (if so, remove the flywheel and 
realign it, inspect they key again to make sure there is no damage.) 

12. On carbureted motors, apply a coating of OMC Gasket Sealing 
Compound or equivalent sealant to the threads of the flywheel nut. 

13. Install the flywheel retaining nut (carbureted motors) or bolt (EFI 
motors) and washer (if used). 

14. Using the flywheel holder, secure the flywheel from turning and 
tighten the flywheel retainer to: 

ColtiJunior motors: 22-25 ft. Ibs. (30-40 Nm). 
2-5 hp, single-cylinder 2-stroke motors: 29-33 ft. Ibs. (40-45 Nm). 

* 314 hp and 4 Deluxe, two-cylinder 2-stroke motors: 30-40 ft. Ibs. (40-54 
Nm). 

5-8 hp, two-cylinder 2-stroke motors: 40-50 ft. Ibs. (54-70 Nm). 
5-15hp 4-stroke motors and 9.9-15 hp 2-strokes: 45-50 ft. Ibs. (60-70 

Nm). 
18 Jet-70 hp 2-stroke motors: 100-105 ft. Ibs. (135-140 Nm). 
40-50 EFI motors: 145-150 ft. Ibs. (200-205 Nm). 
70 EFI motors: 150-160 ft. Ibs. (205-217 Nm). 

15. Remove the flywheel holder. If equipped, install the flywheel cover or 
hand rewind starter. 

tf CAUTlONWhen removing the powerhead, always secure the 
gearcase in a suitable holding fixture to prevent injury damage if the 
powerhead releases from the gearcase suddenly (which often occurs 
on outboards that have been in service for some time or that are 
extensively corroded). 

On most of the single cylinder motors, and a FEW of the twins, the 
powerhead is actually light enough to be lifted by hand. BUT, it is really a 
better idea to use an engine hoist when lifting the powerhead assembly. This 
not only makes sure that the powerhead is secured at all times, but helps 
prevent injuries, which could occur if the powerhead releases suddenly. Also, 
keep in mind the components such as the driveshaft could be damaged if the 
powerhead is removed or installed at an angle other than perfectly 
perpendicular to the gearcase. It is a lot easier to align the powerhead when 
it is supported, than when you are holding the powerhead and trying to raise 
it from or lower it into position. 

If powerhead removal is difficult, first check to make sure there are no 
missed fasteners between the gearcase (midsection, exhaust housing, 
oil sump on some 4-strokes) and the powerhead itself. If none are 
found, apply suitable penetrating oil, like WD-40@ or our new favorite, 
PB BlasterB to the mating surfaces. Give a few minutes or a few hours 
for the oil to work, then carefully pry the powerhead free while lifting it 
from the gearcase. Be careful not to damage the mating surfaces by 
using any sharp-tipped prybars or other by prying on thinlweak 
aearcase or aowerhead bosseslsurfaces. 

When working on a powerhead, use either a very sturdy workbench or an 
engine stand to hold the assembly. Keep in mind that larger HP motors 
utilize powerheads that can weight several hundred pounds. 

Although removal and installation is relatively straightforward on most 
models, the overhaul procedures can be quite involved. Whatever portion 
you decide to tackle, always, always, ALWAYS take good notes and tag as 
many partslhoseslconnections as you can during the removal process. As 
they are removed, arrange components along the worksurface in the same 
orientation to each other as they are when installed. 

Most JohnsoniEvinrude motors (especially the 2-stroke models) are 
equipped with needleiroller bearings for the crankshaft, connecting rod 
andlor wrist pins. We say most, but not all, because some models also use 
or instead use bearing liner inserts. Of the ones equipped with needleiroller 
bearings, some use bearings contained completely within cages, while 
others (many of the wrist pin bearings and some crankshaft bearings on 
smaller models) use loose needle assemblies. When workin0 with loose 
needle bearings, care must be taken that none are lost during removal and 
that all are alianed durina installation. 

Most ~ohn~on l~v in rude  connecting rods are of the fractured cap desiqn. 
This means that, during manufacturerthe connecting rod and cap were once 
1 oiece, but thev were broken aoart. This stvle of manufacturer is common in 
many high-petfdrmance applicaiions from marine engines to motorcycles and 
some automobiles. It affects service in 2 ways. For starters, on models so 
equipped, it becomes critical that connecting rod-to-cap alignment is 
maintained. Not only can you not install a connecting rod cap from a different 
rod, but also you can't install a given cap in the reverse direction on its 
correct rod. Although the manufacturer places alignment marks or dimples on 
the rod and cap of most fractured connecting rods, be sure to matchmark all 
connecting rod caps before removal. When installed, the fracture lines of the 
caps should all but disappear. To check alignment, run a fingernail or a pick 
across the fracture line. If the nail or pick catches, recheck the alignment 
marks or make sure the connecting rod cap is properly bolted in position. 

When it comes to bolting the connecting rod cap to the rod end, the 
second issue arises. On all models, to ensure proper alignment, it is a good 
idea to loosen or tighten the bolts in stages, alternating from one bolt to the 
other, turning each bolt the same amount each time. Make sure that amount 
is less than one full turn (try 114 - 112 turn each time). This may seem 
tedious, but it helps ensure proper seating of the cap and, if used, bearing 
liner or needle cage. Proper rod and bearing alignment become critical on 
larger versions of these motors, so much so that the manufacturer 
recommends the use of a special tool for connecting rod cap alignment. For 
all 2-strokes 18 Jet and larger, the manufacturer recommends using a 
holding fixture to center the rod and cap during installation. 

We are well aware than many shops use alternate methods to tighten the 
connecting rod caps. One popular method is to run the caps down 
(alternating the bolts until finger tight) then tightening the bolts in stages. Still 
only turning them less than one turn until the torque specification is reached. 
Once all connecting rod cap bolts are tightened using this method, a soft- 
faced (brass) mallet or hammer is held against one side of the rod and cap, 
then the other side is gently tapped with another hammer. The position of the 
hammers is then reversed and the tapping is repeated. This method should 
and we emphasize the word SHOULD fit the capibearing assembly to the 
rod. However, there is no way to be certain except to return the motor to 
service. If it worked, she'll be fine. If it didn't, she'll eventually wear the 
crankshaft journal. connecting rod and bearing, causing premature 
powerhead failure. We therefore, cannot really recommend this method w'th 
full confidence, and would prefer that you buy or borrow the alignment tool 

Service orocedt~res orovided in this section for the oowerhead ~nclude 
Removal &'lnstallation,'Disassembly &Assembly, as well as Cleaning & 
Inspection. Since multiple engrnes of varying hp are normally produced from 
the same basic mechanical design, sharing components and procedures 
across different hp models, most powerhead service procedures are divided 
by engines or engine families. However, Cleaning & Inspection procedures 
share much more features between motors of different families and are 
covered mostly under a common section. Differences in cleaning and 
inspection procedures will be pointed out, and will mostly occur in the lack or 
inclusion of different components (especially when it comes to 4-stroke 
models since they use many more internal components). 

SERVICE 

+ See Figure 8 

Service procedures provided in this section include Removal & 
Installation. Disassemblv & Assemblv and Cleanina & Insoection. Most 
powerhead service procedures are generally dividGd by kgines or engine 
families (since many times multiple engines of varying hp are actually of the 
same basic mechanical design, sharing components and procedures across 
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POWERHEAD REPAIR AND OVERHAUL 6-5 

Fig. 8 To ease wrist pin retaining ring removal on carbureted 
JohnsonlEvinrude motors, modify a pair of needle-nose pliers as 
shown 

different models) However, Cleanlng & Inspection procedures share much 
more features between motors and are therefore covered under their own 
section. 

ColtlJunior Motors 
Removal & Installation 

+ See Figure 9 

1. Remove the manual rope starter assembly. For details, please refer 
to the Hand Rewind Starter section. 

2. Remove the fuel tank and then remove the carburetor. For details, 
please refer to the Fuel System section. 

3. Remove the flywheel, as detailed in this section. 
4. Remove the ignition coil and related ignition components. For details, 

please refer to the Ignition and Electrical Systems Section. 
5. Remove the 4 screws securing the starter mounting bracket. Start 

with the 2 rear hexlslotted screws which are on either side of the spark plug, 

threaded upward into the bracket from underneath. Then remove the 2 
slotted screws from the front center of the bracketicover assembly and lift the 
bracket from the powerhead. 

6. Remove the air intake silencer. 
7. Remove the carburetor and leaf plate assembly, as detailed in the 

fuel system section. 
8. Remove the 6 bolts from underneath the powerhead-to-gearcase 

flange (there should be 3 on each side of the motor, one forward, one aft and 
one toward the center of each side). 

9. Remove the powerhead by carefully lifting it straight upward and off 
the lower unit. If the powerhead is stuck, pry carefully along the edges and 
use a rubber mallet to help break the gasket seal and corrosive adhesion. 

10. Remove and discard the gasket from the mating surfaces. 
To install: 
11. Apply a light coating of OMC Moly Lube or equivalent to the sides of 

the driveshaft spilnes (NOT to the end of the shaft as it could prevent the 
shaft from fully seating in the crankshaft). 

12. Position a new gasket on the gearcase mating flange (install the 
gasket dry, without any sealer), then carefully lower the powerhead into 
place, making sure the crankshaft and driveshaft mate. 

13. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the powerhead retaining bolts, then 
install and tighten the bolts to 60-84 inch Ibs. (7-9 Nm). 

14. Install the ignition coil and ignition components that were removed 
from the powerhead. 

15. Install the carburetor and leaf plate assembly. 
16. Install the air intake silencer. 
17. Install the starter bracket. 
18. Install the fuel tank. 
19. Install the hand rewind starter. 
20. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Disassembly & Assembly 

+ See Figure 9 CULT 

To simplify assembly, remember to layout all bolts, components and 
clamps in the order of removal. This is especially true for the wiring 
harness and related clamps. 

Cylinder Oil 

Fig. 9 Exploded view of a typical ColtlJunior powerhead 
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6-6 POWERHEAD REPAIR AND OVERHAUL 
1. Remove the powerhead from the lower unit as detailed under 

Removal & Installation (including removal of the the fuel and ignition 
components as directed in the procedure). 

2. Loosen the bolts, then remove the cylinder head and gasket. 
3. Loosen the bolts, then remove the exhaust cover and gasket. 
4. Loosen and remove the 2 bolts securing the connecting rod cap, then 

remove the cap and carefully collect the 30 loose needle bearings. 
5. Carefully push the piston out through the top of the cylinder, making 

sure NOT to allow the connecting rod to contact the inside of the piston skirt 
or the cylinder wall. 

6. Once the piston is removed, reinstall the rod cap finger tight. 
7. Remove and discard the old piston rings, 
8. Remove the screws retaining the lower bearino housing, then remove 

the crankshaft and housing as an assembly from the cylinder 6lock. 
9. Usina a pair of snaorina pliers (such as OMC #6750321 reach into 

the bearing iousing from the Gnkshaft side and compressing the retaining 
ring while sliding the crankcase head off the lower bearing. 

10. Using a small, internal jawed puller (such as OMC #432131) remove 
the crankcase head seal from the top (crankcase side) of the lower bearing 
housingicrankcase head. Also remove and discard the O-ring. 

11. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the outer diameter of a new crankcase head seal. Drive 
the seal into position from the top (crankcase side) of the bearing housin~ 
using a suitable driver (such as OMC #326575 Pinion Installation Tool from 
OMC #391257 Pinion Bearing Kit), Be sure to install the seal with the lip 
facing the tool, then drive the seal carefully into position until seated. 

12. Apply a light coating of OMC Triple-Guard, or an equivalent marine 
grade grease to the crankcase head seal lips and to the new crankcase 
head O-ring. Install the O-ring to the crankcase head. 

13. If the lower main bearing or retaining ring requires replacement use a 
shop press and bearina separator to force the bearina off. However. ONLY 
remove the bearing if if requires replacement, as removal will destroy it. 

14. Use the same small, internal jawed puller to remove the upper oil 
seal from the crankcase. 

15. If the upper main bearing needs to be replaced, support the 
crankcase and use a suitable driver to carefully push the bearing out of 
position. Again, like the lower main bearing, removal will destroy it, so ONLY 
do it if it must be replaced. 

16. Use a pair of needle-nose pliers to remove and discard the retaining 
rings from either side of the piston wrist pin. 

17. Looking up the piston's skirt, check for one side of the wrist pin boss 
to be marked with an "L" which stands for the "Loose" side. Place the 
marked side facing upward in a piston cradle (such as OMC #326572), then 
use a suitable driver (such as OMC #326624, Wrist Pin Pressing Pin) to 
push the pin through the piston. 

18. Refer to the information found under Cleaning & Inspection, in this 
section for details on inspecting the powerhead components to determine 
which should be replaced and to prepare the ones that are being reused for 
assembly. 

To assemble: 

During assembly, take your time and NEVER force a component unless 
a shop press or drive tool is specifically required by the procedure. 

.I Lightly coat all components (except those that are coated with 
sealant) with clean, fresh JohnsonlEvinrude Outboard Lubricant or 
equivalent oil during assembly. Always replace all gaskets O-rings and 
seals. 

19. If removed, install a new upper main bearing through the bottom of 
the crankcase. Press it upward into position with the lettered side of the 
bearing case facing the driver. Continue to press until the bearing is 
recessed 0.062 in. (1.5mm) before the finished thrust face of the crankcase. 

20. Apply a light coating of OMC Gasket Sealing Compound or 
equivalent sealant to the outer metal case of a new upper seal, then install 
the seal using a suitable seal installer (such as OMC #330219). Press the 
seal into position with the lip facing into the crankcase, then apply a light 
coating of OMC Triple-Guard or an equivalent marine grade grease to the 
seal lips. 

21. If removed, install a new lower main bearing and retaining ring as 
follows: 

a. Make sure the bottom journal is thoroughly free of dirt, debris or 
corrosion. 

b. Place the retaining ring on the crankshaft with the sharp edge facing 
away from the crankshaft. 

c. Support the crank between the 2 counterweights. 
d. Coat the bearing journal of the crankshaft lightly with OMC HT400. 
e. Place the bearing on the crankshaft with the lettered side facing 

upward, away from the crankshaft. 
f. Press the bearing onto the shaft until seated. 

22. Oil the lower main bearing, then slide the crankcase head over the 
bearing and secure using the retaining ring. 

23. Oil the crankshaft, then position it into the crankcase, seating the 
crankcase head. 

24. Apply a light coating of Permatex No. 2 to the threads of the 
crankcase head retaining bolts, then install and tighten the bolts to 60-84 
inch Ibs. (7-9 Nm). 

25. Apply a light coating of clean engine oil or assembly lube to the wrist 
pin and the pin bore in the piston. 

26. Support the piston in the shop press piston cradle, again with the 
marked loose (L) side facing upward. Use the same drift pin or wrist pin tool 
to slowly start pressing the wrist pin into the piston bore. Stop pressing when 
the pin appears at the first opening for the connecting rod. 

27. Install 2 new wrist pin retaining rings. 
28. If removed, place the needle bearing liners in the connecting rod and 

cap. Make sure the liner with the hole is placed in the cap and also be sure 
the dovetail ends of the liner match when the connecting rod and cap are 
assembled. 

The connecting rod cap can only be installed in one alignment with the 
rod. The cap and rod are embossed on one side each for alignment 
purposes to make sure the cap is installed properly. 

29. Use the piston ring expander to carefully install the 2 piston rings 
(although inspection may reveal that the old rings can be reused, WHY do it? 
You've come this far, so install new rings). Spread the ring just enough to 
slide the each ring over the head of the piston and then down, into place on 
the piston. 

Pay attention to the dowel pin in each ring groove when installing 
the piston rings. The ring gaps must be positioned at the dowel pins or 
the cylinder and/or pistonirings could be damaged during installation 
into the crankcase. 

30. Apply a light coating of 2-stroke motor oil to the piston, bore, rings 
and a piston ring compressor tool. 

31. Making sure the ring gaps remains aligned with the dowel pin, use a 
piston ring compressor to evenly compress the ring and insert the piston into 
the cylinder bore. Also make sure the piston exhaust deflector is facing the 
exhaust cavlty. Remove the ring compressor as the piston is inserted. 

On small motors such as this one, a proper sized band-type hose 
clamp can be used as a ring compressor. The best type to use is a 
Mercruiser (yes, Mercruiser) exhaust bellows hose clamp, as it contains 
an inner ring on which the outer rings slides to compress it. Typical 
automotive hose clamps will rotate the inner ring, which can rotate the 
piston rings out of alignment (off their dowels). Also, it is often 
possible to install these pistons without a compressor, as the ring 
spring-pressure is not excessive and can usually be compressed by 
finger-pressure during installation. Use care not to cock and damage 
the rings, piston or bore though if this method is used. Take your time 
and oil the components well. 

32. To make sure the rings were not damaged or broken during 
installation, use a screwdriver to press on each ring through the exhaust 
port. Each ring should push lightly back against the screwdriver, otherwise it 
is likely that the ring was broken. If so, stop, remove the piston and check for 
damage. 

33. Apply a light coating of OMC Needle Bearing Assembly Grease to 
the connecting rod liner and the 30 needle bearings. Place 14 bearings into 
the rod liner. 

34. Move the connecting rod to engage the crankpin, then place the - 
remaining 16 bearings on the crankpin. 

35. Install the connecting rod cap. Apply a light coating of 2-stroke oil to 
the threads of the connecting rod cap screws, then install and tighten them 
alternating back and forth to 60-70 inch Ibs. (7.0-7.5 Nm). 
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36. Insert a small rod or wire through the oil hole in the cap and check to 

make sure all the needles are in place. IF the needles are all properly seated 
it will NOT be possible to touch the actual crankpin. If you CAN touch the 
crankpin either the needles are out of position or the correct number of 
needles was not installed. 

37. Apply a light coating of OMC Gasket Sealing Compound or 
equivalent to both sides of a new exhaust cover gasket. lnstall the exhaust 
cover and gasket, then tighten the screws to 60-84 inch Ibs. (7-9 Nm). 

38. Apply a LIGHT coating of OMC Gasket Sealing Compound or 
equivalent to a new cylinder head gasket, lnstall the cylinder head and 
gasket, then tighten the screws using multiple passes of a crossing pattern to 
60-84 inch Ibs. (7-9 Nm). 

39. lnstall the powerhead and follow the break-in procedure to ensure 
proper operation. 

2.0-3.5 Hp (78cc) Motors . .  . 

Removal & Installation 

1. Remove the engine covers. For details, please refer to Engine 
Covers (Top and Lower Cases) in the Maintenance and Tune-up Section. 

2. Remove the fuel tank and then remove the carburetor. For details, 
please refer to the Fuel System section. 

3. Remove the manual rope starter assembly. For details, please refer 
to the Hand Rewind Starter section. 

4. Remove the flywheel, as detailed in this section. 
5. Remove the ignition coil and related ignition components. For details, 

please refer to the Ignition and Electrical Systems Section. 
6. Remove the 6 bolts from underneath the powerhead-to-gearcase 

flanae (there should be 3 on each side of the motor, one forward, one aft and 
oneioward the center of each side). 

7. Remove the powerhead by carefully lifting it straight upward and off 
the lower unit. If the powerhead is stuck, pry carefully along the edges and 
use a rubber mallet to help break the gasket seal and corrosive adhesion. 

8. Remove and discard the gasket from the mating surfaces. 
To install: 

9. Apply a light coating of OMC Moly Lube or equivalent to the square 
end of the crankshaft. 

10. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both side of a NEW powerhead gasket. 

11. Position the gasket on the gearcase mating flange, then carefully 
lower the powerhead into place, making sure the crankshaft and driveshaft 
mate. 

12. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the powerhead retaining bolts, then 
install and tighten the bolts to 60-84 inch Ibs. (7-9 Nm). 

13. lnstall the ignition coil and ignition components that were removed 
from the powerhead. 

14. lnstall the hand rewind starter. Tighten the retaining screws to 60-84 
inch Ibs. (7-9 Nm). 

15. lnstall the fuel tank and the carburetor. 

I 
Nipple 

@& \ \Leaf Stop 

Leaf 

@ @-Crankcase head 

@ 

8 
Fig. 10 Exploded view of cylinder, crankcase halves and reed valve 
assembly - 2.0-3.5 hp (78cc) motors 

16. lnstall the engine covers. 
17. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Disassembly & Assemb 

CULT 
+ See Figures 8 and 1 

To simplify assembly, remember to layout all bolts, components and 
clamps in the order of removal. This is  especially true for the wiring 
harness and related clamps. 

1. Remove the powerhead from the lower unit as detailed under 
Removal & Installation. 

2. Loosen the bolts (4), then remove the cylinder head and gasket. 
3. Remove bolts (2), then remove the lower crankcase head (the round 

boss located on the bottom of the cylinder). 
4. Remove the main bearings bolts (6), securing the halves of the 

crankcase together around the crankshaft. Then use a rubber or plastic 
mallet to lightly tap the crankshaft upward until the halves just begin to 
separate. Lift upward and remove the crankcase half. 

5. Remove the 2 screws securing the reed (leaf) valve and then remove 
the left stop and leaf valve from the crankcase. 

6. Remove the upper and lower crankshaft seals. 
7. Remove semi-circular (half-moon shaped) upper and lower bearing 

retainers from the cylinder block. 
8. Use a suitable piston ring expander to remove the ring from the 

piston, being careful not to score or damage the piston. 
9. Remove the wrist oin retainina rinas from the bores in the side of the 

piston (at either end of the wrist pin).-~se-a pair of modified needle-nose 
pliers, as pictured. Discard the old retaining wrings. 

10. Use a driver that is just smaller than the piston bore to carefully tap 
or press the wrist pin from the piston. 

11. Check the wrist pin bearing for wear or damage and replace, if 
necessary. If you are in any way unsure of the condition of this bearing, 
replace it to ensure reliability. 

12. If the crankshaft upper and/or lower ball bearings require 
replacement, use OMC #I15316 or an equivalent bearing puller to pull the 
bearings free from the crankshaft. When using this puller, be sure to place 
the bearing-locating pin diagonally on the puller to prevent damage to the 
pin. 

The OMC bearing puller is a split, shoulder design that contacts the 
bearing cage and two semi-circular points around either side of the 
cage. Then two bolts are threaded through the puller halves to push 
against the crankshaft counterweights. If another puller-type is used 
(such as a jawed puller) use great to make sure the crankshaft is not 
damaged. It may be necessary to place something over the end of the 
shaft to protect i t  from the puller screw. 

I 
I Crank pin - 
I 
I 8 
I 
I 

Ctankshaft;-- 
I lower 
I 
I 
I 
I 

@- Crankshaft seal 

9- Retainer , Ring 
I 

1 (@:~earing 

Retainer 

@-Crankshaft Seal 

-Seal 

Fig. 11 Exploded view of piston and crankshaft assembly - 2.0-3.5 
h~ ( 7 8 ~ ~ )  motors 
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0.236 - 0.244 in. 7 I 
(6-6.3 mrn) 

Fig. 12 Measure the reed valve opening at the end of the leaves - 
2.0-3.5 hp (78cc) motors 

13. Refer to the information found under Cleaning & Inspection, in this 
section for details on inspecting the powerhead components to determine 
which should be replaced and to prepare the ones that are being reused for 
assembly. 

To assemble: 

During assembly, take your time and NEVER force a component unless 
a shop press or drive tool is specifically required by the procedure. 

E Lightly coat all components (except those that are coated with 
sealant) with clean, fresh JohnsonIEvinrude Outboard Lubricant or 
equivalent oil during assembly. Always replace all gaskets and seals. 

14. If removed, use a suitable bearing driver (like OMC #I15309 or 
equivalent) to install NEW upper andlor lower bearings to the crankshaft 
assembly. Face the bearings with the lettered sides towards the driver and 
support the crankshaft between the 2 counterweights during installation. If 
possible, use a shop press to install the bearings with smooth and constant 
pressure, but if necessary, you can tap the bearings gently into position. 

15. Apply a light coat of oil to the piston wrist pin and the bore in the 
piston, then begin inserting it through one end (either will do) of the piston. 

16. Apply a light coat of oil to the wrist pin bearing, then position it into 
the connecting rod. 

17. Insert the connection rod in place inside the bottom of the piston skirt 
so the arrow mark on top of the piston is facing downward toward the bottom 
of the crankshaft. Insert the wrist pin the rest of the way through the 
connecting rod and piston (if necessary use a suitable driver to gently tap the 
wrist pin into position, but take great care not to damage the piston, bearing 
or rod). 

I u&d as a rinn compressor on some 2-stroke models ' 

18. lnstall 2 new wristpin retaining rings. 
19. Use a piston ring expander to carefully install the ring (although 

inspection may reveal that the old ring can be reused, WHY do it? You've 
come this far, so install a new ring). Spread the ring just enough to slide the 
wring over the head of the piston and then down, into place on the piston. 

E Pay attention to the dowel pin when installing the piston ring. The 
ring gap must be positioned at the dowel pin or the cylinder andlor 
pistonlring could be damaged during installation into the crankcase. 

20. Coat the piston and cylinder bore with clean oil. 
21. Making sure the ring gap remains aligned with the dowel pin, use a 

piston ring compressor to evenly compress the ring and insert the piston into 
the cylinder bore. Remove the ring compressor as the piston is inserted. 

Ill On small motors such as this one, a proper sized band-type hose 
clamp can be used as a ring compressor. The best type to use is a 
Mercruiser (yes, Mercruiser) exhaust bellows hose clamp, as it contains 
an inner ring on which the outer rings slides to compress it. Typical 
automotive hose clamps will rotate the inner ring, which can rotate the 
piston rings out of alignment (off their dowels). Also, it is often 
possible to install these pistons without a compressor, as the ring 
spring-pressure is not excessive and can usually be compressed by 
finger-pressure during installation. Use care not to cock and damage 
the rings, piston or bore though if this method is used. Take your time 
and oil the components well. 

22. To make sure the ring was not damaged or broken during installation, 
use a screwdriver to press on the ring through the exhaust port. The ring 
should push lightly back against the screwdriver, otherwise it is likely that the 
ring was broken. Stop, remove the piston and check for damage. 

23. Position the crankshaft assembly on the cylinder block, rotating the 
bearings so that the locating pins are positioned in the cylinder block 
notches. 

24. lnstall the upper and lower (semi-circular) retainers in the cylinder 
block grooves. 

25. lnstall NEW upper and lower crankshaft seals with the lip of each 
seal facing toward the crankcase. 

26. Apply a light coating of OMC Screw Lock, or equivalent threadlock to 
the threads of the leaf valve screws, then install the leaf valve along with the 
stop. Tighten the valve retaining screws to 25-37 inch Ibs. (3-4 Nm). 

27. Inspect the leaf valve opening using a dial caliper or stack of feeler 
gauges. The opening at the end of the valve should be 0.236-0.244 in. (6- 
6.3mm). The valve should be removed and replaced if opening is out of 
specification. 

28. Use OMC Cleaning Solvent or an equivalent solvent to thoroughly 
remove all traces of grease, oil or lubricant from the crankcaselcylinder block 
halve flanges. Allow the surfaces to air dry. 

29. Apply a light coating of OMC Locquic Primer or equivalent to the 
crankcase half flange, and allow the primer to air dry. 

30, Apply a light coating of OMC Gel-Seal II or equivalent to the cylinder 
block half flange. Be sure that the sealant coats the entire flange evenly, but 
be careful not to apply excessive amounts. The sealant must not be applied 
within 114 in. (6mm) of the bearings or the sealant could be forced out from 
between the flanges into contact with the bearings during assembly. 

E Although OMC Gel-Seal I I  has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. Keep in mind that using 
an old tube of Gel-Seal II could allow crankcase air leaks (leading to 
performance problems). 

31. lnstall the lower crankcase half into position over the crankshaft. 
Apply a light coating of OMC Gel-Seal II or equivalent to the threads of the 
crankcaselcylinder block halve flange bolts. lnstall the bolts and tighten to 
90-120 inch Ibs. (10-14 Nm) 

32. lnstall the round, lower crankcase head. Apply a light coating of OMC 
Gasket Sealing Compound, or equivalent sealant to the threads of the 2 
head retaining bolts and tighten to 60-84 inch Ibs. (7-9 Nm) 

33. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a new cylinder head gasket, then install 
the cylinder head and gasket. lnstall the cylinder head bolts dry with no 
lubricant or sealant, then tighten the bolts to 60-84 inch Ibs. (7-9 Nm). 

34. lnstall the powerhead and follow the break-in procedure to ensure - 
proper operation. 
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5 Hp (109cc) Motors 
+ See Figure 14 

Removal & Installation 

+ See Figure 14 

1. Remove the top engine cover. 
2. Remove the manual rope starter assembly. For details, please refer 

to the Hand Rewind Starter section. 
3. Remove the fuel tank and then remove the carburetor. For details, 

please refer to the Fuel System section. 
4. Remove the flywheel, as detailed in this section. 
5. Remove the ignition coil and related ignition components. For details, 

please refer to the Ignition and Electrical Systems Section. 
6. Remove the 6 bolts from underneath the powerhead-to-gearcase 

flange (threaded upward from underneath the one-piece lower engine cover). 
7. Remove the powerhead by carefully lifting it straight upward and off 

the lower unit. If the powerhead is stuck, use a rubber mallet to help break 
the gasket seal. Be very careful not to damage the lower engine cover while 
removing the powerhead. 

8. Remove and discard the gasket from the mating surfaces. 
To install: 

9. Apply a light coating of OMC Moly Lube or equivalent to the 
driveshaft splines. 

10. Apply a light coating of RTV sealant to both side of a NEW 
powerhead gasket. 

11. Position the gasket on the lower engine cover (at the powerhead- 
mating surface), then carefully lower the powerhead into place, making sure 
the crankshaft and driveshaft splines are aligned. 

12. Apply a light coating of RTV sealant to the threads of the powerhead 
retaining bolts, then install and tighten the bolts to 11-15 ft. Ibs. (15-20 Nm). 

13, Install the ignition coil and ignition components that were removed 
from the powerhead. 

14. Install the fuel tank and the carburetor. 

@) OMC Trple-Guard Grease 
33 R. Ibr. 

@ R N S i l i c o n e  Rubber I45 Nm) - 
- 

@) OMC Gasket Sealing Compound 

@) OMC Gel-Seal I Im 

@ OMC Screw Lock 

/" ?.' -T"- 
Carburetor Water cover % Re, 

-0 Crankcase and 
d valve cylmder block 

and gasket 8 

Fig. 14 Exploded view of the powerhead assembly with assembly 
sealant and lubricant instructions - 5 hp (109cc) motors 

15. Install the hand rewind starter. 
16. Install the top engine cover. 
17. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Disassembly & Assembly 

CULT 

+ See Figures 8 and 13 thru 17 

To simplify assembly, remember to layout all bolts, components and 
clamps in the order of removal. This is especially true for the wiring 
harness and related clamps. 

1. Remove the powerhead from the lower unit as detailed under 
Removal & Installation. 

2. Loosen the clamp and remove the recirculation hose from the side of 
the powerhead. 

3. Remove the 2 mounting bolts and then remove the starter brace from 
the top of the powerhead. 

4. Remove the 2 screws, then remove the semi-circular (half-moon 
shaped) water jacket cover from the bottom of the powerhead. Remove and 
discard the gasket. 

5. Remove the 5 cylinder head cover screws, then remove the cylinder 
head cover and discard the gasket. 

6. Remove the bolts (6) securing the cylinder block and crankcase 
halves around the crankshaft. Then, use a rubber or plastic mallet to lightly 
tap the crankshaft upward until the halves just begin to separate. Lift upward 
and remove the crankcase half from the cylinder half. 

7. If necessary, remove the 2 screws securing the reed (leaf) valve, 
then remove valve and stop from the crankcase. 

8. Remove and discard the upper and lower crankshaft seals, along 
with the upper driveshaft seal. 

9. Carefully lift the crankshaft, connecting rod and piston assembly from 
the cylinder block. 

10. Remove the wrist pin retaining rings from the bores in the side of the 
piston (at either end of the wrist pin). Use a pair of modified needle-nose 
pliers, as pictured or, if not available, use a small pry tool to carefully pry the 
old rings free of the bore. Discard the old retaining wrings. 

11. Use a driver that is just smaller than the piston bore to carefully tap 
or press the wrist pin from the piston. 

12. Check the wrist pin bearing for wear or damage and replace, if 
necessary. If you are in any way unsure of the condition of this bearing, 
replace it to ensure reliability. 

13. Use a suitable piston ring expander to remove the rings from the 
piston, being careful not to score or damage the piston. 

14. If the crankshaft upper andlor lower ball bearings require 
replacement, use a suitable bearing puller to pull the bearings free from the 
crankshaft. When using a puller, be careful not to damage the crankshaft 
assembly. Do not remove the bearings unless they are going to be replaced. 

Fig. 15 Measure the reed valve tip-to-stop clearance to determine if 
the valve assembly should be replaced 
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6-10 POWERHEAD REPAIR AND OVERHAUL 
15. Refer to the information found under Cleaning & Inspection, in this 

section for details on inspecting the powerhead components to determine 
which should be replaced and to prepare the ones that are being reused for 
assembly. 

To assemble: 

During assembly, take your time and NEVER force a component unless 
a shop press or drive tool is specifically required by the procedure. 

Lightly coat all components (except those that are coated with 
sealant) with clean, fresh JohnsonlEvinrude Outboard Lubricant or 
equivalent oil during assembly. Always replace all gaskets and seals. 

16 If removed, rnstall the reed valve to the crankcase half and trghten 
the retalnrng screws securely 

17 Check the reed valve trp-to-stop clearance using a set of feeler 
gauges Clearance must be 0 008 rn (0 20mm) or less, otherwrse the valve 
and stop assembly must be replaced 

18 If removed, use a surtable bear~ng drrver (I~ke OMC #I15309 or 
equnalent) to Install NEW upper andlor lower bear~ngs to the crankshaft 
assembly Face the bearmgs wrth the lettered sides towards the dr~ver and 
support the crankshaft between the 2 counterwe~ghts durmg installat~on If 
possrble, use a shop press to Install the bearrngs wrth smooth and constant 
pressure, but d necessary, you can tap the bearrngs gently into positron 

19 Use a prston wrlng expander to carefully install the rlngs (although 
inspectron may reveal that the old rings can be reused, WHY do ~ t ?  You've 
come thrs far, so install new r~ngs) Spread each rrng just enough to slrde the 
wrlng over the head of the plston and then down, Into place In the rlng 
groove. 

Fig. 16 When installing the rings make sure the marked side (A) 
faces upward and the gaps are located at the dowel pins (B) 

w 
Fig. 17 Install the piston to the crankshaft and connecting rod so 
the marked arrow on the piston crown faces the bottom of the 
crankshaft 

H When installing rings, make sure that the marked side faces upward 
toward the head of the piston and the ring gap is centered on the dowel 
pin. Failing to place the gap around the dowel pin will result in cylinder 
andlor pistoniring damage during installation into the crankcase (or 
worse, during service if this is missed completely). 

20. Apply a light coat of oil to the piston wrist pin and the bore in the 
piston, then begin inserting it through one end (either will do) of the piston. 

21. If removed, apply a light coat of oil to the wrist pin bearing, then 
position it into the connecting rod. 

22. Insert the connection rod in place inside the bottom of the piston skirt 
so the arrow mark on top of the piston is facing toward the bottom of the 
crankshaft. Insert the wrist pin the rest of the way through the connecting rod 
and piston (if necessary use a suitable driver to gently tap the wrist pin into 
position, but take great care not to damage the piston, bearing or rod). 

23. lnstall 2 new wristpin retaining rings. 
24. Coat the piston and cylinder bore with clean oil. 
25. Making sure the ring gaps remain aligned with the dowel pin, use a 

piston ring compressor to evenly compress the ring and insert the piston into 
the cylinder bore. Remove the ring compressor as the piston is inserted. 

On small motors such as this one, a proper sized band-type hose 
clamp can be used as a ring compressor. The best type to use is a 
Mercruiser (yes, Mercruiser) exhaust bellows hose clamp, as it contains 
an inner ring on which the outer rings slides to compress it. Typical 
automotive hose clamps will rotate the inner ring, which can rotate the 
piston rings out of alignment (off their dowels). Also, it is often 
possible to install these pistons without a compressor, as the ring 
spring-pressure is not excessive and can usually be compressed by 
finger-pressure during installation. Use care not to cock and damage 
the rings, piston or bore though if this method is used. Take your time 
and oil the components well. 

26. To make sure the rings were not damaged or broken during 
installation, use a screwdriver to lightly press on each ring through the 
exhaust port. The ring should push back against the screwdriver, otherwise it 
is likely that the ring was broken. Stop, remove the piston and check for 
damage. 

27. Position the crankshaft assembly on the cylinder block, rotating the 
bearings so that the locating pins are positioned in the cylinder block 
notches. 

28. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of NEW upper and lower crankshaft seals, as well as the 
NEW upper driveshaft seal. In all cases, install the seals with the lips facing 
downward, toward the gearcase. When installing the driveshaft seal, hold it 
in position and push it squarely into position. 

29. Seat the crankshaft in the crankcase, making sure the thrust washer 
is properly located in the crankcase groove. 

30. Apply a light coating of OMC Gel-Seal II or equivalent to the cylinder 
block half flange. Be sure that the sealant coats the entire flange evenly, but 
be careful not to apply excessive amounts. The sealant must not be applied 
within 114 in. (6mm) of the bearings or the sealant could be forced out from 
between the flanges into contact with the bearings during assembly. 

H Although OMC Gel-Seal II has a shelf life of one year when stored at 
room temperature, buy a new tube if in  doubt. Keep in mind that using 
an old tube of Gel-Seal II could allow crankcase air leaks (leading to 
performance problems). 

31. lnstall the lower crankcase half into position over the crankshaft. 
Apply a light coating of OMC Gel-Seal II or equivalent to the threads of the 
crankcaselcylinder block halve flange bolts. lnstall the bolts and tighten to 
72-1 02 inch Ibs. (8-1 2 Nm) 

32. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a new cylinder head gasket, then install 
the cylinder head and gasket. lnstall the cylinder head bolts dry with no 
lubricant or sealant, then tighten the bolts to 20-21 ft. Ibs. (27-28.5 Nm). 

33. Install the semi-circular (half-moon shaped) water jacket cover to the 
bottom of the powerhead using a new gasket. Tighten the retaining screws 
securely. 

34. lnstall the starter brace to the top of the powerhead and tighten the 2 
mounting bolts securely. * 

35. Connect the recirculation hose to the side of the powerhead and 
secure using the clamp. 

36. lnstall the powerhead and follow the break-in procedure to ensure 
proper operation. 
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POWERHEAD REPAIR AND OVERHAUL 6-1 1 
516 Hp (128cc) CStroke Motors 
Removal & installation 

DERATE 
+ See Figures 18,19 and 20 

1. Remove the engine covers. For details, please refer to Engine 
Covers (Top and Lower Cases) in the Maintenance and Tune-up Section. 

2. Remove the manual rope starter assembly. For details, please refer 
to the Hand Rewind Starter section. 

3. At the front of the motor, remove the spring clip from the slot in the 
shift lever, then lift the shift rod lever. 

4. Also at the front of the motor, remove the cotter pin from the starter 
lockout lever (a black composite component just to the side of the shift 
rodilever assembly from the previous step). Once the cotter pin is removed, 
separate the lever from the pin and disconnect from the lockout cable. 

The lockout cable is released by pressing inward on the sides of the 
cable tangs, then pulling the cable free. 

5. Remove the fuel hose from the cover connector and, remove the 
lower covers completely from the engine. 

6. If the powerhead is being removed for overhaul, tag and disconnect 
all ignition and electrical system components from the powerhead. For 
details please refer to the procedures in the Ignition and Electrical System 
section including procedures for the coil, power pack, charge coil, 
sensoritrigger coil and oil pressure switch. 

7. If the powerhead is being removed for overhaul, remove the fuel 
system components, For details, please refer to the Fuel System section for 
procedures on the carburetor and fuel pump. 

8. Tag and disconnect the valve cover oil mist-to-carburetor recirculation 
hose, overboard coolant indicator hose and the exhaust tube-to-oil sump 
hose. 

9. Remove the retaining bolts (4) securing the tiller control bracket to 
the upper mounts. 

10. Remove the nuts and washers (4) securing the oil sump and 
powerhead to the gearcase midsection and then remove the powerhead and 
oil sump as an assembly. 

11. Refer to Powerhead Disassembly &Assembly in this section for 
further service. Once separated, the cylinder head and/or cylinder block can 
also be disassembled for inspection or overhaul. 

To install: 
12. Thoroughly clean the mating surfaces of the oil sump and 

midsection. 
13. Lower the powerhead carefully into position (placing the oil sump 

over the midsection studs), while aligning the driveshaft and mating surfaces. 
14. Apply a coating of OMC Nut Lock or an equivalent threadlock to the 

stud threads, then install the nuts and lockwashers. Tighten the nuts to 15-17 
ft. Ibs. (20-23 Nm) using a crossing pattern as shown. 

15. Apply a coating of OMC Nut Lock or an equivalent threadlock to the 
threads of the tiller handle bracket, then install the bolts and tighten to 108- 
132 inch Ibs. (12-15 Nm). 

16. Connect the hoses as tagged during removal. Be sure to secure the 
hoses using clamps or wire-ties as applicable. 

17. Install the fuel system components that were removed. For details, 
please refer to the carburetor or fuel pump procedures in the Fuel System 
section. 

18. Install the ignition and electrical components that were removed. For 
details, please refer to the Ignition and Electrical System section. 

\ Thermostat Assy 

/ 

Mesh Screw Reed 

I Relief valve 

I Filter & O-ring Assy 0- 
€I 

*-Gasket 1- Spring 

Fig. 18 Exploded view of the powerhead assembly - 516 hp (128cc) Cstroke motors 
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6-12 POWERHEAD REPAIR AND OVERHAUL 

I Fig. 19 Remove the oil sump-to-gearcase nuts to free the 
powerhead and sump assembly 

I Fig. 20 Tighten the oil sump-to-gearcase nuts using a crossing 
pattern as shown 

19. Install the rope starter assembly as detailed in the hand rewind 
starter section. 

20. Install the lower engine covers. 
21. Refer to the Timing and Synchronization procedures in the General 

Information section, then perform all applicable adjustments. 
22. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components, 

Powerhead Disassemb 

CULT 
+ See Figures 18 and 21 

Although the powerhead houses many components (including the starting, 
fuel and ianition svstems) some of those comoonents were likelv removed 
during p&erhead asseibly removal. This leaves 2 major sub-assemblies, 
the cylinder head and the cylinder block, along with various components for 
other systems (such as the thermostat, oil pump and various tubes or 
housings). Although it is not necessary to remove all of these components to 
separate the cylinder head or cylinder block for further service, we 
recommend that if you've comethis far you consider a complete disassembly 
and insoection of the oowerhead. includina ALL of these comoonents. That is 
what we've provided h terms of a ~ i s a s s & b l ~  &Assembly procedure. If 
access is necessary only to certain components (the cylinder head or the 
cylinder block), use care in determining which steps you will or will not follow. 
Complete Cylinder Head Overhaul and Cylinder Block Overhaul procedures 
are included in this section for disassembly of these assemblies once they've 
been separated. 

Check the cylinder block and cylinder head for excessive warpage before 
installation. It is always a good idea to clean the cylinder block holes with a 
thread chaser, making sure the holes are clean and dry. Even small amounts 
of dirt or debris will adversely affect bolt torque. 

Cylinder head gaskets are installed dry, do not apply sealant, but be sure 
that you always install a NEW gasket. 

1. Remove the powerhead and oil sump assembly from the lower unit 
as detailed under Removal & Installation 

2. Remove the bolts (2) securing the upper engine mounts to the oil 
sump and then remove the mount assemblies. Check the mounts for wear or 
damage and replace, as necessary. 

3. Remove the oil sump-to-powerhead bolts (6) and the exhaust tube- 
to-cylinder head bolts (2). Remove the powerhead assembly from the oil 
sump. 

4. Remove the Philips screws (2) securing the shift linkage assembly 
(consisting of an arm, base, pivot and linkage) to the top of the oil sump. 
Remove the assembly to inspect all components for wear or damage and 
replace, as necessary. 

5. Remove the exhaust tube from aft portion of the oil sump. Remove 
the seal from the tube for inspection and replace, if necessary. Visually 
inspect the tube for corrosion or damage. 

6. Remove the Philips screws (3) securing the exhaust cover to the side 
of the oil sump, then remove the cover and discard the O-ring (a new O-ring 
MUST be used during installation). Visually inspect the exhaust passages for 
damage or excessive corrosion. 

7. Remove the bushing from the water tube, then remove the bolts (3) 
securing the exhaustiwater tube cover. Remove the cover, then remove and 
discard the gasket. 

8. Remove the flange screw retaining the water tube and then remove 
the tube and grommet. Inspect the tube, grommet and sump passages. 
Check the hole near the end of the tube for restriction. If necessary, clean it 
out using solvent or a small length of wire (taking care not to elongate the 
small hole). 

9. Remove the oil pump and filter assembly for cleaning and inspection. 
For detail, please refer to the Lubrication and Cooling section. 

10. Loosen the clamp, then remove the oil pickup tube and screen. 
Clean the assembly in solvent and check for damage. Replace the tube or 
screen if damage is found. 

11. Remove the Philips screws (4) mounting the pressure relief valve 
housing, then remove the housing, spring and valve. Remove and discard 
the gasket, then inspect the valve housing, spring and valve damage or 
excessive wear. 

12. Remove the thermostat assembly for cleaning and inspection. For 
detail, please refer to the Lubrication and Cooling section, 

13. Remove the bolts (4) retaining the intake manifold using multiple 
passes of a crossing pattern. Remove the manifold, then remove and discard 
the gasket. 

14. Remove the timing belt, for details please refer to the procedure in 
this section. 

15. Remove the crankshaft sprocket as follows: 
a. Secure the crankshaft from turning using the OMC Crankshaft Pulley 

Nut removal tool (#342669). The tool is a large hex nut with an internal taper 
and keyway designed to use with a wrench to keep the crankshaft from 
turning. 

b. Loosen the crankshaft sprocket nut using a large adjustable or 
crowfoot wrench. 

c. Remove the tool from the shaft and the key from the keyway, then 
install a 2-jawed puller to loosen and remove the pulleylbelt guide from the 
crankshaft. 

Be sure the puller jaws are positioned under the crankshaft sprocket 
guide for removal. 

16. Remove the bolt and washer securing the camshaft sprocket, then 
remove the sprocket and key from the camshaft. 

17. Remove the bolts (4) securing the breather assembly to the valve 
cover, then remove the cover and discard the O-ring. Remove the screw and 
lockwasher securing the reed and reed stop to the breather plate, then 
remove the reed, stop and plate. Remove the O-ring and mesh breather 
(discard the O-ring and inspect the breather). Replace all O-rings and any 
damaged or worn components. 

18. Loosen the valve cover bolts (4) using a crossing sequence. Start at 
the second highest cover bolt on the cylinder head (the bolt at the small end 
of the breather cover) and end at the top of the valve cover (the bolt in the 
rounded cutout along the top of the breather cover mounting flange). 
Remove the valve cover and discard the O-ring. - 

19. Loosen the cylinder head bolts (4) using a crossing pattern. Start at 
the upper, starboard side bolt and end at the upper port side bolt. Remove 
the cylinder head from the cylinder block, then remove and discard the 
cylinder head gasket. 
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POWERHEAD REPAIR AND OVERHAUL 6-13 
20. As necessary, refer to Cylinder Head Overhaul for details on 

disassembly of the cylinder head and valve train components andlor to 
Cylinder Block Overhaul for details on disassembly for the piston, rings and 
crankshaft assembly. 

To assemble: 
21. Assemble the cylinder head andlor cylinder block, as detailed under 

the overhaul procedures in this section. Be sure to replace all gaskets and 
seals. 

22. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a new cylinder head gasket, then position 
the gasket on the cylinder block. 

23. Apply a light coating of clean engine oil to the cylinder head bolt 
threads. Carefully position the cylinder head to the block, over the gasket, 
then install and finger tighten the bolts. Torque the bolts using multiple 
passes of a crossing pattern (that starts at the upper bolt on the port side 
and ends at the upper bolt on the starboard side) to 18-20 ft. Ibs. (24-27 
Nm). 

24. lnstall the camshaft key with the outer key edge parallel to the 
camshaft centerline (outer edge straight up-and down), then install the 
camshaft sprocket, but do not tighten the retaining bolt fully at this time. 

25. lnstall the crankshaft key (outer edge straight up-and-down, parallel 
to the shaft centerline), then install the belt guide and sprocket. Use a socket 
as a driver to gently tap the sprocket over the crankshaft taper. Position the 
outer belt guide and lock plate. Apply a coating of OMC Nut Lock or 
equivalent threadlock to the nut, then install the crankshaft sprocket nut and 
tighten to 18-20 ft. Ibs. (24-27 Nm) while using the nut tool to hold the shaft 
from turning (as during removal). Keep the tool in position while the camshaft 
pulley bolt is tightened after timing belt installation. 

26. lnstall the timing belt, as detailed in this section. 
27. Once the timing belt is properly positioned and the timing marks are 

properly aligned, remove the bolt from the camshaft sprocket and apply a 
coating of OMC Nut Lock or equivalent thread. Reinstall the bolt and tighten 
to 84-106 inch Ibs. (10-12 Nm). Remove the crankshaft holder tool. 

28. Adjust the valve lash as detailed in the Maintenance and Tune-up 
section. 

29. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to a NEW valve cover O-ring, then position the O-ring in the cover 
groove. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the valve cover bolts, then install the 
cover and finger-tighten the bolts. 

30. Torque the valve cover bolts (4) to 84-106 inch Ibs. (10-12 Nm) using 
multiple passes of a crossing sequence. Start at the top of the valve cover 
(the bolt in the rounded cutout along the top of the breather cover mounting 
flange) and end at the second highest bolt on the cylinder head (the bolt at 
the opposite end of the breather cover). 

31. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to NEW breather plate and cover O-rings, then install the O-rings 
(one in the valve cover and the other in the breather cover). 

32. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 
the threads of the reed stop screw and the breather cover bolts. lnstall the 
reed and stop, then tighten the screw to 15-22 inch Ibs. (1.7-2.5 Nm). lnstall 
the breather cover and tighten the bolts to 36-60 inch Ibs. (4-6 Nm). 

33. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the bolt threads and to both sides of a NEW intake 
manifold gasket. lnstall the manifold and gasket, then tighten the bolts to 84- 
106 inch Ibs. (1 0-1 2 Nm) using multiple passes of a crossing sequence. 

34. If the flush plug and washer was removed, install tighten to 60-84 
inch Ibs. (8-10 Nm). 

35. lnstall the thermostat assembly, as detailed in the Lubrication and 
Cooling section. 

36. Position the oil pressure relief valve spring into the valve, then place 
the valve orifice in the block. 

37. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to a NEW relief valve cover gasket and a light coating of 
OMC Nut Lock, or equivalent threadlock to the threads of the cover screws. 
Install the cover and gasket, then tighten the screws to 36-60 inch Ibs. (4-6 
Nm). 

38. lnstall the oil pickup tube and inlet screen, then secure using the 
spring-type clamp. If the screen was replaced, be sure to use a wire-tie to 
secure the screen to the hose. 

39. Assemble and install the oil pump, as detailed in the Lubrication and 
Cooling section. 

40. lnstall the water tube and grommet into the oil sump. Apply a coating 
of OMC Nut Lock or equivalent threadlock to the tube flange screw, then 

Fig. 21 Powerhead-to-oil sump bolt torque sequence - 516 hp 
(128cc) models 

tighten to 36-60 inch Ibs. (4-6 Nm). Finally, install the bush~ng to the water 
tube. 

41. Apply a liaht coatina of OMC Gasket Sealina Comoound, or 
equivalent'sealant to a NEW exhaustlwater tube coier gasket. Apply a 
coating of OMC Nut Lock or equivalent threadlock to the threads of the cover 
bolts, then install the cover and gasket on the oil sump and tighten the bolts 
to 84-106 inch Ibs. (10-12 Nm). 

42. Apply a light coating of clean engine oil to a NEW exhaust passage 
O-ring. Apply a light coating of 

OMC Nut Lock or equivalent threadlock to the threads of the exhaust 
passage cover screws (3). Install the cover to the side of the oil sump and 
tighten the screws securely. 

43. Using a new seal, install the exhaust tube in position on the 
exhaustiwater tube cover. 

44. Apply a light coating of OMC Nut Lock or equivalent threadlock to the 
threads of the shift linkage screws, then install the assembly and tighten the 
screws securely. 

45. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the new exhaust tube gasket and sump-to-powerhead 
gasket. Position the powerhead on the oil sump. 

46. Apply OMC Ultra Lock or equivalent high-strength threadlock to the 
powerhead-to-sump bolts, then install and tighten to 36-60 inch Ibs. (4-6 Nm) 
using the torque sequence shown. 

47. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the exhaust tube-to-cylinder head screws, then install 
and tighten the screws to 15-17 A. Ibs. (20-23 Nm), 

48. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 
the threads of the upper mount bolts (2), then install the upper engine 
mounts and tighten the bolts to 108-132 inch Ibs. (12-15 Nm). 

49. lnstall the powerhead, as detailed in this section. 

Cylinder Head Overhaul 

+ See Figure 22 
CULT 

Before disassembly, refer to Cleaning and Inspection in this section for 
details on how to perform a Valve Leakage check. If leakage is present or 
there is an obvious defect, the valve train must be disassembled for 
inspection and component replacement. 

Disassembly and repair requires special tools and equipment. If not 
available, bring the cylinder head to a reputable machine shop with 
marine experience. 

Be sure to mark (and make a note, in case the marks come off during 
service) the mounting location and orientation of all cylinder head 
components prior to removal. 

Some JohnsonlEvinrude outboards are equipped with progressive 
rate valve springs (that can only be installed in one direction). Just in 
case your model is too, mark the direction of installation (mark or note 
the side of the spring that faces the cylinder head when installed). 

1. Remove the cylinder head from the powerhead as detailed under 
Powerhead Disassembly &Assembly, in this section. 

2. Mark the rocker arms to ensure installation in their original positions. 
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Fig. 22 Exploded view of the cylinder head assembly - 516 hp 
(128cc) models 

3. If removed, thread the camshaft pulley bolt and washer into the end 
of the camshaft, then use the bolt to turn the camshaft until each rocker arm 
is in the uldoaded position (resting on the base of the camshaft instead of 
the raised lobe). With rocker arm in the unloaded position loosen the valve 
adjustment nut and back off the tappet screw a few of turns to create 
additional valve lash. 

H OMC Tappet Adjustment Tool, #341444 is  available for easy access 
to the tappet adjuster screws. 

4. Slowly and carefully pull the rocker arm shaft from the cylinder head. 
As the shaft is withdrawn, remove each of the rocker arms, spacers and 
springs while noting the positioning of each component. Mark the 
components to ensure assembly in the correct positions. 

5. Remove the camshaft from the cylinder head. 
6. Use either a universal clampllever type valve spring compressor (like 

OMC it.341446) or a screw type compressor, to remove each valve, spring 
and seal: 

a. If using a the OMC tool, place one clamp on the valve face and the 
other on the valve spring cap, then compress the spring just sufficiently to 
remove the keepers from the stem. Remove the keepers from the valve and 
slowly release the spring pressure. 

H Do not compress the spring fully. 

b. Remove the valve compressor tool and remove valve and spring 
from the cylinder head. 

H Keep all valve components together, springs, retainers, keepers and 
valves must not be mixed during installation. 

c. If replacement is necessary (since the manufacturer recommends 
the spring and seal are replaced whenever they are removed), use a pair of 
pliers to grasp and remove the valve seal from the cylinder head. Discard the 
old seal and spring. 

d. If replacement is necessary, remove the valve spring seat from the 
cylinder head. 

e. Repeat for the remaining valve(s). 
7. If it is being replaced (and once again, we must recommend that 

you've come this far, you really should), remove the camshaft seal from the 
cylinder head using a slide hammer and large jaw puller. 

8. Inspect and measure the cylinder head components as described in 
this chapter. 

To assemble: 
9. Install the valves to the cylinder head, as follows: 
a. If removed, install the NEW valve spring seat to the cylinder head 

b. Apply a light coating of engine oil to the NEW valve seal, then press 
it carefully onto the valve guide, making sure it is properly seated. 

c. Apply a light coating of engine oil to the valve stem, then slide it into 
the valve guide. Place the valve fully against the seat, then install the valve 
spring and cap over the valve stem. 

d. Use the valve spring compressor to push downward on the spring, 
just sufficiently to install the valve keepers. Once the keepers are in position, 
slowly release the spring pressure, allowing the cap and keepers to take the 
pressure. Make sure the keepers are properly seated. 

e. Repeat to install the remaining valve. 
10. Apply a light coating of engine oil to the camshaft (lobes and 

journals), then slide the camshaft carefully into the cylinder head. 
11. Apply a light coating of engine oil to the rocker arm shaft, rocker 

arms (bores and faces), spacers, tappet adjusting screws and nuts. 
12. Slide the rocker arm shaft slowly into the cylinder head, installing 

each arm, spacer and spring in the positions markedlnoted during removal. 

H When installing the rocker arm shaft you must align the rocker shaft 
locating pin with the relief in the head. 

H Leave the valve lash adjusters loose until the cylinder head i s  
installed. Be sure that the tappets remain free of contact with the 
valves thereby ensuring that no valve train components can be 
damaged during cylinder head installation and initial engine timing. 

13. If removed, install a new camshaft oil seal. Apply a light coating of 
OMC Gasket Sealing Compound, or equivalent sealant to the seal casing. 
Apply a light coating of engine oil to the seal lips. Position the seal squarely 
over the camshaft and bore (the casing should face upward, away from the 
camshaft). Use a seal driver or a smooth socket that contacts only the seal 
casing to carefully drive the seal until it is flush with the head. 

On some motors, the camshaft sprocket key, if left in place, can 
damage the seal during installation. If necessary, remove and retain the 
key to prevent damage. 

14. Install the cylinder head as detailed under Powerhead Disassembly & 
Assembly, in this section. 

Cylinder Block Overhaul 

O See Figures 8,18 and 23 thru 26 

On 516 hp 4-stroke motors, the crankshaft is mounted through the 
crankcase cover (as opposed to underneath the cover on most larger motors 
and most automotive type inline motors). The piston and connecting rod 
must therefore be removed before the cover can be unbolted and separated 
from the cylinder blockicase. 

The crankshaft for this motor turns on main bearings found in the cover 
and the cylinder block. These bearings should not be removed unless they 
are going to be replaced. Unlike many 4-stroke motors, the connecting rods 
do not utilize bearing inserts, as the rod and cap itself contain machined 
bearing surfaces. Especially for this reason, it is critical that the connecting 
rod and end cap are kept as a matched set, so they are positioned in the 
exact same orientation (facing the same directions) as originally installed. 

H If you ONLY need to access the piston for inspectionlservice, follow 
just the first half of the procedure. Only follow the steps pertaining to 
piston removal. 

1. Remove the powerhead from the gearcase as detailed under 
Removal & Installation, then remove the cylinder head as detailed under 
Powerhead Disassembly & Assembly. 

2. If necessary, remove the dowels and the water deflector from the 
cylinder block-to-head mating surface. 

3. Remove the Philips screws (2) securing the cylinder block access 
plate to the front of the block. Remove the plate, then remove and discard 
the gasket. 

4. Rotate the crankshaft so the rod cap is accessible through the 
opening at the front of the block. 

5. Bend back the retainer tabs, then remove the connecting rod bolts, 
washers, retainer and cap. Discard the retainers and cap bolts (they must be 
replaced anytime they are removed). 
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The piston is removed by pushing on the connecting rod through the 
access hole in the front of the cylinder block. Work slowly and do NOT 
force the piston outward. Also, when pushing, take care not to allow 
the rod to contact the cylinder wall or the cylinderlrod could be 
damaged. 

6. Using a 114 in. (6mm) diameter wooden dowel, gently tap on the rod 
in order to push the piston and rod upward, out of the block. 

I 
Set Bearing Assy 

Seal, crankshaft, Seal, crankshaft 
upper & lower \ @ G w r  

e 
Fig. 23 Exploded view of the crankshaft, piston and main bearing 
assembly - 516 hp (128ccl models 

Fig. 24 The best method for removing wrist 
pins is using a holding block and a drift pin 
(driver) along with a shop press or hammer 
to push the wrist pin from the piston 

The rod and rod end cap are a matched set. Both must be replaced 
if either is damaged. Never substitute an end cap from a different 
connecting rod. 

7. Matchmark the connecting rod to the piston to ensure installation with 
the same alignment. 

8. Use a universal piston ring expander to remove the piston rings. 
Discard all the rings, they should not be reused. 

9. Use a pair of needle nose pliers modified as illustrated to remove the 
wrist pin retaining rings from the piston. 

The wrist pin-to-piston boss fit is loose on both sides, therefore little 
or no force should not be necessary to remove the wrist pin. 

10. Use a driver that is slightly smaller than the wrist pin (like the OMC 
Wrist Pin Removerllnstaller #342657) to carefully tap the wrist pin from the 
piston. 

Stop here if ONLY the piston is being serviced. Refer to Cleaning & 
Inspection in this section for piston and cylinder bore inspection 
procedures. 

11. Remove the six crankcase cover-to-cylinder block screws using a 
star-crossing pattern. If not done during flywheel removal, remove the key 
from the crankshaft. 

12. Tap around the cover using a rubber or plastic mallet to help loosen 
the seal and then gently pry upward on the cover (simultaneously at bosses 
on each side using two small prybars). Gently break the gasket seal and 
remove the cover and crankshaft assembly from the block. 

If necessary, you can tap gently on the bottom end of the crankshaft 
using a plastic or rubber mallet to help separate the crankshaft and 
cover assembly from the block. 

13. Remove the crankshaft from the cover. 

The cover and block bearings andlor seals should not be removed 
unless they are to be replaced. The seals can be removed 
independently of the bearings if the bearings are in good condition, but 
seal replacement is necessary or desired. 

14. If necessary, remove the seal and bearing from the cover. Use a 
slide hammer and large jawed internal puller (a puller that attaches to the 
seal lipslcasing from within the seal) to remove the seal. To remove the 
bearing, invert the cover and support it with the top (outside of the cover) 
facing down on a 1 318 in. (35mm) socket. Use a shop press and a 13116 in. 
(21mm) socket as a driver to gently press the bearing free of the cover. 

15. Remove the thrust washer from the inside the center back of the 
1 block. 

Fig. 25 If the wrist pin does not have an 
interference fit, you can support the piston 
on your legs with a shop cloth when 
carefully tapping the wrist pin free of the 
piston bore 

Fig. 26 Piston ring gap positioning - (A) 
segmented rings, (B) middle compression 
ring, (C) segmented ring and (D) top 
comoression rina 
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16. If necessary, remove and replace any loose or damaged dowel pins. 
17. If necessary, remove the seal and bearing from the block in the same 

manner as the cover seal and bearing (with the exception that the block 
does not need to be supported on a 1 318 in. (35mm) socket). When 
pressing the bearing out, invert the block and rest it on the cover mating 
surface. 

18. Check the crankshaft sleeve. If damaged, replace it using a slide 
hammer and a small-jawed puller. 

19. Refer to Cleaning & Inspection for details concerning cylinder block, 
piston and crankshaft inspection. Don't forget to visually inspect the block 
mating surface and dowel pins for damage (replace any loose or damaged 
pins). Also, remember to check all bearing surfaces for signs of excessive 
wear or damage. The oil pressure sender hole must be free of dirt or debris. 

To assemble: 
20. Apply a light coating of clean engine oil (or assembly lube) to the 

wrist pin and bore in the side of the piston. 
21. Align the matchmarks made on the piston and connecting rod 

removal, then, since the wrist pin should be a loose fit in the piston, insert 
the wrist pin by hand and push it through the piston into the connecting rod. 

22. Secure the wrist pin in the piston using the retaining ring. Place the 
ring in the end groove, then snap it into position using your finger. Turn the 
ring in the groove until the gap faces directly away (180" opposite) the semi- 
circular relief in the wrist pin bore. 

Apply a light coating of clean engine oil or assembly lube to each 
ring in order to help ease installation. 

23. lnstall the oil control ring assembly. Position the segmented ring into 
the bottom groove first, then insert the end of the first scraper ring under the 
segmented ring. Work carefully around the piston until the scraper ring is 
seated. Finally, insert the second scraper ring on top of the segmented ring 
and work around the piston to seat it. 

24. Position the scraper ring end gaps each at 45" from each end of the 
wrist pin (the wrist pin is represented as a dotted line in the accompanying 
illustration). Make sure the segmented ring gap is at least 45 degrees from 
the wrist pin centerline, but on the opposite side of the piston and wrist pin 
centerline from the scraper ring gaps. 

25. lnstall the middle ring into the middle piston ring groove with the 
number 2 stamp facing upwards and the white painted mark to the right side 
of the gap. Position the middle ring gap directly between the 2 scraper ring 
gaps (90" from the wrist pin centerline). Refer to the accompanying 
illustration for clarification. 

26. lnstall the top ring in the top piston groove with the stamped R facing 
up and with the orange paint mark to the right side of the gap. Position the 
top ring gap directly opposite the middle compression ring (in the same 
general area of the segmented ring gap, but more precisely 90" from the 
wrist pin centerline). Again, refer to the illustration for details. 

27. If removed, lubricate and install the bearing to the cylinder block 
andlor cover. Support the block or cover in a suitable shop press and then 
apply a light coating of clean engine oil or assembly lube to the bearing. 
Place the bearing in position over the bore, aligning the bearing tab with the 
slot, then use OMC # I  1531 1 or an equivalent sized driver to slowly press the 
bearing into the bore. When installing the block bearing, stop pressing when 
the bearing is inserted about halfway, then substitute a 718 in. (22mm) socket 
to finish pressing the bearing into position. 

When installing the cylinder block bearing using the 718 in. (22mm) 
socket, take care to make sure the socket does not contact and 
damage the locating pin for the thrust bushing. 

28. Apply a light coating of clean engine oil or assembly lube to the 
cylinder wall, an expandable ring compressor and the piston. 

29. Verify the ring gaps are still in position, then secure the piston in the 
ring compressor. Tighten the compressor just sufficiently to push the rings 
into the grooves, but do not over-tighten it as the piston must still be free to 
slide into the bore. 

30. Position the piston over the bore with the stamped arrow on the 
piston dome and the raised dot on the bottom end of the connecting rod both 
facincl the flvwheel side of the motor. Use a wooden dowel or wooden 
hammer haidle to gently tap the piston down through the ring compressor 
and into the cylinder bore. 

When tapping the piston into position MAKE SURE the connecting rod 
does not contact and damage the cylinder walls. 

31. If removed, install a new crankshaft sleeve to the crankshaft OMC 
Crankshaft Sleeve Installer (#342657), or equivalent sized driver. Be sure to 
fully seat the sleeve and then apply a coating of OMC Moly Lube or 
equivalent assembly lube to the seal. 

32. lnstall and seat the thrust washer in the bottom of the block, making 
sure the slot in the bottom of the washer aligns with the block locating pin. 

Position the piston with the crown just SLIGHTLY above the cylinder 
deck (making sure the rings remain in the bore) to provide clearance 
for crankshaft installation. 

33. Apply a light coating of clean engine oil or assembly lube to the 
thrust washer and bearing, along with the crankshaft main and rod bearing 
journals. Inset the crankshaft carefully into the block. 

34. Apply a light coating of clean engine oil or assembly lube to the 
connecting rod and cap bearing surfaces. lnstall the cap to the connecting 
rod with the raised dot facing the flywheel (this should align any other marks 
made during removal). 

35. Secure the connecting rod cap using NEW rod bolts and a NEW 
retainer. Tighten the bolts gradually (back and forth in stages) to 96-108 inch 
Ibs. (11-12 Nm). Bend the retainer tabs up onto the bolt hex heads to lock 
them in position. 

USE A TORQUE WRENCH when tightening the connecting rod cap 
bolts. Over-tightening these bolts will lead to cap distortion and 
bearing failure. 

36. Apply a light coating of OMC Gel-Seal II or equivalent to the cylinder 
block and cover mating surfaces, then install the cover over the cylinder 
block and crankshaft. 

37. Apply a light coating of engine oil to the cover bolt threads, then 
install and tighten the bolts to 15-17 ft. Ibs. (20-23 Nm) using multiple passes 
of a star (crossing) sequence. 

Although OMC Gel-Seal II has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. 

38. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of the NEW block access plate gasket and a 
light coating of OMC Nut Lock, or equivalent threadlock to the threads of the 
access plate cover screws. lnstall the access plate and gasket, then securely 
tighten the 2 Philips screws. 

39. If removed, install a new upper or lower crankshaft seal to the cover 
or cylinder block, respectively. Apply a light coating of OMC Gasket Sealing 
Compound, or equivalent sealant to the outer diameter of the seal casing. 
Also, apply a light coating of clean engine oil or assembly lube to the seal 
lips. Position the seal over the shaft and into the bore, then use OMC 
Crankshaft Seal Installer #342215 (or equivalent driver with a large enough 
bore not to contact or damage the crankshaft) and a 1 in. (25mm) deep 
socket to gently tap the seal until it seats in the bore. 

When installing the upper (cover) crankshaft seal, make sure the 
crankshaft key is removed from the keyway. Immediately place the key 
back into the keyway after seal installation or place it with the sprocket 
so it will not be forgotten or lost during sprocket installation. 

40. If removed, install the dowels and the water deflector to the cylinder 
block mating surface. 

41. Assemble and install the powerhead, as detailed in the Powerhead 
Disassembly &Assembly and the Powerhead Removal & Installation 
procedures in this section. 

42. Refer to Break-In in this section for details on how to ensure proper 
break-in of the new powerhead components. 

314 Hp and 4 Deluxe (87cc), and 51618 Hp (164cc) Motors 
+ See Figures 27,28 and 29 

Removal & lnstallation 
DERATE + See Figures 27,28 and 29 

1. Remove the engine top cover and, although not absolutely necessary 
on some smaller models, remove the front and rear lower covers for 
additional access. For details, please refer to Engine Covers (Top and Lower 
Cases) in the Maintenance and Tune-up Section. 

- www.instant-manuals.com -



POWERHEAD REPAIR AND OVERHAUL 6-17 
2. For 4-Deluxe models, remove the low speed knob and choke knobs. 
3. Remove the manual rope starter assembly. For details, please refer 

to the Hand Rewind Starter section. 
4. On models equipped with an integral fuel tank, remove the tank from 

the engine. For details, please refer to the Fuel System section. 
5. If necessary for service (or desired to prevent possible damage) 

remove the carburetor. For details, please refer to the Fuel System section. 
6. Remove the flywheel, as detailed in this section. 
7. Remove the ignition coil and related ignition components. For details, 

please refer to the Ignition and Electrical Systems Section. 
8. On 314 hp (87cc) motors, except on 4-Deluxe models, remove the 2 

screws securing the shield to the midsection, then remove the shield. 
9. Remove the 5 (some 1990 models) or 6 (most models) bolts from 

underneath the powerhead-to-gearcase flange (there should be 3 on each 
side of the motor, one forward, one aft and one toward the center of each 
side). 

10. Remove the powerhead by carefully lifting it straight upward and off 
the exhaust housingllower unit. If the powerhead is stuck, pry carefully along 
the edges and use a rubber mallet to help break the gasket seal and 
corrosive adhesion. 

11. On 314 hp (87cc) motors, except on 4-Deluxe models, remove and 
discard the gasket from the mating surfaces. 

12. On 4-Deluxe models, remove the bolts (4) attaching the inner 
exhaust housing to the powerhead. Remove the inner exhaust housing from 
the powerhead, then remove and discard the gasket. The water tube on 
these models is held in place by a retainer from the inside of the inner 
housing. If necessary, the retainer can be removed to free the water tube. 

13. On 51618 hp (164cc) models, remove the bolts (3) attaching the 
exhaust housing to the inner exhaust housing. Check the condition of the 
upper water tube grommet and remove the adapter plate. Finally, remove the 
bolts securing the inner exhaust housing to the powerhead, then remove the 
inner exhaust housing and removeldiscard the gasket. 

- 
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Fig. 27 Exploded view of the powerhead cylinder block and crankcase assembly - 314 hp (87cc) motors 
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Fig. 28 Exploded view of the powerhead cylinder block and crankcase assembly - 51618 hp (1644cc) motors 
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Fig. 29 Exploded view of the piston and crankshaft assembly - 314 
hp and 4 Deluxe (87cc) motors and 51618 hp (164cc) motors 

To install: 
14. On 4-Deluxe and 51618 hp (1 64cc) models, proceed as follows to 

prepare the powerhead for installation: 
a. If removed, apply a light coating of OMC Triple-Guard, or equivalent 

marine grease to the water tube grommet, then install the water tube and 
grommet to the inner exhaust tube. 

b. lnstall the inner exhaust tube to the powerhead using a new gasket 
(do not apply sealant to the gasket). Then install and tighten the bolts to 60- 
84 inch Ibs. (7-9 Nm) starting from the center and working outward. 

15, On 4-Deluxe models only, proceed as follows: 
a. For ease of installation and to prevent, remove the gearcase from 

the exhaust housing. For details, refer to the Lower Unit section. 
b. Apply a light coating of OMC Triple-Guard, or equivalent marine 

grease to the end of the water tube, then install the powerhead to the 
exhaust housing. lnstall and tighten the bolts to 60-84 inch Ibs. (7-9 Nm) 
starting at the center and working outward. 

16. Apply a light coating of OMC Moly Lube or equivalent to the 
driveshaft splines. 

R DO NOT coat the end of the driveshaft with grease, as this could 
prevent the driveshaft from seating properly in the crankshaft. 

17. Except for 4-Deluxe models, position a new gasket on the exhaust 
housing, then carefully lower the powerhead into position, aligning the 
crankshaft and driveshaft splines as the assembly is seated. 

18. On 4-Deluxe models, install the gearcase to the exhaust housing, 
aligning the driveshafticrankshaft splines and making sure that the water 
tube enters the water pump grommet. 

19. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the powerhead retaining bolts, then 
install and tighten the bolts to 60-84 inch Ibs. (7-9 Nm). 

20. For 51618 hp (164cc) models, install the 3 inner exhaust housing-to- 
exhaust housing bolts. 

21, lnstall the ignition coil and ignition components that were removed 
from the powerhead. 

22. lnstall the carburetor, if removed for service or for safety during 
powerhead removal. 

23. If equipped, install the integral fuel tank assembly. 
24. lnstall the hand rewind starter. Tighten the retaining screws to 60-84 

inch Ibs. (7-9 Nm). 
25. lnstall the top and, if removed, lower, engine covers. 
26. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Disassembly & Assemb 

ULT 
+ See Figures 8,24, and 27 thru 41 

To simplify assembly, remember to layout all bolts, components and 
clamps in the order of removal. This is especially true for the wiring 
harness and related clamps. Matchmark all component assemblies 
such as pistons, connecting rods to ensure installation of the correct 
pairs and installation in the correct orientation. Most of all, take your 
time. 

1. Remove the powerhead from the lower unit as detailed under 
Removal & Installation. 

2. If not removed to prevent the possibility of damage to it during 
powerhead removal, remove the carburetor. For details, refer to the 
procedure under the Fuel System section. 

3. On 51618 hp (164cc) motors, if only the lower crankshaft seal requires 
replacement, use a punch to carefully puncture and pry the seal from the 
powerhead. Be very careful not to contact and damage the crankshaft or the 
powerhead sealing surfaces. 

4. Remove the bolts (2) and remove the intake manifold from the 
crankcase. 

5. There are usually 2 bolts securing the leaf plate (reed valve plate) to 
the crankcase, remove the bolts and remove the plate. 

W Do not bend and leaf valves by hand as this could damage them so 
they either do not seal properly at best, or at worst, will break off 
during service. Do not disassemble the leaf plate unless some portion 
of the plate and valve assemblies is corroded or damaged and requires 
replacement. 

6. Inspect the leaf plate and, if necessary, disassemble it as follows: 
a. Visually check for obvious signs of distortion on the plate. Inspect 

the valve tips for signs of cracks, chips or other obvious damage. Make sure 
the valve tips are not distorted or loose. Make sure the leaf stops are not 
distorted or loose. If there are any obvious defects, that component must be 
replaced. 

Fig. 30 Before removal, label the tops of the pistons to identify the 
Top and Bottom (or No. 1 and No. 2 pistons) 
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POWERHEAD REPAIR AND OVERHAUL 6-19 
b. Use a machinst's straightedge and a feeler gauge to check the leaf 

plate for distortion. Lay the straightedge across the plate only (not the leaf 
valves) at various points, then see if a 0.003 in. (0.08mm) or large feeler 
gauge can be inserted underneath the straightedge at any point. If it does, 
the plate is warped and must be replaced. 

c. Visually inspect the check valve on the plate for damage or 
corrosion. 

d. Visually check all gasket surfaces to make sure they are smooth and 
free of ncks. If necessary, a gasket surface may be dressed to smooth 
shallow nicks using a fine emery cloth. 

e. Use the straightedge and feeler gauge to check for warpage across 
each of the gasket surfaces. Check at the center of the straightedge to make 
sure a 0.003 in. (0.08mm) or large feeler gauge cannot be inserted 
underneath the straightedge. 

f. If disassembly is necessary, matchmark the leaf valves to their stops, 
then remove the screws and then separate the leaf valves from the plate. If 
they are be~ng reused, do not allow the leaves and stops to become 
m~smatched 

7 For 51618 hp (164cc) motors, remove the thermostat cap and 
components from the powerhead For deta~ls, please refer to the thermostat 
procedures In the Lubrcat~on and Cool~ng sectlon 

8 Loosen the cyllnder bolts (6), then remove the cyl~nder head and 
d~scard the old gasket 

9 Use a permanent marker to label the No 1 and No 2 plstons (or T 
for Top and B for bottom, as des~red) 

10 On the s~de of the cyllnder block, loosen the bolts (usually 9 on 314 
hp motors or 6 on 51618 hp motors, but check In case your motor vanes), 
then remove the exhaust cover Remove and d~scard the gasket from the 
matlng surface 

If the exhaust cover is stuck on the side of the powerhead, gently 
tap around the edges using a rubber or plastic mallet to help break the 
gasket seal. 

Fig. 31 You can fabricate a crankcase taper pin tool using a piece 
of 1 118 in. (28mm) wide x 112 in. (13mm) thick cold roll steel 

Fig. 32 On models equipped with a taper 
pin, drive the pin from the bore in the 
crankcase 

11. On 51618 hp motors, remove the inner exhaust cover. Remove and 
discard the gasket from the mating surface. 

12. On 314 hp and 4 Deluxe models, remove the bolts (usually 4), then 
remove the round lower crankcase head from the bottom of the powerhead. 
Remove the seal from the crankcase bore (under the lower head mounting 
point) 

13. Use a pair of snapring pliers to remove the lower crankshaft retaining 
ring. 

14. Either use a fabricated taper pin tool (as shown in the accompanying 
illustration) to carefully push the crankcase taper pin toward the intake 
manifold surface or use a punch with a diameter larger than the pin. The 
taper pin can be accessed at the lower portion of the flywheel end of the 
crankcase (on 314 hp and 4 Deluxe models, it is found just below the 
flywheel end of the exhaust cover mounting area if the cylinder bores are 
facing upward. On 51618 hp models the pin is visible in a boss on the exhaust 
cover side of the crankcase. 

NEVER use a tool smaller than the taper pin bore to remove the pin or 
damage could occur. 

15. Remove the main crankcase-to-cylinder block bolts (6) along with the 
flange bolts (4). For installation purposes (since bolts are of different 
lengths), arrange the bolts in holes punched into a cardboard box resembling 
the bolt pattern from which they were removed. 

16. Loosely install the cylinder head back on the cylinder bore to keep 
the pistons from falling out as the crankshaft is removed. 

17. Rotate the powerhead so the intake manifold surface is facing 
upward, then use a plastic or rubber mallet to tap upward on the exposed 
portion of the crankshaft (at a 90" angle to the shaft). Tap lightly until the 
crankcase half just starts to separate from the cylinder block half. Lift and 
remove the crankcase from the bottom of the cylinder block (exposing the , .  - 
crankshaft). 

18. Remove the center main bearing liner, then collect and retain the 30 
(314 hp and 4 Deluxe) or 23 (51618 hp) needle bearings. 

Keep in mind that all wear parts (such as pistons, connecting rods 
and needle bearings) MUST be installed in their original positions (and 
with the same orientations) if they are to be reused. Mark each 
component with a permanent marker to ensure proper assembly. 

19. Matchmark and remove the connecting rod caps along with the 
connecting rod cap bearings. 

20. Lift the crankshaft assembly carefully out of the cylinder block. 
21. Once the crankshaft has been removed, position the connecting rod 

caps and cap bearings back onto the rods. Be sure to position them 
precisely as marked and noted before removal. This will help ensure no 
parts or lost or inadvertently mixed. Install the cap bolts finger-tight to secure 
the caps. 

If the powerhead is on a workbench instead of an engine stand, 
position the powerhead securely on one end for the next step. 

22. Rotate the powerhead until the cylinder head is facing upward, then 
remove the cylinder head again. Remove each of the pistons from the 
cylinder bore by pushing upward on the connecting rod from underneath. 

Fig. 33 When removing the wrist pin, take 
care not to loose the needle bearings (they 
are loose on some models) 

Fig. 34 If directed, use a shouldered driver 
to install the wrist pin retaining ring inside 
one wrist pin bore 
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6-20 POWERHEAD REPAIR AND OVERHAUL 

DO NOT allow the connecting rods to contact and damage the cylinder 
walls or the insides of the piston skirts during removal. 

23. Disassemble the crankshaft further for inspection and component 
replacement, as follows: 

a. Remove the seal ring from the center of the crankshaft. 
b. Remove the upper crankshaft seal and main bearing from the 

crankshaft. 
c. Remove the lower crankshaft seal (if not done already on 51618 hp 

motors). 
d. ONLY remove the lower crankshaft bearing if it requires 

replacement. 
e. Visually inspect the crankshaft seallsleeve assembly for signs of 

wear or damage. If replacement is necessary use a grind or cutting tool to 
carefully cut the sleeve free of the shaft. 

Take EXTREME care when grinding or cutting the old crankshaft 
seallsleeve assembly. DO NOT nick, mark, scratch or otherwise bugger- 
up your crankshaft. 

24 Disassemble each plston for further lnspectlon and component 
replacement, as follows 

a Use a un~versal rrng expander to remove the rlngs from the plstons 
If the rlngs are to be reused, mark them and keep them In sets to ensure 
lnstallatlon In the origmal locat~ons and posltlons 

We've said it before. We know there will be some circumstances that 
will prompt people to reuse rings, but for the most part, if you've come 
THIS far, it is probably a good idea to bite the bullet and replace the 
rings to ensure long-lasting performance from the powerhead. 

Fig. 35 Use a universal ring expander to 
spread the rings JUST enough to slip over 
the piston 

Fig. 38 On smaller motors, finger pressure 
can usually be used to compress the rings 
during assembly. . . 

b. Using a pair of needle-nosed pliers (regular pliers may work on 
some 314 hp or 4 Deluxe models, otherwise use a pair that's been modified 
as shown in the accompanying illustration), remove the wrist pin retaining 
rings. Discard the old retaining rings. 

H A piston cradle can be fabricated from a large block of wood. The 
important design features of the cradle are that it is semi-circular on 
top to hold (or cradle, get it?) the piston and that there is a bore at the 
bottom center into which the wrist pin can be pressed. The final 
important feature of the cradle is that it is STURDY to withstand the 
force of the shop press and the wrist pin fit. 

c. On 51618 hp motors the pistons must be heated in an oven or an oil 
bath to 200-400°F (93-204°C) in order to remove the wrist pins. Use great 
care and suitable protection (in the form of multiple oven mitts and possibly a 
soft-jawed tool such as slip-joint pliers) when handling the heated pistons. 

DO NOT use a torch to heat the pistons for wrist pin removal as 
uneven heating can cause unequal expansion and contraction rates, 
damaging the pistons. 

d. Position the piston in a suitable piston cradle. On 314 hp and 4 
Deluxe motors, be sure to position it with the side of the piston marked L for 
loose facing upward. 

On 314 hp and 4 Deluxe models, look under the piston skirt at the 2 
wrist pin bosses to identify the side marked L for loose. The mark 
should be stamped on one of the 2 bosses. 

e. Usina a suitable drift pin (like OMC #326624 for 314 hp and 4 Deluxe 
models or #%3141 for 51618 hp motors) and shop press to slowly and 
smoothly drive the wrist pin free of the piston bore. If the OMC tool is not 
available, be sure to use a drift pin that is just slightly smaller than the 
diameter of the wrist pin itself. 

Fig. 36 JohnsonlEvinrude 2-stroke piston 
ring grooves are equipped with dowels on 
which to align the ring gaps 

Fig. 39 . . .if not, a suitably sized band-type 
hose clamp (such as a Mercruiser exhaust 
bellows clamp) can substitute for a ring 
compressor on 2-stroke motors 

Fig. 37 When installing the pistons on 2- 
stroke motors, be sure the curved intake 
side faces the intake port 

Fig. 40 Gently tap the piston into position, 
through the ring compressor (or hose 
clamp, shown) 
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On 314 hp and 4 Deluxe motors, as the wrist pin is removed from the 

piston you must retain the 21 loose needle bearings and the 2 thrust 
washers from the connecting rod bore. If you can, stop pressing once 
the wrist pin JUST clears the bottom of the connecting rod bore. Then 
carefully withdraw the rod along with the needle bearings (place a thin 
bladed tool like a putty knife or your finger under the rod hole as it is 
pulled free of the piston borelwrist pin). 

25. Refer to the information found under Cleaning & Inspection, in this 
section for details on inspecting the powerhead components to determine 
which should be replaced and to prepare the ones that are being reused for 
assembly. 

To assemble: 

During assembly, take your time and NEVER force a component unless 
a shop Dress or drive tool is s~ecificallv reauired bv the procedure. . . . . . . 

Lightly coat all components (except those that are coated with 
sealant) with clean, fresh JohnsonlEvinrude Outboard Lubricant or 
equivalent oil during assembly. Always replace all gaskets, O-rings and 
seals. 

26. On 314 hp and 4 Deluxe motors, make sure the water deflector is in 
position around the tops of the cylinder bores on the cylinder block-to-head 
mating surface. 

27. If disassembled for inspection andlor component replacement, 
assemble each piston as follows: 

When using a driver to install the wrist pin bearings it MUST contact 
the full diameter of the outer bearing cage. 

a. On 51618 hp motors if removed, use a suitable driver such as OMC 
Bearing Fiemoverllnstaller #327645 or an equivalent driver to install the wrist 
oin bearinas into the wrist oin end of the connectina rod. Make sure the oil 
hole in thebearing aligns h t h  the oil hole on the eid of the wrist pin. Apply a 
light coating of engine oil or assembly lube to the bearing and wrist pin bore 
before installation. 

b. On 51618 hp motors the pistons must be heated in an oven or an oil 
bath to 200-400°F (93-204°C) in order to install the wrist pins. Use great care 
and suitable protection (in the form of multiple oven mitts and possibly a soft- 
jawed tool such as slip-joint pliers) when handling the heated pistons. Before 
heating the pistons, install a new snapring in the far end of the wrist pin bore 
from where the pin will be inserted. Make sure the snapring fully seats in the 
groove (the recommended method of installation is to use a shouldered 
driver such as OMC cone 333142 and 333141). 

c. Apply a light coating of clean engine oil or assembly lube to the wrist 
pin and the pin bore in the piston. 

d. Support the piston in the shop press piston cradle, again with the 
marked loose (L) side facing upward for 314 hp and 4 Deluxe models. Use 
the same drift pin or wrist pin tool to slowly start pressing the wrist pin into 
the piston bore. Stop pressing when the pin appears at the first opening for 
the connecting rod. 

e. For 314 hp and 4 Deluxe models, assemble the 21 needle bearings 
into position in the connecting rod end, using OMC Needle Bearing 
Assembly grease (or equivalent) to hold them in position. 

f. Place one washer over the slightly exposed head of the wrist pin and 
position the connecting rod so the opening aligns with the pin. Continue 
pressing the pin slowly through the connecting rod, until the wrist pin 
appears at the other end of the piston, but this time, don't let it come out far 
enough to be exposed yet. Use a pair of needle-nose pliers to hold the 
second thrust washer in the small clearance between the second wrist pin 
bore and the connecting rod, then slowly finish pressing the wrist pin through 
the connecting rod, thrust washer and second pin bore on the piston. 

g. Install the wrist pin retaining rings (or the remaining ring on 51618 hp 
motors). 

h. On 51618 hp motors, check the piston using a micrometer to ensure it 
has not become distorted during assembly. Measure the piston at 2 points, 
90" apart from each other, approximately 118 - 114 in. (3-6mm) above the 
bottom edge of the piston skirt. The piston is considered non-serviceable 
(out-of-round) if the difference between the 2 measurements is 0.002 in. 
(0.05mm). 

i. Use a ring expander to install the pistons rings on each piston. Each 
piston ring groove should contain a dowel pin, around which the ring gap 
must be situated. If not the rings will likely break during installation (or if by 
they don't by some miracle, during the first start-up). 

When using the ring expander, spread each ring JUST enough to 
slip over the piston. 

28, Install each piston as follows: 
a. Apply a light coating of clean engine oil or assembly lube to the 

piston and piston bore. 
b. Use a suitable ring compressor or a band-type clamp to evenly 

compress the rings (oiling the inside of the compressor or clamp will also 
help ease installation). Make sure the rings are still properly positioned with 
the gaps over the dowels. 

On small motors such as this one, a proper sized band-type hose 
clamp can be used as a ring compressor. The best type to use is a 
Mercruiser (yes, Mercruiser) exhaust bellows hose clamp, as it contains 
an inner ring on which the outer rings slides to compress it. Typical 
automotive hose clamps will rotate the inner ring, which can rotate the 
piston rings out of alignment (off their dowels). Also, i t is often 
possible to install these pistons without a compressor, as the ring 
spring-pressure is not excessive and can usually be compressed by 
finger-pressure during installation. Use care not to cock and damage 
the rings, piston or bore though if this method is used. Take your time 
and oil the components well. 

c. Start the piston into the bore with the deflector side of the piston 
(circular sharp edge) facing the intake port side of the cylinder block. 

d. Slowly insert the piston, making sure the connecting rod does not 
strike and damage the piston skirt, or the strikelscrape and damage the 
cylinder wall. If the piston hangs up on a ring, don't force it, push the piston 
back upward and remove the compressor to check for potential problems, 
such as a ring that has shifted the gap away from the dowel. 

29. Once the pistons are installed in the bores, temporarily install the 
cylinder head again to keep them from falling out. 

30. If disassembled, reassemble the crankshaft as follows: 
a. If removed, lubricate a new crankshaft seallsleeve using isopropyl 

alcohol, then sumort the crankshaft in a shoo Dress between the 2 lower 
counte&eights and carefully press the seallsleeve into position. 

b. If removed, oil a new lower main bearing, then support the 
crankshaft in a shop press between the 2 lower counterweights and carefully 
press the bearing into position. Install the retaining ring with the flat side 
facing outward. 

c. Apply a light coating of clean engine oil or assembly lube to the 
upper main bearing, then install the bearing to the shaft with the lettered side 
facing downward (toward the shaft). 

d. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the casing (outer diameter) of a new upper main 
bearing seal, then install the seal on top of the crankshaft with the lip facing 
downward. 

e. Install a new seal ring to the center of the crankshaft assembly. 

If the connecting rod end-caps were reinstalled to prevent loss, 
make sure they are matchmarked, then remove them so the crankshaft 
assembly can be installed. Position them aside ensuring that they will 
not be mixed-up during assembly. 

31. For 314 hp and 4 Deluxe models, install the crankshaft and center 
main needle bearing assembly, as follows: 

a. Place the main bearing liner half that contains the hole into the 
cylinder block journal. 

b. Apply a light coating of OMC Needle Bearing Assembly Grease, or 
eauivalent to the 30 needle bearinas for the main bearina liner. Position 14 of 
those needles in the main bearingliner half which you installed in the 
cylinder block during the previous step. 

c. Apply a light coating of clean engine oil or assembly lube to the 
crankshaft, then install the crankshaft into the block, taking care not to 
displace the 14 needle bearings in the main bearing liner half. 

When placing the crankshaft into the cylinder block, make sure the 
upper main bearing dowel aligns with the crankcase recess. * 

32. For 51618 hp models, install the crankshaft and center mail needle 
bearing assembly, as follows: 

a. Apply a light coating of OMC Needle Bearing Assembly Grease, or 
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equivalent to the 23 needle bearings for the main bearing liner. Position the 
needles around the center main journal on the crankshaft, then position 
sleeves around the bearirigs. The retaining ring end of the sleeves should 
face away from the flywheel. Use the retaining ring to secure the sleeves. 

b. Apply a light coating of clean engine oil or assembly lube to the 
crankshaft, then install the crankshaft into the block with the seal ring gap 
facing upward and while aligning the upper main bearing dowel with the 
crankshaft recess. Also, align the center main bearing dowel pin hole with 
the pin in the cylinder block. 

33. Move the pistons toward the crankshaft. Secure each connecting rod 
to the crankshaft by placing one connecting rod bearing half in the 
connecting rod journal and the other in rod cap journal. Seat the rod journals 
against the crankpins, then align the matchmarks and install the caps. Oil 
and install the connecting rod cap bolts, Tighten the bolts in multiple passes 
to 60-70 inch Ibs, (7-7.5 Nm). 

34. For 314 hp and 4 Deluxe motors, place the balance of the 30 needles 
for the crankshaft main bearing (there should be 16 left) onto the center main 
bearing journal. Cover the needles using the other bearing liner half, aligning 
the dovetails. 

35. Clean and degrease the mating flange of the crankcase and cylinder 
block halves using OMC Cleaning Solvent, or an equivalent solvent. Allow 
the flanges to air dry. 

36. Apply a light coating of OMC Locquic Primer or equivalent to the 
mating flange of the crankcase half and allow it to air dry. 

37. Apply a light coating of OMC Gel-Seal II or equivalent to the cylinder 
block half flange. Be sure that the sealant coats the entire flange evenly, but 
be careful not to apply excessive amounts. The sealant must not be applied 
within 114 in. (6mm) of the bearings or the sealant could be forced out from 
between the flanges into contact with the bearings during assembly. 

Although OMC Gel-Seal II has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. Keep in  mind that using 
an old tube of Gel-Seal II could allow crankcase air leaks (leading to 
performance problems). 

38. Carefully lower the crankcase half into place over the cylinder block 
half. 

39. Apply a light coating of OMC Gel-Seal I1 or equivalent to the threads 
of the 6 crankcase-to-cylinder block (main bearing) bolts, then install and 
finger-tighten the bolts. 

40. Once the crankcase if fully seated on the cylinder block, install the 
crankcase taper pin and make sure it seats fully. Use a plastic or rubber 
mallet to gently tap the bottom of the crankshaft to fully seat the lower main 
bearing. 

41. Tighten the 6 crankcase-to-cylinder block (main bearing) bolts using 
multiple passes starting with the center bolts and working outward in a spiral 
pattern. Torque them to 60-84 inch Ibs. (7-9 Nm) for 314 hp and 4 Deluxe 
motors, or to 144-168 inch Ibs. (16-19 Nm) for 51618 hp motors. 

42. lnstall and tighten the 4 flange bolts to 60-84 inch Ibs. (7-9 Nm). 
43. lnstall the lower bearing retaining ring to the powerhead with the 

beveled edge facing outward. Also, make sure the retaining ring gap is 
centered around the oil hole in the front of the crankcase. 

44. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the casing (outer diameter) of a NEW lower crankshaft 
seal. lnstall the seal either with the lip facing downward to the gearcase (on 
314 hp and 4 Deluxe models) or with the seal lips facing upward toward the 
flywheel (on 51618 hp motors), as applicable, until the seal bottoms on the , . .  
retaining ring. 

45. Before oroceedina. olace the flvwheel in oosition over the kevwav 
and check for bindina be&ben the cr&kshaft, connectina rods and t ieahas 
by rotating the crankhaft (using the flywheel). Remove t i e  flywheel againv 
until it is installed later in this procedure. 

46. If temporarily installed to retain the pistons while the connecting rod 
caps were unbolted, remove the cylinder head. 

47. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a NEW cylinder head gasket. Position the 
gasket on the head with the tab on one end facing upward (toward the top of 
the powerhead) and the numbered side of the gasket facing the cylinder 
block. 

The cylinder head bolt threads should NOT be coated with sealant. 

48. lnstall the cylinder head and gasket, then install and finger-tighten 
the bolts. Tighten the bolts using multiple passes of the torque sequence to 
60-84 inch Ibs. (7-9 Nm) for 314 hp and 4 Deluxe motors, or to 144-168 inch 
Ibs. (1 6-1 9 Nm) for 51618 hp motors. 

I Fin. 41 Cylinder head torque sequence as positioned with the 

I powerhead in a vertical position 1 3  4 hp and 4 Deluxe (87cc) 
motors and 5,6 8 hp (164cc) motors (gasket for 314 hp and 4 Deluxe I shown) 

49. For 51618 hp motors, install the thermostat assembly and cover. For 
details, i lease refer to the Thermostat procedures in the Lubrication and 
cooling'section. 

50. Apply a light coating of OMC Gasket Sealing Compound, or 
eauivalent sealant to both sides of a NEW exhaust cover aasket, then install 
the cover and secure using the bolts. Tighten the bolts to 55-35 inch Ibs. (3-4 
Nm) for 314 hp and 4 Deluxe motors, or to 60-84 inch Ibs. (7-9 Nm) for 51618 
hp motors. 

51. If disassembled for component replacement, assemble the leaf plate 
assembly as follows: 

a. Place the leaf valves on the plate. If new valves do not seat on the 
plate, try turning them over. 

NEVER turn over used valves on the plate, as they may break when 
they are returned to service. If used valves do not seat in  their original 
direction of installation, they must be replaced. 

b. Check the valves, if any leaves are standing open, apply light 
pressure using the eraser end of a pencil (the valve should close with light 
pressure). If not, check the plate for high spots or burrs. 

NEVER lap the leaf plate. An plate that i s  too smooth may cause the 
leaf valves to stick closed when returning a motor to  service after 
winterization. 

c. Apply a light coating of OMC Locquic Primer or equivalent to the 
valve screws and allow it to air dry. 

d. Apply a light coating of OMC Screw Lock, or equivalent threadlock 
to the mountina screw threads, wiping off any excessive adhesive . - 
compound. 

e. Assemble the leaf valve shim (if used) and the leaf stop, then install 
and finger-tighten the retaining screws. 

f. Center the ler,f valves on the plate using the matchmarks made 
during removal, then tighten the screws to 25-35 inch Ibs. (2.8-4 Nm). 

52. lnstall the intake manifold and new leaf plate assembly using new 
gaskets. Tighten the retaining bolts to 96-120 inch Ibs. (10.8-13.6 Nm) for 314 
hp motors or to 60-84 inch Ibs. (7-9 Nm) for 4 Deluxe and 51618 hp motors. 

On 314 hp motors, refer to the Ignition and Electrical System section 
for details o n  Ignition Module Removal & Installation. The ignition 
module-to-flywheel air gap must be checked whenever the intake 
manifold i s  installed. 

53. For 314 hp and 4 Deluxe motors, install the lower crankcase head to 
the bottom of the powerhead. Tighten the bolts to 25-35 inch Ibs. (2.8-4 Nm) 
using a crossing (X) pattern. 

54. lnstall the powerhead assembly, as detailed in this section, then refer 
to Break-In in this section for details on how to ensure proper break-in of the 
new powerhead components. 
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819.9 Hp (211cc) 4-Stroke Motors 
+ See Figure 42 

Removal & Installation 

+ See Figures 42 and 43 

1. Either disconnect the negative battery cable (electric start models) 
andior tag and disconnect the spark plug wires (rope start models), for 
safety. 

2. Remove the engine covers. For details, please refer to Engine 
Covers (Top and Lower Cases) in the Maintenance and Tune-up Section. 

3. Remove the manual rope starter assembly. For details, please refer 
to the Hand Rewind Starter section. In order to remove the covers 
completely, don't forget the following: 

Disconnect the manual choke knob from the choke link. 
Once the screws are removed (including the screw hidden behind the 

water indicator) and the covers are separated, remove the cotter pin from the 
shift handle rod-to-link pin assembly, then remove the pin. The shift handle 
rod and link pin assembly is found at the iower front of the powerhead. If you 
have trouble identifying it, rock the shifter back and forth and watch what 
moves, then trace the rod to the cotter pin and link. 

Remove the fuel hose from the cover connector. 
4. If the powerhead is being removed for overhaul, tag and disconnect 

all ignition and electrical system components from the powerhead. For 
details please refer to the procedures in the Ignition and Electrical System 
section including procedures for the coil, power pack, sensoritrigger coil, 
charge coil, battery charge coil (if applicable) and oil pressure switch. 

5. If the powerhead is being removed for overhaul, remove the fuel 
system components. For details, please refer to the Fuel System section for 
procedures on the carburetor, fuel pump and, if equipped, fuel primer 
solenoid. 

7. Remove the retaining bolts (4) securing the steering bracket to the 
upper mounts. 

8. Remove the nuts and washers (4) securing the oil sump and 
powerhead to the gearcase midsection (they are located on either side of the 
motor, just above the oil sump-to-midsection split line), then remove the 
powerhead and oil sump as an assembly. 

Lift the powerhead straight up and off the midsection. If necessary, 
use a plastic or rubber mallet to help break the seal. If necessary, you 
can assist removal with a small prybar, but take great care not to score 
and damage the mating surfaces. 

9. Refer to Powerhead Disassembly &Assembly in this section for 
further service. Once separated, the cylinder head andior cylinder block can 
also be disassembled for inspection or overhaul. 

To install: 
10. Thoroughly clean the mating surfaces of the oil sump and 

midsection. 
11. Lower the powerhead carefully into position (placing the oil sump 

over the midsection studs), while aligning the driveshaft and mating surfaces. 
12. Apply a coating of OMC Nut Lock or an equivalent threadlock to the 

stud threads, then install the nuts and lockwashers. Tighten the nuts to 15-17 
ft. Ibs. (20-23 Nm) using multiple passes of the proper crossing pattern, as 
shown. 

13. Apply a coating of OMC Nut Lock or an equivalent threadlock to the 
threads of the steering bracket, then install the bolts and tighten to 108-132 
inch Ibs. (12-15 Nm). 

14. Connect the hoses as tagged during removal. Be sure to secure the 
hoses using clamps or wire-ties as applicable. 

15. Install the fuel system components that were removed. For details, 
please refer to the carburetor, fuel pump and, if applicable, fuel primer 
solenoid procedures in the Fuel System section. 

16. Install the ignition and electrical components that were removed. For 
6.  Tag and disconnect the valve cover oil mist-to-carburetor recirculation details, please refer to the Ignition and Electkical System section. 

hose, overboard coolant indicator hose and the thermostat to oil sumc, hose. 17. Install the rope starter assembly as detailed in the hand rewind 
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Fig. 43 Tighten the powerhead and oil-sump-to-midsection nuts in 
the sequence shown - 819.9 hp (211cc) 4-stroke motors 

18. Install the lower engine covers. 
19. Connect the neaative battery cable andlor the soark olua wires, as . . -  

applicable. 
20. Refer to the Timing and Synchronization procedures in the General 

Information section, then oerform all aoolicable adiustments. 
21. If a new or rebuilt'powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Powerhead Disassembly & Assembly 

LED 
* See Figures 42 and 44 

Although the powerhead houses many components (including the starting, 
fuel and ianition systems) some of those components were likely removed 
during powerhead assembly removal. This leaves 2 major sub-assemblies, 
the cylinder head and the cylinder block, along with various components for 
other systems (such as the thermostat, oil pump, breather assembly 
components and various tubes or housings). Although it is not necessary to 
remove all of these components to separate the cylinder head or cylinder 
block for further service, we recommend that if you've come this far you 
consider a complete disassembly and inspection of the powerhead, including 
ALL of these components. That is what we've provided in terms of a 
Disassembly &Assembly procedure. If access is necessary only to certain 
components (the cylinder head or the cylinder block), use care in 
determining which steps you will or will not follow. Complete Cylinder Head 
Overhaul and Cylinder Block Overhaul procedures are included in this 
section for disassembly of these assemblies once they've been separated. 

Check the cylinder block and cylinder head for excessive warpage before 
installation. It is always a good idea to clean the cylinder block holes with a 
thread chaser, making sure the holes are clean and dry. Even small amounts 
of dirt or debris will adversely affect bolt torque. 

Cylinder head gaskets are installed dry, do not apply sealant, but be sure 
that you always install a NEW gasket. 

1. Remove the powerhead and oil sump assembly from the lower unit 
as detailed under Removal & Installation 

2. Remove the bolts (2) securing the upper engine mounts to the oil 
sump and remove the mount assemblies. Check the mounts for wear or 
damage and replace, as necessary. 

3. Remove the bolts (5) and lock-washers retaining the exhaust 
deflector and water tube to the powerhead. Remove the exhaust deflector 
and water tube, then remove and discard the O-ring seal and the water 
tubelexhaust tube seal. 

4. If necessary, remove the oil pump and the oil filter housing. For 
details, refer to the procedures in the Lubrication and Cooling section. It is a 
good idea to disassemble the oil pump housing to inspect the rotor assembly 
and determine if it should be replaced. 

5. Remove the bolts (2) securing the exhaust tube to the bottom of the 
cylinder head. Lower the tube from the cylinder head, then remove and 
discard the old gasket. 

6. Remove the nuts (8) and lockwashers securing oil sump to the 
powerhead. Remove the sump and the old gasket from the powerhead. 
Discard the gasket and visually check the sump for signs of contamination. 
Clean the sump and inspect for damage. 

7. Loosen the clamp and remove the oil pickup tube along with the inlet 
screen. Clean the tube and screen using a mild solvent and check for 
damage. 

8. Remove the bolts (2) mounting the pressure relief valve housing (to 
which the pickup tube was attached). Remove the housing, along with the 
spring and valve. Remove and discard the seal. Check the valve housing, 
spring and valve for excessive wear or damage. 

9. Remove the oil pan and gasket from the powerhead. 
10. If necessary, remove the thermostat cover and remove the 

thermostat components for inspection. For details, please refer to the 
Thermostat procedures in the Lubrication and Cooling Section. 

11. Remove the bolts (7) securing the intake manifold to the powerhead. 
To help prevent possible warpage of the manifold, loosen the bolts in multiple 
passes of a crossing pattern that starts at the center and works outward. 
Remove the manifold, then remove and discard the gasket. 

12. Remove the timing belt. For details, please refer to the procedure in 
this section. 

13. If necessary, remove the crankshaft sprocket as follows: 
a. Secure the crankshaft from turning using the OMC Crankshaft Pulley 

Nut removal tool (#342212). The tool is a large hex nut with an internal taper 
and keyway designed to use with a wrench to keep the crankshaft from 
turning. 

b. Loosen the crankshaft sprocket nut using a large adjustable or crow- 
foot wrench. 

c. Remove the tool from the shaft and the key from the keyway. 
d. Remove the lock plate and the belt guide from the sprocket. 
e. Remove the bolts (3) and the starter bracket for access to the 

sprocket. 

Inspect the dowel pins for damage, then remove and replace them if 
found. 

f. Install a 2-jawed puller to loosen and remove the pulleylbelt guide 
from the crankshaft. Remove and retain the sprocket key from the keyway. 

Be sure the puller jaws are positioned under the crankshaft sprocket 
guide for removal. 

14. If necessary for cylinder head service, remove the bolt and washer 
retaining the camshaft sprocket. Remove the sprocket and key from the 
shaft. 

15. If necessary, disassemble and inspect the breather assembly as 
follows: 

a. Remove the breather cover-to-valve cover retaining bolts (4) and 
then remove the breather cover. Remove and discard the O-ring. 

b. Remove the screws (2) and lock washers holding the reed, stop and 
plate. Remove the components, then remove and discard the plate O-ring. 

c. Remove, clean and inspect the mesh breather. Replace the mesh 
breather if it is damaged. 

16. Loosen the valve cover bolts (4) using a crossing sequence. Start at 
the lower bolt on the port side of the head and end at the top bolt on the port 
side of the head (the slightly lower of the two bolts in the rounded cutout 
along the sides of the breather cover mounting flange). Remove the valve 
cover and discard the O-ring. 

17. Loosen the cylinder head bolts (6) using multiple passes of a 
counterclockwise, spiraling pattern that works from the outside inward. Start 
at the lowest bolt on the port side, then to the lowest bolt on the starboard 
side. Next to the highest bolt on the starboard side, then the highest bolt on 
the port side. Finally to the middle bolt on the port side followed by the 
middle bolt on the starboard side. 

The cylinder head bolts are of different lengths. As they are 
removed, place each of them through round cutouts in a cardboard box 
to help keep track of the bolt pattern and ensure ease of installation. 

18. Remove the cylinder head from the cylinder block. If necessary, use _ 
a rubber or plastic mallet to help break the gasket seal. Remove and discard 
the old head gasket. 

19. Remove and discard the O-rings from the dowel pins in the cylinder 
block. Check for loose or damaged dowel pins and replace, as necessary. 
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Fig. 44 Oil sump-to-powerhead nut torque sequence - 819.9 hp 
(211cc) 4-stroke motors 

20. As necessarv, refer to Cylinder Head Overhaul for details on 
disassembly of the cylinder head and valve train components andlor to 
Cylinder Block Overhaul for details on disassembly for the piston, rings and 
crankshaft assembly. 

To assemble: 
21. Assemble the cylinder head andlor cylinder block, as detailed under 

the overhaul procedures in this section. Be sure to replace all gaskets and 
seals. 

22. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a new cylinder head gasket, then position 
the gasket on the cylinder block. 

23. lnstall new O-rings on the cylinder block dowel pins, but do not coat 
them with grease. 

24. Apply a light coating of clean engine oil to the cylinder head bolt 
threads. Carefully position the cylinder head to the block, over the gasket, 
then install and finger tighten the bolts. Torque the bolts using multiple 
passes of a clockwise spiraling pattern working from the center outwards. 
Starts at the middle bolt on the starboard, then move to the middle bolt on 
the port side. Next tighten the upper bolt on the port side, followed by the 
upper bolt on the starboard side. Finally, tighten the lower bolt on the 
starboard side then the lower bolt on the port side. Use multiple passes of 
this sequence to tighten the bolts to 18-20 ft. Ibs. (24-27 Nm). 

25. lnstall the camshaft key with the outer key edge parallel to the 
camshaft centerline (outer edge straight up-and down), then install the 
camshaft sprocket, but do not tighten the retaining bolt fully at this time. 

26. lnstall the crankshaft sprocket key (outer edge straight up-and-down, 
parallel to the shaft centerline), then install the belt guide and sprocket. 
Ideally, the sprocket can be gently pushed into place using the retaining nut 
and a crow-foot wrench, but you'll have to keep the crankshaft from turning 
to accomplish this. You can use the OMC Crankshaft Pulley Nut removal tool 
(#342212) or an equivalent tool to grab onto flywheel key. However, if 
necessary, you can use a socket and a rubber mallet to gently tap the 
sprocket over the crankshaft taper. Just take care not to score or otherwise 
damage the shaft during installation. 

27. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant, to the threads of the starter bracket bolts. lnstall the 
starter bracket and tighten the bolts to 84-106 inch Ibs. (10-12 Nm). 

28. lnstall the outer belt guide and lock plate (if you used the crankshaft 
sprocket nut to push the sprocket into position, you'll have to loosen and 
remove the nut for this). Apply a coating of OMC Nut Lock or an equivalent 
threadlock to the nut, then install the crankshaft sprocket nut and tighten to 
18-20 ft. Ibs. (24-26 Nm) while using the nut tool to hold the shaft from 
turning (as during removal). Keep the tool in position while the camshaft 
pulley bolt is tightened after timing belt installation. 

29. lnstall the timing belt, as detailed in this section. 
30. Once the timing belt is properly positioned and the timing marks are 

properly aligned, remove the bolt from the camshaft sprocket and apply a 
coating of OMC Nut Lock or equivalent thread. Reinstall the bolt and tighten 
to 84-106 inch Ibs. (10-12 Nm). Remove the crankshaft holder tool. 

31. Adjust the valve lash as detailed in the Maintenance and Tune-up 
section. 

32. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to a NEW valve cover O-ring, then position the O-ring in the cover 
groove. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the valve cover bolts, then install the 
cover and finger-tighten the bolts. 

33. Torque the valve cover bolts (4) to 84-106 inch Ibs. (10-12 Nm) using 
multiple passes of a crossing sequence. Start at the top bolt on the port side 
of the cover and end on the bottom bolt on the same side. 

34. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to NEW breather plate and cover O-rings, then install the O-rings 
(one in the valve cover and the other in the breather cover). 

35. Apply a light coating of OMC Ultra Lock, or equivalent high-strength 
threadlock to the threads of the reed stop screws. lnstall the reed, stop and 
plate, then tighten the screw to 15-22 inch Ibs. (7-2.5 Nm). 

36. Apply a light coating of OMC Net Lock, or equivalent threadlock to 
the threads of the breather cover bolts. lnstall the breather cover and tighten 
the bolts to 36-60 inch Ibs. (4-6 Nm). 

37. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the bolt threads and to both sides of a NEW intake 
manifold gasket. lnstall the manifold and gasket, then tighten the bolts to 84- 
106 inch Ibs. (10-12 Nm) using multiple passes of a clockwise spiraling 
sequence that works inward from the outer bolts. Start at the upper bolt 
toward front of the motor, then the upper bolt toward the rear of the motor, 
next the lower bolt at the rear and the lower bolt at the front, then the middle 
bolt at the front, followed by the middle bolt at the rear. Fmish with the most 
central bolt on the manifold. 

38. If the flush plug and washer was removed, install tighten to 60-84 
inch Ibs. (8-10 Nm). 

39. lnstall the thermostat assembly, as detailed in the Lubrication and 
Cooling section. 

40. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to a NEW oil pan gasket, then position the pan and 
gasket to the powerhead. 

41. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant, to the threads of the oil pressure relief housing screws. 
lnstall a NEW O-ring to the housing, then install the housing along with the 
spring and relief valve. Tighten the screws to 84-106 inch Ibs. (10-12 Nm). 

42. lnstall the oil pickup tube and inlet screen and then secure using the 
spring-type clamp. If the screen was replaced, be sure to use a wire-tie to 
secure the screen to the hose. 

43. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a NEW oil sump-to-powerhead gasket, as 
well as to the stud threads. lnstall the gasket and sump, followed by the nuts 
and lock-washers. Tighten the nuts to 84-106 inch Ibs. (10-12 Nm) using 
multiple passes of the torque sequence shown (a clockwise spiraling pattern 
working first the outside nuts and then the inner nuts). 

44. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a NEW exhaust tube gasket, and to the 
bolt threads as well. lnstall the exhaust tube and gasket, then tighten the 
bolts to 15-17 ft. Ibs. (20-23 Nm). 

45. If removed, assemble and install the Oil Pump, as detailed in the 
Lubrication and Cooling section. 

46. Apply a light coating of OMC Adhesive M, or equivalent, to a NEW 
exhaust deflector O-ring, then position the O-ring. 

47, lnstall a new water tubelexhaust tube seal in position on the exhaust 
tube. 

48, lnstall the exhaust deflector and water tube and tighten the bolts to 
36-60 inch Ibs. (6-8 Nm). 

49. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 
the threads of the upper mount bolts (2), then install the upper engine 
mounts and tighten the bolts to 108-132 inch Ibs. (12-15 Nm). 

50. lnstall the powerhead, as detailed in this section. 

Cylinder Head Overhaul 

CULT 
+ See Figure 45 

* 

Cylinder head disassembly procedures are identical on the 516 hp and 
819.9 hp 4-stroke JohnsonlEvinrude outboards. For details regarding Cylinder 
Head Overhaul, please refer to the procedure under 516 hp motors in this 
section. 
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Fig. 45 Exploded view of the cylinder head assembly - 819.9 hp 
(211cc) 4-stroke motors 

Cylinder Block Overhaul A 

L LED 

+ See Figures 8,24,25,26,46 and 47 

The crankshaft for this motor turns on replaceable main bearing insert 
halves found in the cylinder block and crankcase. However, unlike many 4- 
stroke motors, the connecting rods do not utilize bearing inserts, as the rod 
and cao itself contain machined bearina surfaces. Es~eciallv for this reason. 
it is criiical that the connecting rod and& cap are kept as'a matched set, 
so they are positioned in the exact same orientation (facing the same 
directions) as originally installed. 

During service, the crankshaft assembly can be removed from the block 
without piston removal or vice-versa. If either is attempted, take EXTREME 
care to keep the journal surfaces from being damaged. When free of the 
crankshaft journals, the connecting rods should be restrained from contacting 
the piston bores as well. One method to accomplish this is to stuff a clean 
shop towel under the piston skirt. Another is to use rubber bands to hold the 
rods in position. 

Cylinder block work is more easily performed on an engine stand, 
especially since this allows rotation of the motor to access pistons from 
above and below the cylinder block. But, work can also be performed on a 
clean workbench, if care is taken not to damage the mating surfaces or, in 
the case of the cylinder head mating surface, the dowel pins. When working 
on a bench, take care to prevent the block from falling over during service. 
Also, if the case is stood on end at any point, take great care to keep the 
crankshaft from falling out of the block during service. A crankshaft can suffer 
a fatal blow from such a fall, even from a short height. 

1. Remove the powerhead from the gearcase as detailed under 
Removal & Installation, then remove the cylinder head as detailed under 
Powerhead Disassembly & Assembly. 

2. Invert the cylinder block so the cylinder head mating surface is facing 
downward. 

If you're not working on an engine stand, take care not to damage 
the cylinder head dowel pins. 

3. Loosen the 10 crankcase-to-cylinder block (and main bearing) bolts 
using multiple passes in the reverse of the torque sequence. 

4. Use a plastic or rubber mallet to tap gently upward on the crankcase, 
breaking the gasket seal, then, remove the crankcase from the block. 

5. Note the location and orientation of each bearing half in the journals 
at either end of the crankcase. Remove and retain the bearings. Visually 
check the crankcase mating surfaces, the bearing surfaces and the seal 
surfaces for damage or wear (no scratches big enough to catch a fingernail 
should be present on any of the surfaces). 

W Each connecting rod cap is unique and is matched for installation to 
only ONE connecting rod and only in ONE direction. Always mark the 
alignment of each rod cap before removal and, keep the caps off the 
rods for as short a time period as possible (to prevent mix-ups). 
Loosely install the caps as soon as possible during procedures. 

6. Matchmark each rod cap to its connecting rod in order to ensure 
installation with the same alignment. 

W If a permanent marker is used, keep the rod cap installed on the 
connecting rod during cleaning, in  case the mark should wear off. That 
way, a new mark could be made after the components dry. 

7. Bend the tabs on the connecting rod cap bolt retainers back so the 
bolts can be removed. 

8. Loosen and remove the connecting rod cap bolts. To prevent 
possible damage to the cap and bearing surface, loosen each cap by 
alternating between bolts, giving them about 114 - 112 turn at a time. 

The connecting rod bolts and retainers are NOT reusable on these 
motors. You can thread the bolts back in place to prevent the caps from 
becoming lost or mixed, but they must be replaced during assembly. 

9. Once the bolts are removed, the cap should easily come free, but if 
necessary, tap it gently using a plastic or rubber mallet to free it from the rod. 
Remove the rod cap and then remove the bearing half from the shaft or cap. 
Keep the bearing with the rod cap. 

j0. Push thepistons and connecting rods downward in their bores away 
from the crankshaft. Remove the crankshaft from the cvlinder block. 

11. Remove the main bearing halves from the cylinber block. Note their 
locations and orientations for measurement and assembly purposes. 

12, Check the dowel pins in the cylinder block-to-crankcase mating 
surface. Remove and replace any loose or damaged pins from the cylinder 
block. 

13. Remove and discard the crankshaft seals from either end of the 
shaft. 

14. Remove and discard the O-ring from the bore in the end of the 
crankshaft. 

15. Check the crankshaft sleeve. If damaged, replace it using a slide 
hammer and a small-jawed puller. 

16. Mark the top of each piston for location and orientation. 
17. If the pistons are being removed, place the cylinder block with the 

head mating surface and the tops of the pistons either facing upward or 
sideways. (Actually, we find that upward at a slight angle is the best of both 
worlds, but you'll need and engine stand and you have to take extra care to 
make sure the connecting rods do not hit the cylinder walls). To remove the 
pistons, use a large wooden dowel (or a large wooden hammer handle) to 
carefully push on the connecting rod until the piston comes out of the top of 
the cylinder block. 

When removing the piston, take extra care to make sure the 
connecting rod does not contact and damage the cylinder walls. If the 
crankshaft was not removed, take extra care to make sure the shaft 
journals are not damaged either. 

18. If temporarily reinstalled to prevent loss, remove the connecting rod 
caps from the rods. 

19. Use a universal piston ring expander to remove the piston rings. 
Retain all rings in order (top, second, bottom, etc) for identification or 
diagnostic purposes, but they should not be reused. % 

20. Matchmark the connecting rod to the piston to ensure installation with 
the same alignment. 

21. Use a pair of needlenose pliers modified as illustrated to remove the 
wrist pin retaining rings from the piston. 
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The wrist pin-to-piston boss fit is loose on both sides, therefore little 

or no force should not be necessary to remove the wrist pin. 

22. Use a driver that is slightly smaller than the wrist pin (like the OMC 
Wrist Pin Removerllnstaller #342657) to carefully tap the wrist pin from the 
piston. 

23. Refer to Cleaning & Inspection for details concerning cylinder block, 
piston and crankshaft inspection. Don't forget to visually inspect the block 
mating surface and dowel pins for damage (replace any loose or damaged 
pins). Also, remember to check all bearing surfaces for signs of excessive 
wear or damage. The oil pressure sender hole must be free of dirt or debris. 

@ 
a- Plate 

Pulley Guide 

- Retaining r i ng  
a @---seal 

Ring Set 
V 

O-Ring - gearing 
Assy u- Sleeve 

Seal 

Fig. 46 Exploded view of the crankshaft, piston and main bearing 
assemblv - 819.9 hr, f211cc) 4-stroke motors 

Fig. 47 Crankcase-to-cylinder block and main bearing torque 
sequence - 819.9 hp (211cc) 4-stroke motors 

To assemble: 
24. Apply a light coating of clean engine oil (or assembly lube) to the 

wrist pin and bore in the side of the piston. 
25. Align the matchmarks made on the piston and connecting rod 

removal, then, since the wrist pin should be a loose fit in the piston, insert 
the wrist pin by hand and push it through the piston into the connecting rod. 

26. Secure the wrist pin in the piston using the retaining ring. Place the 
ring in the end groove and snap it into position using your finger. Turn the 
ring in the groove until the gap faces directly away (180" opposite) the semi- 
circular relief in the wrist pin bore. 

Apply a light coating of clean engine oil or assembly lube to each 
ring in order to help ease installation. 

27. Install the oil control ring assembly. Position the segmented ring into 
the bottom groove first, then insert the end of the first scraper ring under the 
segmented ring. Work carefully around the piston until the scraper ring is 
seated. Finally, insert the second scraper ring on top of the segmented ring 
and work around the piston to seat it. 

28. Position the scraper ring end gaps each at 45" from each end of the 
wrist pin (the wrist pin is represented as a dotted line in the accompanying 
illustration). Make sure the segmented ring gap is at least 45 degrees from 
the wrist pin centerline, but on the opposite side of the piston and wrist pin 
centerline from the scraper ring gaps. 

29. Install the middle ring into the middle piston ring groove with the 
number 2 stamp facing upwards and the white painted mark to the right side 
of the gap. Position the middle ring gap directly between the 2 scraper ring 
gaps (90" from the wrist pin centerline). Refer to the accompanying 
illustration for clarification. 

30. Install the top ring in the top piston groove with the stamped R facing 
up and with the orange paint mark to the right side of the gap. Position the 
top ring gap directly opposite the middle compression ring (in the same 
general area of the segmented ring gap, but more precisely 90" from the 
wrist pin centerline). Again, refer to the illustration for details. 

31. Apply a light coating of clean engine oil or assembly lube to the 
cylinder wall, an expandable ring compressor and the piston. 

32. Verify the ring gaps are still in position, then secure the piston in the 
ring compressor. Tighten the compressor just sufficiently to push the rings 
into the grooves, but do not over-tighten it as the piston must still be free to 
slide into the bore. 

33. Position the piston over the bore with the stamped arrow on the 
piston dome and the F on the connecting rod both facing the flywheel side of 
the motor (and any other alignment marks made during removal oriented as 
you intended). Use a wooden dowel or wooden hammer handle to gently tap 
the piston down through the ring compressor and into the cylinder bore. 

When tapping the piston into position MAKE SURE the connecting rod 
does not contact and damage the cylinder walls. 

34. If removed, install a new crankshaft sleeve with the O-ring on the end 
of the crankshaft using the OMC Crankshaft Sleeve Installer (#342662), or 
equivalent sized driver. Be sure to fully seat the sleeve and then apply a 
coating of OMC Moly Lube or equivalent assembly lube to the O-ring. 

35. Apply a light coating of clean engine oil or assembly lube to the NEW 
main bearing halves, then position them in the cylinder block and crankcase. 
Position each bearing edge flush with the block. 

36. Apply a light coating of clean engine oil or assembly lube to the 
crankshaft main bearing and connecting rod journals. 

37. Apply a light coating of clean engine oil or assembly lube to the 
connecting rod and cap bearing surfaces. 

38. Carefully position the crankshaft into the cylinder block on the main 
bearings. 

39. Push each piston slowly upward in the bore, toward the crankshaft. 
Make sure the connecting rods do not contact and damage the cylinder walls 
or the crankshaft journals. 

40. Install each connecting rod cap using NEW bolts and retainers. 
Tighten the bolts back and forth in stages (about 114-112 turn at a time) to 
96-108 inch Ibs. (11-12 Nm). Bend the retainer tabs up onto the bolt hex 
heads to lock them in position. 

Over-tightening the connecting rod cap screws will likely render the 
connecting rods and caps unusable due to cap distortion. 
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41. Apply a light coating of OMC Gel-Seal II or equivalent to the mating 

flanaes of the cylinder block and crankcase. Be sure that the sealant coats 
the entire flange evenly, but be careful not to apply excessive amounts that 
could be forced out from between the flanges during assembly. 

Dl Although OMC Gel-Seal I1 has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. Using an old tube of Gel- 
Seal I1 could prevent the crankcase from sealing properly. 

42. Apply a light coating of clean engine oil to the threads of the 10 
cvlinder block-to-crankcase (main bearina) bolts. Install the bolts and fincler- 
tighten, then use multiple passes of the Gque sequence to tighten the bblts 
to soecification. Tiahten the small bolts to 84-106 inch Ibs. 110-12 Nm\ and 
the iarge bolts to i8-21 ft. Ibs. (24-28 Nm). 

43. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the casings of a NEW upper and a NEW lower 
crankshaft seal. Apply a light coating of engine oil or assembly lube to the 
seal lips. 

Dl Don't loose the crankshaft sprocket and flywheel keys. When 
installing the upper crankshaft seal, place the keys with the sprocket 
and flywheel for use during installation. 

44. Remove the keys from the top of the crankshaft (to prevent possible 
seal damage or interference with the seal installer), then position the upper 
seal over the crankshaft with the casing facing outward. Make sure the seal 
lips fit properly and start the casing squarely into the bore, then use a 
suitable driver (large enough to fit over the crankshaft, but still contact only 
the seal casing, such as OMC #342661) to press the seal slowly into 
position. 

H The OMC seal installer tool is designed for use with the crankshaft 
sprocket nut to slowly push the seal into position. Turn the nut slowly 
until the seal is fully seated, then remove the nut and installer tool. 

45. Position the NEW lower crankshaft seal squarely over the crankshaft 
with the casing facing outward, then use a seal installer (such as OMC 
#342215 or an equivalent driver) to gently tap the seal into the bore until it 
contacts the powerhead. 

46. Assemble and install the powerhead, as detailed in the Powerhead 
Disassembly &Assembly and the Powerhead Removal & Installation 
procedures in this section. 

47. Refer to Break-In in this section for details on how to ensure proper 
break-in of the new powerhead components. 

9.9/10114/15 Hp (216cc) and 9.9i10115 Hp (255cc) Motors 
+ See Figure 48 

Removai & lnsfallation 

+ See Figure 48 

1. On electric start models, disconnect the negative battery cable for 
safety. 

2. Remove the engine cover(s) for access. For details, please refer to 
Engine Covers (Top and Lower Cases) in the Maintenance and Tune-up 
Section. 

3. For 9.9115 hp 216cc models, proceed as follows: 
a. Remove the shift lock lever screw from the side of the powerhead, 

just a little in front of the fuel pump. Separate the lever from the side of the 
powerhead and lay it down inside the lower engine cover (which cannot be 
removed yet on this model). 

b. disconnect the fuel inlet hose from the pump. 
c. Disconnect the stoo switch and ianition module oround leads from 

the ignition coil mounting screw. Then disconnect the single pin Amphenol 
connector for the stop switch. 

d. Remove the low speed adjustment knob, air silencer cover and 
finally the air silencer. 

e. Disconnect the choke knob from the knob detent, then pull theknob 
from the lower engine cover. Lift the knob detent from the carb. 

f. Tie a slip knot in the starter rope at the pulley, then remove the 
starter handle and bumper from the rope. Remove the bolt from the top 
center of the manual starter assembly. Lift the starter from the powerhead 
and thread a 3/8-16 nut on the mounting screw to secure the assembly. 

g. Remove the 3 nuts and six washers from the lower pan support 
studs. 

h. Disconnect the cooling water indicator hose from the powerhead 
nipple. 

T-Stat Assmby (255cc Models) 

Linkage pictured is 
br 2 5 5 ~ ~  Models 

screw 

Link 

Fig. 48 Exploded view of the powerhead assembly (cylinder head, 
block and crankcase) - 9.9-15 hp (255cc) motors shown, 9.915 hp 
(216cc) motors very similar, but peripherals such as T-stat or 
shiftithrottle linkage may vary 

4. For 10114 ho 216cc models, oroceed as follows: 
a. ~isconneci the stop switch and ignition module ground leads from 

the ignition coil mounting screw. Then disconnect the single pin Amphenol 
connector for the stop switch. 

b. For 10RS and 14 hp models, disconnect the choke knob from the 
knob detent. 

c. For IOKC or KS models, tag and disconnect the fuel hoses from the 
fuel primer. 

d. Tie a slip knot in the starter rope at the pulley just in front of the 
starter assembly, then allow the knot to engage the starter pulley. Remove 
the starter handle and bumper from the rope. 

e. Disconnect the cooling water indicator hose from the powerhead 
nipple. 

f. Disconnect the fuel inlet hose from the pump. 
g. Disconnect the throttle cable from the powerhead. 
h. Remove the four nuts from the powerhead studs (located on the 

underside of the cowling, 2 on each side). 
5. If desired for overhaul purposes, remove the flywheel, as detailed in 

this section. 
6. If desired for overhaul purposes, remove all ignition and electrical 

components from the powerhead, as necessary. For details, please refer to 
the Ignition and Electrical Systems Section. 

7. If necessary for service (or desired to prevent possible damage) 
remove the carburetor and any other fuel system components from the 
powerhead. For details, please refer to the Fuel System section. If not, on 
255cc models, you'll have to at least make sure the fuel hose is 
disconnected (on 216cc models, the hose was disconnected earlier). 

8. For 255cc models, either disconnect the shift lever and linkage from 
the powerhead, or remove it completely, as follows: 

a. Use a drift pin to gently push the clip and drive pin from the shift 
handle (located right below the hand grip). Remove the screw securing the 
shift handle, then remove the handle. - 

b. Disconnect the lockout rod. 
c. Remove the choke lever and grommet from the cutout at the front of 

the motor. 
d. Remove the pin, shift rod and grommet. 
e. Remove the screw and detent springs. 
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f. Bend back the locktab, then loosen the bolt and remove the lock tab 

from the shift arm. 
g. Remove the shift arm and spacer. 
h. Remove the cotter pin, pin and shift lever. If necessary, remove the 

two shift arm bushing. 
9. Remove the 6 bolts (only 5 three port and two starboard on 10114 hp 

216cc models) from underneath the powerhead-to-gearcase flange (there 
should be 3 on each side of the motor, one forward, one aft and one toward 
the center of each side). 

10. Remove the powerhead by carefully lifting it straight upward and off 
the exhaust housingllower unit. If the powerhead is stuck, pry carefully along 
the edges and use a rubber mallet to help break the gasket seal and 
corrosive adhesion. 

11. Remove the exhaust and water tube assembly from the bottom of the 
powerhead, then remove and discard the gasket. 

To install: 
12. For all except the 10114 hp 216cc models the manufacturer 

recommends removing the gearcase in order to ease the installation of the 
water tube into the water pump grommet. For details, refer to the Lower Unit 
section. 

13. Position a new powerhead gasket on the exhaust housing (do NOT 
use anv sealer on anv models EXCEPT the 10114 ~ K I  21 6cc motors, on 
which {he gasket shohd be coated on both sides lightly with OMC ~ a s k e t  
Sealing Compound). 

14. If removed on all but 10114 hp 216cc motors, install both grommets 
and water tubes in the inner exhaust tube. Be sure to center the water tube 
in the grommets. Do NOT allow water tubes to touch the inner exhaust tube. 

15. On all except 1011 4 hp 21 6cc motors, install the inner exhaust tube 
on the powerhead, then install and tighten the screws to 60-84 inch Ibs. (7-9 
Nm). 

16. Apply a generous amount of Permatex No. 2 8  or equivalent sealant 
to the machined diameter of the lower crankcase head. 

17. Slowly lower the powerhead into the exhaust housing while carefully 
aligning the crankshaft-to-driveshaft splines. On all but 10114 hp 216cc 
motors, also make sure: 

To install the long water tube is installed against the exhaust tube. A 
rubber band can be put in place to hold them together. 

To guide the long water tube into the exhaust housing's water tube 
opening. 

To guide the short water tube into the wider water tube opening in the 
rear of the exhaust housing. 

18. On 9.9115 hp (216cc) models only, before the powerhead is 
completely down: 

a. Place a small washer over a large washer on the 3 lower pan 
support studs. 

b. Guide the vertical control shaft into the vertical control shaft gear. 
c. Place the remaining small and large washers onto the lower pan 

support studs, then start the 3 nuts BUT DO NOT TIGHTEN at this time. Be 
sure to place the ground lead on the rear stud. 

d. Finish lowering the powerhead, tighten the 3 nuts securely. 
19. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to the threads of the 6 (or 5 on 10114 hp 216cc motors) 
powerhead retaining screws. lnstall the screws and tighten to 60-84 inch Ibs. 
(7-9 Nm). 

20. If removed, install the gearcase to the exhaust housinglmidsection. 
For details, please refer to the procedures found in the Lower Unit section. 

21. For 255cc models, either connect the shift lever and linkage to the 
powerhead, or if removed completely, install as follows: 

a. If removed, install the 2 shift arm bushings. 
b. lnstall the pin and shift lever, then secure using the cotter pin. 
c. lnstall the shift arm and spacer. 
d. Place the lock tab on the shift arm, then install the bolt and tighten 

securely. Bend the locktab down onto the bolt hex to prevent it from 
loosening. 

e. Position the detent springs and secure using the screw. 
f. lnstall the shift rod and secure using the pin, then install the 

grommet. 
g. Attach the choke lever to each linkage, then position the grommet in 

the cutout. 
h. lnstall the lockout rod. 
i. lnstall the shift handle and secure using the screw. 
j. lnstall the drive pin and clip into the shift handle. 

22. lnstall the carburetor and any fuel system components that were 
removed. 

23. lnstall all ignition and electrical components that were removed. 
24. lnstall the flywheel, as detailed in this section. 
25. On 216cc models, reinstall the additional components in the reverse 

order of removal, as noted earlier. 
26. On electric start models, connect the negative battery cable and 

check operation of the neutral safety switch. If the switch doesn't operate 
properly, check and adjust it as follows: 

a. Disconnect the battery cable again for safety and to protect the test 
equipment. 

b. Place the shifter in neutral, then disconnect the starter motor red 
wire at the motor. 

c. Connect an ohmmeter set to read continuity to the neutral start 
switch wire at the electrical box and the red starter wire, then press the start 
button. 

d. The meter should show continuity only when the starter button is 
pressed and the shifter is in neutral. 

e. If adjustment is necessary, loosen the switch adjustment screw (the 
small, flat-head screw at the base of the shifter handle, slightly above and 
slightly closer to the motor than the shift handle bolt). With the shifter and 
gearcase still in neutral the switch (located in the handle, just closer to the 
motor still than the adjustment screw) should be centered in the switch bore. 
Adjust the position as necessary and tighten the flat-head screw, then verify 
proper switch operation. 

27. Install the engine coverjs). 
28. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Disassembly & Assemb 

CUL 1 

* See Figures 8,24,25,30 thru 40 and 48 thru 52 

If the pistons are to be disassembled you will need a drift pin or driver that 
is slightly smaller than the wrist pin bore to carefully remove or install the 
wrist pins. The manufacturer makes a tool for this purpose, OMC #392511, 
but due to a slight decrease in the wrist pin inner diameter for some motors, 
a small amount of material might have to be removed from this tool before 
use. Check the tool fit, and if necessary, remove 0.015 in. (0.38mm) from the 
guide end of the tool. 

To simplify assembly, remember to layout all bolts, components and 
clamps in the order of removal. This is especially true for the wiring 
harness and related clam~s. Matchmark all comoonent assemblies 
such as pistons, connect/ng rods to ensure installation of the correct 
pairs and installation in the correct orientation. Most of all, take your 
time. 

1. Remove the powerhead from the lower unit as detailed under 
Removal & Installation, 

Retaining 

Fig. 49 Exploded view of the crankshaft, piston and main bearing 
assembly - 9.9115 hp (255cc) motors 
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2. If not removed to prevent the possibility of damage to it during 
powerhead removal, remove the carburetor. For details, refer to the 
procedure under the Fuel System section. 

3. Remove the bolts (3) securing the lower crankcase head to the 
bottom of the powerhead, then remove the lower head. Use a punch to drive 
the seals from the lower crankcase head. Remove and discard the O-ring 
from head flange. 

4. On the starboard side of the cylinder block, loosen the bolts (8), then 
remove the inner and outer exhaust covers. Remove and discard the 
gaskets from the mating surfaces. Check the inner exhaust cover for 
warpage or for pitting. If either condition exists, the inner exhaust cover must 
be replaced. 

rods anytime the rod is removed from the 
crankshaft iournal 

If the exhaust cover is stuck on the side of the powerhead, gently 
tap around the edges using a rubber or plastic mallet to help break the 
gasket seal. 

Fig. 51 Some JohnsonlEvinrude connecting 
rods comes with alianment marks. . . 

5. Remove the thermostat cap and components from the top of the 
cylinder head. For details, please refer to the thermostat procedures in the 
Lubrication and Cooling section. 

6. Loosen the cylinder bolts (6), using multiple passes of a 
counterclockwise spiraling sequence that starts at the outside bolts and 
works inwards. Start at the lower bolt on the port side and then move to the 
lower bolt on the starboard side. Next loosen the upper bolt on the starboard 
side, followed by the upper bolt on the port side. Lastly, loosen the middle 
bolt on the port side, followed by the middle bolt on the starboard side. 
Remove the cylinder head and discard the old gasket. 

7. Using a felt-tipped marker or numberedilettered punches, label the 
piston domes. 

If a felt-tipped marker is used to label components during 
disassembly, watch the marks during cleaning. Replace any marks that 
are dulled or removed by solvent as soon as the component is dry. 

8. On the port side of the cylinder block, loosen the bolts (6), then 
remove the intake bypass cover from the cylinder block. Remove and 
discard the old gasket. 

One intake bypass screw is a different size than the other five. Note 
the location of the odd sized screw for installation purposes. 

9. Remove the bolts (6) and then remove the intake manifold, leaf plate 
assembly and gaskets from the powerhead. Remove and discard the 2 
gaskets. 

Do not bend and leaf valves by hand as this could damage them so 
they either do not seal properly at best, or at worst, will break off 
during service. Do not disassemble the leaf plate unless some portion 
of the plate and valve assemblies is corroded or damaged and requires 
replacement. 

10. lnspect the leaf plate and, if necessary, disassemble it as follows: 
a. Visually check for obvious signs of distortion on the plate, Inspect 

the valve tips for signs of cracks, chips or other obvious damage. Make sure 
the valve tips are not distorted or loose. Make sure the leaf stops are not 
distorted or loose. If there are any obvious defects, that component must be 
replaced. 

b. Check the valve disk (a small round valve and screen mounted one 
end of the plate, near the valve tips), it must be intact and able to move 
freely in the valve. Check the screen for debris or damage. Replace the 
valve, as necessary. 

c. Use a machinist's straightedge and a feeler gauge to check the leaf 
plate for distortion. Lay the straightedge across the plate only (not the leaf 
valves) at various points, then see if a 0.003 in. (0.08mm) or large feeler 
gauge can be inserted underneath the straightedge at any point. If it does, 
the plate or the manifold is warped and must be replaced. 

d. Check the leaf plate screws to make sure they are tight. If not, 
remove the screws one at a time, clean the threads. Apply a light coating of 
OMC Screw Lock, or equivalent threadlock to the threads of each screw 
before it is reinstalled and tightened securely. 

e. Visually check all gasket surfaces to make sure they are smooth and 
free of nicks. If necessary, a gasket surface may be dressed to smooth 
shallow nicks using a fine emery cloth. 

f. Use the straightedge and feeler gauge to check for warpage across 
the intake manifold gasket surfaces. Check at the center of the straightedge 
to make sure a 0.003 in. (0.08mm) or large feeler gauge cannot be inserted 
underneath the straightedge. 

g. If disassembly is necessary, matchmark the leaf valves to their 
stops, then remove the screws and separate the leaf valves, shims and 
stops from the plate. If they are being reused, do not allow the leaves, shims 
and stops to become mismatched. 

Do not lift or bend the leaf valves during disassembly or they could 
become damaged. If a damaged leaf valve is installed it could break in 
use. 

11. Either use a fabricated taper pin tool (as shown in the accompanying 
illustration) to carefully push the crankcase taper pin toward the intake 
manifold surface or use a punch with a diameter larger than the pin. The 
taper pin can be accessed at the upper portion of the crankcase (flywheel 
end). 

NEVER use a tool smaller than the taper pin bore to remove the pin or 
damage could occur. 

12. Remove the main crankcase-to-cylinder block bolts (6) along with the 
flange bolts (4) using multiple passes of a spiraling sequence that starts with 
the outer bolts and works towards the inner bolts. For installation purposes 
(since bolts are of different lengths), arrange the bolts in holes punched into 
a cardboard box resembling the bolt pattern from which they were removed. 

13. Rotate the powerhead so the intake manifold surface is facing 
upward, then use a plastic or rubber mallet to tap upward on the exposed 
portion of the crankshaft (at a 90" angle to the shaft). Tap lightly until the 
crankcase half just starts to separate from the cylinder block half. Lift and " 

remove the crankcase from the bottom of the cylinder block (exposing the 
crankshaft). 

14. Loosely install the cylinder head back on the cylinder bore to keep 
the pistons from falling out as the crankshaft is removed. 
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Keep in mind that all wear parts (such as pistons, connecting rods, 

needle bearings and bearing liners) MUST be installed in their original 
positions (and with the same orientations) if they are to be reused. 
Mark each component with a permanent marker to ensure proper 
assembly. 

15. Matchmark the connecting rod caps, then use a 5132 in. hex wrench 
to loosen the connecting rod cap bolts. Loosen the bolts on a rod cap 
alternately, no more than one turn at a time. Remove the caps along with the 
connecting rod cap bearings. 

16. Lift the crankshaft assembly carefully out of the cylinder block. 
17. Once the crankshaft has been removed, position the connecting rod 

caps and cap bearings back onto the rods. Be sure to position them 
precisely as marked and noted before removal. This will help ensure no 
parts or lost or inadvertently mixed. Install the cap bolts finger-tight to secure 
the caps. 

18. Disassemble the crankshaft further for inspection and component 
replacement, as follows: 

a. Use a pair of diagonal-cutting pliers to grasp and pry the key from 
the crankshaft. The pliers should be positioned with the blades across the 
key with the handle pointing up at an angle, then use the handle as a lever, 
pivoting on the bottoms of the blades. 

b. Slide the upper crankshaft seal and main bearing from the 
crankshaft. 

c. Remove the retaining ring from the groove in the center main 
bearing, then separate the halves and remove the 23 loose needle bearings. 

d. ONLY remove the lower crankshaft bearing if it requires 
replacement. First remove the retaining ring using a pair of snapring pliers, 
then support the bearing in a shop press and press the bearing off the shaft. 

If the powerhead is on a workbench instead of an engine stand, 
position the powerhead securely on one end for the next step. 

19. Rotate the powerhead until the cylinder head isfacing upward (or 
upward at a slight angle to ease access to the connecting rods, then remove 
the cylinder head again. Remove each of the pistons from the cylinder bore 
by pushing upward on the connecting rod from underneath. 

DO NOT allow the connecting rods to contact and damage the cylinder 
walls or the insides of the piston skirts during removal. One of the best 
ways to protect the piston is to pack the skirt with shop rags. 

20. Disassemble each piston for further inspection and component 
replacement, as follows: 

a. Use a universal ring expander to remove the rings from the pistons. 
The manufacturer does not recommend reusing the rings. Retain them in 
sets for inspection purposes (marking their original locations), but discard 
them before installation. 

W We've said it before. We know there will be some circumstances that 
will prompt people to reuse rings, but for the most part, if you've come 
THIS far, it is probably a good idea to bite the bullet and replace the 
rings to ensure long-lasting performance from the powerhead. 

b. Using a pair of modified needle-nosed pliers as shown in the 
accompanying illustration, remove the wrist pin retaining rings. Discard the 
old retaining rings. 

If necessary, a piston cradle can be fabricated from a large block of 
wood. The important design features of the cradle are that it is semi- 
circular on top to hold (or cradle, get it?) the piston and that there is a 
bore at the bottom center into which the wrist pin can tapped or 
pressed. The final important feature of the cradle is that i t is STURDY 
enough to withstand the force of the shop press, BUT, keep in mind 
that the fit is loose on these pistons and significant force should not be 
necessary. 

c. The piston-to-wrist pin fit should be loose on both sides. Support the 
piston and use a suitable drift pin (like OMC #392511 to carefully and 
smoothly tap or push the wrist pin free of the piston bore). If the OMC tool is 
not available, be sure to use a drift pin that is just slightly smaller than the 
diameter of the wrist pin itself. 

As the wrist pin is removed from the piston you must retain the 22 
loose needle bearings and the 2 thrust washers from the connecting 
rod bore. If you can, stop tapping or pressing once the wrist pin JUST 
clears the bottom of the connecting rod bore. Then carefully withdraw 
the rod along with the needle bearings (place a thin bladed tool like a 
putty knife or your finger under the rod hole as it is pulled free of the 
piston boreiwrist pin). Inspect the bearings, if any of the needles are 
lost or worn, replace the entire bearing assembly. 

21. Refer to the information found under Cleaning & Inspection, in this 
section for details on inspecting the powerhead components to determine 
which should be replaced and to prepare the ones that are being reused for 
assembly. 

To assemble: 

During assembly, take your time and NEVER force a component unless 
a shop press or drive tool is specifically required by the procedure. 

Lightly coat all components (except those that are coated with 
sealant) with clean, fresh JohnsoniEvinrude Outboard Lubricant or 
equivalent oil during assembly. Always replace all gaskets, O-rings and 
seals. 

22. If disassembled for inspection and/or component replacement, 
assemble each piston as follows: 

a. Use a suitable shouldered driver (such as OMC Bearing 
Removerilnstaller #392511) to install a new snapring in the far end of the 
wrist pin bore from where the pin will be inserted. Make sure the snapring 
fully seats in the groove. Turn the ring in the groove until the gap faces 
directly away (180" opposite) the semi-circular relief in the wrist pin bore. 

b. Apply a light coating of clean engine oil or assembly lube to the wrist 
pin and the pin bore in the piston. 

c. Support the piston (ideally in a piston cradle for ease of assembly) 
with the side opposite the installed wrist pin facing upward, then use the 
same drift pin or wrist pin tool to slowly start pressing the wrist pin into the 
piston bore. Stop pressing when the pin appears at the upper opening for the 
connecting rod. 

d. Working on the outside of the piston, use the wrist pin to help 
assemble the connecting rod bearing assembly. Slide one of the thrust 
washers down over the wrist pin, then slide the connecting rod down over 
the wrist pin. Apply a light coating of OMC Needle Bearing Assembly grease 
(or equivalent) to the wrist pin bearing needles, then insert the 22 needles 
between the wrist pin and the connecting rod. 

e. Place a small prytool under the washer and lift upward while sliding 
the connecting rod and bearings off the wrist pin (the washer and assembly 
grease should hold the bearings in position). 

f. Place the other thrust washer over top of the connecting rod and 
then insert the connecting rod, washer and needles into the pision 
fcontinuina to suooort the lower washer). Carefullv Dress the wrist  in 
ihrough th;e assembly. Work slowly, making sure ;one of the bearings are 
dislodged. 

g, Install the retaining wrist pin retaining ring and make sure it fully 
seats in the groove. 

h. Use a ring expander to install the pistons rings on each piston. Each 
piston ring groove should contain a dowel pin, around which the ring gap 
must be situated. If not the rings will likely break during installation (or if by 
they don't by some miracle, during the first start-up). Be sure to install the 
tapered ring in the top groove. 

When using the ring expander, spread each ring JUST enough to 
slip over the piston. 

23. Install each piston as follows: 
a. Apply a light coating of clean engine oil or assembly lube to the 

piston and piston bore. * 

b. Use a suitable ring compressor or a band-type clamp to evenly 
compress the rings (oiling the inside of the compressor or clamp will also 
help ease installation). Make sure the rings are still properly positioned with 
the gaps over the dowels. 
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5 On small motors such as this one, a proper sized band-type hose 
clamp can be used as a ring compressor. The best type to use is a 
Mercruiser (yes, Mercruiser) exhaust bellows hose clamp, as it contains 
an inner ring on which the outer rings slides to compress it. Typical 
automotive hose clamps will rotate the inner ring, which can rotate the 
piston rings out of alignment (off their dowels). Also, it is often 
possible to install these pistons without a compressor, as the ring 
spring-pressure is not excessive and can usually be compressed by 
finger-pressure during installation. Use care not to cock and damage 
the rings, piston or bore though if this method is used. Take your time 
and oil the components well. 

c. Start the piston into the bore with the deflector side of the piston 
(circular sharp edge) facing the intake port side of the cylinder block. 

d. Slowly insert the piston, making sure the connecting rod does not 
strike and damage the piston skirt, or the strikeiscrape and damage the 
cylinder wall. If the piston hangs up on a ring, don't force it, push the piston 
back upward and remove the compressor to check for potential problems, 
such as a ring that has shifted the gap away from the dowel. 

24. Once the pistons are installed in the bores, temporarily install the 
cylinder head again to keep them from falling out. 

25. If disassembled, reassemble the crankshaft as follows: 
a. If removed, apply a light coating of clean engine oil or assembly lube 

to a NEW lower main bearing, then support the crankshaft in a shop press 
between the 2 lower counterweights. Carefully press the bearing into position 
with the lettered side of the bearing facing upward toward the press. lnstall 
the retaining ring with the sharp edge of the ring facing away from the 
bearing. 

b. Apply a light coating of clean engine oil or assembly lube to the 
upper main bearing, then install the bearing to the shaft with the lettered side 
facing upward toward the flywheel. 

c. Apply a light coating of OMC Needle Bearing Assembly Grease, or 
equivalent to the 23 needles of the center main crankshaft bearing. Position 
the needles around the center crankshaft journal and secure using the 
sleeves. The retaining ring side of the sleeves should face the flywheel end 
of the crankshaft. Fasten the sleeves using the retaining ring. 

If the connecting rod end-caps were reinstalled to prevent loss, 
make sure they are matchmarked, then remove them so the crankshaft 
assembly can be installed. Position them aside ensuring that they will 
not be mixed-up during assembly. 

26. Remove the rod caps and install the connecting rod bearings. Place 
one liner half in each connecting rod and the other in the cap. Apply a light 
coating of clean engine oil or assembly lube to the bearing surfaces. 

27. Apply a light coating of clean engine oil or assembly lube to the 
crankshaft journals, then carefully lower the shaft into the cylinder block. 
Take care not to allow the connecting rods to contact or damage the shaft 
journals. Align the crankshaft center main bearing dowel pin hole with the 
dowel pin in the cylinder block. Roll the upper main bearing pin into the 
cylinder block groove. 

28. Move the pistons toward the crankshaft. Seat the rod journals against 
the crankpins, then align the matchmarks and install the caps. Oil and install 
the connecting rod cap bolts, then finger-tighten the bolts alternating from 
side-to-side on the rod cap. 

29. Use a pencil or your fingernail to determine if the rod caps are fully 
aligned and seated. Scrape the pencil across the mating surface to see if it 
catches. If necessary, tap the cap lightly using a plastic or rubber mallet to 
fully seat it and check again (if it will not seat, double check the alignment 
marks). Once you are sure the cap is fully seated, tighten the bolts back and 
forth to 60-70 inch Ibs. (7-7.5 Nm). 

30. Clean and degrease the mating flange of the crankcase and cylinder 
block halves using OMC Cleaning Solvent, or an equivalent solvent. Allow 
the flanges to air dry. 

31. Apply a light coating of OMC Locquic Primer or equivalent to the 
mating flange of the crankcase half and allow it to air dry. 

32. Apply a light coating of OMC Gel-Seal I1 or equivalent to the cylinder 
block half flange. Be sure that the sealant coats the entire flange evenly, but 
be careful not to apply excessive amounts. The sealant must not be applied 
within 114 in. (6mm) of the bearings or the sealant could be forced out from 
between the flanges into contact with the bearings during assembly. 

5 Although OMC Gel-Seal II has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. Keep in mind that using 
an old tube of Gel-Seal II could allow crankcase air leaks (leading to 
performance problems). 

33. Carefully lower the crankcase half into place over the cylinder block 
half. 

34. Apply a light coating of OMC Gel-Seal II or equivalent to the threads 
of the 6 crankcase-to-cylinder block (main bearing) bolts, then install and 
finger-tighten the bolts. 

35. Once the crankcase if fully seated on the cylinder block, install the 
crankcase taper pin and make sure it seats fully. Use a plastic or rubber 
mallet to gently tap the bottom of the crankshaft to fully seat the lower main 
bearing. 

36. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the metal case of a NEW upper main bearing seal and 
light coating of oil to the seal lips. Position the seal with the lips facing inward 
and then use a suitable driver (such as OMC #391060) to gently tap the seal 
into position. 

37. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant !o the metal cases of the 2 NEW lower head seals. Apply 
a light coating of engine oil to the seal lips. lnstall the smaller diameter seal 
with the lips facing outward (facing the installation tool) first, then install the 
larger diameter seal with the lips facing inward (facing the smaller seal). 

When installing the lower head seals either use OMC Seal Installer 
(#330251) or an equivalent driver. If using the OMC seal installer, one 
side is designed for the smaller diameter seal and the other side for the 
larger seal. If the OMC installer is not available, use care, especially 
when installing the smaller diameter seal to push on the casing and 
NOT the seal lips. 

38. Apply about 3cc of OMC Moly Lube between the lips of the 2 NEW 
lower head seals. 

39. Apply a light coating of engine oil or assembly lube on a NEW O-ring, 
then position it in the groove around the lower crankcase head. 

40. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the lower crankcase head bolts, then 
install the head and finger-tighten the bolts. 

41. Tighten the 6 main bearing bolts in multiple passes of a spiraling 
pattern that works from the center screws and moves outward. Tighten the 6 
bolts to 144-168 inch Ibs. (16-19 Nm). Then tighten the smaller screws in a 
similar fashion to 60-84 inch Ibs. (7-9 Nm). 

42. Tighten the lower crankcase head bolts to 60-84 inch Ibs. (7-9 Nm). 
43. Apply a light coating of Permatex No. 2@ or equivalent sealant to the 

2 ribs in the cylinder head (they are at the top of the cylinder head, 
immediately adjacent to the thermostat housing). 

44. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a NEW cylinder head gasket. lnstall the 
cylinder head and gasket, then install and finger-tighten the bolts. 

5 lnstall the cylinder head bolts with the threads dry, they should NOT 
be coated with sealant. 

45. Tighten the cylinder head bolts using multiple passes of a clockwise 
spiraling pattern that starts at the center and works outward. Start at the 
center bolt on the starboard side and then tighten the center bolt on the port 
side. Move to the upper bolt on the port side, followed by the upper bolt on 
the starboard side. Finally tighten the lower bolt on the starboard side and 
the port bolt on the starboard side. Continue the spiral sequence until all 
bolts are tightened to 216-240 inch Ibs. (24-27 Nm). 

46. lnstall the thermostat assembly and cover. For details, please refer to 
the Thermostat procedures in the Lubrication and Cooling section. 

47. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of the 2 NEW exhaust cover gaskets, then 
install the inner and outer covers. lnstall and tighten the retaining bolts to 60- 
84 inch Ibs. (7-9 Nm) starting with the center screws and working outward. 

48. If disassembled for component replacement, assemble the leaf plate 
assembly as follows: 

a. Place the leaf valves on the plate. If new valves do not seat on the 
plate, try turning them over. 

NEVER turn over used valves on the plate, as they may break when 
they are returned to service. If used valves do not seat in their original 
direction of installation, they must be replaced. 

b. Check the valves, if any leaves are standing open, apply light 
pressure using the eraser end of a pencil (the valve should close with light 
pressure). If not, check the plate for high spots or burrs. 
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NEVER lap the leaf plate. An plate that is too smooth may cause the 
leaf valves to stick closed when returning a motor to service after 
winterization. 

c. Apply a light coating of OMC Locquic Primer or equivalent to the 
valve screws and allow it to air dry. 

d. Apply a light coating of OMC Screw Lock, or equivalent threadlock 
to the mounting screw threads, wiping off any excessive adhesive 
compound. 

e. Assemble the leaf valve shim (if used) and the leaf stop, then install 
and finger-tighten the retaining screws. 

f. Center the leaf valves on the plate using the matchmarks made 
during removal (and the indexing marks that are placed on the leaf plate 
between the tips of the stops for each pair, then tighten the screws securely. 

49. Install the intake manifold and leaf valve assembly using new 
gaskets. lnstall the gaskets dry, without sealer. Tighten the retaining screws 
to 60-84 inch Ibs. (7-9 Nm). 

50. Install the powerhead assembly, as detailed in this section, then refer 
to Break-In in this section for details on how to ensure proper break-in of the 
new powerhead components. 

9.9115 Hp (305cc) 4-Stroke Motors 

+ See Figure 53 

Removal & lnstallafion 

+ See Figure 53 
CULT 

1. Either disconnect the negative battery cable (electric start models) 
andlor tag and disconnect the spark plug wires (rope start models), for 
safety. 

2. Remove the engine covers. For details, please refer to Engine 
Covers (Top and Lower Cases) in the Maintenance and Tune-up Section. 

3. Remove the manual rope starter assembly. For details, please refer 
to the Hand Rewind Starter section. In order to remove the covers 
completely, don't forget the following: 

Remove the choke cable clamp and choke knob. 
Remove all of the cover screws (2 at the top, 5 on the sides, and the 

one hidden behind the cooling stream indicator). 
At the front base of the powerhead, remove the clip retaining the shift 

rod clevis to the shift rod link, then slide the clevis from the link. 
Also at the front of the powerhead, at the base of the shifter arm, 

remove the shoulder screw and wave washer securing the shift lever to the 
tiller arm. 

Disconnect the fuel hose from the fuel pump inlet. 
4. If the powerhead is being removed for overhaul, tag and disconnect 

all ignition and electrical system components from the powerhead. For 
details please refer to the procedures in the Ignition and Electrical System 
section including procedures for the coil, power pack, stator, sensoritrigger 
coil and oil pressure switch. 

5. If the powerhead is being removed for overhaul, remove the fuel 
system components. For details, please refer to the Fuel System section for 
procedures on the carburetor, fuel pump and, if equipped, fuel primer 
solenoid. 

6. If equipped with a tiller control, remove the retaining bolts (usually 4), 
then disconnect any necessary components and remove the steering arm 
assembly. 

7. Disconnect the shift rod from the arm. 
8. Remove the bolts (6) securing the powerhead to the gearcase 

midsectionlexhaust housing (there are 3 located on either side of the motor, 
just below the exhaust housing flange, threaded upward into the powerhead), 
Carefully lift the powerhead up and off the exhaust housing. 

Lift the powerhead straight up and off the midsection. If necessary, 
use a plastic or rubber mallet to help break the seal. If necessary, you 
can assist removal with a small prybar, but take great care not to score 
and damage the mating surfaces. 

9. Refer to Powerhead Disassembly &Assembly in this section for 
further service. Once separated, the cylinder head and/or cylinder block can 
also be disassembled for inspection or overhaul. 

To install: 
10. Thoroughly clean the mating surfaces of the oil sump and the 

midsectionlexhaust housing. Remove all traces of the old qasket. 
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11. lnstall a NEW powerhead base gasket with the bead facing the 

exhaust housing. 
12. Check to make sure the exhaust seal and the water seal O-ring are 

both in proper position. Apply a light coating of OMC Gasket Sealing 
Compound, or an equivalent sealant. 

13. Slowly lower the powerhead into position, while aligning the 
driveshaft and mating surfaces. 

14. Apply a coating of OMC Nut Lock or an equivalent threadlock to the 
threads of the powerhead retaining bolts. lnstall the bolts and tighten to 15- 
17 ft. Ibs. (20-23 Nm). 

15. Connect the shift rod to the arm. 
16. If equipped install and secure the tiller arm using the retainers. 

Tighten the retainers securely. 
17. lnstall the fuel system components that were removed. For details, 

please refer to the carburetor, fuel pump and, if applicable, fuel primer 
solenoid procedures in the Fuel System section. 

18. lnstall the ignition and electrical components that were removed. For 
details, please refer to the Ignition and Electrical System section. 

19. lnstall the rope starter assembly as detailed in the hand rewind 
starter section. 

20. lnstall the lower engine covers, paying particular attention to the 
following: 

Connect and secure the fuel inlet hose to the fuel pump using a new 
wire tie, 

Apply a light coating of OMC Nut Lock, or equivalent threadlock to the 
threads of the shift lever-to-steering arm shoulder screw. lnstall the shift lever 
and secure using the screw and wave washer, then tighten to 84-106 inch 
Ibs. (9-12 Nm). 

lnstall the shift rod clevis to the link and secure it using the clip. 
lnstall the cover screws, including the one located behind the cooling 

stream indicator. Secure the cooling stream indicator and hose. 
Connect the choke cable and knob. 

21. Connect the negative battery cable andlor the spark plug wires, as 
applicable. 

22. Refer to the Timing and Synchronization procedures in the General 
Information section, then perform all applicable adjustments. 

23. If a new or rebuilt powerhead was just installed, refer to Break-In in 
this section for details on how to ensure proper break-in of the new 
powerhead components. 

Powerhead Disassembly & Assembly 

+ See Figures 53,54 and 55 

Although the powerhead houses many components (including the starting, 
fuel and ignition systems) some of those components were likely removed 
during powerhead assembly removal. This leaves 2 major sub-assemblies, 
the cylinder head and the cylinder block, along with various components for 
other systems (such as the thermostat, oil pump, breather assembly 
components and various tubes or housings). Although it is not necessary to 
remove all of these components to separate the cylinder head or cylinder 
block for further service, we recommend that if you've come this far you 
consider a complete disassembly and inspection of the powerhead, including 
ALL of these components. After all, checking the oil pickup line and screen 
now could prevent a second powerhead removal to repair the damage done 
if these components should fail. For this reason, a complete teardown 
procedure is what we've provided in terms of a Disassembly &Assembly 
procedure. If access is necessary only to certain components (the cylinder 
head or the cylinder block), use care in determining which steps you will or 
will not follow. Complete Cylinder Head Overhaul and Cylinder Block 
Overhaul procedures are included in this section for disassembly of these 
assemblies once they've been separated. 

Check the cylinder block and cylinder head for excessive warpage before 
installation. It is always a good idea to clean the cylinder block holes with a 
thread chaser, making sure the holes are clean and dry. Even small amounts 
of dirt or debris will adversely affect bolt torque. 

Cylinder head gaskets are installed dry, do not apply sealant, but be sure 
that vou alwavs install a NEW aasket. 
i. ~ e m d v e  the powerheaG and oil sump assembly from the lower unit 

as detailed under Removal & Installation 
2. Tag and remove the cooling system (overboard indicator), breather 

and thermostat hoses from the powerhead. Inspect all hoses for deterioration 
or cracking and replace upon assembly, if necessary. 

3. If equipped, remove the emissions testing tube from the powerhead 
(when equipped it can be found immediately underneath the intake 
manifold). 

4. Remove the oil filter, pressure switch, fill plug and level dipstick (all 
located on the eort side of the ~owerheadi. 

5. ~oosen'the clamp and iemove theoil pickup tube along with the inlet 
screen. Clean the tube and screen using a mild solvent and check for 
damage. 

6. Remove the timing belt. For details, please refer to the procedure in 
this section. 

7. If not done when removing the timing belt (and if necessary for 
further repairs) remove the crankshaft sprocket, as follows: 

a. Secure the crankshaft from turning using the OMC Crankshaft Pulley 
Nut removal tool (#342212). The tool is a large hex nut with an internal taper 
and keyway designed to use with a wrench to keep the crankshaft from 
turning. 

b. Loosen the crankshaft sprocket nut using a large adjustable or crow- 
foot wrench. 

c, Remove the tool from the shaft and the key from the keyway. 
d. Remove the nut and then remove the upper belt guide from the 

sprocket. 
e. lnstall a universal puller (such as an automotive steering wheel 

puller) to the crankshaft sprocket using 2 114 - 20 X 4 in. screws threaded 
through the puller and into the sprocket. Use the puller's pressing screw to 
slowly draw the sprocket from the crankshaft. 

8. If necessary for cylinder head service, remove the bolt and washer 
retaining the camshaft sprocket. Remove the sprocket and key from the 
shaft. 

9. Remove the intake manifold bolts and remove the manifold. Remove 
and discard the O-ring seals. Check the manifold for signs of excessive 
corrosion, leakage or damage. 

10, Remove the bolts holding the exhaust adapter to the underside of the 
powerhead. Remove the adapter, then remove and discard the O-ring seal. 
Check the adapter for damage or excessive corrosion. 

11. Remove the Torx63 head bolts (3) securing the pressure relief valve 
to the underside of the cylinder block. Remove the valve and discard the 
gasket, then inspect the valve for damage or excessive corrosion. 

12. Loosen the valve cover retaining bolts (8) using multiple passes in 
the reverse of the torque sequence (basically that results in a crossing 
pattern that works from the outside bolts to the inside bolts). Remove the 
valve cover from the cylinder head, then remove and discard the gasket. 

fl Because the cylinder head bolts are different lengths, prevent mix- 
ups during installation by keeping track of them now as they are 
removed. The easiest method to do this is to punch holes in a 
cardboard box. Each hole should be placed to represent the hole in the 
cylinder head which that bole was threaded. Arrange each bolt in the 
cardboard, as it is removed. 

13. Loosen the cylinder head bolts (6) using multiple passes in the 
reverse of the torque sequence (like the valve cover, this results in a 
crossing pattern that works from the outside bolts to the inside bolts). Gently 
tap on the cylinder head using a plastic or rubber mallet to help break the 
gasket seal, then carefully remove the cylinder head from the cylinder block. 

14. If necessary for inspection or repair, remove the oil pump assembly 
from the cylinder head. For details, please refer to the Oil Pump procedure in 
the Lubrication and Cooling section. 

15. If necessary for inspection or repair, remove the thermostat assembly 
from the cylinder block. For details, refer to the Thermostat procedure in the 
Lubrication and Cooling section. 

16. If necessary, remove the lifting bracket andlor the shift linkage from 
the cylinder block. 

17. As necessary, refer to Cylinder Head Overhaul for details on 
disassembly of the cylinder head and valve train components andlor to 
Cylinder Block Overhaul for details on disassembly for the piston, rings and 
crankshaft assembly. 

To assemble: 
18. Assemble the cylinder head andlor cylinder block, as detailed under 

the overhaul procedures in this section. Be sure to replace all gaskets and 
seals. 

19. If removed, apply a light coating of OMC Gasket Sealing Compound, 
or equivalent sealant to the threads of the shift linkage retaining bolt, then 

" 

install the linkage and tighten the bolt to 84-106 inch Ibs. (9-12 Nm). 
20. If removed, apply a light coating of OMC Nut Lock, or equivalent 

threadlock to the threads of the lifting bracket screws, then install the bracket 
and tighten the screws 84-106 inch Ibs. (9-12 Nm). 
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21. If removed, install the Oil Pump assembly to the cylinder head as 

detailed in the Lubrication and Cooling section. 
22. If removed, install the thermostat. For details, please refer to the 

Lubrication and Cooling section. 
23. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to both sides of a new cylinder head gasket, then position 
the gasket on the cylinder block. 

Remember that the cvlinder head bolts are different lenaths. lnstall 
them as arranged or noied during removal. What, you forg6t to or 
worse, someone removed them from the arranaement, no fear. The 
longer bolts are installed on the starboard sideof the head. 

24. Apply a light coating of clean engine oil to the cylinder head bolt 
threads. Carefully position the cylinder head to the block, over the gasket, 
then install and finger tighten the bolts. Torque the bolts to 18-20 ft, Ibs. (24- 
27 Nm) using multiple passes of the torque sequence, as shown in the 
accompanying illustration. 

25. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the NEW gasket for the pressure relief valve. Apply a 
light coating of clean engine oil to the threads of the relief valve bolts, then 
install the bolts and tighten to 84-106 inch Ibs. (9-12 Nm). 

26. lnstall a NEW seal ring in the exhaust adapter, then apply a light 
coating of OMC Gasket Sealing Compound, or equivalent sealant to the bolt 
threads and the mating surface. lnstall the adapter and tighten the bolts to 
84-106 inch Ibs. (9-12 Nm). 

27. Apply a light coating of clean engine oil to NEW intake manifold O- 
rings, then install them to the grooves on the intake manifold. Apply a light 

Fig. 54 Valve cover torque sequence - 9.9115 hp (305cc) Cstroke 
motors 

Fig. 55 Cylinder head torque sequence - 9.9115 hp (305cc) 4-stroke 
motors 

coating of OMC Gasket Sealing Compound, or equivalent sealant to the 
threads of the intake manifold bolts, then install the manifold and tighten the 
bolts to 84-106 inch Ibs. (9-12 Nm). 

28. If removed, install the camshaft key with the outer edge parallel to 
the camshaft's centerline (outer edge straight up and down like the shaft). 
Position the camshaft sprocket and secure using the bolt and washer. 
Tighten the bolt finger-tight only at this time. 

29. If removed, position the crankshaft sprocket and belt guide onto the 
crankshaft, then thread the nut onto the shaft, on top of the assembly. lnstall 
the crankshaft key with the outer edge parallel to the centerline of the 
crankshaft (again, outer edge of the key should be straight up and down). 

30. lnstall the OMC Crankshaft Pulley Nut Removalllnstallation tool 
#342212 or equivalent to hold the crankshaft from turning while you push the 
sprocket down into position using a crow-foot wrench on the sprocket nut. 
Once the sprocket is in position, loosen the nut again, removing the nut and 
belt guide so the timing belt can be installed. 

31. lnstall the timing belt. For details, please refer to the procedure in this 
section. 

32. If the camshaft sprocket bolt was only temporarily tightened earlier, 
back the bolt out of the pulley sufficiently to apply a light coating of OMC Nut 
Lock, or an equivalent threadlock, then install and tighten the bolt to 84-106 
inch Ibs. (9-12 Nm). 

33. Adjust the valve lash as detailed in the Maintenance and Tune-up 
section. 

34. lnstall a new valve cover seal to the cover, and apply a light coating 
of OMC Gasket Sealing Compound, or equivalent sealant to the threads of 
valve cover retaining bolts. lnstall the cover and tighten the bolt using 
multiple passes of the illustrated torque sequence to 84-106 inch Ibs. (10-12 
Nm). 

35. If the oil pressure switch was removed from the cylinder block, make 
sure the port is clean and free of debris. Apply a light coating of OMC Pipe 
Sealant or equivalent sealant with Teflon to the threads of the pressure 
switch. lnstall the switch and tighten to 120-168 inch Ibs. (13.5-19 Nm). 

36. If removed, install the oil fill plug, dipstick and a NEW oil filter. 
37. If equipped, install the exhaust probe tube to the cylinder block, then 

tighten the fitting to 12-15 ft. Ibs. (16-20 Nm). 
38. lnstall and secure the cooling system indicator, breather and 

thermostat hoses to the powerhead as tagged or noted during removal. 
39. If removed, install the oil pump pickup and inlet screen. Secure using 

a clamp or wire tie, as applicable. 
40. lnstall the powerhead, as detailed in this section. 

Cylinder Head Overhaul 

+ See Figure 56 

Cylinder head disassembly procedures are identical on the 516 hp and 
9.9115 hp 4-stroke JohnsonIEvinrude outboards. For details regarding 
Cylinder Head Overhaul, please refer to the procedure under 516 hp motors 
in this section. 

Cvlinder Block Overhaul 

LED 

See Figures 8,24,25,26,57 and 58 

The crankshaft for this motor turns on replaceable main bearing insert 
halves found in the cylinder block and crankcase. However, unlike many 4- 
stroke motors, the connecting rods do not utilize bearing inserts, as the rod 
and cac, itself contain machined bearina surfaces. Esoeciallv for this reason, 
it is critical that the connecting rod andend cap are kbpt as2a matched set 
and are returned to the same crankshaft journal and in the exact same 
orientation (facing the same directions) as originally installed. 

During service, the crankshaft assembly can be removed from the block 
without piston removal or vice-versa. If either is attempted, take EXTREME 
care to keep the journal surfaces from being damaged. When free of the 
crankshaft journals, the connecting rods should be restrained from contacting 
the piston bores as well. One method to accomplish this is to stuff a clean 
shop towel under the piston skirt. Another is to use rubber bands to hold the 
rods in position. %. 

Cylinder block work is more easily performed on an engine stand, 
especially since this allows rotation of the motor to access pistons from 
above and below the cylinder block. But, work can also be performed on a 
clean workbench, if care is taken not to damage the mating surfaces or, in 
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the case of the cylinder head mating surface, the dowel pins. When working 
on a bench, take care to prevent the block from falling over during service. 
Also, if the case is stood on end at any point, take great care to keep the 
crankshaft from falling out of the block during service. A crankshaft can suffer 
a fatal blow from such a fall, even from a short height. 

1. Remove the powerhead from the gearcase as detailed under 
Removal & Installation, then remove the cylinder head as detailed under 
Powerhead Disassembly & Assembly. 

2. Invert the cylinder block so the cylinder head mating surface is facing 
downward. 

If you're not working on an engine stand, take care not to damage 
the cylinder head dowel pins. 

3. Loosen the 10 crankcase-to-cylinder block (and main bearing) bolts 
using multiple passes in the reverse of the torque sequence. 

4. Remove the lower crankcase rubber mounts, then use a plastic or 
rubber mallet to tap gently upward on the crankcase bosses, breaking the 
gasket seal. Carefully lift and remove the crankcase from the block. 

5. Note the location and orientation of each bearing half in the journals 
at either end of the crankcase. Remove and retain the bearings. Visually 
check the crankcase mating surfaces, the bearing surfaces and the seal 
surfaces for damage or wear (no scratches big enough to catch a fingernail 
should be present on any of the surfaces). 

H Each connecting rod cap is unique and is matched for installation to 
only ONE connecting rod and only in ONE direction. Always mark the 
alignment of each rod cap before removal and, keep the caps off the 
rods for as short a time period as possible (to prevent mix-ups). 
Loosely install the caps as soon as possible during procedures. 

6. Matchmark each rod cap to its connecting rod in order to ensure 
installation with the same alignment. 

H If a permanent marker is used, keep the rod cap installed on the 
connecting rod during cleaning, in case the mark should wear off. That 
way, a new mark could be made after the components dry. 

7. Bend the tabs on the connecting rod cap bolt retainers back so the 
bolts can be removed. 

8. Loosen and remove the connecting rod cap bolts. To prevent 
possible damage to the cap and bearing surface, loosen each cap by 
alternating between bolts, giving them about 1!4 - 112 turn at a time. 

Arm Assy 

Valve 

-A 
T 

Valve 

Fig. 56 Exploded view of the cylinder head assembly - 9.9115 hp 
(305cc) Cstroke motors 

H The connecting rod bolts and retainers are NOT reusable on these 
motors. You can thread the bolts back in place to prevent the caps from 
becoming lost or mixed, but they must be replaced during assembly. 

9. Once the bolts are removed, the cap should easily come free, but if 
necessary, tap it gently using a plastic or rubber mallet to free it from the rod. 
Remove the rod cap and then remove the bearing half from the shaft or cap. 
Keep the bearing with the rod cap. 

10. Push the pistons and connecting rods downward in their bores away 
from the crankshaft. Remove the crankshaft and thrust bearing from the 
cylinder block. 

11. Remove the main bearing halves from the cylinder block. Note their 
locations and orientations for measurement and assembly purposes. 

12. Check the dowel pins in the cylinder block-to-crankcase mating 
surface. Remove and replace any loose or damaged pins from the cylinder 
block. 

13. Remove and discard the crankshaft seals from either end of the 
shaft. 

14. Remove and discard the 0-rina from the bore in the end of the 
crankshaft. 

15. Check the crankshaft sleeve. If damaged, replace it using a slide 
hammer and a small-jawed puller. 

16. Mark the top of each piston for location and orientation. 
17. If the pistons are being removed, place the cylinder block with the 

head mating surface and the tops of the pistons either facing upward or 
sideways. (Actually, we find that upward at a slight angle is the best of both 
worlds, but you'll need and engine stand and you have to take extra care to 
make sure the connectina rods do not hit the cvlinder walls). To remove the 
pistons, use a large wooden dowel (or a large wooden hammer handle) to 
carefully push on the connecting rod until the piston comes out of the top of 
the cylinder block. 

When removing the piston, take extra care to make sure the 
connecting rod does not contact and damage the cylinder walls. If the 
crankshaft was not removed, take extra care to make sure the shaft 
journals are not damaged either. 

18. Use a universal piston ring expander to remove the piston rings. 
Retain all rings in order (top, second, bottom, etc) for identification or 
diagnostic purposes, but they should not be reused. 

19. Matchmark the connecting rod to the piston to ensure installation with 
the same alignment 

Retaining Ring Pu: ;SGuide 

- Guide 
I 

a 

Crankshaft 
Connectina Rod 

Set C. - 
Seal -e Bearing Assy 

Fig. 57 Exploded view of the crankshaft, piston and main bearing 
assembly - 9.9115 hp (305cc) Cstroke motors 
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20. Use a pair of needle nose pliers modified as illustrated to remove the 

wrist pin retaining rings from the piston. 

The wrist pin-to-piston boss fit is loose on both sides, therefore little 
or no force should not be necessary to remove the wrist pin. 

21. Use a driver that is slightly smaller than the wrist pin (like the OMC 
Wrist Pin Removerllnstaller #342657) to carefully tap the wrist pin from the 
piston. 

22. Refer to Cleaning & Inspection for details concerning cylinder block, 
piston and crankshaft inspection. Don't forget to visually inspect the block 
mating surface and dowel pins for damage (replace any loose or damaged 
pins). Also, remember to check all bearing surfaces for signs of excessive 
wear or damage. The oil pressure sender hole must be free of dirt or debris. 

To assemble: 
23. Apply a light coating of clean engine oil (or assembly lube) to the 

wrist pin and bore in the side of the piston. 
24. Align the matchmarks made on the piston and connecting rod 

removal, then, since the wrist pin should be a loose fit in the piston, insert 
the wrist pin by hand and push it through the piston into the connecting rod. 
Turn the ring in the groove until the gap faces directly away (180" opposite) 
the semi-circular relief in the wrist pin bore. 

25. Secure the wrist pin in the piston using the retaining rings. Place the 
ring in the end groove, then carefully drive it into position using OMC Wrist 
Pin Retaining Ring installer (#341441) or an equivalent driver. If substituting 
a driver other than #341441, make sure it contacts the ring around the ring's 
entire circumference, but make sure it is slightly smaller than the outer 
diameter of the ring so it won't contact and damage the wrist pin bore in the 
piston. 

Apply a light coating of clean engine oil or assembly lube to each 
ring in order to help ease installation. 

26. lnstall the oil control ring assembly. Position the segmented ring into 
the bottom groove first, then insert the end of the first scraper ring under the 
segmented ring. Work carefully around the piston until the scraper ring is 
seated. Finally, insert the second scraper ring on top of the segmented ring 
and work around the piston to seat it. 

27. Position the scraper ring end gaps each at 45" from each end of the 
wrist pin (the wrist pin is represented as a dotted line in the accompanying 
illustration). Make sure the segmented ring gap is at least 45 degrees from 
the wrist pin centerline, but on the opposite side of the piston and wrist pin 
centerline from the scraper ring gaps. 

28. lnstall the middle compression ring (thicker compression ring) into the 
middle piston ring groove with the number stamping facing upwards and the 
white painted mark to the right side of the gap. Position the middle ring gap 
directly between the 2 scraper ring gaps (90" from the wrist pin centerline). 
Refer to the accompanying illustration for clarification. 

29. lnstall the top ring in the top piston groove with the stamping facing 
up and with the orange paint mark to the right side of the gap. Position the 
top ring gap directly opposite the middle compression ring (in the same 
general area of the segmented ring gap, but more precisely 90" from the 
wrist pin centerline). Again, refer to the illustration for details. 

30. Apply a light coating of clean engine oil or assembly lube to the 
cylinder wall, an expandable ring compressor and the piston. 

31. Verify the ring gaps are still in position, then secure the piston in the 
ring compressor. Tighten the compressor just sufficiently to push the rings 
into the grooves, but do not over-tighten it as the piston must still be free to 
slide into the bore. 

32. Position the piston over the bore with the stamped arrow on the 
piston dome facing the flywheel side of the motor (and any other alignment 
marks made during removal oriented as you intended). Use a wooden dowel 
or wooden hammer handle to gently tap the piston down through the ring 
compressor and into the cylinder bore. 

When tapping the piston into position MAKE SURE the connecting rod 
does not contact and damaae the cvlinder walls. 

33. If removed, install a new crankshaft sleeve with the O-ring on the end 
of the crankshaft using the OMC Crankshaft Sleeve Installer (#342210), or 
equivalent sized driver. Be sure to fully seat the sleeve, then apply a coating 
of OMC Moly Lube or equivalent assembly lube to the O-ring. 

34. Apply a light coating of clean engine oil or assembly lube to the NEW 
main bearing halves, then position them in the cylinder block and crankcase. 

Position each bearing edge flush with the block. 
35. Apply a light coating of clean engine oil or assembly lube to the 

crankshaft main bearing and connecting rod journals. 
36. Apply a light coating of clean engine oil or assembly lube to the 

connecting rod and cap bearing surfaces. 
37. Carefully position the crankshaft and thrust bearing (with the reliefs 

facing the crank) into the cylinder block. 
38. Push each piston slowly upward in the bore, toward the crankshaft. 

Make sure the connecting rods do not contact and damage the cylinder walls 
or the crankshaft journals. 

39. lnstall each connecting rod cap using NEW bolts and retainers. 
Tighten the bolts back and forth in stages (about 114 - 112 turn at a time) to 
96-108 inch Ibs. (11-12 Nm). Bend the retainer tabs up onto the bolt hex 
heads to lock them in position. 

Over-tightening the connecting rod cap screws will likely render the 
connectina rods and caas unusable due to caa distortion. " 

40. Apply a light coating of OMC Gel-Seal I1 or equivalent to the mating 
flanges of the cylinder block and crankcase. Be sure that the sealant coats 
the entire flange evenly, but be careful not to apply excessive amounts that 
could be forced out from between the flanges during assembly. 

Although OMC Gel-Seal I1 has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. Using an old tube of Gel- 
Seal II could prevent the crankcase from sealing properly. 

41. Apply a light coating of clean engine oil to the threads of the 10 
cylinder block-to-crankcase (main bearing) bolts. lnstall the bolts and finger- 
tiahten, then use multiple Dasses of the torque sequence to tiohten the bolts 
tospecification. ~ i ~ h t e n  the small bolts to 84-106 inch Ibs. (1612 Nm) and 
the large bolts to 18-21 ft. Ibs. (24-28 Nm). 

42. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the casings of a NEW upper and a NEW lower 
crankshaft seal. Apply a light coating of engine oil or assembly lube to the 
seal lips. 

Don't loose the crankshaft sprocket and flywheel keys. When 
installing the upper crankshaft seal, place the keys with the sprocket 
and flywheel for use during component installation. 

43. Remove the keys from the top of the crankshaft (to prevent possible 
seal damage or interference with the seal installer), then position the upper 
seal over the crankshaft with the casing facing outward. Make sure the seal 
lips fit properly and start the casing squarely into the bore, then use a 
suitable driver (large enough to fit over the crankshaft, but still contact only 
the seal casing, such as OMC #342213) to press the seal slowly into 
position. 

Fig. 58 Crankcase-to-cylinder block (main bearing) bolt torque 
sequence - 9.9115 hp (305cc) Cstroke motors 
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The OMC seal installer tool is designed for use with the crankshaft 

sprocket nut to slowly push the seal into position. Turn the nut slowly 
until the seal is fully seated, then remove the nut and installer tool. 

44. Position the NEW lower crankshaft seal squarely over the crankshaft 
with the casing facing outward, then use a seal installer (such as OMC 
#342215 or an equivalent driver) to gently tap the seal into the bore until it 
contacts the powerhead. 

45. Assemble and install the powerhead, as detailed in the Powerhead 
Disassembly &Assembly and the Powerhead Removal & Installation 
procedures in this section. 

46. Refer to Break-In in this section for details on how to ensure proper 
break-in of the new powerhead components. 

18 Jet-35 Hp (521cc) Motors 
+ See Figure 59 

Removal & InstaNation 

+ See Figure 59 

1. On electric start models, disconnect the negative battery cable for 
safety. 

2. Remove the top engine cover for access. 
3. Remove the rope starter assembly, as detailed in the Hand Rewind 

Starter section. 
4. At the linkage on the port side of the motor, disconnect the spring 

from the pin on the throttle control lever, then remove the washer. 
5. Remove the screws (4) from the throttle control lever pivot bearing 

clamps (the semi-circular clamps on both sides of the throttle control lever, 
just in front of the spring disconnected in the previous step). 

6. Separate the pin from the top of the throttle control rod, then lift 
slotted armature plate link from the top of the throttle control lever. Move the 
throttle control lever aside. 

7. Either remove the center bolt and separate the fuel pump cover from 
the pump body (so the inlet screen can be checked for damage) or simply 
cut the wire tie and disconnect the fuel hose from the pump. 

8. Disconnect the cooling system (overboard) indicator hose from the 
fitting on the exhaust cover. Free the hose from the retaining clamp. 

9. Tag and disconnect the primer hoses from the carburetor and from 
the intake manifold. There should be 2 hoses run to the carburetor and one 
to the intake. 

10. For UFI Ignition Models, disengage the I-pin connector for the stop 
switch, then remove the stop switch and ignition module ground leads from 
the ignition coil screw. 

11. For tiller control models with CDI, disengage the 5-pin connector, 
then using a pin removal tool, remove the stop-switch wire (terminal E) from 
the connector. For more details on wire color or terminal E identification, 
refer to the schematics or the information on stop switch testing in the 
lgnition and Electrical System section. 

12. Disconnect the ground lead from the powerhead. 
13. On the starboard side of the motor, disconnect the shift lever. Insert a 

paper clip into the plunger and then remove the pin and washer from the 
actuator cam link. Disconnect the link from the shift actuator cam. 

14. Using a suitably sized small box wrench (such as OMC #322700) 
remove the powerhead retaining nuts facing upward at the base of the 
powerhead (in the lower engine cover) on the port and starboard sides. 
Access to these nuts is very tight. Be patient. 

15, From underneath the engine cover, remove the bolts (4) securing the 
exhaust housing to the powerhead. 

16. With the bolts and nuts removed, the powerhead can be lifted from 
the gearcase assembly. Although it can be lifted by hand, we'd recommend 
an engine hoist to prevent damage to the assembly. If necessary, rock the 
powerhead back and forth slightly to break the seal. 

17. Remove the inner exhaust tube from the bottom of the powerhead. 
Remove and discard the gasket. 

18. Mount the powerhead on an engine stand. If necessary, strip it for 
overhaul by removing the carburetor (refer to Fuel System) and any electrical 
or ignition components (refer to lgnition and Electrical Systems). 

Nipple 

- Gasket, 
Exhaust Cover 

g"r 
Gasket, 

Temperature 

Clam0 

Bypass Cover 
ASSY 

I Fig. 59 Exploded view of the powerhead assembly - 18 jet-35 hp (521cc) motors (Note, port bracket and bracket mounted components shown are 
for electric start models, rope start models differ) 
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To install: 
19. Apply a light coating of OMC Triple-Guard, or equivalent marine 

grease to a NEW O-ring and the outside bore of the lower crankcase head. 
lnstall the O-ring to the groove in the lower head. 

20. Apply a light coating of OMC Moly Lube, or equivalent lubricant to 
the crankshaft splines. But, do not allow the lubricant to pack in the end of 
the splines, as the hydraulic pressure could prevent the driveshaft from 
seating in the crankshaft. 

21. Check that the O-ring is present in the crankshaft sleeve. 
22. Apply a light coating of OMC Triple-Guard, or equivalent marine 

grease to the upper outside diameter of the water tube, then make sure the 
water tube washer is still positioned on the shoulder near the end of the 
tube. 

23. Position a new powerhead gasket (dry, without using any sealer), the 
install the inner exhaust housing and tighten the retaining bolts to 96-120 
inch Ibs. (11-14 Nm). 

24. Carefully lower the powerhead onto the exhaust housing. Proceed 
slowly aligning the driveshaft and crankshaft splines, along with the water 
tube andlor inner exhaust housing. It may be necessary to rotate the 
powerhead back and forth slightly to align the crankshaft and driveshaft 
splines. Once everything is aligned, seat the powerhead on the exhaust 
housing. 

25. lnstall the powerhead bolts (4) from underneath the exhaust housing 
flange (under the lower cover), then tighten to bolts to 191-216 inch Ibs. (22- 
24 Nm). 

26. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 
the port and starboard exhaust housing studs. Then install and tighten the 
retaining nuts securely. 

27. Connect the ground lead to the powerhead, then apply a coating of 
OMC Black Neoprene Dip or equivalent sealant. 

28. lnstall the carburetor and any ignition or electrical system 
components stripped during overhaul. 

Pay close attention when routing wires and hoses. Make sure all 
components are routed in their original clamps and locations. They 
should be secured so that no contact will occur with moving 
components. Failure to pay close attention to this detail could cause 
significant injury or damage from a resultant fire or explosion. 

29. For all rope or tiller electric start models: 
a. lnstall the neutral start plunger and spring through the component 

bracket, then use the pin to secure the plunger. 
b. Double-check the ignition plate routing, then install the component 

bracket, neutral start plunger, lockout lever using the pivot screw and flat 
washer. Tighten the pivot screw to 60-84 inch Ibs. (7-9 Nm), then remove the 
pin securing the plunger. 

30. Have an assistant slowly rotate the propeller shaft by hand while you 
shift the engine into reverse. Then place the actuator cam link into the shift 
actuator cam, securing the link with the washer and pin. 

31. Seat the shift lever socket onto the lever, then snap the pocket onto 
the stud. Secure the socket using the washer and a cotter pin. 

32. Route the cooling system indicator hose through the clamp and 
secure it to the exhaust cover fitting. 

33. Either install the fuel pump cover (with inlet screen) or reconnect the 
fuel hose to the pump nipple and secure using a new wire tie, whichever is 
applicable. 

34. lnstall the throttle control lever. Slide the throttle control rod through 
the nylon block on the control lever (the offset in the nylon block must face 
forward). Then, insert the pin in the end of the rod 

35. Place the nylon bushing on the stud of the control lever and then 
engage the armature plate link on the stud. Place the washer over the stud 
and secure using the spring. 

36. lnstall the starter lockout cable bracket. 
37. lnstall the rope starter assembly. 
38. Adjust the shift lever, as follows: 

a. Have an assistant slowly rotate the propeller shaft by hand while you 
shift the engine into neutral. Loosen both shift lever bolts (there is one 
above and one below the pivot). 

b. Move the shift actuator cam back and forth until the neutral shift 
lockout lever centers in the notch of the shift actuator cam. 

c. Hold everything in this position and tighten the bolts to 60-84 inch 
Ibs. (7-9 Nm). 

39. On electric start motors, connect the negative battery cable, then 
check neutral safety switch operation. It must only allow the starter to kick 
over when the shifter is in neutral. If necessary, adjust the neutral start 
switch, as follows: 

a. Disconnect the negative battery cable again for safety. 
b. Disconnect the yellowlred lead from the neutral start switch. 
c. With the shift handle set in neutral adjust the distance between the 

bottom of the switch and the top of the plunger until it is 1116 in. (1.6mm). 
The easiest way to accomplish this is to loosen the 2 switch screws and 
insert a 1116 in. (1.6mm) drill bit between the bottom of the switch and the 
top of the plunger. Move the switch until the switch and plunger just contact 
the drill bit, then tighten the screws securely. 

d. After moving the switch, verify adjustment using a DVOM set to read 
continuity. The switch must show continuity ONLY with the shifter in neutral. 

40. If not done already (and if applicable) reconnect the stop switch 
wiring. 

41, lnstall the top engine cover. 
42. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Disassembly & Assembly 

LED 

+ See Figures 8,24,25,30 thru 40,50,51,52 and 59 thru 63 

Although the majority of the powerhead overhaul procedure for 18 Jet-35 
hp motors is fairly easy and straightforward, the connecting rod cap bolt 
torque procedure requires the use of a holding fixture in order to ensure that 
the connecting rodlcap and bearing are properly centered. Attempting to 
center and tighten the connecting rod caps without this fixture may cause 
unexpected, total powerhead failure sometime after the motor is returned to 
service. That is not to say people have not succeeded in centering and 
tightening the caps without the fixture, but to say that we cannot recommend 
it, as there are no guarantees. 

To simplify assembly, remember to layout all bolts, components and 
clamps in the order of removal. This is especially true for the wiring 
harness and related clamps. Matchmark all component assemblies 
such as pistons, connecting rods to ensure installation of the correct 
pairs and installation in the correct orientation. Most of all, take your 
time. 

1. Remove the powerhead from the lower unit as detailed under 
Removal & Installation. 

2. Remove the water tube grommet by pressing the grommet tab, then 
pushing it out of the inner exhaust housing. To prevent an oversight during 
assembly, install the replacement grommet at this time. Apply a light coating 
of OMC Gasket Sealing Compound, or equivalent sealant to the outer 
diameter of the grommet, then position the grommet, aligning it with the 
housing bore. Use OMC #304148 or a suitably sized driver to gently position 
and seat the grommet. 

3. Use a pair of diagonal-cutting pliers to grasp and pry the key from the 
crankshaft. The pliers should be positioned with the blades across the key 
with the handle pointing up at an angle, then use the handle as a lever, 
pivoting on the bottoms of the blades. 

4. Remove the bolts (3) securing the crankcase lower head to the 
bottom of the crankcase. Remove the lower head by pulling outward evenly 
at all sides (use 2 small prybars and reposition them often as the head is 
gently worked out of the crankcase. Remove and discard the O-ring and the 
3 bolts (which must be replaced after they are removed). 

5. Using a punch, carefully drive the seal from the crankcase lower 
head, then clean the seal bore in the head, removing all traces of sealant. 

6. Loosen and remove the cylinder head water cover screws (usually 
14) using multiple passes of a pattern that starts with the outside screws and 
works toward the center. Once the screws are removed, use a rubber or 
plastic mallet to tap around the edge, breaking the gasket seal. Remove the 
cover and discard the gasket. 

7. Remove the spring, thermostat and seal from the cylinder head. 
8. Loosen and remove the cylinder head retaining bolts (10) using * 

multiple passes of a counterclockwise spiraling pattern that starts at the 
outside, lower bolts and work towards the 2 center bolts. Once the bolts are 
removed, break the gasket seal and remove the cylinder head from the 
cylinder block. 
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9. Using a felt-tipped marker or numberedllettered punches, label the 

piston domes. 

If a felt-tipped marker is used to label components during 
disassembly, watch the marks during cleaning. Replace any marks that 
are dulled or removed by solvent as soon as the component is dry. 

10. On the port side of the cylinder block, loosen the bolts, securing the 
outer and inner exhaust covers. Remove the cover and separate, remove 
and discard the gaskets. The inner exhaust cover must be checked for 
pitting, warpage or excessive corrosion and replaced, if any of these 
conditions are found. 

11. On the starboard side of the cylinder block, loosen the bolts (9) and 
remove the intake bypass cover. Remove and discard the gasket from the 
mating surfaces. 

12. Remove the bolts (7 hex-head on most models, but 2 hex-head bolts 
and 5 nuts on some early-models) and screw (1 flat-head) from the intake 
manifold, then remove the intake manifold. Remove and discard the gasket. 

13. Remove the Phillip's head screw and remove the leaf plate. Remove 

-- -- 

Do not bend and leaf valves by hand as this could damage them so 
they either do not seal properly at best, or at worst, will break off 
during service. Do not disassemble the leaf plate unless some portion 
of the plate and valve assemblies is corroded or damaged and requires 
replacement. 

14. Inspect the leaf plate and, if necessary, disassemble it as follows: 
a. Visually check for obvious signs of distortion on the plate. lnspect 

the valve t~ps for signs of cracks, chips or other obvious damage. Make sure 
the leaf stops are not distorted or loose. If there are any obvious defects, that 
component must be replaced. 

b. Use a machinist's straightedge and a feeler gauge to check the leaf 
plate for distortion. Lay the straightedge across the plate only (not the leaf 
valves) at various points, then see if a 0.003 in. (0.08mm) or large feeler 
gauge can be inserted underneath the straightedge at any point. If it does, 
the plate or the manifold is warped and must be replaced. 

c. Visually check all gasket surfaces to make sure they are smooth and 
free of nicks. If necessary, a gasket surface may be dressed to smooth 

and discard the gasket. shallow nicks using a fine emery cloth. 

_ Seal 

Bearing 
Assy 

Fig. 60 Exploded view of the crankshaft and piston assemblies - 18 jet-35 hp (521cc) motors 

Alianment 

dimple 

Fig. 61 Leaf (reed) valve alignment notches 
should be positioned as shown I Fig. 62 DO NOT face the notches toward the 

alignment dimples 
Fig. 63 Center the valves over the stops 
before tightening the retaining screw 
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d. Use the straightedge and feeler gauge to check for warpage across 

the intake manifold aasket surfaces. Check at the center of the straiahtedae 
to make sure a 0 . 0 6  in. (0.08mm) or large feeler gauge cannot be hsert id 
underneath the straightedge. 

e, If disassembly is necessary, matchmark the leaf valve assembly, 
then remove the screw and nut securing each assembly to the plate. If they 
are being reused, do not allow the leaves and stops to become mismatched. 

Do not lift or bend the leaf valves during disassembly or they could 
become damaged. If a damaged leaf valve is installed it could break in 
use. 

15. Either use a fabricated taper pin tool (as shown in the accompanying 
illustration) to carefully push the crankcase taper pin toward the intake 
manifold surface or use a punch with a diameter larger than the pin. The 
taper pin can be accessed at the upper portion of the crankcase (flywheel 
end). 

NEVER use a tool smaller than the taper pin bore to remove the pin or 
damage could occur. 

16. Remove the main crankcase-to-cylinder block bolts (6) along with the 
flange bolts (8) using multiple passes of a spiraling sequence that starts with 
the outer bolts and works towards the inner bolts. Loosen the flange bolts 
first and then loosen the main crankcase bolts. For installation purposes 
(since bolts are of different lengths), arrange the bolts in holes punched into 
a cardboard box resembling the bolt pattern from which they were removed. 

17. Rotate the powerhead so the intake manifold surface is facing 
upward, then use a plastic or rubber mallet to tap upward on the exposed 
portion of the crankshaft (at a 90" angle to the shaft). Tap lightly until the 
crankcase half just starts to separate from the cylinder block half. Lift and 
remove the crankcase from the bottom of the cylinder block (exposing the 
crankshaft). 

18. Loosely install the cylinder head back on the cylinder bore to keep 
the pistons from falling out as the crankshaft is removed. 

Keep in mind that all wear parts (such as pistons, connecting rods, 
needle bearings and bearing liners) MUST be installed in their original 
positions (and with the same orientations) if they are to be reused. 
Mark each component with a permanent marker to ensure proper 
assembly. 

19. Matchmark the connecting rod caps and then use a suitable socket 
(such as OMC Torque Socket #331638) to loosen the connecting rod cap 
bolts. Loosen the bolts on a rod cap alternately, no more than one turn at a 
time. Remove each cap along with the connecting rod cap needle bearing 
and cage. 

20. Lift the crankshaft assembly carefully out of the cylinder block. 
21. Once the crankshaft has been removed, position the connecting rod 

caps and cap bearings back onto the rods. Be sure to position them 
precisely as marked and noted before removal. This will help ensure no 
parts or lost or inadvertently mixed. Install the cap bolts finger-tight to secure 
the caps. 

22. Disassemble the crankshaft further for inspection and component 
replacement, as follows: 

a. Slide the upper crankshaft seal and main bearing from the 
crankshaft. 

b. Remove and discard the O-ring from the end of the crankshaft 
sleeve. Install a new O-ring during assembly. 

23. Check the crankshaft sleeve. If damaged, remove it using a slide 
hammer and a small-jawed puller. 

a. ONLY remove the lower crankshaft bearing if it requires 
replacement. First remove the retaining ring using a pair of snapring pliers, 
then support the bearing in a shop press and press the bearing off the shaft. 

If the powerhead is on a workbench instead of an engine stand, 
position the powerhead securely on one end for the next step. 

24. Rotate the powerhead until the cylinder head is facing upward (or 
upward at a slight angle to ease access to the connecting rods, then remove 
the cylinder head again. Remove each of the pistons from the cylinder bore 
by pushing upward on the connecting rod from underneath. 

DO NOT allow the connecting rods to contact and damage the cylinder 
walls or the insides of the piston skirts during removal. One of the best 
ways to protect the piston is to pack the skirt with shop rags. 

25. Disassemble each piston for further inspection and component 
replacement, as follows: 

a. Use a universal ring expander to remove the rings from the pistons. 
The manufacturer warns NOT to reuse the rings. Retain them in sets for 
inspection purposes (marking their original locations), but discard them 
before installation. 

1 We've said it before. We know there will be some circumstances that 
will prompt people to reuse rings (for example, if for some reason the 
motor was disassembled after only a few hours of usage). But for the 
most part, if you've come THIS far, it is probably a good idea to bite the 
bullet and replace the rings to ensure long-lasting performance from 
the powerhead. 

b. Using a pair of modified needle-nosed pliers as shown in the 
accompanying illustration, or a suitable pair of snapring pliers, remove the 
wrist pin retaining rings. Discard the old retaining rings. 

If necessary, a piston cradle can be fabricated from a large block of 
wood. The important design features of the cradle are that it is semi- 
circular on top to hold (or cradle, get it?) the piston and that there is a 
bore at the bottom center into which the wrist pin can tapped or 
pressed. The final important feature of the cradle is that it is STURDY 
enough to withstand the force of the shop press, BUT, keep in mind 
that the fit is loose on these pistons and significant force should not be 
necessary. 

c. The piston-to-wrist pin fit should be loose on both sides. Support the 
piston and use a suitable drift pin (like OMC #326356 to carefully and 
smoothly tap or push the wrist pin free of the piston bore). If the OMC tool is 
not available, be sure to use a drift pin that is just slightly smaller than the 
diameter of the wrist pin itself. 

As the wrist pin is removed from the piston you must retain the 28 
loose needle bearings and the 2 thrust washers from the connecting 
rod bore. If you can, stop tapping or pressing once the wrist pin JUST 
clears the bottom of the connecting rod bore. Then carefully withdraw 
the rod along with the needle bearings (place a thin bladed tool like a 
putty knife or your finger under the rod hole as it is pulled free of the 
piston borelwrist pin). Inspect the bearings, if any of the needles are 
lost or worn, replace the entire bearing assembly. 

26. Refer to the information found under Cleaning & Inspection, in this 
section for details on inspecting the powerhead components to determine 
which should be replaced and to prepare the ones that are being reused for 
assembly. 

To assemble: 

During assembly, take your time and NEVER force a component unless 
a shop press or drive tool is specifically required by the procedure. 

Lightly coat all components (except those that are coated with 
sealant) with clean, fresh JohnsonIEvinrude Outboard Lubricant or 
equivalent oil during assembly. Always replace all gaskets, O-rings and 
seals. 

27. There are 3 water deflectors mounted in the cylinder block, in the 
water passages around the cylinder bores. They are mounted, more or less 
flush with the cylinder head mating surface. If removed, install new 
deflectors, lubricate the deflectors using STP Oil Treatment@ (which should 
be available at most automotive parts supply stores). 

1 There are 3 deflectors (2 short and 1 long). Pay attention to their 
mountina locations when removed. If it is too late. the short one * 

normallyis installed on the lower port side, opposite one of the long 
deflectors. When installina new deflectors. the toos of the deflectors 
may protrude slightly ab&e the gasket &face, {hat's ok, DON'T 
SHORTEN them. 
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28. If disassembled for inspection andlor component replacement, 

assemble each piston as follows: 
a. Apply a light coating of OMC Needle Bearing Assembly grease (or 

equivalent) to the wrist pin bearing needles, then insert the 28 needles 
around the inner circumference of the connecting rod wrist pin bore. Install 
the OMC Wrist Pin Bearing tool #336660 into the bore to align the needles 
and hold them in place during assembly. 

f. Apply a light coating of clean engine oil or assembly lube to the 
upper main bearing, then install the bearing to the shaft with the lettered side 
facing upward toward the flywheel. 

g. Oil the 2 roller bearing assemblies and position them around the 
crankshaft center journal, then install the center main bearing sleeve with its 
ring end facing the lower end of the crankshaft. Secure the sleeves using the 
retaining ring. 

The wrist pin bearing tool is, essentially, a short round pin, roughly 
the same outer diameter of the wrist pin, but very short, just long 
enough to insert it through the connecting rod wrist pin bore and 
install the thrust washers on either side. A similarly sized dowel pin can 
be substituted, or a old connecting rod wrist pin from the same size 
piston could be used. If substituting another rod or drift pin, make sure 
the surface is smooth and cleanlfree of all corrosion. Also, make sure 
the outer diameter of the tool i s  smaller than the wrist pin and bore to 
prevent the possibility of binding or damage. 

b. With the bearings and the wrist pin tool in position, install the thrust 
washers. Again, a dab of grease should hold the thrust washers in position. 

The manufacturer states that the wrist pin thrust washers should be 
positioned with the flat sides FACING the piston. 

c. Apply a light coating of clean engine oil or assembly lube to the wrist 
pin and the pin bore in the piston. 

d. Support the piston (ideally in a piston cradle for ease of assembly 
but the wrist pin fit should be loose on both sides so this is not absolutely 
necessary). Insert the wrist pin into the bore and gently press it through the 
bore until it just starts to appear inside the piston skirt. Stop pressing, then 
position the connecting rod with the needle bearings, thrust washers and 
wrist pin bearing installation tool inside the piston skirt. Continue to press the 
wrist pin into the position, through the thrust washers and bearings, pushing 
the wrist pin bearing installer through the other side and out of the piston. 

e. Once the wrist pin is properly positioned, use a small shouldered 
driver to install a new snapring in each end of the wrist pin bore. Make sure 
the snapring fully seats in the groove. Turn the ring in the groove until the 
gap faces downward, directly away (180" opposite) from the semi-circular 
relief in the top of the wrist pin bore. 

f. Use a ring expander to install the piston rings on each piston, making 
sure to install the tapered ring in the top groove. Each piston ring groove 
should contain a dowel pin, around which the ring gap must be situated. If 
not the rings will likely break during installation (or if by they don't by some 
miracle, during the first start-up). Be sure to install the tapered ring in the top 
groove. 

II When using the ring expander, spread each ring JUST enough to 
slip over the piston. 

29. If disassembled, reassemble the crankshaft as follows: 
a. If removed, apply a light coating of clean engine oil or assembly lube 

to a NEW lower main bearing, then support the crankshaft in a shop press 
between the 2 lower counterweights. Carefully press the bearing into position 
with the lettered side of the bearing facing upward toward the press. 

OMC Crankshaft Bearingisleeve installer #339749 can be used to 
safely seat the lower bearing and the sleeve in position. If not available, 
be sure to use a suitable driver that contacts the entire diameter of the 
bearing cage or the sleeve and does NOT contact or damage the 
crankshaft. 

b. If removed, apply a light coating of clean engine oil or assembly lube 
to the NEW crankshaft sleeve, then install the sleeve and gently drive or 
press the sleeve onto the shaft until the installer contacts the lower main 
bearing. 

Make sure the sleeve surface is not nicked or damaged during 
installation or it must be removed and discarded (and another NEW 
sleeve installed). 

c. Apply a light coating of clean engine oil or assembly lube to a NEW 
O-ring, then install the O-ring into the crankshaft sleeve. 

d. Apply a light coat of OMC Moly Lube to the crankshaft splines. 
e. Using a pair of snapring pliers, carefully install the lower bearing 

retaining ring with the sharp edge of the ring facing outward, away from the 
bearing. 

II If the connecting rod end-caps were reinstalled to prevent loss, 
make sure they are matchmarked, then remove them so the crankshaft 
assembly can be installed. Position them aside ensuring that they will 
not be mixed-up during assembly. 

30. If removed, install each piston as follows: 
a. Apply a light coating of clean engine oil or assembly lube to the 

piston and piston bore. 
b. Use a suitable ring compressor or a band-type clamp to evenly 

compress the rings (oiling the inside of the compressor or clamp will also 
help ease installation). Make sure the rings are still properly positioned with 
the gaps over the dowels. 

c. Start the piston into the bore with the deflector side of the piston 
(circular sharp edge) facing the intake port side of the cylinder block. Also, 
make sure the connecting rods are centered in the piston to prevent 
damage. 

d. Slowly insert the piston, making sure the connecting rod does not 
strike and damage the piston skirt, or the strikelscrape and damage the 
cylinder wall. If the piston hangs up on a ring, don't force it, push the piston 
back upward and remove the compressor to check for potential problems, 
such as a ring that has shifted the gap away from the dowel. 

31. Once the pistons are installed in the bores, temporarily install the 
cylinder head again to keep them from falling out. 

32. Remove the rod caps and install the connecting rod bearings. Place 
one liner half in each connecting rod and the other in the cap. Apply a light 
coating of clean engine oil or assembly lube to the bearing surfaces. 

33. Apply a light coating of clean engine oil or assembly lube to the 
crankshaft journals, then carefully lower the shaft into the cylinder block. 
Take care not to allow the connecting rods to contact or damage the shaft 
journals. Align the top and center main bearings with the pins in the cylinder 
block. 

34. Move the pistons toward the crankshaft. Seat the rod journals against 
the crankpins, move the bearings from the caps to the connecting rod 
journals. Finally, align the matchmarks and position the caps over the 
bearings. 

Besides any matchmarks made during removal, the connecting rod 
caps on these models are normally equipped with dots on one end of 
one face (directly below one connecting rod cap screw). These dots 
should also be aligned. 

35. Oil and install the connecting rod cap bolts, then finger-tighten the 
bolts alternating from side-to-side on the rod cap. 

36. Use a pencil or your fingernail to determine if the rod caps are fully 
aligned and seated. Scrape the pencil across the mating surface to see if it 
catches. 

37. Center and align the connecting rod caps using the OMC Rod Cap 
Alignment Fixture #396749 as follows: 

a. Rotate the knob on the top of the tool until the flat marked SET 
aligns with the arrow on the fixture frame. Rotate the adjustment knob 180" 
to the lock position. 

b. Make sure the retaining jaw (with the flat head screw in the frame 
bore) and the forcing jaw (with the hex key at the base and the threaded flat 
protruding from the frame) are positioned on the fixture tool. 

c. Tighten the connecting rod cap screws to 25-30 inch Ibs. (2-3 Nm). 
d. Apply a light coating of engine oil to corners of the connecting rod 

and cap where the fixture will be installed. 
e. Position the frame to the so the contact area of the forcing jaw is 

centered on the connecting rod and cap. Tighten the forcing screw until the 
jaws contact the connecting rod, then slide the frame downward until the 
adjustment stop (at the center of the frame) just contacts the top of the 
connecting rod cap. Verify that the groove lines in the jaws are centered on 
the rodlcap diameter. 

The frame MUST be squarely in position as described in order to 
perform its function properly. Failure to center the frame, and therefore 
the connecting rodlcap, will lead to premature crankshaft, rod and 
bearing failure. 
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f. With the frame centered, tighten the forcing screw to 23 inch Ibs. (2.5 

Nm). 
g. Loosen both connecting rod cap bolts 114 turn, then tighten each 

bolt to 40-60 inch Ibs. (5-7 Nm). 
h. Next, tighten the connecting rod cap bolts to 15-17 ft. Ibs. (20-23 

Nm), and finally tighten them to 30-32 ft. Ibs. (40-43 Nm). 
i. Loosen the forcing screw, remove the frame from the connecting 

rodlcap assembly, then repeat for the remaining rodlcap. 
38. Clean and degrease the mating flange of the crankcase and cylinder 

block halves using OMC Cleaning Solvent, or an equivalent solvent. Allow 
the flanges to air dry. 

39. Apply a light coating of OMC Locquic Primer or equivalent to the 
mating flange of the crankcase half and allow it to air dry. 

40. Apply a light coating of OMC Gel-Seal I1 or equivalent to the cylinder 
block half flange. Be sure that the sealant coats the entire flange evenly, but 
be careful not to apply excessive amounts. The sealant must not be applied 
within 114 in. (6mm) of the labyrinth seal or bearings otherwise the sealant 
could be forced out from between the flanges into contact with the bearings 
during assembly. 

Although OMC Gel-Seal II has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. Keep in mind that using 
an old tube of Gel-Seal II could allow crankcase air leaks (leading to 
performance problems). 

41. Carefully lower the crankcase half into place over the cylinder block 
half. 

42. Apply a light coating of OMC Gel-Seal II or equivalent to the threads 
of the 6 crankcase-to-cylinder block (main bearing) bolts, then install and 
finger-tighten the bolts. 

43. Once the crankcase if fully seated on the cylinder block, install the 
crankcase taper pin and make sure it seats fully. 

44. lnstall and finger-tighten the crankcase flange screws. 
45. Use a plastic or rubber mallet to gently tap the bottom of the 

crankshaft to fully seat the lower main bearing. Once seated, temporarily 
install the flywheel and rotate slowly to check for binding between the 
crankshaft and connecting rod bearings. 

46. Apply a light coating of OMC Gasket Sealing Compound to the 
machined mating surface of the crankcase lower head and to the threads of 
the 3 lower head retaining bolts. Apply a light coating of OMC Triple-Guard, 
or equivalent marine grease to a new lower head O-ring, then position the 0 -  
ring in the groove. lnstall the lower head to the crankcase and finger-tighten 
the bolts. 

47. Tighten the 6 main bearing bolts in multiple passes of a spiraling 
pattern that works from the center screws and moves outward. Tighten the 6 
main bolts to 144-168 inch Ibs. (16-19 Nm). Then tighten the 8 smaller 
screws in a similar fashion starting with the center and working outward to 
60-84 inch Ibs. (7-9 Nm). 

48. Tighten the 3 crankcase lower head retaining bolts to 60-84 inch Ibs. 
(7-9 Nm). 

49. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the metal case of a NEW upper main bearing seal and 
light coating of oil to the seal lips. Position the seal with the lips facing 
downward and then use a suitable driver (such as OMC #321539) to gently 
tap the seal into position. 

50. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a NEW cylinder head gasket. lnstall the 
cylinder head and gasket, then install and finger-tighten the bolts. 

lnstall the cylinder head bolts with the threads dry, they should NOT 
be coated with sealant. 

51. Tighten the cylinder head bolts using multiple passes of a clockwise 
spiraling pattern that starts at the center and works outward. Continue the 
spiral sequence until all bolts are tightened to 216-240 inch Ibs. (24-27 Nm). 

52. lnstall the seal, thermostat assembly and spring into the bore at the 
top of the cylinder head. 

53. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a NEW cylinder head water cover gasket. 
lnstall the cylinder head water cover and gasket, then install and finger- 
tighten the bolts. Tighten the water cover bolts using multiple passes of a 
clockwise spiraling pattern that starts at the center and works outward. 
Continue the spiral sequence until all bolts are tightened to 60-84 inch Ibs. 
(7-9 Nm). 

54. Apply a light coating of OMC Adhesive M, or equivalent to both sides 
of a new bypass cover gasket, then install the cover and tighten the bolts to 
60-84 inch Ibs. (7-9 Nm). 

55. If disassembled for component replacement, assemble the leaf plate 
assembly as follows: 

a. Place the leaf valves on the plate. If new valves do not seat on the 
plate, try turning them over. 

NEVER turn over used valves on the plate, as they may break when 
they are returned to service. If used valves do not seat in their original 
direction of installation, they must be replaced. 

b. Check the valves, if any leaves are standing open, apply light 
pressure using the eraser end of a pencil (the valve should close with light 
pressure). If not, check the plate for high spots or burrs. 

NEVER lap the leaf plate. An plate that is too smooth may cause the 
leaf valves to stick closed when returning a motor to service after 
winterization. 

c. Visually check leaf valve-to-plate alignment. When viewed from the 
leaf valve side of the plate, the alignment notches (small cutouts in the valve 
screw bore) must face in the proper direction. The notch on the port side leaf 
valve should face about 1 o'clock (about 90" away from the alignment mark). 
The notch on the starboard side valve must face about 11 o'clock (a little 
less than 180" measured counterclockwise from the alignment mark). 

Premature valve failure will likely result if the leaves are not aligned 
properly, as directed in the previous step. 

d. With each of the leave valves aligned as noted and centered over 
the valve stops, install and tighten the retaining screw to 25-35 inch Ibs. (3-4 
Nm). 

56. Apply a light coating of OMC Gel-Seal II or equivalent to the threads 
of the leaf plate Philips screw, then install the plate to the crankcase using a 
new gasket. Once the crankcase, gasket and plate are properly aligned, 
install and securely tighten the Philips screw. 

57. lnstall the intake manifold using a new gasket (dry, without any 
sealant), then install and tighten the retaining boltslnuts to 60-84 inch Ibs. (7- 
9 Nm). 

58. Position a new powerhead gasket (dry, without any sealant), then 
install and tighten the inner exhaust housing bolts to 96-120 inch Ibs. (11-14 
Nm). 

59. lnstall the powerhead assembly, as detailed in this section, then refer 
to Break-In in this section for details on how to ensure proper break-in of the 
new powerhead components. 

25135 Hp (5001565~~) Motors 
+ See Figure 64 

Removal & installation 

+ See Figure 64 

1. On electric start models, disconnect the negative battery cable for 
safety. 

2. Remove the top engine cover for access. 

The engine covers and related components on these models use a 
number of various size and type fasteners. For assembly purposes, lay 
out each of the fasteners in a logical order as they are removed. Then, 
once the covers are removed, insert the fasteners back into their holes 
in order to ease identification later. 

3. Remove the air intake silencer by loosening the retainer knob found 
at the center of the housing, then lifting the silencer for access to the drain 
hose. Disconnect the hose from the nipple at the bottom of the silencer and 
remove it completely from the engine. 

4. For tiller models disconnect the choke cable pin from the retainer, - 
then remove the clip securing the choke cable to the bracket on the 
powerhead (just in front of the carburetors). Separate the cable from the 
bracket. 

5. For remote models, locate and disconnect the bullet connectors (3) 
for the trimltilt wiring harness. The bullets are found just at the top of the 
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lower cover lip, near the spark plugs. If necessary, refer to the diagrams 
under Wiring Diagrams in the Ignition and Electrical System section for more 
details. 

6. Remove the lower cover retaining screws (6) from the starboard side 
of the motor. There are 3 screws at the front of the motor and 3 at the rear. 
At either end, one bolt is at the top of the cover, one at the center and one at 
the bottom. 

7. Pull the lower port engine cover away from the engine sufficiently to 
access and cut the wire tie strap securing the fuel hose to the connector. 
Position a shop rag over the fitting (as there could still pressurized fuel in the 
system), then disengage the hose, freeing the cover completely. 

8. Remove the bolt and clamp securing the wiring harness to the lower 
starboard engine cover. 

9. For electric start models, then remove the 2 screws holding the 
electrical connector cover to the engine, then remove the cover. 

10. For remote models, proceed as follows: 
a. Tag and disengage the 6 wiring connectors found under the 

electrical connector cover. 
b. Free the engine harness and grommet from the lower starboard 

motor cover, then remove the cover completely from the engine. 
11. For tiller models, proceed as follows: 

a. Disengage the wiring connector for the stop switch, then remove the 
stop switch wire from the ground stud. 

b. For tiller electric models, disengage the 6-pin connector then locate 

Note the pin locations (2 and 6) to ensure installation of the terminals to 
the proper positions. 

c. Free the throttle cable ball socket from the ball on the throttle lever 
icarefullv Drv the socket free, or trv using the OMC Ball Socket Remover . - 
#342226).' ' 

d. Remove the clip securing the shift rod to the lever and separate the 
rod and lever. 

e. Remove the screws (2) holding the trunnion anchor block to the side 
of the powerhead. 

f. Remove the bolts (2) holding the steering arm to the tiller arm. 
Remove the steering arm, shift and throttle cables, along with the electrical 
cables and grommet from the engine as a complete assembly. 

g. Completely remove the starboard lower motor cover. 
12. Remove the screw holding the shift lever to the engine. 
13. For tiller models, unplug to 2-pin connector for the low oil light (found 

on the ignition module at the center of the port side of the motor, behind the 
carburetors, slightly forward of the cylinder head). 

14. Remove the bolts (3) securing the manual starter assembly or the 
flywheel cover (as applicable) to the powerhead. Remove the manual starter 
or flywheel cover. 

15. Secure a lifting eye bracket to the flywheel using 3 bolts to evenly 
spread and support the weight. Either use OMC #396748 or an equivalent 
eye attached to a bracket (such as a very sturdy adjustable puller) that can 
bolt to 3 flywheel bolt holes. Tighten the bolts just sufficiently to ensure 
proper thread engagement. DO NOT thread the bolts all the way through the 

and remove the 2 yellowlred neutral safety switch wires from the connector. flywheel and damage components mounted underneath. 

I 

Fig. 64 Exploded view of the powerhead crankcase and cylinder block - 25135 hp (5001565cc) motors 
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If possible, measure the depth of the threads using a small bore 

gauge or small straightedge, then thread the fixture bolts in  to a depth 
that would make their ends equal to or just slightly above the bottom of 
the flywheel. 

16. Remove the bolts (7) from around the lower perimeter of the 
powerhead (just under the exhaust housing upper flange, threaded upward 
into the powerhead) securing the powerhead to the exhaust housing. 

17. Use an engine hoist to slowly and carefully break the seal and lift the 
powerhead assembly from the gearcase. If necessary, use prybars along the 
flange to carefully help separate the exhaust housing. Discard the old gasket 
and carefully clean the mating surfaces of debris, corrosion or sealant. 

18. Mount the powerhead on an engine stand. If necessary, strip it for 
overhaul by removing the carburetors (refer to Fuel System) and any 
electrical or ignition components (refer to lgnition and Electrical Systems). 

To install: 
19. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to a new powerhead-to-exhaust housing gasket, then 
position the gasket on the exhaust housing. 

20. Apply a light coating of OMC Moly Lube, or equivalent lubricant to 
the crankshaft splines. But, do not allow the lubricant to pack in the end of 
the splines, as the hydraulic pressure could prevent the driveshaft from 
seating in the crankshaft. 

21. Use the lifting eye threaded into the flywheel to carefully lift the 
powerhead from the workbench or engine stand and lower it slowly onto the 
exhaust housing. 

22. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the 7 exhaust housing-to-powerhead 
bolts. Install the bolts from underneath exhaust housing flange, then tighten 
to bolts to 180-204 inch Ibs. (20-23 Nm). 

23. Reconnect the shift arm to the lever shaft and secure using the 
washerlscrew. Tighten the screw to 84-106 inch Ibs. (9-12 Nm). 

24. Position the manual starter assembly or the flywheel cover (as 
applicable) to the top of the powerhead. Apply a light coating of OMC 
Locquic Primer or equivalent to the threads of the 3 retaining bolts and allow 
it to air dry. Then, apply a light coating of OMC Nut Lock, or equivalent 
threadlock to the bolt threads, install the bolts and tighten to 60-84 inch Ibs. 
(7-9 Nm). 

25. For tiller models, engage the 2-pin connector for the low oil light, then 
secure the connector to the tabs on the ignition module. 

26. Position the starboard lower motor cover. 
27. For tiller control models, proceed as follows: 

a. Connect the steering arm to the tiller arm, then install the 2 bolts and 
washers. Tighten the bolts to 216-240 inch Ibs. (24-27 Nm). Thread 2 
locknuts onto the threaded ends of the 2 tiller arm screws, then tighten the 
nuts to 216-240 inch Ibs. (24-27 Nm) 

b. Insert the shift and electrical cables in the lower motor cover 
grommet, then secure the lower cover in position. 

c. Apply a light coating of OMC Locquic Primer or equivalent to the 
threads of 2 trunnion anchor screws and allow it to air dry. Then, apply a light 
coating of OMC Nut Lock, or equivalent threadlock to the bolt threads. 
Position the trunnion anchor block to the crankcase, then install the bolts and 
tighten to 84-106 inch Ibs. (9-12 Nm). 

d. Connect the throttle cable ball socket to the throttle lever, connect 
the shift cable to the shift lever and secure using the clip. 

e. For tiller electric models, reinstall the 2 neutral safety switch wires to 
the 6-pin connector, then reconnect both the 6-pin and I-pin harness 
connector halves and position them in the electrical connector block. 

28. For remote models, proceed as follows: 
a. Insert the main engine cables into the motor cover grommet and 

then position the starboard lower motor cover. Route the cables along the 
side of the cover and back to the electrical bracket. 

b. Engage each of the connectors as tagged during removal, then 
secure them to the tabs in the electrical bracket. 

29. Connect all ground wires to the ground stud and tighten the nut to 
60-84 inch Ibs. (7-9 Nm). 

30. Coat all electrical connections with OMC Black Neoprene, or 
equivalent sealant to protect them from loosening and help fight corrosion. 

31. Install the electrical connector cover and secure using the 2 screws. 
Tighten the screws to 24-36 inch Ibs. (3-4 Nm). 

32. For remote models, secure the main engine cable to the starboard 
cover using the J-clamp and screw. Tighten the screw to 84-106 inch Ibs. (9- 
12 Nm). 

33. For tiller electric models, if removed, connect the positive battery 
cable to the starter solenoid. Tighten the nut securely and position the plastic 
cover over the terminaVnut. 

34. For all tiller models, secure the tiller arm electrical cables (and 
battery cables, if applicable) to the starboard lower motor cover using the J- 
clamp and screw. Tighten the screw to 84-106 inch Ibs. (9-12 Nm). 

35. Connect the fuel line to the fitting on the port side lower engine cover, 
then secure using a new wire tie. Position the cover and tighten the 6 screws 
to 84-106 inch Ibs. (9-12 Nm). 

36. For tiller models, position the choke cable back into the bracket and 
secure using the clip. Then, attach the choke cable retainer in the linkage. 

37. For remote models, reconnect the 3 trimltilt bullet connectors, making 
sure they are properly routed away from interference with any moving 
components. 

38. Connect the drain hose to the nipple on the bottom of the air intake 
silencer, then install the silencer to the powerhead and tighten the silencer 
lock. 

39. Install the top engine cover. 
40. If equipped, connect the negative battery cable. 
41. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Disassembly & Assembly 

LED 

* See Figures 8,25,30 thru 40,50 and 64 thru 67 

Although the majority of the powerhead overhaul procedure for 25135 hp 
3-cylinder motors is fairly easy and straightforward, the connecting rod cap 
bolt torque procedure requires the use of a holding fixture in order to ensure 
that the connecting rodlcap and bearing are properly centered. Attempting to 
center and tighten the connecting rod caps without this fixture may cause 
unexpected, total powerhead failure sometime after the motor is returned to 
service. That is not to say people have not succeeded in centering and 
tightening the caps without the fixture, but to say that we cannot recommend 
it, as there are no guarantees. 

To simplify assembly, remember to  layout all bolts, components and 
clamps in  the order of removal. This i s  especially true for the wiring 
harness and related clamps. Matchmark all component assemblies 
such as pistons, connecting rods to  ensure installation of the correct 
pairs and installation in  the correct orientation. Most of all, take your 
time. 

1. Remove the powerhead from the lower unit as detailed under 
Removal & Installation, 

2. Strip the powerhead for overhaul by removing all fuel system, ignition 
system and electrical components from the powerhead. For details, refer to 
the procedures in the Fuel System and the Ignition and Electrical System 
sections. 

3. Tag and disconnect the single crankcase oiling hose and the 3 re- 
circulating hoses. 

4. On remote models, remove the screws (2) fastening the trunnion 
block to the crankcase. 

5. Remove the locknut and flat washer, then remove the throttle lever, 
spacer, shaft and both bushings from the crankcase. 

6. Locate the throttle linkage at the center of the powerhead on the 
starboard side, then remove the shoulder bolt, 2 washers and throttle linkage 
from the crankcase. 

7. Remove the intake manifold bolts (a), then remove the intake 
manifold and discard the old gasket. 

Leaf plate assemblies on these models cannot be disassembled to 
replace individual valve components. Inspect the assemblies and, if 
defective or worn, replace them. 

8. If necessary, remove the 3 leaf plate assemblies for inspection or 
replacement, as follows: 

a. Remove the leaf plate assembly screws (there are 2 screws per 
assembly), then remove the assembly and gasket. Discard the old gasket. 

Do NOT lift or  bend leaf valves that have been in service or they may 
be damaged. Even if not visible, they could be damaged, causing them 
to break sometime after they are returned to service. 
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Fig. 65 Exploded view of the crankshaft, main bearing and piston assemblies - 25/35 hp (5001565~~) motors 

b. Visually check the valve tips for signs of cracks, chips or other 
obvious damage. Make sure the leaf stops are not distorted or loose. If there 
are any obvious defects, the entire valve assembly must be replaced. 

c. Check the leaf plate screws to make sure they are tight. If they have 
loosened at all, retighten each one individually as follows. Loosen the screw 
a turn or two, just enough to apply a light coating of OMC Screw Lock or an 
equivalent threadlock, then tighten the screw to 25-35 inch Ibs. (3-4 Nm) and 
proceed on to the next screw. 

d. Visually check all gasket surfaces to make sure they are smooth and 
free of nicks. If necessary, a gasket surface may be dressed to smooth 
shallow nicks using a fine emery cloth. 

e. Use a machinist's straightedge and a feeler gauge to check for 
warpage across the intake manifold gasket surfaces. Lay the straightedge in 
all directions across the manifold mating surface, checking at the center of 
the straightedge each time. Make sure a 0.004 in. (0.lOmm) or large feeler 
gauge cannot be inserted underneath the straightedge in any direction. 

9. Loosen and remove the crankcase flange screws (12), then loosen 
and remove the 8 main bearing screws using a spiraling pattern that works 
from the outer toward the inner bolts. 

10. With the crankcase facing upward carefully lift and separate the 
crankcase from the cylinder block. If the gasket seal does not come loose 
easily, use a plastic or rubber mallet to tap upward on the exposed portion of 
the crankshaft (at a 90" angle to the shaft). Tap lightly until the crankcase 
half just starts to separate from the cylinder block half. Lift and remove the 
crankcase from the bottom of the cylinder block (exposing the crankshaft). 

11. Loosen and remove the cylinder head retaining bolts using multiple 
passes of a spiraling pattern that starts at the outside and work towards the 
center bolts. Once the bolts are removed, remove the cylinder head. 
Remove and discard the cylinder head O-rings. 

12. Using a felt-tipped marker or numberedilettered punches, label the 
piston domes. Remember that the No. 1 cylinder is the cylinder closest to the 
flywheel. 

If a felt-tipped marker is used to label components during 
disassembly, watch the marks during cleaning. Replace any marks that 
are dulled or removed by solvent as soon as the component is dry. 

Keep in mind that all wear parts (such as pistons, connecting rods, 
needle bearings and bearing liners) MUST be installed in their original 
positions (and with the same orientations) if they are to be reused. 
Mark each component with a permanent marker to ensure proper 
assembly. 

13. Matchmark the connecting rod caps and then use a suitable socket 
(such as OMC Torque Socket #342664) to loosen the connecting rod cap 
bolts. Work on one piston at a time, supporting the piston at the dome with 
one hand while loosening the bolts on that piston's rod cap alternately, no 
more than one turn at a time. Remove each cap along with the connecting 
rod cap needle bearing and cage. Carefully push the piston from the bore 
and out the top of the cylinder block. 

When removing each piston, take great care to prevent the connecting 
rod from contacting and damaging the crankshaft journal, cylinder wall 
and, finally, once removed, the cylinder piston skirt. One method to 
help prevent this is to stuff rags in the skirt before or after the piston is 
removed to keep the connecting rod centered. 

14. Repeat the previous step for each of the other pistons. To prevent 
any possible mix-up reinstall each bearing assembly and connecting rod cap 
to the piston and connecting rod as soon as it is removed from the cylinder 
block. 

15. Lift the crankshaft assembly carefully out of the cylinder block. 
16. If the lower crankshaft seal andlor the bearing must be replaced: 

a. Remove the lower bearing seal housing assembly. 
b. Remove and discard the O-ring. 
c. Use a drift punch or small prytool as a lever to remove the housing 

seal, then discard the seal. 
d. Inspect the housing for wear or damage and replace, if necessary. - 

17. Remove the upper crankshaft bearing and seal assembly, then 
remove and discard the O-ring. Support the bearing assembly in a shop 
press or on top of a vise (adjusted so the housing only sits on the jaws, then 
use a punch to remove and discard the old seal. 
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18. Remove O-ring from the end of the crankshaft sleeve. Inspect the 0 -  

ring and, if worn or damaged, install a new O-ring during assembly. 
19. Check the crankshaft sleeve. If damaged, remove it using a slide 

hammer and a small-jawed puller. 
20. ONLY remove the lower crankshaft bearing if it requires replacement. 

First remove the retaining ring using a pair of snapring pliers, then support 
the bearing in a shop press and press the bearing off the shaft. 

21. Remove both sets of main bearings and split sleeves. Remove the 
crankcase seal rings for inspection. 

22. Disassemble each piston for further inspection and component 
replacement, as follows: 

a. Use a universal ring expander to remove the rings from the pistons. 
The manufacturer warns NOT to reuse the rings. Retain them in sets for 
inspection purposes (marking their original locations), but discard them 
before installation. 

We've said it before. We know there will be some circumstances that 
will prompt people to reuse rings (for example, if for some reason the 
motor was disassembled after only a few hours of usage). But for the 
most part, if you've come THIS far, i t  is probably a good idea to bite the 
bullet and replace the rings to ensure long-lasting performance from 
the powerhead. 

b. Using a pair of modified needle-nosed pliers as shown in the 
accompanying illustration, or a suitable pair of snapring pliers, remove the 
wrist pin retaining rings. Discard the old retaining rings. 

II If necessary, a piston cradle can be fabricated from a large block of 
wood. The important design features of the cradle are that it is semi- 
circular on top to hold (or cradle, get it?) the piston and that there is a 
bore at the bottom center into which the wrist pin can tapped or 
pressed. The final important feature of the cradle is that i t is STURDY 
enough to withstand the force of the shop press, BUT, keep in mind 
that the fit is loose on these pistons and significant force should not be 
necessary. 

c. The piston-to-wrist pin fit should be loose on both sides. Support the 
piston and use a suitable drift pin (like OMC #342657 to carefully and 
smoothly tap or push the wrist pin free of the piston bore). If the OMC tool is 
not available, be sure to use a drift pin that is just slightly smaller than the 
diameter of the wrist pin itself. 

II As the wrist pin is removed from the piston you must retain the 24 
loose needle bearings and the 2 thrust washers from the connecting 
rod bore. If you can, stop tapping or pressing once the wrist pin JUST 
clears the bottom of the connecting rod bore. Then carefully withdraw 
the rod along with the needle bearings (place a thin bladed tool like a 
putty knife or your finger under the rod hole as it is pulled free of the 
piston borelwrist pin). lnspect the bearings, if any of the needles are 
lost or worn, replace the entire bearing assembly. 

23. If necessary, remove the neutral detent retaining ring from the bore in 
the side of the crankcase using a small prytool. Remove the detent ball and 
spring. 

24. Refer to the information found under Cleaning & Inspection, in this 
section for details on inspecting the powerhead components to determine 
which should be replaced and to prepare the ones that are being reused for 
assembly. 

To assemble: 

-- 

During assembly, take your time and NEVER force a component unless 
a shop press or drive tool is specifically required by the procedure. 

Lightly coat all components (except those that are coated with 
sealant) with clean, fresh JohnsoniEvinrude Outboard Lubricant or 
equivalent oil during assembly. Always replace all gaskets, O-rings and 
seals. 

25. If removed, install the neutral detent ball and spring into the 
crankcase bore, then secure using a retaining ring. Seat the ring using a 
suitable driver (that is just smaller than the bore) such as OMC #342658. 

26. If removed, apply a light coating of clean engine oil or assembly lube 
to a NEW lower main bearing and to the end of the crankshaft, then support 
the crankshaft in a shop press between the 2 lower counterweights. Carefully 
press the bearing into position with the lettered side of the bearing facing 
upward toward the press. 

OMC Crankshaft Bearingisleeve installer #342222 can be used to 
safely seat the lower bearing and the sleeve in position. If not available, 
be sure to use a suitable driver that contacts the entire diameter of the 
bearing cage or the sleeve and does NOT contact or damage the 
crankshaft. 

27. If removed, apply a light coating of clean engine oil or assembly lube 
to the NEW crankshaft sleeve, then install the sleeve and gently drive or 
press the sleeve onto the shaft until the installer contacts the lower main 
bearing. 

Make sure the sleeve surface is not nicked or damaged during 
installation or it must be removed and discarded (and another NEW 
sleeve installed). 

II If the installer sticks on the sleeve after installation, use a slide 
hammer to pull i t  free. 

28. Apply a light coating of clean engine oil or assembly lube to a 
crankshaft O-ring, then install the O-ring into the crankshaft sleeve. 

29. Apply a light coat of OMC Moly Lube to the crankshaft splines. 
30. Using a pair of external snapring pliers, carefully install the lower 

bearing retaining ring with the sharp edge of the ring facing outward, away 
from the bearing. 

31. Oil the 2 center main roller bearing and split sleeve assemblies, then 
install them around the crankshaft center journals in their original positions. 
Be sure to face the split sleeve ring grooves away from flywheel. 

32. Install the crankshaft seal rings, making sure the ends of the rings 
overlap. 

33. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the metal casing of a NEW lower housing seal. Place 
the seal, with the exposed lip facing into the housing, then press against the 
outer metal seal casing until the edge of the case is flush with the inside 
surface of the lower housing. 

34. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the lower housing O-ring, O-ring groove and flange, 
then install the O-ring into the lower housing groove. 

35. Apply a light coating of engine oil to the seal lip, then install the lower 
bearing seal housing onto the end of the crankshaft. 

36. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the outside casing of a NEW upper crankshaft bearing 
seal, then place the seal into the upper bearing housing. Press the seal into 
place until it seats, then apply a light coating of clean engine oil or assembly 
lube to the seal lips. 

37. Apply a light coating of clean engine oil or assembly lube to the 
upper main bearing and to a NEW O-ring. Install the O-ring onto the upper 
bearing and seal assembly and then install the assembly onto the 
crankshaft. 

II The oistons and connectina rods for these motors should be 
installed, not only in their orighal positions, but in their original 
orientations (with the same sides facing the flywheel as before 
disassemblyj. Luckily, these camPonet& are marked. Pistons are 
marked with the word UP on their domes, this word should be 
positioned toward the flywheel during installation. Similarly, connecting 
rodslcaps are equipped with alignment marks (on either side of the 
rodlcap, near the cap split line) that must be faced toward the flywheel. 
Finally, the part numbers on the upper end of the connecting rod itself 
should also be faced toward the flywheel. 

38. If disassembled for inspection andlor component replacement, 
assemble each piston as follows: 

a. Apply a light coating of OMC Needle Bearing Assembly grease (or 
equivalent) to the wrist pin bearing needles, then insert the 24 needles 
around the inner circumference of the connecting rod wrist pin bore. Install 
the OMC Wrist Pin Bearing tool #342217 into the bore to align the needles 
and hold them in place during assembly. 

II The wrist pin bearing tool is, essentially, a short round pin, roughly 
the same outer diameter of the wrist pin, but very short, just long *. 

enough to insert it through the connecting rod wrist pin bore and 
install the thrust washers on either side. A similarly sized dowel pin can 
be substituted, or a old connecting rod wrist pin from the same size 
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piston could be used. If substituting another rod or drift pin, make sure 
the surface is smooth and cleanifree of all corrosion. Also, make sure 
the outer diameter of the tool is smaller than the wrist pin and bore to 
prevent the possibility of binding or damage. 

b. With the bearings and the wrist pin tool in position, install the thrust 
washers. Again, a dab of grease should hold the thrust washers in position. 

c. Apply a light coating of clean engine oil or assembly lube to the wrist 
pin and the pin bore in the piston. 

d. Support the piston (in a piston cradle if available, but a clean 
workbench surface or your lap is fine for these motors, as the wrist pins must 
be installable without force on these motors). Insert the wrist pin into the 
bore and gently press it by hand through the bore until it just starts to appear 
inside the piston skirt. Stop, then position the connecting rod with the needle 
bearings, thrust washers and wrist pin bearing installation tool inside the 
piston skirt. Continue to push the wrist pin into the position, through the 
thrust washers and bearings, pushing the wrist pin bearing installer through 
the other side and out of the piston. 

No force should be required to install the wrist pins on these 
motors. DO NOT install a wrist pin that requires force, instead, inspect 
the wrist pin for burrs or carbon deposits and remove them using a fine 
grit sand paper or steel wool. Remove all traces of loose metal or 
particles from the wrist pin using solvent and re-oil the pin before 
attempting to install it again. 

e. Once the wrist pin is properly positioned, use a small driver to install 
a new snapring in each end of the wrist pin bore. Make sure the snapring 
fully seats in the groove. Turn the ring in the groove until the gap faces 
directly away (180" opposite) from the semi-circular relief in the side of the 
wrist pin bore. 

f. Use a ring expander to install the pistons rings on each piston. Each 
piston ring groove should contain a dowel pin, around which the ring gap 
must be squarely situated. If not the rings will likely break during installation 
(or if by they don't by some miracle, during the first start-up). Be sure to 
install the tapered ring in the top groove. 

Fig. 66 Each piston ring must be centered squarely around the 
dowel pin 

Fig. 67 Apply a bead of GE RTV sealant around each of the 3 water 
passages on the cylinder block 

When using the ring expander, spread each ring JUST enough to 
slip over the piston. 

39. Inspect the cylinder block-to-crankcase mating surface to ensure 
there are NO traces of sealant left. If necessary, remove any remaining 
traces of hardened sealant to prevent potential problems with bearing 
alignment. 

40. If working on an engine stand, rotate the cylinder block so the head 
surface is facing upward, horizontal to the floor. If working on a bench, 
position the block securely on one end so both the cylinder head and 
crankcase mating surfaces are accessible. 

The manufacturer makes different ring compressor tools for both 
standard and oversize versions of the pistons used in 500cc and the 
pistons used in 565cc motors. Be sure to obtain the correct one for the 
pistons being installed, or use a universal compressor (or special hose 
clamp as described in this section). 

41. If removed, install each piston as follows: 
a. Apply a light coating of clean engine oil or assembly lube to the 

piston and piston bore. 
b. Use a suitable ring compressor or a band-type clamp with a solid 

inner ring to evenly compress the rings (oiling the inside of the compressor 
or clamp will also help ease installation). Make sure the rings are still 
properly positioned with the gaps over the dowels. Also, make sure the 
connecting rod remains centered in the piston to prevent possible damage to 
the cylinder walls or piston skirt. 

c. Start the piston into the bore with the UP marking on the piston 
dome facing the flywheel. 

d. Slowly insert the piston, making sure the connecting rod does not 
strike and damage the piston skirt, or the strikeiscrape and damage the 
cylinder wall. If the piston hangs up on a ring, don't force it, push the piston 
back upward and remove the compressor to check for potential problems, 
such as a ring that has shifted the gap away from the dowel. 

42. Once the pistons are installed in the bores, apply a light coating of 
OMC Triple-Guard, or equivalent marine grease to 3 NEW cylinder head O- 
rings, then install them in the cylinder block grooves. 

43. Apply a 1116 (2mm) bead of GE RTV or equivalent sealant around 
each cylinder water passage, keeping the sealant off the O-rings. Then 
position the cylinder head on the block, over the sealant and O-rings. 

44. Install the cylinder head bolts (dry, without any sealant) and tighten 
them to 180-204 inch Ibs. (20-23 Nm) using multiple passes of a spiraling 
pattern that starts at the center and works outward. 

45. Rotate the cylinder block the head faces downward and the 
crankcase mating surface is facing upward. 

46. Carefully push all pistons downward (up in their bores) to Top Dead 
Center ITDC). - -  ~- 

47. k e m b e  the connecting rod end caps and cap bearing halves 
[positionina them aside to keep track of their location and orientations). If 
matchmark are not readily visible, matchmark the connecting rods to'the 
caps and bearing halves before removal to ensure proper installation. 

48. If not already done, apply a light coating of clean engine oil or 
assembly lube to the crankshaft journals, as well as to the connecting rod 
bearings. 

49. Lower the shaft into the position. Be sure the crankcase seal ring 
gaps are facing upward (toward the crankcase). Also, make sure the tab on 
the lower seal bearing housing is in the crankcase recess and that each 
center main bearing split sleeie is positioned on the dowel pin. 

50. Starting with the No. 1 piston, install each of the pistons to the 
crankshaft in turn, as follows: 

a. Slowly and carefully pull the connecting rod up until the bearing in 
the rod contacts the crankshaft journal (crankpin). 

b. Seat the rod journal against the crankpin, move the bearings from 
the caps to the connecting rod journals. Finally, align the matchmarks and 
position the caps over the bearings. 

Besides any matchmarks made during removal, the connecting rod 
caps on these models are normally equipped with dots on the 
connecting rodlcap. These dots should also be aligned. Remember, 
these dots must face the flywheel. 

c. Oil and install the connecting rod cap bolts, then finger-tighten the 
bolts alternating from side-to-side on the rod cap. 

d. Use a pencil or your fingernail to determine if the rod caps are fully 
aligned and seated. Scrape the pencil across the mating surface to see if it 
catches. 
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The connecting rod cap must be alignedlcentered using OMC Rod 

Cap Alignment Fixture #396749 and OMC Connecting Rod Alignment 
Jaw #437273. Follow the next steps closely to ensure powerhead 
durability. 

e. Rotate the knob on the top of the tool until tne flat marked SET 
alians with the arrow on the fixture frame. Rorate rhe adiustment knob 180' 
toyhe lock position. 

When using the OMC Rod Screw Torque Socket #342664 and the 
OMC alignment fixture, the outer diameter of the socket must be 
ground down to allow proper engagement with the rod screw. 

f. Make sure the retaining jaw (with the flat head screw in the frame 
bore) and the forcing jaw (with the hex key at the base and the threaded flat 
protruding from the frame) are positioned on the fixture tool. 

g. Tighten the connecting rod cap screws to 25-30 inch Ibs. (2-3 Nm). 
h. Apply a light coating of engine oil to corners of the connecting rod 

and cap where the fixture will be installed. 
i. Position the frame to the so the contact area of the forcing jaw is 

centered on the side of the connecting rod and cap. Tighten the forcing 
screw until the jaws contact the connecting rod, then slide the frame 
downward until the adjustment stop (at the center of the frame) just contacts 
the top of the connecting rod cap. Verify that the groove lines in the jaws are 
centered on the rodlcap diameter. 

The frame MUST be squarely in position as described in order to 
perform its function properly. Failure to center the frame, and therefore 
the connecting rodlcap, will lead to premature crankshaft, rod and 
bearina failure. 

j. With the frame centered, tighten the forcing screw to 23 inch Ibs. (2.5 
Nm). 

k. Loosen both connecting rod cap bolts 114 turn, then tighten each bolt 
to 40-60 inch Ibs. (5-7 Nm). 

I. Next, tighten the connecting rod cap bolts to 84-106 inch Ibs. (9-12 
Nm), and finally tighten them to 170-190 inch Ibs. (19-21 Nm). 

m. Loosen the forcing screw, remove the frame from the connecting 
rodlcap assembly, then repeat for the remaining rodsicaps. 

51. Clean and degrease the mating flange of the crankcase and cylinder 
block halves using OMC Cleaning Solvent, or an equivalent solvent. Allow 
the flanges to air dry. 

52. Apply a light coating of OMC Locquic Primer or equivalent to the 
mating flange of the crankcase half and allow it to air dry. 

53. Apply a light coating of OMC Gel-Seal II or equivalent to the cylinder 
block flange. Be sure that the sealant coats the entire flange evenly, but be 
careful not to apply excessive amounts. The sealant must not be applied 
within 114 in, (6mm) of the labyrinth seal or bearings otherwise the sealant 
could be forced out from between the flanges into contact with the bearings 
during assembly. 

Although OMC Gel-Seal II has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. Keep in mind that using 
an old tube of Gel-Seal II could allow crankcase air leaks (leading to 
performance problems). 

54. Carefully lower the crankcase half into place over the cylinder block 
half. 

55. Apply a light coating of OMC Locquic Primer or equivalent to the 
threads of the 8 main bearing bolts and allow it to air dry. 

56. Apply a light coating of OMC Ultra Lock, or equivalent high-strength 
threadlock to the threads of the 8 main bearing bolts and a coating OMC 
Gel-Seal II or equivalent to the underside of each washer face (the side that 
contacts the crankcase). lnstall the bolts and washers finger tight. 

The 2 longer main bearing bolts are use at the top (flywheel) end of 
the crankcase. 

57. Tighten the main bearing screws to 216-240 inch Ibs. (24-27 Nm) 
using multiple passes of a spiraling sequence that starts with the center 
screws and works outward. 

58. If removed, install the lower drain nipple. 
59. Apply a light coating of OMC Locquic Primer or equivalent to the 

threads of the 12 crankcase flange bolts and allow it to air dry. 

60. Apply a light coating of OMC Ultra Lock, or equivalent high-strength 
threadlock to the threads of the 12 crankcase flange bolts, then install and 
tighten the bolts to 60-84 inch Ibs. (7-9 Nm). 

61. Peel the backing off a NEW intake manifold gasket, then position the 
gasket to the leaf plate side of the manifold. 

62. If removed, install the 3 leaf plate assemblies to the intake manifold 
as follows: 

a. Apply a light coating of OMC Locquic Primer or equivalent to the 
threads of the leaf plate retaining screws, and allow the primer to air dry. 

b. Apply a light coating of OMC Ultra Lock, or equivalent high-strength 
threadlock to the threads of the leaf plate screws, then install each leaf plate 
assembly and tighten the screws to 25-35 inch Ibs. (3-4 Nm). 

63. Apply a light coating of OMC Locquic Primer or equivalent to the 
threads of the 8 intake manifold bolts and allow it to air dry. 

64. Apply a light coating of OMC Ultra Lock, or equivalent high-strength 
threadlock to the threads of the 8 intake manifold bolts. lnstall the intake 
manifold and tighten the bolts to 60-84 inch Ibs. (7-9 Nm). 

65. lnstall the throttlelspark lever to the side of the crankcase using the 2 
flat washers and shouldered bolt, making sure to position the larger of the 2 
washers between the lever and the crankcase. Tighten the bolt to 60-84 inch 
Ibs. (7-9 Nm). 

66. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the inside and outside of the 2 throttle lever bushings and to the 
throttle lever shaft. 

67, Install the 2 bushing into the bosses on the crankcase, then install 
the lever shaft in the bushings, placing the spacer on the end of the shaft. 
Position the throttle lever on the shaft end along with the flat washer, install 
and tighten the nut to 60-84 inch Ibs. (7-9 Nm). 

68. For remote models, apply a light coating of OMC Locquic Primer or 
equivalent to the threads of the 2 trunnion anchor screws and allow it to air 
dry. Next, apply a light coating of OMC Nut Lock, or equivalent threadlock to 
the 2 screws and secure the trunnion block to the crankcase using the 
screws. Tighten to 84-106 inch Ibs. (9-12 Nm). 

69. Reconnect the one oiling hose and the three re-circulating hoses to 
the powerhead as tagged during removal. 

70. lnstall all fuel, ignition and electrical system components as detailed 
in the Fuel System and lgnition and Electrical System sections. 

71. lnstall the powerhead assembly, as detailed in this section, then refer 
to Break-In in this section for details on how to ensure proper break-in of the 
new powerhead components. 

25-55 Hp (737cc) and 25-70 Hp (913cc) Motors 
+ See Figures 68 and 69 

Removal & InstaNation - 2-Cylinder Motors 

CULT 
+ See Figures 68 and 70 thru 74 

1. On electric start models, disconnect the negative battery cable for 
safety. 

2. Remove the top engine cover for access and, for models equipped 
with 2-piece lower covers, remove the lower covers as detailed under Engine 
Covers (Top and Lower Cases) in the Maintenance and Tune-up Section. 

3. Remove the shift rod screw (from the shift rod lever at the lower front 
of the powerhead). 

4. From a cutout in the rear exhaust housing, remove the nut from the 
rear lower powerhead stud (below the cylinder head). 

5. From underneath the exhaust housing flange, loosen and remove the 
exhaust housing-to-powerhead bolts (8). 

6. Attach an engine hoist the lifting hook. If necessary for better 
balance, install a second lifting hook to the top of the powerhead (on many 
JohnsoniEvinrude motors a hook can be secured to the top of the flywheel 
via the 3 puller bolt holes). 

7. Slowly and carefully lift the powerhead assembly straight up and off 
the exhaust housing. 

8. Remove and discard the old powerhead gasket. 
9. Mount the powerhead on an engine stand. If necessary, strip it for 

overhaul by removing the carburetors (refer to Fuel System) and any 
- 

electrical or ignition components (refer to Ignition and Electrical Systems). 
To install: 
10. Position a new powerhead gasket in place without any sealant. 
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Cover 

S h i f t  Lever -- 
Assy 

Fig. 68 Exploded view of a typical 2-cylinder powerhead - 25-55 hp (737cc) motors 
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Fig. 70 On models equipped with 2-piece 
lower covers remove the retainina bolts. . 

Fig. 71 . . .the separate the lower covers for 
access 

Fig. 73 . . . and remove the nut from the powerhead stud in the 
cutout 

11. Apply a light coating of OMC Moly Lube, or equivalent lubricant to 
the driveshaft splines. But, do not coat the top surface of the shaft, as the 
resultant hydraulic pressure could prevent it from seating in the crankshaft. 

12. Use the lifting eyejs) to carefully lift the powerhead from the 
workbench or engine stand and lower it slowly onto the exhaust housing. 

13. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the 8 exhaust housing-to-powerhead 
bolts. Install the bolts from underneath exhaust housing flange, then tighten 
to bolts to 18-20 ft. Ibs. (25-27 Nm). 

14. Install the exhaust housing-to-powerhead stud nut, then tighten the 
nut to 18-20 ft. Ibs. (25-27 Nm). 

15. Connect the shift rod to the shift rod link, then install and tighten the 
retaining screw securely. 

16. If equipped with 2-piece lower covers, install the lower engine covers. 
17. If equipped, connect the negative battery cable. 
18. Perform the Timing and Synchronization adjustments found in the 

Maintenance and Tune-up section. 
19. Install the top engine cover. 
20. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Removal & Installation - 3-Cylinder Mofors 

+ See Figures 68 and 70 thru 74 CULT 

1. On electric start models, disconnect the negative battery cable for 
safety. 

2. Remove the top engine cover for access. 
3. For rope start models, remove the manual starter assembly. For 

details, refer to the procedures in the Hand Rewind Starter section. 
4. If applicable, and if necessary, remove the 3 bolts securing the 

starter ratchet to the top of the flywheel, then remove the ratchet. 
5. If equipped, disconnect the starter lockout cable clamp, then 

separate the cable from the shift lever. 

Fig. 72 Loosen and remove the powerhead 
flange bolts. . . 

I Fig. 74 Attach a suitable engine lifting device in order to remove 
the powerhead 

6. For tiller control models, disconnect the throttle cable pivot and the 
cable bracket. 

7. Disconnect the shift lever. 
8. Disconnect the stop switch ground lead, then remove the lead 

terminal from position E of the 5-pin connector. A pin removal tool should be 
used, along with isopropyl alcohol for lubrication. To help with switch, 
connector and wire identification, please refer to the Wiring Diagrams in the 
lanition and Electrical Svstem section. 
" 9. On manual models, cut the tie straps, then tag and disconnect 

the hoses from the manual primer assembly. 
10. Remove the screw from the shift rod at the front of the powerhead 

assembly. 
11. Tag and disconnect the fuel inlet hose from the fuel pump. 
12. If equipped with the VR02 system, remove the retaining clip, then 

push the shift linkage toward the powerhead in order to release the shift rod. 
13. On the inside of the lower cover, at the back of the powerhead, just 

below the cylinder head), remove the 2 lower cover screws (there should be 
one on either side of the top cover latch). Then, just to the port and slightly 
above the port side lower cover screw, loosen and remove the screw 
retaining the powerhead ground lead. 

14. On the rear, outside of the lower cover, remove the 4 horizontal lower 
cover retaining screws, then remove the rear lower cover. 

15. Back inside the lower cover, locate and remove the 2 forward lower 
cover retaining screws (mounted vertically through the lower cover into the 
exhaust housing), then remove the forward lower cover. 

16. Remove the power and starboard lower pan support bolts. 
17. From underneath the exhaust housing flange, remove the exhaust 

housing-to-powerhead flange bolts (they are 6 screws threaded upward into 
the powerhead). 

18. From the cutout, underneath the lower cover, remove the nut from 
the exhaust housing-to-powerhead stud. - 

19. For most models through 1998, proceed as follows: 
a. Disconnect the power trimitilt harness connector. 
b. Remove the wire loom, then disconnect the 2-pin Amphenol 

connector located just below the fuel filter. 
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c. Tag and disconnect the 2 bullet connectors for the tilt limit switch 
d. Tag and disconnect the 3 bullet connectors for the power trimitilt 

switch. 

Refer to the Wiring Diagrams in the lgnition and Electrical System 
section for details, as necessary, on wire and connector identification. 

e. Tag and disconnect the hoses at the fuel filter, VR02 sight tube and 
overboard indicator nipple (all located at or near the fuel filter). 

Unless the VR02 pump is being replaced, DO NOT disconnect any 
hoses from the pump. 

f. Disconnect the ground flag terminal, from the powerhead, just behind 
the fuel filter. 

Although most models are equipped with a lifting bracket, the 
manufacturer's instructions include installing a lifting bracket to the 
top of the flywheel to lift the motor. Although the manufacturer makes a 
special lifting hook adapter that attaches to their universal puller, a 
lifting eye that is directly bolted to the 3 flywheel bolt holes can be 
substituted. 

20. lnstall OMC Universal Puller an Lift Eye #321537 along with OMC 
Lifting Fixture 396748, or equivalent to the top of the flywheel assembly. 

21. Slowly and carefully lift the powerhead assembly straight up and off 
the exhaust housing. 

22. Remove and discard the old powerhead gasket. 
23. Mount the powerhead on an engine stand. If necessary, strip it for 

overhaul by removing the carburetors (refer to Fuel System) and any 
electrical or ignition components (refer to lgnition and Electrical Systems). 

To install: 
24. Position a new powerhead gasket in place without any sealant. 
25. Apply a light coating of OMC Moly Lube, or equivalent lubricant to 

the driveshaft splines. But, do not coat the top surface of the shaft, as the 
resultant hydraulic pressure could prevent it from seating in the crankshaft. 

26. Use the lifting eye(s) to carefully lift the powerhead from the 
workbench or engine stand and lower it slowly onto the exhaust housing. If 
necessary, turn the powerhead slowly clockwise (as viewed from above) to 
help align the crankshaft-to-driveshaft splines. 

27. Apply a light coating of OMC Gel-Seal II, or equivalent to the threads 
of the 6 exhaust housina-to-powerhead bolts. lnstall the bolts from 
underneath exhaust housing flange, then tighten the bolts in stages to 18-20 
ft. Ibs. 125-27 Nm). 

28. 'lnstall the'exhaust housing-to-powerhead stud nut, then tighten the 
nut to 60-84 inch Ibs. (7-9 Nm). 

29. For most models through 1998, proceed as follows: 
a. Connect the ground flag terminal, to the powerhead, just behind the 

fuel filter. 
b. Connect the hoses at the fuel filter, VR02 sight tube and overboard 

indicator nipple as tagged during removal. Make sure all hoses are routed to 
avoid interference with moving components. 

c. Connect the 3 bullet connectors for the power trimltilt switch as 
tagged during removal. 

d. Connect the 2 bullet connectors for the tilt limit switch as tagged 
during removal. 

e. Connect the 2-pin Amphenol connector located just below the fuel 
filter, then secure using the wire loom. 

f. Connect the power trimltilt harness connector. 
30. lnstall the lower pan support bolts and washers to the starboard and 

port brackets. Tighten the bolts to 60-84 inch Ibs. (7-9 Nm). 
31. lnstall the forward lower cover and tighten the screws securely. 
32. Position the rear lower cover and loosely install the 4 horizontal 

retaining screws from outside the housing. lnstall the 2 vertical rear cover 
screws (from inside the lower cover, near the base of the cylinder head). 
Once the rear lower cover is in position and all screws are started, tighten all 
6 screws securely. 

33. Secure the powerhead ground lead using the bolt located near the 
port side lower cover screw (near the base of the cylinder head). 

34. If removed, install the screw to the shift rod at the front of the 
powerhead assembly. Tighten the shoulder screw to 60-84 inch Ibs. (7-9 
Nm). If equipped with the VR02 system, with the shift rod and lever aligned, 
pull the lever away from the powerhead and install the retainer clip. On these 
models, the clip must compress the flat and wave washers. 

35. Reconnect the fuel inlet hose to the fuel pump. 
36. On manual primer models, reconnect the hoses to the manual primer 

assembly as tagged, then secure them using new wire ties. 
37. Reconnect the stop switch ground lead, and install the terminal back 

into position E of the 5-pin connector. 
38. Reconnect the shift lever. 
39. For tiller control models, connect the throttle cable pivot and the 

cable bracket. 
40. If equipped, connect the starter lockout cable to the shift lever and 

secure using the clamp. 
41. If removed, install the starter ratchet to the top of the flywheel and 

tighten the 3 bolts to 120-144 inch Ibs. (14-16 Nm). 
- 42. For rope start models, install the manual siarter assembly. For 

details, refer to the ~rocedures in the Hand Rewind Starter section. 
43.' If equipped,'connect the negative battery cable. 
44. Perform the Timing and Synchronization adjustments found in the 

Maintenance and Tune-up section. 
45, lnstall the top engine cover. 
46. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Disassemblv & Assembiv 

LED 

+ See Figures 8,24,25,30 thru 37,39,40,50,51,52,68,69 and 75 
thru 91 

Although the majority of the powerhead overhaul procedure 25-55 hp 
(737cc) and 25-70 hp (913cc) motors is fairly easy and straightforward, the 
connecting rod cap bolt torque procedure requires a special holding fixture. 
The procedure and fixture are used in order to ensure that the connecting 
rodlcap and bearing are properly centered. Attempting to center and tighfen 
the connectina rod caps without this fixture mav cause unex~ected, total 
powerhead fdure sometime after the motor is ieturned to s6rvice.  hat is 
not to say people have not succeeded in centering and tightening the caps 
without the fixture, but to say that we cannot recommend it, as there are no 
guarantees. 

To simplify assembly, remember to layout all bolts, components and 
clamps in the order of removal. This is especially true for the wiring 
harness and related clamps. Matchmark all component assemblies 
such as pistons, connecting rods to ensure installation of the correct 
pairs and installation in the correct orientation. Most of all, take your 
time. 

1. Remove the powerhead from the lower unit as detailed under 
Removal & Installation. 

2. If not done already, strip the powerhead for overhaul by removing all 
fuel system, ignition system and electrical components from the powerhead. 
For details, refer to the procedures in the Fuel System and the Ignition and 
Electrical System sections. 

3. Remove the bolts from the intake manifold and remove the intake 
manifold. Remove and discard the gasket. 

R Do not bend and leaf valves by hand as this could damage them so 
they either do not seal properly at best, or at worst, will break off 
during service. Do not disassemble the leaf plate unless some portion 
of the plate and valve assemblies is corroded or damaged and requires 
replacement. ALSO, check part availability before starting, since the 
valves ARE replaced and not serviced on some models. 

4. lnspect the leaf plate assemblies and the intake manifold, as follows: 
a. Two screws secure each leaf plate to the manifold. If necessary, 

loosen the screws and remove the assemblv. Remove and discard the 
gaskets. 

b. Visually check for obvious signs of distortion on the valves or plates. 
lnspect the valve tips for signs of cracks, chips or other obvious damage. 
Make sure the leaf stops are not distorted or loose. If there are any obvious 
defects, that component must be replaced. 

c. Use a machinist's straightedge and a feeler gauge to check the leaf 
plate for distortion. Lay the straightedge across the plate only (not the leaf " 

valves) at various points, then see if a 0.003 in. (0.08mm) or large feeler 
gauge can be inserted underneath the straightedge at any point. If it does, 
the plate is warped and must be replaced. 
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d. Check the leaf plate screws to make sure they are tight. If they have 

loosened at all, retighten each one individually as follows. Loosen the screw 
a turn or two, just enough to apply a light coating of OMC Screw Lock or an 
equivalent threadlock, then tighten the screw to 25-35 inch Ibs. (3-4 Nm) and 
proceed on to the next screw. 

e. Visually check the intake manifold gasket surfaces to make sure 
they are smooth and free of nicks. If necessary, a gasket surface may be 
dressed to smooth shallow nicks using a fine emery cloth. 

f. Use the straightedge and feeler gauge to check for warpage across 
the intake manifold gasket surfaces. Check at the center of the straightedge 
to make sure a 0.004 in. (0.lOmm) or large feeler gauge cannot be inserted 
underneath the straightedge. 

g. Check the manifold balance passage to make sure it is free of 
restrictions. 

h. If disassembly is necessary, matchmark the components and 
remove the leaf stop screws, then remove the leaf valves and stops. If they 
are being reused, do not allow the leaves and stops to become mismatched. 

5. On 2-cylinder motors, remove the starboard lower engine cover 
mount bracket. 

6. On 45155 Commercial 2-cylinder models through 1994, remove the 
14 screws retaining the cylinder head water jacket cover (using multiple 
passes of a sequence that starts at the edges and works its way inwards), 
then remove the cover and discard the gasket. 

7. Using multiple passes in the reverse of the illustrated torque 
sequence, loosen and remove the cylinder head retaining bolts. Remove the 
cylinder head from the block. As necessary, remove the cylinder head cover 
and disassemble the thermostat. For details, refer to the Thermostat 
procedures in the Lubrication and Cooling System section. 

8. Loosen and remove the exhaust cover retaining screws and then 
remove the exhaust cover from the side of the cylinder block. Remove and 
discard the gasket. 

9. Loosen and remove the crankcase lower head retaining screws and 
then remove the lower head. Use a small puller and puller bridge to remove 
the seal@). 

Do not lift or bend the leaf valves during disassembly or they could 
become damaged. If a damaged leaf valve is installed it could break in 
use. 

I e&aust cover gasket seal using a rubber 
mallet. . . 

Fig. 78 To remove the lower head, first 
loosen the retaining bolts. . . I 

Lower head and seal design vary slightly with model and year. Most 
late model motors are equipped with a single crankshaft seal in the 
lower head, while most early model motors contain both a driveshaft 
and a crankshaft seal in the lower head. Refer to the accompanying 
illustrations for more details. 

Fig. 76 . . . then lift the exhaust cover from 
the powerhead 

Fig. 79 . . .then, if necessary, carefully pry 
at the seam.. . 

Fig. 77 Loosen the main bearing and then 
the crankcase flange (shown) bolts 

Fig. 80 . . . and remove the crankcase lower 
head 

Fig. 81 Label all components before Fig. 82 Loosen the connecting rod cap bolts 
removal while alternating from side-to-side. . . Fig. 83 Then push upward on the cap.. . 
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Fig. 84 . . . to remove the cap and bearing 
from the crankpin 

Fig. 85 Carefully lift the crankshaft from the 
cvlinder block 

10. Either use a fabricated taper pin tool (as shown in the accompanying 
illustration) to carefully push the crankcase taper pin toward the intake 
manifold surface or use a punch with a diameter larger than the pin. The 
taper pin can be accessed at the lower portion of the crankcase (gearcase 
end) on 2-cylinder motors or at the upper portion of the crankcase (flywheel 
end) for 3-cylinder motors. 

NEVER use a tool smaller than the taper pin bore to remove the pin or 
damage could occur. 

11. Using multiple passes of a spiraling pattern that starts from the 
outward retainers and works toward the center, loosen the main bearing 
bolts and, on some models, nuts. 

12. Loosen and remove the crankcase flange bolts. 
13. Rotate the powerhead so the crankcase is facing upward, then use a 

plastic or rubber mallet to tap upward on the exposed portion of the 
crankshaft (at a 90" angle to the shaft). Tap lightly until the crankcase half 
just starts to separate from the cylinder block half. Lift and remove the 
crankcase from the bottom of the cylinder block (exposing the crankshaft). 

E Keep in mind that all wear parts (such as pistons, connecting rods, 
needle bearings and bearing liners) MUST be installed in their original 
positions (and with the same orientations) if they are to be reused. 
Mark each component with a permanent marker to ensure proper 
assembly. 

14. Using a felt-tipped marker or numberedilettered punches, label the 
piston domes. Remember that the No. 1 cylinder is the cylinder closest to the 
flywheel. 

E if a felt-tipped marker is used to label components during 
disassembly, watch the marks during cleaning. Replace any marks that 
are dulled or removed by solvent as soon as the component is dry. 

15. Matchmark the connecting rod caps and then use a suitable socket 
(such as OMC Torque Socket #331638) to loosen the connecting rod cap 
bolts. Work on one piston at a time, supporting the piston at the dome with 
one hand while loosening the bolts on that piston's rod cap alternately, no 
more than one turn at a time. Remove each cap along with the connecting 
rod cap needle bearing and cage. Carefully push the piston from the bore 
and out the top of the cylinder block. 

When removing each piston, take great care to prevent the connecting 
rod from contacting and damaging the crankshaft journal, cylinder wall 
and, finally, once removed, the cylinder piston skirt. One method to 
help prevent this is to stuff rags in the skirt before or after the piston is 
removed to keep the connecting rod centered. 

16. Repeat the previous step for each of the other pistons. To prevent 
any possible mix-up reinstall each bearing assembly and connecting rod cap 
to the piston and connecting rod as soon as it is removed from the cylinder 
block. 

17. Lift the crankshaft assembly carefully out of the cylinder block. 

Fig. 86 Use care when removing the pistons 

Fig. 87 Before crankshaft installation, push the pistons to the top 
of their bores (placing the connecting rods so they won't interfere 
with the shaft 

18. Remove the upper main crankshaft bearing by sliding it off the shaft, 
then remove and discard the O-ring. If necessary (and we advise it), remove 
and discard the seal. 

19. Remove the retaining rings, then remove the center main bearings 
and split sleeves. Be sure to matchmarkiidentify all components and keep 
the assemblies separate if they are going to be reused. 

20. For 1999 and later models, remove O-ring from the end of the 
crankshaft sleeve. lnsoect the 0-rina and, if worn or damaged, install a new 
O-ring during assembiy. On these models, check the crancshaft sleeve. If 
damaqed, remove it using a large-jawed puller and either a puller bridge or a . . .  

slide fiammer. 
21. ONLY remove the lower crankshaft bearing if it requires replacement 

First remove the retaining ring using a pair of external snapring pliers, 
support the bearing in a shop press using a bearing separator tool, and then 
press the bearing off the shaft. 

22. Disassemble each piston for further inspection and component 
replacement, as follows: 

a. Use a universal ring expander to remove the rings from the pistons. 
The manufacturer warns NOT to reuse the rings. Retain them in sets for 
inspection purposes (marking their original locations), but discard them 
before installation. 

E We've said it before. We know there will be some circumstances that 
will prompt people to reuse rings (for example, if for some reason the 
motor was disassembled after only a few hours of usage). But for the 
most part, if you've come THIS far, it is probably a good idea to bite the 
bullet and replace the rings to ensure long-lasting performance from 
the powerhead. 

b. Using a pair of modified needle-nosed pliers as shown in the 
accompanying illustration, or a suitable pair of snapring pliers, remove the 
wrist pin retaining rings. Discard the old retaining rings. 
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q-c,~nk.ase 
Assy -Crankcase Head Assy 

&- Screw 

Fig. 88 Exploded view of a the crankshaft, main bearing and piston assembly - 25-55 hp (737cc) motors (late-model shown, early model differs in 
lower head and seal assembly) 

Assv 
Crankcase Head A 

Fig. 89 Exploded view of a the crankshaft, main bearing and piston assembly - 25-70 hp (913cc) motors (late-model shown, early model differs in 
lower head and seal assembly) 

- www.instant-manuals.com -



WERHEAD REPAIR AND OVERHAUL 
If necessary, a piston cradle can be fabricated from a large block of 

wood. The important design features of the cradle are that it is semi- 
circular on top to hold (or cradle, get it?) the piston and that there is a 
bore at the bottom center into which the wrist pin can tapped or 
pressed. The final important feature of the cradle is that i t is STURDY 
enough to withstand the force of the shop press, BUT, keep in mind 
that the fit is loose on these pistons and significant force should not be 
necessary. 

c. The piston-to-wrist pin fit should be loose on both sides. Support the 
piston and use a suitable drift pin (like OMC #326356 to carefully and 
smoothly tap or push the wrist pin free of the piston bore). If the OMC tool is 
not available, be sure to use a drift pin that is just slightly smaller than the 
diameter of the wrist pin itself. 

E As the wrist pin is removed from the piston you must retain the 28 
loose needle bearings and the 2 thrust washers from the connecting 
rod bore. If you can, stop tapping or pressing once the wrist pin JUST 
clears the bottom of the connecting rod bore. Then carefully withdraw 
the rod along with the needle bearings (place a thin bladed tool like a 
putty knife or your finger under the rod hole as it is pulled free of the 
piston borelwrist pin). Inspect the bearings, if any of the needles are 
lost or worn, replace the entire bearing assembly. 

23. Refer to the information found under Cleaning & Inspection, in this 
section for details on inspecting the powerhead components to determine 
which should be replaced and to prepare the ones that are being reused for 
assembly. 

To assemble: 

During assembly, take your time and NEVER force a component unless 
a shop press or drive tool is specifically required by the procedure. 

H Lightly coat all components (except those that are coated with 
sealant) with clean, fresh JohnsonIEvinrude Outboard Lubricant or 
equivalent oil during assembly. Always replace all gaskets, O-rings and 
seals. 

24. If disassembled for inspection andlor component replacement, 
assemble each piston as follows: 

a. Apply a light coating of OMC Needle Bearing Assembly grease (or 
equivalent) to the wrist pin bearing needles, then insert the 28 needles 
around the inner circumference of the connecting rod wrist pin bore. Install 
the OMC Wrist Pin Bearing tool #336660 into the bore to align the needles 
and hold them in place during assembly. 

The wrist pin bearing tool is, essentially, a short round pin, roughly 
the same outer diameter of the wrist pin, but very short, just long 
enough to insert it through the connecting rod wrist pin bore and 
install the thrust washers on either side. A similarly sized dowel pin can 
be substituted, or a old connecting rod wrist pin from the same size 
piston could be used. If substituting another rod or drift pin, make sure 
the surface is smooth and cleanlfree of all corrosion. Also, make sure 
the outer diameter of the tool is smaller than the wrist pin and bore to 
prevent the possibility of binding or damage. 

b. With the bearings and the wrist pin tool in position, install the thrust 
washers with the flat sides facing outward. Again, a dab of grease should 
hold the thrust washers in position. 

c. Apply a light coating of clean engine oil or assembly lube to the wrist 
pin and the pin bore in the piston. 

El The connecting rod itself on these models has no specific 
orientation and can be installed facing either direction. The same is 
NOT true for the caps, which are matched to the rods and must be 
installed facing the same side of the rod to which it was originally 
installed. 

d. Support the piston (in a piston cradle if available, though a clean 
workbench SHOULD suffice). Insert the wrist pin into the bore and gently 
press it by hand through the bore until it just starts to appear inside the 
piston skirt. Stop, then position the connecting rod with the needle bearings, 
thrust washers and wrist pin bearing installation tool inside the piston skirt. 
Continue to push the wrist pin into the position, through the thrust washers 

and bearings, pushing the wrist pin bearing installer through the other side 
and out of the piston. 

e. Once the wrist pin is properly positioned, use a small driver to install 
a NEW snapring in each end of the wrist pin bore. Make sure the snapring 
fully seats in the groove. Turn the ring in the groove until the gap faces 
downward, directly away (180" opposite) from the semi-circular relief in the 
side of the wrist pin bore. 

When using the ring expander, spread each ring JUST enough to 
slip over the piston. 

f. Use a ring expander to install the pistons rings on each piston. Each 
piston ring groove should contain a dowel pin, around which the ring gap 
must be squarely situated. If not the rings will likely break during installation 
(or if by they don't by some miracle, during the first start-up). Be sure to 
install the tapered ring in the top groove. 

The pistons for these motors should be installed, not only in their 
original positions, but in their original orientations (with the same sides 
facing the flywheel as before disassembly). Luckily, they are marked. 
Pistons are marked with the word UP on their domes, this word should 
be positioned toward the flywheel during installation. 

25. If removed, install each piston as follows: 
a. Apply a light coating of clean engine oil or assembly lube to the 

piston and piston bore. 
b. Use a suitable ring compressor or a band-type clamp with a solid 

inner ring to evenly compress the rings (oiling the inside of the compressor 
or clamp will also help ease installation). Make sure the rings are still 
properly positioned with the gaps over the dowels. Also, make sure the 
connecting rod remains centered in the piston to prevent possible damage to 
the cylinder walls or piston skirt. 

c. Start the piston into the bore with the UP marking on the piston 
dome facing the flywheel. 

d. Slowly insert the piston, making sure the connecting rod does not 
strike and damage the piston skirt, or the strikelscrape and damage the 
cylinder wall. If the piston hangs up on a ring, don't force it, push the piston 
back upward and remove the compressor to check for potential problems, 
such as a ring that has shifted the gap away from the dowel. 

26. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a NEW cylinder head gasket, then 
position the gasket on the cylinder block. For 2-cylinder motors, make sure 
the gasket tab is positioned on the port side of the cylinder block. 

27. Make sure the cylinder head bolt threads are clean and dry, then 
install the head and finger-tighten the bolts. Torque the bolts to 18-20 ft. Ibs. 
(25-27 Nm) using multiple passes of the illustrated torque sequence (a 
clockwise spiraling pattern that starts at the center and works outward). 

28. If removed, install the thermostat assembly and, if applicable, the 
pressure relief valve assembly to the cylinder headlcover. For details, please 
refer to the Lubrication and Cooling section. 

29. 'For 45155 hp Commercial models through 1994, apply a light coating 
of OMC gasket sealing compound to both sides of a new cylinder head water 
cover gasket, then install the gasket and cover. Tighten the bolts using 
multiple passes of a sequence that starts at the center and works outward to 
60-84 inch Ibs. (7-9 Nm). 

30. If removed, apply a light coating of clean engine oil or assembly lube 
to a NEW lower main bearing and to the end of the crankshaft, then support 
the crankshaft in a shop press between the 2 lower counterweights. Carefully 
press the bearing into position with the lettered side of the bearing facing 
upward toward the press. 

OMC Crankshaft Bearingisleeve installer #342686 can be used to 
safely seat the lower bearing and the sleeve in position on 1999 and 
later models. If not available, be sure to use a suitable driver that 
contacts the entire diameter of the bearing cage or the sleeve and does 
NOT contact or damage the crankshaft. 

31. If removed on 1999 and later models (for replacement or for access 
to the bearing), apply a light coating of clean engine oil or assembly lube to 
the NEW crankshaft sleeve. Install the new sleeve and gently drive or press - 
the sleeve onto the shaft until the installer contacts the lower main bearing. 
Remove the installer, then apply a light coating of OMC Moly Lube or 
equivalent assembly lube to the NEW O-ring (which should be used if a new 
sleeve is installed) and position it in the end of the sleeve. 
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Make sure the sleeve surface is not nicked or damaged during 
installation or it must be removed and discarded (and another NEW 
sleeve installedl. 

If the installer sticks on the sleeve after installation, use a slide 
hammer to pull it free. 

32. Install the lower bearing retaining ring in the crankshaft groove with 
the sharp (square) edge facing away from the bearing. 

33. Oil the center main roller bearing and split sleeve assemblies, then 
install them around the crankshaft center journals in their original positions. 
Be sure to face the split sleeve ring grooves away from flywheel. Secure the 
sleeves using the retaining rings. 

34. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the outside diameter of a NEW upper crankshaft seal 
and the lower crankshaft seal (or for 1998 and earlier models, the 2 NEW 
crankshafUdriveshaft seal). 

35. Use suitably sized drivers to install the seals to the upper bearing 
and to the crankcase lower head with the seal lips properly positioned. Upper 
seal casings should face upward (toward the flywheel), while lower seal 
casings (including both the crankshaft and driveshaft seals on models so 
equipped) should face downward toward the gearcase. Use the following 
drivers or equivalents: 

Upper seal: use #334500 for 2-cylinder models through 1998 or 
#326567 for all other models. 

Lower seal: use #339752 on all except the 1990-93 2-cylinder models 
or 1990-98 45 and 55 hp 2-cylinder models (or #334998 on all 1990-93 2- 
cylinder models or 1990-98 45 and 55 hp 2-cylinder models). 

36. Once installed, lubricate the upper crankshaft seal lips using a light 
coating of OMC Triple-Guard, or equivalent marine grease, Lubricate the 
lower seal lips liberally using OMC Moly Lube or equivalent assembly lube. 

37. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to a NEW upper seal O-ring and a NEW lower crankcase head O- 
ring. Position the O-rings in the grooves in the upper bearing and the 
crankcase lower head, respectively. 

38. Apply a light coating of clean engine oil or assembly lube to the 
upper main bearing and to the top end of the crankshaft, then slide the 
seallbearing assembly onto the top of the shaft with the seal end facing the 
flywheel. 

39. Inspect the cylinder block-to-crankcase mating surface to ensure 
there are NO traces of sealant left. If necessary, remove any remaining 
traces of hardened sealant to prevent potential problems with bearing 
alignment. 

40. Rotate the cylinder block the head faces downward and the 
crankcase mating surface is facing upward. 

41. Carefully push all pistons downward (up in their bores) to Top Dead 
Center (TDC) in order to ease crankshaft installation. 

42. Remove the connecting rod end caps and cap bearing halves 
(positioning them aside to keep track of their location and orientations). If 
matchmarks are not readily visible, matchmark the connecting rods to the 
caps and bearing halves before removal to ensure proper installation. 

Leave the connecting rod bearing halves (as opposed to the rod cap 
halves) in position in the rods. 

43. If not already done, apply a light coating of clean engine oil or 
assembly lube to the crankshaft journals, as well as to the connecting rod 
bearings. 

44. Lower the shaft into the position. Be sure the upper O-ring aligns with 
the groove and the main bearings align with their locating pin(s). 

45. Slowly and carefully pull each connecting rod up until the bearing in 
the rod contacts the crankshaft journal (crankpin). 

46. Seat each rod journal against the crankpin and then move the 
bearings from the caps to the connecting rod journals. Finally, align the 
matchmarks and position the caps over the bearings. 

Besides any matchmarks made during removal, the connecting rod 
caps on these models are normally equipped with dots on the 
connecting rodlcap. These dots should also be aligned. 

47. Oil and install the connecting rod cap bolts, then finger-tighten the 
bolts alternating from side-to-side on the rod cap. 

48. Use a peincil or your fingernail to determine if the rod caps are fully 
aligned and seated. Scrape the pencil across the mating surface to see if it 
catches. 

49. Center and align each of the connecting rod caps in turn using the 
OMC Rod Cap Alignment Fixture #396749 as follows: 

a. Rotate the knob on the top of the tool until the flat marked SET 
aligns with the arrow on the fixture frame. Rotate the adjustment knob 180" 
to the lock position. 

b. Make sure the retaining jaw (with the flat head screw in the frame 
bore) and the forcing jaw (with the hex key at the base and the threaded flat 
protruding from the frame) are positioned on the fixture tool. 

c. Tighten the connecting rod cap screws to 25-30 inch Ibs. (2-3 Nm). 
d. Apply a light coating of engine oil to corners of the connecting rod 

and cap where the fixture will be installed. 
e. Position the frame to the so the contact area of the forcing jaw is 

centered on the connecting rod and cap. Tighten the forcing screw until the 
jaws contact the connecting rod, then slide the frame downward until the 
adjustment stop (at the center of the frame) just contacts the top of the 
connecting rod cap. Verify that the groove lines in the jaws are centered on 
the rodlcap diameter. 

The frame MUST be squarely in position as described in order to 
* 

perform its function properly. Failure to center the frame, and therefore 
the connecting rodlcap, will lead to premature crankshaft, rod and 
bearing failure. 
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f. With the frame centered, tighten the forcing screw to 23 inch Ibs. (2.5 

Nm). 
g. Loosen both connecting rod cap bolts 114 turn, then tighten each 

bolt to 40-60 inch Ibs. (5-7 Nm). 
h. Next, tighten the connecting rod cap bolts to 15-17 ft. Ibs. (20-23 

Nm), and finally tighten them to 30-32 ft. Ibs. (40-43 Nm). 
i. Loosen the forcing screw, remove the frame from the connecting 

rodlcap assembly, then repeat for the remaining rod(s)lcap(s). 
50. Clean and degrease the mating flange of the crankcase and cylinder 

block halves using OMC Cleaning Solvent, or an equivalent solvent. Allow 
the flanges to air dry. 

51. Apply a light coating of OMC Locquic Primer or equivalent to the 
mating flange of the crankcase half and allow it to air dry. 

52. Apply a light coating of OMC Gel-Seal II or equivalent to the cylinder 
block flange. Be sure that the sealant coats the entire flange evenly, but be 
careful not to apply excessive amounts. The sealant must not be applied 
within 114 in. (6mm) of the labyrinth seal or bearings otherwise the sealant 
could be forced out from between the flanges into contact with the bearings 
during assembly. 

Although OMC Gel-Seal II has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. Keep in mind that using 
an old tube of Gel-Seal II could allow crankcase air leaks (leading to 
performance problems). 

53. Carefully lower the crankcase half into place over the cylinder block 
half. 

54. lnstall and finger-tighten the main bearing bolts and, if applicable, 
nuts. 

55. Make sure the crankcase is stead, then install and seat the 
crankcase taper pin. 

56. Using a plastic or rubber faced mallet, gently tap on the bottom of the 
crankshaft to seat the lower main bearing. 

57. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the crankcase lower head retaining bolts. 
For 2-cylinder motors through 1998, also apply the sealant to the mating 
surface of the lower head flange. 

58. lnstall the crankcase lower head and finger-tighten the bolts 
59. Tighten the main bearing screws to 18-20 ft. Ibs. (24-27 Nm) using 

multiple passes of a spiraling sequence that starts with the center screws 
and works outward. 

60. Temporarily position the flywheel and key on the end of the 
crankshaft, then rotate the crankshaft clockwise (when viewed from above 
the flywheel) to check for binding. The crankshaft and main bearings must 
move smoothly or the cause must be found and remedied before returning 
the motor to service. 

61. lnstall the crankcase flange screws and, if applicable, the pan 
support brackets, then tighten to 60-84 inch Ibs. (7-9 Nm). 

62. Tighten the crankcase lower head screws to 60-84 inch Ibs. (7-9 Nm) 
for models through 1998 or to 96-1 20 inch Ibs. (11 -14 Nm) for 1999 and later 
models. 

63. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to both sides of a new exhaust cover gasket, then install 
the cover and gasket. Tighten the retaining bolts to 60-84 inch Ibs. (7-9 Nm) 
using a spiraling pattern that starts at the center and works outward. 

64. If disassembled for component replacement, prepare and assemble 
the leaf plates as follows: 

a. Place the leaf valves on the plate. If new valves do not seat on the 
plate, try turning them over. 

NEVER turn over used valves on the plate, as they may break when 
they are returned to service. If used valves do not seat in  their original 
direction of installation, they must be replaced. 

b. Check the valves, if any leaves are standing open, apply light 
pressure using the eraser end of a pencil (the valve should close with light 
pressure). If not, check the plate for high spots or burrs. 

NEVER lap the leaf plate. An plate that i s  too smooth may cause the 
leaf valves to stick closed when returning a motor to  service after 
winterization. 

c. Apply a light coating of OMC Locquic Primer or equivalent to the 
valve screws and allow it to air dry. 

d. Apply a light coating of OMC Screw Lock, or equivalent threadlock 
to the mounting screw threads, wiping off any excessive adhesive . - 
compound. 

e. Assemble the leaf valve shim (if used) and the leaf s t o ~ ,  then 
loosely install (but do not tighten) the retaining screws. 

f. Hold the leaf valve assembly in a horizontal posit~on (this will usually 
align the leaf valves over the ports in the leaf plate). Tighten the 2 screws 
evenly. 

g. Mark the edges of the leaf valve using a sharp pencil, then use the 
pencil eraser to gently open the leaf valves to check alignment over the port. 
Once again, the valves must be spaced evenly over the port. If not, loosen 
the mounting screws and reposition the valve. 

h. Once centered, tighten all the screws to 25-35 inch lbs. (2.8-4 Nrn). 
i. Apply a light coating of OMC Locquic Primer or equivalent to the 

valve assembly-to-manifold screw threads and allow it to air dry. Then, apply 
a light coating of OMC Nut Lock, or equivalent threadlock to the screw 
threads. 

j. lnstall the leaf valve assemblies to the manifold using NEW gaskets 
(dry, without sealer) and tighten the retaining screws to 25-35 inch Ibs. (2.8-4 
Nm). 

65, lnstall the intake manifold using a new gasket (dry, without any 
sealant), then install and tighten the retaining bolts to 60-84 inch Ibs. (7-9 
Nm). 

66. For Pcylinder motors, install the starboard lower engine cover mount 
bracket and tighten the retainers to 60-84 inch Ibs. (7-9 Nm). 

67, lnstall all fuel, ignition and electrical system components that were 
removed for accessloverhaul, as detailed in the Fuel System and Ignition 
and Electrical System sections. 

68. lnstall the powerhead assembly, as detailed in this section, then refer 
to Break-In in this section for details on how to ensure proper break-in of the 
new powerhead components. 

40150 Hp (815cc) EFI Motors 

* See Figure 92 

Removal & Insfallation 

4 See Figures 92 and 93 

1, For safety, properly relieve the fuel system pressure. Please refer to 
Fuel System Pressurization under Fuel Injection for details. 

2. Disconnect the negative battery cable for safety. 
3. Remove the fuel inlet hose at the connector. 
4. Remove the flywheel cover. 
5. Remove the air intake silencer. For details, please refer to the Fuel 

System section. 
6. Remove the lower engine covers. For details, please refer to the 

Engine Covers (Top and Lower Cases) in the Maintenance and Tune-up 
section. 

7. Remove the Electronic Control Unit IECU) cover and then disconnect 
the blue and green power trimltilt relay wires. ~ i s e n ~ a ~ e  the trimltilt sender 
connector. 

8. At the front of the motor, remove the screws retaining the front panel, 
then move the panel for access, sliding it back from the linkage. Remove the 
screws securing the shift linkage and the screws retaining the shift linkage. 
Disconnect the shift arm from the shift rod. 

9. Squeeze the tabs of the spring-loaded clamp for the cooling system 
indicator hose on the powerhead nipple, then slide it up the hose, off the 
fitting. Tag and disconnect the hose from the nipple. 

10. Remove the retaining pins and the lower cover seal. 
11. Tag and disconnect the thermostat-to-adapter hose. 
12. Loosen and remove the small bolts (3), large bolts (5) and the nut 

retaining the powerhead and oil pump case. 

The powerhead retaining bolts are threaded up from underneath the 
engine holder flange. 

13. Attach a suitable engine hoist to the hook provided on top of the 
cylinder block, then carefully lift the powerhead straight up and off the engine 
holder. Keep the powerhead as level as possible while lifting it to avoid 
damage to ihe driveshaft or gearcase components. 

14. Mount the powerhead in a suitable engine stand. 
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Fig. 92 Exploded view of the powerhead (crankcase, cylinder block and cylinder head) assembly - 40150 hp (815cc) EFI motors 

15. If the oil pump is to be serviced, loosen the clamp and disconnect the 
water hose from the nipple, then loosen the bolts (7) securing the oil pump 
case to the bottom of the powerhead. Tap the case with a rubber mallet to 
break the gasket seal and then carefully pry the case from the bottom of the 
powerhead. Refer to the Oil Pump procedures in the Lubrication and Cooling 
section for more details. 

16. Remove all traces of gasket or sealant from the powerhead, oil pump 
case andlor the engine holder. Clean and inspect the mating surfaces for 
signs of damage or extensive pittinglcorrosion. Replace the case or holder if 
damage or corrosion is extensive. 

To install: 

Before installing the oil pump case, make sure the 2 dowel pins are 
installed in  the lower end of the cylinder block. For details, refer to the 
accompanying illustration. 

17. If removed, install the oil pump case to the powerhead. Follow the 
steps of the Oil Pump procedure regarding application of sealant to the bolts 
and mating surfaces, as well as for the bolt torque pattern (a star-shaped 
crossing pattern working from the inner bolts outward). For details, refer to 
the Lubrication and Cooling section. 

18. Connect the water hose and secure using a clamp. 
19. Apply a light coating of OMC Triple-Guard, or equivalent marine 

grease to a NEW O-ring and install to the tube on the engine holder. 
20. Check the engine holder dowel pins for looseness or damage and 

removelreplace, as necessary. Position a new powerhead gasket over the 
engine holder dowel pins. 

21. Apply a light coating of OMC Moly Lube or equivalent to the 
crankshaft splines. 

22. Use the engine hoist to carefully lower the powerhead onto the 
engine holder. Work slowly, taking care to keep the powerhead as level as 
possible to prevent damaging the driveshaft or other gearcase components. 

23. Apply a light coating of OMC Gel-Seal II to the threads of the 
powerhead bolts and mounting stud. 

24. lnstall and finger-tighten the retainers, then torque the retainers to 
specification. Tighten the small bolts to 16-17 ft. Ibs. (22-23 Nm) and the 
large bolts (as well as the stud nut) to 35-37 ft. Ibs. (47-50 Nm). 

Fig. 93 If the oil pump case was removed, make sure the 2 dowel 
pins are installed in the lower cylinder block mating surface, as 
shown 

25. Connect the thermostat-to-sump hose, then secure using the clamp. 
26. Position the lower engine cover seal, then route the cooling system 

indicator hose through the seal and connect it to the fitting. Secure the hose 
uslng a clamp. 

27, lnstall the shift arm on the rod. Slide the link through the linkage, 
then install the screws and tighten securely. lnstall the front panel and tighten 
the screws securely. 

28. Connect the trimltilt relay wires (blue on the top and green on the 
bottom) using the lock-washers and nuts. Tighten the nuts securely. 

29. lnstall the lower engine covers and attach the fuel inlet hose to the 
connector. 

30, Install the air intake silencer assembly. * 
31. lnstall the flywheel cover. 
32. Connect the negative battery cable and properly pressurize the fuel 

system. Thoroughly inspect the system for fuel leaks. 
33. lnstall the top engine cover. 

- www.instant-manuals.com -



6-60 POWERHEAD REPAIR AND OVERHAUL 
34. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Powerhead Disassemblv & Assemblv 

LLED 
+ See Figures 92 and 94 

1. Remove the powerhead, as detailed in this section. 
2. Remove the timing chain, as detailed in this section. 
3. If not done already (while striping the powerhead for removal or 

overhaul), remove any components that will interfere with valve cover 
removal: 

a. Remove the breather hose and ignition coils from the cylinder head 
cover. 

b. Disconnect the harness from the camshaft position sensor. For 
details, please refer to the information on the Electronic Fuel Injection 
system in the Fuel System section. 

c. Loosen and remove the cylinder head cover bolts using a spiraling 
pattern that starts at the outer bolts and works towards the inside. 

d. Remove the cover along with the gasket and O-rings from the 
powerhead. Be careful not to damage the cover or any O-rings that might be 
reused. Inspect the gasket for damaged surfaces and replace, if necessary. 

Of course, we recommend that both the cover and the O-rings be 
replaced to ensure reliable and oil leak free operation. 

4. Position the powerhead with the cylinder head facing upward, then 
either locate the factory marks or make matchmarks on each of the camshaft 
caps to ensure installation in their original locations and with the same 
orientation. 

R The manufacturer normally placed marks on these camshaft caps 
that would ensure both location and orientation durina assemblv. Each 
cap should be etched with either an I for Intake or an i for ~xh&st. 
They should also contain a number which indication the position 
relative to the flywheel (higher the number, further away the cap is 
positioned). Lastly, each cap should contain an arrow that faces the 
flywheel. If any of these marks are not visible or present, place your 
own marks to ensure proper installation. 

5. Loosen the all of the camshaft cap bolts (working on both shafts 
simultaneously) 114 turn at a time starting at the inner bolt for the center 
caps, then moving to the outer bolts for the center caps. Repeat for each of 
the caps, moving from the center caps to the outer caps, then repeat, until 
the bolts are all finger-loose. 

6. Remove each of the camshaft caps and arrange them on a clean 
worksurface, then carefully lift the camshafts from the cylinder head. 

!B Don't loose or mix-up the valve tappets and shims. If the cylinder 
head is to be serviced, label each one and remove them from their 
bores. They must either be returned to their original bores, or replaced 
during a complete valve lash adjustment procedure during installation. 
Even though you've labeled them, keep them sorted or arranged after 
removal for extra assurance and to ease installation (egg cartons work 
well for this). 

7. Remove the intake manifold, as detailed in the Fuel System section. 
8. Using a deep well socket (normally 1Omm on these motors), loosen 

and remove the cylinder head bolts using multiple passes in the reverse of 
the torque sequence. 

9. Carefully lift the cylinder head from the block. If the gasket seal is 
difficult to break, start by using a rubber or plastic mallet to tap around the 
edges and then carefully pry to help free the head. 

10. Refer to Cylinder Head Overhaul, in this section for details on 
disassembling the head for component inspection and replacement. 

To assemble: 
11. Make sure the cylinder block is at No. 1 TDC, meaning that the No. 1 

cylinder is at or near the top of its travel. Check the crankshaft sprocket to 
ensure that the dimple is facing the block timing mark that is opposite the 
cylinder block. 

12. Position a NEW head gasket over the 2 dowel pins in the cylinder 
block. 

13. Carefully lower the cylinder head onto the cylinder block over the 
gasket and dowels. Make sure you do not disturb the gasket positioning 
when seating the head. 

14. Apply a light coating of clean engine oil to the threads of the cylinder 
head retaining bolts, then install them finger-tight. Torque the bolts using 
multiple passes of the torque sequence as follows: 

a. On the first pass, tighten all bolts to 21 ft. Ibs. (30 Nm). 
b. On the next pass, use the reverse of the torque sequence too 

loosen each of the bolts again. 
c. On the next pass, use the normal torque sequence again and tighten 

the bolts to 21 ft. Ibs. (30 Nm). 
d. On the final pass, tighten all bolts to 43-44 ft. Ibs. (59-60 Nm). 

15. Make sure the camshaft cap dowel pins properly installed, as noted 
during removal. 

16. If the valve tappets and shims were removed, install them back into 
their original bores as labeled during removal. 

17. With the camshaft sprockets installed (loosely in the case of the 
intake camshaft), position the shafts for proper No. 1 TDC timing. Hold the 
shaft just over the head and turn it so the timing mark on the sprocket is 
pointing down (toward the mark on the head) when installed and the arrow is 
pointing up (to the position where the colored links in the chain will be 
installed). In this timed position, carefully lower the camshafts into the 
cvlinder head. 

18. Apply a light coating of clean engine oil or assembly lube to the 
camshaft journals, to the bearing surfaces of the camshaft caps and to the 
threads of the camshaft cap bolts. 

!B When using the manufacturer's marks on the camshaft caps for 
reference, remember that the I for Intake camshaft side and the E is for 
Exhaust. The caps are numbered consecutively from the flywheel back 
and the arrows must point t~ the flywheel. 

19. Install each of the camshaft caps in its proper position (either using 
your marks made during removal or the letters, numbers and arrows that 
were on the components before assembly). 

20, Install the bolts and finger-tighten them starting with the middle caps 
on both camshafts (and starting with the inner bolt on each cap) then 
proceeding outward to the remaining caps of both camshafts in the same 
manner. Repeat this sequence and tighten the bolts as follows: 

a. On the first pass with a torque wrench tiahten the bolts to 30 inch 
Ibs. (3.4 Nm). 

b. On the second Dass. tiahten the bolts to 60 inch Ibs. 16.8 Nm) 
c. On the final pass, tighten the bolts to 90 inch Ibs. (10.2 Nm). ' 

21. Check that the camshafts and crankshaft are still in the No. 1 TDC 
position. Timing marks must align, as detailed under the Timing Chain 
procedures in this section. Also, a quick check of the camshaft lobes for the 
No. 1 cylinder will give you your answer on the cylinder head. At TDC of the 
No. 1 cylinder, all valves (intake and exhaust) must be closed for engine 
compression). Therefore, the camshait lobes must be facing out, away from 
the tappets on that cylinder. 

H This is an interference motor without screw adjustable valves, the 
only way to safely time the motor is with the cylinder head off or ALL of 
the valve tappets removed. 

Fig. 94 Cylinder head torque sequence - 40150 hp (815cc) EFI 
motors 
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22. lnstall the timing chain, as detailed in this section. 
23. If valve train components or the camshafts were replaced, check and 

adiust the valve lash as detailed in the Maintenance and Tune-up section. 
'24. Apply GM Silicone Rubber Sealer to the O-rings and gasket (we 

recommend that you use NEW O-rings and a NEW gasket, regardless of the 
old condition). 

25. lnstall the valve cover using the O-rings and gasket, then install and 
tighten the bolts to 84-90 inch Ibs. (9.5-10.2 Nm) using multiple passes of a 
spiraling pattern that starts at the center bolts and works outwards. 

26. lnstall the intake manifold, as detailed in the Fuel System section. 
27. lnstall the Powerhead, as detailed in this section. 
28. Be sure to reconnect the camshaft position sensor wiring, the ignition 

coils and the valve cover breather hose. 
29. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

b. Compress the spring just sufficiently to free the keepers from the 
stem. Remove the keepers from the valve, then slowly release the spring 
pressure. 

c. Remove the valve compressor tool and remove valve and spring 
from the cylinder head. Remember to mark the spring orientation (which side 
faces the cylinder head). 

Keep all valve components together as they should not be mixed or 
transferred to other valves during assembly. 

d. Carefully pry the seal from the valve guide, then discard the seal. 
e. Remove the spring seat. 

5. If not already done, remove the thermostat from the cylinder head for 
inspection or replacement. For details, refer to the Thermostat procedures in 
the Lubrication and Cooling section. 

6. Inspect and measure the cylinder head components as described in 
this section. 

Cylinder Head Overhaul 

CULT 
- + See Figures 92 and 95 thru 97 

Before disassembly, refer to Cleaning and Inspection in this section for 
details on how to perform a Valve Leakage check. If leakage is present or 
there is an obvious defect, the valve train must be disassembled for 
inspection and component replacement. 

Disassembly and repair requires special tools and equipment. If not 
available, bring the cylinder head to a reputable machine shop with 
marine experience. 

Be sure to mark (and make a note, in case the marks come off during 
service) the mounting location and orientation of all cylinder head 
components prior to removal. 

These motors ARE equipped with progressive rate valve springs 
(that can onlv be installed in one direction). Be sure to mark the 
direction of hstallation during removal (mark or note the side of the 
spring that faces the cylinder head when installed). 

1. Remove the cylinder head from the powerhead as detailed under 
Powerhead Disassembly &Assembly, in this section. 

2. If not done during powerhead disassembly, use a permanent marker 
to label the location and orientation of each tappet and shim, then remove 
them from the cylinder head. 

3. Use the marker to label the location and orientation of each valve 
before it is removed from the cylinder head. 

4. Use a valve spring compressor tool (most universal valve spring tools 
should work, but threaded clamp or lever type compressor is recommended) 
to remove each valve, spring and seal as follows: 

a. Place one clamp on the valve face and the other on the valve spring 
cap 

To assemble: 
7. If removed, install the thermostat assembly. For details, refer to the 

procedures in the Lubrication and Cooling section. 
8. lnstall the valves to the cylinder head, as follows: 
a. Position the valve spring seat to the cylinder head. 
b. Apply a light coating of engine oil to the NEW valve stem seal, then 

press it carefully onto the valve guide using finger pressure, making sure it is 
properly seated. 

c. Apply a light coating of engine oil to the valve stem, then slide it into 
the valve guide. Place the valve fully against the seat, then install the valve 
spring and cap over the valve stem. Make sure the narrow spring coil faces 
downward against the valve seat (as marked during removal). 

d. Use the valve spring compressor to push downward on the spring, 
just sufficiently to install the valve keepers. Once the keepers are in position, 
slowly release the spring pressure, allowing the cap and keepers to take the 
pressure. Make sure the keepers are properly seated. 

e. Repeat to install the remaining valves. 
9. Apply a light coating of clean engine oil or assembly lube to each 

tappet and shim, then position them into the cylinder head as marked during 
removal. 

10. lnstall the cylinder head as detailed in Powerhead Disassembly & 
Assembly in this section. 

Cvlinder Block Overhaul 

+ See Figures 8,24,25,26,50,92 and 98 thru 104 

The crankshaft for this motor turns on replaceable main bearing insert 
halves found in the cylinder block and crankcase. Like many 4-stroke 
motors, the connecting rods also utilize bearing inserts. All machined and 
wear components, including the pistons, connecting rods, rings and bearings 
MUST be returned to their original positions when they are reused. 
Matchmark all components to installation in the proper locations and in the 
same orientations (facing the same direction). Do not compress the spring fully. 

Wider 

Fig. 95 Use a valve compressor tool to 
remove the keepers and gently release 
spring pressure 

Spring 

Valve Stem Valve 
Cap Seal 

Fig. 96 Exploded view of a valve assembly - 
EFI motors 

4 Coil 

Fig. 97 lnstall the narrow coil end of the 
spring toward the cylinder head and valve 
seat 

- www.instant-manuals.com -



6-62 POWERHEAD REPAIR AND OVERHAUL 
During service, the crankshaft assembly can be removed from the block 

without piston removal or vice-versa. If either is attempted, take EXTREME 
care to keep the journal surfaces from being damaged. When free of the 
crankshaft journals, the connecting rods should be restrained from contacting 
the piston bores as well. One method to accomplish this is to stuff a clean 
shop towel under the piston skirt. Another is to use rubber bands to hold the 
rods in position. 

Cylinder block work is more easily performed on an engine stand, 
especially since this allows rotation of the motor to access pistons from 
above and below the cylinder block. But, work can also be performed on a 
clean workbench, if care is taken not to damage the mating surfaces or, in 
the case of the cylinder head mating surface, the dowel pins. When working 
on a bench, take care to prevent the block from falling over during service. 
Also, if the case is stood on end at any point, take great care to keep the 
crankshaft from falling out of the block during service. A crankshaft can suffer 
a fatal blow from such a fall, even from a short height. 

1. Remove the powerhead from the gearcase as detailed under 
Removal & Installation, then remove the cylinder head as detailed under 
Powerhead Disassembly & Assembly. 

2. Invert the cylinder block so the cylinder head mating surface is facing 
downward. 

€I If you're not working on an enaine stand, take care not to damage 
the cylinder head mating surface- 

Fig. 98 Place lengths of rubber hose over 
the connecting rod studs to protect the 
crankshaft and cylinder walls. . . 

Fig. 101 Check main and crankpin bearing 
clearances by applying a strip of gauging 
material, bolting the bearings in place. . . 

3. Remove the bolts (5), then carefully break the gasket seal and 
remove the upper seal housing from the top of the crankcase. Remove and 
discard the gasket. 

4. Loosen the crankcase-to-cylinder block flange bolts (8) and the main 
bearing bolts (8) using multiple passes in the reverse of the torque 
sequence. This will essentially result in a crossing pattern that starts with the 
outer flange bolts moving toward the center flange bolts, then moves to the 
outer main bearing bolts and finally moves to the inner main bearing bolts. 

5. Separate the crankcase from the cylinder block. If the seal is tough to 
break, locate the notches cast into the mating surfaces, then use 2 prybars 
(blunt or coated with electrical tape to help protect the surfaces) to apply light 
pressure helping to separate the components. 

6. Note the location and orientation of each bearing half in the 
crankcase journals. Remove and retain the bearings. Visually check the 
crankcase mating surfaces, the bearing surfaces and the seal surfaces for 
damage or wear (no scratches big enough to catch a fingernail should be 
present on any of the surfaces). 

7. Take note of the direction the crankshaft seal lips are facing, then 
carefully pry the seals free. Remove and discard the old seals. 

To help prevent mix-ups during disassembly or inspection, once the 
crankshaft is removed from the block (or if the shaft is remaining in 
place, once each piston is removed, reinstall the connecting rod cap 
and bearing inserts loosely to the rods. 

- 

Fig. 99 . . .then use a hammer and dowel to 
gently tap the piston to the top of the bore 

Fig. 102 . . . then removing the bearings 
again and comparing the thickness of the 
material to the scale 

Fig. 100 During installation, use a piston 
wring compressor to safely insert the piston 
and rinas 

Fig. 103 Main bearing and crankcase flange 
bolt torque sequence - 40150 hp (815cc) EFI 
motors 
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8. Using a permanent marker, label each piston, connecting rod and rod 

end-cap to ensure installation. Although it is unclear whether or not the 
connecting rods and caps are of the same fractured design used on other 
JohnsonlEvinrude motors (especially since the EFI motors are built by 
Suzuki), matchmark the connecting rods to the caps and maintain the same 
orientation, just to be safe. 

If working on an engine stand, bolt a piece of wood or metal over 
the cylinder head surface (use a few of the cylinder head bolts) to keep 
the pistons from dislodging and falling free once the connecting rod 
caps are unbolted. 

9. Loosen and remove the connecting rod cap nuts. To prevent possible 
damage to the cap and bearing surface, loosen each cap by alternating 
between nuts, giving them about 114 - 112 turn at a time. 

10. Once the nuts are removed, the cap should easily come free, but if 
necessary, tap it gently using a plastic or rubber mallet to free it from the rod. 
Remove the rod cap and then remove the bearing half from the shaft or cap. 
Keep the bearing with the rod cap. 

E Wrap the connecting rod studs using tape to help protect the 
cylinder walls from damage. 

11. Push the pistons and connecting rods downward in their bores away 
from the crankshaft. Remove the crankshaft and thrust bearings from the 
cylinder block. 

12. Remove the main bearing halves from the cylinder block. Note their 
locations and orientations for measurement and assembly purposes. 

13. If the pistons are being removed, place the cylinder block with the 
head matinct surface and the tops of the pistons either facina upward or 

When removing the piston, take extra care to make sure the 
connecting rod and, on these models, especially a rod stud, does not 
contact and damage the cylinder walls. If the crankshaft was not 
removed, take extra care to make sure the shaft journals are not 
damaged either. 

14, Use a universal piston ring expander to remove the piston rings. 
Retain all rings in order (top, second, bottom, etc) for identification or 
diagnostic purposes, but they should not be reused. 

15. Matchmark the connecting rod to the piston to ensure installation with 
the same alignment. 

16. Use a pair of needle-nose pliers modified as illustrated to remove the 
wrist pin retaining rings from the piston. 

E The wrist pin-to-piston boss fit is loose on both sides, therefore little 
or no force should not be necessary to remove the wrist pin. 

17. Use a driver that is slightly smaller than the wrist pin (a 12mm deep 
socket is usually the right size on these motors) to carefully tap the wrist pin 
from the pision. 

18. Remove the screws (2) securing the anode cover to the block and 
then remove the cover to expose the anode. Remove and discard the 
gasket. Loosen the screw and remove the anode. 

19. Refer to Cleaning & Inspection for details concerning cylinder block, 
piston and crankshaft inspection. Don't forget to visually inspect the block 
mating surface and dowel pins for damage (replace any loose or damaged 
pins). Also, remember to check all bearing surfaces for signs of excessive 
wear or damage. All oil passages must be clean and free of dirt or debris. 

To assemble: 
20. If removed, install the anode (if the old anode is worn in any way, it is 

sideways. (hally, we find that upward at a slight angle is fhe'best of both a good idea to replace it at this time) 'and tighten the retaining bolt sectiely. 
worlds, but you'll need and engine stand and you have to take extra care to Then install the anode cover using a new gasket and tighten the bolts 
make sure the connecting rods do not hit the cylinder walls). To remove the securely. 
pistons, use a large wooden dowel (or a large wooden hammer handle) to 21. Assemble and prepare the pistons for installation, as follows: 
carefully push on the connecting rod until the piston comes out of the top of a. Apply a light coating of clean engine oil (or assembly lube) to the 
the cylinder block. wrist pin and bore in the side of the piston. 

Gasket 

Crankshaft 

Block bolt  Crankcase 

Anode 
Cover 

Fig. 104 Exploded view of the cylinder block assembly (including crankshaft, piston and main bearing components) - 40150 hp (815cc) EFI motors 
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6-64 POWERHEAD REPAIR AND OVERHAUL 
b. Align the matchmarks made on the piston and connecting rod 

removal. Also, note that a mark on the top of the piston dome is provided 
and it should align with the oil hole at the base of the connecting rod. 

c. Since the wrist pin should be a loose fit in the piston, insert the wrist 
pin by hand and push it through the piston into the connecting rod. If 
necessary, a small socket can be used to help tap the wrist pin into position, 
but significant force should not be necessary. 

d. lnstall NEW wrist pin retaining rings, then turn the rings in the 
groove so the ring gaps face away, at a right angle (90") from the semi- 
circular relief in the wrist pin bore. 

Spread the rings only enough to allow the rings to slide over the 
piston, as they will likely crack or break if they are spread too much 
during installation. Though some rings (especially oil control rings) 
may be installed by hand, a universal ring expander will likely make 
this much easier. Take your time and be careful, don't force the rings 
during installation. 

e. lnstall a new set of rings using a universal ring expander. Either refer 
to the instructions that came with the ring set (if other than OE) or use the 
instructions provided here in the following steps for Original Equipment (OE) 
JohnsonIEvinrude ring sets. 

H On JohnsonlEvinrude parts and MOST aftermarket rings, the mark 
sides of the rings should be positioned facing upward. 

f. Apply a light coating of clean engine oil or assembly lube to each 
ring in order to help ease installation. 

g. lnstall the oil control ring assembly. Position the segmented ring into 
the bottom groove first, then insert the end of the first scraper ring under the 
segmented ring. Work carefully around the piston until the scraper ring is 
seated. Finally, insert the second scraper ring on top of the segmented ring 
and work around the piston to seat it. 

h. Position the scraper ring end gaps each at 45" from each end of the 
wrist pin (the wrist pin is represented as a dotted line in the accompanying 
illustration). Make sure the segmented ring gap is at least 45 degrees from 
the wrist pin centerline, but on the opposite side of the piston and wrist pin 
centerline from the scraper ring gaps. 

i. lnstall the middle compression ring into the middle piston ring groove 
with the stamping 2N facing upwards. Position the middle ring gap directly 
between the 2 scraper ring gaps (90" from the wrist pin centerline). Refer to 
the accompanying illustration for clarification. 

j. lnstall the top ring in the top piston groove with the stamping N facing 
up. Position the top ring gap directly opposite the middle compression ring 
(in the same general area of the segmented ring gap, but more precisely 90" 
from the wrist pin centerline). Again, refer to the illustration for details. 

22. Apply a light coating of clean engine oil or assembly lube to the 
cylinder wall, an expandable ring compressor and the piston. 

23. Verify the ring gaps are in proper position, then secure the piston in 
the ring compressor. Tighten the compressor just sufficiently to push the 
rings into the grooves, but do not overtighten it as the piston must still be 
free to slide into the bore. 

24. Position the piston over the bore with the stamped mark on the 
piston dome facing the flywheel side of the motor (and any other alignment 
marks made during removal oriented as you intended). Use a wooden dowel 
or wooden hammer handle to gently tap the piston down through the ring 
compressor and into the cylinder bore. 

When tapping the piston into position MAKE SURE the connecting rod 
does not contact and damage the cylinder walls. 

25. lnstall the connecting rod bearing halves into the rod ends and the 
caps. Align bearing inserts with the oil holes with the oil holes in the 
connecting rods during installation. If the bearings are to be checked for 
proper oil clearance using PlastigageB or an equivalent gauging compound, 
DO NOT oil them at this time. If the clearances have already been checked 
(during cleaning and inspection), then apply a light coating of clean engine 
oil or assembly lube. 

The same instructions for the previous step go for the main 
bearings as well. If you've already confirmed oil clearance by following 
that portion of this procedure during cleaning and inspection of the 

crankshaft and connecting rod components, then apply a light coating 
of clean engine oil or assembly lube as each bearing insert is installed. 
If not, leave the bearings dry by AVOID rotating the components on the 
dry surface until measurements are completed and the surfaces are 
properly pre-lubricated. 

26. Block off the cylinder head area to keep the pistons from falling out 
when the cylinder block is inverted, then turn the block so the crankcase 
mating flange is facing upward. 

27. lnstall the main bearing halves into the crankcase and the cylinder 
block, making sure to align the oil holes in the bearing inserts with the oil 
holes in the block. Also, make sure the inserts are flush with the crankcase- 
to-block mating surfaces. Again, if the bearings are to be checked for proper 
oil clearance using PlastigageB or an equivalent gauging compound, DO 
NOT oil them at this time. If the clearances have already been checked 
(during cleaning and inspection), then apply a light coating of clean engine 
oil or assembly lube. 

28. Apply a light coating of clean engine oil or assembly lube to NEW 
thrust bearings and position them in the cylinder block with the grooves 
facing outward. 

29. Apply a light coating of clean engine oil or assembly lube to 2 NEW 
crankshaft seals, then install them to the lower crankshaft seal housing. 
Press until seated with the top facing outward, then lubricate and install a 
NEW large seal until seated. Finally, lubricate and install a NEW O-ring. 

30. Position all the piston's and connecting rods at or near TDC to ease 
crankshaft installation. Again, unless you are about to check clearances 
using a gauging material, apply a light coating of clean engine oil or 
assembly lube to the crankshaft main journals and connecting rod crankpins. 

31. Carefully lower the crankshaft into position, making sure the shaft 
does not contact (and become damaged by) any connecting rods or studs. 

32. Pull each connecting rod slowly and carefully into position and 
secure it to the crankshaft either to check bearing oil clearance or for 
installation purposes, as follows: 

a. Carefully pushlpull the piston into position on the crankshaft. It is 
usuallv easiest to rotate the crankshaft sliahtlv so the crank~in is centered 
when accomplishing this. BUT, if bearing<are not oiled (because you are 
checking clearances), lift up slightly on the shaft itself to unload it, don't allow 
the journals to scrape or rub along the dry bearing inserts. 

b. If the clearance is about to be checked, make sure the crankpin is 
clean and free of any material or oil, then apply a short length section of 
Plastigage63 or equivalent compression gauging material (according to the 
material manufacturer's instructions) across the top of the crankpin journal. 
Make sure the material is applied directly inline with the crankshaft (from 
flywheel-to-driveshaft at one level, NOT across the curved bearing surface 
from side-to-side). 

c. Ensure the cap is correctly positioned by aligning the matchmarks. 
The rod cap should contain an arrow mark from the factory that faces the 
flywheel. Once aligned, install the cap and bearing onto the rod. Finger- 
tighten the NEW rod nuts, alternating back and forth between the nuts. 

d. Check the connecting rod cap alignment using a pick or the tip of a 
sharp pencil. Run the tip across the rod-to-cap mating surface to make sure 
it does not catch on the lip. If it does, double-check the factory rodlcap 
alignment marks, as well as any matchmarks made during removal. 

e. Tighten the nuts by alternating back and forth between the 2 nuts, 
no more than 1 turn at a time. Torque the nuts first to 21 ft. Ibs. (30 Nm) and 
then to 25-26 ft. Ibs. (34-35 Nm). 

H if you are checking the oil clearance, DO NOT rotate the crankshaft 
with the Plastigage installed or the application will be ruined, you'll 
have remove the cap and start over. 

f. If you are checking clearance, loosen the nuts (alternating again) and 
remove the cap. Compare the flattened size of the gauging material with the 
scale provided on or in the packaging. Each connecting rod must have an oil 
clearance less than 0.0026 in. (0.065mm) or the bearing must be replaced. If 
the clearance was acceptable, remove all traces of the gauging material and 
move on to the next connecting rod. Once all connecting rod bearing and 
crankshaft main bearing clearances have been verified properly oil the 
bearings, journals and crankpins, then follow the proper installation and 
torquing steps again. 

H If an out of specification reading occurs, double-check your results 
<. 

before condemning the bearing. If the reading is still out of 
specification, try another bearing before turning to the crankshaft and 
connecting rod as the possible culprits of an excessive clearance. 
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33. If not performed during cleaning and inspection, check the 

connecting rod side clearance (rod-to-crankshaft clearance) by determining 
what size feeler gauge will pass between the rod and crankshaft with a slight 
drag. As a check, the next larger size gauge must NOT pass at all and the 
next smaller size should pass without interferencelcontact). Clearance 
should be 0.004-0.014 in. (0.10-0.35mm) or the connecting rod andlor 
crankshaft must be replaced As usual, double-check all out of specification 
measurements before replacing a component. 

34. If the main bearing oil clearances must still be checked, proceed in 
roughly the same fashion as the check occurred on the connecting rods. 
Make sure the crankshaft main bearing journals are clean and free of any 
material or oil, then apply a short length section of PlastigageB or equivalent 
compression gauging material (according to the material manufacturer's 
instructions) across the top of each crankshaft main bearing journal. Make 
sure the material is applied directly inline with the crankshaft (from flywheel- 
to-driveshaft at one level, NOT across the curved journal bearing surface 
from side-to-side). 

The crankcase-to-cylinder block mating surfaces must be 
COMPLETELY free of old sealant, dirt, corrosion or debris in order to 
ensure proper seal and main bearing fitting. Once installed, be 
absolutely certain that the surfaces are in direct contact. 

35. If you have ALREADY checked the main bearing oil clearances and 
are performing the final installation of the crankshaft (meaning you've oiled 
the bearing surfaces and the crankshaft journalslcrankpins), apply a light 
coating of OMC Gel-Seal I1 or equivalent to the crankcase and cylinder block 
mating surfaces. Do NOT over-apply the sealant and keep it away from the 
bearing surfaces. 

Although OMC Gel-Seal II has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. Keep in mind that using 
an old tube of Gel-Seal II could prevent proper crankcase sealing. 

36. If not done already, make sure any dowel pins that are used are in 
position in the cylinder block or crankcase mating surfaces. 

37. Carefully lower the crankcase (with the bearing inserts in position) 
over the crankshaft and cylinder block. 

38. Apply a light coating of clean engine oil to the threads of the main 
bearing and crankcase-to-cylinder block flange bolts. Install each of the bolts 
and finger-tighten them. 

39. Using at least 3 passes of the torque sequence (a sequence that 
includes both sets of bolts) tighten the main bearing and crankcase-to- 
cylinder block flange bolts to specification as follows: 

a. On the first pass, tighten the main bearing bolts (which are longer) to 
7 ft. Ibs. (10 Nm) and the crankcase flange bolts (which are shorter) to 45 
inch Ibs. (5 Nm). 

b. On the second pass tighten the main bearing bolts to 29 ft. Ibs. (40 
Nm) and the crankcase flange bolts to 14 it. Ibs. (19 Nm). 

c. On the final pass tighten the main bearing bolts to 35-37 ft. Ibs. (47- 
50 Nm) and the crankcase flange bolts to 17-19 ft. Ibs. (23-26 Nm). 

40. If you're checking the main bearing clearances, DO NOT rotate the 
crankshaft (or the gauging material will be smeared and the applications will 
be ruined). Loosen and remove the main bearing and crankshaft flange bolts 
using at LEAST as many passes in the reverse of the sequence. Then 
remove the crankcase and measure the gauging material on each of the 
main bearing journals. Each journal must have a bearing clearance less than 
0.0026 in. (0.065mm) or the bearing must be replaced. If the clearance was 
acceptable, remove all traces of the gauging material and properly oil all of 
the bearing, journal and crankpin surfaces, then apply sealant and install the 
crankcase for real. Basically you should go back to the connecting rod cap 
installation steps (unless they were oiled and tightened after earlier after you 
checked their clearances, in which case you only need to go back to the Gel- 
Seal I I  step) and properly finish installation. 

If an out of specification reading occurs, double-check your results 
before condemning the bearing. If the reading is still out of 
specification, try another bearing before turning to the crankshaft as 
the possible culprit of an excessive clearance. 

41. Once the all the journals and bearings are properly oiled and the 
crankcaselbearings are installedltightened, slowly rotate the crankshaft to 
make sure there is no binding, roughness or tight spot. If any binding is 
noted, the source must be located, which will likely require the removal of the 
crankcase again. 

42. Install a new seal into the upper crankcase seal housing. Position the 
seal to the housing with the spring side facing a suitable driver (like OMC 
#339752 or a smooth suitably sized socket or piece of pipe). Carefully press 
or drive the seal into the housing, then apply a light coating of OMC Triple- 
Guard, or an equivalent marine grade grease to the seal lips. 

43. Install the upper crankcase seal housing to the powerhead using a 
new gasket. Tighten the retaining bolts to 48-60 inch Ibs. (5.4-6.8 Nm). 

44. Check that the camshafts and crankshaft are both in the No. 1 TDC 
position. Timing marks must align, as detailed under the Timing Chain 
procedures in this section. Also, a quick check of the camshaft lobes for the 
No. 1 cylinder will give you your answer on the cylinder head. At TDC of the 
No. 1 cylinder, all valves (intake and exhaust) must be closed for engine 
compression). Therefore, the camshaft lobes must be facing out, away from 
the tappets on that cylinder. 

This is an interference motor without screw adjustable valves, the 
only way to safely time the motor is with the cylinder head off or ALL of 
the valve tappets removed. 

45. With the cylinder head and cylinder block properly timed, assemble 
the powerhead as detailed in this section. 

46. Remember to follow all break-in procedures whenever wear 
components of the cylinder block have been replaced. 

70 Hp (1298cc) EFI Motors 
+ See Figures 105 and 106 

On fuel injected engines, always relieve system pressure prior to 
disconnecting any high-pressure fuel circuit component, fitting or fuel line. 
For details, please refer to Fuel System Pressurization under Fuel lnjection. 

Removal & Installation 

+ See Figures 105 and 106 

1. For safety, properly relieve the fuel system pressure. Please refer to 
Fuel System Pressurization under Fuel lnjection for details. 

2. Disconnect the negative battery cable for safety. 
3. Remove the lower engine covers. For details, please refer to the 

Engine Covers (Top and Lower Cases) in the Maintenance and Tune-up 
Section. 

4. Loosen the shift lever shaft nut in order to disengage the rod from the 
lever. 

5. Remove the screws and nuts retaining the exhaust manifold. Next, 
tag and disconnect the hoses to the thermostat, adapter and the oil sump, 
then remove the hoses along with the manifold assembly. Remove and 
discard the old gasket. 

6. Tag and disconnect the adapter-to-intake manifold and the vapor 
separatorlcrankcase-to-port sump hoses. 

7. Disconnect the trim motor wires from the relays, then pull the wires 
from the front panel. If necessary, refer to the schematics in the Wiring 
Diagram section to help identify the wires. 

8. Loosen and remove the powerhead-to-engine holder bolts (10 bolts 
that are threaded up into the bottom of the powerhead from underneath the 
engine holder). 

9. At the rear of the motor, remove the cylinder head-to-holder nuts (2) 
and washers. 

10. Place two nuts on the top exhaust manifold stud and then tighten the 
2 nuts against each other to loosen and remove the stud. Remove the lifting 
eye from the exhaust manifold and attach it to the vacant stud hole using the 
same bolt and 2 powerhead-to-engine holder bolt washers. Be sure to install 
the lifting eye with the bend facing outward to avoid interference between the 
lifting chain and the powerhead. 

11. Connect an engine hoist to the engine lift brackets (one at the front, 
port side of the motor and the other at the rear starboard side) using a 
spreader bar to keep the chains separated. 

12. Carefully lift the powerhead straight up and off the engine holder. 
Keep the powerhead as level as possible while lifting it to avoid damage to 
the driveshaft or gearcase components. Remove and discard the old 
powerhead-to-holder gasket. 

13. Mount the powerhead in a suitable engine stand. 
14. If necessary, access the oil pump and related components by e 

removing the bolts (6) threaded upward from the oil pan into the engine 
holder and by removing the steering arm bolts, then removing the adapter 
from the oil pan and steering arm. Remove and discard the adapter-to-oil 
pan gasket, then inspect/cleanlservice the oil pick-up, pump and pressure 
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36-54 in. Ibs. 
(4-6 Nm) 12-13 ft. Ibs. 
Camshaft (16-17 Nm) 

1 Engineoil Thrust Plate 84-96 in. lbs. 

3g. 105 Exploded view of the cylinder head components (valves, rocker arm shaft assembly and camshaft) - 70 hp (1298cc) EFI motors 

Fig. 106 Exploded view of the cylinder block components (crankshaft, pistons and bearings) - 70 hp (1298cc) EFI motors 
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POWERHEAD REPAIR AND OVERHAUL 6-67 
relief valve. For more details, please refer to the Oil Pump procedures in the 
Lubrication and Cooling section. Inspect and clean the oil sump. 

15. Remove all traces of gasket or sealant from the powerhead, oil sump 
andlor the engine holder. Clean and inspect the mating surfaces for signs of 
damage or extensive pittinglcorrosion. Replace the oil sump or engine holder 
if damage or corrosion is extensive. 

To install: 

The 70 h p  EFI motor utilizes an oi l  pump that i s  mounted to  the bottom 
side of the engine holder. During powerhead installation, the oi l  pump 
shaft must be aligned to the slot. The oil pump andlor camshaft will be 
damaged if the powerhead is installed with these components mis- 
aligned. For this reason, an oil pump access screw and retainer bolt i s  
provided on the rear of the engine holder. 

16. If removed, install the engine holder to the oil sump using a NEW 
gasket. lnstall the oil sump-to-engine holder bolts (6) and tighten to 16-18 ft. 
Ibs. (22-24 Nm). Apply a light coating of OMC Nut Lock or equivalent 
threadlock to the threads of the steering arm bolts, then install and tighten 
the bolts to 40-47 ft. Ibs. (56-64 Nm). 

17. Locate the oil pump access and retainer bolts at the rear of the 
motor, under the engine holder flange (the access screw is a smaller bolt 
that is threaded into the larger oil pump retainer bolt). Remove the access 
bolt and bend back the tanas that are securing the retainer bolt. Partially 
unthread the retainer bolt from the engine holder. 

18. Position a NEW ~owerhead-to-enaine holder aasket, then raise the 
powerhead assembly (using the hoist) an2 lower it A~MOST completely into 
position of the engine holder. Insert a screwdriver through the opening in the 
oil pump retainer bolt and align the oil pump shaft to the camshaft by turning 
slighting or wiggling the shaft. Once they are aligned, seat the powerhead on 
the engine holder. 

19. Use the screwdriver to hold the oil pump shaft in position, then seat 
the retainer bolt. Tighten the retainer bolt to 34-38 ft. Ibs. (46-51 Nm), then 
bend one of the retainer tangs upward and another downward to lock the 
bolt in position. 

20. lnstall the access bolt to the head of the retainer bolt and tighten to 
108-120 inch Ibs. (12-14 Nm). 

21. Remove the engine lifting eye and reinstall the exhaust manifold 
stud. 

22. lnstall the cylinder head-to-engine holder nuts and tighten to 16-18 ft. 
Ibs. (22-24 Nm). 

23. lnstall the engine holder-to-powerhead bolts and washers, then 
tighten to 35-37 ft. Ibs. (47-50 Nm). 

24. lnstall the exhaust manifold using a NEW gasket, then install and 
tighten the bolts and nuts to 16-18 ft. Ibs. (22-24 Nm). 

25. Connect all hoses and tagged during removal. 
26. Connect the shift rod to the lever, then tighten the nut to 35-37 ft. Ibs. 

(47-50 Nm). 
27. Reconnect the trimltilt wiring. 
28. lnstall the lower engine covers. 
29. Connect the negative battery cable and properly pressurize the fuel 

system. Thoroughly inspect the system for fuel leaks. 
30. lnstall the top engine cover. 
31. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 

Powerhead Disassemblv & Assemblv 

LLED 
7 + See Figures 105,106 and 107 

1. Remove the powerhead as detailed in this section and mount it on a 
suitable engine stand. 

2. Remove the timing belt, as detailed in this section. 
3. Remove the intake manifold, as detailed in the Fuel System section. 
4. If not already done, remove the following components from the 

cylinder head or head (rocker armlvalve) cover: 
Remove the low pressure fuel pump from the cylinder head cover as 

described in the Fuel System section. 
+ Tag and disconnect the breather hose from the cylinder head cover. 

Remove the ignition coils from the cylinder head. For details, refer to 
the Ignition System section. 

- F  

Fig. 107 Cylinder head torque sequence - 70 hp (1298cc) EFI 
motors 

5. Support the cylinder head (rocker armlvalve cover) and remove the 
six cover bolts using a crossing pattern. 

6. Pull the cover from the cylinder head, then remove and discard the 
cover gasket. 

7. If necessary, loosen the bolts and remove the breather plate from the 
cover. 

8. Loosen the cylinder head bolts gradually, using multiple passes in the 
reverse of the torque sequence. 

9. Carefully lift the cylinder head from the block. If the gasket seal is 
difficult to break, start by using a rubber or plastic mallet to tap around the 
edges, then carefully pry to help free the head. 

10. Refer to Cylinder Head Overhaul, in this section for details on 
disassembling the head for component inspection and replacement. 

To assemble: 
11. For ease of assembly and to prevent possible damage to 

components, make sure the cylinder block and cylinder head are each timed 
to No. 1 TDC. This means that the No. 1 cylinder is at or near the top of its 
travel and the valves for the No. 1 cylinder in the head are fully closed (the 
rockers are resting on the bases not the raised portion of the camshaft lobes. 

12. Position a NEW cylinder head gasket onto the block mating surface, 
then carefully lower the head onto the cylinder block over the gasket. Make 
sure you do not disturb the gasket positioning when seating the head. 

13. lnstall the cylinder head retaining bolts and tighten using at least 3 
passes of the torque sequence as follows: 

a. Tighten the bolts to 7 ft. Ibs. (10 Nm). 
b. Next, tighten the bolts to 36 ft. Ibs. (49 Nm). 
c. On the final pass, tighten the bolts to 52-54 ft. Ibs. (71-73 Nm). 

14. If removed, install the breather plate to the cylinder head cover and 
tighten the retaining bolts to 84-96 inch Ibs. (9.5-11 Nm). 

15. If the cylinder head was overhauled or the valve lash was disturbed 
in any way, properly adjust the valves, as detailed under Valve Clearance in 
the Maintenance and Tune-up section. 

16. lnstall the intake manifold, as detailed under Fuel System. Be sure to 
use a new gasket and tighten the bolts using the proper torque sequence to 
16-18 ft. Ibs. (22-24 Nm). 

17. lnstall the timing belt, as detailed in this section. 
18. lnstall the cylinder head (rocker armlvalve) cover to the cylinder head 

using a NEW seal, then tighten the cover bolts to 84-96 inch Ibs. (9.5-11 Nm) 
using a crossing pattern. 

19. lnstall the ignition coils to the cylinder head, as detailed in the Ignition 
and Electrical System section. 

20. Connect the breather hose to the cylinder head cover fitting, then 
install the fuel pump. -. 

21. lnstall the powerhead, as detailed in this section. 
22. If a new or rebuilt powerhead was just installed, refer to Break-In in 

this section for details on how to ensure proper break-in of the new 
powerhead components. 
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Cylinder Head Overhaul 

CULT 
+ See Figures 105,95,96,97 and 108 

Before disassembly, refer to Cleaning and Inspection in this section for 
details on how to perform a Valve Leakage check. If leakage is present or 
there is an obvious defect, the valve train must be disassembled for 
inspection and component replacement. 

Disassembly and repair requires special tools and equipment. If not 
available, bring the cylinder head to a reputable machine shop with 
marine experience. 

Be sure to mark (and make a note, in case the marks come off during 
service) the mounting location and orientation of all cylinder head 
components prior to removal. 

These motors ARE equipped with progressive rate valve springs 
(that can only be installed in one direction). Be sure to mark the 
direction of installation during removal (mark or note the side of the 
spring that faces the cylinder head when installed). 

1. Remove the cylinder head from the powerhead as detailed under 
Powerhead Disassembly &Assembly, in this section. Clamp the cylinder 
head securely in a soft-jawed vise attached to a sturdy workbench. 

2. Remove the camshaft pulley retaining bolt and washer (there is 
usuallv a flat on the camshaft itself or the ~ul lev that can be used to keeo the 
shaft irom turning while loosening the retdningbolt). Once the bolt and ' 
washer are withdrawn, remove the camshaft pulley and drive pin. 

To ensure installation in the original locations and to prevent mix- 
up, use a permanent marker to identify the rocker arms shafts, springs, 
and rocker arm assemblies. The shaft ends themselves differ slightly, 
and the differences can be used for identification, but matchmarks and 
labels will make it easier. If the rocker arm assemblies are to be reused, 
they MUST be returned to their original positions. 

3. Remove the screws securing the rocker arm shafts, then slowly 
withdraw the shafts, removing the springs and rocker arm assemblies. If the 
shafts are disassembled, remember to arrange the rocker arm assemblies 
and springs to prevent mix-up of components and to ensure ease of 
installation in their original locations. 

4. Puncture the camshaft seal case using a punch or awl, then carefully 
pry it from the cylinder head bore. 

-- 

When piercing and prying the camshaft seal from the bore, DO NOT 
contact (and thereby damage) either the bore or camshaft sealing 
surfaces. 

Fig. 108 The intake and exhaust rocker arm shafts are identified by 
the shoulders on that shaft ends 

5. Remove the 2 bolts securing the camshaft thrust plate to the bottom 
end (opposite end from the pulley) of the cylinder head. Remove the plate. 

6. Slowly withdraw the camshaft through the front (pulley end) opening 
in the cylinder head. 

7. Use the marker to label the location and orientation of each valve 
before it is removed from the cylinder head. 

8. Use a valve spring compressor tool (most universal valve spring tools 
should work, but threaded clamp or lever type compressor is recommended) 
to remove each valve, spring and seal as follows: 

a. Place one clamp on the valve face and the other on the valve spring 
cap 

Do not compress the spring fully. 

b. Compress the spring just sufficiently to free the keepers from the 
stem. Remove the keepers from the valve, then slowly release the spring 
pressure. 

c. Remove the valve compressor tool and remove valve and spring 
from the cylinder head. Remember to mark the spring orientation (which side 
faces the cylinder head). 

Keep all valve components together as they should not be mixed or 
transferred to other valves during assembly. 

d. Carefully pry the seal from the valve guide, then discard the seal. 
e. Remove the spring seat. 
9. Inspect and measure the cylinder head components as described in 

this chapter. 
To assemble: 
10. lnstall the valves to the cylinder head, as follows: 

a. Position the valve spring seat to the cylinder head. 
b. Apply a light coating of engine oil to the NEW valve stem seal, then 

press it carefully onto the valve guide using finger pressure, making sure it is 
properly seated. 

c. Apply a light coating of engine oil to the valve stem, then slide it into 
the valve guide. Place the valve fully against the seat, then install the valve 
spring and cap over the valve stem. Make sure the narrow spring coil faces 
downward against the valve seat (as marked during removal). 

d. Use the valve spring compressor to push downward on the spring, 
just sufficiently to install the valve keepers. Once the keepers are in position, 
slowly release the spring pressure, allowing the cap and keepers to take the 
pressure. Make sure the keepers are properly seated, 

e. Repeat to install the remaining valves. 
11. Apply a light coating of clean engine oil or assembly lube to the 

journals on the camshaft and the journal bearing surfaces in the cylinder 
head bores. Carefully insert the camshaft through the pulley end of the head. 

12. lnstall the camshaft thrust plate to the rear of the head and tighten 
the retaining bolts to 36-54 inch Ibs. (4-6 Nm). 

13. Apply a light coating of clean engine oil to the lips of a NEW 
camshaft seal, then align the seal with the bore in the end of the crankshaft. 
Carefully press or tap the seal into position (make sure the installation tool 
does NOT contact the camshaft or cylinder head). Continue to press the seal 
into position until it is 0.02 in. (0.5mm) below the surface of the cylinder 
head. 

14. Apply a light coating of clean engine oil or assembly lube to the 
rocker arm, spring and shaft assemblies. lnstall the shafts, making sure the 
shafts are installed on the correct sides of the cylinder head. Refer to the 
accompanying illustration to help identify the shafts (using the shoulders at 
the shaft ends). The intake shaft has a shoulder that occurs on both sides of 
the shaft end, while the exhaust shaft has a shoulder on only one side of the 
shaft end. 

If the rocker arms, springs and shafts are disassembled, be sure 
that all components are installed in their original positions during 
assembly. 

15. lnstall the rocker arm shaft retaining screws and tighten to 96-108 
inch Ibs. (11-12 Nm). 

16. lnstall the drive pin to the camshaft, then install the pulley, locating it _ 
over the pin. lnstall the camshaft pulley bolt and washer, then tighten to 43- 
45 ft. Ibs. (58-61 Nm). 

17. lnstall the cylinder head as detailed in Powerhead Disassembly & 
Assembly in this section. 
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Cylinder Block Overhaul 

LED 

+ See Figures 24,26,50,98 thrul02,106,109 and 110 

The crankshaft for this motor turns on replaceable main bearing insert 
halves found in the cylinder block and crankcase. Like many 4-stroke 
motors, the connecting rods also utilize bearing inserts. All machined and 
wear components, including the pistons, connecting rods, rings and bearings 
MUST be returned to their original positions when they are reused. 
Matchmark all components to installation in the proper locations and in the 
same orientations (facing the same direction). 

During service, the crankshaft assembly can be removed from the block 
without piston removal or vice-versa. If either is attempted, take EXTREME 
care to keep the journal surfaces from being damaged. When free of the 
crankshaft journals, the connecting rods should be restrained from contacting 
the piston bores as well. One method to accomplish this is to stuff a clean 
shop towel under the piston skirt. Another is to use rubber bands to hold the 
rods in position. 

Cylinder block work is more easily performed on an engine stand, 
especially since this allows rotation of the motor to access pistons from 
above and below the cylinder block. But, work can also be performed on a 
clean workbench, if care is taken not to damage the mating surfaces or, in 
the case of the cylinder head mating surface, the dowel pins. When working 
on a bench, take care to prevent the block from falling over during service. 
Also, if the case is stood on end at any point, take great care to keep the 
crankshaft from falling out of the block during service. A crankshaft can suffer 
a fatal blow from such a fall, even from a short height. 

1. Remove the powerhead from the gearcase as detailed under 
Removal & Installation, then remove the cylinder head as detailed under 
Powerhead Disassembly & Assembly. 

2. If not done already, remove the crankshaft pulley as follows: 
a. Use OMC Crankshaft Holder #345827 or equivalent tool over the 

crankshaft taper and aligned with the flywheel keyway to keep the crankshaft 
from turning. 

b. With the crankshaft held steady by the tool, loosen the pulley 
retaining nut. 

c. Remove the tool, the pulley nut, the upper belt guide, pulley, pulley 
key and lower belt guide. 

3. If necessary, remove the thermostat assembly, for details refer to the 
procedures in the Lubrication and Cooling section. 

4, Invert the cylinder block so the cylinder head mating surface is facing 
downward. 

If you're not working on an engine stand, take care not to damage 
the cylinder head mating surface. 

5. Loosen the crankcase-to-cylinder block flange bolts (10) and the 
main bearing bolts (10) using multiple passes in the reverse of the torque 
sequence. This will essentially result in a crossing pattern that starts with the 
outer flange bolts moving toward the center flange bolts, then moves to the 
outer main bearing bolts and finally moves to the inner main bearing bolts. 

6. Separate the crankcase from the cylinder block. If the seal is tough to 
break, locate the notches cast into the mating surfaces, then use 2 prybars 
(blunt or coated with electrical tape to help protect the surfaces) to apply light 
pressure helping to separate the components. 

7. Note the location and orientation of each bearing half in the 
crankcase journals. Remove and retain the bearings. Visually check the 
crankcase mating surfaces, the bearing surfaces and the seal surfaces for 
damage or wear (no scratches big enough to catch a fingernail should be 
present on any of the surfaces). 

8. Remove the bolts securing the water jacket covers to the crankcase, 
then remove the covers and discard the gaskets. 

To help prevent mix-ups during disassembly or inspection, once the 
crankshaft is removed from the block (or if the shaft is remaining in 
place, once each piston is removed, reinstall the connecting rod cap 
and bearing inserts loosely to the rods. 

9. Using a permanent marker, label each piston, connecting rod and rod 
end-cap to ensure installation. Although it is unclear whether or not the 
connecting rods and caps are of the same fractured design used on other 
JohnsonlEvinrude motors (especially since the EFI motors are built by 
Suzuki), matchmark the connecting rods to the caps and maintain the same 
orientation, just to be safe. 

If working on an engine stand, bolt a piece of wood or metal over 
the cylinder head surface (use a few of the cylinder head bolts) to keep 
the pistons from dislodging and falling free once the connecting rod 
caps are unbolted. 

10. Loosen and remove the connecting rod cap nuts. To prevent possible 
damage to the cap and bearing surface, loosen each cap by alternating 
between nuts, giving them about 114 - 112 turn at a time. 

11. Once the nuts are removed, the cap should easily come free, but if 
necessary, tap it gently using a plastic or rubber mallet to free it from the rod. 
Remove the rod cap, then remove the bearing half from the shaft or cap. 
Keep the bearing with the rod cap. 

Wrap the connecting rod studs using tape to help protect the 
cylinder walls from damage. 

12. Push the pistons and connecting rods downward in their bores away 
from the crankshaft, then remove the thrust bearings. 

13. Remove the crankshaft, upper seal and lower seal housing assembly 
from the cylinder block. 

14. Remove the large seal, O-ring and 2 smaller seals from the 
crankshaft lower seal housing assembly. 

15. Remove the main bearing halves from the cylinder block. Note their 
locations and orientations for measurement and assembly purposes. 

16. If the pistons are being removed, place the cylinder block with the 
head mating surface and the tops of the pistons either facing upward or 
sideways. (Actually, we find that upward at a slight angle is the best of both 
worlds, but you'll need and engine stand and you have to take extra care to 
make sure the connecting rods do not hit the cylinder walls). To remove the 
pistons, use a large wooden dowel (or a large wooden hammer handle) to 
carefully push on the connecting rod until the piston comes out of the top of 
the cylinder block. 

When removing the piston, take extra care to make sure the 
connecting rod and, on these models, especially a rod stud, does not 
contact and damage the cylinder walls. If the crankshaft was not 
removed, take extra care to make sure the shaft journals are not 
damaged either. 

17. Use a universal piston ring expander to remove the piston rings. 
Retain all rings in order (top, second, bottom, etc) for identification or 
diagnostic purposes, but they should not be reused. 

18. Matchmark the connecting rod to the piston to ensure installation with 
the same alignment. Although there should be alignment marks from the 
factory, additional marks are never a bad idea). If one component (piston or 
connecting rod) is replaced, the marks should be transferred onto the 
replacement part. 

Unlike most JohnsonlEvinrude motors, the wrist pins on this model 
are not retained using snap-rings. On these motors, the wrist pins are 
press fit and must be removed or installed only using suitable 
equipment. DO NOT remove the wrist pin unless the piston or 
connecting rod is damaged and is to be replaced. 

19. Use a OMC Piston Pin Removerllnstaller #345826 (or an equivalent 
driver that is slightly smaller than the wrist pin) and a shop press with a 
suitable piston cradle to slowly and carefully force the wrist pin from the 
piston. 

20. Refer to Cleaning & Inspection for details concerning cylinder block, 
piston and crankshaft inspection. Don't forget to visually inspect the block 
mating surface and dowel pins for damage (replace any loose or damaged 
pins). Also, remember to check all bearing surfaces for signs of excessive 
wear or damage. All oil passages must be clean and free of dirt or debris. 

To assemble: 
21. Assemble and prepare the pistons for installation, as follows: 

a. Apply a light coating of clean engine oil (or assembly lube) to the 
wrist pin and bore in the side of the piston. 

b. Align the matchmarks made on the piston and connecting rod 
removal. Also, note that a mark on the top of the piston dome is provided 
and it should align with the oil hole at the base of the connecting rod (for 
details, refer to the accompanying illustration). 

c. Using a suitable shop press, driver and piston cradle, carefully press 
* 

the wrist pin through the piston and connecting rod. Orient the piston with the 
dome mark facing downward in the piston cradle (away from the 
pressldriver). 
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Spread the rings only enough to allow the rings to slide over the 
piston, as they will likely crack or break if they are spread too much 
during installation. Though some rings (especially oil control rings) 
may be installed by hand, a universal ring expander will likely make 
this much easier. Take your time and be careful, don't force the rings 
during installation. 

d. lnstall a new set of rings using a universal ring expander. Either refer 
to the instructions that came with the ring set (if other than OE) or use the 
instructions provided here in the following steps for Original Equipment (OE) 
JohnsonIEvinrude ring sets. 

On JohnsonlEvinrude parts and MOST aftermarket rings, the mark 
sides of the rings should be positioned facing upward. 

e. Apply a light coating of clean engine oil or assembly lube to each 
ring in order to help ease installation. 

f. lnstall the oil control ring assembly. Position the segmented ring into 
the bottom groove and insert the end of the first scraper ring under the 
segmented ring. Work carefully around the piston until the scraper ring is 
seated. Finally, insert the second scraper ring on top of the segmented ring 
and work around the piston to seat it. 

g. Position the scraper ring end gaps each at 45" from each end of the 
wrist pin (the wrist pin is represented as a dotted line in the accompanying 
illustration). Make sure the segmented ring gap is at least 45 degrees from 
the wrist pin centerline, but on the opposite side of the piston and wrist pin 
centerline from the scraper ring gaps. 

h. lnstall the middle compression ring (the thick ring) into the middle 
piston ring groove with the stamping R facing upwards. Position the middle 
ring gap directly between the 2 scraper ring gaps (90" from the wrist pin 
centerline). Refer to the accompanying illustration for clarification. 

i. lnstall the top compression ring (the thin compression ring) in the top 
piston groove. Position the top ring gap directly opposite the middle 
compression ring (in the same general area of the segmented ring gap, but 
more precisely 90" from the wrist pin centerline). Aaain, refer to the , - 
illustration for-details. 

22. Apply a light coating of clean engine oil or assembly lube to the 
cylinder wall, an expandable ring compressor and the piston. 

23. Verify the ring gaps are in proper position, then secure the piston in 
the ring compressor. Tighten the compressor just sufficiently to push the 
rings into the grooves, but do not overtighten it as the piston must still be 
free to slide into the bore. 

24. Position the piston over the bore with the stamped mark on the 
piston dome facing the flywheel side of the motor (and any other alignment 
marks made during removal oriented as you intended). Use a wooden dowel 
or wooden hammer handle to gently tap the piston down through the ring 
compressor and into the cylinder bore. 

When tapping the piston into position MAKE SURE the connecting rod 
does not contact and damage the cylinder walls. 

25. lnstall the connecting rod bearing halves into the rod ends and the 
caps. Align bearing inserts with the oil holes with the oil holes in the 
connecting rods during installation. If the bearings are to be checked for 
proper oil clearance using PlastigageB or an equivalent gauging compound, 
DO NOT oil them at this time. If the clearances have already been checked 
(during cleaning and inspection), then apply a light coating of clean engine 
oil or assembly lube. 

The same instructions for the previous step go for the main 
bearings as well. If you've already confirmed oil clearance by following 
that portion of this procedure during cleaning and inspection of the 
crankshaft and connecting rod components, then apply a light coating 
of clean engine oil or assembly lube as each bearing insert is installed. 
If not, leave the bearings dry by AVOID rotating the components on the 
dry surface until measurements are completed and the surfaces are 
properly pre-lubricated. 

26. Block off the cylinder head area to keep the pistons from falling out 
when the cylinder block is inverted, then turn the block so the crankcase 
mating flange is facing upward. 

27. lnstall the main bearing halves into the crankcase and the cylinder 
block, making sure to align the oil holes in the bearing inserts with the oil 
holes in the block. Also, make sure the inserts are flush with the crankcase- 
to-block mating surfaces. Again, if the bearings are to be checked for proper 
oil clearance using PlastigageB or an equivalent gauging compound, DO 
NOT oil them at this time, If the clearances have already been checked 
(during cleaning and inspection), then apply a light coating of clean engine 
oil or assembly lube. 

28. Apply a light coating of clean engine oil or assembly lube to NEW 
thrust bearings and position them in the cylinder block with the grooves 
facing outward. 

29. If the crankshaft lower seal housing was removed to install new 
seals, proceed as follows: 

a. Apply a light coating of clean engine oil or assembly lube to 2 NEW 
small seals. then install them to the lower crankshaft seal housina. Press 
until seated with the top facing outward. 

., 
b. Lubricate and install a NEW large seal until seated. 
c. Lubricate and install a NEW O-ring. 
d. Lubricate and install the lower seal housing assembly onto the 

crankshaft. 
30. Apply a light coating of clean engine oil or assembly lube to a new 

upper crankshaft seal, then slide the seal onto the shaft with the spring side 
facing inward. 

Dome 
mark 

rod 
oil 
hole 

I Fig. 109 The piston dome mark must align with the connecting rod 
oil hole as shown 

Fig. 110 Main bearing and crankcase flange bolt torque sequence - 
70 hp (1298cc) EFI motors 
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31. Position all the piston's and connecting rods at or near TDC to ease 

crankshaft installation. Again, unless you are about to check clearances 
using a gauging material, apply a light coating of clean engine oil or 
assembly lube to the crankshaft main journals and connecting rod crankpins. 

32. Carefully lower the crankshaft into position, making sure the shaft 
does not contact (and become damaged by) any connecting rods or studs. 
When lowering the crankshaft into position, make sure the tabs of the upper 
seal and lower housing each fit into the cylinder block grooves. 

33. Pull each connecting rod slowly and carefully into position and 
secure it to the crankshaft either to check bearing oil clearance or for 
installation purposes, as follows: 

a. Carefully pushlpull the piston into position on the crankshaft. It is 
usually easiest to rotate the crankshaft slightly so the crankpin is centered 
when accomplishing this. BUT, if bearings are not oiled (because you are 
checking clearances), lift up slightly on the shaft itself to unload it, don't allow 
the journals to scrape or rub along the dry bearing inserts. 

b. If the clearance is about to be checked, make sure the crankpin is 
clean and free of any material or oil, then apply a short length section of 
PlastigageB or equivalent compression gauging material (according to the 
material manufacturer's instructions) across the top of the crankpin journal. 
Make sure the material is applied directly inline with the crankshaft (from 
flywheel-to-driveshaft at one level, NOT across the curved bearing surface 
from side-to-side). 

c. Ensure the cap is correctly positioned by aligning the matchmarks. 
The rod cap should contain an arrow mark from the factory that faces the 
flywheel. Once aligned, install the cap and bearing onto the rod. Finger- 
tighten the NEW rod nuts, alternating back and forth between the nuts. 

d. Check the connecting rod cap alignment using a pick or the tip of a 
sharp pencil. Run the tip across the rod-to-cap mating surface to make sure 
it does not catch on the lip. If it does, double-check the factory rodlcap 
alignment marks, as well as any matchmarks made during removal. 

e. Tighten the nuts by alternating back and forth between the 2 nuts, 
no more than 1 turn at a time. Torque the nuts first to 13 ft. Ibs. (18 Nm) and 
then to 25-26 ft. Ibs. (34-35 Nm). 

If you are checking the oil clearance, DO NOT rotate the crankshaft 
with the PlastigagdB installed or the application will be ruined, you'll 
have remove the cap and start over. 

f. If you are checking clearance, loosen the nuts (alternating again) and 
remove the cap. Compare the flattened size of the gauging material with the 
scale provided on or in the packaging. Each connecting rod must have an oil 
clearance less than 0.0031 in. (0.079mm) or the bearing must be replaced. If 
the clearance was acceptable, remove all traces of the gauging material and 
move on to the next connecting rod. Once all connecting rod bearing and 
crankshaft main bearing clearances have been verified properly oil the 
bearings, journals and crankpins, then follow the proper installation and 
torquing steps again. 

H If an out of specification reading occurs, double-check your results 
before condemning the bearing. If the reading is still out of 
specification, try another bearing before turning to the crankshaft and 
connecting rod as the possible culprits of an excessive clearance. 

34. If not performed during cleaning and inspection, check the 
connecting rod side clearance by determining what size feeler gauge will 
pass between the rod and crankshaft with a slight drag. As a check, the next 
larger size gauge must NOT pass at all and the next smaller size should 
pass without interferencelcontact). Clearance should be 0.004-0.014 in. 
(0.10-0.35mm) or the connecting rod andlor crankshaft must be replaced As 
usual, double-check all out of specification measurements before replacing a 
component. 

35. If removed, install the water jacket covers to the crankcase using 
NEW gaskets. Install and tighten the retaining bolts to 36-54 inch Ibs. (4-6 
Nm). 

36. If the main bearing oil clearances must still be checked, proceed in 
roughly the same fashion as the check occurred on the connecting rods. 
Make sure the crankshaft main bearing journals are clean and free of any 
material or oil, then apply a short length section of Plastigagm or equivalent 
compression gauging material (according to the material manufacturer's 
instructions) across the tor, of each crankshaft main bearina iournal. Make 
sure the material is applied directly inline with the crankshGt'(from flywheel- 
to-driveshaft at one level, NOT across the curved journal bearing surface 
from side-to-side). 

H The crankcase-to-cylinder block mating surfaces must be 
COMPLETELY free of old sealant, dirt, corrosion or debris in order to 
ensure proper seal and main bearing fitting. Once installed, be 
absolutely certain that the surfaces are in direct contact. 

37. If you have ALREADY checked the main bearing oil clearances and 
are performing the final installation of the crankshaft (meaning you've oiled 
the bearing surfaces and the crankshaft journalslcrankpins), apply a light 
coating of OMC Gel-Seal II or equivalent to the crankcase and cylinder block 
mating surfaces. Do NOT over-apply the sealant and keep it away from the 
bearing surfaces. 

Although OMC Gel-Seal II has a shelf life of one year when stored at 
room temperature, buy a new tube if in doubt. Keep in mind that using 
an old tube of Gel-Seal II could prevent proper crankcase sealing. 

38. If not done already, make sure any dowel pins that are used are in 
position in the cylinder block or crankcase mating surfaces. 

39. Carefully lower the crankcase (with the bearing inserts in position) 
over the crankshaft and cylinder block. 

40. Apply a light coating of clean engine oil to the threads of the main 
bearing and crankcase-to-cylinder block flange bolts. Install each of the bolts 
and finger-tighten them. 

41. Using at least 3 passes of the torque sequence (a sequence that 
includes both sets of bolts) tighten the main bearing and crankcase-to- 
cylinder block flange bolts to specification as follows: 

a. On the first pass, tighten the main bearing bolts (which are longer) to 
7 ft. Ibs. (10 Nm) and the crankcase flange bolts (which are shorter) to 45 
inch Ibs. (5 Nm). 

b. On the second pass tighten the main bearing bolts to 29 ft. Ibs. (40 
Nm) and the crankcase flange bolts to 14 ft. Ibs. (19 Nm). 

c. On the final pass tighten the main bearing bolts to 35-37 ft. Ibs. (48- 
50 Nm) and the crankcase flange bolts to 17-19 ft. Ibs. (23-26 Nm). 

42. If removed, install the thermostat assembly, as detailed under 
Thermostat in the Lubrication and Cooling section. Be sure to use sealant on 
the gasket and threadlocking compound on the threads of the cover screws. 

43. Install the crankshaft timing belt pulley assembly. Position the lower 
belt guide, followed by the crankshaft key and the pulley, next position the 
upper belt guide, washer and nut. Keep the crankshaft from turning and 
tighten the nut to 50-52 ft. Ibs. (68-70 Nm). 

44. If vou're checkina the main bearina clearances. DO NOT rotate the 
crankshak (or the gaugiig material will besmeared and the applications will 
be ruined). Loosen and remove the main bearing and crankshaft flange bolts 
using at LEAST as many passes in the reverse of the sequence. ~ h &  
remove the crankcase and measure the gauging material on each of the 
main bearina iournals. Each iournal must have a bearina clearance less than 
0.0024 in. (I?.060mm) or the bearing must be replaced. Tf the clearance was 
acceptable, remove all traces of the gauging material and properly oil all of 
the bearing, journal and crankpin surfaces, then apply sealant and install the 
crankcase for real. Basically you should go back to the connecting rod cap 
installation steps (unless they were oiled and tightened after earlier after you 
checked their clearances, in which case you only need to go back to the Gel- 
Seal II step) and properly finish installation. 

If an out of specification reading occurs, double-check your results 
before condemning the bearing. If the reading is still out of 
specification, try another bearing before turning to the crankshaft as 
the possible culprit of an excessive clearance. 

45. Once the all the journals and bearings are properly oiled and the 
crankcaselbearings are installedltightened, slowly rotate the crankshaft to 
make sure there is no binding, roughness or tight spot. If any binding is 
noted, the source must be located, which will likely require the removal of the 
crankcase again. 

46. Check that the camshaft and crankshaft are both in the No. I TDC 
oosition. Timina marks must alian, as detailed under the Timina Belt 
1 ~ ~ -  

orocedures in &is section. AIS; a auick check of the camshafflobes for the 
NO. 1 cylinder will give you your answer on the cylinder head. At TDC of the 
No. 1 cylinder, all valves (intake and exhaust) must be closed for engine 
compression). Therefore, the camshaft lobes must be facing away from the 
rocker arms on that cylinder. 

47. With the cylinder head and cylinder block properly timed, assemble 
* 

the powerhead as detailed in this section. 
48. Remember to follow all break-in procedures whenever wear 

components of the cylinder block have been replaced. 
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CLEANING & INSPECTION 

All powerhead components must be clean and free of gasket material, oil 
and carbon deposits before they are inspected. Take your time when 
cleaning components. Before using solvent to clean something, make sure 
the chemical is compatible with the material of which the component is 
constructed. Also, check each component for matchmarks or ID marks 
before cleaning (as some solvents may remove even permanent marker). If 
necessary, re-ID the component as soon it has been cleaned and dried 
(before moving onto the next component). When 2 removed components are 
matchmarked to ensure exact alignment during installation, if possible, fasten 
them together during cleaning (in case the marks come off). In this way, they 
can be re-matchmarked after the cleaning process is through. 

When it comes to inspection, this section will provide information on how 
to check various components. But, keep in mind that not all components will 

When inspection involves precision measurements, not only must the 
components be clean, but they must be measured roughly at room 
temperature, using the appropriate measurement equipment to ensure 
accurate results. 

It is very important to keep in mind that all wear components (pistons, 
rings, shafts, springs, valves, bearings, etc) must be reinstalled in their 
original locations whenever they are being reused. Wear patterns form on all 
contact surfaces during use. Mismatching wear patterns will accelerate wear, 
while matching wear patterns helps ensure a durable and reliable repair. 

Cleaning 

ERA TE 
V + See Figures 111 thru 116 

De f o ~ n d  on all motor's. If In doubt whether a component is used'(or should 
oe checked] refer to the Disassemblv & Assemblv or Overhaul orocedures ~ ~ 

AND to the ~~eci f icat ions Chart for iour motor. l i a  component'is not listed in 
the specification chart, it is either not used, or, does not have a specific 
tolerance for which it must be inspected. Whether or not a tolerance is 
provided, all components must be clean and free of obvious defects (deep 
cracks, scoring, excessive carbon deposits that cannot be removed, 
warpage, etc). If in doubt whether or not a component is serviceable, seek 
someone with more JohnsonIEvinrude experience than yourself. 

R The 4-stroke motor, by design, tends to be much more complicated 
than a 2-stroke motor, containing a greater number of precision 
machined parts that require inspection. This is especially true in the 
cylinder head and related components (camshaft and valve train) most 
of which are not found on 2-strokes. 

Avoid removing excessive amounts of metal when removing carbon 
deposits. 

1. Use a blunt-tip scraper or dulled chisel to loosen carbon deposits 
from various components of the combustion chamber and portslvalves. Work 
slowly and carefully to prevent damaging or excessively scoring the surfaces. 
Then use a Scotchbrite pad and mild solvent to remove mostiall of the 
remaining deposits. Remove deposits from the following components, as 
applicable: 

Remove carbon from the combustion chambers in the cylinder head. 
Use great care on Cstroke motors, since the valve seating surface will be 
exposed after disassembly. DO NOT score or damage the valve seating 
surfaces. Another ootion is to orotect the valve seatina surface bv leavina the 

Generally speaking, the larger the hp model, the more involved will be the valves in place while you are iemoving the carbon dGosits, but ihe same 
cleaning and inspection process. The EFI Cstroke JohnsonlEvinrude motors care must be taken to Prevent deep scores on the bottoms of the valves. 
are the most involved, basically being the marine equivalents of small, On 2-stroke motors, remove all carbon deposits from the areas around 

exhaust ports. modern, fuel injected, automotive motors. 

Fig. 111 Although a blunt chisel is 
preferred, a wire brush can be used WITH 
CARE to clean most carbon deposits 

Fig. 114 . . . but a ring groove cleaning tool 
can be used, with care to prevent damaging 
the piston 

Fig. 112 Pistons CAN be cleaned while still 
installed, but again use care, and leave NO 
metallic deposits behind 

Fig. 115 The cylinder walls must show an 
obvious cross-hatching (tiny grooves, criss- 
crossed in a pattern around the bore). . . 

Fig. 113 The preferred method for cleaning 
piston grooves is to use the filed end of a 
broken ring.. . 

Fig. 116 . . . otherwise a cylinder hone must 
be used to break the smooth glazed surface 
into a cross-hatch pattern 
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If equipped, remove carbon deposits or corrosion from the exhaust 

cover. 

Pistons can be removed when still installed in the bores. This is 
handy when the cylinder head is removed for service without 
completely disassembling the crankcase. If this is to be accomplished, 
position the piston to be cleaned at TDC and cover the other piston 
bore@) using rags and plastic. Thoroughly clean all debris using 
solvent and compressed air (WHILE WEARING SAFETY GLASSES) 
before moving to the next piston. 

Remove carbon deposits from the top of the piston(s). When working on 
the piston domes, use a light touch to prevent scratching, or worse, gouging 
the piston. 

Wire brushes are not recommended for cleaning piston domes since 
particles of steel could become lodged into the piston surface. If this 
occurs, they could glow hot when the piston is returned to service, 
causing pre-ignition or detonation that could damage the piston and 
combustion chamber. 

Remove carbon from the ring grooves either using a ring groove 
cleaner, or, better yet, using a broken piece of the piston ring with an angle 
ground on the end. When using a ring to clean the piston grooves, use the 
ring actually removed from the groove [if it is being replaced) or one from the 
same groove on another piston. 

When cleaning piston ring grooves, use the same caution as with the 
pistons. Do NOT remove excessive amount of material or the piston 
will be damaged beyond use. Some ring groove cleaning tools are 
heavy duty and will easily remove too much material, so use them with 
care. Believe it or not, the manufacturer recommends the filed broken 
ring method and we concur. 

2. Inspect all water passages for corrosion deposits, debris or blockage. 
Remove debris and clean corrosion as needed and accessible. Use low 
pressure compressed air to blow out all water passages. 

3. Clean and degrease all regularly oiled surfaces [including the 
crankshaft, pistons and connecting rods) using solvent or degreaser. Use low 
pressure compressed air to remove all build-up from shaft and rod oil holes. 

4. Remove all traces of gasket or sealant using OMC Gel Seal and 
Gasket Remover or equivalent gasket removing solvent. Whenever possible, 
avoid the use of gasket scrapers to help avoid the possibility of scoring and 
damaging the gasket mating surfaces. 

Honing the cylinder walls can wait until after measurements are 
taken to determine if boring for oversized pistonslrings will be 
necessary. If honing is pushed off until after inspection, be sure to 
follow the remaining steps in order to finish cleaning the block, then 
repeat the appropriate steps again, after honing. 

5. Check the cylinder walls for glazing (a smooth, glassy appearance) 
and, if found, hone the cylinder walls using a medium grit cylinder hone. Use 
a slow rpm while raising and lowering the hone through the cylinder in order 
to cross-hatch the cylinder walls for maximum oil retention. 

-- 

Use the cylinder hone slowly, carefully and as little as possible to avoid 
the possibility of removing too much material from the cylinder walls. If 
the bores are over-honed, it could cause the pistons to be below 
specification for the new cylinder measurement, or worse, cause the 
cylinder bores to be overspec for what pistons are available. 

6. Wash the entire cylinder block, crankcase and head using warm, 
soapy water to remove all traces of contaminants. Use low pressure 
compressed air to blow dry all passageways. 

7. Apply a light coating of clean engine oil to all machined surfaces that 
are not about to be measured right away. When you return to the task of 
measuring components that have been oiled, use a solvent covered rag to 
wipe away the oil before measurements are taken. 

8. Cover all components using a plastic sheet to keep dust, dirt or 
debris from contaminating the cleaned and especially the oiled surfaces. 

Cylinder Head Component Inspection 
The VAST majority of cylinder head inspection procedures apply only to 4- 

stroke motors. This is because a cylinder head on a 2-stroke motor is usually 
nothing more than a head, a cover that is bolted in place on top of the 
pistons. It is really used more as an access to the pistons themselves than 
anything else. For 2-stroke motors, the only applicable procedure is to check 
cylinder head flatness to make sure it is not warped. On the other hand, the 
cylinder heads on 4-stroke motors contain the camshaft, rockers or valve 
shimsltappets and valve train, all of which require inspection. 

Before going any further, if you haven't already, check the Engine 
Specifications chart for the motor on which you are working. Keep it 
handy when reviewing the inspection process, both to determine which 
checks are applicable to your motor and to provide the required 
specification. 

Checking for Valve Leakage 

TE 

The cylinder heads on 4-stroke motors should be checked for valve 
leakage before disassembly for overhaul. 

Check the cylinder head for valve leakage as described under Cleaning & 
lnspection in this section. If leakage or an obvious defect is present, 
disassemble the cylinder head (as detailed in this section under the various 
Cylinder Head Overhaul procedures) and inspect the valve seating surfaces. 

1. Place the cylinder head on a suitable work surface. Make sure the 
intake manifold ports are located above the valves. 

2. Pour solvent or kerosene into the intake and exhaust ports, and 
watch the valves, There should be little or no leakage from a closed valve. 

3. If significant leakage is present, check the valve seats, valve faces 
and springs for signs of defects, wear or damage. 

4. Pour the solvent or kerosene out of the cylinder head before 
proceeding. 

Checking the Cylinder Head 

- + See Figures 117and 118 

For all motors (2- and 4-stroke alike), check the cylinder head flatness by 
measuring the amount of warp across the head at various directions across 
the head mating surfaces. As with all inspection procedures, make sure the 
head is completely free of dirt, debris, oil or gasket materials. A machinist's 
straightedge and a feeler gauge set are necessary for this check. Be sure to 
hold the straightedge firmly on the head and use the feeler gauge to 
measure the gap at the midpoint. The warpage measurement is the largest 
feeler gap that can be inserted between the straightedge and the head with a 
slight drag. The next larger gauge should not pass and the next smaller 
should pass without drag. Check the Engine Specifications chart for 
maximum allowed warpage for the motor on which you are working. 

Fig. 117 Use a machinist's straightedge and a feeler gauge set to 
check the cylinder head for warpage across the mating surfaces, I 
both straight across. . . I 
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Fig. 118 . . . and at diagonals across the head to be sure the 
surface is within specification for reuse 

If the surface is just slightly out of spec, you can usually true it using a 
surfacing plate and 600-grit sandpaper as follows: 

1. Cover a large, completely flat metal plate (a surfacing plate) with 
abrasive sandpaper (600-grit) with the abrasive surface facing upward. 

2. Place the cylinder head on the plate, over the paper with the gasket 
mating surface downward. 

3. Move the cylinder head in a figure-eight motion over the paper while 
pushing downward with gentile pressure. 

DO NOT remove too much material from the cylinder head mating 
surface, as you will affect (increase) engine compression. Significant 
changes in engine compression from cylinder head or block 
resurfacing and the increase of carbon deposits (which will occur 
naturally in use) can lead to performance problems (such as 
pinginglpre-ignition). 

4. Clean and recheck the surface constantly, until the cylinder head is 
back within specification. 

5. When finished, clean the surface thoroughly with hot soapy water, 
then dry using low pressure compressed air. 

Checking the Camshaft 

CULT 
+ See Figures 119 thru 

All 4-stroke motors utrllze a camshaft that is tuned to the crankshaft vra a 
tlmlng cham (40150 EFI motors only) or belt The camshaft a used to open 
and close the ~ntakelexhaust valves at the appropriate trme allowrng the 
englne to draw alrlfuel mrxtures Into the combustron chamber, seal the 
chamber when produclng power, and open the chamber afterwards to 

Fig. 119 Cut-away view of a camshaft lobe 
showing height (A) versus base width (B) 

release the unburned remains of the airlfuel charge. The height of in the 
intake and exhaust lobes are probably the most important specification on a 
camshaft, as they determine the maximum possible amount the shaft can 
open the valves. A shaft with worn lobes will not fully open the affected 
valves, leading to performance problems (by preventing the combustion 
chamber from breathing properly, preventing it from drawing in sufficient 
airlfuel charges andlor from completely venting the exhaust gasses). 

In addition to camshaft lobe specs, many more camshaft specifications 
are available for the EFI motors than are available for the smaller, carbureted 
JohnsonIEvinrudes. 

On all engines, the general condition of the shaft itself must be checked. 
Look for scored or worn areas, signs of discoloration from heat or excessive 
wear possibly caused by a lack of oiling. This is especially important on EFI 
motors, as experience in the field has shown them to be particularly 
susceptible to premature camshaft wear, especially if the oil is not changed 
with sufficient frequency or if the wrong gradeltype is used. Replace the 
camshaft is obvious defects are found or if any surfaces measure out of 
specification. 

As with all inspection procedures, make sure the surfaces are clean and 
dry. 

1. Using a micrometer, measure the height of each camshaft lobes. 
When the lobe (raised portion of the camshaft) is positioned upward, the 
height is the vertical measurement from base to lobe tip. Record each 
measurement and compare with the Engine Specifications chart. 

2. For 516 and 819.9 hp motors, check the compression relief pin. The 
pin is found on the side, towards the end of the shaft. Use a small, flat-blade 
screwdriver or pry tool to check if the pin slides easily and smoothly (without 
sticking). If the pin sticks or requires significant effort to move, the camshaft 
should be replaced. 

3. For EFI motors, check the camshaft run-out, as follows: 
a. Support the camshaft on V-blocks under the top and bottom (end) 

journals. 
b. Position a dial indicator with the tip on one of the middle journals 

and zero the dial. 
c. Rotate the camshaft slowly and record the maximum movement on 

the dial. 
d. Compare the reading to the Engine Specifications chart. Replace the 

camshaft if readings are greater than specified. 
4. For EFI motors, check the bearing surfaces and oil clearances, as 

follows: 
a. Using a micrometer, measure the thickness of the camshaft bearing 

journals (at the point where they contact the cylinder head surface). 
Compare the measurements with the Engine Specifications chart. If the 
journal thickness is within specification, the camshaft is good, check the 
bearing surfaces in the cylinder head. 

b. For 40150 hp EFI models, install and tighten the camshaft caps as 
detailed in the Powerhead Disassembly &Assembly procedure in this 
section. 

c. Using a micrometer or bore gauge, measure the cylinder head 
camshaft bore (journal holder) at each journal surface and record the results. 
Compare the measurements with the Engine Specifications chart. If the 
measurement is out of specification, the cylinder head must be replaced. 

d. Oil clearance is the amount of gap that exists between the journal 
and bore (for oil). In this case, the measurement is equal to the size of the 
bore, minus the size of the journal. Subtract each journal measurement from 

Fig. 120 Measure camshaft lobe height 
using a micrometer as shown 

Fig. 121 Use a dial indicator and pair of V- 
blocks to check camshaft run-out on EFI 
motors 
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Fig. 122 Also on EFI motors, measure the bearing journals (shown) 
and cylinder head journal holders (bores) to see if they are in spec 
and to determine oil clearance 

the bore size and compare to the camshaft oil clearance specifications. If the 
camshaft is within specification, replace the cylinder head to correct 
excessive oil clearance (or vice-versa). 

0 As with all precision measurements, double-checkyour work before 
condemning a part (especially a big one like the cylinder head or the 
camshaft. 

Checking the Tappets (40/50 EFI only) or Rocker Arms and Shafts 

CULT 
* See Figures 123 and 124 

Various valve train configurations are used on JohnsonlEvinrude 4-stroke 
motors. Most of them use a single camshaft that actuates the valves through 
shaft mounted, adjustable rocker arms. However, the 40150 hp motors are 
equipped with dual-camshafts mounted directly over the valves and actuate 
them using shimltappet assemblies. As with afi inspection procedures, make 
sure the surfaces are clean and drv. Refer to the Enaine S~ecifications chart 
for the motor on which you are wo;king and the appropriate inspection steps 
in the following procedure: 

1. For all 4-stroke motors, visually check for signs of obviously 
damaged (cracked, chipped), discolored or excessively worn surfaces. On 
models that utilize rocker armlshaft assemblies with spacers and springs, 
check the springs for weakness or distortion, check the shafts for obvious 
warpage. Replace damaged or excessively worn parts. 

During inspection, expect to find some wear on the rocker arm face. 
But, there should be no pitting. If wear is  bad enough to show pitting 
on the face, replace the rocker arm to ensure component durability. 

2. For 40150 hp EFI motors, refer to the Engine Specifications chart, 
then measure the tappet and tappet bore as follows: 

Fig. 123 For all models except 40150 hp EFI motors, check the 
rocker arm faces for pitting and replace, as necessary 

a. Use a micrometer to measure the outer diameter of each valve 
tappet. Record the measurements and compare to specification. Replace 
any tappets that measure less than spec. 

b. Using a bore gauge, measure the cylinder head tappet bore 
diameters. Again, record the measurements and compare to specification. 
The cylinder head must be replaced if tappet bores are worn beyond spec. 

c. Oil clearance is the amount of gap that exists between the tappet 
and bore (for oil). In this case, the measurement is equal to the size of the 
bore, minus the size of the tappet. Subtract each tappet measurement from 
the appropriate bore size and compare to the tappet oil clearance 
specifications. If the bore is within specification, replace the tappet to correct 
excessive oil clearance. But, if the tappets are within spec and no slightly 
thicker tappet is available to correct oil clearance due to bore wear the 
cylinder head must be replaced. 

3. For 70 hp EFI motors, check the rocker arm and shaft dimensions as 
follows: 

a. Usina a micrometer, measure the rocker arm shaft at each rocker 
arm contact &face. Compare the reading to the Engine Specifications chart 
and redace the shaft if out of saec. 

b: Using a bore gauge, measure each the rocker arm bore diameter. 
Compare the reading to spec and replace the rocker arm, if the 
measurement is greater than allowed. 

c. Oil clearance is the amount of gap that exists between the shaft and 
arm bore (for oil). In this case, the measurement is equal to the size of the 
bore, minus the size of the shaft. Subtract each shaft measurement from the 
appropriate bore size and compare to the service limit for the shaft-to-rocker 
arm clearance specifications. If the bores are within specification, replace the 
shaft to correct excessive oil clearance (or vice-versa). 

d. As a final check of the shaft check it for excessive warpagelrun-out 
using V-blocks and a dial indicator in the same fashion that the camshaft 
was checked (for more details, please refer to Checking the Camshaft). 
Support the ends of the shaft on V-block, then position and zero a dial 
indicator to the center of the shaft. Slowly rotate the rocker arm shaft and 
record the highest indication on the dial. Replace the shaft if the run-out 
exceeds the spec for maximum run-out. 

Checking the Valve Assemblies 

LED 
+ See Figures 125 thru 13 

Probably the most important key to cylinder head overhaul is the 
measurement and resurfacina or replacement (if necessarv) of the valves, 
seats and guides. The tools and experience necessary to Foperly perform 
this phase of powerhead overhaul are USUALLY limited to machine shops. A 
talented mechanic can successfully perform these measurements, and with 
access to the right tools, repair a damaged cylinder head. But, most wont 
bother, instead referring the work to a reputable marine machine shop, since 
the time and effort is not worth the risk balance. 

If a machine shop is not available or desired, take your time during this 
procedure. Make ALL listed checks and, when specs are available, 
measurements. 

I Fig. 124 For 40150 EFI motors, measure the valve tappets and 
cylinder head tappet bores 
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1. On all motors, visually check the valve faces and seats for signs of 

pitting, cracked, corroded or damaged surfaces. Then check the valve stems 
for signs of obvious wear or damage. 

2. For carbureted 4-stroke motors, check the following: 
a. Check the valve stems for signs of warpage. There are 2 acceptable 

methods for this, either use a flat piece of glass (such as a table top without 
and edge) to roll the valve stems (with the faces hanging over the edge to 
allow the full stem to contact the glass surface). You should be able to feel 
warpage as the stem is rolled. The other method is to use a pair of V-blocks 
and a dial-gauge (in a fashion similar to checking the camshaft or rocker arm 
shaft for run-out). However, keep in mind that JohnsonIEvinrude does not 
publish specifications for maximum allowable run-out, so if a stem is 
questionable, discusslshow it to a machine shop. 

b. If not done already, CAREFULLY remove carbon deposits from the 
valve guides. Visually check them for signs of damage or excessive wear. If 
guide replacement is necessary, refer it to a machine shop. 

c. Valve seat concentricity can only be checked using special tools. If 
these tools are not available, refer it to a machine shop. 

d. The manufacturer does NOT provide spring specifications for these 
motors and, instead, advises that they be replaced whenever they are 
removed. 

3. For EFI motors, check the following: 
a. Using a small bore gauge, measure the inside diameter of each 

guide and record the measurement. Compare to the Enqine Specifications 

b. Using a micrometer, measure the valve stem outer diameter at 
various points along the shaft. Record each measurement and use them to 
determine shaft-to-guide oil clearance (the amount of gap that exists 
between the stem and the guide for oil). In this case, oil clearance is equal to 
the size of the guide bore, minus the size of the stem. Subtract each stem 
measurement from the appropriate bore size and compare to the service 
limit for the guide-to-stem clearance specifications. If guide replacement is 
necessary, refer it to a reputable machine shop. 

c. Measure each valve seat width and record the readings. If it is out of 
spec, have the valve seat surfaced at a machine shop. 

d. Measure each valve head thickness and record the readings. 
Replace any valve with a thickness below spec. 

e. For each valve stem, measure the distance between the keeper 
groove and the very end of the valve stem. Replace any valve whose 
distance is below spec. 

f. Use a dial-indicator and a set of V-blocks to check the run-out of 
each valve stem and valve head. Position and zero the dial indicator at the 
center of the stem, then slowly rotate the valve and record the stem run-out. 
Move the indicator to the edge of the valve head and zero it again, then 
slowly rotate the valve and record the head Run-out. Compare the readings 
and replace any valve whose head or stem exceeds the radial run-out specs. 

g. Use a sliding caliper to measure free length (completely 
uncompressed length) of each valve spring. Record the results and compare 

chart. If guide replacement is necessary, refer it to a reputable'machine to the ~ n g i n e  ~peif ications chart. ~ep lace  any spring that is less than the 
shop. 

NEW VALVE WORN VALVE 

Fig. 125 Visually inspect the valves for 
signs of wear or damage 

Fig. 128 On EFI motors, measure the stem 
thickness at various points 

minimum spec. 

FOR DIMENSIONS, 
REFER TO 
SPECIFICATIONS 

CHECK FOR 
BENT STEM \1 

DIAMETER 
"24, 

VACVE FACE ANGLE 

A- 
t Tnls L NE 

PARALLEL WITH 
VALVE HEAD 

Fig. 126 On EFI motors, check all valve 
dimensions against spec I 

Fig. 129 Check the valve spring for 
distortion using a square 

Fig. 127 Rolling the stem across a flat 
surface quickly checks valve stem run-out 

Fig. 130 On EFI motors, make sure the free 
lentlth is not below the minimum spec 
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h. Using a spring tension measurement device, check the tension and 

the specified height. Replace the valve spring is tension is less than 
specified for the given height. 

i. Position each valve spring on a flat surface, then slide a square up 
next to each to measure the deviation from squareness (the maximum 
distance the top of the spring is from the square when the bottom is butt up 
against the square). Replace any spring that is out of spec. 

Cylinder Block Component Inspection 

Make sure the work area is suitable to cylinder block reconditioning. This 
means it will have to be relatively clean and free of dust, dirt, debris or 
moisture. The presence of any one of the aforementioned contaminants will 
force you to take steps to protect the components. For instance, mop a dirty 
floor to help prevent kicking up dust and debris when you are working. Or, if 
necessary, place some large, flattened cardboard boxes down over the 
otherwise dusty floor (this will help when oil or assembly lube is invariably 
spilled or dripped during the rebuilding process. Make sure there is sufficient 
light, especially when you are checking for cracks or damage on the 
component surfaces. 

Make sure that you are comfortable with your ability to read the various 
precision measuring equipment including micrometers and bore gauges. If 
necessary, you might want to consider handing the block over to a reputable 
marine machine shop for inspection and overhaul and assembly. 

All components must be clean and dry before taking precision 
measurements. Remember too that all specifications, unless otherwise 
noted, are for components at about room temperature. Temperature 
variations will also cause differences in measurements. 

As with cylinder head procedures, not all components are used by all 
models. For instance most of the 2-stroke motors use needle-roller bearings, 
while Cstroke models may instead be equipped with bearing liner inserts. 
There are some important differences in how you should inspect these 2 
types of bearings. Similarly, the manufacturer does not supply the same 
specifications for all motors, especially the smaller, lower hp models. In some 
cases this is because the specification flat out would not apply, such as a 
main bearing oil clearance on a needle-roller bearing (that dog just won't 
hunt). But when using bearing liner inserts, that oil clearance is a critically 
important measurement that must be taken to ensure the durability of a 
rebuild. In some cases, the manufacturer recommends that components are 
not to be reused (such as rings) even though many traditional rebuilds would 
include measuring and possibly reusing these components. Just keep in 
mind that in the end, following the manufacturer's recommendations will not 
normally cause a problem, but the same can't be said for ignoring them. 

Checking fhe Cyiinder Block 

CULT 
+ See Figure 131 

Once clean, visually inspect the cylinder bores for cracks, glazing (a 
smooth surface), scoring or deep gouges. A cylinder hone is used to clean 
up a glazed or lightly scratchedlscored surface. However, a hone cannot 
usually help with deep gouges. If deep cuts are found in the cylinder walls 
you'll either have to replace the block or, if an oversize piston is available 
(see a friendly parts supplier), have a machine shop bore the cylinder 
oversize. Another option that might be available on some models is to have 
the cylinder sleeved (a process in which a new cylinder wall is pressed into 
place in the block, giving a fresh wear surface that can be bored or honed to 
match the piston size). 

After inspecting the cylinders, turn your attention to the crankcase, 
cylinder block, head, exhaust cover (if applicable) and, intake or exhaust 
manifold (again, as applicable) mating surfaces. These surfaces must be 
clean and free of all dirt, debris or sealant. Visually inspect these surfaces for 
signs of deep scratches, cracks or other damage. If dowel pins are used, 
make sure they are not loose or damaged, and replace, as necessary. 

White almost powder-like deposits are sometimes formed when 
water enters the combustion chamber. If such contamination is noted 
before cleaning the cylinder head, check the cylinder walls and cylinder 
head for cracks. Also, think back to the condition of the cylinder head 
gasket or seal, as that too can be the culprit. 

Visually check all Inspect all bolts, studs, nuts and bolt holes for cracks, 
corrosion or damaged threads. Using the proper size tap or die is usually a 
good idea to make sure they are completely free of dirt, debris or corrosion. 
The main bearing and the cylinder head boltslholes are probably the most 
critical, so pay special attention to them. 

H Although threaded inserts can sometimes be used to repair bolt 
holes, a block that is heavily corroded or experiences problems in 
multiple holes should be replaced. If corrosion has caused threads to 
fail in multiple holes, the rest are probably not far behind. 

The cylinder block and the crankcase are normally a matched set and 
must be replaced as an assembly. For details, refer to your parts supplier. 

Once the block is cleaned and otherwise ready for use, check the cylinder 
head gasket surface for flatness by measuring the amount of warp across 
the block at various directions across the head mating surfaces. As with all 
inspection procedures, make sure the block is completely free of dirt, debris, 
oil or gasket materials. A machinist's straightedge and a feeler gauge set are 
necessary for this check. Be sure to hold the straightedge firmly on the block 
and use the feeler gauge to measure the gap at the midpoint. The warpage 
measurement is the largest feeler gap that can be inserted between the 
straightedge and the head with a slight drag. The next larger gauge should 
not pass and the next smaller should pass without drag. Check the Engine 
Specifications chart for maximum allowed warpage for the motor on which 
you are working (note that the EFI motors have a very slightly different spec 
for the block than the head, all other motors use the same spec for both 
block and head). 

If the surface is just slightly out of spec, you can usually true it using a 
surfacing plate and 600-grit sandpaper as follows: 

1. Cover a large, completely flat metal plate (a surfacing plate) with 
abrasive sandpaper (600-grit) with the abrasive surface facing upward. 

2. Place the cylinder block on the plate, over the paper, with the mating 
surface facing downward. 

3. Move the cylinder block in a figure-eight motion over the paper while 
pushing downward with gentile pressure. 

DO NOT remove too much material from the cylinder block-to-head 
mating surface, as you will affect (increase) engine compression. 
Significant changes in engine compression from cylinder head or block 
resurfacing and the increase of carbon deposits (which will occur 
naturally in use) can lead to performance problems (such as 
pinginglpre-ignition). 

4. Clean and recheck the surface constantly, until the surface is back 
within specification. 

5. When finished, clean the surface thoroughly with hot soapy water, 
then dry using low pressure compressed air. 

I Fig. 131 Check the cylinder block along the head gasket mating 
surfaces for flatness I 
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Checking the Cylinder Bores 
+ See Figures 132 thru 136 

A cylinder bore gauge or a telescoping gauge must be used to take 
various measurements of the cylinder bore size. The major reason for 
measuring the cylinder bore is simply to determine how much wear has 
occurred in the motor. The most basic check of bore size is to make sure 
that the bore is the proper size for the pistons (that it has not worn beyond 
use). A piston that has too loose a fit in the cylinder block will allow 
combustion gasses to escape past the rings, losing both compression and 
power. On 4-stroke engines, this also prevents the oil rings from properly 
performing their jobs, as they will not fully contact the cylinder walls. 
Increased oil consumption is a symptom of an overly worn cylinder bore in 4- 
stroke motors. A lack of engine compression is another symptom of a worn 
bore. 

Additionally, you must check to make sure that the cylinder has not worn 
unevenly. So, it is not enough to measure the bore at one point (vertically or 
horizontally), because the cylinder could be worn in a slightly oval shape 
(out-of-round) giving a larger or smaller measurement across the diameter in 
when the measurement is taken in different directions. Similarly, because the 
cylinder could be wider at the top or bottom (tapered) it must be measured at 
different depths. 

It is critical to the success of the rebuild that these measurements are 
taken accurately. Only use precision gauges, with all gauges and the cylinder 
block at room temperature. Practice using the gauges and double or triple- 

check all measurements. Work slowly and carefully. Most bore gauges will 
have a thumb-wheel that is designed to free-wheel over a certain torque. If 
equipped, be sure to use it, as it will prevent pre-loading the gauge to the 
point where it would give inaccurate readings. 

If either the proper gauges or the confidence to use them is not available, 
then refer this task to a reputable marine machine shop. 

1. If not done during the initial cleaning, hone the cylinder bore lightly to 
remove any glazing prior to measurement. Remember that a cross-hatching 
will be necessary for proper oil retention and honing will change the 
measurements slightly, so it would be pointless to measure, then hone, since 
re-measurement will be necessary after honing. 

When using a cylinder hone follow any instructions from the tool 
manufacturer. Also, keep in mind the following points. Always use an 
appropriate honing oil, keep the hone perfectly parallel to the depth of 
the bore and be sure to move it slowly in and out of the cylinder. 

2. Using the cylinder bore gauge or telescoping gauge, measure the 
cylinder bores at 2 depths, the first about 114 in. (6mm) below the deck of the 
cylinder bore. The second depth should be in the lower area of piston travel 
(at least halfway down the bore). On 2-stroke motors, make sure it is slightly 
above the ports. At each depth, measure the bore 2 times. The first time, 
measure across the bore (side-to-side of the block, at a right angle to the 
centerline of the engine), and the second time, straight through the bore 
(from end-to-end of the block, parallel to the centerline of the engine). 

Fig. 132 If the cylinder's are glazed, use a hone to achieve a cross- 
hatching 

- CENTERLINE OF ENGINE -L I 

A-AT R IGHT ANGLE T O  
CENTERLINE OF ENGINE 

B-PARALLEL TO 
CENTERLINE OF ENGINE 

Fig. 134 Measure the bores in 2 directions, 
at right angles to each other 

Fig. 133 Measure the cylinder bores at 2 heights (2-stroke shown, 
4-strokes do not have the cylinder wall ports) 

Fig. 135 Using a telescoping gauge to 
measure across the bore 

Fig. 136 A machinist can use a hone to cut 
the bore oversize 
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Compare the measurements to each other and the Engine Specifications 
chart, as follows: 

a. All of the measurements must be either within bore specification, or 
must not exceed oversize limit. 

b. In order to calculate cylinder taper, subtract the smallest diameter 
measured at the lower point in the bore from the largest diameter measured 
near the top of the bore. 

c. In order to calculate cylinder out-of-roundness, subtract the smaller 
of the measurements taken at each depth from the larger of the 
measurements taken at the same depth. 

d. Compare all measurements to the Engine Specifications chart to 
determine if the cylinder is usable or if it must be honed, sleeved (if possible) 
or discarded. Speak with your parts supplier and machine shop regarding 
oversize piston availability and how to proceed if boring is necessary. 

Remember that there are always variances in production. Be certain 
to obtain the oversize pistons and provide them, along with the block, 
to the machine shop for boring. Do NOT bore the cylinder without 
having the pistons on hand for matching. 

Checking the Crankshaft 

LED 
+ See Figures 137,138 and 139 

Once the crankshaft has been cleaned, it should be thoroughly inspected 
to make sure it is not damaged or excessively worn. Obvious defects, such 
as visible warpage or cracks are signs of un-serviceability. Similarly, 
significant etching are discolored areas may be signs that the crankshaft 
should not be reused. 

Specifications will vary greatly from engine-to-engine. On most motors, 
specs are provided to help gauge the amount of wear on crankshaft or 
crankpin journals. A crankshaft that contains one or more journals, which are 
now out of spec, must be replaced. Some motors include specifications for 
crankshaft run-out. Journal taper and out-of-round specifications are 
available for the EFI Cstroke motors. Refer to the Engine Specifications 
chart for the motor on which you are working and proceed as follows: 

1. Visually inspect the crankshaft surfaces for signs of damage. Look 
closely at the bearing surfaces (journals) for signs of heat discoloration, 
etching or cracks. If you are uncertain of the condition, consult a reputable 
machine shop for advice before condemning the shaft. 

2. If run-out specifications are available proceed as follows: 
a. Support the crankshaft on the outer journals (the bearing surfaces at 

either end of the shaft) using a set of V-blocks. 
b. Mount a dial indicator so it contacts the center journal surface on the 

shaft and then zero the dial. 

Fig. 137 For all motors, visually inspect the 
crankshaft for damage or excessive wear 

On single-cylinder motors, there is no center main journal. If a run- 
out specification is supplied for these motors, check 2 times, once with 
the dial mounted on the top journal and once with the dial mounted on 
the bottom journal. 

c. Rotate the crankshaft slowly, while watching the gauge, then record 
the greatest amount of movement shown on the dial. Compare that reading 
to the specification. 

d. If there is more than one central journal, repeat at the other journal 
closet to center. 

e. If run-out exceeds specification, the crankshaft should be replaced. 
3. If main journal and crankpin diameter specifications are available, 

use an outside micrometer to measure the diameter the journals and 
crankpinjs). On EFI motors, take multiple measurements across a single 
surface from front-to-back of the shaft, and at 90" angles around the shaft. 
Subtract the smaller readings from the larger readings (of the front-to-back 
measurements and of the measurements at the same point but rotated 90" 
around the shaft) in order to determine taper and out-of-round. The 
crankshaft must be replaced if any readings are out of spec (lower than 
specified diameter and, for EFI motors, greater amounts of taper or out-of- 
round than allowed, if it cannot be turned to correct it). 

4. If toplbottomlcenter or main bearing journal specifications are 
available, use an outside micrometer to measure the diameter of the 
crankshaft journals. For EFI motors, again take measurements back-and- 
forth along the same journal (to determine taper) and at 90" angles around 
the journal at the same point forward-to-back (to determine out-of-round). 
Replace any crankshaft whose journal dimensions are below specification 
and, for EFI motors, whose journals are more tapered or out-of-round than 
allowed (unless it can be turned to correct it). 

5. Double-check all out of spec readings and seek the advice of a 
reputable marine machine shop if the crankshaft fails these checks. 

Checkina the Pistons - 
LED 

+ See Figures 140 thru 147 

Visually check the pistons for signs of erosion at the edges of the dome or 
for cracks or physical damage to the dome. Check the ring grooves signs of 
erosion as well. Check the piston skirt for scoring or obvious damage. The 
piston must be replaced if any of these signs of damage are found. 

The types of specifications provided by the manufacturer vary by engine. 
Refer to the Engine Specifications chart for the motor on which you are 
working and follow the applicable steps. 

1. Visually inspect the pistons as noted for signs of obvious damage. 
2. On all except the 25/35 hp (5001565~~) 3-cylinder and all EFI motors, 

check the sides of the piston skirt, as the factory pistons were equipped with 
a ground surface. If the surface has worn smooth in a triangular patter (refer 
to the accompanying illustration), the piston must be replaced. 

Fig. 138 Although V-blocks are best for 
checking run-out, in a pinch, you can 
usually use the cylinder block 

Fig. 139 If specs are available, measure the 
main bearing and crankpin surfaces using a 
micrometer 
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3. If piston diameter specifications are available, measure the diameter 

of the piston skirt using a micrometer. For 2-stroke motors, the measurement 
should be taken at about 118 - 114 (3 - 6mm) from the bottom of the skirt. 
On EFI motors, the measurement should be taken 0.6 in. (15mm) from the 
bottom of the skirt. Record the measurement(s). 

H When measuring the pistons on 18 jet-35 hp (521cc) motors, be 
aware that they may be equipped with pistons from multiple 
manufacturers. The can usually be identified visually by a notch along 
the centerline of the dome on Art and Rightway pistons. The Zollner 
piston domes do not have the aforementioned notch. Identification is 
important, as specifications will vary between the manufacturers. For 

4. If piston out-of-round specifications are available, repeat the diameter 
measurement around the base of the piston at a 90" angle from the previous 
measurement. Subtract the smaller measurement from the larger to 
determine out-of-roundness. 

On 18 jet-35 hp (521cc) motors, the major diameter (measured at a 
90" angle from the wrist pin hole) MUST be larger than the minor 
diameter (measured along the wrist pin centerline) by the cam 
dimension. Essentially, the piston, MUST be out-of-round by the cam 
spec for these motors. Again, refer to the accompanying illustrations. 

5. For EFI motors, make the following measurements and calculations: 

more details, refer to the accompanying illustrations. 

Fig. 140 Visually inspect the pistons for 
signs of damage or scoring 

Fig. 141 On pistons with a ground surface, 
replace them if a smooth wear pattern has 
formed as shown 

Fig. 142 On carbureted models with piston 
diameter specs, measure the diameter here 

Fig. 143 Measure the piston outer diameter Fig. 144 On EFI models, measure the wrist I I I I Fig. 145 . . . and wrist pin diameters to 
using a micrometer pin bores. . . determine clearance I 

t 
Minor 

diameter 

Fig. 146 18 jet-35 hp (521cc) motors may be equipped with Art, 
Rightway. . . 

Major* 
diameter 

t 
Minor 
diameter 

Fig. 147 . . . or Zollner pistons (Zollner pistons do not have the 
notch in the dome center) 
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a. Determine piston clearance by subtracting the piston diameter from 

the relevant cylinder bore diameter. Clearance must not exceed the 
maximum specification. 

b. Use a bore gauge or sliding caliper to measure the wrist pin bore 
inner diameter (take measurements on either side of the piston). 
Measurements must fall within spec. 

c. Use a micrometer to measure the outside diameter of each piston 
wrist pin. Take multiple measurements along the length of the pin, recording 
the largest and smallest diameters. Replace the wrist pin if the 
measurements do not fall within spec. 

d. Calculate the piston pin-to-piton bore clearance by subtracting the 
largest of the pin diameter measurements from the smallest of the bore 
measurements. The piston andlor pin must be replaced if clearance is out of 
spec. 

e. Use a set of feeler gauges to measure the ring groove widths. As 
with all feeler gauges, remember the reading is the gauge that passes with a 
slight drag (the next larger should not pass and the next smaller should pass 
without a drag). If the readings are below spec, carefully clean the grooves 
of carbon deposits. If readings are above spec, the piston must be replaced. 

Checking the Piston Rings 

CULT 
+ See Figures 148 thru 

Each of the rings must be measured to check gap and, if specifications 
are provided, groove clearance. Once a new set of rings has been measured 
and confirmed within spec either install them on the piston or keep the sorted 
with the piston to ensure installation only in the bore and on the 
corresponding piston for which they were measured. 

1. On EFI motors, specifications are provided for the thickness of the 
top 2 (compression) rings. Measure the rings to make sure they are within 
spec. Double-check part numbers or mounting locations if readings are out 
of spec. For 70 hp motors, note that the thinner of the 2 rings is the top 
compression ring. 

W Ring gap cannot be measured until after all honing is completed. 
Remember that honing will remove additional amounts of metal, which 
would change the ring gap. 

2. Measure the installed ring gap for the top two rings (compression 
rings) for each pistonlcylinder bore as follows: 

a. Apply a light coating of engine oil or assembly lube to the walls of 
the cylinder bore (this will help prevent scuffing or damage to the bore 
surface). 

b. Carefully squeeze the ring and install it to the top of the bore, then 
use the piston dome (inverted and facing downward toward the ring) to 
slowly and carefully push the ring into the bore until square. For most 
motors, the ring gap can be checked with the rings towards the top of piston 
travel, but on EFI motors the manufacturer recommends positioning the ring 
about 1 in. (25.4mm) from the bottom of the cylinder bore. 

c. Use a feeler gauge set to measure the gap between the ring ends. 
Remember the thickness of the feeler gauge that passes through with a 
slight drag is the measurement (the next larger should not pass and the next 
smaller should pass freely). 

The manufacturer recommends replacing ALL piston rings anytime the 
powerhead is disassembled for service and we concur. Unless the 
powerhead is disassembled for some bizarre reason during very low hours of 
usage, there is no reason to skip this critical part of the rebuild. Replacing 
the rings will help with power, performance and durability. 

W If the gap is too largelsmall, try a different ring. DO NOT use rings 
with an incorrect gap. 

3. If a ring-to-groove clearance spec is provided for the compression 
rings (the top 2 rings on motors with more than 2, such as Cstrokes), check 
it as follows: 

a. Either install the over the piston into the groove, or hold the ring into 
the groove by hand. In either case, be CERTAIN that you are checking the 
ring in the correct groove and for the correct pistonlcylinder bore that you've 
just measured its end gap (and determined that it was in spec). 

b. Use a feeler gauge to check the clearance between the ring and the 
piston groove. Again, the measurement is equal to the gauge that passes 
with a slight drag. 

c. If clearance is insufficient, recheck the piston groove for carbon 
deposits and clean, CAREFULLY if found. If the clearance is too great, the 
piston must be replaced. 

1 Fig. 148 Position each ring squarely in its intended bore. . . I 

Fig. 149 . . .then use a feeler gauge to check I end-gap 

4. For all carbureted motors, install the top 2 rings (the compression 
rings) to the piston, then lay a machinists straight edge across the side of the 
piston (from dome-to-skirt). The rings must NOT hold the straight edge away 
from the piston. If they do, check for additional carbon deposits in the 
grooves or recheck for the part number to ensure they are the correct rings. 

Fig. 150 If a spec is available, check the 
ring-to-groove clearance 

Fig. 151 On all except EFI motors, use a 
straight-edge to double-check the installed 
rinas 
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Checking the Connecting Rod@) 

+ See Figures 152 and 153 

Once a connecting rod has been cleaned, it should be thoroughly 
inspected to make sure it is not damaged, bent or excessively worn. Obvious 
defects, such as visible warpage or cracks are signs of un-serviceability. 
Specifications are available on the smallest and the largest of the motors 
covered by this manual. On 2-5 hp, single cylinder 2-stroke motors, 
connecting rod deflection should be measured using a dial gauge. On the 
EFI motors, the connecting rod big-end (crankshaft end) must be checked for 
proper width, oil clearance and rod-to-crankshaft clearance. Although the 
width is measured using a micrometer, the oil clearance is normally 
measured using PlastigageB or an equivalent gauging material while the 
rod-to-crankshaft clearance is measured using a feeler gauge. 

1. Visually inspect a connecting rod for twisted, bend or otherwise 
damaged surfaces for signs of damage. Look closely for cracks, chips, pitting 
or other signs of roughidamaged surfaces. Replace any damaged rod. If you 
are uncertain of the condition, consult a reputable machine shop for advice 
before condemning the rod. 

2. For 2-5 hp, single cylinder 2-stroke motors, assemble the connecting 
rod to the crankshaft and use a dial gauge to measure deflection (the 
amount of movement) at the piston end of the rod. Push the rod gently 
toward one end of the crankshaft and hold, then place the gauge against the 
rod and zero it. Gently rock the rod back and forth, recording the maximum 
movement shown on the gauge and compare it to the Engine Specifications 
chart. 

3. For EFI motors, proceed as follows: 
a. Measure the connecting rod big-end (crankshaft end) width using a 

micrometer. 
b. Either temporarily assembly the connecting rods to the crankshaft 

(using the intended bearings) and a gauging material (in order to determine 
connecting rod big end oil clearance or hold off and perform this during 
cylinder block assembly. In both cases, refer to Cylinder Block Overhaul for 
details. 

I Fig. 152 Visually inspect the connecting rod for signs of damage I 

Fig. 153 On 2-5 hp 1-cylinder motors, use a dial gauge to measure 
rod deflection 

c. Again, with the connecting rod temporarily installed on the 
crankshaft, use a feeler gauge to check the rod-to-crankshaft side clearance. 
As with all feeler gauges, the measurement is the gauge that passes through 
with a slight drag. The next larger gauge should not pass at all and the next 
smaller gauge should pass without interference. 

d. Compare each of the measurements to the Engine Specifications 
chart in order to help determine in the connecting rod must be replaced. 
Repeat for each rod. 

Checking the Rod and Main Bearings 

CULT 

+ See Figures 154 and 155 

JohnsoniEvinrude outboards are equipped with various types of 
connecting rod and main bearings. Most motors are equipped with needle 
roller bearings. Some of those bearing assemblies are mounted in bearing 
cages, while others, although enclosed by halves or by a journal surface 
(such as the wrist-pin end of many connecting rods) are loose. A few motors, 
specifically the EFI engines, use automotive style bearing insert liners 
(smooth bearing halves, which are pressure lubricated by the Cstroke oil 
Pump. 

In all cases, bearings and bearing surfaces should be checked for obvious 
signs of wear or damage. Bearing surfaces (journals and inserts) should be 
smooth, free of scratches, cracks, pitting, scoring or other damage. Needle 
bearings and cages should also be free of damage. Check needles for signs 
of uneven wear. Needle bearings, especially bearings that use loose 
needles, must be checked closely for missing needles. 

I Fig. 154 Most carbureted motors use caged (shown) or loose 
needle roller bearings 

Fig. 155 Some motors (such as EFI models) use bearing inserts, 
which must be measured with a clauclinq material 
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All bearings are subjected to heat in use. Keep a close eye out for heat 

discoloration. 
To ensure durability and dependability, replace bearings unless they 

appear like new. 
Unless the crankshaft andlor cylinder block is replaced, always purchase 

replacement bearings of the same size and type. This is especially important 
on EFI motors, whose bearings are marked (with color codes) from the 
factory. For more details, please refer to Selecting Replacement Bearing 
lnserts (EFI Motors) in this section. 

Check thrust bearings for signs of damage, including highly polished or 
heat discolored surfaces and, replace if found. On EFI motors, the thrust 
bearings should be measured using a micrometer and replaced, if below 
spec. Refer to the Engine Specifications chart. 

Checking the Cylinder Block Exhaust Covers 

Although most Johnson/Evinrude outboards use some form of exhaust 
cover mounted to the side of the cylinder block, no specifications for 
warpage are available. However, each time the cover is removed, take some 
time to inspect it for signs of excessive corrosion, damage or warpage. A 
cover that is damaged or warped cannot ensure an affective seal and should 
be replaced. Be especially careful when working on a motor that has 
suffered an overheat condition as exhaust covers are prone to warpage 
under these conditions. 

Improper removal or installation procedures can sometimes warp an 
exhaust cover. Use of a crossing or spiraling pattern can help prevent 
damage. 

Selecting Replacement Bearing Inserts (EFI Motors) 

* See Figures 156 thru 165 

The EFI motors covered by this manual are manufactured using bearing 
liner inserts for the crankshaft main and connecting rod bearings. Whenever 
bearing inserts such as these are used (as opposed to needle bearings) 
there is little room to move from specified oil clearance. Just like the 
bearings used in most automotive engines today, these precision machined 
surfaces are designed to operate within a specific and tight clearance in 
order to maintain proper oiling of the bearing surface by the 4-stroke oil 
Pump. 

However, also like most automotive engines, small deviations in 
machining will occur, which necessitates properly matching the bearing insert 
to the crankshaft journal surface. In order to help select the proper 
replacement bearings, the cylinder block and crankshaft are stamped with 
identification codes that can be used to help select the proper main bearings. 
Although the crankpin bearing oil clearance must also be checked, no 
stamped codes are provided to assist in the process. 

During a rebuild, unless the crankshaft is machined or replaced, you 
should almost always use the same color code bearing when installing it 
back into the original cylinder block. If the colors are no longer visible, use 
the stampings on the flyweight and cylinder block to determine the correct 
color codes, and therefore the correct bearing size. 

If OE bearings are not available, use the bearing thickness charts at a 
starting point to help select appropriate aftermarket bearings for your motor. 

1. Determine the crankshaft journal outer diameters from the numeric 
codes stamped on the flyweight closet to the flywheel taper. Each code's 
position on the flyweight indicates for which main journal the code is 
intended. The outermost position (see the illustration) is for the No. 1 bearing 
(the bearing journal closest the flywheel), the next inboard codes is for the 
No. 2 bearing (the next closest), and so on. On 40150 hp motors, there are 
only 4 main bearing journals, so there will only be 4 codes stamped on the 
crankshaft. The code itself is a number from 1 to 3. Compare it to the 
accompanying table for your motor to determine the original crankshaft 
journal outside diameter (double-check this measurement using a 
micrometer such as detailed under Checking the Crankshaft, in this section). 
Record the journal number and code for each of the main bearing journals. 

2. Next, determine the cylinder blockkrankcase holder inside diameter 
by locating the letter codes (A, B or C) stamped into the cylinder block on the 
starboard side. The first position (closet to the flywheel) represents the code 
for the No. 1 bearing holder, the second position is for the No. 2 bearing 

holder, and so on. There should be one code, per main bearing used by the 
block. Record the letter code for each corresponding main bearing journal 
bore. 

3. Using the letter and number codes and the accompanying cross- 
reference chart, select the bearing inserts with the proper color code for each 
of the individual locations. 

If testing shows the crankshaft journal outer diameters to be 
different from the original codes, assign them new numeric codes 
based on vour measurements. Like with all critical measurements. 
measure twice and be certain before proceeding. Also, verify all 
bearing clearances during installation. 

I Fia. 156 Bearina inserts on EFI motors should contain color codes 

Fig. 157 Crankshaft journal diameter codes are stamped on the 
flywheel (numbers indicate journal position) 

Numbers in drawing indicate crankshaft journal location (#I 
is closest to flywheel end). 

Standard: 

I Code I Crankshaft Journal Outside Diameter I 
I 1 1 44.994 - 45.000 rnm (1.7714 - 1.7717 in.) I 
( 2 1 44.988 - 44.994 mm (1.7712 - 1.7714 in.) I 

I Fig. 158 Crankshaft journal diameter codes - 40150 hp (815cc) EFI 
motors I 

3 

1 0 Standard: I 

44.982 - 44.988 mm (1.7709 - 1.7712 in.) 

I 1 Code I Crankshaft Journal Outside Diameter I I 

Fig. 159 Crankshaft journal diameter codes - 70 hp (1298cc) EFI 
motors 

1 

2 

3 

J 

51.994 - 52.000 mm (2.0470 - 2.0472 in.) 

51.988 - 51.994 mm (2.0467 - 2.0470 in.) 

51.982 - 51.988 mm (2.0465 - 2.0467 in.) 
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Fig. 160 Cylinder blocklcrankcase bearing holder diameter codes 
are stamped on the block (numbers indicate journal position) 

( C 1 49.012 - 49.018 mm (1.9296 - 1.9298 in.) I 

1 Numbers in drawing indicate cylinder block journal location 
(#1 is closest to flywheel end). 

Standard: 

Fig. 161 Cylinder blocWcrankcase bearing holder diameter codes - 
40150 hp (815cc) EFI motors 

Code 

A 

B 

1 o Standard: 

Crankcase Bearing Holder lnside Diameter 

49.000 - 49.006 mm (1.9291 - 1.9294 in.) 

49.006 - 49.012 mm (1.9294 - 1.9296 in.) 

56.000 - 56.006 mm (2.2047 - 2.2050 in.) 

Fig. 162 Cylinder blocklcrankcase bearing holder diameter codes - 
70 hp (1298cc) EFI motors 

I Bearing Selection Table 

I I krankshaft Journal Outside ~iarneterl I 
I 

Code 1 2 3 
I I 

Crankcase bear- 1 1 Green 1 Black 1 No Paint 1 
ing holder in- 
s~de diameter Black No Paint Yellow 

No Paint Yellow 
I I I I 1 

Fig. 163 Bearing code-to-bearing color cross-reference chart - EFI 
motors I I  

Standard: 

I Code I Crankshaft Bearing Thickness I 
I Green 1 1.999 - 2.003 mrn (0.0787 - 0.0789 in.) I 
I Black / 2.002 - 2.006 mm (0.0788 - 0.0789 in.) 1 

No Paint 2.005 - 2.009 mm (0.0789 - 0.0791 in.) 

Yellow 2.008 - 2.012 mm 10.0790 - 0.0792 in.) 

2.01 1 - 2.015 mm (0.0792 - 0.0793 in.) 

Fig. 164 Standard bearing thickness by color - 40150 hp (815cc) EFI 
motors 

1 Standard: 

Code 

I No Paint 1 2.004 - 2.008 mm (0.0789 - 0.0791 in.) I 

Crankshaft Bearing Thickness 

Green 

Black 

I Yellow 1 2.007 - 2.011 mm (0.0790 - 0.0792 in.) I 

I 
1.998 - 2.0026 mm (0.0787 - 0.0788 in.) 

2.001 - 2.005 mm (0.0788 - 0.0789 in.) 

All 4-stroke motors are equipped with a timing belt or chain that is used to 
ensure that the camshaft(s) and crankshaft rotate together, in proper 
synchronization or timing. Proper camshaft-to-crankshaft timing is necessary 
to ensure that the valves open and close at the proper instants in order to 
sustain for 4-stroke engine operation. It is these changes in the combustion 
chamber that occur due to the crankshaft and valve train which allow a 4- 
stroke motor to operate. Remember that for every complete cycle of a 4- 
stroke motor, the crankshaft makes 2 complete revolutions (meaning that 
every piston goes up and down 2 times for each time the camshaft turns 
once). Whether or not a piston moving downward is on the intake stroke or 
the power stroke is simply a result of the camshaft position and whether or 
not the intake valves are open at the time of the piston's motion. 

All motors, except the 40150 hp EFI 4-strokes are equipped with a timing 
belt. The belt is mounted on sprockets at the top of the motor, just under the 
flywheel. For these motors, the belt should be inspected periodically to 
ensure it is in good condition. Remember that a snapped belt will instantly 
stop the motor and strand the boat. For motors equipped with a timing belt, 
the powerhead does not need to be removed in order to access or service 
the belt. 

On 40150 hp EFI motors, the crankshaft-to-camshaft timing (and there are 
dual-camshafts on these motors) is accomplished by a chain instead of a 

Blue 

belt. The chain itself is a long-life component that does not require periodic 
insoection or redacement, which is a aood thina reallv, since it is mounted 

2.010 - 2.014 mm (0.0791 - 0.0793 in.) 

underneath theapowerhead, just abovethe gea&ase. obviously, on 40150 hp 
EFI motors, the powerhead must be removed for access to the timing chain. 

I 
Fig. 165 Standard bearing thickness by color - 70 hp (1298cc) EFI 
motors 

Some 4-stroke motors are of the interference design, meaning that if 
the crankshaft or camshaft is rotated independently a piston and a 
valve could strike, damaging or destroying one or both. For this 
reason, don't risk it. If the cylinder head is installed, never rotate one 
without the other. 

REMOVAL & INSTALLATION 

5-15 Hp 4-Stroke Motors 

DERATE - + See Figures 166 and 167 

The carbureted Cstroke motors covered by this manual are all equipped 
with a timing belt that should be inspected periodically and replaced if worn 
or damaged. Belt service is a relatively simple matter of accessing the belt 
(on the top of the powerhead), and making sure the engine is properly timed 
during removal or installation. 

On some motors it is possible to remove the timing belt (for replacement) 
without removing the flywheel. In order to accomplish this, remove the 
manual starter assemblylflywheel cover and camshaft cover for access, then 
slide the belt carefully off the camshaft pulley. Once the belt is free of the 
camshaft pulley, use the slack created to free the belt from the crankshaft 
pulley and slide it over the flywheel. If the belt is difficult to remove, loosen 
the bolt and remove the camshaft pulley in order to free the belt. To install 
the replacement belt, slide it carefully over the flywheel and onto the 
crankshaft pulley teeth, finally, pull it over the camshaft sprocket. 
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Fig. 166 Set the motor to TDC by aligning the triangular timing 
mark on the flywheel with the mark on the manual starter boss - 516 
ho motors 

1. Remove the rope starter assembly, for details, please refer the 
procedures in the Hand Rewind Starter section. 

2. If eauimed. remove the camshaft oullev cover. 
3. On 516 and'819.9 hp motors, rotate the ilywheel clockwise (slowly and 

by hand) to align the flywheel mark with the protrusion on the manual starter 
boss (between the flywheel and camshaft pulley). 

4. Remove the flywheel, as detailed in this section. 
5. Make sure the motor is set to Top Dead Center (TDC) of the No. 1 

cylinder as follows: 
On 9.9115 hp motors, once the flywheel is removed, rotate the camshaft 

pulley until the pointer aligns with the raised boss on the cylinder head (the 
boss is directly between the 2 legs of the small, semi-circular bracket bolted 
to the top of the cylinder block. A white mark on the crankshaft lower belt 
guide should then align with the port side cylinder head-to-cylinder block split 
line. This will position the engine at TDC. 

On 516 and 819.9 hp motors, verify that the camshaft pulley mark is 
aligned with the cylinder head protrusion (found at the head mating surface 
split line, between the cam and crank pulleys). 

To prevent the possibility of damage (on interference motors) and to 
make installation easier, once the timing belt is removed from the 
engine, DO NOT rotate the crankshaft or camshaft for any reason 
(unless specifically required by a repair or testing procedure, and even 
then, follow the instructions closely.) 

6. If the timing belt is being removed for access and NOT to be 
replaced, mark the belt to ind~cate the direction of rotation. 

7 Carefully pull upward on the timing belt to free it from the camshaft 
sprocket. Once the belt off the pulley sprocket, use the slack to release it 
from crankshaft pulley. 

In some cases, the belt can be difficult to remove. If so, remove the 
camshaft sprocket bolt in order to free the sprocket and create the 
necessary slack. 

8. Use low pressure compressed air (if available) or a soft-bristled 
brush (if not) to loosen and remove dirt, debris or worn rubber from the 
pulleys. 

9. Visually check the belt for worn or damaged surfaces as detailed 
under Timing Belt in the Maintenance and Tune-up section. 

To install: 
10. Double-check that the timing marks are still aligned (the engine is still 

at TDC). If not, proceed as follows to align the timing marks: 
For 516 and 819.9 hp motors, if removed, lower the flywheel back in 

position over the crankshaft taper (but do not install the retaining nut). Slowly 
turn the crankshaft clockwise, using the flywheel, until the mark on the 
flywheel aligns with the protrusion on the manual starter boss. Next, slowly 
turn the camshaft pulley clockwise until the camshaft pulley mark is aligned 
with the cylinder head protrusion (found at the head mating surface split line, 
between the cam and crank pulleys). 

Fig. 167 Set the motor to TDC by aligning the triangular timing 
mark on the flywheel with the pointer on the manual starter boss - 
819.9 hp motors 

For 9.9115 hp motors, slowly rotate the camshaft pulley clockwise until 
the pointer aligns with the raised boss on the cylinder head. Next, slowly 
rotate the crankshaft clockwise, by hand, until the white mark on the lower 
belt guide aligns with the port side cylinder head-to-cylinder block split line. 

11. lnstall the timing belt around the crankshaft pulley, aligning the teeth 
of the belt with the pulley. 

If you are reusing the previous belt, be sure to install it in the same 
direction of rotation, as marked during removal. 

12. If the flywheel was removed, install the upper belt guide and retaining 
nut to make sure the belt does not move while it is positioned over the 
camshaft sprocket. 

13. Make sure the timing marks are all still in alignment, then slip the belt 
over the camshaft pulley. Be sure that you do NOT rotate the camshaft or 
crankshaft pulleys while the belt is being installed or timing will be off. 

14. If the camshaft pulley bolt was removed, apply a light coating of 
OMC Nut Lock, or equivalent threadlock to the bolt threads, then install and 
tighten it to 84-106 inch Ibs. (10-12 Nm). If the bolt was loosened, but 
installed again with the pulley before or during belt installation, back it out 
sufficiently to apply threadlock to the threads, then install and tighten the bolt 
to specifications. 

15. Turn the flywheel slowly, by hand, through 2 complete rotations and 
check to make sure the timing marks are still perfectly aligned. If not, remove 
the belt from the camshaft pulley, realign it and repeat to ensure proper 
installation. 

16. If equipped, install the camshaft pulley cover. 
17. If removed, install the flywheel as detailed in this section. 
18. lnstall the rope starter assembly, as detailed in the Hand Rewind 

Starter section. 

40/50 HD EFI Motors 

ULT + See Figure 168 

Unlike any other JohnsonlEvinrude outboards, the 40150 hp EFI Cstroke 
motors are equipped with a long-life timing chain, mounted on sprockets 
underneath the powerhead. Therefore, also unlike the other Cstroke motors, 
access to the timing chain requires removal and partial disassembly of the 
powerhead. 

Although the camshaft sprockets can be removed, the crankshaft timing 
sprocket is integrated into the shaft. 

This is an INTERFERENCE motor, meaning that if the crankshaft or a 
camshaft is rotated OUT OF timing with the other, valves and pistons 
could strike, damaging or destroying each other. The safest way to - 
rotate this engine is with the timing chain properly installed. The only 
other way to rotate these shafts if to create sufficient valve lash by 
removing all off the valve tappets so the camshaft lobes DO NOT open 
the valves when the shafts are turned. 
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1. Remove the powerhead as described in this section. 
2. Remove the oil pump case, as described under Powerhead in this 

section and under Oil Pump in the Lubrication and Cooling section. 

Always turn the crankshaft in the normal direction of engine 
rotation. This is clockwise when looking down at the flywheel from 
above the powerhead, or counterclockwise when looking at the timing 
chain from below the powerhead. 

3. Rotate the crankshaft until the mark on the end of the crankshaft is 
pointing directly away from the cylinder headlcamshafts and aligns with the 
raised boss on the cylinder block. At this point, the colored links of the timing 
chain must align with the arrows on the camshaft sprockets and the marks 
on the camshaft sprockets (which are on the opposite side of the sprockets 
from the arrows) must align with the raised bosses on the cylinder head. 

Unless the valve tappets are removed, to prevent them valves from 
opening or closing andlor the cylinder head is removed from the 
cylinder block, NEVER rotate the camshafts from this position once the 
timing chain is removed. This is an interference motor, meaning that if 
the crankshaft or camshaft is turned independent of one another, it is 
likely that a piston and a valve will come into contact and one or both 
will be damaged. 

4. Remove the bolts (2) from the timing chain tensioner link (the short, 
rectangular bracket with the tension adjuster). 

5. Remove the bolt, washer and spacer from the curved timing chain 
tensioner guide. Remove the tensioner guide from the powerhead. 

6. Remove both bolts from the straight chain guide, on the opposite 
side of the chain from the tensioner guide. Remove the straight guide. 

7. Remove the 2 bolts, then remove the small chain guide located 
between the camshaft sprockets. 

8. Hold the intake camshaft from turning, then loosen the bolt removing 
the sprocket, dowel pin and timing chain. 

9. Clean all components, then visually check for worn, corroded or 
otherwise damaged parts. Replace any part of which you are unsure. 
Remember it took some effort to get here. 

To install: 
10. Make sure the exhaust camshaft sprocket mark is still facing the 

raised boss (extrusion) on the cylinder head. Also, confirm that the No. 1 
cylinder is at TDC of the compression stroke, with the crankshaft sprocket 
dimple facing the mark on the crankcase that is on the far side of the 
sprocket from the cylinder head. 

If the engine is not properly timed, either the camshafts or all of the 
valve lash tappets must be removed in order to rotate the crankshaft 
safely back into timing. 

11. lnstall the dowel pins and the camshaft sprocket to the intake 
camshaft. 

12. Hold the intake camshaft and sprocket in position, then route the 
timing chain around the remaining camshaft and crankshaft sprockets. The 
yellow link in the timing chain must align with the crankshaft timing mark (the 
same mark that is facing away from the cylinder head and towards the mark 
on the cylinder block). Also, make sure the blue links align with the arrows 
(opposite the timing marks) on the camshaft sprockets. 

13. Apply a light coating of clean engine oil to the threads of the 
camshaft sprocket bolts. Continue to hold the camshaft, sprocket and timing 
chain from turning while installing the bolts (3) into the sprocket and 

camshaft. Tighten the camshaft sprocket bolts to 84-90 inch Ibs. (9.5-10.2 
Nm). 

14. lnstall the small timing chain guide between the camshaft sprockets, 
then tighten the bolts to 84-90 inch Ibs. (9.5-10.2 Nm). 

15. Apply a light coating of clean engine oil or assembly lube to the 
straight timing chain guide and the curved tensioner guide. lnstall both 
guides using the bolts, spacer(s) and washers, then tighten the bolts 
securely. 

16. Press on the piston of the tensioner link and move the ratchet latch 
until the piston slides up completely, then place the tensioner link in position 
on the powerhead, allowing the piston to ratchet out until it contacts the link. 
lnstall the retaining bolts and tighten to 84-90 inch Ibs. (9.5-10.2 Nm). 

ide 

Fig. 168 Exploded view of the timing chain and guides - 40150 hp 
(815cc) EFI motors 

Some tensioner link and adjuster assemblies have a hole in the 
latchlbody assembly in which a small pick or straightened paper clip 
can be inserted to hold the tension adjuster in position during 
installation. The pick or clip is then removed once the components are 
installed and bolts are threaded. 

17. Slowly and carefully rotate the crankshaft 2 complete revolutions to 
verify correct camshaft timing and chain tension. After 2 complete 
revolutions, all timing marks and colored links must align properly as before 
removal and during installation. 

18. If the cylinder head or any valve train components were replaced, 
check and adjust the valve lash as detailed under Valve Lash in the 
Maintenance and Tune-up section. 

19. lnstall the oil pump case to the powerhead as detailed under Oil 
Pump in the Lubrication and Cooling section. Pay attention to sealant and 
torque instructions. 

20. lnstall the powerhead, as detailed in this section. 

70 Hp EFI Motors 

DERATE 
- + See Figures 169 and 170 

To prevent potential engine damage, do not allow the crankshaft to 
rotate once the timing belt is removed. 

1. Remove the flywheel, as detailed in this section. 
2. Remove the bolts retaining the stator and the starter motor bracket, 

then remove the stator, disconnect the MAP sensor and relocate the wires 
for access. 

3. Make sure the motor is set to Top Dead Center (TDC) of the No. 1 
cylinder by slowly turning the crankshaft sprocket (clockwise by hand) until 
the timing mark (dot) on the face of the camshaft pulley aligns with the 
protrusion on the cylinder head. At this point the timing mark (small holes in 
the crankshaft pulley belt guides) will align with the protrusion on the cylinder 
block). 

E l  When the camshaft and crankshaft pulley's are aligned with their 
timing mark protrusions, they will also both be facing inward towards 
each other. 

4. Loosen the bolts (2) securing the belt tensioner to the cylinder block, 
but do not remove them. Allow the tensioner to move and retighten the bolts 
only after the belt has sufficient slack. 

If the tensioner does not move enough to create slack sufficient for = 

belt removal, force it back by hand before tightening the fasteners. 
5. If the belt is to be reused, either mark the direction of rotation 

(clockwise) or note any factory marks, which may already be present on the 
belt for installation purposes. 
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I Fig. 169 Remove the crankshaft pulley nut using a taper tool to 
hold the shaft from turning I 

6. Remove the belt from the camshaft pulley by pulling upward, then 
free the belt from the crankshaft pulley and belt guides. 

7. If the crankshaft pulley must be removed for seal or crankshaft 
service, proceed as follows: 

An OMC crankshaft holder (#345827) or equivalent tool designed to 
fit over the crankshaft taper and keyway to hold the crankshaft from 
turning is required in order to remove the crankshaft pulley. 

a. Place the flywheel key into the slot in the crankshaft. Align the slot in 
the crankshaft adapter with the key, and seat the adapter to the crankshaft 
taper. 

b. Use a wrench to loosen the crankshaft pulley sprocket while holding 
the crankshaft adapter stationary using a breaker bar and socket, as shown. 

c. Remove the tool, nut, washer, upper belt guide, pulley, key and 
lower belt guide from the crankshaft, in that order. 

d. Carefully clean all dirt or debris from the crankshaft taper using 
solvent and a rag. Check the pulley and guides for damage or signs of 
excessive wear and replace, as necessary. 

8. Use low pressure compressed air (if available) or a soft-bristled 
brush (if not) to loosen and remove dirt, debris or worn rubber from the 
pulleys. 

9. Visually check the belt for worn or damaged surfaces as detailed 
under Timing Belt in the Maintenance and Tune-Up section. 

To install: 
10. If the crankshaft pulley was removed, install it as follows: 

a. lnstall the lower belt guide onto the shaft, so the curved edge is 
facing the cylinder block and the timing mark (hole) facing the cylinder block 
protrusion (toward the camshaft pulley). 

b. Insert the pulley key into the crankshaft slot, then install the pulley 
while aligning the pulley slot with the key. 

c. lnstall the upper belt guide, making sure the curved edge faces 
away from the cylinder block and the timing mark (hole) faces the toward the 
cylinder block protrusion (toward the camshaft pulley). 

d. lnstall the pulley washer with the concave (indented) side facing 
down toward the belt guide. 

e. lnstall the pulley nut, then tighten the nut to 50-52 ft. Ibs. (68-70 Nm) 
using the Crankshaft Taper tool (and the flywheel key) to keep the crankshaft 
from turning. 

nut 
17 
- 

Washer i )  Upper 

Pulley 

.guide 

Key 
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Fig. 170 During installation, position the pulley washer with the 
concave (indented) side facing down toward the belt guide 

11. Double-check that the timing marks are still aligned (the engine is still 
at TDC). If not, proceed as follows to align the timing marks as follows: 

a. If the camshaft or crankshaft pulley moved only slightly (just a 
couple of teeth) realign them now. 

b. If the engine (due to service or disassembly) is off TDC by anything 
more than a couple of teeth, loosen all of the valve lash adiusters (so all 
valves remain closed regardless of camshaft position). That way, you can 
safelv rotate the camshaft and the crankshaft inde~endentlv without fear of 
pisto~~slvalves colliding and becoming damaged.   or more details, please 
refer to the Valve Lash adjustment procedures under the Maintenance and 
Tune-up section. 

12. lnstall the timinq belt over the crankshaft pulley first and then over 
the camshaft pulley. ~ i k e  sure to align any direc'tiond arrows made or noted 
durina removal or anv factorv made directional arrows. (Remember the 
beltimotor rotates cldckwise when viewed from above). ' 

When installed properly, there should be no slack on the non- 
tensioner side of the belt. 

13. Loosen the tensioner bolts, allowing the spring tension to push the 
tensioner against the belt, tightening it on the pulleys. Tighten the tensioner 
bolts to 16-18 ft. Ibs. (22-24 Nm). 

14. Check the timing mark alignment, then slowly rotate the crankshaft 
bv hand through 2 complete turns and recheck that the marks are still in 
aiignment. If k t ,  loosen the tensioner, adjust the belt position and repeat 
until the belt and motor remain in timina after the crankshaft is turned 2 .. 
complete revolutions. 

15. lnstall the starter motor bracket and tighten the retainers to 16-18 ft. 
Ibs. (22-24 Nm). 

16. Apply a coating of OMC Locquic Primer and OMC Nut Lock or 
equivalent threadlock to the threads of the stator retaining bolts, then install 
the stator and tighten the bolts to 24-36 inch Ibs. (3-4 Nm). 

17. Connect the MAP sensor wiring, making sure it is secured where it 
will not be damaged by moving components. 

18. lnstall the flywheel, as detailed in this section. 
19. If the valve train was touched (during service or to re-time the motor) 

follow the Valve Lash adjustment procedure in the Maintenance and Tune-Up 
section. 

Anytime a new or rebuilt powerhead is installed (this includes a 
powerhead whose wear components such as pistons and rings, main 
bearings or, in the case of 4-stroke motors, cylinder head components have 
been replaced), the motor must undergo proper break-in. 

By following break-in procedures largely consisting of specific engine 
operating limitations during the first 10 hours of operation, you will help you 
will help ensure a long and trouble-free life. Failure to follow these 
recommendations may allow components to seat improperly, causing 
accelerated wear and premature powerhead failure. 

On all motors, special attention is required to the engine oil during initial 
break-in. For 2-stroke motors, Dav close attention to the s~ecial fuelloil 
mixture requirements. On 4-stroke motors, expect increased oil consumption 
during break-in. Don't be alarmed, but be sure to check the 4-stroke engine 

oil level frequently to prevent the possibility of powerhead damage from 
operation with a low oil level. Oil consumption should lessen as the piston 
rings seat to the cylinder walls. 

Especially during break-in, pay close attention to all pre and post 
operation checks. This goes double when checking for fuel, oil or water 
leaks. At each start-up and frequently during operation, check for presence 
of the cooling indicator stream. 

At the completion of break-in, double-check the tightness of all exposed 
engine fasteners. 

While each engine requires slightly different steps for powerhead break-in, 
one procedure is common. During the entire first 20 hours of engine 
operation, vary the engine speed. This allows parts to wear in under 
conditions throughout the powerband, not just at idle or mid-throttle. 
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During break-in, check your hourmeter or a watch frequently and be 

sure to change the engine speed at least every 15 minutes (that means 
between every 2-3 tenths on the hourmeter). 

Be sure to always allow the engine to reach operating temperature before 
setting the throttle anywhere above idle. This means you should always start 
and run the motor for at least 5 minutes before advancing the throttle. 

NEVER run the engine out of the water, unless a flush fitting is used to 
provide a source of cooling. Remember that the water pump can be 
destroyed in less than a minute just from a lack of water. The 
powerhead will suffer damage in very little time as well, but even if it is 
not overheated out of water, reduced cooling from a damaged water 
DumD imoeller could destrov it later. Don't risk it. 

BREAKING IN A POWERHEAD 

2-Stroke Motors 

ColNJunior and 2-8 Hp Motors 
For the first 5 hours of engine operation, use a 25:l fuelloil mixture. If 

equipped with the AccuMix R@ oiling system, add a 50:l fuelloil mixture to 
the primary fuel tank which, when combined with the oiling of the AccuMix 
system will result in a 253 fuelloil mixture. For more details, please refer to 
the information for Engine Oil (2-Stroke) in the Maintenance and Tune-Up 
section. 

During break-in, observe the following time-table and limitations on engine 
operation. 

Check the cooling indicator stream repeatedly to ensure proper 
engine cooling. 

During the first 10 minutes, operate the engine in gear at only fast idle. 
During the next 50 minutes, operate the engine in gear below 3500 

rprn. If the boat planes easily, use full throttle to quickly bring the boat on 
plane, then immediately reduce throttle to 112 or less, but making sure the 
boat remains on plane. Vary the engine speed at least every 15 minutes. 

During the second hour of break-in, use full throttle to quickly plane the 
boat, then immediately reduce throttle to 314 or less, but make sure the boat 
remains on plane. Continue to vary the engine speed at least every 15 
minutes. At various intervals, operate the engine at full throttle for 1-2 
minutes, then reduce the throttle to 314 for an additional minute or two in 
order to allow the pistons to cool off slowly. Don't just drop from Wide Open 
Throttle (WOT) to idle. 

~or'the next 3 hours, continue to vary the engine speed and avoid 
continuous full-throttle operation. 

After the first 20 hours, the powerhead should be fully broken-in, follow 
the steps of the 20-hour service. 

9.9-70 Hp Motors (Except the 25/35 Hp 3-Cylinder Models) 
For the first 12 gallons of fuel, use a 25:l fuelloil mixture. If equipped with 

either the AccuMix R@ or VR02<ref.> oiling system, add a 50:l fuelloil 
mixture to the first 12 gallons of fuel run through the fuel tank. When 
combined with the oiling output of the oiling system this pre-mix will result in 
a 25:l fuelloil mixture. For more details, please refer to the information for 
Engine Oil (2-Stroke) in the Maintenance and Tune-up section. 

During break-in, observe the following time-table and limitations on engine 
operation. 

Check the cooling indicator stream repeatedly to ensure proper 
engine cooling. 

During the first 20 minutes, operate the engine in gear at only fast idle. 
do not exceed 1500 rpm during the first 20 minutes. 

During the next 40 minutes, operate the engine in gear below 3500 
rpm. If the boat planes easily, use full throttle to quickly bring the boat on 
plane, then immediately reduce throttle to 112 or less, but making sure the 
boat remains on plane. Vary the engine speed at least every 15 minutes. 

During the next 9 hours of break-in, use the throttle to quickly plane the 
boat, then immediately reduce throttle to 314 or less, making sure the boat 
remains on plane and making sure engine speed does not exceed 4500 
rprn. Continue to vary the engine speed at least every 15 minutes. About 
every 30 minutes, operate the engine at full throttle for about 1 minute, then 

reduce the throttle to 314 for about an additional minute in order to allow the 
pistons to cool off slowly. Don't just drop from Wide Open Throttle (WOT) to 
idle. Throughout this time period, avoid continuous full-throttle operation. 

If equipped with either the AccuMix R@ or VR02@ oiling system, check 
the oil tank after the first 12 hours of operation and verify that the oil level 
has dropped (indicating that the system is working). Do not stop running pre 
mix in the primary fuel tank unless you are certain the oiling system is 
working. Top off the oil tank. 

After the first 20 hours, the powerhead should be fully broken-in, follow 
the steps of the 20-hour service. Be sure properly retorque the cylinder head 
bolts (this should be done after the engine is run, but only after the cylinder 
head has cooled to the touch). 

25/35 Hp 3-Cylinder Models 
For the first 10 hours of engine operation, you must use a 50:l pre-mix 

fuelloil mixture in the primary fuel tank in addition to the oil supplied by this 
motors oiling system. After 10 hours, verify that the oil level has dropped in 
the mixing system tank before ceasing the use of pre-mix in the primary fuel 
tank. For more details, please refer to the information for Engine Oil (2- 
Stroke) in the Maintenance and Tune-Up section. 

If, for any reason during the first 10 hours of engine operation, the 
mixing system is disconnected, you MUST run a 25:l fuelloil ratio pre- 
mix in the primary fuel tank. 

During break-in, observe the following time-table and limitations on engine 
operation. 

Check the cooling indicator stream repeatedly to ensure proper 
engine cooling. 

During the first 10 minutes, operate the engine in gear at only fast idle. 
During the next 50 minutes, operate the engine in gear below 2700 

rpm. If the boat planes easily, use full throttle to quickly bring the boat on 
plane, then immediately reduce throttle to 112 or less, but making sure the 
boat remains on plane. Vary the engine speed at least every 15 minutes. 

During the second hour of break-in, use full throttle to quickly plane the 
boat, then immediately reduce throttle to 314 or less, but make sure the boat 
remains on plane. Continue to vary the engine speed at least every 15 
minutes. At various intervals, operate the engine at full throttle for 1-2 
minutes, then reduce the throttle to 314 for an additional minute or two in 
order to allow the pistons to cool off slowly. Don't just drop from Wide Open 
Throttle (WOT) to idle. 

For the next 8 hours, continue to vary the engine speed. Be sure to 
avoid continuous full-throttle operation for long periods. 

After the first 20 hours, the powerhead should be fully broken-in, follow 
the steps of the 20-hour service. Be sure properly retorque the cylinder head 
bolts (this should be done after the engine is run, but only after the cylinder 
head has cooled to the touch). 

Carbureted 4-Stroke Motors 
For the first 20 hours of engine operation, use OMC Four-Stroke 

Outboard Break-In Lubricant in order to ensure proper break-in leading to 
long and trouble-free engine life. 

During break-in, observe the following time-table and limitations on engine 
operation. 

Check the cooling indicator stream repeatedly to ensure proper 
engine cooling. 

During the first 5 minutes, operate the engine in Neutral at slow idle to 
allow proper warm-up. 

* During the next 15 minutes, operate the engine in gear at the slowest 
speed possible. 

During the balance of the first 2 hours, vary the engine speed at least 
every 15 minutes, but do not exceed 112 throttle at any point. If the first 2 
hours do not occur in one outing, repeat the idle and warm-up procedure 
each time. 

During the third hour of engine operation, vary the engine speed at least 
every 15 minutes, but do not exceed 314 throttle at any point. If the first 3 
hours do not occur in one outing, repeat the idle and warm-up procedure 
each time. - 

During the balance of the first 10 hours, vary the engine speed at least 
every 15 minutes, but do not run at full-throttle continuously for more than 5 
minutes. Allow at least 5 minutes of engine warm-up each time the boat is 
launched. 
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After the first 20 hours, the powerhead should be fully broken-in, follow 

the steps of the 20-hour service. 

EFI &Stroke Motors 
For the first 20 hours of engine operation pay close attention to engine oil 

levels. Check it frequently and add, as necessary. 
During break-in, observe the following time-table and limitations on engine 

operation. 

Check the cooling indicator stream repeatedly to ensure proper 
engine cooling. 

During the first 20 minutes, operate the engine in gear only at fast idle. 
do not exceed 1500 rpm. 

During the next 40 minutes, vary the engine speed at least every 15 
minutes, but do not exceed either 112 throttle for 40150 hp motors, or 3500 
rpm for 70 hp motors. 

If the boat planes easily, use full throttle to quickly accelerate the 
boat onto plane, then immediately slow throttle to 112 or less, while 
making sure the boat remains on plane at this throttle setting. 

During the next 9 hours of engine operation, vary the engine speed at 
least every 15 minutes. Continue to bring the boat quickly on plane using full 
throttle, then reduce the throttle setting below 314 throttle and do not exceed 
4500 rpm. About every 30 minutes, run the engine at full throttle for about 
one minute, then slow the motor to 2<over throttle or less, allowing the 
pistons to cool. 

After the first 20 hours, the powerhead should be fully broken-in, follow 
the steps of the 20-hour service. 

ENGINE SPECIFICATIONS - ColtIJunior (43cc) SINGLE CYLINDER ENGINES 

Component (in.) (mm) CD 
Cylinder Bore 
standard Bore Diameter 1.5643-1.5650 39.74-39.75 
Oversize Service Limit 0.002 Max 0.05 Max 
Out-of-round 

Service Limit 0.003 Max 0.08 Max 
Taper 

Service Limit 0.002 Max 0.05 Max 
Cylinder Head 
Gasket Surface Warpage 
Crankshaft 
Top Journal 

0.004 Max 0.10 Max 

Diameter 0.7497-0.7502 19.01 -1 9.06 
Bottom Journal 

Diameter 0.6691 -0.6695 17.00-1 7.01 
Crankpin 

Diameter 0.6695-0.6700 17.01-17.02 
Piston 
Diameter 1.5620-1.5625 39.67-39.69 
Out-of-round 0.002 Max 0.05 Max 
Rings 
Groove clearance 

Service Limit 0.004 Max 0.010 Max 
Gap 

Production 0.01 5-0.025 0.38-0.64 

@ Unless otherwise noted 
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ENGINE SPECIFICATIONS - 2.0-3.5 HP ( 7 8 ~ ~ )  SINGLE CYLINDER ENGINES 

US. Metric 
Component (in.) O (mm) O 

Cylinder Bore 
Standard Bore Diameter 1.8890-1.8906 48.00-48.02 
Oversize Service Limit 0.002 Max 0.05 Max 
Out-of-round 

Service Limit 0.003 Max 0.08 Max 
TaDer 

Service Limit 0.002 Max 0.05 Max 
Cvlinder Head 
~ a s k e t  Surface Warpage 

thru 1998 0.004 Max 0.10 Max 
1999-01 0.003 per Inch 0.08 per 25.4mm 

Crankshaft 
Top Journal 

Diameter 0.7875-0.7878 20.002-20.01 0 
Bottom Journal 

Diameter 0.5906-0.5910 15.001-15.011 
CrankDin 

Diameter 0.6299-0.6301 16.000-16.005 
Connecting rod 

Rod Deflection 0.022-0.056 0.6-1.5 
Crankshaft Run-Out 0.000-0.002 0.00-0.05 
Piston 
Diameter 1.8868-1.8873 47.9247-47.9374 
Out-of-round 0.002 Max 0.05 Max 
Rinas 
Groove clearance 

Service Limit 0.0026 Max 0.066 Max 
Gap 

Production 
TOP 0.0059-0.0138 0.15-0.35 
2nd 0.0059-0.0138 0.15-0.35 

Valve (LeafIReed) Opening 0.236-0.244 6.0-6.3 
O Unless othelwise noted 

ENGINE SPECIFICATIONS - 5.0 HP ( 1 0 9 ~ ~ )  SINGLE CYLINDER ENGINES 

U.S. Metric 
Component (in.) O (mm) O 

Cylinder Bore 
Standard Bore Diameter 2.1654-2.1659 55.000-55.01 5 
Oversize Service Limit 0.002 Max 0.05 Max 
Out-of-mund 

Service Limit 0.003 Max 0.08 Max 
T a m  

Service Limit 0.002 Max 0.05 Max 
Cylinder Head 
Gasket Surface Warpage 0.003 per Inch 0.08 per 25.4mm 
Crankshaft 
Connecting rod 

Rod Deflection 0.16 Max 4.0 Max 
Crankshaft Run-Out 0.000.0.002 O.W.05 
Piston 
Diameter 2.1630-2.1636 54.940-54.955 
Outof-round 0.002 Max 0.05 Max 
R i m  Gap - .  

Production 
Top 0.0060.012 0.150.30 
2nd 0.0060.012 0.150.30 

Service Limit 0.031 Max 0.80 Max 

Unless otherwise noted 
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ENGINE SPECIFICATIONS - 31414 Deluxe HP (87cc) TWO CYLINDER ENGINES 

Component (in.) O (mm) O 
Cylinder Bore 
Standard Bore Diameter 1.5643-1.5650 39.74-39.75 
Oversize Service Limit 0.002 Max 0.05 Max 
Out-of-round 

Service Limit 0.003 Max 0.08 Max 
Taper 

Service Limit 0.002 Max 0.05 Max 
Cylinder Head 
Gasket Surface Warpage 

thru 1998 0.004 Max 0.10 Max 
1999-01 0.003 per Inch 0.08 per 25.4mm 

Crankshaft 
Top Journal 

Diameter 0.751 5-0.7520 19.08-19.10 
Center Journal 

Diameter 0.6685-0.6690 16.98-16.99 
Bottom Journal 

Diameter 0.6691-0.6695 17.00-17.01 
Crankpin 

Diameter 0.6695-0.6700 17.01-17.02 
Piston 
Diameter 1.5625-1.5631 39.69-39.70 
Out-of-round 0 002 Max 0.05 Max 
Rings 
Groove clearance 

Service Limit 0.004 Max 0.10 Max 

Gap 
Production 

Top 0.005-0.01 5 0.13-0.38 
2nd 0.005-0.01 5 0.13-0.38 

Piston pin 
Diameter 1.5625-1.5631 39.69-39.70 

O Unless otherwise noted 

ENGINE SPECIFICATIONS - 516 HP ( 1 2 8 ~ ~ )  SINGLE CYLINDER ENGINES 

Component (In.) O (mm) O 
Camshaft 
Lobe Height 

Intake 
Exhaust 0.953.0.957 24.212-24.312 

Cylinder Bore 
Diameter 2.2244-2.2248 56.50-56.51 
Oversize Service Limit 0.002 M a x  0.05 M a x  
Out-of-rwnd 

Service Limit 0.003 M a x  0.08 Max 
T a m  

Service Limit 0.002 M a x  0.05 M a x  
Cylinder Head 
Gasket Surface Warpage 

1995-98 0.004 M a x  0.10 M a x  
1999-01 0.003 per Inch 0.08 per 25.4mm 

Cranbhaft 
Top and Bottom Journals 

Diameter 
1997-98 1.2200-1.2204 30.99-31.00 
199901 0.9837-0.9842 24.98-25.00 

Crankpin 
Diameter 

1 097-96 1.1398-1.1401 28.9528.96 
199401 1.1791-1.1795 29.95-29.96 

Plston 
Compression Rings 

Groove clearance 
Service Limit 0.004 M a x  0.10 Max 

Gap 
Production (Both Rings) 0.008-0.014 0.15-0.35 

Valves 
Seat Concentricity 

Service Limit 0.002 M a x  0.05 M a x  

@ Unless otherwise noted 
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ENGINE SPECIFICATIONS - 5.0-8.0 HP ( 1 6 4 ~ ~ )  TWO CYLINDER ENGINES 

Component (in.) O (mm) O 
Cvlinder Bore 
standard Bore Diameter 1.9373-1.9380 49.21-49.23 
Oversize Service Limit 0.002 Max 0.05 Max 
Out-of-round 

Service Limit 0.003 Max 0.08 Max 
Taner . .. r -. 

Service Limit 0.002 Max 0.05 Max 
Cylinder Head 
Gasket Surface Warpage 

thru 1998 0.004 Max 0.10 Max 
1999-01 0.003 per Inch 0.08 per 25.4mm 

Crankshaft 
Too Journal 

Diameter 0.8762-0 8767 22.26-22.27 
Center Journal 

Diameter 
1990-95 0.8127-0.8132 20.64-20.65 
1996-01 0.8120-0.8125 20.62-20.64 

Bottom Journal 
Diameter 0.6691-0.6695 17.00-17.01 

Crankpin 
Diameter 0.6695-0.6700 17.01-17.02 

Piston 
Diameter 1.9345-1.9355 49.14-49.16 
Out-of-round 0.002 Max 0.05 Max 
Rings 
Groove clearance 

Service Limit 0.004 Max 0.10 Max 

Gap 
Production 

TOP 0.005-0.015 0.13-0.38 
2nd 0.005-0.015 0.1 3-0.38 

O Unless otherwise noted 

ENGINE SPECIFICATIONS - 819.9 HP (2llcc) TWO CYLINDER ENGINES 

Lobe Height 
Intake 0.952-0.956 24.172-24.272 

Exhaust 0.953.0.957 24.212-24.312 
Cylinder Bore 
Diameter 2.2244-2.2248 56.50-56.51 
Oversize Service Limit 0.002 Max 0.05 Max 
Outof-round 

Service Limit 0.003 Max 0.08 Max 
Taper 

Service Umit 0.002 Max 0.05 Max 
Cyllnder Head 
Gasket Surface Warpage 

1995-98 0.004 Max 0.10 Max 
199941 0.003 per lnch 0.08 per 25.4mm 

Cmnkshaft 
Top and Bottom Journals 

Diameter I .22W1.2204 30.9931.00 
Crankoin 

Diameter 1.1398-1.1401 28.95-28.96 
Piston 
Compression Rings 

G w e  clearance 
Service Limit 0.004 Max 0.10 Max 

Gap 
Production (Both Rings) 0.0080.014 0.150.35 

valve8 
Seat Concentricity 

Servim Limit 0.002 Max 0.05 Max 

@ Unless otherwise noted 
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ENGINE SPECIFICATIONS - 9.9110114/15 HP ( 2 1 6 ~ ~ )  2-CYLINDER ENGINES ENGINE SPEClFlCATlONS - 9.9110115 HP ( 2 5 5 ~ ~ )  TWO CYLINDER ENGINES 

Component (in.) O (mm) @ 
Cylinder Bore 
Standard Bore Diameter 2.1 875-2.1883 55.56-55.58 
Oversize Service Limit 0.002 Max 0.05 Max 
Out-of-round 

Service Limit 0.003 Max 0.08 Max 
Taoer - r -  

Service Limit 0.002 Max 0.05 Max 
Cvlinder Head 
Gasket Surface Warpage 0.004 Max 0.10 Max 
Crankshaft 

Component (in.) O (mm) O 
Cylinder Bore 
Standard Bore Diameter 2.3745-2.3750 60.31-60.33 
Oversize Service Limit 0.02 Max 0.508 Max 
Out-of-round 

Service Limit 0.003 Max 0.08 Max 
Taper 

Service Limit 0.002 Max 0.05 Max 
Cylinder Head 
Gasket Surface Warpage 

thru 1998 0.004 Max 0.1 0 Max 
TOD Journal 

Diameter 0.8757-0.8762 22.24-22.26 
Center Journal 

Diameter 0.8120-0.8125 20.63-20.64 
Bottom Journal 

Diameter 0.7870-0.7874 19.98-19.99 
Cranknin .--r. . 

Diameter 0.8120-0.8125 20.63-20.64 
Piston . - ~ ~  

Diameter 2.1845-2.1850 55.49-55.50 
Out-of-round 0.002 Max 0.05 Max 
Rings 
Groove clearance 

Service Limit 0.004 Max 0.10 Max 

Gap 
Production 

TOP 0.005-0.01 5 0.13-0.38 
2nd 0.005-0.01 5 0.1 3-0.38 

O Unless otheiwise noted 

1999-01 0.003 per Inch 0 08 per 25 4rnm 
Crankshaft 
Top Journal 

Diameter 0.8757-0.8762 22.24-22.26 
Center Journal 

Diameter 0.8120-0.8125 20.63-20.64 
Bottom Journal 

Diameter 0.7870-0.7874 19.98-19.99 
Crankpin 

Diameter 0.8120-0.8125 20.63-20.64 
Piston 
Out-of-round 0.002 Max 0.05 Max 
Rings 
~ r o o v e  clearance 

Service Limit 0.004 Max 

Gap 
Production 

Too 0.005-0.01 5 

0.10 Max 

0.1 3-0.38 
2nd 0.005-0.015 0.13-0.38 

@ Unless otherwise noted 
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ENGINE SPECIFICATIONS - 9.9115 HP ( 3 0 5 ~ ~ )  TWO CYLINDER ENGINES 

Componant (in.) O (mm) O 
camhaft 
Lobe HeigM 

Intake end Exhaust 0.959.0.987 24.360-24.560 
Cyllnder Bore 
Diameter 2.559&2.5600 65.00-85.03 
Oversize Sewiw Limit 0.002 Max 0.05 Max 
Outof-mund 

Service Limit 0.003 Max 0.08 Max 
T a w  

Service Limit 0.002 Max 0.05 Max 
Cylinder Head 
Gasket Surface Warpage 

1995-98 0.004 Max 0.10 Max 
199901 0.003 per Inch 0.08 per 25.4mm 

Crankshati 
Top and Bottom Journals 

Diameter 1.2990.1 2994 32.99-33.01 
Crankpin 

Diameter 1.1801-1.1815 29-98-30.01 
Piston 
Compression Rings 

Groove clearance 
Service Limit 0.004 Max 

G ~ D  
0.10 Max 

production (Both Rings) 0.00&0.020 0.15451 
Valves 
Seat Concentricity 

Service Limit 0.002 Max 0.05 Max 

0 Unless otherwise noted 

ENGINE SPECIFICATIONS - 18-35 HP ( 5 2 1 ~ ~ )  TWO CYLINDER ENGINES 

Component (in.) O (mm) O 
Cylinder Bore 
standard Bore Diameter 2.9995-3.0005 76.1 9-76.21 
Oversize Service Limit 0.003 Max 0.08 Max 
Out-of-round 

Service Limit 0.003 Max 0.08 Max 
T a ~ e r  

Service Limit 0.002 Max 0.05 Max 
Cylinder Head 
~ a s k e t  Surface Warpage 

thru 1998 0.004 Max 0.10 Max 
1999-01 0.003 per Inch 0.08 per 25.4mm 

Crankshaft 
Top Journal 

Diameter 1.2510-1.2515 31.78-31.79 
Center Journal 

Diameter 1.1833-1.1838 30.06-30.07 
Bottom Journal 

Diameter 0.9842-0.9846 25.00-25.01 
Crankoin 

Diameter 1.1823-1.1828 30.03-30.04 
Piston 
Major Diameter O 

Zollner Pistons 2.9956-3.0266 76.1 1-76.88 
Art, Rightway Pistons 2.9969-3.0269 76.12-79.96 

Cam Dimension O 
Zollner Pistons 0.005-0.007 0.12-0.18 

Art. Rightway Pistons 0.001 5-0.0025 0.04-0.06 
Rinas 
Groove clearance (lower ring only) 

Service Limit 0.004 Max 
Gap 

0.10 Max 

Production 

TOP 0.007-0.017 0.1 8-0.43 
2nd 0.007-0.017 0.1 8-0.43 

6) Unless otherwise noted 

@ Major diameter is measured at a 90 degree angle to the wrist pin centerline, while minor diameter 
is inline with wrist pin 

O Cam dimension (similar to out-of-round) is the measured difference between major and minor 
diameters 
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ENGINE SPECIFICATIONS - 25-55 HP ( 7 3 7 ~ ~ )  TWO CYLINDER ENGINES 

Component (in.) O (mm) O 
Cvlinder Bore 
Standard Bore Diameter 3.1870-3.1880 80.95-80.98 
Oversize Service Limit 0.003 Max 0.08 Max 
Out-of-round 

Service Limit 0.003 Max 0.08 Max 
T a ~ e r  

Service Limit 0.002 Max 0.05 Max 
Cylinder Head 
Gasket Surface Warpage 

thru 1998 0.004 Max 0.10 Max 
1999-01 0.003 per Inch 0.08 per 25.4mm 

Crankshaft 
Top Journal 

Diameter - . - . . . -. - . 
1990 (and 1991 25D/40/48/50 hp models) 1.4974-1.4979 38.03-38.04 

1992-01 (1 991 40145155 commercial models) 1.4986-1.4991 38.06-30.08 
Center Journal 

Diameter 
1990 (and 1991 25Dl40148150 hp models) 1.3748-1.3752 34.92-34.93 

1992-01 (1 991 40145155 commercial models) 1.3745-1.3749 34.91-34.92 
Bottom Journal 

Diameter 1.1810-1.1815 30.00-30.01 
Crankpin 

Diameter 1.1823-1.1828 30.03-30.04 
Piston 
Major Diameter O 3.1831-3.2131 80.85-81.61 
Out-of-round @ 0.004 Max 0.1 0 Max 
Ring Gap 

Production (Both Rings) 
1990-94 @ 0.007-0.017 0.1 8-0.43 

1995 and later 
Standard 25D, 40.48 and 50150SPL Hp models 0.019-0.031 0.48-0.79 

Other Models @ 0.010-0.022 0.25-0.56 

O Unless otherwise noted 
O Major diameter is measured in line with the upper piston ring dowel pin 

O To determine out-of-round measure piston diameter at several other locations around the piston, each 
measurement must be smaller than Major diameter, but no more than out-of-round dimension 
@ These models years also have a ring side clearance specification of 0.004 in. (0.lOmm) 
@ Includes all Commercial models as well as 40RS, 40RP, 40RW, 40WR, 45 and 55 

ENGINE SPECIFICATIONS - 25135 HP (500/565~c) THREE CYLINDER ENGINES 

Component (in.) O (mm) O 
Cyllndw Bore 
Standard Bore Diameter 

25 Hp Moton 
35 Hp Motors 

Oversize Service Limit 
190598 0.004 Max 0.10 Max 

Service Limit 0.002 Max 0.05 Max 

0.004 Max 0.10 Max 
199401 0.003 per Inch 0.08 per 25.4mrn 

Crankshaft 
Top Journal 

Diameter 1.49791.4984 38.0538.06 
Center Journal 

Diameter 1.3748-1.3752 34.92-34.93 
Bottom Journal 

Diameter 1.1810-1.1815 30.CU30.01 
Crankcase Seal Ring 

Thickness (Servii Limit) 0.1 Min 2.5 Min 
Crankoin - . -. .. T.. . 

Diameter 1.1823.1.1828 30.03-30.04 
Piston 
Diameter 

25 Hp Mdon 2.3440-2.3450 59.5459.56 
35 Hp Motors 2.4940-2.4950 63.3563.37 

Outof-mund 0.003 Max 0.W Max 
Ring Gap 

Production 
Top 0.0050.020 0.13-0.51 
2nd 0.0050.020 0.13-0.51 

O Unless otherwise noted 
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ENGINE SPEClFlCATlONS - 25-70 HP ( 9 1 3 ~ ~ )  THREE CYLINDER ENGINES 

US.  Metric 
Component (in.) O (mm) O 

Cylinder Bore 
Standard Bore Diameter 3,1870-3.1880 80.95-80.97 
Oversize Service Limit 0.003 Max 0.08 Max 
Out-of-round 

Service Limit 0.003 Max 0.08 Max 
Taper 

Service Limit 0.002 Max 0.05 Max 
Cylinder Head 
Gasket Surface Warpage 

thru 1998 0.004 Max 0.10 Max 
1999-01 0.003 per Inch 0.08 per 25.4rnm 

Crankshaft 
Top Journal 

Diameter 1.4974-1.4979 38.03-38.05 
Center Journal 

Diameter 1.3748-1.3752 34.92-34.93 
Bottom Journal 

Diameter 1.1810-1.1815 30.00-30.01 
Crankpin 

Diameter 1.1823-1.1828 30.03-30.04 
Piston 
Diameter 3.1806-3.1841 80.79-80.88 
Out-of-round 0.003 Max 0.08 Max 
Ring Gap 

Production (Both Rings) 
1990-94 0 0.007-0.017 0.1 8-0.43 

1995 and later 
Except 65 Hp Models 0.019-0.031 0.48-0.79 

65 Hp Models 0.01 0-0.022 0.25-0.56 
(3 Unless othetwise noted 
@ These models years also have a ring side clearance specification of 0.004 in. (0.lOmm) 

ENGINE SPEClFlCATlONS - 40/50 HP ( 8 1 5 ~ ~ )  THREE CYLINDER ENGINES 

Component (mm) O 
Camshaft 
Journal 

Outer Diameter O 
Standard 0.90240.9037 22.934-22.955 

Senrice Limit 0.897 Min 22.784 Min 
Inner Diameter O 

Standard 0.90550.9063 23.000-23.021 
Service Limit 0.9122 Max 23.171 Max 

Oil Clearance 
Standard 0.001 80.0034 0.0450.087 

Sefvice Limit 0.0047 Max 0.120 Max 
Lobe Height - 40 Hp Moton 

ln&ke 
Standard 1.47751.4839 37.53-37.69 

Service Limit 1.4736 Min 37.43 Min 
Exhaust 

Standard 1.48581.4921 37.74-37.90 
Service Limit 1.4819 Min 37.64 Min 

Lobe Height - 50 Hp Motom 
Intake 

Standard 1.5051-1.5114 38.23-38.39 
Service Limit 1.5012 Min 38.13 Min 

Exhaust 
Standard 1.48581.4921 37.74-37.90 

Service Limit 1.4819 Min 37.64 Min 
Shaft Runout Service Limit 0.004 Max 0.10Max 
Cylinder Born 
Diameter 2.7953-2.7981 71.W71.02 
Oversize Senrice Limit 0 . W  Max 0.10 Max 
Out-ofwnd 

Senrice Limit 0.004 Max 0.10 Max 
T a w  

Service Limit 0.004 Max 0.10 Max 
Cylinder Block 
Gasket Surface Warpage 0.W24 Max 0.06 Max 
Cyilnder Head 
Gasket Surface Warpage 0.002 Max 0.05 Max 
Crankshaft 
End-Play 

Standard 0.0043-0.0122 0.11-0.31 
Service Limit 0.0138 Max 0.35 Max 

Main Bearings 
Case Bore Sue 1.9291-1.9298 49.000.49.018 

Journal 
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ENGINE SPECIFICATIONS - 40150 HP (815cc) THREE CYLINDER ENGINES 
- 

US. MeMc 
Component (in.) @ (mm) @ 

Production 0.001&0.0028 0.045-0.072 
Service Limit 0.0035 Max 0.090 Max 

Headdseats 
Head Thickness 

Intake 0.028 0.70 
Exhaust 0.020 0.50 

H&oSeat ConW Width 
Intake 0.071-0.087 1.80-2.20 

Exhaust 0.065-0.098 1.65-2.05 
Seat Concentricity 0.002 Max 0.050 Max 

Radial Hsad Runout 0.003 Max 0.080 Max 
Springs 

Free Length 
Produdion 1.30 33.1 

Service Limit 1.25 Min 31.8 Min 
ss-- 0.080 2.0 

Pressure 
Production 21.4-24.9 Ib. @ 1.12 in. 9.7-11.3 kg @ 28.5mm 

Service Limit 19.6 Ib. d 1.12 in. Min 8.9 kg @ 28.5mm Min 
Stems 

End Length 0.1280 Min 3.20 Min 
Height Above Deck 0.430 11.0 

Stem Outer Diameter 
Intake 0.2152-0.2157 5.4855.480 

Exhaust 0.2142-0.2148 5.4405.455 
Stem Run-Qut 0.002 Max 0.05 Max 

Ta~Dets . . 
Bore Inner Diameter 1.0630-1.0838 27.000-27.021 

Tappet Outer Diameter 1.06141.0620 26.959-26.975 
Tappet-to-Bore Clearance 

Production 0.00100.0024 0.025-0.062 
Service Limit 0.0059 Max 0.150 Max 

O Unless othetwise noted 
@ Specification is for outer diameter of camshaft journal 
@ Specification is for the inner diameter of the cylinder head camshaft journal holder 
@ Skirt outer diameter is measured 0.75 in. (19mm) from bottom 

ENGINE SPECIFICATIONS - 70 HP ( 1 2 9 8 ~ ~ )  FOUR CYLINDER ENGINES 

U.S. Metric 
Component (In.) O (mm) O 

Camshaft 
Joumal 

Outer Diameter O 
I 
2 
3 
4 
5 

lnner Diameter Q 
I 
2 
3 
4 
5 

Oil Clearance 
Standard 

Service Limit 
Lobe Height 

0.0020-0.0036 
0.0059 Max 

lntake 
Standard 1.4815-1.4878 

Service Limit 1.4776 Min 
Exhaust 

Standard 1.4814-1.4877 

0.050-0.091 
0.150 Max 

37.63-37.79 
37.531 Min 

37.63-37.79 
Service Limit 1.4775 Min 37.529 Min 

Shaft Runout Service Limit 0.004 Max 0.10 Max 
Cylinder Bore 
&meter 2.9134-2.9142 74.00-74.02 
Oversize Service Limit 0.004 Max 0.10 Max 
Out-of-round 

Service Limit 0.004 Max 0.10 Max 
Taper 

Service Liml 0.004 Max 0.10 Max 
Cylinder Block 
Gasket Surface Warpage 0.0024 Max 0.06 Max 
Cvlinder Head 
~ k k e t  Surface Warpage 0.002 Max 0.05 Max 
Crankshaft 
End-Play 

Standard 0.0043-0.0122 
Service Limit 0.0150 Max 

Main Bearings 
Case Bore Size 2.2047-2.2054 

Journal 
Diameter 2.0465-2.0472 

0.11-0.31 
0.38 Max 
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POWERHEAD REPAIR AND OVERHAUL 6-99 

ENGINE SPECIFICATIONS - 70 HP ( 1 2 9 8 ~ ~ )  FOUR CYLINDER ENGINES 

US. Metric 
Component (In.) (3 (mm) @ 

Taper and Out-of-Round 0.0016 Max 0.040 Max 
Oil Clearance 

Standard 0.0006-0.0014 0.016-0.036 
Service Limit 0.0024 Max 0.060 Max 

RukOut (at Center Journal) 0.002 Max 0.06 Max 
Thrust Bearing Thickness 0.097-0.099 2.47-2.52 
Crankpi n 

Journal 
Diameter 1.6528-1.6535 41.982-42.000 

T a w  and Outof-Round 0.0016 Max 0.040 Max 
~ i ~ - ~ n d  Width 0.870-0.874 22.10-22.20 

Connecting Rod 
Big-End width 
Big-End Oil Clearance 

Standard 
Senrice Limlt 

0.00080.0020 
0.0031 Max 

O.OZO-O.O5O 
0.079 Max 

Rod-t&rankshaft Side Clearance 0.004-0.014 0.1 0-0.35 
P h n s  
Clearance 

Production 0.00080.0016 0.020-0.040 
Service Limit 0.0039 Max 0.100 Max 

Ring Groove Width 
Top Compression Ring Groove 0.0480.049 1.22-1.24 

Bottom Compression Ring Groove 0.059-0.060 1.51-1.53 
Oil Ring G m e  0.111-0.112 2.81-2.83 

Out-of-round 0.003 Max 0.08 Max 
Skirt Outer Diameter O 2.9122-2.9130 73.970-73.990 
Compression Rings 

Groove Clearance (Production) 
TOP 0.0012-0.0027 0.03-0.07 
2nd 0.0008-0.0024 0.02-0.06 

Groove Clearance (Service Limit) 
TOP 0.0047 Max 0.12 Max 
2nd 0.0039 Max 0.10 Max 

Gap (Production) 
TOP 0.00&0.028 0.15-0.70 
2nd 0.008-0.028 0.204.70 

Ring Thickness 
TOP 0.046-0.047 1.17-1.19 
2nd 0.05&0.059 1.47-1.49 

Piston pin 
8ore Inner Diameter 0.6694-0.6697 17.003.17.011 
Pin Outer Diameter 0.6691 -0.6693 16.99517.000 

Clearance e 

Production 0.0001-0.0006 0.003-0.015 
Service Limit 0.0018 Max 0.040 Max 
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6-100 POWERHEAD REPAIR AND OVERHAUL 

ENGINE SPECIFICATIONS - 70 HP ( 2 2 9 8 ~ ~ )  FOUR CYLINDER ENGINES 

U.S. Metric 
Component (in.) O (mm) @ 

Valve system 
Guides 

Inner Diameter 0.27560.2762 7.ooO-7.015 
lntake Guide-tostm Clearance 

Production 0.000&0.0020 0.020-0.050 
Service Limit 0.0028 Max 0.070 Max 

Exhaust Guide-testem Clearance 
Production 0.001 84.0030 0.045-0.075 

Service Limit 0.0035 Max 0.090 Max 
HeadsISeats 

Head Thickness 
Intake 0.028 0.70 

Exhaust 0.020 0.50 
Head-to-Seat Contact Width 

Intake 0.071-0.087 1.80-2-20 
Exhaust 0.0650.098 1.65-2.05 

Seat Concentricity 0.002 Max 0.050 Max 
Radial Head Runout 0.003 Max 0.080 Max 

Springs 
Free Length 

Production 1.94 49.3 
Service Limit 1.89 Min 48.1 Min 

Squareness 0.080 2.0 
Pressure 

Production 54.7-64.3 Ib. @ 1.63 in. 24.829.2 kg @ 41.5mm 
Service Limit 50.2 Ib. @ 1-63 in. Min 22.8 kg @ 41.5mm Min 

Stems 
End Length 0.2380 Min 6.05 Min 

Height Above Deck 0.550 14.0 
Stem Outer Diameter 

Intake 0.2742-0.2748 6.9656.980 
Exhaust 0.2732-0.2738 6.940-6.955 

Stem Run-Out 0.002 Max 0.05 Max 
Rocker Arms and Shafts 

Rocker Arm Inner Diameter 0.6299-0.6306 18.000-36.017 
Rocker Arm Shaft Outer Diameter 0.6289-0.6294 15.974-1 5.987 
Shaft-to-Rocker Arm Clearance 

Production 0.0005-0.0018 0.012-0.045 
Service Limit 0.0035 Max 0.090 Max 

Shaft Runout 0.005 Max 0.120 Max 

@ Unless otherwise noted 
@ Specification is for outer diameter of camshaft journal 
@ Specification is for the inner diameter of the cylinder head camshaft journal holder -. 

@ Skirt outer diameter is measured 0.75 in. (19mm) from bottom 
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GEARCASE ................ 
DESCRIPTION AND OPERATIO! 
GEARCASE ASSEMBLY . . . . . . .  

REMOVAL & INSTALLATION . . 
ColtlJunior (43cc) . . . . . . . . .  
2.0.3.5 Hp ( 7 8 ~ ~ )  . . . . . . . . . .  
5 Hp (1 09cc) . . . . . . . . . . . . .  
314 Hp (87cc) . . . . . . . . . . . . .  
4 Deluxe (87cc) . . . . . . . . . . .  
516 Hp (1 28cc) . . . . . . . . . . . .  

. . . . . . . . . .  51618 Hp (1 64cc) 
819.9 Hp (211cc) . . . . . . . . . .  
9.9.1 5 Hp (21 61255~~) . . . . . .  
9.9115 Hp (305cc) . . . . . . . . .  
1011 4 (21 61255cc) . . . . . . . . .  
20-35 Hp ( 5 2 1 ~ ~ )  . . . . . . . . . .  
25/35 Hp (5001565~~) . . . . . .  
25-55 Hp ( 7 3 7 ~ ~ )  . . . . . . . . . .  
25-70 Hp (91 3cc) (Exc . Jet) . . 
40150 Hp (815cc) EFI . . . . . .  
70 Hp (1298cc) EFI . . . . . . . .  

. . . .  PROPELLER SHAFT SEAL 
REPLACEMENT . . . . . . . . . . . .  

ColffJunior (43cc) . . . . . . . . .  
2.0-3.5 Hp ( 7 8 ~ ~ )  . . . . . . . . . .  
5 Hp (109cc) . . . . . . . . . . . . .  
314 Hp (87cc) . . . . . . . . . . . . .  
4 Deluxe (87cc) . . . . . . . . . . .  
516 Hp (1 28cc) . . . . . . . . . . . .  
51618 Hp (1 64cc) . . . . . . . . . .  
819.9 Hp (21 1 cc) . . . . . . . . . .  
9.9-1 5 Hp (21 61255~~) . . . . . .  
9.9115 Hp (305cc) . . . . . . . . .  

. . . . .  10114 Hp (211ccl255cc) 
20-35 Hp (521 CC) . . . . . . . . . .  
25135 Hp (5001565~~) . . . . . .  
25-55 Hp ( 7 3 7 ~ ~ )  . . . . . . . . . .  
25-70 Hp (91 ~ C C )  . . . . . . . . . .  
40150 Hp (815cc) EFI . . . . . .  

. . . . . . . .  70 Hp (1 298cc) EFI 
................. JET DRIVE 

DESCRIPTION & OPERATION . 
. . . . . . . . . . . . . . . .  IMPELLER 

Removal, Shimming & Installs 
JET DRIVE ASSEMBLY . . . . . .  

Removal & Installation . . . . . .  
. . . . . . . . . . .  REVERSE GATE 
. . . . . . . . . .  Gate Adjustment 

Remote Cable Adjustment . . .  
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7-2 LOWER UNIT 

+ See Figure 1 

The gearcase is considered that part of the outboard below the 
midsectioniexhaust housing. The gearcase contains the propeller shaft, the 
driven and pinion gears, the driveshaft from the powerhead and the water 
pump. On models equipped with shifting capabilities, the fonvard and reverse 
gears, together with the clutch, shift assembly, and related linkage, are all 
housed within the case. 

The single most important task for proper gearcase maintenance is 
inspecting it for signs of leakage after each use. If oil can get out, then water 
can get in. And, water, mixing with or replacing the oil in the gearcase will 
wreak havoc with the shafts and gears contained within the housinq. 

The second most important task for proper gearcase maintenance is 
checkinq and maintainina the oil inside the case. Not onlv is it im~ortant to 
make s i re the oil is at t k  proper level (not above or below), but it is 
important to check the oil for signs of contamination from moisture. Water 
entering the gearcase will usually cause the oil to turn a slightly milky-white 
color. Also, significant amounts of water mixed with the oil will give the 
appearance of an overfilled condition. 

If you suspect water in the gearcase, start by draining and closely 
inspecting the fluid (refer to the procedures found in the Maintenance and 
Tune-Up section). Then, refill the unit with fresh oil and test the outboard (by 
using it!). Watch the fluid level closely after the test, and for the first few 
outings. If any oil leaks out or water enters, either the propeller shaft seal 
must be replaced or the gearcase must be disassembled, inspected and 
completely overhauled. To be honest, a complete overhaul is recommended, 
because corrosion and damage may have occurred if moisture was in the 
gearcase long enough. But, in some cases, if the leak was caught in time, 
and there is no significant wear, damage or corrosion in the gearcase, the 
propeller shaft seal can usually be replaced with the gearcase still installed 
to the outboard. 

The last, most important task you can perform to help keep your gearcase 
in top shape, is to flush the inside and outside of the aearcase after each 
use.'~inse the outside of the unit with a hose to remove any sea life, salt, 
chemicals or other corrosion inducing substances that you may have picked 
up in the water. Cleaning the gearcase will also help you spot potential 

Fig. 1 A neglected lower unit cannot be expected to perform to 
maximum efficiency, compared with a unit receiving TLC (tender 
loving care) 

trouble, such as gearcase oil leaks, cracks or damage that may have 
occurred during use. Remove any sand, silt or dirt that could potentially 
damage seals or clog passages. Once you've rinsed the outside, hook up a 
flushing device and do the same for the inside. Again, details are found in 
the Maintenance and Tune-up section, look under Flushing the Cooling 
System. 

REMOVAL & INSTALLATION 

The most common reason for removrng and installing the gearcase IS to 
perform service (inspect or replace) the water pump impeller. On all motors 
except the 2.0-3.5 hp (78cc) motors, the water pump is found on the 
gearcase-to-midsection (sometimes known as the intermediate or exhaust 
housing) split line. On 2.0-3.5 hp (78cc) motors the pump is mounted just in 
front of the propeller, so the gearcase does not have to be removed on these 
small motors in order to service the pump. 

Removal and installation ~rocedures are ~rovided here for each of the 
gearcases used on these ~&nson/~vinrude'motors. Exploded views are also 
provided, in case disassembly and overhaul are required. 

ColtiJunior (43cc) Motors 
+ See Figures 2 and 3 

1. For safety, disconnect the spark plug lead, then ground it to the 
cylinder head. 

2. If necessary for service or access, remove the propeller, for details 
refer to the procedure in the Maintenance and Tune-Up section. 

3. Remove the two screws securing the lower unit to the exhaust 
housing. 

4. Taking Care not to damage the driveshaft and the water tube, 
separate the lower unit from the exhaust housing by pulling straight 
downward. 

5. If necessary for service or overhaul, drain the gear oil from the 
gearcase. 

6. Thoroughly inspect the gearcase and exhaust housing for signs of 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 

To install: 
7. Apply a light coating of OMC Moly Lube, or equivalent assembly 

lubricant to the driveshaft splines. Be sure to coat only the SIDES of the 
splines and not the top of the shaft, as that could hydraulically prevent the 
driveshaft from fully seating in the crankshaft spline. 

8. Apply a light coat of clean liquid soap to the water tube grommet. 
9. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 

the threads of the 2 gearcase mounting screws. 
10. Install the gearcase, while carefully aligning the water tube in the 

arommet and the driveshaft s~l ines to the crankshaft shaft. If necessarv, turn 
?he propeller shaft slowly clockwise (when viewed from the shaft end) io 
align the splines. 

Retaining 

Fig. 2 The gearcase is secured to by 2 bolts 
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LOWER UNIT 7-3 
ALWAYS spin the propeller or propeller shaft clockwise, when 

viewed from the shaft end, in order to prevent possible damage to the 
water pump impeller. 

11. Install the 2 gearcase mounting screws and tighten to 60-84 inch Ibs. 
(7-9 Nmk , -  

12. ~~~l~ a light coating of OMC Triple-Guard, or equivalent marine 
grease to the propeller shaft and to a new propeller drive pin. 

13. Install the propeller and secure using a new cotter pin. For more 
details, please refer to Propeller under the Maintenance and Tune-up 
section. 

14. Properly refill the gearcase with lubricant. For details, please refer to 
the procedure in the Maintenance and Tune-up section. 

15. Reconnect the spark plug lead. 

2.0-3.5 HD (78cc) Motors . .  . 

DERA TE 

+ See Figures 4,5 and 6 

Remember, the gearcase does not have to be removed from the 
outboard in order to service the water pump on these models. 

1. For safetv, disconnect the spark plug lead, then ground it to the . . -  
cylinder head. 

2. Remove the propeller. for details refer to the procedure in the 
Maintenance and ~ u n e - u p  section 

Water  pump grommet  

Water  pump housing 

Impeller plate 

Impeller- aP 
Impeller cup -a 

Screw 
I 

I 
Propeller shaft a n d  gear  assy 

FilVDrain plug 6% 
Fig. 3 Exploded view of the gearcase assembly - ColtIJunior 
motors 

3. Remove the 2 bolts securing the gearcase to the exhaust housing. 
One bolt is threaded upward from under the cavitation plate (just above the 
propeller, and behind the water intake). The other bolt is threaded downward, 
from the very front of the outboard on a boss, above the cavitation plate. 

4. Separate the gearcase assembly from the outboard by pulling 
carefully straight downward, withdrawing the driveshaft and water tube from 
the exhaust housing. 

5. If necessary, carefully pull the tube and upper driveshaft 
(transmission shaft) from the gearcase. 

6. If necessary for service or overhaul, drain the gear oil from the 
gearcase. 

7. Thoroughly inspect the gearcase and exhaust housing for signs of 
damane. Make sure all mating surfaces are clean and free of debris, 
corroion or damage. 

To install: 
8. If removed, insert the transmission tube into the exhaust housing, 

pushing the tube into the lower crankshaft seal. 
9. Apply a light coating of OMC Moly Lube, or equivalent assembly 

lubricant to both ends of the transmission shaft and to the driveshaft splines. 
Insert the shaft into the tube and push the shaft onto the end of the 
crankshaft. 

10. Apply a light coat of clean engine oil to the water tube grommet. 
11. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 

the threads of the 2 gearcase mounting screws. 
12. Install the gearcase, while carefully aligning the water tube in the 

grommet and the driveshaft splines to the transmission shaft. If necessary, 
turn the propeller shaft slowly clockwise (when viewed from the shaft end) to 
align the splines. 

ALWAYS spin the propeller or propeller shaft clockwise, when 
viewed from the shaft end, in order to prevent possible damage to the 
water pump impeller. 

13. Install the 2 gearcase mounting screws and tighten to 89-115 inch 
Ibs. (10-13 Nm). 

I/ ,,,, 
Fig. 4 The gearcase is secured by 2 bolts, one above and one 
below the cavitation  late 
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7-4 LOWER UNIT 

&intermediate 
tube 

Fig. 5 During installation, take care to align the transmission shaft 
and driveshaft flats, while also guiding the water tube into the 
grommet 

14. Apply a liaht coating of OMC Triple-Guard, or eauivalent marine 
grease to the propeller shdt and to a new propeller driv'e pin. 

15. lnstall the propeller and secure using a new cotter pin. For more 
details, please refer to Propeller under the Maintenance and Tune-Up 
section. 

16. Properly refill the gearcase with lubricant. For details, please refer to 
the procedure in the Maintenance and Tune-up section. 

17. Reconnect the spark plug lead. 

5 Hp (109cc) Motors 

+ See Figure 7 

1. For safety, disconnect the spark plug lead, then ground it to the 
cylinder head. 

2. Remove the propeller, for details refer to the procedure in the 
Maintenance and Tune-Up section. 

3. Drain the gearcase oil. For details, please refer to the procedure in 
the Maintenance and Tune-Up section. 

4. Remove the cover from the starboard side of the exhaust housing in 
order to access the shift rod, then loosen the shift rod screw. 

5. Remove the 2 bolts securing the gearcase to the exhaust housing. 
Both bolts are threaded up into the exhaust housing from underneath the 
cavitation plate, one at the front of the plate and the other, toward the rear of 
the plate. 

6. Separate the gearcase assembly from the outboard by pulling 
carefully straight downward, withdrawing the driveshaft from the exhaust 
housing as it is lowered. 

Check the water pump to see if the water tube bushing stayed 
behind on the tube or if it is contained in the pump housing. 

7. Thoroughly inspect the gearcase and exhaust housing for signs of 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 

To install: 
8. Apply a light coating of OMC Moly Lube, or equivalent assembly 

lubricant to the driveshaft splines. 
9. Apply a light coating of RTV sealant to the mating surfaces of the 

gearcase and the exhaust housing. 
10. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to the threads of the 2 gearcase-to-exhaust housing bolts. 
11. lnstall the gearcase, while carefully aligning the dowel pins, water 

tube, water pump seal and driveshaft. 
12. lnstall the 2 gearcase mounting screws and tighten to 11-15 ft. Ibs. 

(1 5-20 Nm). 
13. lnstall the propeller and secure using a new cotter pin. For more 

details, please refer to Propeller under the Maintenance and Tune-Up 
section. 

14. Properly refill the gearcase with lubricant. For details, please refer to 
the procedure in the Maintenance and Tune-Up section. 

15. Reconnect the spark plug lead. 

314 Hp (87cc) Motors 

+ See Figures 8 ,9  and 10 

1. For safety, disconnect the spark plug lead, then ground it to the 
cylinder head. 

2. Remove the propeller, for details refer to the procedure in the 
Maintenance and Tune-Up section. 

3. Drain the gearcase oil. For details, please refer to the procedure in 
the Maintenance and Tune-Up section. 

4. Remove the cover from the starboard side of the exhaust housing in 
order to access the shift rod, then loosen the shift rod screw. 

5. Remove the 2 bolts securing the gearcase to the exhaust housing. 
Both bolts are threaded up into the exhaust housing from underneath the 
cavitation plate, one at the front of the plate and the other, toward the rear of 
the plate. 

6. Separate the gearcase assembly from the outboard by pulling 
carefully straight downward, withdrawing the driveshaft from the exhaust 
housing as it is lowered. 

7. Thoroughly inspect the gearcase and exhaust housing for signs of 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 

To install: 
8. Apply a light coating of OMC Moly Lube, or equivalent assembly 

lubricant to the driveshaft splines. But, be careful not to coat the top surface 
of the driveshaft, as lubricant there could hydraulically prevent the driveshaft 
from seating in the crankshaft. 

9. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 
the threads of the 2 gearcase-to-exhaust housing bolts. 

10. lnstall the gearcase, while carefully aligning the water tube into the 
pump grommet, the shift rod into the shift rod bushing and the driveshaft to 
the crankshaft. 

When installing a gearcase that uses an extension, do NOT tighten 
the bolts until you are certain both the gearcase and extension have 
been properly aligned to the exhaust housing and powerhead. 

11. lnstall the 2 gearcase mounting screws and tighten to 60-84 inch Ibs. 
(7-9 Nm). 

12. lnstall the propeller and secure using a new cotter pin. For more 
details, please refer to Propeller under the Maintenance and Tune-up - 
section. 

13. Properly refill the gearcase with lubricant. For details, please refer to 
the procedure in the Maintenance and Tune-Up section. 

14. Reconnect the spark plug lead. 
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LOWER UNIT 7-5 
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7-6 LOWER UNIT 

Retaining 
screw 

Fig. 8 Remove the 2 bolts securing the gearcase to the midsection 
(intermediate housing). . . 

intermediate 

Fig. 9 . . . then remove the gearcase, taking care not to damage the 
water tube, shift rod and driveshaft 

Driveshaft 

Driveshaft 
Water 

t 

Sleeve 
Shift 4 

rod 

Gearcase Ext. I Assy Bushing\8 Be 
0 

Thrust bearing Assy Drive Pin Clutch hub ~ s s y  Thrust bearing Assy 

Fig. 10 Exploded view of the gearcase assembly - 314 hp (87cc) motors 
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LOWER UNIT 7-7 
4 Deluxe (87cc), 516 Hp (128cc) and 51618 Hp (164cc) Mot05 

+ See Figures 11,12 and 13 
DERATE 

1. For safety, disconnect the spark plug lead(s), then ground it(them) to 
the cylinder head. 

2. Remove the propeller, for details refer to the procedure in the 
Maintenance and Tune-Up section. 

3. Drain the gearcase oil. For details, please refer to the procedure in 
the Maintenance and Tune-Up section. 

4. Rotate the propeller shaft slowly by hand and shift the gearcase into 
forward. 

5. Remove the 3 bolts securing the gearcase to the exhaust housing. 
One bolt is threaded downward into the gearcase on top of a boss at the 
front of the exhaust housing. The other 2 bolts are threaded upward into the 
exhaust housing from underneath the cavitation plate (immediately adjacent 
to the anode). 

Fig. 11 On these models, 2 of the gearcase bolts are found 
adjacent to the anode I Fig. 12 When removing the gearcase, take care not to damage the 

water tube. shift rod or driveshaft 
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7-8 LOWER UNIT 
6. Separate the gearcase assembly from the outboard by pulling 

carefully straight downward, withdrawing the driveshaft and shift rod from the 
exhaust housing as it is lowered. 

7. Thoroughly inspect the gearcase and exhaust housing for signs of 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 

To install: 
8. If the gearcase was overhauled or otherwise serviced, rotate the 

propeller shaft slowly by hand and shift the gearcase into forward. 
9. Apply a light coating of OMC Moly Lube, or equivalent assembly 

lubricant to the driveshaft splines. But, be careful not to coat the top surface 
of the driveshaft, as lubricant there could hydraulically prevent the driveshaft 
from seating in the crankshaft. 

10. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lower outside diameter of the water tube. 

11. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 
the threads of the 3 gearcase retaining bolts. 

12. Install the gearcase, while carefully aligning the water tube into the 
pump grommet, the shift rod into position and the driveshaft to the 
crankshaft. If necessary, slowly rotate the flywheel clockwise (when viewed 
from above) in order to align the crankshaft and driveshaft splines. 

When installing a gearcase that uses an extension, do NOT tighten 
the bolts until you are certain both the gearcase and extension have 
been properly aligned to the exhaust housing and powerhead. 

13. Install the 3 gearcase mounting bolts. Tighten the 1 front bolt 
(threaded downward into the gearcase) to 120-144 inch Ibs. (14-16 Nm) and 
the 2 rear bolts (threaded upward into the gearcase) to 60-84 inch Ibs. (7-9 
Nm). 

14. Install the propeller and secure using a new cotter pin. For more 
details, please refer to Propeller under the Maintenance and Tune-up 
section. 

15. Properly refill the gearcase with lubricant. For details, please refer to 
the procedure in the Maintenance and Tune-Up section. 

16. Reconnect the spark plug lead(s). 

819.9 Hp (211cc), 9.9-15 Hp (2161255~~) and 9.9115 Hp (305cc) Motors 

0 See Figures 14 thru 19 

There are some indications that the 10114 hp (2161255~~) 2-stroke 
commercial models were usually equipped with the split-type gearcase 
used by 25 Commercial and 28 hp (521cc) motors covered later in this 
section. The quick and easy wayto determine if you should instead 
follow THAT procedure would be to check the gearcase at the height 01 
the prop shaft. If there is a seam (split line) that runs the horizontal 
length of the case, refer to the procedure for the 521cc Commercial 
motors later in this section. 

Fig. 14 To remove the gearcase, remove the 3 bolts from either 
side 

1. For safety, disconnect the spark plug leads and ground them to the 
cylinder head. For electric start models, disconnect the negative battery 
cable for safety as well. 

2. Remove the propeller, for details refer to the procedure in the 
Maintenance and Tune-Up section. 

3. Drain the gearcase oil. For details, please refer to the procedure in 
the Maintenance and Tune-Up section. 

4. For 819.9 hp (2l lcc) 4-stroke motors, remove the clip from shift shaft, 
then tap the shaft in order to free the clevis from the shaft. Finally, remove 
the snap pin from the clevis retaining the pin to the shift rod (remove the pin 
and clevis). 

5. For 9.9115 hp (305cc) 4-stroke motors, remove the clip from the shift 
lever connector (at the front of the motor, right below the ignition module). 
Then remove the shift connector from the lever (unscrew the connector from 
the shift rod). 

6. Remove the 6 bolts securing the gearcase to the exhaust housing (or 
extension on 20 and 25 in. models). There are 3 bolts threaded upward from 
below the gearcase flange on either side of the outboard. 

7. Separate the gearcase assembly from the outboard by pulling 
carefully straight downward, withdrawing the driveshaft and shift rod from the 
exhaust housing as it is lowered. On 9.9-15 hp (2161255~~) motors, once the 
gearcase is just separated from the exhaust housing, loosen and remove 
the shift rod connector screw, then pull the gearcase completely free. 

8. Thoroughly inspect the gearcase and exhaust housing for signs of 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 

To install: 
9. On models with a gearcase extension, make sure the driveshaft tube 

extension, water tube extension andlor gearcase exhaust seals are all in 
place, as applicable. Apply a light coating of OMC Triple-Guard or equivalent 
marine grease to the end of the water tube coming out of the extension. 

10. Apply a light coating of OMC Moly Lube, or equivalent assembly 
lubricant to the driveshaft splines. But, be careful not to coat the top surface 
of the driveshaft, as lubricant there could hydraulically prevent the driveshaft 
from seating in the crankshaft. 

11. For 9.9-15 hp (2161255~~) motors, pull upward on the shift rod to 
place the gearcase into reverse, then move the shift lever on the outboard to 
reverse also. 

12. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lower outside diameter of the water tube or water pump seal 
(as applicable). 

13. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 
the threads of the 6 gearcase retaining bolts. For 9.9-15 hp (2161255~~) 
motors, apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the shift rod connector screw. Place all 
boltslscrews aside on a clean surface for use in the next steps. 

14. Install the gearcase, while carefully aligning the water tube into the 
pump grommet, the shift rod (either into the lower motor cover grommet for 
4-stroke motors or into position at the shift rod connector on 2-stroke motors) 
and the driveshaft to the crankshaft splines 

Fig. 15 On 2-stroke models, pull the gearcase down sufficiently to 
disconnect the shift rod linkage 
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LOWER UNIT 7-9 
W On 2-stroke motors, don't fully seat the gearcase to the exhaust 
housing or extension housing until the shift rod is fastened in the next 
step. 

15. For 9.9-15 hp (2161255~~) motors, align the groove in the lower shift 
rod with the screw hole in the connector, then install and tighten the screw to 
60-84 inch Ibs. (7-9 Nm). 

W When installing a gearcase that uses an extension, do NOT tighten 
the bolts until you are certain both the gearcase and extension have 
been properly aligned to the exhaust housing and powerhead. 

17. For 9.9115 hp (305cc) Cstroke motors, thread the shift rod connector 
onto the shift rod until it bottoms, then turn the connector back just until the 
hole in it aligns with the shift arm. Secure the shift rod connector onto the 
shift arm pin using a clip. 

18. For 819.9 hp (211cc) Cstroke motors, position the clevis and pin on 
the shift rod, then secure using the snap pin. Next, align the clevis with the 
shaft and push the shaft through both sides of the clevis. Install the clip on 
the shaft. 

19. Grease the shaft, then properly install and secure the propeller. For 
more details, please refer to Propeller under the Maintenance and Tune-up 
sectinn - - - . . - . . . 

16. Install the 6 gearcase mounting bolts and tighten to 96-120 inch Ibs. 20. Properly refill the gearcase with lubricant. For details, please refer to 
(11-14 Nm). the procedure in the Maintenance and Tune-up section. 

21. Reconnect the spark plug leads. 

Lock 

Bushing,@ 

Sleeve 

Assy 

Fig. 16 Exploded view of a typical gearcase assembly used on 819.9 hp (211cc), 9.9-15 hp (2161255~~) and 9.9115 hp (305cc) motors (note the shift 
rod on 9.9115 hp Cstroke motors is straight, and not cocked forward as on other models, also most 1990-95 models use dual back-to-back 
propshafi seals) 

Fig. 17 On 2-strokes, the shift rod 
connector bolt must fit in the groove. . . Fia. 18 ... place the connector in position.. . 

Fig. 19 . . . then thread and tighten the bolt 
locking it to the groove 
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10114 (2161255cc), 20-35 Hp (521cc) and 25135 Hp (5001565~~) Motors 

Except Jet, 10/14 Hp, 28 Hp, 30 SPL and Some 25 Hp Comm Models 

+ See Figures 20 thru 25 

The gearcase used on most 20-35 hp (521cc) motors (not including Jet, 
28 hp, 30 SPL and some commercial 25 hp models) is the identical unit used 
by the 25135 hp (5001565~~) 3-cylinder motors. The water intake screens on 
this gearcase provide access to the shift rods for disconnection before the 
gearcase is removed. Otherwise, the unit is similar to most of the other 
JohnsonlEvinrude gearcases used by both larger and smaller inline motors. 
The gearcase itself is a I-piece housing that can be disassembled by 
removing shaft components from the top and from the end of the housing. 

However, some 10114 hp (2161255~~) and 25 hp Commercial and all 28 
hp and 30 SPL (521cc) motors are equipped with a split lower gearcase, that 
is easily identified by the split line that runs along the housing around the 
propeller shaft. On this gearcase, the access to the propshaft components is 
available once the lower housinglskeg is unbolted from the rest of the 
gearcase. Service procedures for the split gearcase models are covered later 
in this section. 

1. For safety, disconnect the spark plug leads and ground them to the 
cylinder head. For electric start models, disconnect the negative battery 
cable for safety as well. 

2. Matchmark the trim tab to the gearcase for installation purposes, 
then remove the trim tab. 

3. Remove the propeller, for details refer to the procedure in the 
Maintenance and Tune-Up section. 

4. Drain the gearcase oil. For details, please refer to the procedure in 
the Maintenance and Tune-up section. 

5. Loosen and remove the 2 Phillips screws and remove the water 
intake screens (at either side of the gearcase) for access to the shit rod 
assembly. 

6. Check the upper shift rod for signs of paint residue. If there is any 
paint on the upper shit rod, remove it before disengaging the shift rod 
connectors. 

7. Using 2 open-end wrenches, loosen and disconnect the shift rod 
through the opening in the side of the gearcase provided by removing the 
water intake screens. Remove the plastic keeper from the upper rod, then if 
possible, slip the upper fitting nut off the rod. If not, leave the upper fitting nut 
in place until the gearcase is removed. 

8. Remove the fasteners securing the gearcase to the exhaust housing. 
There are either 3 bolts threaded upward from below the gearcase flange on 
either side of the outboard (for most 521cc models) or there are 4 bolts (two 
on either side) and a nut (on top of the exhaust housing). The second 
configuration (4 bolts and a nut) is normally found on 5001565cc models). 

9. Separate the gearcase assembly from the outboard by pulling 
carefully straight downward. Be careful not to damage the driveshaft, shift 
rod or the water tube. 

10. Thoroughly inspect the gearcase and exhaust housing for signs of 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 

Fig. 20 The water intake grates act as a 
window.. . 

To install: 
11. Check the water tube for damage. Visually inspect the outer diameter 

for signs of dents or burrs and remove if the water tube is being reused. 
Make sure the water tube washer is positioned on the tube. 

12. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the upper and lower outside diameter of the water tube then install 
the straight end of the tube through the guide into the inner exhaust tube. 

13. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to 2 new driveshaft spacer O-rings, then install the O-rings on the 
driveshaft spacer and position the spacer in the exhaust housing with the 
tabs facing the rear of the housing. 

14. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the upper shift rod, then temporarily install the upper shift rod 
connector (fitting nut) on the gearcase lower shift rod (since it usually cannot 
be positioned once the gearcase is installed). 

15, Apply a light coating of OMC Moly Lube, or equivalent assembly 
lubricant to the driveshaft splines. But, be careful not to coat the top surface 
of the driveshaft, as lubricant there could hydraulically prevent the driveshaft 
from seating in the crankshaft. 

16. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the 5 or 6 gearcase fasteners (6 bolts or 
4 bolts and a studlnut, as applicable). Place all fasteners aside on a clean 
surface for use in the next steps. 

17. Install the gearcase, while carefully aligning the water tube into the 
pump grommet and the driveshaft to the crankshaft splines. If necessary, 
slowly rotate the flywheel clockwise (when viewed from above) to align the 
crankshaft splines with the driveshaft. 

When installing a gearcase that uses an extension, do NOT tighten 
the bolts until you are certain both the gearcase and extension have 
been properly aligned to the exhaust housing and powerhead. 

18. Install the gearcase mounting fasteners and tighten to 192-216 inch 
Ibs. (22-25 Nm). 

19. Slide the shift rod upper connector (fitting) half up onto the upper rod 
and then install the plastic keeper below it. Reposition the shift lever until the 
upper shift rod contacts the lower shift rod connector. Hold the lower 
connector while you thread the upper connector by hand, use an open-end 
wrench to hold the lower connector while using another wrench to securely 
tighten the upper connector. 

20, Install the water intake screens to both the port and starboard side of 
the gearcase and tighten the screws securely. 

21. Grease the shaft, then properly install and secure the propeller. For 
more details, please refer to Propeller under the Maintenance and Tune-Up 
section. 

22. Align the matchmarks made earlier, then securely reinstall the trim 
tab. 

23. Properly refill the gearcase with lubricant. For details, please refer to 
the procedure in the Maintenance and Tune-Up section. 

24. Reconnect the spark plug leads and, if applicable, connect the 
negative battery cable. 

25. If necessary, adjust the shift lever andlor neutral start switch. 

Fig. 21 . . . through which you can access 
the shift rod 

FITTING 
IT 

Fig. 22 Unlhread the upper fitting nut and 
remove the keeoer 
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LOWER UNIT 7-11 

Fig. 23 Loosen the retainers (3-cylinder motor shown, 2-cylinder 
motor normallv use 6 bolts) I Fig. 24 During removal or installation, take care to prevent 

damaaina the shift rod, water tube and driveshaft 
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28 Hp, 30 SPL and Some 10/14 Hp, 25 Hp Comm Models (With Split 
Lower Gearcases) A 

ERATE + See Figures 17 thru 19 and 26 

Unlike the more conventional 1-piece gearcase housing used on most 
JohnsonIEvinrude motors (including most 521cc models), some 25 hp 
Commercial and all 28 hp and 30 SPL (521cc) motors are equipped with a 
split lower gearcase. Models with the split gearcase are easily identified by 
the split line that runs along the housing in alignment with the propeller shaft 
or the 6 bolt heads that are visible at the bottom of the gearcase threaded 
upward on either side of the skeg. On this gearcase, the access to the 
propshaft components is available once the lower housingiskeg is unbolted 
from the rest of the gearcase. 

1. For safety, disconnect the spark plug leads and ground them to the 
cylinder head. For electric start models, disconnect the negative battery 
cable for safety as well. 

2. Remove the propeller, for details refer to the procedure in the 
Maintenance and Tune-up section. 

3. Loosen the retainers, then remove the cover plate and gasket from 
the port side of the exhaust housing for access to the shift rod connector. 

4. Shift the outboard into forward gear, then loosen and remove the 
lower bolt from the shift rod connector. 

5. Remove the 4 bolts (two on either side) and the nut (on top of the 
exhaust housing) securing the gearcase assembly. 

6. Separate the gearcase assembly from the outboard by pulling 
carefully straight downward. Be careful not to damage the driveshaft, shift 
rod or the water tube. 

7. The impeller housing spacer (mounted on the driveshaft, directly 
above the impeller housing) may remain in the exhaust housing or may 
come out with the gearcase. In either situation, locate the spacer, then 
remove and discard the O-rings (as new O-rings must be used during 
assembly). 

8. Thoroughly inspect the gearcase and exhaust housing for signs of 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 

To install: 
9. Apply a light coating of clean gearcase oil over the 2 NEW impeller 

housing spacer O-rings, then install the O-rings into their grooves. Slide the 
housing down over the driveshaft and into position on the impeller housing. 
The spacer tabs must face the rear of the gearcase. 

10. Apply a light coating of OMC Moly Lube, or equivalent assembly 
lubricant to the driveshaft splines. But, be careful not to coat the top surface 
of the driveshaft, as lubricant there could hydraulically prevent the driveshaft 
from seating in the crankshaft. 

11. Make sure that both the gearcase and the outboard are shifted into 
the forward gear position. 

12. If removed, apply a light coating of OMC Triple-Guard, or equivalent 
marine grease to both ends of the water tube, then install the tube with the 
straiaht end in the inner exhaust housina auide. 

13. Apply a light coating of OMC ~a%et Sealing Compound, or 
eauivalent sealant to the threads of the 4 aearcase retainina bolts. Also. 
apply a coating of OMC Locquic Primer fdowed by OMC k t  Lock, or 
equivalent high-strength threadlocking compound to the threads of the stud. 
Place all fasteners aside on a clean surface for use in the next steps. 
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LOWER UNIT 7-13 
14, Install the gearcase, while carefully aligning the water tube into the 

grommet, the driveshaft to the crankshaft splines and the lower shift rod into 
the shift rod connector. If necessary, slowly rotate the flywheel clockwise 
(when viewed from above) to align the crankshaft splines with the driveshaft. 

w When installing a gearcase that uses an extension, do NOT tighten 
the bolts until you are certain both the gearcase and extension have 
been properly aligned to the exhaust housing and powerhead. 

15. Install the gearcase mounting fasteners, then tighten the bolts to 192- 
216 inch Ibs. (22-25 Nm) and the stud nut to 45-50 ft. Ibs. (61-68 Nm). 

16. Align the lower shift rod groove with the lower hole in the shift rod 
connector, then install the bolt and tighten to 120-144 inch Ibs. (14-16 Nm). 

17. Apply a light coating of OMC Adhesive M, or equivalent, to a NEW 
exhaust housing cover plate gasket, then install the plate and gasket. 
Tighten the retainers securely. 

18. Grease the shaft, then properly install and secure the propeller. For 
more details, please refer to Propeller under the Maintenance and Tune-Up 
section. 

19. If the gearcase was drained for overhaul, properly refill the gearcase 
with lubricant. It's not a bad idea to perform this service regardless, to make 
sure fresh oil is in the gearcase anyway. For details, please refer to the 
procedure in the Maintenance and Tune-Up section. 

20. Reconnect the spark plug leads and, if applicable, connect the 
negative battery cable. 

25-55 Hp (737cc) and 25-70 Hp (913cc) Motors (Except Jet Models) 

DERATE 

Some BCylinder Motors Including 40 (Except 40RW 40RP and 40Wff), 
48 and 50 Hp Models 
+ See Figure 27 

Although most 2- and 3-cylinder motors use the same gearcase assembly, 
a few of the lighter duty 2-cylinder motors, including the 40 (except 40RW, 
40RP and 40 WR), 48 and 50 hp models use a unique assembly. On these 
models, a bearing housing anode is mounted between the propeller and the 
bearing carrier (on all other 2- and 3-cylinder motors, the bearing housing 
anode is bolted to the bottom of the bearing carrier). 

The propeller shaft seal can be found in the bearing carrier, directly 
behind the anode. Although some earlier production models utilize a dual- 
seal assembly, most of these motors utilize a single propeller shaft seal. 

1. For safety, disconnect the spark plug leads and ground them to the 
cylinder head. For electric start models, disconnect the negative battery 
cable for safety as well. 

2. Remove the propeller, for details refer to the procedure in the 
Maintenance and Tune-Up section. 

3. Remove the shift rod screw (protruding under the top engine cover, 
above the exhaust housing). 
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7-14 LOWER UNIT 
4. Using a thin-walled 518 in. socket, remove the gearcase bolt threaded c. Verify that the powerhead shift linkage is in neutral. 

straight upward underneath the cavitation plate (just in front of the trim-tab). d. Tighten the 2 powerhead detent screws to 60-84 inch Ibs. (7-9 Nm). 
5. Remove the 4 remaining bolts securing the gearcase to the exhaust 14. Grease the shaft, then properly install and secure the propeller. For 

housing (there are 2 on either side of the outboard, threaded upward from more details, please refer to Propeller under the Maintenance and Tune-up 
the gearcase into the exhaust housing). section. 

6. Separate the gearcase assembly from the outboard by pulling 15. If the gearcase was drained for overhaul, properly refill the gearcase 
carefully straight downward. Be careful not to damage the driveshaft, shift with lubricant. It's not a bad idea to perform this service regardless, to make 
rod or the water tube. sure fresh oil is in the gearcase anyway. For details, please refer to the 7. Thoroughly inspect the gearcase and exhaust housing for signs of procedure in the Maintenance and Tune-up section. 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 16. Reconnect the spark plug leads and, if applicable, connect the 

negative battery cable. 
To install: 

8. Apply a light coating of OMC Moly Lube, or equivalent assembly 3-Cylinder Motors and Most 2-Cylinder Motors Except 4 4  40RS, 48 and 
lubricant to the driveshaft splines. But, be careful not to coat the top surface 50 Hp Models 
of the driveshaft, as lubricant there could hydraulically prevent the driveshaft 

+ See Figures 28 thru 33 from seating in the crankshaft. 
9. Apply a light coating of OMC Nut Lock, or equivalent threadlock, to 

the threads of the 5 gearcase fasteners then place them aside on a clean 
surface for use in the next steps. 

10. Install the gearcase, while carefully aligning the exhaust housing 
inner water tube into the pump and the driveshaft to the crankshaft splines. If 
necessary, slowly rotate the flywheel clockwise (when viewed from above) to 
align the crankshaft splines with the driveshaft. 

11. Install the 5 gearcase mounting fasteners. Tighten the four ( 318 in.) 
flange bolts to 18-20 ft. Ibs. (24-27 Nm) and the one ( 7116 in.) cavitation 
plate bolt to 28-30 ft. Ibs. (38-40 Nm). 

12. Connect the shift rod to the shift rod link, then install the shift rod 

Most of the larger JohnsonlEvinrude 2- and 3-cylinder motors (except the 
2-cylinder 40,40RS, 48 and 50 hp models) use the same heavy-duty 
gearcase assembly. These assemblies can be identified by the fact that the 
bearing housing anode is bolted to the bottom of the bearing carrier (instead 
of between the propeller and bear~ng carrier as it is on the lighter duty 
models). 

These models utdize a dual, back-to-back propeller shaft seal assembly 
mounted to the bearing carrier. 

1. For safety, disconnect the spark plug leads and ground them to the 
cylinder head. For electric start models, disconnect the negative battery 

screw and tiqhten securelv. cable for safety as well. 
13. verify the neutral detent adjustment as follows: 2. Remove the propeller, for details refer to the procedure in the 

a. Loosen the 2 powerhead detent screws. Maintenance and Tune-up section. 
b. Rotate the propeller shaft by hand and verify that the gearcase is in 3. For 2-cylinder motors, remove the shift lever retaining pin. Push the 

neutral. shift lever toward the powerhead to disengage the shift lever from the rod. 

- www.instant-manuals.com -



LOWER UNIT 7-15 
4. For 3-cylinder motors, if equipped, remove the shift rod screw. If not 

equipped with a shift rod screw, an assembly similar to the 2-cylinder motor 
is used, remove the lever retaining pin, and then disengage the lever from 
the rod by pushing it back toward the powerhead. 

5. Matchmark the trim tab to the gearcase for installation purposes, 
then remove the trim tab. 

6. Using a thin-walled 518 in. socket, remove the gearcase bolt threaded 
straight upward underneath the cavitation plate (just in front of the trim-tab). 

7. Remove the bolt found inside the trim tab cavity. 
8. Remove 4 remaining gearcase bolts (two on either side of the motor) 

from either side of the gearcase-to-exhaust housing flange. 
9. Separate the gearcase assembly from the outboard by pulling 

carefully straight downward. Be careful not to damage the driveshaft, shift 
rod or the water tube. 

10. Thoroughly inspect the gearcase and exhaust housing for signs of 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 

To install: 
11. Apply a light coating of OMC Moly Lube, or equivalent assembly 

lubricant to the driveshaft splines. But, be careful not to coat the top surface 
of the driveshaft, as lubricant there could hydraulically prevent the driveshaft 
from seatina in the crankshaft. 

12. ~or3-cylinder motors, check the condition of the inner exhaust 
housing seal and replace, if necessary. Apply a light coating of OMC 
Adhesive M or equivalent to the inside surface of the seal on the exhaust 
housing. Then, apply a light coating of OMC Triple-Guard, or equivalent 
marine grease, to the seal's outer surface. 

13. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the 

gearcase fasteners, then place aside on a clean surface for use in the 
next steps. 

14, Install the gearcase, while carefully aligning the water tube into the 
water pump and the driveshaft to the crankshaft splines. If necessary, slowly 
rotate the flywheel clockwise (when viewed from above) to align the 
crankshaft splines with the driveshaft. 

15. Install the gearcase mounting fasteners. Tighten the 318 in. bolts to 
18-20 ft. Ibs. (24-27 Nm) and the 7116 in. bolts to 28-30 ft. Ibs. (38-40 Nm). 

16. Engage the shift rod as follows: 
For 2-cylinder motors, engage the rod to the link, then install the pin. 
For 3-cylinder motors that utilize a pin, place the shift rod in neutral, 

then align the rod with the lever. Pull the lever away from the powerhead to 
engage the rod and install the retaining pin. Make sure the pin compresses 
the flat and spring washers against the casing. 

For 3-cylinder motors that utilize a screw, engage the shift rod into the 
rod link, then tighten the screw securely. 

17. Grease the shaft, then properly install and secure the propeller. For 
more details, please refer to Propeller under the Maintenance and Tune-Up 
section. 

18. Align the matchmarks made earlier, then reinstall the trim tab. 
Tighten the retaining bolt to 18-20 ft. Ibs. (24-27 Nm) for 2-cylinder motors or 
to 28-30 ft. Ibs. (38-40 Nm) for 3-cylinder motors. 

19. If the gearcase was drained for overhaul, properly refill the gearcase 
with lubricant. It's not a bad idea to perform this service regardless, to make 
sure fresh oil is in the gearcase anyway. For details, please refer to the 
procedure in the Maintenance and Tune-Up section. 

20. Reconnect the spark plug leads and, if applicable, connect the 
negative battery cable. 

40150 Hp (815cc) EFI Motors 

Fig. 29 A thin-walled socket is needed to access the recessed 
gearcase bolt, and usually, the trim-tab bolt 

Fig. 30 Matchmark the trim tab and remove 
it for access. . . 

+ See Figure 34 

The 40150 hp EFI JohnsonlEvinrude motors utilize a gearcase that is not 
unlike the larger 2-stroke Johnson1Evinrude motors. Removal and installation 
of the gearcase assembly is a relatively straightforward procedure. However 
the aearcase itself contains a precision shimmed assembly of Gears, 
beahgs and shaft components. Disassemblylassembly isnot iecommended 
without significant experience and the use of precision measuring tools to 
ensure proper gearlbearing shimming. 

1. For safety, disconnect the negative battery cable. 
2. Remove the propeller, for details refer to the procedure in the 

Maintenance and Tune-Up section. 
3. Make sure the gearcase shifter is in the neutral position. 
4. Access the shift rod locknut and turn buckle at the front of the 

outboard (it may be necessary to remove the lower engine covers, as 
detailed under Maintenance and Tune-Up). Loosen the shift rod locknut, then 
loosen the turn buckle, counting the number of turns of the turn buckle 
necessary to disconnect the shift rod. Write this number down, as you will 
thread the turn buckle the same number of turns during assembly to ensure 
proper adjustment. 

5. Remove 6 bolts that are threaded upward from the gearcase flange 
into the exhaust housinglmidsection. There are 3 bolts on either side of the 

J outboard. 

Fig. 31 . . . then remove the 2 gearcase 
bolts found under the cavitation plate 

Fig. 32 Next, remove the 4 gearcase flange 
bolts. . . 
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I Fig. 33 . . . and carefully lower the gearcase from the powerhead 
taking care not to damage the driveshaft, shift rod or water tube I 

6. Separate the gearcase assembly from the outboard by pulling 
carefully straight downward. Be careful not to damage the driveshaft, shift 
rod or the water tube. 

7. Thoroughly inspect the gearcase and exhaust housing for signs of 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 

To install: 
8. Apply a light coating of OMC Moly Lube, or equivalent assembly 

lubricant to the driveshaft splines. But, be careful not to coat the top surface 
of the driveshaft, as lubricant there could hydraulically prevent the driveshaft 
from seating in the crankshaft. 

9. Apply a light coating of OMC Adhesive M, or equivalent, and install 
the dowel pins to the front and rear of the gearcase flange. 

10. Apply a light coating of RTV sealant to the exhaust housing mating 
surface. 

11. Make sure the gearcase is in neutral. 
12. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to the threads of the 
gearcase fasteners, then place aside on a clean surface for use in the 

next steps. 
13. Install the gearcase, while carefully aligning the water tube into the 

water pump outlet and the driveshaft to the crankshaft splines. If necessary, 
slowly rotate the flywheel clockwise (when viewed from above) to align the 
crankshaft splines with the driveshaft. 

14. Install the gearcase mounting fasteners and tighten them to 16 R. Ibs. 
(23 Nm). 

15. Reconnect the shift linkage by threading the turnbuckle onto the rod, 
the exact same number of turns as noted during removal, then secure using 
the locknut. 

16. If the gearcase was drained for overhaul, properly refill the gearcase 
with lubricant. It's not a bad idea to perform this service regardless, to make 
sure fresh oil is in the gearcase anyway. For details, please refer to the 
procedure in the Maintenance and Tune-up section. 

17. Double-check the shift rod adjustment using an assistant to turn the 
propeller shaft by hand while you shift the lever from neutral to forward and 
then from neutral to reverse. The gears must engage at approximately the 
same angle from neutral in each direction. If not, loosen the shift rod locknut 
and adjust the turnbuckle until neutral is centered. 

If the FORWARD gear engages too early (at a smaller angle than 
REVERSE) thread the adjuster (turn buckle) CLOCKWISE until the 
angles are equal. If the REVERSE gear engages too early (at a smaller 
angle than FOREWARD) rotate the adjuster (turn buckle) 
COUNTERCLOCKWISE. 

18. Temporarily reconnect the negative battery cable and verify proper 
shifter adjustment with the motor running on a source of cooling water. The 
propeller shaft must not rotate in neutral, but should begin rotating in the 
appropriate direction when the gearcase is shifted into forward or reverse. 
Once this has been verified, you should disconnect the cable again for safety 
until all service has been finished. 

Fig. 34 Exploded view of the gearcase assembly used o n  40150 h p  EFI motors 
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LOWER UNIT 7-17 

When the shaft is turning in gear, shift into NEUTRAL and allow it to 
naturally stop rotating before attempting to shift it again. Remember 
that when you're on the water the propeller produces a significant 
amount of drag to slow the propeller shaft down as soon as power is 
removed from shaft (as soon as the gearcase is shifted into NEUTRAL). 

19. Grease the shaft, then properly install and secure the propeller. For 
more details, please refer to Propeller under the Maintenance and Tune-up 
section. 

20. If removed, install the lower engine covers, as detailed in the 
Maintenance and Tune-Up section. 

21. Reconnect the negative battery cable. 

70 Hp (1298cc) EFI Motors 

* See Figure 35 
DERATE 

The 70 hp EFI JohnsonlEvinrude motor utilizes a gearcase similar to the 
heavy-duty units found on the larger JohnsonIEvinrude 2-stroke motors. 
Removal and installation of the gearcase assembly is a relatively 
straightforward procedure. However the gearcase itself contains a precision 
shimmed assembly of gears, bearings and shaft components. 
Disassemblylassembly is not recommended without significant experience 
and the use of precision measuring tools to ensure proper gearibearing 
shimming. 

1. For safety, disconnect the negative battery cable. 
2. Remove the propeller, for details refer to the procedure in the 

Maintenance and Tune-up section. 
3. Make sure the gearcase shifter is in the neutral position. 
4. Access the shift rod connector at the front of the motor, just below 

the swivel bracket. Remove the cotter pin and disengage the connector. 
Discard the old cotter pin, as a new one must be used during installation to 
ensure safe and trouble-free operation. 

5. Matchmark the trim tab to the gearcase to preserve adjustment, then 
remove the retaining bolt and the trim tab. 

The trim tab must be removed for access to the gearcase bolt 
hidden within the trim tab cavity. 

6. Remove 7 bolts that are threaded upward from the gearcase into the 
exhaust housinglmidsection. There are 3 bolts on each side of the outboard 
and one in the trim tab cavity. 

7. Separate the gearcase assembly from the outboard by pulling 
carefully straight downward. Be careful not to damage the driveshaft, shift 
rod or the water tube. 

8. Thoroughly inspect the gearcase and exhaust housing for signs of 
damage. Make sure all mating surfaces are clean and free of debris, 
corrosion or damage. 

To install: 
9. Apply a light coating of OMC Moly Lube, or equivalent assembly 

lubricant to the driveshaft splines. But, be careful not to coat the top surface 
of the driveshaft, as lubricant there could hydraulically prevent the driveshaft 
from seating in the crankshaft. 

10. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the 7 gearcase fasteners and to the 
dowel pins. Place the fasteners aside on a clean surface for use later, then 
install the dowel pins to the front and rear of the gearcase flange. 

11. Apply a light coating of RTV sealant to the exhaust housing mating 
surface. 

12. Make sure the gearcase is in neutral. 
13. Install the gearcase, while carefully aligning the water tube into the 

water pump outlet and the driveshaft to the crankshaft splines. If necessary, 
slowly rotate the flywheel clockwise (when viewed from above) to align the 
crankshaft splines with the driveshaft. 

14. Install the gearcase mounting fasteners and tighten them to 40 ft. Ibs. 
(55 Nm). 

15. Reconnect the upper and lower shift rods using the hex-head 
connector and secure using a new cotter pin. 

16. Align the matchmarks made earlier and install the trim tab. Tighten 
the retaining bolt to 14 ft. Ibs. (20 Nm). 

17. If the gearcase was drained for overhaul, properly refill the gearcase 
with lubricant. It's not a bad idea to perform this service regardless, to make 
sure fresh oil is in the aearcase anvwav. For details, please refer to the 
procedure in the ~aint&ance andiune-up section. 

Fig. 35 Exploded view of the gearcase assembly used on 70 hp EFI motors 
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18. Temporarily reconnect the negative battery cable and verify proper 

shifter adjustment with the motor running on a source of cooling water. The 
propeller shaft must not rotate in neutral, but should begin rotating in the 
appropriate direction when the gearcase is shifted into forward or reverse. 
Once this has been verified, you should disconnect the cable again for safety 
until all service has been finished. 

When the shaft is turning in gear, shift into NEUTRAL and allow it to 
naturally stop rotating before attempting to shift it again. Remember 
that when you're on the water the propeller produces a significant 
amount of drag to slow the propeller shaft down as soon as power is 
removed from shaft (as soon as the gearcase is shifted into NEUTRAL). 

-- 

19. Grease the shaft, then properly install and secure the propeller. For 
more details, please refer to Propeller under the Maintenance and Tune-Up 
section. 

20. If removed, install the lower engine covers, as detailed in the 
Maintenance and Tune-Up section. 

21. Reconnect the negative battery cable. 

If the gearcase oil is contaminated by water or there are signs of leakage 
at the propshaft seal, the gearcase REALLY should be disassembled, 
thoroughly inspected and assembled again, using new seals. However, if the 
propeller shaft seal is the culprit AND you are certain that there is no 
damage (due to lack of proper oiling or from corrosion) inside the gearcase, 
you CAN replace just the prop shaft seal. Furthermore, this task can usually 
be accomplished with the gearcase still attached to the outboard. This is 
especially handy if you've been diligent about inspecting the gearcase and 
notice a damaged seal (perhaps from tangled fishing line or the like) 
immediately upon removing the boatimotor from the water after an excursion. 

Read and believe, replacing ONLY the propeller shaft seal is rarely 
the right way to handle the situation (unless you've discovered the 
problem before most of the oil is lost and before moisture has had the 
opportunity to do much damage). However, it is often the way the 
situation is handled. If you want to be certain about the long-life and 
condition of the components in your gearcase, disassemble and 
thoroughly overhaul it. Replace all of the seals, not just the propeller 
shaft. If, however, you decide to only replace the propeller shaft seal, 
you have been fairly warned. 

REPLACEMENT 

ColtlJunior (43cc) Motors 

+ See Figure 3 

On these models, the propeller shaft is sealed using a single seal, 
installed in the rear of the gearcase headlbearing carrier mounted just in 
front of the propeller (with the seal lips facing inward toward the gearcase). 
The seal can be replaced with the gearcase installed, but the bearing carrier 
removed from the housing to protect the propeller shaft. 

1. Remove the propeller from the outboard. For details, please refer to 
the procedure located in the Maintenance and Engine Tune-Up section. 

W To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 

2. Remove the 2 propeller shaft bearing housing (bearing carrier) 
retaining bolts. 

3. Carefully slide the gearcase head (bearing carrier) off the propeller 
shaft. It may be necessary to gently tap on the carrier ears using a rubber 
mallet (or to gently pry under both ears using 2 small prybars). Be careful 
when removing the carrier to prevent damage to the gearcase and carrier 
matinglsealing surfaces. 

4. Remove and discard the O-ring from the bearing carrier. 
5. Using a puller bridge plate (such as OMC #432127) and an internal 

jawed puller (such as OMC #432130), carefully remove the seal from the 
backside of the bearing carrier. 

To install: 
6. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to the outer surface of the NEW propeller shaft seal, then 

install the seal into the bearing carrier with the lips facing inward toward the 
bearing carrier and gearcase. Use a suitably sized socket or bearing driver 
and a mallet to gently tap the seal into the back of the carrier housing. 

7. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seal. 

8. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to a new bearing carrier O-ring, then install the O-ring to the carrier 
groove. 

9. Carefully install the carrier over the propeller shaft and into the 
gearcase, until it seats. 

10. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the gearcase head retaining bolts, then 
install the bolts and tighten to 60-84 inch Ibs. (7-9 Nm). 

11. If drained, properly refill the gearcase, as detailed in the Maintenance 
and Tune-Up section. 

12. Install the propeller, as detailed in the Maintenance and Tune-Up 
section. 

2.0-3.5 HD (78cc) Motors 

+ See Figures 6 and 36 thru 40 

On these models, the propeller shaft seal is located in the bearing carrier 
mounted just below the water pump impeller. 

1. Remove the water pump from the gearcase. For details, please refer 
to the procedure in the Lubrication and Cooling section. 

To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 

2. If not done already, remove the impeller drive pin from the propeller 
shaft. 

3. Carefully slide the gearcase head (bearing carrier) off the propeller 
shaft. It may be necessary to gently tap on the carrier ears using a rubber 
mallet (or to gently pry under both ears using 2 small prybars). Be careful 
when removing the carrier to prevent damage to the gearcase and carrier 
matinglsealing surfaces. 

4. Remove and discard the O-ring from the bearing carrier. 
5. Using a puller bridge plate (such as OMC #432127), backing plate 

(such as OMC #115312) and an internal jawed puller (such as OMC 
#432130), carefully remove the bearing, then using the same tools, remove 
the seal from the backside of the bearing carrier. 

To install: 
6. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to the outer surface of the NEW propeller shaft seal, then 
install the seal into the bearing carrier with the lettered side facing outward 
(toward the driver). Use a suitably sized socket or bearing driver and a mallet 
to gently tap the seal into the back of the carrier housing. 

7. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seal. 

8. Position a NEW bearing into the carrier with the lettered side facing 
outward, away from the seal. Use the same socket or driver that was used 
for seal installation (but making sure that the socket contacts the outer 
bearing race). Gently tap or press the bearing down into the bearing carrier 
until it is seated. 

9. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to a new bearing carrier O-ring, then install the O-ring to the carrier 
groove. 

10. Carefully install the carrier over the propeller shaft and into the 
gearcase, until it seats. 

11. If drained, properly refill the gearcase, as detailed in the Maintenance 
and Tune-Up section. 

12. Install the water pump assembly, as detailed in the Lubrication and 
Cooling section. 

5 Hp (109cc) Motors 

DERATE 
W + See Figure 7 

On these models, the propeller shaft is sealed using 2 seals, installed the 
rear of the bearing carrier mounted just in front of the propeller. The seals 
can be replaced with the gearcase installed, but the bearing carrier removed 
from the housing to protect the propeller shaft. 
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Fig. 36 To access the propeller shaft seal, 
you'll have to remove the water pump 
cover.. . Fig. 37 ... impeller, and impeller drive pin. . . 

X Puller 

Bearing 
carrier 

\ 
Fig. 39 Use a puller assembly to remove the bearina . 

Fig. 38 . . . then remove the bearing carrier 
that contains the seal 

Fig. 40 . . . and finally the propeller shaft seal from the rear of the 
carrier 

1. Remove the propeller from the outboard. For details, please refer to 

-- -- 

9. Install the NEW bearinq carrier 0-rinq to the carrler qroove, then 
the procedure locate'd in the Maintenance and Engine ~une- l jp section. 

To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 

2. Remove the 2 propeller shaft bearing housing (bearing carrier) 
retaining bolts. 

3. Carefully insert 2 small prybars under the bearing carrier lip, and 
gently pry outward to remove the housing and propeller shaft as an 
assembly. 

4. Remove the bearing carrier from the propeller shaft, leaving the 
shim, reverse gear and thrust washer behind. Take care not to loose any of 
these components. 

5. Remove and discard the O-ring from the bearing carrier. 
6. Using a puller bridge plate (such as OMC #432127), backing plate 

(such as OMC #115312) and an internal jawed puller (such as OMC 
#432131), carefully remove both seals from the propeller side of the bearing 
carrier. 

To install: 
7. Apply a light coating of OMC Gasket Sealing Compound, or 

equivalent sealant to the outer surface of the 2 NEW propeller shaft seals, 
then install both seals into the bearing carrier with the seal lips facing 
outward (toward the driver and the propeller). Use a suitably sized socket or 
bearing driver and a mallet to gently tap the seals into the bearing carrier. 

8. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seals, to the NEW bearing carrier O-ring and to 
the push-rod on the tip of the propeller shaft. 

insert the propeller shaft (with The thrust washer, reverse gear and shim) 
through the carrier. 

10. Carefully install the carrier and propeller shaft assembly into the 
qearcase. 

11, Install the bearing carrier retaining bolts and tighten to 58-84 inch Ibs. 
(6-10 Nm). 

12. If drained, properly refill the gearcase, as detailed in the Maintenance 
and Tune-Up section. 

13. Install the propeller, as detailed in the Maintenance and Tune-up 
section. 

314 Hp (87cc) Motors 

+ See Figures 10 and 41 thru 44 

On these models, the propeller shaft is sealed using 2 back-to-back seals, 
installed the rear of the bearing carrier mounted just in front of the propeller. 
The seals can only be replaced with the gearcase installed if the bearing 
carrier is carefully removed from the propeller shaft. Otherwise, the gearcase 
should be removed so the driveshaft can be withdrawn, allowing the 
propeller shaft to come out with the bearing carrier. 

1. Remove the propeller from the outboard. For details, please refer to - 
the procedure located in the Maintenance and Engine Tune-Up section. 

To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 
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2. Remove the 2 propeller shaft bearing housing (bearing carrier) 

retaining bolts. 
3. Use a rubber or plastic mallet to gently tap one of the bearing carrier 

ears, until it is cocked, exposing the back of the ears. Then, use the mallet to 
tap alternately on the back of each carrier ear, driving the carrier slowly back 
and out of the gearcase. 

If the driveshaft has been removed, the propeller shaft will come out 
with the carrier. If not, protect the pinion and driveshaft gears from 
damage by keeping pressure inward on the propeller shaft while 
tapping the carrier. This will keep the force applied to the bearing 
carrier from transferring to the gears. 

4. If the gearcase is removed from the outboard (meaning you've 
removed the driveshaft and the propeller shaft came out with the bearing 
carrier), remove the propeller shaft and components from the bearing carrier. 
Take note of all propeller shaft component positions and take care not to 
misplace any parts. 

If no further service is being conducted on the gearcase and the 
,op shaft was removed, the propeller shaft and shaft components may 
? installed back into the case at this point. 

shaft 
assembly 

Fig. 41 You'll have to remove the bearing carrier to access the 2 
propeller shaft seals 

O i l  
(back 

Puller a 

seal  
-to-b 

Fig. 42 Both back-to-back seals are 
removed simultaneously using a jawed 
puller 

5. Remove and discard the O-ring from the bearing carrier. 
6. Using a puller bridge plate (such as OMC #432127), backing plate 

(such as OMC #115312) and an internal jawed puller (such as OMC 
#432131), carefully remove both seals from the propeller side of the bearing 
carrier. 

To install: 
7. Carefully clean the bearing carrier O-ring groove of all traces of 

sealant. 
8. Apply a light coating of DPL Penetrating Lubricant, or equivalent to 

the outer surface of the 2 NEW orooeller shaft seals. lnstall both seals into 
the bearing carrier with the casings'facing back-to-back (meaning the inner 
seal lip faces inward and the outer seal lip faces outward). Use a suitably 
sized socket or bearing driver and a mallet to gently tap the seals into the 
bearing carrier. 

It is usually a good idea to install the seals one at a time, to avoid 
applying excessive force to the outer seal using the driver. If you use 
the OMC seal installer (#327572), make sure the grooved side of the 
installer is used when the seal lips are facing away from the tool and 
the flat side is used when the seal lips are facing the tool. 

9. Apply a very light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seals, to the NEW bearing carrier O-ring and to 
the propeller shaft. 

10. If the driveshaft and propeller shaft were both removed, install 
propeller shaft, shaft components and driveshaft back into the gearcase. 

11. Place a piece of clear, cellophane tape (such as Scotch Tape@) over 
the propeller shaft groove to keep it from damaging the seals when you 
install the bearing carrier, 

12. Install the NEW bearing carrier O-ring to the carrier groove. Wipe the 
carrier surface clean on either side of the groove. 

13. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the bearing carrier screws AND to the 
bearing carrier housing, on either side of the O-ring. 

14. Carefully install the carrier over the propeller shaft and into the 
gearcase, seating the carrier to the case while aligning the bolt ears. 

15. lnstall the bearing carrier retaining bolts and tighten to 60-84 inch Ibs. 
(7-9 Nm). 

16. If drained, properly refill the gearcase, as detailed in the Maintenance 
and Tune-up section. 

17. Install the propeller, as detailed in the Maintenance and Tune-up 
section. 

4 Deluxe (87cc), 516 Hp (128cc) and 51618 Hp (164cc) Motors 

+ See Figures 13 and 45 thru 47 

On these models, the propeller shaft is sealed using a single seal, 
installed into the rear of the bearing carrier mounted just in front of the 
propeller and seal saver. The seal can only be replaced with the gearcase 
installed if the bearing carrier is carefully removed from the propeller shaft. 
Otherwise, the gearcase should be removed so the driveshaft can be 
withdrawn, allowing the propeller shaft to come out with the bearing carrier. 

Soft head 

First oi 
(lip fa 

dow 

Fig. 43 When installing the dual seals, the 
inner seal lips face inward . . . 

Soft head 
mallet 

Second oil seal 
faces 

a . -Seal installer 
(grooved 
side up) 

Bearing 
carrier 

Fig. 44 . . . and the outer seal lips face 
outward 

- www.instant-manuals.com -



LOWER UNIT 7-21 

Fig. 45 To access the seal, remove the 
bearing carrier bolts. . . 

Fig. 46 . . .tap on the ears gently to rotate 
them out of alignment with the case. . . 

1. Remove the propeller from the outboard. For details, please refer to 
the procedure located in the Maintenance and Engine Tune-Up section. 

To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 

2. Remove the 2 propeller shaft bearing housing (bearing carrier) 
retaining bolts. 

3. Use a small driver to gently tap one of the bearing carrier ears, until it 
is cocked about 10-15" from alignment with the gearcase, exposing the back 
of the ears. Then, use a soft mallet to tap alternately on the back of each 
carrier ear, driving the carrier slowly back and out of the gearcase. 

rn If the driveshaft has been removed, the propeller shaft will come out 
with the carrier. If not, protect the pinion and driveshaft gears from 
damage by keeping pressure inward on the propeller shaft while 
tapping the carrier. This will keep the force applied to the bearing 
carrier from transferring to the gears. 

4. If the gearcase is removed from the outboard (meaning you've 
removed the driveshaft and the propeller shaft came out with the bearing 
carrier), remove the propeller shaft and components from the bearing carrier. 
Take note of all propeller shaft component positions and take care not to 
misplace any parts 

If no further service is being conducted on the gearcase, the 
propeller shaft and shaft components may be installed back into the 
case at this point. 

5. Remove and discard the O-ring from the bearing carrier. 
6. Remove the seal saver from the bearing carrier. 
7. Temporarily reinstall the bearing carrier back into the gearcase, then 

use a small jawed internal puller (such as OMC #432131) and a slide- 
hammer to remove the seal from the bearing carrier. Remove the carrier 
from the housing again. If the gearcase (and therefore the propeller shaft) 
was not removed, you'll have to mount the bearing carrier in a fixture in order 
to use the slide hammer. We'd recommend you bolt it to a metal plate or a 
sturdy block of wood and then secure the plate or wood into a vise. 

Make sure the puller jaws contact the seal and NOT the bushing inside 
the bearing housing. 

To install: 
8. Carefully clean the bearing carrier O-ring groove of all traces of 

sealant. 
9. Apply a light coating of DPL Penetrating Lubricant, or equivalent to 

the outer surface of the NEW propeller shaft seal. lnstall the seal into the 
bearing carrier with the letters on the casing facing outward (back towards 
the driver). Use a suitably sized socket or bearing driver and a mallet to 
gently tap the seal into the bearing carrier. 

10. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seal and to the NEW bearing carrier O-ring. 

11. If the gearcase and driveshaft were removed, install the propeller 
shaft, shaft components and driveshaft back into the gearcase. 

12. lnstall the NEW bearing carrier O-ring to the carrier groove. Wipe the 
carrier surface clean on either side of the groove. 

Fig. 47 . . .then gently pull the bearing 
retainer off the prop shaft and out of the 
gearcase 

13. Apply a light coating of OMC Gasket Sealing Compound, or 
eauivalent sealant to the threads of the bearina carrier screws AND to the 
flange around the O-ring on the bearing carrier housing. 

14. Carefully install the carrier over the propeller shaft and into the 
gearcase, seating the carrier to the case while aligning the bolt ears. 

15. lnstall the bearing carrier retaining bolts and tighten to 60-84 inch Ibs. 
(7-9 Nm). 

16. lnstall the seal saver onto the propeller shaft with the lip facing 
outward and press it securely into position. 

17. If drained, properly refill the gearcase, as detailed in the Maintenance 
and Tune-Up section. 

18. lnstall the propeller, as detailed in the Maintenance and Tune-Up 
section. 

819.9 Hp (211cc), 9.9-15 Hp (2161255~~) and 9.9115 Hp (305cc) Motors 

CULT 

+ See Figures 16 and 48 thru 54 

There are some indications that the 10114 hp (2161255~~) 2-stroke 
commercial models were usually equipped with the split-type gearcase 
used by 25 Commercial and 28 hp (521cc) motors covered later in this 
section. The quick and easy way to determine if you should instead 
follow THAT procedure would be to check the gearcase at the height of 
the prop shaft. If there is a seam (split line) that runs the horizontal 
length of the case, refer to the procedure for the 521cc Commercial 
motors later in this section. 

The propeller shaft for these motors is usually sealed using a single seal 
pressed into a large bearing carrier (bearing and seal housing assembly) that 
is mounted in the rear of the gearcase. Well, usually that is, AFTER 1995, as 
from 1990 to 1995 these gearcases usually used dual back-to-back mounted 
seals. Either way, the propeller shaft is positioned through the carrier. It is 
usually possible to replace the seal with the gearcase installed, but only if 
the propshaft is held securely in place during carrier removal and installation. 
If the propshaft is allowed to shift, the shift detent spring and balls could 
dislodge, requiring the gearcase to be removed so the driveshaft can be 
withdrawn (freeing the propeller shaft) in order to reassemble the 
components. 

If you decide to try and replace the seal without disturbing the propeller 
shaft, a second set of hands is recommended to help steady the propeller 
shaft during service. Once the bearing carrier is removed, pack the opening 
in the gearcase using clean, lint-free shop rags to help keep the shaft from 
shifting. 

1. Remove the propeller from the outboard. For details, please refer to 
the procedure located in the Maintenance and Engine Tune-Up section. 

To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 

2. Remove the 2 propeller shaft bearing housing (bearing carrier) 
retaining bolts. 

3. lnstall a suitable flywheel or steering wheel puller to the bearing - 
carrier (or use OMC #386631), but do not thread the bolts into the gearcase. 
The puller must be designed so that you can push against the end of the 
propeller shaft, while the puller legs or jaws pull against the bearing carrier, 
drawing it from the gearcase. 
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I Fig. 48 Cut-away view of the bearing carrier 
- remove the bolts. . . Fig. 49 . . . then use a puller to loosen i t .  . . Fig. 50 . . . and free it from the gearcase 

Fig. 51 Cut-away view of bearing carrier Fig. 52 Preferred seal removal is using an Fig. 53 . . . but a pry tool can usually be 
showing seal and O-ring internal jawed puller. . . used with caution 

4. Remove and discard the O-ring from the bearing carrier. 
5. Remove the seal or seals (as applicable) from the rear (propeller 

side) of the bearing carrier using an internal jawed puller (such as OMC 
#432131, along with puller bridge #432127). 

To install: 
6. Carefully clean the bearing carrier flange and O-ring groove of all 

traces of sealant. 

Unless otherwise noted, all bearings, shafts and gears must be 
lubricated with OMC Ultra-HPF, or equivalent gearcase lubricant, during 
assembly. 

7. For models (usually through 1995) which utilize dual back-to-back 
seals, apply a light coating OMC Gasket Sealing Compound to the outer 
surface of the NEW propeller shaft seals. Install the seals, one at a time into 
the bearing carrier. For the inner seal, face the lips inward toward the 
gearcase (away from the tool). For the outer seal, face the lips outward 
(facing the back toward the driver). 

8. For models (usually 1996 and later) which utilize a single dual-lipped 
seal, apply a light coating of DPL Penetrating Lubricant, or equivalent to the 
outer surface of the NEW propeller shaft seal. lnstall the seal into the 
bearing carrier with the exposed lips facing the back toward the driver (the 
larger outer-diameter set of lips faces inward toward the gearcase). Use a 
driver that is shouldered so it contacts only the seal casing around the 
exposed set of lips, as shown. 

9. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seal@) and to the NEW bearing carrier O-ring. 

10. lnstall the NEW bearing carrier O-ring to the carrier groove. Wipe the 
carrier surface clean on either side of the groove. 

11. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the bearing carrier screws AND to the aft 
support flange of the bearing carrier housing. 

Fig. 54 When installing the seal on extended lip models, make sure 
the driver contacts the case around the exposed lip side of the seal 
(the protected seal lips should face downward into the carrier). 

12. Carefullv install the carrier over the ~rooeller shaft and into the 
gearcase, seating the carrier to the case while'aligning the bolt ears. 

13. Install the bearing carrier retaining bolts and tighten to 60-80 inch Ibs. 
(7-9 Nm). 

14. If drained, properly refill the gearcase, as detailed in the Maintenance 
and Tune-up section. 

15. Install the propeller, as detailed in the Maintenance and Tune-up 
section. 
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10114 Hp (211cc1255cc), 20-35 Hp (521cc) and 25135 Hp 
(5001565~~) Motors 
Except Jet, 10/14 Hp, 28 Hp, 30 SPL and Some 25 Hp Comm Models 

+ See Figures 25,43,44 and 55 thru 61 

The propeller shaft for these motors is sealed using dual back-to-back 
seals that are mounted in a large bearing carrier (bearing and seal housing 
assembly) that is mounted in the rear of the gearcase. The propeller shaft is 
positioned through the carrier. It is usually possible to replace the seal with 
the gearcase installed, but only if the propshaft is held securely in place 
during carrier removal and installation. If the propshaft is allowed to shift, the 
shift detent spring and balls could potentially dislodge, requiring the gearcase 
to be removed so the driveshaft can be withdrawn (freeing the propeller 
shaft) in order to reassemble the components. Luckily, the reverse gear and 
bushing is secured by a plate and retaining ring, that also have the affect of 
helping to steady the propshaft. 

1. For safety, disconnect the spark plug leads and ground them to the 
cylinder head. For electric start models, disconnect the negative battery 
cable for safety as well. 

. 2. Matchmark the trim tab to the gearcase for installation purposes, 
then remove the trim tab. 

3. Remove the propeller, for details refer to the procedure in the 
Maintenance and Tune-up section. 

To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 

4. Remove the 2 propeller shaft bearing housing (bearing carrier) 
retaining bolts. 

5. Install a suitable flywheel or steering wheel puller to the bearing 
carrier (or use OMC #378103). Do not thread the bolts into the retainer-to- 
gearcase bolt holes, instead use the alternate pair of holes that are present 
in the face of the retainer at about 5 and 11 o'clock. The puller must be 
designed so that you can push against the end of the propeller shaft, while 
the puller legs or jaws pull against the bearing carrier, drawing it from the 
gearcase. 

You should use two 114 -20 x 6 in. screws to thread a universal 
puller to the bearing carrier. The thrust washer may come out with the 
carrier, if so, keep track of it. 

6. Remove and discard the O-ring from the bearing carrier. 
7. Remove the 2 back-to-back seals from the rear (propeller side) of the 

bearing carrier using an internal jawed puller (such as OMC #432131, along 
with puller bridge #432127). 

BE CAREFUL to remove ONLY the seals and not the bearings unless 
they are to be replaced. Once a bearing is removed it must be replaced. 

Fig. 55 To replace the propeller shaft seals, 
unbolt the bearing carrier. . . 

To install: 
8. Carefully clean the bearing carrier aft support flange of all traces of 

sealant. 

Unless otherwise noted, all bearings, shafts and gears must be 
lubricated with OMC Ultra-HPF, or equivalent gearcase lubricant, during 
assembly. 

9. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the outer surface of the 2 NEW propeller shaft seals. 
Install both seals into the bearing carrier with the casings facing back-to-back 
(meaning the inner seal lip faces inward and the outer seal lip faces 
outward). Use a suitably sized socket or bearing driver and a mallet to gently 
tap the seals into the bearing carrier. 

It is usually a good idea to install the seals one at a time, to avoid 
applying excessive force to the outer seal using the driver. If you use 
the OMC seal installer (#335821), make sure the grooved side of the 
installer is used when the seal lips are facing away from the tool and 
the flat side is used when the seal lips are facing the tool. 

10. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seals and to the NEW bearing carrier O-ring. 

11. Install the NEW bearing carrier O-ring to the carrier groove. Wipe the 
carrier surface clean on either side of the groove. 

12. If the thrust washer came out with the bearing carrier, apply a light 
coating of OMC Needle Bearing Assembly Grease, or equivalent to the back 
of the bearing carrier housing, then position the thrust washer. 

13. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the aft support flange of the bearing carrier housing, to 
the threads of the bearing carrier retaining bolts and to the bolt O-rings. 

14. To ensure proper alignment during installation, thread the OMC 
Guide Pin (#383175) into the retainer plate (through one of the carrier 
retaining screw holes). If the guide pin is not available, obtain a long screw of 
the same or slightly smaller thread than the bearing carrier retainer bolts. 
Make a guide pin by grinding the threads off the end of the bolt at the point 
that will stick out from the back of the bearing carrier to the very end of the 
bolt itself. Make sure this portion of the bolt is ground and polished 
completely smooth, with no ridges or defects that could catch on the 
gearcase threads. 

15. Carefully position the carrier to the propeller shaft and into the 
gearcase with the word UP toward the top of the gearcase. Use a brass 
punch and mallet to gently seat the carrier to the case. As the carrier is 
tapped in place, make sure the guide pin is inserting through the appropriate 
bearing carrier-to-gearcase screw hole. If you are using a fabricated pin, 
make sure the pin does not seat before the carrier, keeping the carrier from 
properly seating or damaging the gearcase as the pin is forced inward. 

16, Install one of the bearing carrier retaining bolts and finger-tighten, 
then remove the guide pin and install the second carrier bolt. Finally, tighten 
both carrier retaining bolts to 60-84 inch Ibs. (7-9 Nm). 

17. If drained, properly refill the gearcase, as detailed in the Maintenance 
and Tune-up section. 

Fig. 56 . . . then use a puller to remove it 
from the gearcase 

Fig. 57 Cut-away view of the bearing carrier 
on these models 
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Fig. 58 Remove the seals using a suitable 
puller. . . 

Fig. 59 . . . or, if necessary, carefully using a 
prybar 

Fig. 61 During installation make sure the marking UP is facing 
toward the top of the gearcase 

18. Grease the shaft, then properly install and secure the propeller. For 
more details, please refer to Pro~eller under the Maintenance and Tune-up 
section. 

19. Align the matchmarks made earlier, then securely reinstall the trim 
tab. 

20. Reconnect the spark plug leads and, if applicable, connect the 
negative battery cable. 

28 Up, 30 SPL and Some 10/14 Up, 25 Up Comm Models 

CULT 
+ See Figures 26,43 and 44 

The propeller shaft for these motors is sealed using dual back-to-back 
seals that are mounted in a small gearcase head or seal carrier mounted in 
the rear of the gearcase. Because of the split design of the gearcase on 
these models, access to the gearcase head is only possible once the skeg 
and lower gearcase housing has been unbolted from the upper gearcase 
housing. It is easiest to service this assembly with the gearcase completely 
removed from the outboard, drained and inverted, but it should be possible 
to perform a propeller shaft seal replacement with the motor at least at a full 
tilt, but if possible, laying completely on its side or partially downward. If the 
gearcase is remaining installed, you'll still want to drain it first to prevent a 
big mess when the lower gearcase housing is removed. 

When servicing the gearcase while still installed on the motor, at any 
angle short of powerhead downward, take care that the propeller shaft 
does not dislodge suddenly and fall once the lower gearcase housing 
is removed. Should this occur, both damage to the components and 
injury (from falling components) could occur. 

Fig. 60 Install each of the seals one at a 
time, using a driver 

1. For safety, disconnect the spark plug leads and ground them to the 
cylinder head. For electric start models, disconnect the negative battery 
cable for safety as well. 

2. Remove the propeller, for details refer to the procedure in the 
Maintenance and Tune-up section. 

3. Drain the gearcase oil, as detailed in the Maintenance and Tune-up 
section. 

4. Remove the shift lever pivot pin threaded into the lower starboard 
side of the lower gearcase housing. 

5. Remove the 6 screws securing the lower gearcase housing to the 
upper gearcase housing, then using a rubber or plastic mallet, tap gently on 
the side of the skeg to loosen the seal. Carefully remove the lower gearcase 
housing, supporting the propeller shaft assembly, as necessary as it is 
removed. Remove and discard the lower gearcase housing seal from the 
matino surface. 

6: Remove the cradle from underneath the propeller shaft, as necessary 
to lower the shaft, either completely from the housing, or just sufficiently to 
withdraw the gearcase headiseal carrier from the propeller shaft. 

7. Secure the gearcase head in a suitable bearing press or on a 
retainer plate, then use a puller bridge (such as #432127) and an internal 
small jawed puller (such as #432131) to remove the 2 seals from the rear of 
the headicarrier. 

To install: 
8. Carefully clean the bearing carrier (outer and inner mating surfaces) 

of all traces of sealant. 

Unless otherwise noted, all bearings, shafts and gears must be 
lubricated with OMC Ultra-HPF, or equivalent gearcase lubricant, during 
assembly. 

9. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the outer surface of the 2 NEW propeller shaft seals. 
Install both seals into the bearing carrier with the casings facing back-to-back 
(meaning the inner seal lip faces inward and the outer seal lip faces 
outward). Use a suitably sized socket or bearing driver and a mallet to gently 
tap the seals into the gearcase headlseal carrier. 

It is usually a good idea to install the seals one at a time, to avoid 
applying excessive force to the outer seal using the driver. If you use 
the OMC seal installer (#330655), make sure the grooved side of the 
installer is used when the seal lips are facing away from the tool and 
the flat side is used when the seal lips are facing the tool. 

10. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seals and to the NEW gearcase headlseal 
carrier O-ring. 

11. Install the NEW O-ring to the carrier groove. Wipe the carrier surface 
clean on either side of the groove. 

12. Apply a light coating of OMC Adhesive M, or equivalent, to the upper 
gearcase assembly, along the gearcase head mating surface, right in front of 
(inboard) of the O-ring contact area (along a line across the upper gearcase 
that includes the upper gearcase-to-gearcase head retaining pin). 

13. Install the gearcase head to the propeller shaft assembly and upper _ 
gearcase. Be sure to align the hole in the gearcase head with the pin in the 
upper gearcase. If the entire propeller shaft assembly was removed, make 
sure the cradle is properly positioned on the end of the shifter lever and over 
the shaft. 
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There should be about 1132 in. (0.8mm) gap between the forward 

bearing and the thrust washer before the next step. 

14. Using the OMC Gearcase Alignment Tool (#390880) to press against 
the end of the propeller shaft, firmly seat the forward gear and thrust bearing 
against the gearcase. If using any other tool to perform this, make SURE the 
shaft assembly is properly centered in the gearcase. Whatever tool is used 
must continue to apply pressure to lock the shaft in position as the lower 
gearcase half is installed. 

15. Obtain a length of gearcase seal and cut it to 12 718 in. (32crn) in 
length. 

16. Apply a light coating of OMC Adhesive M, or equivalent, to the 
machines mating surfaces of the upper and lower gearcase halves, as well 
as to the exposed area of the gearcase head O-ring. 

17. Position the gearcase seal in the groove on the lower gearcase, then 
trim the ends so the seal fits EXACTLY in the groove. 

18. Apply a light coating of RTV sealant to about 112 in. (12mm) of each 
end of the seal. 

19. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the lower gearcase retaining screws. 

In the next step, push rearward on the lower gearcase using steady 
pressure and the lower-to-upper gearcase screws and tightened, 
drawing the lower gearcase into position. 

20. lnstall the lower gearcase on the upper gearcase, making sure the 
seals and sealant all remain in position, then install the front and rear 
screws. Alternately tighten those 4 screws until the lower gearcase has been 
drawn down into position on the upper gearcase. Next, install the remaining 
2 screws and alternately tighten them as well. Tighten all screws alternating 
from side-to-side and while working from the front of the gearcase toward the 
rear of the gearcase to 60-80 inch Ibs. (7-9 Nm). Remove the alignment tool. 

21. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to a NEW pivot pin O-ring. 

22. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 
the threads of the pivot pin, then install the pin (with the O-ring) and tighten 
to 48-84 inch Ibs. (5-9 Nm). If it is difficult to threads the pin, move the shift 
rod in or out slightly to center the hole in the shifter lever with the pin. 

23. Properly refill the gearcase, as detailed in the Maintenance and 
Tune-Up section. 

24. Grease the shaft, then properly install and secure the propeller. For 
more details, please refer to Propeller under the Maintenance and Tune-up 
section. 

25. Reconnect the spark plug leads and, if applicable, connect the 
negative battery cable. 

25-55 Hp (737cc) and 25-70 Hp (913cc) Motors 

Some %Cylinder Motors Including 40 (Excepf 40RF 40RP and 40WR), 
48 and 50 HI, Models 

- + See Figures 27,43 and 44 

Although most 2- and 3-cylinder motors use the same gearcase assembly, 
a few of the lighter duty 2-cylinder motors, including the 40 (except 40RW, 
40RP and 40 WR), 48 and 50 hp models use a unique assembly. On these 
models, a bearing housing anode is mounted between the propeller and the 
bearing carrier (on all other 2- and 3-cylinder motors, the bearing housing 
anode is bolted to the bottom of the bearing carrier). 

The propeller shaft seal can be found in the bearing carrier, directly 
behind the anode. Although some earlier production models utilize a dual- 
seal assembly, most of these motors utilize a single propeller shaft seal. In 
both cases, seal removal can be easily accomplished with the gearcase 
installed, as long as a universal puller is used to carefully free the bearing 
carrier from the gearcase housing. 

1. Remove the propeller from the outboard. For details, please refer to 
the procedure located in the Maintenance and Engine Tune-up section. 

W To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 

2. Remove the 2 bearing housing anode bolts and then remove the 
anode. 

3. Remove the 2 bearing carrier bolts and retainers. 

You should use two 114 -20 x 8 in. screws to thread a universal 
puller to the bearing carrier. 

4. lnstall a suitable flywheel or steering wheel puller to the bearing 
carrier [or use OMC #378103). The ouller must be desianed so that vou can 
push against the end of the propell& shaft, while the p h e r  legs or jaws pull 
against the bearing carrier, drawing it from the gearcase. 

5. Remove the bearing carrier, then remove and discard the O-ring from 
the bearing carrier groove. 

If the thrust washer comes out with the bearing carrier, keep track of 
it for installation purposes. 

6. Remove the seal or seals (as applicable) from the rear (propeller 
side) of the bearing carrier using an internal jawed puller (such as OMC 
#432130, along with puller bridge #432127 or a slide hammer such as 
#432128). 

DO NOT remove the bearings unless you plan on replacing them. The 
action of removing the bearings will normally stress or damage them 
enough to make them unserviceable (and why take the risk). 

To install: 

Unless otherwise noted, all bearings, shafts and gears must be 
lubricated with OMC Ultra-HPF, or equivalent gearcase lubricant, during 
assembly. 

7. Using solvent, carefully clean the bearing carrier of all traces of 
sealant. After the solvent has dried, lubricate the bearings using gearcase oil. 

8. On early production models equipped with dual, back-to-back seals, 
install the 2 seals as follows. Apply a light coating of OMC Gasket Sealing 
Compound, or equivalent sealant to the outer surface of the 2 NEW propeller 
shaft seals. lnstall both seals into the bearing carrier with the casings facing 
back-to-back (meaning the inner seal lip faces inward and the outer seal lip 
faces outward). Use a suitably sized socket or bearing driver and a mallet to 
gently tap the seals into the gearcase headlseal carrier. 

It is usually a good idea to install the seals one at a time, to avoid 
applying excessive force to the outer seal using the driver. If you use 
the OMC seal installer (#326556), make sure the grooved side of the 
installer is used when the seal lips are facing away from the tool and 
the flat side is used when the seal lips are facing the tool. 

9. Most models are equipped with a single, extended lip seal, to install 
a single seal proceedas follows. Apply a light coating of DPL Penetrating 
Lubricant, or equivalent to the outer surface of the NEW propeller shaft seal. 
lnstall the seal into the bearing carrier with the exposed lips facing the back 
toward the driver (the larger outer-diameter set of lips faces inward toward 
the gearcase). Use a driver that is shouldered so it contacts only the seal 
casing around the exposed set of lips, as shown. 

10. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seal and to the NEW bearing carrier O-ring. 

11. lnstall the NEW bearing carrier O-ring to the carrier groove. Wipe the 
carrier surface clean on either side of the groove. 

12. Apply a light coating of OMC ~ a s k e t  Sealing Compound, or 
equivalent sealant to the bearing carrier O-ring flange and aft support flange 

13. If the thrust washer came out with the bearing carrier during 
disassembly, apply a light coating of OMC Needle Bearing Assembly Grease, 
or equivalent to the thrust washer, then place it in the back of the bearing 
carrier. 

14. Carefully install the carrier over the propeller shaft and into the 
gearcase with the carrier bolt holes positioned vertically and the drain slot 
facing downward. 

15. Apply a light coating of OMC Nut Lock, or equivalent threadlock to 
the threads of the bearing carrier retaining bolts, then install and tighten to 
120-144 inch Ibs. (14-16 Nm). 

16. lnstall the bearing housing anode and tighten the bolts securely. 
17. If drained, properly refill the gearcase, as detailed in the Maintenance 

and Tune-Up section. 
18. lnstall the propeller, as detailed in the Maintenance and Tune-Up 

section. 
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3-Cylinder Motors and Most 2-Cylinder Motors Except 40, 40RS, 48 and 
50 Hp Models 

+ See Figures 28 and 55 thru 61 

Most of the larger JohnsonlEvinrude 2- and 3-cylinder motors (except the 
2-cylinder 40, 40RS, 48 and 50 hp models) use the same heavy-duty 
gearcase assembly. These assemblies can be identified by the fact that the 
bearing housing anode is bolted to the bottom of the bearing carrier (instead 
of between the propeller and bearing carrier as it is on the lighter duty 
models). 

These models utilize a dual, back-to-back propeller shaft seal assembly 
mounted to the bearing carrier. Seal replacement can be easily 
accomplished with the gearcase installed, as long as a universal puller is 
used to carefully free the bearing carrier from the gearcase housing. 

1. Remove the propeller from the outboard. For details, please refer to 
the procedure located in the Maintenance and Engine Tune-Up section. 

To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 

2. Using a thin-walled 5116 in. socket, remove the 4 bearing carrier bolts 
and O-rings. Discard the O-rings and clean all sealing compound from the 
bolt threads. 

You should use two 5116 -18 x 8 in. screws to thread a universal 
puller to the bearing carrier. 

3. lnstall a suitable flywheel or steering wheel puller to the bearing 
carrier (or use OMC #378103). The puller must be designed so that you can 
push against the end of the propeller shaft, while the puller legs or jaws pull 
against the bearing carrier, drawing it from the gearcase. 

4. Remove the bearing carrier, then remove and discard the O-ring from 
the bearing carrier groove. 

5. Remove the seals from the rear (propeller side) of the bearing carrier 
using an internal large-jawed puller (such as OMC #432129, along with 
puller bridge #432127). 

DO NOT remove the bearings unless you plan on replacing them. The 
action of removing the bearings will normally stress or damage them 
enough to make them unserviceable (and why take the risk). 

6. Inspect the bearing housing anode and replace if it is worn to 213 or 
less of the original size. 

To install: 

II Unless otherwise noted, all bearings, shafts and gears must be 
lubricated with OMC Ultra-HPF, or equivalent gearcase lubricant, during 
assembly. 

7. Using solvent, carefully clean the bearing carrier of all traces of 
sealant. After the solvent has dried inspect the bearings to make sure they 
are still serviceable. Rotate the needles by hand, feeling for freedom of 
movement. Also, check the bearing housing O-ring groove for sharp edges 
that could cut the O-ring and prevent sealing. After inspection is complete, 
lubricate the bearings using gearcase oil. 

8. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the outer surface of the 2 NEW propeller shaft seals. 
lnstall both seals into the bearing carrier with the casings facing back-to-back 
(meaning the inner seal lip faces inward and the outer seal lip faces 
outward). Use a suitably sized socket or bearing driver and a mallet to gently 
tap the seals into the gearcase headlseal carrier. 

II It is usually a good idea to install the seals one at a time, to avoid 
applying excessive force to the outer seal using the driver. If you use 
the OMC seal installer (#326551), make sure the grooved side of the 
installer is used when the seal lips are facing away from the tool and 
the flat side is used when the seal lips are facing the tool. 

9. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seal and to the NEW bearing carrier O-ring. 

10. lnstall the NEW bearing carrier O-ring to the carrier groove. Wipe the 
carrier surface clean on either side of the groove. 

The OMC guide pins #383175 are used to align the bearing carrier 
with the gearcase during installation. They are essentially long, smooth 
shafts with threads on the very ends. A pair of alignment pins can be 
easily fabricated using a pair of long bolts (with the heads cut off) or 
studs with thread matching the bearing carrier retaining bolts. Simply 
polish 9110 of the threads down to a smooth surface, leaving threads 
only on the last inch or so of the shaft to thread it into the gearcase. 

11. lnstall 2 OMC guide pins (#383175) into the gearcase housing. Do 
NOT thread them further than 2 turns into the housing retainer plate. 

12. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the bearing carrier O-ring flange and aft support flange. 
Make sure that no sealant contacts the forward thrust surface or the bearings 
found inside the housing. 

13. Carefully align the carrier over the guide pins and the propeller shaft 
with the word UP facing toward the top of the gearcase, then gently tap the 
carrier into the gearcase using a soft-faced mallet. 

14. lnstall 2 of the 4 bearing carrier retaining bolts and finger-tighten, 
then remove the guide pins, install and finger-tighten the remaining 2 bolts. 
Finally, tighten the 4 bolts to 120-140 inch Ibs. (14-16 Nm). 

15. If drained, properly refill the gearcase, as detailed in the Maintenance 
and Tune-Up section. 

16. lnstall the propeller, as detailed in the Maintenance and Tune-Up 
section. 

40150 Hp (815cc) EFI Motors . . 

ERA TE 
+ See Figure 62 

The 40150 hp EFI JohnsonlEvinrude motors utilize a gearcase that is not 
unlike the larger 2-stroke JohnsonlEvinrude motors. Removal and installation 
of the gearcase assembly is a relatively straightforward procedure. However 
the gearcase itself contains a precision shimmed assembly of gears, 
bearings and shaft components. Disassemblylassembly is not recommended 
without significant experience and the use of precision measuring tools to 
ensure proper gearlbearing shimming. 

These models utilize a bearing carrier that houses two seals. The seals 
are both installed with their lips facing outward (back toward the propeller). 
Although gearcase disassembly calls for removal of the propshaft and 
bearing carrier as an assembly, it appears that this is just for complete 
overhaul purposes. It should be possible to draw only the bearing carrier 
from the end of the propshaft, if a puller is used to hold the shaft in place 
while drawing the carrier outward. Should you encounter extreme resistance, 
remove the carrier and propshaft as an assembly using a slide-hammer, then 
separate the components and reinstall the propshaft. 

1. Remove the propeller from the outboard. For details, please refer to 
the procedure located in the Maintenance and Engine Tune-Up section. 

To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 

2. Remove the 2 bearing carrier retaining bolts. 
3. lnstall a suitable flywheel or steering wheel puller to the bearing 

carrier. The puller must be designed so that you can push against the end of 
the propeller shaft, while the puller legs or jaws pull against the bearing 
carrier, drawing it from the gearcase. 

If removal of the entire shaft and carrier assembly is desired, use 
the OMC Propeller Shaft Retainer Removal Tool (#345831) and OMC 
Slide Hammer (#391008) to remove the assembly from the gearcase. 

4. Remove the bearing carrier, then remove and discard the O-ring from 
the bearing carrier groove. 

5. Remove the seals from the rear (propeller side) of the bearing carrier 
using an internal large-jawed puller (such as OMC #432129, along with 
puller bridge #432127). 

DO NOT remove the bearings unless you plan on replacing them. The 
action of removing the bearings will normally stress or damage them 
enough to make them unserviceable (and why take the risk). 
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Bearina 

Shim 

To install: 

Unless otherwise noted, all bearings, shafts and gears must be 
lubricated with OMC Ultra-HPF, or equivalent gearcase lubricant, during 
assembly. 

6 Usmg solvent, carefully clean the bear~ng carrrer of all traces of 
sealant 

7 Install 2 NEW propeller shaft seals to the bearmg carner, dry with no 
sealant or lubr~cant on the seal caslngs Use a su~tably s~zed socket or drwer 
(such as OMC Seal Installer #345830) to carefully install each of the seals 
w~th the~r hps facmg upward (outward toward the propeller) 

It is usually a good idea to install the seals one at a time, to avoid 
applying excessive force to the outer seal using the driver. 

8. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seal and to the NEW bearing carrier O-ring. 

9. Install the NEW bearing carrier O-ring to the carrier groove. Wipe the 
carrier surface clean on either side of the groove. 

10. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the bearing carrier O-ring flange, the carrier support 
flange and the threads of the bearing carrier retaining bolts. 

11. Carefully align over the propeller shaft and gently tap it into position 
using a soft-faced mallet. In order to prevent possibly cocking the carrier in 
the gearcase and damaging the case, carrier, shaft or bearings, be sure to 
gently tap around the entire perimeter of the carrier during installation. Also, 
make sure the retaining bolt ears remain aligned with the gearcase bolt 
holes. 

12. Install the carrier retaining bolts and tighten to 12 ft. Ibs. (17 Nm). 
13. If drained, properly refill the gearcase, as detailed in the Maintenance 

and Tune-up section. 
14. lnstall the propeller, as detailed in the Maintenance and Tune-Up 

section. 

70 Hp (1298cc) EFI Motors 

+ See Figures 63,34 and 65 

The 70 hp EFI JohnsonlEvinrude motor utilizes a gearcase similar to the 
heavy-duty units found on the larger JohnsonlEvinrude 2-stroke motors. 
Removal and installation of the gearcase assembly is a relatively 
straightforward procedure. However the gearcase itself contains a precision 
shimmed assembly of gears, bearings and shaft components. 
~isassembly/assembl~is not recommended without significant experience 
and the use of precision measuring tools to ensure proper gearlbearing 
shimming. 

These models utilize a bearing carrier that houses two seals. The seals 
are both installed with their lips facing outward (back toward the propeller). 
The one unique feature of this gearcase, comes in the tabbed bearing carrier 
retainer which must be removed using some form of a heavy duty spanner 
wrench (capable of generating torque of 115 ft. Ibs. (160 Nm). To be honest, 
that would be one heck of a spanner, and most adjustable spanners will not 
do the trick, so you'll need to luck out with one that fits exactly or buy 
manufacturer's tool. Once the retainer is out of the way, the carrier assembly 
is removed with a puller, in the same basic fashion as on most 
JohnsonIEvinrude outboards. 

1. Remove the propeller from the outboard. For details, please refer to 
the procedure located in the Maintenance and Engine Tune-Up section. 

To prevent loss of gearcase oil during this procedure either drain 
the gearcase or position the outboard at full tilt. 

2. Bend the tabs of the lockwasher back away from the carrier retainer. - 
3. Remove the carrier retainer by rotating it counterclockwise. You'll 

need a spanner wrench capable of grabbing the teeth of the retainer or, 
more likely, we'd recommend you use the OMC Propeller Shaft Retainer 
Removerllnstaller Tool (#342688). 
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4. Install a su,table flywheel or steering wheel puler to the bearing 

carrier. The puller mLst be designed so that you can push agalnst the end of 
the propeller shaft, while the puiler legs or jaws pull hook u d e r  the tabs 
located in the carrier on either side of the propeller shaft. If necessary, obtain the bearings unless you plan On replacing them. The 

action of removing the bearings will normally stress or damage them OMC Bearing Housing Puller Kit (#5000004) and the OMC Universal Puller 
enough to make them (and why take the risk). (#378103). 

5. Remove the bearing carrier, along with the key, spacer, reverse gear, 
reverse gear shim and thrust washer from the gearcase. Retain all of To install: 
components in the same orientation for installation purposes. 

6. Remove the seals from the rear (propeller side) of the bearing carrier ll Unless otherwise noted, all bearings, shafts and gears must be 
using an internal large-jawed puller (such as OMC #432129, along with lubricated with OMC Ultra-HPF, or equivalent gearcase lubricant, during 
puller bridge #432127). assembly. 

Bend 
Tab 

Leading 
Edge 

Fig. 65 Bend a tab of the lock washer that is just in contact with the 
leading edge of a retainer tooth 

Fig. 64 Besides a special tool to remove the carrier retainer, you'll 
need a puller with hooked jaws or legs to attach to the bearing 
carrier as illustrated 
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7. Using solvent, carefully clean the bearing carrier of all traces of 

sealant. 
8. lnstall 2 NEW propeller shaft seals to the bearing carrier, dry with no 

sealant or lubricant on the seal casinas. Use a suitablv sized socket or driver 
(such as OMC Seal Installer #50000$) to carefully inhall each of the seals 
with their lips facing upward (outward toward the propeller). 

It is usually a good idea to install the seals one at a time, to avoid 
applying excessive force to the outer seal using the driver. 

9. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease to the lips of the new seal and to the NEW bearing carrier O-ring. 

10. Install the NEW bearing carrier O-ring to the carrier groove. Wipe the 
carrier surface clean on either side of the groove. 

11. Install the reverse gear thrust washer, reverse gear, the gear shim 
and the spacer to the propeller shaft. 

12. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the bearing carrier O-ring flange, the carrier support 

flange and the threads of the bearing carrier retainer and gearcase. 
13. Carefully align over the propeller shaft and gently tap it into position 

using a soft-faced mallet. In order to prevent possibly cocking the carrier in 
the gearcase and damaging the case, carrier, shaft or bearings, be sure to 
gently tap around the entire perimeter of the carrier during installation. 

14. Install the tabbed lock washer by aligning the boss on the propeller 
shaft with the notch in the washer. 

15. Thread the bearing retainer into the gearcase with the OFF mark 
facing outward. Tighten the retainer to 115 ft. Ibs. (160 Nm) using the 
Retainer Removerllnstaller Tool. 

16. Bend one tab of the lock washer where there is no gap between it 
and the leading edge of the retainer (to ensure the retainer cannot loosen, 
even slightly, in service). 

17. If drained, properly refill the gearcase, as detailed in the Maintenance 
and Tune-Up section. 

18. Install the propeller, as detailed in the Maintenance and Tune-up 
section. 

+ See Figures 66,67 and 68 

The Outboard Jet Drive provides reliable propulsion with a minimum of 
moving parts. The units operate under the same laws and principles 
employed for the other jet drive units. Simply stated, water is drawn into the 
unit through an intake grille by an impeller driven by a driveshaft off the 
crankshaft of the powerhead. The water is immediately expelled under 
pressure through an outlet nozzle directed away from the stern of the boat. 

As the speed of the boat increases and reaches planing speed, the jet 
drive discharges water freely into the air, and only the intake grille makes 
contact with the water. 

No gears are used in the jet drive assembly. Because of this, anytime the 
motor is operating the crankshaft and anything attached to it rotates. This 
means the driveshaft and the impeller are always turning when the motor is 
operating. forward, neutral or reverse is determined by the positioned of a 
linkage controlled gate. In the normal position the gate leaves the nozzle 
completely uncovered, allowing thrust to move the boat forward. When the 
shifter is placed in the neutral position, the gate moves partially over the 
nozzle so it deflects the thrust downward (which usually results in very slow 
creeping of the craft forward or rearward, depending on trim position. With 
the shifter in the reverse oosition the aate moves to comoletelv cover the 

REMOVAL, SHIMMING & INSTALLATION 

+ See Figures 69 thru 75 

The jet drive impeller is designed to draw water through an opening and 
force it outward through a smaller nozzle, thus pressurizing the water flow 
and producing thrust to move the boat. In order for the 

jet drive to operate properly (create maximum thrust), there must be the 
proper amount of clearance between the outer edge of the jet drive impeller 
and the water intake housing cone wall. The jet drive impeller should be 
periodically checked for nicks, burrs, damage or wear that could adversely 
affect clearance. For more details, please refer to Jet Drive Impeller in the 
Maintenance and Tune-up section. 

Clearance must be adjusted anytime a new impeller is installed or 
anytime inspection reveals that wear has caused the gap to increase beyond 
spec. Adjustment is a relatively simple matter of removing the impeller and 
removing shims mounted below the impeller to a spot above the impeller. 
Moving the shims will place the impeller slightly lower in the tapered housing, 
decreasing clearance. If, upon installation of a new impeller you find 
insufficient clearance, move the impeller slightly upward, into the tapered 
housina, bv rernovina shims from above the im~eller and olacina them below w, 2 " , " 

nozzle, deflecting thrust in the exact obposite direction oi normal operation. it. 

Conventional controls are used for powerhead speed, movement of the Always check impeller clearance before removal. If clearance is 
boat, shifting and power trim and tilt. within specification, keep track of all shims as they are removed and 

Jet Drive Servicing includes impeller removal, shimming and installation, return them to their original positions (above andlor below the 
jet drive assembly removal and installation, and reverse gate adjustment. impeller). 

Fig. 66 Forward, Neutral or Reverse is 
determined by gate position on a jet drive 

Fig. 67 The impeller is protected by an 
intake grate I Fig. 68 The impeller is the heart of the jet 

drive 
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7-30 LOWER UNIT 
1. For safety, disconnect the spark plug leads and ground them to the 

cylinder head. For electric start models, disconnect the negative battery 
cable for safety as well. 

2. Remove the bolts (usually 6) securing the intake housing (grille) to 
the jet housing assembly. 

3. Using a screwdriver or small prytool, carefully bend the locktab 
washer ears back off the impeller nut, then loosen and remove the nut and 
washer. Discard the locktab washer and replace with a new one. 

Fig. 69 Jet drive impeller clearance is adjusted by shimming the 
impeller higher or lower in the housing. Usually, moving the 
imoeller downward (movina shims from below to above the 
impeller) decreases'clearake 

Fig. 70 To remove the impeller, first remove 
the intake arille. . . 

Fig. 73 . . . the remove the tab washer and 
any spacers 

The locktab washer prevents the possibility of the impeller nut 
loosening during service (which could lead to a catastrophic failure of 
the jet drive). Don't risk damage to the unit or your safety on the water 
by reusing a locktab washer, as the bendable tabs may become brittle 
and break off after multiple uses. Replace the locktab washer anytime it 
is removed. 

4. Remove the impeller, along with any shims that are installed below it. 
Keep track of all shims for installation in their original positions (even if the 
impeller is being replaced, use these shims as a starting point for 
adjustment). 

5. Remove the impeller key and sleeve, then remove any shims that 
were installed above the impeller. Again, keep track of these shims for 
installation purposes. 

To install: 
6. Install the upper shims, key and sleeve (bushing) followed by the 

impeller, lower shims, a NEW tabbed washer and nut. Finger-tighten the nut 
and check impeller clearance. It must be 0.020-0.030 in. (0.5-0.8mm) or the 
nut must be loosened and shims must be moved (either taken from above 
the impeller and moved below, or vice versa). 

7. Once proper clearance has been verified or obtained, tighten the 
impeller nut to 16-18 ft. Ibs. (22-24 Nm). 

8. Bend the tabs of the new tabbed lock-washer down against the 
impeller nut to lock it in position. 

9. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the intake housing (grille) retaining bolts. 
Install the intake housing and finger-tighten the bolts, then check to make 
sure there is no binding or rubbing between the casing liner and impeller. 

If there is greater clearance on one side of the intake housing than 
the other, loosen the retaining bolts and make sure the housing is 
centered before tightening the bolts. 

10. Once you've verified that the housing is centered, tighten the intake 
housing (grille) retaining bolts to 60-84 inch Ibs. (7-9 Nm). 

11. Recheck housing and impeller clearance to make sure no 
components have shifted during installation. 

Fig. 71 . . . then bend the tab washer ears 
off the nut 

Fig. 74 Lower the impeller from the 
driveshaft.. . 

Fig. 72 Remove the impeller nut using a 
wrench.. . 

Spacer locat~on 

a 6  other shims 
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LOWER UNIT 7-31 
12. Reconnect the spark plug leads and, if applicable, connect the 

negative battery cable. 

REMOVAL & INSTALLATION 

+ See Figures 76,77 and 78 

Most of the jet drive assembly retaining b 
cavity (above the impeller). For this reason, 
order to remove the drive assembly. 

1. For safety, disconnect the spark plu 
cylinder head. For electric start models, disconnect the negative battery 
cable for safety as well. 

2. Remove the Impeller as detailed in this section. 
3. Disconnect the shift linkage from the reverse gate. On some models 

this involves removing the retaining clip, washer and spring from the lower 
shift rod, then pulling the rod out of the gate cam. On other models, you'll 
have to remove the nut and flat washer in order to free the cable end from 
the reverse gate cam. On these models the cable is then removed by 
rotating the cable to the vertical position and removing the adjusting nut and 
cable from the anchor. 

4. Remove the adapter-to-jet housing bolt (external bolt threaded 
downward into the top of the jet housing from the adapter flange). 

In the next step, keep close track of the bolts, as they are different 
lengths on some models and should be returned to their original bores. 

5. Remove the 4 internal bolts and lockwashers that are threaded 
upward into the adapter from underneath the jet drive assembly (inside the 
impeller cavity). 

Do NOT mistake the 4 bearing housing bolts for the jet drive 
assembly retaining bolts. The jet drive bolts are found outboard from 
the bearing housing. 

6. Once the jet drive assembly bolts are removed, carefully lower the 
assembly (including the jet drive housing, bearing housing, driveshaft and 
water pump) from the adapter. 

7. If the adapter or exhaust housing requires service, remove the bolts 
(usually 5) threaded upward from below the adapter, then lower the adapter 
from the housing. 

To install: 
8. If the adapter was removed, apply a light coating of OMC Gasket 

Sealing Compound or equivalent sealant to the threads of the adapter bolts, 
then install and tighten the bolts to 192-216 inch Ibs. (22-25 Nm). 

9. If equipped (and if removed), install the water tube extension on the 
tube. 

10. Apply a light coating of OMC Moly Lube, or equivalent assembly 
lubricant to the driveshaft splines. But, be careful not to coat the top surface 
of the driveshaft, as lubricant there could hydraulically prevent the driveshaft 
from seating in the crankshaft. 

11. Apply a light coating of OMC Gasket Sealing Compound, or 
equivalent sealant to the threads of the 5 jet drive housing fasteners (if 
they're of different lengths don't mix them up now). Place the fasteners aside 
on a clean surface for use in the next steps. 

12. Install the jet drive housing assembly, while carefully aligning the 
water tube into the water pump outlet and the driveshaft to the crankshaft 
splines. If necessary, slowly rotate the flywheel clockwise (when viewed from 
above) to align the crankshaft splines with the driveshaft. 

13. Install the 4 jet drive housing bolts from underneath the housing (in 
the impeller cavity) and finger-tighten. If the bolts are of different lengths, be 
sure to return them to their original bores. 
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7-32 LOWER UNIT 

I Fig. 77 The Jet drive assembly is secured by one external bolt . . . I 
WHAT? You didn't read that note earlier telling you to sort them (or 

your buddy kicked the tray over). That's ok. Normally, when the bolts 
are of different lengths, the two 5116 - 16 x 2 112 in. bolts are threaded 
into the forward holes, while the two 5116 - 16 x 3 in. bolts are threaded 
into the rear holes. If you're unsure, threads the bolts slowly by hand 
and finger-tighten to ensure they are in their proper bores. 

14. Install the upper retaining bolt (threaded downward through the 
adapter to the top of the housing assembly). Tighten all 5 of the jet drive 
housing assembly retaining bolts to 10-12 ft. Ibs. (14-16 Nm). 

15. Install the Impeller, as detailed in this section. 
16. Reconnect the spark plug leads and, if applicable, the negative 

battery cable. 
17. Follow the Jet Drive Bearing lubrication procedure, as detailed in the 

Maintenance and Tune-up section. 

After repairs, parts replacement or rigging, it is possible that the reverse 
gate or remote cable will require adjustment to ensure proper operation. 

GATE ADJUSTMENT 

* See Figure 79 

To adjust the reverse gate on the jet drive housmg, proceed as follows 
1 Set the shlfter handle to the neutral detent 
2 Hold the reverse gate up and check to make sure there 1s a 9116 in 

(23 9mm) gap between the top of the gate and the water flow passage 
3 If adjustment 1s necessary, have an assistant contlnue to hold the 

reverse gate up and check the clearance, whlle you loosen the cam screw 
(1) and rotate the eccentric nut (2) until the clearance IS correct 

4 Tighten the cam screw, then recheck the adjustment 
5 Move the sh~fter handle to the forward detent 
6 With the gate now In the forward detent try to lift up on the reverse 

gate by hand (movlng ~t back toward neutral) The gate should NOT move If 
necessary, adjust the eccentric nut agam, so the neutral gap 1s correct, but 
the gate wdl not move upward In the forward posrtion 

Fig. 79 Reverse gate adjustment (gate 
shown in FORWARD oosition) 

REMOTE CABLE ADJUSTMENT 
* See Figures 80 and 81 

Proper cable adjustment is necessary in order to keep water pressure 
(from boat movement) from moving the reverse gate upward blocking normal 
thrust. 

Should be reverse gate shift suddenly and unexpectedly over the thrust 
nozzle, the boat will stop violently, shifting and possibly ejecting 
passengers and cargo. Proper adjustment is critical. 

This procedure starts with the cable disconnected, for replacement, re- 
rigging or installation of a jet drive assembly. 

1. Pull upward on the shift cam ( I )  until the roller is in the far end of the 
forward range (2). 

2. Shift the remote control to the forward position. Temporarily, push 
the insert the cable guide onto the shift cam stud, then pull firmly on the 
cable casing to remove all free-play. Next, adjust the cable trunnion until it 
aligns with the anchor bracket, then remove the cable from the cam stud. 

3. Connect the cable trunnion to the anchor bracket, then turn 90" to 
lock the trunnion in position. 

4. Push the cable guide back onto the cam stud, then install the washer 
and finger-tighten the locknut. 

5. Shift the remote control to the neutral position (3). The cam roller 
must snap into the neutral detent when you pull upward on the reverse gate 
with moderate pressure. If the gate does not shift properly into neutral, 
lengthen the cable slightly and recheck the adjustment. 

H Remember, it is CRITICAL that the reverse gate remains locked into 
the FORWARD position when the remote is shifted into FORWARD. You 
should NOT be able to move the gate out of this position by hand. 

6. Tighten the cam locknut securely, then loosen it 118 - 114 of a turn in 
order to allow free movement of the cam. 

7. Secure the cable looselv to the steerina cable usina a wire tie, but be 
sure NOT to restrict shift cable movement. 

- 

With the engine running in NEUTRAL and the warm-up lever raised, 
the engine will run rough due to exhaust restriction from the reverse 
gate. This is normal. 

I I 
L 

Fig. 80 When adjusting the remote cable, 
first move the cam (1) to the FORWARD Fig. 81 . . . next, check that the cam snaps 
position (2) . . . into the NEUTRAL position (3) 
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8-2 TRIM AND TILT 

This section covers basic system troubleshooting and major component 
removal, replacement and installation for the 3 major power trimitilt systems 
found on inline JohnsoniEvinrude motors. 

GENERAL INFORMATION 

Trim 

Motor trim is generally defined as the angle of the gearcase when 
compared with the vertical line of the transom. Adjusting motor trim will affect 
a boat's handling. Loosely speaking, the bow tends to moves in the direction 
of the trim. 

When the motor is trimmed up (outward, away from the transom) the bow 
will tend to move upward. This can be used to raise the bow slightly to 
increase fuel economy or performance, or it can be used to help stabilize the 
boat when running with chop. However, in bow up positions, the boat may 
tend to pull to the port side. Be careful as excessive bow-up trim may cause 
propeller ventilation (resulting in slippage) and, could cause the bow to rise 
suddenly or excessively when encountering a wake or rough surf. 

When the motor is trimmed down (toward the transom) the bow will tend 
to move downward. This position is best for quick acceleration onto plane 
and for maximum towing power (such as for water skiing). This position is 
generally used for climbing onto plane from a standing start or idle operation 
or for stabilizing the boat when running against chop. With bow down trim, 
the motor will tend to push boat starboard slightly and the boat will have 
more of a tendency to plow (as more of the bow will be pushed into the 
water). 

Trim must be carefully set for safe boat operation. Running the boat 
with the motor trimmed excessively up or down will cause dangerous 
conditions. Excessive upward trim could cause the boat to react 
violently to surf or wakes. Excessive downward trim, especially at 
speed, may cause plowing that could turn or spin the boat suddenly. 
Either condition could eiect oassenaers. 

Trim should be adjusted to suit operational, boatlpassenger load and 
weather conditions. Generally speaking, small adjustments in or out from 
vertical will usually achieve the desired results of optimum handling and fuel 
economy for the boat and conditions. 

Tilt 

One advantage to an outboard IS the ablllty to fully ralse the motor out of 
the water for beach~ng, tra~ler~ng or even storage or dock~ng In salt water (to 
keep the motor out of the corrosive water over long per~ods of tme) 
Generally speaking, smaller motors are t~lted manually whde larger motors 
are tllted uslng a power trrmlt~lt system. However, th~s 1s a generalrzat~on, as 
many larger JohnsonIEv~nrude outboards are equ~pped w~th a gas-charge 

Fig. 1  The small motor conventional system 
is easy to spot, as it utilizes a single piston 
for tiltltrim 

assisted manual tilt system. And, at the same time, some smaller motors 
(usually remote models) are equipped with power trimitilt systems, 

When equipped with a manual system, a lever on the sterniswivel bracket 
must be released and the engine case is then grasped in order to manually 
raise or lower the motor. A tilt pin may be used to manually adjust downward 
trim position on these motors. 

With power systems, a tilt rod can be used to lift the motor upward, past 
operating trim levels or it can be used to lower the motor back to operating 
levels. 

In ALL cases, some manual locking bracket must be used to secure the 
motor when trailering. The power trimltilt systems available for 
JohnsonIEvinrude motors include an integral trailering bracket. 

Some JohnsonlEvinrude outboards are equipped with a power trim tilt 
system in order to assist in trimming the motor or lifting to the motor for 
trailering, shallow water operation or beaching. Using the power trim 
function, the operator can adjust gearcase angle (tilt from vertical at the 
transom) to improve handling. While the motor is trimmed up (outward, away 
from the transom), force from the motor will tend to push the bow up. This 

+ See Figures 1 , 2  and 3 

Many of the JohnsoniEvinrude motors (mostly remote models) covered 
here are equipped with a power trimitilt system from the factory. Also, power 
trimitilt systems may be added at the time of motor installationlboat rigging. 
There are essentially 3 basic versions of the trim-tilt system that might be 
found on a JohnsonIEvinrude outboard and, since systems may be changed 
or added when rigged, it is nearly impossible to identify the type of trim tilt 
system used based on solely on engine type. However, the 3 systems used 
can be identified visually. 

Although system identification is necessary for parts replacement 
and for specifications during some test procedures, the actual 
operation (especially the wiring) is virtually the same for all 3 systems. 
Differences generally occur in the manifoldlvalve designs. 

TYPES OF TRIMITILT SYSTEMS 

+ See Figures 1 , 2  and 3 

Small-Motor Conventional System 

+ See Figure 1 

Generally speaking, this system may be found on 25-50 hp motors. The 
small-motor conventional system is made up of a single-ram and is visually 
identified by the fact that the motor is mounted onto a manifold next to a 
single cylinder. Both other systems used by JohnsonIEvinrude contained 
dual-rams, which makes identification of this system relatively easy in the 
scheme of things. A version of this system is normally installed on 40-50 hp 
EFI motors. 

RESERVOIR 
1 MOTOR 

Fig. 2  The large motor conventional system 
is identified by the motor and reservoir 
mounted vertically onto the 
cylinderlmanifold matintl surface 

RESERVOIR 

Fig. 3 The FasTrakB system is similar to the 
large motor conventional, but the 
motorlvalve assembly and reservoir bolt 
horizontally to the cylinder body 
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TRIM AND TILT 8-3 
Large-Motor Conventional System 

40 See Figures 2,4 and 5 

Generally speaking, this system may be found on some 50-70 hp motors 
(NOT including EFI models). The large-motor conventional system utilizes a 
dual-ram trim system, along with a single tilt cylinderlshock absorber, all of 
which are mounted to a single manifold assembly. These characteristics 
make it similar to the FasTrak@ system used on most large motors. The 
major difference is that, on the conventional system, the motor and reservoir 
are bolted vertically down onto the manifold (on the FasTrakB system, those 
components are bolted horizontally to the manifold). 

When testing or repairing the electric motor on large-motor conventional 
systems, it is important to identify the type of motor installed on the system 
(Prestolite, Bosch or one of 3 Showa models) in order to ensure you have 
the proper specifications. Refer to the visual and statistical information in the 
accompanying illustration to help make the correct motor identification for 
testing and replacement purposes. 

FasTrak@ System 

I, See Figures 3 and 6 

The FasTrakB system is found on all of the larger JohnsonlEvinrude 
outboards, including the V motors not covered here. It may be found on the 
largest of the inline motors, generally the 913cc 2-stroke motors, as well as 
the 70 hp EFI 4-stroke motor. Like the large-motor conventional system the 
FasTrak@ system utilizes a dual-ram trim system, along with a single tilt 
cylinderlshock absorber mounted to a single cylinder body. The major 
difference between the FasTrak@ and the conventional system is that on the 
FasTrak@ assembly, the pumplvalve manifold assembly and the reservoir, 
although positioned vertically like on the conventional system, are actually 
fastened to the cylinder body horizontally (bolted from the side). A less 
obvious difference at first glance is the fact that the cylinder body does not 
contain the manifold valves on the FasTrak@ system, as a separate valve 
body is bolted between the cylinder body and the motor. 

The trimltilt system used by the 70 hp EFI motor is not an exact 
duplicate of the system used for other JohnsonlEvinrude motors. It 
differs mostly in the relay and control wiring, and these differences are 
reflected in certain separate troubleshooting procedures. 

Prestolite 3 in. Diameter 

Bosch 2.5 in. Diameter 

U 
Showa 3.0 in. Diameter 

Showa 2.4 & 2.9 in. Diameter 

Fig. 4 Identifying the electric motor installed on conventional large- 
motor systems 

FASTRAK@ SYSTEM 

I, See Figures 7,8 and 9 

The FasTrak@ system is completely self-contained in an assembly that is 
mounted to the engine stern bracket. The main system components include 
an electric motor, a fluid reservoir and oum~lvalve manifold assembly and a , , 
cylinder body. 

The FasTrakB system utilizes a cylinder body w~th 2 trim cylinder rams 
and one combination tilt cylinder/shock absorber. Whenever the trim button is 
pressed upward the electric motor rotates clockwise, (as viewed from the 
pump end) pumping hydraulic fluid to force the cylinders upward. Because of 
a mechanical advantage the trim cylinders perform most, but not all of the 
work. Once the motor is raised 21" (to the end of the trim cylinder travel), the 
tilt cylinder moves the engine through the remaining 54" of the tilt range. 

While in the tilt range (above the trim range) the engine will only 
operate at idlellow throttle. 

Fig. 5 Major components of conventional large-motor systems 

Fig. 6 Major components of FasTrak@ systems 
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8-4 TRIM AND TILT 

Fig. 8 A manual release valve is located on the port side of the 
FasTrakB system 

Fig. 9 An integral trailering bracket provides support when the 
engine is raised 
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TRIM AND TILT 8-5 
When the down switch is activated, fluid is pumped only to the top of the 

tilt cylinder whose piston moves the engine downward (pushing fluid from 
underneath the tilt piston as it travels downward). The force of the engine 
moving down pushes against the trim cylinder rams, forcing fluid out from 
underneath the trim cylinder pistons as they return to the bottom of their 
travel. 

A manual release valve is provided in order to provide tiltitrim function in 
the event of certain electrical or mechanical system failures. The valve is 
normally located on the port side of the trimltilt bracket assembly and is 
accessed with a screwdriver through a hole on the outside of the stern 
bracket. 

An integral trailering bracket is provided to protect the system from stress 
and shock. The bracket should be used whenever the boat is towed or in 
storage. 

A tilt limit switch can be set to prevent the engine from contacting the 
boat's motor well during trimltilt operation. However, setting the trim limit 
switch will not prevent the engine from striking the motor well if moved 
manually or due to a severe impact. 

Manually Tilting A FasTrake Engine 

S Y 

To manually tilt a FasTrakB engine, open the manual release valve by 
rotating it about 3 112 turns counterclockwise using a screwdriver inserted 
through the access hole on the outside of the stern bracket. Turn lightly until 
the valve just contacts the retaining ring. 

With the valve open you can manually raise the engine (which will allow 
fluid to flow from the top of the tilt cylinder to the reservoir and to the 
underside of the tilt cylinder). 

Once the release valve is opened, the engine must be supported when 
it is lifted, either using a hoist or the trailering bracket. DO NOT attempt 
to hold the engine up, above the trim range using the tilt cylinder and 
manual release valve. Similarly, do not allow the engine to drop 
suddenlv once the sumort is removed. 

To trim the engine out, start by releasing the valve and raising the motor 
further than the final desired trim position. Close the release valve and gently 
allow the tilt cylinder to take the motor's weight; then slowly open the release 
valve, bleeding off pressure using the weight of the engine. Close the valve 
again once the desired trim level has been reached. 

Remember that the manual release valve must be closed (turned 
gently inward) in order for the FasTrakO system to operate properly. 

CONVENTIONAL LARGE MOTOR SYSTEM 

+ See Figure 10 

The large motor conventional trimltilt system is completely self-contained 
in an assembly that is mounted to the engine stern bracket. The entire 
assembly is secured to the engine stern brackets by 3 bolts on either side. 
Mounted on or in the main manifold assembly are all system components 
including an electric motor, a fluid reservoir and 2 trim cylinderlram 
assemblies and a single tilt cylinderlshock absorber. 

Whenever the trim button is pressed upward the electric motor rotates 
clockwise, (as viewed from the pump end) pumping hydraulic fluid to force 
the cylinders upward. Because of a mechanical advantage the trim cylinders 
perform most, but not all of the work. Once the motor is raised 15" (to the 
end of the trim cylinder travel), the tilt cylinder moves the engine through the 
remaining 50" of the tilt range. 

Although the engine can be operated above the 15" trim tilt level (for 
shallow water driving), at speeds above 1500 rpm, the trim-up relief 
valve will open, automatically lowering the motor back to the fully 
trimmed out (15" position). Also, when the motor is running above 1500 
rpm, it will NOT tilt upward past the 15" position. 

When the down switch is activated, fluid is pumped to the top of the trim 
and tilt cylinders whose pistons move the engine downward (pushing fluid 
from underneath the pistons as they travel downward). 

A manual release valve is provided in order to provide tiltltrim function in 
the event of certain electrical or mechanical system failures. The valve is 
normally located on the starboard side of the trimltilt bracket assembly and is 
accessed with a slotted screwdriver through a hole on the outside of the 
stern bracket. 

NEVER open the manual release valve more than 1 112 turns. And, the 
valve must be closed again in order for the shock absorption system 
and reverse thrust system to work. 

A trim gauge is provided with the motor and a sending unit is attached to 
the port stern bracket. The switch can be accessed with the motor fully tilted. 

An integral trailering bracket is provided to protect the system from stress 
and shock. The bracket should be used whenever the boat is towed or in 
storage. 

Reverse lock 

Fig. 10 Fluid flow diagram of the conventional large motor system during up (trim outltilt up) operation - shaded passages represent pressurized 
fluid flow 
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8-6 TRIM AND TILT 
CONVENTIONAL SMALL MOTOR SYSTEM 

+ See Figures 11,12 and 13 

The small motor conventional trimltilt system is completely self-contained 
in an assembly that is mounted to the engine stern bracket. The hydraulic 
unit consists of a manifold that contains all valving, the fluid reservoir, pump, 
motor and single combination trimltilt cylinder. During operation, the hydraulic 
unit pivots on the lower thrust rod and the piston rod that attaches to the 
underside of the engine swivel bracket. 

Whenever the trim button is pressed upward the electric motor rotates 
clockwise, (as viewed from the pump end) pumping hydraulic fluid to force 

the cylinders upward. As the piston in the trimltilt cylinder begins to extend, 
the first 15" of engine movement is considered trim (standard engine 
operational drive), as the engine is still supported by both the port and 
starboard stern brackets. But, as the piston continues to push upward, the 
final 50" of engine movement are considered the tilt range. 

When the down switch is activated, fluid is pumped to the top of the tilt 
cylinder, whose piston moves the engine downward (pushing fluid from 
underneath the piston as it travels downward). 

A manual release valve is provided on the assembly in order to provide 
tiltttrim function in the event of certain electrical or mechanical system 
failures. In order to move the engine by hand, loosen the manual release 
valve a minimum of 3 turns. Once the engine is positioned as desired, the 

Hydraulic reservoir 

Down check valve Impact relief 
1 UD relief 

Fia. 11 Fluid flow diaaram of the conventional small motor svstem durina up (trim outltilt up) operation 

Down check valve 
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valve must closed and tightened to 45-55 inch Ibs. (5-6 Nm). The electro- 
hydraulic system will not work again until the valve is closed and tightened. 

A trim gauge can be added to this system. When equipped, the sending 
unit is mounted on the port side of the swivel bracket. 

Engines equipped with this system are normally equipped with integral 
trailering locks to protect the system from stress and shock. The locks MUST 
be used whenever the boat is towed or in storage. When setting the locks, 
be sure to retract the cylinder until the locks are fully engaged. 

I Fig. 13 Manual release valve - conventional small motor systems / 

TRlMiTlLT SYSTEM DIAGNOSIS 

FasTrakB System 
+ See Figures 14 and 15 

Should the FasTrakm system malfunction, use the accompanying 
symptom and service chart to help determine the cause. Unfortunately, some 
of the service steps require "substituting" a known good part, which is often 
not available unless purchased. Occasionally, substituting a known good part 
will fix the problem, But, more often than not, it only proves that the original 
part was fine. For this reason, substitution should be avoided unless 
absolutely necessary (unless the parts counter person is a real buddy and 
will take back the good part if it doesn't fix the problem). If one of the service 
steps involves substitution, skip it and eliminate the other possibilities first. 

Also, keep in mind these basic points for system troubleshooting: 
If the system does not work and the motor does not run or make any 

noise, then refer to the Power Supply procedure in this section. 
If the engine tilts part of the way upward, but does not move smoothly 

or with a constant sound, there is probably air in the system (usually caused 
by low fluid level). Check and refill the reservoir (as detailed in the 
Maintenance and Tune-Up section). Bleed air from the system by running the 
engine fully up and down with the trimltilt motor for at least 5 complete 
cycles, pausing between each cycle to recheck fluid level and top-off, as 
necessary. 

If the motor seems to be binding mechanically, open the manual 
release valve and tilt the motor manually up and downward to check for 
smooth operation or binding. 

If the engine does not tilt as high as it should or the motor stops 
operating at the maximum position (does not sound like it is stalled, but 
shuts off), check the Tilt Limit Switch Adjustment, as detailed in this section. 

If, after a repair or manual release valve replacement, the motor will not 
lower from the shallow water drive position at any throttle setting, make sure 
the proper manual release valve is installed. The manual release valve used 
on inline motors should not have a shallow groove in the valve face. If a 
groove is present, the valve is designed for V6 engines. 

Conventional Large Motor System 

If problems are encountered with a conventional large motor system, use 
the following list of symptoms and possible causes to help determine the 
problem. Before starting the troubleshooting procedure, make sure all basic 

system checks are completed as follows: 
If the system does not work and the motor does not run or make any 

noise, then refer to the Power Supply procedure in this section. 
If the engine tilts part of the way upward, but does not move smoothly 

or with a constant sound, there is probably air in the system (usually caused 
by low fluid level). Check and refill the reservoir (as detailed in the 
Maintenance and Tune-Up section). Bleed air from the system by running the 
engine in ten second spurts fully up and down with the trimhilt motor for at 
least 5 complete cycles, pausing between each cycle to recheck fluid level 
and top-off, as necessary. 

If the motor seems to be binding mechanically, open the manual 
release valve and tilt the motor manually up and downward to check for 
smooth operation or binding. 

1. If the only the tilt cylinder leaks down, check the following: 
Oil lines 
Manual relief valve - Trim-up relief valve 
Tilt pistons andlor seals 

* Tilt check valve 
2. If both the tilt and trim cylinders leak down, check the following: 
Trim pistons and seals 
Trim cylinder sleeves 
Trim check valve 
Expansion relief valve 

3. If there is no reverse lock, check the following: 
Manual release valve 
Filter valve - Tilt pistons andlor seals 
Reverse lock check valve 
Oil lines 

4. If the unit works, but slower than normal, check the following: 
Make sure there is no mechanical bindina ., 

* Hydraulic pump 
Electric motor 
Trim-down relief valve 
Expansion relief valve 

5. If the motor runs but the system does not move the engine, check 
the following: 

Fluid level 
Pump coupler 
Hydraulic pump 

6. If there is no trim when under load, check the following: 
Manual release valve 
Trim relief valve 
Trim pistons andlor seals 
Trim cylinder sleeves 
Expansion relief valve 

7. If the tilt down function does not work, check the following: 
Manual release valve 
Filter valve 
Trim-down relief valve 
Pump control piston 

8. If the unit becomes locked in the tilt up position, check the expansion 
relief valve. 

groove 
Fig. 14 Make sure the proper manual release valve is installed - the 
face of the manual release valve for inline engines should not have 
a groove on FasTrak@ equipped inline motors 

*. 
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Svmptoms 
service 
s-Ps 

Unit will not move in either direction 

Unit runs slowly in one direction, normal speed in other direction 

Unit runs slowly in both directions (if low hours) 
(a high hours) 1 $%%@I 

Unit leaks DOWN andlor will not hold trim position against thrust in forward. 1 @ Q @ O 

Unit leaks UP, will not hold a trim ~osition aaainst propeller thrust in reverse. / O Q Q 
Does not leak down or lose trim position in 6rward. 

- .  

Unit leaks both UP and DOWN - Leaks down in tit  range and/or will not hold 0 @ 0 
trim position against thrust in forward or reverse. 

Unit will not trirdtilt one way, but works okay the other way 
Unit will not run DOWN - but runs UP okay; or it runs DOWN okay - but 
will not run UP. 

service Steps 

A. Be sure the manual release valve is dosed. If NOT, tighten firmly and retest. 

B. Temporarily, install a known good manual release valve and retest. If symptoms remain, 
original valve is not the problem. Reinstall original valve. 

C. If symptoms disappear, the original valve was faulty. Remove temporary valve and replace 
with correct valve. 

D. Go to Power Supply in this section to determine if problem is power supply. 

E. Remove trim motor and check condition of drive coupling. If coupling is damaged, replace it. 

F. Temporarily, install a known good pump manifold assembly and retest. If symptoms remain, 
original assembly is not the problem. Reinstall original assembly. 

G. If symptoms disappear, the original pump manifold assembly was faulty. Remove temporary 
assembly and replace it with correct one. 

H. install replacement pump manifold assembly and retest. If all symptoms are not corrected. 
reconsider the problem using the new symptoms. 

I. Install O-ring kit. Look for any cylinder damage. Look for chips in fluid or impact valves. Look 
for other abnormal conditions. If all symptoms are not corrected, reconsider the problem usin{ 
the new symptoms. 

Fig. 15 FasTrakB system diagnosis - perform the appropriate 
service steps in order for the applicable symptom 

Conventional Small Motor System 

If uroblems are encountered with a conventional small motor svstem, use 
the following list of symptoms and possible causes to help determine the 
problem. Before starting the troubleshooting procedure, make sure all basic 
system checks are completed as follows: 

If the system does not work and the motor does not run or make any 
noise, then refer to the Power Supply procedure in this section. 

If the engine tilts part of the way upward, but does not move smoothly 
or with a constant sound, there is probably air in the system (usually caused 
by low fluid level), Check and refill the reservoir (as detailed in the 
Maintenance and Tune-up section). Bleed air from the system by running the 
engine fully up and down with the trimltilt motor for at least 5 complete 
cycles, pausing between each cycle to recheck fluid level and top-off, as 
necessary. When running the motor upward or downward to bleed the 
system, hold the switch (with the motor running) for an additional 5-10 
seconds after the unit reaches the top or bottom of it's travel, and then 
activate the switch in the opposite direction. 

* If the motor seems to be binding mechanically, open the manual 
release valve and tilt the motor manually up and downward to check for 
smooth operation or binding. 

1. If the cylinder leaks down, check the following: 
Manual relief valve 
External fluid leaks 

* Up check valve 
* Impact relief valve 
* Up relief valve 

Expansion relief valve 
Piston O-rings 

2. If there is no reverse lock, check the following: 
External fluid leaks 
Manual release valve 
Filter valve and seat 
Impact relief valve 
Up relief valve 
Down check valve 
Piston O-rings 

3. If the motor runs but the system does not move the engine, check 
the following: 

Fluid level 
Manual release valve 

Pump coupler 
* Hydraulic pump 

4. If the motor does not tilt downward, check the following: 
Manual release valve 
Down relief valve 
Filter valve and seat 
Pump control piston 
Down check valve 

5. If the unit works, but slower than normal, check the following: 
Fluid level 

* Make sure there is no mechanical binding 
Hydraulic pump 
Electric motor 
Manual release valve 
Down relief valve 
Expansion relief valve 

6. If the unit becomes locked in the tilt up position, check the following: 
Expansion relief valve 
Make sure there is no mechanical binding 
Pump control piston 

Checking Current Draw with an Ammeter 

DERA TE 
v + See Figures 16,17 and 18 

One of the quickest ways to narrow down system problems is through the 
use of an ammeter to check current draw by the motor during system 
operation. In order accomplish this test, you'll need a fully charged battery 
with at least a 360 CCA (50 amp-hour). Also, you'll need a stopwatch and an 
ammeter. The capacity of the ammeter will vary with the system you are 
testing. You'll need one capable of reading 0-100 amps (for FasTrakB 
systems), 0-60 amps (for large-motor conventional systems) or 0-25 amps 
(for small-motor conventional systems). The test should occur with the boat 
either on a trailer or sitting docksidelmoored with little or no current. 

If testing a large-motor conventional system, refer to System 
Identification in this section for information on identifying the type of 
electric motor installed. Specifications for the types of electric motors 
installed on large-motor conventional systems will vary by motor type. 

1. Connect a suitable ammeter in series, between the battery side of 
the starter solenoid and red 14 gauge lead to the trimltilt motorljunction box, 
as shown. 

In the next step, time only the trim up for FasTrakB systems, both 
the time for trim up and, separately, the time for tilt up on large-motor 
conventional systems or the combined time for trim and tilt up for 
small-motor conventional systems. 

2. Start with the motor trimmed fully inward (toward the transom), then 
operate the trimltilt switch to move the motor fully out through the trim range 
(FasTrak@ motors) or the trim and tilt range (conventional motors). Watch 
the ammeter while the motor runs through range and use the stopwatch to 
determine the amount of time it takes. On FasTrakB systems, the motor 
should move through trim range (NOT the tilt range) in 9 seconds and draw 
approximately 22 amps. On small-motor conventional systems, the motor 
should take 13-19 seconds to run to the upward stall position, but no 
specification is available for current draw during this process. For large-motor 
conventional systems, refer to the accompanying chart to determine trim up 
acceptable trim up and tilt up current draws and times. 

For dual-ram systems (both FasTrakB and large-motor conventional 
systems) the motor has reached the end of the trim-out (up) range once 
i t  begins to JUST come off the 2 trim rams. 

3. For FasTrakB systems, run the engine the rest of the way up through 
tilt range, the amount of time does not matter. 

4. Once the motor reaches stall height, check the ammeter reading with 
the motor operating against the stall. At the stall-up position, current draw 
should be approximately 60-75 amps for FasTrakB systems or 7-1 2 amps for 
small-motor conventional systems. For large-motor conventional systems, 
refer to the accompanying chart, as specifications vary with the type of 
electric motor installed. 

5. Run the motor back down in the same manner as up. That means for 
small-motor conventional systems, you'll time the entire tilt and trim range 
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Pmstoiite 3 in. Dia. 

Normal I Time 1 Normal 

@ Trim Up 11-15 

@ Tilt Up 11-15 

Stall Up 30-35 30-35 

Stall Down 21-25 

Full Range Up 

Full Range Down 15-20 

I in. Dia. I Showa 2 4  in. Die. I 

Current 

9-1 2 

25-29 

12-17 

Seconds 1 
Fig. 16 On large-motor conventional systems, motor test specifications will vary with the type of electric motor installed 

downward (it should take 10-1 6 seconds and there are no current draw 10. If there is a high current draw, check the following: 
specifications for the trip down). For large-motor systems you'll time the trim Binding pump 
and tilt ranges separately, while watching the ammeter both times. For Binding motor 
FasTrakB systems, run the motor back down until it just contacts the trim Sticking valves 
rams. This is the beginning of the trim-down range. Then, run the motor Damaged relief valve springs (on FasTrakB systems, this should only 
down the trim range until it is fully trimmed inward, while watching the cause stall up malfunctions) 
ammeter and using the stopwatch to time it. The electric motor 0;) FasTrakB 
systems should draw approximately 16 amps and take 9 seconds to run Checking the Motor No Load Operation 
Inward through the trm range 

6. Once the motor is fully tr~mmed inward (at the trlmmed-ln stall 
pos~tion), contlnue to operate the system while observing the ammeter. At 
the stall-down Dositlon, current draw should be a~~rox~mate lv  35-45 amps for See Figure '9 
FasTrakB systems or 15-20 amps for small-motor'conventiohal systems. For 
large-motor conventional systems, refer to the accompanying chart, as 
specifications vary with the type of electric motor installed. 

7. If there is a normal current draw, but there is a slow operating speed 
on FasTrakB systems, check the following: 

Damaged impact valves 
Malfunctioning check or shuttle valves 
Damaged manual release valve 

8. If there is a normal current draw, but there is a slow o~eratina meed 

The electric motor used on these systems can be tested as a stand-alone 
component, but you will need an ammeter and a vibration or mechanical 
tachometer. The ammeter must be capable of reading 0-50 amps for 
FasTrakB and large-motor conventional systems, or 0-25 amps for small- 
motor conventional systems. Also, you will need a fully charged battery with 
at least a 360 CCA (50 amp-hour) rating, and a vise or mounting to hold the 
motor steady during the test. 

The motor must first be removed from the assembly. ., , 
on small- or large-motor conventional systems, check the following: If testing a large-motor conventional system, refer to System 

Damaged pump control piston Identification in this section for information on identifying the type of 
Malfunctioning check valve electric motor installed. Specifications for the types of electric motors 

9. If there is a low current draw, check the following: installed on large-motor conventional systems will vary by motor type. 
Leaking valves or O-rings 
Weak relief valve s~r inas 1. Remove the Trimfrilt motor from the valve bodylmanifold assembly, 

1 .. 
Damaged pump 
Fouled or damaged check valves (FasTrakB only) 
Damaged manual release valve (FasTrakB only) 

Fig. 17 Wire an ammeter between the 
solenoid and the trimitilt motor power feed 

as detailed in this section. 
2. Mount the trimitilt motor in a suitable holding fixture or a soft-jawed 

vise. 

Fig. 18 Current draw and performance 
should be timed in the trim range (while the 
motor is in contact with the trim rams) 

Fig. 19 The motor must rotate clockwise 
(viewed from pump) with power applied to 
the BLUE lead 
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3. Connect an ammeter in series between a freshly charged battery (of 

at least 360 CCAI50 amp hour rating) and the motor during the next steps of 
the test. The ammeter red lead should be connected to the battery. 

4. While holding the vibration or mechanical tachometer against the 
motor to determine rotational speeds, connect the battery to the motor's blue 
lead. The motor must rotate clockwise when viewed from the pump end. 
Note the readings on both the ammeter and the tachometer. 

5. While holding the vibration or mechanical tachometer against the 
motor to determine rotational speeds, connect the battery to the motor's 
green lead. The motor must rotate counterclockwise when viewed from the 
pump end. Note the readings on both the ammeter and the tachometer. 

6. The motor must turn the correct direction for each test, as noted in 
the previous steps. The motors must draw the appropriate maximum 
amperage (or less) while turning the appropriate minimum speed as follows: 

For FasTrakB systems, the motor must draw no more than 10 amps 
while rotating at least 7000 rpm. 

For small-motor conventional systems, the motor must draw no more 
than 4.5 amps while rotating at least 5000 rpm. 

For large-motor conventional systems specifications vary with the type 
of electric motor installed. 

On large motor systems, refer to the following motor specifications: 
Prestolite motors should draw no more than 7 amps while turning at 

least 4700 rpm. 
Bosch motors should draw no more than 4.5 amps while turning at 

least 5450 rpm. 
3.0 and 2.4 diameter Showa motors should draw no more than 4.5 

amps while turning at least 5000 rpm. 
* 2.9 in diameter Showa motors should draw no more than 10 amps 

while turning at least 7000 rpm. 

Power Supply 

CULT 

+ See Figure 20 

In order to properly check the power supply to the trimltilt motor, make 
sure the battery is in good condition and fully charged. Also make sure the 
keyswitch is turned to the OFF position, with the key removed and the safety 
lanyard is removed from the switch. 

Fig. 20 Although the bracket (and relay positioning within the 
bracket) may vary, the relative positions of the terminals does not 
change. V1 and V2 (or V5 and V6) are always the pair of parallel 
terminals, when compared to the other 3 in the socket 

Checking Power Supply - Except EFI Motors 

The following tests are made on the relay side of the trimltilt relay 
sockets. Terminals may be identified using the wire colors. Remember that 
the up relaylup circuit contains blue motor wiring while the down relayldown 
circuit contains green circuit wiring. The referenced terminals can also be 
identified using the TrimRilt Wiring Diagrams in this section. 

1. Connect the DVOM black lead to a good engine ground, then check 
for voltage at the battery side of the starter solenoid by probing with the red 
DVOM lead. If there is no voltage, check the battery and wiring, otherwise 
proceed with the next step. 

2. Mark the UP and DOWN relays, then remove them from the relay 
sockets. 

3. Check the UP circuit, start by connecting the red DVOM lead to V1 
(up circuitired wire) and the black lead to V2 (up circuitiblack wire at center 
of relay socket). There should be battery voltage present, otherwise check 
the red wire between the relay socket and starter solenoid (FasTrakB and 
large motor) or the terminal strip (small motor). If the power feed is not the 
problem check the ground wire between relay socket (or terminal strip) and 
engine ground. If power is present, proceed with the next step. 

4. Connect the black DVOM lead to a good engine ground and the red 
lead to V3 (bluelwhite wire). Push the UP trim button and watch for battery 
voltage on the DVOM. If no voltage is present, check the remote trim switch 
and wiring (if they check out, proceed with the next step). If voltage was 
present at V3, proceed with the next step. 

5. Push trimltilt UP button on the lower motor cover and check for 
voltage at V3. If voltage is present, skip the remainder of this and the entire 
next step. If there is no voltage, trace the bluelwhite wire out of the trim 
switch on the lower motor cover to the bullet connector and check for voltage 
there. If there is still no voltage present, check for voltage at the red bullet 
connector (or tedlpurple connector for small motor systems) that supplies the 
motor cover trim switch. If switch and wire is good, proceed with the next 
step. 

6. Some models (such as mostiall FasTrakB systems and some 
conventional systems) contain a tiltilimit switch. On models so equipped, if 
there was no voltage at V3 in one of the previous steps, try isolating the tilt 
limit switch. Disconnect the bluelwhite tilt limit switch bullet connectors, then 
reconnect them, bypassing the tilt limit switch and repeat the previous step to 
test for voltage at V3 when pressing the trimitilt up button on the lower motor 
cover. If voltage is now present adjust or replace the tilt limit switch. 

7. Install the up relay to the bracket, but only slide the blades halfway 
into the relay socket so that you can still access them with the DVOM 
probes. 

8. Connect the red DVOM lead to relay blade M for terminal V4 (the 
bottom blade that slides into the terminal socket for the blue motor wire) and 
the black lead to a good engine ground. Press the UP trim button and watch 
for voltage on the blade. If there is no voltage, perform the Checking the 
Relay procedure in this section. If voltage was present, proceed with the next 
step. 

9. Push the relay the rest of the way into the bracket, now disconnect 
the blue and green wire connector from the trim motor. Using the red DVOM 
lead, check for voltage on the blue wire coming from the relay bracket while 
the UP button is pressed. If voltage is not present, check the blue wire 
between the connector and the relay bracket. If voltage is present, but the 
motor was not operating, check the blue lead to the motor and the motor 
itself. 

10. Repeat the same test, but for the DOWN circuit (which never uses a 
tilt limit switch). We'll take you through it again though, so as not to get 
confused with the terminal identifications and wire colors that differ slightly. 
Start by removing both the up and down relays from the relay bracket (if 
installed after the previous steps). 

11. Connect the red DVOM lead to V5 (down circuitired wire) and the 
black lead to V6 (up circuitiblack wire at center of relay socket). There 
should be battery voltage present, otherwise check the red wire between the 
relay socket and starter solenoid (FasTrakB and large motor) or the terminal 
strip (small motor). If the power feed is not the problem check the ground 
wire between relay socket (or terminal strip) and engine ground. If power is 
present, proceed with the next step. 

12. Connect the black DVOM lead to a good engine ground and the red *. 
lead to V7 (greeniwhite wire). Push the DOWN trim button and watch for 
battery voltage on the DVOM. If no voltage is present, check the remote trim 
switch and wiring (if they check out, proceed with the next step). If voltage 
was present at V7, proceed with the next step. 
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13. Push trimltilt DOWN button on the lower motor cover and check for 

voltage at V7. If voltage is present, proceed with the next step. If there is no 
voltage, trace the greenlwhite wire out of the trim switch on the lower motor 
cover to the bullet connector and check for voltage there. If there is still no 
voltage present, check for voltage at the red bullet connector (or redlpurple 
connector on small motor systems) that supplies the motor cover trim switch. 

14, Install the down relay to the bracket, but only slide the blades 
halfway into the relay socket so that you can still access them with the 
DVOM probes. 

15. Connect the red DVOM lead to relay blade M for terminal V8 (the 
bottom blade that slides into the terminal socket for the green motor wire) 
and the black lead to a good engine ground. Press the DOWN trim button 
and watch for voltage on the blade. If there is no voltage, perform the 
Checking the Relay procedure in this section. If voltage was present, 
proceed with the next step. 

16. Push the relay the rest of the way into the bracket, now disconnect 
the blue and green wire connector from the trim motor. Using the red DVOM 
lead, check for voltage on the green wire coming from the relay bracket while 
the DOWN button is pressed. If voltage is not present, check the green wire 
between the connector and the relay bracket. If voltage is present, but the 
motor was not operating, check the green lead to the motor and the motor 
itself. 

Checking Power Supply - EFI Motors 

1. Remove the electrical component cover for access to the relays and 
wiring. 

2. Connect the red DVOM lead to the positive (forward) terminal for the 
top (which happens to be the up relay, as identified by the blue motor wire) 
relay and connect the black DVOM lead to a good engine ground. Repeat for 
the lower relay (which happens to be the down relay as identified by the 
green motor wire). If either test fails to show battery voltage, check the wiring 
between the battery, starter solenoid and the motor relays. 

3. Check continuity between each relay ground post (the lower post on 
each relay) and a good engine ground. If either test shows no continuity, 
check and repair the ground circuit. 

4. Connect the red DVOM to the top terminal of the upper relay and the 
black lead to the top terminal of the lower relay. Activate the engine mounted 
trim switch UP, watching the meter for approximate battery voltage, then 
activate the switch DOWN, again, watching for approximate battery voltage. 
If battery voltage is present in both tests, perform the Motor No Load 
Operation Test, as detailed in this section, If voltage was not present for 
either or both tests, proceed with the next step to test the switch and 
harness. 

5. Connect the DVOM red lead to the light blue lead and the black 
DVOM lead to a good engine ground. Push the UP trim switch and watch the 
meter for battery voltage. Repeat the test on the pink wire, but push the 
switch in the DOWN position. If battery voltage was present at both leads, 
the switch and harness is operating correctly. If voltage was not present at 
one or both tests, check the fuse, then proceed with the next step. 

6. Disconnect the pink wire bullet connector, then connect the DVOM 
red lead to the switch side of the pink wire and the black lead to a good 
engine ground. Push the trim down button, watching the meter for battery 
voltage. Reconnect the pink wire, then repeat the test at the light blue bullet 
connector, but pushing the switch up button. If voltage was not present at 
either or both tests, replace the trimltilt switch. If voltage was present, 
proceed with the next step to test the relay. 

7. Connect the red DVOM lead to the down relay motor (green wire) 
stud and the black DVOM lead to a good engine ground. Press the trim 
down button, watching for battery voltage. Repeat the test for the up relay 
motor (blue wire) stud and a good engine ground, but this time press the trim 
button up while watching for voltage. If voltage is not present at either test, 
replace the appropriate relay. 

8. If necessary, check the trim relay resistance as follows: 
a. To test the down relay, disconnect the pink wire bullet connector. 

Connect one DVOM lead to a good engine ground and the other to the relay 
side of the pink wire. Resistance should be 4-5 ohms at an ambient 
temperature of about 68°F (20°C). 

b. To test the up relay, disconnect the blue wire bullet connector. 
Connect one DVOM lead to a good engine ground and the other to the relay 
side of the blue wire. Resistance should be 4-5 ohms at an ambient 
temperature of about 68°F (20°C). 

Checking the Relays - Except EFI Motors 

+ See Figure 21 

A relay is essentially a remote controlled switch. Typically speaking, a 
relay works when a switch circuit is energized, pulling the contacts of a 
normally open electro-magnetic switch closed, completing the circuit that the 
relay controls. Therefore, 2 wires from this type of relay will connect to the 
control circuit (the S terminals). One of those wires will be ground for the 
control circuit (black in this case) and one of them will be colored (either 
bluelwhite for the UP circuit or greenlwhite for the DOWN circuit). Two other 
terminals of these relays are connected to the battery (one to battery positive 
or B+, the red wire and the other to battery negative or B-, the black wire). 
The battery circuit blades are the center blade and the other blade directly 
above it or to the side (depending on how the relay is oriented) that is 
parallel to the center blade. The final blade terminal, known as the M 
terminal, is the wire to the controlled motor (blue for the UP circuit or green 
for the DOWN circuit). 

Because relays consist of various internal wiring connections (of the 
electromagnetic switch), it can be tested using a DVOM to check resistance 
or voltage during various test conditions. In addition to a DVOM, you'll need 
a fully-charged 12 volt battery and jumper leads that are used to apply 
battery voltage to the signal circuit. 

Use the accompanying illustrations to for quick and easy terminal 
identification. 

1. Remove the relay to be tested from the relay bracket. 
2. Connect the DVOM meter leads (set to read resistance) across the 

B- and M terminals. The meter must show no continuity at this time. 
3. Connect the DVOM meter leads (set to read resistance) across the 

B t  and M terminals. The meter must show no continuity at this time. 
4. Connect the DVOM meter leads (set to read resistance) across the 2 

S terminals. The meter must show 70-100 ohms resistance. 
5. Using the set of jumper wires, apply 12 volts to the S terminals, while 

checking for continuity between the B+ and M terminals. There must now be 
continuity. 

Remember, when power is applied to the signal circuit (S terminals) 
the internal relay switch contacts should close, providing power to the 
relay controlled circuit (battery power to the motor). 

6. With power still applied to the S terminals, check for continuity 
between the B- and M terminals, there should still be NO continuity. 

7. Replace the relay if any test results vary. 

Signal + 

I 
Signal - ~ o t o r  

Fig. 21 Relay terminal identification 
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8-12 TRIM AND TILT 
Checking the Trim Gauge 

+ See Figures 22 and 23 

The trim gauge can be quickly checked using a voltmeter and a jumper 
wire. To determine if a problem is with the gauge or the circuit, proceed as 
follows: 

1. Locate the trim switch wiring. Refer to the accompanying diagrams, 
the wiring in this section or the wiring under Wiring Diagrams in the Ignition 
and Electrical Systems section, as necessary. 

2. Turn the keyswitch to the ON position, then use the DVOM to check 
for voltage between the trim gauge I (purple wire) and G (black wire) 
terminals. 

3. If there was no voltage in the previous step, suspect the instrument 
harness, keyswitch or 20-amp fuse. 

4. If voltage is present, disconnect the whiteltan lead from the gauge S 
terminal. With the keyswitch still ON, the gauge should indicate full- 
downward trim position. Now, us a jumper wire to connect the S (whiteltan 
wire) and G (black wire) terminals. If power is applied to the circuit and the 
gauge is operating properly, it will now indicate full-upward trim position. 

5. Replace the gauge if it does not operate properly with power applied. 
If the gauge checks out in the previous step, refer to Checking the Trim 
Sender, in this section, as the sender or wiring is the likely culprit. 

Checking the Trim Sender 

v + See Figure 24 

The trim sender can be checked using an ohmmeter. To ensure accurate 
test readinas, a digital meter is recommended. Also, remember that 
resistancespecifi~ations are for readings taken at ambient temperatures of 
about 68°F (20°C) and readings taken with components at other 
temperatures will vary. 

1. Locate the 3-pin connector for the trim control harness between the 
instrument and engine trim harness. The connector normally contains the 
whiteltan lead from the trim sender, as well as the bluelwhite and 
greenlwhite motor control circuit wires. 

2. With the keyswitch OFF to prevent possible damage to the meter, 
connect the DVOM (set to read resistance) between the whiteltan wire 
(terminal C of the 3-pin connector) and a good engine ground. 

3. With the engine in the full-downward trim position, the meter must 
show a reading above 80 ohms. 

4. With the engine in the full-upward trim position, the meter must show 
a reading below 10 ohms. 

5. If readings differ, replace the trim sender. If the sender tests good, 
suspect the trim gauge or circuit, refer to Checking the Trim Gauge in this 
section. 

+ See Figures 25 and 26 

Some models (normally including all motors equipped with the FasTrak@ 
system) are equipped with a tilt limit switch mounted to the assembly at the 
tiltiswivel bracket. The switch can be adjusted to electronically limit the 
maximum amount of tilt, therefore protecting the operator from striking the 
motor well with the engine using the tilt feature. However, keep in mind that 
this switch only stops the motor from operating past a certain point, and does 
nothing to mechanically stop the motor from raising upward, past that point 
due to manual intervention. This means that, in the case of a severe impact, 
the motor could be thrust upward, striking the motor well. If possible, the 
motor should be repositioned on the transom bracket to prevent such 
possible collisions. In the event that this is not possible, the tilt limit switch 
provides some small measure of protection during normal raising of the 
motor via the tilt system. 

ADJUSTMENT 

+ See Figure 27 

If switch adjustment is necessary, proceed as follows 
1 .  Using the trimltilt switch, trim the motor all the way inward (toward 

the boat). 
2. With the motor trimmed in, locate the switch and adjustment tab on 

the tilt bracket. It is accessible through a housing where part of the tilt pivot 
passes into the bracket. Although the adjustment may vary on some models, 
typically you: - Push the lower adjustment tab upward to reduce the maximum amount 
of tilt electronically allowed by the system. 

Push the upper adjustment tab upward to increase the maximum 
amount of tilt electronically allowed by the system. 

If your limit switch varies, move the tab@) in the opposite direction, 
as necessary, to properly adjust the system. 

3. Verify the adjustment using the trimltilt switch and repeat, as 
necessary for optimum adjustment (to stop the motor at a point before it 
strikes the motor well). 

Component repair, overhaul or replacement may require the trim sending 
unit to be adjusted. Similarly, if the motor is rigged to a different boat, the unit 
will have to be adjusted. 

Fia. 23 With voltaae oresent and the 
Fig. 22 With the keyswitch ON, there must whiteltan wire from the harness 
be voltage between the I and G terminals disconnected from the gauge, use a jumper 
otherwise the gauge cannot operate wire between the G and S terminals, and see 

if the gauge reads trim fully-upward 

Fig. 24 The trim sender is checked using an 
ohmmeter to take resistance readings 
between the whiteltan lead and a good 
engine around 

%. 
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TRIM AND TILT 8-13 

I Fig. 25 The tilt limit switch. . . 
Fig. 26 . . .and cam are mounted near main 
tilt tube 

ADJUSTMENT 

FasTrakB Systems 

* See Figures 28 and 29 

1. Tilt the engine and engage the trailering bracket. 
2. Temporarily install a thrust rod (heavy drift pin or OMC #436541) into 

the No. 3 hole on the stern bracket. 

If a thrust rod is not available, note the current location of the trim 
stop pin, then remove the spiral spring clip securing it and temporarily 
move the trim stop pin itself to the No. 3 hole in the bracket. 

3. Locate the sending unit by tracing the wiring (normally there's a 
whiteltan, a blacWtan and a green wire). Refer to the Wiring Diagrams, either 
in this section or the Ignition and Electrical Systems section for more details. 

The sending unit is normally located immediately adjacent to the 
lower tilt pin assembly. 

4. Disengage the trailering bracket, then lower the motor against the 
thrust rod. Check the trim gauge needle, it should show a centered position. 

5. If the gauge is not reading a centered position, tilt the engine up 
slightly, loosen the sending unit screws and adjust the sending unit (by 
pivoting it up or down). Then lower the engine back against the thrust rod to 
check the adjustment. Repeat until the gauge shows the motor is centered 
when it is sitting against the thrust rod. 

6. After adiustment is correct, tighten the screws, making sure the 
sending unit does not move. 

7. Remove the temporary thrust rodidrift pin. 

Fig. 28 Temporarily install a thrust rod (or 
the trim pin) in the bracket No. 3 hole. . 

Push up here to increase tilt 

here to 
decrease 
tilt 

Larae-Motor Conventional Svstems 

+ See Figure 30 

On these models, the sending unit is initially adjusted to the center 
position, however on some motors, additional adjustment may be necessary 
for the gauge to read full trim up when the motor reaches the upward limit of 
trim adjustment (upward movement on the trim rams). 

To adjust the sending unit, proceed as follows: 
1. Turn the keyswitch ON. 
2, Using the trimltilt assembly, raise the motor to the maximum trim-up 

position (the point at which the tilt cylinder would just start to lift the motor off 
the trim rams, but make sure the motor is still sitting on the rams). 

3. For &cylinder motors, move the horizontally mounted angle adjusting 
rod to the center hole. 

4. Loosen the sending unit screws, leaving them snug, but not 
completely tightened (in this way the unit can be gently pivoted, but should 
not shift on its own accord). 

5. On 3-cylinder motors, lower the outboard against the angle adjusting 
rod, then check the trim gauge needle. It should show the center position. If 
necessary, adjust the sending unit using a screwdriver to gently pivot it up or 
down slightly to center the needle. 

6. Raise the engine back up to the top of the trim range again and 
tighten the sending unit screws securely. 

7. Remove the anale adiustina rod from the center hole and return it to 
its former postion (norGally <he h i e  closest to the transom) 

Fig. 29 . . .then lower the motor onto the pin 
and carefully adjust the switch 

Fig. 30 Trim sending unit on large-motor 
conventional systems 
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8-14 TRIM AND TILT 
Small-Motor Conventional Systems 

.# 

4 See Figures 31 and 32 

On these motors, the gauge is considered properly adjusted when the 
eccentric cam on the sending unit is positioned so the gauge needle aligns 
with the lowest trim-down mark when the motor is at the bottom (downward 
or inward) most point of its travel. 

1. Using the trimltilt system, move the motor to the lowest point of its 
travel and verify that the gauge needle aligns with that point. If the needle is 
above or below that point, proceed with the next step in order to adjust the 
sending unit. 

2. Locate the sending unit and eccentric cam. When the motor is 
trimmed all the way down the sending unit lever must touch the cam just 
forward of the top. Refer to the accompanying illustration. 

3. Raise the engine and engage the trailering lock for access and 
safety, then loosen cam screw in order to make the necessary adjustment. 

4. If the needle was above the lowest mark on the gauge, move the 
thick part of the cam A in the accompanying illustration toward the contact 
point B. 

5. If the needle was below the lowest mark on the gauge, move the 
thick part of the cam A in the accompanying illustration away from the 
contact point B. 

6. Tighten the cam screw, then recheck the reading with the motor 
trimmed all the way in. Repeat as necessary to achieve proper adjustment. 

Fig. 31 On small-motor systems, the sending unit must be adjusted 
so the gauge needle aligns precisely with the lowest line when the 
motor is trimmed fully downward 

Fig. 32 With the motor trimmed downward the sending unit lever 
should touch the eccentric cam (A) just forward of the top of the 
cam, at point (B) 

REMOVAL & INSTALLATION 

FasTrakB Systems 

Carbureted Motors 

See Figure 33 

Anytime a steel tool is struck with a hammer, there is the possibility of 
chips flying which could cause serious eye injury. Therefore, wear 
safety glasses while removing the tilt cylinder pin. 

1. Disconnect the negative battery cable for safety. 
2. Remove the harness clamp (wire loom), then disengage the system 

2-pin connector. 
3. Disengage the 2 bullet connectors for the tilt limit switch. 
4. Disconnect the remaining power trimltilt wiring connector, then 

remove the rubber grommet. Using a small-bladed terminal removal tool, 
carefullv deoress the locktabs and remove each of the wire terminals from 
the conhecior. Note each of the wiring locations for installation purposes. 

5. Pull the wires through the hole in the port side of the lower engine 
cover. 

6. Using a screwdriver inserted through the hole in the port side 
bracket, unscrew the manual release valve, then raise the engine and lock in 
place using the tilt support. For safety, install a holding strap or sturdy rope 
around the motor to make sure it will not accidentally drop if disturbed during 
service. 

7. Disconnect the ground wire from the trimltilt unit. 
8. Separate the trimltilt unit wires that are located in the braided tube, 

so they can be removed through the hole in the stern bracket. 
9. Using a pair of snapring pliers, carefully remove the external 

snaprings from the tilt upper pin, then, using a using a punch, carefully push 
the upper pin out of the bore. 

10. Manually push the tilt piston downward into the cylinder for 
clearance. 

11. Using the snapring pliers, carefully remove the snaprings from the 
lower pin, then use the punch to gently drive the lower pin from the bracket. 

12. Remove the trimitilt unit from the stern brackets. 
13. Refer to the overhaul procedures and accompanying exploded views, 

if disassembly or component replacement is necessary. 
14. Keep the following points in mind when servicing the hydraulic trimltilt 

assembly: 
* Before disassembly, thoroughly clean and degrease the unit. All outer 

surfaces should be cleaned with a stiff svnthetic needle h o t  wire) brush and 
hot soapy water. It is important to prevent dirt or debris from entering the unit 
during service. 

Before removing the manual release valve or disassembling the unit, 
temporarily connect the motor wiring and run the unit to the full upward trim 
position then jog the unit DOWN and loosen the reservoir cap 1 full turn to 
equalize system pressures. But, remember that there could be significant 
residual hydraulic pressure left behind some components, so always wear 
safety goggles and loosen fittings gradually, allowing pressure to bleed off 
before removal. 

NEVER apply heat to the cylinder body or cylinders as excessive heat 
can lead to high pressure leaks or component failure during operation. 

Never paint individual components while the unit is disassembled. The 
fear is that some portion of the paint might flake off and enter a hydraulic 
passage during assembly. 

Some of the components in the assembly (such as the reservoir or 
valveipump body mounting) are retained by Pozidriv screws that look similar 
to Philips screws, but would damaged by use of an improper (Philips) driver. 
Be sure to use the appropriate sizeltype of driver on all screws. 

Always use clean, lint-free shop cloth when handling assembly 
components. 

During assembly, replace all seals and O-rings to ensure proper, 
trouble-free operation. 
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During valvelpump body installation (once the body is attached to the 
hydraulic unit), fill the pump cavity up to the top of the 2 bosses using 
EvinrudeIJohnson Power Trimflilt and Steering Fluid (or equivalent). Then, 
using a slotted-screwdriver, rotate the pump-to-motor coupler back and forth 
to bleed air from the pump. Continue to rotate it a few turns in each direction 
until bubbles stop coming out of the pump. 

To install: 
15. Apply a light coating of EvinrudelJohnson Triple-Guard, or equivalent 

marine grease to the lower and upper pins. Place the pins on a clean plastic 
bag until they are installed. 

16. Position the trimltilt assembly to the stern bracket, then carefully 
insert the lower pin to secure it. 

17. If the tilt tube nut was loosened, tighten it to 50-54 ft. Ibs. (68-73 
Nm), then back off one nut 118 - 114 turn. 

18. Install the external snap-rings to the lower pin with the sharp edge 
facing outward. 

19. Manually extend the tilt cylinder rod until it aligns with the holes in the 
swivel bracket, then install the upper pin. Secure using the external snap- 
rings (also with the sharp edge facing outward). 

20. Reconnect the wiring: 
a. Place the trimltilt wires back into the braided tube, then install them 

through the hole in the stern bracket. 
b. Reconnect the ground wire to the trimltilt unit. 
c. Release the tilt support and lower the engine for ease of access, 

then firmly retighten the manual release valve. 
d. Install the 2 wires through the hole in the port side of the lower 

engine cover. 
e. Connect the 2 trim limit switch bullet connectors, the 2-pin system 

connector and the trimltilt connector (after the terminals are properly 
reinstalled). Install the rubber grommet and the wire loom, to the appropriate 
connectors. 

21. Reconnect the negative battery cable, then run the engine up and 
down through several cycles, checking for proper operation and proper fluid 
level, top-off, as necessary. 

70 Hp EFI Motors 

+ See Figure 34 

1. Tilt the outboard to the fully tilted position, the engage the tilt lock to 
secure the motor. For safety, install a holding strap or sturdy rope around the 
motor to make sure it will not accidentally drop if disturbed during service. 

2. Disconnect the negative battery cable for safety. 
3. Using a pair of snapring pliers, carefully remove the external snap- 

rings from the tilt upper pin, then, using a using a punch, carefully push the 
upper pin out of the bore. 

4. Manually push the tilt piston downward into the cylinder for 
clearance. 

5. Remove the electrical component cover for access to the motor 
wiring. Loosen and remove the nuts retaining the blue and green motor wires 
to the relays. 

6. Open the clamp on the lower engine cover, then carefully pull the 
wires and sleeve from the cover grommet. Pull the wires and sleeve through 
the hole in the transom bracket. 

7. Remove the nut from the thrust rod (mounted across the bottom of 
the transom bracket). Mark the hole in which the rod is installed to ensure 
installation in the same location. 

8. Using the snapring pliers, carefully remove the snaprings from the 
lower pin, then use the punch to gently drive the lower pin from the bracket. 

9. Remove the trimltilt unit from the stern brackets. 
10. Refer to the overhaul procedures and accompanying exploded views, 

if disassembly or component replacement is necessary. 
11. Keep the following points in mind when servicing the hydraulic trimltilt 

assembly: 
Before disassembly, thoroughly clean and degrease the unit. All outer 

surfaces should be cleaned with a stiff synthetic needle (not wire) brush and 
hot soapy water. It is important to prevent dirt or debris from entering the unit 
during service. 
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Before removing the manual release valve or disassembling the unit, 
temporarily connect the motor wiring and run the unit to the full upward trim 
position then jog the unit DOWN and loosen the reservoir cap 1 full turn to 
equalize system pressures. But, remember that there could be significant 
residual hydraulic pressure left behind some components, so always wear 
safety goggles and loosen fittings gradually, allowing pressure to bleed off 
before removal. 

NEVER apply heat to the cylinder body or cylinders as excessive heat 
can lead to high pressure leaks or component failure during operation. 

* Never paint individual components while the unit is disassembled. The 
fear is that some portion of the paint might flake off and enter a hydraulic 
passage during assembly. 

Always use clean, lint-free shop cloth when handling assembly 
components. 

* During assembly, replace all seals and O-rings to ensure proper, 
trouble-free operation. 

During valvelpump body installation (once the body is attached to the 
hydraulic unit), fill the pump cavity up to the top of the 2 bosses using OMC 
Power Trimmilt and Steering Fluid (or equivalent). Then, using a slotted- 
screwdriver, rotate the pump-to-motor coupler back and forth to bleed air 
from the pump. Continue to rotate it a few turns in each direction until 
bubbles stop coming out of the pump. 

To install: 
12. Apply a light coating of OMC Triple-Guard, or equivalent marine 

grease to the lower and upper pins. Place the pins on a clean plastic bag 
until they are installed. 

13. Position the trimltilt assembly to the stern bracket, then carefully 
insert the lower pin and secure using the external snap-rings. 

14. Install the thrust rod to the same hole from which it was removed (to 
ensure proper adjustment). Tighten the thrust rod retaining nut securely. 

15. Route and reconnect the wiring. 
16. Manually extend the tilt cylinder rod until it aligns with the holes in the 

swivel bracket, then install the upper pin. Secure using the external . .  . 
snaprings. 

17. Reconnect the neaative batterv cable, then run the enaine UD and 
down through several cy$es, checking for proper operation a6d proper fluid 
level. 

OVERHAUL 

Disassembly 

CULT 

+ See Figures 33 and 34 

Thoroughly clean the external surfaces of all dirt and scale build-up before 
disassembling. Clean the unit with a wire brush and plenty of soap and 
water, to prevent any contamination of internal components. 

1. Remove the reservoir fill cap; invert the unit over a drain pan; and 
drain all fluid from the unit. 

2. Slide out the two nylon bushings from the end of the tilt cylinder. 
3. Remove the three Phillips head screws securing the reservoir to the 

cylinder body. Lift off the reservoir and discard the O-ring in the cylinder 
body. Using a 6mm hex key wrench, remove the hex plug from the cylinder 
body and lift out the filter. 

4. Tighten the manual release valve until it is snug. Using a pair of snap 
ring pliers, remove the internal snap ring at the end of the cavity. Back-out 
the manual release valve and withdraw it from manifold. 

5. Remove the screw securing the motor wire harness clamp to the side 
of the pump body. Remove the three remaining bolts securing the pump 
motor to the manifold. Lift off the motor assembly and remove the O-ring 
from the end of the motor housing. 

6. Using a hex wrench, remove the three Allen head screws securing 
the pump manifold assembly to the cylinder body. Lift off the pump manifold 
and remove the five O-rings from the cylinder body. 

7. Secure the lower body of the trimltilt unit in a vise with soft jaws to 
prevent damaging the finish on the unit. Using a universal spanner wrench or 
a Tilt Cylinder End Cap Tool (#326485), loosen and back the end cap out of 
the tilt cylinder. e 

8. Remove the trimltilt unit from the vise and drain any fluid in the 
cylinder into a suitable container. Pull up on the tilt cylinder piston and 
withdraw it from the cylinder. 

9. Remove and discard the large O-rings from the end cap and piston. 
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. 10. Place the end of the tilt cylinder in a vise with the piston end up. 
Remove the nut and washer from the end of the rod and slide the piston off 
the rod. 

11. Lift out the spring, plunger, and ball from each bore in the piston. 
Make a note of the position from which each spring - size and number of 
coils - is removed from the piston. 

12. Using a screwdriver, pry the scraper seal out of the end cap. Lift out 
the O-ring inside the cap. 

13. Secure the lower body of the trimitilt unit in a vise with soft jaws to 
prevent damaging the finish on the unit. Using a universal spanner wrench or 
a Trim Cylinder End Cap Tool (#436710), loosen and back out the trim rod 
end cap from the trim cylinder. Repeat this step for the other trim cylinder 
end cap. 

14. Remove the unit from the vise and drain any fluid in the cylinders into 
an appropriate container. Pull the trim rod out from the cylinder and remove 
the O-rings from the end cap. Remove the two split rings and O-ring from the 
piston end of the trim rod. 

15. Place the trim cylinder into a Rod Holder Tool (#983213) or similar 
device and clamp the unit in a vise. Remove the wear plate from the end of 
the rod and slide the end cap off the rod. 

16, Using a screwdriver, pry the scraper seal out of the end cap. Lift out 
the quad O-ring inside the trim end cap. 

The trimltilt pump, valve body, and motor do not contain any 
serviceable components. Therefore, do not attempt to disassemble 
these items. If one of these components are suspected of 
malfunctioning, a new replacement item must be obtained and 
installed. 

Cleaning and Inspection 

+ See Figures 33 and 34 

Wash all disassembled components and parts in solvent and blow them 
dry with low-pressure compressed air. Always use a lint free shop cloth when 
handling trimitilt components. 

Never use O-rings a second time. Always replace the O-rings with new 
ones. During assembling always lubricate new O-rings and seals with 
EvinrudeiJohnson Power TrimiTilt and Power Steering Fluid or GM Dexron II 
automatic transmission fluid. 

Inspect the two nylon rings on the manual release valve for cuts or a split. 
If the nylon rings are damaged, a new manual release valve will have to be 
purchased. Check and replace the O-ring on the end of the valve. 

Check the machined surfaces on the reservoir and cylinder body for nicks 
and scratches. Minor scratches may be removed with crocus cloth. 

lnspect the bores in the trim and tilt cylinders for excessive scoring. If the 
bores are heavily scored, such a condition will result in excessive wear on 
new piston O-rings and wiper seals, causing internal leakage. 

Clean the threaded end of the tilt rod with a wire brush to remove all 
traces of the nut locking agent. Keep the threads clean, dry and free of 
power trim fluid. 

Check the nylon bushings in the end of the tilt cylinder for excessive wear. 
If the bushings are worn, replace them. 

If the unit requires painting, wait until the unit is completely assembled. 
Plug all exposed fittings, ports, and electrical connector pins. Tape any 
exposed portions of the tilt and trim rods. Painting individual components is 
not recommended, because such action may allow paint chips to 
contaminate the fluid and possibly block the small hydraulic ports and valves. 

Assembly 

CULT 
+ See Figures 33 and 34 

1. Lubricate a new tilt cylinder scraper seal and O-ring with power 
trimitilt fluid. lnsert the O-ring, and the scraper seal with the lip of the seal 
facing out, Place Scotch Tape over the threads on the piston end of the rod 
to protect the scraper seal from being damaged. Slide the end cap down 
onto the tilt rod with the threaded end facing up. 

2. Place the tilt rod into a vise with the piston end facing up. Set the 
piston onto the end of the rod and a new O-ring. lnsert the check ball, 
plunger and springs back into the piston bores, as noted during disassembly. 

3. Apply a coating of EvinrudeiJohnson Locquic Primer on the threads 
of the piston nut and the tilt rod threads and allow it to dry. Apply 

EvinrudeiJohnson Nut Lock to the nut and rod, and then slide the washer 
over the piston and install the nut. Tighten the nut to 58-87 ft. Ibs. (79-118 
Nm). 

4. Lubricate a new trim cylinder scraper seal and quad ring for the trim 
rod end cap with Power TrimiTilt Fluid. lnsert the quad ring and the scraper 
seal with the lip of the seal facing out. 

5. Place the trim rod into a Rod Holder Tool (#983213) or similar device 
and clamp the unit in a vise. Slide the end cap onto the trim rod and thread 
the wear plate into the end of the rod. Tighten the wear plate to 84-108 inch 
Ibs. (9.9-12 Nm). Remove the trim rod from the vise and holding fixture. 

6. Lubricate and slide a new O-ring onto the outside groove of the trim 
rod end cap. 

7. Lubricate a new O-ring and two split rings, and then slide the O-ring 
onto the piston. lnsert one split ring on each side of O-ring. Position the ends 
of the split rings 180" apart. Repeat these steps for the other trim rod. 

8. Place a new or clean filter into the pump manifold cavity. 
9. Lubricate five new O-rings and install them into the cylinder body. 

Position the pump manifold against the cylinder body and align the three bolt 
holes. Install the three Allen head bolts and tighten them alternately until 
snug. Tighten the three bolts to 60-84 inch lbs.(7-9 Nrn). 

10. Lubricate and insert the manual release valve into the pump 
manifold. Thread the valve in until it is seated, and then install the snap ring 
into the end of the opening, using a pair of snap ring pliers. 

11. Mount the cylinder body upright into a vise with soft jaws. Lubricate 
the O-rings and back-up rings on the trim rods and insert the trim rods into 
the trim cylinders. Fill the cylinder with EvinrudeiJohnson Power TrimiTilt 
Steering Fluid. Thread the end cap into the trim cylinder, using a universal 
spanner wrench or a Trim Cylinder End Cap tool (#436710). Tighten the trim 
cylinder end cap to a torque value of 60-70 ft. lbs. (81-95 Nm). Repeat this 
step for the other trim rod and cylinder. 

12. Place a new O-ring on the piston and end cap of the tilt rod. Lower 
the tilt rod into the tilt cylinder bore. Fill the cylinder with EvinrudeiJohnson 
Power TrimiTilt Steering Fluid. Thread the end cap into the tilt cylinder, using 
a universal spanner wrench or a Tilt Cylinder End Cap tool (#326485). 
Tighten the end cap to 58-87 ft. Ibs. (79-118 Nm). 

13. Lubricate and slip a new O-ring over the lip on the pump motor. Fill 
the pump cavity with EvinrudeiJohnson Power TrimITilt Steering Fluid and 
lower the motor onto the pump. Install the three bolts and tighten them to 35- 
52 inch Ibs. (4-6 Nm). Attach the motor wire leads to the side of the motor 
with the clamp and screw. 

14, Insert a new or clean filter into the cylinder body. Install the 6mm hex 
plug and tighten it securely. Lubricate a new O-ring and place it into the bore 
of the cylinder body. Align the reservoir with the cylinder body and secure it 
with three Allen head screws. Tighten the Allen head screws to 35-52 inch 
lbs.(4-6 Nm). 

15. Install two nylon bushings in the end of the tilt cylinder and the end of 
cylinder body. 

REMOVAL & INSTALLATION 

+ See Figure 35 

DERATE 

Anytime a steel tool is struck with a hammer, there is the possibility of 
chips flying which could cause serious eye injury. Therefore, wear 
safety glasses while removing the tilt cylinder pin. 

1. Disconnect the negative battery cable for safety. 
2. Matchmark the angle of the adjusting rod location, then remove the 

rod. 
3. Manually lift the engine and engage the tilt support. For safety, install 

a holding strap or sturdy rope around the motor to make sure it will not 
accidentally drop if disturbed during service. 

4. Disconnect the blue and green wires from the pump motor connector 
housing. 

5. Using a punch and mallet, carefully remove the spring clip from the 
tilt cylinder pin. 
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6. Manually push the tilt piston downward into the cylinder for . . 

clearance. 
7. Remove the bolts (usually 3 on each side) securing the assembly to 

the port and stern brackets. 
8. Remove the trimitilt unit from the stern brackets while pulling the 

cable through the bracket. 
9. Refer to the Disassembly and Assembly procedures, along with the 

accompanying exploded views if overhaul or component replacement is 
necessary. 

10. Keep the following points in mind when servicing the hydraulic trimitilt 
assembly: 

Before disassembly, thoroughly clean and degrease the unit. All outer 
surfaces should be cleaned with a stiff synthetic needle (not wire) brush and 
hot soapy water. It is important to dirt or debris from entering the unit 
during service. - Before disassembling the unit, temporarily connect the motor wiring 
and run the unit until the trim rams and tilt piston are in the complete down 
position. Then, momentarily operate it in the reverse direction (upward) in 
order to equalize internal pressures. But, remember that there could be 
significant residual hydraulic pressure left behind some components, so 
always wear safety goggles and loosen fittings gradually, allowing pressure 
to bleed off before removal. 

NEVER apply heat to the cylinder body or cylinders as excessive heat 
can lead to high pressure leaks or component failure during operation. 

Never paint individual components while the unit is disassembled. The 
fear is that some  ort ti on of the paint miqht flake off and enter a hydraulic 

Always use clean, lint-free shop cloth when handling assembly 
components. 

During assembly, replace all seals and O-rings to ensure proper, 
trouble-free operation. 

During pump assembly installation, position the pump and install the 3 
bolts (2 Allen@ head and 1 hex-head). Tighten each of the 3 bolts gradually 
(one turn at a time) alternating between the bolts to draw the pump evenly 
into position. 

To install: 
11. Apply a light coating of Evinrude/Johnson Triple-Guard, or equivalent 

marine grease to the tilt rod. 
12. Position the trimitilt assembly and insert the tilt cylinder pin. 
13. Pull the wiring through the stern brackets. 
14. Insert the spring clip to the tilt cylinder pin. 
15. Apply a light coating of EvinrudeiJohnson Nut Lock, or equivalent 

threadlock to the threads of the stern bracket-to-trimitilt assembly manifold 
bolts. Install and tighten the bolts (usually 3 on each side) to 18-20 ft. Ibs. 
(24-27 Nm). 

16. Align the marks made during removal and install the angle adjusting 
rod in the same position from which it was removed. 

17, If the tilt tube nuts were loosened, tighten them to 50-54 ft. Ibs. (68- 
73 Nm), then back off one nut 114 turn. 

18. Reconnect the negative battery cable, then run the engine up and 
down through several cycles, checking for proper operation and proper fluid 

passage during assembly. ' level. 

Fig. 35 Exploded view of a large-motor, conventional system trimltilt assembly 
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DISASSEMBLY 

+ See Figure 35 

This section contains complete detailed procedures to disassemble the 
complete unit. However, open the system and remove only the necessary 
parts to inspect, replace, and restore the system to satisfactory service. 

TAG EVERYTHING as it is removed, in order to ensure proper 
assembly. 

Drain the system by removing the reservoir plug and draining the 
hydraulic fluid into a suitable container. Observe any local restrictions on the 
disposal of this type material. 

A holding bracket (fixture) can be quickly and easily made from 
scrap plywood to hold the trimltilt unit while service work is being 
performed. The drawing at the top of the previous column gives 
dimensions and a rough plan. The illustration at the bottom of the same 
column shows the unit mounted in such a fixture. 

Valves and Pistons 

1. Remove the manual release valve by first using a pair of snapring 
pliers to remove the retaining ring. Next, use the trim switch to run the motor 
fully down and loosen the manual release valve one full turn. Tap the trim 
switch up and down a few times, then slowly remove the valve. 

2. Tag and remove each of the external (outside) valves using a proper 
size drag link socket to fit the slot properly. 

3. The letdown control piston can be reached by first removing the 
impact letdown valve, and then carefully removing the piston with a pair of 
needle nose pliers. 

4. The pump control piston and springs are removed by first removing 
the reverse lock check valve and then lifting the piston and springs free with 
a pair of needle nose pliers. The pump control piston can only be removed 
from the aft end of the hole. 

Reservoir and Valves 

1. The reservoir is removed by first removing the upper and lower 
hydraulic lines and fittings. Next, remove the screws from the reservoir 
flange and lift the reservoir free. 

2. Remove and discard the O-ring. If further disassembly of the 
reservoir is desired, hold down on the reservoir manifold plate and at the 
same time remove the three screws securing the plate. Lift the plate free. 

3. Remove the relief valve and impact sensor valve assemblies by 
lifting them free of the body with a pair of needle nose pliers. The filter valve 
may be lifted out with a small stiff hook. 

4. Because damage usually occurs during removal, the filter valve seat 
and O-ring must be replaced, if they are removed. 

Motor and Pump 

1. Remove the screws on the motor flange and lift the motor free. 
Remove and discard the O-ring. 

2. Remove the hydraulic pump filter. The hydraulic pump may be 
removed by simply removing the attaching screws and lifting the pump free. 
Lift the trim down pump relief valve free of the body. 

3. The expansion relief valve core can now be lifted out with a small 
hook shaped piece of wire. 

Trim Cylinders 

1. Obtain special tool Trim Cylinder End Cap Remover (#324958) or an 
adjustable spanner wrench. Use the special tool or the spanner wrench to 
remove the end cap. 

2. Lift the trim piston assembly free of the cylinder. The sleeve fits 
snugly. Therefore, Trim Sleeve Remover (#325065) or a screwdriver with the 
tip bent 90" must be used to remove the sleeve. Slip the tool in under the 
sleeve, and then remove the sleeve. 

Tilt Cylinder 

Disconnect the upper and lower hydraulic lines at the tilt cylinder and at 
the manifold. Push the cylinder pivot pin to one side and remove the cylinder 

Two types of tilt cylinders are normally found on these motors, one 
manufactured bv Showa and the other bv Prestolite. Identification is 
important due to minor differences in seivice. The Showa tilt cylinder is 
identified by an "S" after the part number stamped on the side of the 
cylinder. The Prestolite cylinder is identified with a "P" stamped on the 
bottom side by the part number. When ordering replacement parts, be 
sure to identify the specific cylinder being serviced. 

1. Clamp the cylinder in a vise at the flats of the cylinder end. Obtain 
and use special End Cap Remover (#326485) with a 112 in. breaker bar to 
loosen the end cap assembly. Removal of the end cap is not an easy task, 
even by using the special tools mentioned. 

2. After the end cap is removed, the piston and rod assembly may be 
withdrawn free of the cylinder. 

3. The piston contains four valves. These valves cannot be serviced 
separately. If the valves are worn or are not functioning properly, the piston 
must be replaced as an assembly. 

4. For Presolite pistons, remove and discard the O-ring from around the 
piston. Heat with a torch, a vise and bar through the rod end will be 
necessary to break the Locktite bond on the thread of the piston and piston 
rod. Clamp the piston securely in a vise, apply the heat, and then use the 
bar through the rod end to unscrew the rod from the piston. Clean all traces 
of old sealant from the piston rod threads. 

5. For Showa pistons, clamp the piston rod end in a vise and remove 
the nut securing the piston to the rod. Clean all traces of sealant from the 
piston rod threads. 

Cleaning and Inspection 

* See Figure 35 

Discard all used O-rings and seals. Clean all parts in solvent and blow 
them dry with compressed air. Inspect the cylinders and sleeves for any sign 
of excessive wear or scoring. lnspect all parts for dirt, chips, and damage. 
Replace any damaged valve seats or other questionable parts. 

ASSEMBLY 

ULT 
* See Figure 35 

Use the accompanying exploded views, along with the following 
procedures to reassemble the trimltilt assembly. 

Lubricate all internal parts with EvinrudelJohnson Power Trimnilt Fluid 
prior to assembling. 

Tilt Cylinder 

1. Lubricate a new O-ring and seal with EvinrudelJohnson Power 
Trimnilt Fluid, and then install both into the cylinder end cap. Install a Seal 
Protector (#326005) onto the threads of the piston rod and then install the 
end cap onto the rod. If the seal protector is not available, wrap the threads 
with tape as a protection against damaging the seal when the end cap is 
installed to the rod. Remove the tape after the end cap is installed. 

2. If assembling a Prestolite cylinder (which was disassembled), clean 
the piston rod threads with EvinrudelJohnson Locquic Primer (#384884), or 
equivalent. Clamp the rod in a vise holding the pin end. Coat the rod threads 
with EvinrudeIJohnson Ultra Lock (#388517), or equivalent. Thread the 
piston assembly onto the rod. Take care not to damage the surface of the 
piston. Use a flywheel strap wrench to bring the piston up snug. 

3. If assembling a Showa cylinder (which was disassembled), clean the 
piston rod threads with EvinrudelJohnson Locquic Primer (#384884) and 
install the small O-ring, washer, and piston onto the piston rod. The small 
holes on the piston must face upward. Apply EvinrudelJohnson Nut Lock to 
the piston rod threads. Secure the rod in a vise and then install and tighten 
the nut to a torque value of 58-87 ft. Ibs. (79-118 Nm). 

4. Lubricate the piston assembly. Install a new O-ring to the outside 
diameter of the piston. Carefully insert the piston assembly into the cylinder. 
Tighten the end cap assembly using an End Cap Remover (#326485), or an 
adjustable spanner wrench. 

5. If the band has been removed, slide it into the cylinder. Use a new 0 -  
ring on the fitting and screw the fitting into the band, with the pilot on the 
fitting indexing into the hole in the cylinder. 

Lubricate the cylinder pivot pin and pivot pin bushings with 
EvinrudeIJohnson Triple-Guard Grease. Install the cylinder to the manifold 
assembly. Attach the hydraulic line fitting on the starboard side. 
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Trim Cylinder 

1. Insert the piston and rod assembly into the end cap. Carefully slide 
the piston into the trim cylinder until the piston and cylinder sleeve are butted 
against the end cap. 

2. Slide the assembled unit into the cylinder cavity. Obtain an End Cap 
Remover (#324958) or an adjustable spanner wrench and tighten the end 
cap to 30-40 ft. Ibs. (40-54 Nm). 

Reservoir and Valves 
1. To replace a valve, first install the valve seat. Next install the ball, 

core, and spring in that order. Install the filter valve ball, and then insert the 
filter valve seat with the O-ring end facing up. 

2. Slide the filter into the manifold plate. Shift the manifold plate until the 
filter is on top of the filter valve and the attaching screw holes are aligned. 
Thread the screws into place, and then tighten them alternately and evenly 
to keep the valve spring positioned properly. 

3. Place a new O-ring in position. Secure the reservoir in place with the 
attaching screws. Tighten the screws securely. 

Pistons and Valves 

1. Slide the letdown control piston into the starboard cavity with the 
rounded end going in first. lnstall the impact letdown valve. Slide the pump 
control piston into the port cavity from the rear with the small end going in 
first, 

2. lnstall the reverse lock check valve and the trim check valve. lnstall 
the tilt check valve and the trimltilt separation valve (long body valve). 
Tighten the valve securely. 

3. lnstall the manual release valve with a new O-ring. Tighten the valve 
to provide operator with shock absorber protection, lnstall the snap ring with 
the flat side facing out. 

Pump Assembly and Motor 

1. lnstall the pump relief valve and spring. lnstall a new O-ring. Check 
to be sure the pump drive tang indexes with the hole directly opposite the 
round locating boss. 

2. lnstall the pump with the locating boss indexed into the pump cavity 
recess. Secure the pump in place with the three attaching screws. Tighten 
the screws securely. lnstall the pump filter and fill the filter cavity and the 
area over the pump with EvinrudelJohnson Power TrimiTilt hydraulic fluid. 

The pump cavity must be filled with hydraulic fluid during 
assembling, or the unit will not operate. 

2. Disconnect the negative battery cable for safety 
3. Disconnect the blue and green wires from the pump motor connector 

housing. 
4. Remove the spring clip from the end of the cylinder pin. 
5. Using a slide-hammer and an adapter (such as OMC #340624) 

remove the pin from the stern bracket and assembly. 
6. Remove one of the 314 in. locknuts from the angle adjustment rod, 

then remove the rod from the stern brackets. 
7. Pull the trimltilt assembly away from the stern brackets to provide 

access to disconnect the ground lead. Remove ground from the motor 
mounting screw and then remove the assembly completely from the 
outboard. 

8. Refer to the accompanying exploded views if disassembly or 
component replacement is necessary. 

9. Keep the following points in mind when servicing the hydraulic trimltilt 
assembly: 

Before disassembly, thoroughly clean and degrease the unit. All outer 
surfaces should be cleaned with a stiff synthetic needle (not wire) brush and 
hot soapy water. It is important to prevent dirt or debris from entering the unit 
during service. 

Before disassembling the unit, temporarily connect the motor wiring 
and run the unit until the trim rams and tilt piston are in the complete down 
position. Then, momentarily operate it in the reverse direction (upward) in 
order to equalize internal pressures. But, remember that there could be 
significant residual hydraulic pressure left behind some components, so 
always wear safety goggles and loosen fittings gradually, allowing pressure 
to bleed off before removal. 

NEVER apply heat to the cylinder body or cylinders as excessive heat 
can lead to high pressure leaks or component failure during operation. 

Never paint individual components while the unit is disassembled. The 
fear is that some portion of the paint might flake off and enter a hydraulic 
passage during assembly. 

Always use clean, lint-free shop cloth when handling assembly 
components. 

During assembly, replace all seals and O-rings to ensure proper, 
trouble-free operation. 

During pump assembly installation, position the pump and thread the 
bolts, then use the bolts to draw the pump evenly in position. Tighten each 
bolt, one turn at a time, alternating between the bolts to press the pump 
evenly into the housing. 

To install: 
10. Apply a light coating of OMC Triple-Guard, or equivalent marine 

grease to the trimltilt rod, the angle adjustment rod and to the thrust rod 
bushings. 

3. lnstall a new O-ring onto the trim motor. lnstall the motor and at the 
same time rotate the motor shaft until the shaft engages with the pump shaft. 
Position the motor with the cable on the port side of the assembly. lnstall the 
three attaching screws. Tighten the screws securely. 

4. Fill the reservoir with EvinrudeIJohnson Power TrimlTilt Fluid and 
purge the system of air. 

11. If removed, install the bushings 

REMOVAL & INSTALLATION 

YP + See Figures 36 and 37 

1. Tilt the outboard to the fully tilted position, the engage the tilt lock to 
secure the motor. For safety, install a holding strap or sturdy rope around the 
motor to make sure it will not accidentally drop if disturbed during service. 

12. Connect the ground lead, then position the trimltilt assembly between 
the stern brackets. 

13. lnstall the angle adjustment rod, then tighten the locknut(s) to 20-25 
ft. Ibs. (27-34 Nm). 

14. Connect the pump motor wires. 
15. Align the cylinder with the swivel bracket and secure using the 

cylinder pin. Secure the pin using the spring clip. 
16. Reconnect the negative battery cable, run the engine up and down 

through several cycles and then check for proper operation and proper fluid 
level. 
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For power trimltilt systems installed at the factory as part of original motor accompanying system diagrams should also be applicable to all, but the EFI 
equipment, details on the exact system used for that specific outboard are motors. 
included in the individual engine schematics found under Wiring Diagrams in For all motors where the OE trimltilt system was added during rigging, 
the Ignition and Electrical Systems section. However, most wiring colors and use the accompanying diagrams. 
connectors should be standardized on JohnsonlEvinrude outboards and the 

Limit Switch 

on Motor case 

Trim Gauge 

Color Chart 
B - Blue 
ELK - Black 
G -Green 
P -Purple 
R -Red 
T -Tan 
W -White 

Trimltilt wiring for most FasTrakB svstems. 

Trimltilt Motor 

Color Chart 

BLK - Black 

rrimltilt wirina for most conventional svstems 
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+ See Figures 1 and 2 

A remote control unit is seldom sold with just an outboard unit. In most 
cases, the control box is sold separately as an option or it is included with a 
"package" deal - boat, outboard, control box, and trailer. 

If the control box was included in the "package," the unit will most likely 
be one of the latest production models from OMC at the time - with Johnson 
or Evinrude colors and decals. But, the final decision on what control unit is 
mounted rests in the hands of the boat manufacturer and the dealer that 
performs the initial rigging. For this reason, caution must be used when 
following the procedures contained here to ensure that they apply to unit 
installed on the boat. Newer motors rigged to older boats (and vice versa) 
could be equipped with aftermarket or olderlnewer units that are not detailed 
here for obvious reasons. We've included procedures for the various 
JohnsonlEvinrude remotes that were produced and sold at the same time 
these motors were manufactured. 

This section covers overhaul (disassembly and assembly procedures) 
which includes removal of the unit from the boat, separating the two halves 
and replacement of switcheslwarning horns contained within. We also 
provide a few additional words on lubrication. 

Like with many marine components, non-use is absolutely the greatest 
enemy of the control unit. The large number of eccentrics, cams, levers, 
linkages, etc. should be operated at regular intervals - as often as once a 
month and the interior parts lubricated whenever the components begin to 
show signs of stiffness and binding. 

WOULD YOU BELIEVE, as much as 90% of steering and shifting 
problems are directly caused by the system simply not being operated. 
Without movement, steering and shifting cables and linkages have a 
tendency to "freeze." Would you also believe, service shops report that 
well over 50% of boat cables replaced every year is due to lack of 
movement. 

Perhaps the most important thing you can do to preserve the function of 
your remote control unit is to use it. Therefore, during off-season, when the 
boat is laid up in a yard, or on a trailer alongside the house, take time to go 
aboard and operate the steering from hard-over to hard-over. Also, shift the 
remote control unit through the full range several times to ensure corrosion 
does not develop causing a fitting or joint to "freeze" preventing proper 
movement. 

Fig. 1 Typical JohnsonlEvinrude side-mount remote control unit 

The following components and features may be incorporated in the OMC 
remote control box (such as the one pictured in the photos for this section) 
and are usually associated with the larger OMC outboard units covered in 
this manual. 

Locations of the various parts in or on the control box are identified within 
the accompanying illustrations. 

The function of the item is usually described in the name. 

CONTROL HANDLE 

As the name implies, this handle controls the gear position of the lower 
unit - Neutral, Forward, and Reverse. It also controls the powerhead rpm. 
From the vertical position (straight up), movement about 32" forward shifts 
the lower unit into forward gear and movement of the handle about 32" aft of 
vertical shifts the unit into reverse gear. Further movement past the 32" 
position in either forward or reverse will increase powerhead rpm. 

KEY SWITCH AND PRIMER 
+ See Figure 3 

Rotating the key switch clockwise to the first detent energizes all 
powerhead accessories. Further movement clockwise to the second detent 
will energize the solenoid to activate the cranking motor. Pushing the key 
inward at the first or second detent position will energize the fuel primer 
solenoid to choke the carburetor. 

Rotating the key back to the full counterclockwise position will cut power 
to the ignition system and all powerhead-controlled accessories. 

NEUTRAL LOCKOUT 

This safety feature prevents the control handle from moving to the forward 
or reverse positions when the control handle is in the neutral position. 

With the outboard operating, the helmsperson simply depresses the knob 
upward against the handle to release the handle for movement - either 
forward or aft. The neutral lockout will automatically engage when the control 
handle is returned to the neutral position. 

THROTTLE FRICTION ADJUSTMENT SCREWIKNOB 

The throttle friction adjustment screwlknob does exactly what the name 
implies - places friction on the control handle to prevent unwanted "creep" of 

Fig. 2 Some JohnsonlEvinrude remote control units incorporate 
the keyswitch and primer on the housing instead of utilizing a 
separate switch on the dash 
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Fig. 3 Two different emergency switch lanyards used with the 
Johnson/Evinrude remote control units. Remember - on some 
models, it is not possible to start the powerhead if the lanyard is 
not in place 

-- -- 

the control handle whlle the powerhead IS operating and/or the boat IS 
underway Rotatlng the knob clockwise will Increase frlct~on on the control 
handle Logically, rotatrng the knob counterclockw~se w~ll decrease frlctlon 
and the handle movement will be more "free " 

NEUTRAL START SWITCH 

Again, the function of this switch is obvious - to prevent the cranking 
motor circuit from being energized except when the control handle is in the 
neutral position. On most Johnson/Evinrude remote controls, this is a 
mechanical switch. Stated another way, the start switch will only allow the 
key switch to be rotated to the start position when the control handle is in the 
neutral position. On other remotes, this switch is electrical, breaking the 
circuit regardless of keyswitch position unless the control lever is in Neutral. 

EMERGENCY STOP SWITCH 

This switch prevents operation of the powerhead unless a safety lanyard 
is in place holding the switch button in an outward position. The other end of 
the lanyard should be attached to an item of clothing or the life jacket worn 
by the helmsperson. Should the individual be thrown overboard or away from 
the control station the clip will be pulled from the switch and the powerhead 
will immediately shut down. 

WARNING HORN 

Thls audlble warning devlce 1s Intended to alert the operator that a cr~tlcal 
operatrng cond~tron has developed; the powerhead should be shut down, and 
the cause determ~ned before extenslve and expensive damage 1s done. 

I Fig. 4 Standard remote housings are 
normally mounted using 2 screws 

Depending on the powerhead being serviced, the warning device may 
emit: 

Continuous Tone indicating a powerhead overheat condition. 
Continuous Short Pulse Tone indicating a no oil condition - bad news - 

very bad news. 
Short Pulse Tone - every 20-seconds indicating a low oil condition. 
Continuous Tone - at or near Wide Open Throttle (WOT) indicating a 

restriction in the fuel supply. 

FAST IDLE LEVER 

When equipped, this lever controls powerhead rpm when the control 
handle is in the neutral position. The lever should be raised to assist during 
powerhead startup and favorable idle speed. The lever must be returned to 
the run position before moving the control handle out of the neutral position. 

ACCESSORYCONNECTOR 

The accessory connector permits easy access to the powerhead 
accessory and tachometer circuits. Several OMC tachometers and wiring kits 
provide a mating connector simplifying accessory installation. Maximum draw 
on the accessory circuit must not exceed 5 amps. 

TRIMRILT SWITCH 

This switch is included on control boxes with power trimltilt systems 
installed. The switch permits the helms-person to raise or lower the outboard 
through about 0-21" while the unit is operating in Forward gear. When the 
powerhead is shut down or is operating below 1500 rpm, this same switch 
allows and controls the outboard to tilt about 22-75'. 

OVERHAUL 

+ See Figures 4 thru 12 

Refer to the accompanying illustration for parts ~dentiflcation. 
1. Disconnect the battery cables for safety. This will help prevent the 

possibility of potential burns or shorts that could occur while working on the 
control unit. 

Disconnecting the battery cables will also make sure that the engine is 
not accidentally cranked or started (which could lead to injury or 
damage). 

2. Loosen the retainers and separate the remote from the boat with the 
cable still attached. 

Fig. 5 Once the control handle Allen screw 
is loosened, dislodge the handle splines as 
shown Fig. 6 Remove the housing-tmver screws. . . I 

- www.instant-manuals.com -



9-4 REMOTE CONTROLS 
3. Place the control housing so the control handle side (the face of the 

housing) is positioned downward on small wooden blocks. Position the 
blocks on either side of the handle, contacting the housing face. 

4. From the back of the housing (now facing upward), loosen the Allen 
head screw (for the remote handle) 3 complete turns. 

The remote control Allen head screw can be found at the base of the 
handle. It is accessed through the small round bore on the back of the 
remote housing. 

5. Place a punch inside the head of the Allen screw, then gently tap on 
the punch using a soft-faced mallet to dislodge the control handle splines 
from the hub splines. 

6. Finish unthreading the Allen screw, then remove the remote handle. 
7. Remove the housing-to-housing cover screws (3) from the back of 

the housing. Carefully separate the housing and cover. 
8. Remove the shift cable pin from the shift control clevis (at the bottom 

of the shift lever). Disconnect the shift cable. 
9. Lift the throttle cable trunnion from the housing pocket and then pull 

back on the cable to expose the pin. Remove the cable and pin from the 
throttle lever. 

10. Remove the screw and retainer plate hooked into the top of the 
housing assembly. 

11. Remove the friction adjustment lever along with the knobiscrew 

Fig. 7 . . . then separate the housing from the cover I 

the neutral start switch. . 

assembly. 
12. Remove the screws (2) securing the neutral start switch and then 

remove the switch from the housing. 

The detent spring is compressed and may fly free when removing the 
shift and throttle plate from the housing. In order to prevent the 
possibility of injury, be sure to wear safety glasses. 

13. Slowly lift the shift and throttle plate from the housing. 
14. Remove the detent roller, shoe and spring. 
15. Lift the shift lever assembly from the control housing. 
16. Remove and discard the flat-head screw at the center of the throttle 

lever assembly. Remove the countersunk washer from the lever as well, then 
lift the throttle lever assembly and spacer from the housing. 

17. Remove the screw and locknut fastening the shift lockout cam to the 
fast idle lever. Discard the locknut, as it must be replaced once it is removed. 

18. Remove the keeper plate screw at the top of the housing (directly 
above the shift lockout lever). Lift the shift lockout cam and lever from the 
housing and then remove the spring washer and fast idle lever from the . . 

housing. 
19. If necessary, remove the ignition keyswitch assembly for 

replacement. 
20. If control handle disassembly is desired (such as for access to the 

trimltilt switch), proceed as follows: 
a. Remove the screws (2) fastening the slide control lever plate to the 

base of the handle. 
b. Lift the neutral lock slide out of the control handle, then remove the 

screws (3) fastening the handle cover and the one screw fastening the 
handle knob. Remove the cover and knob. 

c. Remove the screw securing the trimltilt switch to the cover and then 
remove the switch assembly. 

21. Clean and inspect the remote control components as follows: 
a. Wipe all metallic, non-electrical, parts with a clean rag soaked in a 

mild solvent. Electrical and plastic components should be cleaned using a 
dry rag andlor low pressure compressed air. 

b. Check the flange bosses inside the shift lockout cam for signs of 
rounding at the edges. If found, the cam should be replaced. 

c. Check the slots inside the fast idle lever for wear and replace the 
lever, if necessary. 

d. Visually check the balance of the mechanical components for signs 
of cracks, damage or excessive wear. Replace any worn or damaged 
components to ensure proper remote operation. 

22. Assembly is essentially the reverse of disassembly. Refer to the 
accompanying illustration for critical torque values and lubrication points. 
Also, be sure to pay particular attention to the following: 

a. Sliding surfaces and pivot points must be properly lubricated using 
OMC Moly Lube, or an equivalent assembly grease to ensure long-life and 
troublelbinding-free operation. 

b. Apply a light coating of OMC Screw Lock or equivalent threadlock to 
the threads of the screws noted in the accompanying illustration. 

c. All wiring must be connected and secured at the points noted during 
removal. Wiring must be routed in a manner that will prevent contact with 
moving components and must not be pinched between the housing and 
cover during assembly. 

Fig. 9 . . . ignition keyswitch and warning 
horn are accessible 

Fig. 10 The trimltilt switch is inside the 
handle, above the neutral lockout slider I 
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9-6 REMOTE CONTROLS 
d. Do not over or under tighten the fasteners for the remote housing 

comoonents. Loose fasteners could allow comoonents to shift come loose or ,~ - ~ -  
worse, wedge stuck in a given position, this cduld lead to loss or throttle or 
shift control. Similarly over-tightened fasteners may lead to binding or 
breaking components. 

e. Once assembly is complete, slowly move the remote handle through 
the range of operation. Feel for smooth and free movement. Adjust the 
friction screwlknob assembly so the throttle does not change in response to 
vibration from engine or boat operation. Do not set the friction adjuster so 
tight as to bind the control handle causing jerky shiftlthrottle adjustments. 

II When adjusting the friction screwlknob, turn the knob CLOCKWISE 
to increase friction or COUNTERCLOCKWISE to decrease friction. 
NEVER over-tighten the screw, which would lock the throttle in 
position. 

f. Refer to the Timing and Synchronization adjustments in the 
Maintenance and Tune-up section for information on additional information 
on control cable adjustment and lubrication. 

Disconnecting the battery cables will also make sure that the engine is 
not accidentally cranked or started (which could lead to injury or 
damage). 

2. Loosen the retainers and separate the remote from the boat with the 
cable still attached. 

3. Loosen the flat-head screws (usually 4), then remove the control 
housing cover (back plate) from the back of the housing. 

4. Place the control handle in neutral. 
5. Remove the shift and throttle cable trunnion plates (the plates that 

fasten the cable housings to the end of the remote housing). 
6. Disconnect the shift and throttle cables from the remote assembly by 

removing the cotter pins. 
7. If equipped, remove the cotter pin from throttle friction adjustment 

screw. Remove the adjustment assembly retaining screws and then remove 
the assembly. 

8. If eauiooed. and if necessarv for service, remove the neutral switch. 
9 ~arb f i l ' y  pry the cover out from the base of the remote handle, then 

remove the handle bolt 
10. Remove the neutral lock plate. 

OVERHAUL 11. Loosen the bolt fastening the throttle lever, then remove the lever 
with the screw, washer, spring and arm. Remove the driveshaft. 

12. If necessary, disassemble the internal drive components as follows: 
DERATE a. Remove the friction adjustment plug and then carefully separate the 

+ See Figures 13 and 14 decal from the handle side of the remote housing assembly. 
b. Hold the drive components in position (by pushing on the shift and 

Refer to the accompanying illustration for parts identification. throttle support) and remove the retaining screws (3) on the outside of the 
1. Disconnect the battery cables for safety. This will help prevent the cover, on the decal mounting surface. 

possibility of potential burns or shorts that could occur while working on the c. Remove the shift and throttle support, the shift lever gear and pin, 
control unit. drive gear, neutral lock ball, detent roller and leaf springs. 

y@ a. 
-? 

Throttle fr~ction 
Adjustment Kit 

N art 
Switch Kit 

0s 

spring 

1 - Button 8 - Support, shift & throttle 
2 - Rod, neutral lock 9 - Decal 
3 - Plate, neutral lock 10 - Plate, trunnion mounting 
4 - Driveshaft I I - Retainer, spring 
5 - Ball, neutral lock 12 - Plug, friction adjustment 
6 - Cotter pin 13 - Shift gear & pin 
7 - Gear, drive 

Fig. 13 Exploded view of a typical JohnsonlEvinrude small motor standard surface mount remote 
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Fig. 14 For safety, pay close attention to component bolt torque and lubrication during assembly - typical small motor standard surface mount I remote 

13. Clean and inspect the remote control components as follows: 
a. Wipe all metallic, non-electrical, parts with a clean rag soaked in a 

mild solvent. Electrical and plastic components should be cleaned using a 
dry rag andlor low pressure compressed air. 

b. Visually check all mechanical components for signs of cracks, 
damage or excessive wear. Replace any worn or damaged components to 
ensure proper remote operation. 

14. Assembly is essentially the reverse of disassembly. Refer to the 
accompanying illustration for critical torque values and lubrication points. 
Also, be sure to pay particular attention to the following: 

a. Sliding surfaces and pivot points must be properly lubricated using 
OMC Moly Lube, or an equivalent assembly grease to ensure long-life and 
troublelbinding-free operation. 

b. Do not over or under tighten the fasteners for the remote housing 
components. Loose fasteners could allow components to shift come loose or 
worse, wedge stuck in a given position, this could lead to loss or throttle or 
shift control. Similarly over-tightened fasteners may lead to binding or 
breaking components. 

c. The shift and throttle support is retained by 3 locking nuts, replace 
any of the nuts that have lost their locking action. 

d. When installing the throttle lever (using the spring, washer and 
screw), be sure to check the patch lock screw and replace it, if it has lost its 
locking action. Also, be sure that the throttle lever points away from the 
trunnion pockets. 

e Apply a very light coating of OMC Adhesive M or equivalent to hold 
the decal to the handle side of the control housing, 

f. The neutral lock plate was installed with thread-forming screws. The 
safe way to install them is to turn each of the thread-forming screws 
backwards (counterclockwise) until they just drop into the original threads, 
and then tighten them by turning clockwise. 

g All wiring must be connected and secured at the points noted during 
removal. Wiring must be routed in a manner that will prevent contact with 
moving components and must not be pinched between the housing and 
cover during assembly. 

h. Once assembly is complete, slowly move the remote handle through 
the range of operation. Feel for smooth and free movement. Adjust the 
friction screw so the throttle does not change in response to vibration from 
engine or boat operation. Do not set the friction adjuster so tight as to bind 
the control handle causing jerky shiftlthrottle adjustments. 

The friction screw is located under the small cover on the housing, 
just in front of the remote handle on starboard installations, or just 
behind the remote handle on port installations. Turn the screw 
CLOCKWISE to increase friction or COUNTERCLOCKWISE to decrease 
friction. NEVER over-tighten the screw, which would lock the throttle in 
position. 

i. Refer to the Timing and Synchronization adjustments in the 
Maintenance and Tune-up section for information on additional information 
on control cable adjustment and lubrication. 

OVERHAUL 

+ See Figures 15 and 16 

Refer to the accompanying illustration for parts identification. 
1. Disconnect the battery cables for safety. This will help prevent the 

possibility of potential burns or shorts that could occur while working on the 
control unit. 

Disconnecting the battery cables will also make sure that the engine is 
not accidentally cranked or started (which could lead to injury or 
damage). 

2. Loosen the retainers and separate the remote from the boat with the 
cable still attached. 

3. Remove the 2 screws from the lower corners of the housing, then 
carefully separate the cover and housing, while removing the control housing 
spacer. 

4. Remove the screw and washer securing the shift lever 
5. Lift the lever from the cover, remove the bushing from the lever and 

remove the plastic spring and washer from the lever hub. 
6. Remove the screw and locknut fastening the shift cable to the casing 

guide and then remove the cable. To separate the casing guide from the shift 
lever, gently push the insert out. 

7. Loosen the throttle friction adjustment knob. 
8. Remove the screw and washer that secure the throttle lever 

assembly. 
9. Gently lift the throttle lever from the housing, then remove the 

bushina from the lever and the two washers from the hub. 
10.-~emove the screw and locknut fastening the throttle cable in the _ 

casing guide and then remove the cable. To separate the casing guide from 
the throttle lever, gently push the insert out. 

11. Fully unscrew the throttle friction adjustment knob, then pull the 
throttle friction detent arm (with spring and bushing) from the housing. 
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REMOTE CONTROLS 
12. Remove the idle stop lever adjustment screw, plastic washer, lever 

and bushing from the housing. 
13. Fully unscrew the idle stop adjustment knob, then remove the 

retainer and spring from the housing. 
14. Clean and inspect the remote control components as follows: 

a. Wipe all metallic, non-electrical, parts with a clean rag soaked in a 
mild solvent. Electrical and plastic components should be cleaned using a 
dry rag andlor low pressure compressed air. 

b. Visually check all mechanical components for signs of cracks, 
damage or excessive wear. Replace any worn or damaged components to 
ensure proper remote operation. 

15. Assembly is essentially the reverse of disassembly. Refer to the 
accompanying illustration for critical torque values and lubrication points. 
Also, be sure to pay particular attention to the following: 

a. Sliding surfaces and pivot points must be properly lubricated using 
OMC Moly Lube, or an equivalent assembly grease to ensure long-life and 
troublelbinding-free operation. 

b. Do not over or under tighten the fasteners for the remote housing 
components. Loose fasteners could allow components to shift come loose or 
worse, wedge stuck in a given position, this could lead to loss or throttle or 
shift control. Similarly over-tightened fasteners may lead to binding or 
breaking components. 

c. Once assembly is complete, slowly move the remote handle through 
the range of operation. Feel for smooth and free movement. Adjust the 
friction knob so the throttle does not change in response to vibration from 
engine or boat operation. Do not set the friction adjuster so tight as to bind 
the control handle causing jerky shifffthrottle adjustments. 

~ n o b  -6 Idle adjustment 

1 - Idle S t o p  k n o b  and s h a f t  3 - H o u s i n g ,  Shi f t  l e v e r  h a l f  
2 - S p r i n g  washer ,  P ivot  4 - E m b l e m  

Fig. 15 Exploded view of a JohnsoniEvinrude dual handle, surface mount remote for single motors 

Lube 
grease 

Fig. 16 For safety, pay close attention to component bolt torque and lubrication during assembly - dual handle, surface mount remote for single 
motors 
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REMOTE CONTROLS 9-9 
Turn the friction adjustment knob CLOCKWISE to increase friction 

or COUNTERCLOCKWISE to decrease friction. NEVER overtighten the 
knob, which would lock the throttle in position. 

d. Refer to the Timing and Synchronization adjustments in the 
Maintenance and Tune-up section for information on additional information 
on control cable adjustment and lubrication. To set Idle rpm, turn the idle 
adjustment knob clockwise to increase engine idle or counterclockwise to 
decrease idle. 

REPLACING THE TRlMITlLT SWITCH 

TE 
+ See Figures 17 and 18 

Refer to the accompanying illustration for parts identification. 
1. Disconnect the battery cables for safety. This will help prevent the 

possibility of potential burns or shorts that could occur while working on the 
control unit. 

Disconnecting the battery cables will also make sure that the engine is 
not accidentally cranked or started (which could lead to injury or 
damage). 

Take note of the wire routing for installation purposes. 

2. Cut the wire tie securing the trim switch leads to the lower corner of 
the control body. Disconnect the trim switch leads from the cable connector. 

3. Remove the rubber boot from the warm-up knob at the base of the 
remote handle, Remove the retaining screw and knob. 

4. Move the control handle fully into the reverse position and insert a 
118 in. hex-key into the opening at the bottom of the control handle. Loosen 
the set-screw (using the hex key), then carefully pull the control handle from 
the shaft while freeing the trim switch wires from the mounting plate. 

5. Remove the screws (2) fastening the cover to the back of the remote 
handle and then separate the cover from the remote handle. 

The neutral lock rod spring is under tension and could fly free when 
removina the lockrod. Wear safetv alasses to orotect vour eves. 

6. Carefully remove the neutral lock slide and spring, while keeping 
track of the spring. 

7. Remove and discard the retaining clip from the back of the trimitilt 
switch, but use care not to damage or gouge the housing in the head of the 
remote handle. 

8. With the retaining clip free, carefully pull the switch and wire leads 
from the handle. Take note of the wire routing to ensure trouble-free 
installation. 

9. Installation is essentially the reverse of removal, but pay particular 
attention to the following: 

a. The wires molded into the trim switch are off-center, so be sure to 
position them toward the top of the handle when inserting the switch into the 
cover. 

Trim Clip Handle 
Switch 

(shalt) 

/ 

,-'- 
plate) / 

(mounting 

Fig. I7 Exploded view of a JohnsonlEvinrude concealed side mount remote 
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9-10 REMOTE CONTROLS 
b. The switch retaining clip must be replaced whenever it is removed, 

so be sure to use a new retaining clip when securing the switch to the 
housing in the remote handle. 

c. Route the switch wires through the hole in the lockout lever as noted 
during removal. 

d. Once the remote handle is fully assembled, make sure the housing 
is still in the full reverse setting, then carefully push the handle onto the 
shaft. Verify that the neutral lock slide drops into the slot when shifting the 
handle up into neutral, then tighten the set-screw. 

e. Route the switch wires as noted during removal and secure with a 
new wire tie. 

DISASSEMBLING AND ASSEMBLING THE HOUSING 

+ See Figures 17 and 18 

Refer to the accompanying illustration for parts identification. 
1. Disconnect the battery cables for safety. This will help prevent the 

possibility of potential burns or shorts that could occur while working on the 
control unit. 

Disconnecting the battery cables will also make sure that the engine is 
not accidentally cranked or started (which could lead to injury or 
damage). 

2. Remove the remote handle from the control assembly, as detailed in 
Replacing the Trim Switch, in this section. Unless the switch or components 
in the remote handle are faulty, there is no need to disassemble the handle. 

3. Remove the Philips screws (3) securing the remote assembly to the 
mounting plate and then remove the control from the boat (with the cables 
attached). 

4. Disconnect the throttle and shift cables from the control assembly. 
5. Position the remote handle back on the control assembly in order to 

shift the assembly into neutral, then remove the handle once again. 
6. Remove the screw and washer securing the throttle arm and then 

remove the throttle arm. 

7. Remove the throttle arm spacer, then remove the screw and washer 
securing the throttle cam. Remove the friction control cap and locknut from 
the far end of the throttle cam and then remove the throttle cam from the 
assembly. 

8. Remove the 2 spacers from the driveshaft and plate. 
9. Remove the 2 screws and locknuts from the neutral switch shield. 

Remove the shield, shoe and the neutral switch, taking care not to loose the 
detent ball and related components. 

10. Remove the final 2 screws and nuts (on the other end of the 
assembly from the shield and shield screws), then lift out the driveshaft and 
plate along with the detent spacer as an assembly. 

11. Lift the cable mounting plate off the support. 
12. If the driveshaft neutral detent components must be inspected, 

lubricated or replaced, disassemble them as follows: 
a. Press inward on the neutral warm-up rod (at the end of the shaft) 

and hold it down while withdrawing the shift cam drive pin from the base of 
the shaft. 

b. Separate the shaft from the spacer and remove the detent ball. Be 
ready to catch the detent ball as it will likely fall free when the shaft is 
removed from the spacer. 

c. Remove the neutral warm-up rod, driveshaft ball and spring from the 
shaft. 

d. Remove the detent shoe, inner spring, outer spring and the left-hand 
thread screw and nut (which is removed by turning clockwise). Don't mix this 
left-hand thread screw up with other fasteners, as only this screw or another 
left-hand thread screw, must be installed during assembly. 

13. If the driveshaft shift cam and roller assembly must be inspected, 
lubricated or replaced, disassemble the balance of the control assembly, as 
follows: 

a. Remove the shift lever from the center of the driveshaft support. 
b. Remove the throttle friction screw and spring from the end of the 

driveshaft support. 
c. Remove the 3 shift cam rollers, followed by shifter cam. 
d. Remove the ball from the bore in the side of the shifter cam. 
e. Remove the 3 hex spacers and locknuts from the holes in the 

driveshaft support. 
14. Clean and inspect the remote control components as follows: 

a. Wipe all metallic, non-electrical, parts with a clean rag soaked in a 
mild solvent. Electrical and plastic components should be cleaned using a 
dry rag and/or low pressure compressed air. 

In. lbs. 
,9 Nm) 

\ 
25-35 In. Ibs. 

Fig. 18 For safety, pay close attention to component bolt torque and lubrication during assembly - concealed side mount remote 
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REMOTE CONTROLS 9-1 1 
b. Visually check all mechanical components for signs of cracks, 

damage or excessive wear. Replace any worn or damaged components to 
ensure proper remote operation. 

15. Assembly is essentially the reverse of disassembly. Refer to the 
accompanying illustration for critical torque values and lubrication points. 
Also, be sure to pay particular attention to the following: 

a. Sliding surfaces and pivot points must be properly lubricated using 
OMC Moly Lube, or an equivalent assembly grease to ensure long-life and 
troubleibinding-free operation. 

b. Do not over or under tighten the fasteners for the remote housing 
components. Loose fasteners could allow components to shift come loose or 
worse, wedge stuck in a given position, this could lead to loss or throttle or 
shift control. Similarly over-tightened fasteners may lead to binding or 
breaking components. 

c. Don't forget the left-hand threaded screw and nut used in the neutral 
detent assembly. DO NOT substitute a normal, right-hand thread screw if 
thev are lost or damaaed, obtain a suitable left-hand thread re~lacement. 

f. Refer to the Timing and Synchronization adjustments in the 
Maintenance and Tune-up section for information on additional information 
on control cable adjustment and lubrication. 

OVERHAUL 

DERA TE 
+ See Figures 19 thru 22 

'w 

Refer to the accompanying illustration for parts identification. 
1. Disconnect the battery cables for safety. This will help prevent the 

possibility of potential burns or shorts that could occur while working on the 
control unit. 

' d. Once assem!$ is complete, slowly move the remote handle through 
the range of operat~on. Feel for smooth and free movement. Turn the tnrottle A 0 
fr~ction adjustment screw (located in the bore on the mountmg plate, nearest Disconnecting the battery cables will also make sure that the engine is to the remote handle) so the throttle does not change In response to 
v~bration from engine or boat operation Do not set the frlctlon adjuster so not accidentally cranked or started (which could lead to injury or 

tight as io bmd the control handle causmg jerky sh~ftithrottle adjustments damage). 

H Turn the friction adjustment screw CLOCKWISE to increase friction 
or COUNTERCLOCKWISE to decrease friction. NEVER overtighten the 
screw, which would lock the throttle in position. 

e. Use the shifter detent friction screw (mounted through the bore in 
the mounting plate, furthest from the remote handle), to adjust the shifter 
feel, Turn the screw clockwise to increase friction or counterclockwise to 
decrease it. As with the throttle friction screw adjustment, do not over-tighten 
the screw to lock the shifter in position. The best way to set the detent 
friction screw is to adjust it while slowly moving the shifter slowly back and 
forth from forward to neutral and reverse, until the desired amount of 
friction is obtained at the handle. 

2. Loosen the retainers and separate the remote from the boat with the 
cable still attached. 

3. If equipped, remove the nut securing the ignition keyswitch, then 
remove the cover. 

4. Disconnect the throttle and shift cables from the control assembly. 
5. Position the shifter handle in neutral, then carefully pry the screw 

cover from the base of the handle. Remove the screw and washer, and then 
gently pry the remote handle from the driveshaft splines. 

6. If necessary, disassemble and inspect the handle. 

H The trimitilt switch assembly is mounted in the top of the handle. 

Shoe 
(outer friction) 

\ 

Fig. 19 Exploded view of a JohnsonlEvinrude single lever binnacle remote without a keyswitch 
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7. If equipped, remove the screws (2), then lift off the clamp and the 

neutral switch from the shift lever support. Cut the wire tie and remove the 
screw securing the wire clamp (but be sure to take note of the wire routing 
for installation purposes). 

8. If equipped, remove the warning horn mounting screw, then remove 
the horn and wiring harness assembly. Again, note the wiring routing for 
installation purposes. 

9. Remove the cover mounting brackets from either side of the housing. 
10. Remove the cotter pin from the friction adjustment screw (at the top 

of the throttle lever plate), then loosen the screw and remove it along with 
the nut and outer friction shoe. 

11. Remove the screw, washer, throttle lever plate and bushing. 
12. Remove the screw, washer and nut from the throttle cam and 

bushing. Remove the throttle cam, bushing, spacer and throttle pin roller. 
13. Using a pair of snapring pliers, remove the ring from the splined end 

of the driveshaft. 
14. Remove the screws and nuts fastening the inner friction shoe and 

then remove the shoe. 
15. Remove the screws and nuts (usually 4) holding the rest of the 

assembly together and then pry the outer shaft support carefully off the 
driveshaft. 

16. Wearing safety glasses (to protect from injury) slowly remove the 
neutral warm-up rod, keeping pressure on the springs at the bottom of the 
rod until spring tension is released. This will help prevent the springs from 
flying free and either hitting someone in the eyes or disappearing in the 
process. Fully remove the shift lever support. 

17. Remove the friction adjustment screw (with spring) from the shift 
lever support or the neutral detent plate spacer. 

18. Remove the cable mounting plate and shift lever from the driveshaft, 
detent plate and shifter cam. 

19. Remove the shift lever from the cable mounting plate and then 
remove the rollers from the lever. 

20. If necessary for inspection, lubrication or repair, disassemble the 
driveshaft and neutral detent plate spacer components as follows: 

a. Push the drive pin into the shaft using the neutral warm-up ring and 
then carefully lift the ring from the cam. 

Use finger pressure over the drive pin to hold it in place as the cam 
is lifted free, otherwise the pin will become a projectile. 

b. Slowly release the spring pressure on the pin once the cam is 
removed, then remove the pin and spring. 

c. Carefully pry the shaft from the detent plate, making sure to retain 
the detent ball located between them. 

d. Remove the ball (if it did not fall out earlier), shoe, springs, nut and 
screw from the detent plate. 

21. Clean and inspect the remote control components as follows: 
a. Wipe all metallic, non-electrical, parts with a clean rag soaked in a 

mild solvent. Electrical and plastic components should be cleaned using a 
dry rag andlor low pressure compressed air. 

b. Visually check all mechanical components for signs of cracks, 
damage or excessive wear. Replace any worn or damaged components to 
ensure proper remote operation. 

22. Assembly is essentially the reverse of disassembly. Refer to the 
accompanying illustration for critical torque values and lubrication points. 
Also, be sure to pay particular attention to the following: 

a. Sliding surfaces and pivot points must be properly lubricated using 
OMC Moly Lube, or an equivalent assembly grease to ensure long-life and 
troublelbinding-free operation. 

b. Do not over or under tighten the fasteners for the remote housing 
components. Loose fasteners could allow components to shift come loose or 
worse, wedge stuck in a given position, this could lead to loss or throttle or 
shift control. Similarly over-tightened fasteners may lead to binding or 
breaking components. 

c. During installation, be sure to attach both cables to the handle side 
of the throttle lever plate. First, insert one cable pin through the throttle lever, 
then through the throttle cable. Next insert the other pin through the shift 
cable, then through the shift lever. 

d. All wiring must be connected and secured at the points noted during 
removal. Wiring must be routed in a manner that will prevent contact with 
moving components and must not be pinched between components during 
assembly. 

e. Once assembly is complete, slowly move the remote handle through 
the range of operation. Feel for smooth and free movement. Adjust the 
throttle friction adjustment screw so the throttle does not change in response 
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to vibration from engine or boat operation. Do not set the friction adjuster so 

tight as to bind the control handle causing jerky throttle adjustments. 

!ill The throttle friction adjustment screw is located under a small cover 
on the side, top of the housing (just below the peak of the curve). There 
are actually 2 screws which can be accessed through an oval cutout in 
the side of the housing, the top of these is the throttle friction screw 
(the lower of these is the shifter detent screw). Turn the either friction 
adjustment screw CLOCKWISE to increase friction or 
COUNTERCLOCKWISE to decrease friction. NEVER overtighten the 
screw, which would lock the throttle or shifter in position. 

f. Once the throttle friction screw is set, adjust the shifter detent friction 
screw (at the bottom of the same oval cutout) to adjust the shifter feel. The 
best way to set the detent friction screw is to adjust it while slowly moving 
the shifter slowly back and forth from forward to neutral and reverse, until the 
desired amount of friction is obtained at the handle. As with the throttle 
friction screw adjustment, do not over-tighten the screw to lock the shifter in 
position. 

g. Refer to the Timing and Synchronization adjustments in the 
Maintenance and Tune-up section for information on additional information 
on control cable adjustment and lubrication. 

+ See Figure 23 

The control cables should be replaced if inspection reveals any signs of 
damage, wear or even fraying at the exposed ends. Remember that loss of 
one or more cables while underway could cause loss of control at worst or, 
at best, strand the boat. Check cable operation frequently and inspect the 
cables at each service. Replace any that are hard to move or if excessive 
play is noted. Never replace just one cable (unless a freak accident caused 
damage to the cable), if one cable is worn or has failed, assume the other is 
in like condition and will soon follow. 

Before removal, mark the cable mounting points on the remote control 
using a permanent marker. This will help ensure easy and proper installation 
of the replacement. Unless there is a reason to doubt the competence of the 
person who originally rigged the craft, match the cable lengths as closely as 
possible. Otherwise, re-measure and determine proper cable lengths as if 
this was a new rigging, 

When rigging an engine to a new boat, determine cable length by 
measuring from the center point of the motor along the intended cable route 
to either the side-mount or center-console remote location (refer to the 
accompanying illustration). Add 3 ft. 4 in. (1.02 M) to the measurement and 
purchase a cable of the same length (or one that is slightly longer than that 
measurement. JohnsonlEvinrude replacement cables are normally available 
in one-foot increments from 5-20 ft. and in two-foot increments to 50 ft. 

To prevent the danger of cable binding or other conditions that could 
cause a loss of steering control when underway, take care to route all 
cables with the fewest number and most gentle bends possible. A bend 
should NEVER have a radius of less than 6 in. (15cm). 

Follow the procedures for remote service in this section and the Timing 
and Synchronization adjustments in the Maintenance and Tune-up section 
whenever removinglinstalling or replacing the throttle and shift cables. 

Side mount 
remote Center 

I Console 

Centerline of 
engine 

Fig. 23 For cable replacement or rigging, measure the distance 
from the centerline of the motor to the remote (and add 3 ft. 4 
in.11.02 meters to the measurement) 
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10-2 HAND REWIND STARTER 

+ See Figures 1 ,2  and 3 

Rope start JohnsonIEvinrude outboards utilize a hand rewind starter 
assembly to turn the flywheel for engine startup and to automatically recoil 
the rope afterwards. Smaller hp models that are equipped with an electric 
start will normally also be equipped with the hand rewind starter assembly for 
use as a back up in case of electric motor or battery failure. Furthermore, 
almost all JohnsonlEvinrude outboards through 70 hp motors can be started 
using a pull rope in emergency situations. Larger models are equipped with 
an emergency rope mounted in the engine case that can be temporarily 
connected to the flywheel for emergency purposes. We emphasize the word 
contain the word can because only someone the size of a NFL linebacker 
will typically succeed pull-starting a larger outboard by hand. 

Most of the hand rewind starters installed on the JohnsonlEvinrude 
outboards consist of a flat disc type assembly that is mounted atop the 
flywheel. These starters engage a ratchet plate that turns the flywheel when 
the rope is pulled. However, there are a few other types of hand rewind 
starters which are found on various models, especially the earlier models 
covered here such as: 

The 4 Deluxe model, utilizes a swing armldrive gear type hand starter 
assembly that instead mounts to the side of the powerhead and swings 
upward to engage gear teeth with the flywheel when the rope is pulled. 

The 9.9-15 hp (216cc) 2-strokes (produced through 1992) utilize a disc 
that engages the teeth of the flywheel mounted horizontally next to the 
flywheel. 

+ See Figure 4 

Essentially, the hand rewind starter is a strictly a mechanical device used 
to crank the powerhead for starting. Because it is such a basic mechanical 
device, one normally encounters very few problems with the assembly. The 
spring will last an incredibly long time, if used properly. The greatest enemy 
of the spring is the operator. 

Three causes can contribute to starter failure. Two may be prevented, the 
third cannot. 

The most common problem is the result of the operator pulling the starter 
rope too far outward. If the operator places one hand on the powerhead and 
pulls the rope with the other hand, it is physically impossible, in this position, 
to pull the rope too far. Problems develop when the operator uses both 

Fig. 1 The most common JohnsonIEvinrude 
hand rewind starters are mounted atop the 
flywheel 

hands to pull on the rope, with no control on how far the rope can be 
extended. The rope may be broken or the knot released from the starter 
disc. In either case, the spring rewinds with tremendous speed and in almost 
all cases travels past its normal rewind position bending the end of the 
spring in reverse. Therefore, more maintenance work is involved than merely 
replacing the rope. 

Another bad habit, while using the hand rewind starter, is the operator 
releasing hislher grip on the rope when it is in the extended position, 
allowing the rope to freely rewind. The operator should never release his 
grip, but hold onto the rope and slowly feed it back into the assembly, thus 
controlling the rewind. The owner should remain alert to any wear on the 
rope and replace it long before the possibility of breaking might occur. When 
a rope breaks, the spring usually rewinds with incredible speed, the same as 
if the rope is suddenly released, and usually causes damage to the spring or 
other starter assembly components. 

The third cause of spring failure cannot be prevented - age. As the 
outboard continues to perform year after year, the age of the spring steel will 
finally take its toll. 

Depending on the model and the powerhead, anywhere from 6 to 12 
feet of spring steel length is wound into about a 4 in. diameter. This 
places the spring under unbelievable tension - a real "tiger in a cage" - 
making it a potentially dangerous force. Therefore, any time the hand 
starter is serviced, especially during work on the spring, safety glasses 
should be worn and the work performed with the utmost care. The 
procedures must be followed exactly as presented for each starter, to 
prevent possible injury to the worker or others in the area. 

Any time the rope is broken, the starter spring will rewind with incredible 
speed. Such action will cause the spring to rewind past its normal travel and 
the end of the spring will be bent back out of shape. Therefore, if the rope 
has been broken, the starter should be completely disassembled and the 
spring repaired or replaced. 

DESCRIPTION 

* See Figure 5 

The hand rewind starter for these small powerheads is a simple coiled 
spring unit mounted on top of the powerhead just in front of the fuel tank. 

Fig. 2 Swing arm type hand rewind starter 
mounted on the port side of a Model 4D 
~owerhead 

Fig. 3 Hand rewind starter mounted flat 
(horizontally), next to the flywheel on 9.9-15 
hp (216cc) powerheads. 
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HAND REWIND STARTER 10-3 

Fig. 4 The pull rope broke on this starter assembly causing the 
spring to rewind with such incredible speed, it actually bent back in 
a reverse direction 

REMOVAL & DISASSEMBLY 

* See Figures 5 thru 8 

1, Remove the engine covers. For details, please refer to Engine Cover 
(Top and Lower Cases) in the Maintenance and Tune-up Section. 

2. For safety, disconnect the spark plug lead, then ground it to the 
cylinder head for safety. 

3. Remove the 2 screws securing the fuel tank to the powerhead. The 
forward screw also secures the aft leg of the rewind starter. Remove the 
other screws securing the other 2 legs of the starter. 

4. Lift the fuel tank slightly and remove the rewind starter assembly 
from the powerhead. 

5. Pull on the rope handle to gain some slack in the rope; then either 
hold the ropelpulley to keep them from rewinding or unbolt the cover panel 
and tie a slip knot to lock the rope from rewinding; and then remove the 
handle. 

After the handle is removed allow the pulley to slowly rewind pulling the 
rope into the housing. 

6. Gently push or pry the circlip (E-ring) out of the groove in the center 
shaft. 

7. Lift the thrust washer off the friction plate and free of the center shaft. 
8. Lift the friction plate slightly and snap the friction spring out of the 

hole in the center shaft. Remove the friction plate. The return spring will 

Pad , 

I Fig. 5 Exploded view of the hand rewind starter assembly - 2.0-3.5 
hp (78cc) motors 

come with the plate. Remove the spring cover, and then the friction spring 
and ratchet. 

The rewind spring is a potential hazard. The spring is under 
tremendous tension when it is wound - a  real "tiaer" in a caae! If the 
spring is suddenly released, severe personal injury could result from 
being struck by the spring with force. Therefore, the following 2 steps 
must be performed d t h  care to prevent personal injury to you and 
others in the area. 

9, Carefully "rock the pulley back and forth until the spring disengages 
from the bottom of the pulley, then carefully life the pulley straight off the 
housing, leaving the spring behind. 

10. Now, slowly turn the housing over and gently place it on the floor (or 
workbench) with the spring facing the floor. Tap the top of the housing with a 
mallet and the spring will fall free of the housing and unwind almost instantly 
and with force, but be contained within the housing. Tilt the container with 
the o~enina awav from vou. The s~r ina will be released from the housinq 
and "nwini rapidly. ~ u r i  the housing over and unhook the end of the spring 
from the peg in the housing. 

11. Untie the knot in the end of the old starter rope and pull the rope 
free. 

Fig. 6 The hand rewind starter on 2.0-3.5 hp Fig. 7 The fuel tank must be repositioned Fig. 8 Removing or installing the starter 
(78cc) motors slightly for access to the starter 
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10-4 HAND REWIND STARTER 
CLEANING & INSPECTION 

+ See Figures 5 and 9 

Wash all metallic parts in solvent, and then blow them dry with low- 
pressure compressed air. 

Remove any trace of corrosion and wipe all metal parts with an oil- 
dampened cloth. 

lnspect the rope. Replace the rope if it appears to be weak or frayed. If 
the rope is frayed, check the pulley and housing (especially the holes 
through which the rope passes) for rough edges or burrs. Remove the rough 
edges or burrs with a file and polish the surface until it is smooth. 

Replacement ropes on these models should be trimmed to a length 
of about 53 in. (135cm). Be sure to fuse both ends to help prevent 
fraying. 

lnspect the starter spring end hooks. Replace the spring if it is weak, 
corroded or cracked. lnspect the tab on the spring retainer plate. This tab is 
inserted into the inner loop of the spring. Therefore, be sure it is straight and 
solid. lnspect the inside surface of the pulley rewind recess for grooves or 
roughness. Grooves may cause erratic rewinding of the starter rope. 

ASSEMBLY & INSTALLATION 

+ See Figures 5 and 6 thru 10 DERA TE 

Wear a good pair of gloves while winding and installing the spring. The 
spring will develop tension and the edges of the spring steel usually 
pretty sharp. The gloves will help prevent cuts to the hands and 
fingers. 

We strongly recommend wearing a pair of safety goggles or a face 
shield while the spring is being installed. As the work progresses a 
"tiger" is being forced into a cage, over 14 ft. (4.3m) of spring steel 
wound into about 4 in. (10.2cm) circumference. If the spring is 
accidentally released, it will lash out with tremendous ferocity and very 
likely could cause personal injury to the installer or other persons 
nearby. 

1. Apply a light coatlng of OMC Triple-Guard, or equwalent marlne 
grease (or even Lubr~plate 777, d ava~lable) to the spnng, sprlng cavlty and 
spmdle. 

Fig. 9 lnspect the spring for wear, damage or corrosion - handle 
with care I 

2. Hold the spring in a coil in one gloved hand, with the other hand, 
hook the looped end of the spring over the peg in the housing. Coil the 
spring counterclockwise into the housing (when viewed looking down into an 
inverted housing). The easiest way to accomplish this task is to hold the 
spring in one gloved hand and with the other gloved hand, rotate the 
housing. Continue working the spring until it is all confined within the 
housing. 

3. Feed one end of a new rope through the hole in the pulley, and then 
tie a figure " 8  knot in the end of the rope. Pull on the rope until the knot is 
confined inside the pulley recess. Wind the entire pull rope counterclockwise 
around the pulley. 

4. Carefully lower the pulley down over the center shaft of the housing. 
As the pulley goes into the housing the inner spring hook must catch the 
pulley slot. Once the hook is indexed, the seat the pulley in the housing. 

5. Position the ratchet onto the pulley, with the flat side of the ratchet 
against the pulley and the round hole indexed over the post. 

6. Slide the friction spring down the center shaft. This spring serves as 
a spacer and exerts an upward pressure on the friction plate. Install the 
spring cover on top of the spring. 

7. Hook the end of the return spring into the friction plate slot, then 
insert the other end of the return spring into the hold in the pulley. Install the 
return spring and friction plate assembly over the spindle. 

8. Position the thrust washer, then push down on the friction plate and 
snap the Circlip into the groove on the center shaft to secure the plate and 
associated parts in place. 

Be sure to install the circlip with the sharp side facing outward. 
9. Place the pull rope into the notch and turn the pulley 3 turns 

counterclockwise from the relaxed position. 
10. Feed the rope through the eyelet on the starter housing and, when 

there is about 12 in. (30cm) of rope outside the start housing tie a slipknot to 
hold the rope in place. 

11. If removed, install the motor cover panel onto the starter housing. 
12. Feed the free end of the rope through the handle and tie a figure "8" 

knot in the end. Tuck the knot into the handle (excess rope beyond the knot 
can be cut off, if necessary). 

Release the slipknot, then relax the tension on the pulley and allow it to 
slowly rewind until the handle is against the starter housing. 

13. Lift the fuel tank sliahtlv and install the hand rewind starter assemblv - ,  

onto the powerhead. 
14. Install and finger-tighten the retaining screws for the starter housing 

and the fuel tank, then tighten the screws to 60-84 inch Ibs. (7-9 Nm). 
15. Reconnect the spark plug lead that was disconnected for safety. 
16. Install the engine covers. For details, please refer to Engine Cover 

(Top and Lower Cases) in the Maintenance and Tune-up Section. 

Fig. 10 Use this knot (a "figure 8" knot) to retain the starter rope 
ends 
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HAND REWIND STARTER 1 

DESCRIPTION 

+ See Figure 11 

The hand rewind starter for the single-cylinder 5 hp 2-stroke powerhead is 
a simple coiled spring unit mounted atop the flywheel. 

REMOVAL & INSTALLATION 

+ See Figure 11 

1. For safety, disconnect the spark plug lead, then ground it to the 
cylinder head for safety. 

2. Remove the screws (3) retaining the hand rewind starter assembly to 
the powerhead. 

3. Loosen the adjustment nut, then remove the starter lockout cable 
from the housing and lockout arm. 

To install: 
4. Position the hand rewind starter assembly into position on the . . 

powerhead. 
5. Install the 3 retaining screws and tighten to 72-102 inch Ibs. (8-12 

Nm). 
6. Install the cable into the lockout arm and tighten the adjusting nuts to 

secure it to the starter housing. 
7. Verify proper lockout operating and adjust, as necessary, to ensure 

the starter assembly can only be operated with the engine in neutral. 

ROPE REPLACEMENT 

+ See Figure 10 

Replacement ropes for this model should be trimmed to a length of 
about 52 in. (132cm). Be sure to fuse both ends to help prevent fraying. 

1. Remove the starter assembly from the top of the powerhead. 
2. Pull the rope comoletelv out, then allow the ~u l lev  to retract iust until , , 

le hole aligns wiih the lockou~slot.' 

Fig. 11 Exploded view of the hand rewind starter assembly - 5 hp 
(1 09cc) motors 

3. Place a small drift pin or length of wire through the lockout slot and 
hole to retain the pulley. Secure the wire or drift pin to prevent them from 
becoming dislodged during service. 

4. Invert the housing for access, then free the rope knot from the pulley 
and untie or cut the old rope free. 

5. Free the rope knot from the handle and untie or cut the old rope free. 
Remove the rope completely from the handle and housing. 

If the pulley must be turned in the next step, the wire or drift pin used 
to secure it earlier must first be removed. Use extreme care to prevent 
the spring tension from releasing suddenly. 

6. To install the new rope, make sure the cavity in the pulley aligns with 
the housing rope holes. If necessary, carefully turn the pulley 
counterclockwise until the cavity aligns as noted, then place a small drift pin 
or a length of wire through the hole in the underside of the pulley (furthest 
away from the handle end of the housing) to secure the pulley. 

7. Carefully thread the rope through the holes, then tie a figure "8" knot 
(as shown) to secure the rope. Tuck the knot into the pulley recess. 

8, Insert the rope through the starter handle and anchor, then tie a 
second figure "8" knot to secure. 

9. While holding tension on the rope, remove the wire or pin and slowly 
release the spring tension allowing it to rewind the new rope into the 
housing. 

DISASSEMBLY & ASSEMBLY 

+ See Figure 11 
DERA TE 

I. Remove the starter assembly from the top of the powerhead, as 
detailed in this section. 

2. If necessary, remove the rope from the assembly, as detailed in this 
section. 

3. With the housing inverted on a workbench, remove the bolt and pawl 
retainer from the bottom center of the pulley. 

Be sure to note the spring over the pulley pin. 

4. Remove the pawls from the pulley, and then inspect the pawl 
assembly components for wear or damage. 

5. Slowly and carefully remove the pulley from the housing, while 
making sure to keep your fingers away from the uncoiling spring. 

6. Face the spring and underside of the housing downward on the 
workbench, and then tap gently using a mallet to free the spring from the 
housing. Once the spring has finished uncoiling, carefully lift the housing by 
tilting it so the opening faces away from people or breakables (there will still 
be some tension to the spring). 

7. If the lockout is damaged or worn, remove the retainer, then remove 
and replace the lockout. 

To assemble: 
8. Wash all metallic parts in solvent, and then blow them dry with low- 

pressure compressed air. Wipe all other components using a clean shop rag. 
9. Remove any trace of corrosion and wipe all metal parts with an oil- 

dampened cloth. 
10. lnspect the rope. Replace the rope if it appears to be weak or frayed. 

If the rope is frayed, check the pulley and housing (especially the holes 
through which the rope passes) for rough edges or burrs. Remove the rough 
edges or burrs with a file and polish the surface until it is smooth. 

Replacement ropes on these models should be trimmed to a length 
of about 52 in. (132cm). 

I I .  lnspect the starter spring end hooks. Replace the spring if it is weak, 
corroded or cracked. lnspect the pawl retainer, retainer ring and screw for 
wear or damage, and replace, as necessary. 

Wear a good pair of gloves while winding and installing the spring. The 
'' 

spring will develop tension and the edges of the spring steel usually 
pretty sharp. The gloves will help prevent cuts to the hands and 
fingers. 
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10-6 HAND REWIND STARTER 

We strongly recommend wearing a pair of safety goggles or a face 
shield while the spring is being installed. As the work progresses a 
"tiger" is being forced into a cage, a long steel sprig is wound into 
about 4 in. (10.2cm) circumference. If the spring is accidentally 
released, it will lash out with tremendous ferocity and very likely could 
cause personal injury to the installer or other persons nearby. 

12. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease (or even Lubriplate 777, if available) to the spring, spring cavity and 
shoulder screw. 

13. If the spring was removed, hold the spring in a coil in one gloved 
hand, with the other, carefully insert the spring into the pulley so the hook 
engages the pulley slot, then carefully wind the spring into the pulley. 

14. Install the pulley and spring into the housing, while engage the spring 
hook onto the hub in the housing. 

15. lnstall the springs and pawls into the pulley, then install the retainer 
and tighten the bolt to 72-102 inch Ibs. (8-12 Nm). 

16. Wind the pulley about 4 turns counterclockwise and align the rope 
guide hole on the housing with the pulley cavity, then place a small drift pin 
or length of wire in the rearmost pulley hole (furthest from the handle portion 
of the housing) to secure the pulley. 

17. Install the rope as detailed under Rope Replacement, in this section. 
18. Install the hand rewind starter assembly, as detailed in this section. 

DESCRIPTION 

This pinion gear starter is a design employing the principles of an 
automotive-type starter motor. A nylon pinion gear slides upward and 
engages the flywheel ring gear as the starter rope is pulled. The pinion gear 
automatically disengages when the engine starts. The ratio between the 
pinion gear and the ring gear was selected to provide maximum cranking 
speed with minimum pulling effort to ensure fast and easy powerhead start. 

A lockout pawl linked to the cam follower prevents manual start 
engagement if the throttle is advanced beyond the start position. 

REMOVAL & INSTALLATION 

1) See Figures 12 thru 16 

1. Disconnect the high-tension leads from the spark plugs. ~ r o z d  the 
high-tension leads. Pull the rope out far enough, and then tie a knot in the 
rope. Allow the rope to rewind until the knot is against the front of the 
cowling. 

2. Remove the handle rope anchor and then the rope from the handle. 
Remove the rubber bumper. 

3. Untie the knot in the rope and allow the rope to slowly wind onto the 
pulley and the spring to unwind. When the rope is about to pass through the 
opening in the cowling, hold the pulley, and then allow your grip to slip to 
permit the rope to continue winding onto the pulley, and the spring to unwind 
slowly. Do not release the grip on the pulley completely. If the spring rewinds 
too rapidly the spring may be damaged along with other parts. 

The rewind spring is under tremendous tension and is a potential 
hazard. Therefore, safety glasses should be worn and extreme care 
exercised to follow the procedures carefully during removal, 
disassembling, and assembling work with the starter. 

4. Hold the pulley and cup together, and at the same time, loosen the 
center mounting bolt and back it out of the intake manifold. Do not remove 
the center bolt from the starter. Continue to hold the starter firmly together 
and carefully remove it from the powerhead. Take care not to damage the 
starter pawl. 

5. If the starter is only removed in order to accomplish other work, 
install a 318 x 16 nut onto the far side of the thru-bolt to hold the starter 
together and prevent the spring from escaping. 

To install: 
6. Hold the starter pulley and cup together and position the assembly in 

place on the powerhead. Thread the mounting screw into the manifold and 
tighten the screw securely. 

7. Thread the rope through the front cowling and pull it all the way out. 
With the rope fully extended, the starter spring end must be free to extend a 
minimum of 112 in. from the cup. If the spring is not free to extend 112 in. 
from the cup, allow the starter rope to fully rewind onto the pulley. 

8, After the rope has rewound onto the pulley, release one full turn of 
the rope from the pulley and make the test again. Repeat the procedure until 
the spring is free to extend a minimum of 112 in. from the cup when the rope 
is fully extended, With the rope still through the front of the cowling tie a knot 
in the rope. Allow the rope to rewind until the knot is tight against the 
cowling. 

9. lnstall the rubber bumper, handle and anchor onto the rope. 
10. Secure the rope by pressing the anchor into the handle. 
11. Remove the knot from the rope and allow the rope to rewind onto the 

pulley. When the rope is fully rewound, the handle should be up tight against 
the cowling. 

Fig. 12 Tie a knot in the rope, then allow the rope to rewind against 
the knot I 

Fig. 13 Remove the rope anchor, then separate the rope and 
remove the bumoer 
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HAND REWIND STA 

Fig. 14 Carefully allow the spring to slowly 
unwind 

ROPE REPLACEMENT 

Fig. 15 Hold the pulley and cup together as 
you loosen the mounting bolt 

SY 
+ See Figures 17 thru 25 

Replacement ropes for must be trimmed to the proper length, then 
about 112 in. (13mm) of each end should be fused to help prevent 
fraying. 

Pay close attention to replacement rope length; too long a rope can 
damage the starter assembly, while too short a rope will lead to difficult 
starting. Replacement ropes for most of these models should be cut to 65 in. 
(165cm) in length. However, be sure to measure the old rope (or pieces of 
the old rope to confirm), as some models may be equipped with slightly 
longer ropes. 

1. Remove the starter from the powerhead as detailed earlier in this 
rnntinn 

Fig. 16 Install a 318 in. x 16 nut to hold the 
starter assembly together 

3. Remove the pinion spring and gear from the pulley. 
4. Exercise care during this next procedure. Slide a putty knife or other 

similar flat tool in between the bottom side of the pulley and top side of the 
spring. Using the tool, work the pulley off the spring without allowing the 
spring to escape from the cup. 

5. Remove the four screws from the back side of the pulley, and then 
separate the pulley. Remove the rope. 

To install: 

The length and diameter of the starter rope required will vary 
depending on the horsepower size of the model being serviced. 
Therefore, check the Hand Starter Rope Specifications in the Appendix, 
and then purchase a quality nylon piece of the proper length and 
diameter size. Only with the proper rope, will you be assured of 
efficient operation following installation. Each end of the nylon rope 
should be "fused" by burning them slightly with a very small flame (a 
match flame will do) to melt the fibers tooether. After the end fibers 

3GL11UI 1. 

2. Clamp the starter in a vise, as shown. Tighten the vise just slightly have been "fused" and while they are st i i  hot, use a piece of cloth as 
onto the cup bushing. Remove the center bolt. protection and pull the end out flat to prevent a "glob" from forming. 

Fig. 17 Mount the starter in a vise, then 
remove the center bolt 

Fig. 18 Remove the pinion spring and gear 
from the oullev 

Fig. 19 CAREFULLY work the pulley off the 
spring without allowing the spring to escape 
from the cup 
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10-8 HAND REWIND STARTER 

Fig. 20 Remove the 4 screws from the back 
of the pulley to separate it and remove the 
rope 

Fig. 23 View showing the spring indexed 
into the pulley. Installation is not performed 
in this manner. 

Fig. 21 lnstall the replacement rope in the 
pulley 

Fig. 24 Installing the pulley over the spring 

6. Tie a fiaure 8 knot as close to the end of the roDe as ~ossible, as 
shown. After th'k knot has been tied, feed the knot into ihe recess of the 
pulley. 

7. Position the other half of the pulley over the rope. Rotate the cap 
slightly to align the four holes in the cap with the holes in the other half of the 
pulley. Secure the pulley together with the four retaining screws. Tighten the 
screws securely. 

8. If the cup washer was removed, place the washer into the cup under 
the inner loop of the spring. 

9. lnstall the pulley down over the top of the spring. Check to be sure 
the end of the spring is engaged in the pulley slot where the rope is installed. 
Do not lubricate the pulley or the pinion gear. 

10. lnstall the pinion gear and the pinion spring onto the pulley. 
11. Lubricate the mounting screw and washer with OMC outboard oil, 

and then install the screw through the pulley and cup. 
12. Thread a 318 x 16 nut onto the mounting bolt to hold the pulley and 

spring in the cup until the starter is installed on the powerhead. 
13. Wind the rope onto the pulley counterclockwise. 
14. lnstall the starter assembly as detailed earlier in this section. 

DISASSEMBLY & ASSEMBLY 

- + See Figures 26 thru 39 

1. After the starter has been removed, as detailed earlier in this section, 
thread a 318 x 16 nut onto the center thru-bolt. Clamp the starter in a vise 
with the mounting screw secured between the vise jaws. 

Fig. 22 If the cup washer was removed, 
place the washer into the cup under 

Fig. 25 Wind the rope onto the pulley 
COUNTERCLOCKWISE 

2. Use a screwdriver to engage the spring loop, and then pull the spring 
out of the cup until it is completely unwound. 

3. Release the starter from the vise. Remove the nut, mounting bolt, 
and washer. Remove the pinion gear, pinion spring, pulley, rewind spring, 
and cup washer. As the pulley is removed from the cup, the end of the spring 
may remain attached to the pulley. If it is still attached, snap it loose with a 
screwdriver. 

To assemble: 
Wash all parts except the rope in solvent and then blow them dry with 

compressed air. 
Remove any trace of corrosion and wipe all metal parts with an oil- 

dampened cloth. 
lnspect the starter spring end loops. Replace the spring if it is weak, 

corroded or cracked. 
lnspect the rope. Replace the rope if it appears to be weak or frayed. If 

the rope is frayed, check the hole through which the rope passes for rough 
edges or burrs. Remove the rough edges or burrs with a file, and polish the 
surface until it is smooth. 

lnspect the pinion gear and pulley for wear, chipped or broken teeth. 
lnspect the cup for corrosion or damage, such as being warped out of shape. 

The following procedures pickup the work after a new rope has 
been installed. 

4. Coat the inside surface of the cup with OMC Type A Lubricant. 
Position the rewind spring into the cup, as shown. Place the cup washer into . - 
the cup. 

5, Install the pulley with the spring loop engaging the pulley, as shown. 
Check to be sure the spring feeds out of the cup slot. 
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HAND REWIND STARTER 10-9 
6. Install the pinion gear onto the pulley. 
7. Coat the threads of the mounting screws with OMC Outboard Oil. 

Insert the center thru-bolt through the pulley and cup. 
8. Thread a 318 x 16 nut onto the bolt to hold the parts together. 
9. Hold the cup and at the same time wind the spring into the cup by 

rotating the pulley counterclockwise as viewed from the top of the pulley. As 
soon as excessive resistance is felt during the winding, feed the spring.into 
the CUD throuah the slot to relieve s~r ina tension. Continue to wind and feed 
the spring into the cup until the loop onihe end of the spring is drawn up 
tight against the side of the cup. 

10. Wind the rope counterclockwise around the pulley. Install the pinion 
gear spring. Hold the spring in place with a rubber band or piece of string. 

11. Install and adjust the starter as detailed in the other procedures in 
this section. 

An . l l  ISTMFNT 

3.  To check, the hand starter should crank the powerhead with the shift 
mechanism in either forward or reverse gear and with the throttle in the start 
position. 

4. Move the throttle to the fast position. The starter lockout pawl should 
prevent the starter from cranking the powerhead. 

H To restart a powerhead from the throttle fast position, the throttle 
must be moved to the slow position and then advanced to the start 
position in order to remove backlash from the lockout linkage. 

. .---- ..-. . . 

s y  REMOVAL & INSTALLATION 

1 Place the sh~ft lever ~n the neutral poslt~on, and the throttle ~n the 
start pos~tion Check to see if the lockout pawl clears the h~ghest polnt on the 
starter pulley by 0 050-0 110 ~n ( I  27-2 79mm) Thls clearance IS requred to + See Figures 40 and 41 
allow powerhead start w~th the sh~ft mechanism In gear and the throttle ~n the 
start oosltlon 1 For safety, disconnect the spark plug lead(s), then ground ~t (or them, 

2. To adjust, loosen the nut and rotate the adjusting screw inward or as applicable) to the cylinder head. 
outward until the proper clearance is obtained. Tighten the nut securely to 2. If equipped with starter lockout linkage or a cable, proceed as 
hold the adjustment.. 

Fig. 26 Remove the starter, thread a nut 
onto the thru-bolt, secure the assembly in a 
vise with the jaws on the boltlnut 

Fig. 29 Broken outside end of a spring. 

appropriate based on the model: 

Fig. 27 Use a screwdriver to grab and pull 
the spring out 

Fig. 30 A new spring. 

Fig. 28 Starter spring with broken end. 

Fig. 31 A distorted starter cup no longer fit 
for service. 
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10-10 HAND REWIND STARTER 

Fig. 32 Exploded view of the starter 
assembly - 9.9-15 hp (216cc) motors 

Fig. 35 Install the pinion gear to the pulley ... 

1 Fig. 33 Install the spring and washer into 
Fig. 34 Install the pulley so the spring loop 
engages, making sure the spring feeds out 

I the cup as shown I l the cup slot I 

Fig. 36 . . .then oil and install the mounting 
screw 

Fig. 38 Wind and feed the spring into the cup until the loop is 
drawn tightly against it 

Fig. 37 Use a nut to temporarily hold the 
assembly together 

Fig. 39 Wind the rope COUNTERCLOCKWISE onto the pulley and 
use a rubber band to hold it I 
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Fig. 40 Exploded view of a typical hand rewind starter assembly used on most ColtlJunior and 3-35 hp motors (housing and handle designs may 
vary slightly, but basic mechanism should be the same) 

For 516 hp (128cc) and 819.9 hp (211cc) 4-stroke motors, disconnect 
the starter lockout cable from the shift detent andlor the manual starter 
housing by squeezing the tabs while pulling the cable up and out of the 
housing. 

When a cable is used for the starter lockout, take note of the cable 
routing and of the location of any tie straps, if used, for installation 
purposes. 

For 51618 hp (164cc) motors, disconnect the neutral lockout cable by 
pushing on the side of the lockinq tab while pulling the cable out of the . - 
starter housing. 

For 9.9-15 ho (255ccl motors. loosen the starter lockout cam screw 
(found on the port'sibe of the handie housing) several turns. Separate the 
link from the lockout cam (though it is usually easier to wait until the bolts are 
removed from the housing and the housing is lifted slightly). 

For 9.9115 hp (305cc) 4-stroke motors, follow the lockout linkage down 
to the end opposite the starter assembly and remove the clevis end of the 
link from the bellcrank. Also, at this time, unsnap the fuse connection from 
the starter housing. 

For 25135 hp (5001565~~) motors disengage the 2-pin connector for the 
low oil lead from the engine harness. The lockout cam link must be removed 
from the housing, but it is usually easier to remove this once the housing is 
unbolted and lifted slightly, in the next step. 

3. For most models, remove the 3 bolts securing the hand rewind 
starter assembly to the powerhead, then carefully lift it from the powerhead. 
On motors equipped with lockout linkage, it is usually easiest to disengage 
the linkage at this time. For the following models, additional steps or 
fasteners may be used as noted: - For ColffJunior models, remove the screw from the rear of the cover 
and remove the lower cover, then remove the filler cap from the fuel tank. 
Then access the 4 mounting screws for the starter assembly. 

DO NOT remove the large screw from the top of the engine cover at 
this time or the starter spring will disengage and unwind forcibly when 
removing the engine cover. 

Fig. 41 The starter assembly is usually secured to the powerhead 
using 3 retaining bolts - cover designs and lockout controls vary 

For early 1990 314 hp (87cc) models, remove the screw from lower 
engine cover for access. If equipped with an integral tank, remove the filler 
cap from the fuel tank. Then access the 3 or 4 mounting screws for the 
starter assembly. On some 4 hp models (UltraiExcel) you must unbolt the 
throttle cable trunnion and, after unbolting the starter, unthread the cable 
from the throttle knob. 

4. To service the lockout assembly components, proceed as follows: 
On lockout cable equipped motors, remove the springs and plungers 

for cleaning, inspection and replacement. 
On lockout linkage equipped motors, remove the retaining pin, then 

remove the plunger, spring, tappet and cam from the housing (remove the 
screw from the end of the cam). -. 

To install: 
5. If equipped with starter lockout linkage (except 9.9115 hp Cstroke 

motors), hold the assembly in position above the powerhead and engage the 
linkage. 
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18-12 HAND REWIND STARTER 
6. Lower the starter housing onto the powerhead, while aligning the bolt 

holes. 
7. For 9.9115 hp (255cc) motors, turn the starter lockout cam screw 

inward carefully just until the screw head contacts the cam. Do not 
overtighten, which could damage the threads or the cam. 

8. Install and tighten the mounting bolts (usually 3, but sometimes 4) to 
60-84 inch Ibs. (7-9 Nm), 

9. Using the hand starter assembly, slowly pull the rope outward to 
ensure smooth starter engagement and proper operation. Slowly allow the 
rope to retract back into the housing, then complete installation. 

10. For 9.9115 hp (305cc) 4-stroke motors, connect the clevis end of the 
starter lockout link to the bellcrank. Also for these motors, snap the fuse 
connection back into the starter cover. 

11. For models equipped with a lockout cable, route it as noted during 
removal. Connect the cable to the starter assembly andlor to the shift detent 
(as removed) by pushing inward at the cable ends until the locking tabs 
engage. If removed, install a wire tie to the original location to ensure there is 
no interference with moving components. 

12. Now, double-check starter lockout operation. Make sure the starter 
can only be operated in neutral. 

13. For 25135 hp (5001565~~) motors, engage the 2-pin connector for the 
low-oil wiring, then secure the holder to the ignition modulelpower pack. 

14. Reconnect the spark plug lea@). 

ROPE REPLACEMENT 

w s v  
+ See Figures 40 and 42 

Replacement ropes for must be trimmed to the proper length, then 
about 112 in. (13mm) of each end should be fused to help prevent 
fraying. 

Pay close attention to replacement rope length; too long a rope can 
damage the starter assembly, while too short a rope will lead to difficult 
starting. Replacement ropes for most of these models should be cut to 59-59 
112 in. (150-151cm) in length. However, be sure to measure the old rope (or 
pieces of the old rope to confirm), as some models may be equipped with 
slightly longer ropes. 

In order to replace the starter rope, the assembly must be removed from 
the powerhead and locked in position with the rope fully extended. The 
manufacturer's Starter Spring Installer Kit (No. 342682) contains a pin that 
can be used for this purpose, but a suitably sized/sturdy drift pin can be 
substituted. 

On 9.9115 hp (305cc) 4-stroke motors the starter lockout linkage can 
also be used to retain the pulley without the need for a drift pin or the 
referenced kit. 

1. Remove the starter assembly from the top of the powerhead, as 
deta~led in thls section. 

Fig. 42 Some rope handles are equipped with an anchor to which 
the rope is secured 

2. Slowly pull the starter rope out of the housing until it is fully extended, 
then insert a drift pin or the locking pin from OMC (#342682) to lock the 
pulley into position. On 314 hp (87cc) motors, use a wire tie around the 
locking pin and the starter housing leg to keep the pulley from turning. 

When the starter housing is inverted (resting with the top of the 
housing facing downward onto the workbench) and the handle housing 
towards the 6 o'clock position, a cutout at the 3 o'clock position can be 
used to secure the pulley using the drift or lock pin. 

3. Free the rope knot from the channel in the pulley, then untie or cut 
the old rope free. Remove the rope and handle completely from the housing, 

4. Remove the cap from the starter handle, then push the knot (and 
anchor housing, if equipped) free of the handle. Untie or cut the old rope 
free. 

5. To install the new rope, carefully thread the rope through the housing 
and into the pulley, then tie a figure "8" knot (as shown) to secure the rope. 
Tuck the knot into the pulley channel. 

6. Insert the rope through the starter handle. Install the rope to the 
anchor (if used) or tie a second figure "8" knot, as applicable to secure. 

7. While holding tension on the rope, remove the pin (or release the 
starter lockout on 9.9115 hp Cstrokes, as applicable) and slowly release the 
spring tension allowing it to rewind the new rope into the housing. 

DISASSEMBLY & ASSEMBLY 

- + See Figures 40 and 43 thru 45 

In order to service the starter assembly, the starter rope must first be 
removed using a drift pin or the locking pin (or the starter lockout on 9.9115 
hp 4-strokes) from the manufacturer's Starter Spring Installer Kit (#342682) 
to lock the pulley in position. Also, although the kit is not absolutely 
necessary for disassembly, it does make assembly a lot easier. Read the 
Assembly procedure in this section before deciding to proceed without the 
kit. 

The spring is under a tremendous amount of tension, wear safety 
glasses and heavy gloves to protect yourself. 

1. Remove the starter assembly from the top of the powerhead, as 
detailed in this section. 

2. Remove the rope from the starter housing assembly, as detailed in 
this section. 

It is not necessary to remove the rope from the handle, unless the 
rope must be replaced. 

3. Remove the stop tool and allow the pulley to slowly unwind (by 
keeping some drag or tension on the pulley itself), until spring tension is 
released. 

4. With the housing inverted on a workbench, remove the retaining ring, 
pawl and linkage from the housing. 

5. For all models, except the 9.9115 hp (305cc) 4-stroke motors, loosen 
the spindle screw (on the top center of the housing), while holding the 
spindle locknut (on the bottom center of the housing). Hold the pulley in 
position while withdrawing the spindle screw. 

6. For 9.9115 hp (305cc) 4-stroke motors, remove the retaining ring from 
the top of the spindle (the retaining ring is used in place of a spindle screw 
and locknut on these motors). Hold the pulley in position while withdrawing 
the spindle. 

The spring is still under tremendous tension. DO NOT attempt to 
remove the spring or release that tension with the housing facing 
upward. 

7, Carefully lift the pulley from the housing, leaving the spring in 
~osition. 

When using the housing to protect against the uncoiling spring, keep 
your hands and fingers away from the edge of the assembly. 

- www.instant-manuals.com -



HAND REWIND STARTE 

Fig. 43 The pawl is secured by a small 
retaining ring which . . . 

r rtction 

Fig. 44 . . . once removed, frees the pawl 
and linkage 

8. Position the housing so the spring is facing downward toward the 
workbench, then tap on the housing using a rubber mallet to free the spring. 
It should uncoil under the housing. 

9. Once the spring has finished uncoiling, carefully lift the housing by 
tilting it so the opening faces away from people or breakables (there will still 
be some tension to the spring). 

To assemble: 
Wash all metallic parts in solvent, and then blow them dry with low- 

pressure compressed air. 
Remove any trace of corrosion and wipe all metal parts with an oil 

dampened cloth. 
lnspect the rope. Replace the rope if it appears to be weak or frayed. If 

the rope is frayed, check the pulley and housing (especially the holes 
through which the rope passes) for rough edges or burrs. Remove the rough 
edges or burrs with a file and polish the surface until it is smooth. 

Replacement ropes on these models should be trimmed to a length 
of about 59 in. (150cm). 

lnspect the starter spring end hooks. Replace the spring if it is weak, 
corroded or cracked. lnspect the inside surface of the pulley rewind recess 
for grooves or roughness. Grooves may cause erratic rewinding of the starter 
rope. 

lnspect the pawl and links for wear. 
If applicable, check the lockout assembly components for wear or damage 

and replace, as necessary. 
In order to service the starter assembly, the pulley must be locked in 

position using a drift pin or the locking pin from the manufacturer's Starter 
Spring Installer Kit (#342682). 

The Starter Spring Installer Kit (#342682) makes hand rewind starter 
assembly much easier, providing a steady mount on which the housing can 
be secured in an inverted position. It also provides a temporary spindle on 
which the pulley can be secured for safety, while still allowing the pulley to 
be rotated in order to wind the spring. The kit is more essential for 9.9115 hp 
(305cc) 4-stroke motors, as they do not have bolt on which the pulley can be 
loosely installed. Of course, a bolt of the proper size and strength could be 
obtained and substituted for these models. 

10. If the kit is available, secure the mandrel from the kit in a vice and, 
for all except 314 hp (87cc) motors, position the spring around it. Align the 
spring in a direction so that if you followed the spring coils from the center 
outward, you'd be traveling in a clockwise spiraling direction. 

11. Position the housing over the mandrel (if using the kit) or over the 
spindle screw on the workbench (a longer screw of the same thread as the 
spindle screw could be used like the mandrel, to secure in a vise to help 
steady the assembly). 

12. For all except 314 hp (87cc) motors, insert the inner hooked end of 
the rewind spring through the slot in the starter assembly housing. 

13. Place the pulley over the spring, engaging the hooked end of the 
spring into the slot in the pulley. If the kit is not available, loosely install the 
spindle and locknut, just enough to keep the pulley from going anywhere. 

If using the kit, the manufacturer recommends (for all except 314 hp 
(87cc) motors) actually securing the pulley to the mandrel using the 
pulley retainer (with the taper facing the pulley) and the left-hand 

Fig. 45 lnspect the pawl for damage or wear 
(this one must be replaced) 

thread nut from the kit. Once the pulley is secured pull lightly on the 
spring to take up any slack, then turn pulley counterclockwise slowly 
(using the handle from the kit) until the hooked end of the spring 
engages the slot in the pulley. 

14. Slowly rotate the pulley counterclockwise until the spring is pulled 
fully into the housing, then allow the pulley to slowly unwind until all tension 
is relieved. 

15. Turn the pulley counterclockwise from the relaxed position about 3 
112 turns on most motors or 4 112 for 314 hp (87cc) motors. On the last half- 
turn, rotate it just to the point where the rope channel in the pulley aligns with 
the opening in the housing, then secure in place. Use a drift pin or the 
locking pin from the kit (or the starter lockout on 9.9115 hp 4-stroke motors). 

16. Install the rope, as detailed in this section. 
17. If using the kit, remove the nut and pulley retainer from the mandrel, 

then, while keeping downward pressure on the pulley, remove the starter 
housing assembly from the mandrel. Install the spindle, screw and locknut 
(or retaining ring on 9,9115 hp (305cc) 4-stroke motors). 

18. For models equipped with a spindle screw and locknut, hold the 
screw from turning while tightening the locknut to specification. For all motors 
except 314 hp (87cc), tighten the locknut to 120-144 inch Ibs. (14-16 Nm). 
For 314 hp (87cc) motors tighten the locknut to 60-84 inch Ibs. (7-9 Nm). 

19. Install the pawl and linkage, then secure by snapping the retaining 
ring into position with the sharp edge facing outward. 

20. If the lockout parts were removed, install them at this time. 

DESCRIPTION 

+ See Figure 46 

The 4 Deluxe utilizes a swing arm type starter mounted on the port side of 
the powerhead. The drive gear works on an axis. As the rope is pulled, a 
swing arm moves the drive gear upward to engage with the teeth of the 
flywheel ring gear. A coil spring winds and tightens as the rope unwinds. The 
spring then coils the rope around a pulley as the rope handle is returned to 
the control panel. 

ROPE REPLACEMENT 

+ See Figure 10 

Replacement ropes for must be trimmed to the proper length of 
approximately 59 112 in. (151cm) for these models, then about 112 in. 
(13mm) of each end should be fused to help prevent fraying. 

Pay close attention to replacement rope length; too long a rope can 
damage the starter assembly, while too short a rope will lead to difficult 
starting. 

1. For safety, remove the spark plugs and ground the high tension 
leads. 
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10-14 HAND REWIND STARTER 
2. Pull the starter rope out, and then tie a knot in the rope behind the 

handle. Allow the rope to rewind until the knot is against the cowling. Untie 
the knot in the end of the rope, and then remove the handle and the rubber 
bumper. 

3. Remove the knot tied in the previous steps, then allow the rope to 
slowly wind into the starter. Before the rope end passes the cowling, firmly 
grasp the starter pulley, and then allow the starter to unwind using pressure 
on the pulley to control it. 

4. Turn the pulley counterclockwise until the knot is visible through the 
access window in the side of the pulley housing. If necessary, turn the pulley 
back clockwise until the knot is visible. Use a short length of rope placed 
between the pulley and idler gears to hold the spring from unwinding, then 
carefully pull the old rope out of the pulley through the access window. 

5. Matchmark the sides of the pulley to the rope hole as a reference. 
6. Wind the pulley by hand 2 full turns clockwise, then place the end of 

the rope in the gear mesh point. 
7. Tie a figure " 8  knot in one end of the replacement rope as shown in 

the accompanying illustration. Use a small pick to push the other end of the 
rope through the access window in the side of the pulley. Pull the rope all the 
way through the pulley until the knot seats firmly in the cavity. 

8. Use a small wire hook to thread the rope past the rope guard on the 
bottom and idler on the top. Wind the rope around the pulley clockwise, as 
many turns as possible until only a short length is extending out the front of 
the pulley above the rope guard, 

9. Pull the rope out of the pulley as you thread it through the lower 
motor cover eyelet, then tie a slipknot in the rope to hold it in position. 

10. Pull the rope through the handle and secure using another figure " 8  
knot, then release the slipknot, allowing the slack to slowly rewind into the 
starter. 

11. Spring pre-tension is checked by pulling the rope until it is fully 
outward, then pulling out the spring end (from the opposite side of the pulley) 
until tight. The spring length should be 8-18 in. (20-46cm) when pulled as 

Fig. 46 A unique swing arm type hand 
rewind starter is found on the port side of 4 
Deluxe models 

noted. If the spring is out more than 18 in. (46cm) the rope must be wound at 
least one additional turn around the pulley. If the spring is out less than 8 in. 
(20cm), the rope must be unwound at least one additional turn from the 
pulley. 

REMOVAL & INSTALLATION 

+ See Figures 47 thru 51 

1. For safety, remove the spark plugs and ground the high tension 
leads. 

2. Pull the starter rope out, and then tie a knot in the rope behind the 
handle. Allow the rope to rewind until the knot is against the cowling. Untie 
the knot in the end of the rope, and then remove the handle and the rubber 
bumper. 

3. Remove the knot tied in the previous steps, then allow the rope to 
slowly wind into the starter. Before the rope end passes the cowling, firmly 
grasp the starter pulley, and then allow the starter to unwind using pressure 
on the pulley to control it. 

4. At this point, check the back side of the starter. Notice the hook of 
the starter spring protruding out of a hole in the starter. Grasp the spring 
hook with a pair of needle-nose pliers, and then pull the spring out as far as 
possible, to relieve tension on the spring. 

5. If necessary for access, remove or loosen and reposition the port 
ignition coil from the powerhead. For details, refer to the procedures in the 
Ignition and Electrical System section. 

6. Remove the bolt (usually 318 in.) from the starter bracket (which was 
located just behind the ignition coil). 

7. Remove the starter assembly through-bolt from the center of the 
pulley housing 

Fig. 47 The rope handle is secured using a 
knot 

Fig. 48 The pulley is used to draw the rope 
into the housing 

Fig. 49 Pull the spring out of the housing to Fig. 50 A bracket bolt is found just behind Fig. 51 The starter assembly through-bolt is 
relieve tension the port ignition coil threaded through the center of the assembly 
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HAND REWIND STARTER 10-15 
8. Hold the starter assembly together while removing it from the 

powerhead. 
To install: 

9. Apply a light coating of OMC Screw Lock, or equivalent threadlock to 
the shoulder screw threads. 

10. Position the starter assembly to the powerhead, then finger-tighten 
the bolts. 

11. Install the rope, as detailed under Rope Replacement, in this section. 

The idler gear arm travel is controlled by 2 stops. The upper stop 
determines the depth of engagement between the flywheel and idler 
gear teeth. A slot in the cut and stop assembly bracket provides for 
adjustment. 

12. Hold the idler gear arm stop against the cup stop, then fully engage 
the idler gear teeth in the flywheel. While holding the assembly in this 
position, securely tighten the bolts. 

13. If removed or repositioned, install the port ignition coil to the 
powerhead. 

14. Install the sparks plugs and connect the leads. 

DISASSEMBLY & ASSEMBLY 

O See Figures 52,53 and 54 
DERATE 

1. Carefully lift the idler gear arm, idler gear and the idler gear arm 
spring from the housing. 

The next step could be dangerous. Removing the pulley from the cup 
must be done with care to prevent personal injury. Use safety glasses 
to protect your eyes and sturdy gloves to protect your hands. 

2. Lift the pulley slightly and then use a screwdriver and work the spring 
free of the pulley. Do not allow the spring to be released from the cup. After 
the pulley has been removed, notice the position of the spring loop. Remove 
the rope from the pulley. Notice how the rope unwinds from the pulley 
counterclockwise. 

3. Remove the bushings from the idler gear arm and the bushings 
installed one on each side of the pulley. 

4. Two different methods are suggested to remove the spring from the 
starter cup. One method involves pulling continuously on the end of the 
spring that contains the loop. The second method is to simply toss the cup a 
safe distance onto carpeting or a lawn, allowing the spring to be released 
instantly from the cup. 

If this second method is used, be sure the spring will not cause a threat to 
any individual in the area when it is released. 

To assemble: 
Wash all parts except the rope in solvent and then blow them dry with 

compressed air. 
Remove any trace of corrosion and wipe all metal parts with an oil- 

dampened cloth. 
lnspect the starter spring end loops. Replace the spring if it is weak, 

corroded or cracked. 
lnspect the rope. Replace the rope if it appears to be weak or frayed. If 

the rope is frayed, check the hole through which the rope passes for rough 
edges or burrs. Remove the rough edges or burrs with a file, and polish the 
surface until it is smooth. 

lnspect the dog ears of the pulley gears to be sure they are not worn and 
are free of burrs, Check the idler gear for cracks and missing teeth. 

lnspect the pulley and bushing in cup and stop assembly. Replace if 
excessively worn, cracked or chipped. 

5. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease (or even Lubriplate 777, if available) to the inside of the cup and stop 
assembly and to the spring. 

6. If removed, insert the bushing in the idler gear arm. 
7. Position the small washer into the cup and stop assembly. 
8. If removed, position the spring retainer onto the pulley, then hook the 

spring end loop to the roll pin on the pulley. 
9. Install the cup and stop assembly with washer over the pulley, 

making sure the spring is positioned through the tabs. 
10. Temporarily install the through-bolt into the center of the cup and stop 

assembly, loosely installing a nut to secure the assembly. 

Fig. 52 Separating the idler gear assembly from the pulley 

I Fig. 53 lnspect all components for signs of wear or damage and 
replace, as necessary 

Fig. 54 During assembly, be sure to position the spring hook over 
the pulley roll pin 
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10-16 HAND REWIND STARTER 
11. Press downward on the pulley while turning counterclockwise to wind 

the spring into the cup and stop assembly. Continue winding until the 
spring's outside loop engages the assembly face. 

12. Slowly release the pulley, allowing the spring tension to gradually 
ease. 

13. Hold the starter assembly together and remove the through-bolt. 
14. Position the idler gear arm spring onto the gear arm, then place the 

gear onto the arm. 
15. Remove all traces of adhesive, dirt or corrosion from the screw 

threads, then apply a light coat of OMC Locquic primer to the threads of the 
shoulder screw. 

16. Insert the shoulder screw through the idler gear arm, then install the 
arm assembly over the pulley mzking sure the gear arm stop is positioned 
between the 2 tabs on the cup and stop assembly. 

17. Hold the assembly together and install to the powerhead. 

To install: 
5. Visually check the starter mount for damage or wear. If noted, 

remove the mount using a crescent wrench, then apply OMC Locquic Primer 
and OMC Screw Lock (or equivalent threadlocking compound) to the threads 
of the new mount, install and tighten securely. Position the caps on the 
starter mounts. 

6. Connect the starter lockout cable to the housing, then lower the 
housing onto the powerhead, while aligning the bolt holes. 

The short starter housing bolt is normally mounted on the port side 
of the motor. 

7. Install and tighten the 3 mounting bolts to 48-72 inch Ibs. (5.4-8 Nm). 
8. Using the hand starter assembly, slowly pull the rope outward to 

ensure smooth starter engagement and proper operation. Slowly allow the 
roDe to retract back into the housina. Now, double-check starter lockout 
op'eratlon. Make sure rhe srarter can only be operate0 in neutral. 

: - e e e 9. Reconnect the spark pldg leads. 

DISASSEMBLY & ASSEMBLY 
REMOVAL & INSTALLATION 

TE 

See Figures 55 and 56 + See Figures 55 and 57 thru 62 

1. For safety, disconnect the spark plug leads, then ground them to the No special tools are required in order to disassemble the hand rewind 
cylinder head. starter assembly for these motors. However, the OMC Starter Spring Winder 

2. Remove the 3 bolts securing the hand rewind starter assembly to the and Installer (#392093) is recommended for installation. Please review the 
oowerhead. then carefullv lift it from the oowerhead. assembly procedure before proceedmg. 
8 -  - 

3. To d sconnect t h i  locltout cable ;dl back on the cable holrsmg wh~le 
usma a screwdriver to push downward on 1 slde of rne lockout cable h a  
retaining tab. Pull gentiy back until the tab is clear of the housing, then The spring is under a tremendous amount of tension, wear safety 
separate the cable from the assembly. glasses and heavy gloves to protect yourself. 

4. If necessary, remove the lockout spring and plunger for inspection or . - 
replacement. 

Fig. 55 Exploded view of the hand rewind starter assembly - 18 jet-35 hp (521cc) motors 
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HAND REWIND STARTER 10-17 

Fig. 56 Use a screwdriver to release the retaining tab on the 
lockout cable 

Fig. 57 On these models the starter rope is secured to an anchor 
seated within the starter handle 

Fig. 59 When installing a new pre-wound 
spring, remove only the hog ring near the 
outer IOOR. . . 

1. Remove the starter assembly from the top of the powerhead, as 
detailed in this section. 

2. Pull the starter rope partially out of the pulley, then tie a slipknot in 
order to hold it in this posit~on and keep tension off the starter handle. 

3. Carefully pry the rope anchor out of the handle, then separate the 
rope from the anchor and the handle. 

4. While holding the rope, release the slipknot, then allow the rope to 
rewind into the pulley until spring tension is fully released. 

5. Remove the spindle nut from the center top of the housing, then 
invert the housing so the underside is facing upward and remove the spindle 
screw, washer, spindle, spring washer and friction ring. 

6. Carefully pry the retaining ring free of each pawl, then remove both 
pawls along with the links and friction plate from the underside of the pulley 
as an assembly. 

7. Remove the spindle shim and bushing. 

Wear safety glasses and sturdy gloves when dealing with the spring. It 
is under tremendous tension and severe personal injury could result 
from mishandling. 

Fig. 58 Typical pulley and spring assembly, as positioned to the 
housing assembly 

Fig. 60 . . . then pull on the outer loop until 
the spring is small enough to fit in the 

Fig. 61 When installed, make sure the 
spring is coiled clockwise when followed 
from inner toward outer loop 
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HAND REWIND STARTER 
8. Use a gloved hand to hold the pulley into the housing while inverting 

it again, placing it pulley side down on the workbench. Keep all hands, 
fingers, toes, eyes, and other precious body parts away from the housing, 
then gently tap on the housing to dislodge the pulley and allow the spring to 
completely unwind. 

9. Once the spring has finished uncoiling, carefully lift the housing by 
tilting it so the opening faces away from people or breakables (there may still 
be some tension to the spring). 

10. Carefully remove the pulley and the spring from the inside of the 
housing, but only after all tension is released. 

To assemble: 
Wash all metallic parts in solvent, and then blow them dry with low- 

pressure compressed air. 
Remove any trace of corrosion and wipe all metal parts with an oil- 

dampened cloth. 
lnspect the rope. Replace the rope if it appears to be weak or frayed. If 

the rope is frayed, check the pulley and housing (especially the holes 
through which the rope passes) for rough edges or burrs. Remove the rough 
edges or burrs with a file and polish the surface until it is smooth. 

W Replacement ropes on these models should be trimmed to a length 
of about 73 112 in. (186.6cm). Use a heat source or small open flame to 
fuse 112 in. (12mm) of each end to help prevent fraying. 

lnspect the starter spring end hooks. Replace the spring if it is weak, 
corroded or cracked, lnspect the inside surface of the pulley rewind recess 
for grooves or roughness. Grooves may cause erratic rewinding of the starter 
rope. 

lnspect the pawl and links for wear. 
Check the friction plate, spindles and links for signs of wear or damage. 
Check the starter assembly spring shield for signs of excessive wear and 

replace, if necessary. 
Check the lockout assembly components for wear or damage and 

replace, as necessary. 
The outer spring hook (loop) is installed on the pin located in the starter 

housing found about halfway between the center of the assembly and one of 
the assembly legs. The inner spring hook is attached to the pulley. The 
spring itself should be positioned so that if you travel along the coil from the 
inner hook to the outer hook (when the spring is positioned in the starter 
housing) you will travel in a clockwise spiral. 

During assembly there are multiple ways to achieve this spring 
installation. The safest and easiest method is to use the OMC Starter Spring 
Winder and Installer (#392093). The next best method is to install a pre- 
wound replacement spring with the outer hook over the pin in the housing, 
then release the hog ring or metal retaining pin using a metal plate or 
wooden block to keep the spring in position. Lastly, the spring can be wound 
by gloved hands (an extra set of them will come in handy for this) using a pin 
to retain the inner loop of the spring while the rest of the spring is wound 
around it. If the last method is used, take your time and make sure you are 
winding the spring in the same direction it was previously wound. 

Replacement ropes on these models should be trimmed to a length 
of about 73 112 in. (186.6cm). Use a heat source or small open flame to 
fuse 112 in. (12mm) of each end to help prevent fraying. 

11. Prepare the spring for installation by winding it either by hand or by 
using the OMC Winder and Installer (#392093), as follows: 

a. Clamp the spring winder base in a vise and then insert the adapter 
release plate into the winder base. 

b. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease (or even Lubriplate 777, if available) to the spring. 

c. Position the inner spring loop in the winder base, then insert the pin 
of the crank and pin assembly (a rectangular plate with a handle on one end 
and a pin toward the center, on the opposite face of the plate from the 
handle) into the inner spring loop. 

d. Using the crank retainer screw, bolt the crank and pin assembly to 
the winder base, 

e. Turn the crank assembly slowly in the direction indicated on the tool 
(should be clockwise) in order to draw the spring into the base and wind it. 
Continue until the outer loop contacts the winder base. 

f. Unbolt and remove the crank retainer screw, then remove the crank 
and pin assembly from the winder base and spring. 

g. Lift the adapter release plate, along with the spring, from the winder 
base. 

12. If installing a pre-wound replacement spring, they are usually 
retained by 2 hog rings. Cut the one ring adjacent to the outer loop end of 

the spring, but leave the other hog ring in place. See if the spring, as it is 
wound, will fit in the housing, if not, gently pull on the outer loop end while 
holding the inner loop end to make the would circle tighter. Once the circle is 
small enough, wrap the outer end back around the spring and the spring is 
ready to install. 

13. Place the starter spring shield onto the pulley. 
14. Position the wound spring into the starter assembly housing so the 

outer spring loop is located over the pin in the housing. If using the adapter 
tool, press through the holes in the tool to push the spring out of the tool and 
into the housing. 

15. If installing a pre-wound spring, place a wooden block or metal plate 
against the spring, to keep it from escaping when the second hog ring is cut 
free, then carefully cut and remove the ring. Remove the block or plate 
slowly, to make sure the spring won't jump free. 

16. Bend the inner spring loop toward the center of the starter assembly 
in order to align the loop with the pin on the pulley, then slowly lower the 
pulley into the position, making sure the pin properly engages the loop. 
Rotate the pulley very slightly against the spring pressure to ensure proper 
engagement and then slowly rotate the pulley back into the pressure-relieved 
position. 

17. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease (or even Lubriplate 777, if available) to the spindle, spindle bushing 
and the pulley pawl pins. 

18. Install the bushing and shim into the starter pulley. 
19. Position the friction plate, links and pawls, then secure the assembly 

using the pawl retaining rings. 

W When installing the friction ring, keep in mind that the flat section of 
the ring must align with the flat section of the spindle. 

20. Install the spindle, friction ring and spring washer. 
21. Clean all traces of threadlock, corrosion or debris from the spindle 

screw and nut threads, then install the screw and washer into the starter 
housing and tighten the screw to 120-145 inch Ibs. (14-16 Nm). Next, apply a 
light coating of OMC Locquic Primer to the portion of the screw threads that 
protrude through the starter housing. Apply a light coating of OMC Nut Lock, 
or equivalent threadlock to the nut threads, then install the nut and tighten to 
120-145 inch Ibs. (14-16 Nm), while holding the screw, 

22. If removed, tie a figure "8" knot as illustrated into one end of the 
replacement starter rope. 

23. Position the starter housing upside down on the workbench with the 
pulley facing upward, then wind the pulley counterclockwise by hand until the 
spring is tight. Back off the spring about 112 to 1 turn and thread the rope 
through the hole in the pulley behind the roll pin and back out through the 
starter housing. 

24. While still holding the pulley from turning (and extra set of hands is 
handy here too [pun intended]), apply a light coating of OMC Triple-Guard or 
an equivalent marine grease to the very end of the starter rope. Feed the 
end of the rope through the starter handle and then press the rope into the 
rope anchor channel so the rope end firmly contacts the end of the channel. 
Finally, press the anchor into the handle and give a tug on the rope to seat 
the anchor into the pulley. 

pulley BEHIND the roll pin and that the knot is fully seated I 
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HAND REWIND STARTER 10-19 
25. Holding spring tension via the starter rope now, allow the pulley to 

slowly rewind the rope into the starter housing. 
26. Pull the rope back outward, while observing the pawls and feeling for 

smooth operation. Make sure the pawls extend when the starter rope is 
pulled and retract when the rope is rewound. 

27. lnstall the assembly, as detailed in this section. 

DESCRIPTION 

+ See Figure 63 

This hand rewind starter is found on the largest of the carbureted 
JohnsonIEvinrude inline outboards, so it is therefore the largest, most heavy- 
duty of hand starter assemblies. Similar to most JohnsonIEvinrude 
outboards, the starter is mounted atop of the flywheel on three mounting 
legs. The unit has a large rectangular pawl plate visible on the underside 
surface. 

Because this starter is used on fairly large horsepower powerheads, the 
actual number in the field is rather small. As can be imagined, the operator of 
such a motor must be somewhat stout. 

REMOVAL & INSTALLATION 

+ See Figure 63 

1. For safety, disconnect the spark plug leads, then ground them to the 
cylinder head. 

2. Remove the screw securing the starter lockout cable clamp to the 
rear of the housing, then separate the lockout slide from the housing. 

3. Remove the 3 bolts (alonq with lockwashers and round washers) 
securing the hand rewind starter assembly to the powerhead. 

4. Remove the 2 bolts securina the starter handle bracket to the 
powerhead, then carefully lift the starter houslng assembly from the 
powerhead 

To install: 
5. Position the starter over the flywheel with the three legs aligned over 

the holes in the powerhead for the retaining bolts. Make sure the lifting ring 
is place on the rear screw mounting boss. 

6. lnstall the 5 retaining bolts (3 for the housing and 2 for the handle 
bracket). Make sure that the washers are placed between the starter housing 
rubber mounts and the motor. 

7. Tighten the 3 starter housing bolts to 120-144 inch Ibs. (14-16 Nm), 
then tighten the 2 handle bracket screws to 60-84 inch Ibs. (7-9 Nm). 

8. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease (or even Lubriplate 777, if available) to the starter lockout slide 
channel on the starter housing. Next, install the lockout slide into the channel 
and loosely secure the cable to the housing using the clamp and screw. 

9. With the gearcase in neutral adjust the lockout cable so the lockout 
slide is centered on the lever, then tighten the cable clamp screw securely to 
hold this adjustment. 

10. Shift the lower unit into forward and then reverse gear and make a 
check of the starter lockout system. The starter must be locked, and unable 
to rotate when the lower unit is in any gear other than neutral. 

11. If the starter fails this test, loosen the cable clamp and adjust the 
position of the slide until no motion of the starter is possible when the lower 
unit is in forward or reverse gear. 

12. Reconnect the spark plug leads. 

DISASSEMBLY & ASSEMBLY 

ERA TE 
v + See Figures 9 and 63 thru 66 

1. Pull the rope out enough to tie a knot in the rope. Tie a slipknot, and 
then allow the rope to rewind to the knot, holding the rope out of the housing 
so you can remove the handle. 

2. Work the rope anchor out of the rubber covered handle, and then 
remove the rope from the anchor. Remove the handle from the rope. Untie 
the knot in the rope, but hold and prevent the disc pulley from rotating. Now, 
slack the hold on the pulley, and permit it to turn thus winding the rope back 
onto the ~u l lev  slowlv. Continue to allow the spring in the pulley to unwind 
slowly until alitension has been released. 

21- Lockout lever 
2- Washer 22- Starter housing 
3- Washer 23- Washer 

24- Grommet 
25- Grommet 
26- Bracket 

32- Screw 

14- Clamp 34- Starter spring 
15- Screw 35- Shim 
16- Grommet 36- Bushing 
17- Slide 37- Washer 
18- Grommet 38- Pawl 
19- Lockout lever 39- Pulley & O-ring 
20- Spring 

Fig. 63 Exploded view of the hand rewind starter assembly - 3-cylinder motor shown (Bcylinder motors very similar) 
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Fig. 64 The pulley slot must engage the I I Fig. 65 The pawl plate return spring is I I Fig. 66 The friction plates (lower not 
inner hook of the spring to ensure correct positioned between the plate tang and pictured) and spring washer are secured 
starter function pulley post using the pulley lock-ring 

3. If necessary, unbolt the starter handle bracket from the housing 
assembly. 

4. Remove the shoulder screw retaining the rope guide pulley to the 
edge of the starter housing, then remove the pulley and O-ring. 

5. Remove the bolt retaining the lockout lever, the lockout lever springs, 
housing washer and, on the other side of the housing, the pulley support with 
screw. Remove the components. 

6. Place one hand under the housing to prevent all the large pawl plate 
and other small parts from flying loose. Keep one finger over the center bolt. 

7. Remove the large center nut and washer from atop the starter 
housing. Carefully turn the starter housing over without disturbing any parts. 

The rewind spring is a potential hazard. The spring is under 
tremendous tension when it is wound - a real "tiger" in a cage! If the 
spring should accidentally be released, severe personal injury could 
result from being struck by the spring with force. Therefore, the 
following steps must be performed with care to prevent personal injury 
to self and others in the area. 

8. Lift off the center bolt and washer, and then lift off the large pawl 
plate and the plate return spring from the side of the starter housing. 

9. Remove the starter pawl and spring washer from the pawl pivot post. 
10. Remove the center spring and then use a screwdriver to pry out the 

pulley lock-ring from under the spring. Lift off the friction plate and the spring 
washer beneath the plate. 

11. Hold the pulley and the housing together tightly and turn the 
complete assembly over with the legs extending downward in the normal 
manner. Now, lower the complete assembly to the floor. When the legs make 
contact with the floor, release your grip. The pulley will fall and the spring will 
be released from the housing almost instantly and with considerable force. 
However, the three legs should contain the spring and prevent it from lashing 
out causing possible injury to self or others in the area. If the spring was not 
released from the housing as just described, the only safe method is to again 
jar the three legs on the floor and dislodge the spring. 

12. If necessary, unwind the rope out of the pulley groove. 
To assemble: 
Wash all metallic parts in solvent, and then blow them dry with low- 

pressure compressed air. 
Remove any trace of corrosion and wipe all metal parts with an oil- 

dampened cloth. 
lnspect the rope. Replace the rope if it appears to be weak or frayed. If 

the rope is frayed, check the pulley and housing (especially the holes 
through which the rope passes and the rope guide pulley) for rough edges or 

burrs. Remove the rouclh edcles or burrs with a file and polish the surface - - 
until it is smooth. 

W Replacement ropes on these models should be trimmed to a length 
of about 96 112 in. (245cm). Use a heat source or small open flame to 
fuse 112 in. (12mm) of each end to help prevent fraying. 

lnspect the starter spring end hooks. Replace the spring if it is weak, 
corroded or cracked. lnspect the inside surface of the pulley rewind recess 
for grooves or roughness. Grooves may cause erratic rewinding of the starter 
rope. 

Check all starter components for signs of wear or damage. Be sure to 
check the pawl for wear and replace, as necessary. 

Check the lockout assembly components for wear or damage and 
replace, as necessary. 

The outer spring hook (loop) is installed on the pin located in the starter 
housing found about halfway between the center of the assembly and one of 
the assembly legs. The inner spring hook is attached to the pulley. The 
spring itself should be positioned so that if you travel along the coil from the 
inner hook to the outer hook (when the spring is positioned in the starter 
housing) you will travel in a clockwise spiral. 

During assembly there are multiple ways to achieve this spring 
installation. The safest and easiest method is to use the OMC Starter Spring 
Winder and Installer (#392093). The next best method is to hand wind the 
spring (using gloved hands, and keeping in mind than an extra set of them 
will come in handy for this). When using this method, you actually wind the 
spring starting at the outer loop instead of the inner and work in the opposite 
direction (turning it in the opposite direction too) towards center). If this 
method is used, take your time and make sure you are winding the spring in 
the same direction it was previously wound. Lastly, in some cases, it may be 
possible to install a pre-wound replacement spring with the outer hook over 
the pin in the housing, then release the hog ring or metal retaining pin using 
a metal plate or wooden block to keep the spring in position. 

13. Place the starter housing upside-down (spring side facing upward) on 
the workbench and then install the starter spring shield into the starter 
housing. 

Wear a good pair of gloves while installing the spring. The spring will 
develop tension and the edges of the spring steel are sharp. The gloves 
will prevent cuts on hands and fingers. It is also strongly 
recommended that you wear a pair of safety goggles or a face shield 
while the spring is being installed. As the work progresses a "tiger" is 
being forced into a cage. If the spring is accidentally released, it will 
lash out with tremendous ferocity and very likely could cause personal 
injury to the installer or other persons nearby. 
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HAND REWIND STARTER 10-21 
14. If available, prepare the spring for installation by winding using the 

OMC Winder and Installer (#392093), as follows: 
a. Clamp the spring winder base in a vise and then insert the release 

plate into the winder base. 
b. Apply a light coating of OMC Triple-Guard, or equivalent marine 

grease (or even Lubriplate 777, if available) to the spring. 
c. Position the inner spring loop in the winder base (with the loop 

facing inward). Next, insert the pin of the crank and pin assembly (a 
rectangular plate with a handle on one end and a pin toward the center, on 
the opposite face of the plate from the handle) into the inner spring loop. 

d. Using the crank retainer screw, bolt the crank and pin assembly to 
the winder base. 

e. Turn the crank assembly slowly in the direction indicated on the tool 
(should be clockwise) in order to draw the spring into the base and wind it. 
Continue until the outer loop contacts the winder base. 

f. Unbolt and remove the crank retainer screw, then remove the crank 
and pin assembly from the winder base and spring. 

g. Lift the adapter release plate, along with the spring, from the winder 
base. 

h. Position the wound spring into the starter assembly housing so the 
outer spring loop is located over the pin in the housing. Press through the 
holes in the tool to push the spring out of the tool and into the housing. 

15. If the spring winder tool is not available, wind it by hand, as follows: 
a. Slide the spring onto the outer pin and then start the spring from the 

outside edge of the housing and insert it into the housing counterclockwise. 
In the end, this will have the same final result in spring winding (i.e. that you 
would follow the spring in a clockwise patter from the inner loop toward the 
outer loop). 

b. Work the first turn into the housing, and then hold the spring down 
with one hand and continue to wind the spring into the housing. 

Patience and time are required to work the spring completely into 
the housing. 

16. If installing a pre-wound replacement spring, proceed as follows: 
a. Replacement springs are usually retained by 2 hog rings. Cut the 

one ring adjacent to the outer loop end of the spring, but leave the other hog 
ring in place. 

b. See if the spring, as it is wound, will fit in the housing, if not, gently 
pull on the outer loop end while holding the inner loop end to make the 
would circle tighter. Once the circle is small enough, wrap the outer end back 
around the spring and the spring is ready to install. 

c. Position the wound spring into the starter assembly housing so the 
outer spring loop is located over the pin in the housing. If using the adapter 
tool, press through the holes in the tool to push the spring out of the tool and 
into the housing. 

17. If installing a pre-wound spring, place a wooden block or metal plate 
against the spring, to keep it from escaping when the second hog ring is cut 
free, then carefully cut and remove the ring. Remove the block or plate 
slowly, to make sure the spring won't jump free. 

18. Apply a light coating of OMC Triple-Guard, or equivalent marine 
grease (or even Lubriplate 777, if available) to the pulley bushing and to the 
boss of the starter pawl. Install the bushing onto the pulley, then put the shim 
in place. 

The starter pawl boss should be installed in the pulley, but, if i t  was 
removed or has become dislodged, reserve i t  for installation later. 

19. Bend the inner spring loop toward the center of the starter assembly 
in order to align the loop with the slot in the pulley, then slowly lower the 
pulley into the position, making sure the slot properly engages the loop. 
Rotate the pulley very slightly against the spring pressure to ensure proper 
engagement, then slowly rotate the pulley back into the pressure-relieved 
position. 

20. lnstall the friction plate spring washer between the 2 friction plates 
and position the assembly over the pulley hub. Secure the assembly by 

positioning the lock-ring over the plate and gently tapping around the 
circumference of the ring until it is well seated into the groove of the hub. 
Place the starter housing spring over the lock-ring. 

21. Make sure the lubricated starter pawl boss is in place, or install it at 
this time, then position the spring washer and install the pawl. 

22. Make sure the starter housing spring is positioned in the center of the 
pulley. 

W Read ahead, i t  is easier to  clean the threads of the pawl plate 
retaining screw and nut at this point. 

23. Hook one end of the pawl plate return spring on the pawl plate tang, 
then pressure the other end of over the pulley post. Slide the pawl plate into 
position to align with the pulley hub. 

24. Clean all traces of threadlock, corrosion or debris from the pawl plate 
retaining screw and nut threads, then install the screw and washer though 
the pawl plate and thread it into the starter housing. Tighten the pawl plate 
screw to 120-144 inch Ibs. (14-16 Nm). Next, apply a light coating of OMC 
Locquic Primer to the portion of the screw threads that protrude through the 
starter housing. Apply a light coating of OMC Nut Lock, or equivalent 
threadlock to the nut threads, then install the nut and tighten securely. 

25. lnstall the rope guide pulley and O-ring, then secure using the 
shoulder screw. Tighten the screw securely. 

26. If removed, install the starter handle bracket to the housing, making 
sure to place the washers between the rubber mounts of the bracket and the 
housing. Tighten the shoulder screws securely. 

27. If removed, tie a figure " 8  knot as illustrated into one end of the 
replacement starter rope. 

28. Position the starter housing upside down on the workbench with the 
pulley facing upward, then wind the pulley counterclockwise by hand until the 
spring is tight. Back off the spring just until the rope cavity of the pulley is 
aligned with the rope guide, then thread the rope through the pulley, guide 
and starter handle bracket. Make sure the knot in the rope fully seats in the 
pulley. 

29. Tie a slipknot in the rope to hold the pulley in position (or use the 
help of an assistant), then apply a light coating of OMC Triple-Guard or an 
equivalent marine grease to the very end of the starter rope. Thread the rope 
through the starter handle (a Starter Rope Threading Tool {#378774) is 
available to make this task easier). Then press the rope into the rope anchor 
channel so the rope end firmly contacts the end of the channel. Next, press 
the anchor into the handle and give a tug on the rope to seat the anchor into 
the pulley. 

30. Untie the slipknot and hold spring tension via the starter rope and 
then allow the pulley to slowly rewind the rope into the starter housing. 

31. Pull the rope back outward, while observing the pawl and feeling for 
smooth operation. Make sure the pawl extends when the starter rope is 
pulled and retracts when the rope is rewound. 

32. lnstall the assembly, as detailed in this section 

33. lnstall the starter lockout lever, springs (with the lower tang of the 
upper spring positioned on the casting), and thick washer onto the housing. 
lnstall the bolt with the thin washer under the bolt head and tighten securely. 
Apply a thin coating of OMC Nut Lock or equivalent threadlock to the threads 
of the support screw, then install the pulley support and tighten the screw to 
60-84 inch Ibs. (7-9 Nm). 

34. lnstall the hand rewind starter assembly as detailed in this section. 

The EFI JohnsonIEvinrude motors are not equipped with a hand rewind 
starter assembly. However, a cord is normally supplied with the tool kit for 
emergency starting. For more details, please refer to Emergency Starting, in 
this section. 
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10-22 HAND REWIND STARTER 

* See Figure 10,67 and 68 

If an emergency rope is used on any powerhead never wrap the rope 
end around your hand for a better grip. If the powerhead should 
happen to backfire, the sudden jerk on the rope would severely injure 
an individual's hand. 

The manufacturer does not recommend the use of jumper cables or 
booster batteries on Johnson/Evinrude motors, especially because of 
the danger of sparks igniting the explosive vapors normally found in 
and around a discharged battery. 

Failures to the starting system for your outboard can leave you stranded 
on the water. In these circumstances, these Johnson/Evinrude outboards can 
be pull-started using an emergency procedure (provided that all other 
systems are functioning properly). This is even true on the larger electric 
start models (including the EFI motors). 

Most of the smaller electric start motors will also retain the manual hand 
rewind starter assembly, which can be used in the event of a failure of the 
electric start system. But, if the rope breaks, or for electric start models that 
do not have hand rewind starter housing installed, an emergency rope can 
be used to crank the motor. 

For smaller motors, you'll have to use a piece of the broken starter rope 
or a substitute piece of 9/16 in. (3.66mm) cord which is about 4 ft. (1.2mm) 
in length. Larger motors should have an emergency pull rope (complete with 
handle) in the tool kit or mounted in a compartment on the engine top cover 
(refer to your owner's manual for more details). 

Before attempting to pull start a motor, first check the following: 
Perform all pre-use checks. For details, please refer to the information 

under Engine Maintenance and Tune-up. 
* Make sure all other systems are functioning properly and properly 

connected. There must be fuel and, for remote oil 2-stroke, oil, in the tank@). 
Make sure the batten/ switch (for electric start models\ is ON and 

functioning properly. ~ake'sure the'batterv is properlv connected 
* Loosen the fuel tank filler cap to verit any p;es&re or vacuum. 

Make sure the engine is in the normal operating trim. 
The fuel pump primer bulb must be firm. 

Fig. 67 For emergency starts, tuck the rope knot into the flywheel 
notch and wind it clockwise around the flywheel 

The gearshift must be in neutral 
The fast idle lever (if applicable) is raised to the best start position. 

To start the engine using an emergency pull rope, proceed as follows: 
1. Remove the engine top cover. 
2. If equipped, remove the hand rewind starter assembly. For details, 

please refer to the procedures in this section. 
3. For electric models so equipped, remove the flywheel cover (this 

includes all EFI motors). 
4. Locate a suitable length or rope or an emergency pull start rope 

(supplied with most electric only start motors). 
5. If the end of the rope is not already tied, make a figure " 8  knot in the 

end of the rope, as shown in the accompanying illustration. 
6. Follow all normal starting procedures and make sure the keyswitch is 

in the ON position. 

0 For EFI motors, listen when the keyswitch is turned on to hear if the 
electric fuel pump runs to prime the system. If necessary, cycle the 
ignition OFF, wait a few seconds, then back on once or twice to ensure 
the system is primed. 

7. Place the rope knot in the notch on the flywheel pulley and then wrap 
the rope around the flywheel in a clockwise direction (when viewed from 
above). 

H On electric start models, make sure the rope and knot will clear the 
starter motor pinion when pulled. 

8. On manual prime motors, move the primer lever upward to the 
manual start (prime) position, squeeze the primer bulb once, then move the 
primer lever back downward to the normal run position. 

9. Make sure you (and anyone else on board) are seated (for safety). 
Also, if there is no handle on the rope end, make sure you do not wrap the 
rope around your hand. 

10. Pull the starter cord quickly to rotate the engine. On EFI models, the 
first pull is needed to energize the electrical system. For these models you 
will most definitely have to rewind the cord and pull again. 

11. Continue to rewind and pull the cord until the motor starts (or 
someone sees you, has pity, and offers a tow). 

H If the electrical system on electric start models is  functioning 
properly, the battery should now begin to charge. BUT, if the battery 
was low or dead because of a problem with the system no charging will 
occur. Furthermore, on EFI engines, the motor will only run until 
voltage drops to a level that cannot sustain ignition and then the motor 
will stall. 

Fig. 68 On electric start models, make sure the rope and knot (I), 
will clear the starter motor  ini ion (21 
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10-28 MASTER INDEX 
1990-93 Rope Start 4Deluxe (87cc). 51618 Hp (164cc) & 9.9-15 Hp 
(2161255~~) 2-Cy112- Stroke wlUFl & AC power . . . . . . . . . . . . . . . . .  4-109 
1991 -01 Rope Start 4Deluxe (87cc). 51616.518 Hp ( I  64cc) and 9.9-1 5 Hp 
(255cc) 2-Cyll2-Stroke wlCDl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.109 

. . . . . . . . . . . . .  1996-01 Rope Start 819.9 Hp (21 1 cc) 2Cyll4.Stroke 4-1 10 
. . . . . . . . . . . .  1997-98 Tiller Electric 9.9 Hp (21 Icc) 2-Cyll4-Stroke 4-11 0 

. . . . . . . . . .  1997-98 Remote Electric 9.9 Hp (211cc) 2-Cyll4-Stroke 4-111 
1990-92 Tiller Electric 9.9-1 5 Hp (21 1 cc) and 
Electric Sail 2-Cyll2-Stroke wlUFl . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1 11 

. . . . .  1990-92 Tiller Electric 9.9.15 Hp (211cc) 2-Cyll2-Stroke w1UFI 4-112 
1993-01 Tiller Electric 9.9-15 Hp (255cc) and 
Electric Sail 2-Cyl12-Stroke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-11 2 

. . . . . . . .  1993-01 Remote Electric 9.9.15 Hp (255cc) PCyl12.Stroke 4-113 
. . . . . . . . . . . .  1995-01 Rope Start 9.911 5 Hp (305cc) 2Cyll4.Stroke 4-1 14 

. . .  1995-01 Tiller Electric 9.9 Hp (305cc) High Thrust 2.Cyll4.Stroke 4-114 

. . .  1995 Remote Electric 9.9 Hp (305cc) High Thrust 2-Cyll4-Stroke 4-115 
1996-01 Remote Electric 9.9 Hp (305cc) High Thrust 2Cyll4~Stroke . 4-11 5 

. . . . . . . . . .  1995-01 Remote Electric 15 Hp (305cc) 2-Cyll4-Stroke 4-116 
. . . .  1990-92 Rope Start 20-30 Hp (521 cc) 2-Cyl wlUFl & AC power 4-1 17 

. . . . . . . . . . . .  1990-92 Tiller Electric 20-30 Hp (521cc) 2-Cyl w1UFI 4-118 
. . . . . . . . . .  1990-92 Remote Electric 20-30 Hp (521cc) 2-CyI w1UFI 4-118 

1993-01 Rope Start 18 Jet and 20-35 Hp (521cc) 2-Cyl wlCDl & AC . 4-119 
. . .  1993-01 Tiller Electric 18 Jet and 20-35 Hp (521cc) 2-Cyl w1CDI 4-119 

. . . . . .  1993-01 Remote Electric 18 Jet and 20-35 Hp (521cc) 2-Cyl 4-120 
. . . . . . . .  1990-93 Rope Start 251)-55 Hp (737cc) 2-Cyl wlUFl & AC 4-121 

. . . . . . . . . . .  1990-93 Tiller Electric 25D-55 Hp (737cc) 2-Cyl wlUFl 4-121 
. . . . . . . . . . . . . .  1990-93 Remote Electric 25D-55 Hp (737cc) 2 4 y l  4-122 

. . . . . . . .  1992-01 Rope Start 25D-55 Hp (737cc) 2-Cyl w1CDI & AC 4-123 
1992-95 Remote Electric 25DE and 48E (737cc) 2-Cyl 
wlCDI & VRO, Manual TrimtTilt . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-124 
1992-95 Remote Electric 25DTL (737cc) 2-Cyl wlCD1, VRO & PTT . . 4-124 
1996-98 Remote Electric 48 Hp (737cc) E Model and 

55 Hp (737cc) Com 2.Cyl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1 25 
1992-98 Tiller Electric 40-55 Hp (737cc) 2-Cyl . . . . . . . . . . . . . . . . .  4-125 
1992-95 Electric Start 40150 Hp (737cc) TTL 2-Cyl wlCDI, 
VRO & PTT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.126 
1996-01 Electric Start 40 Hp (737cc) TTL 2-Cyl w1PTT . . . . . . . . . . .  4-127 
1992-01 Remote Electric 40-55 Hp (737cc) 2.Cyl. . . . . . . . . . . . . . .  4-128 
1996-01 Rope Start 25135 Hp (5001565~~) 3 4 y l  . . . . . . . . . . . . . . . .  4-130 
1996-01 Tiller Electric 25135 Hp (5001565~~) 3-Cyl . . . . . . . . . . . . . .  4-130 
1996-01 Remote Electric 25135 Hp (5001565~~) 3 4 y l  . . . . . . . . . . . .  4-131 
1999-01 Remote Electric 40150 Hp (815cc) 3-Cyll4-Stroke wIPTT . . .  4-132 
1990-01 Rope 65 Hp (913cc) Commercial 3-Cyl wlAC . . . . . . . . . . .  4-132 

. . . . . . . . . . . . .  1990-92 Electric 60-70 Hp (91 3cc) TTL 3-Cyl wlPTT 4-1 33 
1993-98 Electric 50-60 Hp (913cc) TTL 3-Cyl12-Stroke wlPTT . . . . . .  4-133 
1990-92 Remote Electric 60-70 Hp (91 3cc) EL 3-Cyl 
wlpre-mix & manual trimltilt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-134 
1993-98 Remote Electric 50-70 Hp (913cc) EL and 
65 Hp (913cc) WMLE Com 3-Cyll2-Stroke . . . . . . . . . . . . . . . . . . . .  4.135 
1993-01 Remote Electric 65 Hp (913cc) WML, 
WMLW & WE C O ~  3-Cyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-136 
1990-92 Remote Electric 60-70 Hp (913cc) TL & TX 3-Cyl wIPTT . . .  4-137 
1993-95 Remote Electric 50-70 Hp (913cc) D, DT, PL. TL, 
TX & TY 3-Cyl wIPTT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.137 
1996-01 Remote Electric 40-70 Hp (91 3cc) D, DT, PL, TL, 
TX & TY Model 3-Cyl wIPTT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.138 
1999-01 Remote Electric 70 Hp (1298cc) 4-Cyl wlElectric TrimlTilt . . 4-139 
1996-01 Remote ControllKeyswitch for MWS Wiring Harness . . . . . .  4-140 
1996-01 MWS Instrument Wiring Harness for Remotes . . . . . . . . . .  4-140 
1996-01 Remote ControllKeyswitch for MWS Wiring Harness . . . . . .  4-140 
Conventional TrimtTilt Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-22 
Fastrak Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-22 
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