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CHAPTER ONE

cusses the tools and techniques for preventive
maintenance, troubleshooting and repair.

Chapter Two provides methods and suggestions for
quick and accurate problem diagnosis and repair. Trouble-
shooting procedures discuss typical symptoms and logical
methods to pinpoint the trouble.

Chapter Three explains all periodic lubrication and rou-
tine maintenance necessary to keep the engine operating
well. Chapter Three also includes recommended tune-up
procedures, eliminating the need to constantly consult
other chapters on the various assemblies.

Subsequent chapters describe specific systems, provid-
ing disassembly, repair, assembly and adjustment proce-
dures in simple step-by-step form. If a repair is
impractical for a home mechanic, it is so indicated. It is
usually faster and less expensive to take such repairs to a
dealer or repair shop. Specifications concerning a specific
system are included at the end of the appropriate chapter.

NOTES, CAUTIONS AND WARNINGS

The terms NOTE, CAUTION and WARNING have
specific meanings in this manual. A NOTE provides addi-
tional information to make a step or procedure easier or
clearer. Disregarding a NOTE could cause inconvenience
but would not cause damage or personal injury.

A CAUTION emphasizes areas where equipment dam-
age could occur. Disregarding a CAUTION could cause
permanent mechanical damage; however, personal injury
is unlikely.

A WARNING emphasizes areas where personal injury
or even death could result from negligence. Mechanical
damage may also occur. WARNINGS are fo be taken seri-
ously. In some cases, serious injury or death has resulted
from disregarding similar warnings.

SAFETY FIRST

Professional mechanics can work for years and never
sustain a serious injury. By observing a few rules of com-
mon sense and safety, it is possible to enjoy many safe
hours servicing the machine. Ignoring these rules can
cause injury or damage to equipment.

1. Never use gasoline as a cleaning solvent.

2. Never smoke or use a torch in the vicinity of flamma-
ble liquids, such as cleaning solvent, in open containers.
3. Use proper sized wrenches to avoid damage to fasten-
ers and personal injury.

4, When loosening a tight or stuck nut, remember what
could happen if the wrench should slip. Be careful; protect
yourself accordingly.

5. When replacing a fastener, make sure to use one with
the same measurements and strength as the old one. Incor-
rect or mismatched fasteners can result in damage to the
engine and possible personal injury. Beware of fastener
kits that are filled with poorly made nuts, bolts, washers
and cotter pins. Refer to Fasteners in this chapter for addi-
tional information.

6. Keep all hand and power tools in good condition. Wipe
greasy and oily tools after using them. They are difficult
to hold and can cause injury. Replace or repair worn or
damaged tools.

7. Keep the work area clean and uncluttered.

8. Wear safety goggles (Figure 1) during all operations
involving drilling, grinding, the use of a cold chisel or any
time the safety of the eyes is compromised. Safety gog-
gles should be worn when using solvent and compressed
air.

9. Keep an approved fire extinguisher nearby (Figure 2).
Make sure it is rated for gasoline (Class B) and electrical
(Class C) fires.

10. When drying bearings or other rotating parts with
compressed air, never allow the air jet to rotate the bearing
or part. The air jet is capable of rotating them at speeds far
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GENERAL INFORMATION

in excess of those for which they were designed. The bear-
ing or rotating part can disintegrate and cause serious in-
jury and damage. Hold the inner bearing race by hand to
prevent bearing damage when using compressed air.

SERVICE HINTS

Most of the service procedures covered are straightfor-
ward and can be performed by anyone reasonably handy
with tools. It is suggested, however, that you consider
your capabilities carefully before attempting any opera-
tion involving major disassembly.

1. When disassembling engine or drive components,
mark the parts for location and mark all parts that mate to-
gether. Small parts, such as bolts, can be identified by
placing them in plastic sandwich bags (Figure 3). Seal the
bags and label them. If reassembly will take place imme-
diately, an accepted practice is to place nuts and bolts in a
cupcake tin or egg carton in the order of disassembly. Be-
cause many types of ink fade if applied to tape, use a per-
manent ink pen.

2. Protect finished surfaces from physical damage or cor-
rosion. Keep gasoline off painted surfaces.

3. Use penetrating oil on frozen or tight bolts, then strike
the bolt head a few times with a hammer and punch (use a
screwdriver on screws). Avoid the use of heat where pos-
sible, as it can warp, melt or affect the temper of parts.
Heat also damages finishes, especially paint and plastics.
4, No parts removed or installed (other than bushings and
bearings) in the procedures described in this manual
should require unusual force during disassembly or as-
sembly. If a part is difficult to remove or install, find out
why before proceeding.

5. Cover all openings after removing parts or compo-
nents to prevent contaminants and small tools from falling
in.

6. Read each procedure completely while looking at the
actual parts before starting a job. Make sure you thor-
oughly understand what is to be done and then carefully
follow the procedure, step by step.

NOTE

Some of the procedures or service specifica-
tions in this manual may not be accurate if
the engine has been modified or if it has
been equipped with after-market equipment.
Ifinstalling after-market equipment or if the
engine has been modified, file all printed in-
structions or technical information regard-
ing the new equipment in a folder or
notebook for future reference. If the engine
was purchased used, the previous owner
may have modified it or installed non-stock
parts. If necessary, consult with a dealer or
the accessory manufacturer on ser-
vice-related changes.

7. Recommendations are occasionally made to refer ser-
vice or maintenance to a marine dealership or a specialist
in a particular field. In these cases, the work will be done
more quickly and economically than performing the work
at home.

8. In procedural steps, the term replace means to discard
a defective part and replace it with a new or exchange unit.
Overhaul means to remove, disassemble, inspect, mea-
sure, repair or replace defective parts, reassemble and in-
stall major systems or parts.

9. Some operations require the use of a hydraulic press. It
would be wiser to have these operations performed by a
shop equipped for such work, rather than to try to do the

~ job yourself with makeshift equipment that may damage

the machine.

10. Repairs go much faster and easier if the machine is
clean before beginning work. There are many special
cleaners on the market for washing the engine and related
parts. Follow the manufacturer’s directions on the con-
tainer for the best results. Clean all oily or greasy parts
with cleaning solvent as they are removed.

WARNING
Never use gasoline as a cleaning agent. Be
sure to work in a well-ventilated area when
using cleaning solvent. Keep a fire extin-
guisher, rated for gasoline fires, on hand.

11. Much of'the labor charges for repairs made by dealers
are for the time involved in the removal, disassembly, as-
sembly and reinstallation of other parts in order to reach
the defective part. It is often possible to perform the pre-
liminary operations and then take the defective unit to the
dealer for repair at considerable savings. '
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CHAPTER ONE

12. If special tools are required, make arrangements to
get them before starting. It is frustrating and
time-consuming to start a job and then be unable to com-
plete it.

13. Make diagrams (or take a Polaroid picture) wherever
similar-appearing parts are found. For instance, retaining
bolts for a particular part may not be the same length. It is
difficult to remember where everything came from—and
mistakes are costly. It is also possible that you may be
sidetracked and not return to work for days or even
weeks—in which time carefully laid out parts may be dis-
turbed.

14. When assembling parts, make sure all shims and
washers are replaced exactly where they were before re-
moval.

15. Whenever a rotating part contacts a stationary part,
look for a shim or washer. Use new gaskets if there is any
doubt about the condition of the old ones. A thin coat of
silicone sealant on non-pressure-type gaskets may help
them seal more effectively.

16. If it becomes necessary to purchase gasket material to
make a gasket for the engine, measure the thickness of the
old gasket (at an uncompressed point) and purchase gas-
ket material with the same approximate thickness.

17. Use heavy grease to hold small parts in place if they
tend to fall out during assembly. However, keep grease
and oil away from electrical components.

18. Take time and do the job right. Do not forget that a
newly rebuilt engine must be broken in just like a new
one.

S
G
e

A

" PARTS REPLACEMENT

Engine manufacturers often modify the parts of an en-
gine during the lifetime of the engine model. When order-
ing parts from the dealer or other parts distributor, always
order by the model and engine serial number. Refer to
Chapter Six or Seven. Write the numbers down and have
them available. Compare new parts to old before purchas-
ing them. If they are not alike, have the parts manager ex-
plain the difference. Table 1 lists model numbers.

TORQUE SPECIFICATIONS

Torque specifications throughout this manual are given
in Newton-meters (Nem) and foot-pounds (ft.-1b.).

Table 3 lists general torque specifications for nuts and
bolts that are not listed in the respective chapters. To use
the table, first determine the size of the nut or bolt by mea-
suring it with a vernier caliper. Figure 4 and Figure 5
show how to do this.

FASTENERS

The materials and designs of the various fasteners used
on the engine are not arrived at by chance or accident. Fas-
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American Metric

60° 60°

tener design determines the type of tool required to work
the fastener. Fastener material is carefully selected to de-
crease the possibility of failure.

Nuts, bolts and screws are manufactured in a wide
range of thread patterns. To join a nut and bolt, the diame-
ter of the bolt and the diameter of the hole in the nut must
be the same. It is also important that the threads on both be
properly matched.

The best way to tell if the threads on two fasteners
match is to turn the nut on the bolt (or the bolt into the
threaded hole) by hand. Make sure both pieces are clean;
remove Loctite or other sealer residue from threads if
present. If excessive force is required, check the thread
condition on each fastener. If the thread condition is good
but the fasteners jam, the threads are not compatible. A
thread pitch gauge (Figure 6) can also be used to deter-
mine pitch. Yanmar marine engines are manufactured
with ISO (International Organization for Standardization)

metric fasteners. The threads are cut differently than those
of American fasteners (Figure 7).

Most threads are cut so that the fastener must be turned
clockwise to tighten it. These are called right-hand
threads. Some fasteners have left-hand threads; they must
be turned counterclockwise to be tightened. Left-hand
threads are used in locations where normal rotation of the
equipment would tend to loosen a right-hand threaded fas-
tener.

ISO Metric Screw Threads

ISO metric threads come in three standard thread sizes:
coarse, fine and constant pitch. The ISO coarse pitch is
used for most common fastener applications. The fine
pitch thread is used on certain precision tools and instru-
ments. The constant pitch thread is used mainly on ma-
chine parts and not for fasteners. The constant pitch
thread, however, is used on all metric thread spark plugs.

ISO metric threads are specified by the capital letter M
followed by the diameter in millimeters and the pitch (or
the distance between each thread) in millimeters sepa-
rated by the sign —. For example, a M8 — 1.25 bolt has a
diameter of 8 millimeters with a distance of 1.25 millime-
ters between each thread. The measurement across two
flats on the head of the bolt indicates the wrench size to be
used. Figure 5 shows how to determine bolt diameter.

NOTE

If purchasing a bolt from a dealer or parts
store, it is important to know how to specify
bolt length. The correct way to measure bolt
length is to measure from underneath the
bolt head to the end of the bolt (Figure §8).
Always measure bolt length in this manner
to avoid purchasing or installing bolts that
are too long.

Machine Screws

There are many different types of machine screws. Fig-
ure 9 shows a number of screw heads requiring different
types of turning tools. Heads are also designed to protrude
above the metal (round) or to be slightly recessed in the
metal (flat). See Figure 10.

Bolts

Commonly called bolts, the technical name for these
fasteners is cap screw. Metric bolts are described by the
diameter and pitch (or the distance between each thread).
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N OPENINGS FOR TOOLS

Slotted Phillips Allen

AN\ A\

Internal torx External torx

MACHINE SCREWS

Hex Flat Oval

LA R K

Fillister Round

Nuts

Nuts are manufactured in a variety of types and sizes.
Most are hexagonal (6-sided) and fit on bolts, screws and
studs with the same diameter and pitch.

Figure 11 shows several types of nuts. The common nut
is generally used with a lockwasher. Self-locking nuts
have a nylon insert that prevents the nut from loosening;
no lockwasher is required. Wing nuts are designed for fast
removal by hand. Wing nuts are used for convenience in
non-critical locations.

To indicate the size of a metric nut, manufacturers spec-
ify the diameter of the opening and the thread pitch. This
is similar to bolt specifications, but without the length di-
mension. The measurement across two flats on the nut in-
dicates the wrench size to be used.

Self-Locking Fasteners

Several types of bolts, screws and nuts incorporate a
system that develops an interference between the bolt,
screw, nut or tapped hole threads. Interference is achieved
in various ways: by distorting threads, coating threads
with dry adhesive or nylon, distorting the top of an
all-metal nut, or using a nylon insert in the center or at the
top of a nut.

Self-locking fasteners offer greater holding strength
and better vibration resistance. Some self-locking fasten-
ers can be reused if in good condition. Others, like the ny-
lon insert nut, form an initial locking condition when the
nut is first installed — the nylon forms closely to the bolt
thread pattern, thus reducing any tendency for the nut to
loosen. When the nut is removed, the locking efficiency is
greatly reduced. It is recommended that new self-locking
fasteners be installed after they are removed.
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tions. The lower the number, the easier the engine will
turn over in cold climates. Higher numbers are usually
recommended for engine running in hot weather condi-
tions.

Additional information is provided in Chapter Four.

Grease

Greases are graded by the National Lubricating Grease
Institute (NLGI). Greases are graded by number accord-
ing to the consistency of the grease; these range from No.
000 to No. 6, with No. 6 being the most solid. A typical
multipurpose grease is NLGI No. 2. For specific applica-
tions, equipment manufacturers may require grease with
an additive such as molybdenum disulfide (MoS;).

RTV GASKET SEALANT

Room temperature vulcanizing (RTV) sealant is used
on some pre-formed gaskets and to seal some compo-
nents. RTV is a silicone gel supplied in tubes and can be
purchased in a number of different colors.

Moisture in the air causes RTV to cure. Always place
the cap on the tube as soon as possible when using RTV.
RTV has a shelf life of one year and will not cure properly
if the shelf life has expired. Check the expiration date on
RTV tubes before use, and keep partially used tubes
tightly sealed.

Applying RTV Sealant

Clean all gasket residue and contaminants from mating

surfaces. Remove all RTV gasket material from blind at-

taching holes, as it will affect bolt torque.

Apply RTV sealant in a continuous bead 2-3 mm
(0.08-0.12 in.) thick. Circle all mounting holes unless oth-
erwise specified. Torque mating parts within 10 minutes
after application.

THREADLOCK

Because of the marine engine’s operating conditions, a
threadlock (Figure 16) is required to help secure many of
the fasteners. A threadlock will lock fasteners against vi-
bration loosening and seal against leaks. Loctite 242
(blue) and 271 (red) are recommended for many
threadlock requirements described in this manual.

Loctite 242 (blue) is a medium-strength threadlock, and
component disassembly can be performed with normal
hand tools. Loctite 271 (red) is a high-strength threadlock,
and heat or special tools, such as a press or puller, are re-
quired for component disassembly.

Applying Threadlock

Surfaces should be clean. If a threadlock was previ-
ously applied to the component, this residue should also
be removed.

Shake the Loctite container thoroughly and apply to
both parts. Assemble parts and/or tighten fasteners.

BASIC HAND TOOLS

Many of the procedures in this manual can accom-
plished with simple hand tools and test equipment famil-
iar to the average home mechanic. Keep tools clean and
organized in a toolbox. After using a tool, wipe off dirt
and grease and return the tool to its correct place. Wiping
tools off is especially important if servicing the craft in ar-
eas where they can come in contact with sand. Sand is
very abrasive and will cause premature wear to engine
parts.

High-quality tools are essential; they are also more eco-
nomical in the long run. Stay away from the advertised
specials featured at some stores. These are usually a poor
grade tool that can be sold cheaply. They are usually made
of inferior material and are thick, heavy and clumsy. Their
rough finish makes them difficult to clean, and they usu-
ally don’t last very long.

Quality tools are made of alloy steel and are heat treated
for greater strength. They are lighter and better balanced
than poorly made ones. Their surface is smooth, making
them a pleasure to work with and easy to clean. The initial
cost of quality tools may be more, but they are less expen-
sive in the long run.

The following tools are required to perform virtually
any repair job. Each tool is described and the recom-
mended sizes given. Metric size tools are required to ser-
vice Yanmar diesels.
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Screwdrivers

The screwdriver is a very basic tool, but if used improp-
erly it will do more damage than good. The slot on a screw
has a definite dimension and shape. Through improper
use or selection, a screwdriver can damage the screw
head, making removal of the screw difficult. A screw-
driver must be selected to conform to the shape of the
screw head used. Two basic types of screwdrivers are re-
quired: standard (flat- or slot-blade) screwdrivers (Figure
17) and Phillips screwdrivers (Figure 18).

Note the following when selecting and using screwdriv-
ers:

1. The screwdriver must always fit the screw head. If the
screwdriver blade is too small for the screw slot, damage
may occur to the screw slot and screwdriver. If the blade is
too large, it cannot engage the slot properly and will result
in damage to the screw head.

2. Standard screwdrivers are identified by the length of
their blade. A 6-inch screwdriver has a blade six inches
long. The width of the screwdriver blade will vary, so
make sure that the blade engages the screw slot com-
pletely.

3. Phillips screwdrivers are sized according to their point
size. They are numbered one, two, three and four. The de-

L

Correct way to grind blade

o o

Correct taper and size

Taper too steep

gree of taper determines the point size; the No. 1 Phillips
screwdriver will be the most pointed. The points become
more blunt as their number increases.

NOTE
There is another screwdriver similar to the
Phillips, and that is the Reed and Prince tip.
Like the Phillips, the Reed and Prince
screwdriver tip forms an “X ", but the Reed
and Prince tip has a much more pointed tip.
The Reed and Prince screwdriver should
never be used on Phillips screws and vise
versa. Intermixing these screwdrivers will
cause damage to the screw and screwdriver,
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Identify them by painting the screwdriver
shank underneath the handle.

4. When selecting screwdrivers, note that more power
can be applied with less effort with a longer screwdriver
than with a short one. Of course, there will be situations
where only a short handle screwdriver can be used. Keep
this in mind though, when trying to remove tight screws.
5. Because the working end of a screwdriver receives
quite a bit of abuse, you should purchase screwdrivers
with hardened tips. The extra money will be well spent.

6. Screwdrivers are available in sets, which often include
an assortment of common and Phillips blades. If purchas-
ing them individually, buy at least the following:

a. Common screwdriver—>5/16 x 6 in. blade.

b. Common screwdriver—3/8 x 12 in. blade.

c. Phillips screwdriver—size 2 tip, 6 in. blade.

d. Phillips screwdriver—size 3 tip, 6 and 8 in. blade.

7. Use screwdrivers only for driving screws. Never use a
screwdriver for prying or chiseling metal. Do not try to re-
move a Phillips, Torx or Allen head screw with a standard
screwdriver (unless the screw has a combination head that

will accept either type); this can damage the head so that
the proper tool will be unable to remove it.

8. Keep screwdrivers in the proper condition, and they
will last longer and perform better. Always keep the tip of
a standard screwdriver in good condition. Figure 19
shows how to grind the tip to the proper shape if it be-
comes damaged. Note the symmetrical sides of the tip.

Pliers

Pliers come in a wide range of types and sizes. Pliers are
useful for cutting, bending and crimping. They should
never be used to cut hardened objects or to turn bolts or
nuts. Figure 20 shows several types of pliers.

Each type of pliers has a specialized function. Combi-
nation pliers are general-purpose pliers and are used
mainly for holding and for bending. Needlenose pliers are
used to hold or bend small objects. Adjustable pliers
(commonly referred to as channel locks) can be adjusted
to hold various sizes of objects; the jaws remain parallel to
grip around objects such as pipe or tubing.

Locking Pliers

Locking pliers (Figure 21) are used to hold objects very
tightly while another task is performed on the object.
Locking pliers are available in many types for more spe-
cific tasks.

Circlip Pliers

Circlip pliers (Figure 22) are used to remove circlips
from shafts or within engine or suspension housings.
When purchasing circlip pliers, there are two types. Exter-
nal pliers (spreading) are used to remove circlips that fit
on the outside of a shaft. Internal pliers (squeezing) are
used to remove circlips that fit inside a housing.
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Box-end, Open-end and Combination Wrenches

Box-end and open-end wrenches are available in sets or
separately in a variety of sizes. The size number stamped
near the end refers to the distance between the two parallel
flats on the hex head bolt or nut.

Box-end wrenches are usually superior to open-end
wrenches. Open-end wrenches grip the nut on only two
flats. Unless a wrench fits well, it may slip and round off
the points on the nut. The box-end wrench grips on all six
flats. Both 6-point and 12-point openings on box-end
wrenches are available. The 6-point gives superior hold-
ing power; the 12-point allows a shorter swing radius.

Combination wrenches (Figure 23) are open on one
side and boxed on the other. Both ends are the same size.

Adjustable Wrenches

An adjustable wrench fits a variety of nuts or bolt heads
(Figure 24). However, it can loosen and slip, causing
damage to the nut and possibly causing injury. Use an ad-
justable wrench only when other wrenches are not avail-
able.

Adjustable wrenches come in various sizes.

Socket Wrenches

This type is undoubtedly the fastest, safest and most
convenient to use. Sockets that attach to a ratchet handle
(Figure 25) are available with 6-point or 12-point open-
ings and 1/4, 3/8, 1/2 and 3/4 in. drives (Figure 26). The
drive size indicates the size of the square hole that mates
with the ratchet handle.

Torque Wrench

A torque wrench (Figure 27) is used with a socket fo
measure how tightly a nut or bolt is installed. Torque
wrenches come in a wide price range and in different drive
sizes. The drive size is the size of the square drive that
mates with the socket.

Impact Driver

This tool makes removal of tight fasteners easy and
eliminates damage to bolts and screw slots. Impact drivers
and interchangeable bits (Figure 28) are available at most
large hardware stores, tool suppliers and motorcycle deal-
ers. Sockets can also be used with a hand-impact driver.
However, make sure the socket is designed for impact use.
Do not use regular hand sockets, as they may shatter.
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Hammers

The correct hammer (Figure 29) is necessary for many
types of repairs. Use only a hammer with a face (or head)
made of rubber or plastic or the soft-faced type filled with
leadshot. Never use a metal-faced hammer on engine or
jet pump parts, as severe damage will result. Ball-peen or
machinist’s hammers are required if striking another tool,
such as a punch or impact driver. When striking a hammer
against a punch, cold chisel or similar tool, the face of the
hammer should be at least 1/2 in. larger than the head of
the tool. If it is necessary to strike hard against a steel part
without damaging it, use a brass hammer. A brass hammer
can be used because brass will give when striking a harder
object.

_ When using hammers, note the following:
1. Always wear safety glasses.

2. Inspect hammers for damaged or broken parts. Repair
or replace the hammer as required. Do not use a hammer
with a taped handle.

3. Always wipe oil or grease off the hammer before using
it.

4. The head of the hammer should always strike the ob-
ject squarely. Do not use the side of the hammer or the
handle to strike an object.

5. Always use the correct hammer for the job.

PRECISION MEASURING TOOLS

Measurement is an important part of service. When per-
forming many of the service procedures in this manual, a
number of measurements will be required. These include
basic checks, such as engine compression and spark plug
gap. Measurements will be required to determine the con-
dition of the piston and cylinder bore, crankshaft runout
and so on. When making these measurements, the degree
of accuracy will dictate which tool is required. Precision
measuring tools are expensive. If these tools are not avail-
able, it may be more worthwhile to have the checks made
at a dealer. The following is a description of the measuring
tools required during engine and transmission overhaul.

Feeler Gauge

A feeler gauge (Figure 30) 1s made of a piece of a flat or
round hardened steel of a specified thickness. Wire
gauges are used to measure spark plug gap. Flat gauges
are used for all other measurements.
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Vernier Caliper

This tool is used to obtain inside, outside and depth
measurements. See Figure 31.

Qutside Micrometers

One of the most accurate tools used for precision mea-
surement is the outside micrometer. Outside micrometers
are required to measure shim and bearing thickness and
piston diameter. Outside micrometers are also used with a
telescoping gauge to measure cylinder bore. Micrometers
can be purchased individually or as a set (Figure 32).

Dial Indicator

Dial indicators (Figure 33) are used to check crankshaft
and drive shaft runout limits. Select a dial indicator with a
continuous dial (Figure 34).

Cylinder Bore Gauge

The cylinder bore gauge is a very specialized precision
tool. The gauge set shown in Figure 35 is comprised of a
dial indicator, handle and various length adapters to adapt
the gauge to different bore sizes. The bore gauge can be
used to make cylinder bore measurements such as bore
size, taper and out-of-round. An outside micrometer must
be used to calibrate the bore gauge.

Telescoping Gauges

Telescoping gauges (Figure 36) can be used to measure
hole diameters from approximately 8 mm (5/16 in.) to 150
mm (6 in.). The telescoping gauge does not have a scale
gauge for direct readings. An outside micrometer is re-
quired to determine bore dimensions.
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Compression Gauge

An engine with low compression cannot be properly
tuned and will not develop full power. A compression
gauge (Figure 37) and adapter specifically designed for
diesel applications is required to measure the high cylin-
der compression pressure (390-470psi [2700-3300kPa] ).
If these specialized tools are not available, refer compres-
sion testing to a qualified technician. See Chapter Three.

Multimeter or VOM

This instrument (Figure 38) is required for electrical
system troubleshooting.

Battery Hydrometer

A hydrometer (Figure 39) is the used to check a bat-
tery’s state of charge. A hydrometer measures the weight
or density of the sulfuric acid in the battery’s electrolyte in
specific gravity. :

Screw Pitch Gauge

P

A screw pitch gauge (Figure 40) determines the thread
pitch of bolts, screws, studs, etc. The gauge is made up of
a number of thin plates. Each plate has a thread shape cut
on one edge to match one thread pitch. When using a
screw pitch gauge to determine a thread pitch size, fit dif-
ferent blade sizes onto the bolt thread until both threads
match.
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Magnetic Stand §§§§;§§%§ﬁ§§§§§§;

A magnetic stand (Figure 41) is used to hold a dial indi-
cator securely when checking the runout of a round object
or when checking the end play of a shaft.

V-blocks

V-blocks (Figure 42) are precision-ground blocks used
to hold a round object when checking its runout or condi-
tion.

Surface Plate

A surface plate can be used to check the flatness of parts
or to provide a perfectly flat surface for minor resurfacing
of cylinder head or other critical gasket surfaces. While
industrial quality surface plates are quite expensive, the
home mechanic can improvise. A thick metal plate can be
used as a surface plate. The surface plate shown in Figure
43 has a piece of sandpaper glued to its surface that is used
for cleaning and smoothing machined surfaces, such as
the cylinder head.

NOTE
A local machine shop can fabricate a sur-
face plate.
Expendable Supplies

Certain expendable supplies are also required. These
include grease, oil, gasket cement, shop rags and cleaning
solvent. Ask the dealer for the special locking com-
pounds, silicone lubricants and lubricants that make vehi-
cle maintenance simpler and easier.

WARNING
Having a stack of clean shop rags on hand is
important when performing engine work.
However, to prevent the possibility of fire,
store solvent-soaked rags in a sealed metal
container until they can be washed or dis-

carded.

NOTE
To avoid absorbing solvent and other chem-
icals into the skin while cleaning parts,
wear a pair of petroleum-resistant rubber
gloves. These can be purchased through in-
dustrial supply houses or well-equipped
hardware stores.

MECHANIC’S TIPS

Removing Frozen Nuts and Screws

When a fastener rusts and cannot be removed, several
methods may be used to loosen it. First, apply penetrating
oil such as Liquid Wrench or WD-40. Apply it liberally
and let it penetrate for 10-15 minutes. Rap .the fastener
several times with a small hammer; do not hit it hard
enough to cause damage. Reapply the penetrating oil if
necessary.

For frozen screws, apply penetrating oil as described,
then insert a screwdriver in the slot and rap the top of the
screwdriver with a hammer. This loosens the rust so the
screw can be removed in the normal way. If the screw
head is too damaged to use this method, grip the head with
locking pliers and twist the screw out.

Avoid applying heat unless specifically instructed, as it
may melt, warp or remove the temper from parts.

Removing Broken Screws or Bolts

If the head breaks off a screw or bolt, several methods
are available for removing the remaining portion.
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If'a large portion of the remainder projects out, try grip-
ping it with locking pliers. If the projecting portion is too
small, file it to fit a wrench or cut a slot in it to fit a screw-
driver. See Figure 44.

If the head breaks off flush, use a screw extractor. To do
this, centerpunch the remaining portion of the screw or
bolt. Drill a small hole in the screw and tap the extractor
into the hole. Back the screw out with a wrench on the ex-
tractor. See Figure 45.

Remedying Stripped Threads

Occasionally, threads are stripped through carelessness

or impact damage. Often the threads can be repaired by
running a tap (for internal threads on nuts) or die (for ex-
ternal threads on bolts) through the threads. See Figure
46. To clean or repair spark plug threads, a spark plug ta
can be used. :

NOTE
Tap and dies can be purchased individually
or in a set as shown in Figure 47.

If an internal thread is damaged, it may be necessary to
install a Helicoil (Figure 48) or some other type of thread

Slotted

insert. Follow the manufacturer’s instructions when in-
stalling their insert.

If it is necessary to drill and tap a hole, refer to Table 4
for metric tap and drill sizes.

Removing Broken or Damaged Studs

Ifa stud is broken or the threads severely damaged, per-
form the following. A tube of Loctite 271 (red), two nuts,
two wrenches and a new stud will be required during this
procedure.

1. Thread two nuts onto the damaged stud. Then tighten
the two nuts against each other so that they are locked.

NOTE
If the threads on the damaged stud do not al-
low installation of the two nuts, remove the
stud with a stud remover or a pair of locking
pliers. i

2. Turn the bottom nut counterclockwise and unscrew the
stud.

3. Clean the threads with solvent or electrical contact
cleaner and allow them to dry thoroughly.

4. Install two nuts on the top half of the new stud as in
Step 1. Make sure they are locked securely.

5. Coat the bottom half of a new stud with Loctite 271
(red). _

6. Turn the top nut clockwise and thread the new stud se-
curely.

7. Remove the nuts and repeat for each stud as required.
8. Follow Loctite’s directions on cure time before assem-
bling the component.
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I . REMOVING BROKEN SCREWS AND BOLTS

1. Center punch.broken stud

3. Tap in screw extractor

2. Drill hole in stud

4, Remove broken stud

BEARING REPLACEMENT

Bearings (Figure 49) are used throughout the engine to
reduce power loss, heat and noise resulting from friction.
Because bearings are precision-made parts, they must be
maintained by proper lubrication and maintenance. If a
bearing is damaged, it should be replaced immediately.
However, if installing a new bearing, care should be taken
to prevent damage to the new bearing. While bearing re-
placement is described in the individual chapters where
applicable, the following should be used as a guideline.

NOTE
Unless otherwise specified, install bearings
with the manufacturer’s mark ov number
facing outward.

Bearing Removal

While bearings are normally removed only when dam-
aged, there may be times when it is necessary to remove a
bearing that is in good condition. Improper bearing re-
moval will damage the bearing and possibly the shaft or
case half. Note the following when removing bearings.
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1. If using a puller to remove a bearing on a shaft, care
must be taken so that shaft damage does not occur. Al-
ways place a piece of metal between the end of the shaft
and the puller screw. In addition, place the puller arms
next to the inner bearing race. See Figure 50.

2. If using a hammer to remove a bearing on a shaft, do
not strike the hammer directly against the shaft. Instead,
use a brass or aluminum rod between the hammer and
shaft (Figure 51). In addition, support both bearing races
with wooden blocks as shown in Figure 51.

3. The most ideal method of bearing removal is with a hy-
draulic press. However, certain procedures must be fol-
lowed or damage may occur to the bearing, shaft or
bearing housing. Note the following if using a press:

a. Always support the inner and outer bearing races
with a suitable size wood or aluminum ring (Figure
52). If only the outer race is supported, pressure ap-
plied against the bearings and/or the inner race will
damage them.

b. Always make sure the press ram (Figure 52) aligns
with the center of the shaft. If the ram is not cen-
tered, it may damage the bearing and/or shaft.

c. The moment the shaft is free of the bearing, it will
drop to the floor. Secure the shaft to prevent it from
falling.

Bearing Installation

1. When installing a bearing in a housing, pressure must
be applied to the outer bearing race (Figure 53). When in-
stalling a bearing on a shaft, pressure must be applied to
the inner bearing race (Figure 54).

2. When installing a bearing as described in Step 1, some
type of driver will be required. Never strike the bearing di-
rectly with a hammer or the bearing will be damaged. A
piece of pipe or a socket with an outer diameter that
matches the bearing race will be required. Figure 55
shows the correct way to use a socket and hammer when
installing a bearing.

https://www.boat-manuals.com/



20

CHAPTER ONE

Bearing
puller

FeXeXe

00 Q)

/

\

| +— Spacer

1l 1 -— Shaft
= Beaaring
Q

3. Step 1 describes how to install a bearing in a case half
and over a shaft. However, when installing a bearing over
a shaft and into a housing at the same time, a snug fit will
be required for both outer and inner bearing races. In this
situation, a spacer must be installed underneath the driver
tool so that pressure is applied evenly across both races.
See Figure 56. If the outer race is not supported as shown
in Figure 56, the balls will push against the outer bearing
track and damage it.

Shrink Fit

1. Installing a bearing over a shafi—If a tight fit is re-
quired, the bearing inside diameter will be smaller than
the shaft. In this case, driving the bearing on the shaft us-
ing normal methods may cause bearing damage. Instead,
the bearing should be heated before installation. Note the
following:
a. Secure the shaft so that it can be ready for bearing
installation.
b. Clean the bearing surface on the shaft of all residue.
Remove burrs with a file or sandpaper.
c. Fill a suitable pot or beaker with clean mineral oil.
Place a thermometer (rated higher than 120° C

[248° F]) in the oil. Support the thermometer so it
does not rest on the bottom or side of the pot.

d. Remove the bearing from its wrapper and secure it
with a piece of heavy wire bent to hold it in the pot.
Hang the bearing in the pot so that it does not touch
the bottom or sides of the pot.

e. Turn the heat on and monitor the thermometer.
When the oil temperature rises to approximately
120° C (248° F), remove the bearing from the pot
and quickly install it. If necessary, place a socket on
the inner bearing race and tap the bearing into place.
As the bearing cools, it will tighten on the shaft so
work quickly when installing it. Make sure the bear-
ing is installed all the way.

2. Installing a bearing in a housing—Bearings are gener-
ally installed in a housing with a slight interference fit.
Driving the bearing into the housing using normal meth-
ods may damage the housing or cause bearing damage. In-
stead, the housing should be heated before the bearing is
installed. Note the following:

CAUTION
Before heating the housing in this procedure
to remove the bearings, wash the housing
thoroughly with detergent and water. Rinse
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4. The hutusing imoet b= hatgel e a 1ompecatune of ap-
procinacely 20271 0 HHE O i an evco oo bol
plate, Chech Lo see tin g1 s #® U progeen beaipero-
ure by droppune tiny Lrops el wangn o the case, i
they sizele and evaporals imrediately, Uie enipera-
twre is correct. Hoat only one huusig il G,

AL T
Bopad hoet ehe boneiee weith a ek fpre-
prente i degfore] nver beime o feele
ThF caahaet btk the fevsemg ok leansang.
Tie vy Brpd Wl cewteon: the ¢ wee fodduen -
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Farntorcamant

b, Bemove The honsing From she oeden or b plate and
lwald amin the holsing with o kikchen pocholder,
Faary gloves or heyvy shep olochs: o e e,

MTE
A Sl e anabel wrad eliensdedl moeks
el e b e iR e e RN RE e i

o Holid the lsie g woidh the bearinge side deoen ol
lap the beanng cun, Roppeal fur all Tacanings ool
léausiang.

. Prioc b heaning the EBearine bousing. place the new
bouring in 2 Froczer iF pessible, Chilling o kearing
will slichily reduce ics ourkide disreier, while dhe
heaned baarine konsing assembly il be shehily
lareer e oo Rl cspansion, This will nase bear-
i imssU kuion ek asicr,

A{ITE
Avwany ol Do wool M annfe-
furer b nnerk o aaaPer i omieerd.

7
.

v Wil 1he ||-::-|.L'-.i||g a1 Dokl st 1 1w 1w Fasjic-
s d inmo el B daiivg. Listall dhe Deal g Dy laed,
M |'r|.ls-.-i|'r|l.‘. Ir [PNRELETE .i|.'_|'|l|:,- a1 Epe I_1|.'4|r|r|g|'~_-.:|
il Ll |"||.r|.|.~\.:|'|;.r_ woitle o bl pHisceel o e ogler
bt il'u_..' race. Seopar bl re we |_1l::-.r'|1g'\. h |_’|r|'.'|r||_5
wrn The thiner P P T, o=l thie hl.'.ﬂrlng il -1
SLAL CAREHIC .

SRals

Senls (Fipure 571 ane usod oo contam il wanz, grease
wrvombsnien Easses A boosine or shalt, Jngropes -
mean alek i seal cin :I:smagudhn: heas ing nr<hap, 'Impr{'-p-;'r
st lhion ol The vl can -:J.ilrnilgq: {ho sen | Mace the nl-
loswinnr:

I I'rwsng 1 peneeally the casicsl and med cllectice
ricthodd of removing a seal from a2 Aowsing. Howsver, al-
wina place a g undemdath the pre el Le poes con daon-
ape Lo che howais,

L LFTh vt b ses® hips helore she ses T s anseatled.
i Alvaye nelall seald wo thal the wanefaeid e s Aon-
bors or narks Face owl.

A drswall s ls wrth s snc ke p|:|.-:,:|,:-:|. 10 The emdzade of Hee
sl oy shivn in Figure S8 Make surg tha seal = drven
m.|l.|u|r|:|3,- inti Lhe |1|:r1|-:'in§ Fepnr nstadl o senf h:r' hi|1;||'||_:
wprsnrisl ther L al the seal with a4 haimimar

Tabiksd 1-4 ars oM Hhin dlawing giges.
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Tabhls 2 DECIMAL AND BETRIC EQUNVALFHTE
(1737 Mutrio Dot i i Mautrc
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LTLI-) o175 4 75250 1118 0.687S 1745254
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Chapter Two

Troubleshooting

Faery iznernal combustion engimes require an unimler.
tuptad supply of Fuel gic. Lepion and adeepalg o pre -
wivien [Eany of thesy are [ackong, the vagme wal e run.

l'ﬂ_‘-l:ll:lle_-.'\,'h|1||l|1:|f: TR |E|;:lil.l."|_'.- 5imp|-: mdeer ir ok ax
abopey begriclby o The Tiea1 seesr aboaay croubleshonling pre-
ceclure (st N W Syanpoorne & flly o possible ard
Then lewsi b the ganbilem. Sabsequent steps insnlve (ost-
mg e aralveng Uise ancas ihat could cause 1ke symp-
toms A hephasard appwoach may evenoually <olve he
problem, bt i can e costy an lemme aF wasted bme and
b1 EIRE BHT O ITh.lurll.‘\. w.pl;h:-: fEtlal.

Wnon all else Bl po back o bkesics sungle solutons
nftn Kolve zomplex-appearng prob e

Sdecerinengme arce L, Do vt o erleok che gk ious Tt
[he engme sauckcerily quits W len raaning or refses 150,
Chosk, s gasiest aid mbosl decessible arcus Tirsl, Mk
wre Piere 1= Fieel e the cank and thin the wiring i properly
ciinecied.

Be familiac with 104 gpgpine corwpaeincin and cogins
componenls = quicy veaol chaeck o possable, Leacning
Lo recopnize ind deseri by symplons accuzbely will make
repairs easive, It idegchpag e i regquined, say iz than it will
Prol o i meed Thee sicpne e say inge et i @il ac Tull <hratzle
unil wouid mel nestard

Idesti Fy w5 naty symptoms 25 posshle soaid -nadiagnu
sia, Meac whether the enpine lost poser grinlvid Iy arallal

tee. whar codor smoke il anyy camie Crem the eahaeel
i,

Atier dedaneng the symptons, lestoand analyee thuse ar-
can Thal could cioese e prodalznds] Bans probiloos can
be analvzesd wilhuul gapensive tual cquinmenl. A fow
siimrple checks can keep i sl | goalabarn feis oo ot
i Lirpe one | hey con alsi avind o lagge nogsau Bill and
i loed whale (= lwal -5 o shope's aeevice Jepan-
meni

Chi the uabicr band. he realisog and do oned ateempd ne-
paizs Bevond your abilisics or with makeshd oo, Wi
ring sgvied deparmment: ales wod 1o charpe heusle for
puttieg, foecher & desgszemiled engine or ofher sompda-
el that iy have boeen abueed. Some chopes will noe
eigr aectpd such 2 job, Use common sence amd o not gl
ity cr wadr hedd or allempl o poh oaathont The proper
o]z,

Proper labncater, raintenance and peisdic wie-ups
asdescribed iw Chiapler Three will iedwee the oecessice fo
irsubleshonting Bren with the Bost canz, huseever, every
TOATINE ETEI > prse b prollems e will eyenally ce-
guire raubleshonmmg.

L7 imstalling replacemenl pars, do nel cse agtemodroe
rart While marine companents such as stanlers and al-
Il s, Ay appeat o ke dhe same as sulcmaeiee com-
nterts. dbey see not Manne compepsnes hine been
designed to withstand che unigue reguireTents of manng
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Slonier swlkch

@ STARTING GIRCUIT {TYPKIAL)

Kay wwitch

servee, a4 well as wr peovide 2 megsure of salety that is
nl reguirecl vf aucormtin ¢ service. For example, 2 manine
sraret 1A Tashproniod 6 prevens possible ippilion of fel
wapat methe hilge. The use of an sutorsotive slamer as ace-
placenenl <an resdl inoan explesion o Bre, which mey
cause deatly, serious injwny oF hoal damage.

This chapter cuntaing briel degseripliong of each maar
|'J|:||=r:|.1'in;!'I swslem and irnublestuoweing procedues o be
wseil. The wpebleshonting procedumes soalyze comnon
SYMPHAm: and pn.w'idu' |t'l-$il."'.3] nethods: of asolanaon.
These arenal the un by inedioads. There may be several ap-
proaches tna prohlem, but all msethods wed must have
one thing in common 19 be suceess ful—a logical, svstem-
i appTech.

Trowbleshecding diwgrams For andevrden] systems ary
pravided Authin (his chapier A master ioubleshonling
charl { Tabe 1 as provided a¢ the endd of this chapler

STARTING 5YSTEM

The staching svsiem vansests of the bartyry, storgr mo-
100 starter salunwsl. starler swich, key switch, Tusg ang
connesting winng Sve Fipure 1, typival

Srarting system pooblem: are relatively cosv 10 find. In
many cescs, the woubls 15 a loase or dirky 2onnoeticn.

Sinrting System Operation

The bzitveey swarch, of wied. and tlee ey 2w incll fnst be
in the QN positions a0 batlery cument i avadable o dy
starter curedil. Whien the gtat switch on be ingeruinon
panel 15 pushed, batery coment Noskd oo e s@mn sole-
mézich whiiche ey legnocal ly ermgages the starter sl che en-
gine Myschegl. The solewpid alse dirccti cuneon bt
slarer mapsr, which rolates e cogine Arwleel Ly scao
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Chmmatar
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\x___/._ Staryr mobes

M emgare ey [he e B ~aned Ll he aan
sy le s peleiteesdl e slave sudenisind s de-ciee giasl
Withenl corwenr bo btal U suleseid i pesnian, e
sanrler mdur ceoernnn g ochicl disenape the swarner
prpen g They [Ty b

(In-Bpat Testing

Torr ! thewe procvebnre= reguone il charpesd [ 2=l
hiute ey, 1 be vl s i honseer, sl o penr ol s ca-
hoes e the wimpet e le i auelned e S i
e B, lelhs g 2l 2kt 2eccimean: ke Daes-
cobnen s i e S imd Degdsoin L rear ol e al -
Igrnalyer e ooty bowsler Balien e shess
st Thes wall prodce b ahe o' lermaan i pyessibde Jane-
HIVY

STrie FHRITTHE STakTEr

I O] *he 1Y wol begeden bid-c r b |_'I'|;-__||I'||_'.'~i hi-
Wiy wall: urnper sabdbes Daslen e the <lamer QFTHIITHS
-:Fn.'-..'d ay he Lnine 1. rr:|11l:||13 It thy slamer TLIIEL
apuoctl sonds nomnmad | g oaeek dhe batlzr, For o or gor-
rexbo ] commectians ur e vharge Tlean and lighien the
i rechiuns s renpuirad. Rvelames Hie bahere f peces-
Ll

& Hsiimter runring <poed duews mon seenind 2l Clean
g nghben ol | slirer sufaoid e tivee o o b
gromrgl ool ez,

©,

Chrnmatar

Solenosd
%] Nermhlrad

Lelgrold
(M} 1erminal

Sartar
mcHor

1o Wepest Siep 10 che sharar unnzng spaed iz =all o
N T el dhe wli=ler.

Srarior aefenodd chicks, starder ey uof

I Cleam amd nghten il staner and solencid conscetio:a,
Sk sure P lemuean ey el ane secure v Raicoed oohe
w i~y smands and ane nod cormeded.

2 Huenme s the Batlemy fermines’® clomzs Clean she clunpe
A Pacheey reits Feantal]l The cluaps and tighicen Thens
suecuncly

Lo e sisfer soll dges pot pom, cannect e 1 2-voli
Pumistee batiery 1o the engnng™ battery wrlh e paneper ca-
Bles 11 ahie stawter <HIFcewzs nol nn, replace ir.

arer saetraed cfearters (e Tk e,
sTudTer does sk o

I Check the 5 eremininl wire conneclien o dhe slamer so-
bennmad 47 lein gim] Dghdepo o necessare

L Mhscoennect the 5 tennmal wre ak dhe soner salenod.
Lurzicela pampgr weree by Pwgen ds lerminl wned e prase-
e |'|:|.Il|.'1'_.' | sl

10 Tow startiege e cngrre, |1 e engine soams. check Lhe
o rweiiihy, starey el snd the system winng for an
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O,

S5 Honeodd
(S ey mined

Splenakd
(Db lerminal

/"ll— Starber mriar

upe chealic o @ e connectivn, 17 the engine dues nog
szl reprhice e samer o lenskicl

Starer spins bul doms met rdale fTywhed!

1 e e siarer. See L Rapaer bine.

2 CUheek Lthy skl pirnnon g, 15 e weeth e clipped
ur o sl iy M hel g, mee B che ~anie rioh-
Ien Replice the starter andoan o gear s reguired.

[11he pinicnn pesinr vson ol gorgghiben, disiesemble e
stwrer aind chovk che amiiuse shalt Tur comesinn See
Hrash Rupsiacy e, Chapter e, For e dasissembl
Pz, T corrasiaon is a1 slade g mech-
din ix olippiny Bueplacs the ssrter wtli gy w on relunli
1T 12 W rin

Seorfer will medd e fiyndare woftoh AT AWIRCT iy peleered

Thiz probhenn i usully cowsed br o sockngz snlenod o
defenctive wtan =witc . bu b pinmon may e o thy -
w el ring gear o an e with nemy s ol npgea-
Chan.

NOATE

A S i e e fewne e coraads! Pty
crurve e T o el el TR LR i et
anenn cagrageed et Wi o foee ! sreg gneooe
Lo veaffame ad Nl ahdeed 20 ot iy
et dn ol Je ooy end e i e and
Wil Teagreife s rewiel T I MR e
Al ea Wler Y povinag,

Loerd grtneliarg matnes wolrem afert e Fiis

|l wing be wsmsaeld B nnpuepea ||'|_'.~\.|‘||.|'|;.; ol e adiarLes
[ i 11wl |i||:.,: i b luuhin i |.'||un||i||.!.'h
o e el arnsane .

Py 0w st Hee L lapler ™inge,
2. Choghk he starder pams esir il e e b g clipened
nr W sl e T e =mg pesee L Hhe <imee pness.
lemv Keplige hee sEarlben zmd s e i ||.'-.’||.i||.'||

12 he o g iz zownd cordition, the e rrumni e
Ll b ek o o e seamer res bedeseenis g, Rephaee
e stamer woith aonew o reboai o marme o

Ssrarter Sokennkd Resistanee Tests

Chech ey slarer so enid asng Uwe Bollowmi ress..
et lesls:

SN Y
SMweanecn e e fiteee cahile e
RSN (T R S P S

I Feoeder tn Figore 2o commeet an el o lead woihe
= lerrnrd S e sreesid Ot the rent ke olu-
erw e Deard Do e e Bind Bl 6o Pl ~uelonaed Thoe walommie-
fer shonhd e appoesonarely une ol e less
el e wlenmsd 0 the olrvenctee iedicates ol e-
S5l i -.'|||'|I|||||il'_-.' 1.

2 Koeter oo Fipure Xand connecsar sbmmeter fead ot
Soe il AF e lenaad, Conregl The rersniepg ohim-
meter Tead oo e M cermnal b che sedepsad The nlrame-
fer should mdicale approcoratels ome alum or Jess
Replzee The solenoed o7 e alvrrerer ind e ares npfin ke pe-
Al I cunimwin: .

Liarier Moter Sa-lang Carment Drawm sy

|l'|:r.,1|,||:|-|._*-ahxh'-||n;:l wde s bs Tlar ey sharer qanlass mry
b demieotsi, Ut The bl pge Hieler (medes au- s cor-
remd drae s b debernine b s e e 1 e e pk-
abla aperalinge coandiien

T |'||.'|I!'-.|:1:|| The 1L, v ‘LIJI.IJ'-\:I'IE |.'q.||li|:'|| v s fceded:
an cievneler capralale Gl ecisteime U= TUOU g o solline-
ke, it s theatican lehoznene wnd @ I!|.|||'. ._|'|.|||_-._|_1 Z-wule Ivat-
tery Mlianirnunn callor g cepaity s S0 amnp- o i Bar e
aml Lwo cwlimsber cnpmes wvd T wip-toass For
[H1 gLty linde cisiac.
. Remwne dhe suder teober Tromy the crggine Secang |y
Fasber e mwur wn o vt or olher gk le elding Estere
2 Mg gheires mange penpen ol e, cornmeet the -
B 1 serpes Lk e puosatises Battery ternmrnl | Figuree 41,
o] gt s irncher b the (LHTd SR
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M

i Hold p sibrpmon-repe lachemelor against the siarnr
Frame.

4 To eporale -he slamer moor, fonnest a @ befuseen
the posilece batery teemingl and the 5 erminal on the
staTter solenod.

3 Mobe fhee ~iames epin. vurrend draw and balicry vollage
wohile the msHoE i running, then disconneo the wire do the
Srerminal oo The seleroid.

6. Mchestaer motor does i perdagme within che specili-
caticms hsted w0 Teble X, repoir o1 replace the mokor os de-
seribed m Chaprer Mine,

CHARCING SYSTEM

The charging svelem consisle of the allematoer woliaps
repwlator, batlery, key switch, insicument pansl waming
light. connacling ywrng and fuse

A bzt driven by the eneine cranksha il pulzey twms Lhe
altermacor, whach produces elecineal energy 10 chargz 1he
hitery A« enging <peed vories. the voltpae oylpue of [he
altermator varies, The ~sauliior minntoms the volinpe oo
the: wleciricin | system wihn sty Lianes, The wammng hght
sn the strgment pang | signicls 1 shanging oot 1aking
Flare,

Al maxde?s use o Hisch allemator wih o an ankernal
irans stem zed volie pelaier ariached we she reat akler-
nakar howsipe, A Nemator onlpud s 35 A4mps (mogdel
LETAS0E] or 23 amps (meslel LR]E3-20: Fipore 5
show s vomponents o the sharging cirvnn

C'horging, sosiem troulles nee generall s caused bee g de-
frctive allemmator, voltoge reEulator, batlers or an Inopero-
e ¢harge lamp. They may also e coused by something
ars simple s incomern drive belo densian,

The Iollowne are symproms of prablan: thal may be
encouniered.

1. Burrery dfiscberres Sequemidr—The can e cawied by
a doeve Tl chan s aliglaly Lweae, Ghasp doe alicoaw pul-
lew weth buth luands and wy oo e, I the polley can be
Ll woatlisal mes iogg the bele, e dreee gl is v loone,
Ay oo rale, keep the Tt ight 2nnugh s il o cion be de-
Aected eoly abon 12 e wder eagderate ook presse
app hed bevaeen the polleys, Thee banizry wasy sy b
Gl test the binttery cunelitcun as sbeseribed o Chapier
Fdipwe

2. LRERIELEE SR G ST doe s Bor G e
KO SRR [ e D% This may meicine a deleclee
key swnlch., Ballery, vollage epulaler or waminge Rmp.
Toe boostar the engore 1130 dussnc L skic. cheeck L ke
swilchand bittery e engine slads. remoes and et the
wiming lamp bulk 1F the problem perasts, (e allemator
trushes miny not bz muking ceplacd Per'orm dhe Sestem
Ciroitey Testin this chapler.

1, UlerriAg ab~ivdh wrnurg lema Pashers or omdd

all—This usually incicares thatl he charging svsl2m iz
working ictemtlently. Check drvee belncenzion B, then
cheek a1 electrical conneciions s che cliargiog ciedic, A
A lasl recart. check Lhe alternator.

1. r.#:frz;:'ng ARl u'a.l'.lrl'.llj; ."rml,:? CORICN ST SIS
vior Tl Uhuu||3,- ncleeates thad A uhnrglng 1] lnki:ng
|:-Ia1-::c. Fust clecch diwve el '|I.'II'\i|.l1I. then I||.-|: I,‘.'L'Illr_'r_l|' L B
diein, Clheck all '-.'-'i:lill_ll COECLica |II|;.' -;,:hil.rgi“!_ NWK-
tepn, LT this dues oon locate e paoblenn. cweek e
altemalor ad vollage regul st an deseeibied an this chap-
Rl

A Berteee regueiees Jregnuens lideon AR OF |'.;.|'.|r,~p -
grsres frpeead cepdacpaert The sllemaler s probably
verchar g tha |"|:'|1[E'r:..' Tle '.'|,1|I31|_-_'|,- rq'gulil‘,l_lr 15 [gwe
hikely wr Faulr.

6 Excevsive enfe fearm e orffericrtee -Chieck Bor Lonase
muunting brackets apd Balis, The peoblem may also b
w o heanings o seme coscs, Tack cf lobricacion. 16 an
iliemidor whinge, a chedsd diede may be dhe proklem.

CHARGING SYSTEM TESTS

Fhe alremziar v eepnpped woch an intensal dransisoor-
o regulator, The Imimsstonzed reguliton comains 2aci-
Latigge amd semsang circunls The repalicar controls aucpod
village by swibcdimg e allemaler roler cumenl on 4rd
urT A yect ler conseaing ol sel ol Jwdes converts aller-
malong currepl o et commenl.

Alternator Repulated Vialiage Test

hus ezl cherks the reguliohs] valtige cupul of Lhe al-
termilor All wires cunnested B the altemator tor nocmal
operalion must be conpecied,
. Check e aliernaum drive sl temzion See Chapler
Tl
2. Check the battery renninals and cables for corfosion
and-or loose conpections . Disconncen che noeans e hancy
cokle, then ahe positive Balicry cahble, Olean the cahic
clamps and batkery omunals. ifnecessany, ten secimnile
the cables
I Check oll winng conmechons beiaesn the oloomaror
] enpime 1o mitke sure they are clean ond tight.
A Couaeen the pretatiee lead ol o eolmreizr up e BAT s
comda l o the alieiman, Cousneen e negative vplipneer
lead wa e B ceawimal al the alternanr See Figuw [,
5 Murdzthe eneine wire hemess back and farth while nb-
sereing the voltmeres soale, The meer should indicae a
stzady batcers wollage neading 1approsimately 12 wohsp,
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354 ALTERNATON

A4 Ak TERNG TR

@ VOLTAGE DUTPUT TEST

[ the elime varies or i'na reading is abnained. chock Lo
FEAT cunneghons or domaged winng.

. Tum the ke saich 0N Hom the enpring trom idle up
*u 2HMY mpne anel nulg she velimyter reading [ the voli-
srctcr dercs oo inchicate 14,21 4.8 vy remoswe The aller-
et aadd bave 11 bench ested by o <ksalershap ar gualzied
Lia[REE T EAN

Alternator Current Chatpat Tesl

Thes resd chizcks He cucrant vanpaan of the aliermata, 211
wires pongcoed o the abteenann B wonmal uperation
muwsl be cotoecoed. Refer we Flguee T Lo thas pancedurs.
. Check the alczarnacor doive bl fensisan, Sce Clapae
Tlires.
= Akscommec) the weegidive balery coble.

i, Thseommzct Use ware Trom the BAT termamal o0 the al-
REIFELILE,

A Cauveet e pogative 2ead nla o 144) amp ¥ ammater
w Che BaT cerminal and ehe negihve lesn] b them JLspaom-
pecred ware.

5. Becanaces e neganve banery cuble.

. Make sore che cngine conoal is i the s positipn.
T. Turm on all oceessories and crank the cogine foe 15-200
vecormds 0o remiow e any surface charge from the haery

&£ Turn il all acyeespnes,

Q. Cunnect o trzhormuser o the eneine. Carract o carlime
pile Ll device 10 the bidiery 1emunols.

L. Srart e engine ined run at Z.544 rpm. Adywel 1he can-
Brak pai e aBwGein e inpram alkeTranior culpad. The umione-
It slioald read the rated arnperige according oo abe
alteenaem nuodel icenu e un the dida plate onoehe alier-
natn | Filgure 8y, Model BR11S allematers should pro-
duee 35 amips, wed rppghel LRISS alwermators showld
prcaduce 55 ampe,

FLEL SYSTEM

Relen s Chapter Seven for o descriplion of fuzl svsiem
vprsraun., A diggenn ula fepicil Rael zvstem is shown in
Figurg .

He awara hardicwe ] el npeclion sestems requiselean
Tucl chad ii2ets e Fuel nesymtements specitied by the en-
gue wiunnfacimer Bany el problems are 1 resull of
comtaiinimaed Togl or lagl o ppproved by fhe enpine
nanutaciurgr. Bedar 10 Chapeer Thres,

WOITE
E R Cmpenemmey g sigie e P visie s
vaa el e gy nf the falfon P e
LN T T B osmew v clieck opdiey END e
LR YRt Cae M SOt e 51l
Teemey
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3

35A ALTERNATOR

55A ALTERNATOR

@ CURRENT OUTPUT TEST

Ammeter

Battery cable

Ammeter

Battery cable

NOTE

If the fuel injection pump or a fuel injector is
suspected, have it checked by a diesel en-
gine service shop before purchasing re-
placement parts.

When troubleshooting the fuel system, refer to the fol-
lowing symptoms and possible causes:
1. Engine will not start—Check for an empty fuel tank,
incorrect fuel or water in the fuel. Bleed the fuel system as
described in Chapter Seven to be sure that fuel is routed to

the fuel injection pump and to locate any restrictions, such
as the fuel filter, or defective components, such as the fuel
transfer pump. Check for proper operation and adjustment
of the speed control mechanism, including the stop lever.
Refer to Chapter Seven. Check the fuel injection timing as
directed in Chapter Seven.

2. Engine stops suddenly—Check for an empty fuel tank,
incorrect fuel or water in the fuel. Bleed the fuel system as
directed in Chapter Seven to be sure that fuel is routed to
the fuel injection pump and to locate any restrictions, such
as the fuel filter, or defective components, such as the fuel
transfer pump. Check for the proper operation and adjust-
ment of the speed control mechanism, including the stop
lever.

3. Engine speed decreases unexpectedly—Check for wa-
ter in the fuel. Check for a clogged fuel filter element.
Bleed the fuel system as described in Chapter Seven to re-
move air in the fuel. Check for clogged or defective fuel
injection pump or fuel injector.

4. Engine will not run under full load—Check for a
clogged fuel filter element. Check for a defective fuel
transfer pump. Check for a clogged or defective fuel in-
jection pump. Check the speed control mechanism.

5. Engine misfires—Check for water in the fuel. Check
for a clogged fuel filter element. Bleed the fuel system as
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.

Drain plug A T

as

! Fuel leed pump

-
]

FUEL INJECTION 5YETEM

BT O

4 .,:_.—_F
L7 4
‘; H}'k“ 5"?
. @.‘-_?' L
Fualliisr —— |
._.
Fual
I berr——
S
Fus| mpsetin purmg —ﬁ
R

Furtl rilurs Peicpe

i
.

_.I::.

w3 Hiigh presaurs fual pypa

hesen e i Chapler Seven o pemgae i in Juel. Check
Mor sn clorgped an e fenvy Tl mpecton pemyp oc fuel in-
et

FEARA TN
ol siaien weld peclectiove oo wlen
perfovemie e et e eehire Dhesed ige -
Jedzoc et st il aafitoenl face Teooene
S Mie ahit e -::l_l'.i.'a.-' AN T rofvel
o Faand e d £ TecTPew firea ol bued,

Toeodewtile a Toaley Foe] iogecsn v ool lieder -
awnss hewvsen the Twel Dajecter toel e wn & b the cogame
ruaning o reduce Tuel pressene Jonly sliedn wscwing
requited j. [ the crgaine rans socse, Qe mgectin i upcat-
i simwslicrorile, IF the eagioe rwng Bee samee. e ingeeus
of The Tzl injectiom pump is mow operating poopoerl s 40 nn
el appears audse tuel line, the Z0cl injecoe pomp s -
Fievrive.

6. Exprne dneeha—Check che fuel incection ponp nmange
25 described in Chapior Seveh, Check fonaode leciwe el
injeci-on pamp.

COOLING 5Y5TEM

Tl e miay b gmpnippnad @b o sewvaiter conling
wlestoA o freshwaler wophng sysivon Refer 1o Chapler
Eivh tir idenoaccation armd e senplion of The coasling syes-
wim.

Frgine Overhesling

A probbent i Hw cooling sestent peneralls causes e
wire s gt e hewsver, ether engine problems can
itlear vause uneTheime, Mol the possikle cawses in the
Fealloew g 11t
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Lad
n

P e rononn deive Bl teaeepn (G asiele) oy
dreee bell events the cirealating pump Arom aperalimge il
thy pope ~peed

2 Lo B or pepe cenrcfonia— A0 may be drivwn
ki ghy stgmn side ul'the sysderm.

L W e dotecivy rster pasps—»A woel of defmgriee
pump may not provvole scfeient cooling water.,

4 Dt oafige soaten Dichris an the eonling system
provents adeciie hest breler W e conling waner,

A Dy o o d taeensasali— A delective ther-
mwsac may sty clased ur e oper saffcienly oo llow
bt waier 1 louve The empme. An el Lk itieeina
may open al L empera e Eigher than specilied, duwenehy
Farsing [he comperingms ol e cashing seater in the engine.
Comversely, i fhe rravilal daal -Rives cqe2n annel Jonzan'Llose
8 W Taliy £ 305 |ew I mperiiun w 10 canse 1he urLg_iru: L2 mun
at less Huan syplimun empoerslin e

ENGINE EXHALST SVOKE

The eagire should emit codocless exhaust ke ar
wirieke Lvat Appedrs o o han o hght bicee F5 iy 4o
st drmnke is bluck. while ar bloe. ar: enprine protler

LTI EN

Moy S imdaks

Bluy cxhaiust srmwky qchicates that ail o bocning duriag
Lhe vombusticen progy - Lok Ton a cordativn thiad alloyes
oil 10 =ntzr the vombysioon g anler, awch s 3 bioken pis-
lon. braken or slwck pston omgs, o Janeaeed cyplioder
aal | wnm vihegs ar pades, o deleehive clraikedss L ent,ar
an overhilled ool spmp

White Smnke

Elbrwred fuel cduses whale exhast smeke Tl un-
harued fucl may ke dwe o retarded el injectwn larng o
ISUETICienl COmpression  pressune. Low sompressiom
pressl e iy e causcd by a damiied cvhmelr gisk=t,
hrashoen pisin Tings. leaking vabves ar incemmestly acsied
wiblves, R, wnbamed foel may be due su mcenes il
Clow eeane ratime 1 or & defoceee najacior

Mot
rhipile ek Rl il fnt e 1 Ol
Jearkergsy Sndo e ool ol

Rlack Smoke

Mlack cxhaost anoke resulls teem exeess fucldnchy Tho
form sl when buried. Cither exeess tuel or msuilicion!
:|.i|' LH Y, R TR hlack ke, Sonme t1l2r55l|:l|:: CaUSes a5 de-
Jageteye Tyl ||:|j¢|.'l'i|.|r| 1ALy, TRHET jl'l]'l'.‘l:"l-.'.'lr spray patem.
low imwclion npeniog o essoes. <logged wr indake. re-
sIPeedd o ol Svarean of Lok COIPHSSI0N PROARURS.

EMGIMNE NOHSES

Chlen the Nrstevidbenee ol a infcinal eneinge problent is
a strongee neise. That kovckiwg, clickasg or Lappine sound
never beimd bxfoee oy e warnang of impending irackle,

Welile ongine wises can irdicale problents thay arg
dilMicoll o weerprel comessly: mexpenenced mechanes
can [ serivas o misled by the,

Remember that thesels ane pueh ocpisaes U gasulige
EnpI Nz ared hives o noamsdd skine e, E\]Hl.‘ia”_'.' wlk:h
cold. T is ecessary 1o beurny seomsipnesd e -
mal nuases moonder o et pussailils pralleni-wsuciand
s,

I'eefessional eechames aften we & specinl sdelhoscone
I sslating, eneios bonses The hene mechoms can dao
rcawly as werl |l weith = sounding sLlick. which oan be anord-
nary piece ol deescl. a lengeh oT irasm handiz o 2 seclion
of senall sz, Place ane ond ancomasn with dhe aney in
aquestint imed the plher end near dhe 231 b hear soumds em-
arialimg, Tieny (haat arca. Theve voe many sltranpe sounds
cearre T even o normal cogine. 1 possiele. hnee o
caperaenced nreclhabee belp sort ol e aoises.

Clicking rr Tapping M olsoo

Clicking ur tappiag s usually come from te valve
trcim amel indicate et e g v valve cloaranee. A stickine
vih = muy Al Snwed ke & valve with cxeeseive Clear-
amece. Inowdiditiong, exeedaive wecar dn valve fenn compo-
Menls pan cause il 2o 110 525

ﬁ,nu-l,:ki:rlg b

A hemoey dull knneking 1 osoalle cawsed by 2 wom
neun bearing. The i 5 lowdest when the eog:ne s
wirk:ng hird, anch ws aczeleratiog at low speed. [ois pos-
zthde 1o il the eewlle oooa single bearng by disabling
11 Fuae| injeuhlr.a v realiicyhiaeden en gioes e at a tine,
By dieabling the fucl mj2einr oeaccsl the beanng. the
knok, will by reclnced ur |.‘|i:'u.:||:'||:'||‘:ar.

Worn conecciing, rod bearines may abso preduced a
kioick, 1wt che auund s wsaally more melallic. Ac with a
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miati bearing, e wise 15 worse during acceleration. Tu
may Eeecase in rangibion frum acceleration K coasiong.
Drisabling the Fuel irpwetors will help solats 115 knack as
wall .

& clerle Enock or clicking usually indicales a wnrm
pshon PIm. Chsuarling fuel injeciora ot
rivblivylmderenggines will 1solatz chis to 3 paricular pus
tm: Purwever, the notse will dncrease when the affected
resle o4 reshed

A loase Thvwheel and excesawe evankszhafl end play
alsn prglyce knocking noses While similar tomain bear
ing el s, they ars wsually imtermmitiend, hol conatant, and
thew b med change when fucl ijeciogs ale disabled. 1)
cian-gd by g towse 1w heel of coupiing, the noase i geaer.
4lly heard at Wlle or during rapid deccleeation. 1L is a gooxd
idlea o Techeck Hywheslooupler Bolt torque wiengver x
cessthle

Zome methanics oomfuse piston pin nease with prsian
slug (excessive pision cleasance). The double knock will
distinguish prslen pin poise. Piswan slap will alwavs be
Huader when he engine is cald.

ENGINE TRCHIRLESHOOTING

These priwedures assume the starler cranks the engine
Loeer normal v, H not. redet 1a the Starndz Spsivar seciom
ar s chiger

Enpime Will Mot Stant

This can b caused by (he fwel syslem or by insufficiem
carngnession presiure Beler B drowbleshooting in e
Fae! Srsiem section of ches chapler. Refer by Chaper
Theee arl check vilve wdjustment. Check for low com-
PHE<siun pressure by perlorming & Compression pressune
check as descerhed 1 Chipder Three. Repatr the cogine as
requived e nhcnn e Comrec cmpeessIon pressone.

Engine Misses

Tlhis car ket caused by 1he fiek sysiem. Refer o rouble-
showdng o the Fued Sywsen section of (his chapeer
Slicking umake ¢ exlaust vidves can alse cause the &n-
gine wonizsbne,

Fagine Stops Suddenly

Thiz con b coaused h'_l,- |.'1||Ei|1-r_" SRR, T PO RITIOT nal-
funclion o a probleo in e fuel system, Atlempt (0 star
the engine 1o deseimine il the enging rotates freely, Refer
1 Chepeer Tlhee o chock governer adjusimens or o

Chapter Seven o repair the govemor. If 2 fucl sysiem
problem is saspescied, refer 100 roubieshooting i the Fraed
Spanten section ol this chaier

Enfime ¥ill Nol Run Linder Lead

FEifer 1 teaulzleslwasting 0 odhe i) Braten seciion
this chapre.

Lare £061 Pressure

Low engine ol pressare nay by cansed by Ieakage in
the il cirpust, cxcesaive Braning cleurancs. a clagpad il
filter, a loose oil regulatar valve ar ingormect wl seosiy,
Low gl pressure miny also b caused by engine overheat-
mg or Ol dilution by Fucb e crankee,

Werify loow ol prossure by performming ke wil pressure
tes] described in tas chapler.

[Enhie ging is cwerhauding. refer o Uoublesboutieg n
the Ceweliag Seshear seetion in dhis chupaer.

COOLING SYSTEM

The temperaiure wanung bamp should signal cooling
crsicm problens, befiore there 1w any damage. 11he ongiese
i< stopped at e first indacaticn alircukle, sericus damags
is unlikely.

Witk stadacd couling syswems o which seawanen s
draw s Bue cogine, grrcnlated and then expelled, coul -
ing syslen puioblerns are gerrally mechinical-—4 defee-
ve puinge &1 thenagaln, i losase or broken diece Bl a1
passages Plugged wile comtam maton.

Chinsed] conrling systems ane more comples i Uit ey
usc @ heal exghanger, which ranslers heat o de cngine
Cosalanl I seaveater without the fwas coming v contae,
The closedl pugtion ol the ceeling sysiem s prosswized
ikt db ot e coolimy systemb and cees g 50050 wixa
wre of ctlhylene glyool anliteeze and pure snlt boarer,
Check this systan penudically b make sore itcan lkld
Pl esiune w0 13 pai,

Hea exchangers used in closed cooling systemscnl o
aalt, Tare smd edher comtaminants in thesr passages. lesd-
g 1y @ grshal decrease in ooolimg ethcicney. For thiy
fedsdnn, thiy shuudd be remuoved every 1% yeans and The
seadaler piveages clEimed with a wire brush wied com-
pessed air

LUBHRITATIIN §¥Y5TEM

Refer e Fliguree W Flewee 11 amd Figuee 12 for lubri-
calice syslon diagrares. & nelur iype ol pamporeceiyes nil
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LUBRICATHIN 5YSTEM
(1GM AND 1GM10 MODELS}

Val'e rmshAT Arm Sy

Yohre racker anmm

Il
Gl prasaure
ragulator valvl

A
Lubrkcahing o pump

R

T~ Lubrkeaniing ol Bustin pipe
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LUBRKCATION SYSTEM
{20M AND 2GM20 MODELS)

Suctlan pipa

Tocpes 7 m@
¥

CWl pracagderg awllch
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LUBRICATION SYSTEM
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JHM AND JHMZS
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CHAPTER TWO

from a pickup located in the oil pan, then forces oil to the
necessary engine components. The oil pump is driven by
the crankshaft gear.

An oil pressure relief valve regulates oil pressure at
300-400 kPa (43-57 psi). When oil pressure exceeds the
desired pressure, the relief valve opens and expels oil into
the timing gearcase. A low oil pressure warning light on
the instrument panel and a warning alarm buzzer activate
if oil pressure is below 9.8 kPa (1.4 psi).

Refer to Chapters Five, Six and Nine for service proce-
dures.

il Pressure Test

The engine is equipped with an oil pressure warning
light and alarm that are activated if low oil pressure oc-
curs. To verify low oil pressure, perform the following oil
pressure test.

1. Disconnect the wire lead from the oil pressure sender
(Figure 13, typical).

2. Remove the oil pressure sender.

3. Connect a suitable oil pressure gauge.

4. Start the engine and note the oil pressure reading at idle
and wide open throttle.

5. Compare the gauge readings with the specifications in
Table 3.

Table 1 ENGINE TROUBLESHOOTING

Trouble Probable cause

Correction

Engine cranks slowly
Faulty starter motor

Engine will not crank Discharged battery

Battery faulty or low charge
Incorrect engine oil viscosity

Corroded battery terminals
Loose connection in starting circuit

Charge or replace battery

Repair or replace starter motor
Replace with proper engine oil
Charge or replace battery

Clean terminals

Clean and tighten all connections

Engine will not start

Engine stops suddenly

Defective starting switch
Starting motor brushes dirty
Jammed starter drive gear
Faulty starter motor

Seized engine

Empty fuel tank

Dirty or plugged fuel filter
Air in injection lines

Faulty fuel feed pump

Faulty fuel injection pump
Faulty governor

Misadjusted controls
Improper fuel injection timing
Poor valve seating

Damaged cylinder head gasket

Worn or broken piston rings

Empty fuel tank
Air in fuel lines

(continued)

Replace switch

Clean or replace brushes

Loosen starter motor to free gear

Replace motor

Inspect and repair

Fill tank with proper fuel

Clean fuel filters

Bleed air in injection lines

Repair fuel feed pump

Repair fuel injection pump

Repair governor

Adjust speed and stop controls

Adjust fuel injection timing

Check for broken or weak valve springs,
warped stems, carbon and gum deposits
and insufficient tappet clearance

Check for leaks around gasket when
engine is cranked; if a leak is found,
replace gasket

Replace worn or broken rings; check
cylinders for out-of-round and taper

Fill fuel tank

Bleed fuel lines
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Table 1 ENHME THOUBLEIHOOTIMG {&onlinued)

Traubds

P by it

iy R

Engina stops suddendy (continusd}

En{end &|cwa Leg e iddly

E reera w11l e rum under fisl kot

Engine ket

Lo 0al (b sE#whe

Gawerncy rliurscilan

Engine aslasd

[heariuac

Fuei filtar or iunl mnes clogged
Alr i | gyaiem

Wakar in Tisgl

M| sad|usled govemar

Fidkam or Badting Saikurs

Clopgped fued Hitar

Faully fusl (&g gumgp

Wi Tuld| Spercd ROa Pt TR
Extmpsyd Baaring «laarancs
Lonaw 1o Boll

LoGqss Mywhes or couplmg bott
Incorres Anjesbion timing
Erxcoasiva hml injected it cylndss
O laaks

Excagmiva baaring closmn e
Clogged ol filtes eloment

Faulty ol prigsirs feguinicr vslve
Loy ol vl gl by

FlREuEir [ o o Mo

InBpHeCE @nd AgEr

Lipcrdg camge for avaromnd and reciiy

inapacl snd vnclog or replecs

Bleed g6 [m lua By Bk

RamOve watar

Adjust governor

Fhvpupsar £ BrTel 381 COMBRAREE : cadarmine
CaLILE

Chators fumail MMy

Rapahr Tiss| e pHIMp

Fepeir &of replace iusl Injecllon pump

Ingpsct gnd sapedr

INgpact Rnd rqgadr

Tightmn balt

Adpet timing

InBECE fuse| indectatny Pl B0d Rgeciors

IngparCt pnd rappds

Inapact ane rapeds

Chasn or ripdace (IR marnent

Aepaly ol presaine ragUl sl vishe

Fuplpcs ndl; check for dllulicn cus 10 iud
Imaking Inbo crankoe=za

Crumshay aling Oirty cooling syaimm Flush coling sysiem
Faulty therbaosist FAeplace thermoals
ImaUf sl oot e Chack wale pump. chack for blockags (n
wyalmm
Inzuificant coolem in chozed systam Fill whi propar coclani
Alr animrng syeiam Chech for Iooss clamps and damaged
M EE
Takls 2 ISTARTER MOTOE HO-LGAD SPECIFHEATIONS
hincios | Yella MEN. EMparape psod (rpm|
aHM, AHMF_ AHMIS 12 || A0 o Rlghsy
Al eabes madebe 12 =] T or hlgher
Tahia 3 ML PFRESSLAE
At 50 rpam
Al mmaiec | £ Ml KFB T paif
Rl A rpm
SHM amge 3HRES 2001 kiFa (4358 pxl]
A1 IEHY rpm
all maoednln

ercapl FHA aved HMIS

D000 WP (93-SR pl)
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Chapter Three

Operation, Lubrication, Maintenance
and Tune-up

Aodiene] cmine maed baee clews air, Twel, wiwd ol Regu-
lar preventve mamenanee aod proper ol wation sl
pay dividends io longer crgine and ransmission life, as
well a5 safer boan nperarion,

The hibrigiuion sl mamignanes miemsals providesd
Table 1 are there recommensled for normal opemtion 11
the boadt is wsel nrpder contingess beavy dugy o1 odher se-
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5. Start the engine by pushing the start button. While en-
gaging the starter, move the decompression lever to the
COMPRESSION position. The alarm lights and buzzer
should go off.

CAUTION
If'the alarm buzzer or lamps remain on after
the engine starts, stop the engine and deter-
mine the cause.

6. Move the speed control lever to the MEDIUM SPEED
position.

7. Allow the engine to warm for approximately five min-
utes before applying full load to the engine.

STOPPING THE ENGINE

Note the following items when stopping the engine.
1. Place the transmission in neutral, then allow the engine
to idle for five minutes before stopping the engine.
2. Momentarily raise engine speed to blow out any resi-
due in the cylinders, then pull the engine stop knob or le-
Ver.

CAUTION
Do not stop the engine using the decompres-
sion lever. Doing so may leave sufficient fuel
in the cylinders to damage the engine when
started.

3. Close the seacock. If ambient temperature is below
freezing while the engine is not running, drain water in
cooling system after engine has cooled.

EMERGENCY ENGINE STOPPING

To safely stop a diesel engine when the normal stopping
controls are inoperative or ineffective, block the engine’s
air intake. A flat plate is desirable if it will adequately
cover the opening. A rag may also be used, but do not al-
. low the rag to enter the engine.

POST-OPERATIONAL CHECKS

Perform the following maintenance after each use.
1. If the boat was used in salt or polluted water, flush the
cooling system with freshwater as described in this chap-
ter. This will minimize corrosion and buildup of deposits
in the cooling system.
2. Disconnect the battery cables from the battery, nega-
tive cable first. Remove the battery from the boat to pre-
vent theft, if necessary.
3. Shut off the fuel tank valve(s).

4. Top off the fuel tank(s), if possible. This will minimize
the possibility of moisture condensation in the tank(s).

5. Ifwater is present in the bilge, either drain it or pump it
dry.

6. Wash the interior and exterior surfaces of the boat with
freshwater.

ENGINE MAINTENANCE AND LUBRICATION

The maintenance tasks discussed in this section should
be performed at the intervals indicated in Table 1. These
intervals are only guidelines, however. Consider the fre-
quency and extent of boat use when establishing the actual
intervals. Perform the tasks more frequently if the boat is
used under severe service conditions.

Engine Oil

Engine oil designed for use in diesel engines must meet
specifications particular to diesel engine operation. The
Society for Automotive Engineers (SAE) specifies the
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motor oil and waste haulers provide curb-
side used motor oil collection. Do not com-
bine other fluids with motor oil to be
recycled. To locate a recycler, contact the
American Petroleum Institute (API) at
www.recycleoil.org.

The oil filter is a disposable spin-on type. An oil filter
wrench can be used to remove the filter, but do not use it to
install the new filter. Overtightening the filter may cause it
to leak.

The installed angle of the engine affects oil level in the
crankcase. To assure that the oil is drained and replaced
properly, perform the following procedure with the boat at
rest in the water.

1. Start the engine and warm it to normal operating tem-
perature under load, then shut it off.

2. Remove the dipstick and wipe it clean with a lint-free
cloth or paper towel.

3. Insert the oil drain pump hose into the dipstick tube as
far as it will go.

4. Insert the other pump hose into a sealable container
large enough to hold the oil from the crankcase. Refer to
Table 3 to determine the capacity of the engine crankcase.
5. Operate the pump until it has removed all of the oil
possible from the crankcase. Remove the pump hose from
the dipstick tube.

6. Place a drain pan or other suitable container under the
filter (Figure 5) to catch any oil spillage when the filter is
removed.

7. Unscrew the filter counterclockwise. Use the filter
wrench if the filter is tight.

8. Wipe the gasket surface on the engine block clean with
a paper towel. ;

9. Coat the neoprene gasket on the new filter with a thin
coat of clean engine oil.

10. Screw the new filter onto the engine by hand until the
gasket just touches the engine block. At this point, there
will be a very slight resistance when turning the filter.

11. Tighten the filter another 2/3 turn by hand. Using a
filter wrench can lead to overtightening the filter. This can
damage the filter or cause an oil leak.

12. Remove the oil filler cap or plug from the rocker arm
cover. See Figure 2 (single cylinder models) or Figure 3
(multicylinder models).

13. Reinstall the dipstick in the dipstick tube.

14. Refer to Table 3 to determine the crankcase capacity
of the engine. Pour the specified amount of oil into the
rocker am cover opening and install the oil filler cap or
plug. Wipe up any spills on the cover.

R
S
E” §w5§§ e
i

NOTE
Check the area under and around the oil fil-
ter for leaks while the engine is running in
Step 15.

15. Start the engine and let it idle for five minutes, then
shut off the engine.

16. Wait approximately five minutes, then remove the
dipstick. Wipe the dipstick clean with a lint-free cloth or
paper towel and reinsert it in the dipstick tube. Remove
the dipstick a second time and check the oil level. Add oil,
if necessary, to bring the level up to the full mark, but do
not overfill.

Fuel System Service

Diesel fuel injection systems require clean fuel that
meets the fuel requirements specified by the engine manu-
facturer. Due to the close tolerances required in the fuel
injection system, diesel engines are particularly suscepti-
ble to dirt or other contaminants in the fuel. Use only clean

https://www.boat-manuals.com/



OPERATION, LUBRICATION, MAINTENANCE AND TUNE-L T 47

@

Oxlng

Firlwt stermant

Cankbar

Ratamang ring

Fwel and ruowntaon che el iler and fuel syslem compo-
nents o prevent & fuel avsoen malfunctiea.

FEL RN
Servaen forr hozeedy afnarvy cxsed croand
el et Pl ot wliean cimy veekeng 0 o
ek e Jued 1y gaeeent ARy Sreree o e
ety reted fer el smed ofectneead
Jtrew, um e wlen sfuedig or acevneang
TR TR RS PR O FIYT R T T

Frpel ireey

Perudawial 1y inspect all duel ires tor eakagre and dam-
HIJ Heplivy ur 1|ght|,-n R 4T [ TR RS 'rrn;||,|1n;:|_1_ The neH
eErl bl s I11r|n|:: I ey hstop leik; -:r'.::rllghll;'mng
nmay |L’|.1r|.’||]:|:-|‘: 1hr |I1!II'IE Hhreags orthe el o s:aling Qaf-
Fcres

Sor thal epders che fuel £ystem dwe 195 daoeagcd fuel
e or loase connection meay cause the cnmine b missice.
Blezrd the fusl sysdem as doesenbed i chic chaprer.

Fuel friter

L-EiJL,E_ clean fuel maimaining Uw: [l syrslee are
eatremely importane when aperating a dizsel engine. Dhie-
sl fugl, 1 addstion ko is obvicus Kinction as fuel, pro-
visles lubrcimaon for vanows components of ihe inpection
syueem Due 10 clese operanng Loleranees, diry Bl cpo
couse mojar damage 1o e fwel oyection pmpe ad imgec-
1wrs. The enpine i cquapped with a fued Tl (Flpone 4,
wwpacal) o cemove diet Eromn che el helvwe i catens e
lw=] impeclisan punip.

After CWETY A e -:‘:-Fllprri'lllun, of e Irm_]l_u,'nll_'_.' iIF
nocessary, remave and disasseinhle the Pyl Her and
clean e inside of e fuel bowd aned Tiler @lement, The
fileer body comnaing aeplaceahle element Replage the ol-
ement afier every 280 luts of operntion ot mare Fre-
gquently if did clogs the elemam after Tewer hporg of
operanon. [Eisa gond pracnce o replace the tuel Nler ev-
ety scasen of iFhe ehzane has nel heen nperated loron ex-
rended poricd.

L ATE
Tire Sraxs mwy by agaeppea adel aredalieioe)
fuel filders, Be nere o clear and madalring
v filters aoe ordimg do the monafoctarer &
[ fr N AT

MR
At e et sueoloar B PRadrgRoe o
prerery geafect e creine, oot L a
MR drdlersSin Bar s crperioken with
cllaneizd :'.l.'gl'.uq'.\' l|'.::-.l'_,"i-.n;'l'_.".h'l'.g'r' PSRRI -
fiirns.

Recer 16 Figure 7 when wiing the tollowing psiocediire
1 clean the filler oF replace the e eleane .
I. Mositwn a recepliccly orader the Gher b catch spilled
fuel.
2. Ungcrew Lhe retwinune cing amd remose e camesie
and T element, Sole chd che O-ring oy remdic v
Filter bxely or on the coniseer.
. Rewaoee the elemvene femm e camstere, 5oy or game-
aged, discard the clomcm.
a4 Clesm i canisser n clean diessl Fuel,
5 Inseoldthe filees elepacnn in e camisntr.
A Ingtalla amw Oorine un Mg vimister,
T Imstall the camsler on the fileer boddy. then install b ne-
tiiner nmp ardd fghten i1 hand-1igi.

https://www.boat-manuals.com/



CHAPTER THREE

8. Loosen the air bleed plug (Figure 8) on top of the fuel
filter body.

9. Make sure the fuel tank valve is open, then operate the
primer lever on the fuel transfer pump (Figure 9).

10. Operate the lever while observing the fuel emitted
around the bleed plug. Air will be emitted along with the
fuel. Stop operating the lever when the fuel is free of air,
then tighten the air bleed plug.

Bleeding air from the fuel system

Whenever air enters the fuel injection system, such as
when the fuel tank runs dry, components are replaced, or a
fuel line is damaged or disconnected, bleed the air from
the fuel system to prevent engine misfire. Refer to Chap-
ter Seven for the air bleeding procedure.

Air Filter

An air filter (A, Figure 10, typical) removes airborne
dirt and debris. Within the air filter canister is a reuseable
polyurethane filter element. Clean the filter element after
every 250 hours of operation or more frequently if the en-
gine operates in a dirty environment. Inspect the filter ele-
ment before each operating season to be sure it is clean
and undamaged.

Use the following procedure to remove and clean the
filter element:

1. Unsnap the filter canister retaining clip (B, Figure 10)
and remove the canister and filter element.

2. Separate the filter element from the canister (Figure
11). Note the mesh cone inside the foam filter.

3. Inspect the foam for holes, tears or other damage. Dis-
card the foam if damaged.

4. Clean the foam filter and mesh cone in soapy water. If
the foam filter cannot be cleaned, discard it and install a
new filter. Let the foam filter dry.

5. Reassemble and reinstall the filter by reversing the re-
moval procedure.

NOTE
Be sure the intake tube (C, Figure 10) of the
canister points slightly downward and not
upward, otherwise, water can enter the tube
and run into the filter.

Drive Belts

Inspect all drive belts at regular intervals to make sure
they are in good condition and are properly tensioned. Re-
place worn, frayed, cracked or glazed belts. The compo-
nents to which they direct power are essential to the safe
and reliable operation of the boat. If correct adjustment is
maintained on each belt, all will usually give the same ser-
vice life. For this reason and because of the cost involved
in replacing an inner belt (requiring the removal of the
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outer belt), it is a good idea to replace all belts as a set. The
added expense is small compared to the cost of replacing
the belts individually, and replacing each belt reduces the
possibility of a breakdown on the water, which could cost
far more in time and money.

Make sure the drive belts are properly tensioned at all
times. If loose, the belts will not drive the driven compo-
nents at maximum efficiency. The belts will also wear rap-
idly because of the increased friction caused by slippage.
Belts that are too tight will be overstressed and prone to
premature failure. An excessively tight belt will also over-
stress the water pump or alternator bearings, resulting in
premature failure.

Alternator drive belt adjustment (models equipped with
seawater cooling)

1. Check alternator drive belt tension by depressing the
drive belt at the midway point on the belt (A, Figure 12).
The belt should deflect approximately 0.4 inch (10 mm)
with moderate finger pressure.

2. To adjust alternator drive belt tension, loosen the alter-
nator retaining nuts (B, Figure 12), then reposition the al-
ternator. Retighten the retaining bolts and recheck belt
tension.

Alternator drive belt adjustment (models equipped with
[freshwater cooling)

The alternator drive belt also drives the freshwater cool-
ing pump on engines so equipped.
1. Check alternator drive belt tension by depressing the
drive belt at the midway point on the belt (A, Figure 13).
The belt should deflect approximately 0.4 in (10 mm)
with moderate finger pressure.
2. To adjust alternator drive belt tension, loosen the alter-
nator retaining bolts (B, Figure 12), then reposition the al-
ternator. Retighten the retaining bolts and recheck belt
tension.

Seawater pump drive belt adjustment (2GM, 2GM20,
3GM, 3GM30, 3HM And 3HM35 models)

1. Check seawater pump drive belt tension by depressing
the drive belt at the midway point on the belt (A, Figure
14). The belt should deflect approximately 0.24 in (6 mm)
with moderate finger pressure.

2. To adjust seawater pump drive belt tension, loosen the
screws (B, Figure 14) that retain the water pump mount-
ing plate. Reposition the plate to obtain the correct belt
tension, then retighten the bolt and nut. Recheck belt ten-
sion.
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Sacrificial
anode

sure. The reed valve closes when the piston moves up in
the cylinder. This creates a negative pressure in the crank-
case, which helps the piston rings seal against the cylinder
bore. A hole in the breather chamber routes oil back to the
crankcase; however, excessive oil will pass through the
connecting tube into the intake port.

On 2GM, 2GM20, 3GM and 3GM30 models, the
crankcase breather is located on the rocker arm cover. A
labyrinth system separates oil from the crankcase gas. See
Figure 16. A hole in the breather chamber routes oil back
into the engine, however, excessive oil will pass into the
breather tube to the intake port or intake manifold.

On 3HM and 3HM35 models, a mesh assembly on top
of the rocker arm cover separates oil from the crankcase

gases. See Figure 17. A breather tube routes the crank-
case gases to the intake manifold.

Anticorrosion Maintenance

The engines are equipped with sacrificial anodes that
provide protection against galvanic corrosion. Sacrificial
anodes are relatively inexpensive and easily replaceable
components that provide adequate corrosion protection in
most situations where light-to-moderate corrosion condi-
tions exist. Anodes are made of a highly active zinc alloy.

Check the condition of the anodes periodically and fre-
quently. Replace any anode that is corroded to 50 percent
of its original size.

Engine models 1GM and 1GM10 are equipped with a
single sacrificial anode that is attached to a plate located
on the cylinder block (Figure 18). A threaded type sacrifi-
cial anode is used on 2GM, 2GM20, 3GM, 3GM30, 3HM
and 3HM35 model engines. One anode is located in the
cylinder head (Figure 19), and one anode is located in the
cylinder block on 2GM and 2GM20 model engines (Fig-
ure 20), while two anodes are located in the cylinder
block on 3GM, 3GM30, 3HM and 3HM35 model en-
gines.

Proceed as follows to service the sacrificial anodes:

1GM and 1GM10 models

1. Drain the cooling system.
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CHAPTER THREE

2. Unscrew the mounting plate (Figure 18) and remove
the sacrificial anode (Figure 21).

3. Use a wire brush and remove corrosion on the anode.
Clean the mounting plate and mounting surface on the en-
gine block.

4. Inspect the anode and compare it with the dimensions
of a new anode shown in Figure 22. Replace the anode if
dimensions are less than 50 percent of original size.

5. Install a new gasket on the anode (Figure 23).

NOTE
Do not apply any sealer to the anode mount-
ing plate or to the engine block. Sealer or
corroded mating surfaces will prevent good
electrical contact, which is necessary for
optimum anode protection.

6. Reassemble and reinstall the sacrificial anode in the
engine.

2GM, 2GM20, 3GM, 3GM30,
3HM and 3HM35 models

1. Drain the cooling system.

2. Unscrew the sacrificial anodes in the cylinder head
(Figure 19) and cylinder block (Figure 20).

3. Use a wire brush to remove corrosion from the anode.
Clean the threads on the anode and in the engine.

4. Inspect the anode and compare it with the dimensions
of a new anode shown in Figure 22. Replace the anode if
dimensions are less than 50 percent of original size.

5. Install a new gasket on the anode (Figure 23).

NOTE
Do not apply any sealer to threads on the
anode or in the engine. Sealer or corroded
threads will prevent good electrical contact,

@ ' SACRIFICIAL ANODE
ORIGINAL SIZES

1 GM AND 1GM10 MODELS

St

20 mm
(0.80in.)

e il

20 mm
<+ (0.80 in.)™;

2GM, 2GGM20, 3GM, 3GM30, 3HM
~ AND 3HM35 MODELS

-

f 7 ' Y
20 mm
(0.80 in.)

v L A

30 mm
* ooin) L

which is necessary for optimum anode pro-
tection.

6. Reassemble and reinstall the sacrificial anode in the

engine.

COOLING SYSTEM

Refer to Chapter Eight for a description of the two types
of cooling systems that are used on the Yanmar marine
diesel engines covered in this manual. A freshwater
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CYLIMDHEN BLOCK

@ ANODE MOUNTINGS

13M AMND 10M10 MODELE
e Flange

W oon

DON, TAMZ0, JGN, JOMIT, JHM ARD IS MODHELS

Lockwaahar

Maurting plug

\0@{ m

CYLINDER HELD

(chosed) cooling swslem regaires addilional masnbenance
due bo the lecshwater pottion of the system, which in-
cludes a freshwater pump ard may include an onlfreeze
miLsture,

Sexvater Cilandard] Cooling 3vatcms

Flushimgr The uieme

Flushing prosedire; may dil¥er depending wpon engine
rpstallaticon anyl the locapon of the wawgr pranp Fegand-
I#ﬁs I.I'.| [HI.'IIIII‘ II.H:H[H.:'I'II !_'I.JI_'IH'IIK 'ﬁi:l.lEr |'|'||..|$t .Hl'l'-\'ilr.ﬁ 1..“".:'.1'
late shrengh e waler pump whemevier the engne 1%
runesny Ly prevent daenage 14 e punp irnpr_'lh:r L0 mewd=
el equippe] with a glosed copling svswem, both painps
st by spplied with cupling wateT.

The following procethure provade sieps o fush e
Sk g sysiern ol engines eguipped with a seasigr cooh
g sydlem a5 well as the weawater porfion un emgmes
equipped with a clnsed oonding sysiem. This prscedure

may be veed for mest ongioes, butmodificasion of Ue: pro-
codhure mey be necessary Tor sodte anstellacaos,

I. Metach the iplgt hase from the water pump.

. Conneel o hoee from a waler lap o the tnlet of the wa-
1er pumg.

3. ﬁFH:n the waler Lap.

4. With the trancmission in newicat, sian the engine end

run &1 nermaol 1dle wntil dhe engine reaches normal operar-
ing temperatre.
5. Dbsorve the water being fushed frons the conlimg sys-

fem. Whew the flow iz elear, shu the engire ofl thes shu
off sbie water tap.

6 Eeconmaed the inlel bose ka the sester pump.

NOTE
Reter to Chapter Right to flush and wofill the
Frethwyrter partion af o closed conling 5r-
Ped rbe B g vicr e Ry exchirnges;
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CHAFTER THREFE

Freshwaler (Closed ) Codling Svstems

faspaciion

RN TG

Hhen perfaraung owy seevicr warl on e
LHUEC 32 CUONRE BRI, NEVeE ittt e
peensyse (T cap oA e EVAGKET wnRiiod
(Figure 4], Svain coadanr or discopeect
ey feeve wlkite Shee e e Feal, Neadeling
Jlued ond wrewm mer e fdewn el erder
ER A wnd couve SERy LA T

Chuce a vead, or wlenever ironbleshioumy the conling
svatenn. cleck the Sallowing neme 11 the proper ggup-
el i3 e availabrle, hove the ests perfurmed by 1 ulia-
Lo sl
1. Loosen ond remars the pressurc il cap (Figure 24}
2. Uheek the cap scals Tor wars or crwks. Check for a
Bt er desteried cap. Rinse the cap uneler w anm i widar
[ fluil aweay aow et st ur dirl partag e
. [nspecl the cap neck seal tor desws. dissouon o co-
Lamunateen. Wipes the sealing surfaes with a clean elod o
remene any rust or dar
4. Check the Mgel leve] apcl G the vestem Fnecessary g
descnbed inthe Chie Bl Coolarr sectuwon m ibis chop-
Ler.

5. Cherek all cooling sysber hoses Eor daniage oF eresico-
rafion. Replace any hose that is questionable. Make supe
all hase clarmps are tiphi.

& Check the he eschangee (FIgure 28) tor crucks or
clarmage. Servige, 1 nevessary. as described o Chapter
f'i_lllﬂ

ChoekfTH coofart (ref equipped with
FERLEIT FESCTWHEE

W B N
{3 | remiaLe ri:'f,fl'.".' SHTEENAT i r.f"fgurp
2y Jram ahe mepssunited OiRE KEatea
when ke e i o

I Laowsen ansd remevs the pressure Rl sop (Figore 243
2 Cheek the level of Musd oy e syseng, Doshoold be
Lewe] weatly whc dvesn place at tlee somwae o0 e filler neck.

AT
ELCesy R fafee rroper leved) il be
cvpelted wher connfuny repcher uperanyg
BRI PR iU

T I mxhavse mam ol s nee properly filled. idd ool -
ant. Kefer w1 Lthe Caolinr section n 1his chapler 107 proper
ciulant

Check/ P Coolunt Flgrinped B a

Remede Reserviirg

Frlor to Figure 26,
| {heck the level o the coalant sn The remodc fesenvin
tunk tFigure 26] when ihe engine 1= cold. The coolan
level should e bebween ihe marks on Lhe 1ank.

2. Hthe coalant lewe] is low, bul vhe fank i5 poc diy, add
cozlanl to the fank. Beler i3 die fallownag secomam o the
propeer coolant mixmre,

AR
Fher weat FemOTe e poessnre B cap (M iERee
241 froem the proscierived coading cveom
Wi g eepim iy kof

3 0F the cocdand Jewel is L, bat che iank by, iernve
Lhe pressure Tl cap on Qe cxliast mamDold [ Figoree 24].
Add eondant o U eshausy wamiold s i Dl replece
the cap. then vdd comlant W e 2wsAE TEs2rnir Kok 10
ihe proper Tewel.

4. Run the engane until i reaches normal sperating tem-
|eratul e, tlwerr len che Hi_lgi:m_" cucel. Hecheck The pesxplsnl
leye] an the secAunle ok .and._ irnucuﬁsil.r':',_ n.*l"||| 1|1|: remaky
1ezervonr Lank.

£oedunl

only use a haghquality chvlens wlyeol-kased anes-
Freeme designed Eoc aluminum cngiees. Mia tbhe aonlneere
with warer in 3 50030 racio, Cooland capaay 13 Listed in
Tablc 4. When mizine antifrecze wich water, use only soit
or dystilled water, Dhseilled warer can be purclhased af sw-
permmnrksis in gallon consainers. Co nol e w@p ok gal wa-
27 bepauss i will demiaps engine pars.
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FRESHWATER HEAT EXCHANGER
{TYPICAL}

Haal gxchanper

FEd Rl

I3 Ml vkt 4 ek fare fike dera 8w i th @ ke,
The coofon MLruke 15 palioiig, i’ (-

LEn TR ELEh o FEFE sl adea T thak co e

ikess, Chhserve wariidg fabels ko den-

Sreeme conraiters. Mobe shre s Jide deal el
. QMNIFACR TH A g aHd Sed bl A r sk
L wifs 0 Any sealls, Dhe ol tiore pufifreese id
Lboa o sz Aper coRreinees, Keed adefivezs oaf af e
o o FEdeR e Shitdrer and inimals,
Apmedm
el
Lok RARST S

Thur L8 o closaitied erhydene glhyeod er wn

e irvanmreatal o wesie, &y dllepal
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CHAFPFTER TIIREE

Mk it v g drqin or powr i on e
preaprd P Gt iR saitdle cunioirers ad
disrese ol i acovdiug to loeg! regelanion.

LAY
Ha -:'rm'_."un' Il fan Nl .::|'J|.rj__i"rerze tH l."ru.'r:.'pd
SECECY, S8 ey dTRApe e unTe.
Hiwk gnv spilld getifivese impefiaredy
T FAATE Wi than veese e aned Hioy-
oagchly with clecn water

Flushing qnd refitfing freshmaier coolame spsivs

Use the Following procedure 1o flush and refill the
freshwuter covlant system. Fefer to (e preceding secthon
s Tlush the seuwaler portien of a Teshwarer coolion ays-
lerm.

Eeplace the caalant in the freshwater coolant sy al
fer evary 200 hours of operation o1 annwelly, whichever
wcrure firs

CAUTIOw
FPerfeeg thy fellowing vocedite whier the
ewgiae I8 cold,

1. Hemowve the pressure Filz2ep (Figure 2d).

WITE
Frowition the dvain hoges O suliohfe contain-
LT NI R CRRAR; e JEINERE TR Cow-
arf frivor thee cochgpt manifold and engine.

1. Clpet e draon vidve at the 2nd of the heat exchanger
(4. Fipore 375 and the denn plug < the underside of the
exhausn wwani Fnkd (H).

U Unserew dhe drun plug onihe side ol the cogine block
(Flgure T4, 1vpicaf],

4 If an cxecssive pocumulation of scele is appacent g
the interigr of the copling sysem, wse an Aol ive gua ls
tng &yalem cleancr, Be sure 1o thondghly Qush o b
coaling svsiem with treshwarer aficrwad,

3. Chose the dren plog on the eslawst pganlld amd the
Arain plug vn the cogine bhsck,

BA. Enginga withowd a remsoce veservoar - Fil] the exhgist
manifold with conland. The coolan shuuld be lave] aarh
ihe icon plete al the baviicam af he fller necik

B, Engiees wenh a cenime reservinrr - Poor coolant nto
the exhaust manifeld o e s Full, Tstall the pressure Sl
cap fhen add coolast wthe einute reseraonr Gimk 1a dhe
proper Lewel.

7. Rum ol |:.|||_|I;i||r: wiali | 1t peaches nurmal r_rpcmling em-
povesure, thea kel e grpaine cool, Recheck the coalant
bevel and, if meccivary, ayld goglani

BATTERY

Inspect the electricel conmections and make sute 1hey
ure secure ond comasion-free. [Toormsiun s present atthe
termnal =ods. dedach dhe woes, clean the comesion anid
reattach. Make sure chal wires are comectly roated and
will not contact mawing pams ar douch hut (especially ex-
hilust} ports.

Rervowe the batiery vent vaps and check batiery eleore-
[yve level. Tt should he alaow 37749 in. above the ploies or
oven with o o of e e wells. See Flgure 29.
Tesnbe banery ceneditiun with a hydremetzr | Figure 3.
See Chaper Mine.
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@ EATTERY CUTAWAY VIEW

FNGINE TUME-LF

A emgelh-munning. depeplihle marne =han TR UL
than & coresmiencr A1 sea, 00 can be the JeTenene be
fwgen hite nnd death o keep 1he enping runmng righ,
Fol I a2 r\{!Eu;ilT ProgTim i proveniiey manberiese.

Far oF any preveniive mamienemse progEnem 15 o shur-
cueh cngine fwne-np. A tone-opoes e series of id ustmenls

mereseary By reskone wnd myihun mirimume powseer and
per2mancs,

Pestuno an ewgine Llug-up s me2ded o periedic e -
wil - 1 o 1Au raasanawnk enice esEurnciese, 10 the 2n-
wine 5 bsed iofegquently, prefaan: o one - wpaan bease onee o
SEasn.

A tane-wp consiztas of he Following:

1 lelprussllﬁn | ||
20 Yubve adjusiniem
3 e speed sl simend

Caralul ard accaraie adjosrnen is cracial na seevens-
ful conggie: cune-up. Fach prrosedore in ahos sectiom eaost be
porfoeimed cagely as dascnbad and in Lhe areder poeseneed

N
NG CEEIE ST, ST G AR -
et '-:'!?['('r.l' P b r.-:-.l'|]|rn_" vt e persfn T
BT AdfHENEE FATaWK 1 fig EOLCEAT IS
A These anlioaeag ey e el BE e
MG ST citi eohde B ke
SRureelt Wficeelonzeed didirtedy, Ao
frenet of T seren s afeold he preeforaef
anle A iegined porsannel Dot e o
SoEnr sl veld Pl G e e k-
ArapeEr QTR LAl il IR el -
asle'

Crinpression Tosi

Clegek Ui compaession nleivch cplinglen e ihe st si=p
Lh A TIIIIE-IJFI A Corrinessal FesD TEasmres, the LN IrE s
sen pressne il Thy engd il 1he SHPIIRC S5 sitiike 1 me-
sl cim R geend T iy t:l.'ln.:r.l.l q:':']ll'ﬂ,l-l,:r sl wial e
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condition. In addition, it can warn of developing problems
inside the engine. If more than a 43 psi. (300 kPa) differ-
ence exists between the highest and lowest reading cylin-
ders on multicylinderengines, the engine cannot be tuned
to develop its maximum power. Specified cylinder pres-
sure is 390-470 psi (2700-3300 kPa).

A compression reading that is below the desired com-
pression pressure indicates that engine repair is required
because of worn or broken rings, leaky or sticking valves
or a combination of all.

If the compression test readings are lower than desired,
isolate the cause by performing a wet compression test.
Remove the precombustion chamber (refer to Chapter
Seven). Perform the wet compression test in the same way
as the dry test, except pour approximately one tablespoon
of heavy engine oil (at least SAE 30) into the injector hole
before performing Steps 7-9. If the wet compression read-
ings are significantly higher than the dry compression
readings, the cause for the low dry compression reading is
probably worn or broken rings. If there is little difference
between the readings, the problem may be due to leaky or
sticking valves or a faulty cylinder head gasket. If two ad-
jacent cylinders on a multicylinderengine read low on
both tests, the head gasket may be leaking between the
cylinders.

Excessively high compression readings indicate carbon
buildup in the cylinder.

NOTE
A special type compression gauge and
adapter is required to measure the compres-
sion pressure in the cylinder. If the neces-
sary compression test gauge Is not
available, have a diesel technician perform
the test.

1. Be sure cooling water is connected to the engine.

2. Run the engine until it reaches normal operating tem-
perature, then shut it off.

CAUTION

Be sure to remove all the injectors on a
multicylinderengine to prevent inadvertent
starting.

3. Remove the fuel injector(s) as described in Chapter
Seven.

4. Clean the injector hole.

5. Rotate the engine to blow out any carbon.

6. Install the compression gauge and, if necessary, the
adapter.

7. Crank the engine at least five turns or until there is no
further increase in compression shown on the tester
gauge.

8. Record the reading. Relieve the tester pressure valve
and remove the compression tester.

9. Repeat Steps 4-8 for each remaining cylinder on
multicylinderengines.

Valve Clearance Adjustment

Valve clearance is the gap between the end of the valve
stem and the underside of the rocker arm. A specified
valve clearance must be maintained for the valves to oper-
ate as designed. Insufficient valve clearance will cause
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@ VALYE CLEARANGE
ADJUSTMENT |ALL MODELE)

Adiimting screw

@ IDLE 5PEED ADJUSTHMENT
(1GM AND 1GM10 MODELS]|

- L% T

tiwgh vicine operanaon and possible engane dansage. awel
a5 hore valves, Faecssive valve cleanaeee will ceduce ca-
gine perlpmmace The reenminended interval fur valve
alpusingnt 15 after svery S0 huwes of operanon. Hee-
avkr, i 05 sl preiee B check the valve clearminess
dluting v h tune-up

The chgine st be cald ahen adjwsding valee clear-
ance. Ok mulricvlindcrengines, she cylinder nearest 1he
Ay wheel s the noeber cne cylinder.,
I. Remove the rocker nrm cover as descoibed in Chaprer
Five or Sia.
2 Ohserve the ﬂg,-w||ur.'| &, ngn-:'li :|1I|rr:-u“h th# pEN-
ing i Lhe el coser, & ;,:yhmj:'r 15 al g deald center il
the ypirk aap 1l ﬂ'_-.-'-.het:l L allgng:l with the reference
puricer ¢ B on the cluich cove
1. Rodaic the crankshafl with a a7ench on the crankshaf
pulbey refaining nut (Figure 332).

CALTHON
Almares vopaee e v ranbssatd e e Dol
FRNHINLE Web@inn (odadck e 8 oo™
DRUEL s, crferwize e i gealph el
wil! e duenmed.

4. Rplate the cronkshatt our clockwise sa the 1T mads on
the Hywheel aligns with the celerense pointer (B Fizuwre
A1) on che vlutch cover The pistom must be on ate vom-
TrrCssion sireke,

TR
Sewre Trassmiseions dis Al Aane S apeniag
Ia e clefeh e en Remen die sioeor o
PR HE femimpE macky o The (ke CRigs
wre 141,

MNUTE
W the pismar o on s comger tion ik
e fag Areend ceareE bl vaiees ol fye
claveid, Thiv cax he defermpacg by thie ooz
o of fAe Ptk o R roeker ey
Hrift b Bt frow pla b wlich Dpdicwtes
Maend st vl ey gore ordesvaned

5 Measwre 1he clearance barwezn the wacker ann arud
valve serad Figure 3d O oaroor valve cleaeance s U 2ron
(60 LHS i}

A L the vlearanee 15 nvomeed. kwsen the locknud. Lhen
redale the wdjneting serew oncthy mcker amm (Figore M,
Herlsl the sulpsting ssrew, then fighten she Tocknt Re-
vheck the vilve ¢leiranys

7A. 20M and 2GM20 cneines—Rolare the cranka.liat
160" gp the 2T mark v the Ivwheel aligns with be refee-
cnee positer (B, Figwee 300 an the clutzh comoer, The pis-
ton for number 2 cvlinder s be s g crmagacasan
stroke (sce preceding MOTEL Porfino Sieps & wed 4.
T, 3G MM FHM and MIMES engines  Rodaie
thy cromkshafl 249 50 1he 3T mutk on the Byaheel aligns
with the ceference painter (B. Figure 31F on the cluich
cever, The pislen lar number 3 cylinder musi be on ity
compression Anoks Gics preced ing HOTEL Perfarm Steps
>and &

B Reinsnall e aqeker ann o,

Idle 3peed Adjusimenl

The varrecl idle spetd is 42 5-573 rpm. Redor ke the Tal-
lonwime procedure b adjue 1he idle speed.
L. Foor the cogeitie wnnal in reache imal sl opevating 1€m-
[E23 E1FITEN
3 Place the iransmgss10n m ne ol
1. |l.ogscn the jam nwd omohe sdle spoed screw (Rlgure 3%

or Fgure ).
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IDLE SPEED ADJUSTMENT
(2GM, 2GM20, 3GM, 3GM30,
3HM AND 3HM35 MODELS)

Jam nut

4. Adjust the idle speed screw until the engine idles at
825-875 rpm, then retighten the locknut.

5. On engines equipped with remote control, measure the
gap between the cable end fitting (A, Figure 37 or Figure
38) and lever fitting (B). The specified gap is 1-3 mm
(0.04-0.12 in.). To adjust the gap, rotate the nut (C) on the
cable.

TRANSMISSION

Transmission Oil

Transmission models KM2A, KM2C, KM2P, KM3A4
and KM3P

The recommended transmission oil is an engine oil that
meets API classification CC. The recommended viscosity
is SAE 10W-30. Change the transmission oil after every
250 hours of operation.

Transmission models KBWI10D and KBWIOE

The recommended transmission oil is automatic trans-
mission oil (ATF). The oil must be classified a Dexron oil.
Change the transmission oil after every 250 hours of oper-
ation.

@

REMOTE CONTROL
ADJUSTMENT
(1GM AND 1GM10 MODELS)

REMOTE CONROL
ADJUSTMENT
(2GM, 2GM20, 3GM, 3GM30,
3HM AND 3HM35 MODELS)

1-3 mm
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Transmissivn 6l Level Check wiew il i Pull oot ke dipecich and cead e oil Jevst on

the Lipetichk
Cheex Lhe ransmssimn ool Bevel o weekly hieas, L
I. Wich (he baar a7 rest i i wateranad the gnyine oll, un 1 Add oill of necensary, duough the dipstick hole 5o the i
sorewe Lhe dipstick 1Figure 39, 1ypicalt Wipe it with 2 anl l2n el vesscocy o o3l mark on the dipstick. Use che oil E'r_
lean mag of pupaer el Keonsenn e dipsock, bur daomot revolning aded i he preceding sectiop,

Table 1 MAINTENANCE 3CHEDULE

Chally Check fual kyval
Chack anglne all eyvel
Weahly Chack barterny

Chack air fiar
Chetk traviumlsklon ol eyl

Cheek gl Bl biHakom
NSk SAECAreCpl Winingy
Ewary 30 hours Chamn tuml |Her
Every 104 howrs Change angine all
Dhrilry Ikt
Eﬂrj' &L AUt Famioea Al THOET & sTe it

Frap oy hisd 1llgr glameni
Chameg Irmnsmixnkon sl

Ewary 304 hours Aeplts vy ire o 0l
Auctiuest angine valves
Ewahy 5 haure Inca et thunr  qndwt
Euary 15 hourp ANyt s w b
Evary 2000 hcura Aepleot thermatm
Annusdly Rt fraanveabar {choiad Byakaim] antifnenns

Tabis = EHQINE OlL YIRCOSITY

Amblant Tamporsiws qil wizopalty
Biow B F {100 Cp 100, 2 or V20
e - B8 F (1~ - 20 ) A0 qur TR

B -45° F (207 - 35" €] 30 or o0

Agaye 357 F {25 L} 0

Tabia 3 EMNGINE OIL CRANKCAERE CAFACITY

Mol QI capacHy
1GM, HEMAD 1.4gL(1.3L)
SOML HEM20 gt (2oL
AGM, HEMID 284t 26 L)
JHM, JHMIS 57 gt (5L
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Tabds & FHESHWATER (CLOSED} COOLING 3YSTEM CARACITY

W oedil Capacily
2CMMAF 2B L MLTY gal)
JAM3IIF AL kS ged)
JHMISF A5 L (1.2 gal)

Talkla E TUNEAIP BPECIFIEATIONE

Il rpmm Ful Whrotils rpm Fuil inlacibon Walve chimrats

Madnl [t mamel] (LT ]] 1lming
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Chapter Four

Lay-up and Fitting Out
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CHAPTER FOUR

NOTE
In some instances, such as to prevent rust
Jormation, it may be desirable to fill the sea-
water cooling system with an antifreeze so-
lution. Refer to the following section in this
chapter:

7. If the seawater cooling system was drained, remove
the seawater pump impeller as described in Chapter Eight.
Lubricate the impeller with dishwashing soap, then install
the impeller in the pump housing. Assemble the pump, but
do not tighten the cover retaining screws.

NOTE
Make a highly visible sign as a reminder
that the seawater pump is inoperable. At-
tach the sign to the controls.

8. Apply lubricant to the control cables and all linkage
pivot points.

9. Loosen belt tension for the pump and alternator drive
belts.

10. Seal or cover all engine openings to prevent the en-
trance of water, dirt or debris. Make a list of all the sealed
locations to be sure they are all uncovered when returning
the engine to service.

11. Wipe any dirt or corrosion off the engine and trans-
mission, then use a rag to apply oil or a rust inhibitor to all
engine surfaces.

12. Fill the fuel tank so less condensation will form. Add
a good-quality antibacterial additive (biocide) and fuel
stabilizer to the fuel tank.

13. Remove the battery from the boat. Tape the vent holes
closed and clean the battery case with a baking soda solu-
tion to remove any traces of corrosion and acid, then rinse
with cold water. Check the electrolyte level in each cell
and top off with distilled water as required. Cover the ter-
minals with a light coat of petroleum jelly. Store the bat-
tery in a cool, dry place.

NOTE
Remove the battery from storage every
30-45 days. Check electrolyte level and
slow-charge for five or six hours at 6 am-
peres.

COOLING SYSTEM DRAINING

The engine seawater cooling system must be properly
drained for storage during the winter months in areas
where temperatures fall below 32° F (0° C). If it is not, the
engine block or cooling system may be cracked by the ex-
pansion of frozen water.

The following procedures are designed to help prevent
unnecessary engine damage during winter storage.

To ensure that the cooling system is completely
drained, it may be necessary to readjust the position of the
engine to drain all water.

It is possible that some water will remain in the system.
Filling it with an antifreeze solution will protect the sea-
water cooling system.

Seawater Cooling System

1. Place a suitable container under each drain, if space
permits. This will prevent water from draining into the
bilge.

NOTE
If no water flows from a drain, check the
drain to make sure it is not obstructed or
plugged.
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Heat
exchanger

2. On3GM, 3GM30, 3HM and 3HM35 engines, open the
drain on the underside of the exhaust manifold (Figure 1,
typical).

3. Open the drain on the cylinder block (Figure 2, typi-
cal).

4. Remove the lower end of all cooling system hoses
from the engine, pump and exhaust manifold. Lower the
hoses and allow them to completely drain. Reconnect the
hoses and clamp securely.

NOTE
On 1GM and 1GM10 engines, access is re-
stricted 1o the upper water pump cover
screw. If a suitable tool is not available, it
may be necessary to remove the crankshaft
pulley for access to all of the water pump
COVer Screws.

5. Loosen the cover screws on the seawater pump (Fig-
ure 3, typical) and drain any water in the pump. If the gas-
ket is damaged, remove the cover and install a new gasket
and the cover.

6. Allow the cooling system to drain completely, then
close all drains. i

Adding antifreeze

The following procedure pertains to seawater cooling
systems and is designed to provide additional protection
against damage due to freezing temperatures while the
boat is in storage.

CAUTION
Do not run the engine after performing the
storage service procedure that follows. Be-
Jfore returning the boat to service, drain the
seawater cooling system as described in this
chapter.

1. Refer to Chapter Eight to remove the thermostat and
gasket. Discard the gasket.

2. Make sure the seacock or water inlet to the seawater
pump is closed.

3. Pour a 50/50 solution of pure soft water and ethylene
glycol antifreeze through the thermostat hole into the en-
gine until the cylinder head, block and manifold are full.
4. Reinstall the thermostat with a new gasket.

Freshwater (Closed) Cooling System

The freshwater section of a cooling system need not be
drained during winter months, provided it is filled with a
50/50 solution of pure soft water and ethylene glycol anti-
freeze. However, if draining the freshwater cooling sys-
tem is necessary, use the following procedure.

Note that the following procedures address the freshwa-
ter and seawater sections of the cooling system separately.
If the freshwater portion is not being drained, follow the
draining procedure for the seawater section.

Freshwater (closed) coafing section

1. Place containers under the drains, if space permits.
This will prevent coolant from draining into the bilge.

2. Remove the pressure fill cap from the heat exchanger
(Figure 4).

WARNING
Ethylene glycol is an environmental toxic
waste that cannot be legally flushed down a
drain or poured on the ground. Put it in suit-
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Single-Cylinder Engines
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1. Never place any part of your body where a moving or
falling engine may trap, cut or crush you.

2. If you must push the engine during removal, use a
board or similar tool to keep your hands out of danger.

3. Make sure the hoist is designed to lift engines and has
enough load capacity for your engine.

4. Make sure the hoist is securely attached to safe lifting
points on the engine.

5. The engine should not be difficult to lift with a proper
hoist. If it is, stop lifting, lower the engine back onto its
mounts and make sure the engine has been completely
separated from the vessel.

Removal/Installation

While specific procedures cannot address all engine in-
stallations, refer to the following general instructions
when removing the engine.

1. Disconnect the negative battery cable.

2. Close the seacock and drain the cooling system as de-
scribed in Chapter Four.

3. Disconnect the intake water hose from the seawater
cooling pump.

4. Close the fuel shutoff valve and disconnect the fuel
line and the fuel return line.

5. Disconnect the remote control cables.

6. Disconnect the electrical wiring harness connectors.
7. Disconnect the electrical wires from the electric starter
motor and solenoid that will interfere with engine re-
moval.

8. Detach the exhaust system.

9. Detach the driveshaft from the transmission output
flange.

10. Remove the engine retaining bolts.

11. Remove the engine and transmission.

12. Remove the transmission from the engine as de-
scribed in Chapter Ten.

13. Engine installation is the reverse of removal, plus the
following:

a. Tighten the engine mounting bolts securely.

b. Securely tighten the output flange-to-driveshaft
bolts.

c. Bleed the fuel system at the fuel filter as described
under Fuel Filter in Chapter Three.

VALVE COVER

Refer to Figure 5.

To remove the valve cover, proceed as follows:
1. Make sure the decompression lever is in the OFF posi-
tion,
2. Unscrew the retaining nut (Figure 6).
3. Remove the valve cover.
4. Remove the gasket.
5. Clean the gasket surfaces on the valve cover and cylin-
der head.
6. Reverse the removal steps to install the valve cover. Be
sure to install the breather pipe (19, Figure 5).

BREATHER ASSEMBLY

A reed-type breather is located in the valve cover. Refer
to Chapter Three for a description of breather operation.

To service the reed portion of the breather, remove the
breather cover (Figure 7). The reed (Figure 8) should lie
flat. Replace the reed if it is split, cracked or otherwise
damaged.

Check the oil return hole (Figure 9) inside the breather
chamber in the valve cover. If the hole is obstructed, re-
move the valve cover and clean out the hole.
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CYLINDER HEAD

Nut

Washer

. Rocker shaft stand
Pin

Nut

. Bushing

. Rocker arm

. Adjuster

. Wear cap

. Keys

. Valve spring retainer
. Valve spring

. Valve seal

. Valve guide

. Cylinder head

. Exhaust valve

. Intake valve

. Thermostat housing
. Bolt

. Washer

. Gasket
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DECOMPRESSION MECHANISM

The decompression mechanism on the valve cover
forces the exhaust valve open to reduce compression pres-
sure in the cylinder. Reducing compression pressure en-
ables the starter to rotate the crankshaft faster during
starting.

If the mechanism must be repaired, proceed as follows:
1. Remove the valve cover as previously described.

NOTE
The lever retaining pin (17, Figure 5) is ta-
pered. Drive the pin out toward top of lever.

2. Using a suitable punch, drive out the retaining pin.

3. Remove the shaft assembly from the valve cover.

4. Inspect the mechanism and replace any damaged parts.
5. Reverse the removal procedure to reassemble the de-
compression mechanism. Note the following:

a. The straight end of the spring must sit behind the
lug on the valve cover. Position the hooked spring
end on top of the lever.

b. The shaft and lever must be properly assembled or
the taper pin and tapered holes in the shaft and lever
will not align. The cutout portion of the shaft must
be down when the lever points toward the pulley
end of the engine.

CYLINDER HEAD

‘Removal

In some instances, it may be possible to remove the cyl-
inder head for service without removing the engine. If en-
gine removal is necessary, refer to the previous engine
removal procedure. Refer to Figure 10 for an exploded
view of the cylinder head assembly.
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To remove the cylinder head, proceed as follows:
1. Disconnect the negative battery cable.
2. If not previously performed, drain the cooling system
as described in Chapter Four.
3. Remove the alternator as described in Chapter Nine.
4. If not previously disconnected, detach the exhaust
hose from the exhaust elbow.
5. Loosen the hose clamps and remove the water hose (A,
Figure 11) from the exhaust elbow and thermostat hous-
ing.
6. Remove the exhaust elbow.
7. Disconnect the lower water hose (B, Figure 11) from
the thermostat housing.
8. Disconnect the wire lead from the water temperature
sender (Figure 12).
9. Remove the air cleaner and the air cleaner base (Fig-
ure 13).
10. Remove the fuel injector and precombustion chamber
as described in Chapter Seven.
11. Remove the valve cover as previously described.
12. Remove the rocker arm stand retaining nut (A, Fig-
ure 14), then remove the rocker assembly (B).
13. Remove the push rods (Figure 15) and mark them so
they can be reinstalled in their original positions.
14. Detach the oil line fitting (Figure 16) from the cylin-
der head.
15. Unscrew the cylinder head retaining nuts (Figure 17)
in a crossing pattern.
16. Remove the cylinder head and head gasket.

Inspection

1. If service to the valves or rocker arm assembly is re-
quired, refer to the Valves and Rocker Shaft Assembly sec-
tions.

T
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2. Check the cylinder head for signs of oil or water leak-
age before cleaning. Look for corrosion or foreign mate-
rial in the oil and water passages.

3. Without removing the valves, remove all deposits from
the combustion chamber. Use a fine wire brush dipped in
solvent or make a scraper from hardwood. Be careful not
to scratch or gouge the combustion chamber.

4. After all carbon is removed from the combustion
chamber and ports, clean the entire head in solvent. Look
for cracks or other visible signs of damage. Clean the pas-

sages with a stiff spiral brush, then blow the particles out
with compressed air.

NOTE
If deposits are found in the intake or exhaust
port, remove the valves and clean the ports.

5. Clean all carbon off the piston top.

6. Check the cylinder head studs for damage and replace
them if necessary. If a stud is loose, tighten it using the fol-
lowing procedure:

a. Install two nuts on the stud as shown in Figure 18.

b. Rotate the nuts so they contact each other, then hold
one nut and tighten the other nut against the first
nut.

c. Tighten the stud in the cylinder block by turning the
top nut until reaching a torque of 60 Nem (44
ft.-1b.).

d. Hold the bottom nut, loosen the top nut, and remove
both nuts.

7. Check the threaded rocker arm support stud for dam-
aged threads. Replace it if necessary.

8. Check for warpage of the cylinder head-to-block gas-
ket surface with a straightedge and feeler gauge (Figure
19). Measure diagonally, as well as end to end. If the gap
exceeds 0.07 mm (0.003 in.), have the head resurfaced by
a machine shop.

Installation

1. Make sure the cylinder head and block gasket surfaces
are clean.
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2. Recheck all oil and water passages for cleanliness.

3. Apply Three Bond 50 gasket sealer to both sides of a
new cylinder head gasket. -~

4. Place the new head gasket over the cylinder head studs
on the block. Make sure the TOP mark (Figure 20) on the
gasket is up.

5. Carefully lower the head onto the cylinder block.

6. Apply engine oil to the threads on the cylinder head
studs.

7. Install and tighten the cylinder head retaining nuts fin-
ger-tight.

8. Tighten the nuts following the sequence shown in Fig-
ure 21 to a torque of 75 Nem (55 ft.-Ib.). Tighten the nuts
in three equal steps until reaching the final torque setting.
9. Attach the oil line fitting (Figure 16) to the cylinder
head.

10. Install the push rods (Figure 15) in their original po-
sitions.

11. Install the rocker assembly (B, Figure 14) and the
rocker arm stand retaining nut (A). Tighten the nut to 37
Nem (27 ft.-1b.).

12. Install the fuel injector and precombustion chamber
as described in Chapter Seven.

13. Install the air cleaner base (Figure 13) and the air
cleaner.

14. Connect the wire lead to the water temperature sender
(Figure 12).

15. Connect the lower water hose (B, Figure 11) to the
thermostat housing.

16. Install the exhaust elbow.

17. Install the alternator.

18. If the engine is installed in the boat, proceed as fol-
lows:

a. Attach the water hose (A, Figure 11) to the exhaust
elbow and thermostat housing, then tighten the hose
clamps.

b. Attach the exhaust hose to the exhaust elbow.

¢. Connect the negative battery cable to the negative
battery terminal.

19. Adjust the valve clearance as described in Chapter
Three.
20. Reinstall the valve cover.

ROCKER SHAFT ASSEMBLY

Each valve is actuated by a rocker arm that rides on a
shaft (Figure 22). Each rocker arm is equipped with a
bushing in the rocker arm bore. Ribs in the valve cover re-
tain the rocker arms on the rocker shafts.

1. Remove the valve cover as previously described.
2. Remove the rocker arm stand retaining nut (A, Figure
14), then remove the rocker assembly (B).

@ CYLINDER HEAD
TIGHTENING SEQUENCE

3. Inspect the rocker arm. The pad on the rocker arm that
contacts the valve stem must be smooth. Replace the
rocker arm if the pad is damaged or excessively worn.
Check the adjusting screw push rod seat for galling. Re-
place the adjusting screw if it is damaged or excessively
WOrT.

4. Inspect and measure the inside diameter of the rocker
arm bushing and the outside diameter of the rocker arm
shaft. Replace the rocker arm or rocker arm shaft stand if
the measurements exceed the specifications in Table 1.

NOTE
The rocker arm and bushing are available
only as a unit assembly.

5. Reassemble and reinstall the rocker arm assembly by
reversing the removal procedure. Adjust valve clearance
as described in Chapter Three.
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NOTE
If the cylinder has not been rebored, check
the gap at the bottom of the ring travel,
where the cylinder is the least worn.

2. Measure the ring gap with a feeler gauge as shown in
Figure 38. Compare the measurement with specifications
in Table 1. If the measurement is not within specification,
the rings must be replaced as a set. Check the gap of new
rings as well. If the gap is too small, file the ends of the
ring to correct it (Figure 39).

Qil
ring
gap

Expansion
ring
gap

3. Check the side clearance of the rings as shown in Fig-
ure 40. Place the feeler gauge alongside the ring all the
way into the groove. If the measurement is not within
specifications (Table 1), either the rings or the ring
grooves are worn. Inspect and replace them as required.

4. Use a ring expander tool (Figure 41) to carefully in-
stall the oil control ring, then the compression rings. The
oil ring consists of two pieces, the outer ring and the inner
expansion spring. Assemble the oil ring on the piston so
the expansion spring gap is on the opposite side of the pis-
ton from the ring end gap. See Figure 42. The second
compression ring is tapered while the top compression
ring has a barrel face. The top of each compression ring is
marked and must face toward the piston crown.

Connecting Rod Inspection

Have the connecting rod checked for straightness by a
dealer or machine shop.

The piston pin end of the connecting rod is equipped
with a bushing. Refer to Table 1 for bushing specifica-
tions. If bushing replacement is required, a press is neces-
sary to remove the old bushing and install a new bushing.
The oil holes in the bushing and connecting rod must
align. Ream the bushing to obtain the desired clearance in
Table 1.
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Connecting Rod Bearing Clearance Measurement

1. Place the connecting rod and upper bearing half on the
connecting rod journal.

2. Cut a piece of Plastigage the width of the bearing (Fig-
ure 43). Place the Plastigage on the journal, then install
the rod cap and bearing. Be sure to install the cap so the
marks on the cap and rod are on the same side (Figure 44).

NOTE
Do not place Plastigage over the journal oil
hole.

3. Tighten the connecting rod cap to the specification in
Table 2. Do not rotate the crankshaft while the Plastigage
is in place.

4. Remove the connecting rod cap. To determine bearing
clearance, compare the width of the flattened Plastigage
to the markings on the envelope (Figure 45). If the clear-
ance is excessive, have the crankshaft reground and install
undersize bearings.

Oil control
ring

Piston/Connecting Rod Installation

1. Rotate the crankshaft so the crankpin is at bottom dead
center.

2. Make sure the ring gaps are positioned as shown in
Figure 46.

3. Immerse the entire piston in clean engine oil. Coat the
cylinder wall with oil.

4. Install a piston ring compressor around the piston
rings.

CAUTION
Use extreme care in Step 5 to prevent the
connecting rod from nicking the crankshaft
Journal.
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5. Position the piston so the numbered side of the rod
(Figure 44) faces toward the camshaft side of the engine.
Insert the piston/connecting rod assembly into the cylin-
der (Figure 47). Lightly tap on the piston crown with a
wooden hammer handle to insert the piston. Make sure the
rod does not bang against the crankshaft.

6. Clean the connecting rod bearings carefully, including
the back sides. Coat the crankpin journal and bearings

with clean engine oil. Place the bearings in the connecting
rod and cap.

7. Pull the connecting rod and bearing into position
against the crankpin. Lightly lubricate the connecting rod
bolt threads with engine oil.

8. Install the connecting rod cap. Make sure the rod and
cap are properly aligned. Install the bolts finger-tight.

9. Tighten the cap retaining bolts to the specifications in
Table 2.

10. Check the connecting rod side play as described un-
der Piston/Connecting Rod Removal in this chapter.

11. Reassemble the engine by reversing the disassembly
procedures.

TIMING GEARCASE

The timing gearcase covers the camshaft and crankshaft
gears and the oil pump (Figure 48). The timing gearcase
also contains the governor mechanism and serves as the
mounting location for the fuel injection pump. A ball
bearing in the timing gearcase supports the outer end of
the crankshatft.

To remove and reinstall the timing gearcase, proceed as
follows:

1. Disconnect the negative battery cable.

2. Remove the alternator as described in Chapter Eight.
3. Remove the oil filter.

4. Detach the control cables from the speed control lever
and the stop lever (Figure 49).

5. Remove the fuel injection pump as described in Chap-
ter Seven.

NOTE
If a suitable tool is not available to hold the
crankshaft pulley when unscrewing the re-
taining nut, remove the starter and prevent
flywheel rotation by inserting a screwdriver
into the ring gear teeth.

6. Remove the crankshaft pulley retaining nut. Use a suit-
able puller to remove the crankshaft pulley (Figure 50).
Remove the drive key from the crankshaft.

7. Remove the water pump as described in Chapter Eight.
8. Remove the manual starter cover (Figure 51).

9. Remove the setscrew in the end of the camshaft (A,
Figure 52), then remove the manual starter drive pin (B).
10. Remove the timing gearcase (Figure 53).

11. Remove the gasket and any residue from the gearcase
and crankcase surfaces.

12. 1f crankshaft or starter seal replacement is necessary,
proceed as follows:
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. Pry the old seal from the gearcase with a large
screwdriver. Work carefully to prevent damage to
the gearcase seal surface.

b. Clean the seal recess in the cover with solvent and
blow it dry with compressed air.

c. Apply gasket sealer to the periphery of the seal.

d. Position a new seal in the cover recess with its open
end facing the inside of the gearcase. Drive the seal
into place with a suitably sized seal driver or socket.

13. If crankshaft bearing replacement is necessary, pro-
ceed as follows:

a. Refer to Chapter Seven to remove the governor
shaft from timing gearcase.

b. Pry the seal from the gearcase with a large screw-
driver. Work carefully to prevent damage to the
gearcase seal surface.

c. Drive or press out the bearing (Figure 54). Force
the bearing toward the inside of the gearcase.

d. Clean the seal and bearing recesses in the cover
with solvent and blow them dry with compressed
air.

e. Drive or press in a new bearing until the bearing
seats in the recess in the gearcase.

f. Apply gasket sealer to the periphery of the seal.

g. Position a new seal in the cover recess with its open
end facing the inside of the gearcase. Drive the seal
into place with a suitably sized seal driver or socket.

h. Refer to Chapter Seven to reinstall the governor
shaft.

14. Reverse the removal procedure to reinstall the timing
gearcase. Tighten the gearcase retaining screws to the
specification in Table 2.

LUBRICATION SYSTEM

Refer to Chapter Two for lubrication system operation,
diagrams and oil pressure test.

Oil Pump

The engine oil pump is mounted on the front (timing
gear) side of the cylinder block (Figure 48).
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Removal and installation

1. Remove the timing gearcase as previously described.
2. Remove the governor thrust washer (Figure 55), thrust
bearing (Figure 56) and thrust sleeve (Figure 57) from
the crankshatft.

3. Using a suitable tool (if available, Yanmar special tool
124085-92700), unscrew the crankshaft nut (A, Figure
58).

4. Remove the governor flyweight assembly (B, Figure
58).

NOTE
Early model engines may be equipped with
a nut on the oil pump shaffi.

5. Early models—Unscrew the oil pump nut. To prevent
the pump gear from rotating, insert an Allen wrench into a
pump mounting screw through a hole in the oil pump
drive gear.

6. Reach through the holes in the oil pump gear and un-
screw the pump retaining screws (Figure 59).

7. Remove the oil pump and gasket.

8. Clean any gasket residue from the oil pump and en-
gine.
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9. Installation is the reverse of removal. Tighten the oil
pump retaining screws to the tightening torque specified
in Table 2. Make sure the governor flyweight assembly is
positioned on the locating pins (Figure 60). Tighten the
crankshaft nut to the torque specified in Table 2.

Disassembly, inspection and reassembly

1. Remove the oil pump cover (Figure 61).

2. Lift out the inner and outer pump rotors (Figure 62).
3. Thoroughly clean all parts in solvent and dry with
compressed air.

4. Check the drive spindle and pump rotors for signs of
wear, scoring or damage. Replace damaged parts.

NOTE
Replace the oil pump as a unit if any part
are damaged. -

5. Reinstall the inner rotor in the pump body. Reinstall
the outer rotor in the pump body.
6. Measure the clearance between the inner rotor tip and
outer rotor tip (Figure 63). Compare the measurement
with the specification in Table 1.

Inner rotor

Outer rotor

Feeler gauge

7. Measure the clearance between the outer rotor and the
pump body (Figure 64). Compare the measurement with
specifications in Table 1.

8. Place a straightedge across the pump body. Measure
the side clearance between the rotors and straightedge
with a flat feeler gauge (Figure 65). Compare with speci-
fications in Table 1.

9. Measure the diameter of the inner rotor shaft. Measure
the shaft bore of the pump body. Calculate shaft clearance
and compare it with specifications in Table 1.

10. If any clearance measured in Steps 6-9 is not within
specification, replace the pump. Individual components
are not available. The pump must be replaced as a unit.
11. When reassembling the oil pump, make sure to lubri-
cate the rotors, body and shaft with engine oil.
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Outer rotor

Body

Feeler gauge

Feeler gauge

Pressure relief valve

An oil pressure relief valve is threaded into the front
(timing gear) of the engine (Figure 66). When oil pres-
sure exceeds 300-400 kPa (43-57 psi), the relief valve
opens and expels oil into the timing gear area.

S
e

Do not attempt to disassemble the oil pressure relief
valve. The valve is sealed and it must be replaced as a unit
assembly.

Oil pickup

The oil pickup (A, Figure 67) is located in the oil pan
(B). The pickup includes a strainer to prevent foreign mat-
ter from entering the lubrication system. A spring (C)
keeps the pickup in position in the oil pan.

NOTE
When removing the drain plug in the oil pan,
be aware that the spring will force the plug
out when the threads disengage.

Remove the drain plug (D) for access to the oil pickup.

FLYWHEEL
Removal/Installation

1. Remove the engine from the boat.
2. Remove the transmission.
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3. Remove the drive disc (Figure 68).

4. Gradually loosen and remove the flywheel bolts,
working in a diagonal pattern. Install two drive disc bolts
into two outer holes in the flywheel (Figure 69), then use
the screws to pull and remove the flywheel.

5. Inspect the ring gear. If the ring gear is excessively
worn or damaged, use the following procedure to remove
the ring gear:

a. Heat the ring gear evenly, then drive the ring gear
off the flywheel.

b. Heat the ring gear prior to installation. Drive the
ring gear onto the flywheel, being careful not to
damage the gear teeth.

6. Reverse the removal procedure to install the flywheel.
Tighten the flywheel retaining bolts to the torque speci-
fied in Table 2. Refer to Chapter Ten to install the drive
disc and transmission.

DRIVE DISC

Refer to Chapter Ten for drive disc procedures (Figure
68).

CRANKSHAFT
Removal and Installation

- Refer to Figure 70.
1. Remove the flywheel as previously described.
2. Remove the bellhousing (A, Figure 71).
3. Remove the piston and connecting rod as previously
described.
4. Remove the oil pump as previously described.
5. Remove the crankshaft gear (Figure 72).
6. Refer to Camshaft to remove the camshaft gear.
7. Remove the thrust washer (Figure 73) and thrust bear-
ing (Figure 74).

NOTE
Support the crankshaft while removing the
main bearing housing in the next step.

8. Remove the main bearing housing (B, Figure 71).
9. Remove the crankshaft.
10. Proceed as follows to replace the crankshaft seal in
the main bearing housing:
a. Pry the old seal from the main bearing housing with
a large screwdriver. Work carefully to prevent dam-
age to the main bearing housing seal surface.
b. Clean the seal recess in the housing with solvent
and dry with compressed air.
c. Apply gasket sealer to the periphery of the seal.
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d.

Position the new seal in the housing recess with its
open end facing the inside of the bearing housing.
Drive the seal into place with a suitably sized seal
driver.

11. Refer to Main Bearings for information concerning
inspection of the main bearings and thrust bearings.

12. Reinstall the crankshaft by reversing the removal
procedure while noting the following:

a.

b.

Thoroughly lubricate the main bearings and thrust
bearings.

Install the inner, front thrust bearing so the oil
grooves are toward the inside of the crankcase and
the tab fits into the recess (Figure 75) in the crank-
case. Apply a light coating of grease to hold the
thrust bearing in place.

Install a new O-ring (A, Figure 76) on the main
bearing housing.

. Tighten the main bearing housing bolts to the torque

specified in Table 2.

Install the outer front thrust bearing so the oil
grooves (A, Figure 77) are toward the outside of the
crankcase and the tab (B) fits onto the pin in the
crankcase.

Install the thrust washer (Figure 73) so the beveled
side of the inner hole is toward the crankcase.

Camshaft
gear

. e
% f
Crankshaft % ; f
gear ff

g. Measure crankshaft end play by inserting a feeler

gauge between the crankshaft main journal and the
inner thrust bearing, or by installing a dial gauge
that measures fore and aft movement of the fly-
wheel or crankshaft. Using a large screwdriver,
force the crankshaft back and forth. Measure crank-
shaft end play and compare the measurement with
the specification in Table 1. Replace the inner thrust
bearing to obtain the desired end play.

. Align the timing marks (Figure 78) on the camshaft

and crankshaft gears when installing the crankshaft
gear.

i. Check gear backlash by installing a dial indicator as

shown in Figure 79 or by rotating the gear teeth
with soft solder between the gear teeth. Compare
the measurement with the specification in Table 1.
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If gear backlash is incorrect, replace the camshaft
and crankshaft gears.

Inspection

1. Clean the crankshaft thoroughly with solvent. Blow
out the oil passages with compressed air.
2. Check the main and connecting rod journals for wear,
scratches, grooves, scoring or cracks. Check the oil seal
contact surface for burrs, nicks or other sharp edges that
might damage a seal during installation.

NOTE
Unless precision measuring equipment is
«available, have a machine shop perform
Step 3.

3. Check all journals against specifications (Table 1) for
out-of-roundness and taper. Have the crankshaft
reground, if necessary, and install new undersize bearings.

MAIN BEARINGS

The crankshaft is supported at each end by bush-
ing-type main bearings. The front main bearing is located
in the crankcase and the rear main bearing is located in the
removable main bearing carrier. Thrust bearings located
at the front of the crankshaft control crankshaft end play.
Refer to Figure 70.

Remove the crankshaft as described in the previous sec-
tion for access to the main bearings and thrust washers.
Unless precision measuring equipment is available, have
a dealership or machine shop measure main bearing di-
mensions. Refer to specifications in Table 1.

If bearing replacement is necessary, have the main bear-
ings replaced by a dealership or machine shop. Make sure
the oil holes (B, Figure 76) in the main bearings align
with the oil passages in the crankcase and main bearing
carrier.

CAMSHAFT
Removal and Installation

1. Remove the fuel transfer pump (Figure 80).

2. Remove the crankshaft as previously described.

3. Prevent rotation of the camshaft gear by holding a
screwdriver or other tool against the camshaft bearing re-
taining screw (Figure 81).

4. Remove the camshaft gear nut (A, Figure 82), fuel in-
jection pump cam (B) and camshaft gear (C).

5. Position the engine so the valve lifters will not fall out
when the camshaft is withdrawn/removed.
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6. Remove the bearing retaining screw (Figure 83), then
withdraw the camshaft.

7. Remove the valve lifters and mark them so they may
be reinstalled in their original locations.

8. Check the rear bearing journal and lobes for signs of
wear or scoring.

NOTE
If precision measuring equipment is not
available, have a dealership or machine
shop perform Step 9.

9. Measure the rear camshaft journal diameter and lobes
(Figure 84) and compare the measurement to the specifi-
cation in Table 1. Replace the camshaft if the journal or
lobes do not meet specifications.

10. Measure the stem diameter of the valve lifters and
compare the measurement to the specification in Table 1.
Measure the lifter bores in the cylinder block. Calculate
the lifter clearance and compare it with the specification
in Table 1. Replace the valve lifters if they do not meet
specifications. Replace the valve lifter if the lifter face is
scored, galled, excessively worn or otherwise damaged.

Fuel transfer

pump lobe

Intake valve
lobe

Exhaust
valve
lobe

11. Replace the ball bearing if it is damaged or feels
rough during rotation.

12. Installation is the reverse of removal. Note the fol-
lowing:

a. Ifinstalling a new camshaft, coat the camshaft lobes
with camshaft break-in lubricant. If reinstalling the
original camshaft, apply heavy oil to the camshaft
lobes.

b. Lubricate the camshaft bearing journal with heavy
engine oil before reinstallation.

c. Lightly tap the end of the camshaft to seat the ball
bearing in the engine. Rotate the camshaft to be sure
it rotates freely.

d. Align the timing marks (Figure 78) on the camshaft
and crankshaft gears when installing the camshaft
gear.

e. Install the fuel injection cam so the side marked
with a zero is out (Figure 85).

f. Check gear backlash by installing a dial indicator as
shown in Figure 79 or by rotating the gear teeth
with soft solder between the gear teeth. Compare
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the measurement with the specification in Table 1.
If gear backlash is incorrect, replace the camshaft
and crankshaft gears.

CYLINDER BLOCK

Cleaning and Inspection

1. Clean the block thoroughly with solvent. Remove any
gasket or RTV sealant residue from the machined sur-

faces. Check all core plugs for leaks and replace any that
are suspect. See Core Plug Replacement in this chapter.
Check oil and coolant passages for sludge, dirt and corro-
sion while cleaning. If the passages are very dirty, have
the block boiled out by a machine shop. Blow out all pas-
sages with compressed air. Check the threads in the head
bolt holes to make sure they are clean. If dirty, use a tap to
restore the threads and remove any deposits.

2. Examine the block for cracks. To confirm suspicions
about possible leakage areas, use a mixture of one part
kerosene and two parts engine oil. Coat the suspected area
with this solution, then wipe dry and immediately apply a
solution of zinc oxide dissolved in wood alcohol. If any
discoloration appears in the treated area, the block is
cracked and should be replaced.

3. Check the flatness of the cylinder block deck or top
surface. Place an accurate straightedge on the block. If
there is any gap between the block and straightedge, mea-
sure it with a flat feeler gauge (Figure 86). Measure from
end to end and from corner to corner. Have the block re-
surfaced if it is warped more than 0.07 mm (0.0028 in.).

4. Measure the cylinder bore with a bore gauge (Figure
87) for out-of-roundness or excessive wear as described in
Piston/Cylinder Bore Check in this chapter. If the cylin-
der exceeds maximum tolerances, rebore the cylinder.
Rebore the cylinder if the cylinder walls are badly
scuffed, scored or otherwise damage.

Core Plug Replacement

Check the condition of the front (Figure 88) and rear
(Figure 89) core plugs in the block whenever the engine is
out of the boat for service. If any signs of leakage or corro-
sion are found around one core plug, replace both of them.
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Cylinder block

Core plug
Strike here

with h?

Core plugs in the cylinder block prevent damage to the
block should the coolant freeze.

NOTE
Core plugs can be replaced inexpensively by
a machine shop. If machine work is being
performed on the engine, have the core
plugs replaced at the same time.

Removal/Installation

CAUTION
Do not drive core plugs into the engine cast-
ing. It will be impossible to retrieve them
and they can restrict coolant circulation, re-
sulting in serious engine damage.

Cylinder block

e e e e
Remove plug
Core plug

Sealing edge
before installation

Cup type plug

1. Tap the bottom edge of the core plug with a hammer
and drift. Use several sharp blows to push the bottom of
the plug inward, tilting the top out (Figure 90).

2. Grip the top of the plug firmly with pliers. Pull the plug
from its bore (Figure 91) and discard it.

NOTE
The core plugs can also be removed by drill-
ing a hole in the center of the plug and pry-
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@ YALVE COVER
(24M, 2AM20, 34M AND 3AM30 MODELS)
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#5 sheseriberlin Chapter Fight BREATHER ASSEMBLY

VALYE CONYER The crankcase breatler as locawd in the valve cver
Korfer to Chaptar Theze for a descraption ofbreatier npera.
Feter oy Figure 3 asd Flgure d for an exploded view of tiodn.
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T remove the vidve cover, procesd ag Follows; I. Remave the valve cover.
1. Be sureibe decompression lenreris inthe OFF pocition. 2. Femave the breplher cover
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@ VALVE COVER
: AHM AND JHMY3 MODELS

1 Yaive oover
3. asHwt
3. Cng
q DaCompaEaion Bhah
S DECOMpraasan By
B Wrahar
. Nyl
B Sprinp
¥ Owiend Iuall
¢ Ol 1IN cnp
1. Curing
13- Mt
13- {uring
14. Fn
15. Brwaihar
16, Gapkiel
17. Hoea
18. Lpper baifa
14. Fltmr
). Lowmr ballly

1. Clean the breather compaments amd silve covee wsing
sulvent, He sure the £nnn halean the wilve coeer s npen

Lo AEM andd 353158 modeis—Replace the ezl beaeather
eleameiil al i1 eamor be cleaned of if i s damaeged.

5. Reassemble 'he breather by reversing che disassembly
procedure. Mate thae the loaer balfle (2 Flgure 45 on
AHM and IHM 25 engirees 15 sminl2er thion the upper plais
(REY

DECOMPRESSION MECILANIEM

The deccangwession wechaniam en th valve cover
Frrces the exltagsr valves opoh 1o redeee compreasion
pacaduees i the oy lindevs, Rodwen@ compression gaeasut:
cipakiles the stacer 1o paae 1he crankshal Baster during
sty Befes w Flpode 3 and Figure 4.

It the mecham em muast be repaired, proceed as Follows:
1. Bemove the valve caver as pewously describied.

. Losing a suscallle puneh, daive o rle retoining pm

k3

MiATE
Tre gurenr ball amd speree well fe dee
oHEH Lon Fedreae TR SRaft anembily m Sen
KN

A Bemigees 1k shafi u.wcr|1|'.l|:.r frinw Lthe vilves cower.

.

. Lnspect the mechamsm and replace the damapged pans.

A

. Bewerze the cemovol precedure o renssembde the de-
compression mechanism. Mooe the Following:

4 Asgemile die shafl and lever so the lever points up
while thie flatawn the valye end oE e slafl s dowts.
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ZO0M AND 2T
W DEL ¥

EXHAUEST MANIFOLD

OM, MM10, JHM AND SHMI1E MOOELS

EXHALST MAMLFOLIY

On 200 medels, the exhaost manideld is an elbow (hat
it attached Lo the Cvlinder headd (Eipare 5% & hose from
thee thermoastil corver darevts coolimpe wileT into the cxhaust
gibow,

L0 M50 mawdels, the eahim=t miamlisld oem lames witer
passnges hal allow water b conl the maniteld & hose
from dhe theepmoastid cover direcrs coohng water mic the
exhausl menifold (Frigure 1 A hose Fram the eshaust
mani tald derecte water From the @xhirust mena Fold mia the
exhausi slboar,

The exhinusd mamtold on 20ME, 0GMIOE, MG
M IOE, IHME apd SHMISE models 15 combined wiih
the coelant reservorr For The freshwater [closed] cooling
sysiem (Figure 6] Koler b Chaprer Light for o desenp-
non oF the Freshwater (closed k cooling sysiemn

Renoral and Tnsiallalion

20N mindeds

Tiefee o Flguwee 5.
1. Duewach the exbhaust oo fbom the exbaus clbow,.

2. Lansar tee hose clamias @l resmuve the water o
Trois che ehaost elbow and thennosa brusing.

1 Remoees the exhopst slbps Tmm ihe c:|-'|i11|:|r,:r heriw]

4. Clgan any gicsket tesidae from the exhoust clbow ond
c¥hinder head

3. Chech the exhaust et (o warpape. curbon busldup
und LaTosHIn.

. Reimsfall the exhaust clbaw fr reversize the reseal
proceduce. Tighten the renaining soks oo the wikque speci-
hied im Tahle X

JOM, 20, AHM and THM IS models
WUTH S earer coalingr

Refer 1o Figore 5.
I. Dherach the exlhaost buse T the cxlaost clbaee,
20 Lapsen e Iwxas cTamps ancd cermove the wisler huse
fromn Lhe exbanst mianifudd amd themnosta Zusang,
1. teen Ry dean vitlve omothe undersicke of the oxhzus
mani ok,
4. REemovethe edhoust monidald icem the cylinder head.
5. IEncocssany, reios e Hie wanen e aod cleogn b
Eromy the exlibuss manifold.
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EXHAUST MAMIFOLD

WITH CLOAED COOLING BYSTEM
(TYMCAL}

1.

CERENREKIER

. Exhuiisl inlinif o hdfrmkisruir

End cap

. Elbaiwr

. Sl

. Homir

. Giomboert

. Elbtiwr

. Dran valvn

Remoke resaredr
1 i bt

Drain AMiing
Drnbn vahm

Hhoaks

o

Eiboar

- it bt
Thstrarwth ik
Frastrusior pump
G ik bl

Lol Derrwrgler A Lol RO
Houming
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Exwhainl maniold

foo Cleion ny ivskaet tesdoe fom the exhnuse mani fold
arl & vhinder head

T Rvemove the exhaust mandeld coeer refaining screws
and emurve the mamifild sover {Fipare T1.

4. Imzpecs dbhe exhanzl manilnld and cover lor warpags.
cibon binldup and corrnsion.

. Reanstail the exhaosl monatald and coeet Ty cevensing
the remg:al procodure. Tighsen the reainang nus oo che
torque specilied 1n Table 1.

SOAFF, MEMGAE JGME FOAGRE, IHAME ind
FITMIFFE wrodels wirfl frestinvaeet (closeds
L TIRE L 1

Baforia Figure 6.
l. Refer {'||;1'|!||-Er Fowlr wrwd clmiin tha ;'I'-r\-llng yaslem,
I IRerack the e haos) hose From Phe e hagest ol
1. Remuwe the woaler ko from the ex haust manidzld and
Lhe=rrmiisLit h:;-lu-.ing
4. Remove the waler hose {rom the exhaust nanadold and
Freshwicer pump
5 Dhsconnecd the waler hesics from ihe manilold end
cilpk
4 Dasconnesd the warer hosc do the gveirdlow ank.
T Renvove the exhauar manifo’d fivan e cylinden leea?.,
B Clean ooy gasker residwe Teeab e coliost rnaan Rald
and ¢y linder heead.
Q. Cheek the enhawst amblold Tur warguage, garhor
Luildup and ceaie .
In. Ic [rCasal relhn B f'|1a;|l|:r Erghl 15p 52w the heint
cxpanger Wi e cxbawal marn .
I Reversg the renaeval progedure 1e ansiall he exhiust
vuarni fuld, Tightgr the marmflul bobis o (e e speci-
ficd in Table 2 Fal v reshivater secton ol the clozad

cooline sestem with coolant s dewcnbed 0 Uhaprer
Threa.

CYLINDER HEAD
Remoesnl

Iib s anmlaoies. i cyhinder el iy b nopwoesnd
T aervize swallesl ||.'||||:_|1.-ir|i.: 1y Lnging I I.‘fl,j_liﬂu" -
orwtval 1% ECSAAATY, 1L er i the BRI Ty vl wroclire.
Eeler vx Figure K Tor an exploaicd wiew of the cylinder
bu-add :l.‘\.m.'lr||:|'|'_|.'.

Terremmeecy the cvlimder head. proceed ds fellives
L [haconneat 1le nepat ey wallery Gitkle friom che nepa-
e |aamlers lerrorl
Zo 1 not previous sy pecloromed, diain the cosshing: sysiem
a5 described in Ulaprer Fowr,

Ao e = the iliemidor e de=cobed opoChapaer Bigh,

4. Removcihe exhdwst vaanifed a peevoomsly deseribes)

I Mhsconnect the wirg Bead from The waer lemparat e
<ol (Figmrg @),

FA4, Drphie~ wadlr skorkord cooline Decunnect b
lower warer hose CFaguire 21 foec the e ol iuaging.

S Fangeecy with fredieeier sl coeliiig sa-
teae—Rernnve the sl ler pumip as deserited o8 Chap-
1 Figlh

7. Bermoeee e aer cdeanes e e e cleasien base

X Hamiee ke facl i 1o iemad precama Bonn cha mber
i demeeribied my § b plor Seven

Y Rerwnee 1he valve doeter g pee s oosl s Jeseribicd

1L Eemewe Lhe nois thad et che rocker am sLands
TFlgare TE, e sgrnieeg The pcker shall assembl,

. Remove che pushorode and enack s so chey con be
reinsialled an their emiginal positior.

LE Theeach the el ling ﬁlling {rzym the ;;:-.-I||'|-|:|-|_: s,

12 Uneerew tne smoaller ovliods bead retammmg holis
firsc. then wnscrew he larges T and oot i coessinge
parecom.

4. Rearwve the ¢y hoder T ind bead pasker

Inspectlon

|. Roter 4o che dofecsowincinr Mumebeanace sechisp 0
Chapier Three, Benwe e and insguoct the sacificid arpgede
Inelall che arode i e oy linden Btaad afos coropl et evls
inder heod service.

2 DM sgnwice 1t valees or rowcker assembly i requinal,
vcfun e the Téatues el Buovier fyveoide socions.

A, Lheck Lhe ovlinder head Far dians of vil va waler laak-
oee belore cleaning, Lestk Mo cofmosioe wa Roeien e -
cidl imche onl and watar passilgss.
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Wty b T alee

CYLINDER HEAD

1. Enmp rng
I W
3. Buahing
4 Agpeyier
5 Ao mim
B, hul
- Aok pha sand
B M
¥ Waahr
1. Gparing
11, Wenhar
12, Rockar arm ahan
13, n
14, Looatied #oromm
15, Wanr cap
16, Keyp
17, YEIve sprirg rviairee
18, Yavie spding
19, ¥mhre wp
0. B AR Dkl
21. Irtaimg wal |l b
iT Plug
23 Tharmostat ousing
2% Gapahnt
2% Cylinggr hawd
25 Gegket
7 End cap
24. Wagher
29 Gacriicisl amodcds
M. Exhmuwt yplye
7. Inbskp vnive

Rockar stend nuts

4. Without remosing the valves, remnve all dgposats trom
the combustion chamber. 1se a fing wite hrush dipped in
solvent or make 8 secaper from bardwood  HBe ciretul nqu
W scralch o gouge the combwsunn chamber,

5 Ader all carbon b5 cehoeved froan the cembastpn
chamber and pads. clean the citiee head o salvenn W hile
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cleaning, look for cracks or other visible signs of damage.
Clean the passages with a stiff spiral brush, then blow
them out with compressed air.

NOTE
If deposits are found in the intake or exhaust
ports, remove the valves and clean the poris.

6. Clean away all carbon on the piston top.

7. Check the cylinder head studs for damage and replace
them if necessary. If a stud is loose, tighten it using the fol-
lowing procedure:

a. Install two nuts on the stud as shown in Figure 11,
typical.

b. Rotate the nuts so they contact each other, then hold
one nut and tighten the other nut against the first
nut.

c. Tighten the stud in the cylinder block by turning the
top nut until reaching a torque of 60 Nem (44
ft.-1b.).

d. Hold the bottom nut, loosen the top nut, and remove
both nuts.

8. Check the threaded rocker arm support stud for dam-
aged threads. Replace if necessary.

9. Check for warpage of the cylinder head-to-block gas-
ket surface with a straightedge and feeler gauge (Figure
12). Measure diagonally, as well as end to end. If the gap
exceeds 0.07 mm (0.003 in.), have the head resurfaced by
a machine shop.

Installation

1. Make sure the cylinder head and block gasket surfaces
are clean.

2. Recheck all visible oil and water passages for cleanli-
ness.

3. Apply Three Bond 50 gasket sealer to both sides of a
new cylinder head gasket.

4. Place the new head gasket over the cylinder head studs
on the block. Be sure the TOP mark (Figure 13) on the
gasket is up.

5. Carefully lower the head onto the cylinder block.

6. Apply engine oil to the threads on the cylinder head
studs.

7. Install and tighten the cylinder head retaining nuts fin-
ger-tight.

8. Tighten the nuts and bolts following the sequence
shown in Figure 14 to the torque specified in Table 4.
Tighten the nuts and bolts in three equal steps until reach-
ing the final torque setting.

9. If removed, install the sacrificial anode into the cylin-
der head.

10. Attach the oil line fitting to the cylinder head.

11. Install the push rods in their original position.
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CYLINDER HEAD

TIGHTENING SEQUENCE

Flyrsheel
Z-CYLINIER
o
Fhywheal Db

ES R EL ]

12, In=aall chz necher assambly and e iocker aom stanel
redinimg oucs { Fipure L. Tighlen o s 6 17 Mean (27
fr.-1b.1.
I3 Install the Fyel imestor amd precombustion chamber
i lesrbedd i O hapler beven
14, Inscall the cxlausn anami fuld.
15 Imstul® 1he wir cleaner bise wmd che wir clese.
I8 [ can2en e wire lead ihy wisler lemperaiure sender
rFlauwre 9.
174 Enpires with standsed e ling—omanect e hvaer
waler hoee {Figurs .
ITBH Loginvs wih freshwoter iclasedl cooling sys-
e Insta[Tthe Freshwiner pump os described in Chapler
Eighi
[, Trsiall che aiccen oo
[, [t the enine (= inctalled 1o the boal, praceed as Tol-
P
a. Allach the exhioest hise 1 the exhagst elbow,
b, Onemgines cyuipped with 2 closed couling svsleen.
Fill the coaling sysbem as describod ma Chaprer Foar,
e Lipnect the negiivve hattery cable to the neeaeee
|'I{I|||:'r:.' =il

20, Adjust the vabao clearanee as deseribiedl in Chaprer
Three.
21 Reimsaall the valve cove.

ROUKER SIAFT ASSEMBLY

Eich wolve is actuntcd by & techiea ann shiad micles on o
shafl 1Figore 8). Each rocker amm i cqueppod with 2
bushing m ahe rocker am bore, & siaprving at cogh eml ol
the roglker amn shatt retanns the rocker aning e the mocker
shails,

. Brmove the velve ool g5 poyioosy deseribai,
2. Reoon e e aocker ann std retoneng auls ©Figare
Ly, thet anove the recker shall wssembly,

ST
The mrdor armic ar Moodf g 20546000 2x-
e are enffeol, b orackor e aR
SOM S0eM e R et 3UAMTE enpnes
s dywigenend for e wth e inadle o) ea-
Il'.'EH.EI' I'i.TIIL'l:".:f

. Remeve the enap rings an boab cods of e vecker shall
imil remee the oecket shaft compsmens.

4. If necessary, ubscreve the lociing serew m the end
cuppnr stand (Figure 15 and sepiocue the mockser shali
frowmn The stand.

3 Inspeet cach mcker armo The padd om the rocker arm
That conacts e valve stem muel be smocih Replace the
Tocker arn 17 che pad iy damagsd] or esoessively wom.
Check s adjwting screw push rod seat for palling. Re-
place e adpisting serew ([ i as damnged o excess vely
WOorh.
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ROCKER ARME

(3GM, JGMIC, IHM AND
JHM3%5 MODELS

Fls

NTAKE
EXHAUST

o, Insprgt sl incasore The indide dimeter ol the rewthir
arnt baghing ond e vuside chameler ol the toeeer anm
shufl, Replave the iucher arm or meer arm it if the
msastrerael s gaceesd e spoddicatuses [sted m Tables
1-3.

NITFE
Tl cenecber oem e e con el e
cifE gt e

7. Fawssernhle wid remsta |l the recker anm aeszmbly By
reversany Lhe o 2z procedure Chn 3k, 30K30. SHM
ad JHAYE cugincs, identiFy thy intke wnd exhaust
witlees w2l iz Figure Vo, then poatinn thiem on the
shafl inthe oeden slosen in Eigary |T

B.oadjer the vatvr gleararg ws descnbed el
Three.

VALYES AND VAINVE SEATS

Bemvicinp The wilos, poides and valve <eits mows he
o b desler vr mdchime shop, s epecial knpeladge
and expensire machine wals are neguized

A l_n:r||_-r;'|| |'|r;_|;_-|'t|:|:- amaange Thewse wehar A e owen ser-
wvier s o reed e e o lainder head. porlae all disnzsem-
by cocept valve berwecal and 1ake the head ioa dealer of
M |ume .‘\.III.IF'I i |I'|5|.'ll.‘|.'|:i'.'."Tll imgl ~erreice. Sioee the 005615
loew pelative oo the requiced eftor il cquiprient, this s
Lisuit T The lxosl appr:_u-.;h_ ven lor n:'v:|1|.'ri-\:|'||‘.'cd e chan-
pes Tl T Moy proceduzes ims provinled woaequaind the
hum peechanic widhohe precedure

VALVE COMPONENTS

1. Waar cop

1. Kays

3, YRhm speing redober
4, Yolvm spning

T, YRivm and

6, Exhuund wahe guada
7. Inipkq volun guride
#, Exhoust usluw

f, Migky velvm
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Dakarr

Yalue glm

"

1' Walvy happd thighness

n__. :|'

i —— e —— e E . 4

Yabre Remor el

Fetee to Flguee 1R for this procecdiry
1. Reowove the oy hinder bewd s desenbad 10 zhes chnpier
2. Renwive Oie eocker shaflicazmbly as Jesenbed in1has
claprer.
I Bemwive the wearcap (1. Figure 18] onthe val e slzm.
1. ampeasy the valvy spring with o compressor like the
one shuvwn i Figace 19,
5. Remdve the valve keys (2. Figore 14) ond release whe
SEFAME TR,
B, Remebe the valve spring cotnner amd v alve spring.

CALTIRY
Rremine u.l|_|.'.|'.lurr.'.'_,l'n-'.l.rrr Ml vt SRORT o b
greeves (Migaee 20 hofore remsvisy e
Vel I B PRl vl g s e Ladfuet g

7. Kewoove the il

. Tesnuve am| descard the vzhve siem seal o5, Figure
1K1

<. Repem Sieps 3-8 For the remainiog valves.,

Irl:p-ﬂ'i Hr

1 Clean the valews with a line wire broshe or boffane
wheel Dhscurd any cracked, warped o buened valwes,

2 Meacure the valve stems an the Lo, @ewn and bnom
Tar wear. A machine shwp can dothis s len the valves are
greul.

NOTE
Lheok the SRuckness af dhee valve sdpe or
AR afied e e Meve Newsl groasd,
aee Fioure 2f. A1 valve weth o mamein desy
i (LS e RO el ) admaelat Dee s
CeTiue

3. Removve alk cerbon and vaenish fecan the vidva witdes
with a 50T spital wire brusk

MOTE
The Hex akep wonemes trer sl volee strmie
ke Beteh magersecreed cad e within .Tlr.nw;'l',l'_:-
varons. Reoluve valies wih wora s fe-
e pebfkarhgs Py st

4. Inser each valve inbia the !,ll.‘iill.‘ From whizh 1l woe ce-
mawcd. Haldoys the valve just :1||th|1,- i 1= sz, ook i
ek and fogtle i a directiom paralle] with the rocker arme.
This iz the directiom in which thy greatesi wear normolly
sceurs. JE the walve stem rsks mone than shighily, (he
valve puide 15 probalily wor.

5. INshere iaany duuht showt vl geide condilion afier
precdivinaing Secpad, enagune e vinlvg gusde Coppan: the
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el wath specifivanions ua Tables 1-3) Wonn gundes
sl b 1eplaced.

6 Text the valve apeigs and2r Toad oo & spring eser
(Fipare 22). Heplace any spionsg that does vot meet the
epemit [catean duilzd i Tabdes 1.0,

7 Iﬂ:ﬁpﬂl Thee win]ves seads, I wecrmar humed, Ihu'_',r sl be
rocomdionel This s o 'i-:||1 low a deal2r uc chackhime ﬁl‘!l’lrl,
,ql‘r'l'p;mgh the prq,u::dun,-: i leserebed imochas |:|na|.‘|[|:r.

4. Check rach spring on a flan surface with a stegl wuware.
Sex Fipure 23, Slowly revolve che spring 364° and note
the space between the 1o of the coil and the square. [
cacerds 14 mm (04255 m 1 o any peinl eplage the
SpEEimg.

0. Check the valve rwides for wear amd loosemess, Keler
1a Tables 1-3 for valve paide specitications. A lodse valve
@uide muost be repliaced.

¥alve Cuide Replacement

The cylnder sl s spupped with repliceable valve
gundes Fhe imtisks ancd exhanst vidhe gordes are deleren
i shupe. Reter b Figare 24 The inticks vislva guwie has a
Sapht nsede bore . while the exhonet valve gunde has a
stepped opening 31 the lower epad ol the guude

Take the ewlinder head da a deolership or machine shop
ol volve gurde replacemaol is required

@

Eshmingt valvg quice nipkig valye Quick

Fap cut

Top
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OIL PICKUP
[26M, 26M20, 3GM AND

IGM3I0 MODELY)

Wleen instolling the valve guides, the prooved @i vowst
b 1gvweard dhe dop of the cvlinder hend. The groove mwsl
be flush wath chie head surtsce a5 shown in Figure 25

PLUSH REMDS

I. Ecmenve the tocker sems 85 provicas: |y described.

2. Remove the push rode and mark them e they can be
remeialled in thesr angimal posions,

A DLspect the pash od cnds B dangge. Masmnom al-
lvrwcalele Pwncowt i 0103 men 02 0 ).

4 Hurnsiall he puch rule B reversine he rencreal pro-
cedure, Aqdjust villve clramnce as deszribed in Chapder
| e,

PISTOMCOMNECTING ROD ASSEMELY
PistunsCun pecling Hod Kemiyul

1 Bemoes the cppins s descrited in Lhis chapter,

2. Pk samnita®le cununrer e the <l pin ard remies
the dean plug. Tel the crankoase il dean, then Tensgl
che iz plg.

1 Femove B zelbindes head as deseribwed io di s claprer
4. Remave the oil pan.

B0 QGAL SOeAE T0M g BOALESH mpoiids— L aasen
the oel 2ickup jam mud (Flgrore 246) and remoys the oil
pickup.

B. 1ilate Lhet cram kel untal The [ ETERL R P otk kel
cerler Pack the q_"r-.'lin-:l-ur Feare with n'_'|i.-::|.|1 '\,'h-l_'-p HILE Fa-
et *hie carhun ri-:l_lcl:u al Lhe up ol Lhe -:.'_':.'Ilrpqlzr by g Py
a riIJHE reaniar, Thoese can he n:nl.-e.-:l.'l o - "-.-':l.-l.:l.u.lm 1zl
1= h]l..irili[.l;h. 1l reenye the 5;|'||'-rl TARS.

T. Rorere the ceankshafl wund the comecting sl i cen-
bzrsd ms the Bore. Sdeanone de cleaianee Tetween the cun-
meeclinge red and the cvenksbiafl jomrmal Mange with o Tl
Eevler gaupe (Fhgure 275 INhe clearmmee coceeds apecih-
viliona | Tables 3-3 |, relaee the connecting cod dusing re-
assembly,

B, Bemove the connecling riwd balts, T o the cap. oo-
rather with the Tower beranmg insert.

4. Use o woeelen hummer hondle 10 push the pisron ond
n'.'nnnl.:clin_g n:_l-cl fn1m |.|‘|l.! |_'||_'|n;.

1§, Beanoe the psteas onggs w itk img semiover (Figure
2R
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Pisten Pin Bemoyval/lnstallutinn

Tl 101 prstun '|'.hi1| 1ides direclly wn bhe prston andina
lushing o ahe gomuzcting rod. Cinclips sl each end retain
the piston pim en the pascon.

L. Befone remeviog the piston. plige the caankshafl end
of the conngeing sl e o viee wath s aws. Bock the
pustin as shpwn in Flgune 22, Any resking alion (da nos
contuse winh 1 nuroal shdine metun pindacales weacan
thie pisnan i, pristond pin bore of conpecing red smoll end
ere for coanbanalivn of Lhese ).

2. Romueee the el From 2ach sl of e piswon pin bore
(Fipary 30 wah a small scresdntves of scnibe. Hold &
{humb pver nng edpe af the clip wheo remaving il 1o pree
verd the clip fron springing o

1 e o weouden dawel or swldkle waal and poash o Lhe
prstam pin. 1€ the pinis diffeadn wozeoiove, heat rhe Fistom
with it haic dever. Separate the pisien fan the conrgcbing
roml.

Flaton/Cylinder Dere Check

Inless peecizion meisurng aqupineoc §s weailable,
Fawe thes prascsdure done by @ machine shop.
L. MWeasuce the paston dametor wath o mceometer {Fig-
wre 317 ar 2 vighs angle to thee pesean pin bore & mm (0,35
an 3 T the bactorm of thy puiva skir.
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inder
=]

1Tim,

2. Measure the ovlinder bore damedsr at several poinds
wilh & bore gauge (Figure 3L, typical}. Figure X shows
ihe paiots of normal cplinder wear. ¥ dimenaion A ex-
coods dimenstom B by mare than 0.02 mm (GO0D0E i,
rebore the oylinder and insdall 8 new piston/cing ossemibly.

3 If the cylinder bore is dameged or excezsively wom,
rebore the cylinder bore and insial] a new piston. IF the
pigton i worm, bl the cylinder bore is pood ioztall 8 new
pigton.

NOTE
Clbfaid the Hew piston drd Adee f ovalable
Ik vhe MeroHrpe SHOE caoh Bere the cvlinder o
e correet orerire SiHEHLIOA.

Flatos Rhug FibTuatallaton

1. Check the ring map of each piston ning. Todaibis, post-
tiom the ming 1 the botom of the nng mevel ares and
squate 11 Ty Wppang pently wath amnvernad piston, Ses
Figure 34

MNUTE
I the cpiinder has mot bees rebored, check
the gap af #he hottom gf the ring fraest,
where the cyinger i Jeast worm
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1. Measure the Ny gap wilh 2 feeler gamge ax shiwn
Figurc 35. Uompare 1he measurement with speui licimsar
in Tables 1-3 IF the meisnrement is v whin specificie
b the TINgs msist be replaced as iosen Check the gap of
T rings o5 well [F the gap is e snall, file @ ends of
the nimg to socrest L[ Figare 36

1. Chegk the side 2learance nf the Timgs as shown in Figs
ure 37, Place the Feeler gauge slongside 1he nng all the
wny o the groove. W the measutement is non within
spevificineons {Tubles 1:3h wither the Angs oc e nng
grooves ige wom [nspect and replace thern as requited.

4. Using o nng espansler ol [(Figure 38). cancfully in-
ciall tha ol comtrol ring, then the compnession fings. The
il ring consiss eof e preces, the outer Ang and the i
expansian sprng Assemble the ¢il dog uo the pastnn so
The expansion sprny gap s en e upposie side of the pis-
ton from the ting «nd gap. See Figuee 3 Tl scoond
COmprexsion nng 15 pered while dic g compeessya
ning hits o bl Fuze The wp of mach coiopeessiot ning is
markel indd must Gice lowarcl the piston cegwn.

Connecling Bod Inspertion

| lawe e qunnegiimg rmd chiecked foe areaghiness by a
cledir g7 wmachine shop.

The piston pin e ol Qe commectng md s cquipyeed
with o bushing. Reler w Tables 1-3 for Bboshing specifica-
fwons. [Melnng replacnnent is oquived, & presd 19 neecs-
siry U Teanuve Lthe old bushing and intall & aew hushing.
The wil hules ju U bushing and comeecting rod muse
align Faam e hushing o oboaio the dedired closrane: in

Tulrbes 1-3.
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Expansion
ring gap

Scale

Plastigage

Connecting Rod Bearing
Clearance Measurement

1. Place the connecting rod and upper bearing half on the
connecting rod journal.

2. Cuta piece of Plastigage the width of the bearing (Fig-
ure 40). Place the Plastigage on the journal, then install
the rod cap and bearing. Be sure to install the cap so the
marks on the cap and rod are on the same side (Figure 41).

NOTE

Do not place Plastigage over the journal oil
hole.

G : i
G s
e bl

St

b o
oaETaR R s e
S .

e R

3. Tighten the connecting rod cap to specification (Table
4). Do not rotate the crankshaft while the Plastigage is in
place.

4. Remove the connecting rod cap. To determine bearing
clearance, compare the width of the flattened Plastigage
to the markings on the envelope (Figure 42). If the clear-

ance is excessive, have the crankshaft reground and install
undersize bearings.

Piston/Connecting Rod Installation

1. Rotate the crankshaft so the crankpin is at bottom dead
center.

2. Make sure the ring gaps are positioned as shown in
Figure 43.

3. Immerse the entire piston in clean engine oil. Coat the
cylinder wall with oil.

4. Install a piston ring compressor on the piston around
the piston rings.

CAUTION
Use extreme care in Step 5 to prevent the

connecting rod from nicking the crankshaft
Jjournal.
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Second ring

5. Position the piston so the numbered side of the rod
(Figure 41) is toward the camshaft side of the engine. In-
sert the piston/connecting rod assembly into the cylinder
(Figure 44). Lightly tap on the piston crown with a
wooden hammer handle to insert the piston. Make sure the
rod does not bang against the crankshaft.

6. Clean the connecting rod bearings carefully, including
the back sides. Coat the crankpin journal and bearings
with clean engine oil. Place the bearings in the connecting
rod and cap.

7. Pull the connecting rod and bearing into position
against the crankpin. Lightly lubricate the connecting rod
bolt threads with engine oil.

8. Install the connecting rod cap. Make sure the rod and
cap are properly aligned. Install the cap bolts finger-tight.
9. Tighten the cap retaining bolts to specification (Table
4).

10. Check the connecting rod side clearance as described
under Piston/Connecting Rod Removal in this chapter.

TIMING GEARCASE

The timing gearcase covers the camshaft and crankshaft
gears and the oil pump (Figure 45). The timing gearcase
also contains the governor mechanism and serves as the
mounting location for the fuel injection pump. A ball
bearing in the timing gearcase supports the outer end of
the crankshatft.

To remove and reinstall the timing gearcase, proceed as
follows:

Camshaft

Qil pump
gear

Governor
Fuel injection flyweight

drive cam

Crankshaft
gear
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1. Disconnect the negative battery cable from the nega-
tive battery terminal.

2. Remove the alternator as described in Chapter Nine.
3. Remove the oil filter.

4, Detach the control cables from the speed control lever
and the stop lever.

5. Remove the fuel injection pump as described in Chap-
ter Seven.

6. Remove the seawater pump as described in Chapter
Eight.

7. Remove the crankshaft pulley retaining nut. Using a
suitable puller, remove the crankshaft pulley (Figure 46,
typical). Remove the drive key from the crankshaft.

8. Remove the manual starter cover (Figure 47, typical).
9. Remove the setscrew in the end of the camshaft (A,
Figure 48, typical), then remove the manual starter drive

pin (B).
10. Remove the timing gearcase (Figure 49).

g
_ : .
11. Remove the gasket and any residue from the gearcase * SRR

and crankcase surfaces.

12. If crankshaft or starter seal replacement is necessary,
proceed as follows:

a. Pry the old seal from the gearcase with a large
screwdriver. Work carefully to prevent damage to
the gearcase seal surface.

b. Clean the seal recess in the cover with solvent and
blow it dry with compressed air.

c. Apply gasket sealer to the periphery of the seal.

d. Position a new seal in the cover recess with its open
end facing the inside of the gearcase. Drive the seal
into place with a suitably sized seal driver or socket.

13. If crankshaft bearing replacement is necessary, pro-
ceed as follows:

a. Refer to Chapter Seven and remove governor shaft
from timing gearcase.

b. Pry the seal from the gearcase with a large screw-
driver. Work carefully to prevent damage to the
gearcase seal surface.

c. Drive or press out the bearing. Force the bearing to-
ward the inside of the gearcase.

d. Clean the seal and bearing recesses in the cover
with solvent and blow them dry with compressed
air.

e. Drive or press in a new bearing until the bearing
seats in the recess in the gearcase.

f. Apply gasket sealer to the periphery of the seal.
g. Position a new seal in the cover recess with its open

end facing the inside of the gearcase. Drive the seal
into place with a suitably sized seal driver or socket.

h. Refer to Chapter Seven and reinstall the governor
shaft.
14. Reverse the removal procedure to reinstall the timing
gearcase. Refer to Table 4 for the tightening torque of the
gearcase retaining screws.
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Gear

Thrust but

bearing

Thrust Pin

GOVERNOR ASSEMBLY

Crankshaft

LUBRICATION SYSTEM

Refer to Chapter Two for lubrication system operation,
diagrams and oil pressure test.

Oil Pump

The oil pump is mounted on the front (timing gear) side
of the cylinder block (Figure 45).

Removal and installation

1. Remove the timing gearcase as previously described.
2. Remove the governor thrust washer (Figure 50), thrust
bearing and thrust sleeve from the crankshafi.

3. Using a suitable tool (if available, Yanmar special tool
124085-92700), unscrew the crankshaft nut.

4. Remove the governor flyweight assembly.

5. Remove the oil pump (Figure 51) and gasket.

6. Clean any gasket residue from the oil pump and en-
gine.
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1. Insiallation is the reverse af remerval. Tighten e onl
pump retaining screws 1o the ightening borque specified
in Table 2. Be sure dhe gavemor | aeight ussmbly aspo-
siioined oo the locating pin (Flgure 540 Tighten the
cranksheft oot o the tightening torque spesifivel in Talde
4,

Discicsenmbdy Inspection and reassembly

L. Remove the ol puenp ¢uven {Fligure 52).
2. LA4fi out the anner and auler pump nodors (Flgure 53).

3 Thorenghly lean all pans in solvear aed blow thein
dry with comprassed ar

4. Check the drive spumells ingl pamp rolde Eur sagms ol
wear, seoring or damige, Replace Wanagd pas.

MNEATE
The ol pras,p 2hiat and pegr ooy progyed To-
SEREE: o Kol attemm for disissemble iem.
The ofl pomp my st B coplaced ay @ anie as.
Fembdy i any pemets g damergnpd.

i Reinatall the inner rotor in the pump body. Reznstabl
the owter rator in the pamp bodor.

B, Mesgsur2 he cleatance Berween v Dover o tip and
vty pie D [FIg e 54 Corpans Lee mesw s woicth spei-
Fznioms i Takle 1.

7. Meusurs the cleiranee between the outer neor and 1he
purmnip body (Figure 55). Comparg the nesnlys with specili-
cations inn Table L.

& Plece & straightedge acrocs the pump body. Measare
the side cleeranes between the rotors and stoightedps
witl a Mat feeler gewge (Flpure 56}, Compors ihe meo-
surzimctr with specifications in Tables 1-13

4. Measure tbe diacneret of the tnner racor shalit. Moepsure
the shait hure of the pomgp body. Caleulate shaf clearance
aqul compane 1 with specifications in Tables 1-3.

10, [F any clearance measuresh in Sieps 0.9 15 ol wih
specilications, replace the pump. [ehividual compornes
are oot availeble. The pummp must be repliced as a2 wnie.

1L. When Teasseribibing the «il pump, b sare to lubricate
the waces, tewde and shaft arich cogine oil.
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QIL FAE32UVRE AREQULATOR

\ 2,
B
1
-]
!
1. Flug
2 3nim t
3, QU peraacaure s dping
3, CHF pracaLre relal ball
& Flpw
& Mul
¥ Cing
& Ol N
FPrevsare relief vader FLIY'YWHEEL
An oil pregsure eeliel valve o lowsbed imothe ol Blver Remoyallnstallation
moonting pipe (Figure 57} If ol pressure excends
H0-A0M kP2 (4157 pan), the neliel vilve opeos and expels |. Kzmove the engine from the boal

oil inb ilse timing geanpge.

Do oot atterope o dizasseeble the ol pressuce relicl
walve. The valve ia acaled asd Uit be replaced a3 o unit
anecmbly

O pickup

The ail pickup is Ioeated in the odl pan. The pickop in-
cludes o strainer 1o pravent forcign maber from entening
the lubrication sysberm.

Tor remaye the @il pickup, remove the oil pan apd up-
serew the jam nut {Flpwre 581

2. Remove tee wensmission,
3. Remowe the drive disc (Figwre 5%, wypical).
4. Oirsdually bwwen and remove the fAywhes] balls,
wewkinig in & cugonal panero. lostall two deve dise
Serewd inlo 1w outer holes in the fiywhes! (Flgure $0,
oypicalh, then ws2 the sorews to pull and resove the fly.
whsel,
% Inspect the ring gear T the nng gear is exceasively
wom or dameged, wie the folléwmg procedurs 1o romaove
the ring gear:

4. Heat the ring gzar cvenly, then drive the nng gear

off the flywheal.
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OIL PICKUP
2GM, 1GM10, 3GM AND 3GM30
(TYPICAL)

b. Heat the ring gear prior to installation. Drive the
ring gear onto the flywheel while being careful not
to damage the gear teeth.

6. Reverse the removal procedure to install the flywheel.
Tighten the flywheel retaining bolts to the tightening
torque specified in Table 4. Refer to Chapters Ten and
Eleven to install the drive disc and transmission.

DRIVE DISC

Refer to Chapters Ten and Eleven for information con-
cerning the drive disc (Figure 59).

T ——

CRANKSHAFT
Removal and Installation

Refer to Figure 61 for an exploded view of the crank-
shaft assembly.
1. Remove the flywheel as previously described.
2. Remove the bellhousing (A, Figure 62, typical).
3. Remove the piston and connecting rod as previously
described.
4. Remove the oil pump as previously described.
5. Remove the crankshaft gear.
6. Install a dial indicator as shown in Figure 63 and mea-
sure crankshaft end play. Compare the measurement with
the specification in Tables 1-3. If end play is excessive,
inspect the main bearing as described in Main Bearings.
7. Remove the main bearing housing (B, Figure 62, typi-
cal).
8. Position the engine so the crankshaft is vertical with
the flywheel end up.
9. Attach a hoist to the flywheel end of the crankshaft.

NOTE
Two-cylinder engines are equipped with one
intermediate bearing carrier. Three-cylinder
engines are equipped with two intemediate
bearing carriers.

10. Remove the retaining bolt(s) for the intermediate
main bearing carrier(s). See Figure 64.

NOTE
Adjusting the lifiing tension on the crank-
shaft may ease or increase the force neces-
sary to unscrew the retaining bolt(s) for the
intermediate main bearing carrier(s).
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ks el ksl
NN =2o

CENDORLP

CRANKSHAFT

Nut
Pulley

. Oil seal
. Bearing

Thrust washer

. Thrust bearing
. Thrust sleeve

Nut
Pin

. Governor flyweight assy.
. Gear

. Main bearing

. Crankshaft

. Key

. Bolt

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

Lower main bearing holder
Main bearing insert

Upper main bearing holder
Bolts

Lower main bearing holder
Main bearing insert

Upper main bearing holder
Pin

Main bearing

O-ring

Main bearing holder

Oil seal

Flywheel

Bolt
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11. Carefully lift the crankshaft out of the engine (Figure
65).

12. Proceed as follows to replace the crankshaft seal in
the main bearing housing:

a. Pry the old seal from the main bearing housing with
a large screwdriver. Work carefully to prevent dam-
age to the main bearing housing seal surface.

b. Clean the seal recess in the housing with solvent
and blow it dry with compressed air.

c. Apply gasket sealer to the periphery of the seal.

d. Position the new seal in the housing recess with its
open end facing the inside of the bearing housing.
Drive the seal into place with a suitably sized seal
driver.

13. Refer to the Main Bearings section for information
concerning service to the main bearings and thrust bear-
ings.

14, Reinstall the crankshaft by reversing the removal
procedure while noting the following:

a. Thoroughly lubricate the main bearings and thrust
bearings.

b. Be sure to install a new O-ring on the main bearing
housing.

¢. Tighten the main bearing and intermediate housing
bolts to the tightening torque specified in Table 4.
After tightening, rotate the crankshaft to be sure it
rotates freely. If not, loosen, then retighten the inter-
mediate main bearing housing bolts.
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d Tnegall a dial indicutor 85 shown in Figure 83 and
emeasnre rrinkshalh end play. Compare the rea-
surernent with she speciiication in Tables 1-3. If 2nd
play 15 moeTme. reter to she Main Bearings saction
b desterminy ke canse,

£ Alignthe timaog oeerks {Figuee B8 on the camshott
and crankshaft gears wilwo insealleg the crankshott
gear.

£ Chech oo g gear back lash by installing a dial indi-
valw & ghown i Figure 87 or by tosliog the gear
weth with soit soluer betwesn the gear teeth. Can-
pare the measurenwnt wilh the specificatioo in Ta-
bbed L3 IC gear back lash is moormeet, replace the
chimshafl and crankshalt g,

[ospeciian

L. Clean the crankshaft thoroughly with solvent, Blow
ot the oil passapea with cempresged

2. Check the main and conmecting rod jowmals for wear,
serabehes, griwves, scoring or erocks, Check adl szal sur-
face for Paord, meghy o1 cdher sharp edges that might dam-
apt B seal durryg inanal [uljon

NOATE
Linfess procfoiar measuring eguipment i
awrifaflie, hove o machine shep perfarm
Sieg 3

1 Cheek ull jownals against specificaciogg | Takbles 1-3)
for wut-ol-rourdness and aper. Have the crankshan
regroand. if necessary, end install mew undetsize bearings

MAIN BEARINGS

The crankshati 15 supported &t cach 2nd by insert-tvpe
men bearings. The froof main bearing is locae? i the
sTankcase and the ceor main bearing is located 0 the re-
Ievable main bearing carter. The imermsediate. in-
zerype bearing 15 held in 3 removable heaviagg huosimg,
See Figuts 61 Two intermediate bearigs are used on
threecy hruder engimes. while one intermadiae heanng s
wied gn wa-cylinder sogines.

Crankshoft thoast (end play} a2 comiralied by the inter-
mediake  beadng an feo-cvlinder  engines.  On
three-zylndzr engines, the inbeooediow beanng nearest
the Mywhee] controls crankshafi duse.

Eemove ihe crankshefl a5 descnbesd in the previoos s=c-
tion dor access o the mah banings  Unless precision
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Width

measuring equipment is available, have a dealership or
-machine shop measure main bearing dimensions. Refer to
specifications in Tables 1-3.

If front or rear bearing replacement is necessary, have
the main bearings replaced by a dealership or machine
shop. Be sure the oil holes in the main bearings align with
the oil passages in the crankcase and main bearing carrier.

Intermediate Main Bearing

1. Remove the intermediate bearing housing bolts (Fig-
ure 68).

2. Separate the intermediate bearing housing halves from
the crankshaft.

3. Inspect the bearings for excessive wear and damage.
4. Reassemble the intermediate bearing housing includ-
ing the bearing inserts. Assemble the bearing housing so
the arrows (A, Figure 69) at the parting surfaces are on
the same side. Tighten the bolts to the torque specified in
Table 2.

5. Measure the crankshaft and bearing diameters and
compare them with the specifications in Tables 1-3.

6. Measure the width of the intermediate thrust bearing
(Figure 70) and compare it with the specification in Table
1.

7. Be sure to lubricate the bearing inserts with oil before
installing the intermediate main bearing housing on the
crankshaft. Install the bearing housing on the crankshaft
so the F mark (B, Figure 69) on the housing faces toward
the flywheel end of the crankshaft.

8. Tighten the bearing housing bolts to the torque speci-
fied in Table 4.

CAMSHAFT
Removal and Installation

1. Remove the fuel transfer pump (Figure 71, typical).
2. Remove the crankshaft as previously described.

3. Prevent rotation of the camshaft gear by holding a
screwdriver or other tool against the camshaft bearing re-
taining screw (Figure 72, typical).

4. Remove the camshaft gear nut (Figure 73), fuel injec-
tion pump cam and camshaft gear.
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5. Position the engine so the valve lifters will not fall out
when the camshaft is withdrawn.

6. Remove the bearing retaining screw (Figure 74), then
withdraw the camshaft.

7. Remove the valve lifters and mark them so they may
be reinstalled in their original locations.

NOTE
If precision measuring equipment is not
available, have Step 8 performed by a deal-
ership or machine shop.

8. Check the bearing journal(s) and lobes for signs of
wear or scoring.

9. Measure the bearing journal(s) and lobes (Figure 75)
and compare the results to the specifications in Tables
1-3. Replace the camshaft if the journal or lobes do not
meet specifications.

10. Measure the stem diameter of the valve lifters and
compare it to the specification in Tables 1-3. Measure the
lifter bores in the cylinder block. Calculate the lifter clear-
ance and compare it with the specification in Tables 1-3.
Replace the valve lifters if they do not meet specifica-
tions. Replace the valve lifter if the lifter face is scored,
galled, excessively worn or otherwise damaged.

11. Replace the ball bearing if it is damaged or feels
rough during rotation.

12. Installation is the reverse of removal. Note the fol-
lowing:

a. Ifinstalling a new camshaft, coat the camshaft lobes
with camshaft break-in lubricant. If reinstalling the
original camshaft, apply heavy oil to the camshaft
lobes.

b. Lubricate the camshaft bearing journal(s) with
heavy engine oil before reinstallation.

c. Lightly tap the end of the camshaft to seat the ball
bearing in the engine. Rotate the camshaft to be sure
it rotates freely.

d. Align the timing marks (Figure 76) on the camshaft
and crankshaft gears when installing the camshaft
gear.

e. Install the fuel injection cam so the side marked
with a zero is out (Figure 77, typical).

f. Check gear backlash by installing a dial indicator as
shown in Figure 67 or by rotating the gear teeth
with soft solder between the gear teeth. Compare
the measurement with the specification in Tables
1-3. If gear backlash is incorrect, replace the cam-
shaft and crankshaft gears.

CYLINDER BLOCK

Cleaning and Inspection

1. Clean the block thoroughly with solvent. Remove any
gasket or RTV sealant residue from the machined sur-
faces. Check all core plugs for leaks and replace any that
are suspect. See Core Plug Replacement in this chapter.
Check oil and coolant passages for sludge, dirt and corro-
sion while cleaning. If the passages are very dirty, have
the block boiled out by a machine shop. Blow out all pas-
sages with compressed air. Check the threads in the head
bolt holes to be sure they are clean. If dirty, use a tap to re-
store the threads and remove any deposits.

2. Examine the block for cracks. To confirm suspicions
about possible leakage areas, use a mixture of one part
kerosene and two parts engine oil. Coat the suspected area
with this solution, then wipe dry and immediately apply a
solution of zinc oxide dissolved in wood alcohol. If any
discoloration appears in the treated area, the block is
cracked and should be replaced.

NOTE
On 2GM, 3GM and 3HM engines, remove
the cylinder liners to check the cylinder
block deck for warpage in Step 3.

3. Check the flatness of the cylinder block deck or top
surface. Place an accurate straightedge on the block. If
there is any gap between the block and straightedge, mea-
sure it with a flat feeler gauge (Figure 78). Measure from
end to end and from corner to corner. Have the block re-
surfaced if it is warped more than 0.07 mm (0.0028 in.).

4. On 2GM20, 3GM30 and 3HM335 models—Measure
the cylinder bores with a bore gauge (Figure 79) for
out-of-roundness or excessive wear as described in Pis-
ton/Clylinder Bore Check in this chapter. If the cylinders
exceed maximum tolerances, they must be rebored.
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Fuel injection
camshaft

Nut 2
Bearing

ear
G Screw

@ CAMSHAFT ASSEMBLY.

Key

Camshaft

Fuel transfer
2-CYLINDER pump lobe

ENGINES

Bearing
journal
EXH. EXH.

INT.
T.
INT. Fuel transfer
3-CYLINDER Bearing Pump lobe
ENGINES journal

Crankshaft
gear

Reboring is also necessary if the cylinder walls are badly
scuffed or scored.

Cylinder Liners 2GM, 3GM and 3HM
(Including F and D Series) Models

Have cylinder liners replacement performed by a deal-
ership or diesel engine shop. The liner is available in dif-
ferent outside diameters so a precise fit between the liner
and cylinder block may be obtained. The upper flanged
end of the liner fits in a step at the upper end of the cylin-
der bore. Each liner must protrude above the cylinder
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Straightedge

C

@%ﬁcs

Feeler gauge =

block surface. When the cylinder head is installed, the
clamping force of the head against the liner protrusion se-
cures the liner in place. The protrusion also establishes a
gas-tight seal between the liner and the head gasket. In-
spect the liners as follows:

NOTE
The liner is a close fit in the block, but it may
be movable. Distortion or corrosion may
Jreeze the liner in the block, which will ne-
cessitate a puller to remove the liner.

1. Measure liner protrusion above the cylinder block
(Figure 80) and compare the result with the specification
in Tables 1-3.

a. Excess protrusion may damage the head gasket. Ex-
cess protrusion may be caused by improper seating
of the liner flange in the block, possibly due to cor-
rosion.

b. Insufficient protrusion may allow compression
leaks and liner movement in the block. Insufficient

Bore gauge

> (
e e

N
S
— .

Protrusion

/ T
Cylinder liner Cylinder block

protrusion may be due to a worn liner or cylinder
block.
2. Measure the cylinder liner bore at several locations to
determine if the liner is out-of-round or distorted. Com-
pare measurements with the specification in Tables 1-3.
Replace the liner if the measurements exceed the specifi-
cation.
3. Inspect the liner bore. Replace the liner if it is rusty,
corroded or otherwise damaged.
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Core Flug Replacenent

Check the condifion of all core plugs m the block wheo-
ever O ongine is oul of the beal for service. IE any signs
of lzakage or commosion are tound wound one core plug,
prplace then ell. Core plugs in the evlinder block prevenl
dapuage to the Block should tbe coolant freeze The cvlin-
der Mok of 268, 30M and 3HM coguxs is squipped
wilh cast iron, removable cylindar Imers, See Cypfinder
Limers inn thia chapter.

MNETE
A murchune shop can replace core pIgs in-
erpensivelp. [ mackine work on the engine
I Reeerid My, e tRe cove pines replacesd af
The same Hre.

Remeval and Mnytullathm

CALTIHN
Ler meed i goonmz pfuapes Emtes TRe 2Ry cidl-
g, ft will b imposvifle e retreve em
oA they ca roagkriel ot eircilalion, re-
sultimy ir Nerieey emgine damege.

1 Tup (he b edge of the core plug with 8 hammer
amel dhntt. Llae sewetal gharp blows to push the banlom of
the plug woward, nlling the 1o out (Flgure 81).

2 Urip thesop of'the plug finmly wath phers. Poll the plug
from its bors (Figwre B2} and discard.

MNOTE
165 Blse pussibie o remove o gy by
driftine @ Aale ir e cender of te pluy and
FEVIRE B Ol with O appropriade sipe JIrift
oF pin prnch. Wher remaving g large mure
plug, the wse of @ waiversal impact shde
hImmer i3 revommended.

1. Clean the plug bore thoraughly 1 remave 611 aees off
the nld asslcr. Inspenit the bors for any damage that might
intemlere with proper sceling of the new plop.

A4, Cann the imsice diamelar of de plup bore end the oater
diarmster of the new plug witl seaber. Usa an oil-rezistant
senler ifthe plug 1 oo Be inscalled iv an oil gallery or 2 wa-
ter-resistint sealer Ffor plegs installed in e water jackel
. lnstall the new core plug with an appropriate $i2e corg
plug inacallaiion tool {Figure 3], dnver or sucket. Mos-
tion the cutside edge of the plug 2-3 mm 08012 .}
inside e Block.

b. Repeal ftens | -3 toreplace each remeiniog core plug.
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Chapter Seven

Fuel Injection and Governor Systems

This thapler descnbes operation of the fuel wnjeciion
end poyemoar syalems aml service procedurss. Reler o
Chapter Two lor tooubleshooling procedures  Reter 4o
Chapter Thres for mainfemince procedures, Reter o
Chapter Frve 1o7 a descnpticn oF diesel 2ogine operudion.

Tabdes 1-1 ore lecoied at the end ol this chapter.

HARN w0
Sreinns fTe fazands alears eviv aomeed
|1'|’e'5¢'.|'_||'1.|'{'|' Fa o el aar l:mn.lrl'.llg Py ar
CTE |-.-.|:|r.l-'|:'__|'j..'{'.' i prescn. _-1'|'|.-|'.-:|:|.'.f by .'.|_."En'
eNfHEpshar waeed Ine fuyel and edesiegal
Jires o fignd when refigling s wevicien
wry pert ol e el sustons

Hof R s
Fluel AN l|".l'r.l.-:l1 Hra et ol
kigh-precoeee faet fedags qauth sy
Teorew v prshetrade e Ak, b el cosse
Mgl pealicamiig, Fewer poesley add cover
arpnaed Mue sfere maebie s Aasi-peres e
ORI TS,

FLUEL INIECTION FLISIAMENTALS

Enging vpertn is deseried] uner Sl Srpine
Faoncrmazatuly in U laprer Fiwz,

The mejor components of ihe diesel fuel swslem are the
Fus] rank, Fwel fillers. injection pump ard anjeclion noz-
leispdFipare 1), A fesd {manefer] pump moves tuel foom
¢hie flae] dank throogh the Heers o the fuel injection pump.
Qovemar operation is described o Jroverior Svsies in
chis chapier.

Fuel [n)ection Pomp

The fuel injection pump forces fuel inko the fuel ingec-
tor%). which direct fuel into the engioe corbustion chans-
ber. The pump raises fuel prossure boo approxeaace |y
1T0HY K Pa 12540 psi), while als3 consredling the tiome snd
amauni of fuel injecded.

The digsel injection pumps used an the engincs coversd
in thiz manual operate on the plunger and com principles.
Eeter e Figwire I and Figure 3. A& codating cam in e ¢n-
e caases o planger io the fuel injection pump 10 meve
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be operating properly to adequately protect the fuel injec-
tion system. Failure to maintain fuel filters and use clean
fuel can result in engine stoppage and expensive replace-
ment or repair of the injection pump or injectors.

Fuel Transfer Pump

The fuel transfer pump (A, Figure 9) moves fuel from
the fuel tank to the fuel injection pump. The pump is nec-
essary when the fuel tank is lower than the fuel injection
pump. A primer lever on the side of the transfer pump per-
mits manual operation of the fuel pump diaphragm.
Priming or bleeding the fuel system requires operation of
the primer lever so fuel flows to the injection system with
the engine stopped.

FUEL INJECTION SYSTEM BLEEDING

Air in the fuel system can cause rough engine operation
or stoppage. Bleeding purges air from the system. Bleed
the system anytime fuel line connections are disconnected
or fuel components are removed. To ensure all air is re-
moved, perform the complete bleeding procedure de-
scribed in the following steps:

1. Open the bleed screw on the fuel filter (Figure 10).
Make sure the fuel valve on the fuel tank is open.

NOTE
Be prepared to contain and wipe up expelled
Juel.

2. Operate the priming lever (B, Figure 9) on the fuel
transfer pump while observing the fuel expelled from the
bleed screw hole. Continue to operate the priming lever
until air-free fuel is expelled, then close the air bleed
SCIew.

3. Open the air bleed screw (Figure 11) on the fuel injec-
tion pump.

4. Operate the priming lever (B, Figure 9) on the fuel
transfer pump while observing the fuel expelled from the
bleed screw hole. Continue to operate the priming lever
until air-free fuel is expelled, then close the air bleed
screw.
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O,

Injection

timing
shims \

5. Loosen the fitting nut (Figure 12) on the injector(s)
just enough to expel fuel.

6. Move the engine speed control to the full throttle posi-
tion.

Plunger roller

7. Move the decompression lever to the ON position. Fuel injection
] cam

NOTE
Do not operate the starter for more than 30
seconds, otherwise the starter may be dam-
aged due to overheating.

8. Operate the starter until air-free fuel flows from the in-
jector(s).

9. Tighten the injector fuel line fitting nut(s) to 20 Nem
(15 ft.-1b.).

10. Operate the starter and listen for the distinctive noise
that indicates the injector is operating.

FUEL INJECTION TIMING

Similar to ignition timing on a gasoline engine, the fuel
must be injected at the proper time to obtain optimum
combustion.

Injection timing is determined by the relationship be-
tween the injection pump plunger and the injection cam-
shaft in the engine. The rotating cam acts against the roller
on the pump plunger in the fuel injection pump (Figure
13) to force up the plunger and pump fuel to the injector
nozzle. Moving the fuel injection pump up or down on its
mounting surface changes the point on the cam that the
plunger begins vertical movement, thereby changing
when injection occurs.

Shims between the injection pump and its mounting
surface on the engine are used to adjust fuel injection tim-
ing (Figure 13). Increasing shim thickness retards injec-
tion timing, while decreasing shim thickness advances
injection timing.
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Adjust Fuel Injection Timing

1. Make sure there is no air in the fuel system. If neces-
sary, bleed the fuel system as described in the previous
section.

2. If there is no flywheel observation hole in the clutch
cover (Figure 14), remove the starter motor so the timing
marks on the flywheel (Figure 15) are visible.

3A. On 1GM and 1GM10 models—Unscrew the fuel in-

jection line retaining nut (Figure 16) and disconnect the =

fuel line from the pump.

NOTE
On 2GM, 2GM20, 3GM, 3GM30, SHM and
3HM35 engines, the cylinder nearest the fly-
wheel is the number one cylinder.

3B. On 2GM, 2GM20, 3GM, 3GM30, 3HM and 3HM35
models—Unscrew the fuel injection line retaining nut
(Figure 17) for the number one cylinder fuel injection
line, then disconnect the fuel line from the pump.

4. Install a spill pipe on the pump in place of the
high-pressure fuel line (Figure 18).

NOTE
If a spill pipe is not available or cannot be
fabricated, observe fuel flow in the open

nipple.

5. Place the speed control lever at the mid-throttle posi-
tion.

NOTE
Do not use the starter motor when rotating
the crankshafi.

NOTE

Always rotate the crankshaft in the normal
running direction (clockwise at the crank-
shaft pulley); otherwise the water pump im-
peller may be damaged.

6. Rotate the crankshaft with the crankshaft pulley retain-
ing nut until the 1T mark on the flywheel appears.

NOTE
The piston must be on its compression
stroke. If fuel does not appear in the spill
pipe, the piston may not be on the compres-
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sion stroke. Rotate the crankshaft one full
tur.

7. Slowly rotate the crankshaft while observing the fuel
in the fuel nipple on the injection pump and the timing
marks on the flywheel.

8. When fuel appears in the spill pipe, the injection tim-
ing mark on the flywheel (A, Figure 19) should align with
the reference pointer (B) on the clutch cover. If viewing
marks through the starter hole, the injection timing mark
on the flywheel (A, Figure 20) should align with the ref-
erence mark (B) on the clutch cover.

NOTE

There are two timing marks for each cylin-
der on the flywheel: a mark for top dead
center (TDC) and the injection timing mark.
The TDC mark is identified by a T next to the
mark. Near the TDC mark is another mark,
the injection timing mark, which has no
identifving letters or numbers. The injection
timing mark is to the right of the TDC mark
when viewing the mark through the starter
hole, or to the lefi of the TDC mark when
viewing the mark through the clutch cover
hole.

9. If the injection timing is not correct, remove the fuel
injection pump as described in this chapter.

10. Measure the shim pack located between the pump
and engine mounting surface (Figure 21).

11A. Injection timing retarded—If injection timing is re-
tarded, decrease the shim thickness to advance injection
timing. Decreasing shim thickness 0.1 mm will advance
injection timing one degree.

11B. Injection timing advanced—1If injection timing is ad-
vanced, increase the shim thickness to retard injection
timing. Increasing shim thickness 0.1 mm will retard in-
jection timing one degree.

12. Install the shims and injection pump, then recheck in-
jection timing.

13. On 2GM, 2GM20, 3GM, 3GM30, 3HM and 3HM35
models—Check fuel injection timing for the remaining
cylinders. Use the injection timing mark adjacent to the
2T or 3T marks for the cylinder being checked. If injec-
tion timing is incorrect for the number two or three cylin-
ders, have a Yanmar dealership or diesel fuel injection
shop inspect the injection pump.

FUEL INJECTOR

Each cylinder is equipped with a fuel injector (Figure
22). Refer to Fuel Injector in the Fuel Injection
Fundamentals section of this chapter for information re-
garding fuel injector operation.

Maintaining optimum fuel injector performance is pri-
marily dependent on using clean fuel. Dirt or debris in the
fuel is the predominant cause of poor injector perfor-
mance. The injector is also subject to the heat and byprod-
ucts of combustion. The fuel injector nozzle is protected
from combustion heat by a heat shield. However, heat and
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combustion byproducts eventually affect injector opera-
tion. Clogging may affect the spray pattern, which may
cause misfiring and decreased engine performance.
Yanmar does not specify when a fuel injector should be
removed for cleaning. A periodic maintenance schedule
can be formulated based on when engine performance de-
clines due to the injector becoming clogged. An injector
should perform properly for several hundred hours before
requiring service; otherwise, operating procedures, fuel

type or condition, or another engine problem are responsi-

ble for unsatisfactory injector operation.

Injector service should be limited to removal for exter-
nal cleaning. Have a Yanmar dealership or diesel fuel in-
jection shop perform internal cleaning or overhaul.
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Removal and Installation

Refer to Figure 23 for an exploded view of the fuel in-
jector and precombustion chamber assembly.

1. Thoroughly clean the fuel injector and the area around
the injector to make sure debris will not fall into the en-
gine.

NOTE
Plug or cap all fuel openings to prevent the
entrance of dirt or debris.

NOTE
Note the location of all washers so they can
be returned to their original positions.

2. Detach the fuel return line from the nipple on the fuel
injector. On multicylinder engines, the fuel return line
must be removed from all injectors. Hold the injector and
remove the fuel return line nut (A, Figure 24) and return
line fitting.

3. If necessary, unscrew the fuel line retaining brackets.
Detach the high-pressure fuel line (B, Figure 24) from the
fuel injector.

4. Unscrew the retainer plate nuts (A, Figure 25), then
remove the retainer plate (B).

5. Remove the fuel injector (Figure 26).

6. Extract the heat shield and gasket (Figure 27). The
gasket resides in a groove in the top of the heat shield.

NOTE
Do not damage the precombustion chamber
when removing it in Step 7 if it is tight in the
cylinder head. If necessary, remove the cyl-
inder head to dislodge the precombustion
chamber.
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7. Extract the precombustion chamber and copper gas-
kets (Figure 28). Note that there is a copper gasket (Fig-
ure 29) above and below the chamber; make sure to
remove the bottom gasket after removing the chamber.

8. Onmodels so equipped, remove and discard the O-ring
on the fuel injector (Figure 23).

9. Plug the opening in the cylinder head to prevent the en-
try of dirt or debris.

10. Refer to the following section for injector testing and
cleaning information.

1. Inspect the precombustion chamber. If damaged, dis-
card the chamber. Clean the heat shield.

12. Discard the gaskets and install new gaskets. Thor-
oughly remove any gasket residue in the top of the heat
shield.

13. Install the bottom copper gasket in the injector bore in
the cylinder head.

14. Install the precombustion chamber with the holes to-
ward the cylinder head. Align the pin on the side of the
precombustion chamber (Figure 30) with the groove in
the injector bore (Figure 31).

15. Install the wupper copper gasket onto the
precombustion chamber.

16. Install the heat shield and gasket. The open side of the
heat shield must be down.

17. Install the O-ring onto the fuel injector (Figure 29).
18. Install the fuel injector into the injector bore in the
cylinder head (Figure 26).
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19. Connect the high-pressure fuel line to the injector.

20. Install the retainer plate so the side with bumps (Fig-
ure 32) is down and contacts the injector.

21. Install the retaining nuts. Tighten the nuts evenly to
20 Nem (14.5 ft.-1b.).

22. Connect the fuel return line.
23. Reattach fuel line retaining brackets.

24. Bleed the fuel injection system as described in this
chapter. Run the engine and check for leaks.

FUEL INJECTION PUMP

The fuel injection pump is built to precise specifications
and is easily damaged by contamination from dirt or de-
bris. Due to the close tolerances in the pump and the spe-
cial tools and equipment required for overhaul and
testing, have a Yanmar dealership or diesel fuel injection
shop perform any unnecessary service.

Removal and Installation

WARNING
Serious fire hazards always exist around
diesel fuel. Do not allow any smoking in ar-
eas where fuel is present. Always have a fire
extinguisher, rated for fuel and electrical
fires, on hand when servicing any part of the
fuel system.

1. Close the fuel shutoff valve.

2. Thoroughly clean the fuel injection pump and the area
around the pump of all debris.

NOTE
Plug or cap all fuel openings to prevent the
entrance of debris.

3. Detach the fuel supply line from the fuel injection
pump (A, Figure 33).

4. Unscrew the fuel line retaining brackets. Remove the
fuel injection line(s) between the fuel injection pump and
fuel injector(s) (B, Figure 33).

5. Remove the injection pump retaining nuts (C, Figure
33).

NOTE
Removing the oil fill cap on 1GM and
1GMI0 models provides access to the gov-
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ernor linkage for easier pump removal and
installation.

6. Lift the injection pump out of the engine while care-
fully disengaging the governor linkage from the pump.
7. Remove the timing shims (Figure 34) and set them
aside for reinstallation.

8. To reinstall the injection pump, reverse the removal
procedure. Make sure to reinstall the timing shims and en-
gage the control rack pin (Figure 35) with the governor
lever fork. Tighten the pump retaining nuts to 25 Nem (18
ft.-Ib.). Bleed the fuel injection system as previously de-
scribed. Run the engine and check for leaks.

FUEL TRANSFER PUMP

The engine is equipped with a fuel transfer pump (A,
Figure 36) to move fuel from the fuel tank to the fuel filter
and fuel injection pump. A cam lobe on the engine cam-
shaft operates the pump lever (Figure 37), which moves
the fuel pump diaphragm to pump the fuel. Fuel pump
pressure is approximately 9.7 kPa (1.4 psi).

The transfer pump output port on 1GM and 1GM10 en-
gines is on the left side with the pump mounted on the en-
gine. On all other engines, the output port is on the right
side.

Fuel Pump Testing

WARNING
Always have a fire extinguisher, rated for
fuel and electrical fires, on hand when ser-
vicing any part of the fuel system. Clean up
any spilled fuel as soon as possible.

1. Loosen the air bleed screw (Figure 38) on the fuel fil-
ter.

2. Operate the engine starter. If the fuel transfer pump is
operating properly, fuel will flow from the air bleed screw
hole.

3. Iffuel does not flow from the air bleed screw hole, dis-
connect the output fuel line (B, Figure 36) from the fuel

pump.

NOTE
Be prepared to catch fuel expelled from the

pump.
4, Operate the engine starter. If fuel does not flow from
the fuel pump, replace the pump.

Removal and Installation

1. Close the fuel tank valve.

NOTE
Account for the sealing washers on the fuel
hose ends.
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2. Disconnect the fuel lines (A, Figure 39) from the fuel
transfer pump.

3. Remove the fuel pump retaining bolts (B, Figure 39),
and then remove the pump.

4. Clean any gasket material from the engine and the fuel

pump.
5. Reverse the removal procedure to install the fuel trans-
fer pump. Bleed the fuel injection system as described in
this chapter.

NOTE
The transfer pump output port on 1GM and
1GM10 engines is on the left side with the
pump mounted on the engine. On all other
engines, the output port is on the right side.

Overhaul

Internal parts for the fuel transfer pump are not avail-
able. Replace a defective pump; do not attempt to over-
haul it.

FUEL LINES

The fuel system utilizes both rubber and steel lines.
When replacing fuel lines, use only lines recommended
by the manufacturer or a diesel engine shop. Purchase the
formed steel fuel lines from a Yanmar dealership. If nec-
essary, a diesel fuel injection shop can fabricate fuel lines.
All lines must be secured by brackets to prevent fractures
or splitting due to vibration.

Inspection

Periodically inspect the fuel lines for leaks and damage,
such as dented or bent steel lines, or cut or abraded rubber
lines. Leaks may be due to loose fittings or damage.
Tighten loose fittings and recheck the leak after operating
the engine. Do not overtighten a fitting to try to stop a
leak; overtightening may damage the fitting threads or the
fuel line sealing surfaces. If tightening does not stop the
leak, disassemble the fuel line and inspect the line and seat
to determine the cause of the leak. If sealing surfaces are
damaged, replace the fuel line and, if necessary, the fuel
fitting or component.

NOTE
Always operate the engine and check for
leaks after reconnecting the fuel lines.

Fuel lines with banjo fittings (A, Figure 40) are
equipped with copper sealing washers (B) on both sides of
the fitting. Copper washers harden with age and will not
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seal properly if reused. Always install new washers when
reconnecting a fitting.

The fuel lines are secured with brackets to prevent leaks
due to engine vibration. Periodically check that fuel lines
are properly secured with brackets. The high-pressure
fuel injection lines are held by a rubber pad in the bracket
(Figure 41). Replace any rubber pads that are missing or
no longer holding the line securely.

GOVERNOR SYSTEM
Operation

The governor components are in the timing gearcase
(Figure 42, typical). The purpose of the governor system
is to maintain engine speed regardless of the load im-
posed.

The mechanical governor system utilizes centrifugal
force to monitor and adjust engine speed. Refer to Figure
43, Figure 44 and Figure 45. A set of flyweights are
mounted on the crankshaft. When engine speed increases,
the flyweights are thrown out. When engine speed de-
creases, the flyweights recede. Trapped between the fly-
weights 1s a flanged sleeve that moves in and out with the
flyweights, pushing against a forked governor arm. The
forked governor arm transfers motion to the governor le-
ver, which is connected to the fuel injection pump fuel
control rack. The governor spring tension forces the speed
control lever against the governor lever, which forces the
injection pump speed control rack to the full open throttle
position. When load on the engine increases and engine
speed decreases, the governor sleeve is withdrawn, which
through the linkage moves the speed control rack to in-
crease fuel injection. When load on the engine decreases
and engine speed increases, the governor sleeve extends,
which moves the linkage to overcome governor spring

tension. The linkage moves the speed control rack and de-
creases fuel injection.

The governor controls engine speed in an operating
range between idle speed and maximum governed speed.
Maximum governed speed is critical as it sets the upper
limit of engine operation. Exceeding the maximum gov-
erned speed can cause overspeeding, which may result in
engine failure.

A fuel limiter screw sets maximum injection pump fuel
delivery. When the governor senses a decrease in engine
speed, the fuel control rack moves to the full fuel position.
The factory-adjusted fuel limiter screw stops the governor
linkage at a point that provides maximum, but not exces-
sive, fuel delivery to the engine.
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Chapter Eight

Cooling System

This chapter covers service procedures for the thermo-
stat, engine water pump, seawater pumps, drive belts and
connecting hoses in both standard and closed cooling sys-
tems.

Cooling system flushing procedures are provided in
Chapter Three. Drain and refill procedures are described
in Chapter Four.

Table 1 and Table 2 are located at the end of this chap-
ter.

NOTE
Except where specified, F and D series en-
gines are included when a basic model num-
ber is specified. For example, if model 3GM
is called out in a procedure, the procedure
also applies to 3GMD and 3GMF.

COOLING SYSTEMS

Seawater (Standard) Cooling System

All engines are equipped with a seawater cooling sys-
tem. The water in which the boat is being operated is used
as a coolant to absorb engine heat. Water from outside the
boat passes through the water intake to the impeller-type
seawater pump located on the engine (Figure 1, typical).
The seawater pump sends the water to the engine for cir-
culation through the engine block, head and manifold.

A thermostat controls water circulation to provide
quick engine warm-up and maintain a constant operating
temperature.

Refer to typical cooling system diagrams in Figure 2,
Figure 3 and Figure 4.
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Removal/Installation

Seawater cooling systems

The thermostat on 1GM and 1GM10 engines is located
in the cylinder head (Figure 2). The thermostat on two-
and three-cylinder engines is located in the thermostat
housing (Figure 3 and Figure 4). 3HM and 3HM35 en-
gines are equipped with two thermostats (Figure 4).

1. Drain the seawater from the engine as described in
Chapter Four.

2. Loosen the hose clamps and disconnect the hoses from

the thermostat cover (Figure 8).

3. Remove the thermostat cover retaining bolts and
washers. Remove the cover and the gasket. Discard the
gasket.

4. Remove the thermostat (Figure 9). On 3HM and
3HM35 engines, remove both.

5. Test the thermostats as described in this chapter.

6. Clean the thermostats cover and housing or cylinder
head mating surfaces of all gasket residue.

7. Install the thermostat in the housing or cylinder head
with its thermostatic element facing the engine. The ther-
mostat flange must fit into the housing recess.

8. Coat both sides of a new gasket with sealant and install
the gasket onto the thermostat cover.

9. Install the cover. Note that the inlet and outlet nipples
are stepped. Install the cover so the outermost nipple faces
down, as shown in Figure 10. Tighten the bolts securely.

10. Reconnect the hoses to the thermostat cover and
tighten the clamps securely.

11. Operate the engine and check for leaks. Operate the
engine until it reaches normal operating temperature. Im-
mediately shut down the engine if overheating occurs and
correct the problem.

Freshwater cooling systems

. 1. Drain the coolant from the engine as described in

Chapter Four.

2. Loosen the hose clamp (Figure 11) securing the cool-
ant hose to the thermostat cover.

3. Remove the thermostat cover retaining bolts and
washers (Figure 11). Remove the cover and the hose. Dis-
card the gasket.

4. Remove the thermostat (Figure 12).

5. Test the thermostat as described in this chapter.

6. Clean the thermostat cover and housing mating sur-
faces of all gasket residue.

7. Install the thermostat in the housing with its thermo-
static element facing the housing. The thermostat flange
must fit into the housing recess.

8. Coat both sides of a new gasket with sealant and install
the gasket onto the thermostat cover.
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This technique can be used to check thermostat opening
by marking the thermostat housing with two thermomelt
sticks: one with a temperature lower than the thermostat
opening temperature, and one with a temperature higher
than the full open position. When the coolant or water
reaches the first temperature, the mark made by that stick
will melt. The mark made by the second stick will not melt
until the coolant or water increases to that temperature.

WARNING
Do not remove the pressure fill cap from a
Jfreshwater (closed) cooling system while the
engine is warm. Coolant may blow out of the
heat exchanger and cause serious personal
injury.

Overheated Engine

1. Relieve the freshwater cooling system pressure by

carefully removing the pressure fill cap from the heat
exchanger. See Figure 15, typical.

2. Rub a 180° F (82° C) thermomelt stick on the thermo-
stat cover.

3. Start the engine and run at a fast idle.

4. If no coolant flows into the heat exchanger by the time
the mark starts to melt, either the thermostat is stuck
closed or the water pump is failing. Remove the thermo-
stat and test it as described in this chapter. If the results are
satisfactory, replace the water pump.

Slow Engine Warm-Up

1. Relieve the freshwater cooling system pressure by
carefully removing the pressure fill cap from the heat
exchanger. See Figure 15, typical.

2. Rub the 160° F (71° C) thermomelt stick on the ther-
mostat cover.

3. Start the engine and run at a fast idle.

4. If coolant or water flows into the heat exchanger be-
fore the mark starts to melt, the thermostat is stuck open
and should be replaced.

HOSE REPLACEMENT

Replace any hoses that are cracked, brittle, or very soft
and spongy. If a hose is in doubtful condition, replace it to
be on the safe side. Hoses in some installations are ex-
tremely difficult to change; attention to hose condition
can prevent a failure while off-shore.

Hose manufacturers generally rate cooling system hose
life at two years. How long the hoses will last depends a
great deal on how much the boat is used and how well the

system is maintained; however, it is a good idea to change
all hoses every two years. Always replace a cooling sys-
tem hose with the same type as removed. Pleated rubber
hoses do not have the same strength as reinforced molded
hoses. Check the hose clamp condition and install new
marine-grade clamps with a new hose, if necessary.
Partially drain the cooling system when replacing upper
hoses. Completely drain it when replacing lower hoses.
1. Loosen the clamp at each end of the hose to be re-
moved. Grasp the hose and twist it off the fitting with a
pulling motion.
2. If the hose is corroded to the fitting and will not twist
free, remove the clamp and insert a small screwdriver or
pick tool between the hose and the fitting. Work the tool
around the fitting, then remove the hose.
3. Clean any rust or corrosion from the fitting with a wire
brush.
4. Wipe the inside diameter of the new hose with liquid
detergent and install the hose ends on the fittings with a
twisting motion.
5. Position the new clamps at least 1/4 in. (6.4 mm) from
the end of the hose. Make sure to position the clamp screw
for easy access with a screwdriver or nut driver. Tighten
each clamp snugly.
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6. Refill the cooling system. Start the engine and check
for leaks. Recheck the clamps for tightness after operating
the engine for a few hours.

DRIVE BELTS

Inspect all drive belts at regular intervals to make sure
they are in good condition and are properly tensioned. Re-
place worn, frayed, cracked or glazed belts immediately.
The components to which they direct power are essential
to the safe and reliable operation of the boat. If correct ad-
justment is maintained on each belt, all will usually give
the same service life. For this reason, and because of the
cost involved in replacing an inner belt (requiring the re-
moval of the outer belt), it is a good idea to replace all
belts as a set. The added expense is small compared to the
cost of replacing the belts individually and eliminates the
possibility of a breakdown on the water, which could cost
far more in time and money.

Drive belts should be properly tensioned at all times. If
loose, the belts will not permit the driven components to
operate at maximum efficiency. The belts will also wear
rapidly because of the increased friction caused by slip-
page. Belts that are too tight will be overstressed and
prone to premature failure. An excessively tight belt will

also overstress the bearings, resulting in premature fail-
ure.

Only install heavy-duty belts. Do not install light-duty
belts, such as those designed for automobile use.

Refer to Figure 16 for drive belt routing diagrams.

Belt Adjustment

Refer to Chapter Three for belt adjustment procedures.

Belt Replacement

Alternator drive belt replacement

Replace the alternator drive belt as follows:
1. Loosen the alternator bracket and pivot bolts (Figure
17, typical).
2. Move the alternator toward the engine and slip the belt
off the crankshaft and alternator pulleys, and if equipped
with freshwater cooling, the circulating water pump pul-
ley.
3. Install a new belt over the pulleys.
4. Move the alternator away from the engine and adjust
the belt tension as described in Chapter Three.
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CHAPTER EIGHT

Seawater pump drive belt replacement
(except 1IGM and 1GM10 engines)

Replace the seawater drive belt as follows:
1. Loosen the alternator bracket and pivot bolts (Figure
17, typical).
2. Move the alternator toward the engine and slip the belt
off the crankshaft and alternator pulleys, and if equipped
with freshwater cooling, the circulating water pump pul-
ley.
3. Loosen the seawater pump bracket and pivot bolts
(Figure 18, typical).
4. Move the seawater pump toward the engine and slip
the belt off the crankshaft and pump pulleys.
5. Install a new belt over the pulleys.
6. Move the seawater pump away from the engine and
adjust the belt tension as described in Chapter Three.
7. Install the alternator drive belt onto the crankshaft and
alternator pulleys, and if equipped with freshwater cool-
ing, the circulating water pump pulley.
8. Move the alternator away from the engine and adjust
the belt tension as described in Chapter Three.

SEAWATER PUMP

All engines covered in this manual use a seawater pump
(Figure 19, typical). The seawater pump on 1GM and
IGMI10 engines is driven by the end of the oil pump
driveshaft. All other engines use a belt-driven seawater
pump. A rubber impeller inside the pump moves water
through the pump. The pump draws water into the intake
port as the impeller vanes flex outward, and it pumps wa-

ter out of the discharge port as the impeller vanes flex
inward, as shown in Figure 20.

The impeller only operates in a counterclockwise rota-
tion (viewed from cover side of pump) and remains in a
flexed (compressed) position at all times. Over time, this
causes the impeller to take a set in one direction. Turning
an impeller over and attempting to turn it against its natu-
ral set will cause premature impeller failure and engine
damage from overheating.

Replace the impeller every time the water pump is dis-
assembled. The impeller must only be reused if there is no
other option. If the impeller must be reused, reinstall the
impeller in its original position.

Overheating and extensive engine damage can result
from a faulty water pump. Therefore, it is highly recom-
mended that the water pump impeller, seals and gaskets be
inspected after every 1,500 hours of operation as a pre-
ventive maintenance measure. Individual operating con-
ditions may dictate that the pump will require service
more often.

https://www.boat-manuals.com/



COOLING SYSTEM

171

Impeller
direction

Seawater Pump Precautions

The seawater pump suffers from many misconceptions
about its ability to withstand operation without water be-
ing supplied to it. All impellers are made of some varia-
tion of rubber. The water pump housing is made of metal.
Ifa piece of rubber is rubbed across a piece of metal, there
is severe friction and considerable heat buildup. However,
if the metal is flooded with water while the rubber is
moved across it; the friction would be greatly reduced and
the heat buildup non-existent.

Basically, the water pump works the same way. The wa-
ter passing through the pump lubricates and cools the im-
peller and pump housing. Without the water, the pump
will overheat and the impeller will begin to melt almost
instantaneously. Of course, this can be secondary to the
potential damage to the engine from overheating.

Once the impeller sustains any damage, its pumping
ability is greatly diminished because the impeller can no
longer seal adequately. The impeller must seal on its
edges, as well as the blade tips.

If the engine was run without an adequate supply of wa-
ter to the pump, disassemble the pump and replace the im-
peller and any other damaged parts.

Water Pump Operating Mistakes

Do not run an engine immediately after pulling a boat
out of water. This is an extremely risky operation, but here
is why some people often seem to get away with it. If an
engine has just been pulled out of the water, there is resid-
ual water in the cooling system and engine that drains
back down to the water pump. This water will lubricate
the water pump for a short period of time (perhaps a cou-
ple of minutes), but the pump will be damaged as soon as
the heat from operation evaporates all water in the system.
Do not operate the pump without an adequate water sup-

ply.

Do not start an engine with the boat out of the water, but

without a water supply, to make sure the motor will run
when the boat is launched. This is an unacceptable and
very dangerous procedure. If an engine has been sitting
for any length of time, the water pump is completely dry
and the impeller will sustain immediate damage if the en-
gine is operated without an adequate water supply. Water
must be supplied to the pump through the boat’s water in-
take or supplied under pressure from a flushing device.

CAUTION
Supply the pump with an adequate water
supply anytime the engine is running.

Do not crank the engine for an extended period, such as
during troubleshooting. This is detrimental to a water
pump that is completely dry. Consider attaching a flush-
ing device before initially cranking an engine with a dry
water pump. This will ensure the pump is wet and will not
be damaged. It will not be necessary to keep the water
supply flowing during all cranking periods; it is just im-
portant to keep the pump wet during extended cranking.

Removal/Installation

1GM and 1IGM10

1. Ifthe boat is in water, make sure the seacock is closed.
2. Drain the seawater from the engine as described in
Chapter Four.

3. Loosen the hose clamps, then detach the water hoses
from the seawater pump.

4. Remove the pump retaining screws (Figure 21) and re-
move the pump. Remove and discard the gasket, if so
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cyuipped S el aie eguipped v an O-ring thas
szils Tt e itz and engioe,

5. Reverse the rernes al steps do anstail the pump Feder b
Table 1 108 the Liphlempe torgue of the pamp estinming
UMW,

TEH, FMN, A aad 3D

. Ifnhe Beal is inweter, makee sure the seaceck is olosed.

2. Doan the seawater from the sngine as dessribesd 10
Chapler Eour

i Laomsen The Bose elanps, then deaeh die waler urses
Irim b s aler .

4. Lowemen Ui scawaner pamp bracked and pived bolis 1A,
Flgure 22},

5 Muowe The seawater pump oo an! the crgme and shp
the drive belt o the pomp pa lley.

A Hemnve the punpanonmang b= B, Figave 225, then
separale the puomp ot the rvoanriag hracker,

7. Rewerse che remwwon al skeps w install the pump. Refer bo
Takle I Io7 the aightening sorque of the pump mounting
bioles. Adpost the bclosension ss described in Chapter
Theee.

AR and IHAAS

1. [Tthe boates in water. make sure e seacoch is o losed.
20 Dirain b2 seiwater fhor the engine as desetibed
Chaper Frawr.

3 Lawsen the hosy clamps, then detach the water bosys
lirom the ssawier pump.

4. Loosen the segwater pump brachet and pivad bolis

3. Mo be seaseater pump ewerd e cogiine gad s
the drave bel off the pump pallew.

A Loascrew e polley resaining not (B, Figare 23, tien
rennuet @ Hee putley Bor 2ecess 10 the pramps rsoaitingg bodos.
7 Remowe the monnting belts (O, Figmre 23, dhen sepic-
ratz the pump trom the mouniing bracked

¥ Revorse the remoeo] sieps ia inatall the pump. Befer o
Table 1 for the tighiemng torques of che pump mouniing
bolte, Adjwst che bell tenswon as dbescrited in Chapler
Three

Dispssembly'Brassembly

T8 ond FHTE

. Remave the three scrmws secuting the pump cover to
the by (1, Fipure 24).
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@ SEAWATER FUMP
(1GM AND 1GM10 MODELS)

1. Screw 5. Saal
Z. Cowar 10. Sl

3. Gankst 11. Banring

4. mpalar 1z Shak

5 Cam 14 Smap ning

#. Cmm ratmining 1d. Pannng
ECTEN 15 Snap ning

1. Pump body 15 Bon

& Crring 17, Waabgr

3. Remirvd the cover o8, Figuwre 25 ard gasken {3k Disa
vard the gasket

1 Ewtracy the wnpeller 14, Figure 241 from the pump
by

4, Rotaty the pump shib wochegk thy hizanngs B oongh.
sk, exeess vy wear <7 ather damage. e it cemovy the
shaft assemb [y wnless rplicemenl s nogesary,

5. Unscrew ahe cRm reaining serew 1, Flgure 240, then
resticwc thc carm ).

£, Femove the snopnine (15, Figgre 24) at the rear of the
rump bodw

T, Laghtly sap the wnapclier shal lowacd the rear of the
by oocenoewe the ihpcl ler shaft and hearing assembly.

NGTE
Hben neaeoeey Bearea, neae T el rind g
fovasivd beivecr e hearang,

X, Press the bearmps (17 and 14, Flgwre 241 foon 1he
purip shaft 112% asmg o uneversal press plale and arbor
press. Force each bearing awiy lmom the localing snap
ring (13, Flgure I4).

Q. Expact va push oot the seals (9 and 10, Figure 24}

KL Clean all mageal compeenents with solvenl. then dry
Lhiam s U ompress el agr.

1. Thommghby clean all gasket miteral from all mng
surlges.

1Z2. [nspect the pucnp shabl {12, Figare 24 for grdoees n
the seal comiist anea

1} Lnspect the impellzr(d, Fipure 24p for cracked blades
ur esecessive wearal ihe ips ofthe blades Replace the -
peller 17 any defecls ate obserad,

I4. [nspeclihe pump body and cover for orooees or her
dumagt. A damepged or eacessively wom body or cover
will reduce pump etficiency and mey damage a new tm-
peller.

b5 [nstall dbe shafi seal (5, Figure 24b 50 the lip is toward
the impeller side of the pump body,

L&, Lnstall the oil seal 110, Figore ) 5o the lip s iowand
the beanng side of the pump badw,

LT, ITtemoved, install the snep ring (13, Figare 24 ino
the groove inthe impeller shaft.

L& Pross e shali beanings onto (e pump shaft untak ey
seal fully against the snap ring. Press only oq the hearg
inner rapee.

L2 [nslall e shalt and bearing assemibly nmo e body.
Enscall the smap ring (15, Figure 24}

https://www.boat-manuals.com/




174

CHAPTER FIGHT

2t In=tall the cam (5, Figpare 24) incl thyr com relaaning
sonew (R

NEMF
Feplace e pymp impelier aime 3y -
o fron e pregap, IF e anigied fepel
S e Ay vaseed maka S e drrtoid 51 G
o eamp rodatimren dirosifan ox erl'gJ'.u.':!."v
gl

21 Lughtly lubricide the Hipe amd siddes of the anpeller. In-
sl Llee vrupeeller it the pocgs body Tay cotating the -
|:h:||¢r crunterclincbhwizzc. Be ceclain all :i|'|i|:r|'.‘“|'.‘|:' ilades
Frepd irn Ll s slirceLiom [F|guhr X5

22 Mnstallhie cover wnd waskel.

23 Iostull she three srews swounng the pump eover 15
the haody.

MM, JGMIN T0R and TOMFE

1. Bomoes the six sorews secunng the pump cover {14,
Figure 26} o the body (120

2. Benwee the cover and vaskel Dizscard the gozkel.

3. Latraor the impeller 1172 Figure 24 (rom the pemp
brdy.

4. RBoaate the pump sha e check the Bearenge doc rough-
It bE, CafCsEive wear ar otbar doma:. D rol reweve the
shafl asserably undess replacermenr is nocessory

5 Ulnserewe b pulley recwning nu. ihen remeve the pul-
Iy 13, Flgure 2&% ansd spacer (41,

. Benmrye the snap rine (5. Figare 360 an ihe reor of the
puenifn bk,

T Liphly capeche sipetler shofi 0F, Figere 265 wweard the
Tt oef the porapia cermeve the sopeller shaf and bearing
dincnthly,

B Loz e cants e sencwe (13, Elguee 2a), thon
rEliLh & e 2aim 4 10,

W Hemiys the seal g 10, Figure M6 and hearing
peweer {5 froen the shaft,

I Press thé hearings (rom the paonpe shart osing a unm-
wersal press plate amdl arbor press, Foree each b2anning n-
wiard The thredegd gnel of the shiaft, MBote the spose (7,
Figure Z6] hetwesn 1he Téinmgs.

11, Lwiracdar 'pll'-.h ciyil The xemal

17, Clean wll meal componenis i wohent, then dry them
with compTesyedd AT

L2, Thoronghty cleam nll gask matenal feom all maling
turlaces.

4. Inepect the pump shatt o7 groowves in the <gal conlad
arca.

L3 lnmepect the impetler For cracked blades or excessive
weal of the 1ips of the olades. Feplace che impeller of onx
deferts are abserecd.

Imypnlimr
dirsglion

[, Inspect the pump by and coneer for arcres or acber
datmage. & damaged o execssively worn dy moconver
wil| beduce purep efficicney and may damaes a new in-
pedlice.

17, Prees The huanngx 1L Lthe shifl aath The S[UICER 17,
Fheare It hoiween M2 beanngs Seal e bearmge
apitinst e shonlader om the shadl, Press only omoihe 3eiring
IMTSE G,

1. Install the seal 411, Figure 260 into che pamp body a4
1he lip s kewird dhe impsller side <f the by,

L2, Install che cam (16, Figues 263, chen nscalb e cam
refainting serew 130

M. Inatall vhe beanng cover Ok, Fgore 26 aath the 2on-
cave sl tusean! e baring.

21, Inctall Lhe sl nng L. Figary 246) cnle the chaii,
22, Inwall the shalv annembdy in B pumpe oy

210 et the smap om0 F, Figome 360

24, Inctall the spacer (4. Figure 260 pulley 13 aacher
{21 and nuat 1) Cren Lighten the ot

NOTE
Ruphiuce e pomp Dpedlel eeviiele 1 re-
mauety T et e pentte B ERe G b el
rer eHUKY B Pettonead eriddiat s i T skl 1 1
TAe aothe Frtwrloabal Jrres frore an arisi oy
rasdonfiv,

25 Liphtly lubrieaie the tipe and vides ol the impeller In-
£lall the smpeller indo the pump bedy by rolatiege the im-
peller counterclockwiss. Be ceclain o)l impellec blades
Yend in the same direclion (Figure 27}

26 Tnanall dee cover (19, Flgure 2467 aind pasker.

3T Insdall the sis serew: seonnng the pamp cover 1 the
ey

JHEAf ongd 2RIMI S

. Ermowe the sy sorgas (12 Figure 28 srcunne the
pumE coverd I8k boodhe body 417
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SEAWATER FUMPF
(ZAM, 20M20, JGM AND IGM3I0 MODELS)

13 Conm radalnlng
SEOEW

14 Elbow

15. Elbow

1%, Caim

1T, Wi |egr

18. Capkal

Y. Cover

0. Sarew

M, Brackat

22, Lopiw Ak e

=, Bl

Impalior
l"f—_\\ dirmgiion

L. Femove the cover (18, Flgure ) arl guket [17)
Derard the pasker.

3. Cxiract che wnpeller (14, Figore 28] foan the pong
body ard romicee the drive key 1R

4. Ruolale e pump shaft to check the beanngs T oowgh-
mess, exncessIve wear of dher damape. Do not cemaove he
»hafil assembly unless ceplucement is necessary.

3. Keinowe the snap rina.: 14, Figu re 1k

£. Lighehy tap the imgrellen shaft 7. Figare 28 1oward the
traen ol che puUMmp racanoe e ilr'||:||:|||_'| shall :iu-cl'l,l-e:lring
asgemibly

¥, Unscrew the cam reinining screw ¢ |-h Figure 285, then
remuve the cam 152

MWL
B Een e o froweirprs, ande Jhe sinege réng
Qocw e o tweear (bt |'.l|.-'r.|.".-r:_a;:=.
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1. HuA

2 Wenbr
3 Pulley

4. Snpp rig
5. Baariugs
d. Sndpi ring
T. Shalt

4 Knyp

¥ Coumr
10 Wpnhapr

SEAWATER MUMP

(IHM AND JHM3S MODELS)

11 S|

12. Pump body
11 Fitling

14 Cam retalning

AT
1R Cam
14 Inmpelier
17 Gaxhet
18 Covar
T Sorew

. Presc lhe beacins From e pump sha [ using 4 unwver-
0] prevs plata andl artwwr press. Force euch beanng away
frem the leciding snap ting 46, Fieare 250

Q. Exiracl or puch gut the szl {1}, Frgore 28]

L. Cleans all wacdal componants solvend, then dey chem
with compressed air.

Ll. Thowoughly clean all gasker mateeial feom all mating
Sibrfas s,

12, Irwpect the pump shuft e groceees in U seal contag
argik

3. Tnspacd the impeller lor cruckesd] blades o0 sacess v
wear gl the vips oF (he blukes. Replisce the impel ler of any
defizcis are observed.

4. Inspect the pump bedy and covver for grocves or sher
dormape. A damaged or exceccively wom body or eower
will reduce pump efficiency and mey damape & new 1m-
pelier.

5. Inzall she shait scal (L1, Flgure 18) so the Lip is to-
ward the inpeller side of the pump body,

4. IF removed, inatall the saag ring (6, Flgure 28} ino
the growove incthe unpeller shaft.

17 Press the shafi bearings one 1he pump shadl unnl
[l Iy seisted agninst the snop nng Press only on the bears
N INNeEr Feces,

14 Install e beaning cover (%, Figure 281 with the con-
cave side toowerd the bearing.

19 Inseall the washer 010, Figure 28) cawn e shail.

20 Ioseall the shafl assembly i the pemp body Il
the snap nng (4. ¥1gure 18}

2). Inarnl] the sletted washers (2, Figure 2B pulley (30
amnd nut {1}, then tightan the nuw.

22 Imsal) the Linpeeller drive key (8, Fligure 28] b the sloe
in the ittpelicr shatt.

NOHTE
Fapfaye e gl e e apinte of JF he-
stawed flroet e pacinp. I e orlpisal g
Tow witest b pedesedd. B SLme to PSR0T I it e
rame Poraeforal digecliol as orimidally it-
rraliad.

23_ Liglstly Jubricase the tipa and sides of the ssapelicr. Ln-
arall the impeller into the puimp body by cotating the io-
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peller counterclockwise. Be cerain all impeller blades arc
Facing the same dwrecoon ¢ Figare 2T

M. Imatall e caver (1R, Fltll‘e IE] and y;a:,k:l.

25, Inaell the six sorews sevuning te panp cover (o the
o,

FRESHWATER FLIMP

The freibwater cireulatiog puinp nay Wt ol e -
i Eilwre by mmakeng acise, B e scal is defocnive, el

anta et may leak o bebid the pump poilee. D
reconameided whal o o Be veplaced as oo pssembly
[ncyw idual veplcement pars wre o lahle

Eemnval' lnziallaiion

[. Drwinthe Feshvater cuuling systen Reler e Chapler
Four.

AN
I pump palfen vomawsd Beonae BoveIzae
|'1IT.I|:'i'P'r.II fi) .':.'Jn:'p 5

2 Lamsen, bid doonedl rongve, the puinp pulley resdining
hules (&, Figury 2491,

5 Loosen che altemawer adjusting and pivyve bl gH, Figs
ure 19). Soivel the oeermaror saward ahe engine and e-
muowe the drive bele Ergm the pump polley

b, | screwy rle Pt pudley sgrenaes and Temoe the pal-
lew.

5 Unclampand disconnectihe hoscs roan che eicculanmme
pump e deiach any hoze brackets that imenlere wol ac-
cuns B lAe wealer pump T=alis,

NOFE
thre Dhre e dmetde o The oo releining oy
aflecriE rerivad weld, o rrecerveny; monk
Peadt uenegdivng e focason,

£ Femuwe Lhe pump retanice bolts | Figure 300, Fe-
ke Thee pamp and giskel. Discanld the poskel.

1. Clean all ¢asked residue Frowt che panbp sl e
Black mouming surfaccs.

. Tussalluion e the rgverse of remena’. Tighten e wa-
et g [asteners 1 the nghlenrng oeges specified in
Tabke 1 Adjust drve bl as eacribed in O hapror Three,
Fell the fuesbiwarer section ol cloced cossling <y=tems with
wrlant. See Ulhaptee Dhree. Siar the epgime ond check for
leaks.

FRESHWATER COH3LING SYSTEM
AMAIMTEMN ANCE

Pressure Tesning

If the Treshwearer {olused cocling swatem reguare- e
gueni tappine off, il probably las a leab Sl leaks in o2
Cirling svsient are nod cany e lecale, the b conlant
cvaporales os fase es i leahs own, poevenmng the Buarnatnn
ol tell-tale pusty or proyiab- wlile saios

A pressare st ol iy Ineshwiser seoion will asoully
I ip oo pimpoint thie e of the leak, The procedars is
wery sumilior 1 that wsed (0 pressure testing automolive
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@ Pressure relief valve spring

Lower sealing gasket

Upper sealing surface

Lower sealing surface

cooling systems and requires the same type of pressure
tester.

1. Remove the pressure fill cap from the heat exchanger.
See Figure 31, typical.

2. Wash the cap with clean water to remove any debris or
deposits from its sealing surfaces.

3. Check the gasket, if so equipped, and rubber seal on
the cap for cuts, cracks, tears or deterioration. See Figure
32. Replace the cap if the seal is damaged. Make sure the
locking tabs on the cap are not damaged or bent.

4. Dip the cap in water and attach it to a cooling system
pressure tester, using the adapters supplied with the tester.
See Figure 33.

5. Pump the pressure to 13 psi (90 kPa). If the cap fails to
hold pressure for 30 seconds without dropping under 11
psi (76 kPa), replace it.

6. Inspect the filler neck seat and sealing surface (Figure
32) for nicks, dents, distortion or contamination. Wipe the
sealing surface with a clean cloth to remove any rust or
dirt. Make sure the locking cams are not bent or damaged.

7. Check coolant level. It should be within 1 in. (25.4

mm) of the filler neck. Top off if necessary.

8. Connect the cooling system pressure tester to the filler \

neck and pressurize the system to 15 psi (104 kPa). If o [ &
pressure does not hold constant for at least two minutes, T | y.alN MIATE) i‘
check all hoses, gaskets, drain plugs, drain valves and . = <
other potential leak points for leakage. Listen for a hissing EoﬁIEl_o —

or bubbling sound while the system is under pressure. 40 ‘ ; |

9. If no leaks are found, disconnect the seawater outlet il
hose from the heat exchanger (Figure 34). Repressurize

the system to 15 psi (104 kPa) and note the outlet connec- = ‘ — N /=
tion on the heat exchanger. If water flows from the con- %Nﬂi | __-_(:\'; =
nection, air bubbles are visible in the water or a bubbling = b= &
or hissing noise is heard, there is probably a leak between i ‘1=

the fresh and seawater sections within the heat exchanger.
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Frespwrg (N cap

CLOSED COOLING SYSTEM DLIAGRAM

Aamoin lank I

it o 20y
Hy-prane
Frasi el Mr pUSTH 4]] Tt Fecariat
r by hm]
H Cyl-lrﬂurmh]

\ —_

Frashwabgr Nre

0. [na signsof leakage can be found in Step S or Slep 7.
wel the coTond leesl continues 19 reguice Irequenl kpping
off, there 15 probably an anternal leak. Thas could b
vl by 2 blown head gasket. loose cylinder head, or a
vracked o1 porous head or block

Cleaning

Flush and clein the deeshwaber section every other wea-
s o prricdlically a5 newded, e any high-qualicy aule-
musvy Luoling svstem cleaning solution 1@ remeve scale,
sl mneTil dkpusils ur olher cenlaminativn, Cs2 1he
claimmg scxlilion acwandipg b the manulactuner's dicec-
mans.

[N estcernely dirly o cormsded, Auab oot the repinmme
deposits with a prewsone Mshmg device. Befer 9y 1he
couling swvstem Nows divereo {Flgure 35wl Lallow rhe
manufuerurer s insicwerisons teedrding the commection of
ihe pressuce fushine dewice anad paoccdwie o e rl-
Tawed.

Cleaming the Seawater Seclion of (he Hieat
Exchangor

Contenunesns and mincrals colleer insade the gupmer
tubees inabe seaw Brer sevtionof the ear cxclanger durng
engine gpecatie Suck foreign moacerial reduces the ahal-
ity of che beat exchanper oo crorate cificicntly aud, i e
remeyved pancdically, will evenmal by lcad oo enging oser-
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@)

FHI-I'HATEH. EXHAUST MANIFOLDVHEAT EXCHANGER

5 i
1
n
g o
15 40 L i
e,
AN ==
] + -\'F:.-"] "
16
1. Fransura cop 13, S
2. Flegr nack 14, Waskwr
A Gankal 15, MUt
4. Creqarllgw tube 16, Dresdn vlve
5. Exhaupd manbodo st 17, Flg
axchangar 18, Eng cpp
E. Mant smohanges cons 19, Fithing
T. Cover 20, Unpkopl
B Oring . Cigakr
B. Gamhat 2. over
10, End cap #2. [wpmn iling
11. Elbdaw 24 Dwabn vehm
12 Cing
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Indéx
- Hh
[ -
End . Encl

Heal exchinb g

O-ringe

heanne. 1 e recormended (o reraave ond cleon the heat
erehanuer whenewver the ¢ooland v changed. Bofer 1o Flg-
urc Jé.

1 Drain toih sechons of the voehng svstem. Reter w
Chapier Ioar, Logsen the hoss clumps and disconnect 1he
seawnler inlel and owllel hoses Front the e caps [Fipure
ST

7 Remowe the vl il reLdamng slnx

L Reoetted clse bt exclsao der cod coges Bemieye wnd diz-
vaard 1l sk,

tp EF—F—F3 ] :| —pap

= S N W | il
el I L =
T

4 Hemaen the hend exchanger {Figure 36).

NOTE
L TR derr erve iy 18 ettt e e T deli
fleaene doole alepiadiry, dafe 18 e o muridy
dele bl o Pershoiive Frealol  Fepuaer
chigr farr pdges cledniitg o avaid tofernial
daame Ja e WKL

5 CUlean all pasked residue From the end raps and heal
cxchunper sealing surfares.

. Inscet an appropriote sree wine brsh ing cach passage
irt the hear cxchanger, "Work the bnash back andd forh with
& vigoTus rintica, bt work carefully oo aveid darnage oo
Llw sapleleresd junes.

7. Remove the brwsh, hald ahe hean exchanger vemically
and blow loascned parlicles dul wilh cempeessed air

¥ Hepedd e 6oand btep T as neceesary M rémdaye ac
m:h ot the avcamalated depasite ae passible.

Q. Remsrall e leat cochanger by reversing the nemegweal
procedure. Pusitivm the heat cechanger su U irdes; pins
[ Filgure 39 i boab crds Do she bules oo thy el caps.

L0, Ful rhe freshwarer seciion with coclani. Reler m
Chapter Three, Srart che engioe and check for leaks.

SEAWATER COOLING SYSTEM MAINTENANCE

The |.'|||]'_-.' rIALE N rcqu iced o bz seawaler n'_'|1|.1|i11]_i;
Ao as perandue ushong, Befer o Chapter Three.
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Chapter Nine

Electrical System

All engites cavered in dhs manmal ane equipgied with a
LE-vulr, megative-goound elevincit oyt Many cleetri-
cal problzms can be traced to 2 simple sadse such 38 a
Bl fuze, 3 loose or comroded connestica, & lanse ales-
patr drave belt or 8 frayed wine. While these are casily
vorrected problems that may nul appesc 19 he impanant,
they can quickly lead to seriows i Meuley ec allowed o ga
wneemmeeisd.

Complere nvenhal of clecirical components, snch s
the aliemaloT aF SCEMer mobor, MEy ne be practivil ur edo-
nomcal [ngoane cagses, she necessary bushings., e
o ether wor pacnd are noa Bvailabde fer iwbvndval re-
placemenl.

IT 4545 indicate 2 wnit with problene arher than these
discussed in s vhapler, replace i with a new or bt
manoe wnil, dMake e, loweyer thae the new or ne-
built part 15 an xawt peplacencin for the defective one ne-
raved, Aleo be sure Wy isglale and correct the canse of e
Erilurs before installing a eeplacoent. For exompls, an
uneaTectad short imoan aleesuaror cireuit will mosl Tkely
burm oul a new aliemator as quickly as i damaged the ol
one. 10 in dogbt, #lways consult an cxpen.

Thas chapler provides servive pricedutes for the bar-
teryy, chasfping system, stuting sysenl and switches.

Wiring dagrants are included at the end ol 1his bugk Ta-
bhke 1 gl Tahle T zee [ocered ad the =nd of dhis chiper.

NUTE
Eavept where .fp{"c'!',l"én;'.-:l', F and I} rerey en-
Fues are mefisded whea o hosie meded mem-
bar g specified Forszomple o moded $0e1
15 aptied oed ie Q grocedune, the proceduse
arse applies 13 T ancd JGAE

RATTERY

Becaust billermes ased o omanoe applicaions endure
§ar more cigarons ryatment aed are oflen used differencdy
than thoss useth 10 e awlkancdiye chareing system, they
are rensructed diferenly, Howewer, babery adyamse-
menls developed fur aunnwtive bateerics have been ap-
plied 12 Tacing bineries, This bas resubed in new baltery
desipns that peevicls bie bodosr with meore cheicrs. A bat-
ey may be seleciad than bener accomimoedates the £lecin-
cal requirements Tor the engine and 1he bout's accessones
than the typicil okber, wet-cell banery designs.

[f hayirg & sove battery. coneull with a manne deale-
ship that sel1% a full e of meriee baternes o ohian the
best advive, provide the engine model anid i hsnof eleciri-
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cal devices that will be powered by the battery and how
they will be used.

Automotive batteries should be used only in an emer-
gency situation when a suitable marine battery is not
available. If used, the automotive battery should be re-
placed with a suitable marine battery as soon as possible.

Refer to Table 1 for recommended battery capacity.

Safety Precautions

When working with batteries, use extreme care to avoid
spilling or splashing the electrolyte. This solution con-
tains sulfuric acid, which can ruin clothing and cause seri-
ous chemical burns. If any electrolyte is spilled or
splashed on clothing or skin, immediately neutralize with
a solution of baking soda and water, then flush the area
with an abundance of clean water.

WARNING

Electrolyte splashed into the eyes is ex-
tremely dangerous. Always wear safety
glasses while working with batteries. If
electrolyte is splashed into the eyes, call a
physician immediately, force the eyes open
and flood with cool, clean water for approx-
imately five minutes.

If electrolyte is spilled or splashed onto any surface, it
should be immediately neutralized with baking soda and
water solution and then rinsed with clean water. While
batteries are being charged, highly explosive hydrogen
gas forms in each cell. Some of this gas escapes through
filler cap openings and may form an explosive atmo-
sphere in and around the battery. This condition can exist
for several hours. Sparks, an open flame or a lighted ciga-
rette can ignite this gas, causing an internal battery explo-
sion and possible serious personal injury.

Take the following precautions to prevent injury.

Cleaning brush

Battery — e =), Warm water
and baking
soda solution

1. Do not smoke or permit any open flame near any bat-
tery being charged or that has been recently charged.

2. Do not disconnect live circuits at battery terminals,
since a spark usually occurs when a live circuit is broken.

3. Take care when connecting or disconnecting any bat-
tery charger. Make sure its power switch is off before
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®

Batiary cabiw
claning feod

Tenl l-rmu.-n-:r

Baiiery pol cienning tool

roaking o hresking any connechion. Pour cunnesLisies i
a comticdn cawst of ebecmizal ares 1hal causy gsmlusuns.

Care and Inspection

The follvaing baliery mamacience information opplies
io uneen lecl, wet-cell Batneries. Althawgls sorne eF che pro-
ceclures also apply 1o other tvpes af baternes. consal b
balizry manufacnuict for spacilic recommendahons
I. Chscoquect o hatery cables (negotive ficsl. chen
posiive) and rengee Qe Bamery held-down or relainer
clump S Figare | Fuc a bypical open installalian and
Fiygure 2 fon a cepecal enclosed insdallation

MNETE
Some wndtentes hove o AP RINAD fnr oy
tor uxe ie Srep 1. See Figure 3.

% Miinsh @ baeery carer OF Camicr strap oo the fermimal
pusts and il he hacteey oo the batlery tray. Remove the
battery from the enjgine conparttenl.

3. heck the enome balicry case for cracks or other dam-
k.

4. INthe ey has reooveable vend caps, cover the oot
holes m each cap with smell pacees of maskinge cape.

MITE
Kewp clenning solutiver ver ol the forien)
ceflr i en b oor the eleciaa g el B aer-
GusA e kaenced

5. Serub the top ol the batery with s soft beisele Brosh,
using a hakang sowda and water solutian (Flgure d). Rinse
the batlery case wilh vlear water and wips of doy widh 2
chean cloth o1 paper lowels Kemove the masking @pe
from the Filder cap went kales, 1F 0 equipged.

&, Inspoct che battzre deay ur conLanet o Lhe eigine 2om-
partend For corrastion Kemawe and clean inif eecossary.
with the babing sodo and witer solain Ringe o wih
clear waner and wipe il dry, then rnyial|

*. Clean the battery cable clamps with oshIT sine brizsh
rar v SF e tany dools made for thee porpose (Figore &)
The same ool iz used for cleaning the battery pusts [Flp=
ure ).

¥ Repesitun Uwe Batcery on the bodery dcay o1 continer
omd Teonuwee Mo cateier or seap. Install and bighien the
hold-dowm device.

9. Remstall the pesitive batteey cable, then the negatinve
beHery cokle,

AL
Be suve fie Bantery cofes om connecisd o
el propey termingls Biversing the poler-
v ogA damicgre Wie altcrnaror
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@ BATTERY ELECTROLYTE
LEVEL

et
PCEH -0 G S CHCH A 1) PPy o
N S0P W G R S vt
. . =B
. L Plates
— 1 —--._F-'
L
e

1. “Taghten the batters cable conectns x4 b -lb 12
Pemb {verlightening she comrnctions can canwe damige
It che Batlery case. Coan e connections with perolenm
Jells or a Tieht muneral gredse. Aensol anlj—somosizn
spraiws cilm olan be weed.

N
L Acar covewfill Tha beettore cedfe om Siep J
The electrolvie expands due i ke fom
vhaegreg end map owerlew IF e feeed 52
Mo ther Lw s, 10 mey afaee Je Ao
FrlorTes.

1 Fenaaey she Oller cops and check the clectualyie
level. The elegirlyvie should cover the benery placed by at
least M0 4.8 inmy. Bec Fipure 7. Top off with dis.
Oolled wiater 15 (e Bottom ol the Gl g inocach cell, 10
MIES Ry,

Batiery Tealing

Huwdroangler fesling i the best wey 10 check hamery
chndition Lise a hyvdrometer weith numbeeed graduatinmg
frrn 1. N1 3060 rher thon one with calor-coded bacods
Tin use the hydrometer, squseze the nubiber ball, insert the
wpin a cell and nelense the ball{Figure &)

NTE
Lol Kot ottt dent o Datherye weth a fig-
dretveler immleaialely afivr wgdding water (o

Elmotrolyle muni
ba 215 In. aboye
platan

the eells Rud the vagere or charge Mo biai-
rerl fap 15wl o for freling

Uiy encuph clectealyie o Moat the wenshiled floar
nade the ndmancter, Pl dsow o wperiiure < ompensated
hydoemeter, release the electrilybe i repeint this process
severtl times b3 miake sure the thermometse has adjusied
b the electralyee leniporature befure lking the reading.

Hold the hyvdesmetee vertigally and oare the nomber
aligned wich the swrface of U clectrelyie  Figure 91, This
ia the specific grovicy for the eoll Ketumn the eleotrelyis
ihe cell fromm whichk i came.

The specific geavily nf Lthe ¢lecirolyte in cach babery
ezl s an excellent sndeaer of that eell's conditica. A
fully charged cell wall read [ 290 or mereat 83 F{27=C}.
iF dhe cells vest hebow | 220 he bactery most be e
charged. Charging is sl necessary if the specifie gravary
varics mare thae 3¢ pomiz frem cell to el

MOE
o wmperamoc-compenieted Apdeomaslier
0% vl sevird, add (1INt the specitie pravey
reartiomyr for gvery M afenee BT EF I 0y
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@ MHWERDE FULLY

;

EEERE R

[d

iEARAEAYE )

Farevern JIE Splaw 300 F (272 0), culiecur
FRLIES

Charging

Ylunkn batteries used far siarting inoo good siole of
charge. Uhegk e battery witle a valimeter e shoan in
Figure 10 Fecharge any banery (hat zanmot delover a
Ieast 9.6 vy lts under a atnting lead. [Trechorping does not
bring i1 wp b stnengeth or iFar daes not bold ihe charge, 12-
pluce L baklery.

A cold batery wall o secepr a chacge ceadily. 17 the
iemperslurg ix helow 30° F 137 C, allow the battery to

wanm W Eopsnn el aiene befise checging, The bat-
tery sbims s have o beoceieesed fem U bour befor:
charging, but i1 3% 2 reconumcrded prevedure since
charyine haneny gives off huehly explos < hwdroeen pas,
[ barey ks, clac area around che batlery is oo well ven-
nbatgd and whe gei may remain in the area Jor severa|
Teurs afler e chanaung procedure hes been compleiesd,
Sparks or flares octueming pear che harkeny cim gimses i1 1g
cxploede, spraving eatlery acid uver 4 wids drep.

Disconneet thy nepanee barery cable first, then che
pusieve binlery cable. Make suie the cleeeralyee is full
Remervs the venl ciapaand place a fulded papee fowel oyver
the wenl openings i absorb any electrolyee thar may spla-
Igr fs 2 kanzry charges

Coatnec e chargor o the balleTye nogmliee 10 neaaty »,
positive na positive, IFhe charper sulpui s vamible, sl
a [f-12 amp zetubg. Scl he voltage selector to 12 vt
and plug 1he charger i, Onee the Ballery statte o araepd o
charge, reduce the charge rabe B a ezl thal wall prevend
CECCISHVE EBSSINE.

The lengh of me regquincé o recharee 3 battery de-
pends wpen ity raing., state ol clage and wsperature.
Cemwrally speaking, b carcie nipal time should equal
the bitety amp heur rating. For example, 34> AH batery
will reyuite a < amp charging rawe for five heoss (9 < 2=
454 0r | Seamp chargiug rale fon thice hoewrs 15 = 3 =
45% Check chargimg peogrezs with the ydramieter,

Jump Siarting

If the bamery beromes dischinged, it 13 poasable v s
and run the sngine by Jump stating 1t ecm arnchee Dat-
Ty

Lelore yump stachng a Bauery whown leoperarures ars
F2°F (000 o Tower, ¢hegk the conedinicn of e electro-
Tvte, JEit 15 ol wisibrle ur iF i appedns o e fluzen. do e
atlernpl W jurnp siant the bistery, ay the hatery niay ex-
plade or upiure,

FARNIN G
|'._.-r.'rr:' ERlremms oo s WeH -I.WI."IIE'-L"'.'lil‘:'E d
Fevavter furllery T ohe THAT 3 diemrrgad
v parsonw! ik P dirmage o e -
T,

I. Connect he pumper cibles in the ueder and sequence
choean in Figare 11

IR
An rlerieical are o awerr wien e fing
CTETAROR i mode T ooadd criee dil @
plogieen [0 ery reaX e baliery, Foe oy
reayor, the (imn coneection $howld Be piade
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B e adtermador miopaliRe hetcked ur -
ke srinnd crRgEe gl g Her Ble bor-
Fuen eivedt

- Uheckthat all jumper cables aie nutof the siue of mo-
iy pars on Bh engines.

b Wtartthe cngine with chie good baners and nam al aanod-
ey apecd.

4. Swurl the engine with the discharpal hatery COmee
slars. rup it al 3 mnderane spseed.

CALTION
fieving e oREiRe Mol smluee e oo i
R R T

3. Remove e juosper cahles in ahe exace coverse order
shown in Figure 11, Begin gt pont 4, then disconneet at
paince 5.2 and L.

Batrery Cahles

Fioor terminal connecticars will cigge oxcecejve 1o51E-
tarwe, Defective cable insdlation ¢on vause portial shot
ciruils. Buotly conditicass sndy sesull o an abnormol colt-
agz drop it the starler nglor cable When 1his happens,
the resutling hard-seart condition a1l place Furler swain

ahw conmacilong in numeancsd ordar
{dimconmect In reweras arder 4-3-.0)

Dumchargad balbery

o e Bavery Check cable conditivm and e nyimsal con-
vk aerigglcal |y,

ELECTRICAL PROTECTION

Gome clegirical sysioms are equipped with a balens
cuwtetl[ switch connectsd between the pusiive terminal of
teg hatery and the starer solenund. The switch provides a
regien s 1 St 00T abl carcwits Mroon o brsiery 10 case of e
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= IR L

@ CHARGING SYSTEM
{TYMCAL)

or ather elecimen vemagmems. Llaing the colofl sxileh
also prevents imy ¢lostnval disin gm the basiery.

All engimes are eqoipped with 4 3d-amp fuse installed
in the witing harress heoween dhe agnition switch and
starter mator. L a failure coewrs in eny pad of the chectri-
el svstean, always check the fuse fiest o see it is Blawn.
LIswally, the rvuble is 2 short caecoit in the wiring. This
may be cansed by worn inswlation o by a wine thai has
wirked 10 way locae and shorted do graund.

Treal 2 Blawn fuse as mare than a mimor annavanee: it
scryes as a waming that someathing is wmoog in the skdn-
cal systemn. Before mplaciog a fuse, determine what
caused i1 o blow and comect the problem Alwigs cirmy
scvere]l spare fuses of the proper ampermges valwes
cnboard. Bever replace a fuse wilh one ol hagher amper-
age rating chan that specified lor use. Falure 1o follow

tyeae baaie rubes eould reaubt in hem or fite darege 1o ma-
Jor pers or oven che bees of the oniure vessel.

CHARGING SYSTEM

The cherging sw¥stem consisls ot the beter allsmataer,
voltage regulator, 1poitien swrch, chetpee lwmp and com-
necting wiriog. Al engines sre equrpped wilh it Hitacha
glicmelor. Beler o Flgure 11 Ior o typacal charging
syskem.

Freliminary Testing

The Gt wmdicatiom ol charging sy=em moallz e wsu-
ally 2 show emgiie cranking speed of vaniiag Lighis chae
i s engane speeed decteased. This @all afien sccar long
Beforg 1he amaneer of Wailvmeer shdicates thar there i a
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potential problem. When charging system trouble is first
suspected, perform the following:

1. Check the alternator drive belt for correct tension
(Chapter Three).

2. Check the battery to make sure it is in satisfactory con-
dition and fully charged and that all connections are clean
and secure.

3. Check all connections at the alternator to make sure
they are clean and secure.

4. Ifthe charging system is not performing as it should af-
ter each of the above points has been carefully checked
and any unsatisfactory conditions corrected, refer to
Chapter Two and perform the Charging System Tests.

Alternator Removal/Installation

This section provides alternator replacement proce-
dures. Complete alternator overhaul is not practical for
the home mechanic. In some cases, replacement parts are
unavailable.

This procedure is generalized to cover all applications.
Access to the alternator is quite limited in some engine
compartments and care should be taken to avoid personal
injury.

1. Disconnect the negative battery cable.
2. Disconnect all wiring harnesses and leads at the rear of
the alternator. See Figure 13, typical.

NOTE
When loosening the retaining nut on an al-
ternator terminal, hold the terminal with a
wrench to prevent the terminal from rotat-

ing.

3. Loosen the alternator adjusting and pivot bolts (Figure
14, typical).

4. Swivel the alternator toward the engine and remove
the drive belt from the alternator pulley.

5. Support the alternator with one hand and remove the
adjusting and pivot bolts, noting the position of any wash-
ers or spacers used. Remove the alternator.

6. Installation is the reverse of removal. Tighten fasteners
securely and adjust drive belt tension (Chapter Three) be-
fore reconnecting wiring harnesses and leads to the rear of
the alternator.

NOTE
Make sure the rubber boots at the end of the
wires fit snugly over the terminals on the al-
ternator, otherwise, the wire ends and termi-
nals may corrode.

STARTING SYSTEM

The starting system consists of the battery, starter mo-
tor, starter solenoid, starter switch, key switch, fuse and
connecting wiring. See Figure 12, typical.

Yanmar marine engines are equipped with a Hitachi
starter motor. The starter solenoid is enclosed in the drive
housing to protect it from exposure to dirt and adverse
weather conditions.

Starter service requires experience and special tools.
Refer to Chapter Two for troubleshooting procedures. The
procedures described below consist of removal, installa-
tion and brush replacement. Any repairs inside the unit it-
self (other than brush replacement) should be performed
by a dealer or certified electrical shop. Installation of a
professionally rebuilt marine-type unit is generally less
expensive and more practical.

Starter Removal/Installation

1. Disconnect the negative battery cable.
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2. Disconnect the solenoid terminal wires. See Figure
15.

3. Remove the starter motor mounting bolts. Pull the
starter motor away from the flywheel and remove it from
the engine.

4. Installation is the reverse of removal. Tighten mount-
ing bolts to torque specified in Table 2.

Solenoid Removal/Installation

To remove the solenoid it is necessary to partially disas-
semble the starter. Note that the starter used on series
1GM, 1GM10, 2GM, 2GM20, 3GM and 3GM30 engines
are equipped with an antitorque spring that stabilizes the
actuating yoke.

1. Remove the starter as previously described.

2. Disconnect the solenoid terminal wires (Figure 15).
3. Remove the screws securing the solenoid to the starter.
The solenoid will be loose but still attached to the actuat-
ing yoke in the starter. It is necessary to partially disas-
semble the starter to remove the solenoid and yoke.

4. Remove the two throughbolts (29, Figure 16 or 33,
Figure 17).

NOTE
Do not allow the armature to move forward
because the commutator may slide out of the
brushes, which will require disassembly of
the rear of the starter to reinstall the
brushes.

5. Carefully separate the drive end cover (3, Figure 16)
from the frame (15 or 22) so the armature shaft withdraws
from the drive end housing, but stays in position in the
frame.

6. Remove the solenoid with the actuating yoke (6, Fig-
ure 16 or 7, Figure 17) and spring, if so equipped.

7. Remove the yoke and spring, if so equipped, from the
solenoid.

8A. To install the solenoid on models equipped with an
antitorque spring, reverse the disassembly procedure
while noting the following:

a. Position the antitorque spring on the solenoid
plunger so the spring ends fit in the holes in the sole-
noid (Figure 18).

b. Position the yoke in the solenoid plunger so the
notch on the yoke fits against the closed end of the
anti-torque spring as shown in Figure 18.

c. Make sure the open end of the yoke properly en-
gages the ears on the overrunning clutch body (Fig-
ure 19).

8B. To install the solenoid on models not equipped with
an antitorque spring, reverse the disassembly procedure
while noting the following:

a. Make sure that the pads on the open end of the yoke
properly fit between the flanges on the overrunning
clutch body.

Brush Replacement

IGM, 1IGM10, 2GM, 2GM20, 3GM and 3GM30
models

Brush replacement requires partial disassembly of the
starter.
1. Disconnect the positive lead from the solenoid.
2. Remove the cover (26, Figure 16) on the end cap.
3. Detach the E-ring (25, Figure 16) and remove the
washers from the armature shaft.
4. Remove the brush holder retaining screws (30, Figure
16).
5. Remove the two throughbolts (29, Figure 16).
6. Separate the end cover (21, Figure 16) from the starter.
7. Note the position of the brushes in the brush holder.
Use a suitable tool to pull back and hold the brush retain-
ing clip, then remove the brush. See Figure 20, typical.
Repeat this step to remove the remaining brushes.
8. Remove the brush holder from the armature shaft.
9. Use an ohmmeter or self-powered test lamp to check
for continuity between the insulated brush holder and the
base of the brush holder assembly. See Figure 21. If there
is continuity, replace the brush holder.

. 10. Inspect brush and brush spring condition. Measure

brush length. Replace all brushes if any are oil-soaked or
worn to 12 mm (0.47 in.) or less in length. Replace any
broken or distorted brush springs.
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STARTER MOTOR
{EXCEPT AHM AND JHM3I5 MODELX}

1. Bott

L Loclowaghes

4. Oring and halsing
d. Bughing

. Cunl covm

5 Yoy

T. Spring

B. Shima

B. Siahmmndd
10k Astalining ring
11. Aistminer
12, Ditlwae
11, Canlar plalp

14, Armalurs

15, Frame mapamHy
18, Pasitve e

7, Bruah (pon.)
18. Bruah [neg.)
18, Bruth spring
20 Brush plaie

M, Commulalor end CQygr

22, Bushing
23, Waphat

4, Waghet

% ExRp

2% Covr

3T LocHwhaner
24 Sorew

I, Throughbst
H), Gorpw

3. Leckwashar
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.,
12,
13,
14,
15,
18,
LIS

LR

STARTER MOTOR
|3 AND 3HMIS MDDELS)

Bon

Lo b vt

Drlvm el haoarkibg
Bushing

cilp

Dok £

=l

LT ]

 Wanhamg

ShHN

Somppid

=]

Slopper washar
Circllp

R ningr

Dl

Buphing

18, Conder plate
18 Armatise
ol Woahar

21 ‘'Weahar

22, Frama pagambly

23. Foodive tead
24 PenHive bewsh
5. Beuih piate
28, Megallva brush
37. Beush apeing
2N, Buahing
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11 T replage gromnd (negieve) brushes. cemove the
hrash l2ad amashing screws Froen the siarter frame, Re-
riye il Boshes ared o bl newe gngs.,

12, o replace field coal aushes, cul the imenjaled bngsh
lrads g5 close a5 possibde onoothe Tield coils Attich now
brush leads and solder the seiezctiuns gether with rosin
care sldor and a IQ0-wall solderiog irn.

NOTE
Aty sepfiiee Busies fe zoelpHieTe veTy.

15, loscall e bl ol heelder.,

14, Pull back and hotd o brush retaamng <hp with 2 wire
hook, chen iwsiall e Tnosh, Repeat this seep 4o nstall che
rermaaning brushe:. Make swie the brush spongs res in the
siLall cuead o wipn of cach largsh,

E5 Reassembly s the ieverse ul Sigps 116,

IHM and 3FIM 35 mmlely

Brush replacciment requires pansd disassembly of the
ATAMICE.
I Discomnecy 1he positse [2ul 237 From the soleneid.
2. Reoroove the b lielder Tl:luining serews (3], Figure
17
X Bemove e v throwgbeles 400, Figure 17
4. Beparare the crd cag 124 Qg 1he stioer,
5. Wole the posacion of the boshes: i the brgsh holder,
Use a swinable wcel 1w ol ack sed habl the brwsh retn-
ing clip, then eormove The hows b, See Figure 20, ivpacal,
Hepeat this sege bo cetinve the remaining brychas,
f. Kemove the brosh boldes finne the armatues shait,
7. LUse an ahmmeten of sell-powered e [amp 19 check
For conrinwity bedwcen the inswlawd brssh helder and 1he
baca of the bowsh lelder assembly. Sec Frgmee 21 1 There
15 @0t i, seplace the howh habider.

8 Inspect bmash and brush sprosg comdition M
bruch lenpih Replace all brushes i any are gilesoabed or
woun b B mm {055 inc) or dess i lewgh. Replue any
brisken or distoresd brush eprings.

9. To replace ground {regativel brushes. remove the
brush Lead anaching AW rmm 1I1: storter fi:'arr":_ Re-
Imwane tha bavslies and matall new ones.

W Ta replce Feld coul §positive) brushes, cut e iame
lated bowsh leids a5 £lose as possible o dae ficld coals. A1
Lach new himeh leads anpd solder the connecliong 1egether
with rosin core s0lder and a 303-wah seldeiang oo,

MNEITE
Atveuws rephace Brushey in complieh sers

I [msiall ehe brush end holdar,

12 Pl back and hold the brusk retaasig <lipw ith o wire
huok. then install the Brush. Repeat chis seep waorsial | 1he
remaining brashes. Meke sure she sl spnngs rest 10 the
smeall culond on dop of tach biush.

13. R-:-,aaﬁtmh]'_-.- 15 Ll 1everge |,||'f':i|::|:|5 1=,
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SWITCHES

The instrument panel is equipped with two switches: a
key switch and a start switch. A lighting switch is also
used on instrument panels equipped with a tachometer.
Most engines are also equipped with a battery cutoff
switch. Refer to the following sections to check the opera-
tion of these switches. Also refer to the wiring diagrams at
the back of this manual.

Key Switch

The key switch is mounted on the instrument panel.
When the key is in the ON position, the switch directs cur-
rent to the circuits it controls.

Perform voltage or resistance checks to determine if the
switch is operating properly.

Start Switch

The start switch mounted on the instrument panel is a
push-button switch that closes the starter motor circuit
when the button is depressed.

Perform voltage or resistance checks to determine if the
switch is operating properly.

Battery Cutoff Switch

The battery cutoff switch is connected between the pos-
itive terminal of the battery and the starter solenoid. The
switch provides a means to cutoff all circuits from the bat-
tery in case of fire or other electrical emergencies. Using
the cutoff switch also prevents any electrical drain on the
battery.

To test the switch, check for voltage at the starter sole-
noid terminal, or disconnect the positive battery cable and
check the switch using an ohmmeter.

SENDERS

The engine is equipped with senders that trigger warn-
ing lights and the alarm buzzer if engine oil pressure or
water temperature reaches a dangerous level. The senders
are essentially switches that complete an electrical circuit.

Qil Pressure Sender

Refer to the oil pressure circuit in Figure 22. The
sender is closed at zero oil pressure, which allows current
to light the warning lamp and sound the alarm buzzer
when the key switch is on. When oil pressure rises above
9.8-29.4 kPa (1.4-4.3 psi), the sender opens, the warning
lamp goes out and the alarm buzzer quits.

The oil pressure sender on 1GM and 1GM10 is located
on the oil filter adapter as shown in Figure 23. The oil
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Oil pressure
sender

pressure sender on 2GM, 2GM20, 3GM, 3GM30, 3HM
and 3HM35 engines is located below the oil filter as
shown in Figure 24,

To check the oil pressure sender, proceed as follows:

CAUTION
Before checking the oil pressure sender,
make sure the engine is filled with oil.

1. Disconnect the wire at the sender terminal.

2. Connect an ohmmeter between the sender terminal and
the hex on the base of the sender.

3. With the engine off, the meter should show continuity.
4. Start the engine. As the oil pressure builds above 9.8
kPa (1.4 psi), the meter should switch from continuity to
no continuity. If it does not, replace the sender unit.

Coolant Temperature Sender

Refer to the coolant temperature circuit in Figure 25.
The sender is open at ambient temperature, which pre-
vents current from lighting the warning lamp and activat-
ing the alarm buzzer. When coolant rises above the
specification, the sender closes, the warning lamp and the
alarm buzzer come on. _

On 1GM and 1GM10 engines, the coolant temperature
sensor is located on the cylinder head (Figure 26). The
coolant temperature sensor on two or three cylinder en-
gines is located on the front or side of the thermostat hous-
ing (Figure 27, typical).

Two different senders may be used depending on the
type of cooling system. Engines equipped with seawater
cooling are equipped with a sender that is color-coded
white and has a closed temperature of 148-154° F (63-67°

O,

Warning
lamp

Coolant
tem pe rature
sender

C). Engines equipped with freshwater cooling are
equipped with a sender that is color-coded green and has a
closed temperature of 193-202° F (89-95° C).

To check the coolant sender, proceed as follows:
1. Remove the switch from the engine.
2. Connect a digital ohmmeter to the switch.
3. Immerse the sending unit and a cooking thermometer
in a container of oil.
4. Heat the container over a flameless heat source and
note the ohmmeter reading. The switch should close as
follows:

a. seawater switch (white)—148-154° F (63-67° C).

b. freshwater switch (green)—193-202°F (89-95° C).
5. Remove the container from the heat and let it cool. The
switch should reopen as follows:

a. seawater switch (white)—136° F (58° C).

b. freshwater switch (green)—190° F (88° C).
6. Replace the switch if it does not function as specified
at each temperature range.
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WARNING LAMFS

Engines coversd by this manual are equippes with an
instowmicnl panel that has theee warning lamps. The wan.
ing Jamps llwminate b indicits high coolimi teinperialyeg,
Terw oil pressuce ar insulticient chunging umenl

Coolant and O Pressure Warding Lamps

. Tix chock e ciocdit for the ccalant or ofl pressues
warniny lamp, dewcl she lead from die coolant ienpera-
e aar sl [IFEas L semdier.

2. Weath he key swarch ON, poound che sender lead The
warning laop zlwald come an.

3 Ta determine it balb iz defegive, sobstiite 3 oud
bulb All warning limps e the same 1ype ul holh,

Charglng Systemm Warniog Lamp

The waming lamp for the charging cmeuid shoald ilh-
miinaic when ihe key seritch is O and the emgine 1€ ned
running, &7 when here 15 o mallunclion m thee chioong
ciruid.

I. Te ¢heck the circwil for the charging sysiem warming
[amyge, derach the lead from the L eemtinal on the eltema-
gL A

2. Whath the key swatch CFN, gromned the abetached Jead,
The sharge system warning lamp shuuld corme o,

3. To determine i€ 1he charging svstem bule v detecting,
subsaitute a good bulk, AN waming lamps uee the same
tepe of bulb,

A 11 a guod bully deses s laghic, clsech he changing 5ws-
ek as disen ibied v Chapler T,

ALARM BUELER

The alanw huszer preevidees @ awdidsle wacming in addi-
Lige At the cundant and ol pressws waoting lamps. Twa
Lypees of aluamn bawseers are wsed: a buzze with twa leads
anu a hoeer with mluple leads, Mobe e wereninal loca-
tioms in Flgwre 28 for Qo bezsee equipgred with moltigle
laas.

L. Check the alanm bagger while i1 is instatled.

8. Dvlach e lead fram the coolant cemperaiucs o ol

presswre sender.

h. ¥l the key swieeh CF, wiound e scoder esd.
Thie alarrn fowesct slwomled o v

Z. Check the alarm buzeer aoth il fgds discomeeisd
Irem the byzzer o7 wilh the byeeser mongvesd Fronn the i
shrurmaene ane

a. U the buzzer with muolhple teminals. note che ter-
trainal Ieceions an Figure 18,

h. Cennest o F2oenl badery Lo the aerminals as fol-
Dvas Coeect & poeibive habery lead o positive
husne 1emmmal Lsaee1 the aegaleee hatlery fead
o1 vach of O ceowonieg bozzer tersinals. The
burrer slwuld sound, iF v does wot. replace the
by ser.

TACHOMETER

Some engmes ey Be eguippesd wath o clksiecer. A
sem e loated on thee clitch momszigg (Figure 28 panvides
am electieal sl that doves the tchometer The 2lec-
IRCHTIETRRE L sEnscrr commts Lhe teath on the Bywheel rang
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gear as it rotates. The sensor sends the resulting electrical
signal to the tachometer, which converts it into indicator
needle movement.

NOTE
While the sensors for all engines are inter-
changeable, the tachometers are not. Due to
the difference in number of ring gear teeth,
the tachometer used on 3HM and 3HM35
engines is not interchangeable with other
engines.

Before troubleshooting the tachometer, check for faulty
connections, then recheck tachometer operation. If the
problem remains, refer to the following sections.

Tachometer Sender

To check the tachometer sender, proceed as follows:
1. Disconnect the leads from the sender (Figure 29).
2. With the engine stopped, use an ohmmeter to check the
resistance between the sender terminals. Resistance
should be 1500-1700 ohms.
3. Run the engine. Measure the alternating current volt-
age between the sender terminals. The voltage reading
should be at least one volt.
4. If the sender fails either test, replace the sender.

Tachometer Gauge

To check the tachometer gauge unit, proceed as fol-
lows:
1. Disconnect the red/black and black wire leads from the
tachometer. With the key switch ON, measure the voltage
between the two wires. There should be 10-16 volts (bat-
tery voltage). If not, determine the cause.
2. Disconnect the orange and blue/red wire leads from
the tachometer. Run the engine. Measure the alternating
current voltage between the orange and blue/red wire
leads. The voltage reading should be at least one volt.
3. If the voltage reading in Step 2 is less than one volt,
check the wires and connections and check the sender as
described in the preceding section.
4. Ifthe voltage readings in Steps 1 and 2 are satisfactory,
replace the tachometer.

Table 1 BATTERY CAPACITY (MINIMUM)

Model Voltage Battery capacity
1GM, 1GM10 12V 70 amp-hours
2GM, 2GM20 i2v 70 amp-hours
3GM, 3GM30, 3HM 12V 70 amp-hours
3HM35 12V 100 amp-hours
Table 2 ALTERNATOR AND STARTER MOTOR TIGHTENING TORQUES

Model Alternator mounting bolt Starter motor mounting bolts
1GM, 1GM10,
2GM, 2GM20,
3GM, 3GM30 22-27 Nem 45-50 Nem

(16-20 ft.-lb.) (33-37 ft.-Ib.)
3HM, 3HM35 22-27 Nem 75-80 Nem

(16-20 ft.-1b.) (55-59 ft.-Ib.)
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This chapter covers the Kanzaki KM2A, KM2C,
KM2P, KM3A and KM3P marine transmissions that are
attached to Yanmar 1GM, 1GM10, 2GM, 2GM20, 3GMD
and 3GM30 engines. Refer to Table 1 for a
cross-reference of engine and transmission models. The
identification plate located on the transmission case (Fig-
ure 1, typical) specifies the transmission model.

The KM2 and KM3 series transmissions are inline
transmissions that provide forward and reverse direction.
All gears are constant mesh. A cone-type clutch engages
internally tapered gears to transmit power to the output
shaft. Oil contained in the transmission case lubricates the
internal transmission components.

Basic design is the same for all the transmissions with
the exception of the shifting mechanism. Transmissions
with a P suffix are equipped with a shifting device that en-
gages detent notches in the shifter housing. All other mod-
els use spring-loaded pins and a spring-loaded actuator
that engage detents and ramps on the shift shaft.

Refer to Chapter Three for maintenance information.

Tables 1-7 are located at the end of this chapter.

OPERATION

The input shaft on the transmission engages the drive
disc attached to the engine flywheel. Because this is a con-
stant-mesh transmission, engine power is transmitted to
all gears. Power flows to the output shaft when the cone
clutch engages either the forward gear or the reverse gear.
In Figure 2, the cone clutch is shown engaged with the
forward gear. Because power flows from the input shaft
gear through the reverse idler gear to the reverse gear, the
reverse gear rotates in the opposite direction of the for-
ward gear. When the cone clutch engages the reverse gear,
the output shaft rotates in reverse.

On Model KM2A, KM2C and KM3A transmissions,
moving the shift lever (Figure 3) rotates the shift shaft.
When the shift shaft rotates, the shifter slides the cone
clutch into engagement with the forward or reverse gear,
or into neutral. When the shifter reaches the proper posi-
tion, the upper spring-loaded detent pin sits on a ramp that

https://www.boat-manuals.com/

S
e
eSS

e R T
o
foe .




200

LCHAFTER TEN

TOME CLUTCH

Input ghrfy

Cermplling ilmngs

EHIFTER (KM2A, KMIC AND KM3A MODELS)

a2

. Conne;ige
2 Carup
d. Gpring rebainer
4. Bpring
K. Circhip
K Hokimr
T. Cater pin
A Weabgr
4 Sty
18 Shifr mwpr
“ 11. Bal

9 13, Saw
17 13, Satycraw

m 14. Spring
[} 15. Cwdanl pln

18, Baoety
17. Gualot

18. Paag

18. Qring
Hi. Bawring
21. Bhiit shwh
ar Ehitar
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SHIFTER |[KMIP AND KM3P MODELE)

1. Shouldar Bl

2., Commdar
Y. Shift [avet
A Washar
5. Hut
4. Sap B
I Sims
H. Balr
4 Saal
10 Balr
11, B body
12, Hiny
13 Shil shalt
© 4. Dalant pan
15 ¥n
1k Spring
17, ShlMar

[orees the shiller w posh dae clutelrcone iolo e gear. The
springs m thy shiflaetoates hold e shifler in posilien

The shuiten necclandsm on Model KM2P amd B4
aransntian v aoc ledes o s pring-loaded sherker [ Figune ¢).
Murvciment of the shuf lever Eonces the shitber 1o masve the
cine Lol againat e forsand or reverse grar, Deetont
meaches in b =hifl housig ho'd che sholier pmon o
laLir.

REMUAALINSTALLATION

The [l lorwrmg procedune addiesses ws thatl ane poees-
sible I some cases, iy he pceessocy aonenees 2 the en-
sing and Iminscrmssion g oo woil before repwving, (hye
icansmission froan Mg ewggine, 15wt romeeal 35 neo.-

iy, refer o Chapaen Fueee fon single-eyTinder rasial and
{:'h.'irllur Six Tur ool - e scke D,

Lo 1E o s nowsly disconmecied. descoaness Tthe norty
o] eahle From he sransmission shilt vy

1. 1If not pr.;.'.-'|-:r1|-=|':.- daspomuceted, dhssunmeer e drise
udg g Trun e ransnuic o diee Maee.

1. Remsee abe Dol Usad seeure 170 cransmissaon oo hee
cartsices Bellbedsing.

4. Femones the ransmissn (rm e wngies

A Pem=dal] e Drimearnssoon |:l'_-. r-\:'p'l’.‘f.-\.i:ug the pomaeeal
pn;u;l_'u;]qln_: | ] R T T P .'.-||i_E;||. e :-l|"|'.i||r|.':i urr Bl Iransis-
sop nput shadl and the dinee dise Jazing insallalion
Tlg'hlq:n gt TriLiImissd ||.'1u.i||il|:._.',, bules m the Tonguc
specafivel i Talple 2.
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Disassembly

1. Remove the drain plug (A, Figure 5) and drain the
transmission oil.

2. The output flange retaining nut is staked (Figure 6).
Use a chisel to cut away the staked portion so the nut will
rotate.

NOTE
The output flange retaining nut has
left-hand threads.

3. Use atool or other device to hold the output flange so it
cannot rotate.

4. Unscrew the output flange retaining nut by rotating the
nut clockwise (left-hand threads).

5. Remove the oil dipstick (Figure 7).

6. Remove the shifter retaining bolts (B, Figure 5) and
remove the shifter assembly.

7. Remove the transmission flange retaining bolts.

S
e

é.'“

e
e
-

NOTE

In Step 8, position the transmission so the
transmission input shafi is up when remov-
ing the transmission flange so the transmis-
sion shafts will not fall out.

8. Tap on the transmission flange (A, Figure 8) using a
soft-faced hammer to dislodge the flange. If tapping will
not dislodge the flange, install jackscrews (B) into the
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threaded holes in the flange and rotate the jackscrews to
force the flange off the transmission case. Position the
transmission with the input shaft up, then remove the
flange from the transmission case.

9. Remove the output shaft (A, Figure 9) assembly from
the transmission case and set aside for disassembly.

10. The input shaft (B, Figure 9) and intermediate shaft
(C) assemblies must be removed together. Proceed as fol-
lows:
a. Insert a suitably sized bolt or rod through the hole in
the rear of the transmission that supports the inter-
mediate shaft (Figure 10).

b. Carefully drive out the intermediate shaft while re-
moving the intermediate and input shaft assemblies
from the transmission case.

11. Using a large screwdriver, pry out the oil seal in the
transmission case. Be careful not to damage the case or
the adjacent bearing race.

12. Using a large screwdriver, pry out the oil seal in the
transmission mounting flange. Be careful not to damage
the case or the adjacent bearing race.

13. Ifinspection indicates additional disassembly is nec-
essary, refer to the following sections.

Inspection

Input shaft

1. Check the gear teeth for excessive wear, corrosion and
mechanical damage. Check the teeth for galling, chips,
cracks, missing pieces, distortion or discoloration from
overheating. Replace the input shaft if the gears are dam-
aged.

2. Inspect the input shaft bearings (Figure 11) and seal
surfaces for excessive wear, grooves, metal transfer and
discoloration from overheating. Use a press to remove
damaged bearings and to install new bearings.

NOTE
Shims behind the outer bearing race in the
mounting flange determine bearing preload
for the input shaft bearings. Save the shims
and reinstall them if reusing the original
parts.

3. Inspect the input shaft bearing outer races in the trans-
mission case (A, Figure 12) and mounting flange (A, Fig-
ure 13). If either race is damaged or excessively worn,
remove it using a suitable puller.

https://www.boat-manuals.com/




44

CHAPTER TEN

Fretermecdiare st

I Ezriove ard disgand the D-ring | Fisare 14} ac the end
ol rhy skl '

2. Femowe the thrsl wicher, gear umd roller bearings.
A Mnspoct the beanngs., shadl wim? reverse idler pear inside
Unnriest=r Tor g woesseey wear, grooves, melal iransier and
diseorlorativn Bum ovetheating. IF recessary, replave the
shafi, wedr ard bearings.

d. Check the adler gear zeh For excessece wear, ormo-
gsinm T rust and reechamcal darmage, Cheek the eeth Bor
od W, clipes, caacks, nissing pieces, desigrien ot Oiscol-
pration friem overhealing 16 ncecssany. replace the gear
% Reasezmble the pcetimediale slafl. Josiall & oew
L-sing on the shaft.

-F.i‘u::pu.r \&qﬁ

Ryter s Fgure |5

I Elsrgg o suntah e poller dFigure 161 remeve the bear-
i, spaecer and severse gear from the saipat shati.

2. Theecrwinarge ot a8l ceadaof e shall - sticked, Dz a
Cliizz] Lot avhay Oie stk proetine so che ot w13 rodide,
Tox hold che o slall, pusatin: the cunplng Mange ma
was then sen the uutpot sha 1o the splings inoke Mange
i sl in Elguee 17,

NEITE
Tirer svanseaerg ont bise S0P fgnd shevads,

1. L'neerew the rgkuming st by rosohing the nwt clack-
wiwe el haned Threads]

4. Viaing a suiwble silier, poll the beanmg, spacer and
Fiarveand gean oM Lhe ozt sha i

S Rarmowe thwe pin Srons che shaft,

NCE
Atark she oleench conpe Sn Step & guocordings fo
Jorrard e vrerse eand v 03 oge Be oepen-
stediog £a it o rfg Tazerd l|'.||'.l.rr'|'1'|: [al]

. Whale helchng the chuch corw. tap the 2nd of the chafi
sy i sintl- Caced bimmer 19 remos e the meer raller bear-
it race, spacer and cone chiich. & swieable pafler or press
Ny alst e used. Bemoove the remaiming inner beanng
race awnd spacen.

T Clhevk dhe frorweand wid ovceae grin teeth o epcess e
wear, carroaiv aid occhamcal damage Chegk the 1eech
lor @ lling. claipe, crachs, i g [ieces, isiorgon or des-
colordlice Trorm wveerbeaniap, 1T meoessoy, repling The
1

inbartned s

Fules i

s
dber goar
- Thouat
iy wastar
A iy

O

Beating s Chring

&, Ingpect the forward amel reverse gear inside diemcters
for encessive wear weioves, melal ainster and discelor-
anjon from ovecleating. I necessary, replace (he gears.

Y. Imstall the cone cluch on e owtpue shall and check
mecement of the cluich on the cutgrun shafl, I eche cluich
thoes 1o movs smmcothly. inspoet the splices an the cluich
and shadt for buarrs, scering. palling or o s sl dam.
age. IFdressing will not comeet the damaged splimes, w
plave the clvich omd-or shafi.

(0. Tnapegt the tipered surfzce of the farward and reverse
gears fuc galling, :conng or other damoes that will pre-
venl snwsoll cune glukch engigement. [C necessary, oo-
pHace the gears,

1. [;stall che vomne cletel oo wthe Fopwand amd revense
aears. Measwre clulch depth as sl o Frzmre 18, Com-
pare the ocacwrement with e speeicatnen m Teble 3.
Replace the purl, in mecosEsany.

12 Mesure dhe wadth ol dhe shifter groove in the cone
clutch (Flzare 19 and compare with the speedfication i
Talde 4

13, [nspect the roller bearmgs and inner bearing taces far
CECLRSIVE Wear, grovves, mela] icansfer and discoloraton
fromn oveetheahing. [ necessany, replace 1he bearings and
inner races.

4. Measure the wear surface of the e washess. IT
wear exceede 020 mm (O0R ine} oo the than thmgst
wisher, teplace the washer [T wear edcesd: 005 mm
L2 0] o e thick dhrwst weaeher sepdace the wiasher,
5. O KM and KM3P troncmissions—3Y casure e
widih ulthe spring cups ind compare hermn with the spesi-
ficatauns 10 Table §.

16, On RSP and KBEP vansermisspoms---Megsurs the
widih of the spling cupr netsnees anl compars them with
thi specificetaons us Table 5. T any surface weur on the
retaiper 2acecds . W anm (1004 i), replisis the retnner
17, Assemble the cotput shiefi by reversing che dizassenes
biv provedurs while noting the fdllowing.

https://www.boat-manuals.com/



TRANSMISSION—KM SERIES rd ]

@ QUTPUT BHAFT

. Shims

Mud JLH}

Wanhar

Rolier banring

Thrusl weshwr

. Retalnar (KM2P and KNP)
. Spring tup KA mned K3
Eorwnrd guar

Memidia banaring

. Innar basning o

. Theusl waybar

. Bln

. Butpan xhatt

. Clubih cona

. Rowerna pear

wll
Dumam

R
% & [k AT =

https://www.boat-manuals.com/



206 CHAITER TEM

Widih

@ SHIFTER [KM2A, KM AND KMIA MODELS]

i

1. Lpnnacinr 1% Saal

2. [irclip 13 Sqincrow
3, Spring ralgingr 4. Spring

4, Spring 15. Dwtapnt pdne
5, {rellp 15. Body

B, Holdar 17, Ak

¥, Copkbwr pin 18- Plug

B. Wanhmr 14 Cuning

3, Ind i Baarmg
10, Sh|H; [ever 1. Shiftshph;
11, Boit 22 Ghifttar

https://www.boat-manuals.com/



TRANSMISSLON — KM SERIES

2047

@ Nauteal Tole

RAmmp
Famp

heplitral nepd o

—» —Emmnom)

A, lnam-aalhieg the nriginal clwcheone, install i inats
origeinal pasition—iorward end 1ward che forward
g'HII.T

k. Inswall (e pon before installing che inner roller bear-
g i L L8

e, Llse o soiable wol o sleeve o drive the innet neller
beuring race oute the shaft. Do not wae excessive
Mrce. Creeve ahe cace onee e shadl until it botioms,

el Lise a switattle wiod or slesve o dve che tapened
taller bcarine onde the shall, Do nog wse excessive
Fioce D the bearing onee the shafl wntil o baol-
ILHIrIS.

ot KM2E and KM3AIP rransmissoons  Instadl the
Aprimg cups o the cupped sede is ooaird the gair,

F. [pstall cach thick 1hrosl washer s the steppd sl
is oward the capered roller beanng

g. Listall the waosher soothe pin im fie wipad shall lis
in the wroove in the washer

h. Tighten the not (lell bad threads) oo she oorgue
.kp-ul.'iﬁcd n Table X

i Make sure the gears rotds reely.

J- Grake the var W lock the ool unplace.

Shifter (KM2I4, AMIC and KH3A models}

Bcfer o Figees 20
I 1F ot p{uv'inusl'r.' reme e, detachohe cuttee pinand re-
mee fhe shsdur from the <haft lever.
2. Remove ahe shiftee.

NUTE
Make wlipnmen maels ox e SHT fever and
AR SRAfE fe vl ShifE lever caw Be o rein-
Alerficef ere 185 izl i) fhom e,

1 Loosen the clamp helt and semove the skl leeer

N
e sefscron and plug cweain she spriees
SRE a1 S ned

4. Restwowee the seaserew and plug, then remawe fhe
S a1ed detent pins.
5. Remove the shaller shalt,
f. Removwe and discard the £3-ringe,
T Llae a gerewdoeven o sodabbe cook e pry oor the seal.
Ba careful mar o damage the bearcing
5, Ingp-:r.l the I;n,-_anng [ s III.II|1'!|', n:r.l|.a|.'-r_' i fealTowes:
o Hearabe shifeee bodw 10 212 F 4L L) Then drive
out the bearing.
b, Inswll bz oew bcaniae sl the sanped end ow,
Mwsh i the beaciog watl i Borans,
B Inspee the skt shar, Chack ahe detent portion of the
shatl tor cracks o enrossive wiar thi wisl allow puor
cluich engagement. The mimps shoukd B anvath angd dhe
newtral detent heele should T unwon (Figwre 21E
LO. Dosprect the deleot paos. Beplace the pine if shey ace
damma gad 4 cacessiecly wom.
bl Imspen ] e sprionges For chetonmeation ur uther danage.
Specified sprime free gl Moo 1 34 im0,
E2. Enspect the shifeer for dumines amd escessive war
hdeasore the shiller widih and shikt deimeler B ephse e
ehilker if the measurcmenis aceed The specilicidnns n
TaHe &
10 Check the wsteenal movement of che aciuatnr The pc-
twannt should slide withoud hinding. To check spong 1en-
saoh, awdch @ sprng scale so the threadsd end of the
actualne and mcasure 1he sping tension whenthe ochator
o35 pulled 5 o (0. 20000 ) from the end of the uks {Fip-
wre XY 16 e spning enseon is nod as specilied io Table 4§,
repilace the spring.
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14 Bewsiemble the shifter by roversing tbe disasserbly
procedure Mote the tallowing during reassembly:

a. Apply sealano do the detend secsamesy dueads,

b Insiall the chift lever on the chift shafi while ahign-
in@ ihe marks made durtng disassenally.

. WWno alignmenl inerks are avalable when insalling
the chift lever, rotate oy shift 21l so the shifler
binre ic doam as chown in Flgaee 13, The shifi shaiy
skl engogse che euiral decent. Inscall ehe shift Te-
veriy i 45° pnpgle as shown in Flgure 23,

A, Instald the shift lever on the shift shaft o the sids
Zlearnnee bebween the lever asd bedy is appeoxi-
malels .5 mm {0020 i ).

Shifter iKMIP and KMIF modeis)

Eefer to Figure Id
1 N pob previoosly semoved, remaye the conoob cahle
vommepdor from the shifl lever.
I Remgve the sintier and spmng.
Reminve the stop boll end shims.
Lawrtzn dhe clamp Ball and remooee abhe shafi layver,
Remore she shifier shali.
Femove and discard the O-ring.
. Use a screwdniver or suitable ool b pry oot the seal,
I:ic carctul not to darage the bearing.
H. Inspect the shufi sheft. Check the detend pan foc lamags
ard exgessive wear. [ noocasary, replace the detent pin
hMeasure the shifier shefi bore in the shalt shall and com-
pare wakh the specafications in Table T.
0. [nspeet the body Tor gelling, scoring ot gt damage
todhe bors, Inspect the derends for damage and vsoessive
weqr thet will zause poorcluich engegcrent {Figure 25)
0. [nepeel the apring for defonmation o nther damnge,
specified spring free length a2 22,8 i {0084 0.0, M-
mum spring length is P8 o (575 o ).
1. Inapece the stop balt. Replace ar il is excessively
WO,
[2. Inspect the shifter, Meaioe e Large ciameter of te
shifier shafl and corapare i wad the specifivations in Ta-
bic 7.
13 Reassenble the shifter by reversing the disassembly
pracedure, bur do pot insall the swop B loen] final insdal-
Inteon wf 1he shifter aasembdy om the trapsmissoon.
id. Bewssemble the shifter by reversing the disassembly
pracedure. Mote dhe following during rssssembly:

M

o Cho mod i nstabl do saop belt wntil final installation of

the shifber asierbly on Use rgnsmssion.

b. Ratace che shifh shafl s dhe detent pin engages the
newral detent (Frgure 2455 Oincthe KM 2P rensms-
sica, inscall che alif lever s the side with the frian-
el raack A, Feguee 3] o5 om0 O the KM3P

trapsmmission, inseall ke shift lever 5o the cide with
the miengle merk s wwapd the shifier body. With
the shift shatt us nowil, position the shift Lever ale
45" mngle as shevwew in Figure 26 and aghtzn the
clarp bl

REASSEMBLY

MNOTE
M EMIP and KMIN trgarsmissions. refer
1o rhe Bearing Adfutineerd soction pquor fo
rewssembiv i the following componeris
ke Been reploced: inpus shaft, inpad st
bedrings. outpol shaft, chrust washers and
cdilpdid shaft bearings.

1. If removed, ivgcadl dhe ouler bearing races into the
Iransmission case and mowning Mange.

2. Apply sealer vathe gutside diameter of te oil seals and
install thens Lot Lhe ransmisswn case and mounting
Tlange with the apen swde o the meide.

5. [ostall the wpot shaft into the fAnsmission cas:e.

4. [ostalt the ineonediae shaft assembly ino the crans-
mission case. Insiall a new O-ng on the intermediale
chaft. Use a sofi-faced hpmmer to dap the shaf inio 1he
CasE.

% While holding the inpan shalt aut of |he way, tnsen ibe
output shaft eszembly indd the ITonsmussion case. Mowe
the pears inio imesh amoihe intermediate shaft, inpud shafl
and cutpud shatt whibe ingealling the output shaf,

&. If the Enlbowing components have been replaced, refer
i the Beering Adiusiment seciion: input shaft, inpor shaft
bearings, oulpur 2haft, theo weshers and output shedt
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04

@)

SHIFTER (KM2F AND KMIF MODELS}

1. Sheoubdwr Bl
1. Conbasior
3 ShiM bkt
i Wanher
B Mul
B. Sl e
T. Shimx
E. BaH
B, Saal
10. Bah
11. ShiM by
12. O-imp
13. Shiit shaf
14, Dabanl pin
15 Fim
15, Spreng
17, Sk

@)

SHIFTER DETENTS
(KMZF AND KM3P MODELS

+—— Aruveras

d— Moirirul

*+—— Forward
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buzariogs. Aler adpusting Uw beatings, contines 10 mas-
seanible U trangermssion a deserbed i dhe fellowing
SIS, If the prucl::l'ing R DT 4y [ hawe pot been oe-
pleced, bearing adjusioent 15 nol nevessary and the
ginal shimeg way be rensed, Progesd w the ollowing
sl

7. Pusition 1he tansmission on 3 vise with sofl jaws =0
1he inpur shafl is held by the vise javws.

H. Apply sealerio the mounting flange and install il onbo
the rransmiasion case.

9. Tighten the neoonting flange retaimng bols 10 the
wrgue in Table 2.

1% Install the ouiput Hange on the culput shafl

11. Install the O-ring on the putpul chett.

MOTE
The anfpar flowge  Peratdidg Har o Ao
feff-Aand threads,

12, [nstell the autpue flange redainiog not by rodeling the
nut coumtercbeckwise (lcfi-hand threads). Tighten the nw
to the torque specilicd in Table 2.

L3, Steke the o ek Qe nut imeplace.

[4a. On KM2A, KMIC apd KM3A ffansmissions—In-
stall the shilter assembly on the Iransmissian using the
Mallenst g proszesture-

MR
Mode thal the bolt feder e the shifter mawns-
g fi'{.'.'?.lf-l"" e .\'ufj'fn:'l'rr:ln'p' |'.-:.'!gp inoadlow
aramem A the fi'.':Jrg.r' Jreraail pha halin

w. lwstall the =hiflier assembly on che transmission und
tghizn the edaining bolls,

b Measuce the amount of shifi kver travel froon neo-
tral €0 Murwiird and from newdcal 10 reverse [Figuee
27 The mewwwsement should be equal fromn neatral
I e her Barwsicd or reverse.

r Loosen the shifier cotaining balts and slide e
shitter accembly tore or aft az necded e obran
equal shali [ever movement.

4B, On KMIP and KMIP Tnstall che shalter agsembly
an che transmission using the following procodure.

a. Positisnn e sbafher 4o cwvatlurs 15 a: shewn n
Flgure 8.

. hiasiahl che sl fter asgenubly o the Inmemisspon and
tlightco tlwe revaining hodrs.

c. Muove the shift lewer [0-157 trom the neutral posi-
tannt 10 eather Fomaartl or Teverse positien.

J Measure the depth of the end of the shifter shaft
from he end of the shifi shaft as shown in Figure
8. Measurs the lengih ol the stop bolt (Flgure 297

1], | Jy—
shefl

M— Capih —»

=
-

| E——

+ Subiract the lengih of the swgr bul fran the shafter
shatl depih.

£ Inacalk shoms om the stop bels hat egual the resad of
Aulasiep .
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-

’OF..:EuI

Imput whod

— ]
.

—-

T
Eu“lut "—E
Inged ahtt | | — A

g Apply sealer 1a the stop boln thresds, but oo te the
Oucads al the end of the boll {uppeeknoately 0.20
b, [nscsll ahe stop bolt ko the shefier.

REARING ADJUSTRENT

Fertonm the Rllowing proceduce it the flosang oo
ponenis hive besea repplaced: inpot shetl, mpn shail besc-
ngs, uwepul shafi. dhnest washers and oueput shaf
besrings This procedors determimes the thigkness of
shams thin muse be installed so the 1apeced roller beanngs
properly vontat the hebting outer races.

KM1A, KMIC and KMIA

I. Tnsaall the joput thafi. interradiaue shaf end output
slefls ps describad in the Beassembly section.

2. Pospion ke randrrission cace s the open end is up
ond nn pressuee is heing applied to the splined end of e
oikpiat shall.

3. [nstell the outer bearing tivces un Ove ol and cutput
shaft wpered beorings

4. Measure the disarge 44, Figore 503 in anllimeters

from rthe mounting Dange muatieg Serface on the £nee w

1ne cop of euch bearing race. Recosd ihe imeasurements

5 Measare the distance (B Figure 31F from e inuunt-
ing Tlangge mating sor e 1o the bodtme ol e Beeg racee
Tarer v btk the inpun and owtpat shafl beirnigs.

£. Subiract the A mesvaremend e e B imeaswremenl
tor cach shaotl.

7. From e resolt obtesned in Step . submsst O 0 0405
mim. This tesult cquals the hickness af the shimisk o
miusl e installed in the branng bores w the muuoing
g

#. [nstall the sharmes1 0 ehe t2anmg MHarcs inahe maaniing
flange, dhen press the besring auiek raees into 1he moont-
ang Haoge on tap of the shims Make sues he caces ace
hHromed

KM2IP and KMIP

Inpur sfruft

SEOTE
Fae follewing procedBe for qEpusiing the
irput shit AewrErEs o SIRITAE f PR prease-
rdas for the KA2A. RALF2C K4 TA trangriy.
riory el el woe TR Caliuees i Migare A
and Figure 31 ihay peraiv i the inpat
shaft.
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L. Twwall the mpue =Tl :mwrnhl_‘:-‘ N b EransIoissnm
Ciag,

2. Fasiiun 1he fransmision £ass ¢ the open end s up.
3. Insdall she cuater bearing race o che inpun shatr caperedd
beazing.

1. Messore e diswnge (A, Fipure 30 millimeters
frur the monmiing Aanpe matimg surface on the case 13
the tap el the heamng rece Record the mensuremsnd,

5 Mesere the distance {B, Fipare 31} 1form dhe mouni-
ing flange malmg surtace o the bottom o 1he bedring ruce
buore [or the inpul shadi bzannie.

. Subrracs the A recasure ment frone e H oeasirsanent,
7. Froan the resuil nhlinned tn Step &, <abdract 404005
rwin. Lhig vesule equals the dnckmess ol the <homiz) Hhag
Mws Be iactalled ov the beanng bote i the monming
[l e,

B Ip=ial] the shimiey o the Beoring bore i the mouacng
Hange, then press the bearing aner roee indo o mounc e
Mange am 1op of thy shim< e sure the tace is bollomed.

Cluaput Shafe

Iy dhe Fellowing poacedure b adjusl beadng prelead.
thy nevi el peiuan ol the cluich cone musd be estaklished
Fisr propur IRnsmission operation The desired clucch
aale e centerne on Mede] KAM2P s 45,3 mm from
the ruang swrlare of The Ipmemisson cose, On Wodel
B VP e clersimee] lgigh e VU rentrhne s 473 mm
T the manng surlacy of The Insmssion cass

SIEFER
Tor perfeares e Sollowing hegeing -
mes providirs, she sutpe chalf sepst Ao ot
q'.lll".l'.l'u' rorxa reed e [ELTL .l':!rm?'r:g MACeT My
fus ebnn D rervinges and o Brsfafied e
LA SRR N

I easung ansl recoend the distunce (&, Flgore 320 trom
the pussnnlimg Mange mating sueface 10 the bolom of e
hreatringe mne hors For the oolpel shafL beacing.

2 Meware and cecord the distance (B, Figure 3.3 finm
che monniing surtace ol the cose & the botom af Lhe bear-
g ey bane 1o the oulpue shafil hearing.

A Measure and recard the distance (O, Figuree 345 from
the laees of the petpul shafl bearibg races.

MOTE
For Steps o wend 5, force THe geurs loward e
LePe ciIeroi,

4. Measure and eeord the detanes 40, Figure 3d; be-
tween the Taees of the Goewaed asd revemse geans,

% Measurs and rrcord the distance (E, Fipues 3d} from
Lhe: fage ol the eeverse geor and the Jace of twe keas bearing
e ke
fa, On KMZF rrawanisssass— l'o delermane rear shim
thickiesa (Figure 35), procesyd as Dol lowes:
A Sukicacd 482 mm from mcaserement |B. Flaore
33
b. Davide measurerment {00, Figure 345 by 3
2. Subrract subsdep b from solsiep a.
cl. Subtrwt messurement (E. Figore 34 from subscep
L.
. Bubcracr 00-0005 mon Ercan subsiep el Fhe negult s
the requared vear shacs tbicknass.,
Gl O KMAET tramsmissions—To deeniiine rezar hian
thik:kness [ Figure 15}, procecd gs fallows.
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S

b. Subtract measurement (C, Figure 34) from substep

a.
c. Subtract the rear shim thickness (determined in Step
6A) from Step b.
@ Front shim Rear shim d. Subtract 0.0-0.05 mm from substep c. The result is
the required front shim thickness.

8. Install the shim(s) in the bearing bores in the mounting
flange and case, then press the bearing outer races on top
of the shims. Make sure the races are bottomed.

DRIVE DISC

The drive disc attached to the engine flywheel transmits
power from the engine flywheel to the transmission input
shaft. Bolts secure the disc to the flywheel while the trans-
mission input shaft engages the splined hub on the drive
disc. The drive disc incorporates springs that dampen
driveline shocks between the engine and transmission.

Removal/Installation

1. Remove the engine from the boat.

2. Remove the transmission.

3. Remove the drive disc (Figure 36, typical).

4. Install the drive disc by reversing the removal proce-
dure. Install the drive disc so the side marked
FLYWHEEL SIDE (Figure 37) is toward the flywheel.
Tighten the drive disc retaining bolts to the torque speci-

a. Subtract 47.3 mm from measurement (B, Figure
33).

b. Divide measurement (D, Figure 34) by 2. fci{astables:
c. Subtract substep b from substep a.
d. Subtract measurement (E, Figure 34) from substep Inspection
c.
e. Subtract 0.0-0.05 mm from substep d. The result is Replace the drive disc if any of the following conditions
the required rear shim thickness. exist:
7. To determine front shim thickness (Figure 35), pro- 1. Broken spring.
ceed as follows: 2. Worn or damaged splines in hub.
a. Add measurement (A, Figure 32) to measurement 3. Damaged disc.
(B, Figure 33). 4. Damaged pins.
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Table 1 ENOINETRANSMIZSH M MODELD
TraneWakicn raklo
Wi dul Tranwsmlsaion {farwerd gess]
10 KTy 28, 262 ar 3,22
e[ TRs] KM or KW2ZP 2241, X 82 or3.22
25N KM 2.1, 282 ar A2
MGMF KN4 211, 252 ar A2
Fai, rli] KMIG or K2 21, I.0d o 3.2
HEMIOF HNEL or KMZP 20, 242 or 023
GM KBWD L1 283 or 283
JGME EEBW10D 514, 363 v 2.8
kLel [ B [ k]] 236 FEl o 300
AR KMAA or KNGF 2.0 251 or 320
AGMIH KW o K NOYP 2.0, 251 or 320
d-N KEWI10E FRER. el K
AHKNE KEWI10E 2. gr 43
IMMIS KBW10E 2.14 or2.m3
Tahly 2 TIOWTENING TORGUNES
Fawbaner MM b
Tranymisnion mo g flange 225 1598
Crulput shefl nut HE-114 4385
CulpLd Mangs nul B5-116 65
Cviva diac b ] 1@
Tabhka 3 GLUTGH DEPTH
Morms depilh Waar it
Ntgs, KMD B4 24T i 24.1 mm
M1 572 in.} [0.943 In.]
Hu2F 0. 2-2E A mam 4.1 M
AF-1.17F ) [1.,1 1)
AR, 29,5332 mm 296 mm
ATF 1189 10, 1116810,
[ Th [ 327233 mm A2 A mam
1. 2871311 Inb {1.276in.)
Table 4 CLLUTOH GAGIYE WIDTH
Alandard widih Waar lrnit
KN A, KA ano KM3RA B.0-B_t mum B3 mam
31509 0M.) 32T In.]
Tahin & DUTHIT UNAFT
Etandprd wheth Wanr il
Thnust wesher
Thin washar - {2l mm
10,008 111
Thick washar - 0,05 mm
({AAD0E 1)
[ LIS ]
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Tabla & QUTPUT 3HAFT (ool Inued)

Spsing cup KNP, KR

Epring s ralabmar IEMRP. KMIF)

2,531 mm

(0% 10-001 X2 R p
2.62-3 08 mm
101150127 b

&5 mm
[F.1052 B b
2.5 mm
T RRTFTY)

Tabls G FHIFTER {KMZA, KNG AND KMIA)

Shitks widih
Skandprd
Wggr ||mn
Shifisr uhaf cdEanler
Savunedan'd
Wiasr [lmadt
Dwatunt spring Ires langth
Actuator ke el
Cimmdbrd
Min.

7.B0-7.55 mam [0 3071 -0.3081 |n.)
7.7 mm (0,303 b}

o SRA-A BO5 mm (0.3931-003934 In )
0,95 mum [0.392 In_]
34 mm (1.34 ).

28 kf (6.2 18]
2O kg 55

Tabha T 3HEIFTER [KMZF AND KM3IP]

Shifiey agsing Tree ength
Sl
Mim.

Snlttar siuatt diserber
Simndard
Weloear Dimlt

Shitt anafl barm
Standord
Wmar lim

226 mam (0.8 )
19.8 mm {78 In}.

11.968-11. 984 mm (DATY 104774 [n
11,85 wum 0,470 In.)

12.0: 12078 o {047 2404737 iy
12.03 mams (1,474 n.]
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Chapter Eleven

Transmission-—KBW Series

Thes chapter covers the Kanzaks Husde T8 10D and
KW IOE marine Dwesmsstons thal sre aiiached o
Yanmar 30, 36 and 311M13 engines. Refer w Table
1 fur a cross-refcienee w=ngmse wnd iEansmissiva rmdels,
Thz wdentilication plate [Figure 1) hecered on the mans-
Mrssian case specifics the eransimission wwdeol.

The K IEW |G cericy transmasmng coversd in clhis chap-
Ler wre imline tramsmissinms that provide tordard zsd re-
verse darection, All pears are constant mesh, 4 plate - Lypes
cluwh enyages the eears (o rnsmt poaer o the oulpul
ahaft. Chlvomamed i the cramsmnssion case lubticates the
interal Iransmission eonprinenl

Refar 1o Chaper Three for manwnance indonnation.
Tables 1-3 are logitted al the ond of this chapter.

OPFEEATTON

The input shafl on the fransmizzicn eogages the drve
g pitached o the vngine fywhesl. Because this £ acon-
sant-mesh ransession, engine poesl 18 mansmted 1o
Al grars. Power flowes we the outpul elafl when 1he clulch
engilges cither te ferwanl gear or she iovense gear, The
chitch ontocts & elulch pack of several discs mlpceor t
the feraard and evemse grears. [n Fipure X, the cluich s

O

| AR AT
L oWlra
oy 94 7 T

o Ml ank HEﬂEl_"HH vy

1) WARE CEAN WODEL | REW 10 \E‘

shown engaged with the forwand seas. Hegpues paveEr
Muwey trom the input dhafi pear threwgls e reverss idler
gearigdhe reversc gear, the toverse ged rplales in the op-
pusile direction of e Torward gear. When v <latch en-
gagesthe reveTse gear, the cuipa shaft wolates |preverse,

Morving the shift lever rutines the shift shafl When the
shifl shalt cetates. U shifler Fork slides he ghefh g ina
cnpagement with the forward or reverse gear clutch, The
driver huab an fhe ourpur shall irmsters power from e se-
lecisd glutch 10 the owpan shafi
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@ Inpul aben

Cowpung fanga

REMOVALINSTALLATION

The Fallow g mocedure addressies unils shal ane pooes-
sible. In somie cascs, i 00y Be neressary W oelidve the en-
gine and trucimisaion as A umt befurs ccmoving e
cransmssion Mrurm ke engine. Reler ux Chapter Sia it en-
aune reresal 15 e eesEErY.

1 [f e previvusly disconnescted, disconnect 1he rsmuote
comital cable Sront the mansmassiol shifi lever,

21 e geviously disconmected, disconnect the dnve
coupling from che ransmgson drive Qange.

3. Remiove the Bolis thal seeure the tranemisseen (o he
¢oyine bellbousing.

4. Rewwree the transmissaon froor the engine

£ Reinaall dhe mmsmassicos by roversing Ihe canmyal
procdure. Make swre 1o-align the aplings on the Imsans-
sion anpur shatt aeed the drove dise during insiallataon.
Tighten ez cransmisson retaining belhs foothe lomgue
specuhcd i Table 2.

DVERHALL

Beler 12 Figure 3.

MIATE
wrbon)! of the KEW frantmission reguiees
speckal Jools, which cam be ofrained from
Fammar o fakeicated. I the special foaels
e Al 2veTifahfe v o Feenmer demlersni
et A TTIRER A,

Nbsassembly

b, Ketwec vhe drain plug ard diain e transmission ol

2. Posttion the Irunseiiss o in dvise wirh sl puoss sehe
isput shatt 15 held by Oee vise jaws.

3. The uwtpot Tamge retaininge ot 5 saked. Use o cbisel
0 et awiny the slaked podion - the not w1l solate,

4. Instoll i sl chan wall provent mokdon el e ool
tlonge.

&, Lhusciew the vugpat Dange relamrig, ot

6. Remove the il dapscick.

7. Wake makch marks omothe shaie over and e imns-
Miss o Lase 50 the shifrer can be mstalled in i ongmak
pusLLivAL.

% Removr the shifles cotaimng bolts and noeete the
shifier assembly

4. Reonove the transmussion Saom the visc,

[, Ueang om & rany Allznowoench. nemowes e shifl b se-
taining plug (Af, Flgore 3) in the tear of M vase.

1. fosnall a 10 mm beld antn abie cand ol be shif bi, then

pull e shitl bar (58, Figure 31 ool of he cose whik alwe
rvnswing the shitl fotk (271

12, Remsve the 1ransmission mounting Mg Zelainong
balts.

WOUTE
SRSt LE O psiTienn e rRER mERR i ar An L
fransanissiure (e sl iy an wken Ao
iany e i g Hange S0 the dromimenne
wbeafTn weall s fa il oot

L1 Tap on the mowmng flange using @ sofl-Geead oo
tee Lo diclodme the Maoge. Position The tram.missnn Watly
the inpet shaft up, thes rones the Jdangge brom b s
CILSicn case

14 Rermnve the cwgan shaft assemk by Aont e i nsnes-
sion i and sz aside for disassembly.

[%. Restowe the mismmeciale shalt assembly from he
tracserzsion cass and sel aside for disassembly

L5, Remove the g shafl wssembly Frons thie tcansiis-
ciom case jngl set aside o disassemb |y

17, Lsing a lacge sorewdnver, pry oun the oul seol i the
trapewmmiggaind case. Be curefol nnt i duinage the case o
the uljucenl Bearing Toce

1%, Using a Larpe seoewnivcn, pey ol the ol sl anthe
wansmission muuntig Mange. Be cureful net w donage
1he case or the adgiwe e hearing T8CL.

1. 1t mspeLicn indieatcs addinonil diseaernbly s nes-
essnry. refar 1o the Enllowing seeonons.
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TRANEMISSLON
1. Mauntieg fangs .
L Shim a7
3. Cutpul shatt i
4 Koy 34
5. Bamring an.
g, Theunl wmusher 41,
7. Bawring nmer risce 43,
4, Bamring 4.
& Spacar dqa
10, Foreard gear 48,
11. Bayllavis: spinge a8
12. Fowtalnar AT
13. Sneprirg Ll
14. Pricthn phabes FI }
15, Ghenl phime B4
1§. Bhiamm B1.
1. Prudaure plate 52,
14. Balls (3} Ba.
14 Sprirgy Ed.
20, Drbrvl pine 55
1. Abjumenl pln 4.
¢ Dmbvi pla 6T,
23 Priesiurs phte 54,
4. Forlle'n B 64,
£%. Shlr ting B4,
5. Ehbrin 1.
T, SpeRtal 2.
24 InnoT Edaring race .
4. Bmirig TR
0. Frkctlan platen 66,
. Sitead plates o5
A& Gnip ding ar
3. Forkabmr a8
34, Balwydile wishars 44,
35, Revered gaar

Thauwt vl PF
Banring

Gaal

Ehlm

Bamring

Input shadi
Baririeig
It |t skt
Folr becriages
I QeBr
D-ving

Thrwat wiabar

. Bhikt e

Sl

 ShiMr cover

el L L

S Y it
Snap rung
Seringe
Datent pin
Baarina
ShiH fgrk
ShiH bar
QI dipslich
s et
[#.T ]
C-rimg

E
Flanps
Hull

. hawhel
. Deain plrg
. Flug

D g0
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Fupur v efe

. C'heck Uk woear ieeth e excessive Woar, Soriusinm or
rusl and miechimical Aaenipe Check the et fo galling,
chape. cracks. missing peces . dislamion or disealaransn
Frowm severheatang. Keplee the onpal shart 5T de peors are
Jamaged.

I Lempect the inpt shal® hearines sod sonl surfees for
EACIEIVE wodr, grodouves, met| oansfee aned diseoloration
Tram e l.'|||l:'ul||1|_.:. [NEETY PIess [0 EClT=0ve IJ:.'lI!h'HEL‘-:l beriiy-
ingz and o iostall aes beanngs.

MOATE
Shany (3 FJ:Q,‘_'HFE 0 Bebeimed e cepaen P
fugr vt 8 i AT _l'."rmm' e e
Fraring movfuad i the urper shaft fodeins
Sivee v wlams gend rewaal theaw 8 rousing
thir |.lr'|],r|'.l|.-n'p.r.'r'r'.'

3 Diepect Qe anput shatt bearing owler races i iy trans-
Wisson case anl mgamibing flases 0 eide race 1 dam-
aped or CRCCsSIWlY WO, rEmove Of deing o swilable
uller

Intermediate shail

Lo Remeee ond discord ae Qoo 440, Fignre 31 ac die
«rd iof thy shar,

2. Remowe e chost washer 637, Flgure 37, ille pear
(451 and roller b 40y

3. Inspuect Hee bearings. chia A and reverse uller pear mside
dineter For ¢ soessive wanr, arocrees, metl iranster wnd
deserduration I'rum overhearing. [E necessary, replice the
syl wesn anpud besiizimes,

4, Cheek she sdler gean 12eh (ur sxcessive wear, corne
s1on or Tust and mechanical darnggre, Check the weel For
ralling. chips. cracks, nussing preees Jistortion ar disenl-
ewiibion from overhcanng. 1Nnegeseary, replace the pear.
5. Eeassomble the plermediate shal. Tnstall o pew
Ch-iang e the shikt, Check ahat the idlar rtidgs reely an
the sltall

Oleadprier dhruef

ACHTE
Lxervine core wher aesing e aaller ur Sien
foMabkee sare the thresgs o the guiPul bt
e ol demenred

I. Lising a suilable pullcer, remeve the cutpur shaft from
the torward and feverse gear assemblics as shoven in Figs
ure 4. Do nat mis e foraand geor pans aod reseee gear
Tare.

1. Remnve the spacer 59, Flgure 31 any the bzan LT LIk
T8ee {7} foem he analput chafl.

3 Hold the threpdesl 2nd ol the cusput sha s the chreods
are pronegred

4. Place the outer mee ot the front bening inoer race.
Usig a suilable besring, driver, gently dove e dnoer
braring cace away from e shait colln spprosimately 10
.

3. Place a pulling suppor plate {such as Yanmr special
too] LHIR9-0%E50 belween e collar of 1he guipa skafl
ard] hearing.

6. Like Yansiar specil ool 17095000, ar o saitable
equivalent ol 1o prass the bearine ofl e shall, 5u shown
L Figure 5.

I Remone the cluich fronon plates (14, Figure 3) and
el plates (L5} from the forwerd geac (10,

E. Usc Yaiwmar spog] qoal 17095-001F), or an egquiva-
lentaoal, e comgress the Dl leville springs i | 1 Figane 31
and remae ¢ U snap nng fom the forward pear s shown
in Flgure &
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Y. Pefer oo Sweps 7 and § und disassemble the cluich com-
panenls on the peveTss grar

10, Loy the <hift ring end pressure plate assembly flat.
1. Bemore the pressure plave reiwm spranga (24, Figunt
X3, then T804 o b cop pressure plote (171 and remove the
stech balls [1H).

1, 1.ifi che shofi diog (24, Figure 3] and drving plate (22}
ol the holudm pressure place and remove the three re-
g balls.

13, $lipshe shift ring (25. Flgure 3} off the dnving plae
122).

14. Remowve the alignment pins (21, Figure 3} and detsn
pins A 200wtk springs (19 trum the driving piais (221

luapeciion

l. Chech the gear teeth for exgesaive wear, comrosion of
rust and meeclianical damnage. Check the teeth (or galling,
chips. eracks, missing pigces, distortion or discelarstiot
fromowverleating. Check the splines for excessive wiar o
damage. Heplace the gears 1T dunaged.

2. Inepoc the vueput shafl banrings and sedl surfaees tor
cxcessive wear, gt ing, metal ranyter and discolor-
alicn Eoom overhwating.

T, Inspect whe key and autpul shail kevaeay for damage.

AR
Sikims hetund e oer bperimg P I e
mcuniing Tukge deleraring dwuring grelid
for The it Shafl beaniags. Seove the TRIME
ard reinsdall fiow T reusing the origing!
purts.

4. Inspect the inpan sluefi bearing ouber meces i O Wans-
imission case and muwnting Bunge. 1E sither race i dan-
aged or excossively worn, remevs o usng & suirable
puller,

%, Weesure steel plate waepage 85 shown in Fhgmee T and
conunpare the result wilh the specification in Tekde 3.

6. Mengure the width of the wige! plases 1aogs ond com-
pege thee el with the spreificaton in Talde 3.

7. Measure the widih of the grooves in the preasure plates
ard] compire the result orith the specification in Tabrk: 3.
The cleamnce batxeen dhe tamgs and e groaves should
bz 1.6 et (0-00024 0 ).

. Measure the width of the friclion plives and compare
with the spegifivation in Table 3. Both sudes of friolon
places have a (k1% non {0,014 in.} vopper sinteecd beyer.

Replace the Erictival plaics when the vopper Laver is worn  SHCRIGEE

roore tham (& e (0,008 ik on o sids. ]
%. Mlcaswre four frciion pleccs. The sum of wear of four
fxvion plates | torward or reverse) must no eaceed 0.3
wn (0051 in ) M wear exceeds 0.8 mm (03 a600). re-
place abl friction plues (forward or mverse).

), Aasereble cach se1 of stech and fiction ploes. Coone-
press the plidcs 10 remuve wec] place worp, Measure e
amsernbled ploies. The wsembled thickness mou exceed
1CkA7 v 40594 in g,

15 Meisure the backlash between the weth on the fric-
1io0n platess annd the gear splings The backlash muss nor ¢ -
o] b9 o {00035 in. ).

L2. Law Lhe shift ring bid pressure plits assombly Nat and
remve the priesswe plate cetum springs {24, Figure 3t
Lifi oft the top presiure plate 017 amld renwree tbe slecl
balls {15}

13 Liftihe shih ring (25, Figoee Xyaml dreing plan (220
off the bottom pressure pdede aod cemwse the sheee re-
maining steel balls. Shpothe shict ing (255 ol U driving
plate (223, remuove 1he alignment ping (21 aod dewene pins
{20} with the springs 4 19) from the drving plaw (12).

Ld. Tnspect the pressurs pilate 117 and 23, Frgare ) ball
groenees for weer and remesw the plate if oot s nnticeable.
15 Mewsure the prossure plate thickness and comipire: e
resubl with 1he apecriicaton i Tahbe 3.
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1 Measure dhe reduse: sprng end gap (Figuee B andd
vormpeare the resuely worls the speaitication oy Talske 3

I'7. Cheek the deving plare ball gronves {Fipure %),
dezrem pon botes | detend ping (A and keywiy (BY [or any
naliceable wear.

15, Mesure the drebig place ok vader dameter i, Fig-
ure It id compare it with U pecilication in Tabile 3
4. Meisure detent pus sprang (L), Figure ) foee lewpih
wiel compare it with the speciligimon in Table 3.

M. Measure the plane spring reiginer thickaess | A, Fig-
ure 19F and comprace the resnlo with dhe specificaion 1o
‘Tabk 3, Measore the plae sprng inside diameoer (18] and
compare with the specification in Tabke 3. Mewsure 1he
ple spring shoulder deameer {7 and cabpans te rosult
wath the speculicative: in Tahle 3,

. Mecosure U freg width of the Bellewlls springs unid
Tompare it with the specfication in Tahbke 3,

22, linget thie shifl nng presture grooves (A, Figues 1)
and pin ventacl grooves [Bi fiw any wpme of execssiie
seal. Muasure the wideh of the cireuin ferential groove o)
and venmpare the pesult with the speserficaton in Table 1.

Heassenihly

I, Justall thy Belleville eprangs on the forward gear a0 e
v acles $ae ach orlser 2 <hown an Figure 12, T
selicin the retainer (12, Flgure Ab oeer the Belleyille
S0 imgs amel slicle the snap ting onbo the gpline af 1he fior
wind pear. Loang, Yonmar speceal sunl 1700508070, o 2
sitinable equivalent 1oel. compress the forward pear as-
SCnLy in oz vise and enpage the snup ning in the gredse
arowod U Mirward pear splines.

2 Refor 10 Step | oand assemble the reverse pear,
Beilevilly springs. retanses and srap ring,

3 Todorennine e coarest thickness of shinss g | A and 26,
Figuare 31 install the icmer bearing race and spacer an her
respecites wears, Mewsure the depth 1A, Figure 13] of the
beiiming, race from ahe ewl ol the pear s shown in Fipmre
1Y Irsiall shims equal o rhe skepih,

= —

— o ——— -

4 Alernacely install foar friction planes (14. Figure 3
imd three sicel plates ¢ 5] on the forvward oo d | 01 splines
staniing will 4 fricticon plake.

£ Refer 4o Step 4 anl as.emble the reverse g, siesl
plates and friction places.

. Using u suetable bearosg driver, insinll the ourput shiah
front beaning onto he shaf. B sure the bearing snner gy
conlacts the collar onoahe eid ol the oatput shaft.
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L |
To
Snap vy
oo nbrat ——
sptimgy
duar o =

7. Ins4al] whe chiuss washer o e oarpul shatk with the
simeres] ey surface Faomy wway from the beanng.

K. 1l-ing a soilabie besring diver anstall the peedle bear-
g iooer race g dhe gnp sha i, Be swre shie race oo
aia chi thmasl washes

9. [nstall the neadle beanng. spacet awd shim oo e oul-
put shalk.

10 Angeal e Eorweard pear gl on the outpul shatt
and aligw the steel plase tim .

7. Fit the kev ¢4, Figure 3 inla the s7ol on the oulpu
sl 50 192 110t =le ol key faces Hw threaded end of
ez cautpue hatk

12. Inslall the pressure plabe. anth the hall slos facing up.
so The slesl plate fngs 10 ime the three shots i the pres-
strg plate. Make s the pawls of 2l theee sieei plares en-
pope 19¢ poessure (Hate.

1% Trstadl three steel balls ot the sbote an the pres-ure
pliut. Lostall Use drive platz e the aurput shabl s Lhe
sl ol the i plane widl cuncentiae proove 15 fagnge the
Mrwand gear assembly “dake sure oll ey sieel balls ac-
it in plase and the grosevcs of the peessare phile aed she
e plane roimeh s he the deive plate is insG led.

14, Inszcd bedh (ucating pisc indo the drise plane o they
enpage the toagque Limicer sloks ol Ui pucasre place.

1% Inscall the shim. spacer aml inner needle beanng Tacy
un the aipul shatl using s sible bearing dover

[&. Insert the betent pine atd STHIREE (e e driee gHaic.
Install the sl g rven she drive plate so e e e
with groowe- ane 1acing e forasnd gear and the deenl
pins in the dres plik: peopariy engiges the pus sloc ofhe
inzide dimeter o e shitl dng

[7. Instabl theee steel bills i e slets ol the dowve phos
il phace the pressues plate ovn the drive plaky ke
sun Lhe sl Balls remarn in positive and the slors ol bath
phites o,

19 Ioaall che pressase prhews cotem spengs botwesn
abifi ring and why krive plaes. Alach fhe spong eonds wahe
witral | Boles iosade thy prsisuss plates as siovw s Flgure
14

i, Inedall the veverse peir assembly so the langs of all
thres stel plans properly engage the sluts i the pressure
phite,

21 Lnarall the needle b=aning and thrusl wasber with U
capipet santered sick of e wasler [cing che reverse g

21, Uging w sorable bearing dover wsiall dhe rear oulpus
shaft mner ree onoo The outpus chatt Sake awre the e
bottoms agsunst the thrasd wosher

773, Cheek e smaoch roaneen ol Iseth the foreand b re-
v poan s, Check 107 comeot apetatian of the =hill g,

Shifter
Heler i Flgure 3
NOTE
Mk gl Tpemmend meae ks ag e sh 51 dever andd
aRif whafi e the #hift lover com be e

yhelios s b sarsgnieled! peiniom

3. Loosen the clamp bale and remon e the shft s
. Hoemewen e shifl caim.

bt =

https://www.boat-manuals.com/

§!



224

CHAPTER ELEVEN

3. Pusle an the ditent pin. remove ke snap nng and re-
mave the pinand speings.

4. Usze o seeewdnver or suitable ool b pry ugg the seal.
5. Dazpecuthe shiftring. Check the deten nuesh for exces-
gine wear that will allow paor cludch spgapement,

f. [npant the debene pin. Replace the pin ifit is demaged
O &xevhgively wam,

. The shifl nng contact surface of die shafy fork is plated
with wnlyblenum. Renew the shifl fork if the plating is
pecdied e the shift fork base metal i3 enposed.

8. Beaysemble dhe shifier by roversing 1he disassembly
procedusc. Ingtall the shifl lever so che mangle mark on
the levee is g,

Beasmemdy

1. I rervivcecl, anstoll the culer beanny races into the
rransin igsion cuse and mounting flany.

2. Apply senler o the periphery of the o1l seals and Dsall
theitrrt anbey the ArANEMission case onel mownting Hange with
Lhe &xpen side 10 the inside.

3. Insall the inpwt shotl into the rransmission case.

4. Insnall the intermediate shaft asssanhly into the rans-
mwssiem case. Position 1he s washer so the beveled
corner s loward the ioput sbaft. Justall a new O-ringe on
the iomerrmlie shati. U'se B soft-faged hammer to tap ibe
shafl i the case

% While holcing the input shefl awn o the wiy, inser the
outpul shall assembly inbo she cramsgisswon cuse. Move
the geans intu mesh on e internsediae shail, inpot shaf
and srtpt shafi whibe insalling due cuipad shafi.

. If e MHowing compenents have been replaced. refer
to the Srareg Aofurmenr section. input sha i, inpur shaft
bariogs. cutpat shafl, drive plale, spacer, thrusl washers
and awaput sifi bearings. After sdjusing Lt beariope.
Lanlinue o reassemble the ransmission as described in
the fluwary steps H1he preceding compunents haye no
feen replaced. bearing adjostment is mnt eecessery and
ihe orginal shims may be reased. Proceed 19 1he lolkoweng
SIEp-

7. [nseadl the inpur shafl oil seal.

8. Coac the vasy mating surface with BTV sealer,

9. Inwall the mounting farge and Lighten bolts evenly.
[0. Flace the shift ring in peuceal pasition and insiall the
shifl fowk through the side opening.

I1. [mzexl ehe shali bac chraugh the hule 1in the rear of the
case while mgialling the shift fork onig the shit bar,

1Z. Inscalt she shilt Bar plog. Make sure dhe threaded cnd
of the sl i is installed toward e rear of the case.
13, Tnsizll the shitter sccembly. Align the marks made
duning disaseembly and tighen the retminng beliz se-
curely. Logsen the shifl leves clamp kel and position the

———— -
— =

! | 4
% v
- .{:'::'

lever sce ol ppints ap at @ 43 angle weward the rear of the
ransmizion Renighten the clamp boli

14 Lheck the opemtoen of the frapsmission, & chek
shiuld be audible wlwen the genrs ore propeely cnguged, [
the pears de pot eneage, losen the shifler retaining balis
ancl reposition the shifec. |1 ymproper engagroent contm-
g, pemowe che shifier and check for smproper sssembly
of the shiiting cotaponents.

I5. dnsnall the O-cng on the oueput shalt.

1% I ot gaeviuosl y instidled, ionscel! she o] seal into the
case.

17 [nstail the coupling Mange onto the capue shih

Tiglen the reiRining oot U orgoe speci fed o Talile
2.

LE. lstall clye driin plug and ol dipsoek

19 Fill the wranzmussiom with the reconsrseocle] Fans-
mission fluid Refer on Chapler Three.

BEARING AMUSTMENT

Perfomi the fpllvaang procedure it the fllowine com-
pooemis have heen replaced: input sl snput sheft bear-
ings, ouipw shafl, dove plate. spacer, ires wachers and
outpul shefl eanngs Thic precedwe determinegs he
thickness of shit that must be inacalied o the tapered
roller hearings properiy contact the bearing coler mees.
1. Instail the inpud shaft, migrmediste ehaft and oatpai
shalls as described in e Reassemhly section.

I Posiliem the iminsmission case <o the open ood is up
and 110 pwessure 5 heang applicd 16 the splimed end of he
owtput shal.

3. Inaall the outer bepring caces on she mput and outpu
shaft dapored bearings.
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4. Measure the distance (A, Figure 15) in millimeters
from the mounting flange mating surface on the case to
the top of each bearing race. Record the measurements.
5. Measure the distance (B, Figure 16) from the mount-
ing flange mating surface to the bottom of the bearing race
bore for both the input and output shaft bearings.

6. Subtract the A measurement from the B measurement
for each shaft.

7A. Input shaft—From the result obtained in Step 6, sub-
tract 0.0-0.05 mm. This result equals the thickness of the
shim(s) that must be installed in the bearing bore in the
mounting flange.

7B. Output shaft—From the result obtained in Step 6, sub-
tract 0.0-0.1 mm. This result equals the thickness of the
shim(s) that must be installed in the bearing bore in the
mounting flange.

8. Install the shim(s) in the bearing bore in the mounting
flange, then press the bearing outer race into the mounting
flange on top of the shims. Be sure the race is bottomed.

DRIVE DISC

The drive disc attached to the engine flywheel transmits
power from the engine flywheel to the transmission input

shaft. Bolts secure the disc to the flywheel while the trans-
mission input shaft engages the splined hub on the drive
disc. The drive disc incorporates springs that dampen
driveline shocks between the engine and transmission.

Removal/Installation

1. Remove the engine from the boat.

2. Remove the transmission.

3. Remove the drive disc (Figure 17, typical).

4. Install the drive disc by reversing the removal proce-
dure. Install the drive disc so the side marked
FLYWHEEL SIDE (Figure 18) is toward the flywheel.
Tighten drive disc retaining bolts to the torque specified in
Table 2.

Inspection

Replace the drive disc if any of the following conditions
exist:
1. Broken spring.
2. Worn or damaged splines in hub.
3. Damaged disc.

‘4, Damaged pins.
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Tubis 1 ENDMHETRANEMISSMIN MODELE

Modri Tranumdsslon Trandmicchos ratie

[tosward guar)
‘HIM KEW 100 4.1, 28F or 284
IHNY KBWALE 21400 183
HHM35 KEWI10E 214 or 283

Tebls 2 TIRHTFEMING TORGQUEE

Faxtanar H=m b,
Tranatitikon mounting ilngs - X5 1518
Chulpiet b et Ak a5-115 #2-28
Ot peud dlange ful BS-115 B3HAE
Cwrivm dige Fa ta

Fabbe 3 CLUTCH SPRCIFICATION S

FHeel plabe warpags

Sipe| plate 1ang widih

Fragsury plale groove widih

Fricion plake ihe:inaos
YWanr limlt

Fripgur plata thickneys
Wigpr [ImH

Returm spring end gag

Dtlwirg plato hul guter diarnetar-min.

CtorM g spring irea lgngth

PLALE 3pring retalner Bickmgsg
Wear umil

Pluin mpring retaings Ry dlamatar
‘Wear limle

Flade apring cetadmar shoder diomaisr
Wagr IWmit

Bedlwving spring wiaih
Min. wadih

NI ring clroumisnesial grove widih
Waar UmiH

1817 mm (Du0S5-0.087 In.)
T8 2 b rame (4. 4530, 472 [1.)
120131 Foam (04720478 In,)
111175 mm {008 7-0 08 in.j

1 5 fam |4.059 In,)

B A0, 5 Wi 0. 25 2 D 2150 M b

%.3 mm {0, 34E dn.)

18.5.17.5 mm (0 G60-E&54 |n.}
S84 mame [2.315% In,)

F2.00-32.00 mam [1,260-1.283 |h,)
2,722, mamh (091110 |0y
260 mm {0,702 Wik

0. 3-85.4 mim {2, 594-2. 558 in.}
B65.7 Mt {2507 in §

B -0 T e (2. 9082, 298 In.)
EX.Amm (2276 In.)

& 15535 mm (02420284 In.)
.0 mm {034 W

5057 ek 23840, 240 Im,)

8.3 w0 (DA [0}

https://www.boat-manuals.com/




A
Almmbuerer o o0 L L L LY
B
Bamery . .. .. . . e BSOIED-EN
Bearng replacement. . . . . 1823
BHreather assembdy
maclgyinder .. . . L. 13-
sinple-cyhnder . . .. .. ... N P
cC
Camshuh
erulticylinder e LT
sangle-cvhinder . .. ... .. 9395
Charping system . . . .. .. ... . [54-1%0)
irpukleshooting . .. .. .. ..o 3L
WEES. . . e e e e . 3132
Cobng aysicm . ... . ET-5E, 159- 145
draining . .. Gell-Bi
dpve beles - _ L e e e 164170
hose replacensetr . .. .. L L If:R-16%
Inantenance
{reshwater . . . . . ... LTI
aeawaler. . 181
pump
freshwater. . .. . .. .. ... . ... 11
deadeater .. L. S Iy B B
ithermmuostat . . . . . ... 165-165
wiublesbooting. R |
Crankshafl
muhicylinder . . .. .. .. ... .. 13026
singlessylinder . ..o oL FL9D

Index

BHuck

multicyvbingder S b B I

singlecyhinder . . .. .. . ... ... HNY
head

nulecylimder, . . R | (LA
U ylinder

hizad

tingle-cylinder . ce e 3T

D

Thecompression meshunism

wultiewlinder. . . .. .. .. ..o 102
singleeylinder. . . .o oo LS
Criese] fundanentals

sngime

single-cybioder .. ... L. . BE-TD
Dovebels ... ......... . . 1469.1T0
Dirive disg

molticylinder. . .. .. . ... ... .. L¥
sinple-cwhimber, . . . . .. ... B

E

Eleciricel syrsdem

s buzzer .. .., ... oL TFT
hatery . . .. L L. .. 183-THH
chorging syalem . . .. . o 13910
Prafeschion . . ... ... .. TRE-LHY
semelers. .. - .. L L R LR R i)
stachng spstems. .. ... L L. . . TGS
switches . .. .. .. ... . . . .. I9%
achometer : LR 1
waming lamps . . . ... . ... 19T
wiring doggrams . - - .. .. ... - . . 23-2M

https://www.boat-manuals.com/




https://www.boat-manuals.com/

128 INDEX
Lrgi sinppT i the . bk
FTETEACY Soppang . L L . H ImghTeshooding .. R 14
s b sk tne-up. . . . ST
10 bleslonting,. Ce ... A Ex sy ranifofy
rimenance and lbaganon . L L L L L L 4452 T LT Ty R | L9 [1 1
mlliv linber [HH1- 00
breasher asseimlny -2
carms=hafi . [27-12% F
erankshafl 12317 Fastemors . . . .. .. . N B
i der Fropmegoat . 00 00 00 L0 CAH=T
Rk, . N AT Flwwheel
houd L. L L i A R iy linder C122a
decnripicssica mechimism . . T simgrle-cy linde LR
drive dise . 123 Frcnlim wier
e st mumolinld HI1- 105 cimlingr sestem, minincenanee . [ 77-1%]
Tevbien] | 131 72 palinp 17
llerisumn system (el e bzl
AN I'_|r.|r|'1L- i e =127 Injfl:1il.'ll1
[EstIn-Cenmesiang rod as.:a:mh]g, 11311 % Tundarmentals. . 135 142
b ncls . 1113 Ir“._i{“Ell.'ll'. . I A
RGEmMen pos . . L L. L. L [EH) liaws . 151152
reacker shaft assembs k. |0l [ALEIT L Tduo 5
setial number and 2ode | A ~ylem I:ll-e::dmg . Ll4z2-144
HTINE Earcase. . .. . . . [ 1K-11% imimp .. | 44-] 24
wilve cranster pump 1 31-151
wOVET .- . i il I'l:“qIJLIthu_nh i 47
valvis and scils. 11113 shnlénd. lruuhll.:ihuul:lng e B |
TEHes
bl iz ing, - 30
sthgle-cylindsr G
Locatlir asserhly B i) Lierieral mburmation
cantuadiali L e replacoem L. . 1523
crankshall IR Eisteners, . . . .4 H
e limkr lubricancs . . . Ly
Block gn a7 e lsamic s tipy 1517
fuid ] T3 Th parls replacemend . . .. L L L L L L !
decuInpression mochdstism. R RTY pasket scalem . . Y
ciesel fwndaroenals ) sals . L 23
deis e dise . TN threadlock . ., 4
Mywheel. R KT 1“‘“""_
lubncaliom sysigam C Bfaky kasic hand . 013
i e e mgs L. Precision monsucing 131-1t
Pslrrannecing rod aum_-nhl'.' . 3RS onyue spreeifications. . .4
peash ruls ] m Gy Mt syslzrs 152157
remyi| precautions . T0-T1
replicement pars. . . .. . .. ... Rl H
riscker shaft assemlly . .
eerial number and code. .. ... Hrse eplacement. . .. . hos- 162
Linwng poancsan . . . . H5-RA
valve L
CLwET S 7l Lay-up. . b
'|'|.1|'|-'-L'5 aimlseals . .. .. ... .. ... TATL I'":"":'I"IH "":r-\'."lﬂm dl?"n“'.g L. GGl



INDEX X9
Lubrcans . .. . . .
Lubpgatisal system Seals. | . . 23
engine monlenang2and | . L. L L A3l Zeawdicr
raalieylinder . .. ... . LRIER e4mal i 2yEbem mainlenince . 18]
singlesgylindber . . . _ ... ... AE-ED pulifr. . N S
[FAMSTHLISSROM - . .« .« .« . o ov v . ... DBdt] Lenders | . . . 1G5 [
troubleshestiong. . . . . ... 364G Serial nunikrer and rcu;lc
crdate
makHicylinder . . 9100
M sifigle-cplinder . - H
Main beanngs Suarting
multicylim®c . .. .. .. ... ... L&o<IIT checkhst . . e
sngle-cyhinder. . ... . . ... ... W3 FYELTHD . oSI98
Mamrenanse |ruul}l-:-:.‘r|runt|ng . AL |
cooling system . . .. - . .. ... . . 43R Switahes . . .. .. ... .. . 195
emgine and lubrication . . . . .. .. .. ST
fuel peguirenents . .. .00, ... L 42
Bechomcsips . . .. .. . .. L. L. - T
- Techomster . . . . o 1ER-13y
O Thermasial . . . . . 165-| &8
) Threadlock . . . L
Uperation Timi i
. iTLINZ grancase
nEIn= . " multicyhnder . C18-L1Y
cml:rg:n:y stappng .. . o Fingl:-c}'lindér  H5.5A
Moppiegthe . .o oL o H Taols
m1~:}p¢r.=:|[imalctr|:cks. A hasic hams R
Wmmnl I|:|'I-E|:'|-L5. st p oo A2dd pn:l::imun m:i'lsuri:'lg e e e e e 13-14
starting cheeklise, . .. .. ..o A3 Torque specilicavions. . . . .. .. .. ... .4
=] Trensmussicon . . . . .. .. .. . E-61
Parts wplacmbent. . . .. .. . KEW sermes I
Piscon'connecting rid Jﬁﬁemb]} beanmy sdjuctinem. ... L - 52"'3;5
multicylinder . . . . . N TEREL dnvede o000 0000000 L ;‘1
slnghaﬂylimﬂ!r. L Tas oper@Atem ... L 26
. pverhaul . e L2110
Poclopemtional checks. ... .. . . .M . i N
) remeonalimanal latiom . .. .. L L 217
Preoperational cheeks . . .o . - .. .. 4243
KA e
Push '_udg beanng adjustment . . . .. . . AlkLd
multicwimder. . .. ... e drive disc 1
K _ nvedise .. .. . L L. A b
singlecvlinder .. ..o oL TH apETannn . . ... |42
R gverhasl . . N ]
qeasnrbly | Hig211
remuvalinsallaton . L . 1
Remuva] precautiond Traubleshocaikg
engine chargg awaiem . .. L L L ]
single-cylindar . .., .. .. .. ... 70-7] Wsls . o o e e e . 3132
Peplacymienl parte gonling syaem. . ... L. L. . L. 3B
multicylimler. . . . .. .. .. ... . . It engine ... L. L. .. 18
apghecylinder. . . .. .. ... WD valiaost ansoke . L L R o
B ber shefl assembly AeesES . . . . . . . L. 13-4
multicylimber . . .. ... .. .. .. 1H-ILD Tuel avarem . . .. . . . 32-34
singlecylinder . .. .. ... .. .. .. .. Fh lubrcatonavseem . .. .. L. .. .. .. 3640
REY gaskersealand. . . . ... ... B ylarling sysbem . . L L L L L . 17-3]

https://www.boat-manuals.com/




230 INDEX
T'.Irll."llrl coYeT
|‘-'H|!'.‘-l':|" . . ] mu][iq':].'lind:-e.-:r . L
S 178l sglesgwhimder . . .. L. L L. L 71
Walve
il Seals
ristl ey limeler IDLERNE Waming larnps e T
sniglescylimder . . . ... | Wiring disgramy | co.L2h234

https://www.boat-manuals.com/



WIKING DHHAGRAMM

5]
EARLY MODELS WITH LARGE
INSTRUMENT PANEL
:,':::. Kty a0 A [ e
mtich inahth tuse Bty patten
B Tf
nx £ga E'*Ifl =T £ic
AT v :
Tl prrieb Lot ¥ (WA i
WAITHI Y Harg: REB
Mubitmr aiall Wk i
{Bllh:;wr i lThL’m
n it 0N L
g:‘ *eue tham &M
Tocimpruplar -
L. - EE
w acf 5 I Ee
Dﬁ:“ Ld_.l_'l L‘i‘ Purer s
Cataer Coti 4 & i mh
X 5 o5 e 5 P
+ et f e
"' Frsrrep ground :,._:: &.“ Pk
LB eyl e
o velrenana

https://www.boat-manuals.com/



233 WIRING DIAGRAMSE

_ EARLY MODELS WITH SMALL
INGTRUMENT PANEL {NQ TACHOMETER)

Evamcrd Ewy M A
R ¥relich s Ry Batary
@ . '@ Ptk
E Y 3 [} o i (3T
‘_| :
Thar L™ I
R I:E:D:H.I [ E
Cimoleard B WA ]
hlh'lhg.“l::g:tm
I prslaliiien s . F;q
WRTH N hamp Am ] wm
&
[ T L
;]
Eu.u:brl:[':n_r_
wef ¥ P Eo
=
= comecun v, e It
A Pad =S ] T
P Qound mm
-hm Wil e
—— b ﬁm
hiny cxarneection mw’“"‘"
LW HherTd
Tl v

https://www.boat-manuals.com/



WIRING DIAGRAMS 133
LATE MODRELS WITH LARGE
INSTRUMENT PANEL
Pumh
iR R Baney  mtery
- i oo E weatsh
PoEE ] --
L
Xy xEa FEHE 'L r:-
A
o TR &
Cupolh| | Wi " 1
min g L B ] a o
M1 peamaum . m (]
g larg: R by L ru]
m‘:’.ﬁu = :T Eximnsion cntre T R
Cha-cetoa) T ham Yot hr.:;m mm,h,_:ﬂ
n Tl 41 i b witch|
" hems than Sm.
W.gu; |
& |
R - =+ oc¥g 3 4 Ba
= TRy
- P Wik Alimrecy Cotsn DR Tachomier
o Cenneciony W W HTHl. PrHREE RO
+ Soouod A e (SR —
L Bl
g e s
-h_mm E Tl
o DoreaowEn L BlsBluth
LA EaxFad
Y TH WA

https://www.boat-manuals.com/

13



234

WIRING DIAGRAMS

LATE MODELS WITH SMALL INSTRUUMENT PANEL
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