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Quick Reference Data
TUNE·UP SPECIFICATIONS
Model
1GM
1GM10
2GM
2GMF
2GM20
2GM20F
3GM
3GMF
3GMD
3GM30
3GM30F
3HM
3HMF
3HM35
3HM3SF

Idle rpm
(no-load)

Full throttle rpm
(no-load)

850

3750
3825
3750
3750

850
850
850
850

Fuel injection
tlmina

3825
3825

850
850
850

3750
3750
3750

850
850
850
850
850
850
850

3825
3825
3600
3600
3625
3625

21° BTDC
21° BTDC

iue clearance
models
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)
0.2 m (0.008 In.)

APPROXIMATE ENGINE OIL CAPACITIES
Model

Oil capacity

1GM,1GM10
2GM,2GM20
3GM,3GM30
3HM,3HM35

1.4 qt. (1.3
2.1 qt. (2.0
2.8 qt. (2.6
5.7 qt. (5.4

L)

L)
L)
L)

FRESHWATER (CLOSED) COOLING SYSTEM CAPACITY
Model

C.pacity

2GM20F
3GM30F
3HM35F

2.9 L (0.77 gal.)
3.4 L (0.9 gal.)
4.9 L (1.3 gal.)

ENGINE MODELS

Model

Number of
cylinders

Displacement

1GM
1GM10
2GM
2GMF
2GM20

1
1
2
2
2

293 cc (17.9
318 cc (19.4
586 cc (35.7
586 cc (35.7
636 cc (38.8

cu.
cu.
cu.
cu.
cu.

Gearbox
ratio
(forward ..ear)
In.)
In.)
In.)
In.)
In.)

orKM2P

or KM2P

2.21, 2.62 or 3.22
2.21, 2.62 or 3.22
2.21, 2.62 or 3.22
2.21, 2.62 or 3.22
2.21, 2.62 or 3.22

Chapter One

General Information

This Clymer shop manual covers the GM Yanmar marine diesel engine series identified in Table 1.
Troubleshooting, tune-up, maintenance and repair are
not difficult, if you know what tools and equipment to use
and what to do. Step-by-step instructions guide you
through jobs ranging from simple maintenance to complete engine overhaul.
This manual can be used by anyone from a first-time
do-it-yourselfer to a professional mechanic. Detailed
drawings and clear photographs provide all the information needed to do the work right.
Some ofthe procedures in this manual require the use of
special tools. The resourceful mechanic can, in many
cases, think of acceptable substitutes for special tools.
However, using a substitute for a special tool is not recommended, as it can be dangerous and may damage the part.
If a tool can be designed and safely made, but will require
some type of machine work, contact a local community
college or high school that has a machine shop curriculum. Shop teachers sometimes welcome outside work that
can be used as practical shop applications for students.
Each Yanmar marine diesel can be identified by its individual model number. The model numbers for all Yanmar
marine diesel engines covered in this manual are listed in
Table 1.
Some engine model numbers end with the letters ForD,
such as 2GMF or 3GMD. Suffix letter F indicates the en-

gine is equipped with a freshwater (closed) cooling system. Suffix letter D indicates the engine is equipped with a
Kanzaki KBWlOD transmission.
Except where specified, F and D series engines are included when a basic model number is specified. For example, if model 3GM is called out in a procedure, the
procedure also applies to 3GMD and 3GMF.
NOTE
Engine models ending with the letters C
(sail drive) or V (V-drive transmission) are
not covered in this manual.

Metric and U.S. standards are used throughout this
manual. U.S. to metric conversions are in Table 2.
Critical torque specifications are provided at the end of
each chapter (as required). Use the general torque specifications listed in Table 3 if a torque specification is not
listed for a specific component or assembly.
Metric drill tap sizes are in Table 4.
Tables 1-4 are located at the end of the chapter.

MANUAL ORGANIZATION

This chapter provides general information useful to engine owners and mechanics. In addition, this chapter dis-
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cusses the tools and techniques for preventive
maintenance, troub leshooting and repair.
Chapter Two provides methods and suggestions for
quick and accurate problem diagnosis and repair. Troub leshooting procedures discuss typica l symptoms and logical
methods to pinpoint the trouble.
Chapter Three exp lains all periodic lubrication and rou -
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tine maintenance necessary to keep the engine ope rat ing
well. Chapter Three also includes recommended tune-up

procedures, eliminating the need to constantly consult
other chapters on the various assemblies.
Subsequent chapters desc ribe specific systems, providing disassembly, repair, assembly and adjus tment procedures in simple step-by-step fonn. If a repair is
impractical for a home mechanic, it is so ind icated. It is
usually faste r and less expensive to take such repairs to a
dealer or repa ir shop. Spec ifications conce rning a spec ific
system are include d at the end of the appropriate chapter.
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NOTES, CAUTIONS AND WA RNIN GS
The terms NOTE, CAUTION and WARN ING have
specific meanings in this manual. A NO TE provides additional information to make a step or procedure easier or
clearer. Disregarding a NOT E could cause inco nvenience
but would not cause damage or personal injury.
A CAUTION emphasizes areas where equipment damage could occur. Disregarding a CAUTION could cause
permanent mechanical damage; however, perso nal injury
is unlikely.
A WARN ING em phas izes areas where personal injury
or even death could result from negligence. Mechanical
damage may also occur. WARNINGS are to be taken seriously. In some cases, serious injury or death has resulted
from disregarding simi lar warnings.
SA FETY FIRST
Professional mechanics can work for yea rs and never
sustain a serious injury. By observing a few rules of common sense and safety, it is poss ible to enjoy many safe
hours servicing the machine. Ignoring these rules can
cause injury or damage to equ ipment.
I. Never use gasoline as a cleaning solvent.
2. Never smoke or use a torch in the vicinity of flamm able liquids, such as cleaning solvent, in open containers.
3. Use prope r sized wrenches to avoid damage to fasten ers and personal injury .
4. When loosening a tight or stuck nut, remem ber wha t
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. Incorrect 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 additional informa tion.
6. Keep all hand and power tools in good condition. Wipe
greasy and oily too ls 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 (Fi gure 1) during all ope rations
involving dri lling, grinding, the use ofa cold chisel or any
time the safety of the eyes is compromised. Safety goggles shou ld be worn when using solvent and compressed
air.
9. Keep an approved fire ext inguisher nearby (Figu re 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 10 rotate the bearing
or part . The air jet is capable ofrotating them at speeds far
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6. Read eac h procedure completely while looki ng at the
actual parts befo re starting a job. Make sure you thoroughly understand wha t is to be done and then carefully
follow the procedu re, step by step.
NOTE

in excess ofthosc for whic h they were desi gned . The bearing or rotating part can disint egrate and cause serious injury and dam age. Hold the inner bearing race by hand to
prevent bearin g dama ge when us ing compressed air.

Some ofthe procedures or service specifications 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 instructions or technical information regarding the new equipment in a folder or
notebook for fu ture reference. If the engine
was purchased used. the previous Olmer
may have modified it or installed non-stock
parts. Ifnecessary: consult with a dealer or
the accessory manufacturer on service-related changes.
7. Reco mmendat ions are occasionally made to refer ser-

SE RVICE HI NTS
Mos t of the service procedures covered are straightforward and ca n be pcrfonned by anyone reasonably handy
with loo ls. It is sugges ted. however, that you cons ider
your capabilities ca refully befo re attempti ng any operation involving major disassemb ly.
I. When disassembling engine or drive components,
mark the parts for loca tion and mark all pans that male together. Small parts. such as bolls, can be identified by
placing them in plastic sandwi ch bags ( Figu re 3). Sea l the
bags and label them . Ifreassemb ly will tak e p lace imm ediately, an accepted practice is to place nuts and bolt s in a
cupcake tin or egg carton in the orde r of disassembly. Because man y ty pes or ink fade if appli ed to tape , use a permanent ink pen.
2. Protec t fini shed surfaces from physical damage or co rrosion. Keep gasoline off pa inted surfaces.
3. Use penetrating oil on frozen or tight bo lts, then strike
the bolt head a few times with a hammer and punch (usc a
screwdriver on screws). Avoid the usc of heat where po ssible. as it can wa rp. me lt or affect the temper of pans.
Heat also dam ages finishe s, es pecia lly paint and plastics.
4. No parts removed or installed (other than bushings and
bearings) in the pro cedures desc ribed in this manual
should require unu sual force during disassembly or assembly. If a part is difficult to remove or inst all, find out
why before proceed ing.
5. Cover all ope nings after remo ving parts or component s to pre vent contaminants and sma ll tool s from falling

m.

vice or ma intenance to a ma rine dea lership 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 wi th a new or exchange unit.
Overhaul mean s to remove, disassembl e, inspec t, measure. repair or replace de fect ive parts , reassemble and install major sys tems or pans.
9. Some operation s requ ire the use of a hydraulic press. It
would be wiser to have these operations performed by a
shop equ ipped for such work , rather than to try to do the
j ob yourself with ma keshi ft equi pment that may damage
the ma chi ne.
10. Repairs go much faster and easier if the machine is
clean befo re begi nning work. There are man y special
cleaners on the ma rket for wa shing the engine and related
parts. Follow the manufacturer 's direc tions on the container for the best result s. Clean all oily or greasy parts
with cleaning solvent as they are removed.
WAR.NIN G

Never use gasoline as a cleaning agent. Be
sure to work in a well-ventilated area when
using cleaning solvent. Keep a fi re extinguisher. rated fo r gasoline fi res, on hand.
11. Mu ch ofthe labor charges for repairs made by dealers
are for the time involved in the removal, disassemb ly, assembly and reinstallat ion of other parts in order to reach
the defective part. It is often po ssib le 10 perform the pre limi nary operations and then take the de fective unit to the
dealer for repair at considerable sav ings.
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12. If special tools are required, make arrangements to
get them before starting. It IS frustrating and
time-consuming to start ajob and then be unable to complete 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 10remember 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 disturbed.

14. When assembling parts, make sure all shims and
washers arc replaced exactly where they were before removal.
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 gaske ts may he lp
them seal more effectively.
16. If it becomes necessary to purchase gasket material to
make a gasket for the engine, measure the thickness ofthe
old gasket (at an uncomprcsscd point) and purchase gasket 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 elec trical components.
18. Take time and do the job right. Do not forget that a
newly rebuilt engine must be broken in j ust like a new
one .

PARTS REP LACEI\I ENT
Engine manufacturers often modify the parts of an engine dur ing the lifetime ofthe 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 ava ilable. Compare new parts to old before purchas ing them . If they arc not alike, have the parts manager explain the difference. Table I lists model numbers.

TORQUE SPECI FICATIO;'lJS
Torque specificat ions throughout this manual are given
in Newton- meters (Nom) and foot-pounds (ft.-lb.).
Table 3 lists general torque specifications for nuts and
bolts that arc not listed in the respecti ve chapters. To usc
the table, first determine the size ofthe nut or bolt by measuring it with a vernier caliper. Figure 4 and Figu re 5
show how to do this.

FASTENER S
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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Metric

~
~
60'
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metric fasteners. The threads are cut differently than those
of American fasteners ( Figu re 7).
Most threads are cut so that the fastener must be turned
clockwise to tighten it. These arc called right-hand
threads. Some fasteners have left-hand threads: they must
be turned counterc lockwise to be tightened. Left-hand
threads are used in locat ions where nonnal rotation of the
equ ipment would tend to loo sen a right-hand threaded fastener.

60 '
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ISO I\letric Screw T h rea ds

ISO metric thread s come in three standard thread sizes:
coarse, fine and constant pitch. The ISO coarse piteh is
used for mos t common fastener applications. The fine
pitch thread is used on certa in precision tools and instruments. The constant pitch thread is used mainly on machine 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 cap ital letter M
followed by the diameter in millimeters and the pitch (or
the distance between each thread) in millimeters separated by the sign - . For example. a M8 - 1.25 bolt has a
diameter of8 millimeters with a distance of 1.25 mi llimeters between eac h thread. The measurement across two
flats on the head ofthe bolt indicates the wrench size to be
used. Figure 5 shows ho w to determine bolt d iamete r.
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 holt
length is to measure from underneath the
holt head to the end of the holt (Fig ure 8).
Always meas ure holt length in this manner
to avoid p urchasing or ins/ailing bolts that
are too long.

tener design determin es the type of tool required to work
the fastener. Fastener material is care fully selected to decrease the poss ibility offailurc.

Nuts, bolts and screws arc manufactured in a wide
nmgc of threa d patterns. To jo in a nut and bolt. the diamcter of the bolt and the d iameter of the hole in the nul 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 tum the nut on the bolt (or the bolt into the
threaded hole) by hand. Make sure both pieces are clean;
remove Loctite or other scale r residue from threads if
present. If excessive force is required. check the thread
condition on each fastene r. If the thread condition is good
but the fasteners jam, the threads are not compatible. A
thread pitch ga uge (F fgu re 6) can also be used to de termine pitch . Yanmar marine engi nes arc manu factured
with ISO (International Organization for Standard ization)

M achine Scre ws
There are many differen t types of machine screws. f-"i2ure 9 shows a number of screw heads requiring different
typesoftuming tools. Heads are also designed to protrude
above the metal (round) or to be slightly recessed in the
meta l (flat). See Fi2u re 10.
Bolls
Co mmonly called bolts. the technical name for these
fasteners is cap screw. Metric bo lts are described by the
d iameter and pitch (or the distance between each thread).

1
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OPENINGS FOR TOOLS

Sioned

Ph illips

All en

Internal torx

Extern al torx

cA~~~~
MACHINE SCREWS

Self-Locking f asten ers

Nut s

Nuts are manufactured in a variety of type s and sizes.
Most are hexagonal (6-sided ) and fit on bolts , screws and
studs with the same diameter and pitch.
f igure 11 shows several types of nuts. The commo n nul
is generally used with a lockwasher. Self-locking nuts
have a nylon insert thai preve nts the nut from loosening;
no lockwas her is req uired. Wing nuts are designed for fast
removal by hand. Wing nuts are used for convenience in
non-criticallocations.
To ind icate the size of a metric nut, manufacturers specify the diameter of the opening and the thread pitch. This
is simi lar to bolt specifications, but without the length dimension. The measurem ent across two flats on the nut ind icates the wrench size 10 be used .

•

Several type s o f bolts, screws and nuts incorporate a
system that develops an interference between the bo lt,
screw, nut or tapped hole threads. Interference is achieve d
in variou s ways: by distort ing threads, coating threads
with dry adhesive or nylon , d istorting the top of an
all- me tal nut, or using a nylon insert in the cen ter or at the
top of a nut.
Self-locking fasteners offer greater holding strength
and better vibration resis tance. Some self-locking fasteners can be reused if in good co ndition. Others, like the nylon insert nut , fonn an initial locki ng conditio n whe n the
nut is first insta lled - the nylo n forms closely to the bo lt
thread pattern, thus reduci ng any tendency for the nut to
loosen. When the nut is removed, the locking efficiency is
grea tly reduced . It is reco mmended thai new self-locking
fastene rs be installed after they are removed.

GENERAL INFORMATION
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Self-locking nut

Correct
installation
of cotter pin

Wing nut

Flat washers are often used between a lockwasher and a
fastener to provide a smooth bearing surface. This allows
the fastener to be turned easily with a tool.
Plain

Folding

Internal tooth

External tooth

Washers
There are two basic types of washers: flat washers and
lockwashers. Flat washers are simple discs with a hole to
fit a screw or bolt. Lockwashers are designed to prevent a
fastener from working loose due to vibration, expansion
and contraction. Figure 12 shows several types of washers. Washers are also used in the following functions:
a. As spacers.
b. To prevent galling or damage of the equipment by
the fastener.
c. To help distribute fastener load during torquing.
d. As seals.

•

NOTE
As much care should be given to the selection and purchase of washers as that given
to bolts, nuts and other fasteners. Avoid
washers that are made ofthin, weak materials. These will deform and crush the first
time they are torqued, allowing the nut or
bolt to loosen.

Cotter Pins
Cotter pins (Figure 13) are used to secure fasteners in a
special location. The threaded stud or bolt must have a
hole in it. The nut or nut lock piece will have castellations
around its upper edge into which the cotter pin fits to keep
it from loosening. When properly installed, a cotter pin is
a positive locking device.
Purchase a cotter pin that will fit snugly when inserted
through the nut and the mating thread part. The cotter pin
should not be so tight that it has to be driven in and out, but
it should not be so loose that it can move or float after it is
installed.
Before installing a cotter pin, tighten the nut to the recommended torque specification. Ifthe castellations in the
nut do not line up with the hole in the bolt or stud, tighten
the nut until alignment is achieved. Do not loosen the nut
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to make alignment. Insert a new cotter pin through the nut
and hole, then tap the head lightly to seat it. Bend one arm
over the flat on the nut and the other against the top of the
stud or bolt (Figure 13). Cut the arms to a suitable length
to prevent them from snagging on clothing or skin. When
the cotter pin is bent and its arms cut to length, it should be
tight. If it can be wiggled, it is improperly installed.
Do not reuse cotter pins, as their ends may break and allow the cotter pin to fall out and the fastener to loosen.

@
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Full support
areas

Circlips
Circlips can be internal or external design. They are
used to retain items on shafts (external type) or within
tubes (internal type). In some applications, circlips of
varying thickness are used to control the end play of parts
assemblies. These are often called selective circlips. Replace circlips during installation, as removal weakens and
deforms them.
Two basic styles of circlips are available: machined and
stamped circlips. Machined circlips (Figure 14) can be installed in either direction (shaft or housing) because both
faces are machined, thus creating two sharp edges.
Stamped circlips (Figure 15) are manufactured with one
sharp edge and one rounded edge. When installing
stamped circlips in a thrust situation, the sharp edge must
face away from the part producing the thrust. When installing circlips, observe the following:
a. Remove and install circlips with circlip pliers. See
Circlip Pliers in this chapter.
b. Compress or expand circlips only enough to install
them.
c. After the circlip is installed, make sure it is completely seated in its groove.
LUBRICANTS
Periodic lubrication ensures long life for any type of
equipment. The type of lubricant used is as important as
the lubrication service itself, although in an emergency
the wrong type of lubricant is better than none at all. The
following paragraphs describe the types of lubricants
most often required. Be sure to follow the manufacturer's
recommendations for lubricant types.
Generally, all liquid lubricants are called oil. They may
be mineral-based (including petroleum bases), natural-based (vegetable and animal bases), synthetic-based
or emulsions (mixtures). Grease is an oil to which a thickening base has been added so that the- end product is
semi-solid. Grease is often classified by the type of thickener added; lithium soap is commonly used.

Engine Oil
Oil for marine and automotive four-stroke engines is
classified by the American Petroleum Institute (API) and
the Society of Automotive Engineers (SAE) in several
categories. Oil containers display these classifications on
the top or label. API oil classification is indicated by letters; oils for gasoline engines are identified by an "S" and
oils for diesel engines are identified by a "C".
Viscosity is an indication of the oil's thickness. The
SAE uses numbers to indicate viscosity; thin oils have low
numbers while thick oils have high numbers. A "W" after
the number indicates that the viscosity testing was done at
low temperature to simulate cold-weather operation. Engine oils fall into the 5W-30 and 20W-50 range.
Multi-grade oils (for example lOW-40) are less viscous
(thinner) at low temperatures and more viscous (thicker)
at high temperatures. This allows the oil to perform efficiently across a wide range of engine operating condi-
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Tl IR EA DLOCK

Because of the mar ine engine's opera ting conditions, a
threadlock (F igu re 16) is requ ired to help secure many of
the fasteners. A threadlock will lock fasteners against vibration loose ning and seal against leaks . Loctite 242
(blue) and 27 1 (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 27 1 (red) is a high-strength threadlock,
and heat or special tools, such as a press or puller , arc required for component disassembly.
tions. The lower the number, the easier the engine will
turn over in cold climates. Higher numbers arc usually
recommended for engine running in hot weather condi-

Applying T hread lock

tions.

Surfaces should be clean . If a threadlock was previously 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.

Additional informat ion is provided in Chapter Four.

Grease
Greases are graded by the National Lubricating Grease
Institute (NLGT). Greases are graded by number according to the consistency of the grease; these range fro m No.
000 to No.6, wit h No.6 being the most solid . A typical
multipurpose grease is NLGI No .2 . For specific applications, equipment manufacturers may require grease with
an additive such as molybdenum disulfide (MoS 2) .

BASIC llANO TO OL S
Many of the procedures in this manual can accomplished with simple hand tools and test equipment famil iar to the average home mechan ic. Keep too ls 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 areas 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 arc also more economica l in the long run. Stay away from the adve rtised
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 arc thick, heavy and clumsy. Their
rough finish makes them difficult to clean , and they usually don't last very long .
Quality tools are made ofalloy steel and arc 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 virtua lly
any repair job. Each tool is described and the recommended sizes given . Metric size tools arc requ ired to service Yanmar diesels.

RTV G ASKET SEALANT
Room temperature vulcanizing (RTV) sealant is used
on some pre-formed gaskets and to seal some components. RT V 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 she lf life of one year and wi ll not cure properly
if the shelf life has expired . Check the expiration date on
RTV tubes before usc, and keep partially used tubes
tightly sealed.

Applying RTV Seala nt
Clean all gasket residue and contaminants from mating
surfaces. Remove all RTV gasket material from blind attaching 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 othen-vise specified. Torque mating parts within 10 minutes
after application.
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The screw driver is a very basic tool . but ifused im properly it wi ll do more damage than good. The slot on a scre w
has a defin ite dimension and shape. Through improper

use or selection, a screwdriver can damage the screw
head. making removal of the screw difficult. A screwdriver must be selected to conform to the shape of the

Correct taper and size

Taper too steep

screw head used . Two basic types of screwdrivers are required: standard (flat- or slot-blade) screwdrivers (Figure
17) and Phillips screwdrivers (F tgure 18).
Note the following when selecting and using screwdriv-

ers:
I. The screwdriver mu st al ways fit the screw head . If the
screwdriver blade is too sma ll for the screw slot, damage
may occur to the screw slot and screwdriv er. If the blade is
too large, it cannot engage the slot prope rly and will res ult
in dam age to the screw head.
2. Standard screwdrivers are identi fied by the len gth of
their blade . A 6-inch screwdriver has a blade six inch es
long. The width of the sc rewdriver blade wi ll vary, so
mak e sure that the blade engages the screw slot com ple tely.
3. Phillips screwdrivers ar c size d accord ing to thei r po int
size. They are numb er ed one, two. three and four. The de-

gree of tape r detennines the point size; the No. 1 Phill ips
screwdri ver will be the mo st pointed. The points becom e
more blun t as thei r 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 f orms 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 .~crew and scre wdriver:
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wi ll accept either type); this can damage the head so that
the proper tool will be unab le to remo ve it.
8. Keep screwdrivers in the proper condition, and they
will last longer and per form 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 becomes damaged. Note the symmetrical sides of the tip.
Plie rs

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 screwd river can be used. Keep
this in mind though, when tryi ng to remove tight screws.
5. Because the working end of a screwdriver receives
quite a bit of abuse, you shoul d purchase screwdrivers
with hardened tips . The extra money will be well spent.
6. Screwdrivers are available in sets, which ofte n include
an assortment of common an d Ph illips blades. If purchasing 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 driv ing screws. Never usc a
screwdriver for prying or chisel ing metal. Do not try to rcmove a Phillips , Torx or Allen head screw with a standard
screwdriver (unless the screw has a combination head that

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. Combination plie rs are general-purpose pliers and are used
mainly for holding and for bend ing. Necdlenose pliers are
used to hold or bend small objects. Adj ustable pliers
(commonly referred to as channel locks) can be adjusted
to hold various sizes of objects; the ja ws rema in parallel to
grip around objects such as pipe or tubing.
Lock ing Pliers
Locking pliers (Figu re 21) are used to hold objects veIY
tightly while another task is performed on the obje ct.
Locking pliers are available in many types for more specific tasks.
Ci rc lip 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 . External pliers (spreading) are used to remove circ lips 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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Bnx-en d , Open-end a nd Com bin ation Wrenches
Box-end and open- end w renches arc available in sets or
se para tely in a variety of sizes. The size number stamped
near the end refers 10 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 e-poim and l z-poim openings on box-end
wrenches are avai lable. The e-point gives superior hold-

ing power; the 12-point allows a shon er swing radius.
Combination wrenches (f igure 23) are open on one
side and boxed on the ot her. Both en ds are the sa me size.

Adj usta ble wrenches
An adjustable wrench fils a variety ofnuts or bolt heads
24). However, it can loosen and slip, causing
damage to the nut and possib ly causing injury. Use an adjustable wrench only when other wrenches are not available.
Adjustable wrenches come in various sizes.
( Fi ~ u re

Sucket wrenches
This type is undoubtedly the fastest, safest and most
convenient to usc. Sockets that attach to a ratchet handle
(Figure 25) are available with 6-point or 12-point openings and 114, 3tH, 1/2 and 3/4 in. drives (f igure 26). The
drive size indicates the size of the square hole that mates
with the ratchet handle.
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To rque w rench
A torque wrench (Fil-:un' 27) is used with a socket to
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 nrf vc r

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

•
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Ha mme rs
The correc t hammer (F igure 29) is necessary for many
types of repairs. Usc only a hammer with a face (or head)
made ofrubber or plastic or the soft-faced type filled with
leadshot. Never usc a metal-faced hammer on engine or
jet pump parts, as severe damage wi ll result. Ba ll-peen or
machinist's hammers are required if striking ano ther too l,
such as a punch or impact driver. When striking a hammer
against a punch, cold chisel or similar tool, the face ofthe

hammer should be at least 1/2 in. larger than the head of
the tool. Ifi t 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 harde r
object.

_ When _using hammers, note the following:
l. 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 object squarely. Do not use the side of the hammer or the
handle to strike an objec t.

5. Always use the correct hammer for the job.

PRECIS ION MEASURING TO OL S
Measurement is an important part of service. When performing 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 condition 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 arc expens ive. If these tools are not available, it may be more worthwhile to have the checks made
at a dealer. The following is a description ofthe measuring
tools requ ired during engine and transmission overhaul.

Feeler Ga uge
A feeler gauge (Figure 30) is made ofa piece ofa flat or
round hardened steel of a specified thickness. Wire
gauges are used to measure spark plug gap. Flat gauges
arc used for all other measurements.

I
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Vern ier Caliper
This tool is used to obtain inside, outside and depth
measurements. Sec Figure 31.
O uts ide Micrometers
One of the most accurate tools used for precision measurement is the outside micrometer. Outside micrometers
are required to measure shim and bearing thickness and
piston diameter. Outside micrometers are also used wit h a
telescoping gauge to measure cylinder bore. Micrometers
can be purchased individually or as a set (F igu re 32),

Oial Indicator
Dial indicators (Figu re 33) are used to check cran kshaft
and drive shaft runout limits. Select a dial indicator with a
continuous dial (Fig ure 34).

@

Cyl inder Bore Ga uge
The cylinder bore gauge is a very specialized precision
toot. The gauge set shown in Figure 35 is comprised ofa
dial ind icator, 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 bo re
size, taper and out-of-round. An outside micrometer must
bc used to calibrate the bore gauge.

Telescoping Ga uges
Telescoping gauges (Figure 36) can be used to measure
hole diameters from approximately 8 mm (5116 in.) to 150
mm (6 in.). The telescoping gauge docs not have a scale
gauge for direct readings. An outside micrometer is required 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 (Figur e 37) and adapter specifically designed for
diesel applications is required to measure the high cylinder compression pressure (390-470psi [2700-3300kPa]).
lf these specialized tools are not available, refer compres-

sion testing to a quali fied technician. Sec Chapter Three.

Multimeter or YOM
This instrument (Figure 38) is required for electrical
system troub leshooting.

Hattery Hydrometer
A hydrome ter (Figure 39) is the used to check a battery's state of charge. A hydromete r measures the weight
or de nsity ofthe sulfuric acid in the battery's electrolyte in
specific gravity.

Screw Pitch Gauge
A screw pitch gauge (F igure 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 different blade sizes onto the bolt thread until both threads
match.

I
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Magnetic Stand
A magnetic stand (F tgu re af) is used to hold a dial indicator securely when checking the runout of a round object
or when checking the end play of a shaft.

V-bloc ks
V-blocks (Fi gure 42) are precision-ground blocks use d
to ho ld a round object when checking its runout or condition.

Surface Plate
A surface plate can be used to check the flatness ofparts
or to provide a perfectly fla t 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 pla te can be
used as a surface plate. The surface plate shown in Fi gu re
43 has a piece ofsandpaper 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 surface plate.

1\1ECHANIC'S TIPS
Removing Frozen Nuts and Screws

Expendable Sup plies
Certain expendable supplies are also required. These
include grease , oil, gasket cement, shop rags and cleaning
solvent. Ask the dealer for the special locking compounds, silicone lubricants and lubricants that make vehicle maintenance simpler and easier.
WARNING
Having a stack ofclean shop rags on hand is
important when performing engine work.
However; to prevent the possibility offire,
store solvent-soaked rags in a sealed metal
container until they can be washed or discarded.

NOTE
To avoid absorbing solvent and othe r chemicals into the skin while cleaning parts,
wear a pair of petroleum-resistant rubber
gloves. These can he purchased through industrial supply houses or well-equipped
hardware stores.

When a fastener rusts and cannot be removed, several
methods may be used to loosen it. First, apply penetrat ing
oil such as Liquid Wrench or WD-40. Apply it liberally
and let it penetrate for 10-15 minutes. Rap .thc fastener
several times with a small hammer; do not hit it hard
enough to cause damage. Reapply the penetrat ing oil if
necessary.
For frozen screws, apply penetrating oil as described,
then insert a screwdriv er 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
lf thc head breaks off a screw or bolt, several methods
arc available for removing the remain ing portion.

GENE RAL INFORMATION
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Slo tted

insert . Follow the manufacturer's instructions when installing their insert.
Ifi t is necessary to drill and tap a hole, refer to Ta ble 4
for metric tap and drill sizes.

Removing Broken or Damag ed St uds

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 screwdrive r. See Figure 44.
Ifthe head breaks off flush, use a screw extractor. To do
this, centerpunch the remaining portion of the screw or
bo lt. Drill a small hole in the screw and lap the extractor
into the hole . Back the screw out with a wrench on the extractor. See Figu re 45 .

Remedying St r ipped T hre ads
Occasionally, threads arc stripped through carelessness
or impact damage. Often the threads can be repaired by
running a tap (for internal threads on nuts) or die (for external threads on bolts) through the threads. Sec Figure
46 . To clean or repair spark plug threads, a spark plug tap
can be used.
NOTE

Tap and dies can be purchased individually
or in a set as shown in Figu re 47.

If a stud is broken or the threads severely damaged, perform the following. A tube ofLoctite 27 1 (red), two nuts ,
two wrenches and a new stud will be required during this
procedure.
I . Thread IwO nuts onto the damaged stud. Then tighten
the two nuts against each other so that they are locked .
NOTE

Ifthe threads on the damaged stud do flat allow installation of the two nuts, remove the
stud with a stud remover or a pair oflocking
pliers.
2. Tum the bottom nut counterclockwise and unscrew the
stud.

3. Clean the threads with solvent or electrical contact
cleaner and allow them 10dry thoroughly.
4. Install two nuts on the top half of the new stud as in
Step 1. Make sure they arc locked securely.
5. Coat the bottom half of a new stud with Loctite 271
(red).
6. Tum the top nut clockwise and thread the new stud securely.
7. Remove the nuts and repeat for each stud as required.

If an internal thread is damaged, it may be necessary to
instal l a Helicoil ( Figu re 48) or some other type of thread

8. Follow Loctitc's directions on cure time before assembling the component.

1
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REMOVING BROKEN SCREWS AND BOLTS

!

1. Center pu nch broken stud

2. Drill hol e In stud

3. Tap In screw extractor

4. Remove broken stud

BEA RING REPLACEMENT

Bearings (Fi gu r e 49) are used thro ughou t the engine to
reduce power loss, heat and no ise resulting from friction .
Because bearings are precision-made parts, they mus t be
maintained by proper lubrication and maintenance. If a
bear ing is damaged, it shoul d be replaced immediately.
However, if installing a new bearing, care should be taken
to prevent damage to the new bearing. Wh ile bearing replacement 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 or number
facing outward.

Bearing Removal
While bearings are norma lly rem oved only when damaged, the re may be times when it is necessary to remove a
bearing that is in good cond ition . Imp roper bearing removal will damage the bearing and possibly the shaft or
case half. Note the following when removing bearings.

GEN ERAL INFORM ATIO N

19

T,

,I

l. If using a puller to remove a bearing on a shaft , care
mus t be taken so that shaft damage doe s not occu r. Al ways place a piece of metal between the end of the shaft
and the pulle r screw. In addition. place the puller arms
next to the inner beari ng race. See Figure SO.
2. If using a hammer to remo ve a bearing on a shaft. do
not strike the hamme r dire ctly against the shaft. Instead.
use a brass or alum inum rod between the hammer and
shaft (Figur e 51). In add ition. support both bea ring races
with wooden block s as sho wn in f igu re 51.
3. The most ideal method of bearing removal is with a hydraulic press. However, certain procedures must be followed or damage may occur to the bearing , shaft or
bearing housing. Note the following if using a press:
a. Always support the inner and oute r bearing races
with a suitable size wood or aluminum ring (Figure
52). Ifon ly the outer race is supported. pressure applied aga inst the bearings and/or the inner race will
damage them.
b. Always make sure the press ram (Figu re 52) aligns
with the cent er of the shaft . If the ram is not centered , it may damage the bearing and/or sha ft.
c. The mom ent 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 (Figu re 53 ). When installing a bearing on a shaft. pressure must be applied to
the inner bearing race (Figu re 54 ).
2. When installing a bearing as described in Step 1. some
type ofdriver wi ll be required. Never strike the beari ng directly with a hammer or the beari ng wi ll be damaged . A
piece of pipe or a socket with an outer d iameter that
matches the bearing race will be requ ired. Figure SS
shows the correct way to use a socket and hamm er when
installing a bearing.

I
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3. Step 1 describes how 10 insta ll a bearing in a case half
and over a sha ft. However, when installing a beari ng over
a shaft and into a housing at the same time , a snug fit wi ll
be requ ired for both outer and inne r beari ng races. In this
situation, a spacer must be insta lled unde rneath the driver
tool so that pressure is appl ied evenly across both races.
Sec Figur e 56. If the oute r race is not supported as shown
in Ffgu re 56, the ball s will push against the outer bearing
trac k and damage it.
Sh r ink Fit
1. Ins/a iling a bearing over a shaft- If a tight fit is required. the beari ng inside d iamete r will be smaller than
the sha ft. In this case, driving the beari ng on the shaft using norm al methods may cause beari ng damage. Instead ,
the beari ng: shou ld be heated before installation. Note the
followi ng:
a. Secure the shaft so that it can be ready for bearin g
installat ion.
b. Clean the bearing surface on the shaft of all residue.
Remove burrs with a file or sandpaper.
c. Fill a suitable pot or bea ker with clean minera l oil.
Place a thennomctcr (rated highe r than 120 0 C

Beaarlng

[248 0 F]) in the oil. Support the thermome ter so it
does not rest on the bottom or side of the pot.
d. Remove the bearing from its wrap per and secu re it
with a piece of heavy wi re 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 . Tum the heat on and monitor the thermo meter.
When the oil temperature rises to approxi matel y
120 0 C (248 0 F), remove the bearing from the pot
and quickly install it. l f'nccessary, place a socket on
the inner bearing race and tap the beari ng into place.
As the bearing cools, it will tighten on the sha ft so
work quick ly when installing it. Make sure the bearing is insta lled all the way.
2. Installing a bea ring in a housing-Bearings are generally installed in a hou sing with a slight interference fit.
Driving the bearing into the hou sing using normal meth ods may damage the housing or cause bearing damage. Instead, the housing should be heated before the bearing is
insta lled. Note the following:
CAUTION
Before heating the housing in this procedure
to remove the bearings, wash the housing
thoroughly with dete rgent and water. Rinse
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and rewash the housing as required to remove all traces ofoil and other chemical deposits.
a. The housing must be heated to a temperature of approximately 212° F (100° C) in an oven or on a hot
plate. Check to see that it is at the proper temperature by dropping tiny drops of water on the case; if
they sizzle and evaporate immediately, the temperature is correct. Heat only one housing at a time.
CAUTION
Do not heat the housing with a torch (propane or acetylene)-never bring a flame
into contact with the bearing or housing.
The direct heat will destroy the case hardening of the bearing and will likely warp the
housing.
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e. While the housing is still hot, install the new bearing(s) into the housing. Install the bearings by hand,
if possible. If necessary, lightly tap the bearing(s)
into the housing with a socket placed on the outer
bearing race. Do not install new bearings by driving
on the inner bearing race. Install the bearing until it
seats completely.

b. Remove the housing from the oven or hot plate and
hold onto the housing with a kitchen potholder,
heavy gloves or heavy shop cloths-it is hot.
NOTE
A suitable size socket and extension works
well for removing and installing bearings.

c. Hold the housing with the bearing side down and
tap the bearing out. Repeat for all bearings in the
housing.
d. Prior to heating the bearing housing, place the new
bearing in a freezer, if possible. Chilling a bearing
will slightly reduce its outside diameter, while the
heated bearing housing assembly will be slightly
larger due to heat expansion. This will make bearing installation much easier.
NOTE
Always install bearings with the manufacturer s mark or numberfacing outward.

SEALS

Seals (Figure 57) are used to contain oil, water, grease
or combustion gasses in a housing or shaft. Improper removal of a seal can damage the housing or shaft. Improper
installation of the seal can damage the seal. Note the following:
1. Prying is generally the easiest and most effective
method of removing a seal from a housing. However, always place a rag underneath the pry tool to prevent damage to the housing.
2. Pack grease in the seal lips before the seal is installed.
3. Always install seals so that the manufacturer's numbers or marks face out.
4. Install seals with a socket placed on the outside of the
seal as shown in Figure 58. Make sure the seal is driven
squarely into the housing. Never install a seal by hitting
against the top of the seal with a hammer.

Tables 1·4 are on the following pages.
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Table 1 YANMAR MODELS
Model

1GM
1GM10
2GM
2GMF
2GM20
2GM20F
3GM
3GMF
3GMD
3GM30
3GM30F
3HM
3HMF
3HM35
3HM35F

Number of
cylinders

1
1
2
2
2
2
3
3
3
3
3
3
3
3
3

~

Displacement

Horsepower
/rpm

Transmission

Transmission ratio
(forward gear)

293 cc (17.9 cu. in.)
318 cc (19.4 cu. in.)
586 cc (35.7 cu. in.)
586 cc (35.7 cu. in.)
636 cc (38.8 cu. in.)
636 cc (38.8 cu. in.)
879 cc (53.6 cu. in.)
879 cc (53.6 cu. ln.)
879 cc (53.6 cu. in.)
954 cc (58.2 cu. in.)
954 cc (58.2 cu. ln.)
1126 cc (68.7 cu. in.)
1126 cc (68.7 cu. in.)
1282 cc (78.2 cu. in.)
1282 cc (78.2 cu. In.)

6.5 hp/3400 rpm
8 hp/3400 rpm
13 hp/3400 rpm
13 hp/3400 rpm
16 hp/3400 rpm
16 hp/3400 rpm
20 hp/3400 rpm
20 hp/3400 rpm
20 hp/3400 rpm
24 hp/3400 rpm
24 hp/3400 rpm
27 hp/3200 rpm
27 hp/3200 rpm
30 hp/3200 rpm
30 hp/3200 rpm

KM2A
KM2Cor KM2P
KM2A
KM2A
KM2C or KM2P
KM2Cor KM2P
KBW10D
KBW10D
KM3A
KM3Aor KM3P
KM3Aor KM3P
KBW10E
KBW10E
KBW10E
KBW10E

2.21 , 2.62 or 3.22
2.21, 2.62 or 3.22
2.21, 2.62 or 3.22
2.21, 2.62 or 3.22
2.21, 2.62 or 3.22
2.21, 2.62 or 3.22
2.14, 2.63 or 2.83
2.14, 2.63 or 2.83
2.36, 2.61 or 3.20
2.36, 2.61 or 3.20
2.36, 2.61 or 3.20
2.14 or 2.83
2.14 or 2.83
2.14 or 2.83
2.14 or 2.83

Table 2 DECIMAL AND METRIC EQUIVALENTS
Fractions

Decimal
in.

Metric
mm

1/64
1/32
3/64
1/16
5/64
3/32
7/64
1/8
9/64
5/32
11/64
3/16
13/64
7/32
15/64
1/4
17/64
9/32
19/64
5/16
21/64
11/32
23/64
3/8
25/64
13/32
27/64
7/16
29/64
15/32
31/64
1/2

0.015625
0.03125
0.046875
0.0625
0.078125
0.09375
0.109375
0.125
0.140625
0.15625
0.171875
0.1875
0.203125
0.21875
0.234375
0.250
0.265625
0.28125
0.296875
0.3125
0.328125
0.34375
0.359375
0.375
0.390625
0.40625
0.421875
0.4375
0.453125
0.46875
0.484375
0.500

0.39688
0:~9375

1.19062
1.58750
1.98437
2.38125
2.77812
3.1750
3.57187
3.96875
4.36562
4.76250
5.15937
5.55625
5.95312
6.35000
6.74687
7.14375
7.54062
7.93750
8.33437
8.73125
9.12812
9.52500
9.92187
10.31875
10.71562
11.11250
11.50937
11.90625
12.30312
12.70000

Fractions

Decimal
in.

Metric
mm

33/64
17/32
35/64
9/16
37/64
19/32
39/64
5/8
41/64
21/32
43/64
11/16
45/64
23/32
47/64
3/4
49/64
25/32
51/64
13/16
53/64
27/32
55/64
7/8
57/64
29/32
59/64
15/16
61/64
31/32
63/64
1

0.515625
0.53125
0.546875
0.5625
0.578125
0.59375
0.609375
0.625
0.640625
0.65625
0.671875
0.6875
0.703125
0.71875
0.734375
0.750
0.765625
0.78125
0.796875
0.8125
0.828125
0.84375
0.859375
0.875
0.890625
0.90625
0.921875
0.9375
0.953125
0.96875
0.984375
1.00

13.09687
13.49375
13.89062
14.28750
14.68437
15.08125
15.47812
15.87500
16.27187
16.66875
17.06562
17.46250
17.85937
18.25625
18.65312
19.05000
19.44687
19.84375
20.24062
20.63750
21.03437
21.43125
22.82812
22.22500
22.62187
23.01875
23.41562
23.81250
24.20937
24.60625
25.00312
25.40000

Chapter Two

Troubleshooting

Every internal combustion engine requires an uninterrupted supply of fuel, air, ignition and adequate compression. If any of these are lacking, the engine will not run.
Troubleshooting is a relatively simple matter if it is
done logically. The first step in any troubleshooting procedure is to define the symptoms as fully as possible and
then localize the problem. Subsequent steps involve testing and analyzing those areas that could cause the symptoms. A haphazard approach may eventually solve the
problem, but it can be costly in terms of wasted time and
unnecessary parts replacement.
When all else fails, go back to basics-simple solutions
often solve complex-appearing problems.
Never assume anything. Do not overlook the obvious. If
the engine suddenly quits when running or refuses to start,
check the easiest and most accessible areas first. Make
sure there is fuel in the tank and that the wiring is properly
connected.
Be familiar with the engine compartment and engine
components so a quick visual check is possible. Learning
to recognize and describe symptoms accurately will make
repairs easier. If a technician is required, saying that it will
not run is not the same as saying that it quit at full throttle
and would not restart.
Identify as many symptoms as possible to aid in diagnosis. Note whether the engine lost power gradually or all at

once, what color smoke (if any) came from the exhaust,
etc.
After defining the symptoms, test and analyze those areas that could cause the problem(s). Many problems can
be analyzed without expensive test equipment. A few
simple checks can keep a small problem from turning into
a large one. They can also avoid a large repair bill and
time lost while the boat sits in a shop's service department.
On the other hand, be realistic and do not attempt repairs beyond your abilities or with makeshift tools. Marine service departments also tend to charge heavily for
putting together a disassembled engine or other components that may have been abused. Some shops will not
even accept such ajob. Use common sense and do not get
in over your head or attempt a job without the proper
tools.
Proper lubrication, maintenance and periodic tune-ups
as described in Chapter Three will reduce the necessity for
troubleshooting. Even with the best care, however, every
marine engine is prone to problems that will eventually require troubleshooting.
If installing replacement parts, do not use automotive
parts. While marine components, such as starters and alternators, may appear to be the same as automotive components, they are not. Marine components have been
designed to withstand the unique requirements of marine
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STARTING CIRCUIT (TYPICAL)

Starter solenoid

Battery

Starter switch

----+t

Key switch

service, as well as to provide a measure of safety that is
not required ofautomotive service. For example, a marine
starter is flashproofed to prevent possible ignition of fuel
vapor in the bilge. The use ofan automotive starter as a replacement can result in an explosion or fire, which may
cause death, serious injury or boat damage.
This chapter contains brief descriptions of each major
operating system and troubleshooting procedures to be
used. The troubleshooting procedures analyze common
symptoms and provide logical methods of isolation.
These are not the only methods. There may be several approaches to a problem, but all methods used must have
one thing in common to be successful-a logical, systematic approach.
Troubleshooting diagrams for individual systems are
provided within this chapter. A master troubleshooting
chart (Table 1) is provided at the end of this chapter.

STARTING SYSTEM

The starting system consists of the battery, starter motor, starter solenoid, starter switch, key switch, fuse and
connecting wiring. See Figure 1, typical.
Starting system problems are relatively easy to find. In
many cases, the trouble is a loose or dirty connection.
Starting System Operation

The battery switch, ifused, and the key switch must be
in the ON positions so battery current is available to the
starter circuit. When the start switch on the instrument
panel is pushed, battery current flows to the starter solenoid, which mechanically engages the starter with the engine flywheel. The solenoid also directs current to the
starter motor, which rotates the engine flywheel to start
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Ohmmeter
Ohmmeter

Solenoid
(S) terminal

Starter motor

Solenoid
(M) terminal

Starter
motor

the engine. Once the engine has started and the start
switch is released, the slave solenoid is de-energized.
Without current to hold the solenoid in position, the
starter motor overrunning clutch disengages the starter
pinion from the flywheel.

3. Repeat Step I. If the starter running speed is still too
slow, replace the starter.

On-Boat Testing

Starter solenoid clicks, starter does not run

Two of these procedures require a fully charged 12-volt
battery, to be used as a booster, and a pair of jumper cables. Use the jumper cables as outlined in Jump Starting,
Chapter Nine, following all of the precautions noted. Disconnect the wiring harness and leads at the rear of the alternator before connecting a booster battery for these
tests. This will protect the alternator from possible damage.

I. Clean and tighten all starter and solenoid connections.
Make sure the terminal eyelets are securely fastened to the
wire strands and are not corroded.
2. Remove the battery terminal clamps. Clean the clamps
and battery posts. Reinstall the clamps and tighten them
securely.
3. If the starter still does not run, connect the 12-volt
booster battery to the engine's battery with the jumper cables. If the starter still does not run, replace it.

Slow running starter

I. Connect the 12-volt booster battery to the engine's battery with jumper cables. Listen to the starter running
speed as the engine is cranking. If the starter running
speed sounds normal, check the battery for loose or corroded connections or a low charge. Clean and tighten the
connections as required. Recharge the battery if necessary.
2. If starter running speed does not sound normal, clean
and tighten all starter solenoid connections and the battery
ground on the engine.

Starter solenoid chatters (no click),
starter does not run

1. Check the S terminal wire connection at the starter solenoid. Clean and tighten if necessary.
2. Disconnect the S terminal wire at the starter solenoid.
Connect a jumper wire between this terminal and the positive battery post.
3. Try starting the engine. If the engine starts, check the
key switch, starter switch and the system wiring for an
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This can be caused by improper meshing of the starter
pinion and flywheel ring gear or by a broken overrunning
clutch mechanism.
1. Remove the starter. See Chapter Nine.
2. Check the starter pinion gear. If the teeth are chipped
or worn, inspect the flywheel ring gear for the same problem. Replace the starter and/or ring gear as required.
3. If the pinion gear is in good condition, the overrunning
clutch mechanism in the starter may be defective. Replace
the starter with a new or rebuilt marine unit.
Starter Solenoid Resistance Tests
Check the starter solenoid using the following resistance tests:

open circuit or a loose connection. If the engine does not
start, replace the starter solenoid.

Starter spins but does not rotate flywheel
1. Remove the starter. See Chapter Nine.
2. Check the starter pinion gear. If the teeth are chipped
or worn, inspect the flywheel ring gear for the same problem. Replace the starter and/or ring gear as required.
3. If the pinion gear is in good condition, disassemble the
starter and check the armature shaft for corrosion. See
Brush Replacement, Chapter Nine, for the disassembly
procedure. Ifno corrosion is found, the starter drive mechanism is slipping. Replace the starter with a new or rebuilt
marine unit.

CAUTION
Disconnect the negative battery cable before performing resistance tests.
I. Refer to Figure 2 and connect an ohmmeter lead to the
S terminal of the solenoid. Connect the remaining ohmmeter lead to the metal body of the solenoid. The ohmmeter should indicate approximately one ohm or less.
Replace the solenoid if the ohmmeter indicates infinite resistance (no continuity).
2. Refer to Figure 3 and connect an ohmmeter lead to the
S terminal of the solenoid. Connect the remaining ohmmeter lead to the M terminal of the solenoid. The ohmmeter should indicate approximately one ohm or less.
Replace the solenoid ifthe ohmmeter indicates infinite resistance (no continuity).
Starter Motor No-Load Current Draw Test

Starter will not disengage when start switch is released
This problem is usually caused by a sticking solenoid or
defective start switch, but the pinion may jam on the flywheel ring gear on an engine with many hours of operation.

NOTE
A low battery or loose or corroded battery
connections can also cause the starter to remain engaged with the flywheel ring gear.
Low voltage at the starter can cause the
contacts inside the solenoid to chatter and
weld together, resulting in the solenoid
sticking in the ON position.

If troubleshooting indicates that the starter motor may
be defective, use the following starter motor no-load current draw test to determine ifthe starter motor is in acceptable operating condition.
To perform the test, the following equipment is needed:
an ammeter capable of measuring 0-100 amps, a voltmeter, a vibration tachometer and a fully charged 12-volt battery. Minimum battery capacity is 70 amp-hours for oneand two-cylinder engines and 100 amp-hours for
three-cylinder engines.
1. Remove the starter motor from the engine. Securely
fasten the motor in a vise or other suitable holding fixture.
2. Using a heavy gauge jumper cable, connect the ammeter in series with the positive battery terminal (Figure 4).
Connect a voltmeter to the battery.
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3. Hold a vibration-type tachometer against the starter
frame.
4. To operate the starter motor, connect a wire between
the positive battery terminal and the S terminal on the
starter solenoid.
5. Note the starter rpm, current draw and battery voltage
while the motor is running, then disconnect the wire to the
S terminal on the solenoid.
6. Ifthe starter motor does not perform within the specifications listed in Table 3, repair or replace the motor as described in Chapter Nine.

CHARGING SYSTEM
The charging system consists of the alternator, voltage
regulator, battery, key switch, instrument panel warning
light, connecting wiring and fuse.
A belt driven by the engine crankshaft pulley turns the
alternator, which produces electrical energy to charge the
battery. As engine speed varies, the voltage output of the
alternator varies. The regulator maintains the voltage to
the electrical system within safe limits. The warning light
on the instrument panel signals if charging is not taking
place.
All models use a Hitachi alternator with an internal
transistorized voltage regulator attached to the rear alternator housing. Alternator output is 35 amps (model
LR135-05) or 55 amps (model LRI55-20). Figure 5
shows components of the charging circuit.
Charging system troubles are generally caused by a defective alternator, voltage regulator, battery or an inoperative charge lamp. They may also be caused by something
as simple as incorrect drive belt tension.
The following are symptoms of problems that may be
encountered.
I. Battery discharges frequently-This can be caused by
a drive belt that is slightly loose. Grasp the alternator pulley with both hands and try to tum it. If the pulley can be
turned without moving the belt, the drive belt is too loose.
As a rule, keep the belt tight enough so that it can be deflected only about 1/2 in. under moderate thumb pressure
applied between the pulleys. The battery may also be at
fault; test the battery condition as described in Chapter
Nine.
2. Charging system warning lamp does not light when
key switch is turned ON-This may indicate a defective
key switch, battery, voltage regulator or warning lamp.
Try to start the engine. If it doesn't start, check the key
switch and battery. Ifthe engine starts, remove and test the
warning lamp bulb. If the problem persists, the alternator
brushes may not be making contact. Perform the System
Circuitry Test in this chapter.
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3. Charging system warning lamp flashes on and
ofJ-This usually indicates that the charging system is
working intermittently. Check drive belt tension first, then
check all electrical connections in the charging circuit. As
a last resort, check the alternator.
4. Charging system warning lamp comes on and stays
on-This usually indicates that no charging is taking
place. First check drive belt tension, then the battery condition. Check all wiring connections in the charging system. If this does not locate the problem, check the
alternator and voltage regulator as described in this chapter.
5. Battery requiresfrequent addition ofwater or lamp requires frequent replacement-The alternator is probably
overcharging the battery. The voltage regulator is most
likely at fault.
6. Excessive noise from the alternator-Check for loose
mounting brackets and bolts. The problem may also be
worn bearings or, in some cases, lack of lubrication. If an
alternator whines, a shorted diode may be the problem.
CHARGING SYSTEM TESTS
The alternator is equipped with an internal transistorized regulator. The transistorized regulator contains excitation and sensing circuits. The regulator controls output
voltage by switching the alternator rotor current on and
off. A rectifier consisting of a set of diodes converts alternating current to direct current.

Alternator Regulated Voltage Test
This test checks the regulated voltage output of the alternator. All wires connected to the alternator for normal
operation must be connected.
I. Check the alternator drive belt tension. See Chapter
Three.
2. Check the battery terminals and cables for corrosion
and/or loose connections. Disconnect the negative battery
cable, then the positive battery cable. Clean the cable
clamps and battery terminals, if necessary, then reconnect
the cables.
3. Check all wiring connections between the alternator
and engine to make sure they are clean and tight.
4. Connect the positive lead ofa voltmeter to the BAT terminal of the alternator. Connect the negative voltmeter
lead to the E terminal of the alternator. See Figure 6.
5. Move the engine wire harness back and forth while observing the voltmeter scale. The meter should indicate a
steady battery voltage reading (approximately 12 volts).
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VOLTAGE OUTPUT TEST

35A ALTERNATOR

55A ALTERNATOR

If the reading varies or if no reading is obtained, check for
poor connections or damaged wiring.
6. Tum the key switch ON. Run the engine from idle up
to 2,500 rpm and note the voltmeter reading. If the voltmeter does not indicate 14.2-14.8 volts, remove the alternator and have it bench tested by a dealership or qualified
specialist.
Alternator Current Output Test
This test checks the current output of the alternator. All
wires connected to the alternator for normal operation
must be connected. Refer to Figure 7 for this procedure.
1. Check the alternator drive belt tension. See Chapter
Three.
2. Disconnect the negative battery cable.
3. Disconnect the wire from the BAT terminal on the alternator.
4. Connect the positive lead of a 0-100 amp DC ammeter
to the BAT terminal and the negative lead to the disconnected wire.
5. Reconnect the negative battery cable.
6. Make sure the engine control is in the stop position.
7. Tum on all accessories and crank the engine for 15-20
seconds to remove any surface charge from the battery.
8. Tum off all accessories.

9. Connect a tachometer to the engine. Connect a carbon
pile load device to the battery terminals.
10. Start the engine and run at 2,500 rpm. Adjust the carbon pile to obtain maximum alternator output. The ammeter should read the rated amperage according to the
alternator model identified on the data plate on the alternator (Figure 8). Model LR135 alternators should produce 35 amps, and model LRl55 alternators should
produce 55 amps.
FUEL SYSTEM
Refer to Chapter Seven for a description of fuel system
operation. A diagram of a typical fuel system is shown in
Figure 9.
Be aware that diesel fuel injection systems require clean
fuel that meets the fuel requirements specified by the engine manufacturer. Many fuel problems are a result of
contaminated fuel or fuel not approved by the engine
manufacturer. Refer to Chapter Three.
NOTE
Engine components outside the fuel system
can also cause some ofthe following engine
symptoms. Be sure to check other engine
components that can also cause the symptoms.
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If the fuel injection pump or a fuel injector is
suspected. haw' it checked by a diesel engine service shop before purchasing replacement parts.

When troubleshooting the fuel system. refer to the follow ing symptoms and po ssib le causes:
1. Engine will not slart-ehcck for an empty fuel lank,
incorrect fuel or wat er in the fue l. Bleed the fuel system as
descr ibed in Chapter Seven to be sure that fue l is rout ed to

the fuel injection pump and to locate any restriction s. such
as the fuel filter, or defective components, such as the fue l
transfer pump. Check for proper operation and adjustment
of the speed control mechanism. includi ng the stop lever .
Refer to Chapter Seven. Check the fuel injection timing as
directed in Chapter Seven.
2. Engine slops suddenly-Chcck for an empty fuel tank,
incorrect fuel or watcr in the fuel. Bleed the fuel systc m as
directed in Chapter Seven to be sure that fuel is ro uted to
the fuel inj ection pump and to locate any restrictions, such
as the fuel filter, or defective components, such as the fue l
trans fer pump. Check for thc proper operation and adju st.
rnent o f the speed control mechanism , including the stop
lever.
3. Engine speed decreases unexpectedly--Check for watcr in the fuel . Ch eck for a clogged fuel filter element.
Bleed the fuel sys tem as described in Chapter Seven to reo
move air in the fuel. Chec k for clogged or defecti ve fuel
injectio n pump or fue l injector.
4. Engine will not ru n under fu ll load-e heck for a
clogged fue l filter elem ent . Check for a defective fucl
tran sfer pump. Check for a clogged or defective fuel injection pump. Check the speed con trol mec hanism.
5. Engine misfires-Check for water in the fue l. Chec k
for a clogged fue l filte r clement. Bleed the fue l system as
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FUEL INJECTION SYSTEM
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described in Chapter Seven to remove air in fuel. Check
for a clogged or defective fuel injection pump or fuel injector.
WARNING
Wear goggles and protective clothing when
performing the next procedure. Diesel injectors can spray with sufficient force to penetrate the skin. Have afire extinguisher rated
for fuel and electricalfires on hand.

To identify a faulty fuel injector on multicylinder engines, loosen the fuel injector fuel line nut with the engine
running to reduce fuel pressure (only slight loosening is
required). If the engine runs worse, the injector is operating satisfactorily. If the engine runs the same, the injector
or the fuel injection pump is not operating properly. If no
fuel appears at the fuel line, the fuel injection pump is defective.

High pressure fuel pipe

6. Engine knocks-Check the fuel injection pump timing
as described in Chapter Seven. Check for a defective fuel
injection pump.

COOLING SYSTEM

The engine may be equipped with a seawater cooling
system or freshwater cooling system. Refer to Chapter
Eight for identification and description ofthe cooling system.

Engine Overheating

A problem in the cooling system generally causes engine overheating; however, other engine problems can
also cause overheating. Note the possible causes in the
following list:

TROUBLESHOOTING

1. Loose pump drive belt (except IGM models)-A loose
drive belt prevents the circulating pump from operating at
the proper speed.
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Black Smoke

3. Worn or defective water pump-A worn or defective
pump may not provide sufficient cooling water.

Black exhaust smoke results from excess fuel (rich) that
forms soot when burned. Either excess fuel or insufficient
air can cause black smoke. Some possible causes are a defective fuel injection pump, poor injector spray pattern,
low injection opening pressure, clogged air intake, restricted exhaust system or low compression pressure.

4. Dirty cooling system-Debris in the cooling system
prevents adequate heat transfer to the cooling water.

ENGINE NOISES

2. Loose hose or pipe connections-Air may be drawn
into the suction side of the system.

5. Defective or incorrect thermostat-A defective thermostat may stay closed or not open sufficiently to allow
hot water to leave the engine. An incorrect thermostat
may open at a temperature higher than specified, thereby
raising the temperature of the cooling water in the engine.
Conversely, a thermostat that stays open and doesn't close
or opens at a low temperature will cause the engine to run
at less than optimum temperature.

ENGINE EXHAUST SMOKE

The engine should emit colorless exhaust smoke or
smoke that appears no more than a light haze. If the exhaust smoke is black, white or blue, an engine problem
exists.

Blue Smoke

Blue exhaust smoke indicates that oil is burning during
the combustion process. Look for a condition that allows
oil to enter the combustion chamber, such as a broken piston, broken or stuck piston rings, a damaged cylinder
wall, worn valves or guides, a defective crankcase vent, or
an overfilled oil sump.

White Smoke

Unburned fuel causes white exhaust smoke. The unburned fuel may be due to retarded fuel injection timing or
insufficient compression pressure. Low compression
pressure may be caused by a damaged cylinder gasket,
broken piston rings, leaking valves or incorrectly adjusted
valves. Raw, unburned fuel may be due to incorrect fuel
(low cetane rating) or a defective injector.
NOTE
White smoke may also be due to coolant
leaking into the combustion chamber.

Often the first evidence of an internal engine problem is
a strange noise. That knocking, clicking or tapping sound
never heard before may be warning of impending trouble.
While engine noises can indicate problems, they are
difficult to interpret correctly; inexperienced mechanics
can be seriously misled by them.
Remember that diesels are much noisier than gasoline
engines and have a normal clatter at idle, especially when
cold. It is necessary to become accustomed to these normal noises in order to detect possible problem-associated
noises.
Professional mechanics often use a special stethoscope
for isolating engine noises. The home mechanic can do
nearly as well with a sounding stick, which can be an ordinary piece of dowel, a length ofbroom handle or a section
of small hose. Place one end in contact with the area in
question and the other end near the ear to hear sounds emanating from that area. There are many strange sounds
coming from even a normal engine. If possible, have an
experienced mechanic help sort out the noises.
Clicking or Tapping Noises

Clicking or tapping noises usually come from the valve
train and indicate excessive valve clearance. A sticking
valve may also sound like a valve with excessive clearance. In addition, excessive wear in valve train components can cause similar engine noises.
Knocking Noises

A heavy, dull knocking is usually caused by a worn
main bearing. The noise is loudest when the engine is
working hard, such as accelerating at low speed. It is possible to isolate the trouble to a single bearing by disabling
the fuel injectors on multicylinder engines one at a time.
By disabling the fuel injector nearest the bearing, the
knock will be reduced or disappear.
Worn connecting rod bearings may also produced a
knock, but the sound is usually more metallic. As with a

36

CHAPTER TWO

main bearing, the noise is worse during acceleration. It
may increase in transition from acceleration to coasting.
Disabling the fuel injectors will help isolate this knock as
well.
A double knock or clicking usually indicates a worn
piston
pin.
Disabling
fuel
injectors
on
multicylinderengines will isolate this to a particular piston; however, the noise will increase when the affected
piston is reached.
A loose flywheel and excessive crankshaft end play
also produce knocking noises. While similar to main bearing noises, they are usually intermittent, not constant, and
they do not change when fuel injectors are disabled. If
caused by a loose flywheel or coupling, the noise is generally heard at idle or during rapid deceleration. It is a good
idea to recheck flywheel/coupler bolt torque whenever accessible.
Some mechanics confuse piston pin noise with piston
slap (excessive piston clearance). The double knock will
distinguish piston pin noise. Piston slap will always be
louder when the engine is cold.

Low engine oil pressure may be caused by leakage in
the oil circuit, excessive bearing clearance, a clogged oil
filter, a loose oil regulator valve or incorrect oil viscosity.
Low oil pressure may also be caused by engine overheating or oil dilution by fuel in the crankcase.
Verify low oil pressure by performing the oil pressure
test described in this chapter.
If the engine is overheating, refer to troubleshooting in
the Cooling System section in this chapter.

ENGINE TROUBLESHOOTING

COOLING SYSTEM

These procedures assume the starter cranks the engine
over normally. If not, refer to the Starting System section
of this chapter.

The temperature warning lamp should signal cooling
system problems before there is any damage. Ifthe engine
is stopped at the first indication oftrouble, serious damage
is unlikely.
With standard cooling systems in which seawater is
drawn into the engine, circulated and then expelled, cooling system problems are generally mechanical-a defective pump or thermostat, a loose or broken drive belt or
passages plugged with contamination.
Closed cooling systems are more complex in that they
use a heat exchanger, which transfers heat from the engine
coolant to seawater without the two coming in contact.
The closed portion of the cooling system is pressurized
(like an automotive cooling system) and uses a 50/50 mixture of ethylene glycol antifreeze and pure soft water.
Check this system periodically to make sure it can hold
pressure up to 13 psi.
Heat exchangers used in closed cooling systems collect
salt, lime and other contaminants in their passages, leading to a gradual decrease in cooling efficiency. For this
reason, they should be removed every two years and the
seawater passages cleaned with a wire brush and compressed air.

Engine Will Not Start
This can be caused by the fuel system or by insufficient
compression pressure. Refer to troubleshooting in the
Fuel System section of this chapter. Refer to Chapter
Three and check valve adjustment. Check for low compression pressure by performing a compression pressure
check as described in Chapter Three. Repair the engine as
required to obtain the correct compression pressure.
Engine Misses
This can be caused by the fuel system. Refer to troubleshooting in the Fuel System section of this chapter.
Sticking intake or exhaust valves can also cause the engine to misfire.
Engine Stops Suddenly
This can be caused by engine seizure, a governor malfunction or a problem in the fuel system. Attempt to start
the engine to determine if the engine rotates freely. Refer
to Chapter Three to check governor adjustment or to

Chapter Seven to repair the governor. If a fuel system
problem is suspected, refer to troubleshooting in the Fuel
System section of this chapter.
Engine Will Not Run Under Load
Refer to troubleshooting in the Fuel System section in
this chapter.
Low Oil Pressure

LUBRICATION SYSTEM
Refer to Figure 10, Figure 11 and Figure 12 for lubrication system diagrams. A rotor type oil pump receives oil
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LUBRICATION SYSTEM
(1GM AND 1GM10 MODELS)

Valve rocker arm support

Valve rocker arm

Push rod

Tappet

Camshaft
Camshaft gear

To oil pan

Camshaft

Crankshaft gear

Oil pressure
regulator valve

To oil
pan

Lubricating oil pump

•

LUbricating oil suction pipe
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LUBRICATION SYSTEM
(2GM AND 2GM20 MODELS)

Valve rocker arm shaft

Valve rocker arm

--r1O:l.~

Valve spring
Push rod
Tappet

Piston
Camshaft gear

Crankshaft gear

Oil pressure regulator valve

Oil pressure switch

Lubricating oil pump drive gear
Filter
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LUBRICATION SYSTEM
(3GM, 3GM30, 3HM AND 3HM35 MODELS)
3HM AND 3HM35
MODELS

Valve rocker arm - - u l i " - / "

Push rod
Tappet

Piston
Camshaft gear

Filter
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from a pic kup loca ted in the oil pan , then forces o il 10 the
necessary eng ine components. The o il pum p is dri ven 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 va lve opens and expels oi l into
the liming gearcase . A low oi l pressure warning light on
the instrument panel and a warn ing ala rm buzzer act ivate
if oil pressure is below 9.8 kPa (IA psi).
Refer to Chapters Five . Six and Nine fo r se rvice procedures.

Oil Pressure Test
The engine is equipped with an oil pressure warnin g '
light and alarm thai arc activated if low oil pressure occurs. To verify low oil pressure , pcrfonn the follo wing oil
pressu re test.
I. Disconnect the wi re lead from the oil pressure sender
( Fi ~ u re lJ, typical).

2. Remove the oil pressure sender.
3. Connect a suitable oil pressure gauge.
4. Start the engi ne and note the oil pressure reading at idle
and wide open throttle .
5. Com pare the gauge read ings with the spee ilicat ions in
Table 3 .

Table 1 ENGINE TROUBLESHOOTING

Trouble

Probable cau. .

Correction

Engine cr anks slo wly

Battery fa ulty or ~w c harge
Faulty starter motor
Incorrect engine 011 viscosity
Discharged battery
Corroded battery termin als
loose connection In start ing ci rcuit
Defective starting sw itch
Starting motor brushes dirty
Jammed starter drive gear
Faulty starter molor
Seized engine
Empty fuel tank
Dirty or plugged tuer fllter
Air In injection lines
Faulty fuel feed pump
Faulty tuel lnJec:tlon pu mp
Faulty go vernor
Mlsadju sted co ntr ols
Im proper l uel injectIon timing
Poor v alve seating

Charge o r replace battery
Repair 01" replace sta rter motor
Repl ace wi th proper engine oil
Ch arge o r rep lace batt ery
Clean terminals
Clean and ti ghten all co nnect ions
Repla ce swi tc h
Cle an o r repl ace bru eh ee
loosen start er motor to Iree gear
Repla ce motor
Inspect and rep air
Fill tan k w ith pro per l uel
Clean fu ellilt ers
Bleed air In Injec tio n lines
Repa ir fue l feed pu mp
Repair l uel Injec:tlo n pump
Repair govern or
Ad ju st speed and stop co ntrols
Ad ju st fuel injectio n liming
Check 101" broken 01" _ak valve springs,
wa rped stem s, carbon and g um deposits
and insuffic ient tappet clea rance
Check 101" lea ks arou nd gask et w hen
engi ne Is c ran ked; if a leak is fou nd,
replace gasket
Repl ac e worn or b rOken ri ngs ; c hec k
cy li nde r s for out-of-rou nd and taper
Fill l uel ta nk
Bleed fu el li nes

Eng ine will not crank

Engine will not start

Damaged cylinde r head gas ket

Worn or broken p ist on ring s
Engine sto ps s uddenly

Empty fu el tan k
Air in fue l lines
(continued)
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Table 1 ENGINE TROUBLESHOOTING (continued)
Trouble

Probable cause

Correction

Engine stops suddenly (continued)

Governor malfunction
Engine seized
Overload
Fuel filter or fuel lines clogged
Air in fuel system
Water in fuel
Misadjusted governor
Piston or bearing seizure

Repair governor
Inspect and repair
Locate cause for overload and rectify
Inspect and unclog or replace
Bleed air in fuel system
Remove water
Adjust governor
Repair damaged components; determine
cause
Clean fuel filter
Repair fuel feed pump
Repair or replace fuel InJection pump
Inspect and repair
Inspect and repair
Tighten bolt
Adjust timing
Inspect fuel injection pump and injectors
Inspect and repair
Inspect and repair
Clean or replace filter element
Repair oil pressure regulator valve
Replace oil; check for dilution due to fuel
leaking into crankcase
Flush cooling system
Replace thermostat
Check water pump; check for blockage in
system
Fill with proper coolant
Check for loose clamps and damaged
hoses

Engine slows unexpectedly

Engine will not run under full load

Engine knocks

Low oil pressure

Overheating

Clogged fuel filter
Faulty fuel feed pump
Worn fuel injection pump
Excessive bearing clearance
Loose rod bolt
Loose flywheel or coupling bolt
Incorrect injection timing
Excessive fuel injected into cylinder
Oil leaks
Excessive bearing clearance
Clogged oil filter element
Faulty oil pressure regulator valve
Low oil viscosity
Dirty cooling system
Faulty thermostat
Insufficient coolant flow
Insufficent coolant in closed system
Air entering system

Table 2 STARTER MOTOR NO·LOAD SPECIFICATIONS
Model

Volts

Max. amperage

Speed (rpm)

3HM, 3HMF, 3HM35
All other models

12
12

90

4000 or higher
7000 or higher

60

Table 3 OIL PRESSURE
At 850 rpm
all models
At 3400 rpm
3HM and 3HM35
At 3600 rpm
all models
except 3HM and 3HM35

50 kPa (7 psi)
300-400 kPa (43-58 psi)

300-400 kPa (43-58 psi)

Chapter Three

Operation, Lubrication, Maintenance
and Tune-up

A diesel engine must have clean air, fuel, and oil. Regular preventive maintenance and proper lubrication will
pay dividends in longer engine and transmission life, as
well as safer boat operation.
The lubrication and maintenance intervals provided in
Table 1 are those recommended for normal operation. If
the boat is used under continuous heavy duty or other severe operating conditions, including infrequent use, perform maintenance and lubrication more frequently.
Keep the engine and accessory units clean and free of
dirt, grime and grease buildup. It is much easier and safer
to perform service on a clean engine. It is also much easier
to pinpoint any leaks.
Tables 1-6 are located at the end of this chapter.
NOTE
Except where specified, F and D series engines are included when a basic model number is specified. For example. if model 3GM
is called out in a procedure. the procedure
also applies to 3GMD and 3GMF.

FUEL REQUIREMENTS

The recommended fuel is number 2 (2-D) diesel fuel.
Be sure the fuel is clean and free of water.

NOTE
Poor fuel is one of the leading causes of
rough engine operation or failure to start.

Dirty fuel or water in the fuel can cause expensive damage to the fuel injection pump and fuel injectors. Refer to
Chapter Seven.
PREOPERATIONAL CHECKS

Before starting the engine for the first time each day,
perform the following checks:
1. Remove the engine compartment cover or hatch and
check for the presence of fuel fumes. If the boat is
equipped with a bilge blower, tum it on for a few minutes.
If the smell of strong fumes is present, determine the
source and correct the problem before proceeding.
WARNING
Always have a Coast Guard-approved fire
extinguisher close when working around the
engine.

2. Check the engine oil level as described in this chapter.
Add oil if the level is low.
3. Check the electrolyte level in each battery cell as described in this chapter. Add distilled water if necessary.
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4. Check the condition of all drive belts. If a belt is in
doubtful condition, replace it.
5. Check all water hoses for leaks, loose connections and
general condition. Repair or replace as required.
6. Check the oil level in the transmission as described in
this chapter. Add lubricant if necessary.
7. Check the bilge for excessive water; ifpresent, drain or
pump dry.
8. Check the propeller for damage. Repair or replace the
propeller if damaged.
9. Remove any water or dirt in the fuel tank by opening
the fuel tank drain valve.
10. Check the fuel level in the fuel tank and add fuel as
needed.
11. Open the seacock and close any water drain valves.
12. Operate controls and check for free operation.
13. Connect the battery cables to the battery (if disconnected).
14. Open the fuel tank valve.
15. Reinstall the engine compartment cover or hatch.
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CAUTION

If the alarm buzzer or lamps remain on after
the engine starts, stop the engine and determine the cause.

Engines Equipped With Remote Control
Warm engine

1. If equipped with a bilge blower, operate it for at least
five minutes before starting the engine.
2. Move the speed control lever to the MEDIUM SPEED
position.
3. Rotate the key switch to the ON position. The alarm
buzzer will come on.
WARNING
Always have a fully charged fire extinguisher on hand before attempting to start
the engine.

STARTING CHECKLIST

CAUTION
Do not push the starter for more than I5
seconds, or the starter motor may be damaged due to overheating.

After performing the preoperational checks, observe
the following starting procedure:

4. Start the engine by pushing the start button. The alarm
lights and buzzer should go off.
CAUTION

Engines Without Remote Control
1. If equipped with a bilge blower, operate it for at least
five minutes before starting the engine.
2. Move the clutch control lever to the NEUTRAL position.
3. Move the speed control lever to the MEDIUM SPEED
position.
4. Hold the decompression lever in the OPERATION position.
5. Rotate the key switch to the ON position. The alarm
buzzer will come on.
WARNING
Always have a fully charged fire extinguisher on hand before attempting to start
the engine.
CAUTION
Do not operate the starterfor more than I5
seconds, or the starter motor may be damaged due to overheating.

6. Start the engine by pushing the start button. The alarm
lights and buzzer should go off.

If the alarm buzzeror lamps remain on after
the engine starts, stop the engine and determine the cause.
Cold engine

1. If equipped with a bilge blower, operate it for at least
five minutes before starting the engine.
2. Move the speed control lever to the HIGH SPEED position. Injection timing is retarded when starting with the
lever in the HIGH SPEED position.
3. Movethedecompression leverto theDECOMPRESSION
position.
4. Rotate the key switch to the ON position. The alarm
buzzer will come on.
WARNING
Always have a fully charged fire extinguisher on hand before attempting to start
the engine.
CAUTION
Do not operated the starterfor more than 15
seconds, or the starter motor may be damaged due to overheating.
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5. Start the eng ine by pushing the start button. while engaging the starter. move the decompression lever to the
COMPRESSION pos ition. The alarm lights and buzzer
should go ofT.
CAUTION
Iflhe alarm buzzer or lamps remain on aft er
the engine starts, SLOp the engine and determ ine the cause.

6. Move the speed controllever to the MEDIU~ SPEED
position .
7. Allow the eng ine to warm for approximately five minutes before applying full load to the engine.
STO P P I ~G

Til E E:\'G Il'iE

Note the following items when stopping the engine.
1. Place the tran sm ission in neutral, then allow the engine
to idle for five minutes before stopping the engine.
2. Momentaril y raise engine speed 10 blowout any residue in the cylinders. then pullthe engine stop knob or lever.
CAUTION
Do not Slop the engine using the decompression lever: Doing so may leave sufficientfuel
in the cy linders to damage the engine when
started.

3. Close the scacock. If ambient temperature is below
freezing whi le the engine is not running, drain water in
coo ling system a fter engine has coo led.
El\t ER GEN CY El'iG I.'IE STOP PING
To safe ly stop a diesel engine when thc 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 allow the rag to enter the engine.
POST·O PERATlO~AL

CHECKS

Perform the followin g maintenance after each use.
I . If the boat was used in salt or polluted water, flush the
coo ling system with freshwater as described in this chap ter. This will min imize corrosion and buildup of deposi ts
in the coo ling system.
2. Disconnect the battery cables from the battery. negative cable first. Remo ve the battery from the boat to pre'>'en! theft. if necessary.
3. Shut off the fue l tank velvets ).

4. Top offthe fueltank(s), ifpo ssiblc. Th is will minimize

the possibility of moisture condensation in the tank(s).
5. If water is present in the bilge. either drain it or pump it
dry.
6 . Wash the interior and exterior surfaces of the boat with
freshw ater.
El'iG I:\IE

i\1 i\I I'\T": l'i A ~ C E

A:'\D LUB RICAT IO :\l

The maintenan ce tasks discussed in this section should
be perform ed at the intervals indicated in Table I. These
intervals arc only guide lines, however. Con sider the frequency and extent of boa t use when establis hing the actual
intervals. Perform the tas ks more frequently if the boat is
used under severe service condit ions.
EnJ:inc O il
Eng ine oil designed for use in d iesel eng ines must meet
speci fications particular to diesel eng ine operat ion. The
Soc iety for Automotive Engineers (SAE) spec ifies the
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To engine

criteria that engine oils must meet to attain a diesel engine
oil classification ofCA, CB, CC or CD. The classification
system ranges from CA for light diesel engine service to
CD for severe diesel engine service. Yanmar specifies engine oils with classification CB or CC for use in the
Yanmar diesel engines covered in this manual.
Do not mix oil brands. For instance, do not add a different oil brand than what is in the crankcase when topping
off the oil level, except if necessary. Use only a
high-quality oil. Yanmar recommends Shell Rotella,
Caltex RPM Delo, Mobil Delvac, Esso Standard and BP
Energol.
Refer to Table 2 for the recommended oil viscosity.
Engine Oil Level Check
All engines will consume a certain amount of oil as a lubricating and cooling agent. The amount depends on engine use and engine condition. During the engine break-in
period, the engine consumes more oil while the piston
rings seat in the cylinder bore. Engines with high hours of
use may bum more oil due to worn engine components.
Engines generally consume more oil at higher engine
speeds.
When to check engine oil is generally determined by
the engine's oil consumption rate. If the engine has a high
oil consumption rate, then check the oil level before each
use or daily. Ifengine oil consumption is low, check the oil
level weekly. The best procedure is to check the oil level
before operating the engine.

Whenever checking the oil level, always allow approximately five minutes for the oil in the upper end to drain
back into the crankcase oil pan.
1. With the boat at rest in the water and the engine off,
pull out the dipstick. See Figure 1 for the typical location.
Wipe it with a clean rag or paper towel, reinsert it and pull
it out again. Note the oil level on the dipstick.
2. Add oil, if necessary, so the oil level reaches the full
mark on the dipstick. Remove the oil fill plug (Figure 2)
or oil filler cap (Figure 3) and add oil through the hole in
the rocker arm cover.
Engine Oil and Filter Change
During normal engine operation, change the engine oil
after every 100 hours of operation. Replace the engine oil
filter after every 300 hours of operation. During break-in
of a new or overhauled engine, change the engine oil after
the first 20 hours of use, then after the next 30 hours of
use. Change the engine oil at normal intervals thereafter.
Refer to the Engine Oil section in this chapter for the
recommended oil type. Refer to Table 2 for viscosity and
Table 3 for crankcase oil capacity.
Most installations do not leave enough space to permit
the use of the oil pan drain plug. For this reason, an oil
drain suction pump is the most common device used to
drain the crankcase oil. The pump has a long, flexible
hose, which is inserted into the oil dipstick tube and fed
into the crankcase. Several makes of pumps are available
from marine supply dealers. Some are hand-operated,
some are motorized and others are designed to be operated
with an electric drill (Figure 4).
Direct the used oil into a sealable container and properly dispose of it.

NOTE
Never dispose of motor oil in the trash, on
the ground, down a storm drain or overboard. Many service stations accept used
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motor oil and waste haulers provide curbside used motor oil collection. Do not combine other fluids ~vith motor oil to be
recycled. To locate a recycler, contact the
American Petroleum Institute (API) at
wwwrecycleoit.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 lcvcl in the
cran kcase. 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 wann it to normal operating temperature under load, then shut it off.
2. Remove the d ipstick 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 wiII 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 ofthe engine crankcase.
5. Operate the pump until it has removed all of the oi l
possible from the crankcase. Remove the pump hose from
the dipstick tube.
6. Place a drain pan or other suitable container under the
filter (F igure 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 gas ket 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 oii.
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.
I I . Tighten the filter another 2/3 tum 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 Figu re 2 (single cylinder models) or Figure 3
(multicylinder models) .
13. Reinstall the dipstick in the di pstick tube .
14. Refer to Table 3 to de termine 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.

NOTE

Check the area under and around the oiljilter for leaks while the engine is running in
Step /5.
IS. 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
net overfill.

Fu el Sys tem Se rv ice
Diesel fuel injection systems require clean fuel that
meets the fuel requirements specified by the engine manufacturer. Due to the close tolerances required in the fuel
injection system, diesel engines are particularly susceptible to dirt or other contaminants in the fue l. Use only clean
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Air that enters the fuel system due to a damaged fuel
line or loose connection may cause the engine to missfire.
Bleed the fuel system as described in this chapter.

Ai! bleed plug

Fuelfilter

O-ring

111--- Filter element

Canister

~

Retaining ,'ng

Using clean fuel and maintaining the fuel system are
extremely important when operating a diesel engine. Diesel fuel, in addition to its obvious function as fuel, provides lubrication for various components of the injection
system. Due to close operating tolerances, dirty fuel can
cause major damage to the fuel injection pump and injectors. The engine is equipped with a fuel filter (Figure 6,
typical) to remove dirt from the fuel before it enters the
fuel injection pump.
After every 50 hours of operation, or more frequently if
necessary, remove and disassemble the fuel filter and
clean the inside of the fuel bowl and filter element. The
filter body contains a replaceable element. Replace the element after every 250 hours of operation or more frequently if dirt clogs the element after fewer hours of
operation. It is a good practice to replace the fuel filter every season or ifthe engine has not been operated for an extended period.
NOTE
The boat may be equipped with additional
fuel filters. Be sure to clean and maintain
those filters according to the manufacturer S
instructions.
NOTE

If the fuel filtering system

fuel and maintain the fuel filter and fuel system components to prevent a fuel system malfunction.
WARNING
Serious fire hazards always exist around
diesel fuel. Do not allow any smoking in areas where fuel is present. Always have afire
extinguisher, rated for fuel and electrical
fires, on hand when refueling or servicing
any part ofthe fuel system.

Fuel lines
Periodically inspect all fuel lines for leakage and damage. Replace or tighten them as required. Do not
overtighten a fitting to try to stop a leak; overtightening
may damage the fitting threads or the fuel line sealing surfaces.

is inadequate to
properly protect the engine, consult with a
marine dealership that has experience with
diesel engines for fuel filter recommendations.

Refer to Figure 7 when using the following procedure
to clean the filter or replace the filter element:
I. Position a receptacle under the filter to catch spilled
fuel.
2. Unscrew the retaining ring and remove the canister
and filter element. Note that the O-ring may remain on the
filter body or on the canister.
3. Remove the element from the canister. If dirty or damaged, discard the element.
4. Clean the canister in clean diesel fuel.
5. Install the filter element in the canister.
6. Install a new O-ring on the canister.
7. Install the canister on the filter body, then install the retainer ring and tighten it hand-tight.
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8. Loosen the air bleed plug (F igu r e 8) on top of the fuel
filter body .
9. Make sure the fuel tan k valve is open, then operate the
primer leve r on the fuel transfer pump (F ig ure 9).

10. Operate the lever while observing the fuel emitted
around the bleed p lug. 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 fue l ta nk ru ns dry, components arc replaced, or a
fuel line is damaged or disconnected, bleed the air from
the fuel system to prevent engine misfire. Refer to Chapter Seven for the ai r bleeding procedure.

Air Filter
An air filter (A, Figure 10, typical) removes airborne
di rt and debris. With in the air filter canister is a reuseable
polyurethane filter clement . Clean the filter element after
every 250 hours of operation or m ore frequently if the engine ope rates in a dirty environment. Inspect the filter element before each operating season to be sure it is clean
and undamaged.
Use the follow ing procedure to remove and clean the
fi lter clement:
I . Unsnap the filte r canister retaining clip (B , Fi gure 10)
and remove the canister and filter element.
2. Se parate the filter clement from the canister (Figure
11). Note the mesh cone inside the foam filter.
3. Inspect the foam for holes, tears or other damage. Discard the foam if damaged.

4. Clean the foam filter and mesh cone in soapy water. If
the foam fi lter cannot be cleaned, disc ard it and install a
new filter. Let the foam filter dry.
5. Reassemble and reinstall the filter by reversing the removal procedure.
NOTE

Be sure the intake tube (C, Figure 10) ofthe
canister points slightly downward and not
upward; otherwise. water can enter the tube
and run into thejilter.
Dr ive Belts
Inspect all drive belts at regular intervals to make sure
they arc in good condition and are properly tensioned. Replace worn, fra yed , cracked or glazed belts. The components to which they direct power arc essential to the safe
and reliable operation of the boat. If correct adjustment 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 removal of the
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2. To adjust alternator dri ve bell tension, loosen the alternator retaining nuts (8 , Fil:ure 12), then reposition the alternator. Retighten the retaining bolts and recheck be lt
tension.

A lternator drive belt adjU!ilmenl {models equipped ....ith
fresh ....ater cooling)

outer belt), it is a good idea to replace al l belts as a set. The
added expense is small compa red 10 the cost of replacing
the belts indivi dually, and rep lacing each belt reduces the
possibility ofa breakdown on the water , which could cost
far more in time and money.
Make sure the dri ve be lts arc properl y tensioned at all
limes. Ifloose, the belts will not drive the dri ven componenrs at ma xim um efficiency. The be lts wil l also wear rapidly beca use of the increased friction caused by slippage.
Bells that are too tigh t will be overstressed and prone to
premature failu re. An excessively ligh t belt will also e verstress the water pump or alternator bea rings. resulting in
premature failure.

Alternator drive bell udju.\lme lll (mo dels equippe d with
seawater coo ling)
1. C heck alternato r dri ve bell tension by depre ssing the
drive belt at the midway po int on the belt (A. Figure 11).
The be lt sho uld defl ect approx imately 0.4 inch (10 mm)
with moderate finger pres sure .

The alternator drive belt also drives the freshwater cooling pump on engi nes so eq uipped.
I. Check alternator dr ive be lt tens ion by depressing the
dr ive belt at the midway point on the belt (A, Figure 13).
The belt shou ld deflect approx imately 0.4 in (10 mm)
with modera te finger pressure .
2. To adjus t alterna tor drive belt tension, loosen the alternator retaining bolts (B , Figure 12), then repo sition the alternator. Retighten the retaining bolts and recheck belt
tension.

Sea ....ater pump drive belt adjU'ifmenl (2G.U. 2G.U20.
3GM. 3GM30. 3H .\f And 311.\ /35 models)
I . Check seawater pump drive belt tension by depressing
the drive belt at the midway point on the belt (A, Figure
14). The belt should deflec t approximately 0.24 in (6 mm)
with moderate finger pressure.
2. To adj ust seawater pump dri ve be lt tension, loo sen the
screws (B, Figu re 14) that retain the water pump mounting plat e. Reposition the plate to obtain the corre ct be lt
tension, then retighten the bolt and nut. Recheck belt tensron.
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Reed
valve

B

Intake port

Alternator drive belt replacement (all models)
1. Loosen the alternator retaining nuts (B, Figure 12).
2. Move the alternator inward sufficiently to allow removal of the belt from the pulleys and remove the belt.
3. Clean the pulley grooves so they are dry and free of
rust or other corrosion.
4. Place the new belt in the pulley grooves.
5. Adjust belt tension as previously described.

-t~---tIt-----IIt- Deflector

Seawater pump drive belt replacement (2GM, 2GM20,
3GM, 3GM30, 3HM and 3HM35 models)
1. Remove the alternator drive belt as described in the
previous section.
2. Loosen the screws that secure the seawater pump
mounting plate (B, Figure 14).
3. Move the alternator inward sufficiently to allow removal of the belt from the pulleys and remove the belt.
4. Clean the pulley grooves so they are dry and free of
rust or other corrosion.
5. Place the new belt in the pulley grooves.
6. Adjust belt tension as previously described.

Drilled hole

Mesh--_II!I'li:'~

Crankcase Breather
The crankcase breather assembly vents crankcase
pressure into the intake port or manifold. This produces a
negative pressure in the crankcase. If the breather malfunctions, oil may be forced past the piston rings, oil seals
and gaskets.
Periodic maintenance is not normally required unless
excessive oil gasses clog the crankcase breather. This is
usually indicated by blue exhaust smoke or oil in the intake port or manifold. If the breather must be cleaned frequently, determine the cause, such as broken or stuck
piston rings.

Refer to Chapter Five or Six for service procedures for
the crankcase breather. Refer to the following paragraphs
for a description of the breather on specific models.
On IGM and IGMIO models, a reed valve system located on the rocker arm cover controls crankcase gas
movement. See Figure 15. The reed valve opens when the
downward moving piston increases crankcase gas pres-
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Sacrificial
anode

~~~~~fr::jjsacrificial
~
anode

gases. See Fig ure 17. A breather tube routes the crankcase gase s to the intake ma nifold.

A ntico r rosio n :\I ai ntenance
Th e engines are eq uipped w ith sacri ficial an odes that
provide protection against galvanic corrosion. Sacrificial
anodes are re lativel y ine xpensive and easi ly replaceable
components that pro vide adequate corrosion protec tion in
most situations wh ere light-to-moderate corros ion conditions exist. Anodes arc made ofa highly activ e zinc allo y.
Check the condition of the ano des periodical ly and frequently. Replace any anode that is corroded to 50 percen t
of its original size.

su re. Th e ree d va lve closes w hen the pis ton mo ves up in
the cy linder. Th is creates a negative pressure in the crankcase. which hel ps the piston rings sea l agai nst the cy linder
bore. A hole in the brea ther chamber routes oil bac k to the
crankcase; however, excessive oil will pass through the
connecting lube into the intake port.

On 2GM. 2GM20,

3G~

and

3G ~30

models. the

crankcase breather is located on the roc ker ann cove r. A
labyrinth system separates oil from the cra nkcase gas. See
Ftgure 16. A hole in the breather chamber routes oil back
into the engi ne. how ever. excessive oil will pass into the
breather tube to the inta ke po rt or intake man ifo ld.
On 3HM and 311 M35 mod el s. a me sh assembly on top
of the roc ker ann cove r se parates oil from the crankcase

Engine mod els IG M and IG MI D are equipped w ith a
si ngle sacrificial anode that is attached to a plate located
on the cy linder bloc k (f'iJ=: u re 18). A thread ed type sacnficial anode is used on 2G M, 2G M20. 3G M. 3G M30. 3 HM
and 3HM35 mod el eng ines. O ne anode is located in the
cy linde r hea d (Figu re 19), and one anode is located in the
cy linder block on 2G M and 2G M20 mod el engines ( f' i g~
ure 20). while two anodes are located in the cylinder
block on 3GM. 3G M30. 3H M and 3HM35 model engmes.
Proceed as follo ws to se rvice the sacrificial anodes:

I GM an d I GMI Omodels
I. Drain the cooling sys tem.
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SACRIFICIAL ANODE
ORIGINAL SIZES

1 GM AND 1GM10 MODELS

T
20 mm
(0.8Di n.)

~

2. Unscrew the mou ntin g plate (Figu re 18) and remove

the sacrificial anode

( Fi ~ u re

21).

3. Usc a wire brush and remove corrosion on the anode.
Clean the mounting plate and mounting surface on the en gine block.
4. Inspccr rhe anode and compare it with the dimensions
ora new anode shown in Ftgure 22. Replace the anode if
dimensions are less than 50 percent of original size.
5. Install a new gasket on the anode (Figur e 23 ).

,VOTE
Do not apply any sealer to the anode mounting plate or 10 the engine block. Sealer or
corroded mating surfaces will prevent good
electrical CUIIlact, which is necessary for
optimum anode protection.
6. Rea ssemble and reinstall the sa crific ial ano de in the
engine .

i+- (0.801n.)+
~O mm

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

-

t
20mm
(0.80 In.)

~

.-

30mm
(2.00 In.)

•

'-

2GM, 2G.U20. 3GM , 3 GM JO,
3HJI ami 3HM35 models
I. Drain the cooli ng system.

2. Unscrew the sacrificial anodes in the cy linder head
( Figu r e 19) and cy linde r block (Fil:,u re 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 dimension.s
ofa new anode sho.....-n in Fi 2u re 22 . Replace the anode if
d imensions are less than 50 percent of original size .
5. Install a new gasket on the anode (F igu re 23).
NOTE
Do not apply any seater to threads on the
anode or in the eng ine. Sealer or corrode d
threads will preve nt good electrical contact.

which is necessaryfor optimum anode protection.
6. Reas semble and reinstall the sacrificial anode in the
engine.

COO I.I ' G S YST D ·I
Refe r to C hap ter Eig ht for a desc ription of the two types
of coo ling sys tems that are used on the Yanmar ma rine
diesel engines cove red in this manual. A fresh water

J

,
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ANODE MOUNTINGS
1GM AND 1GM10 MODELS

~hl
F-tRQ..---F'....

Anode

Gasket

~ Lockwasher
~Bolt

Mounting plug

Mounting plug

~<

GaSket~~

Anode~

CYLINDER BLOCK

Anode

Gas~~

~~GaSket
CYLINDER HEAD

2GM, 2GM20, 3GM, 3GM30, 3HM AND 3HM35 MODELS

(closed) cooling system requires additional maintenance
due to the freshwater portion of the system, which includes a freshwater pump and may include an antifreeze
mixture.

Seawater (Standard) Cooling Systems

Flushing the system
Flushing procedures may differ depending upon engine
installation and the location of the water pump. Regardless of pump location, cooling water must always circulate through the water pump whenever the engine is
running to prevent damage to the pump impeller. On models equipped with a closed cooling system, both pumps
must be supplied with cooling water.
The following procedure provides steps to flush the
cooling system of engines equipped with a seawater cooling system as well as the seawater portion on engines
equipped with a closed cooling system. This procedure

may be used for most engines, but modification ofthe procedure may be necessary for some installations.
1. Detach the inlet hose from the water pump.
2. Connect a hose from a water tap to the inlet of the waterpump.
3. Open the water tap.
4. With the transmission in neutral, start the engine and
run at normal idle until the engine reaches normal operating temperature.
5. Observe the water being flushed from the cooling system. When the flow is clear, shut the engine off, then shut
off the water tap.
6. Reconnect the inlet hose to the water pump.
NOTE
Refer to Chapter Eight toflush and refill the
freshwater portion of a closed cooling system or to service the heat exchanger.
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Freshwater (Closed) Cooling Systems

Inspection
WARNING
When performing any service work on the
engine or cooling system, never remove the
pressure jill cap on the exhaust manifold
(Figure 24), drain coolant or disconnect
any hose while the engine is hot. Scalding
fluid and steam may be blown out under
pressure and cause serious injury.
Once a year, or whenever troubleshooting the cooling
system, check the following items. If the proper equipment is not available, have the tests performed by a radiator shop.
1. Loosen and remove the pressure fill cap (Figure 24).
2. Check the cap seals for tears or cracks. Check for a
bent or distorted cap. Rinse the cap under warm tap water
to flush away any loose rust or dirt particles.
3. Inspect the cap neck seat for dents, distortion or contamination. Wipe the sealing surface with a clean cloth to
remove any rust or dirt.
4. Check the fluid level and fill the system ifnecessary as
described in the Check/Fill Coolant section in this chapter.
5. Check all cooling system hoses for damage or deterioration. Replace any hose that is questionable. Make sure
all hose clamps are tight.
6. Check the heat exchanger (Figure 25) for cracks or
damage. Service, if necessary, as described in Chapter
Eight.

Check/fill coolant (not equipped with
remote reservoir)
WARNING
Do not remove the jill pressure cap (Figure
24) from the pressurized cooling system
when the engine is hot.
1. Loosen and remove the pressure fill cap (Figure 24).
2. Check the level of fluid in the system. It should be
level with the iron plate at the bottom of the filler neck.
NOTE

Excess coolant (above proper level) will be
expelled when coolant reaches operating
temperature.
3. Ifthe exhaust manifold is not properly filled, add coolant. Refer to the Coolant section in this chapter for proper
coolant.

Check/Fill Coolant (Equipped With a
Remote Reservoir)
Refer to Figure 26.
1. Check the level of the coolant in the remote reservoir
tank (Figure 26) when the engine is cold. The coolant
level should be between the marks on the tank.
2. If the coolant level is low, but the tank is not dry, add
coolant to the tank. Refer to the following section for the
proper coolant mixture.
WARNING
Do not remove the pressure jill cap (Figure
24) from the pressurized cooling system
when the engine is hot.
3. If the coolant level is low, but the tank is dry, remove
the pressure fill cap on the exhaust manifold (Figure 24).
Add coolant to the exhaust manifold so it is full, replace
the cap, then add coolant to the remote reservoir tank to
the proper level.
4. Run the engine until it reaches normal operating temperature, then let the engine cool. Recheck the coolant
level in the remote tank and, if necessary, refill the remote
reservoir tank.

Coolant
Only use a high-quality ethylene glycol-based antifreeze designed for aluminum engines. Mix the antifreeze
with water in a 50/50 ratio. Coolant capacity is listed in
Table 4. When mixing antifreeze with water, use only soft
or distilled water. Distilled water can be purchased at supermarkets in gallon containers. Do not use tap or salt water because it will damage engine parts.
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FRESHWATER HEAT EXCHANGER
(TYPICAL)

Seawater

?'

ii

Remote
reservoir
tank

WARNING
Do not siphon coolant by mouth with a hose.
The coolant mixture is poisonous and ingesting even a very small amount may cause
illness. Observe warning labels on antifreeze containers. Make sure to discard used
antifreeze in a safe and suitable manner and
wipe up any spills. Do not store antifreeze in
open containers. Keep antifreeze out of the
reach ofchildren and animals.
WARNING
The EPA has classified ethylene glycol as an
environmental toxic waste. It is illegal to
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flush it down a drain or pour it on the
ground. Put it in suitable containers and
dispose ofit according to local regulations.
CAUTION
Be careful not to spill antifreeze on painted
surfaces, as it may damage the surface.
Wash any spilled antifreeze immediately
with soapy water, then rinse the area thoroughly with clean water.
Flushing and refilling freshwater coolant system

Use the following procedure to flush and refill the
freshwater coolant system. Refer to the preceding section
to flush the seawater portion of a freshwater coolant system.
Replace the coolant in the freshwater coolant system after every 500 hours of operation or annually, whichever
occurs first.
CAUTION
Perform the following procedure when the
engine is cold.

1. Remove the pressure fill cap (Figure 24).
NOTE
Position the drain hoses in suitable containers to catch coolant when draining the coolant from the exhaust manifold and engine.

2. Open the drain valve at the end of the heat exchanger
(A, Figure 27) and the drain plug on the underside of the
exhaust manifold (B).
3. Unscrew the drain plug on the side ofthe engine block
(Figure 28, typical).
4. If an excessive accumulation of scale is apparent on
the interior ofthe cooling system, use an automotive cooling system cleaner. Be sure to thoroughly flush out the
cooling system with freshwater afterward.
5. Close the drain plug on the exhaust manifold and the
drain plug on the engine block.
6A. Engines without a remote reservoir-Fill the exhaust
manifold with coolant. The coolant should be level with
the iron plate at the bottom of the filler neck.
68. Engines with a remote reservoir-Pour coolant into
the exhaust manifold so it is full. Install the pressure fill
cap, then add coolant to the remote reservoir tank to the
proper level.
7. Run the engine until it reaches normal operating temperature, then let the engine cool. Recheck the coolant
level and, if necessary, add coolant.

~)y;;:1r~"":""_-Drain plug

BATTERY
Inspect the electrical connections and make sure they
are secure and corrosion-free. Ifcorrosion is present at the
terminal ends, detach the wires, clean the corrosion and
reattach. Make sure that wires are correctly routed and
will not contact moving parts or touch hot (especially exhaust) parts.
Remove the battery vent caps and check battery electrolyte level. It should be about 3/16 in. above the plates or
even with the bottom of the filler wells. See Figure 29.
Test the battery condition with a hydrometer (Figure 30).
See Chapter Nine.
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BATTERY CUTAWAY VIEW

~

Hydrometer

Read with
hydrometer level

ENGINE TUNE-UP

A smooth-running, dependable marine engine is more
than a convenience. At sea, it can be the difference between life and death. To keep the engine running right,
follow a regular program of preventive maintenance.
Part of any preventive maintenance program is a thorough engine tune-up. A tune-up is a series of adjustments

necessary to restore and maintain maximum power and
performance.
Perform an engine tune-up as needed at periodic intervals to maintain maximum engine performance. If the engine is used infrequently, perform a tune-up at least once a
season.
A tune-up consists of the following:
1. Compression test.
2. Valve adjustment.
3. Idle speed adjustment.
Careful and accurate adjustment is crucial to a successful engine tune-up. Each procedure in this section must be
performed exactly as described and in the order presented.
NOTE
Some engine settings, such as maximum engine speed and torque level, are controlled
by adjusting screws in the governor assembly. These adjusting screws are set by the
manufacturer and secured by a lockwire to
prevent unauthorized adjustment. Adjustment of these screws should be performed
only by trained personnel. Detaching a
lockwire may void the engine warranty. Improper adjustment can cause engine damage.
Compression Test

Check the compression of each cylinder as the first step
in a tune-up. A compression test measures the compression pressure at the end of the compression stroke. Its results can be used to assess general cylinder and valve
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condition. In addit ion, it can warn of developing prob lems
inside the engine. If more thun a 43 psi. (300 kPa) difference ex ists between the highest and lowest read ing cylin ders on multicylindercnginc s, the engine cannot be tune d
to develop its max imum power. Specified cyli nder pressure is 390-470 psi (2700- 3300 kPa).
A comp ression read ing that is below the desi red com press ion pressure indicates that engi ne repair is required
beca use of worn or broken rings, leaky or sticking valves

or a combination of all.
If the compress ion test readings arc lower than desired .
isolate the ca use by performing a wet compression test .

Remove the precombustion chamber (refer to Chapter
Seven). Perform the wet compression lest in the same way
as the dry test. except pour approximately one tablespoon
of heavy engine oil (at least SA E 30) into the inj ec tor hole
before performing Steps 7-9. If the wet compression read ings are sign ificantly higher than the dry com pression
readi ngs, the cause for the low dry compress ion reading is
probably worn or broken rings. If there is little difference
between the read ings, the pro blem may be due to leaky or
sticking valves or a fau lty cy linde r head gasket. lftwo adjacent cy linders on a multicy linde reng ine read Iow an
both tests , the head gas ket may be leaking between the
cy linders.
Excessively high compression readi ngs indicate carbon
buildup in the cylinder.

NOTE
A special Ope compress ion ga uge and
adapter i s required to measure the compression pressure in the cylinder. If the necessary com pression tes t gauge is not

available, have a diesel techni cian perform
the test.
I. Be sure cooling water is co nnected to the engi ne.
2. Run the engi ne unt il it reaches normal operating tem perature, then shut it off.

CAUTIO.V

Be sure to remove all the inj ectors 0 11 a
mutticytinderengine to prev ent inadvertent
starting.
3. Remo ve the fuel injector( s) as described in Chapter
Seven.
4. C lean the injec tor hol e.
5. Rotate the engi ne to b lowout any carbon.
6. Install the compression gauge and , if necessary, the
adapter.
7. Crank the engine at least five turn s or unti l there is no
furthe r incre ase in compress ion shown on the tester
gauge.
8. Record the read ing . Relieve the teste r pressure valve
and remove the compressi on tester.
9 . Repeat Steps ~- 8 for eac h remain ing cy linder on
multi cylinderengines.
valve C lea ra nce Adjustm ent
Valve cl eara nce is the gap betw een the end o f the valve
stem and the underside of the rocker ann. A specified
valve clearance must be maintained for the valves 10operate as desig ned. Insufficient valve clearance wi ll cau se
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VALVE CLEARANCE
ADJUSTMENT (ALL MODELS)
Adjusting screw
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CAUTION
Always rotate the crankshaft in the normal
running direction (clockwise at crankshaft
pulley); otherwise the water pump impeller
will be damaged.
4. Rotate the crankshaft nut clockwise so the 1T mark on
the flywheel aligns with the reference pointer (B, Figure
31) on the clutch cover. The piston must be on its compression stroke.
NOTE
Some transmissions do not have an opening
in the clutch cover. Remove the starter to
view the timing marks on the flywheel (Figure 33).

IDLE SPEED ADJUSTMENT
(1GM AND 1GM10 MODELS)

..,""\-"~'

,.....-..-<:

l ..'--"~

j-..-

Idle
speed
screw

rough engine operation and possible engine damage, such
as burnt valves. Excessive valve clearance will reduce engine performance. The recommended interval for valve
adjustment is after every 300 hours of operation. However, it is a good practice to check the valve clearances
during each tune-up.
The engine must be cold when adjusting valve clearance. On multicylinderengines, the cylinder nearest the
flywheel is the number one cylinder.
1. Remove the rocker arm cover as described in Chapter
Five or Six.
2. Observe the flywheel (A, Figure 31) through the opening in the clutch cover. A cylinder is at top dead center if
the mark on the flywheel is aligned with the reference
pointer (B) on the clutch cover.
3. Rotate the crankshaft with a wrench on the crankshaft
pulley retaining nut (Figure 32).

NOTE
When the piston is on its compression stroke
and at top dead center, both valves will be
closed. This can be determined by the position ofthe intake and exhaust rocker arms.
Both should have free play, which indicates
that the valves are closed.
5. Measure the clearance between the rocker arm and
valve stem (Figure 34). Correct valve clearance is 0.2 mm
(0.008 in.).
6. If the clearance is incorrect, loosen the locknut, then
rotate the adjusting screw on the rocker arm (Figure 34).
Hold the adjusting screw, then tighten the locknut. Recheck the valve clearance.
7A. 2GM and 2GM20 engines-Rotate the crankshaft
360 0 so the 2T mark on the flywheel aligns with the reference pointer (B, Figure 31) on the clutch cover. The piston for number 2 cylinder must be on its compression
stroke (see preceding NOTE). Perform Steps 5 and 6.
7B. 3GM, 3GM30, 3HM and 3HM35 engines-Rotate
the crankshaft 240 so the 3T mark on the flywheel aligns
with the reference pointer (B, Figure 31) on the clutch
cover. The piston for number 3 cylinder must be on its
compression stroke (see preceding NOTE). Perform Steps
5 and 6.
8. Reinstall the rocker arm cover.
0

Idle Speed Adjustment
The correct idle speed is 825-875 rpm. Refer to the following procedure to adjust the idle speed.
1. Run the engine until it reaches normal operating temperature.
2. Place the transmission in neutral.
3. Loosen the jam nut on the idle speed screw (Figure 35
or Figure 36).
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IDLE SPEED AD~USTMENT
(2GM, 2GM20. 3GM , 3GM30,

REMOTE CONTROL

3HM AND 3HM35 MODELS)

(lGM AND lGM10 MODELS)

AD~USTMENT

/-::::>:k---=1'I-- Jamnut
Id~

speed

screw

REMOTE CONROL
AD~USTMENT

(2GM, 2GM20, 3G M, 3GM30,
3HM AND 3HM3S MODELS)

4. Adjust the idle speed screw until the engine idles at
825-875 rpm. then retighten the locknut.
5. On eng ines equipped with remote control, measure the
gap between the cable end fitting (A, Figure 37 or "'igure
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.
T I-tANSM ISSIO]\:

Transmission O il
Transmission moaet... K.U1A, KJU2C. KJ flp, Kllf1 A
and K i\-fJP

T he recommended transmissio n o il is an engine o il that
mee ts API classification cc. The recommended viscosi ty
is $AE IOW-30. Change the transmission o il after every
250 hours of operation.

Transm ission model" KB JJ'I OD and KB W/ O£
The recommended transmission oil is automatic transmission oil (ATF). The oil must be classified a Dexron oil.
Change the transmission oil after every 250 hours ofoperation .
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screw it in. Pull out the dipstick and read the oil level on
the dipstick.

Transmission Oil Level Check
Check the transmission oil level on a weekly basis.
I. With the boat at rest in the water and the engine off, unscrew the dipstick (Figure 39, typical). Wipe it with a
clean rag or paper towel. Reinsert the dipstick, but do not

2. Add oil, if necessary, through the dipstick hole so the
oil level reaches the full mark on the dipstick. Use the oil
recommended in the preceding section.

Table 1 MAINTENANCE SCHEDULE
Daily
Weekly

Every 50 hours
Every 100 hours
Every 250 hours

Every 300 hours
Every 500 hours
Every 1500 hours
Every 2000 hours
Annually
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Check fuel level
Check engine oil level
Check battery
Check air filter
Check transmission oil level
Check drive belt tension
Check electrical wiring
Clean fuel filter
Change engine oil
Drain fuel tank
Replace air filter element
Replace fuel filter element
Change transmission oil
Replace engine oil filter
Adjust engine valves
Inspect thermostat
Inspect seawater pump
Replace thermostat
Replace freshwater (closed system) antifreeze

Table 2 ENGINE OIL VISCOSITY
Ambient Temperature

Oil viscosity

Below 50° F (10° C)
50° - 68° F W - 20° C)
68° - 95° F (20° - 35° C)
Above 95° F (35° C)

1OW, 20W or 20/20W
20 or 20/20W
30 or 40
50

Table 3 ENGINE OIL CRANKCASE CAPACITY
Model

Oil capacity

1GM,1GM10
2GM,2GM20
3GM,3GM30
3HM,3HM35

1.4 qt.
2.1 qt.
2.8 qt.
5.7 qt.

(1.3
(2.0
(2.6
(5.4

L)
L)
L)
L)
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Table 4 FRESHWATER (CLOSED) COOLING SYSTEM CAPACITY

Model

Capacity

2GM20F
3GM30F
3HM35F

2.9 L (0.77 gal.)
3.4 L (0.9 gal.)
4.9 L (1.3 gal.)

Table 5 TUNE-UP SPECIFICATIONS
Model
1GM
1GM10
2GM
2GMF
2GM20
2GM20F
3GM
3GMF
3GMD
3GM30
3GM30F
3HM
3HMF
3HM35
3HM3SF

Idle rpm
(no-load)
850
850
850
850
850
850
850
850
850
850
850
850
850
850
850

Full throttle rpm
(no-load)
3750
3825
3750
3750
3825
3825
3750
3750
3750
3825
3825
3600
3600
3625
3625

Fuel injection
timing

Valve clearance

25° BTDC
15° BTDC
25° BTDC
25° BTDC
15° BTDC
15° BTDC
28° BTDC
28° BTDC
28° BTDC
18° BTDC
18° BTDC
28° BTDC
28° BTDC
21° BTDC
21° BTDC

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Table 6 Compression Specifications
Pressure
(all models)

Maximum difference
between cylinders

390-470 psi
(2700-3800 kPa)

43 psi
(300 kPa)

m
m
m
m
m
m
m
m
m
m
m
m
m
m
m

(0.008
(0.008
(0.008
(0.008
(0.008
(0.008
(0.008
(0.008
(0.008
(0.008
(0.008
(0.008
(0.008
(0.008
(0.008

in.)
in.)
in.)
in.)
ln.)
ln.)
in.)
in.)
in.)
in.)
in.)
ln.)
in.)
in.)
in.)

Chapter Four

Lay-up and Fitting Out

LAY-UP

Boats that are stored for more than a month require
careful preparation for the lay-up. This is necessary to
prevent the engine from freezing. A thorough service will
also minimize damage from corrosion or fuel system contamination. Begin the service, if possible, while the boat
is still in the water.
Ifthe boat has been removed from the water, a supply of
cooling water must be made available to the engine. This
can be accomplished using a water hose attached to the
water pump inlet. Always start the water flow before
starting the engine.
CAUTION
Some of the following steps require water
for the cooling system. The boat must be in
the water, or a source ofwater must be connected to the seawater cooling pump.
NOTE
Except where specified, F and D series engines are included when a basic model num-

her is specified. For example, ifmodel3GM
is called out in a procedure, the procedure
also applies to 3GMD and 3GMF.

1. Run the engine until it reaches normal operating temperature.
2. Change the engine oil and filter as described in Chapter
Three.
3. Use a suitable engine fogging oil as instructed by the
oil manufacturer.
4. Thoroughly inspect the engine, including the cooling
and fuel systems. Perform service work that will protect
against damage during extended storage, such as replacing hoses and gaskets. Make a list ofproblems that should
be corrected before the boat is returned to service.
5. Ifthe engine is equipped with freshwater cooling, flush
and change the freshwater coolant as described in Chapter
Three.
6. Drain the seawater cooling system as described in this
chapter. Be sure to drain or blowout all portions of the
system.
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NOTE

In some instances. such as to prevent rust
formation. it may be desirable to j ill the seawater coo ling system with an antifreeze solution. Ref er to the fo llowing section in this

chapter.
7. If the seawater cooling system was dra ined, remove
the seawater pump impe ller as described in Chapter Eight .
Lubricate the impeller with dish washing soap. then install
the im pell er in the pump housing. Assemble the pwnp. but

do not lighten the co ver retaining screws.
NOTE
Make a highly visible sign as a reminder
that the sea water pump is inope rable. Attach 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 alterna tor drive
belts .

10. Seal o r cover all engine openings to prevent the entrance of water, d in or debris. Make a list of all the sealed
locat ions to be sure they are all uncovered when returning
the engine to service.
II . Wipe any din or corrosion off the engine and transm ission, the n use a rag to apply oil or a rust inhi bitor to all
engi ne surfaces.
12. Fill the fue l tan k so less conde nsation will fonn. Add
a good-quality antibacteria l add itive (biocide) and fuei
sta bilizer to the fuel tank .
i3 . Remove the battery from the boat . Tape the vent ho les
clo sed and clean the battery case with a baking soda so lution to rem ove any traces of corrosion and acid, then rinse
wit h co ld water. Chec k th e e lectrolyte level in each cell
and top o lTw ith dist illed water as required. Cover the ter m inals with a light coat of petr oleum jelly. Sto re the bat tery in a cool, dry place.
NOTE

Remove the battery from storage every
30-45 days. Check electrolyte level and
slo w-charge f or five or six hours at 6 am~
peres.
COO U :'Ii G SYSTEM DRAIl'lI:'liG
Th e engi ne sea water cooling sys tem must be prope rly
dra ined for stora ge during the winter months in areas
where temperatures fall below 32° F (0 ° C). If it is not, the
en gine block or coo ling sys tem may be cracked by the expansion of froz en water.

The follow ing procedures are designed to help prevent
unn ecessary engine damage du ring w inter storage .
To ens ure that the coo ling system is com plete ly
dra ined, it may be necessary to readj ust the pos ition of the
eng ine to drai n all water.

It is possible that some wat er will remain in the sys tem.
Filling it with an antifreeze so lution w ill protect the seawater cooling sys tem.

Seaw at er C ooling Sys te m
I. Place a suitable conta iner und er each drain, if space
pennits. Th is will preven t water from dra inin g into the
bilge .

if no

NOTE

water flows from a drain, check the
drain to make sure it is not obstructed or
pl ugged.
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5. Loosen the cover screws on the seawater pump (Fig u re 3, typica l) and drain any water in the pump. lf thc gasket 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.

4
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.
C.AUTION
Do not nm the engine after performing the
storage service procedure tnat fotlows. Before returning the hoat to service, drain the
seawater cooling system as described in this
chapter.

Heat --'l--T~'
exchanger

I. Refer to Chapter Eight to remove the thermosta t and
gasket. Discard the gasket .
2. Make sure the scacock 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 engine until the cylinder head, block and manifold arc full,
4. Reinstall the thermostat with a new gasket.
Freshwater (Closed) Co oling Syste m

2. On 3GM , 3GM30, 3HM and 3HM35 engines, open the
drain on the underside of the exhaust manifold (Fi !!:u re 1,
typical).

3. Open the drain on the cylinder block (F igure 2, typical).
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.
,VOTE
On IGM and IGMIO engines. access is restricted to the upper water pump cover
sere",·: If a suitable tool is not available, it
may be necessary to remove the crankshaft
pulley jor access to afl of the water pl/mp
cover screws .

The freshwater section ofa cooling system need not be
drained during winter months, provided it is filled with a
50/50 solution of pure soft water and ethy lene glycol antifreeze. However, if draining the freshwater cooling sys·
tern is necessary, usc the following procedure.
Note that the follow ing procedures address the freshwater and seawater sections of the cooling system separately.
If the freshwate r portion is not being drained, follow the
draining procedure for the seawater section.
Fre shwater (cloud) cooling section

I. 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 WI environmental toxic
waste that cannot he legally flushed down a
drai n or poured on the ground. Put it in suit-

66

CHAPTER FOUR
able containers and dispose ofit according
to local regulations. Make sure to wipe up
any spills and cover any containers ofantifreeze. Keep antifreeze out of the reach of
children and animals.

3. Open the drain on the underside of the exhaust manifold (Figure 1).
4. Open the drain on the engine block (Figure 2, typical).
5. Allow the freshwater section to drain completely.
6. On models equipped with a remote reservoir, disconnect the hose to the engine and drain the coolant from the
reservoir. Reconnect the hose.
7. Close the drain plugs.
8. If refilling the freshwater section, refer to Chapter
Three for the filling procedure.

Seawater cooling section
Refer to the following procedure to drain the seawater
section.
1. Place a suitable container under the drain, if space permits. This will prevent water from draining into the bilge.

NOTE
the drain, check the
drain to make sure it is not obstructed or
plugged.

If no water flows from

2. Open the drain on the underside of the exhaust manifold end cap (Figure 2).
3. Allow the water to drain completely, then close the
drain.
4. Loosen the cover screws on the seawater pump (Figure 3) and drain any water in the pump. If the gasket is
damaged, remove the cover and install a new gasket and
the cover.
5. Remove the lower end of the cooling system hoses
from the pump and exhaust manifold. Lower the hoses
and allow them to completely drain. Then reconnect the
hoses and clamp securely.

NOTE
It is possible that undrained water may remain. Protect the seawater cooling section
by filling it with an antifreeze solution.
FITTING OUT
Preparing the boat for use after storage is easier if the
engine was properly prepared before storage. Refer to the
list of needed work that was to be performed before returning the engine to service. If there is other work to be

done, determine if the work is easier, and possibly more
economical, if performed before returning the engine to
service.
1. Remove all covers placed over engine openings during
lay-up.
2. If the seawater cooling system is filled with an antifreeze solution, drain the antifreeze from the system using
the draining procedure described for the seawater cooling
system or the procedure for the seawater section if
equipped with a freshwater (closed) cooling system.
3. If left loose during lay-up, tighten the seawater pump
cover screws (Figure 3).
4. Adjust belt tension for the water pump and alternator
drive belts as described in Chapter Three.
5. Replace all fuel filters.
6. If equipped with a fuel tank drain valve, open the drain
valve and remove any water that may have accumulated in
the tank.

WARNING
Be sure to have a Coast Guard-approved
fire extinguisher on hand whenever working
aroundfuel.
NOTE

Ifthefuel in thefuel tank is dirty, old or contaminated with water, drain or pump out the
fuel. Clean the tank and refill with fresh,
clean fuel. Although fuel filters will remove
most contaminants, excessively dirty fuel
may clog the filters or enter the engine,
causing damage.
7. Bleed the fuel system as described in Chapter Seven.
8. Check the battery electrolyte level and fill ifnecessary.
Make certain the battery has a full charge; recharge if necessary. Clean the battery terminals and install the battery,
making sure the cables are connected properly. Cover the
battery terminals with a light coat of petroleum jelly.
9. Check the crankcase oil level. Add oil, if necessary. If
the oil was not changed at time of lay-up or if the engine
has been in storage for an extended period oftime, change
the oil and oil filter.
10. Move the engine control to the STOP position. Position the decompression lever in the ON position. Engage
the starter and crank the engine for 30 seconds. This procedure will pump engine oil to the engine bearings and
other engine parts.
11. On engines equipped with a freshwater cooling system, check the coolant. If the coolant is contaminated or
has reached its scheduled replacement time, drain, flush
and refill the freshwater cooling system.

LAY-UP AND FITTING OUT

12. Thoroughly inspect the engine. Check for leakage,
rust or corrosion that will affect engine operation. Check
all hoses for deterioration and clamps for tightness.
13. Check all through-hull fittings.
14. Make sure water is available to the cooling system.
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15. Operate all engine controls to be sure they operate
properly and smoothly.
16. Start and run engine. Check for oil and water leaks.
Check engine operation.
17. Tune-up engine as described in Chapter Three.

Chapter Five

Single-Cylinder Engines

This chapter covers the Yanmar IGM and IGMIO single-cylinder, diesel engines.
The engine consists of a cast-iron cylinder block, containing a full-length water jacket around the cylinder.
The crankshaft rotates counterclockwise as viewed
from the flywheel. Two main bearings support the crankshaft, with the front bearing providing the thrust surfaces.
The crankshaft gear drives the rotor-type oil pump located
in the lower front of the engine block.
The camshaft is gear driven and located in the engine
block above the crankshaft. One end of the camshaft is
supported by a ball bearing (front), and the other rides directly in the block (rear). In addition to operating the
valves, the camshaft operates the fuel transfer pump and
has an actuating lobe for the injection pump attached at
the front.
Valve actuation is via mechanical lifters and pushrods
acting on the rocker arms mounted in the cylinder head.
Engine specifications (Table 1) and tightening torques
(Table 2) are located at the end of this chapter.
DIESEL ENGINE FUNDAMENTALS

Diesel engines are compression ignition engines, as opposed to gasoline engines, which are identified as spark
ignition engines. The intake, compression, ignition, ex-

pansion and exhaust cycle occur in the same sequence for
compression ignition engines as for spark ignition engines. The major differences are how the fuel is introduced into the combustion chamber and how the ignition
is accomplished.
The principle of operation for compression ignition engines is to compress air in the cylinder without fuel; as the
pressure increases, so does the temperature. The temperature of the compressed air is sufficient to ignite the diesel
fuel injected into the cylinder, To achieve the required
high-compression pressure/temperature, diesel engines
have compression ratios between 16:1 and 22: 1. These
high compression ratios raise the cylinder air temperature
to approximately 1000 0 F. Diesel fuel will ignite at approximately 750 0 F. Therefore, diesel fuel injected into
the cylinder will immediately begin to bum.
A high-pressure fuel delivery system is necessary to inject fuel into the cylinder. The injector pressure must be
higher than air pressure in the cylinder, and the fuel must
be forced through the small openings in the fuel injector to
properly atomize the fuel. Refer to Chapter Seven for fuel
and governor system operation.
Refer to Figure 1. During the intake stroke, air is drawn
into the cylinder.
During the compression stroke, the air is compressed to
raise its temperature. The seal between the piston and the
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B

As the piston travels downward, the exhaust
valve closes and the intake valve opens,
allowing air to be drawn into the cylinder. When
the piston reaches the bottom of its travel
(SOC), the intake valve closes and remains
closed for the next 1 1/2 revolutions of the
crankshaft.

When the crankshaft continues to rotate, the
piston moves upward, compressing the air.

~i~~~~Exhaustvalve
Injector

c
As the piston almost reaches the top of its
travel, the injector sprays fuel into the
combustion chamber. The fuel Is ignited by the
heat of compression. The piston continues to
top dead center (TOC) and is pushed downward
by the expanding gases.

o
When the piston almost reaches SOC, the
exhaust valve opens and remains open until the
piston Is near TOC. The upward travel of the
piston forces the exhaust gases out of the
cylinder. After the piston has reached TOC, the
exhaust valve closes and the cycle repeats.
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Fuel injector

:;--1~~!!~~

chamber
Open

cylinder must not permit compression leakage, which
could lower the temperature of the compressed air. Also,
the cylinder must not contain fuel that could ignite prematurely during compression.
Near the end of the compression stroke, fuel is injected
into the cylinder and ignited by compressed air. Fuel injection continues during several degrees of crankshaft rotation, depending upon desired speed and load. Expansion
of the air caused by the burning fuel pushes the piston
down on the expansion (power) stroke.
The exhaust valve opens just before the piston reaches
the bottom of travel. The exhaust valve remains open as
the piston moves upward pushing burned (exhausted) gasses from the cylinder.
Different combustion chamber designs may be used on
diesel engines to accomodate specific engine operating
criteria. An open combustion chamber (direct injection)
design is illustrated in Figure 2. The fuel and air are confined to one area. Usually the piston crown is concave to
form the combustion chamber and provide turbulence required for mixing the fuel with the compressed air. The
shape ofthe combustion chamber and the shape ofthe injection spray pattern are matched so that fuel will be distributed evenly throughout the chamber.
The Yanmar engines covered in this manual are
equipped with a precombustion chamber for each cylinder
(Figure 2). The precombustion chamber increases combustion efficiency, which produces greater power with reduced emmissions. Combustion first occurs in the
precombustion chamber when hot, compressed air enters
the precombustion chamber just as fuel is injected. Combustion continues as the fuel and air are mixed and forced
from the precombustion chamber into the engine cylinder.
Additional mixing and ignition are completed in the cylinder.

Fuel injector

Precombustion
chamber

ENGINE SERIAL NUMBER AND CODE

The engine serial number and model designation are located on a plate attached to the rocker cover (Figure 3).
The engine serial number is also stamped on the side of
the cylinder block (Figure 4).
Have the engine model number and serial number available when ordering parts. Record the engine model and
serial numbers and store them for future reference in case
the identification plate on the engine is defaced or lost.

REPLACEMENT PARTS

When installing new parts on the engine, make sure the
part is designed for use on a marine engine. Automotive
and marine engine parts may look similar; however, automotive parts may not be capable of operating in a harsh
marine environment.
Use only Yanmar parts or parts approved for use on marine engines.

ENGINE REMOVAL PRECAUTIONS

Some service procedures can be performed with the engine in the boat; others require removal. The boat design
and service procedure to be performed determines
whether the engine must be removed.
WARNING
The engine is heavy, awkward to handle and
has sharp edges. It may shift or drop suddenly during removal. Toprevent serious injury, always observe the following
precautions.
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4. C lose the fue l shuto ff valve and disconnect the fuel
line and the fuel return line.
5. Disconnect the remote contro l cab les.
6. Disconnect the elec trica l wiring harne ss connectors.
7. Disconnect the electrical wires from the electric starter
motor and so leno id that will interfere with engine removal.
8. Detach the ex haust system.

9.

Detach the dri veshaft from the transm ission o utput
flange.
10. Remove the engine retaining bo lts.
II . Remove the engi ne and trans miss ion.
12. Rem ove the tran smission from the engine as described in Chapter Ten.
13. Eng ine installation is the revers e ofrem oval, plus the
follow ing:
a . Tighten the engine mounting bolts sec urely.
b. Sec urely tighten the output flange-to-driveshaft
bolts.
e. Bleed the fuel sys tem at the fue l filter as described
under Fuel Filter in Chapter Th ree.

VALVE COVE R

1. Never place any part o f your body where a movin g or
fallin g engine may trap. CUI or crush you.
2. If y ou mu st push the engine during removal, use a
boa rd or similar tool to keep your hands out of danger.
3. Make sure the hoist is designed to lin engines and has
eno ugh load capacity for your engine.
4. Make sure the hoist is sec urely attached to safe lifting

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

Refer 10 FI ~ uTe 5.
To remove the valve cover, proceed as follows:
I. Make sure the decompression lever is in the O FF position .
2. Unsc rew the retaining nut (F igu re 6).
3. Remove the valve cover.
4. Rem ove the gasket.
5. C lean the gaske t surfaces on the va lve cover and cylinder head .
6. Reverse the removal steps to insta ll the valve cover. Be
sure 10 installthe breat her pipe (19, Figure 5).

BR EATH ER ASS E ~I BLY
Remcval/t nstetla rton

While specific procedures cannot address all engine installations. refer to the following general instructions
when remo ving the engine.
1. Disco nnect the negat ive bat tery cable.
2. C lose the seacock and drain the coo ling system as described in Chapter Four.
3. Disconnect the intake water hose from the seawater
cooling pump .

A reed-type breather is located in the valve cover. Refer
to Chapter Three for a description o f breather operation .
To service the reed portion of the brea ther, remove the
breath er cover (F igure 7). Th e reed (F igu re 8) should lie
flat. Replace the reed if it is split, cracked or otherwise
da maged .
Check the oil return hole (F igure 9) inside the breather
chambe r in the va lve cover. If the hole is obstructed. remo ve the valve co ver and clean out the hole .
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VALVE COVER ASSEMBLY

10-9

11---,,

~

12
17

13

1.
2.
3.
4.

Bolt
Washer
Breather cover
Gasket

S. Screw
6. Washer
7. Valve stop

8. Breather valve ree d
9. Pin
10.
11.
, 2.
13.
14.
15.

Nut

Washer
Valve cover
Gasket

O-ring
Decompression shaft

16. Spring
17. Pin
18. Decompression lever
19. Pipe

"
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CYLINDER HEAD

2~

5"e
6

7

'

~5 7
8
3

,

5

,j!1;&;::=11110

6~

1. Nut
2. Washer

3. Rocker shaft stand
4.
5.
6.
7.
8.

12
@>-- 13
rL-14

Pin
Nut
Bu shing
Ro ck er arm
Adjuster

9. Wear cap
10.
11.
12.
13.
14.
15.
16.
17.
18.

~ ~-- 1 5

18

19/1

Keys
Val ve sp ring retainer
Valve spring
Valv e seal
Val ve guide
Cy linder head
Exhaust valve
Intake va lve
Thermostat housing

19. Boll

21

~

II

20. Washer
21. Gasket

- - 17

16 ~

DECOMPRESSION MECHAl'iISM
The decompress ion mechanism on the valve cover
forces the exhaust valve open to reduce compression pres-

sure in the cylinder. Reducing compression pressure enables the starter to rotate the crankshaft faster during
starting.
If the mechanism must be repai red, proceed as follows:
1. Remo ve the valve cover as previously described.

a. The stra ight end of the spring mus t sit beh ind 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 tap ered holes in the shaft and lever
will not align. The cutout portion of the shaft must
be down whe n the lever points toward the pulle y
end of the engine.

NOTE

The lever retaining pin (17. Figure 5) is tapered. Drive the pin out toward top oflever:
2. Using a suitable punch, drive out the retain ing pin.
3. Rem ove the shaft assembly from the valve cover.
4 . Inspec t the mechani sm and replace any damaged parts.
5. Reverse the rem ova l procedure to reassemble the decom pression mechanism. Note the following:

C YLI NDER HEAD
R emova l
In some instances, it may be possible to remove the cylinder head for service with out removing the engine. If engine removal is necessary, refer to the previous eng ine
removal procedure. Refer to Figu re to for an exp loded
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. lf 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 II ) from the exhaust elbow and thermostat bousmg.

6. Remove the exhaust elbow.
7. Disconnect the lower water hose (8. Figure II ) from
the thermostat hou sing.
S. Disconnect the wire lead from the water temperature
sender (Figure 12).
9. Remove the air cleaner and the air cleaner base (Figure 13).
10. Remo ve the fuel injector and prec ombustion chamber
as described in Chapter Seve n.
11. Remove the valve cover as previously described.
12. Remove the rocker ann stand retaining nut (A, Fil:.
UTf.' 14), then remove the rocker assem bly (B).
13. Remove the push rods ( FiJ:.u n~ 15) and mark them so
they can be reinstalled in their orig inal positions.
14. Detach the oil line fitting (FiI:UTe16) from the cylinder head.
15. Unscrew the cylinde r head retaining nuts (Figure 17)
in a crossing pattern.
16. Remove the cylinde r head and head gasket.
Inspection

1. If service to the valves or rocker ann assembly is required, refer to the Valves and Rocker Shaft Assembly seclions.
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5

Feeler
gau ge

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

Ifdeposits are found in the intake or exhaus t
port, remove the valves and clean the ports.

2. Check the cylinder head for sign s of oi l or water leak-

age before cleaning. Look for corrosion or foreign material in the oil and water pa ssages.
3. Without removing the va lves, remove all depo sits from
the com bustion cham ber. Use a fine wire brush dipped in
solvent or mak e a scrape r from hardwood. Be carefu l not
to scrat ch or gouge the com bu stion cha mbe r.

4. After all carbon is removed from the combustion
cham ber and port s, clean the enti re head in solvent. Look
for cracks or other visible signs of damage. Clean the pas-

5. Clean all carbon off the piston top.
6. Cheek the cylinder head studs for damage and replace
them if necessary. Ifa stud is loose, tighten it using the follow ing 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 aga inst the first
nut.
c . Tighten the stud in the cylinder block by turning the
top nut until reaching a torque of 60 Nom (44
ft.-lb .).
d. Ho ld the bottom nut, loosen the top nut, and remov e
both nuts.
7. Check the threaded rocker arm support stud for damaged threads. Replace it if necessary.
8. Check for warpage of the cylinder head- to-block gasket surface with a straightedge and feeler gauge (F igu re
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 .
In st allation
1. Make sure the cylinder head and block gasket surfac es
are clean.
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2. Recheck all o il and water passages for cleanliness.
3. Apply Three Bond 50 gasket scaler to both sides of a
new cylinder head gasket. ~
4. Place the new head gasket over the cyl inder head studs
on the block. Make sure the TOP mark (Figu re 20) on the
gasket is up.
5. Carefully lower the head onto the cylinder b lock .
6. Apply engine oil to the threads on the cylinder head
studs .
7. Install and tighten the cylinder head retaining nuts finger-tight.
8. Tighten the nuts following the sequence sho wn in Figu re 21 to a torque of75 Nom (55 ft.-lb.) . Tighten the nuts
in three equal steps until reach ing the final torg ue setting.
9 . Attach the oil line fitting (F igu re 16) to the cy linder
head.
10. Install the push rods (F igu re 15) in their original positions .
11. Install the rocker assembly (13, f igure 14) and the
rocker arm stand retaining nut (A). Tighten the nut to 37
Nom (27 ft.-lb.).
12. Install the fuel injector and precombustion chamber
as described in Chapter Seven.
13. Install the air cleaner base (F fgur e 13) and the air
cleaner.
14. Connect the wire lead to the water temperature sen der
(Ffgur e 12).
15. Connect the lower water hose (B, Figure 11) to the
thermostat housing.
16. Install the exhaust elbow.
17. Install the alternator.
IS. If the engine is ins talled in the boat, proceed as follows:
a. Attach the water hose (A, Figur e II ) to the exhaust
elbow and thermostat housing, the n tighten the ho se
clamps.
b. Attach the exhaust hose to the exha ust elbow.
e. Con nect the negative battery cable to the negative
battery term inal.
19. Adjust the valve clea rance as de scribed in Chapte r
Three.
20. Reinstall the valve cover.

CYLINDER HEAD
TIGHTENING SEQUENCE

3. Inspect the roc ker arm. The pad on the rocker arm that
contacts the valve stem mus t be smoot h. Replace the
rocker artu if the pad is damaged or exces sively worn .
Check the adjusting screw push rod seat for galling . Replace the adjusting screw if it is damaged or excess ively
worn .
4. Inspect and measure the inside dia meter of the rocker
arm bushi ng and the outside diameter of the rocker arm
shaft. Replace the rocker arm or roc ker arm shaft stand if
the measurements exceed the specifica tions in Table 1.

ROCKER SHAFT ASSEMBLY
Each valve is actuated by a rocker arm that rid es on a
shaft (F igu r e 22). Each rocker arm is equipped with a
bushing in the rocker ann bore. Ribs in the valve cover retain the rocker arms on the rocker shafts.
1. Remove the valve cover as previously described.
2. Remove the rocker arm stand retain ing nut (A, F igure
14), then remove the rocker assembly (B).

NOTE
The rocker arm and bushing are available
only as a uni t ass embly.

5. Reasse mble and reinstall the roc ker arm assembly by
revers ing the removal procedure . Adjust valv e clea rance
as descr ibed in Chapter Three.
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1.
2.
3.
4.
5.
6.
7.

Wear cap
Keys
Valve spring retainer
Valve spring
Valve seal
Valve guide
Valve

!-7
VALVES AND VALVE SEATS
Servicing the valves, guides and valve seats must be
done by a dealer or machine shop, as special knowledge
and expensive machine tools are required.
A general practice among those who do their own service is to remove the cylinder head, perform all disassembly except valve removal and take the head to a dealer or
machine shop for inspection and service. Since the cost is
low relative to the required effort and equipment, this is
usually the best approach, even for experienced mechanics. The following procedures are provided to acquaint the
home mechanic with the procedure.
Valve Removal
Refer to Figure 22.
1. Remove the cylinder head as described in this chapter.
2. Remove the rocker shaft assembly as described in this
chapter.
3. Remove the wear cap (1, Figure 22) on the valve stem.
4. Compress the valve spring with a compressor like the
one shown in Figure 23.
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5. Remove the valve keys (2, Figure 22) and release the
spring tension.
6. Remove the valve spring retainer and valve spring.

CAUTION
Remove any burrs from the valve stem lock
grooves (Figure 24) before removing the
valve to prevent damage to the valve guide.
7. Remove the valve.
8. Remove and discard the valve stem seal (5, Figure
22).
9. Repeat Steps 3-8 for the remaining valve.
Inspection

1. Clean the valves with a fine wire brush or buffing
wheel. Discard any cracked, warped or burned valves.
2. Measure the valve stems at the top, center and bottom
for wear. A machine shop can do this when the valves are
ground.

NOTE
Check the thickness of the valve edge or
margin after the valves have been ground.
See Figure 25. Any valve with a margin less
than 0.75 mm (0.030 in.) should be discarded.
3. Remove all carbon and varnish from the valve guides
with a stiff spiral wire brush.

NOTE
The next step assumes that all valve stems
have been measured and are within specifications. Replace valves with worn stems before performing this step.

4. Insert each valve into the guide from which it was removed. Holding the valve just slightly off its seat, rock it
back and forth in a direction parallel with the rocker arms.
This is the direction in which the greatest wear normally
occurs. If the valve stem rocks more than slightly, the
valve guide is probably worn.
5. If there is any doubt about valve guide condition after
performing Step 4, measure the valve guide. Compare the
results with specifications in Table 1. Worn guides must
be replaced.
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Top

8. Check each spring on a flat surface with a steel square.
See Figure 27. Slowly revolve the spring 360 and note
the space between the top of the coil and the square. If it
exceeds 1.4 mm (0.055 in.) at any point, replace the
spnng.
9. Check the valve guides (Figure 28) for wear and
looseness. Refer to Table 1 for valve guide specifications.
A loose valve guide must be replaced.
0

Wear cap
/

Spring
retainer

Valve key

•..--......-__ Valve
spring

Valve Guide Replacement
The cylinder head is equipped with replaceable valve
guides (6, Figure 22). The intake and exhaust valve
guides are identical. Take the cylinder head to a dealership
or machine shop if valve guide replacement is required.
When installing the valve guides, the grooved end must
be toward the top of the cylinder head. The groove must
be flush with the head surface as shown in Figure 29.

Valve
guide

PUSH RODS
1. Remove the rocker arms as previously described.
2. Remove the push rods and mark them so they can be
reinstalled in their original positions.
3. Inspect push rod ends for damage. Maximum allowable runout is 0.03 mm (0.0012 in.).
4. Reinstall the push rods by reversing removal procedure. Adjust valve clearance as described in Chapter
Three.
PISTON/CONNECTING ROD ASSEMBLY
6. Test the valve springs under load on a spring tester
(Figure 26). Replace any spring that does not meet the
specification in Table 1.
7. Inspect the valve seats. If worn or burned, they must be
reconditioned. This is a job for a dealer or machine shop,
although the procedure is described in this chapter.

Piston/Connecting Rod Removal
1. Remove the engine as described in this chapter.
2. Place a suitable container under the oil pan and remove
the drain plug. Let the crankcase oil drain, then reinstall
the drain plug.
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3. Remove the cylinder head as described in this chapter.
NOTE
Note the location ofthe long screw when removing the oil pan retaining screws.

4. Remove the oil pan.
5. Rotate the crankshaft until the piston is at bottom dead
center. Pack the cylinder bore with clean shop rags. Remove the carbon ridge at the top ofthe cylinder bore with
a ridge reamer. These can be rented for use. Vacuum out
the shavings, then remove the shop rags.
6. Rotate the crankshaft until the connecting rod is centered in the bore. Measure the connecting rod side clearance with a flat feeler gauge (Figure 30). If the clearance
exceeds specifications (Table 1), replace the connecting
rod during reassembly.
7. Remove the connecting rod bolts. Lift off the cap,
along with the lower bearing insert.
8. Use a wooden hammer handle to push the piston and
connecting rod from the bore.
9. Remove the piston rings with a ring remover (Figure
31).

Piston Pin Removal/Installation
The steel piston pin rides directly in the piston and the
connecting rod bushing. Circlips at each end retain the
piston pin in the piston.
1. Before removing the piston, place the crankshaft end
of the connecting rod in a vise with soft jaws. Rock the
piston as shown in Figure 32. Any rocking motion (do not
confuse with the normal sliding motion) indicates wear on
the piston pin, piston pin bore or connecting rod small end
bore (or a combination of these).
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Piston

Connecting
rod

Bearings

Rod cap

with a hair dryer. Separate the piston from the connecting
rod.

Piston/Cylinder Bore Check
Bolts

Unless precision measuring equipment is available,
have this procedure done by a machine shop.
2. Remove the clip from each side of the piston pin bore
(Figure 33) with a small screwdriver or scribe. Hold a
thumb over one edge of the clip when removing it to prevent the clip from springing out.
3. Use a wooden dowel or suitable tool and push out the
piston pin. If the pin is difficult to remove, heat the piston

1. Measure the piston diameter with a micrometer (Figure 34) at a right angle to the piston pin bore 9 mm (0.35
in.) from the bottom of the piston skirt.
2. Measure the cylinder bore diameter at several points
with a bore gauge (Figure 35). Figure 36 shows the
points of normal cylinder wear. If dimension A exceeds
dimension B by more than 0.02 mm (0.0008 in.), rebore
the cylinder and install a new piston/ring assembly.
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3. If the cylinder bore is damaged or excessively worn,
rebore the cylinder bore and install a new piston. If the
piston is worn, but the cylinder bore is acceptable, install a
new piston.
NOTE

Provide the machine shop with the new piston so the cylinder can be bored to the correct dimension.

Piston Ring Fit/Installation
1. Check the ring gap of each piston ring. To do this, position the ring at the bottom of the ring travel area and
square it by tapping gently with an inverted piston. See
Figure 37.
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3. Check the side clearance of the rings as shown in Fig.
40 . Place the feeler gau ge alongside the ring all the
way into the groove. If the measurement is nOI withi n
UfY

specifications (Ta ble I ), either the rings or the ring
grooves are worn. Inspect and rep lace them as required .
4 . Use a ring expander too l (Fta ur e 41) to carefully insta ll the o il control ring, then the compress ion rings. The
oil ring consists oftwo pieces, the oute r ring and the inner
expansion spring. Assemb le the oil ring on the p iston so
the expa nsion spring gap is on the opposi te side of the piston from the ring end gap. See Fig ul"e 42 . The second
compression ring is tapered whi le the top compression
ring has a barrel face . The top of each compression ring is
marked and mu st face toward the piston crown.

Co nnecti ng Rod Inspection
NOTE
If the cylinder has not been rebared, check
the gap at the bottom of the ring travel,

where the cy linder is the least worn.
2. Mea sure the ring gap with a feeler gauge as shown in
Figu re 38 . Compare the measurement with speci fications
in Table I . 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 (Figu re 39 ).

Have the connecting rod checked for stra ightn ess by a
dealer or machin e shop.
Th e piston pin end of the connecting rod is equi pped
with a bushing. Refe r to Ta b le I for bushing spec ifications. If bushing replace ment is requi red, a press is necessary to re move the old bushing and install a new bushing.
The o il holes in the bushing and connect ing rod must
al ign. Ream the bushing to obta in the desi red clearance in
Ta b le I .
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Bc arin~

Clea ra nce Measurement

I. Place the connecting rod and uppe r bearing half o n the
connecting rod journal.

2. Cut a piece ofPlastigagc the width of the bearing ( "' i~
ure 43). Place the Plastigagc on the journal. then install
the rod cap and bearing. Be sure to install me cap so the

Piston/Connecting Rod Installation

marks on the ca p and rod arc on the same side (Figu re.U ).

1. Rotate the crank shaft so the crankpin is at bottom dead
ce nter.

,VOTE
Do not place Pla_~/iKage owr the joumaloil
hole.

2. Make sure the ring gaps are positioned as she .....n in
Ffgurc 46 .

3. Tighten the connecting rod cap to the specification in

3. Imm erse the entire piston in clean engine o il. Coal the
cylind er wall with oi l.

Table 2. Do not rotate the cranks haft while the Plastigagc
is in place.
4. Remo ve the connect ing rod cap. To de term ine bea ring

4 . Install a piston ring com pres sor around the piston

clearance. compare the width of the llattcncd Plasugagc

CAUTION
Use extreme C1II1' in Step 5 to prevent the
connecting rodfrom nicking the crankshaft
journal.

to the markings on the envelope (F i~ u n' 45). If the cle aranc e is excessive, have the crankshaft reground and install
undersize bearings.

nn gs.
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wit h 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 lubr icate 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 playas described under Piston/Connecting Rod Removal in this chapter.
11. Reassemble the engine by reversing the disassembly
procedures.
TIMING GEARCASE

Camshaft

gear

Cran ks haft

gear

Fue l

injection
drive cam
Governor
flyweight

~i¥m'lf~ 0 11 pump
gear

The timing gearcase covers the camshaft and crankshaft
gears and the oil pump (Figure 48). The timi ng gcarcasc
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 crankshaft.
To remove and reinstall the timing gearcase, proceed a<;
follows :
1. Disconnect the negative battery cable.
2. Remove the alternator as described in Chapter Eight.
3. Remove the oil filter.
4. Detach the con trol cables from the speed control lever
and the stop lever (Figure 49).
5. Remove the fuel injection pump as described in Chapter Seven.
NOTE

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

5. Position the piston so the numbered side of the rod
(Figure 44) faces towa rd the camshaft side of the engine.
Insert the piston/connecting rod assembly into the cylinder (Figure 47). Lightly tap on the piston crown with a
wooden hammer handle to insert the piston. Make sure the
rod does not bang aga inst the crankshaft.

6. C lean the connecting rod bearings carefully, including
the back sides. Coat the crankpin joumal and bearings

6. Remove the crankshaft pulley retaining nut. Use a suitable puller to remove the crankshaft pulley (Figur e 50).
Remove the drive key from the crankshaft.
7. Remo ve the water pump as described in Chapter Eight.
8. Remove the manual starter cover (Figu re 51) .
9. Remove the setscrew in the end of the camshaft (A,
Figu re 52), then remove the manual starter drive pin (B) .
10. Remove the timing gearcase (Figure 53).
II. Remove the gasket and any residue from the gearcase
and crankcase surfaces.
12. If crankshaft or starter seal replacement is necessary,
proceed as follows:

5
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a. Pry the old seal from the gcarcasc 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 scaler 10 the periphery of the seal.
d. Position a new seal in the cover recess with its open
end facing the inside of the gcarcasc. Drive the seal
into place with a suitably sized seal driver or socket .
13, If crankshaft bearing replacement is necessary, proceed as follows:
a. Refer 10 Chapter Seven to remove the governor
shaft from liming gcarcasc.
b. Pry the seal from the gearcasc with a large screwdriver. Work carefully to prevent damage to the
gcarcasc seal surface.
c. Drive or press out the bearing (Figur e 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
scats 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 gcarcasc. 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 proced ure to reinstall the timing
gearcase. Tighten the gcarcasc retaining screws to the
specification in Ta b le 2.
LUBRICATION SYSTE.\.
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 (Fig ure 48).

.'
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Remo val and ins tallation
I. Remove the tim ing gearcase as previously described.
2. Remove the governor thrust washer (Fi gu re 55), thrust
bearing (Ffgure 56) and thrust sleeve (Figu re 57) from
the crankshaft.
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 shaft.
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 unscrew the pump retaining screws (Figu re 59).
7. Remove the oil pump and gasket.
8. Clean any gasket residue from the oil pump and engtnc.
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9. Installation is the reverse of removal. Tighten the oil
pump reta ining screws to the tightening torque specified
in Tabl e 2. Make sure the governor flyweight assembly is
positioned on the locating pins (Figure 60). Tighten the
crankshaft nut to the torque specified in Ta ble 2.

/
/

Disassembly, inspection and reassembly
1. Remove the oil pump cover (Figure 61).
2. Lift out the inner and outer pump rotors (F igure 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. Rep lace damaged parts.
NOTE

7. Measu re the clearance between the outer rotor and the
pump body (Figure 64). Compare the measurement with
specifications in Table I.
8. Place a straightedge across the pump body. Measure
the side clea rance between the rotors and straightedge
with a flat feeler gauge (F igure 65). Compare with specificati ons in Table I.

Replace the oil pump as a unit if any parts
are damaged.

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

5. Reinstall the inner rotor in the pump body . Reinstall
the outer rotor in the pump body.

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.

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

/

11 . Whe n reassembling the oil pump, make sure to lubricate the rotors, body and shaft with eng ine oil.
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Do not attempt to disassemble the oil pressure relief
valve. The valve is scaled and it must be replaced as a unit
assembly.

.~~~~,;::,;::=:}~ Straightedge
Body
Feeler gauge

Oi/pickup

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

When removing the drain plug ill/he oil pan,
he aware thai the spring willforce the plug
oul when the threads disengage.
Remove the drain plug (D) for access to the oil pickup.

Pressure relief valve

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

Remo val/I nst all ation
1. Remove the engine from the boat.
2. Remove the transmission .
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20. Main bearing
21. O-r ing
22. Main bearing holder
23. Oil seal
24. Flywheel

25. Bo ll

/
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3. Remove the drive disc (Figure 68).
4. Gradua lly loosen and remove the flywh eel 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 remov e the flywheel.
5. Inspect the ring gear. If the ring gear is excessively
worn or damaged, usc the following procedure to remove
the ring gear:
a. Heat the ring gear evenly, then drive the ring gear
off the flywhee l.
b. Heal 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.
Tigh ten the flywheel retaining bo lts to the torque specified in Ta ble 2. Refer to Chapter Ten to install the drive
disc and transm ission.
DRIVE DISC
Refer to Chapter Ten for drive disc procedures (Figur e
68).
CRANKSHA FT
Rem ova l a nd In stallation
Refer to Fig ure 70.
1. Remove the flywheel as previous ly 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 (F igure 72).
6. Refer to Camshaft to remove the camshaft gear.
7. Remove the thrust washer (F igure 73) and thrust bearing (Figure 74).
NOTE

Support the crankshaft while removing the
main bearing housing in the next step.
8. Remove the main bearing housing (8, Fig ure 71) .
9. Remove the crankshaft.
10. Proceed as follows to replace the crankshaft seal in
the main bearing hous ing :
a. Pry the old seal from the main bearing housing with
a large screwd river. Work carefully to prevent damage to the main bearing hous ing seal surface.
b. Clean the seal recess in the housin g with solvent
and dry with compressed air.
c. Apply gasket sealer to the periphery of the sea l.
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d. Position the new seal in the housing recess with its
open end facing the inside of the bearing hous ing .
Drive the seal into place with a suitab ly sized sea l
driver.
II. Refer to Main Bearings for info rmation con cern ing
inspection of the main bearings and thrust bear ings .
12. Reinstall the crankshaft by reve rsing the remo val
procedure white noting the followi ng:
a. Thoroughly lubricate the main bearings and thrust
bearings.
b. Install the inner, front thrust bearing so the oil
grooves arc toward the inside of the crankcase and
the tab fils into the recess (F igure 75) in the cran k-

case. Apply a light coating of grease to hold the
thrust bearing in place.

c. Install a new O-ring (A, Figure 76) on the main
bearing housing.
d. Tighten the main bearing housing bolts to the to rque
specified in Table 2.
e. Install the outer front thrust bearing so the oi l
grooves (A, Figure 77) are toward the outside ofthe
crankcase and the tab (B) fits onto the pin in the
crankcase.
f. Install the thrust washer (F igu re 73) so the beveled
side of the inner hole is toward the crankcase.

-----

g. Measure cra nkshaft end play by inserting a feeler
gauge betw een the crankshaft ma in jo urna l and the
inn er thrust bearing, or by insta lling a dial gauge
that me asures fore and aft movement of the flywheel or cra nkshaft. Using a large screwdriver,
force the crankshaft back and forth . Measure crankshaft end play and co mpa re the measurement with
the specificat ion in Ta ble 1. Replace the inner thrust
bea ring to obta in the des ired end play.
h . Align the timing marks (Figu re 78) on the cams haft
and crankshaft gears when installing the cra nkshaft
gear.
l.

Chec k gea r backlash by insta lling a dial indicator as
show n in Figu re 79 or by rotating the gear tee th
with soft solder between the gear teeth. Compare
the measureme nt with the specificat ion in Ta b le I.
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3. Che ck all journals aga inst specifications (Ta ble 1) for

out-of-roundness

and

taper. Have

the

crankshaft

reground, ifnecessary, and install new undersize bearings.
M AI N BEARINGS

The crankshaft is supported at each end by bush-

If gear back lash is incorrect, rep lace the camshaft
and crankshaft gears.

ing-type main bearings. The front main beari ng is located
in the crankcase and the rear main bearing is located in the
rem ovab le main bearing carrier. Thrust bearings located
at the front of the cra nkshaft control cran kshaft end play.
Refer to Figure 70 .
Remove the crankshaft as described in the previous section for access to the main bearings and thrust washers.
Unless prec ision measuring equipment is available, have
a dealership or machine shop measure main bearing dimensions. Refe r to specifications in Tab le I.
If bearing repl acement is necessary, have the main bearings rep laced by a deal ership or machine shop. Make sure
the oil holes (B, Figure 76) in the main bearings align
with the oil passages in the crankcase an d main bearing

earner.
CAMS HAFT

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

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

Removal and Installation
I. Remove the fuel transfer pump (Figur e 80 ).
2. Remove {he crankshaft as previously described.
3. Prevent rotation of the camshaft gear by ho lding a
screwdriver or other tool against the camshaft bearing retaining screw (F igu re 81 ).
4 . Remove the camshaft gea r nut (A, Flgu re 82), fuel injection 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 (Fig ure 83), then
withdraw the camshaft.
7. Remove the valve lifters and mark them so they may
be reinstalled in thei r original locations.
8. Check the rear bearing journal and lobes for signs of
wear or sconng.
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
(Figu re 84) and compare the measurement 10the specification in Ta ble I. 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 specificat ion in Table I .
Measure the lifter bores in the cy linder block. Calculate
the lifter clearance and compare it with the spec ification
in Table L 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.

11. Replace the ball bearing if it is damaged or feels
rough during rotation.
12. Installation is the reverse of removal . Note the follow ing:
a. If installing a new camshaft, coat the camshaft lobes
with camshaft break-in lubricant. Ifrcinstalling tbc
original camshaft, apply heavy oil to the camshaft
lobes .
b. Lubricate the camshaft bearing journal with heavy
eng ine oil before reinstallation.
c. Lightly tap the end of the camshaft to seat the ball
bearing in the eng ine. Rotate the camshaft 10be sure
it rotates freely.
d. Align the timing marks (Figure 78) on the camshaft
and crankshaft gears when installing the camshaft
gear.
c. Install the fuel injection cam so the side marked
with a zero is out (F igure 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. Compa re
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face s. Check all core plugs for leaks and replace an y that
are suspect. Sec Core Plug Replacement in this chapter.
Check oil lind coo lant passages for sludge, dirt and corrosion wh ile c leaning. If the passages are very dirty , have
the block boi led out by a machi ne shop. Blowout all pas sages with compres sed air. Check the threads in the head
bolt hole s to make sure they arc clean. lf'di rty. use a tap to
restore the thre ads and remove any deposits.
2. Exam ine the bloc k for cracks To confirm sus picions
about possible leakage areas. use a mixtu re of one part
kero sene and tv..o parts engine oil. Coa t the suspected area
with this solu tion. then wipe dry and immediately apply a
solution of zinc oxide disso lved in wood alcohol. If an y
discoloration appears in the trea ted area. the block is
cracked and should be repla ced.
3. Check the flatness o f the cylinder block deck or top
su rface. Place an accurate straightedge on the b lock. If
there is any gap between the block and straightedge, measure it w ith a flat feeler gau ge (I-"ig u rc 86 ). Mea sure from
end to end and from come r to comer. Have the bloc k resurface d if it is warped more than 0.07 mm (0.0028 in.).

the measurement with the specification in T able I .
If gear back lash is incorrect, replace the camsha ft
and crankshaft gears.

CYLIl'IDER BLOCK

Clea ning a nd Inspection
I. C lean the block thoroughly with solvent. Remove an y

gasket or RTV sealant residue from the machined sur-

4 . Measure the cyl inder bore wit h a bore ga uge (Fig u re
87) for out-of-rou ndness or excessive wear as desc ribed in
Piston/Cy linder Bore Check in this chapte r. If the cy linder exceeds maximum to lerances. rcbore the cylind er.
Rcbore the cy linder if the cy linde r walls are bad ly
scuffed, scored or otherwise damage.

Core

1)11l~

Replacement

Check the condition of the fron t (Figur e HH ) and rear
(f igu re H9)core plugs in the block whenever the en gine is
out ofthe boat for servic e. If an y signs of leakage or corrosion arc found around one core plug. repl ace both of them .
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Core plugs in the cylinder block prevent damage to the
block should the coolant freeze .
NOTE
Core plugs can he 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 casting. It will he impossible to retrieve them
and they can restrict coolant circulation, resuIting in serious engine damage.

Cup type plug

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

2. Grip the top ofthe plug finnlywith pliers . Pull the plug
from its bore (Ftgurc 91) and discard it.
NOTE
The core plugs can also be removed hydrilling a hole in the center ofthe plug and pry-
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ing it out with an appropriate size drift or
pin punch. When removing a large core
plug, the use of a universal impact slide
hammer is recommended.

3. Clean the plug bore thoroughly to remove all traces of
the old sealer. Inspect the bore for any damage that might
interfere with proper sealing of the new plug.

4. Coat the inside diameter of the plug bore and the outer
diameter of the new plug with sealer. Use an oil-resistant
sealer if the plug is to be installed in an oil gallery or a water-resistant sealer for plugs installed in the water jacket.
5. Install the new core plug with an appropriate size core
plug installation tool (Figure 92), driver or socket. The
outside edge ofthe plug should be 2-3 mm (0.08-0.12 in.)
inside the block.
6. Repeat Steps 1-5 to replace each remaining core plug.

Table 1 ENGINE SPECIFICATIONS (1GM, 1GM10)
Bore
Stroke
Displacement
Number of cylinders
Cylinder bore diameter
Bore out-of-round-max.
Cylinder block warpage-max.
Piston diameter
Standard
Wear limit
Piston top clearance
Piston ring side clearance
Top ring
Second ring
Oil ring
Ring end gap (all rings)
Piston pin diameter
Piston pin hole diameter
In piston
In rod
Piston pin clearance
In rod
In piston
Piston ring width
Top & second ring
Oil control ring
.
Crankshaft main journal diameter
Timing gear end
Flywheel end
Journal out-of-round-max.
Crankshaft end play
Crankshaft runout-max.
Main bearing clearance
Timing gear end
Flywheel end
Crankshaft thrust bearlng-min.
Front
Inner
Crankpin diameter
Journal out-of-round-max.
Crankpin bearing clearance
Connecting rod side clearance
Cylinder head warpage-max.

75 mm (2.95 in.)
72 mm (2.83 in.)
318 cc (19.4 cu. ln.)
1
75.000-75.030 mm (2.9528-2.9540 in.)
0.02 mm (0.0008 in.)
0.07 mm (0.0028 ln.)
74.910-74.940 mm (2.9492-2.9504 ln.)
74.850 mm max. (2.9468 ln.)
0.68-0.88 mm (0.027-0.035 in.)
0.065-0.100 mm (0.0026-0.0039 in.)
0.035-0.070 mm (0.0014-0.0028 in.)
0.020-0.055 mm (0.0008-0.0022 ln.)
0.20-0.40 mm (0.008-0.016 in.)
19.991-20.000 mm (0.7870-0.7874 ln.)
19.995-20.008 mm (0.7872-0.7877 ln.)
20.000 mm (0.7874 in.)
0.025-0.047 mm (0.0010-0.0019 in.)
0.005 mm tight-O.017 mm loose
(0.0002 in. tight-0.0007 in. loose)
1.97-1.99 mm (0.0776-0.0783 in.)
3.97-3.99 mm (0.1563-0.1571 ln.)
43.950-43.964 mm (1.7303-1.7309 in.)
59.950-59.964 mm (2.3602-2.3608 ln.)
0.01 mm (0.0004 In.)
0.06-0.19 mm (0.0024-0.0075 in.)
0.15 mm (0.006 in.)
0.036-0.092 mm (0.0014-0.0036 in.)
0.036-0.095 mm (0.0014-0.0037 in.)
2.75 mm (0.108 in.)
2.25 mm (0.089 in.)
39.950-39.964 mm (1.5728-1.5734 in.)
0.01 mm (0.0004 in.)
0.028-0.086 mm (0.0011-0.0034 in.)
0.2-0.4 mm (0.008-0.016 in.)
0.07 mm (0.003 in.)
(continued)
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Table 1 ENGINE SPECIFICATIONS (1GM, 1GM10) (continued)

Camshaft
Valve lobe lift
Fuel pump lobe lift
Journal diameter
Runout
Timing gear backlash
Maximum allowable
Push rod runout-max.
Valve lifter
Type
Outside diameter
Outside diameter-min.
Clearance in block
Max. clearance
Valve face angle
Valve seat angle
Valve head margin
Seat width (int. and exh.)
Valve depth-max.
Valve stem clearance (int. and exh.)
Max. stem clearance
Valve stem diameter
Valve stem wear limit
Valve stem runout-max.
Valve guide diameter
Valve guide wear limit
Valve guide protrusion
Valve spring
Standard free length
Min. free length
Installed height
Pressure at installed height
Rocker arm shaft clearance
Rocker arm shaft clearance-max.
Rocker arm bore wear limit
Rocker arm shaft wear limit
Oil pump
Inner rotor tip-to-outer rotor tip
Max.
Outer rotor-to-pump body
Max.
Rotor side clearance
Max.
Shaft clearance
Max.

29.000 mm (1.1417 In.)
22.000 mm (0.8661 in.)
20.000 mm (0.7874 In.)
0.02 mm max. (0.0008 in. max.)
0.05-0.13 mm (0.002-0.005 in.)
0.3 mm (0.012 In.)
0.03 mm (0.0012 In.)
Mechanical
10.000 mm (0.3937 ln.)
9.95 mm (0.3917 in.)
0.025-0.060 mm (0.0010-0.0024 In.)
0.10 mm (0.004 in.)
45°
45°
0.75-1.15 mm (0.030-0.045 in.)
1.n mm (0.070 In.)
1.25 mm (0.049 in.)
0.045-0.070 mm (0.0018-0.0028 in.)
0.15 mm (0.006 In.)
7.000 mm (0.2756 mm)
6.900 mm (0.2717 in.)
0.03 mm (0.0012 ln.)
7.000 mm (0.2756 mm)
7.080 mm (0.2878 In.)
7.0 mm (0.276 in.)
38.5 mm (1.52 In.)
37 mm (1.46 in.)
29.2 mm (1.15 in.)
16.16 kg at 29.2 mm
(35.63 lb. at 1.15 in.)
0.016-0.052 mm (0.0006-0.0020 in.)
0.15 mm (0.006 in.)
12.10 mm (0.476 in.)
11.90 mm (0.468 ln.)
0.050-0.105 mm (0.0020-0.0041 in.)
0.15 mm (0.006 In.)
0.050-0.105 mm (0.0020-0.0041 in.)
0.15 mm (0.006 In.)
0.030-0.080 mm
0.13 mm (0.005 in.)
0.015-0.050 mm (0.0006-0.0020 In.)
0.20 mm (0.0079 In.)

Table 2 TIGHTENING TORQUES
Fastener

Nem

ft.-lb.

Camshaft gear
Connecting rod bolts
Crankshaft nut
Cylinder head nut
Exhaust elbow
Flywheel
Main bearing housing
Oil pump
Rocker shaft support
Timing gearcase

70-80
25
80-100
75
45
65-70
25
9
37
9

52-59
18
59-74
55
33
48-52
18

In.-lb.

80
27
80

Chapter Six

Multlcylinder Engines

This chapter covers the Yanmar 2GM, 2GM20, 3GM,
3GM30, 3HM and 3HM35 multicylinder, marine diesel
engines.
The engine consists of a cast iron cylinder block with
full-length water jackets around each cylinder. 2GM,
3GM, 3HM (including F and D series) engines have replaceable cast iron cylinder liners.
Crankshaft rotation is counterclockwise as viewed from
the flywheel. On two cylinder engines, the crankshaft operates in three main bearings, with the center bearing providing the thrust surfaces. On three cylinder engines, the
crankshaft operates in four main bearings, with the third
bearing providing the thrust surfaces. The crankshaft gear
drives the rotor-type oil pump located in the lower front of
the engine block.

Valve actuation is via mechanical lifters and pushrods
acting on the rocker arms mounted in the cylinder head.
The cylinders on 2GM and 2GM20 engines are numbered from rear (flywheel) to front (timing gearcase): 1-2.
The cylinders on 3GM, 3GM30, 3HM and 3HM35 engines are numbered from rear (flywheel) to front (timing
gearcase): 1-2-3. The firing order is 1-2-3.
Engine specifications (Tables 1-3) and tightening
torques (Table 4) are located at the end of this chapter.
Refer to Chapter Five for diesel engine fundamentals.
NOTE
Except where specified, F and D series engines are included when a basic model number is specified. For example, if model 3GM
is called out in a procedure, the procedure
also applies to 3GMD and 3GMF.

The camshaft is gear driven and located in the block
above the crankshaft. One end of the camshaft is supported by a ball bearing (front) and the other rides directly
in the block (rear).

ENGINE SERIAL NUMBER AND CODE

On three cylinder engines, the camshaft is equipped
with two additional bearings. In addition to operating the
valves, the camshaft operates the fuel transfer pump and
has an actuating lobe for the injection pump attached at
the front.

The engine serial number and model designation plate
is attached to the timing gearcase (Figure 1). The engine
serial number is also stamped on the side of the cylinder
block (Figure 2).
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Have the engine model number and serial number available when ordering parts. Record the engine model and
serial numbers and store them for future reference in case
the identification plate on the engine is defaced or lost.
REPLACEMENT PARTS

When installing new parts on the engine, make sure the
part is designed for use on a marine engine. Automotive
and marine engine parts may look similar; however, automotive parts may not be capable of operating in a harsh
marine environment.
Use only Yanmar parts or parts approved for use on manne engmes.
ENGINE
Precautions

Some service procedures can be performed with the engine in the boat; others require removal. The boat design
and service procedure to be performed determines
whether the engine must be removed.
WARNING
The engine is heavy, awkward to handle and
has sharp edges. It may shift or drop suddenly during removal. Toprevent serious injury, always observe the following
precautions.

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. Be sure the hoist is designed to lift engines and has
enough load capacity for the engine.
4. Be 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 installations, refer to the following general instructions
when removing the engine:
1. Detach the negative battery cable from the negative battery terminal.
2. Close the seacock. Drain the cooling system, including

the freshwater system, if so equipped, as described 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
removal.
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 described
in Chapter Ten or Eleven.
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VALVE COVER
(2GM, 2GM20, 3GM AND 3GM30 MODELS)

1. Valve cover
2. Gasket
3. O-ring
4. Decompression shaft
5. Decompression lever
6. Washer
7. Nut
8. Spring
9. Detent ball
10. 011 fill cap
11. O-ring
12. Nut
13. O-ring
14. Pin
15. Breather
16. Gasket
17. Hose
18. Baffle

2

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.
d. Refill the freshwater cooling system, if so equipped,
as described in Chapter Eight.

2. Disconnect the breather hose.
3. Unscrew the retaining nuts.
4. Remove the valve cover.
5. Remove the gasket.
6. Clean the gasket surfaces on the valve cover and cylinder head.
7. Reverse the removal steps to install the valve cover.

VALVE COVER

The crankcase breather is located in the valve cover.
Refer to Chapter Three for a description ofbreather operation.
To service the breather, proceed as follows:
1. Remove the valve cover.
2. Remove the breather cover.

Refer to Figure 3 and Figure 4 for an exploded view of
the valve cover assembly.
To remove the valve cover, proceed as follows:
1. Be sure the decompression lever is in the OFF position.

BREATHER ASSEMBLY
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VALVE COVER
3HM AND 3HM35 MODELS

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

3. Clean the breather components and valve cover using
solvent. Be sure the drain hole in the valve cover is open.
4. 3HM and 3HM35 models-Replace the mesh breather
element if it cannot be cleaned or if it is damaged.
5. Reassemble the breather by reversing the disassembly
procedure. Note that the lower baffle (20, Figure 4) on
3HM and 3HM35 engines is smaller than the upper plate
(18).

DECOMPRESSION MECHANISM

Valve cover
Gasket
a-ring
Decompression shaft
Decompression lever
Washer
Nut
Spring
Detent ball
Oil fill cap
a-ring
Nut
a-ring
Pin
Breather
Gasket
Hose
Upper baffle
Filter
Lower baffle

Ifthe mechanism must be repaired, proceed as follows:
1. Remove the valve cover as previously described.
2. Using a suitable punch, drive out the retaining pin.
NOTE
The detent ball and spring will be loose
when you remove the shaft assembly in Step
3.

3. Remove the shaft assembly from the valve cover.
4. Inspect the mechanism and replace the damaged parts.

The decompression mechanism on the valve cover
forces the exhaust valves open to reduce compression
pressure in the cylinders. Reducing compression pressure
enables the starter to rotate the crankshaft faster during
starting. Refer to Figure 3 and Figure 4.

5. Reverse the removal procedure to reassemble the decompression mechanism. Note the following:
a. Assemble the shaft and lever so the lever points up
while the flat on the valve end ofthe shaft is down.

MULTICYLINDER ENGINES
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EXHAUST MANIFOLD

2GM AND 2GM20
MODELS
3GM, 3GM30, 3HM AND 3HM35 MODELS

EXHAUST MANIFOLD

On 2GM models, the exhaust manifold is an elbow that
is attached to the cylinder head (Figure 5). A hose from
the thermostat cover directs cooling water into the exhaust
elbow.
On 3GM models, the exhaust manifold contains water
passages that allow water to cool the manifold. A hose
from the thermostat cover directs cooling water into the
exhaust manifold (Figure 5). A hose from the exhaust
manifold directs water from the exhaust manifold into the
exhaust elbow.
The exhaust manifold on 2GMF, 2GM20F, 3GMF,
3GM30F, 3HMF and 3HM35F models is combined with
the coolant reservoir for the freshwater (closed) cooling
system (Figure 6). Refer to Chapter Eight for a description of the freshwater (closed) cooling system.
Removal and Installation

2GMmodeis
Refer to Figure 5.
1. Detach the exhaust hose from the exhaust elbow.

2. Loosen the hose clamps and remove the water hose
from the exhaust elbow and thermostat housing.
3. Remove the exhaust elbow from the cylinder head.
4. Clean any gasket residue from the exhaust elbow and
cylinder head.
5. Check the exhaust elbow for warpage, carbon buildup
and corrosion.
6. Reinstall the exhaust elbow by reversing the removal
procedure. Tighten the retaining nuts to the torque specified in Table 2.

3GM, 3GM30, 3HM and 3HM35 models
with seawater cooling
Refer to Figure 5.
1. Detach the exhaust hose from the exhaust elbow.
2. Loosen the hose clamps and remove the water hose
from the exhaust manifold and thermostat housing.
3. Open the drain valve on the underside of the exhaust
manifold.
4. Remove the exhaust manifold from the cylinder head.
5. Ifnecessary, remove the water hose and exhaust elbow
from the exhaust manifold.
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EXHAUST MANIFOLD WITH CLOSED COOLING SYSTEM
(TYPICAL)

15

17

1.
2.
3.
4.
5.

6.

29

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

Seawater pump
Hose
End cap
Gasket
a-ring
Pin
Heat exchanger
Cap
Filler neck
Gasket
Exhaust manlfloldlreservolr
End cap
Elbow
Stud
Hose
Gasket
Elbow
Drain valve
Remote reservoir
Gasket
Drain fitting
Drain valve
Hose
Hose
Elbow
Gasket
Thermostat
Freshwater pump
Gasket
Coolant term perature sensor
Housing
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cooling system with coolant as described in Chapter
Three.
CYLINDER HEAD
Removal

6. Clean any gasket residue from the exhaust manifold
and cylinder head.
7. Remove the exhaust manifold cover retaining screws
and remove the manifold cover (Figure 7).
8. Inspect the exhaust manifold and cover for warpage,
carbon buildup and corrosion.
9. Reinstall the exhaust manifold and cover by reversing
the removal procedure. Tighten the retaining nuts to the
torque specified in Table 2.

2GMF, 2GM20F, 3GMF, 3GM30F, 3HMF and
3HM35F models with freshwater (closed)
cooling system
Refer to Figure 6.
1. Refer to Chapter Four and drain the cooling system.
2. Detach the exhaust hose from the exhaust elbow.
3. Remove the water hose from the exhaust manifold and
thermostat housing.
4. Remove the water hose from the exhaust manifold and
freshwater pump.
5. Disconnect the water hoses from the manifold end
caps.
6. Disconnect the water hose to the overflow tank.
7. Remove the exhaust manifold from the cylinder head.
8. Clean any gasket residue from the exhaust manifold
and cylinder head.
9. Check the exhaust manifold for warpage, carbon
buildup and corrosion.
10. Ifnecessary, refer to Chapter Eight to service the heat
exhanger inside the exhaust manifold.
11. Reverse the removal procedure to install the exhaust
manifold. Tighten the manifold bolts to the torque specified in Table 2. Fill the freshwater section of the closed

In some instances, the cylinder head may be removed
for service without removing the engine. If engine removal is necessary, refer to the engine removal procedure.
Refer to Figure 8 for an exploded view of the cylinder
head assembly.
To remove the cylinder head, proceed as follows:
1. Disconnect the negative battery cable from the negative battery terminal.
2. If not previously performed, drain the cooling system
as described in Chapter Four.
3. Remove the alternator as described in Chapter Eight.
4. Remove the exhaust manifold as previously described.
5. Disconnect the wire lead from the water temperature
sender (Figure 9).
6A. Engines with standard cooling-Disconnect the
lower water hose (Figure 9) from the thermostat housing.
6B. Engines with freshwater (closed) cooling system-Remove the freshwater pump as described in Chapter Eight.
7. Remove the air cleaner and the air cleaner base.
8. Remove the fuel injector and precombustion chamber
as described in Chapter Seven.
9. Remove the valve cover as previously described.
10. Remove the nuts that retain the rocker arm stands
(Figure 10), then remove the rocker shaft assembly.
11. Remove the push rods and mark them so they can be
reinstalled in their original positions.
12. Detach the oil line fitting from the cylinder head.
13. Unscrew the smaller cylinder head retaining bolts
first, then unscrew the larger bolts and nuts in a crossing
pattern.
14. Remove the cylinder head and head gasket.
Inspection
1. Refer to the Anticorrosion Maintenance section in
Chapter Three. Remove and inspect the sacrificial anode.
Install the anode in the cylinder head after completing cylinder head service.
2. If service to the valves or rocker assembly is required,
refer to the Valves and Rocker Assembly sections.
3. Check the cylinder head for signs of oil or water leakage before cleaning. Look for corrosion or foreign material in the oil and water passages.
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CYLINDER HEAD
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

nR~f.ll"I=- Water

hose

Snap ring
Washer
Bushing
Adjuster
Rocker arm
Nut
Rocker shaft stand
Nut
Washer
Spring
Washer
Rocker arm shaft
Pin
Locating screw
Wear cap
Keys
Valve spring retainer
Vavle spring
Valve seal
Exhaust valve guide
Intake valve guide
Plug
Thermostat housing
Gasket
Cylinder head
Gasket
End cap
Washer
Sacrificial anode
Exhaust valve
Intake valve

4. 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.
5. After all carbon is removed from the combustion
chamber and ports, clean the entire head in solvent. While
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Feeler

gauge
cleaning. look for cracks or oth er visible signs ofdamage.

Clean the passages with a stiff spiral brush. then blow
them out with comp ressed air.

NOTE
Ifdepasits aref ound in the inta ke or exhaus t
ports, remove the valves and dean the ports.

6. Clean away all carbon on the piston top.
7. Chec k the cy linder head studs for dama ge and repl ace
the m if necessary, Ir a stud is loose, tighten it us ing the fo llowing procedu re:
a. Install I\\'O nuts on the stud as shov...n in Figure 11.
typical.
b. Rotate the nuts so they contact eac h other. then hold

uo~C~'")oD

o

0

o

onc nut and lighten the other nut against the first
nut.

c. Tighten the stud in the cy linder block by turn ing the

top nut until reaching a torque of 60 Nom (44
ft.-lb.).
d. Hold the bottom nul, loosen the top nut, and remove
both nuts.
8. Check the threaded rocker ann support stud for damaged threads. Replace if necessary.
9. Check for warpage of the cylinder head-to-block gasket surface with a straightedge and feeler gauge ( Ftgure
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
I. Make sure the cylinder head and block gasket surface s
are clean.
2. Recheck all visible oil and water passages for cleanliness.
3. Apply Three Bond 50 gasket scaler to both sides of a
new cylinder head gasket.

o

o

0

0

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. Carefu lly 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 finger-tight.
8. Tighten the nuts and bolts following the sequence
shown in Ftgurc 14 to the torque specified in Table 4.
Tighten the nuts and bolts in three equal steps until reaching the final torque setting.
9. If removed, install the sacrificial anode into the cylinder head.
10. Attach the oil line fitting 10 the cylinder head.
I I. Install the push rods in their orig inal position.
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CYLINDER HEAD
TIGHTENI~G SEQUENCE

Flywheel

2·CYLINDER

Gear

Flywheel

3·CYLINDER

12. Install the rocker assembly and the rocker arm stand
retaining nuts (Figure 10). Tighten the nuts to 37 Nom(27
ft.-lb.).
13. Install the fuel injector and precombustion chamber
as described in Chapter Seven.
14. Install the exhaust manifold.
15. Install the air cleaner base and the air cleaner.
16. Connect the wire lead to the water temperature sender
(Figure 9).
17A. Engines with standard cooling-Connect the lower
water hose (Figure 9).
17B. Engines with freshwater (closed) cooling system-Install the freshwater pump as described in Chapter
Eight.
18. Install the alternator.
19. If the engine is installed in the boat, proceed as follows:
a. Attach the exhaust hose to the exhaust elbow.
b. On engines equipped with a closed cooling system,
fill the cooling system as described in Chapter Four.
c. Connect the negative battery cable to the negative
battery terminal.

20. Adjust the valve clearance as described in Chapter
Three.
21. Reinstall the valve cover.
ROCKER SHAFT ASSEMBLY

Each valve is actuated by a rocker arm that rides on a
shaft (Figure 8). Each rocker arm is equipped with a
bushing in the rocker arm bore. A snap ring at each end of
the rocker arm shaft retains the rocker arms on the rocker
shafts.
1. Remove the valve cover as previously described.
2. Remove the rocker arm stand retaining nuts (Figure
10), then remove the rocker shaft assembly.
NOTE
The rocker arms on 2GM and 2GM20 engines are identical, but rocker arms on
3GM, 3GM30, 3HM and 3HM35 engines
are designed for use with the intake or exhaust valves.
3. Remove the snap rings at both ends ofthe rocker shaft
and remove the rocker shaft components.
4. If necessary, unscrew the locating screw in the end
support stand (Figure 15) and separate the rocker shaft
from the stand.
5. Inspect each 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. Replace the adjusting screw if it is damaged or excessively
worn.
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ROCKER ARMS
(3GM, 3Gr.,30, 3HM AND
3HM35 MODELS

E

Flat
INTAKE
EXHAUST

VALVE COMPONENTS

6. 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 if the
measurements exceed the specifications listed in Tables
1-3.
NOTE
The rocker arm and bushing are available
only as a unit.
7. Reassemble and reinstall the rocker arm assembly by
reversing the removal procedure. On 30M, 30M30, 3HM
and 3HM35 engines, identify the intake and exhaust
valves as shown in Figure 16, then position them on the
shaft in the order shown in Figure 17.
8. Adjust the valve clearance as described in Chapter
Three.
VALVES AND VALVE SEATS
Servicing the valves, guides and valve seats must be
done by a dealer or machine shop, as special knowledge
and expensive machine tools are required.
A general practice among those who do their own service is to remove the cylinder head, perform all disassembly except valve removal and take the head to a dealer or
machine shop for inspection and service. Since the cost is
low relative to the required effort and equipment, this is
usually the best approach, even for experienced mechanics. The following procedures are provided to acquaint the
home mechanic with the procedure.

1.
2.
3.
4.
5.
6.
7.
8.
9.

Wear cap
Keys
Valve spring retainer
Valve spring
Valve seal
Exhaust valve guide
Intake valve guide
Exhaust valve
Intake valve
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Valve Removal
Refer to Figure 18 for this procedure.
1. Remove the cylinder head as described in this chapter.
2. Remove the rocker shaft assembly as described in this
chapter.
3. Remove the wear cap (1, Figure 18) on the valve stem.
4. Compress the valve spring with a compressor like the
one shown in Figure 19.
5. Remove the valve keys (2, Figure 18) and release the
spring tension.
6. Remove the valve spring retainer and valve spring.

CAUTION
Remove any burrs from the valve stem lock
grooves (Figure 20) before removing the
valve to prevent damage to the valve guide.
7. Remove the valve.
8. Remove and discard the valve stem seal (5, Figure
18).
9. Repeat Steps 3-8 for the remaining valves.
't----~-~Deburr

Inspection

--.ii----- Valve stem

1. Clean the valves with a fine wire brush or buffing
wheel. Discard any cracked, warped or burned valves.
2. Measure the valve stems at the top, center and bottom
for wear. A machine shop can do this when the valves are
ground.

NOTE
Check the thickness of the valve edge or
margin after the valves have been ground.
See Figure 21. Any valve with a margin less
than 0.75 mm (0.030 in.) should be discarded.
3. Remove all carbon and varnish from the valve guides
with a stiff spiral wire brush.

NOTE
The next step assumes that all valve stems
have been measured and are within specifications. Replace valves with worn stems before performing this step.

t

Valve head thickness

4. Insert each valve into the guide from which it was removed. Holding the valve just slightly off its seat, rock it
back and forth in a direction parallel with the rocker arms.
This is the direction in which the greatest wear normally
occurs. If the valve stem rocks more than slightly, the
valve guide is probably worn.
5. If there is any doubt about valve guide condition after
performing Step 4, measure the valve guide. Compare the
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Exhaust valve guide

results with specifications in Tables 1-3. Worn guides
must be replaced.
6. Test the valve springs under load on a spring tester
(Figure 22). Replace any spring that does not meet the
specification listed in Tables 1-3.
7. Inspect the valve seats. Ifworn or burned, they must be
reconditioned. This is a job for a dealer or machine shop,
although the procedure is described in this chapter.
8. Check each spring on a flat surface with a steel square.
See Figure 23. Slowly revolve the spring 360 0 and note
the space between the top of the coil and the square. If it
exceeds 1.4 mm (0.055 in.) at any point, replace the
spring.
9. Check the valve guides for wear and looseness. Refer
to Tables 1-3 for valve guide specifications. A loose valve
guide must be replaced.
Valve Guide Replacement

The cylinder head is equipped with replaceable valve
guides. The intake and exhaust valve guides are different
in shape. Refer to Figure 24. The intake valve guide has a
straight inside bore, while the exhaust valve guide has a
stepped opening at the lower end of the guide.
Take the cylinder head to a dealership or machine shop
if valve guide replacement is required.

Step cut

Top

Intake valve guide
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OIL PICKUP
(2GM, 2GM20, 3GM AND
3GM30 MODELS)

4. Reinstall the push rods by reversing the removal procedure. Adjust valve clearance as described in Chapter
Three.

PISTON/CONNECTING ROD ASSEMBLY
Piston/Connecting Rod Removal

When installing the valve guides, the grooved end must
be toward the top of the cylinder head. The groove must
be flush with the head surface as shown in Figure 25.
PUSH RODS
1. Remove the rocker arms as previously described.
2. Remove the push rods and mark them so they can be
reinstalled in their original positions.
3. Inspect the push rod ends for damage. Maximum allowable runout is 0.03 mm (0.0012 in.).

1. Remove the engine as described in this chapter.
2. Place a suitable container under the oil pan and remove
the drain plug. Let the crankcase oil drain, then reinstall
the drain plug.
3. Remove the cylinder head as described in this chapter.
4. Remove the oil pan.
5. On 2GM, 2GM20, 3GM and 3GM30 models-Loosen
the oil pickup jam nut (Figure 26) and remove the oil
pickup.
6. Rotate the crankshaft until the piston is at bottom dead
center. Pack the cylinder bore with clean shop rags. Remove the carbon ridge at the top ofthe cylinder bore with
a ridge reamer. These can be rented for use. Vacuum out
the shavings, then remove the shop rags.
7. Rotate the crankshaft until the connecting rod is centered in the bore. Measure the clearance between the connecting rod and the crankshaft journal flange with a flat
feeler gauge (Figure 27). Ifthe clearance exceeds specifications (Tables 1-3), replace the connecting rod during reassembly.
8. Remove the connecting rod bolts. Lift off the cap, together with the lower bearing insert.
9. Use a wooden hammer handle to push the piston and
connecting rod from the bore.
10. Remove the piston rings with a ring remover (Figure
28).
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Piston Pin Removal/Installation
The steel piston pin rides directly in the piston and in a
bushing in the connecting rod. Circlips at each end retain
the piston pin in the piston.
1. Before removing the piston, place the crankshaft end
of the connecting rod in a vise with soft jaws. Rock the
piston as shown in Figure 29. Any rocking motion (do not
confuse with the normal sliding motion) indicates wear on
the piston pin, piston pin bore or connecting rod small end
bore (or combination of these).
2. Remove the clip from each side of the piston pin bore
(Figure 30) with a small screwdriver or scribe. Hold a
thumb over one edge of the clip when removing it to prevent the clip from springing out.
3. Use a wooden dowel or suitable tool and push out the
piston pin. If the pin is difficult to remove, heat the piston
with a hair dryer. Separate the piston from the connecting
rod.

Connecting
rod

Rod cap

Piston/Cylinder Bore Check
Unless precision measuring equipment is available,
have this procedure done by a machine shop.
1. Measure the piston diameter with a micrometer (Figure 31) at a right angle to the piston pin bore 9 mm (0.35
in.) from the bottom of the piston skirt.

Bolts
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Cylinder
block
8uface

o

Bore gauge

2. Measure the cylinder bore diameter at several points
with a bore gauge (Figure 32, typical). Figure 33 shows
the points of normal cylinder wear. If dimension A exceeds dimension B by more than 0.02 rom (0.0008 in.),
rebore the cylinder and install a new piston/ring assembly.
3. If the cylinder bore is damaged or excessively worn,
rebore the cylinder bore and install a new piston. If the
piston is worn, but the cylinder bore is good, install a new
piston.
NOTE
Obtain the new piston and have it available
so the machine shop can bore the cylinder to
the correct oversize dimension.

@

P"
1
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1. Check the ring gap of each piston ring. To do this, position the ring at the bottom of the ring travel area and
square it by tapping gently with an inverted piston. See
Figure 34.

41n.
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Piston Ring FitlInstaUation

NOTE

B

If the cylinder has not been

rebored, check
the gap at the bottom of the ring travel,
where the cylinder is least worn.
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2. Measure the ring gap with a feeler gauge as shown in
Figure 35. Compare the measurement with specifications
in Tables 1-3. 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 36).
3. Check the side clearance of the rings as shown in Figure 37. Place the feeler gauge alongside the ring all the
way into the groove. If the measurement is not within
specifications (Tables 1-3), either the rings or the ring
grooves are worn. Inspect and replace them as required.
4. Using a ring expander tool (Figure 38), carefully install the oil control ring, then the compression rings. The
oil ring consists oftwo 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 ofthe piston from the ring end gap. See Figure 39. 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 Tables 1-3 for bushing specifications. Ifbushing replacement is required, a press is necessary 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
Tables 1-3.

-
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3. Tighten the connecting rod cap to specification (Tab le
4). Do not rota te the crankshaft while the Plastigage is in
place .
4. Remove the connecting rod cap. To dete rmi ne bearing
clearance, compare the width of the flattened Plastigage
to the markings on the enve lope (Figure 42). If the clearance is excessive, have the cra nkshaft reground and install
undersize bearings.
Pisto n/Connecting Rod Installation

Connecting Rod Bearing
Clearance Measurement
I . Place the connecting rod and upper bearing half on the
connecting rod journal.
2. Cut a piece ofPlastigage the width ofthe bearing (F igu re 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.

I . 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 p iston 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
journal.
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5. Position the piston so the numbered side of the rod
(F igure 41) is toward the camshaft side of the engine. Insert the piston/connecting rod assembly into the cylinder
(Figu re 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 cranks haft .
6. Clean the connecting rod bearings carefully, includi ng
the back sides. Coat the crankp in journa l and bearings
with clean engine oil. P lace the bearings in the connecting
rod and cap.
7. Pull the connect ing rod and bearing into position
against the cran kpin. Lightly lubr icate the connecting rod
bolt threads with eng ine oil.
8. Install the connecting rod cap. Make sure the rod and
cap are p roperly aligned. Install the cap bolts finger-t ight.
9. Tighten the cap reta ining bolt s to speci fication (Ta ble
4).

10. Check the connec ting rod side clearance as described
under Piston/Connecting Rod Re moval in this chapter.

T IMING GEA RCAS E
The timing gearcase covers the camshaft and cran kshaft
gears and the oil pump (Figure 45). The tim ing gearcase
also conta ins the govern or mechanism and serves as the
mounting location for the fue l injection pump. A ball
bearing in the timing gearc ase supp orts the outer end of
the crankshaft.
To remove and reinst all the timing gcarcasc. proceed as
follows:

Cam shaft
gear

Oil pump
gear

Fuel inject io n
dri ve cam

Governor
flyweight
Crankshaft
gear
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5. Remove the fuel injection pump as described in Chapter 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 (Fi gure 46,
typical). Remove the drive key from the crankshaft.

1. Disconnect the negative battery cable from the negative battery terminal.
2. Remove the alternator as described in Chapter Nine.
3. Remove the oil filter.
4. Detach the control cab les from the speed control lever
and the stop lever.

8. Remove the manual starter cover (Fi gure 47, typical).
9. Remove the setscrew in the end of the camshaft (A,
Figure 48 , typical), the n remove the manual starter drive
...-pin (B).
10. Remove the timing gearcasc (Fi gure 49).
6
11 . Remove the gaske t and any residue from the gearease L
_
and crankcase surfaces.
12. If cran kshaft 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 gearcasc seal surface.
b. C lean the seal recess in the cover with solvent and
blow it dry wit h 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 gearcasc. Drive the seal
into place with a suitably sized seal driver or socket.
13. If crankshaft bea ring replacement is necessary, proceed as follows:
a. Refer to Chapter Seven and remove governor shaft
from timing gearcase.
b. Pry the sea l from the gearcase with a large screwdriver. Work carefully to prevent damage to the
gearcasc seal sur face.
c. Drive or press out the bearing. Force the bearing toward the inside of the gcarcase.
d. Clean the seal and bea ring recesses in the cover
with solvent and blow them dry wit h compressed
air.
e. Drive or press in a new bearing until the bearing
scats in the recess in the gearcase.
f. App ly gas ket sealer to the peri phery of the seal.
g. Position a new sea l in the cover recess wit h 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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GOVERNOR ASSEMBLY
Key

Thru st

")

Nul

bearing

Crankshan
Thrust

Thrust
sleeve

PI"

Governor flyweights

LUBRICATION SYST f:M
Refer 10Chapter Two for lubrication system operation,
diagram s and o il press ure test.

O il Pu mp
The oil pump is mo unted on the front (timing gea r) side
of the cylinder block (F igure 45).
Removal and installation

I. Remove the timing gearcase as previous ly described.
2. Remove the govern or thrust washe r(Figure 50), thrust
bearing and thrust sleeve from the crankshaft .
3. Using a suitable tool (if available, Yanmar special tool
124085-92 700), unscrew the crankshaft nut.

4. Remove the governor flyweight assembly.
5. Remove the oil pump (Fig ure 5 1) and gasket.
6. Clean any gasket residue from the oil pump and engine .

<
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3. Thoroughly clean all parts in solvent and blow them
dry with compressed air.
4. Check the drive spindle and pump rotors for signs of
wear, scoring or damage. Replace damaged parts.
NOTE
The oil pump shaft and gear are pressed together; do not attempt to disassemble them.
The oil pump must be replaced as a unit assembly if any parts are damaged.
Outer rotor
......--Body

-....,L---- Feeler
gauge

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 54). Compare the results with specifications in Table 1.
7. Measure the clearance between the outer rotor and the
pump body (Figure 55). Compare the results with specifications in Table 1.

7. Installation is the reverse of removal. Tighten the oil
pump retaining screws to the tightening torque specified
in Table 2. Be sure the governor flyweight assembly is positioned on the locating pin (Figure 50).Tighten the
crankshaft nut to the tightening torque specified in Table
4.
Disassembly, inspection and reassembly

1. Remove the oil pump cover (Figure 52).
2. Lift out the inner and outer pump rotors (Figure 53).

8. Place a straightedge across the pump body. Measure
the side clearance between the rotors and straightedge
with a flat feeler gauge (Figure 56). Compare the measurement with specifications in Tables 1-3.
9. Measure the diameter ofthe inner rotor shaft. Measure
the shaft bore of the pump body. Calculate shaft clearance
and compare it with specifications in Tables 1-3.
10. If any clearance measured in Steps 6-9 is not with
specifications, replace the pump. Individual components
are not available. The pump must be replaced as a unit.
11. When reassembling the oil pump, be sure to lubricate
the rotors, body and shaft with engine oil.
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OIL PRESSURE REGULATOR

1.
2.
3.
4.
5.
6.
7.
8.

Plug
Shim

8

011 pressure relief spring
011 pressure relief ball
Pipe
Nut
O-ring
011 filter

Pressure reliefvalve
An oil pressure relief valve is located in the oil filter
mounting pipe (Figure 57). If oil pressure exceeds
300-400 kPa (43-57 psi), the reliefvalve opens and expels
oil into the timing gearcase.
Do not attempt to disassemble the oil pressure relief
valve. The valve is sealed and it must be replaced as a unit
assembly.

Oilpickup
The oil pickup is located in the oil pan. The pickup includes a strainer to prevent foreign matter from entering
the lubrication system.
To remove the oil pickup, remove the oil pan and unscrew the jam nut (Figure 58).

FLYWHEEL
Removal/lnstallation

1. Remove the engine from the boat.
2. Remove the transmission.
3. Remove the drive disc (Figure 59, typical).
4. Gradually loosen and remove the flywheel bolts,
working in a diagonal pattern. Install two drive disc
screws into two outer holes in the flywheel (Figure 60,
typical), 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.

M ULT IC YLINDER ENG INE S
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OIL PICKUP

20M, 1GM10, 3GM AND 3GM30
(TYPICAL)

6

,

CRA:\"KS IIAFT
Re moval lind Installation

b. Heat the ring gear prior to installation. Drive the
ring gear onto the flywheel while being care ful not
to damage the gear teeth .
6. Reverse the removal procedure to insta ll the flywheeL
Tighten the flywheel retaining bolts to the tightening
torque spec ified in Table 4. Refer to Chapters Ten and
Eleven to insta ll the drive disc and transmission.

DRIVE DISC
Refer to Chapters Ten and Eleven for information concerning the dri ve disc (Figu re 59).

Refer to Ffgu re 61 for an exploded view of the crankshaft assem bly.
I . Remove the flywheel as previously described .
2. Remove the bellhousing (A, Figure 62. typ ical).
3. Remo ve the piston and connecting rod as previously
descri bed .
4. Remove the oil pum p as previous ly described.
5. Remove the crankshaft: gear.
6. Install a d ial indicator as show n in Figure 63 and measure cra nkshaft: end play. Compare the measurement with
the specification in Tabl es 1·3 . If end play is excessive.
inspect the main bearing as described in Main Bearings.
7. Rem ove the main bear ing housing (B, Figure 62 , typical).
8. Posit ion the engine so the crankshaft: is vertic al with
the flywh eel end up.
9. Attac h a hoist to the flywh eel 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. Remo ve the retaining bolt( s) for the intermed iate
main bearing carrier(s). See Figu re 64.

NOTE
Adj usting the lifting tension on the crankshaft may ease or increase the force necessary to unscrew the retaining boll(s) for the
intermediate main bearing camerts).
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1. Nut
2. Pu lle y

3. 011 seal
4. Bear ing
5. Thrust wash er
6. Thrust bear ing

7. Thrust sleeve
8. NUl
9. Pin

8

16.
17.
18.
19.
20.
21.
22.
23.
24.

10. Governor f lyweight assy.

25.

11. Gear
12. Ma in bea ring

26.

13. Cr ank shaft
14. Ke y
15. Bolt

27.
28.
29.

Lower main bearing holder
Main bearing Insert
Upper main bear ing holder
Bolts
Lower ma in bea ring holder
Main bearing Insert
Upper main bea ring holder
Pin
Main bea ring
O-ring
Main bearing ho lder
Oil seal
Flywheel
Bol1
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11. Carefu lly lift the cran kshaft out of the engine (Figure
65).

12. Proceed as follows to replace the crankshaft seal in
the main bear ing housing:
a. Pry the old seal from the mai n bearing hous ing with
a large screwdriver. Work ca refully 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. Posi tion the new sea l in the housing recess with its
open end facin g the inside of the bea ring 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 bearings.
14. Reinstall the crankshaft by reversing the removal
procedure whi le noting the followi ng:
a. Thoroughly lubricate the main bearings and thrust
bearings.
b. Be sure to install a new O -ring on the main bearing
housing .
c . Tighten the main bearing and inte rmediate hous ing
bo lts to the tigh tening torque specified in Ta ble 4.
After tigh tening, rotate the crankshaft to be sure it
rotates freely . If not, loosen, then retig hten the intermediate ma in bearing housing bolts.
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Camshaft
gear

d. Install a dial indicator as shown in Figure 63 and
measure crankshaft end play. Compare the measurement with the specification in Tables 1-3. Ifend
play is incorrect, refer to the Main Bearings section
to determine the cause.
e. Align the timing marks (Figure 66) on the camshaft
and crankshaft gears when installing the crankshaft
gear.
f. Check timing 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
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 oil seal 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 (Tables 1-3)
for out-of-roundness and taper. Have the crankshaft
reground, ifnecessary, and install new undersize bearings.

MAIN BEARINGS
The crankshaft is supported at each end by insert-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. The intermediate, insert-type bearing is held in a removable bearing housing.
See Figure 61. Two intermediate bearings are used on
three-cylinder engines, while one intermediate bearing is
used on two-cylinder engines.
Crankshaft thrust (end play) is controlled by the intermediate bearing on two-cylinder engines. On
three-cylinder engines, the intermediate bearing nearest
the flywheel controls crankshaft thrust.
Remove the crankshaft as described in the previous section for access to the main bearings. Unless precision
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Inter-medi a te 'l ain Bea r ing
I. Remove the intermediate bearing housing bolts (Fi~
ur e 68 ).

2. Se parate the intermediate bear ing housing halves fro m
the crank shaft .

3. Inspect the bearings for excessive wear and damage.
4. Reassemble the intermediate bearing housing including the bea ring inserts. Asse mble the bea ring housing so

the arrows (A. Figure 69) at the parting surfaces are on
the same side. Tighten the bolts to the torque specified in
Ta ble 2.
5. Measure the crankshaft and bearing diameters and
compare them with the specifica tions in Tab les 1-3.
6. Measure the width of the intermediate thrust bearing
(Fig ure 70) and compare it with the specification in Tab le
I.

Wid th

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 spccified in Ta ble 4.
C":\ISIiAfT
Removal and Installation

measuring equipment is available. have a dealer ship or
machine shop measure main bearing dimensions. Refer to

specifications in T ables 1-3.
If front or rear bearing rep lacement is necessary. have
the main bearings replaced by a dealership or machine
shop. Be sure the o il holes in the ma in bearings ali gn with
the oil passages in th e crankcase and main bearing carrie r.

I. Remove thc fuel transfer pump (Fi gure 7 1, 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 rctaining screw (Figure 72. typical ).
4. Remove the camshaft gear nut (Fi~ ure 73), fuel injection pump cam and camshaft gear.
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5. Posit ion the engine so the valve lifters will not fall out
when the cam shaft is withdrawn.
6. Remove the bea ring retaining screw (Figu re 74 ), the n
withdraw the cam shaft.

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

If precision measuring equipment is not
availab le, hOI'1! Step 8 perfo rmed by a dealership or machine shop.

8. Check the bearing joumal(s) and lobes for signs of
wear or sconng.
9. Measure the bearing joumal(s) and lobes (Figure 75)
and compare the results 10 the speci fications in Ta bles
1-3. Replace the camshaft if the jou rnal or lobes do not
meet spec ifications .

10. Measure the stem diameter of the valve lifters and
co mpare it to the specification in Tables 1-3 . Measu re the

lifter bores in the cylinder block. Calculate the lifter clearance and compare it with the specification in Tabl es 1-3.
Replace the valve lifters if they do not meet spcciflcations. Replace the valve lifter if the lifter face is scored,
galled, excess ively worn or otherwise damaged.
II . Replace the ball bearing if it is damaged or feels
rough during rotation.
12. Installation is the reverse of removal. Note the following:
a. If installing 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 jouma l(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 (Fi2ure 76) on the camshaft
and crankshaft gears when installing the camshaft
gear.
c. Install the fuel injection cam so the side marked
with a zero is out (Fi2ure 77, typical).
f. Check gear backlash by installing a dial indicator as
she....-n in Figure 67 or by rotating the gear teeth
with soft solder between the gear teeth. Compare
the measurement with the speci fication in Tables
1-3. If gear backlash is incorrect. replace the camshaft and crankshaft gears.

CYLINDER BLOCK
Cleaning and Inspection
I. Clean the block thoroughly with solvent. Remove any
gasket or RTV sealant residue from the machined surfaces. Check all core plugs for leaks and replace any that
arc suspect. See Core Plug Replacement in this chapter.
Check oil and coo lant passages for sludge, dirt and corrosion while cleaning. If the passages are very dirty, have
the block boiled out by a machine shop. Blowout all passages with compressed air. Check the threads in the head
bolt holes to be sure they are clean. If dirt y, use a tap to reo
store the threads and remove any deposits.
2. Examine the block for cracks. To confirm suspicions
about possible leakage areas, usc 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 2GAf. 3GM and 3JfM engines, remm 'e
the cylinder liners to check the cylinder
block deck / or 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, rneasure it with a flat feeler gauge (F fgu re 78). Measure from
end to end and from comer to comer. Have the block resurfaced ifit is warped more than 0.07 mm (0.0028 in.).
4. On 2GM20. 3GM30 and 3HM35 models- Measure
the cylinder bores with a bore gauge (f igure 79) for
out-of-roundn ess or excessive wear as described in Piston/Clylinder Bore Check in this chapter. If the cylinders
exceed maximum tolerances. they must be rebored.
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Rcboring is also necessary if the cylinder walls arc bad ly
scuffed or scored .

Bearing

EXH.

Journal

Cyli nder Linen 2G:\ I. 3G:\1 and 311'.
(Incl ud ing F a nd D Series) "Iodds

EXH.
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Bearing

jo urnal

Fuel tra nsfer
pu mp lobe

Have cylinder liners repla cement performed by a deal ers hip or diesel eng ine shop. The liner is available in d ifferent outside d iameters so a precise fit between the liner
and cylinder block may be obtai ned. The upper flanged
end of the liner fits in a step at the upper end of the cylinder bore. Each liner must protrude above the cylinder
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Bo re gau ge

Straig htedge

Prol l1Js lon
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block surface. When the cylinder head is installed, the
cla mping forc e of the head agai nst the liner protrusion secures the liner in place. The pro trusion also establishes a

gas-tight seal between the liner and the head gasket. In-

spect the liners as follows:
NO TE
The liner is a close fi t in the block, but it may

be movable. Distortion or corrosion may
f reeze the liner in the block, which will ne-

Cylinder liner

c;::
~
~

~

i

Cylinder block

~
E::
~
~
V

cess itate a puller to remove the liner:

1. Measure liner protrusion above the cylinder block
(F igu re SO)and compare the result with the specification
in Tab les 1-3.
a. Excess protrusion may da mage the head gasket. Excess protrusion may be caused by improper sea ting
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

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. Compare measurements with the specification in Tables 1-3.
Replace the liner if the measurements exceed the specification.
3. Inspect the liner bore. Replace the liner if it is rusty.
corroded or otherwise damaged.
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Sealing edge
before Installation

Cylinder block

Strike here
Wlthh7

Core plug Installation tool

Removal and Installation
CAUTION
Do not drive core plugs into the engine casting. It will be impossible to retrieve them
and they can restrict coolant circulation, resulting in serious engine damage.

Remove plug

Core Plug Replacement
Check the condition ofall core plugs in the block whenever the engine is out of the boat for service. If any signs
of leakage or corrosion are found around one core plug,
replace them all. Core plugs in the cylinder block prevent
damage to the block should the coolant freeze. The cylinder block of 2GM, 3GM and 3HM engines is equipped
with cast iron, removable cylinder liners. See Cylinder
Liners in this chapter.
NOTE
A machine shop can replace core plugs inexpensively. If machine work on the engine
is necessary, have the core plugs replaced at
the same time.

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 81).
2. Grip the top ofthe plug firmly with pliers. Pull the plug
from its bore (Figure 82) and discard.
NOTE
It is also possible to remove core plugs by
drilling a hole in the center ofthe plug and
prying it out with an appropriate size drift
or pin punch. When removing a large core
plug, the use of a universal impact slide
hammer is recommended.

3. Clean the plug bore thoroughly to remove all traces of
the old sealer. Inspect the bore for any damage that might
interfere with proper sealing of the new plug.
4. Coat the inside diameter ofthe plug bore and the outer
diameter of the new plug with sealer. Use an oil-resistant
sealer ifthe plug is to be installed in an oil gallery or a water-resistant sealer for plugs installed in the water jacket.
5. Install the new core plug with an appropriate size core
plug installation tool (Figure 83), driver or socket. Position the outside edge of the plug 2-3 mm (0.08-0.12 in.)
inside the block.
6. Repeat Steps 1-5 to replace each remaining core plug.
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Table 1 ENGINE SPECIFICATIONS (20M AND 2GM20)
Bore
2GM
2GM20
Stroke
Displacement
2GM
2GM20
Number of cylinders
Firing order
Cylinder liner diameter (2GM)
Cylinder liner protrusion (2GM)
Cylinder bore diameter (2GM20)
Borelliner out-of-round-max.
Cylinder block warpage-max.
Piston diameter
2GM
Standard
Wear limit
2GM20
Standard
Wear limit
Piston top clearance
Piston ring side clearance
Top ring
Second ring
011 ring
Ring end gap (all rings)
Piston pin diameter
Piston pin hole diameter
In piston
In rod
Piston pin clearance
In rod
In piston
Piston ring width
Top and second ring
011 control ring
Cylinder liner protrusion (2GM)
Crankshaft main journal diameter
Timing gear end
Center
Flywheel end
Journal out-of-round-max.
Crankshaft end play
Crankshaft runout-max.
Main bearing clearance
Timing gear end
Center
Flywheel end
Intermediate thrust bearing wldth-mln.
Crankpln diameter
Journal out-of-round-max.
Crankpln bearing clearance
Connecting rod side clearance
Cylinder head warpage-max.
Camshaft
Valve lobe 11ft
Fuel pump lobe 11ft
Journal diameter
Runout

72 mm (2.83 In.)
75 mm (2.95 In.)
72 mm (2.83 In.)
586 cc (35.7 cu. In.)
636 cc (38.8 cu. In.)

2
1-2
72.000 mm (2.8346 In.)
0.005-0.075 mm (0.0002-0.0030 in.)
75.000-75.030 mm (2.9528-2.9540 ln.)
0.02 mm (0.0008 In.)
0.05 mm (0.002 In.)

71.913-71.943 mm (2.8312-2.8324 In.)
71.850 mm (2.8287 In.)
74.910-74.940 mm (2.9492-2.9504 In.)
74.850 mm max. (2.9468 In.)
0.68-0.88 mm (0.027-0.035 In.)
0.065-0.100 mm (0.0026-0.0039 In.)
0.035-0.070 mm (0.0014-0.0028 In.)
0.020-0.055 mm (0.0008-0.0022 In.)
0.20-0.40 mm (0.008-0.016 In.)
19.991-20.000 mm (0.7870-0.7874 In.)
19.995-20.008 mm (0.7872-0.7877 In.)
20.000 mm (0.7874 In.)
0.025-0.047 mm (0.0010-0.0019 In.)
0.005 mm tlght-o.017 mm loose
(0.0002 In. tlght-o.0007 In. loose)
1.97-1.99 mm (0.0776-0.0783 In.)
3.97-3.99 mm (0.1563-0.1571 In.)
0.005-0.075 mm (0.0002-0.0030 In.)
43.950-43.964 mm (1.7303-1.7309 In.)
43.950-43.964 mm (1.7303-1.7309 In.)
59.950-59.964 mm (2.3602-2.3608 In.)
0.01 mm (0.0004 In.)
0.09-0.19 mm (0.0035-0.0075 In.)
0.15 mm (0.006 In.)
0.036-0.092 mm (0.0014-0.0036 in.)
0.03&-0.092 mm (0.0014-0.0036 In.)
0.03&-0.095 mm (0.0014-0.0037 In.)
24.63 mm (0.970 In.)
39.950-39.964 mm (1.5728-1.5734 In.)
0.01 mm (0.0004 In.)
0.028-0.086 mm (0.0011-0.0034 In.)
0.2-0.4 mm (0.008-0.016 In.)
0.07 mm (0.003 In.)
35.000 mm (1.3780 In.)
33.000 mm (1.2992 In.)
30.000 mm (1.1811 In.)
0.02 mm max. (0.0008 In. max.)
(continued)
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T.ble 1 ENGINE SPECIFICATIONS (20M AND 2OM20) (continued)
Timing gear backlash
Maximum allowable
Push rod runout-max.
Valve lifter
Type
Outside diameter
Outside dlameter-mln.
Clearance In block
Max. clearance
Valve face angle
Valve seat angle
Valve head margin
seat width (Int. and eXh.)
Valve depth-max.
Valve stem clearance
Intake
Exhaust
Max. stem clearance
Valve stem diameter
Valve stem wear limit
Valve stem runout-max.
Valve guide diameter
Valve guide wear limit
Valve guide protrusion
Valve spring
Standard free length
Min. free length
Installed height
Pressure at Installed height
Rocker arm shaft clearance
Rocker arm shaft clearance-max.
Rocker arm bore wear limit
Rocker arm shaft wear limit
011 pump
Inner rotor tlp-to-outer rotor tip
Max.
Outer rotor-ta-pump body
Max.
Rotor side clearance
Max.
Shaft clearance
Max.

0.05-0.13 mm (0.002-0.005 In.)
0.3 mm (0.012 In.)
0.03 mm (0.0012 In.)
Mechanical
10.000 mm (0.3937 In.)
9.95 mm (0.3917 In.)
0.010-0.040 mm (0.0004-0.0016 In.)
0.10 mm (0.004 In.)
45°
45°
0.75-1.15 mm (0.030-0.045 In.)
1.n mm (0.070 In.)
1.25 mm (0.049 In.)
0.040-0.065 mm (0.0016-0.0026 In.)
0.045-0.070 mm (0.0018-0.0028 In.)
0.15 mm (0.006 In.)
7.000 mm (0.2756 In.)
6.900 mm (0.2717 In.)
0.03 mm (0.0012 In.)
7.000 mm (0.2756 In.)
7.080 mm (0.2878 In.)
7.0 mm (0.276 In.)
38.5 mm (1.52 In.)
37 mm (1.46 In.)
29.2 mm (1.15 In.)
16.16 kg at 29.2 mm (35.63 lb. at 1.15 In.)
0.016-0.052 mm (0.0006-0.0020 In.)
0.15 mm (0.006 In.)
14.10 mm (0.555 In.)
13.90 mm (0.547 In.)
0.050-0.105 mm (0.0020-0.0041 In.)
0.15 mm (0.006 In.)
0.050-0.105 mm (0.0020-0.0041 In.)
0.15 mm (0.006 In.)
0.030-0.080 mm
0.13 mm (0.005 In.)
0.015-0.050 mm (0.0006-0.0020 In.)
0.20 mm (0.0079 In.)

T.ble 2 ENGINE SPECIFICATIONS (30M AND 3GM30)
Bore
3GM
3GM30
Stroke
Displacement
3GM
3GM30
Number of cylinders
Firing order
Cylinder liner diameter (3GM)
Cylinder liner protrusion (3GM)
Cylinder bore diameter (3GM30)
Borelliner out-of-round-max.

72 mm (2.83 In.)
75 mm (2.95 In.)
72 mm (2.83 In.)
879 cc (53.6 cu. In.)
954 cc (58.2 cu. In.)

3
1-2-3
72.000 mm (2.8346 In.)
0.005-0.075 mm (0.0002-0.0030 In.)
75.000-75.030 mm (2.9528-2.9540 In.)
0.02 mm (0.0008 In.)
(continued)
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Table 2 ENGINE SPECIFICATIONS (3GM AND 3GM30) (continued)

Cylinder block warpage-max.
Piston diameter
3GM
Standard
Wear limit
3GM30
Standard
Wear limit
Piston top clearance
Piston ring side clearance
Top ring
Second ring
Piston ring side clearance (continued)
Oil ring
Ring end gap (all rings)
Piston pin diameter
Piston pin hole diameter
In piston
In rod
Piston pin clearance
In rod
In piston
Piston ring width
Top and second ring
Oil control ring
Crankshaft main journal diameter
Timing gear end
Center
Flywheel end
Journal out-of-round-max.
Crankshaft end play
Crankshaft runout-max.
Main bearing clearance
Timing gear end
Center
Flywheel end
Crankpln diameter
Journal out-of-round-max.
Intermediate thrust bearing width-min.
Crankpin bearing clearance
Connecting rod side clearance
Cylinder head warpage-max.
Camshaft
Valve lobe 11ft
Fuel pump lobe 11ft
Journal diameter
End journal
Center journal
Runout
Timing gear backlash
Maximum allowable
Push rod runout-max.
Valve lifter
Type
Outside diameter
Outside diameter-min.
Clearance in block
Max. clearance
Valve face angle
Valve seat angle

0.05 mm (0.002 In.)

71.913-71.943 mm (2.8312-2.8324 In.)
71.850 mm (2.8287 In.)
74.910-74.940 mm (2.9492-2.9504 In.)
74.850 mm (2.9468 In.)
0.68-0.88 mm (0.027-0.035 In.)
0.065-0.100 mm (0.0026-0.0039 In.)
0.035-0.070 mm (0.0014-0.0028 In.)
0.020-0.055 mm (0.0008-0.0022 In.)
0.20-0.40 mm (0.008-0.016 In.)
19.991-20.000 mm (0.7870-0.7874 In.)
19.995-20.008 mm (0.7872-0.7877 In.)
20.000 mm (0.7874 In.)
0.025-0.047 mm (0.0010-0.0019 ln.)
0.005 mm tlght-0.017 mm loose
(0.0002 In. tlght-0.0007 In. loose)
1.97-1.99 mm (0.0776-0.0783 In.)
3.97-3.99 mm (0.1563-0.1571 In.)
43.950-43.964 mm (1.7303-1.7309 in.)
43.950-43.964 mm (1.7303-1.7309 In.)
59.950-59.964 mm (2.3602-2.3608 In.)
0.01 mm (0.0004 In.)
0.09-0.19 mm (0.0035-0.0075 In.)
0.15 mm (0.006 In.)
0.036-0.092 mm (0.0014-0.0036 In.)
0.036-0.092 mm (0.0014-0.0036 In.)
0.036-0.095 mm (0.0014-0.0037 In.)
39.950-39.964 mm (1.5728-1.5734 In.)
0.01 mm (0.0004 In.)
24.63 mm (0.970 In.)
0.028-0.086 mm (0.0011-0.0034 In.)
0.2-0.4 mm (0.008-0.016 In.)
0.07 mm (0.003 In.)
35.000 mm (1.3780 In.)
33.000 mm (1.2992 In.)
30.000 mm (1.1811 ln.)
41.500 mm (1.6339 In.)
0.02 mm max. (0.0008 In. max.)
0.05-0.13 mm (0.002-0.005 In.)
0.3 mm (0.012 In.)
0.03 mm (0.0012 in.)
Mechanical
10.000 mm (0.3937 in.)
9.95 mm (0.3917 in.)
0.010-0.040 mm (0.0004-0.0016 In.)
0.10 mm (0.004 In.)
45° .
45°
(continUed)
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Table 2 ENGINE SPECIFICATIONS (3GM AND 3GM30) (continued)
Valve head margin
seat width (Int. and exh.)
Valve depth-max.
Valve stem clearance
Intake
Exhaust
Max. stem clearance
Valve stem diameter
Valve stem wear limit
Valve stem runout-max.
Valve guide diameter
Valve guide wear limit
Valve guide protrusion
Valve spring
Standard free length
Min. free length
Installed height
Pressure at Installed height
Rocker arm shaft clearance
Rocker arm shaft clearance-max.
Rocker arm bore wear limit
Rooker arm shaft wear limit
011 pump
Inner rotor tlp-to-outer rotor tip
Max.
Outer rotor-ta-pump body
Max.
Rotor side clearance
Max.
Shaft clearance
Max.

0.75-1.15 mm (0.030-0.045 In.)
1.77 mm (0.070 In.)
1.25 mm (0.049 In.)
0.040-0.065 mm (0.0016-0.0026 In.)
0.045-0.070 mm (0.0018-0.0028 ln.)
0.15 mm (0.006 in.)
7.000 mm (0.2756 In.)
6.900 mm (0.2717 In.)
0.03 mm (0.0012 In.)
7.000 mm (0.2756 in.)
7.080 mm (0.2878 In.)
7.0 mm (0.276 In.)
38.5 mm (1.52 In.)
37 mm (1.46 In.)
29.2 mm (1.15 In.)
16.16 kg at 29.2 mm (35.63 lb. at 1.15 In.)
0.016-0.052 mm (0.0006-0.0020 In.)
0.15 mm (0.006 In.)
14.10 mm (0.555 In.)
13.90 mm (0.547 in.)
0.050-0.105 mm (0.0020-0.0041 In.)
0.15 mm (0.006 In.)
0.050-0.105 mm (0.0020-0.0041 In.)
0.15 mm (0.006 In.)
0.030-0.080 mm
0.13 mm (0.005 in.)
0.015-0.050 mm (0.0006-0.0020 In.)
0.20 mm (0.0079 In.)

Table 3 ENGINE SPECIFICATIONS (3HM AND 3HM35)
Bore
3HM
3HM35
Stroke
Displacement
3HM
3HM35
Number of cylinders
Firing order
Cylinder bore diameter (3HM35)
Cylinder liner diameter (3HM)
Max.
Cylinder liner protrusion (3HM)
Borelliner out-of-round-max.
Cylinder block warpage-max.
Piston diameter
3HM
Standard
Wear limit
3HM35
Standard
Wear limit
Piston top clearance
Piston ring side clearance
Top ring
Second ring

75 mm (2.95 In.)
80 mm (3.15 In.)
85 mm (3.35 In.)
1126 cc (68.7 cu. In.)
1282 cc (78.2 cu. In.)

3
1-2-3
80.000-80.030 mm (3.1496-3.1508 In.)
75.00 mm (2.9528 In.)
75.10 mm (2.9567 In.)
0.005-0.075 mm (0.0002-0.0030 In.)
0.02 mm (0.0008 In.)
0.05 mm (0.002 In.)

74.907-74.937 mm (2.9491-2.9503 In.)
74.850 mm max. (2.9468 In.)
79.902-79.932 mm (3.1457-3.1470 In.)
79.840 mm max. (3.1433 In.)
0.66-0.86 mm (0.026-0.034 In.)
0.065-0.100 mm (0.0026-0.0039 In.)
0.035-0.070 mm (0.0014-0.0028 In.)
(continued)
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Table 3 ENGINE SPECIFICATIONS (3MII AND 3M1I35) (continued)

Piston ring side clearance (continued)
011 ring
Ring end gap
Top ring
Second ring
011 ring
Piston pin diameter
Piston pin hole diameter
In piston
In rod
Piston pin clearance
In rod
In piston
Piston ring width
Top and second ring
011 control ring
Crankshaft main journal diameter
Timing gear end
Intermediate
Flywheel end
Journal out-of-round-max.
Crankshaft end play
Crankshaft runout-max.
Main bearing clearance
Timing gear end
Intermediate
Flywheel end
Intermediate thrust bearing wldth-mln.
Intermediate thrust bearing wldth-mln.
2GM, 2GM20, 3GM, 3GM30
3HM,3HM35
Crankpln diameter
Journalout-o~round-max.

Crankpln bearing clearance
Connecting rod side clearance
Cylinder head warpage-max.
Camshaft
Valve lobe 11ft
Fuel pump lobe 11ft
Journal diameter
End journal
Center journal
Runout
Timing gear backlash
Maximum allowable
Push rod runout-max.
Valve lifter
Type
Outside diameter
Outside dlameter-mln.
Clearance In block
Max. clearance
Valve face angle
Valve seat angle
Valve head margin
Seat width (Int. and exh.)
Valve depth-max.
Valve stem clearance
Intake
Exhaust

0.020-0.055 mm (0.0008-0.0022 In.)
0.25-0.45 mm (0.010-0.018 In.)
0.20-0.40 mm (0.008-0.016 In.)
0.25-0.45 mm (0.010-0.018 In.)
22.991-23.000 mm (0.9052-0.9055 In.)
22.995-23.008 mm (0.9053-0.9058 In.)
23.000 mm (0.9055 In.)
0.025-0.047 mm (0.0010-0.0019 In.)
0.005 mm tlght-o.017 mm loose
(0.0002 In. tlght-o.0007 In. loose)
1.97-1.99 mm (0.0778-0.0783 In.)
3.97-3.99 mm (0.1563-0.1571 In.)
46.950-46.964 mm (1.8484-1.8490 In.)
46.950-46.964 mm (1.8484-1.8490 In.)
64.950-64.964 mm (2.5571·2.5576 In.)
0.01 mm (0.0004 In.)
0.09-0.18 mm (0.0035-0.007 In.)
0.15 mm (0.006 In.)
0.036-0.095 mm
0.036-0.095 mm
0.038-0.099 mm
29.63 mm(1.166

(0.0014-0.0037 In.)
(0.0014-0.0037 In.)
(0.0014-0.0039 In.)
In.)

24.63 mm (0.970 In.)
29.63 mm (1.166 ln.)
43.950-43.964 mm (1.7303-1.7309 In.)
0.01 mm (0.0004 In.)
0.036-0.092 mm (0.0014-0.0036 In.)
0.2-0.4 mm (0.008-0.016 In.)
0.07 mm (0.003 In.)
35.000 mm (1.3780 In.)
33.500 mm (1.3189 In.)
30.000 mm (1.1811 In.)
41.500 mm (1.6339 In.)
0.02 mm max. (0.0008 In. max.)
0.05-0.13 mm (0.002-0.005 In.)
0.3 mm (0.012 In.)
0.03 mm (0.0012 In.)
Mechanical
10.000 mm (0.3937 In.)
9.95 mm (0.3917 In.)
0.010-0.040 mm (0.0004-0.0016 In.)
0.10 mm (0.004 In.)
45°
45°
0.85-1.15 mm (0.034-0.045 In.)
1.77 mm (0.070 In.)
1.55 mm (0.061 In.)
0.040-0.065 mm (0.0016-0.0026 In.)
0.045-0.070 mm (0.0018-0.0028 In.)
(continued)
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Table 3 ENGINE SPECIFICATIONS (3HM AND 3HM35) (continued)
Valve stem clearance (continued)
Max. stem clearance
Valve stem diameter
Valve stem wear limit
Valve stem runout-max.
Valve guide diameter
Valve guide wear limit
Valve guide protrusion
Valve spring
Standard free length
Min. free length
Installed height
Pressure and Installed height
Rocker arm shaft clearance
Rocker arm shaft clearance-max.
Rocker arm bore wear limit
Rocker arm shaft wear limit
Oil pump
Inner rotor tlp-to-outer rotor tip
Max.
Outer rotor-to-pump body
Max.
Rotor side clearance
Max.
Shaft clearance
Max.

0.15 mm (0.006 In.)
7.000 mm (0.2756 In.)
6.900 mm (0.2717 In.)
0.03 mm (0.0012 In.)
7.000 mm (0.2756 In.)
7.080 mm (0.2878 In.)
7.0 mm (0.276 In.)
38.5 mm (1.52 In.)
37 mm (1.46 In.)
30.2 mm (1.19 In.)
14.43 kg at 30.2 mm (31.81 lb. at 1.19 In.)
0.016-0.052 mm (0.0006-0.0020 In.)
0.15 mm (0.006 ln.)
14.10 mm (0.555 In.)
13.90 mm (0.547 In.)
0.050-0.105 mm (0.0020-0.0041 In.)
0.15 mm (0.006 in.)
0.050-0.105 mm (0.0020-0.0041 in.)
0.15 mm (0.006 In.)
0.030-0.080 mm
0.13 mm (0.005 In.)
0.015-0.050 mm (0.0006-0.0020 In.)
0.20 mm (0.0079 In.)

Table 4 TIGHTENING TORQUES
Fastener

N-m

ft.-lb.

in.-Ib.

Connecting rod
Cylinder head
M8
M12
3HM,3HM35
M8
M12
Exhaust elbow (2GM, 2GM20)
Exhaust manifold (3-cylinder)
Flywheel
Intermediate bearing housing
2GM, 2GM20, 3GM, 3GM30
3HM,3HM35
Retaining (set) bolt
Rear main bearing housing
Timing gearcase
011 pump

25

18

216

30
120

22
88

30
130
45
45
65-70

22
95
33
33
48-51

30-35
45-50
45-50
25
15
8

22-25
33-36
33-36
18
11
17

Chapter Seven

fuel Injection and Governor Systems

This chapter describes operation of the fuel injection
and governor systems and service procedures. Refer to
Chapter Two for troubleshooting procedures. Refer to
Chapter Three for maintenance procedures. Refer to
Chapter Five for a description ofdiesel engine operation.
Tables 1-3 are located at the end of this chapter.

WARNING
Serious fire hazards always exist around
diesel fuel. Do not allow any smoking in areas wherefuel is present. Always have afire
extinguisher, rated for fuel and electrical
fires, on hand when refueling or servicing
any part ofthe fuel system.
WARNING
Fuel emerges from the injector and
high-pressure fuel fittings with sufficient
force to penetrate the skin, which may cause
blood poisoning. Wear goggles and cover
exposed skin when working on high-pressure
components.
FUEL INJECTION FUNDAMENTALS

Engine operation is described under Diesel Engine
Fundamentals in Chapter Five.

The major components ofthe diesel fuel system are the
fuel tank, fuel filters, injection pump and injection nozzle(s) (Figure 1). A feed (transfer) pump moves fuel from
the fuel tank through the filters to the fuel injection pump.
Governor operation is described in Governor System in
this chapter.

Fuel Injection Pump

The fuel injection pump forces fuel into the fuel injector(s), which direct fuel into the engine combustion chamber. The pump raises fuel pressure to approximately
17000 kPa (2540 psi), while also controlling the time and
amount of fuel injected.
The diesel injection pumps used on the engines covered
in this manual operate on the plunger and cam principle.
Refer to Figure 2 and Figure 3. A rotating cam in the engine causes a plunger in the fuel injection pump to move
in a cylinder and pump fuel to the injector nozzle. A delivery valve and spring establish the beginning and ending of
injection while also maintaining residual pressure in the
injection line. The plunger is designed to alter fuel flow
when it is rotated. Fuel control is achieved by moving the
fuel control rack, which rotates the fuel plunger pinion
and plunger.
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FUEL IN.JECTION SYSTEM

Fuel return hose

Fuel return pipe

Fuel InJection pump
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Individual pumping elements are used on single-cylinder engines as shown in Figure 4. Multiple-cylinder engines are equipped with pumping elements
combined in a single unit as shown in Figure 5.
Fuel injection pumps are precision-built units that require clean fuel to operate properly. The extremely close
tolerances and high injection pressure dictate that specialized equipment and experienced technicians are needed to
service fuel injection pumps. If properly operated and
maintained, a fuel injection pump will provide
long-lasting, trouble-free service.

Fuel Injector

A fuel injector (A, Figure 6) is required for each cylinder to inject fuel into the combustion chamber. A
high-pressure fuel line (B, Figure 6) directs fuel from the
fuel injection pump to the fuel injector, while a fuel return
line (C, Figure 6) carries bypass fuel back to the fuel tank.
Refer to Figure 7 for an exploded view of the fuel injector.
The engines covered in this manual are equipped with
an inward opening, throttling-pintle type fuel injector
(Figure 8). High fuel pressure from the injection pump
enters the injection nozzle, surrounds the nozzle valve and
forces the valve away from the seat. The pressure exerted
by the spring above the nozzle holds the nozzle valve
closed until the pressure of the fuel rises higher than
spring pressure. The fuel delivered by the pump sprays
from the nozzle tip into the combustion chamber when the
valve opens. After the fuel is injected, fuel pressure decreases and the spring once again closes the valve.
The injection nozzle atomizes the fuel to help mix fuel
with the compressed air in the engine's cylinder. The fuel
must be broken into very small particles so that the fuel
will quickly absorb heat from the compressed (hot) air,
change to a vapor, then ignite. The design ofthe nozzle tip
affects the size and shape of the fuel spray. The throttling
pintle reduces the amount of fuel injected for a given orifice and causes a delay in the injection of the principal
amount of fuel.
Excess fuel is routed from the injectors back to the fuel
tank through a fuel return line.

Fuel and Fuel Filters

Clean, moisture-free fuel is very important to a diesel
fuel system. As well as acting as the fuel for combustion,
diesel fuel is also a lubricant for many ofthe internal moving parts in the fuel system. The close tolerances ofthe in-
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Injection
nozzle

Fuel
storage
tank

jection pump and nozzles are easily damaged by solid particles in the fuel as well as by water in the fuel.
All diesel fuel contains some sulfur, which forms sulfuric acid if water mixes with the sulfur. The sulfuric acid
will quickly erode the precision parts of the pump and
nozzles. Extra care must be exercised in the storage and
handling of diesel fuel to prevent contamination.
Diesel fuel is graded according to the composition of
the fuel after passing through the refining process. Common diesel fuel grades are ID and 2D, with ID the lighter
fuel. The recommended fuel for the Yanmar engines covered by this manual is 2-D diesel fuel.
Filters are included within the system to remove solid
particles and absorb moisture. In many cases, at least two
filtering stages plus a water trap are incorporated to help
ensure only clean fuel reaches the fuel injection pump.
The primary filter (nearest the fuel tank) removes sediment and water from the fuel. The secondary filter removes very fine particles from the fuel. Both filters must

FUEL INJECTION AND GOVERNOR SYSTEMS

141

IN.JECTION PUMP

9-----i,

10~
11

t-

12

1iM---13

".. . . .~-14
15
---16
~-~17

19~18

~~

20

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Delivery valve holder
a-ring
Spring
Delivery valve
Gasket
Delivery valve seat
Barrel
Gasket
Pump body
Control rack
Shims
Plunger
Control sleeve
Washer
Spring
Spring seat
Shims
Tappet
Pin
Bearing
Roller
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be operating properly to adequately protect the fuel injection system . Failure to maintain fuel fillers and use clean
fuel can result in engine stoppage and expensive replacement or repair of the injection pump or injectors.

Fuel Transfer Pump

The fuel transfer pump (A, Figure 9) moves fuel from
the fuel lank to the fuel injection pump. The pump is necessary when the fuel tank is lower than the fuel injection
pump. A primer lever on the side ofthe trans fer pump permits manual operation of the fuel pump d iaphragm.
Priming or bleeding the fuel system requires operation of
the primer lever so fuel flows to the injection system with
the eng ine slopped.

FUEL I."'JECT IOI\ SYSTE:vJ BLEEIlING
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 discon nected
or fuel components are removed. To ensu re all a ir is removed, perform the complete bleeding procedure described in the following steps:
I. 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 IVI/)e up expelled
file!.
2. Operate the priming lever (8, Figure 9) on the fuel
transfer pump while observing the fuel expelled from the
bleed screw ho le. Continue to operate the priming lever
until air-free fue l is expelled, then close the air bleed
screw.

3. Open the air bleed screw (Figure II) on the fuel injection pump.
4 . O perate the priming lever (8, Figure 9) on the fuel
transfer pump while observing the fuel expelled from the
ble ed screw hole. Continue to operate the pri ming lever
until air-free fuel is expelled , then close the air bleed
scr ew.
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FUEL INJECTOR
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Inj ection
timin g
shims

5. Loosen the fitting nut (Figure 12) on the injcctor(s)
just enough to expel fuel.
6. Move the engine speed control to the full throttle position.
7. Move the decompression lever to the ON position.
NOTE
Do not operate the starter for more than 30
seconds; otherwise tile starter may be dam aged due to overheating.
8. Operate the starter until air-free fuel flows from the injcctorfs).
9. Tighten the injector fuel line fitting nutfs) to 20 Nom
(15 ft.-lb.).
10. Operate the starter and listen for the distinctive noise
that indicates the injector is operating.

FUEL INJECTION TIM ING
Similar to ignition timing on a gasoline engine, the fue l
must be injected at the proper time to obtain optimum
combustion,
Injection timing is determined by the relationship between the injection pump plunger and the injection camshaft in the engine. The rotating cam acts against the roller
on the pump plunge r in the fuel injection pump (F igure
13) to force up the plunge r 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 vert ical movement, thereby changing
when injection occurs.
Shims between the injection pump and its mounting
surface on the engine are used to adjust fuel injection timing (F igure 13). Increasing shim thickness retards injection timing, while decreasing shim thickness advances
injection timing.

'-\\!;Z;if:='--- '1-- -

Plunge r roller

Fuel injection
ca m

FUEL INJECTI ON AND GOVERNOR SYSTEMS

145

.:IfiJi'r-

Spill
pipe

3A. On IGM and IGMIO models-Unscrew the fuel in- . - - - - "
jcction line retaining nut (F igu re 16) and disconnect the
7
fuel line from the pump.
NOTE
On 2GM, 2GM20, 3GM, 3GM30, 3HM and
3HM35 engines, the cylinder nearest theflywheel is the number one cylinder.

38. On 20M, 2GM20, 3GM, 3GM30, 3HM and3HM35
models-Unscrew the fuel injection line retaining nut
(Figu re 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 (F igure 18).
NOTE
Jfa spiff pipe is not available or cannot he
fabricated. observe fuet flow in the open
nipple.

5. Place the speed control lever at the mid -throttle pos ition.
NOTE
Do not use the starter motor when rotating
the crankshaft.

Adjust Fucl lnjcction Timing

1. Make sure there is no air in the fuel system. If necessary, bleed the fuel system as descr ibed 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 (F igure 15) are visible.

NOTE
Always rotate the crankshaft in the normal
running direction (clockwise at the crankshaft pulley); otherwise the water pump im peller may be damaged.

6. Rotate the crankshaft with the crankshaft pulley retaining nut until the IT mark on the flywheel appears.
NOTE
The piston must be 011 its compression
stroke. If fuel does not appear in the spill
pipe, the piston may 1I0the on the compres-
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sian stroke. Rotate the crankshaft one full
turn.
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 timing mark on the flywheel (A. Figure 19) should align with
the reference pointer (B) on the clutch cover. If view ing
marks through the starter hole, the injection timing mark
on the flywheel (A, Figure 20) should align with the reference mark (B) on the clutch cover.
NOTE
There are two timing marks [or each cylinder 011 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 liming mark, which has no
identifying letters or numbers. The injection
timing mark is to the right ofthe TDC mark
when viewing the mark through the starter
hole, or to the leli 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 chapte r.
ID. Measure the shim pac k located between the pump
and engine mounting surface (Figure 21).
liA. Injection timing retarded-If injection timing is retarded, decrease the shim thickness to advance inject ion
timing. Decreasing shim thic kness D. I mm will advance
injection timing one degree.
11 B. Injection timing advanced- If injection timing is advanced, increase the shim thickness to retard injection
timing . Increasing shim thickne ss 0.1 mm will retard injection timing one degree .

12, Install the shims and injection pump , then recheck injection timing.
13. On 2GM, 2GM2D, 3GM, 3GM3D, 3HM and 3HM35
models-s-C heck fuel injection timing for the remaining
cylinders. Use the inject ion timing mark adjacent to the
2T or 3T marks for the cylinder being checked. If injection timing is incorrect for the numbe r two or three cylinders, have a Yanmar dealers hip or diesel fuel injection
shop inspect the injection pump.
FUEL [ VJECTOR

Each cylinder is equipped with a fuel injector (f igure
22). Refer to Fuel Inj ector in the Fuel Injection
Fundamentals section of this chapter for information regard ing fuel injector operation .
Maintaining optimum fuel injector perfonnanec is primarily dependent on using clean fuel. Din or debris in the
fuel is the predominant cause of poor injector performance . The injector is also subject to the heat and byproducts of combu stion. The fuel injector nozz le is protec ted
from combustion heat by a heat shield. However, heat and
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7
Rem oval a nd Installation

@

~Nut

~Retainer plate

f!Ir-

I . Th orou ghl y clean the fue l injector and the area around
the inj ec tor to make sure debris will not fall into the enPuellnjec tcr

o - - 0 -rIOg

o

Gasket
Heal s hield

~,}--- Co ppe r gasket

~':I--- Precombustion chamber

0--

Refer to Figure 23 for an exploded view of the fuel injector and preco mbustion chambe r assembly.

Copper gas ket

combustion byp rodu cts even tua lly affect inj ector operation. C logg ing may affect the sp ray pattern, which may

cause misfiring and decreased engine performance.
Yanma r docs nor speci fy when a fuel injector should be
removed for clea ning. A period ic ma intenan ce schedule
can be formulated based on when engine performance decl ines due to the inj ec tor becoming clogged. An injector
should pcrfonn properly for several hundred hours before
requiring service; otherw ise, operating proced ures. fuel
type or cond ition . or another cngine problem are responsible for unsat isfacto ry injec tor operation .
Injector service should be limited to removal for external cleaning. Have a Yanmar dealership or diesel fuel inj ec tion shop pcrfonn internal cleaning or ov erhaul.

gmc.

NOTE

Plug or cap all fuel openings 10 prevent the
enlranc e ofdin or debris.
NOTE

Note the location ofall washers so they can
he returned to their original positions.
2. Detach the fuel return line from the nipple on the fue l
inj ector. On mulricylin dcr engines, the fuel return line
must be removed from all injec tors. 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 brac kets.
Detach the high-p ressu re fue l line (8, Figure 24) from the
fuel inj ector.
4 . Unscrew the retainer plate nuts (A, Figure 25), then
remo ve the retain er plate (8).
5. Remo ve the fuel injector (F igu re 26).
6, Extract the heat shield and gas ket (f igu re 27). The
gas ket resides in a groo ve in the to p 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 cylinder head to dislodge the precombustion
chamber.
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7. Extract the precombustion chamber and copper gaskets (Figure 28). Note that there is a copper gasket (Figure 29) above and below the chamber; make sure to
remo ve the bottom gasket after remov ing the chamber.
8. On models so equipped, remove and discard the O-ring
on the fuel injector (Fig ure 23).
9. Plug the opening in the cylinder head to prevent the entry of dirt or debris.
10. Refer to the following section for injector testing and
cleaning information.
11. Inspect the precombustion chamber. If damaged, discard the chamber. Clean the heat shield.

12. Discard the gaskets and install new gaskets. Thoroughly 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 toward the cylinder head. Align the pin on the side of the
precombustion chamber (Fig ure 30) with the groove in
the injector bore (F igure 31) .

,
15. Install the upper copper gasket onto the
precombustion chamber.
16. Install the heat shield and gasket. The open side ofthe
heat shield must be down.
17. Install the O-ring onto the fuel injector (F igure 29).
18, Install the fuel injector into the injector bore in the
cylinder head (Figure 26).
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FUEL INJ ECT ION PUMP
The fuel injection pump is built to precise specifications
and is easily damaged by contamination from dirt or debris . Due to the close tolerances in the pump and the special tools and equipment required for overhaul and
testing, have a Yanmar dealership or diesel fuel injection
shop perform any unnecessary service .

Remova l a nd Inst allation
WARNING
Serious fire hazards always exist around
diesel fuel. Do not allow any smoking in areas where fuel is present. Always have afire
extinguisher. rated for fuel and electrical
fires, on hand when servicing any part ofthe
fuel system.
I. Close the fuel shutoff valve.
2. Thoroug hly clean the fuel injection pump and the area
around the pump of all debris.
NOTE

Plug or cap allfuel openings to prevent the
entrance ofdebris.
19. Connect the high-pressure fuel line to the injector.
20. Install the retainer plate so the side with bumps (Figure 32) is down and contacts the injector.
21. Install the retaining nuts . Tighten the nuts evenly to
20 Nem (14.5 fl.-lb .).
22. Connect the fuel return line.

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 injec tor(s) (8, Figu re 33).
5. Remove the injection pump retaining nuts (C, Figure
33) .

23. Reattach fuel line retaining brackets.
NOTE

24. Bleed the fuel injection system as described in this
chapter. Run the engine and check for leaks.

Removing the oil fill cap on lGM and
I GM I0 models provides access to the gov-

7
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ernor linkage/or easier pump removal and
installation.

6. Lift the injection pump out of the engine while carefully 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 engage the control rack pin (F igure 35) with the governor
lever fork. Tighten the pump retaining nuts to 25 Nom ( 18
ft.-lb.). Bleed the fuel injection system as previously described. Run the engine and check for leaks.
FUEL TRA!\'SFER PUMP

The engine is equipped with a fuel transfer pump (A,
Figu re 36) to move fuel from the fuel tank to the fuel filter
and fuel injection pump. A cam lobe on the engine camshaft operates the pump lever (F igure 37), which moves
the fuel pump diaphragm to pump the fuel. Fuel pump
pressure is approximately 9.7 kPa (1.4 ps i).
The transfer pump outpu t port on l GM and IGM IO engines is on the left side with the pump moun ted on the engme . On all other engines, the output po rt is on the right
side.

2. Operate the engine starte r. If the fuel transfer pump is
operating properly, fuel will flow from the air bleed screw
hole.

3. If fuel does not flow from the air bleed screw hole, disconnect the outpu t fuel line (B, Figure 36) from the fuel
pump.
NOTE
Be prepared to catch fuel expelledfrom the
pump.

4. Operate the engine starter. If fuel docs not flow from
the fuel pump, replace the pump.
Fue l Pump Testing
WARNING
Always have a fire extinguisher, rated for
file! and electrical fires, on hand when servicing any part ofthefue! system. Clean up
any spilledfuel as soon as possible.

I. Loosen the air bleed screw (F igure 38) on the fuel filter.

Re mo val and Installation
I. Close the fuel tank valve.
NOTE
Accountfor the sealing washers on thefue!
hose ends.
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pump
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Camshaft

Ove rhaul
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Internal parts for the fuel transfer pump are not available. Replace a defective pump; do not attempt to overhaul it.

FUEL LINES
The fuel system utilizes both rubber and steel lines.
When replacing fuel lines, use only lines recomm ended
by the manufacturer or a diesel engine shop. Purchase the
formed steel fuel lines from a Yanmar dealership. If nee 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.
In spection

2. Disconnect the fuel lines (A, Figure 39) from the fuel
transfer pump.
3. Remove the fuel pump retaining bolts (8, Figure 39),
and then remove the pump .
4. Clean any gasket mater ial from the eng ine and the fuel
pump.
5. Reverse the removal procedure 10 install the fuel transfer pump . Bleed the fuel injection system as desc ribed in
this chapter.
NOTE
The transfer pump output port on 1GM and
lGMIO 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.

Periodically inspect the fuel lines for leaks and damage ,
such as dented or bent steel lines, or cut or abraded rubbe r
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 scaling 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

A {ways operate the engine and check [or
leaks after reconnecting thefuei Iines.

Fuel lines with banjo fittings (A, Figure 40) are
eq uipped with copper sealing washers (B) on both sides of
the fitting. Copper washers harden with age and will not
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seal properl y if reused. A lways install new washers when
reconnecting a fittin g .
Th e fuel lines are secured with brack ets to pre vent leak s
due to engine vibra tion. Periodi cally check th at 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.

GOVER:\OR SYSTE:\I
Operation

The governor components are in the timing gearcasc
(Flg u re 42, typi ca l). The purpose of the go vernor sys tem

is to maintain engine speed regardless of the load imposed.
The mechanical governor system utilizes centrifuga l
force 10 monitor and adjust engi ne speed . Refer to Fi2u rc
43. Figure 44 and Figure 45. A set of flyweights are
mountcd on the crankshaft. When engine speed increases,
the flyweights are thrown out. When engine speed decreases, the flyweights recede. Trapped between the flyweights is a flanged sleeve that moves in and out with the
flyweights, pushing against a forked governor arm. The
forked governo r arm transfers motion to the governor lever, 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 contro l rack to the full open throttle
position. When load on the eng ine increases and engine
speed decreases, the governor sleeve is withdrawn, which
through the linkage moves the speed control rack to increase 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 decreases 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 governed speed can cause overspceding, 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 fucllimi ter screw stops the governor
linkage at a point that provides maximum, but not excessive, fuel delivery to the engine.
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GOVERNOR SYSTEM OPERATION
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GOVERNOR SYSTEM

Fuel control
rack

Fuel injection limiter
Locking screw
Engine stop lever

-----:....."."=-,,"'"
Governor
lever shaft

Engine stop spring
Cam

Governor level 1
Governor
weight

Adjustments

Yanmar recommends that only idle speed adjustment
should be performed by non-authorized service technicians. Refer to Chapter Three for the idle speed procedure.
Other adjustments, such as no-load maximum governed
speed and fuel limiter screw setting, are set by the
manufacturer. Incorrect adjustment can damage the engine. To prevent tampering, a safety wire is attached to
each screw and a lead seal is affixed to the wire or the
screw assembly is marked (Figure 46). Removing or cutting the wire or seal or altering the marked screw position
will void the engine warranty.
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GOVERNOR ASSEMBLY
(1GM AND 1GM10 MODELS)
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13.
14.
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17.
18.
19.
20.
21.

I

Nut
Washer
Speed control lever
Bracket
Stop lever
O-ring
Spring
Snap ring
Timing gearcase
O-ring
Snap ring
Speed control shaft
Spring post
Secondary governor spring
Main governor spring
Snap ring
Washer
Control lever
Spring
Governor lever
Taper pin

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

'\ \ 32 33
30 31

Roll pin
Shaft
Start spring
Needle bearing
Roll pin
Shaft support
Lockwasher
Bolt
Taper pin
Governor fork
Thrust collar
Thrust bearing
Governor sleeve
Pin
Flyweight
Governor flyweight assembly.
Roll pin
Stop cam
Washer
Lockwasher
Nut

Removal/Inspection/Installation

2. Carefully disconnect the governor spring (15, Figure
47 or Figure 48).

The governor components are contained in the timing
gearcase (Figure 42, typical). Refer to Figure 47 or Figure 48 for an exploded view ofthe governor mechanism.

3. Check the governor shaft assembly for damage or
looseness. Excessive play can cause improper governor
operation. The shaft rides in bearings and should rotate
smoothly without binding. The pinned levers should be
tight on the shaft.

1. Remove the timing gearcase as described in Chapter
Five or Six.
NOTE
Do not distort or damage the governor
spring.

NOTE
Tapered pins secure the levers to the shaft.
Remove a pin by driving against the small
end ofthe pin.
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GOVERNOR
A:~E::~~HM35 MODELS)
(20M, 2GM20, 3 GM
, 3GM30,3

8

1. Nut
Washer
2. Spee d control lever
3.
4. Bracket
5. Stop le~er
6. Taper pin
7. Lock screw
8 O-ring
Timing gearcase
10. O-ring.

23.
4
2
25.
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31'
.

11. Snap ;I~;ntrol shaft
12. Spee
st

~4:

9:

13.
14.
15.
16.
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Spring po

overnor spring

se~onda~~orSpring
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Snap ring
Washer
Control lever
Spring post
Govern?r lever
Taper.pln
Roll Pin

Shaft
.
Start spring.
Needle. bearing
Roll pin
Shaft support
Lockwasher
Bolt
.
Taper pin
Governor fork
Thrust collar
Thrust bearing
Governor sleeve
35. Pin

3~.

36.
37.
38.
39.
40
41:
42.
43.

Flyweight weight assembly.
Gover.nor fly
Roll pin
Stop cam
Washer
Lockwasher
Nut
Spring
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MAIN GOVERNOR SPRING

L1

SECONDARY GOVERNOR SPRING

4. If disassembly of the governor shaft assembly is required, remove the retaining bolts (29, Figure 47 or Figure 48) and remove the shaft assembly. To disassemble
the components, detach the snap ring (16), then drive out
the tapered pins that retain the levers. Replace the worn
parts.
5. Remove the idle adjuster bracket and side cover (4,
Figure 47 or Figure 48).
6. Check the speed control lever and shaft (12, Figure 47
or Figure 48) for excessive play between the shaft and the
timing gearcase and between the lever and the shaft.
a. If the shaft is loose in the timing gearcase, remove
the nut (1, Figure 47 or Figure 48), then remove
the speed control lever (3). Remove the shaft (12)
and determine if the shaft, the timing gearcase or
both are worn. Replace or repair the worn part.
b. If the lever is loose on the shaft, remove the nut (1,
Figure 47 or Figure 48), then remove the speed
control lever (3). Determine if the lever, the shaft or
both are worn. Replace any worn parts.
7A. On IGM and IGMIO models-Check the stop shaft
(5, Figure 47) for excessive play between the shaft and
the timing gearcase. If excessive play is evident, remove
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the nut (42), then withdraw the shaft. Determine if the
shaft, the timing gearcase or both are worn. Replace or repair any worn parts.
7B. On 2GM, 2GM20, 3GM, 3GM30, 3HM and 3HM35
models-Check the stop shaft (5, Figure 48) for excessive play between the shaft and the timing gearcase. If excessive play is evident, drive out the taper pin (6) by
driving against the small end of the pin. Remove the locking screw (7). Remove the nut (42), then remove the shaft.
Determine if the shaft, the timing gearcase or both are
worn. Replace or repair any worn parts.
8. Inspect the governor springs for damage and distortion. Measure the length ofthe main and secondary governor springs as shown in Figure 49. Replace either spring
if its free length dimension is not as specified in Table 2.
If either spring is questionable, take it to a Yanmar dealership for testing.
9. Remove and inspect the thrust collar (32, Figure 47 or
Figure 48). Replace the thrust collar if damaged or if the
thickness is less than 2.9 mm (0.114 in.).
10. Remove the thrust bearing (33, Figure 47 or Figure
48). Replace the bearing if damaged.
11. Remove the governor sleeve (34, Figure 47 or Figure 48). Inspect the governor sleeve and crankshaft for
damage. Refer to the specifications in Table 3.
12. Check the operation of the flyweight assembly (37,
Figure 47 or Figure 48). The flyweights should move
smoothly without excessive looseness. The contact surface in the flyweight groove should not be excessively
worn. The flyweight assembly must be replaced as a complete assembly. Remove the crankshaft nut as described in
Chapter Five or Six to remove the flyweight assembly.
13. Reassemble the governor assembly by reversing the
disassembly procedure while noting the following:
a. Do not distort the governor springs during installation.
b. Install the governor springs so the long hook end
engages the speed control lever (12, Figure 47 or
Figure 48).
c. Install the secondary governor spring (14, Figure
47 or Figure 48) so the lower end of the spring fits
in the loop on the main governor spring.
d. Note that the pins securing the levers on the shafts
are tapered. The lever should fit tightly on the shaft
after the pin is installed. If not, replace the worn
part.
e. Check the movement of all the parts after assembly.
Motion should be smooth without binding.
14. Reinstall the timing gearcase as described in Chapter
Five for single cylinder engines or Chapter Six for multicylinder engines.

158

CHAPTER SEVEN
Table 1 TIGHTENING TORQUES

Fastener

ft.·lb.

Injector fuel nut
Injection pump retaining nuts

20
25

in.-Ib.

15
18

Table 2 GOVERNOR SPRING FREE LENGTH

Main governor spring
L1
L2

Secondary governor spring
L1
L2

1GM, 1GM1 0

2GM, 2GM20

3GM, 3GM30, 3HM,
3HM35

76mm
(2.99 ln.)
18mm
(0.71 in.)

78mm
(3.07 ln.)
20mm
(0.79 in.)

78mm
(3.07 In.)
20mm
(0.79 In.)

26mm
(1.02 in.)
5mm
(0.20 in.)

23mm
(0.90 in.)
10mm
(0.39 in.)

23mm
(0.90 in.)
10mm
(0.39 ln.)

Table 3 GOVERNOR SLEEVE AND CRANKSHAFT SPECIFICATIONS
Governor sleeve inside diameter
Governor sleeve length-wear limit
Crankshaft diameter
Governor sleeve clearance on crankshaft
Maximum allowable clearance

25.053-25.083 mm (0.9863-0.9875 in.)
14.8 mm (0.583 ln.)
24.972-24.993 mm (0.9831-0.9840 in.)
0.060-0.111 mm (0.0024-0.0044 in.)
0.20 mm (0.008 in.)
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NO TE
Exc ept where specified. F and D series engines are included when a basic model num -

ber is specified. For example, if model 3GM
is called out in a p rocedure. the procedu re
also applies 10 3GMD and 3GMF.

COOLl:'\G SYSTEMS
Seawater (Sta ndard) Cool ing Syste m

This chapter covers service procedures for the thermostat, engine wate r pu mp, seawa ter pumps, dri ve belts and
con necti ng hoses in both standard and closed cooling systems.
Cooling system flushing procedure s are provided in
Chapter Three. Drain and refill procedures are described
in C hapter Four.
Table I and Tab le 2 are located at the end ofthis chapter.

All engines arc equipped with a seawater coo ling system. The water in which the boat is bei ng 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 I , typical).
The seawater pump sends the water to the engine for circ ulation 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 coo ling system diagrams in Figure 2.
Figure 3 and Figure 4.
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SEAWATER COOLING SYSTEM
(1GM AND 1GM10)

Cylinder head
Drain plug ---d".:."-.

I.., . _ - Cylinder block

"'liiii~--

Seacock (except 1GM10C)
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SEAWATER COOLING SYSTEM
(2GM AND 2GM20)

U-type mixing elbow
Rubber hose

Cylinder head
U-type mixing elbow (option)

!:-'r--

Thermostat cover

Seacock (except 2GM20C)

Cylinder block
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SEAWATER COOLING SYSTEM
(3GM AND 3GM30 MODELS)

3HM AND 3HM35
Exhaust manifold

Thermostat
cover

Thermostat
switch

Thermostat

Thermostat
housing

-------,J~~~~~~~Antlcorroslon zinc

ob>

\~

Cooling water ----J,.I::....-..J.;iP~~
temperature
""'----""'''.
switch

U-type mixing
elbow

'\
1

Drain
plug
Elbow
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CLOSED COOLING SYSTEM DIAGRAM

Pressure fill cap

Remote

tanktrr;;;;;;;;1~~~~~~~~~~

Heat exchanger
By-pass

Freshwater pump

Mixing
elbow

Freshwater
reservoir

Thermostat

Cylinder head

Seawater line

Cylinder block

Seacock

Freshwater line

~

Seawater

Freshwater (Closed) Cooling System

Two- and three-cylinder engines with a model number
ending in F are equipped with seawater and freshwater
(closed) cooling systems
The closed cooling system is divided into two separate
subsystems: one uses seawater and the other uses a coolant mixture of distilled water and ethylene glycol antifreeze. The subsystem containing the coolant is referred
to as the freshwater system. Refer to the typical freshwater cooling system diagram in Figure 5. Typical components are shown in Figure 6.
Various configurations of the closed cooling system are
used, but all function essentially the same. The seawater

system operation is similar to the standard cooling system
previously described, except as follows:
a. Coolant in the closed cooling system cools the engine block, cylinder head and exhaust manifold.
b. A belt-driven seawater pump (Figure 1), located at
the front of the engine, delivers seawater to the heat
exchanger, instead of passing seawater directly into
the engine.
After passing through the seawater pump, the seawater
travels through a series ofparallel copper tubes in the heat
exchanger, where it absorbs engine heat before returning
to the exhaust elbow for discharge from the boat. Figure 7
shows a typical heat exchanger.
The freshwater system pump circulates the coolant
mixture inside the engine to absorb engine heat. This
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CLOSED COOLING SYSTEM (TYPICAL)
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HEAT EXCHANGER

Seawater
outlet

Cooling tube
Baffle plate

Seawater
inlet

Gasket
Side cover

,
Freshwater inlet
(to freshwater
reservoir)

Freshwater inlet
(from cylinder head)

Side cover

Cooling
pipe
cover

coolant travels to the heat exchanger, where the heat absorbed from engine operation passes through the parallel
copper tubes to the water in the seawater system.
Engine cooling is thus accomplished without seawater
entering the engine. This eliminates the corrosion, deposit
buildup and debris accumulation that occurs in a standard
cooling system, resulting in longer engine life-especially if the boat is used in saltwater.
Like an automotive cooling system, the freshwater section is pressurized at 13 psi. This raises the boiling point
of the coolant to permit higher operating temperatures for
increased engine efficiency.
A thermostat controls coolant circulation. When the
thermostat closes, it prevents coolant from entering the
heat exchanger, rerouting it back to the engine circulating
pump. Once the thermostat opens, it closes offthe passage
to the circulating pump and sends the coolant through the
heat exchanger before returning it to the engine pump.
This provides quick engine warm-up and maintains a constant operating temperature.

THERMOSTAT

The thermostat blocks coolant flow to the exhaust manifold (standard cooling) or heat exchanger (closed cooling) when the engine is cold. As the engine warms, the
thermostat gradually opens, allowing coolant to circulate
through the system.
CAUTION
Do not operate the engine without a thermostat. This can lead to serious engine damage.

Thermostats are rated according to their opening temperature. The opening temperature value is stamped on
the thermostat. The thermostat should start to open at the
temperature stamped on the thermostat and should be
fully open at 25° F (14° C) above that temperature. Check
the thermostat rating after removing the thermostat and
compare it to the specifications in Table 2.
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Remeva l/l nstal lati on
Seawater cooling system.f
The thermostat on 1GM and IGM I0 engines is located
in the cylinder head ( Flgu re 2). The thermostat on twoand three-cylinder engines is located in the thermostat
housing (Fi gure 3 and Flg ure 4 ). 311M and 3HM35 engines arc equipped with two thermostats ( Figure 4 ).

1. Drain the seawater from the engine as desc ribed in
Chapter Four.
2. Loo sen the hose clamps and disconnect the hoses from
the thermostat cover (Figu re 8).

3. Remove the thermostat cover retaining bolts and
washers. Remove the cover and the gasket. Discard the
gasket.
4. Remove the thermosta t (Figure 9). On 3HM and
311 M35 engines, remove be th.
5. Test the thermostats as described in this chapter.
6. Clean the thermostats cover and housing or cy linder
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 thermostat flange must fit into the housing recess.
8. Coat both sides ofa new gasket with sealant and insta ll
the gasket onto the thermostat cover.
9. Install the cove r. Note tha t the inlet and outlet nipples
arc stepped. Install the cove r so the outermost nipple faces
down, as shown in Ftgurc 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. Immediately shut down the engine ifoverheating occurs and
correct the problem .

DOWN

Freshwater cooling systems
I . Drain the coo lant from the engi ne as described in
Chapter Four.
2. Loosen the hose clamp (Ffgu re II ) securing the coolanthosclothethermostateove~

3. Remove the thermostat cove r reta ining bolts and
II ). Remove the cove r and the hose. Discar d the gas ket.
4. Remove the thermo stat (F igu re 12).
5. Test the thermostat as described in this chapter.
6. C lean the thermostat cover and housing mating surfaces of all gasket residue .
7. Install the thermostat in the housing with its thermostatic element facing the housing. The thermostat flange
must fit into the housing recess.
8. Coat both sides ofa new gas ket with sea lant and install
the gas ket onto the thermostat cover.
washers( Figu ~
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Hose clamp
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Testing (Out of Engine)
1. Pour some tap water (not distilled water or coolant)
into a container that can be heated. Submerge the thermostat in the water and suspend a thermometer as shown in
Figure 13.

NOTE
Suspend the thermostat with wire so it does
not contact the pan.
2. Heat the water until the thermostat starts to open.
Check the water temperature on the thermometer. It
should be approximately the same as the temperature
value stamped on the thermostat. If the thermostat has not
started to open at this temperature, replace it.
3. Heat the water another 25° F (14° C) above the temperature value stamped on thermostat. The thermostat should
now be fully open. If it is not, replace it.
4. Allow the water to cool to 10° F (6° C) under the thermostat's rated opening temperature. If the thermostat
valve is not fully closed at this temperature, replace it.
5. Remove the thermostat from the water and let it cool to
room temperature. Make sure the valve seals tightly by
holding the thermostat up to a light. If light is visible
around the edge of the valve, replace the thermostat.
Testing (In Engine)
9. Install the cover while connecting it to the coolant
hose. Tighten the bolts securely.

10. Tighten the hose clamp securely.
11. Operate the engine and check for leaks. Operate the
engine until it reaches normal operating temperature. Immediately shut down the engine if overheating occurs and
correct the problem.

Thermostat operation can be tested without removing it
from the engine or reservoir. This procedure requires the
use of two thermomelt sticks (Figure 14) available from
marine supply or automotive parts stores. A thermomelt
stick looks like a carpenter's pencil and is made of a
chemically impregnated wax material that melts at a specific temperature.

CHAPTER EIGHT
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Thi s technique can be used to check the rmo stat opening
by marking the thcnnostat housing w ith two thermomelt
sticks: one with a tem perature lower than the thermo stat
ope ning temperature, and o ne with a temperature higher
than the full open position. When the coo lant or water
reach es the firs t te mpe ra ture, the mark made by that st ick
wi ll mel t. Th e mark mad e by the second stick will no t melt
until the coo lant or water increases to that temperature.

WARNING
Do not remove the pressure jill cap from a
fresh .....ater (closed) cooling system while the
engine is warm. Coolant may blowout ofthe

heat exchanger and cause serious personal
injury.

Overheated Engine
1. Relieve the freshwater cooling system pressure by
carefu lly removing the pressure fill cap from the heat
exchanger. Sec Figure 15. typi cal.
2. Rub a 180 0 F (82 0 C) thermomel t stick on the th ermostat cove r.
3. Start the engine and run at a fast idle.
4. Ifno coolant flows into the heat exchanger by the time
the mark starts to melt. either the thermostat is stuck
closed or the wate r pump is failing. Remo ve the thermo stat and test it as desc ribed in this chapter. Ifthe resu lts are
satisfactory, replace the water pump.
Slow Engtne Warm-Up
I . Relieve the freshwater coo ling syste m pressure by
carefully removin g the pressure fi ll cap from the heat
exchanger. Sec Ftgure IS, typical.
2. Rub the 1600 F (71 0 C) thermomelt stick on the thermostat cover.
3. Start the engine and run at a fast idle .
4. If coo lant or water flows into the heat exchanger before the mark starts to melt. the thermostat is stuck open
and should be replaced .

IIUS E REPLACEMENT
Replace any hoses that are cracked, brittle, or very soft
and spo ngy. If a hose is in doubt ful co ndition, repl ace it to
be on the safe side. Hoses in some insta llations are extremely difficu lt to change; attention to hose condition
can prevent a failure while off-shore.
Hose manufacturers generally rate coo ling 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 maintain ed ; howev er, it is a good idea to change
all hoses every two years. Always rep lace a cooling system hose with the same type as removed. Pleated rubber
hoses do not have the same strength as reinforced molded
hoses. Chec k the hose clamp cond ition and install new
marin e-grad e clamps with a new hose, if necessary.
Partia lly dra in the cooling syste m when replac ing upper
hoses. Completely drain it when replac ing lowe r hoses.
I. Loosen the clamp at each end of the hose to be removed. Grasp the hose and twist it off the fitting with a
pulling motion.
2. If the hose is corroded 10 the fitting and will not twist
free, remove the clamp and insert a sma ll screwdriver or
pick too l between the hose and the fitting. Work the tool
around the fitting, then remove the hose.
3. Clean any rus t or corrosion from the fining with a wire
brush.
4. Wipe the inside d iameter of the new hose with liquid
detergent and install the hose ends on the fittings with a
twisti ng motion.
5. Position the new cla mps atleast 1/4 in. (6.4 mm) from
the end ofthe hose. Make sure to position the clamp screw
for easy access with a screwdriver or nut driver. Tighten
each clamp snug ly.
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DRIVE BELT ROUTING
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Seawater
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SEAWATER
COOLING

SYSTEM

6. Refi ll the cooling system . Start the engine and check
for leaks. Recheck the clamps for tightness after operating
the engine for a few hours.
DRI VE BELTS
Inspect all drive belts at regular intervals to make sure
they are in good cond ition and are properly tensioned. Replace worn, frayed, cracked or glazed belts immedia tely.
The components to which they direct power are essent ial
to the safe and reliable operation of the boat. If co rrect adjustment is mainta ined 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 (requ iring the removal of the outer belt), it is a good idea to replace all
belts as a set. The adde d expense is small compared to the
cost of replacing the belts ind ividually and eliminates the
possibili ty 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 effic iency. The belts will also wear
rapidly because of the increased friction cause d by slippage. Belts that are too tight will be overstressed and
prone to premature failure. An excessively tight belt will

Seawater pump

CLOSED
COOLING
SYSTEM

also overstress the bearings, resulting in premature failure .
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 replacem ent
Rep lace the a lternator drive belt as follows:
I. Loosen the alternator bracket and pivot bolts (F igure

17, typical).
2. Move the alternator toward the engine and slip the belt
off the crankshaft and alternator pulleys, and if equipped
with freshwater coo ling, the circu lating water pump pulley.
3. Install a new belt over the pulleys.
4. Move the altern ator away from the engine and adjust
the belt tension as described in Chapter Three .

8
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Sea water pump drive belt replacement
(except I GJI and I G.UI Oengines)
Replace the seawater drive belt as follows:
I . Loosen the alternator bracket and pivo t bo lts (Figure
17, typica l).
2. Move the alternator toward the eng ine and slip the belt
off the cra nkshaft and alternato r pulleys, and if equipped
with freshwater coo ling, the circulating water pump pul-

Icy.
3. Loosen the seawater pump bracket and pivot bolts
(Fi J::ure 18, typical) ,
4. Move the seawa ter pump toward the engine and slip
the belt off the crank shaft and pump pulleys.
5. Install a new belt over the pulleys.
6. Move the sea water pump away from the engine and
adju st the belt tension as described in Chapter Three.
7. Install the alternator driv e bell onto the crankshaft and
alternator pulleys. and if equi pped with freshwater coo ling. the ci rculating water pump pulley.
8. Move the alternator away from the eng ine and adjust
the belt tension as described in Chapter Th ree.

tcr out o f the discharge port as the impe ller vanes flex
inward . as shown in Figure 20.
The impeller on ly 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 impel ler over and attempting to tum it aga inst its natu ral set will cause premature impeller failure and engine
damage from over heat ing.

SEAWATE R P UMP

Rep lace the impeller every time the water pump is d isassemb led. The impeller must onl y be reused if there is no
other option. If the impeller must be reused . reinstall the
impeller in its o rigina l pos ition.

All engines covered in this manual use a seawater pump
( Ftgu re 19. typical). The seawater pump on IGM and
IGMIO eng ines is driven by the end of the oil pum p
drives haft. All other eng ines use a belt-driven seawater
pump . A rubber impeller inside the pump mov es wate r
through the pump. The pump draws water into the intake
port as the impe ller vanes flex outward. and it pumps wa-

Overh eating and exte nsive engi ne dama ge can result
from a faulty water pump. Th erefore, it is high ly recommended that the water pump impeller, seals and gaskets be
inspected after every 1,500 hours of operation as a preventive maintenance meas ure. Individual operating conditions ma y dictate that the pump will requ ire serv ice
mo re often.
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Ifthe engi ne was run without an adequate supply ofwater to the pump, disassemble the pump and replace the impeller and any other damaged parts.

Water Pump Operating Mtsrakes

Impeller

direction

Do not run an engine immediately after pulling a boat
out of water. This is an extremely risky operation, but here
is why some peop le often seem to get away with it. If an
engine has j ust been pulled out of the water, there is residual water in the cooling syste m and engine that dra ins
back down to the wate r pump. This water will lubr icate
the water pump for a short perio d of time (perhaps a coup le of minutes), but the pump will be damaged as soon as
the heat from operation evapo rates all water in the system.
Do not operate the pump without an adequate water sup-

ply.

....-.....,

Do not stan an engine with the boa t out of the wa ter, but
without a water supply, to ma ke 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 engine is operated without an adequate water supp ly. Water
must be supp lied to the pump through the boa t's water intake or supplied under pressure from a flushing device .

Seawater Pump Precautions

The seawater pump suffers from many misconceptions
about its ability to withstand operation without water being supplied to it. All impellers are made of some variation of rubbe r. The water pump housing is made of metal.
If a 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 bui ldup non-existent.

Basically, the water pump works the same way. The water passing through the pump lubricates and coo ls the impeller 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.

CAUTION
Supply the pump with an adequate water
supp ly anytime the engine is running.
Do not cran k the engine for an extended period, such as
during troub leshooting. This is detr iment al to a water
pump that is completely dry. Consi der attaching a flushing dev ice before initially cranking an engine with a dry
wate r pump. This will ensure the pump is wet and will not
be damaged. It will not be necessary to keep the water
supply flowi ng during all cranking periods; it is just important to keep the pump wet during extended cranking.

Removal/Installation

I GM and I GMIO
I. 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 sea water pump.
4. Remove the pump retaining screws (F igu re 21) and remove the pump. Remove and discard the gasket, if so

1.

8
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A

equipped. Some engines are equipped with an O-ring that
seals between the pump and engine.

3HM and 3HM35

5. Reverse the removal steps to install the pump. Refer to
Table 1 for the tightening torque of the pump retaining
screws.

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. Loosen the seawater pump bracket and pivot bolts.
5. Move the seawater pump toward the engine and slip
the drive belt off the pump pulley.
6. Unscrew the pulley retaining nut (B, Figure 23), then
remove the pulley for access to the pump mounting bolts.
7. Remove the mounting bolts (C, Figure 23), then separate the pump from the mounting bracket.
8. Reverse the removal steps to install the pump. Refer to
Table 1 for the tightening torque of the pump mounting
bolts. Adjust the belt tension as described in Chapter
Three.

2GM, 2GM20, 3GM and 3GM30
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. Loosen the seawater pump bracket and pivot bolts (A,
Figure 22).
5. Move the seawater pump toward the engine and slip
the drive belt off the pump pulley.
6. Remove the pump mounting bolts (B, Figure 22), then
separate the pump from the mounting bracket.
7. Reverse the removal steps to install the pump. Refer to
Table 1 for the tightening torque of the pump mounting
bolts. Adjust the belt tension as described in Chapter
Three.

DisassemblylReassembly

IGM and IGMIO
1. Remove the three screws securing the pump cover to
the body (1, Figure 24).
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SEAWATER PUMP
(1GM AND 1GM10 MODELS)

12

10 11

~I I

Screw
Cover
Gasket
Impeller
Cam
6. Cam retaining
screw
7. Pump body
8. Q-ring

1.
2.
3.
4.
5.

2. Remove the cover (2, Figure 24) and gasket (3). Discard the gasket.
3. Extract the impeller (4, Figure 24) from the pump
body.
4. Rotate the pump shaft to check the bearings for roughness, excessive wear or other damage. Do not remove the
shaft assembly unless replacement is necessary.
5. Unscrew the cam retaining screw (6, Figure 24), then
remove the cam (5).
6. Remove the snap ring (15, Figure 24) at the rear ofthe
pump body.
7. Lightly tap the impeller shaft toward the rear of the
pump to remove the impeller shaft and bearing assembly.
NOTE
When removing bearings, note the snap ring
located between the bearings.

8. Press the bearings (11 and 14, Figure 24) from the
pump shaft (12) using a universal press plate and arbor
press. Force each bearing away from the locating snap
ring (13, Figure 24).
9. Extract or push out the seals (9 and 10, Figure 24).

(J

9.
10.
11.
12.
13.
14.
15.
16.
17.

Seal
Seal
Bearing
Shaft
Snap ring
Bearing
Snap ring
Bolt
Washer

10. Clean all metal components with solvent, then dry
them with compressed air.
11. Thoroughly clean all gasket material from all mating
surfaces.
12. Inspect the pump shaft (12, Figure 24) for grooves in
the seal contact area.
13. Inspect the impeller (4, Figure 24) for cracked blades
or excessive wear at the tips ofthe blades. Replace the impeller if any defects are observed.
14. Inspect the pump body and cover for grooves or other
damage. A damaged or excessively worn body or cover
will reduce pump efficiency and may damage a new impeller.
15. Install the shaft seal (9, Figure 24) so the lip is toward
the impeller side of the pump body.
16. Install the oil seal (10, Figure 24) so the lip is toward
the bearing side of the pump body.
17. If removed, install the snap ring (13, Figure 24) into
the groove in the impeller shaft.
18. Press the shaft bearings onto the pump shaft until they
seat fully against the snap ring. Press only on the bearing
inner races.
19. Install the shaft and bearing assembly into the body.
Install the snap ring (15, Figure 24).
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20. Install the cam (5, Figure 24) and the cam retaining
screw (6).
NOTE
Replace the pump impeller anytime it is removedfrom the pump. If the original impeller must be reused, make sure to install it in
the same rotational direction as originally
installed.
21. Lightly lubricate the tips and sides of the impeller. Install the impeller into the pump body by rotating the impeller counterclockwise. Be certain all impeller blades
bend in the same direction (Figure 25).
22. Install the cover and gasket.
23. Install the three screws securing the pump cover to
the body.

2GM, 2GM20, 3GM and 3GM30
1. Remove the six screws securing the pump cover (19,
Figure 26) to the body (12).
2. Remove the cover and gasket. Discard the gasket.
3. Extract the impeller (17, Figure 26) from the pump
body.
4. Rotate the pump shaft to check the bearings for roughness, excessive wear or other damage. Do not remove the
shaft assembly unless replacement is necessary.
5. Unscrew the pulley retaining nut, then remove the pulley (3, Figure 26) and spacer (4).
6. Remove the snap ring (5, Figure 26) at the rear of the
pump body.
7. Lightly tap the impeller shaft (9, Figure 26) toward the
front ofthe pump to remove the impeller shaft and bearing
assembly.
8. Unscrew the cam retaining screw (13, Figure 26), then
remove the cam (16).
9. Remove the seal ring (10, Figure 26) and bearing
cover (8) from the shaft.
10. Press the bearings from the pump shaft using a universal press plate and arbor press. Force each bearing toward the threaded end of the shaft. Note the spacer (7,
Figure 26) between the bearings.
11. Extract or push out the seal.
12. Clean all metal components in solvent, then dry them
with compressed air.
13. Thoroughly clean all gasket material from all mating
surfaces.
14. Inspect the pump shaft for grooves in the seal contact
area.
15. Inspect the impeller for cracked blades or excessive
wear at the tips of the blades. Replace the impeller if any
defects are observed.

Impeller
direction

16. Inspect the pump body and cover for grooves or other
damage. A damaged or excessively worn body or cover
will reduce pump efficiency and may damage a new impeller.
17. Press the bearings onto the shaft with the spacer (7,
Figure 26) between the bearings. Seat the bearings
against the shoulder on the shaft. Press only on the bearing
mnerraces.
18. Install the seal (11, Figure 26) into the pump body so
the lip is toward the impeller side of the body.
19. Install the cam (16, Figure 26), then install the cam
retaining screw (13).
20. Install the bearing cover (8, Figure 26) with the concave side toward the bearing.
21. Install the seal ring (10, Figure 26) onto the shaft.
22. Install the shaft assembly into the pump body.
23. Install the snap ring (5, Figure 26).
24. Install the spacer (4, Figure 26), pulley (3), washer
(2) and nut (1), then tighten the nut.
NOTE
Replace the pump impeller anytime it is removedfrom the pump. If the original impeller must be reused, make sure to install it in
the same rotational direction as originally
installed.
25. Lightly lubricate the tips and sides of the impeller. Install the impeller into the pump body by rotating the impeller counterclockwise. Be certain all impeller blades
bend in the same direction (Figure 27).
26. Install the cover (19, Figure 26) and gasket.
27. Install the six screws securing the pump cover to the
body.

3HM and 3HM35
1. Remove the six screws (19, Figure 28) securing the
pump cover (18) to the body (12).
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SEAWATER PUMP
(2GM, 2GM20, 3GM AND 3GM30 MODELS)

19

22
10

~

~15 »~n~

\~~\J~\
~~t(

3

7

\

5

8

1

~:

4.
5.
6.
7.
8.
9.
10.
11.
12.

::,;;,
Spacer
Snap ring
Bearings
Spacer
Cover
Shaft
Seal ring
Seal
Pump body

13. Cam retaining
screw
14. Elbow
15. Elbow
16. Cam
17. Impeller
18. Gasket
19. Cover
20. Screw
21. Bracket
22. Lockwasher
23. Bolt

2. Remove the cover (18, Figure 28) and gasket (17).
Discard the gasket.
3. Extract the impeller (16, Figure 28) from the pump
body and remove the drive key (8).
4. Rotate the pump shaft to check the bearings for roughness, excessive wear or other damage. Do not remove the
shaft assembly unless replacement is necessary.
5. Remove the snap ring (4, Figure 28).
6. Lightly tap the impeller shaft (7, Figure 28) toward the
front ofthe pump to remove the impeller shaft and bearing
assembly.
7. Unscrew the cam retaining screw (14, Figure 28), then
remove the cam (15).
NOTE
When removing bearings, note the snap ring
located between the bearings.
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SEAWATER PUMP
(3HM AND 3HM35 MODELS)

3

7

8 5

6
1.
2.
3.
4.
5.
6.
7.

Nut
Washer
Pulley
Snap ring
Bearings
Snap ring
Shaft
8. Key
9. Cover
10. Washer

8. Press the bearings from the pump shaft using a universal press plate and arbor press. Force each bearing away
from the locating snap ring (6, Figure 28).
9. Extract or push out the seal (11, Figure 28).
10. Clean all metal components solvent, then dry them
with compressed air.
11. Thoroughly clean all gasket material from all mating
surfaces.
12. Inspect the pump shaft for grooves in the seal contact
area.
13. Inspect the impeller for cracked blades or excessive
wear at the tips of the blades. Replace the impeller if any
defects are observed.
14. Inspect the pump body and cover for grooves or other
damage. A damaged or excessively worn body or cover
will reduce pump efficiency and may damage a new impeller.
15. Install the shaft seal (11, Figure 28) so the lip is toward the impeller side of the pump body.
16. If removed, install the snap ring (6, Figure 28) into
the groove in the impeller shaft.

11.
12.
13.
14.

15.
16.
17.
18.
19.

Seal
Pump body
Fitting
Cam retaining
screw
Cam
Impeller
Gasket
Cover
Screw

17. Press the shaft bearings onto the pump shaft until
fully seated against the snap ring. Press only on the bearing inner races.
18. Install the bearing cover (9, Figure 28) with the concave side toward the bearing.
19. Install the washer (10, Figure 28) onto the shaft.
20. Install the shaft assembly into the pump body. Install
the snap ring (4, Figure 28).
21. Install the slotted washers (2, Figure 28), pulley (3)
and nut (1), then tighten the nut.
22. Install the impeller drive key (8, Figure 28) in the slot
in the impeller shaft.
NOTE
Replace the pump impeller anytime it is removedfrom the pump. If the original impeller must be reused, be sure to install it in the
same rotational direction as originally installed.

23. Lightly lubricate the tips and sides ofthe impeller. Install the impeller into the pump body by rotating the im-
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ant or water may leak from behind the pump pulley. It is
recommended that the pump be replaced as an assembly.
Individual replacement parts are available.

A

Removal/Installation
I. Drain the freshwater cooling system. Refer to Chapter
Four.
NOTE

If pump pulley removal is not necessary,
proceed to Step 3.

B

~

2. Loosen, but do not remove, the pump pulley retaining
bolts (A, Figure 29).
3. Loosen the alternator adjusting and pivot bolts (B, Figure 29). Swivel the alternator toward the engine and remove the drive belt from the pump pulley.
4. Unscrew the pump pulley screws and remove the pulley.
5. Unclamp and disconnect the hoses from the circulating
pump and detach any hose brackets that interfere with access to the water pump bolts.
NOTE
Note the length ofthe pump retaining bolts
during removal and, if necessary, mark
them according to location.

6. Remove the pump retaining bolts (Figure 30). Remove the pump and gasket. Discard the gasket.
7. Clean all gasket residue from the pump and engine
block mounting surfaces.
8. Installation is the reverse of removal. Tighten the water pump fasteners to the tightening torque specified in
Table 1. Adjust drive belts as described in Chapter Three.
Fill the freshwater section of closed cooling systems with
coolant. See Chapter Three. Start the engine and check for
leaks.
FRESHWATER COOLING SYSTEM
MAINTENANCE
peller counterclockwise. Be certain all impeller blades are
facing the same direction (Figure 27).
24. Install the cover (18, Figure 28) and gasket.
25. Install the six screws securing the pump cover to the
body.
FRESHWATER PUMP
The freshwater circulating pump may warn of impending failure by making noise. If the seal is defective, cool-

Pressure Testing
If the freshwater (closed) cooling system requires frequent topping off, it probably has a leak. Small leaks in a
cooling system are not easy to locate; the hot coolant
evaporates as fast as it leaks out, preventing the formation
of tell-tale rusty or grayish-white stains.
A pressure test of the freshwater section will usually
help to pinpoint the source of the leak. The procedure is
very similar to that used in pressure testing automotive
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Pressure relief valve s pri ng

Upper sealing gasket

Lower seati ng g as ket

Upper sealing surlace

cooling systems and requires the same type of pressure
tester.
1. Rem ove the pressure fill cap from the heat exchanger.

~

See Figure Jl , typical.
2. Wash the cap with clean water to remove any debris or
deposits from its sealing surfaces.
3. Check the gasket. if so equ ipped , and rubbe r sea l on
the cap for cuts, cracks. tears or deteriorat ion . See F igu re
32. Replace the cap if the seal is damaged. Ma ke sure the
lockin g tabs on the cap are not damaged or bent.
4. Dip the cap in water and attac h it to a cooling system
pres sure lester, using the adapters supplie d with the tester.
Sec Fi ~ u re 33.
5. Pump the pressure to 13 psi (90 kPa). If the cap fails to
hold pressure for )0 seconds wit hout dropping under 11
psi (76 kPa). rep lace it.
6 . Inspect the filler nec k sca t and sealing sur face (Figure
32) for nicks, dents , distort ion or contamination. Wipe the
sca ling surface wit h a clea n cloth to remove any rust or
dirt. Make sure the locking cams are not bent or damaged .
7. Check coolant level. It shou ld be within I in. (25.4
mm) ofthc filler neck . Top ofT if necessary,
8. Con nect the cooling system pressu re tester to the filler
neck and pressur ize the system to 15 psi (104 kPa) . If
pressur e doe s not hold constant for at least ""'·0 minutes ,
check all hoses. gaskets, dra in plugs, dra in valves and
other potential leak point s for leakage. Listen for a hissing
or bubbling sound while the sys tem is under pressure.
9. If no leaks are found. disconnect the seawater outlet
hose from the heat exc hanger (Figur e 34 ). Repressurize
the system 10 IS psi (104 kPa ) and note the outl et connection on the heat exc hanger. lf water flow s from the connect ion, air bubbles are visible in the water or a bubbling
or hissing noise is heard . there is probably a leak between
the fresh and sea water sections within the heal exchanger.

Safety stop

-::::::::±:: ..--:::01
Cam lock ing s urlace

\

:;:::::..---........---
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CLOSED COOLING SYSTEM DIAGRAM

Pressure fill cap

Remote tank

~;;;;;;;;;~~~~5~S~::----[: Heat exchanger

By-pass

Freshwater pump

Mixing
elbow

Thermostat

Cylinder head

Seawater line

Cylinder block

Seacock

Freshwater line

~

Seawater

10. Ifno signs ofleakage can be found in Step 8 or Step 9,
yet the coolant level continues to require frequent topping
off, there is probably an internal leak. This could be
caused by a blown head gasket, loose cylinder head, or a
cracked or porous head or block.

Cleaning
Flush and clean the freshwater section every other season or periodically as needed. Use any high-quality automotive cooling system cleaning solution to remove scale,
rust, mineral deposits or other contamination. Use the
cleaning solution according to the manufacturer's directions.

If extremely dirty or corroded, flush out the remaining
deposits with a pressure flushing device. Refer to the
cooling system flow diagram (Figure 35) and follow the
manufacturer's instructions regarding the connection of
the pressure flushing device and procedure to be followed.
Cleaning the Seawater Section of the Heat
Exchanger
Contaminants and minerals collect inside the copper
tubes in the seawater section of the heat exchanger during
engine operation. Such foreign material reduces the ability of the heat exchanger to operate efficiently and, if not
removed periodically, will eventually lead to engine over-
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FRESHWATER EXHAUST MANIFOLD/HEAT

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Pressure cap
Filler neck
Gasket
Overflow tube
Exhaust manifold/heat
exchanger
Heat exchanger core
Cover
O-ring
Gasket
End cap
Elbow
O-ring

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

EXCHA~GER

Stud
Washer
Nut
Drain valve
Plug
End cap
Fitting
Gasket
Gasket
Cover
Drain fitting
Drain valve
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Hose

Index
pin

End '
~1

__

~~I~End
-~

4. Remove the heat exchanger (Figure 38).
NOTE
Heat exchanger

If the heat exchanger is plugged or contains
heavy scale deposits, take it to a marine
dealership or automotive radiator repair
shop for proper cleaning to avoid potential
damage to the unit.

O-rings

heating. It is recommended to remove and clean the heat
exchanger whenever the coolant is changed. Refer to Figure 36.
1. Drain both sections of the cooling system. Refer to
Chapter Four. Loosen the hose clamps and disconnect the
seawater inlet and outlet hoses from the end caps (Figure
37).
2. Remove the end cap retaining bolts.
3. Remove the heat exchanger end caps. Remove and discard the gaskets.

5. Clean all gasket residue from the end caps and heat
exchanger sealing surfaces.
6. Insert an appropriate-size wire brush into each passage
in the heat exchanger. Work the brush back and forth with
a vigorous motion, but work carefully to avoid damage to
the soldered joints.
7. Remove the brush, hold the heat exchanger vertically
and blow loosened particles out with compressed air.
8. Repeat Step 6 and Step 7 as necessary to remove as
much of the accumulated deposits as possible.
9. Reinstall the heat exchanger by reversing the removal
procedure. Position the heat exchanger so the index pins
(Figure 39) in both ends fit in the holes in the end caps.
10. Fill the freshwater section with coolant. Refer to
Chapter Three. Start the engine and check for leaks.
SEAWATER COOLING SYSTEM MAINTENANCE

The only maintenance required for the seawater cooling
system is periodic flushing. Refer to Chapter Three.
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Table 1 TIGHTENING TORQUES
ft.-lb.

Fastener

Seawater pump
1GM,1GM10
All other models
Freshwater pump

9
25
20·25

In.-lb.
80

18
177·221

Table 2 RECOMMENDED THERMOSTAT
Model

Opening temperature

Full open temperature

All engines
Seawater system
Freshwater system

108 0 F (42 0 C)
160 0 F (71 0 C)

126 0 F (52 0 C)
185 0 F (85 0 C)

Chapter Nine

Electrical System

All engines covered in this manual are equipped with a
12-volt, negative-ground electrical system. Many electrical problems can be traced to a simple cause such as a
blown fuse, a loose or corroded connection, a loose alternator drive belt or a frayed wire. While these are easily
corrected problems that may not appear to be important,
they can quickly lead to serious difficulty if allowed to go
uncorrected.
Complete overhaul of electrical components, such as
the alternator or starter motor, may not be practical or economical. In some cases, the necessary bushings, bearings
or other worn parts are not available for individual replacement.
If tests indicate a unit with problems other than those
discussed in this chapter, replace it with a new or rebuilt
marine unit. Make certain, however, that the new or rebuilt part is an exact replacement for the defective one removed. Also be sure to isolate and correct the cause of the
failure before installing a replacement. For example, an
uncorrected short in an alternator circuit will most likely
bum out a new alternator as quickly as it damaged the old
one. If in doubt, always consult an expert.
This chapter provides service procedures for the battery, charging system, starting system and switches.

Wiring diagrams are included at the end ofthis book. Table 1 and Table 2 are located at the end of this chapter.
NOTE
Except where specified, F and D series engines are included when a basic model number is specified. For example, if model 3GM
is called out in a procedure, the procedure
also applies to 3GMD and 3GMF.
BATTERY

Because batteries used in marine applications endure
far more rigorous treatment and are often used differently
than those used in an automotive charging system, they
are constructed differently. However, battery advancements developed for automotive batteries have been applied to marine batteries. This has resulted in new battery
designs that provide the boater with more choices. A battery may be selected that better accommodates the electrical requirements for the engine and the boat's accessories
than the typical older, wet-cell battery designs.
If buying a new battery, consult with a marine dealership that sells a full line of marine batteries. To obtain the
best advice, provide the engine model and a list of electri-
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cal devices that wi ll be powered by the battery and how
they will be used.
Automot ive batteries shoul d be used only in an emergency situation when a suitable marine battery is n OI
available. If used, the automotive battery should be replaced with a suitable marine battery as soon as possible.
Refer to Table 1 for recommended battery capaci ty.

Safety Precautions
When working with batteries. use extreme care 10avoid
spill ing or splashing the electrolyte. This solution contains sulfuric acid. which can ruin clothing and cause serious chemical bums. If any electrolyte is spilled or
splashed on clothing or skin, immed iately neutralize with
a solution of bakin g soda and water, then flush the area
with an abund ance of clean wate r.
WA RNING
Electroly te splashed into the eyes is extremely dangerous. Always wear safely
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 wOlerfor approximately Jive minutes.

If electrolyte is spilled or splashed onto any surface. it
should be immed iately neut ralized wit h baking soda and
water sol ution and then rinsed with clean water. While
batte ries are be ing charged, high ly explosive hydrogen
gas forms in each cell. Som e of this gas escap es through
filler cap openings and may fonn an explosive atmosp here in and around the battery. Th is condition can exi st
for seve ral ho urs. Sparks, an open flame or a lighted cigarette can ignite this gas, caus ing an internal battery exp losion and poss ible serious perso nal inj ury.
Take the following precauti ons to preve nt inj ury.

'.,h'l:;:-...._Cleanin g brush
Warm waler

and baking
soda solution

I . Do not smoke or permit any open flame near any battery be ing charged or that has been recently charged .
2. Do not disconnect live ci rcuits at battery terminals,
since a spark usually occurs when a live c ircuit is broke n.
3 . Take care when connecting or d isconnecting any battery charger. Mak e sure its powe r switch is off before
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making or breaking any connection. Poor connections are
a common cause of electrical arcs that cause explosions.
Care and Inspection

The following battery maintenance information applies
to unsealed, wet-cell batteries. Although some ofthe procedures also apply to other types of batteries, consult the
battery manufacturer for specific recommendations.
I. Disconnect both battery cables (negative first, then
positive) and remove the battery hold-down or retainer
clamp. See Figure 1 for a typical open installation and
Figure 2 for a typical enclosed installation.
NOTE
Some batteries have a carry strap built in
for use in Step 2. See Figure 3.

2. Attach a battery carrier or carrier strap to the terminal
posts and lift the battery from the battery tray. Remove the
battery from the engine compartment.
3. Check the entire battery case for cracks or other damage.
4. If the battery has removable vent caps, cover the vent
holes in each cap with small pieces of masking tape.
NOTE
Keep cleaning solution out of the battery
cells in Step 5, or the electrolyte will be seriously weakened.

Battery post cleaning tool

5. Scrub the top of the battery with a stiff bristle brush,
using a baking soda and water solution (Figure 4). Rinse
the battery case with clear water and wipe it dry with a
clean cloth or paper towels. Remove the masking tape
from the filler cap vent holes, if so equipped.
6. Inspect the battery tray or container in the engine compartment for corrosion. Remove and clean it, if necessary,
with the baking soda and water solution. Rinse it with
clear water and wipe it dry, then reinstall.
7. Clean the battery cable clamps with a stiff wire brush
or one ofthe many tools made for this purpose (Figure 5).
The same tool is used for cleaning the battery posts (Figure 6).
8. Reposition the battery on the battery tray or container
and remove the carrier or strap. Install and tighten the
hold-down device.
9. Reinstall the positive battery cable, then the negative
battery cable.
CAUTION
Be sure the battery cables are connected to
their proper terminals. Reversing the polarity can damage the alternator.
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BATTERY ELECTROLYTE
LEVEL

Vent cap

...._~...,

Bottom of
vent well

Maximum liquid
level

-, ;
I.

Plates

Electrolyte must
be 3/16 in. above
plates

10. Tighten the battery cable connections to 9 ft.-lb. (12
Nom). Overtightening the connections can cause damage
to the battery case. Coat the connections with petroleum
jelly, or a light mineral grease. Aerosol anti-corrosion
sprays can also be used.
NOTE
Do not overfill the battery cells in Step 11.
The electrolyte expands due to heat from
charging and may overflow if the level is
more than 1/4 in. (6 mm) above the battery
plates.
11. Remove the filler caps and check the electrolyte
level. The electrolyte should cover the battery plates by at
least 3/16 in. (4.8 mm). See Figure 7. Top off with distilled water to the bottom of the fill ring in each cell, if
necessary.

Battery Testing

Hydrometer testing is the best way to check battery
condition. Use a hydrometer with numbered graduations
from 1.100-1.300 rather than one with color-coded bands.
To use the hydrometer, squeeze the rubber ball, insert the
tip in a cell and release the ball (Figure 8).
NOTE
Do not attempt to test a battery with a hydrometer immediately after adding water to

the cells. Run the engine or charge the battery for 15-20 minutes prior to testing.
Draw enough electrolyte to float the weighted float
inside the hydrometer. Whenusinga temperature-compensated
hydrometer, release the electrolyte and repeat this process
several times to make sure the thermometer has adjusted
to the electrolyte temperature before taking the reading.
Hold the hydrometer vertically and note the number
aligned with the surface ofthe electrolyte (Figure 9). This
is the specific gravity for the cell. Return the electrolyte to
the cell from which it came.
The specific gravity of the electrolyte in each battery
cell is an excellent indicator of that cell's condition. A
fully charged cell will read 1.260 or more at 80° F (27° C).
If the cells test below 1.220, the battery must be recharged. Charging is also necessary if the specific gravity
varies more than 50 points from cell to cell.
NOTE
temperature-compensated hydrometer
is not used, add 0.004 to the specific gravity
reading for every ]00 above 80° F (27° C).

If a
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DEAD

NEEDS
CHARGING

FULLY
CHARGED

,lOG
112.

1210

warm up to room temperature before charging. The battery does not have to be removed from the boat before
charging, but it is a recommended procedure since a
charging battery gives off highly explosive hydrogen gas.
In many boats, the area around the battery is not well ventilated and the gas may remain in the area for several
hours after the charging procedure has been completed.
Sparks or flames occurring near the battery can cause it to
explode, spraying battery acid over a wide area.
Disconnect the negative battery cable first, then the
positive battery cable. Make sure the electrolyte is full.
Remove the vent caps and place a folded paper towel over
the vent openings to absorb any electrolyte that may splatter as the battery charges.
Connect the charger to the battery; negative to negative,
positive to positive. Ifthe charger output is variable, select
a 10-12 amp setting. Set the voltage selector to 12 volts
and plug the charger in. Once the battery starts to accept a
charge, reduce the charge rate to a level that will prevent
excessive gassing.
The length of time required to recharge a battery depends upon its rating, state of charge and temperature.
Generally speaking, the current input time should equal
the battery amp-hour rating. For example, a 45 AH battery
will require a 9-amp charging rate for five hours (9 x 5 =
45) or a 15-amp charging rate for three hours (15 x 3 =
45). Check charging progress with the hydrometer.

Jump Starting
Weight

For every 10° below 80° F (27° C), subtract
0.004.

Charging
Maintain batteries used for starting in a good state of
charge. Check the battery with a voltmeter as shown in
Figure 10. Recharge any battery that cannot deliver at
least 9.6 volts under a starting load. Ifrecharging does not
bring it up to strength or if it does not hold the charge, replace the battery.
A cold battery will not accept a charge readily. If the
temperature is below 40° F (5° C), allow the battery to

If the battery becomes discharged, it is possible to start
and run the engine by jump starting it from another battery.
Before jump starting a battery when temperatures are
32° F (0° C) or lower, check the condition of the electrolyte. If it is not visible or if it appears to be frozen, do not
attempt to jump start the battery, as the battery may explode or rupture.
WARNING
Use extreme caution when connecting a
booster battery to one that is discharged to
avoid personal injury or damage to the system.

1. Connect the jumper cables in the order and sequence
shown in Figure 11.
WARNING
An electrical arc may occur when the final
connection is made. This could cause an explosion if it occurs near the battery. For this
reason, thefinal connection should be made
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Battery

At 80° F

to the alternator mounting bracket or another good engine ground and not the battery itself.
2. Check that all jumper cables are out ofthe way ofmoving parts on both engines.

Make connections in numerical order
(disconnect in reverse order 4-3-2-1)

3. Start the engine with the good battery and run at a moderate speed.
4. Start the engine with the discharged battery. Once it
starts, run it at a moderate speed.

CAUTION
Racing the engine may damage the electrical system.
5. Remove the jumper cables in the exact reverse order
shown in Figure 11. Begin at point 4, then disconnect at
points 3, 2 and 1.

Battery Cables
Poor terminal connections will cause excessive resistance. Defective cable insulation can cause partial short
circuits. Both conditions may result in an abnormal voltage drop in the starter motor cable. When this happens,
the resulting hard-start condition will place further strain

Discharged battery

on the battery. Check cable condition and terminal connections periodically.

ELECTRICAL PROTECTION
Some electrical systems are equipped with a battery
cutoff switch connected between the positive terminal of
the battery and the starter solenoid. The switch provides a
means to cut off all circuits from the battery in case of fire
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CHARGING SYSTEM
(TYPICAL)
Alternator

Battery

or other electrical emergencies. Using the cutoff switch
also prevents any electrical drain on the battery.
All engines are equipped with a 30-amp fuse installed
in the wiring harness between the ignition switch and
starter motor. If a failure occurs in any part of the electrical system, always check the fuse first to see if it is blown.
Usually, the trouble is a short circuit in the wiring. This
may be caused by worn insulation or by a wire that has
worked its way loose and shorted to ground.
Treat a blown fuse as more than a minor annoyance; it
serves as a warning that something is wrong in the electrical system. Before replacing a fuse, determine what
caused it to blow and correct the problem. Always carry
several spare fuses of the proper amperage values
onboard. Never replace a fuse with one of higher amperage rating than that specified for use. Failure to follow

these basic rules could result in heat or fire damage to major parts or even the loss of the entire vessel.
CHARGING SYSTEM

The charging system consists of the battery, alternator,
voltage regulator, ignition switch, charge lamp and connecting wiring. All engines are equipped with a Hitachi
alternator. Refer to Figure 12 for a typical charging
system.
Preliminary Testing

The first indication of charging system trouble is usually a slow engine cranking speed or running lights that
dim as engine speed decreases. This will often occur long
before the ammeter or voltmeter indicates that there is a
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potential probl em. When charging system trouble is first
suspec ted. perfonn the following:
1. Check the alternator drive belt for correct tension
(Chapter Three).
2. Check the battery to make sure it is in sa tisfactory condition and full y charged and tha i all connectio ns arc clean
and secure.
3. Check all con nections at the alternator 10 mak e sure
they are clean and sec ure.
4 . Ifthc charg ing sys tem is nor perfo rmin g as it should after each of the abov e poi nts has been ca refully checked
and any unsat isfactory cond itions correc ted. refer to
Chapter Two and perfonn the Charging System Tes ts.

4 . Swivel the alternator to ward the eng ine and remove
the drive belt from the altern ator pulley.
5. Support the alternator with one hand and remove the
adj usting and pivot bolts. noting the position ofany washers or spacers use d. Remove the a lternato r.
6. Installation is the reverse o f removal. Tighten fasteners
secure ly and adj ust drive belt tension (Chapter Three) before reconnecting wiring harn esses and lead s to the rear o f
the alternator.
NOTE
Make sure the rubber boats at the end ofthe
wires fil snugly over the terminals on the alternator; otherwise, the wire end..and terminal.s may corrode.

Alt ernato r Removat/l nstaltatton
STARTl I\G SYSTEM
This section provides alternat or replacement procedu res. Com plete altern ator overhau l is not practical for
the home mechanic. In some cases. replacement parts are
una va ilable.
Thi s procedure is generalized to cover all applications.
Acce ss to the a lternator is qu ite lim ited in some eng ine
compartme nts and ca re should be taken to avoid personal
i nj ury,

I . Disconnect the negat ive battery cab le.
2. Disconn ect all wiring harn esses and leads at the rear of
the altern ator. See Figu re 13. typi cal.
NOTE
Whell loosening the retaining nut on an altemator terminal, hold the terminal with a
wrench to prevent the terminal from rotat ing

The starti ng system consists of the battery, starter motor, starter solenoid. starter switch, key switc h, fuse and
connecting wiring . Sec F igure 12, typical.
Yanmar marine engines are equ ipped with a Hitachi
starter motor. Th e starter solenoid is enclose d in the drive
housing to protect it from ex pos ure to dirt and adverse
weather conditions,
Starter service requ ires experience and special too ls.
Refer to Chapter Two for troubleshooti ng procedu res. The
procedures described be low consist of removal, install ation and brush replacement. An y repa irs inside the unit itself (ot her than brush rep lacement ) should be performed
by a dea ler or certified ele ctrical shop. Installation of a
professionally rebu ilt ma rine-type unit is gene rally less
expe nsive and more prac tical.
Starter Removal/Installation

3. Loo sen the alternator adjusting and pivot bo lts (Figu re
14. typical).

I . Disconnect the negative battery ca ble.

-
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2. Disconnect the sole noid termin al wires. See Figure
15.
J . Remove the sta rter motor mounting bolts. Pull the
sta rter motor away fro m the flywheel and remove it from
the engine.
4. Installation is the reverse of removal. Tighten mounting bolts to torque specified in Tab le 2.

6. Remo ve the sole noid with the actuating yoke (6, f igure 16 or 7, Figure 17) and spring. if so equipped.
7. Remove the yoke and spring, if so equi pped. from the
solenoid.
8A. To install the sole noid on models equipped with an
antitorque spring. reverse the d isasse mbly procedure
while noting the following:
a. Position the antito rque spring on the sole noid
plunger so the spring ends fit in the holes in the soleno id (f ig ure 18).
b. Posit ion the yok e in the solenoid p lunger 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 engages the cars on the overrunning clutch body (Figure 19).
8B. To install the soleno id on mod els not equip ped with
an antitorq uc spring, reverse the disassembl y proc edure
while noting the follo wing:
a. Make sure that the pad s on the open end of the yo ke
properly fit between the flanges on the overrunning
clutch body.
Bru sh Repl a cem en t

Solenoid Re moval/I nstallatio n

To remove the solenoid it is necessary to partially d isassemble the starter. Note that the starter used on series
10 M, l GM IO, 2GM . 2GM20. J G M and 3GM30cngines
arc equipped with an antitorq uc spring that stabilizes the
actuating yoke.
I. Remove the starter as previously described.
2. Disconnect the soleno id term inal wires (Figu re 15).
3. Remo ve the screws securing the solenoid to the starter.
The solenoid will be loose but still attached to the actua ting yo ke in the starter. It is necessary to partially disassemble the sta rter to rem ove the so leno id and yoke.
4. Remove the 1\\'0 throug hbo lts (29. f igure 16 or 33 ,
Ftg ure 17).
NOTE
Do not allow the armature to moveforward
because the commutator may slide out ofthe
brushes, which will require disassembly of
the rear of the starte r to reins tall the
brushes.

5. Carefully separa te the drive end cover (3. figure 16)
from the frame ( 15 or 22) so the arm ature shaft wit hdraws
from the drive end hou sing, but stays in position in the
frame .

IG.\I. IG,\l10. 1 G.\I. 1G.\110. 3G.\I and 3G.\l30
models
Brush replacement requ ires partial d isassembly o f the
starter.
1. Disconnect the positive lead from the solenoid .
2. Remove the cover (26, fi gure 16) on the end cap.
3. Detach the E-ring (25, Figur e 16) and remove the
washers from the arma ture shaft.
4. Remove the brush holder retaining screws (30, Figure
16).

5. Remove the two throughbo lts (29. Figure 16).
6. Separate the end cover (2 1, Figure 16) from the starter.
7. Note the position of the brushes in the brush holder.
Use a suitab le tool to pu ll back and hold the brush retai ning clip. then remove the brush. See figure 20 , typical.
Repeat this step to remove the rema ining brus hes.
8. Remove the brush holder from the arm ature shaft .
9. Use an ohmmeter or self-powered test lamp to check
for continuity between the insu lated brush holder and the
base of the brush holder assembl y. See fi gure 21. If there
is continuity. rep lace the brush holder.
10. Inspect brush and brush spring condition. Measure
brush length. Repla ce all brushes if any are oi l-soaked or
worn to 12 mm (0.47 in.) or less in length. Repla ce any
broken or distorte d brush springs .

9
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STARTER MOTOR
(EXCEPT 3HM AND 3HM35 MODELS)

8

4--caJ1::::t:

21

29

~

23 24

W~Q\"\:
25

26

22

17

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Bolt
Lockwasher
Drive end housing
Bushing
Dust cover
Yoke
Spring
Shims
Solenoid
Retaining ring
Retainer
Drive
Center plate
Armature
Frame assembly
Positive lead

~,

27 28

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

Brush (pos.)
Brush (neg.)
Brush spring
Brush plate
Commutator end cover
Bushing
Washer
Washer
E-clip
Cover
Lockwasher
Screw
Throughbolt
Screw
Lockwasher
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STARTER MOTOR
(3HM AND 3HM35 MODELS)

..\\

30 31

29~

24

32

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Bolt
Lockwasher
Drive end housing
Bushing
Clip
Dust cover
Yoke
Actuator
Washers
Shims
Solenoid
Pin
Stopper washer
Circllp
Retainer
Drive
Bushing

33

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Center plate
Armature
Washer
Washer
Frame assembly
Positive lead
Positive brush
Brush plate
Negative brush
Brush spring
Bushing
Commutator end cap
Lockwasher
Screw
Lockwasher
Throughbolt
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Closed spring
end

Yoke

11. To replace ground (negative) brushes, remove the
brush lead attaching screws from the starter frame. Remove the brushes and install new ones.
12. To replace field coil brushes, cut the insulated brush
leads as close as possible to the field coils. Attach new
brush leads and solder the connections together with rosin
core solder and a 300-watt soldering iron.

f2O\

~

NOTE
Always replace brushes in complete sets.

13. Install the brush end holder.
14. Pull back and hold the brush retaining clip with a wire
hook, then install the brush. Repeat this step to install the
remaining brushes. Make sure the brush springs rest in the
small cutout on top of each brush.
15. Reassembly is the reverse of Steps 1-6.

3HM and 3HM35 models
Brush replacement requires partial disassembly of the
starter.
1. Disconnect the positive lead (23) from the solenoid.
2. Remove the brush holder retaining screws (31, Figure
17).
3. Remove the two throughbolts (33, Figure 17).
4. Separate the end cap (29) from the starter.
5. Note the position of the brushes in the brush holder.
Use a suitable tool to pull back and hold the brush retaining clip, then remove the brush. See Figure 20, typical.
Repeat this step to remove the remaining brushes.
6. Remove the brush holder from the armature shaft.
7. 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. Ifthere
is continuity, replace the brush holder.

8. Inspect brush and brush spring condition. Measure
brush length. Replace all brushes if any are oil-soaked or
worn to 14 mm (0.55 in.) or less in length. Replace any
broken or distorted brush springs.
9. To replace ground (negative) brushes, remove the
brush lead attaching screws from the starter frame. Remove the brushes and install new ones.
10. To replace field coil (positive) brushes, cut the insulated brush leads as close as possible to the field coils. Attach new brush leads and solder the connections together
with rosin core solder and a 300-watt soldering iron.
NOTE
Always replace brushes in complete sets.

11. Install the brush end holder.
12. Pull back and hold the brush retaining clip with a wire
hook, then install the brush. Repeat this step to install the
remaining brushes. Make sure the brush springs rest in the
small cutout on top of each brush.
13. Reassembly is the reverse of Steps 1-4.
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Sta rt Switc h
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.

Wa rn ing lamp
Key s witch

Fus e

l~

9
Battery

011 pressure
sender

SWITCHES

Battery Cutoff Swit ch
The battery cutoff switc h is con nected between the positive terminal of the battery and the starter solenoid. The
switch provides a means to cutoff all circuits from the battery in case of fire or othe r electrical emergencies. Using
the cutoff switch also prevents any electrical drain on the
battery.
To test the switch, check for voltage at the starter solenoid terminal, or disconnect the positive battery cable and
check the switch using an ohmmeter.

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 ofthese switches . Also refer to the wiring diagrams at

SENDE RS
The engine is equipped with senders tha t trigger warning lights and the alarm buzzer if eng ine oil pressur e or
water temperature reaches a dangerous level. The send ers
are essentially switches that complete an electrical circuit.

the back of this manual.
Oil Pressure Se nder

Key Switch
The key switch is mounted on the instrument panel.
When the key is in the ON position, the switch directs current to the circuits it controls.

Perform voltage or resistance checks to determine if the
sw itch is operating properly.

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 sou nd the alarm buzzer
when the key switch is on . When oi l pressure rises above
9.8-29A kl'a ( I A-4.3 psi ), the sen der opens, the warn ing
lamp goes out and the alarm buzzer quits.
The oil pressure sender on 10M and IOMl O is located
on the oil filter adapter as shown in Figure 23. The oil
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Waming
lamp

K.y
Switch
Fu~

1
:

Bane ry

~~lI:~:"- Oil pres sure

::;

sender

Cootant
temperature
sender

pressu re sender on 2GM, 2GM2 0. J GM, 3GM30, 3HM
and J HM35 engines is located below the oil filler as
shown in Figul"e 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.

I. Discon nect the wire at the sender terminal.
2. Connect an ohmm eter betw een the sender terminal and
the hex on the base of the sender.
3. With the eng ine off the meter sho uld show co ntinuity.
4. Start the eng ine. As the oil pressure builds abo ve 9 .R
kPa (1.4 psi), the meter should swit ch from continui ty to
no continuity. If it docs not, replace the sender unit.

Coola nt Tempera ture Send er
Refer 10 the coo lant temperature circuit in Figure 25,
The sender is open at amb ient tem perature, which prevents current from lighting the warni ng lamp and activating the alarm buzzer. Whcn coo lant rises above the
spec ificat ion. the sender closes, the warni ng lamp and the
alarm buzzer come on.
On IGM and IGM 10 engines, the coo lant temperature
sensor is loca ted on the cylinder head (f igu re 26). The
coo lant temperature senso r on two or three cyl inder engines is located on the front or side ofthe thermostat housing (Figure 27,typ ical).
Two different senders may be used depending on the
type of coo ling system. Eng ines equipped with seawater
coo ling are equipped with a sender that is color -coded
white and has a closed temperature of 148-154° F (63-67°

C). Engines equipp ed with freshwater coo ling arc
equipped with a sender that is co lor-coded green and has a
closed temperature of 193-202° F (89_95° C).
To check the coolant sender, proceed as fo llows:
I. Remo ve the sw itch fro m the engine.
2. Co nnect a digital ohmmeter to the switch.
3. Immerse the sending unit and a cooki ng thermometer
in a co ntainer of oil.
4. Heat the container ove r a flamc lcss heat source and
note the ohmmeter reading. The switch shou ld close as
follows:
a. seawater switch (white)-148-154° F (63-67 ° C).
b. freshwater switch (grecn}-- 193-202 F (89-95 ° C).
5. Remove the conta iner from the heat and let it cool. The
switch should reopen as follows:
a. seawa ter switch (whi te}--136° F (58° C).
b. freshwater swi tch (green}-- I90° F (88° C).
6. Replace the switch if'it does not function as specified
at each temperature range.
Q
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3. To determine if a bulb is defective, substitute a good
bulb. All warning lamps use the same type of bulb.
Charging System Warning Lamp
The warning lamp for the charging circuit should illuminate when the key switch is ON and the engine is not
running, or when there is a malfunction in the charging
circuit.
1. To check the circuit for the charging system warning
lamp, detach the lead from the L terminal on the alternator.
2. With the key switch ON, ground the detached lead.
The charge system warning lamp should come on.
3. To determine if the charging system bulb is defective,
substitute a good bulb. All warning lamps use the same
type of bulb.
4. If a good bulb does not light, check the charging system as described in Chapter Two.
ALARM BUZZER

To

sensors

WARNING LAMPS
Engines covered by this manual are equipped with an
instrument panel that has three warning lamps. The warning lamps illuminate to indicate high coolant temperature,
low oil pressure or insufficient charging current.

Coolant and Oil Pressure Warning Lamps
1. To check the circuit for the coolant or oil pressure
warning lamp, detach the lead from the coolant temperature or oil pressure sender.
2. With the key switch ON, ground the sender lead. The
warning lamp should come on.

The alarm buzzer provides an audible warning in addition to the coolant and oil pressure warning lamps. Two
types of alarm buzzers are used: a buzzer with two leads
and a buzzer with multiple leads. Note the terminallocations in Figure 28 for the buzzer equipped with multiple
leads.
1. Check the alarm buzzer while it is installed.
a. Detach the lead from the coolant temperature or oil
pressure sender.
b. With the key switch ON, ground the sender lead.
The alarm buzzer should come on.
2. Check the alarm buzzer with all leads disconnected
from the buzzer or with the buzzer removed from the instrument panel.
a. On the buzzer with multiple terminals, note the terminallocations in Figure 28.
b. Connect a 12-volt battery to the terminals as follows: Connect a positive battery lead to positive
buzzer terminal. Connect the negative battery lead
to each of the remaining buzzer terminals. The
buzzer should sound; if it does not, replace the
buzzer.
TACHOMETER
Some engines may be equipped with a tachometer. A
sensor located on the clutch housing (Figure 29) provides
an electrical signal that drives the tachometer. The electromagnetic sensor counts the teeth on the flywheel ring
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Tachometer Sender

To check the tachometer sender, proceed as follows:
1. Disconnect the leads from the sende r ( Figu re 29).
2. With the engine stopped. use an ohmmeter to check the
resistance between the sender leoninaIs. Resistance
should be 1500-1700 ohms.
3. Run the engine. Measure the alternating current voltage between the sender terminals. The voltage reading
should be at least one volt.
4. If the sender fails either test, replace the sender.

Tac homet er Ga uge
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 interchangeable. the tachometers are not. Due to
the difference in number ofring gear teeth.

the tachometer used on 3N..., and 3HM35
engines is nol interchangeable with other

engines.
Before troubleshooting the tachometer, check for faulty
connections, then recheck tachometer operation. If the
problem rema ins. refe r to the follow ing sec tions.

To check the tachometer gauge unit, proceed as follows:
I. Disconnect the rcd'bleck 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 (battery voltage). If not, determine the ca use.
2. Disconnect the orange and blue/red wire leads from
the tachomete r. 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 preced ing section.
..t. If the voltage readings in Steps I and 2 are satisfactory,
replace the tachometer.

Table 1 BATTERY CAPACITY (MINIMUMI
M o del

Voltage

Battery capacity

lGM,lGM10
2GM,2GM20
3GM, 3GM30, 3HM
3HM35

12V
12V
12 V
12 V

70 am p-hours
70 am p-hours
70 amp-hour s
100 amp-hours

T able 2 ALTERNATOR AND STARTER MOTOR TIGHTENING TORQUES
Mode l
lGM, lGM10,
2GM.2GM20,
3GM,3GM30
3HM,3HM35

Alternator mounting bolt

Starte r motor mounting bolts

22-27 Nom
(16-20 ft.- lb .)
22-27 N.m
(16-20 ft .-lb.)

45-50 Nom
(33-37 ft .-Ib,)
75-80 Nom
(55-59 ft.- lb.)

Chapter Ten

Transmission-KM Series

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 engages detent notches in the shifter housing. All other models 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.
Tabl es 1-7 are located at the end of this chapter.
O PERATION

This chapter covers the Kanzaki KM2A , KM 2C,
KM2P, KM3A and KM3P marine transmissions that are
attached to Yanmar lGM, IGM IO, 2GM, 2GM20, 3GMD
and 3GM30 engines. Refer to Table I for a
cross-reference of engine and transmission mode ls. The
identification plate located on the transmission case (Figure I , typica l) 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 tape red gears to transmit power to the output
shaft. Oil contained in the transmission case lubricates the
interna l transmission components.

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 transmi tted to
all gears . Power flows to the output shaft when the cone
clutch engages eithe r the fore....ard 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 opposi te direction of the forward gear. When the cone clutch engages the reverse gear,
the output shaft rotates in reverse .
On Model KM2A, KM2C and KM 3A transmissions,
moving the shift lever (F igu re 3) rotates the shift shaft.
When the shift shaft rotates, the shifter slides the cone
clutch into engagement with the forwa rd or reverse gear,
or into neutral. When the shifter reaches the proper position, the upper spring- loaded detent pin sits on a ramp that

1 10 _
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CONE CLUTCH

Forward
gear

SHIFTER (KM2A, KM2C AND KM3A MODELS)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Connector
Circllp
Spring retainer
Spring
Clrcllp
Holder
Cotter pin
Washer
Stud
Shift lever
Bolt
Seal
Setscrew
Spring
Detent pin
Body
Gasket
Plug
O-ring
Bearing
Shift shaft
Shifter
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SHIFTER (KM2P AND KM3P MODELS)

14

J
/ ~
15

13

10

\~
16

17

8
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

forces the shifter to push the clutch cone into the gear. The
springs in the shift actuator hold the shifter in position.
The shifter mechanism on Model KM2P and KM3P
transmissions includes a spring-loaded shifter (Figure 4).
Movement of the shift lever forces the shifter to move the
cone clutch against the forward or reverse gear. Detent
notches in the shift housing hold the shifter pin in position.
REMOVAL/INSTALLATION
The following procedure addresses units that are accessible. In some cases, it may be necessary to remove the engine and transmission as a unit before removing the
transmission from the engine. If engine removal is neces-

Shoulder bolt
Connector
Shift lever
Washer
Nut
Stop bolt
Shims
Bolt
Seal
Bolt
Shift body
D-ring
Shift shaft
Detent pin
Pin
Spring
Shifter

sary, refer to Chapter Five for single-cylinder models and
Chapter Six for multi-models.
1. If not previously disconnected, disconnect the remote
control cable from the transmission shift lever.
2. If not previously disconnected, disconnect the drive
coupling from the transmission drive flange.
3. Remove the bolts that secure the transmission to the
engine bellhousing.
4. Remove the transmission from the engine.

5. Reinstall the transmission by reversing the removal
procedure. Make sure to align the splines on the transmission input shaft and the drive disc during installation.
Tighten the transmission retaining bolts to the torque
specified in Table 2.
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OVERHAUL
Disassembly
I. Remove the drain plug (A, Figure 5) and drain the
transmission oil.

2. The output flange retaining nut is staked (Figure 6).
Use a ch isel to cut away the staked portion so the nut will
rotate.
NOTE
The output flange retaining
left-hand threads.

nut

has

3. Use a too l 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 (F igure 7).
6. Remove the shifter retaining bolts (B, Figure 5) and
remove the shifter assembly.
7. Remove the transmission flange retaining bolts.

NOTE
In Step 8, position the transmission so the
transmission input shaji is up when removing the transmissionjlange so the transmission shafts will not fall out.

8. Tap on the transmission flange (A, Figu re 8) using a
soft-face d hammer to dislodge the flange . If tapping will
not dislodge the flange, install jackscrews (8) into the
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b. Carefully drive out the intermediate shaft while removing the intermediate and input shaft assemblies
from the transmission case.
I !. 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. If inspection indicates additional disassembly is necessary, refer to the following sections.

Insp ection

Input shaf t
I. Check the gear teeth for excessive wear, corrosion and
mechanica l damage. Check the teeth for galling, chips,
cracks, missing pieces, distortion or discoloration from
overheating. Replace the input shaft if the gears are damaged.

threaded holes in the flange and rotate the jackscrews to
force the flange off the transm ission case. Position the
transmission with the input shaft up, then remove the
flange from the transmission case .
9. Remove the output shaft (A, Fig ure 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 follows:
a. Insert a suitably sized bolt or rod through the hole in
the rear of the transmission that supports the intermediate shaft (figure 10).

2. Inspect the input shaft bearings (F fgure II) and seal
surfaces for excessive wear, grooves, metal transfer and
discoloration from overheating. Use a press 10 remove
damaged bearings and to install new bearings.
NOTE

Shims behind the outer bearing race in the
mountingflange determine bearing preload
for the input shaft hearings. Save the shims
and reinstall them if reusing the original
parts .
3. Inspect the input shaft beari ng outer races in the transmission case (A, Figure 12) and mounting flange (A, rigure 13). If either race is damaged or excessively worn,
remove it using a suitable puller.
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Intermediate shaft

1. Remove and discard the Q-ring (Figure 14) at the end
of the shaft.
2. Remove the thrust washer, gear and roller bearings.
3. Inspect the bearings, shaft and reverse idler gear inside
diameter for excessive wear, grooves, metal transfer and
discoloration from overheating. If necessary, replace the
shaft, gear and bearings.
4. Check the idler gear teeth for excessive wear, corrosion or rust and mechanical damage. Check the teeth for
galling, chips, cracks, missing pieces, distortion or discoloration from overheating. If necessary, replace the gear.
5. Reassemble the intermediate shaft. Install a new
a-ring on the shaft.
Output shaft

Refer to Figure 15.
1. Using a suitable puller (Figure 16), remove the bearing, spacer and reverse gear from the output shaft.
2. The retaining nut at the end ofthe shaft is staked. Use a
chisel to cut away the staked portion so the nut will rotate.
To hold the output shaft, position the coupling flange in a
vise, then set the output shaft into the splines in the flange
as shown in Figure 17.
NOTE
The retaining nut has left-hand threads.

3. Unscrew the retaining nut by rotating the nut clockwise (left-hand threads).
4. Using a suitable puller, pull the bearing, spacer and
forward gear off the output shaft.
5. Remove the pin from the shaft.
NOTE
Mark the clutch cone in Step 6 according to
forward or reverse end so it can be reinstalled in its original position.

6. While holding the clutch cone, tap the end of the shaft
with a soft-faced hammer to remove the inner roller bearing race, spacer and cone clutch. A suitable puller or press
may also be used. Remove the remaining inner bearing
race and spacer.
7. Check the forward and reverse gear teeth for excessive
wear, corrosion and mechanical damage. Check the teeth
for galling, chips, cracks, missing pieces, distortion or discoloration from overheating. If necessary, replace the
gears.

Intermediate
shaft

Roller
bearings

O-ring

8. Inspect the forward and reverse gear inside diameters
for excessive wear, grooves, metal transfer and discoloration from overheating. If necessary, replace the gears.
9. Install the cone clutch on the output shaft and check
movement of the clutch on the output shaft. If the clutch
does not move smoothly, inspect the splines on the clutch
and shaft for burrs, scoring, galling or other signs of damage. If dressing will not correct the damaged splines, replace the clutch and/or shaft.
10. Inspect the tapered surface ofthe forward and reverse
gears for galling, scoring or other damage that will prevent smooth cone clutch engagement. If necessary, replace the gears.
11. Install the cone clutch into the forward and reverse
gears. Measure clutch depth as shown in Figure 18. Compare the measurement with the specification in Table 3.
Replace the part, in necessary.
12. Measure the width of the shifter groove in the cone
clutch (Figure 19) and compare with the specification in
Table 4.
13. Inspect the roller bearings and inner bearing races for
excessive wear, grooves, metal transfer and discoloration
from overheating. If necessary, replace the bearings and
mner races.
14. Measure the wear surface of the thrust washers. If
wear exceeds 0.20 mm (0.008 in.) on the thin thrust
washer, replace the washer. If wear exceeds 0.05 mm
(0.002 in.) on the thick thrust washer, replace the washer.
15. On KM2P and KM3P transmissions-Measure the
width ofthe spring cups and compare them with the specifications in Table 5.
16. On KM2P and KM3P transmissions-Measure the
width of the spring cup retainers and compare them with
the specifications in Table 5. If any surface wear on the
retainer exceeds 0.10 mm (0.004 in.), replace the retainer.
17. Assemble the output shaft by reversing the disassembly procedure while noting the following:
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OUTPUT SHAFT

2

~

9

7

5
1. Shims
2. Nut (LH)
3. Washer
4. Roller bearing
5. Thrust washer
6. Retainer (KM2P and KM3P)
7. Spring cup (KM2P and KM3P)
8. Forward gear
9. Needle bearing
10. Inner bearing race
11. Thrust washer
12. Pin
13. Output shaft
14. Clutch cone
15. Reverse gear

4
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SHIFTER (KM2A, KM2C AND KM3A MODELS)

.---13

1. Connector

2. Circlip

15
14

~17

7

~18

3.
4.
5.
6.
7.
8.
9.
10.
11.

Spring retainer
Spring
Circlip
Holder
Cotter pin
Washer
Stud
Shift lever
Bolt

12.
13.
14.
15.
16.
17.

18.
19.
20.
21.
22.

Seal
Setscrew
Spring
Detent pin
Body
Gasket
Plug
O-ring
Bearing
Shift shaft
Shifter
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h. Tighten the nut (left-hand threads) to the torque
specified in Table 2.
1. Make sure the gears rotate freely.
j. Stake the nut to lock the nut in place.

Neutral hole

Ramp

Shifter (KM2A, KM2C and KM3A models)

Refer to Figure 20.
1. Ifnot previously removed, detach the cotter pin and remove the actuator from the shift lever.
2. Remove the shifter.
Neutral notch

NOTE
Make alignment marks on the shift lever and
shift shaft so the shift lever can be reinstalled in its original position.

3. Loosen the clamp bolt and remove the shift lever.
NOTE
The setscrew and plug contain the springs
and may fly out.

4. Remove the setscrew and plug, then remove the
springs and detent pins.
5. Remove the shifter shaft.
6. Remove and discard the O-ring.
7. Use a screwdriver or suitable tool to pry out the seal.
Be careful not to damage the bearing.
8. Inspect the bearing. Ifit is faulty, replace it as follows:
a. Heat the shifter body to 212 F (l00° C), then drive
out the bearing.
b. Install the new bearing with the stamped end out.
Push in the bearing until it bottoms.
9. Inspect the shift shaft. Check the detent portion of the
shaft for cracks or excessive wear that will allow poor
clutch engagement. The ramps should be smooth and the
neutral detent hole should be unworn (Figure 21).
10. Inspect the detent pins. Replace the pins if they are
damaged or excessively worn.
11. Inspect the springs for deformation or other damage.
Specified spring free length is 34 mm (1.34 in.).
12. Inspect the shifter for damage and excessive wear.
Measure the shifter width and shaft diameter. Replace the
shifter if the measurements exceed the specifications in
Table 6.
13. Check the internal movement of the actuator. The actuatorshould slide without binding. To check spring tension, attach a spring scale to the threaded end of the
actuator and measure the spring tension when the actuator
rod is pulled 5 mm (0.20 in.) from the end ofthe tube (Figure 22). Ifthe spring tension is not as specified in Table 6,
replace the spring.
0

a. If reinstalling the original clutch cone, install it in its
original position-forward end toward the forward
gear.
b. Install the pin before installing the inner roller bearing race.
c. Use a suitable tool or sleeve to drive the inner roller
bearing race onto the shaft. Do not use excessive
force. Drive the race onto the shaft until it bottoms.
d. Use a suitable tool or sleeve to drive the tapered
roller bearing onto the shaft. Do not use excessive
force. Drive the bearing onto the shaft until it bottoms.
e. On KM2P and KM3P transmissions-Install the
spring cups so the cupped side is toward the gear.
f. Install each thick thrust washer so the stepped side
is toward the tapered roller bearing.
g. Install the washer so the pin in the output shaft fits
in the groove in the washer.

208
14. Reassemble the shifter by reversing the disassembly
procedure. Note the following during reassembly:
a. Apply sealant to the detent setscrew threads.
b. Install the shift lever on the shift shaft while aligning the marks made during disassembly.
c. If no alignment marks are available when installing
the shift lever, rotate the shift shaft so the shifter
bore is down as shown in Figure 23. The shift shaft
should engage the neutral detent. Install the shift lever at a 45° angle as shown in Figure 23.
d. Install the shift lever on the shift shaft so the side
clearance between the lever and body is approximately 0.5 mm (0.020 in.).
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bore

Shifter (KM2P and KM3P models)
Refer to Figure 24.
1. If not previously removed, remove the control cable
connector from the shift lever.
2. Remove the shifter and spring.
3. Remove the stop bolt and shims.
4. Loosen the clamp bolt and remove the shift lever.
5. Remove the shifter shaft.
6. Remove and discard the O-ring.
7. Use a screwdriver or suitable tool to pry out the seal.
Be careful not to damage the bearing.
8. Inspect the shift shaft. Check the detent pin for damage
and excessive wear. If necessary, replace the detent pin.
Measure the shifter shaft bore in the shift shaft and compare with the specifications in Table 7.
9. Inspect the body for galling, scoring or other damage
to the bore. Inspect the detents for damage and excessive
wear that will cause poor clutch engagement (Figure 25).
10. Inspect the spring for deformation or other damage.
Specified spring free length is 22.6 mm (0.89 in.). Minimum spring length is 19.8 mm (0.78 in.).
II. Inspect the stop bolt. Replace it if it is excessively
worn.
12. Inspect the shifter. Measure the large diameter of the
shifter shaft and compare it with the specifications in Table 7.
13. Reassemble the shifter by reversing the disassembly
procedure, but do not install the stop bolt until final installation of the shifter assembly on the transmission.
14. Reassemble the shifter by reversing the disassembly
procedure. Note the following during reassembly:
a. Do not install the stop bolt until final installation of
the shifter assembly on the transmission.
b. Rotate the shift shaft so the detent pin engages the
neutral detent (Figure 25). On the KM2P transmission, install the shift lever so the side with the triangle mark (A, Figure 26) is out. On. the KM3P

transmission, install the shift lever so the side with
the triangle mark is toward the shifter body. With
the shift shaft in neutral, position the shift lever at a
45° angle as shown in Figure 26 and tighten the
clamp bolt.
REASSEMBLY

NOTE
On KM2P and KM3P transmissions, refer
to the Bearing Adjustment section prior to
reassembly if the following components
have been replaced: input shaft, input shaft
bearings, output shaft, thrust washers and
output shaft bearings.
I. If removed, install the outer bearing races into the
transmission case and mounting flange.
2. Apply sealer to the outside diameter ofthe oil seals and
install them into the transmission case and mounting
flange with the open side to the inside.
3. Install the input shaft into the transmission case.
4. Install the intermediate shaft assembly into the transmission case. Install a new O-ring on the intermediate
shaft. Use a soft-faced hammer to tap the shaft into the
case.
5. While holding the input shaft out of the way, insert the
output shaft assembly into the transmission case. Move
the gears into mesh on the intermediate shaft, input shaft
and output shaft while installing the output shaft.
6. Ifthe following components have been replaced, refer
to the Bearing Adjustment section: input shaft, input shaft
bearings, output shaft, thrust washers and output shaft
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SHIFTER (KM2P AND KM3P MODELS)
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Shoulder bolt
Connector
Shift lever
Washer
Nut
Stop bolt
Shims
Bolt
Seal
Bolt
Shift body
O-ring
Shift shaft
Detent pin
Pin
Spring
Shifter

Reverse

SHIFTER DETENTS
(KM2P AND KM3P MODELS
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bearings. After adjusting the bearings, continue to reassemble the transmission as described in the following
steps. If the preceding components have not been replaced, bearing adjustment is not necessary and the
orginal shims may be reused. Proceed to the following
step.
7. Position the transmission on a vise with soft jaws so
the input shaft is held by the vise jaws.
8. Apply sealer to the mounting flange and install it onto
the transmission case.
9. Tighten the mounting flange retaining bolts to the
torque in Table 2.
10. Install the output flange on the output shaft.
11. Install the a-ring on the output shaft.

Reverse '\

NOTE
The output flange retaining nut has
left-hand threads.
12. Install the output flange retaining nut by rotating the
nut counterclockwise (left-hand threads). Tighten the nut
to the torque specified in Table 2.
13. Stake the nut to lock the nut in place.
14A. On KM2A, KM2C and KM3A transmissions-Install the shifter assembly on the transmission using the
following procedure:

NOTE
Note that the bolt holes in the shifter mounting flange are sufficiently large to allow
movement ofthe flange around the bolts.
a. Install the shifter assembly on the transmission and
tighten the retaining bolts.
b. Measure the amount of shift lever travel from neutral to forward and from neutral to reverse (Figure
27). The measurement should be equal from neutral
to either forward or reverse.
c. Loosen the shifter retaining bolts and slide the
shifter assembly fore or aft as needed to obtain
equal shift lever movement.
14B. On KM2P and KM3P-Install the shifter assembly
on the transmission using the following procedure.
a. Position the shifter so its curvature is as shown in
Figure 28.
b. Install the shifter assembly on the transmission and
tighten the retaining bolts.
c. Move the shift lever 10-15° from the neutral position to either forward or reverse position.
d. Measure the depth of the end of the shifter shaft
from the end of the shift shaft as shown in Figure
28. Measure the length ofthe stop bolt (Figure 29).

Bolt length

~

e. Subtract the length of the stop bolt from the shifter
shaft depth.
f. Install shims on the stop bolt that equal the result of
substep e.

TRANSMISSION-KM SERIES
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g. Apply sealer to the stop bolt threads, but not to the
threads at the end of the bolt (approximately 0.20
in.). Install the stop bolt into the shifter.
BEARING ADJUSTMENT
Perform the following procedure if the following components have been replaced: input shaft, input shaft bearings, output shaft, thrust washers and output shaft
bearings. This procedure determines the thickness of
shims that must be installed so the tapered roller bearings
properly contact the bearing outer races.
KM2A, KM2C and KM3A
1. Install the input shaft, intermediate shaft and output
shafts as described in the Reassembly section.
2. Position the transmission case so the open end is up
and no pressure is being applied to the splined end of the
output shaft.
3. Install the outer bearing races on the input and output
shaft tapered bearings.
4. Measure the distance (A, Figure 30) 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 31) from the mounting flange mating surface to the bottom ofthe bearing race
bore for both the input and output shaft bearings.
6. Subtract the A measurement from the B measurement
for each shaft.
7. From the result obtained in Step 6, subtract 0.0-0.05
mm. This result equals the thickness of the shim(s) that
must be installed in the bearing bores in the mounting
flange.
8. Install the shim(s) in the bearing bores in the mounting
flange, then press the bearing outer races into the mounting flange on top of the shims. Make sure the races are
bottomed.

Output
shaft

B

KM2P and KM3P
Input shaft
NOTE
The following procedure for adjusting the
input shaft bearings is similar to the procedure for the KM2A, KM2C KM3A transmissions, but only use the callouts in Figure 30
and Figure 31 that pertain to the input
shaft.
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1. Install the input shaft assembly in the transmission
case.
2. Position the transmissi~n case so the open end is up.
3. Install the outer bearing race on the input shaft tapered
bearing.
4. Measure the distance (A, Figure 30) in millimeters
from the mounting flange mating surface on the case to
the top of the bearing race. Record the measurement.
5. Measure the distance (B, Figure 31) from the mounting flange mating surface to the bottom ofthe bearing race
bore for the input shaft bearing.
6. Subtract the A measurement from the B measurement.
7. From the result obtained in Step 6, subtract 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.
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.
Output Shaft
In the following procedure to adjust bearing preload,
the neutral position ofthe clutch cone must be established
for proper transmission operation. The desired clutch
cone groove centerline on Model KM2P is 48.3 mm from
the mating surface of the transmission case. On Model
KM3P the desired clutch groove centerline is 47.3 mm
from the mating surface of the transmission case.

NOTE
To perform the following bearing adjustment procedure, the output shaft must be out
ofthe case and the outer bearing races must
be on the bearings and not installed in the
case or mountingflange.
1. Measure and record the distance (A, Figure 32) from
the mounting flange mating surface to the bottom of the
bearing race bore for the output shaft bearing.
2. Measure and record the distance (B, Figure 33) from
the mounting surface ofthe case to the bottom ofthe bearing race bore for the output shaft bearing.
3. Measure and record the distance (C, Figure 34) from
the faces of the output shaft bearing races.

NOTE
In Steps 4 and 5, force the gears toward the
cone clutch.
4. Measure and record the distance (D, Figure 34) between the faces of the forward and reverse gears.

B

5. Measure and record the distance (E, Figure 34) from
the face ofthe reverse gear and the face ofthe rear bearing
race.
6A. On KM2P transmissions-To determine rear shim
thickness (Figure 35), proceed as follows:
a. Subtract 48.3 mm from measurement (B, Figure
33).
b. Divide measurement (D, Figure 34) by 2.
c. Subtract substep b from substep a.
d. Subtract measurement (E, Figure 34) from substep
c.
e. Subtract 0.0-0.05 mm from substep d. The result is
the required rear shim thickness.
6B. On KM3P transmissions-To determine rear shim
thickness (Figure 35), proceed as follows:
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rc-l
D-1
Front shim

~ EJ
Rear s him

b. Subtract measurement (C, fo"igure 34) from substcp
a.
c. Subtract the rea r shim thickness (determined in Step
6A) from Step b.
d. Subt ract 0.0-0.05 mm from substep c. The result is
the requ ired front shim thickness.
8. Install the shim(s ) in the bearing bores in the mount ing
flange and case, then press the bearing ourer races on top
of the shims. Make sure the races are bortomed .

DRIV E DI SC
The drive disc attached to the engine flywheel transmits
power from the eng ine flywhee l to the tran sm ission input
shaft. Bo lts sec ure the disc to the flywheel while the transmission input shaft engag es the splined hub on the drive
disc. The dri ve disc incorporates springs that dampen
drivelinc shocks between the engine and transmissio n.
Remo val/Install a tlo n

a. Subtract 47.3 mm from measuremen t (B. Figure
33 ).
b. Divide measurement (D. Figure 34) by 2.
c. Subtract substep b from substcp a.
d. Subtract measurement (E. Figure 34 ) from substep
c.
e. Subtract 0.0-0 .05 mm from substep d. The result is
the required rear shim thickness.
7. To determine front shim thickness (Figure 35 ), proceed as follows:
a. Add measurement (A, Figure 32 ) to measureme nt
(8 , Figu re 33 ).

1. Remove the engine from the boat.
2. Remove the transmission.
3. Remove the drive d isc (F igure 36, typical).
4. Install the dri ve disc by revers ing the remo val procedure. Install the dri ve disc so the side marked
FLYWHEEL SIDE (Figu re 37 ) is toward the flywheel.
Tighten the dri ve disc retaining bo lls to the torque spec ified in Ta ble 2.
Inspection
Rep lace the driv e disc ifany o f the fo llow ing co ndit ions
exist:
I. Broken spring.
2. Worn or dama ged spl ines in hub.
3. Damaged d isc.
4. Damaged pins.

to
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Table 1 ENGINE/TRANSMISSION MODELS

Model

Transmission

Transmission ratio
(forward gear)

1GM
1GM10
2GM
2GMF
2GM20
2GM20F
3GM
3GMF
3GMD
3GM30
3GM30F
3HM
3HMF
3HM35

KM2A
KM2Cor KM2P
KM2A
KM2A
KM2Cor KM2P
KM2Cor KM2P
KBW10D
KBW10D
KM3A
KM3Aor KM3P
KM3Aor KM3P
KBW10E
KBW10E
KBW10E

2.21, 2.62 or
2.21, 2.62 or
2.21, 2.62 or
2.21, 2.62 or
2.21, 2.62 or
2.21, 2.62 or
2.14, 2.63 or
2.14, 2.63 or
2.36, 2.61 or
2.36, 2.61 or
2.36, 2.61 or
2.14 or 2.83
2.14 or 2.83
2.14 or 2.83

3.22
3.22
3.22
3.22
3.22
3.22
2.83
2.83
3.20
3.20
3.20

Table 2 TIGHTENING TORQUES
Fastener

N-m

ft.-lb.

Transmission mounting flange
Output shaft nut
Output flange nut
Drive disc

20-25
85-115
85-115
25

15-18
63-85
63-85
18

Table 3 CLUTCH DEPTH

KM2A, KM2C
KM2P
KM3A
KM3P

Normal depth

Wear limit

24.4-24.7 mm
(0.961-0.972 in.)
29.2-29.8 mm
(1.150-1.173 in.)
29.9-30.2 mm
(1.177-1.189 in.)
32.7-33.3 mm
(1.287-1.311 in.)

24.1 mm
(0.949 ln.)
28.1 mm
(1.106 in.)
29.6 mm
(1.165 in.)
32.4 mm
(1.276 in.)

Table 4 CLUTCH GROOVE WIDTH

KM2A, KM2C and KM3A

Standard width

Wear limit

8.0-8.1 mm
(0.315-0.319 in.)

8.3mm
(0.327 in.)

Table 5 OUTPUT SHAFT
Standard width
Thrust washer
Thin washer

Wear limit
0.20 mm
(0.008 in.)
0.05 mm
(0.002 ln.)

Thick washer
(continued)
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Table 5 OUTPUT SHAFT (continued)

Spring cup (KM2P, KM3P)
Spring cup retainer (KM2P~ KM3P)

2.8-3.1 mm
(0.110-0.122 in.)
2.92-3.08 mm
(0.115-0.121 in.)

Table 6 SHIFTER (KM2A, KM2C AND KM3A)

Shifter width
Standard
Wear limit
Shifter shaft diameter
Standard
Wear limit
Detent spring free length
Actuator spring tension
Standard
Min.

7.80-7.85 mm (0.3071-0.3091 ln.)
7.7 mm (0.303 ln.)
9.986-9.995 mm (0.3931-0.3935 in.)
9.95 mm (0.392 in.)
34 mm (1.34 ln.),
2.8 kg (6.2 lb.)
2.5 kg (5.5 lb.)

Table 7 SHIFTER (KM2P AND KM3P)

Shifter spring free length
Standard
Min.
Shifter shaft diameter
Standard
Wear limit
Shift shaft bore
Standard
Wear limit

22.6 mm (0.89 ln.)
19.8 mm (0.78 in.).
11.966-11.984 mm (0.4711-0.4718 in.)
11.95 mm (0.470 In.)
12.0-12.018 mm (0.4724-0.4731 ln.)
12.05 mm (0.474 In.)

2.6mm
(0.102 in.)
2.8mm
(0.110 in.)

Chapter Eleven

Transmission-KBW Series

This chapter covers the Kanzaki Hurth KBWlOD and
KBWIOE marine transmissions that are attached to
Yanmar 3GM, 3HM and 3HM35 engines. Refer to Table
1 for a cross-reference ofengine and transmission models.
The identification plate (Figure 1) located on the transmission case specifies the transmission model.
The KBWlO series transmissions covered in this chapter are inline transmissions that provide forward and reverse direction. All gears are constant mesh. A plate-type
clutch engages the gears to transmit power to the output
shaft. Oil contained in the transmission case lubricates the
internal transmission components.
Refer to Chapter Three for maintenance information.
Tables 1-3 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 constant-mesh transmission, engine power is transmitted to
all gears. Power flows to the output shaft when the clutch
engages either the forward gear or the reverse gear. The
clutch contacts a clutch pack of several discs adjacent to
the forward and reverse gears. In Figure 2, the clutch is

o

MARINE GEAR MODEL

KBW 10

o

GEAR RATIO
OIL

o

ATF·A

OIL OTY.
No.
OSAKA

o. 7

f!.'!!f1/~_1fJ

LTR.
JAPAN

0

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 forward gear. When the clutch engages the reverse gear, the output shaft rotates in reverse.
Moving the shift lever rotates the shift shaft. When the
shift shaft rotates, the shifter fork slides the shift ring into
engagement with the forward or reverse gear clutch. The
drive hub on the output shaft transfers power from the selected clutch to the output shaft.
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Disassembly
Input shaft

Coupling flange

REMOVALIINSTALLATION

The following procedure addresses units that are accessible. In some cases, it may be necessary to remove the engine and transmission as a unit before removing the
transmission from the engine. Refer to Chapter Six if engine removal is necessary.
1. If not previously disconnected, disconnect the remote
control cable from the transmission shift lever.
2. If not previously disconnected, disconnect the drive
coupling from the transmission drive flange.
3. Remove the bolts that secure the transmission to the
engine bellhousing.
4. Remove the transmission from the engine.
5. Reinstall the transmission by reversing the removal
procedure. Make sure to align the splines on the transmission input shaft and the drive disc during installation.
Tighten the transmission retaining bolts to the torque
specified in Table 2.

OVERHAUL

Refer to Figure 3.
NOTE
Overhaul ofthe KB W transmission requires
special tools, which can be obtained from
Yanmar or fabricated. If the special tools
are not available, have a Yanmar dealership
overhaul the transmission.

1. Remove the drain plug and drain the transmission oil.
2. Position the transmission in a vise with soft jaws so the
input shaft is held by the vise jaws.
3. The output flange retaining nut is staked. Use a chisel
to cut away the staked portion so the nut will rotate.
4. Install a tool that will prevent rotation of the output
flange.
5. Unscrew the output flange retaining nut.
6. Remove the oil dipstick.
7. Make match marks on the shifter cover and the transmission case so the shifter can be installed in its original
position.
8. Remove the shifter retaining bolts and remove the
shifter assembly.
9. Remove the transmission from the vise.
10. Using an 8 mm Allen wrench, remove the shift bar retaining plug (68, Figure 3) in the rear of the case.
11. Install a 10 mm bolt into the end of the shift bar, then
pull the shift bar (58, Figure 3) out of the case while also
removing the shift fork (57).
12. Remove the transmission mounting flange retaining
bolts.
NOTE
In Step 13, position the transmission so the
transmission input shaft is up when removing the mountingflange so the transmission
shafts will not fall out.

13. Tap on the mounting flange using a soft-faced hammer to dislodge the flange. Position the transmission with
the input shaft up, then remove the flange from the transmission case.
14. Remove the output shaft assembly from the transmission case and set aside for disassembly.
15. Remove the intermediate shaft assembly from the
transmission case and set aside for disassembly.
16. Remove the input shaft assembly from the transmission case and set aside for disassembly.
17. 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.
18. 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.
19. If inspection indicates additional disassembly is necessary, refer to the following sections.
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TRANSMISSION
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Mounting flange
Shim
Output shaft
Key
Bearing
Thrust washer
Bearing Inner race
Bearing
Spacer
Forward gear
Belleville springs
Retainer
Snap ring
Friction plates
Steel plates
Shims
Pressure plate
Balls (3)
Spring
Detent pins
Alignment pin
Driving plate
Pressure plate
Return spring
Shift ring
Shims
Spacer
Inner bearing race
Bearing
Friction plates
Steel plates
Snap ring
Retainer
Belleville washers
Reverse gear

36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

Thrust washer
Bearing
Seal
Shim
Bearing
Input shaft
Bearing
Intermediate shaft
Roller bearings
Idle gear
O-ring
Thrust washer
Shift lever
seal
Shifter cover
Gasket
Shift shaft
Snap ring
Springs
Detent pin
Bearings
Shift fork
Shift bar
011 dipstick
Gasket
Case'
O-ring
Seal
Flange
Nut
Gasket
Drain plug
Plug
Dowel pin
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Input shaft
1. Check the gear teeth for excessive wear, corrosion or
rust 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
damaged.
2. Inspect the input shaft bearings 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 (39, Figure 3) behind the outer bearing race in the mounting flange determine
bearingpreloadfor the input shaft bearings.
Save the shims and reinstall them ifreusing
the original parts.
3. Inspect the input shaft bearing outer races in the transmission case and mounting flange. If either race is damaged or excessively worn, remove it using a suitable
puller.

CD

Intermediate shaft
1. Remove and discard the O-ring (46, Figure 3) at the
end of the shaft.
2. Remove the thrust washer (47, Figure 3), idle gear
(45) and roller bearings (44).
3. Inspect the bearings, shaft and reverse idler gear inside
diameter for excessive wear, grooves, metal transfer and
discoloration from overheating. If necessary, replace the
shaft, gear and bearings.
4. Check the idler gear teeth for excessive wear, corrosion or rust and mechanical damage. Check the teeth for
galling, chips, cracks, missing pieces, distortion or discoloration from overheating. If necessary, replace the gear.
5. Reassemble the intermediate shaft. Install a new
O-ring on the shaft. Check that the idler rotates freely on
the shaft.

Output shaft
NOTE
Exercise care when using the puller in Step
1. Make sure the threads on the output shaft
are not damaged.
1. Using a suitable puller, remove the output shaft from
the forward and reverse gear assemblies as shown in Figure 4. Do not mix the forward gear parts and reverse gear
parts.

2. Remove the spacer (9, Figure 3) and the bearing inner
race (7) from the output shaft.
3. Hold the threaded end ofthe output shaft so the threads
are protected.
4. Place the outer race onto the front bearing inner race.
Using a suitable bearing driver, gently drive the inner
bearing race away from the shaft collar approximately 10
mm.
5. Place a pulling support plate (such as Yanmar special
tool 17099-09030) between the collar of the output shaft
and bearing.
6. Use Yanmar special tool 17095-09070, or a suitable
equivalent tool, to press the bearing offthe shaft, as shown
in Figure 5.
7. Remove the clutch friction plates (14, Figure 3) and
steel plates (15) from the forward gear (10).
8. Use Yanmar special tool 17095-09070, or an equivalent tool, to compress the Belleville springs (11, Figure 3)
and remove the snap ring from the forward gear, as shown
in Figure 6.
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2. Inspect the output shaft bearings and seal surfaces for
excessive wear, grooving, metal transfer and discoloration from overheating.
3. Inspect the key and output shaft keyway for damage.

NOTE
Shims behind the outer bearing race in the
mountingflange determine bearing preload
for the output shaft bearings. Save the shims
and reinstall them if reusing the original
parts.

9. Refer to Steps 7 and 8 and disassemble the clutch components on the reverse gear.
10. Lay the shift ring and pressure plate assembly flat.
11. Remove the pressure plate return springs (24, Figure
3), then lift off the top pressure plate (17) and remove the
steel balls (18).
12. Lift the shift ring (25, Figure 3) and driving plate (22)
off the bottom pressure plate and remove the three remaining balls.
13. Slip the shift ring (25, Figure 3) off the driving plate
(22).
14. Remove the alignment pins (21, Figure 3) and detent
pins (20) with springs (19) from the driving plate (22).
Inspection
I. Check the gear teeth for excessive wear, corrosion or
rust and mechanical damage. Check the teeth for galling,
chips, cracks, missing pieces, distortion or discoloration
from overheating. Check the splines for excessive wear or
damage. Replace the gears if damaged.

4. Inspect the input shaft bearing outer races in the transmission case and mounting flange. If either race is damaged or excessively worn, remove it using a suitable
puller.
5. Measure steel plate warpage as shown in Figure 7 and
compare the result with the specification in Table 3.
6. Measure the width of the steel plates tangs and compare the result with the specification in Table 3.
7. Measure the width ofthe grooves in the pressure plates
and compare the result with the specification in Table 3.
The clearance between the tangs and the grooves should
be 0-0.6 rom (0-0.024 in.).
8. Measure the width of the friction plates and compare
with the specification in Table 3. Both sides of friction
plates have a 0.35 mm (0.014 in.) copper sintered layer.
Replace the friction plates when the copper layer is worn
more than 0.2 rom (0.008 in.) on one side.
9. Measure four friction plates. The sum of wear of four
friction plates (forward or reverse) must not exceed 0.8
mm (0.031 in.). If wear exceeds 0.8 rom (0.031 in.), replace all friction plates (forward or reverse).
10. Assemble each set of steel and friction plates. Compress the plates to remove steel plate warp. Measure the
assembled plates. The assembled thickness must exceed
10.0 mm (0.394 in.).
11. Measure the backlash between the teeth on the friction plates and the gear splines. The backlash must not exceed 0.9 mm (0.035 in.).
12. Lay the shift ring and pressure plate assembly flat and
remove the pressure plate return springs (24, Figure 3).
Lift off the top pressure plate (17) and remove the steel
balls (18).
13. Lift the shift ring (25, Figure 3) and driving plate (22)
off the bottom pressure plate and remove the three remaining steel balls. Slip the shift ring (25) off the driving
plate (22), remove the alignment pins (21) and detent pins
(20) with the springs (19) from the driving plate (22).
14. Inspect the pressure plate (17 and 23, Figure 3) ball
grooves for wear and renew the plate ifwear is noticeable.
15. Measure the pressure plate thickness and compare the
result with the specification in Table 3.
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16. Measure the return spring end gap (Figure 8) and
compare the result with the specification in Table 3.
17. Check the driving plate ball grooves (Figure 9),
detent pin bores, detent pins (A) and keyway (B) for any
noticeable wear.
18. Measure the driving plate hub outer diameter (C, Figure 9) and compare it with the specification in Table 3.
19. Measure detent pin spring (D, Figure 9) free length
and compare it with the specification in Table 3.
20. Measure the plate spring retainer thickness (A, Figure 10) and compare the result with the specification in
Table 3. Measure the plate spring inside diameter (B) and
compare with the specification in Table 3. Measure the
plate spring shoulder diameter (C) and compare the result
with the specification in Table 3.
21. Measure the free width of the Belleville springs and
compare it with the specification in Table 3.
22. Inspect the shift ring pressure grooves (A, Figure 11)
and pin contact grooves (B) for any signs of excessive
wear. Measure the width ofthe circumferential groove (C)
and compare the result with the specification in Table 3.
Reassembly
1. Install the Belleville springs on the forward gear so the
concave sides face each other as shown in Figure 12. Position the retainer (12, Figure 3) over the Belleville
springs and slide the snap ring onto the spline of the forward gear. Using Yanmar special tool 177095-09070, or a
suitable equivalent tool, compress the forward gear assembly in a vise and engage the snap ring in the groove
around the forward gear splines.
2. Refer to Step 1 and assemble the reverse gear,
Belleville springs, retainer and snap ring.
3. To determine the correct thickness ofshims (16 and 26,
Figure 3), install the inner bearing race and spacer in their
respective gears. Measure the depth (A, Figure 13) of the
bearing race from the end of the gear as shown in Figure
13. Install shims equal to the depth.

A

A

c

4. Alternately install four friction plates (14, Figure 3)
and three steel plates (15) on the forward gear (10) splines
starting with a friction plate.
5. Refer to Step 4 and assemble the reverse gear, steel
plates and friction plates.
6. Using a suitable bearing driver, install the output shaft
front bearing onto the shaft. Be sure the bearing inner race
contacts the collar on the end of the output shaft.

TRANSMISSION-KBW SERIES

Retainer

Belleville
springs

A

Bearing

Spacer
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11. Fit the key (4, Figure 3) into the slot on the output
shaft so the fillet side of the key faces the threaded end of
the output shaft.
12. Install the pressure plate, with the ball slots facing up,
so the steel plate tangs fit into the three slots in the pressure plate. Make sure the pawls of a11 three steel plates engage the pressure plate.
13. Install three steel balls into the slots on the pressure
plate. Install the drive plate onto the output shaft so the
side ofthe drive plate with concentric groove is facing the
forward gear assembly. Make sure all three steel balls.remain in place and the grooves ofthe pressure plate and the
drive plate match when the drive plate is installed.
14. Insert both locating pins into the drive plate so they
engage the torque limiter slots of the pressure plate.
15. Install the shim, spacer and inner needle bearing race
on the ouput shaft using a suitable bearing driver.
16. Insert the detent pins and springs into the drive plate.
Install the shift ring over the drive plate so the three legs
with grooves are facing the forward gear and the detent
pins in the drive plate properly engage the pin slots of the
inside diameter of the shift ring.
17. Install three steel balls in the slots of the drive plate
and place the pressure plate over the drive plate. Make
sure the steel balls remain in position and the slots of both
plates match.
18. Install the pressure plate return springs between the
shift ring and the drive plate. Attach the spring ends to the
small holes inside the pressure plates as shown in Figure
14.

Return
spring

7. Install the thrust washer on the output shaft with the
sintered copper surface facing away from the bearing.
8. Using a suitable bearing driver, install the needle bearing inner race on the output shaft. Be sure the race bottoms
against the thrust washer.
9. Install the needle bearing, spacer and shim on the output shaft.
10. Install the forward gear assembly on the output shaft
and align the steel plate tangs.

19. Install the reverse gear assembly so the tangs of all
three steel plates properly engage the slots in the pressure
plate.
20. Install the needle bearing and thrust washer with the
copper sintered side ofthe washer facing the reverse gear.
21. Using a suitable bearing driver install the rear output
shaft inner race onto the output shaft. Make sure the race
bottoms against the thrust washer.
22. Check for smooth rotation of both the forward and reverse gears. Check for correct operation of the shift ring.
Shifter

Refer to Figure 3.
NOTE
Make alignment marks on the shift lever and
shift shaft so the shift lever can be reinstalled in its original position.

1. Loosen the clamp bolt and remove the shift lever.
2. Remove the shift cam.
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3. Push in the detent pin, remove the snap ring and remove the pin and springs.
4. Use a screwdriver or suitable tool to pry out the seal.
5. Inspect the shift ring. Check the detent notch for excessive wear that will allow poor clutch engagement.
6. Inspect the detent pin. Replace the pin if it is damaged
or excessively worn.
7. The shift ring contact surface of the shift fork is plated
with molybdenum. Renew the shift fork if the plating is
peeled or the shift fork base metal is exposed.
8. Reassemble the shifter by reversing the disassembly
procedure. Install the shift lever so the triangle mark on
the lever is out.
Reassembly

I. If removed, install the outer bearing races into the
transmission case and mounting flange.
2. Apply sealer to the periphery ofthe oil seals and install
them into the transmission case and mounting flange with
the open side to the inside.
3. Install the input shaft into the transmission case.
4. Install the intermediate shaft assembly into the transmission case. Position the thrust washer so the beveled
comer is toward the input shaft. Install a new O-ring on
the intermediate shaft. Use a soft-faced hammer to tap the
shaft into the case.
5. While holding the input shaft out of the way, insert the
output shaft assembly into the transmission case. Move
the gears into mesh on the intermediate shaft, input shaft
and output shaft while installing the output shaft.
6. If the following components have been replaced, refer
to the Bearing Adjustment section: input shaft, input shaft
bearings, output shaft, drive plate, spacer, thrust washers
and output shaft bearings. After adjusting the bearings,
continue to reassemble the transmission as described in
the following steps. If the preceding components have not
been replaced, bearing adjustment is not necessary and
the orginal shims may be reused. Proceed to the following
step.
7. Install the input shaft oil seal.
8. Coat the case mating surface with RTV sealer.
9. Install the mounting flange and tighten bolts evenly.
10. Place the shift ring in neutral position and install the
shift fork through the side opening.
11. Insert the shift bar through the hole in the rear of the
case while installing the shift fork onto the shift bar.
12. Install the shift bar plug. Make sure the threaded end
of the shift bar is installed toward the rear of the case.
13. Install the shifter assembly. Align the marks made
during disassembly and tighten the retaining bolts securely. Loosen the shift lever clamp bolt and position the

lever so it points up at a 45° angle toward the rear of the
transmission. Retighten the clamp bolt.
14. Check the operation of the transmission. A click
should be audible when the gears are properly engaged. If
the gears do not engage, loosen the shifter retaining bolts
and reposition the shifter. If improper engagement continues, remove the shifter and check for improper assembly
of the shifting components.
15. Install the O-ring on the output shaft.
16. If not previously installed, install the oil seal into the
case.
17. Install the coupling flange onto the output shaft.
Tighten the retaining nut to the torque specified in Table
2.
18. Install the drain plug and oil dipstick.
19. Fill the transmission with the recommended transmission fluid. Refer to Chapter Three.
BEARING ADJUSTMENT

Perform the following procedure if the following components have been replaced: input shaft, input shaft bearings, output shaft, drive plate, spacer, thrust washers and
output shaft bearings. This procedure determines the
thickness of shims that must be installed so the tapered
roller bearings properly contact the bearing outer races.
I. Install the input shaft, intermediate shaft and output
shafts as described in the Reassembly section.
2. Position the transmission case so the open end is up
and no pressure is being applied to the splined end of the
output shaft.
3. Install the outer bearing races on the input and output
shaft tapered bearings.
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4. Measure the distance (A, Figu re IS) 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 ou tput shaft bearings.
6 . Subtract the A measurem ent from the B measurement
for each shaft.
7A. Inp ut shaft- From the result obtained in Step 6. subtract 0 .0-0 .05 mm. Th is result equals the thick ness o f the
shim(s) that must be installed in the beari ng bore in the
mo unting flange.
78. Output shaft- From the result obtained in Step 6, subtract 0 .0-0.1 mm . Th is result equals the thickness of the
shim(s) that must be installed in the beari ng bo re in the

shaft. Bolts sec ure the disc to the flywheel while the transmission input shaft engages the splinc d hub on the driv e
disc. Th e dri ve disc incorporates springs that dam pen
drivelin e shocks between the eng ine and tra nsm ission.

Remova l/I nsta llation

I . Remove the engin e fro m the boat.
2. Remove the transmission.
3. Remove the drive disc ( Ffgure 17, typical).
4. Install the drive disc by reversing the removal procedure. Install the drive disc so the side marked
FLYWH EEL SID E ( Figur e 18) is towa rd the flywheel.
Tighten dri ve disc reta ining bolts to the lorque spec ified in
Ta b le 2.

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 DI SC
Th e drive disc attached to the engine flyw heel trans mits
power from the engine flywheel to thc transmi ssion input

Inspe ct ion
Replace the driv e d isc ifany of the following conditions
exist:
I . Broken spring.
2. Wom or damaged splines in hub.
3. Damaged disc .
. 4. Damaged pins.

11
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Table 1 ENGINE/TRANSMISSION MODELS
Model

Transmission

Transmission ratio
(forward gear)

3GM
3HM
3HM35

KBW10D
KBW10E
KBW10E

2.14, 2.63 or 2.83
2.14 or 2.83
2.14 or 2.83

Table 2 TIGHTENING TORQUES

Fastener
Transmission mounting flange
Output shaft nut
Output flange nut
Drive disc

ft.-lb.
20-25

85-115
85-115
25

Table 3 CLUTCH SPECIFICATIONS
Steel plate warpage
Steel plate tang width
Pressure plate groove width
Friction plate thickness
Wear limit
Pressure plate thickness
Wear limit
Return spring end gap
Driving plate hub outer diameter-min.
Detent pin spring free length
Plate spring retainer thickness
Wear limit
Plate spring retainer inner diameter
Wear limit
Plate spring retainer shoulder diameter
Wear limit
Belleville spring width
Min. width
Shift ring circumferential groove width
Wear limit

1.4-1.7 mm (0.055-0.067 in.)
11.8-12.0 mm (0.464-0.472 ln.)
12.0-12.1 mm (0.472-0.476 ln.)
1.70-1.75 mm (0.067-0.069 in.)
1.5 mm (0.059 in.)
6.4-6.6 mm (0.252-0.260 In.)
6.3 mm (0.248 In.)
16.5-17.5 mm (0.650-0.690 ln.)
58.8 mm (2.315 ln.)
32.00-32.85 mm (1.260-1.293 ln.)
2.72-2.80 mm (0.107-1.110 ln.)
2.60 mm (0.102 in.)
65.9-66.0 mm (2.594-2.598 ln.)

65.7 mm (2.587 In.)
57.56-57.606 mm (2.266-2.268 In.)
57.8 mm (2.276 In.)
6.15-6.35 mm (0.242-0.250 In.)
6.0 mm (0.236 In.)
6.0-6.1 mm (0.236-0.240 ln.)
6.3 mm (0.248 ln.)

15-18
63-85
63-85
18

Index

A
. . . . . . . . 197

Alarm buzzer . . . . . . .

B
Battery . . . . . . . . . .
. .. 56, 183-188
Bearing replacement
18-23
Breather assembly
multicylinder . . . . . . . . . . . . . . 101-102
single-cylinder. . . . . . . . . . . . . . . 71-72

c
Camshaft
multicylinder
127-128
single-cylinder. . . . . . . . . . . . . . . 93-95
Charging system . . . . . . . . . . . . . 189-190
troubleshooting . . . . . . . . . . . . . . . . 31
tests. . . . . . . . . . . . . . . . . . . . 31-32
Cooling system . . . . . . . . . . 52-56, 159-165
draining . . . . . . . . . . . . . . . . . . 64-66
drive belts . . . .
169-170
hose replacement . . . . . . . . . . . . 168-169
maintenance
freshwater . . . . . . . . . . . . . . . 177-181
seawater. . . . . . . . . . . . . . . . "
181
pump
freshwater. . . . . . . . . . . . . . . .. 177
seawater . . . .
. . 170-177
thermostat. . . . . . . . . . . . . . . . 165-168
troubleshooting. . . . . . . . . . . . . 34-35, 36
Crankshaft
multicylinder
123-126
single-cylinder. . . . . . . . . . . . . . . 91-93

block
multicylinder.
single-cylinder
head
multicylinder.
Cylinder
head
single-cylinder

. . . . . . . . . . . . . 128-131
. . . . . . . . . . . . . . 95-97
. . . . . . . . . . . . . 105-109

. . . . . . . . . . . . . . 73-76

D
Decompression mechanism
multicylinder. . . . . . . . . . . . . . . . . 102
single-cylinder. . . . . . . . . . . . . . . . . 73
Diesel fundamentals
engine
single-cylinder . . . . . . . . . . . . . . 68-70
Drive belts . . . . . . . . . . . . . . . . 169-170
Drive disc
multicylinder. . . . . . . . . . . . . . . . . 123
single-cylinder. . . . . . . . . . . . . . . . . 91

E
Electrical system
alarm buzzer . . . . . . . . . . . . . . . . . 197
battery. . . . . .
183-188
charging system .
189-190
protection . . .
188-189
senders. . . . . .
195-196
starting system. .
190-195
switches
195
tachometer. . . . . . . . . . . . . . . . 197-198
warning lamps . . . . . . . . . . . . . . . . 197
wiring diagrams
231-234

228
Engine
emergency stopping .
. . . . . . . . . . 44
exhaust smoke
troubleshooting. . .
.
35
maintenance and lubrication. . . . . . . . 44-52
multicylinder . . .
100-101
breather assembly
10I-I 02
camshaft.
127-128
crankshaft
123-126
cylinder
block. . . . . . . . . . . .
128-131
head. . . . . . . . . . . .
105-109
decompression mechanism. . . . . . . . . 102
drive disc
123
exhaust manifold. .
103-105
flywheel. . . . . .
122-123
lubrication system .
120-122
main bearings . . .
126-127
piston/connecting rod assembly.
113-118
push rods . . . . . . . . . . .
. . . 113
replacement parts. . . . . . . . . . . . . . 100
rocker shaft assembly . . . . . . . . . 109-110
serial number and code . . . . . . . . . 99-100
timing gearcase. . . . . . . . . . .. 118-119
valve
cover
101
valves and seats. . . . . . . . . . . . 110-113
noises
troubleshooting. . . . . . . . . . . . . . 35-36
single-cylinder
71-72
breather assembly.
93-95
camshaft .
crankshaft .
91-93
cylinder
block. . . . . . . . . . . .
95-97
head. . . . . . . . . . . .
73-76
decompression mechanism
73
diesel fundamentals. . . . . . . . . . . . 68-70
drive disc
91
flywheel. . . . . . . . . . . . . . .
89-91
lubrication system . . . . . . . . . . . . 86-89
main bearings. . . . . . . . . . . . . . . . . 93
piston/connecting rod assembly . . . . . 79-85
push rods. . . . . . . . . . . . . . . . . . . 79
removal precautions . . . . . . . . . . . 70-71
replacement parts. . . .
70
rocker shaft assembly . . . . . . . . . . . . 76
serial number and code. . . . . . . . . . . . 70
timing gearcase. . . . . . . . . . . .. 85-86
valve
cover
71
valves and seats
77-79

INDEX
. 44
stopping the . . . . . . . . . . . . . .
. 36
troubleshooting . . . . . . . . . . . .
tune-up
. . . 57-60
Exhaust manifold
multicylinder . . . . . . . . . . . . . . 103-105

F
Fasteners. . . . . . . . ..
4-8
. . 66-67
Fitting out. . . . . . . . . . . .
Flywheel
multicylinder
122-123
single-cylinder. . . . . . . . . .
. . 89-91
Freshwater
cooling system, maintenance . . . . . . 177-181
pump
177
Fuel
injection
fundamentals.
138-142
injector ..
146-149
151-152
lines
.
149-150
pump
.
system bleeding
142-144
144-146
timing . . . .
150-151
transfer pump .
. . . 42
requirements . . .
system, troubleshooting . . . . . . . . . . 32-34

G
General information
bearing replacement .
18-23
fasteners. . . . .
. . 4-8
lubricants . . . . . . . . . . . . . . . . . . . 8-9
mechanic's tips
16-17
parts replacement. . . . .
. 4
RTV gasket sealant. . . . . . . . . . . . . . . 9
seals
23
threadlock. . . . . . . . . . . . . .
. . 9
tools
basic hand . . . . . . . . . . . . . . . . . 9-13
precision measuring
13-16
torque specifications . . . . . . . . . . . . . . 4
Governor systems
152-157

H
Hose replacement. . . . .

. . . . . 168-169

L
Lay-up
.
cooling system draining .

63-64
64-66

INDEX
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Lubricants . . . . . . . . . . . . . . . . . . . 8-9
Lubrication system
engine maintenance and, . . . . . . . . . 44-52
multicylinder . . . . . . . . . . . . . . 120-122
single-cylinder.
86-89
transmission . .
60-61
troubleshooting.
36-40

M
Main bearings
multicylinder . . . . . .
. . . . . 126-127
single-cylinder. . . . . . . . . . . . .. .. 93
Maintenance
cooling system. . . . . . . . . . . . . . . 52-56
engine and lubrication
44-52
fuel requirements . . . . . . . . . . . . . . . 42
Mechanic's tips .
. . . . . . . 16-17

o
Operation
engine
emergency stopping
stopping the . . . .
post-operational checks.
preoperational checks
starting checklist .

44
44
. 44
. 42-43
. . . . . . . 43-44

p
Parts replacement. . . . .
. . . . 4
Piston/connecting rod assembly
multicylinder . . . . . . . . . . . . . . 113-118
single-cylinder. . . . . . . . . . . . . . . 79-85
Post-operational checks. . . . . . . . . . . . . 44
Preoperational checks. . . . . . . . . . . . 42-43
Push rods
multicylinder. . . . . . . . . . . . . . . . . 113
single-cylinder. . . . . .
. . . . . . . . 79

R
Removal precautions
engine
single-cylinder . . . . . . . . . . . . . . 70-71
Replacement parts
multicylinder. . . . . . . . . . . . . . . . . 100
single-cylinder. . . . . . . . . . . . . . . . . 70
Rocker shaft assembly
multicylinder . . . . . . . . . . . . . . 109-110
single-cylinder. . . . . . . . . . . . . . . . . 76
RTV gasket sealant. . . . . . . . . . . . . . . . 9

S
Seals. . . . . . . . . . . .
.
23
Seawater
cooling system maintenance. . . . . . . . . 181
pump. . . . . . . . . .
170-177
Senders . . . . . . . . . . . . . . . . . . 195-196
Serial number and code
engine
multicy1inder
99-100
single-cylinder . . . . . . . . . . . . . . . . 70
Starting
checklist . . . . . . . . . . . . . . . . . . 43-44
system. . . . . . . . . . . . . . . . . . 190-195
troubleshooting. . . . . . . . . . . . . . 27-31
Switches. . . . . . . . . . . . . . . . . . . . 195

T
Tachometer. . . . . . . .
. . . . . 197-198
Thermostat . . . . . . . .
. . . . . 165-168
Threadlock. . . . . . . . . . . . . . . . . . . . 9
Timing gearcase
multicylinder . . . . . . . . . . . . . . 118-119
single-cylinder. . . . . . . . . . . . . . . 85-86
Tools
basic hand. . . . . . . . . . . . . . . . . . 9-13
precision measuring . . . . . . . . . . . . 13-16
Torque specifications
4
Transmission . . . . . . . . . . . . . . . . 60-61
KBW series
bearing adjustment. . . . . . . . . . . 224-225
drive disc . . . . . . . . . . . . . . . . . . 225
operation . . . . . . . . . . . . . . . . . . 216
overhaul . . . . . . . . . . . . . . . . 217-224
removal/installation. . . . . . . . . . . . . 217
KM series
bearing adjustment. . . . . . . . . . . 211-213
drive disc . . . . . . . . . . . . . . . . . . 213
operation. .
199-201
overhaul . . . . . . . . . . . . . . . . 202-208
reassembly
208-211
removal/installation. . . . . . . . . . . . . 20 I
Troubleshooting
charging system . . . . . . . . . . . . . . . . 31
tests. . . . . . . . . . . . . . . . . . . . 31-32
cooling system.
36
engine
36
exhaust smoke
35
noises. . . . . . .
35-36
fuel system. . . . .
32-34
lubrication system .
36-40
starting system. . .
27-31

INDEX
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Tune-up
battery
engine tune-up. . . ..

56
57-60

cover
multicylinder . . . . . . . . . . . . . . . . 101
single-cylinder . . . . . . . . . . . . . . . . 71

Valve
and seats
multicylinder. . . . . . . . . . . . . . 110-113
single-cylinder
77-79

Waming lamps. . . . . .
. . . . . . . . 197
Wiring diagrams . . . . . . . . . . . . . 231-234
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WIRING DIAGRAMS

EARLY MODELS WITH LARGE
INSTRUMENT PANEL

Charge
lamp

t+:r"l- RlBUS

Push
button
switch

Key
switch

i=i=

~~a:

30A

lff ~
UI

\.:!:;;1.....j-

Rubber seal t+:r"l-WIR
lamp
\.:!:;;1.....j-RIB
(Sall-drlve)

Buzzer

~

~

vrw

"'" Ground

-+Connection
No connection

..... -

-::- vrwo
--

R
W
UB
WIL
B

UR

W/B

1--

·1

Extensl on cable 3m
(standard)
Thetotallength
extensl on must be
less than 6m.

Color Code
B
Black
W White
R
Red
L
Blue
o Orange
WIB WhlteIBlack
WIR White/Red
WIL WhlteIBlue
RIB RedlBlack
US BlueIBlack
LIR BluelRed
YIW YellowlWhlte

~

~

~o

1J
lDi

ltr
ltr
1J
~
::~~I:~
~

RIB

Connectors

I

lDa:!3

W/B

.f. Frame ground
-+-

I

WIR

DlegramKey

a: a:

--

Coolant temp.t+:r"l- WIL
warning lamp \.:!:;;1.....j- RIB

011 pressure t+:r"l-YIW
warning lamp \.:!:;;1.....j- RIB

W

~lD~a:

Alternator

Aubber seal

-!-

-!-

-!-

Coolant
011 Tachometer
temp. pressure sender
switch switch
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WIRING DIAGRAMS

EARLY MODELS WITH SMALL
INSTRUMENT PANEL (NO TACHOMETER)

Push
button
switch

30A

~

W

~~

Charge ~ U B
'amp
'-::!::1-J- RIB
Coolant temp.~WIl
warning lamp'-::!::1-J- RIB

IZ:IZ:

UI
r---

:1= Connectors
.,. Ground

!

Frame ground

-+-Connectlon

-r-

No connection

Color Code
B
Blaek
W White

R

R&d

L

Blue
o Orange
WIB WhltelBlaek
WIR WhltlllR&d
WIl WhltelBlue
RIB RBdlBlaek
UB BIUBlBlaek

LIR BIUBIR&d
YIW Yellow/Whlte

WIL

YIW
""-- WIR

f---

1=

011 pressure ~YIW
warning lamp '-::!::1-J- RIB

Diagram Key

E

R

W
U8

B

o
UR

Rubber _ I
switch (for
SBII-drlve)

Alternator

Coolant
011
Temp.
temp. pressure sender
switch switch
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WIRING DIAGRAMS

LATE MODELS WITH LARGE
INSTRUMENT PANEL

Push
button
switch

r:;::r-,- US
\...:±::;l.....RlB

~~a:

I

Rubber seal r-;::::r-,...WIR
lamp
~RIB
(sall-drive)

a: a:

---= ---

R
W

UB
WIL
Y/w
B

=

I'-

o

UR

WIR

WIB

WIR"

·1

F

Extensi on cable 3m
(standard)
The to tal length
extensi on must be
less than 6m.

B

I

Y/W

WIB
RIB

:!= Connectors
"'" Ground
Frame ground

-+-Connection

-+-

No connection

Not'
used
Color Code
B
Black
W White
R
Red
L
Blue
o Orange
WIB WhiteIBlack
W/R WhitelRed
WIL WhlteIBlue
RIB RedlBlack
US BlueIBlack
LIR Blue/Red
VIW VellowlWhite

.....

sail-drive
connector
(Rubber seal
switCh)

....I

WIR

Diagram Key

!

I
I

Oil pressure r:;::r-,-VIW
warning lamp \...:±::;l.....RIB

tr€

N

~",~a:

1---

Coolant temp.r:;::r-,-WIL
warning lamp \...:±::;l.....RIB

Buzzer

30A

~ Wr
U I
~~

Charge
lamp

Key
switch

Alternator Coolant
Oil
Tachometer
temp. pressure sender
switch
switch

WIRING DIAGRAMS
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LATE MODELS WITH SMALL INSTRUMENT PANEL
(NO TACHOMETER)

Push
button

i

~~

Key

30A

~

a: a:

switch

W

:t~a:

U

R

W
UB

WIL
YIW

WIR
B

o

lJR

WIB

~I

I'"

Buzzer

CD=====:::""J...__.J

Extension cable 3m
(standard)
The total length
extension must be
less than 6m.

....I

Diagram Key

:!= Connectors
.JGround

!

Frame ground

---teonnectlon

-+-

No connection

Color Code
B
Black
W White
R
Red
L
Blue
o Orenge
WIB WhlteIBlack
WIR WhltelRed
Wn.. WhltelBlue
RIB RedlBlack
LIB BluelBlack
UR BluelRed
YIW YellowfWhlte

Not'

used

Spare
connector

I
....I

~a:~~

~

~

~o

u~'~
rh 1lr
rh .,
~ 1lr
-!- -!-

Spare
connector

Altemator Coolant
011
temp. preesure
ewltch ewltch

