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Quick Reference Data

TUNE-UP SPECIFICATIONS

Full throttie rpm Fuel injection Value clearance
Model {no-load) timing all models

i

1GM 3750 25° BTDC 0.2 m (0.008 in.)
1GM10 3825 15° BTDC - 0.2m (0.008 In.)
2GM 3750 25° BTDC 0.2 m (0.008 in.)
2GMF 3750 . 25°BTDC 0.2 m (0.008 In.)
2GM20 3825 15° BTDC 0.2 m (0.008 In.)
2GM20F 3825 15° BTDC 0.2 m (0.008 in.)
3GM 3750 28° BTDC - 0.2m (0.008 in.)
3GMF 3750 28° BTDC 0.2 m (0.008 In.)
3GMD 3750 28° BTDC 0.2 m (0.008 in.)
3GM30 3825 18° BTDC 0.2 m (0.008 in.)
3GM30F 3825 18° BTDC 0.2 m (0.008 in.)
3HM 3600 28° BTDC 0.2 m (0.008 in.)
3HMF 3600 28° BTDC 0.2 m (0.008 in.)
3HM35 3625 21° BTDC 0.2 m (0.008 in.)
3HM3SF 3625 21°BTDC 0.2 m (0.008 In.)

APPROXIMATE ENGINE OIL CAPACITIES
Model Oil capacity

1GM, 1GM10 1.4qt(1.3L)
2GM, 2GM20 2.1qt. (2.0L)
3GM, 3GM30 28qt.(261L)
3HM, 3HM35 5.7qt (541L)

FRESHWATER (CLOSED) COOLING SYSTEM CAPACITY
Model Capacity
2GM20F 2.9L(0.77 gal)

3GM30F 3.41L (0.9 gal.)
3HM35F . 491 (1.3 ¢gal)

ENGINE MODELS

Gearbox

Number of
cylinders

Horsepower/
Displacement pm Gearbox

ratlo
(forward gear)

293 cec (17.9cu. in.) 6.5 hp/3400 rpm  KM2A
318c¢c {194 cu.ln) 8 hp/3400 rpm KM2C or KM2P
586 cc (35.7 cu. In.) KM2A
586 cc (35.7 cu. In.) KM2A
636 cc (38.8 cu. In.) 16 hp/3400 rpm - KM2C or KM2P

(continued)

2.21,2.62 or 3.22
2.21,2.620r3.22
2.21,2.62 or 3.22
2.21,2.62 or 3.22
2.21,2.62 or 3.22

X




__ENGINE MODELS (continued)

Model

Displacament

Horsepower/
pm

Gearbox

Gearbox
ratio
(forward gear)

2GM20F
3GM
3GMF
3GMD
3IGMI0
3GM30F
3HM
3HMF
3HM35
3HM35F

W WWw W

636 cc (38.8 cu. In.)
879 cc (53.6cu. In.)
879 cc (53.6 cu. In)
879 cc (53.6 cu. in.)
954 cc (58.2 cu. in)
954 cc (58.2 cu. In.)
1126 cc (68.7 cu. In))
1126 c¢ (68.7 cu. InJ)
1282 cc (782 cu. In)
1282cc(78.2cu.In)

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

KM2C of KM2P
KBW10D
KBW10D
KM3A
KM3A or KM3P
KM3A or KM3P
KBW10E
KBW10E

. KBW10E
KBW10E

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
2.140r2.83
214 0r2.83
214 or2.83
2.140r283

e

GENERAL TORQUE ;S_P_;_E_GIFIGATIOHS
#t.-lb.

8-10 - 71-88
2327 17-20 204-240
44-50 32-37 -
75-85 §5-63 -
125-135 92-100 -
147-165 -

Thread diameter Nem in..lb.




Chapter One

General Information

This {gises shop manual covers the GM Yanmar ma-
rine diesel engine seriesidentified in Table 1.

Troubleshooting, tune-up, maintenance and repair are
not difficult, if you know what toolsand equipment to use
and what to do. Step-by-step instructions guide you
through jobs ranging from simple maintenance to com-
plete 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 informa-
tion needed to do the work right.

Someofthe proceduresin thismanual require the use of
specia tools. The resourceful mechanic can, in many
cases, think of acceptable substitutes for specia tools.
However, using asubstitute for aspecial tool isnot recom-
mended, as it can be dangerous and may damage the part.
If atool can bedesigned and safely made, but will require
some type of machine work, contact alocal community
college or high school that has a machine shop curricu-
lum. Shop teachers sometimes wel come outside work that
can be used as practical shop applications for students.

Each Y anmar marine diesel can beidentified by itsindi-
vidual model number. The model numbers for al Y anmar
marine diesel engines covered in this manual arelisted in
Table 1.

Some engine model numbersend with thelettersF or D,
such as2GMF or 3GMD. Suffix letter F indicates the en-

gine is equipped with a freshwater (closed) cooling sys-
tem. Suffix letter D indicatesthe engineisequipped witha
Kanzaki KBW1CD transmission.

Except where specified, F and D series engines are in-
cluded when a basic model number is specified. For ex-
ample, 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 (asrequired). Use the general torque specifi-
cations listed in Table 3 if a torque specification is not
listed for a specific component or assembly.

Metric drill tap sizesare in Table 4.
Tables 14 are located at the end of the chapter.

MANUAL ORGANIZATION

This chapter provides general information useful to en-
gine owners and mechanics. In addition, this chapter dis-
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CHAPTER ONE

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

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

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

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

NOTES, CAUTIONS AND WARNINGS

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

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

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

SAFETY FIRST

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

1. Never use gasoline as a cleaning solvent.

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

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

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

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

7. Keep the work area clean and uncluttered.

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

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

10. When drying bearings or other rotating parts with
compressed air, never allow the air jet to rotate the bearing
or part. The air jet is capable of rotating them at speeds far
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in excess of those for which they were designed. The bear-
ing or rotating part can disintegrate and cause serious in-
jury and damage. Hold the inner bearing race by hand to
prevent bearing damage when using compressed air.

SERVICE HINTS

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

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

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

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

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

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

NOTE

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

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

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

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

~ job yourself with makeshift equipment that may damage

the machine.

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

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

11. Much of'the labor charges for repairs made by dealers
are for the time involved in the removal, disassembly, as-
sembly and reinstallation of other parts in order to reach
the defective part. It is often possible to perform the pre-
liminary operations and then take the defective unit to the
dealer for repair at considerable savings. '
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12. If special tools are required, make arrangements to
get them before starting. It is frustrating and
time-consuming to start a job and then be unable to com-
plete it.

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

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

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

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

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

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

S
R R

-
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" PARTS REPLACEMENT

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

TORQUE SPECIFICATIONS

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

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

FASTENERS

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

60° 60°

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

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

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

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

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

ISO Metric Screw Threads

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

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

NOTE

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

Machine Screws

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

Bolts

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

e
L
e
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N OPENINGS FOR TOOLS

Slotted Phillips Allen Internal torx External torx

AN\ A\

MACHINE SCREWS

Hex Flat Oval Fillister Round

LA R K

Nuts

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

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

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

Self-Locking Fasteners

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

Self-locking fasteners offer greater holding strength
and better vibration resistance. Some self-locking fasten-
ers can be reused if in good condition. Others, like the ny-
lon insert nut, form an initial locking condition when the
nut is first installed — the nylon forms closely to the bolt
thread pattern, thus reducing any tendency for the nut to
loosen. When the nut is removed, the locking efficiency is
greatly reduced. It is recommended that new self-locking
fasteners be installed after they are removed.
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Common nut

Self-locking nut

Wing nut

Plain Folding

Internal tooth External tooth

Washers

There are two basic types of washers: flat washers and
lockwashers. Flat washers are smple discs with a hole to
fit ascrew or bolt. Lockwashersare designed to prevent a
fastener from working loose due to vibration, expansion
and contraction. Figure 12 shows several types of wash-
ers. Washersare aso used in the following functions:

a. Asspacers.

b. To prevent galling or damage of the equipment by
the fastener.

¢. To help distribute fastener load during torquing.

d. Asseals.

Correct
installation
of cotter pin

<
NS\
'3

Flat washersare often used between alockwasher and a
fastener to provide a smooth bearing surface. Thisallows
the fastener to be turned easily with atool.

NOTE

As much care should be given to the selec-
tion and purchase of washers as that given
to bolts, nuts and other fasteners. Avoid
washers that are made of thin, weak materi-
als. These will deform and crush the first
time they are torqued, allowing the nut or
bolt to loosen.

Cotter Pins

Cotter pins(Figure13) are used to secure fastenersin a
specia location. The threaded stud or bolt must have a
holein it. The nut or nut lock piece will have castellations
around its upper edge into which the cotter pinfitsto keep
it from loosening. When properly installed, acotter pinis
apositive 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 beso tight that it hasto bedriven in and out, but
it should not be so loose that it can moveor float after itis
installed.

Before installing a cotter pin, tighten the nut to the rec-
ommended torque specification. If the castellations in the
nut do not line up with the holein the bolt or stud, tighten
the nut until alignment is achieved. Do not loosen the nut
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to makealignment. Insert anew cotter pin through the nut
and hole, then tap the head lightly to seat it. Bend onearm
over theflat on the nut and the other against the top of the
stud or bolt (Figure 13). Cut the armsto a suitablelength
to prevent them from snagging on clothing or skin. When
thecotter pinisbent and itsarmscut to length, it should be
tight. If it can bewiggled, it isimproperly installed.

Do not reusecotter pins, astheir endsmay break and a-
low the cotter pin to fall out and the fastener to loosen.

Circlips

Circlips can be internal or externa design. They are
used to retain items on shafts (external type) or within
tubes (interna type). In some applications, circlips of
varying thicknessare used to control theend play of parts
assemblies. These are often called selective circlips. Re-
placecirclipsduring installation, as remova weakensand
deformsthem.

Two basic stylesof circlipsare available: machined and
stampedcirclips. Machinedcirclips(Figure14) canbein-
stalled 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 circlipsin athrust situation, the sharp edge must
face away from the part producing the thrust. When in-
stalling circlips, observe the following:

a. Removeand install circlipswith circlip pliers. See
Circlip Pliers in this chapter.

b. Compressor expand circlipsonly enoughto install
them.

c. After the circlip is installed, make sure it is com-
pletely 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 al. The
following paragraphs describe the types of lubricants
most often required. Be sureto follow the manufacturer's
recommendationsfor lubricant types.

Generdly, al liquid lubricantsarecaled oil. They may
be mineral-based (including petroleum bases), natu-
ral-based (vegetable and animal bases), synthetic-based
or emulsions(mixtures). Greaseisan oil to whichathick-
ening base has been added so that theoend product is
semi-solid. Greaseis often classified by the type of thick-
ener added; lithium soap is commonly used.
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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 severd
categories. Oil containersdisplay these classificationson
the top or label. API oil classificationisindicated by |et-
ters; oilsfor gasolineenginesareidentifiedby an"'S" and
oilsfor diesel enginesareidentifiedby a"C".

Viscosity is an indication of the oil's thickness. The
SAE usesnumberstoindicateviscosity; thin oilshavelow
numberswhile thick oils have high numbers. A ""W" after
the number indicatesthat the viscosity testingwas doneat
low temperatureto simulate cold-weather operation. En-
gineoilsfall into the 5W-30and 20W-50 range.

Multi-gradeoils(for example 10W-40) are lessviscous
(thinner) at low temperaturesand more viscous (thicker)
at high temperatures. This allowsthe oil to perform effi-
ciently across a wide range of engine operating condi-
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tions. The lower the number, the easier the engine will
turn over in cold climates. Higher numbers are usually
recommended for engine running in hot weather condi-
tions,

Additional information is provided in Chapter Four.

Grease

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

RTV GASKET SEALANT

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

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

Applying RTV Sealant

Clean all gasket residue and contaminants from mating

surfaces. Remove all RTV gasket material from blind at-

taching holes, as it will affect bolt torque.

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

THREADLOCK

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

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

Applying Threadlock

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

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

BASIC HAND TOOLS

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

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

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

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

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

Note the following when selecting and using screwdriv-
ers:

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

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

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

L

Correct way to grind blade

o o

Correct taper and size

Taper too steep

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

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

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

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

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

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

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

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

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

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

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

Pliers

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

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

Locking Pliers

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

Circlip Pliers

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

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

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

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

S

An adjustable wrench fits a variety of nuts or bolt heads gg&ﬂ;&
(Figure 24). However, it can loosen and slip, causing .
damage to the nut and possibly causing injury. Use an ad- z

justable wrench only when other wrenches are not avail-
able. -
Adjustable wrenches come in various sizes. ,-gm@g’ﬁﬁzmw: -

Socket Wrenches

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

Torque Wrench

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

Impact Driver

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

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

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

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

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

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

5. Always use the correct hammer for the job.

PRECISION MEASURING TOOLS

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

Feeler Gauge

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

SRS
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Vernier Caliper

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

Qutside Micrometers

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

Dial Indicator

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

Cylinder Bore Gauge

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

Telescoping Gauges

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

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

Multimeter or VOM

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

Battery Hydrometer

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

Screw Pitch Gauge

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

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

V-blocks

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

Surface Plate

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

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

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

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

carded.

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

Removing Frozen Nuts and Screws

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

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

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

Removing Broken Screws or Bolts

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

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

Remedying Stripped Threads

Occasionally, threads are stripped through carelessness

or impact damage. Often the threads can be repaired by

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

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

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

Slotted

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

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

Removing Broken or Damaged Studs

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

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

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

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

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

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

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

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

7. Remove the nuts and repeat for each stud as required.
8. Follow Loctite’s directions on cure time before assem-
bling the component.
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3. Tap in screw extractor

I . REMOVING BROKEN SCREWS AND BOLTS

1. Center punch.broken stud

2. Drill hole in stud

4, Remove broken stud

BEARING REPLACEMENT

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

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

Bearing Removal

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

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

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

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

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

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

Bearing Installation

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

2. When installing a bearing as described in Step 1, some
type of driver will be required. Never strike the bearing di-
rectly with a hammer or the bearing will be damaged. A
piece of pipe or a socket with an outer diameter that
matches the bearing race will be required. Figure 55
shows the correct way to use a socket and hammer when
installing a bearing.
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3. Step 1 describes how to install a bearing in a case half
and over a shaft. However, when installing a bearing over
a shaft and into a housing at the same time, a snug fit will
be required for both outer and inner bearing races. In this
situation, a spacer must be installed underneath the driver
tool so that pressure is applied evenly across both races.
See Figure 56. If the outer race is not supported as shown
in Figure 56, the balls will push against the outer bearing
track and damage it.

Shrink Fit

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

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

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

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

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

CAUTION
Before heating the housing in this procedure
to remove the bearings, wash the housing
thoroughly with detergent and water. Rinse
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and rewash the housing as required to re-
moveall traces of oil and other chemical de-
posits.

a. The housing must be heated to atemperature of ap-

proximately 212° F (100° C) in an oven or on a hot Socket
plate. Check to see that it is at the proper tempera-

ture by dropping tiny drops of water on the case; if - Spacer
they sizzleand evaporateimmediately, thetempera- —

tureiscorrect. Heat only one housing at atime. N

Bearing
CAUTION 4
Do not heat the housing with a torch (pro- 1 _
pane or acetylene)—never bring a flame Shaft. —=— R\ Housing
into contact with the bearing or housing. ' : -
Thedirect heat will destroy the case harden-
ing of the bearing and will likely warp the
housing.
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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 ishot.

NOTE
A suitable size socket and extension works
well for removing and installing bearings.

¢. 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 dlightly reduce its outside diameter, while the
heated bearing housing assembly will be slightly
larger due to heat expansion. This will make bear-
ing installation much easier.

NOTE
Always install bearings with the manufac-
turer 5 mark or number facing outward.

. 2
7
)

e. While the housing is still hot, install the new bear-
i ng(~dnto 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
ontheinner bearing race. Install the bearing until it

seats completely.
\

SEALS

Seals (Figure 57) are used to contain oil, water, grease
or combustion gasses in a housing or shaft. Improper re-
moval of aseal can damagethe housing or shaft. Improper
installation of the seal can damage the seal. Note the fol-
lowing:

1. Prying is generally the easiest and most effective
method of removing a seal from a housing. However, a-
ways place arag underneath the pry tool to prevent dam-
age to the housing.

2. Pack greaseintheseal lipsbeforethe seal isinstalled.
3. Always install seals so that the manufacturer's num-
bers or marks face out.

4. Install sealswith 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 ont he following pages.
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Table 1 YANMAR MODELS
Number of Horsepower Transmissionratio
Model cylinders , Displacement /frpm Transmission (forward gear)
1GM 1 293 cc (179 cu. in.) 65 hp/3400 rpm KM2A 2.21,2.62 or 3.22
1GM10 1 318 cc (194 cu. in) 8 hp/3400 rpm KM2C or KM2P 2.21,2.62 or 3.22
2GM 2 586 cc (35.7 cu. in.) 13 hp/3400 rpm KM2A 2.21,2.62 or 3.22
2GMF 2 586 cc (35.7 cu. in.) 13 hp/3400 rpm KM2A 2.21,2.62 or 3.22
2GM20 2 636 cc (38.8 cu. in.) 16 hp/3400 rpm KM2C or KM2P 2.21,2.62 or 3.22
2GM20F 2 636 cc (38.8 cu. in.) 16 hp/3400 rpm KM2C or KM2P 2.21,2.62 or 3.22
3GM 3 879 cc (536 cu. in.) 20 hp/3400 rprn KBWIOD 2.14,2.63 or 2.83
3GMF 3 879 cc (536 cu. in.) 20 hp/3400 rprn KBWIOD 2.14, 2.63 or 2.83
3GMD 3 879 cc (536 cu. in.) 20 hp/3400 rprn KM3A 236, 2.61 or 3.20
3GM30 3 954 cc (58.2 cu. in.) 24 hp/3400 rpm KM3A or KM3P 2.36, 2.61 or 3.20
3GM30F 3 954 cc (58.2 cu. in.) 24 hp/3400 rpm KM3A or KM3P 2.36,2.61 or 3.20
3HM 3 1126 cc (68.7 cu. in.) 27 hp/3200 rprn KBWIOE 214 0r 2.83
3HMF 3 1126 cc (68.7 cu. in.) 27 hp/3200 rprn KBWIOE 214 0r2.83
3HM35 3 1282 cc (78.2 cu. in.) 30 hp/3200 rprn KBWIOE 2.14 or 2.83
3HM35F 3 1282 cc (78.2 cu. In.) 30 hp/3200 rpm KBWIOE nd4~-neon
Table 2 DECIMAL AND METRIC EQUIVALENTS
Decimal Metric Decimal Metric
Fractions in. mm Fractions in. mm
1/64 0.015625 0.39688 33/64 0.515625 13.09687
1/32 0.03125 0.79375 17/32 0.53125 13.49375
3/64 0.046875 1.19062 35/64 0.546875 13.89062
116 0.0625 1.58750 9/16 0.5625 14.28750
5/64 0.078125 1.98437 37/64 0.578125 14.68437
3/32 0.09375 2.38125 19/32 0.59375 15.08125
7/64 0.109375 2.77812 39/64 0.609375 15.47812
1/8 0.125 3.1750 5/8 0.625 15.87500
9/64 0.140625 3.57187 41/64 0.640625 16.27187
5/32 0.15625 3.96875 21/32 0.65625 16.66875
11/64 0.171875 4.36562 43/64 0.671875 17.06562
316 0.1875 4.76250 11116 0.6875 17.46250
13/64 0.203125 5.15937 45/64 0.703125 17.85937
7/32 0.21875 5.55625 23/32 0.71875 18.25625
15/64 0.234375 5.95312 47/64 0.734375 18.65312
1/4 0.250 6.35000 3/4 0.750 19.05000
17/64 0.265625 6.74687 49/64 0.765625 19.44687
9/32 0.28125 7.14375 25/32 0.78125 19.84375
19/64 0.296875 7.54062 51/64 0.796875 20.24062
5/16 0.3125 7.93750 13/16 0.8125 20.63750
21/64 0.328125 8.33437 53/64 0.828125 21.03437
11/32 0.34375 8.73125 27/32 0.84375 21.43125
23/64 0.359375 9.12812 55/64 0.859375 22.82812
3/8 0.375 9.52500 7/8 0.875 22.22500
25/64 0.390625 9.92187 57/64 0.890625 22.62187
13/32 0.40625 10.31875 29/32 0.90625 23.01875
27/64 0.421875 10.71562 59/64 0.921875 23.41562
7116 0.4375 11.11250 15/16 0.9375 23.81250
29/64 0.453125 11.50937 61/64 0.953125 24.20937
15/32 0.46875 11.90625 31/32 0.96875 24.60625
31/64 0.484375 12.30312 63/64 0.984375 25.00312
1/2 0.500 12.70000 1 1.00 25.40000




Chapter Two

Troubleshooting

\

Every internal combustion engine requires an uninter-
rupted supply of fuel, air, ignition and adequate compres-
sion. If any of these are lacking, the engine will not run.

Troubleshooting is a relatively simple matter if it is
done logically. Thefirst step in any troubleshooting pro-
cedure isto define the symptoms as fully as possible and
then localize the problem. Subsequent steps involve test-
ing and analyzing those areas that could cause the symp-
toms. A haphazard approach may eventualy solve the
problem, but it can be costly in terms of wasted time and
unnecessary parts replacement.

When all elsefails, go back to basics— simplesolutions
often solve complex-appearing problems.

Never assume anything. Do not overlook the obvious. If
the engine suddenly quits when running or refusesto start,
check the easiest and most accessible areas first. Make
surethere isfuel in thetank and that thewiring is properly
connected.

Be familiar with the engine compartment and engine
components so aquick visual check is possible. Learning
to recognize and describe symptoms accurately will make
repairseasier. If atechnician isrequired, saying that it will
not run is not the same as saying that it quit at full throttle
and would not restart.

Identify asmany symptomsas possibletoaid in diagno-
sis. 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 ar-
eas that could cause the problem(s). Many problems can
be analyzed without expensive test equipment. A few
simple checks can keep asmall problem from turning into
alarge one. They can also avoid a large repair bill and
time lost while the boat sits in a shop's service depart-
ment.

On the other hand, be realistic and do not attempt re-
pairs beyond your abilities or with makeshift tools. Ma-
rine service departments also tend to charge heavily for
putting together a disassembled engine or other compo-
nents 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
asdescribed in Chapter Threewill reducethe necessity for
troubleshooting. Even with the best care, however, every
marineengineisproneto problemsthat will eventually re-
quire troubleshooting.

If installing replacement parts, do not use automotive
parts. While marine components, such as starters and al-
ternators, may appear to be the same as automotive com-
ponents, they are not. Marine components have been
designed to withstand the unique requirements of marine
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Starter motor

Starter switch

@ STARTING CIRCUIT (TYPICAL)

Starter solenoid

Key switch

service, as well as to provide a measure of safety that is
not requiredof automotiveservice. For example, amarine
starter is flashproofed to prevent possibleignition of fuel
vapor in the bilge. Theuseof an automotivestarter asare-
placement can result in an explosion or fire, which may
cause death, seriousinjury or boat damage.

This chapter contains brief descriptionsof each mgjor
operating system and troubleshooting procedures to be
used. The troubleshooting procedures analyze common
symptoms and provide logical methods of isolation.
Theseare not the only methods. There may be several ap-
proaches to a problem, but all methods used must have
onething in common to be successful —alogical, system-
atic approach.

Troubleshooting diagrams for individual systems are
provided within this chapter. A master troubleshooting
chart (Table1)is provided at the end of this chapter.

STARTING SYSTEM

The starting system consists of the battery, starter mo-
tor, starter solenoid, starter switch, key switch, fuse and
connectingwiring. See Figurel, typical.

Starting system problemsare relatively easy to find. In
many cases, the troubleis alooseor dirty connection.

Starting System Operation

The battery switch, if used, 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 sole-
noid, which mechanically engagesthe starter with the en-
gine flywheel. The solenoid also directs current to the
starter motor, which rotates the engine flywheel to start
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Ohmmeter

Solenoid
(S) 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.

On-Boat Testing

Two of these procedures require afully charged 12-volt
battery, to be used as a booster, and a pair of jumper ca-
bles. Use the jumper cables as outlined in Jump Starting,
Chapter Nine, following &l of the precautions noted. Dis-
connect the wiring harness and leads at the rear of the al-
ternator before connecting a booster battery for these
tests. This will protect the alternator from possible dam-

age.

Slow running starter

| Connect the 12-volt booster battery to the engine's bat-
tery 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 cor-
roded connectionsor alow charge. Clean and tighten the
connections as required. Recharge the battery if neces-
sary.

2. If starter running speed does not sound nonnal, clean
and tighten all starter solenoid connectionsand the battery
ground on the engine.

Ohmmeter

Solenoid
(S) terminal

Solenoid
(M) terminal

, Starter
motor

3. Repeat Step 1. If the starter running speed is till too
slow, replace the starter.

Starter solenoid clicks, starter does not run

1. Clean and tighten all starter and solenoid connections.
Make suretheterminal eyelets are securely fastened tothe
wire strands and are not corroded.

2. Removethe 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 ca-
bles. If the starter still does not run, replace it.

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

1. Check the Sterminal wire connection at the starter so-
lenoid. Clean and tighten if necessary.

2. Disconnect the S terminal wire at the starter solenoid.
Connect ajumper wire between thisterminal and the posi-
tive 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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Ammeter Voltmeter
Solenoid [%] ES&J
(S) terminal 4 + -
L O
Solenoid + =
(B) terminal 12 volt
battery

Starter motor

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

Starter spins but does not rotateflywheel

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 prob-
lem. Replace the starter and/or ring gear as required.

3. If the pinion gear isin good condition, disassemble the
starter and check the armature shaft for corrosion. See
Brush Replacement, Chapter Nine, for the disassembly
procedure. If nocorrosion isfound, the starter drive mech-
anism isslipping. Replacethe starter with a new or rebuilt
marine unit.

Starter will not disengage when start switch is released

This problemis usually caused by asticking solenoid or
defective start switch, but the pinion may jam on the fly-
wheel ring gear on an engine with many hours of opera-
tion.

NOTE

A low battery or loose or corroded battery
connections can also causethe starter tore-
main 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.

Loud grinding noises when starter runs

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 prob-
lem. Replace the starter and/or ring gear as required.

3. If the pinion gear isin 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 resis-
tance tests:

CAUTION
Disconnect the negative battery cable be-
.fore performing resistance tests.

1. Referto Figure 2 and connect an ohmmeter lead to the
S terminal of the solenoid. Connect the remaining ohm-
meter lead to the metal body of the solenoid. The ohmme-
ter should indicate approximately one ohm or less.
Replace the solenoid if the ohmmeter indicatesinfinitere-
sistance (no continuity).

2. Refer to Figure 3 and connect an ohmmeter lead to the
S terminal of the solenoid. Connect the remaining ohm-
meter |ead to the M terminal of the solenoid. The ohmme-
ter should indicate approximately one ohm or less.
Replacethesolenoid if the ohmmeter indicatesinfinitere-
sistance (no continuity).

Starter Motor No-Load Current Draw Test

If troubleshooting indicates that the starter motor may
be defective, use the following starter motor no-load cur-
rent draw test to determineif the starter motor isin accept-
able operating condition.

To perform the test, the following equipment is needed:

an ammeter capable of measuring 0-100 amps, a voltme-
ter, avibration tachometer and afully charged 12-volt bat-
tery. Minimum battery capacity is 70 amp-hours for one-
and two-cylinder engines and 100 amp-hours for
three-cylinder engines.
1. Remove the starter motor from the engine. Securely
fasten themotor in aviseor other suitable holding fixture.
2. Using a heavy gauge jumper cable, connect the amme-
ter in series with the positive battery terminal (Figure4).
Connect a voltmeter to the battery.
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CHARGING SYSTEM (TYPICAL)
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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
whilethe motor isrunning, then disconnect the wireto the
Sterminal on the solenoid.

6. If the starter motor does not perform within the specifi-
cationslisted in Table3, repair or replace the motor as de-
scribed in Chapter Nine.

CHARGING SYSTEM

The charging system consists of the aternator, 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 alter-
nator housing. Alternator output is 35 amps (model
LR135-05) or 55 amps (model LR155-20). Figure 5
shows components of the charging circuit.

Charging system troubles are generally caused by a de-
fective aternator, voltage regulator, battery or an inopera-
tive 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.

1. Battery dischargesfrequently — This can be caused by
adrive belt that is slightly loose. Grasp the alternator pul-
ley with both hands and try to turnit. If the pulley can be
turned without moving the belt, the drive belt istoo loose.
As arule, keep the belt tight enough so that it can be de-
flected 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. If the 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.

3. Charging system warning lamp jlashes on and
off—This usualy indicates that the charging system is
workingintermittently. Check drive belt tension first, then
check all electrical connectionsin the charging circuit. As
alast resort, check the alternator.

4. Charging system warning lamp comes on and stays
on—This usualy indicates that no charging is taking
place. First check drive belt tension, then the battery con-
dition. Check all wiring connections in the charging sys-
tem. If this does not locate the problem, check the
alternator and voltage regulator as described in this chap-
ter.

5. Battery requiresfrequent addition d water or lampre-
quiresfrequent replacement— The aternator is probably
overcharging the battery. The voltage regulator is most
likely at fault.

6. Excessive noisefrom the alternator — Check for loose
mounting brackets and bolts. The problem may aso 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 transistor-
ized regulator. The transistorized regulator contains exci-
tation and sensing circuits. The regulator controls output
voltage by switching the aternator rotor current on and
off. A rectifier consisting of aset of diodesconvertsalter-
nating current to direct current.

Alternator Regulated VoltageTest

This test checks the regulated voltage output of the al-
ternator. All wires connected to the alternator for normal
operation must be connected.

1. Check the aternator 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
clampsand battery terminals, if necessary, then reconnect
the cables.

3. Check all wiring connections between the aternator
and engine to make sure they are clean and tight.

4. Connectthepositivelead of avoltmeter tothe BAT ter-
minal of the alternator. Connect the negative voltmeter
lead to the E terminal of the alternator. See Figure6.

5. Movethe enginewire harness back and forth while ob-
serving the voltmeter scale. The meter should indicate a
steady battery voltage reading (approximately 12 volts).
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35A ALTERNATOR

55A ALTERNATOR

@ VOLTAGE OUTPUT TEST

‘.-\ Voitmeter

@-?yz@

Voltmeter

If the reading varies or if no reading isobtained, check for
poor connections or damaged wiring.

6. Turn the key switch ON. Run the engine from idle up
to 2,500 rpm and note the voltmeter reading. If the volt-
meter does not indicate 14.2-14.8 volts, remove the alter-
nator and have it bench tested by a dealership or qualified
specidist.

Alternator Current Output Test

Thistest checksthe 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 al-
ternator.

4. Connect the positivelead of a0-100 amp DC ammeter
to the BAT terminal and the negative lead to the discon-
nected wire.

5. Reconnect the negative battery cable.

6. Make sure the engine control is in the stop position.

7. Turnon al accessoriesand crank the engine for 15-20
seconds to remove any surface charge from the battery.
8. Turn off all accessories.

9. Connect atachometer to the engine. Connect a carbon
pile load device to the battery terminals.

10. Start the engineand run at 2,500 rpm. Adjust the car-
bon pile to obtain maximum alternator output. Theamme-
ter should read the rated amperage according to the
alternator model identified on the data plate on the alter-
nator (Figure 8). Model LR135 aternators should pro-
duce 35 amps, and model LR155 aternators should
produce 55 amps.

FUEL SYSTEM

Refer to Chapter Seven for adescription of fuel system
operation. A diagram of atypical fuel system isshown in
Figure9.

Beawarethat diesel fuel injection systemsrequireclean
fuel that meets the fuel requirements specified by the en-
gine 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 of thefollowing engine
symptoms. Be sure to check other engine
components that can also cause the symp-
toms.
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NOTE

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

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

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

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

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

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

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

rpmmah 6}»- E
e iy
e %&{:_
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High pressurefuel pipe

described in Chapter Seven to remove air in fuel. Check
for a clogged or defective fuel injection pump or fuel in-
jector.

WARNING
Wear goggles and protective clothing when
performing the nextprocedure. Diesel injec-
tors can spray with sufficient force to pene-
trate theskin. Have afire extinguisher rated
for fuel and electricalfires on hand.

To identify a faulty fuel injector on multicylinder en-
gines, 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 operat-
ing satisfactorily. If the engine runs the same, the injector
or the fuel injection pump is not operating properly. If no
fuel appearsat the fuel line, the fuel injection pump isde-
fective.

6. Engineknocks-<heck thefuel 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 of the cooling sys-
tem.

Engine Overheating

A problem in the cooling system generally causes en-
gine overheating; however, other engine problems can
also cause overheating. Note the possible causes in the
following list:
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1. Loosepumpdrive belt (except /GM modds)—A loose
drive belt prevents the circulating pump from operating at
the proper speed.

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

3. Wom or defective water pump—A worn or defective
pump may not provide sufficient cooling water.

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

5. Defective or incorrect thermostat — A defective ther-
mostat 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, athermostat that stays open and doesn't close
or opens at alow temperature will cause theengine 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 ex-
haust smoke is black, white or blue, an engine problem
exists.

Blue Smoke

Blue exhaust smoke indicatesthat il isburning during
the combustion process. Look for a condition that allows
oil to enter the combustion chamber, such asa broken pis-
ton, broken or stuck piston rings, a damaged cylinder
wall, worn valvesor guides, adefective crankcase vent, or
an overfilled oil sump.

White Smoke

Unburned fuel causes white exhaust smoke. The un-
burned fuel may be dueto retarded fuel injectiontiming or
insufficient compression pressure. Low compression
pressure may be caused by a damaged cylinder gasket,
broken piston rings, |eaking valves or incorrectly adjusted
valves. Raw, unburned fuel may be due to incorrect fuel
(low cetane rating) or adefective injector.

NOTE
White smoke may also be due to coolant
leaking into the combustion chamber

Black Smoke

Black exhaust smokeresultsfrom excessfuel (rich) that
forms soot when burned. Either excess fuel or insufficient
air can cause black smoke. Some possible causes are ade-
fective fuel injection pump, poor injector spray pattern,
low injection opening pressure, clogged air intake, re-
stricted exhaust system or low compression pressure.

ENGINE NOISES

Often thefirst evidence of aninternal engine problemis
astrange noise. That knocking, clicking or tapping sound
never heard beforemay bewarning 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 anormal clatter at idle, especially when
cold. It is necessary to become accustomed to these nor-
mal noisesin order to detect possible problem-associated
NOi Ses.

Professional mechanics often use a special stethoscope
for isolating engine noises. The home mechanic can do
nearly aswell with asounding stick, which can bean ordi-
nary piece of dowel, alength of broom handle or asection
of small hose. Place one end in contact with the area in
guestion and the other end near the ear to hear sounds em-
anating 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 comefrom the valve
train and indicate excessive valve clearance. A sticking
valve may also sound like a valve with excessive clear-
ance. In addition, excessive wear in valve train compo-
nents can cause similar engine noises.

Knocking Noises

A heavy, dull knocking is usualy caused by a worn
main bearing. The noise is loudest when the engine is
working hard, such as accelerating at low speed. It ispos-
sible to isolate the trouble to asingle 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 aso produced a
knock, but the sound is usually more metallic. Aswith a
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main bearing, the noise is worse during acceleration. It
may increase in transition from acceleration to coasting.
Disabling the fuel injectorswill help isolate thisknock as
well.

A double knock or clicking usually indicates a worn
piston  pin. Disabling  fuel injectors  on
multicylinderengines will isolate this to a particular pis-
ton; however, the noise will increase when the affected
piston isreached.

A loose flywheel and excessive crankshaft end play
also produceknocking noises. While similar to main bear-
ing noises, they are usually intermittent, not constant, and
they do not change when fuel injectors are disabled. If
caused by alooseflywheel or coupling, the noiseisgener-
ally heard at idle or during rapid deceleration. It isagood
ideato recheck flywheellcoupler bolt torque whenever ac-
cessible.

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 engineis cold.

ENGINE TROUBLESHOOTING

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

Engine Will Not Start

This can be caused by thefuel 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 com-
pression pressure by performing a compression pressure
check asdescribed in Chapter Three. Repair theengineas
required to obtain the correct compression pressure.

Engine Misses

This can be caused by the fuel system. Refer to trouble-
shooting in the Fuel System section of this chapter.
Sticking intake or exhaust valves can also cause the en-
gineto misfire.

Engine Stops Suddenly

This can be caused by engine seizure, a governor mal-
function 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

Low engine oil pressure may be caused by leakage in
the oil circuit, excessive bearing clearance, a clogged ail
filter, aloose oil regulator valve or incorrect oil viscosity.
Low oil pressure may also be caused by engine overheat-
ing or oil dilution by fuel in the crankcase.

Verify low ail 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.

COOLING SYSTEM

The temperature warning lamp should signal cooling
system problems before there isany damage. If the engine
isstopped at thefirst indication of trouble, seriousdamage
isunlikely.

With standard cooling systems in which seawater is
drawn into the engine, circulated and then expelled, cool-
ing system problems are generally mechanical — adefec-
tive 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 theengine
coolant to seawater without the two coming in contact.
The closed portion of the cooling system is pressurized
(likean automotivecooling system) and uses a50150 mix-
ture of ethylene glycol antifreeze and pure soft water.
Check this system periodically to make sure it can hold
pressure up to 13 psi.

Heat exchangersused in closed cooling systemscollect
salt, lime and other contaminantsin their passages, lead-
ing 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 com-
pressed air.

LUBRICATION SYSTEM

Refer to Figure 10, Figure 11 and Figure 12 for lubri-
cation system diagrams. A rotor typeoil pump receives oil
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from a pickup located in the oil pan, then forces oil to the
necessary engine components. The oil pump is driven by
the crankshaft gear.

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

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

il Pressure Test

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

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

2. Remove the oil pressure sender.

3. Connect a suitable oil pressure gauge.

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

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

Table 1 ENGINE TROUBLESHOOTING

Trouble Probable cause

Correction

Engine cranks slowly
Faulty starter motor

Engine will not crank Discharged battery

Battery faulty or low charge
Incorrect engine oil viscosity

Corroded battery terminals
Loose connection in starting circuit

Charge or replace battery

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

Clean terminals

Clean and tighten all connections

Engine will not start

Engine stops suddenly

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

Seized engine

Empty fuel tank

Dirty or plugged fuel filter
Air in injection lines

Faulty fuel feed pump

Faulty fuel injection pump
Faulty governor

Misadjusted controls
Improper fuel injection timing
Poor valve seating

Damaged cylinder head gasket

Worn or broken piston rings

Empty fuel tank
Air in fuel lines

(continued)

Replace switch

Clean or replace brushes

Loosen starter motor to free gear

Replace motor

Inspect and repair

Fill tank with proper fuel

Clean fuel filters

Bleed air in injection lines

Repair fuel feed pump

Repair fuel injection pump

Repair governor

Adjust speed and stop controls

Adjust fuel injection timing

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

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

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

Fill fuel tank

Bleed fuel lines
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Table 1 ENGINE TROUBLESHOOTING (continued)

Trouble

Probable cause

Correction

Engine stops suddenly (continued)

Engine slows unexpectedly

Engine will not run under full load

Engine knocks

Low oil pressure

Overheating

Governor malfunction

Engine seized

Overload

Fuelfilter or fuel lines clogged
Air in fuel system

Water in fuel
Misadjustedgovernor

Piston or bearing seizure

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 pressureregulator valve
Low oil viscosity

Dirty cooling system
Faulty thermostat
Insufficient coolant flow

Insufficent coolant in closed system
Air entering system

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 repalr

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
leakinginto 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

Table 2 STARTER MOTOR NO-LOAD SPECIFICATIONS

Model

Volts

Max. amperage

Speed (rpm)

3HM, 3HMF, 3HM35 12
All other models 12

an
Ju

4000 or higher
7000 or higher

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)
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Operation, Lubrication, Maintenance
and Tune-up

A diesel enginemust haveclean air, fuel, and oil. Regu-
lar 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 se-
vere operating conditions, including infrequent use, per-
form maintenance and lubrication more frequently.

Keep the engine and accessory units clean and free of
dirt, grime and grease buildup. It ismuch easier and safer
toperform service on aclean engine. It isalso 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 en-
ginesare includedwhen a basic model num-
ber isspecified. For example, if model 3GM
is called out in a procedure, the procedure
also applies to 3GMD and 3GMFE.

FUEL REQUIREMENTS

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

NOTE
Poor fue is one of the leading causes of
rough engine operation orfailureto start.

Dirty fuel or water in the fuel can cause expensive dam-
age 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 abilge blower, turn it on for afew 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 closewhen workingaround the
engine.

2. Check theengine il level asdescribed in this chapter.
Add ail if thelevel islow.

3. Check the electrolyte level in each battery cell as de-
scribed in this chapter. Add distilled water if necessary.
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4. Check the condition of al drive belts. If a beltisin
doubtful condition, replaceit.

5. Check all water hosesfor |eaks, |oose connections and
genera condition. Repair or replace as required.

6. Check the qil level in the transmission as described in
this chapter. Add lubricant if necessary.

7. Check thebilgefor excessivewater; ifpresent, drainor
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 thefuel level in the fuel tank and add fuel as
needed.

11. Open theseacock and close any water drain valves.
12. Operate controls and check for free operation.

13. Connect the battery cables to the battery (if discon-
nected).

14. Openthefuel tank valve.

15. Reinstal the engine compartment cover or hatch.

STARTING CHECKLIST

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

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 posi-
tion.

3. Movethe speed control lever to the MEDIUM SPEED
position.

4. Hold thedecompressionlever inthe OPERATION po-
sition.

5. Rotate the key switch to the ON position. The alarm
buzzer will come on.

WARNING
Always have a fully charged fire extin-
guisher on hand before attempting to start
the engine.

CAUTION
Do not operate the starter for morethan 15
seconds, or the starter motor may be dam+
aged due to overheating.

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

CAUTION
| fthe alarmbuzzer or lampsremain on after
the engine starts, stop the-engine and deter-
mine the cause.

Engines Equipped With Remote Control

Warmengine

1. If equipped with a bilge blower, operate it for at |east
five minutes before starting the engine.

2. Movethespeed 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 extin-
guisher on hand before attempting to start
the engine.

CAUTION
Do not push the starter for more than 15
seconds, or the starter motor may be dam-
aged dueto overheating.

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

CAUTION
If the alarmbuzzer .or lampsremain on after
the engine starts, stop the engine and deter-
mine the cause.

Coldengine

1. If equipped with a bilge blower, operate it for at least
five minutes before starting the engine.

2. Movethe speed control lever to the HIGH SPEED po-
sition. Injection timing is retarded when starting with the
lever in the HIGH SPEED position.

3. Movethedecompressonlever tothe DECOMPRESSION
position.

4. Rotate the key switch to the ON position. The alarm
buzzer will come on.

WARNING
Always have a fully charged fire extin-
guisher on hand before attempting to start
the engine.

CAUTION
Do not operated the starter for morethan15
seconds, or the starter motor may be dam-
aged due to overheating.




44

CHAPTER THREE

5. Start the engine by pushing the start button. While en-
gaging the starter, move the decompression lever to the
COMPRESSION position. The alarm lights and buzzer
should go off.

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

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

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

STOPPING THE ENGINE

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

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

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

EMERGENCY ENGINE STOPPING

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

POST-OPERATIONAL CHECKS

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

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

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

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

ENGINE MAINTENANCE AND LUBRICATION

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

Engine Oil

Engine oil designed for use in diesel engines must meet
specifications particular to diesel engine operation. The
Society for Automotive Engineers (SAE) specifies the
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Qil fill cap

criteriathat engine oilsmust meet to attain a diesel engine
oil classification of CA, CB, CC or CD. Theclassification
system ranges from CA for light diesel engine serviceto
CD for severediesel engine service. Y anmar specifiesen-
gine 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 adiffer-
ent oil brand than what isin the crankcase when topping
off the ail level, except if necessary. Use only a
high-quality oil. Yanmar recommends Shell Rotella,
Cdtex RPM Delo, Mobil Delvac, Esso Standard and BP
Energol.

Refer to Table 2 for the recommended ail viscosity.

Engine Oil Level Check

All engineswill consumeacertain amount of oil asalu-
bricating and cooling agent. The amount depends on en-
gine use and engine condition. During theengine break-in
period, the engine consumes more oil while the piston
ringsseat in the cylinder bore. Engines with high hoursof
use may bum more oil due to worn engine components.
Engines generally consume more oil a higher engine
speeds.

When to check engine ail is generally determined by
the engine's oil consumption rate. If theengine hasahigh
oil consumption rate, then check the il level beforeeach
useor daily. If engineoil consumptionislow, check theail
level weekly. The best procedure isto check the il level
before operating the engine.

®
>3

To engine

Whenever checking theoil level, awaysallow approxi-
mately 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 thedipstick. See Figure 1 for thetypical location.
Wipeit withaclean rag or paper towel, reinsertit and pull
it out again. Note the oil level on the dipstick.

2. Add ail, if necessary, so the ail level reaches the full
mark on the dipstick. Remove the ail fill plug (Figure 2)
or ail filler cap (Figure 3) and add ail through the holein
the rocker arm cover.

Engine Oil and Filter Change

During normal engine operation, change the engine ail
after every 100 hoursof operation. Replace the engineail
filter after every 300 hours of operation. During break-in
of anew or overhauled engine, change theengineoil after
the first 20 hours of use, then after the next 30 hours of
use. Change the engine oil a normal intervals thereafter.

Refer to the Engine Oil section in this chapter for the
recommended il type. Refer to Table 2 for viscosity and
Table 3 for crankcase 0il capacity.

Most installations do not leave enough space to permit
the use of the oil pan drain plug. For this reason, an ail
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 pumpsare available
from marine supply dealers. Some are hand-operated,
someare motorized and othersare designed to be operated
with an electric drill (Figure 4).

Direct the used ail into a sealable container and prop-
erly dispose of it.

NOTE
Never dispose of motor oil in the trash, on
the ground, down a storm drain or over-
board. Many service stations accept used
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motor oil and waste haulers provide curb-
side used motor oil collection. Do not com-
bine other fluids with motor oil to be
recycled. To locate a recycler, contact the
American Petroleum Institute (API) at
www.recycleoil.org.

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

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

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

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

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

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

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

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

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

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

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

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

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

13. Reinstall the dipstick in the dipstick tube.

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

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

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

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

Fuel System Service

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

WARNING
Serious fire hazards always exist around
diesel fuel. Do not allow any smoking in ar-
eas wherefuel is present. Always have afire
extinguisher, rated for fuel and electrical
fires, on hand when refueling or servicing
any part of the fuel system.

Fudl lines

Periodically inspect al fuel lines for leakage and dam-
age. Replace or tighten them as required. Do not
overtighten a fitting to try to stop a leak; overtightening
may damage thefitting threads or the fuel line sealing sur-
faces.

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.

Fuel filter

Using clean fuel and maintaining the fuel system are
extremely important when operating adiesel engine. Die-
sel fuel, in addition to its obvious function as fuel, pro-
vides 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 injec-
tors. 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 containsareplaceable element. Replace theel -
ement after every 250 hours of operation or more fre-
quently if dirt clogs the element after fewer hours of
operation. It isagood practice to replace the fuel filter ev-
ery season or if theengine has not been operated for an ex-
tended period.

NOTE
The boat may be equipped with additional
fuel filters. Be sure to clean and maintain
thosefilters according tothe manufacturer s
instructions.

NOTE
If the fuel filtering system is inadequate to
properly protect the engine, consult with a
marine dealership that has experience with
diesel engines for fuel filter recommenda-
tions.

Refer to Figure7 when using the following procedure
to clean the filter or replace the filter element:
1. 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. Removetheelement from the canister. If dirty or dam-
aged, discard the element.
4. Clean the canister in clean diesel fuel.
5. Install thefilter element in the canister.
6. Install a new O-ring on the canister.
7. Instal thecanister on the filter body, theninstall there-
tainer ring and tighten it hand-tight.
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8. Loosen the air bleed plug (Figure 8) on top of the fuel
filter body.

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

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

Bleeding air from the fuel system

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

Air Filter

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

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

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

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

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

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

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

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

Drive Belts

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

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

Alternator drive belt adjustment (models equipped with
seawater cooling)

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

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

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

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

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

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

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

R
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Alternator drive belt replacement (all models)

1. Loosenthe dternator retaining nuts (B, Figure 12).

2. Move the aternator inward sufficiently to allow re-
mova of the belt from the pulleysand removethe belt.
3. Clean the pulley grooves so they are dry and free of
rust or other corrosion.

4. Placethe new belt in the pulley grooves.

5. Adjust belt tension as previoudy described.

Seawater pump drive belt replacement (2GM, 2GM20,
3GM, 3GM30, 3HM and 3HM35 models)

1. Remove the dternator drive belt as described in the
previoussection.

2. Loosen the screws that secure the seawater pump
mounting plate (B, Figure 14).

3. Move the dternator inward sufficiently to alow re-
mova of the belt from the pulleysand removethe belt.
4. Clean the pulley grooves so they are dry and free of
rust or other corrosion.

5. Placethe new belt in the pulley grooves.

6. Adjust belt tension as previously described.

Crankcase Breather

The crankcase breather assembly vents crankcase
pressureinto the intake port or manifold. Thisproducesa
negative pressure in the crankcase. If the breather mal-
functions, oil may be forced past the pistonrings, oil seals
and gaskets.

Periodic maintenance is not normally required unless
excessive oil gasses clog the crankcase breather. Thisis
usualy indicated by blue exhaust smoke or ail in thein-
take port or manifold. If the breather must be cleaned fre-
quently, determine the cause, such as broken or stuck
piston rings.
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Refer to Chapter Five or Six for service proceduresfor
the crankcase breather. Refer to the following paragraphs
for a description of the breather on specific models.

On 1GM and 1GM10 models, a reed valve system lo-
cated on the rocker arm cover controls crankcase gas
movement. See Figur e 15. Thereed valveopenswhenthe
downward moving piston increases crankcase gas pres-
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Sacrificial
anode

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

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

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

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

Anticorrosion Maintenance

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

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

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

Proceed as follows to service the sacrificial anodes:

1GM and 1GM10 models

1. Drain the cooling system.
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2. Unscrew the mounting plate (Figure 18) and remove
the sacrificial anode (Figure 21).

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

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

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

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

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

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

1. Drain the cooling system.

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

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

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

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

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

@ ' SACRIFICIAL ANODE
ORIGINAL SIZES

1 GM AND 1GM10 MODELS

S

20 mm
(0.80in.)

e il

20 mm
<+ (0.80 in.)™;

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

-

f s ' Y
20 mm
(0.80 in.)

vk _

30 mm
* ooin) L

which is necessary for optimum anode pro-
tection.

6. Reassemble and reinstall the sacrificial anode in the
engine.
COOLING SYSTEM
Refer to Chapter Eight for a description of the two types

of cooling systems that are used on the Yanmar marine
diesel engines covered in this manual. A freshwater
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(closed) cooling system requires additional maintenance
due to the freshwater portion of the system, which in-
cludes a freshwater pump and may include an antifreeze
mixture.

Seawater (Standard) Cooling Systems

Flushingthe system

Flushing proceduresmay differ depending upon engine
installation and the location of the water pump. Regard-
less of pump location, cooling water must always circu-
late through the water pump whenever the engine is
runningto prevent damageto the pumpimpeller. On mod-
el's 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 enginesequipped with a seawater cool-
ing system as well as the seawater portion on engines
equipped with a closed cooling system. This procedure

may be used for most engines, but modificationof thepro-
cedure may be necessary for some installations.

1. Detachtheinlet hosefrom the water pump.

2. Connect a hose from awater tap to the inlet of the wa-
ter pump.

3. Open the water tap.

4. With the transmission in neutral, start the engine and

run at normal idle until the enginereachesnormal operat-
ing temperature.

5. Observethewater being flushed from the cooling sys-
tem. When the flow isclear, shut the engine off, then shut
off the water tap.

6. Reconnect theinlet hoseto the water pump.

NOTE
Refer to Chapter Eight to flush and refill the
freshwater portion of a closed cooling sys-
tem or to servicethe heat exchanger
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Freshwater (Closed) Cooling Systems

I nspection

WARNING

When performing any service work on the
engine or cooling system, never remove the
pressure fill 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 equip-
ment is not available, havethetestsperformedby aradia-
tor shop.

1. Loosen and removethe pressurefill 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 looserust or dirt particles.

3. Inspect the cap neck seat for dents, distortion or con-
tamination. Wipe the sealing surface with aclean cloth to
remove any rust or dirt.

4. Check thefluidlevel and fill thesystemif necessary as
described in the Check/Fill Coolant section in this chap-
ter.

5. Check dl cooling system hosesfor damageor deterio-
ration. Replace any hose that is questionable. Make sure
al hose clampsare 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 fill pressure cap (Figure
24) from the pressurized cooling system
when the engineis hot.

1. Loosen and remove the pressurefill cap (Figure 24).
2. Check the level of fluid in the system. It should be
level with theiron plate at the bottom of thefiller neck.

NOTE
Excess coolant (above proper level) will be
expelled when coolant reaches operating
temperature.

3. If theexhaust manifoldisnot properly filled, add cool-
ant. Refer to the Coolant sectionin thischapter for proper
coolant.

Heat
exchanger "‘J .

,.,"’I

Check/Fill Coolant (Equipped With a
Remote Reservoir)

Refer to Figure 26.
1. Check the levd 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 levd 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 removethe pressurefill cap (Figure
24) from the pressurized cooling system
when the engineis hot.

3. If thecoolant level is low, but the tank is dry, remove
the pressurefill cap on the exhaust manifold (Figur e 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. Runthe engine until it reachesnormal operating tem-
perature, then let the engine cool. Recheck the coolant
level intheremotetank and, if necessary, refill theremote
reservoir tank.

Coolant

Only use a high-quality ethylene glycol-based anti-
freezedesignedfor duminumengines. Mix the antifreeze
with water in a 50/50 ratio. Coolant capacity is listed in
Table4. When mixing antifreezewith water, use only soft
or distilled water. Distilled water can be purchased a su-
permarketsin gallon containers. Do not usetap or salt wa-
ter becauseit will damage engine parts.
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FRESHWATER HEAT EXCHANGER
(TYPICAL)

&7 Seawater

Heat exchanger
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Seawater 47

WARNING
Do not siphon coolant by mouth with a hose.

The coolant mixture is poisonous and in-
gesting even a very small amount may cause
illness. Observe warning labels on anti-
freezecontainers. Makesureto discard used
antifreezein a safeand suitable manner and
wipe up any spills. Do not storeantifreezein
open containers. Keep antifreeze out of the

PN reach of children and animals.
Remote.

reservoir

tank WARNING

The EPA hasclassified ethyleneglycol asan
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
disposeof itaccordingtolocal 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 thor-
oughly with clean water:

Flushingand 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 sys-
tem.

Replacethecoolant in thefreshwater coolant system af -
ter every 500 hours of operation or annualy, whichever
occursfirst.

CAUTION
Perform the following procedure when the
engineiscold.

1. Removethe pressurefill cap (Figure 24).

NOTE
Position thedrain hosesin suitable contain-
ersto catch coolant when draining the cool-
ant from the exhaust manifold and engine.

2. Open thedrain valve at the end of the heat exchanger
(A, Figure 27) and the drain plug on the undersideof the
exhaust manifold (B).

3. Unscrewthedrainplug on thesideof theengineblock
(Figure 28, typical).

4. If an excessive accumulation of scale is apparent on
theinterior of the cooling system, use an automotivecool -
ing 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. Engineswithout a remote reservoir — Fill the exhaust
manifold with coolant. The coolant should be level with
theiron plate at the bottom of the filler neck.

6B. Engines with a remote reservoir— Pour coolant into
the exhaust manifold so it is full. Install the pressurefill
cap, then add coolant to the remote reservoir tank to the
proper level.

7. Run the engine until it reaches normal operating tem-
perature, then let the engine cool. Recheck the coolant
level and, if necessary, add coolant.

BATTERY

Inspect the electrical connections and make sure they
aresecureand corrosion-free.If corrosionis present at the
termina ends, detach the wires, clean the corrosion and
reattach. Make sure that wires are correctly routed and
will not contact moving partsor touch hot (especially ex-
haust) parts.

Removethe battery vent capsand check battery el ectro-
lyte 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 ahydrometer (Figure 30).
See Chapter Nine.



OPERATION, LUBRICATION, MAINTENANCE AND TUNE-UP 57

@ BATTERY CUTAWAY VIEW

K/

n €= 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 be-
tween life and death. To keep the engine running right,
follow aregular program of preventive maintenance.

Part of any preventive maintenance program is a thor-
ough engine tune-up. A tune-up isaseriesof adjustments

necessary to restore and maintain maximum power and
performance.

Perform an engine tune-up as needed at periodic inter-
valsto maintain maximum engine performance. If theen-
gineisused infrequently, performatune-up at least once a
Season.

A tune-up consists of the following:

1. Compression test.
2. Vdve adjustment.
3. ldle speed adjustment.

Careful and accurate adjustment iscrucia to a success-
ful engine tune-up. Each procedure in this section must be
performed exactly asdescribed and in the order presented.

NOTE

Some engine settings, such as maximum en-
gine speed and torque level, are controlled
by adjusting screws in the governor assem-
bly. These adjusting screws are set by the
manufacturer and secured by a lockwire to
prevent unauthorized adjustment. Adjust-
ment of these screws should be performed
only by trained personnel. Detaching a
lockwire may void the engine warranty. Im-
proper adjustment can cause engine dam-
age.

Compression Test

Check the compression of each cylinder asthefirst step
in atune-up. A compression test measures the compres-
sion pressure at the end of the compression stroke. Itsre-
sults can be used to assess general cylinder and valve
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condition. In addition, it can warn of developing problems
inside the engine. If more than a 43 psi. (300 kPa) differ-
ence exists between the highest and lowest reading cylin-
ders on multicylinderengines, the engine cannot be tuned
to develop its maximum power. Specified cylinder pres-
sure is 390-470 psi (2700-3300 kPa).

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

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

Excessively high compression readings indicate carbon
buildup in the cylinder.

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

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

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

CAUTION

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

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

4. Clean the injector hole.

5. Rotate the engine to blow out any carbon.

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

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

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

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

Valve Clearance Adjustment

Valve clearance is the gap between the end of the valve
stem and the underside of the rocker arm. A specified
valve clearance must be maintained for the valves to oper-
ate as designed. Insufficient valve clearance will cause
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VALVE CLEARANCE

ADJUSTMENT (ALL MODELYS)

Adjusting screw

0.20 mm
] (0.008 in.)

@ IDLE SPEED ADJUSTMENT
(1GM AND 1GM10 MODELS)

rough engine operation and possibleenginedamage, such
asburnt valves. Excessivevalveclearancewill reduceen-
gine performance. The recommended interval for valve
adjustment is after every 300 hours of operation. How-
ever, it isa good practice to check the valve clearances
during each tune-up.

The engine must be cold when adjusting valve clear-
ance. On multicylinderengines, the cylinder nearest the
flywheel isthe number one cylinder.

1. Removetherocker arm cover as described in Chapter
Five or Six.

2. Observe theflywheel (A, Figure 31) throughthe open-
ing inthe 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).

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 clockwiseso the 1T mark on
the flywheel aligns with the reference pointer (B, Figure
31) on the clutch cover. The piston must be on its com-
pression stroke.

NOTE
Some transmissionsdo not have an opening
in the clutch cover. Remove the starter to
view the timing marks on the flywheel( A ¢
ure 33).

NOTE
When thepiston ison itscompression stroke
and at top dead center, both valves will be
closed. This can be determined by the posi-
tion of the intake and exhaust rocker arms.
Both should havefree play, which indicates
that the valves are closed.

5. Measure the clearance between the rocker arm and
valvestem (Figure34). Correct valveclearanceis0.2 mm
(0.008in.).

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. Re-
check the valve clearance.

7A. 2GM and 2GM20 engines— Rotate the crankshaft
360° so the 2T mark on the flywheel alignswith the refer-
ence pointer (B, Figure 31) on the clutch cover. The pis-
ton for number 2 cylinder must be on its compression
stroke (see preceding NOTE). Perform Steps 5 and 6.
7B. 3GM, 3GM30, 3HM and 3HM3S5 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
compressionstroke (seeprecedingNOTE). Perform Steps
5and 6.

8. Reinstall the rocker arm cover.

I dle Speed Adjustment

Thecorrect idle speed is825-875 rpm. Refer to thefol-
lowing procedureto adjust the idle speed.
1. Run the engineuntil it reaches normal operating tem-
perature.
2. Placethetransmissionin neutral.
3. Loosenthejam nut on the idle speed screw (Figure 35
or Figure 36).




60

CHAPTER THREE

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

Jam nut

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

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

TRANSMISSION

Transmission Qil

Transmission models KM2A, KM2C, KM2P, KM3A4
and KM3P

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

Transmission models KEWI10D and KBWIOE

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

@

REMOTE CONTROL
ADJUSTMENT
(1GM AND 1GM10 MODELS)

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

1-3 mm
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Transmission Oil Level Check

screw it in. Pull out the dipstick and read the ail level on

the dipstick.
Check the transmission oil level on aweekly basis.
1. Withtheboat at rest inthe water and the engineoff, un- 2. Add oil, if necessary, through the dipstick hole so the
screw the dipstick (Figure 39, typical). Wipe it with a oil level reachesthe full mark on the dipstick. Usethe oil
clean rag or paper towel. Reinsert the dipstick, but do not 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

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 (1°-20° C)
68° - 95° F (20° - 35° C)
Above 95° F (35° C)

10W, 20W or 20/20W
20 or 20/20W

30o0r 40

50

Table 3 ENGINE OIL CRANKCASE CAPACITY

Model Oil capacity
1GM, 1GM10 14 qt. (A3 L)
2GM, 2GM20 21qt. (20 L)
3GM, 3GM30 28 qt. (26 L)
3HM, 3HM35 57 qt. 54 L)
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Table 4 FRESHWATER (CLOSED) COOLING SYSTEM CAPACITY .
Model Capacity
2GM20F N 29L (0.77 gal.)
3GM30F 34L(09gal)
3HMAKF 49L (1.3gal)
Table 5 TUNE-UP SPECIFICATIONS
Idle rpm Full throttle rpm Fuel injection Valve clearance
Model (no-load) (no-load) timing
1GM 850 3750 25°BTDC 0.2 m (0.008 in.)
1GM10 850 3825 15" BTDC 0.2m (0.008in.)
2GM 850 3750 25°BTDC 0.2 m (0.008in.)
2GMF 850 3750 25°BTDC 0.2 m (0.008in.)
2GM20 850 3825 15" BTDC 0.2 m (0.008in.)
2GM20F 850 3825 15°BTDC 0.2 m (0.008in.)
3GM 850 3750 28° BTDC 0.2 m (0.008in.)
3GMF 850 3750 28°BTDC 0.2m (0.008in.)
3GMD 850 3750 28° BTDC 0.2 m (0.008 in.)
3GM30 850 3825 18°BTDC 0.2 m (0.008 in.)
3GM30F 850 3825 18° BTDC 0.2 m (0.008 in.)
3HM 850 3600 28° BTDC 0.2 m (0.008 in.)
3HMF 850 3600 28° BTDC 0.2 m (0.008 in.)
3HM35 850 3625 21°BTDC 0.2 m (0.008 in.)
3HM3SF 850 3625 21" BTDC 0.2 m (0.008 in.)
Table 6 Compression Specifications
Pressure Maximum difference

390-470 psi
(2700-3800 kPa)

43 psi
(300 kPa)
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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 enginefrom freezing. A thorough servicewill
al so minimizedamagefrom corrosionor fuel systemcon-
tamination. Begin the service, if possible, while the boat
isstill in the water.

If the boat hasbeen removedfrom thewater, asupply of
cooling water must be made availableto theengine. 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 of water must be con-
nected to the seawater cooling pump.

NOTE
Except where specified, F and D series en-
ginesareincludedwhen a basic model num-

ber isspecified. For example, if model 3GM
is called out in a procedure, the procedure
also applies to 3GMD and 3GMF.

1. Run the engine until it reaches normal operating tem-
perature.

2. Changetheengineoil andfilter asdescribedin 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 replac-
ing hosesand gaskets. Makealist of problemsthat should
be corrected before the boat is returned to service.

5. If theengineisequippedwith freshwater cooling, flush
and changethe freshwater coolant asdescribedin Chapter
Three.

6. Drain the seawater cooling system as described in this
chapter. Be sure to drain or blow out al portions of the
system.
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NOTE
In some instances, such as to prevent rust
Jormation, it may be desirable to fill the sea-
water cooling system with an antifreeze so-
lution. Refer to the following section in this
chapter:

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

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

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

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

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

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

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

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

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

COOLING SYSTEM DRAINING

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

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

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

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

Seawater Cooling System

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

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

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

typical).

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

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

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

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

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

Adding antifreeze

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

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

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

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

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

Freshwater (Closed) Cooling System

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

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

Freshwater (closed) coafing section

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

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

WARNING
Ethylene glycol is an environmental toxic
waste that cannot be legally flushed down a
drain or poured on the ground. Put it in suit-
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able containers and dispose of it according
to local regulations. Make sure to wipe up
any spills and cover any containers of anti-
freeze. Keep antifreeze out of the reach of
children and animals.

3. Open the drain on the underside of the exhaust mani-
fold (Figure 1).

4. Openthedrainontheengineblock (Figure?2, typical).
5. Allow the freshwater section to drain completely.

6. On models equipped with a remote reservoir, discon-
nect the hose to the engine and drain the coolant from the
reservoir. Reconnect the hose.

7. Closethedrain plugs.

8. If refilling the freshwater section, refer to Chapter
Threefor thefilling procedure.

Seawater cooling section

Refer to the following procedureto drain the seawater
section.
1. Placeasuitablecontainer under thedrain, if space per-
mits. Thiswill prevent water fromdrainingintothebilge.

NOTE
If no water flows from the drain, check the
drain to make sure it is not obstructed or

plugged.

2. Open the drain on the underside of the exhaust mani-
fold end cap (Figure 2).

3. Allow the water to drain completely, then close the
drain.

4. Loosen the cover screws on the seawater pump (Fig-
ure 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
hosesand clamp securely.

NOTE
It is possible that undrained water may re-
main. 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
enginewas properly prepared before storage. Refer to the
list of needed work that was to be performed before re-
turning the engine to service. If thereis other work to be

done, determineif the work is easier, and possibly more
economical, if performed before returning the engine to
service.

1. Removeall coversplaced over engineopeningsduring
lay-up.

2. If the seawater cooling system is filled with an anti-
freeze solution, drainthe antifreezefrom the system using
the draining proceduredescribed 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 aternator
drive beltsas described in Chapter Three.

5. Replaceall fue filters.

6. If equippedwith afuel tank drainvalve, openthedrain
valveand removeany water that may haveaccumulatedin
the tank.

WARNING
Be sure to have a Coast Guard-approved
fireextinguisher on hand whenever working
around fuel.

NOTE

Ifthe fuel inthefuel tank isdirty, old or con-
taminated 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 thefuel system as describedin Chapter Seven.

8. Check thebattery electrolytelevel and fill if necessary.
Makecertainthebattery hasafull charge; rechargeif nec-
essary. Clean the battery terminalsand install the battery,
making sure the cables are connected properly. Cover the
battery terminalswith alight coat of petroleumjelly.

9. Check the crankcaseoil level. Add ail, if necessary. If
the oil was not changed at time of lay-up or if the engine
has been in storagefor an extended period of time, change
theoil and ail filter.

10. Move the engine control to the STOP position. Posi-
tion the decompressionlever in the ON position. Engage
the starter and crank the engine for 30 seconds. This pro-
cedure will pump engine ail to the engine bearings and
other engine parts.

11. On engines equipped with a freshwater cooling sys-
tem, check the coolant. If the coolant is contaminated or
has reached its scheduled replacement time, drain, flush
and refill the freshwater cooling system.
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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 dl through-hull fittings.

14. Make sure water is available to the cooling system.

15. Operate al 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

Sngle-Cylinder Engines

This chapter coversthe Yanmar 1GM and 1GM10 sin-
gle-cylinder, diesel engines.

The engine consists of a cast-iron cylinder block, con-
taining a full-length water jacket around the cylinder.

The crankdliaft rotates counterclockwise as viewed
from the flywheel. Two main bearings support the crank-
shaft, with the front bearing providing the thrust surfaces.
Thecrankshaft gear drivestherotor-typeoil 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 aball bearing (front), and the other ridesdi-
rectly 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 enginesare compression ignition engines, asop-

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

pansion and exhaust cycle occur in the same sequencefor
compression ignition engines as for spark ignition en-
gines. The mgjor differences are how the fuel is intro-
duced into the combustion chamber and how the ignition
is accomplished.

The principle of operation for compression ignition en-
ginesisto compressair in the cylinder without fuel; asthe
pressureincreases, so does the temperature. The tempera-
ture of the compressed air is sufficient to ignite the diesel
fud 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" F. Diesel fuel will ignite at ap-
proximately 750° F. Therefore, diesel fuel injected into
the cylinder will immediately begin to bum.

A high-pressurefud delivery system isnecessary toin-
ject fuel into the cylinder. The injector pressure must be
higher than air pressurein the cylinder, and the fuel must
beforced through the small openingsin thefuel injector to
properly atomizethe fuel. Refer to Chapter Seven for fuel
and governor System operation.

Referto Figure 1. Duringtheintakestroke, air isdrawn
into the cylinder.

During the compression stroke, the air iscompressed to
raiseitstemperature. The seal between the piston and the



SINGLE-CYLINDER ENGINES

69

®

4-STROKE DIESEL ENGINE PRINCIPLES

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

Injector

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 (TDC) and is pushed downward
by the expanding gases.

Piston

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

Exhaust valve

When the piston almost reaches BDC, the
exhaust valve opens and remains openuntilthe
piston is near TDC. The upward travel of the
piston forces the exhaust gases out of the
cylinder. After the piston has reached TDC, the
exhaust valve closes and the cycle repeats.
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cylinder must not permit compression leakage, which
could lower the temperature of the compressed air. Also,
thecylinder must not contain fuel that could igniteprema-
turely during compression.

Near the end of the compressionstroke, fuel isinjected
into the cylinder and ignited by compressed air. Fuel in-
jection continuesduring several degreesof crankshaft ro-
tation, depending upon desired speed and |oad. 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 pistonmovesupward pushing burned (exhausted) gas-
ses 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 isillustratedin Figure 2. Thefuel and air are con-
fined to one area. Usually the piston crown is concaveto
form the combustion chamber and provideturbulencere-
quired for mixing the fuel with the compressed air. The
shape of the combustion chamber and the shape of thein-
jection spray pattern are matched so that fuel will be dis-
tributed evenly throughout the chamber.

The Yanmar engines covered in this manua are
equipped with aprecombustionchamber for each cylinder
(Figure 2). The precombustion chamber increases com-
bustion efficiency, which producesgreater power with re-
duced emmissions. Combustion first occurs in the
precombustion chamber when hot, compressed air enters
the precombustion chamber just as fuel isinjected. Com-
bustion continuesas thefuel and air are mixed and forced
from the precombustionchamber into theenginecylinder.
Additional mixingand ignitionarecompletedin thecylin-
der.

ENGINE SERIAL NUMBER AND CODE

Theengineserial number and model designationarelo-
cated 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).

Havetheenginemodel number and serial number avail-
able when ordering parts. Record the engine model and
serial numbersand storethem for future referencein 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 partsmay look similar; however, auto-
motive parts may not be capable of operatingin a harsh
marine environment.

Useonly Yanmar partsor partsapprovedfor use on ma-
rine engines.

ENGINE REMOVAL PRECAUTIONS

Some serviceprocedurescan be performedwith theen-
ginein the boat; othersrequire removal. The boat design
and service procedure to be performed determines
whether the engine must be removed.

WARNING
Theengineis heavy, awkward to handle and
has sharp edges. It may shift or drop sud-
denly during removal. Toprevent seriousin-
jury, always observe the following
precautions.
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1. Never place any part of your body where a moving or
falling engine may trap, cut or crush you.

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

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

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

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

Removal/Installation

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

1. Disconnect the negative battery cable.

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

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

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

5. Disconnect the remote control cables.
6. Disconnect the electrical wiring harness connectors.

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

8. Detach the exhaust system.

9. Detach the driveshaft from the transmission output
flange.

10. Remove the engine retaining bolts.

11. Remove the engine and transmission.

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

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

a. Tighten the engine mounting bolts securely.

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

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

VALVE COVER

Refer to Figure 5.
To remove the valve cover, proceed as follows:

1. Make sure the decompression lever is in the OFF posi-
tion.

2. Unscrew the retaining nut (Figure 6).

3. Remove the valve cover.

4. Remove the gasket.

S. Clean the gasket surfaces on the valve cover and cylin-
der head.

6. Reverse the removal steps to install the valve cover. Be
sure to install the breather pipe (19, Figure 5).

BREATHER ASSEMBLY

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

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

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

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

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

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

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

3. Remove the shaft assembly from the valve cover.

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

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

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

CYLINDER HEAD

‘Removal

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

Inspection

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

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

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

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

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

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

5. Clean all carbon off the piston top.

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

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

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

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

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

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

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

Installation

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

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

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

5. Carefully lower the head onto the cylinder block.

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

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

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

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

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

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

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

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

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

16. Install the exhaust elbow.

17. Install the alternator.

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

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

b. Attach the exhaust hose to the exhaust elbow.

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

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

ROCKER SHAFT ASSEMBLY

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

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

@ CYLINDER HEAD
TIGHTENING SEQUENCE

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

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

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

5. Reassemble and reinstall the rocker arm assembly by
reversing the removal procedure. Adjust valve clearance
as described in Chapter Three.
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VALVESAND VALVE SEATS

Servicing the valves, guides and valve seats must be
done by adealer or machine shop, as special knowledge
and expensive machinetoolsare required.

A general practice among those who do their own ser-
viceisto removethecylinder head, perform all disassem-
bly except valve removal and take the head to adealer or
machineshop for inspectionand service. Sincethecostis
low relative to the required effort and equipment, thisis
usually the best approach, even for experienced mechan-
ics. Thefollowing proceduresare provided to acquaintthe
home mechanic with the procedure.

Valve Removal

Refer to Figure 22.
1. Removethecylinder head asdescribedin thischapter.
2. Removethe rocker shaft assembly as describedin this
chapter.
3. Removethewear cap (1, Figure22) onthevavestem.
4. Compressthe valve spring with a compressor like the
one shown in Figure 23.
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Valve stem

5. Removethevalvekeys(2, Figure 22) and releasethe
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
valveto prevent damage to the valve guide.

7. Removethevalve.

8. Remove and discard the valve stem sed (5, Figure
22).

9. Repeat Steps 3-8 for the remaining valve.

I nspection

1. Clean the valves with a fine wire brush or buffing
wheel. Discard any cracked, warped or burned valves.

2. Measurethe valve stems at the top, center and bottom
for wear. A machineshop can do thiswhen thevalvesare
ground.

NOTE
Check the thickness of the valve edge or
margin after the valves have been ground.
See Figure 25. Any valvewitha margin less
than 0.75 mm (0.030 in.) should be dis-
carded.

3. Removeall 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 specifi-
cations. Replace valveswith worn stems be-
fore performing this step.

y
i
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Valve head thickness

4. Insert each valveinto the guide from which it was re-
moved. Holding the valvejust dlightly off its seat, rock it
back and forth in adirection parallel with therocker arms.
Thisisthe direction in which the greatest wear normally
occurs. If the valve stem rocks more than dightly, the
valveguideis probably worn.

5. If thereis any doubt about valve guide condition after
performing Step 4, measure the valve guide. Comparethe
results with specificationsin Table 1. Worn guides must
be replaced.
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6. Test the valve springs under load on a spring tester
(Figure 26). Replace any spring that does not meet the
specificationin Table 1.

7. Inspect thevalve seats. If worn or burned, they must be
reconditioned. Thisisajob for a dealer or machine shop,
although the procedure is described in this chapter.

8. Check each spring on aflat 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
spring.

9. Check the valve guides (Figure 28) for wear and
looseness. Refer to Tablel for valve guide specifications.
A loose valve guide must be replaced.

Valve Guide Replacement

The cylinder head is equipped with replaceable valve
guides (6, Figure 22). The intake and exhaust valve
guidesareidentical. Takethecylinder headto adealership
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.

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 allow-
able runout is 0.03 mm (0.0012 in.).

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

PISTON/CONNECTING ROD ASSEMBLY

Piston/Connecting Rod Removal

1. Remove the engine as described in this chapter.

2. Placeasuitable container under theoil pan and remove
the drain plug. Let the crankcase oil drain, then reinstall
thedrain plug.




80

CHAPTER FIVE
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3. Removethecylinder head asdescribedin thischapter.

NOTE
Note the location of the long screwwhen re-
moving the oil pan retaining screws.

4. Removethe il pan.

5. Rotatethe crankshaft until the pistonisat bottom dead
center. Pack the cylinder bore with clean shop rags. Re-
move the carbon ridgeat the top of the cylinder borewith
aridge reamer. These can be rented for use. Vacuum out
the shavings, then removethe shop rags.

6. Rotatethe crankshaft until the connecting rod is cen-
tered in the bore. Measure the connecting rod side clear-
ance with aflat 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,
aong with the lower bearinginsert.

8. Use awooden hammer handle to push the piston and
connecting rod from the bore.

9. Removethe piston rings with a ring remover (Figure
31).

Piston Pin Removal/Installation

The steel piston pin ridesdirectly 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
pistonasshownin Figure 32. Any rocking motion (do not
confusewith thenormal sliding motion) indicateswear on
the piston pin, piston pin bore or connectingrod small end
bore (or a combination of these).
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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 pre-
vent the clip from springing out.

3. Useawooden dowel or suitable tool and push out the
piston pin. If the pin isdifficult to remove, heat the piston

Bore gauge

with ahair dryer. Separate the piston from the connecting
rod.

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 (Fig-
ure34) at aright 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 severa 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 isworn, but thecylinder boreisacceptable, install a
new piston.

NOTE
Provide the machine shop with the new pis-
ton so the cylinder can be bored to the cor-
rect dimension.

Piston Ring Fit/Installation

1. Check thering gap of each piston ring. Todo this, posi-
tion 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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NOTE
If the cylinder has not been rebored, check
the gap at the bottom of the ring travel,
where the cylinder is the least worn.

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

Qil
ring
gap

Expansion
ring
gap

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

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

Connecting Rod Inspection

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

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

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

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

NOTE
Do not place Plastigage over the journal oil
hole.

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

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

Oil control
ring

Piston/Connecting Rod Installation

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

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

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

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

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

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

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

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

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

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

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

11. Reassemble the engine by reversing the disassembly
procedures.

TIMING GEARCASE

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

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

1. Disconnect the negative battery cable.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

LUBRICATION SYSTEM

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

Oil Pump

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

1. Remove the timing gearcase as previously described.

_ 2. Remove the governor thrust washer (Figure 55), thrust
- bearing (Figure 56) and thrust sleeve (Figure 57) from

e

. 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 shaffi.

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

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

7. Remove the oil pump and gasket.

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

Disassembly, inspection and reassembly

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

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

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

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

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

Inner rotor

Outer rotor

Feeler gauge

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

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

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

10. If any clearance measured in Steps 6-9 is not within
specification, replace the pump. Individual components
are not available. The pump must be replaced as a unit.

11. When reassembling the oil pump, make sure to lubri-
cate the rotors, body and shaft with engine oil.
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Pressure relief valve

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

T

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

Oil pickup

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

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

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

FLYWHEEL

Removal/Installation

1. Remove the engine from the boat.
2. Remove the transmission.

o e
EeEE e
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3. Remove the drive disc (Figure 68).

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

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

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

off the flywheel.

b. Heat the ring gear prior to installation. Drive the =

ring gear onto the flywheel, being careful not to
damage the gear teeth.
6. Reverse the removal procedure to install the flywheel.
Tighten the flywheel retaining bolts to the torque speci-
fied in Table 2. Refer to Chapter Ten to install the drive
disc and transmission.

DRIVE DISC

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

CRANKSHAFT
Removal and Installation

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

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

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

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

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

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

a.

b.

Thoroughly lubricate the main bearings and thrust
bearings.

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

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

. Tighten the main bearing housing bolts to the torque

specified in Table 2.

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

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

Camshaft
gear

Crankshaft
gear

g. Measure crankshaft end play by inserting a feeler

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

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

and crankshaft gears when installing the crankshaft
gear.

i. Check gear backlash by installing a dial indicator as

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

Inspection

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

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

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

MAIN BEARINGS

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

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

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

CAMSHAFT
Removal and Installation

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

2. Remove the crankshaft as previously described.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

CYLINDER BLOCK

Cleaning and Inspection

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

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

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

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

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

Core Plug Replacement

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

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

Removal/Installation

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

Cylinder block

e e e e
Remove plug
Core plug

Sealing edge
before installation

Cup type plug

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

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

NOTE
The core plugs can also be removed by drill-
ing a hole in the center of the plug and pry-
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ing it out with an appropri
pin punch. When removin

ate size drift or 4. Coat theinsidediameter of the plug bore and the outer
g a large core diameter of the new plug with sealer. Use an oil-resistant

plug, the use of a universal impact slide sedler if theplugisto beinstalledin an oil gallery or awa-

hammer is recommended.

3. Clean the plug bore thoroughly
the old sedler. Inspect the borefor

ter-resistant sealer for plugsinstalled in the water jacket.

5. Install the new core plug with an appropriatesize core

plug installation tool (Figure 92), driver or socket. The
to removeall tracesof outside edge of the plug should be 2-3 mm (0.08-0.12in.)
any damage that might inside the block.

interferewith proper sealing of the new plug. 6. Repeat Steps 1-5to replaceeach remaining coreplug.

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
Secondring
Oil ring
Ring end gap (all rings)
Piston pin diameter
Piston pin hole diameter
In piston
Inrod
Piston pin clearance
Inrod
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 bearing—min.
Front
Inner
Crankpin diameter
Journal out-of-round —max.
Crankpin bearing clearance
Connectingrod side clearance
Cylinder head warpage—max.

75 mm (2.95in.)

72 mm (2.83in.)

318 cc (19.4cu. in)

1

75.000-75.030 mm (2.9528-2.9540n.)
0.02mm (0.0008in.)

0.07mm (0.0028in.)

74.910-74.940 mm (2.9492-2.9504in.)
74.850 mm max. (2.9468in.)
0.68-0.88mm (0.027-0.035in.)

0.065-0.100mm (0.0026-0.0039n.)
0.035-0.070mm (0.0014-0.0028in.)
0.020-0.055 mm (0.0008-0.0022in.)
0.20-0.40mm (0.008-0.016in.)
19.991-20.000 mm (0.7870-0.7874in.)

19.995-20.008 mm (0.7872-0.7877in.)
20.000 mm (0.7874in.)

0.025-0.047 mm (0.0010-0.0019in.)
0.005 mm tight-0.017 mm loose
(0.0002in. tight-0.0007in. loose)

1.97-1.99mm (0.0776-0.0783in.)
3.97-3.99mm (0.1563-0.1571in.)

43.950-43.964mm (1.7303-1.7309in.)
59.950-59.964 mm (2.3602-2.3608in.)
0.01 mm (0.0004in.)

0.06-0.19mm (0.0024-0.0075n.)
0.15 mm (0.006in.)

0.036-0.092 mm (0.0014-0.0036in.)
0.036-0.095 mm (0.0014-0.0037in.)

2.75mm (0.108in.)

2.25mm (0.089in.)

39.950-39.964 mm (1.5728-1.5734 in.)
0.01 mm (0.0004in.)

0.028-0.086 mm (0.0011-0.0034in.)
0.2-0.4mm (0.008-0.016in.)

0.07 mm (0.003in.)

(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

20.000 mm(1.1417 in.)

22.000 mm(0. 8661 in.)

20. 000 mm( 0. 7874in.)

0.2 mm max.(0. 0008 in. max.)
0.050. 123 mm( 0. 0020. 005 in.)
Q3 mm(0.012 in.)

0.8 mm(0. 0012 in.)

Mechanical

10. 000 mm( 0. 3937 in.)

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. 751 15 mm( 0. 030-0. 045in.)
1.77 mm(0. 070 in.)

125 mm(0.049 in.)

0. 045-0. 070mm (0.0018-0.0028 in.)
0.15mm(0. 006 In.)

7.000 mm( 0. 2756 mmy)

6. 900 mm( 0. 2717 in.)

0.8 mm(0. 0012 in.)

7.000 mm(0. 2756 mm)

7.080 mm(0. 2878 in.)

7.0 mm(0. 276 in.)

B 5mm(1.52in.)

37 mm(1 46 in.)

22mm(1 15in.)

16.16 kg at 9.2 mm

(36.631b. at115in.)

0. 016:0. 052 mm( 0. 0006-0. 0020in.)
015 mm(0. 006 in.)

12 10 mm(0. 476 in.)

11. 90 mm(0. 468 in.)

0. 0500. 206 mm (0.0020-0.0041 in.)
015 mm(0. 006 in.)
0. 050:0. 105 mm( 0. 0020-0. 0041 in.)

Max. 0.15 mm(0. 006 in.)
Rotor side clearance 0.030-0.080 mm
Max. 0. 13 mm(0. Q05 in.)
Shaft clearance 0. 015-0. 050 mm( 0. 0006-0. 0020 in.)
Max. 0.20 mm(0. 0079 in.)
Table 2 TIGHTENING TORQUES .
Fastener Nem ft.-Ib. in.-lb. I
Camshaft gear 70-80 52-59 -
Connectingrod bolts ) 18 -
Crankshaft nut 80-100 5974 ~
Cylinder head nut 75 55 -
Exhaust elbow 45 33 -
Flywheel 6570 4852 -
Main bearing housing ) 18 -
Oil pump 9 - 80
Rocker shaft support 37 27 -
Timing gearcase 9 80




Chapter Sx

Multicylinder 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 re-
placeablecast iron cylinder liners.

Crankshaft rotationiscounterclockwiseasviewed from
the flywheel. On two cylinder engines, the crankshaft op-
eratesin three main bearings, with the center bearing pro-
viding the thrust surfaces. On three cylinder engines, the
crankshaft operates in four main bearings, with the third
bearing providingthethrust surfaces. The crankshaft gear
drivestherotor-typeoil pumplocatedin thelower front of
the engine block.

The camshaft is gear driven and located in the block
above the crankshaft. One end of the camshaft is sup-
ported by aball bearing (front) and the other ridesdirectly
in the block (rear).

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
thefront.

Vave actuation is via mechanical lifters and pushrods
acting on the rocker arms mounted in the cylinder head.

The cylinderson 2GM and 2GM20 engines are num-
bered fromrear (flywheel) tofront (timinggearcase): 1-2.

The cylinderson 3GM, 3GM30, 3HM and 3HM35 en-
gines are numbered from rear (flywheel) to front (timing
gearcase): 1-2-3. Thefiring 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 Fivefor diesal enginefundamentals.

NOTE
Except where specified, F and D series en-
ginesareincludedwhen a basic model num-
ber isspecified. For example, if model 3GM
is called out in a procedure, the procedure
also applies to 3GMD and 3GMF.

ENGINE SERIAL NUMBER AND CODE

The engine serial number and model designation plate
is attached to the timing gearcase (Figure 1). The engine
serial number is aso stamped on the side of the cylinder
block (Figure 2).
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Havetheenginemodel number and serial number avail-
able when ordering parts. Record the engine model and
serial numbersand store them for future referencein 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 marineengine parts may look similar; however, auto-
motive parts may not be capable of operating in a harsh
marine environment.

Useonly Yanmar partsor partsapproved for useon ma-
rine engines.

ENGINE
Precautions

Some service procedures can be performed with the en-
gine in the boat; others require removal. The boat design
and service procedure to be performed determines
whether the engine must be removed.

WARNING
Theengineisheavy, awkward to handle and
has sharp edges. It may shift or drop sud-
denly during removal. To prevent seriousin-
jury, 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
pointson 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 vessdl.

Removal/Installation

While specific procedurescannot address all enginein-
stallations, refer to the following genera instructions
when removing the engine.

1. Detach the negative battery cablefrom the negative bat-
tery 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. Closethefuel shutoff valveand disconnect thefuel line
and the fuel return line.

5. Disconnect the remote control cables.

6. Disconnect the electrical wiring harness connectors.

7. Disconnect the electrical wiresfrom 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. Removethetransmissionfrom theengineasdescribed
in Chapter Ten or Eleven.
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@ VALVE COVER
- (2GM, 2GM20, 3GM AND 3GM30 MODELS)

. Valve cover

Gasket

O-ring
Decompression shaft
Decompression lever
Washer

Nut

. Spring

. Detent bail

10. Oilfill cap

11. O-ring

12. Nut

13. O-ring

14. Pin

15. Breather

16. Gasket

17. Hose

18. Baffle

©CONDOA WP

13. Engineinstallationisthereverseof removal, plusthe 2. Disconnectthe breather hose.
following: 3. Unscrew the retaining nuts.
a Tightenthe engine mounting bolts securely. 4. Removethe valvecover.
b. Securely tighten the output flange-to-driveshaft 5. Removethe gasket.
bolts. 6. Cleanthegasket surfaceson thevalvecover and cylin-
c. Bleedthefuel system at the fuel filter as described der head.
under Fuel Filter in Chapter Three. 7. Reversetheremova stepsto install the valve cover.
d. Refill thefreshwater cooling system, if so equipped,
as described in Chapter Eight.

BREATHER ASSEMBLY
VALVE COVER The crankcase breather is located in the valve cover.
Refer to Chapter Threefor adescriptionof breather opera-
Refer to Figure3and Figure4 for an exploded view of tion.
the valve cover assembly. To servicethe breather, proceed as follows:
To removethe valve cover, proceed asfollows: 1. Removethevalvecover.

1. Besurethedecompressionleverisinthe OFF position. 2. Remove the breather cover.
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@ VALVE COVER
. 3HM AND 3HM35 MODELS

Valve cover

Gasket

O-ring
Decompression shaft
Decompression lever
Washer

Nut

. Spring

. Detentball

10. Qil fill cap

11. O-ring

12. Nut

13. O-ring

14. Pin

15. Breather

16. Gasket

17. Hose

18. Upper baffle

19. Filter

20. Lower baffle

CENOTAWNE

3. Clean the breather componentsand valve cover using
solvent. Besurethedrain holein thevalvecover isopen.
4, 3HM and 3HM35 modes—Replace the mesh breather
element if it cannot be cleaned or if it is damaged.

5. Reassemblethe breather by reversing the disassembly
procedure. Note that the lower baftle (20, Figure 4) on
3HM and 3HM3S enginesis smaller than the upper plate
(18).

DECOMPRESSION MECHANISM

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

If the mechanismmust berepaired, proceed asfollows:
1. Removethe valve cover as previoudy described.
2. Usingasuitable punch, drive out the retaining pin.
NOTE
The detent ball and spring will be loose

whenyou remove the shaft assembly in Step
3.

3. Remove the shaft assembly from the valve cover.
4. Inspect the mechanism and repl acethedamaged parts.

5. Reverse the removal procedure to reassemblethe de-
compression mechanism. Note the following:

a. Assemblethe shaft and lever so the lever points up
whiletheflat on thevalveend of theshaftisdown.
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2GM AND 2GM20
MODELS

EXHAUST MANIFOLD

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

EXHAUST MANIFOLD

On 2GM models, the exhaust manifoldis an elbow that
is attached to the cylinder head (Figure 5). A hose from
thethermostatcover directscoolingwater into theexhaust
elbow.

On 3GM models, the exhaust manifold contains water
passages that alow 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 directswater from the exhaust manifold into the
exhaust elbow.

The exhaust manifold on 2GMF, 2GM20F, 3GMF,
3GM30F, 3HMF and 3HM35F modelsis combined with
the coolant reservoir for the freshwater (closed) cooling
system (Figure 6). Refer to Chapter Eight for a descrip-
tion of the freshwater (closed) cooling system.

Removal and Installation

2GM models

Refer to Figure 5.
1. Detach the exhaust hose from the exhaust el bow.

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. Reinstal the exhaust elbow by reversing the removal
procedure. Tighten the retaining nutsto the torque speci-
fiedin 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. Removetheexhaust manifold from thecylinder head.

5. If necessary, removethe water hose and exhaust elbow
from the exhaust manifold.
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@ EXHAUST MANIFOLD WITH CLOSED COOLING SYSTEM
(TYPICAL)

15

. Seawater pump
Hose

End cap

Gasket

O-ring

Pin

. Heat exchanger
Cap

. Filler neck

10. Gasket

11. Exhaust manifiold/reservoir
12. End cap

13. Elbow

14. Stud

15. Hose

16. Gasket

17. Elbow

18. Drain valve

19. Remotereservoir
20. Gasket

21. Drain fitting

22. Drain valve

23. Hose

24. Hose

25. Elbow

26. Gasket

27. Thermostat

28. Freshwater pump
29. Gasket

30. Coolant termperature sensor
31. Housing
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Exhaust manifold

S A
Cover

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. Reingtall 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. Removethewater hose from the exhaust manifold and
thermostat housing.
4. Removethe 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. Removetheexhaust 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. If necessary, refer to Chapter Eight to servicethe heat
exhanger inside the exhaust manifold.
11. Reversetheremoval procedure to install the exhaust
manifold. Tighten the manifold bolts to the torque speci-
fied in Table 2. Fill the freshwater section of the closed

cooling system with coolant as described in Chapter
Three.

CYLINDER HEAD
Removal

In some instances, the cylinder head may be removed
for service without removing the engine. If engine re-
moval isnecessary, refer to the engineremoval 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 nega-
tive 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. Removetheexhaust manifold aspreviously described.
5. Disconnect the wire lead from the water temperature
sender (Figure9).

6A. Engines with standard cooling— Disconnect the
lower water hose (Figur e9) from the thermostat housing.
6B. Engines with freshwater (closed) cooling sys
tem—Removethe freshwater pump as described in Chap-
ter Eight.

7. Removetheair 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 origina positions.

12. Detach the ail 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. Removethe cylinder head and head gasket.

I nspection

1. Refer to the Anticorrosion Maintenance section in
Chapter Three. Remove and inspect the sacrificial anode.
Install theanodein the cylinder head after completing cyl-
inder 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 |eak-
age before cleaning. Look for corrosion or foreign mate-
rial in the oil and water passages.
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CYLINDER HEAD
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. Snapring
. 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
. Vavie spring

. Valve seal

. Exhaust valve guide
. intake valve guide

. Plug

. Thermostat housing
. Gasket

. Cylinder head

. Gasket

. Endcap

. Washer

. Sacrificial anode

. Exhaustvalve

. intake valve

Water temperature
sensor

/ Rocker stand nuts

4. Without removingthevalves,removeall depositsfrom
the combustion chamber. Use afine wire brush dipped in
solvent or make a scraper from hardwood. Be careful not
to scratch or gouge the combustion chamber.

5. After al carbon is removed from the combustion
chamber and ports, clean theentire head in solvent. While
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cleaning, look for cracks or other visible signs of damage.
Clean the passages with a stiff spiral brush, then blow
them out with compressed air.

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

6. Clean away all carbon on the piston top.

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

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

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

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

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

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

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

Installation

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

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

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

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

5. Carefully lower the head onto the cylinder block.

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

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

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

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

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

11. Install the push rods in their original position.



MULTICYLINDER ENGINES

109

@ CYLINDER HEAD
TIGHTENING SEQUENCE

Flywheel

2-CYLINDER

Flywheel

3-CYLINDER

12. Install the rocker assembly and the rocker arm stand
retainingnuts(Figure 10). Tightenthenutsto 37 Nem (27
ft.-1b.).
13. Install the fuel injector and precombustion chamber
as described in Chapter Seven.
14. Install the exhaust manifold.
15. Ingtall the air cleaner base and the air cleaner.
16. Connect thewirelead to thewater temperaturesender
(Figure9).
17A. Engineswith standard cooling— Connect the lower
water hose (Figure 9).
17B. Engines with freshwater (closed) cooling sys-
tem—Ingd| thefreshwater pump asdescribedin Chapter
Eight.
18. Ingtall the alternator.
19. If the engineisinstalled in the boat, proceed as fol-
lows:

a. Attach the exhaust hose to the exhaust elbow.

b. On enginesequipped with a closed cooling system,

fill the coolingsystem asdescribedin Chapter Four.

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

20. Adjust the valve clearance as described in Chapter
Three.
21. Reinstall the valvecover.

ROCKER SHAFT ASSEMBLY

Each valveis actuated by a rocker arm that rideson a
shaft (Figure 8). Each rocker arm is equipped with a
bushingin therocker arm bore. A snap ring at each end of
therocker arm shaft retainsthe rocker arms on the rocker
shafts.

1. Removethe valve cover as previoudy 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 en-
gines are identical, but rocker arms on
3GM, 3GM30, 3HM and 3HM35 engines
are designed for usewth the intake or ex-
haust valves.

3. Removethe snap ringsat both ends of the rocker shaft
and removethe 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 contactsthe valve stem must be smooth. Replace the
rocker arm if the pad is damaged or excessively worn.
Check the adjusting screw push rod seat for galling. Re-
place the adjusting screw if it is damaged or excessively
worn.
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ROCKER ARMS

(3GM, 3GM30, 3HM AND
3HM35 MODELS

Flat

uUJ
INTAKE

EXHAUST

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 asaunit.

7. Reassemble and reinstall the rocker arm assembly by
reversing the removal procedure. On 3GM, 3GM30, 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 machinetools are required.

A genera practice among those who do their own ser-
viceisto remove the cylinder head, perform all disassem-
bly 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, thisis
usually the best approach, even for experienced mechan-
ics. Thefollowing proceduresare provided to acquaint the
home mechanic with the procedure.

VALVE COMPONENTS

. Wear cap

. Valve spring retainer
. Valve spring

. Valve seal

. Exhaust valve guide
. Intake valve guide

. Exhaust valve

. Intake valve
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Valve stem

1

Valve head thickness

Valve Removal

Refer to Figur e 18 for this procedure.
1. Removethecylinder head asdescribedin thischapter.
2. Remove the rocker shaft assembly asdescribedin this
chapter.
3. Removethewear cap(1, Figurel8) onthevavestem.
4. Compressthe valve spring with a compressor like the
one shown in Figure 19.
5. Removethevalvekeys (2, Figure 18) and releasethe
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. Removethevalve.

8. Remove and discard the valve stem sedl (5, Figure
18).

9. Repeat Steps 3-8 for the remaining valves.

I nspection

1. Clean the valves with a fine wire brush or buffing
wheel. Discard any cracked, warped or burned valves.

2. Measurethe valve stemsat the top, center and bottom
for wear. A machineshop can do thiswhen the valves are
ground.

NOTE
Check the thickness of the valve edge or
margin after the valves have been ground.
See Figure 21. Any valvewith a margin less
than 0.75 mm (0.030 in.) should be dis-
carded.

3. Removeall carbon and varnish from the valve guides
with astiff spiral wire brush.

NOTE
The next step assumes that all valve stems
have been measured and are within specifi-
cations. Replace valves with worn stems be-
fore performing this step.

4. Insert each valveinto the guide from which it wasre-
moved. Holding the valvejust dightly off its seat, rock it
back and forth in adirection parallel with therocker arms.
Thisisthe direction in which the greatest wear normally
occurs. If the valve stem rocks more than dightly, the
valveguideis probably worn.

5. If thereis any doubt about valve guide condition after
performing Step 4, measure the valveguide. Compare the
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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
specificationlistedin Tables 1-3.

7. Inspectthevalveseats. If worn or burned, they must be
reconditioned. This isajob for a dealer or machine shop,
athough the procedureis describedin this chapter.

8. Check each springon aflat surfacewith asted square.
See Figure 23. 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.) & any point, replace the
spring.

9. Check the valve guides for wear and looseness. Refer
to Tables1-3for valveguidespecifications. A loosevalve
guide must be replaced.

Valve Guide Replacement

The cylinder head is equipped with replaceable valve
guides. Theintake and exhaust valve guides are different
in shape. Refer to Figure24. Theintake valveguide hasa
straight inside bore, while the exhaust valve guide has a
stepped opening at the lower end of the guide.

Takethe cylinder head to a deal ership or machineshop
if valve guide replacementisrequired.

Z

Exhaust valve guide Intake valve guide
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@ OIL PICKUP
(2GM, 2GM20, 3GM AND

3GM30 MODELS)

Feeler gauge

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. Removethe 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 al-
lowable runout is0.03 mm (0.0012in.).

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

PISTON/CONNECTING ROD ASSEMBLY

Piston/Connecting Rod Removal

1. Remove the engine as described in this chapter.

2. Placeasuitablecontainer under theoil panand remove
the drain plug. Let the crankcase oil drain, then reinstall
the drain plug.

3. Removethecylinder head asdescribed in thischapter.
4. Removethe ail pan.

5. On 2GM, 2GM20, 3GM and 3GM30 modes—Loosen
the oil pickup jam nut (Figure 26) and remove the ail
pickup.

6. Rotatethecrankshaft until the pistonisat bottom dead
center. Pack the cylinder bore with clean shop rags. Re-
move the carbon ridge at the top of the cylinder bore with
aridge 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 cen-
tered in the bore. M easure the clearance between the con-
necting rod and the crankshaft journal flange with a flat
feeler gauge (Figure27). If the clearance exceeds specifi-
cations(Tables 1-3), replacethe connecting rod during re-
assembly.

8. Remove the connecting rod bolts. Lift off the cap, to-
gether with the lower bearing insert.

9. Use awooden hammer handle to push the piston and
connecting rod from the bore.

10. Removethe piston ringswith aring remover (Figure
28).
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Piston Pin Removal/Installation

Thesteel piston pin ridesdirectly in thepiston and in a
bushing in the connecting rod. Circlipsat each end retain
the piston pin in the piston.

1. Beforeremoving the piston, place the crankshaft end
of the connecting rod in a vise with soft jaws. Rock the
pistonasshownin Figur e 29. Any rocking mation (do not
confusewith thenormal slidingmotion) indicateswear on
the piston pin, piston pin bore or connecting rod small end
bore (or combination of these).

2. Removethe 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 removingit to pre-
vent the clip from springing out.

3. Use awooden dowel or suitabletool and push out the
piston pin. If the pinisdifficult to remove, heat the piston
with ahair dryer. Separate the piston from the connecting
rod.

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 (Fig-
ure3l) at aright angleto the piston pin bore 9 mm (0.35
in.) from the bottom of the piston skirt.

Bolts

Connecting
rod

Rod cap
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2. Measure the cylinder bore diameter at severa points
with a bore gauge (Figure 32, typical). Figure 33 shows
the points of norma cylinder wear. If dimension A ex-
ceeds dimension B by more than 0.02 mm (0.0008in.),
rebore thecylinderandinstall anew 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 isworn, but thecylinder boreisgood, instal anew
piston.

NOTE
Obtain the new piston and have it available
so themachineshop can borethecylinder to
the correct oversizedimension.

Piston Ring Fit/Installation

1. Checktheringgapof each pistonring. Todothis, posi-
tion the ring at the bottom of the ring travel area and
square it by tapping gently with an inverted piston. See
Figure34.

NOTE
If the cylinder has not been rebored, check
the gap at the bottom of the ring travel,
where the cylinder isleast worn.
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2. Measurethe ring gap with afeeler gauge as shownin
Figure35. Comparethe measurementwith specifications
in Tables 1-3. If the measurement is not within specifica-
tion, the rings must be replaced as aset. Check the gap of
new ringsaswell. If the gap istoo small, file the ends of
thering to correct it (Figure 36).

3. Check the side clearanceof theringsas shownin Fig-
ure 37. Place the feeler gauge alongside the ring al the
way into the groove. If the measurement is not within
specifications (Tables 1-3), either the rings or the ring
groovesare worn. Inspect and replacethem as required.

4. Using a ring expander tool (Figure 38), carefully in-
stall the oil control ring, then the compressionrings. The
oil ring consistsof two pieces, the outer ring and theinner
expansion spring. Assemblethe oil ring on the piston so
the expansion spring gap ison the oppositeside of the pis-
ton from the ring end gap. See Figure 39. The second
compression ring is tapered while the top compression
ring hasabarrel face. Thetop of each compressionringis
marked and must face toward the piston crown.

Connecting Rod I nspection

Havethe connecting rod checked for straightnessby a
dealer or machine shop.

The piston pin end of the connecting rod is equipped
with abushing. Refer to Tables 1-3 for bushing specifica-
tions. If bushing replacementisrequired, apressis neces-
sary to removethe 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 clearancein
Tables1-3.
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Plastigage

Connecting Rod Bearing
Clearance Measurement

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

2. Cuta piece of Plastigage the width of the bearing (Fig-
ure 40). Place the Plastigage on the journal, then install
the rod cap and bearing. Be sure to install the cap so the
marks on the cap and rod are on the same side (Figure 41).

NOTE
Do not place Plastigage over the journal oil
hole.

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

4. Remove the connecting rod cap. To determine bearing
clearance, compare the width of the flattened Plastigage
to the markings on the envelope (Figure 42). If the clear-
ance is excessive, have the crankshaft reground and install
undersize bearings.

Piston/Connecting Rod Installation

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

2. Make sure the ring gaps are positioned as shown in
Figure 43.

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

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

CAUTION
Use extreme care in Step 5 to prevent the
connecting rod from nicking the crankshaft
Jjournal.
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Second ring

5. Position the piston so the numbered side of the rod
(Figure 41) is toward the camshaft side of the engine. In-
sert the piston/connecting rod assembly into the cylinder
(Figure 44). Lightly tap on the piston crown with a
wooden hammer handle to insert the piston. Make sure the
rod does not bang against the crankshaft.

6. Clean the connecting rod bearings carefully, including
the back sides. Coat the crankpin journal and bearings
with clean engine oil. Place the bearings in the connecting
rod and cap.

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

8. Install the connecting rod cap. Make sure the rod and
cap are properly aligned. Install the cap bolts finger-tight.
9. Tighten the cap retaining bolts to specification (Table
4).

10. Check the connecting rod side clearance as described
under Piston/Connecting Rod Removal in this chapter.

TIMING GEARCASE

The timing gearcase covers the camshaft and crankshaft
gears and the oil pump (Figure 45). The timing gearcase
also contains the governor mechanism and serves as the
mounting location for the fuel injection pump. A ball
bearing in the timing gearcase supports the outer end of
the crankshatft.

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

Camshaft

Qil pump
gear

Governor
Fuel injection flyweight

drive cam

Crankshaft
gear
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1. Disconnect the negative battery cable from the nega-
tive battery terminal.

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

4, Detach the control cables from the speed control lever
and the stop lever.

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

6. Remove the seawater pump as described in Chapter
Eight.

7. Remove the crankshaft pulley retaining nut. Using a
suitable puller, remove the crankshaft pulley (Figure 46,
typical). Remove the drive key from the crankshaft.

8. Remove the manual starter cover (Figure 47, typical).

9. Remove the setscrew in the end of the camshaft (A,
Figure 48, typical), then remove the manual starter drive
pin (B).

10. Remove the timing gearcase (Figure 49).

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

12. If crankshaft or starter seal replacement is necessary,
proceed as follows:

a. Pry the old seal from the gearcase with a large
screwdriver. Work carefully to prevent damage to
the gearcase seal surface.

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

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

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

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

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

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

c. Drive or press out the bearing. Force the bearing to-
ward the inside of the gearcase.

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

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

f. Apply gasket sealer to the periphery of the seal.
g. Position a new seal in the cover recess with its open

end facing the inside of the gearcase. Drive the seal
into place with a suitably sized seal driver or socket.

h. Refer to Chapter Seven and reinstall the governor
shaft.
14. Reverse the removal procedure to reinstall the timing
gearcase. Refer to Table 4 for the tightening torque of the
gearcase retaining screws.
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Gear

Thrust but

bearing

GOVERNOR ASSEMBLY

Crankshaft

LUBRICATION SYSTEM

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

Oil Pump

The oil pump is mounted on the front (timing gear) side
of the cylinder block (Figure 45).

Removal and installation

1. Remove the timing gearcase as previously described.
2. Remove the governor thrust washer (Figure 50), thrust
bearing and thrust sleeve from the crankshafi.

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

Thrust Pin
Thrust sleeve Governor flyweights
R
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4. Remove the governor flyweight assembly.

5. Remove the oil pump (Figure 51) and gasket.

6. Clean any gasket residue from the oil pump and en-
gine.
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Outer rotor

Feeler gauge

7. Installationis the reverse of removal. Tighten the oil
pump retaining screws to the tightening torque specified
in Table2. Besurethegovernor flyweight assembly is po-
sitioned on the locating pin (Figure 50).Tighten the
crankshaft nut to the tightening torque specifiedin Table
4.

Disassembly, inspection and reassembly

1. Removetheail pump cover (Figure52).
2. Lift out the inner and outer pump rotors (Figure53).

Straightedge

Feeler gauge

3. Thoroughly clean all partsin solvent and blow them
dry with compressedair.

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

NOTE
The il pump shaft and gear are pressed to-
gether; do not attempt to disassemblethem.
Theoil pump must bereplaced asa unit as-
sembly if any parts are damaged.

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

6. Measurethe clearance between the inner rotor tip and
outer rotor tip (Figure54). Comparetheresultswith spec-
ificationsin Tablel

7. Measurethe clearance betweenthe outer rotor and the
pump body (Figure55). Comparetheresultswith specifi-
cationsin Tablel

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 mea-
surement with specificationsin Tables 1-3.

9. Measurethediameter of theinner rotor shaft. Measure
the shaft bore of the pump body. Cal cul ateshaft clearance
and compareit with specificationsin Tables1-3.

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 reassemblingtheoil pump, besureto lubricate
the rotors, body and shaft with engine ail.
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Pressurerelief valve

An oil pressure relief valve is located in the oil filter
mounting pipe (Figure 57). If oil pressure exceeds
300-400kPa (43-57 ps), therelief valveopensand expels
oil into thetiming gearcase.

Do not attempt to disassemblethe oil pressure relief
valve. Thevaveissealedand it must bereplaced asaunit
assembly.

Qil pickup

Theoil pickupislocated in the oil pan. The pickupin-
cludesa strainer to prevent foreign matter from entering
the lubrication system.

To remove the oil pickup, remove the oil pan and un-
screw the jam nut (Figure58).

FLYWHEEL

Removal/Installation

1. Removetheengine from the boat.
2. Removethetransmission.
3. Removethedrivedisc (Figure59, typical).
4. Gradudly loosen and remove the flywhed bolts,
working in a diagona pattern. Install two drive disc
screws into two outer holes in the flywheel (Figure 60,
typical), then use the screwsto pull and remove the fly-
whedl.
5. Inspect the ring gear. If the ring gear is excessively
worn or damaged, use the following procedureto remove
thering gear:

a Heat the ring gear evenly, then drive the ring gear

off the flywhed!.
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OIL PICKUP
2GM, 1GM10, 3GM AND 3GM30
(TYPICAL)

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

6. Reverse the removal procedure to install the flywheel.
Tighten the flywheel retaining bolts to the tightening
torque specified in Table 4. Refer to Chapters Ten and
Eleven to install the drive disc and transmission.

DRIVE DISC

Refer to Chapters Ten and Eleven for information con-
cerning the drive disc (Figure 59).

R e
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CRANKSHAFT
Removal and Installation

Refer to Figure 61 for an exploded view of the crank-
shaft assembly.
1. Remove the flywheel as previously described.
2. Remove the bellhousing (A, Figure 62, typical).
3. Remove the piston and connecting rod as previously
described.
4. Remove the oil pump as previously described.
5. Remove the crankshaft gear.
6. Install a dial indicator as shown in Figure 63 and mea-
sure crankshaft end play. Compare the measurement with
the specification in Tables 1-3. If end play is excessive,
inspect the main bearing as described in Main Bearings.
7. Remove the main bearing housing (B, Figure 62, typi-
cal).
8. Position the engine so the crankshaft is vertical with
the flywheel end up.
9. Attach a hoist to the flywheel end of the crankshaft.

NOTE
Two-cylinder engines are equipped with one
intermediate bearing carrier. Three-cylinder
engines are equipped with two intemediate
bearing carriers.

10. Remove the retaining bolt(s) for the intermediate
main bearing carrier(s). See Figure 64.

NOTE
Adjusting the lifiing tension on the crank-
shaft may ease or increase the force neces-
sary to unscrew the retaining bolt(s) for the
intermediate main bearing carrier(s).
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11. Carefully lift the crankshaft out of the engine (Figure
65).

12. Proceed as follows to replace the crankshaft seal in
the main bearing housing:

a. Pry the old seal from the main bearing housing with
a large screwdriver. Work carefully to prevent dam-
age to the main bearing housing seal surface.

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

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

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

13. Refer to the Main Bearings section for information
concerning service to the main bearings and thrust bear-
ings.

14, Reinstall the crankshaft by reversing the removal
procedure while noting the following:

a. Thoroughly lubricate the main bearings and thrust
bearings.

b. Be sure to install a new O-ring on the main bearing
housing.

¢. Tighten the main bearing and intermediate housing
bolts to the tightening torque specified in Table 4.
After tightening, rotate the crankshaft to be sure it
rotates freely. If not, loosen, then retighten the inter-
mediate main bearing housing bolts.
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d. Install a dia indicator as shown in Figure 63 and
measure crankshaft end play. Compare the mea
surementwiththespecificationin Tables1-3. If end
play isincorrect, refer to the Main Bearings section
to determinethe cause.

e. Alignthetiming marks(Figure 66) onthe camshaft
and crankshaft gearswhen installing the crankshaft
gesr.

f. Checktiminggear backlashby installingadial indi-
cator as shown in Figure 67 or by rotating the gear
teeth with soft solder between the gear teeth. Com-
pare the measurement with the specificationin Ta-
bles 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 passageswith compressedair.

2. Check the main and connecting rod journalsfor wear,
scratches, grooves, scoring or cracks. Check oil seal sur-
facefor burrs, nicksor other sharp edgesthat might dam-
agea seal during installation.

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

3. Check al journals against specifications (Tables 1-3)
for out-of-roundness and taper. Have the crankshaft
reground, if necessary, and install new undersizebearings.

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 re-
movable main bearing carrier. The intermediate, in-
sert-type bearingis held in aremovable bearing housing.
See Figure 61. Two intermediate bearings are used on
three-cylinder engines, while one intermediatebearingis
used on two-cylinder engines.

Crankshaft thrust (end play) is controlled by the inter-
mediate bearing on two-cylinder engines. On
three-cylinder engines, the intermediate bearing nearest
the flywheel controls crankshaft thrust.

Removethe crankshaftasdescribedin the previoussec-
tion for access to the main bearings. Unless precision
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Width

measuring equipment is available, have a dealership or
-machine shop measure main bearing dimensions. Refer to
specifications in Tables 1-3.

If front or rear bearing replacement is necessary, have
the main bearings replaced by a dealership or machine
shop. Be sure the oil holes in the main bearings align with
the oil passages in the crankcase and main bearing carrier.

S
A

Intermediate Main Bearing

1. Remove the intermediate bearing housing bolts (Fig-
ure 68).

2. Separate the intermediate bearing housing halves from
the crankshaft.

3. Inspect the bearings for excessive wear and damage.
4. Reassemble the intermediate bearing housing includ-
ing the bearing inserts. Assemble the bearing housing so
the arrows (A, Figure 69) at the parting surfaces are on
the same side. Tighten the bolts to the torque specified in
Table 2.

5. Measure the crankshaft and bearing diameters and
compare them with the specifications in Tables 1-3.

6. Measure the width of the intermediate thrust bearing
(Figure 70) and compare it with the specification in Table
1.

7. Be sure to lubricate the bearing inserts with oil before
installing the intermediate main bearing housing on the
crankshaft. Install the bearing housing on the crankshaft
so the F mark (B, Figure 69) on the housing faces toward
the flywheel end of the crankshaft.

8. Tighten the bearing housing bolts to the torque speci-
fied in Table 4.

CAMSHAFT
Removal and Installation

1. Remove the fuel transfer pump (Figure 71, typical).
2. Remove the crankshaft as previously described.

3. Prevent rotation of the camshaft gear by holding a
screwdriver or other tool against the camshaft bearing re-
taining screw (Figure 72, typical).

4. Remove the camshaft gear nut (Figure 73), fuel injec-
tion pump cam and camshaft gear.
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5. Position the engine so the valve lifters will not fall out
when the camshaft is withdrawn.

6. Remove the bearing retaining screw (Figure 74), then
withdraw the camshaft.

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

NOTE
If precision measuring equipment is not
available, have Step 8 performed by a deal-
ership or machine shop.

8. Check the bearing journal(s) and lobes for signs of
wear or scoring.

9. Measure the bearing journal(s) and lobes (Figure 75)
and compare the results to the specifications in Tables
1-3. Replace the camshaft if the journal or lobes do not
meet specifications.

10. Measure the stem diameter of the valve lifters and
compare it to the specification in Tables 1-3. Measure the
lifter bores in the cylinder block. Calculate the lifter clear-
ance and compare it with the specification in Tables 1-3.
Replace the valve lifters if they do not meet specifica-
tions. Replace the valve lifter if the lifter face is scored,
galled, excessively worn or otherwise damaged.

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

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

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

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

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

d. Align the timing marks (Figure 76) on the camshaft
and crankshaft gears when installing the camshaft
gear.

e. Install the fuel injection cam so the side marked
with a zero is out (Figure 77, typical).

f. Check gear backlash by installing a dial indicator as
shown in Figure 67 or by rotating the gear teeth
with soft solder between the gear teeth. Compare
the measurement with the specification in Tables
1-3. If gear backlash is incorrect, replace the cam-
shaft and crankshaft gears.

CYLINDER BLOCK

Cleaning and Inspection

1. Clean the block thoroughly with solvent. Remove any
gasket or RTV sealant residue from the machined sur-
faces. Check all core plugs for leaks and replace any that
are suspect. See Core Plug Replacement in this chapter.
Check oil and coolant passages for sludge, dirt and corro-
sion while cleaning. If the passages are very dirty, have
the block boiled out by a machine shop. Blow out all pas-
sages with compressed air. Check the threads in the head
bolt holes to be sure they are clean. If dirty, use a tap to re-
store the threads and remove any deposits.

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

NOTE
On 2GM, 3GM and 3HM engines, remove
the cylinder liners to check the cylinder
block deck for warpage in Step 3.

3. Check the flatness of the cylinder block deck or top
surface. Place an accurate straightedge on the block. If
there is any gap between the block and straightedge, mea-
sure it with a flat feeler gauge (Figure 78). Measure from
end to end and from corner to corner. Have the block re-
surfaced if it is warped more than 0.07 mm (0.0028 in.).

4. On 2GM20, 3GM30 and 3HM335 models—Measure
the cylinder bores with a bore gauge (Figure 79) for
out-of-roundness or excessive wear as described in Pis-
ton/Clylinder Bore Check in this chapter. If the cylinders
exceed maximum tolerances, they must be rebored.
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Reboring is also necessary if the cylinder walls are badly
scuffed or scored.
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EXH. Jof EXH. Cylinder Liners 2GM, 3GM and 3HM

(Including F and D Series) Models

Have cylinder liners replacement performed by a deal-
INT. ership or diesel engine shop. The liner is available in dif-
ferent outside diameters so a precise fit between the liner
and cylinder block may be obtained. The upper flanged
journal end of the liner fits in a step at the upper end of the cylin-
der bore. Each liner must protrude above the cylinder

T
INT. Fuel transfer
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block surface. When the cylinder head is installed, the
clamping force of the head against the liner protrusion se-
cures the liner in place. The protrusion also establishes a
gas-tight seal between the liner and the head gasket. In-
spect the liners as follows:

NOTE
The liner is a close fit in the block, but it may
be movable. Distortion or corrosion may
Jreeze the liner in the block, which will ne-
cessitate a puller to remove the liner.

1. Measure liner protrusion above the cylinder block
(Figure 80) and compare the result with the specification
in Tables 1-3.

a. Excess protrusion may damage the head gasket. Ex-
cess protrusion may be caused by improper seating
of the liner flange in the block, possibly due to cor-
rosion.

b. Insufficient protrusion may allow compression
leaks and liner movement in the block. Insufficient

/ Bore gauge

) {
e —— — et —= —<

N
S
— .

Protrusion

/ T
Cylinder liner Cylinder block

protrusion may be due to a worn liner or cylinder
block.
2. Measure the cylinder liner bore at several locations to
determine if the liner is out-of-round or distorted. Com-
pare measurements with the specification in Tables 1-3.
Replace the liner if the measurements exceed the specifi-
cation.
3. Inspect the liner bore. Replace the liner if it is rusty,
corroded or otherwise damaged.
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Cylinder block
Core piug
Strike here
with hammer

—

Drift

Sealingedge
before Installation

Cylinder block

Pliers

———
Remove plug

é}e plug

Core Plug Replacement

Check thecondition of al coreplugsintheblock when-
ever theengineis out of the boat for service. If any signs
of leakage or corrosion are found around one core plug,
replacethemall. Coreplugsin thecylinder block prevent
damageto the block should the coolant freeze. The cylin-
der block of 2GM, 3GM and 3HM enginesis equipped
with cast iron, removable cylinder liners. See Cylinder
Linersin thischapter.

NOTE
A machine shop can replace core plugsin-
expensively. If machine work on the engine
isnecessary, havethecoreplugsreplaced at
the sametime.

Removal and Installation

CAUTZON
Do not drivecore plugsinto theenginecast-
ing. It will be impossible to retrieve them
and they canrestrict coolant circulation, re-
sulting in seriousengine damage.

1. Tep the bottom edge of the core plug with a hammer
and drift. Use several sharp blowsto push the bottom of
the plug inward, tilting thetop out (Figure81).

2. Gripthetop of theplug firmly with pliers. Pull theplug
from its bore (Figure 82) and discard.

NOTE
It is also possible to remove core plugs by
drilling a hole in the center of the 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 dide
hammer is recommended.

3. Cleanthe plug borethoroughly to removeall traces of
theold sealer. Inspect the bore for any damage that might
interferewith proper sealing of the new plug.

4. Coat theinsidediameter of the plug boreand the outer
diameter of the new plug with sealer. Use an oil-resistant
seder if theplugisto beingtaledinan oil gallery orawa
ter-resistant sealer for plugs installedin the water jacket.
5. Install the new core plug with an appropriatesize core
plug installationtool (Figure 83), driver or socket. Posi-
tion the outside edge of the plug 2-3 mm (0.08-0.12 in.)
insidethe block.

6. Repesat Steps1-5toreplaceeachremaining coreplug.
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Table 1 ENGINE SPECIFICATIONS (2GM AND 2GM20)
Bore
2GM 72mm (283 in.)
2GM20 75 mm (295 in.)
Stroke 72 mm (2.83 in.)
Displacement
2GM 586 cc (35.7 cu. in.)
2GM20 636 cc (388 cu. in.)
Number of cylinders 2
Firing order 1-2

Cyiinder liner diameter (2GM)
Cylinder liner protrusion (2GM)
Cylinder bore diameter (2GM20)
Bore/liner out-of-round—max.
Cylinder block warpage—max.
Piston diameter
2GM
Standard
Wear iimit
2GM20
Standard
Wear limit
Piston top clearance
Piston ring side clearance
Topring
Secondring
Qilring
Ring end gap (ail rings)
Piston pin diameter
Piston pin hole diameter
In piston
Inrod
Piston pin clearance
inrod
in piston

Piston ring width

Top and secondring

Oil control ring
Cyiinder liner protrusion (2GM)
Crankshaft main journal diameter

Timing gear end

Center

Flywheel end

Journal out-of-round- —ax.
Crankshaft end play
Crankshaft runout—max.
Main bearing clearance

Timing gear end

Center

Flywheel end

Crankpin diameter

Journal out-of-round—max.
Crankpin bearing clearance
Connectingrod side clearance
Cylinder head warpage—max.
Camshaft

Valve lobe Hft

Fuel pump lobe lift

Journal diameter

Runout

intermediatethrust bearing width—min.

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.)
002 mm (0.0008 in.)

005 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.)
00350070 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.)
19.991-20000 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 tight-0.017 mm loose
(0.0002 in. tight-0.0007 in. ioose)

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.)
§9.950-59.964 mm (2.3602-2.3608 in.)
0.01 mm (0.0004 in.)

00901 9 mm (0.0035-0.0075 in.)

015 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.)
2463 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.)

007 mm (0.003 in.)

35.000 mm (1.3780 in.)
33.000 mm (1.2992 in.)
30.000 mm (1.1811 in.)
002 mm max. (0.0008 in. max.)

(continued)
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Table 1 ENGINE SPECIFICATIONS (2GM AND 2GM20) (continued)

Timing gear backlash
Maximum allowable
Pushrod 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
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 protruslon
Valve spring
Standard free length
Min. free length
installed height
Pressureat installed height
Rocker arm shaft clearance

Rocker arm shaft clearance—max.

Rocker arm bore wear limit
Rocker arm shaft wear limit

0.05-0.13 mm (0.002-0.005 in.)
03 mm (0.012 in.)
003 mm (0.0012 in.)

Mechanical

10.000 mm (0.3937 in.)

995 mm (0.3917 in.)

0.010-0.040 mm (0.0004-0.0016 in.)
0.10 mm {0.004 in.)

450

45°

0.75-1.1 5 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 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.)

70 mm (0.276 in.)

385 mm (152 in.)
37 mm (146 in.)
292 mm @15in.)

16.16 kg at 202 mm (35.63 Ib. at 1.15 In.)

0.016-0.052 mm (0.0006-0.0020 in.)
015 mm (0.006 in.)
14.10 mm (0555 in.)
13.90 mm (0547 in.)

Oli pump
Inner rotor tip-to-outer rotor tip 00500105 mm (0.0020-0.0041 in.)
Max. 015 mm (0.006 in.)
Outer rotor-to-pumpbody 0.050-0.105 mm (0.0020-0.0041 in.)
Max. 015 mm (0.006 in.)
Rotor side clearance 0.030-0.080 mm
Max. 013 mm (0.005 In.)
Shaft clearance 0.015-0.050 mm (0.0006-0.0020 in.)
Max. 020 mm (0.0079 in.)
Table 2 ENGINE SPECIFICATIONS (3GM AND 3GM30)
Bore
3GM 72mm (283 in.)
3GM30 75 mm (295 in.)
Stroke 72mm (283 In.)
Displacement
3GM 879 cc (536 cu. In)
3GM30 954 cc (582 cu. In)
Number of cyilnders 3
Flring order 1-2-3

Cylinder liner diameter (3GM)
Cylinder liner protrusion (3GM)
Cylinder bore diameter (3GM30)
Bore/liner out-of-round—max.

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
Secondring
Piston ring side clearance (continued)
Oil ring
Ring end gap (all rings)
Piston pin diameter
Piston pin hole dlameter
In piston
Inrod
Piston pin clearance
Inrod
In plston

Piston ring width

Top and second ring

Oil controlring
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

Crankpin diameter

Journal out-of-round —max.

Crankpin bearing clearance
Connectingrod side clearance
Cylinder head warpage—max.
Camshaft
Valve lobe lift
Fuel pump lobe lift
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

Intermediatethrust bearing width—min.

005 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.)
74850 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.)

0.020-0055 mm (0.0008-0.0022 in.)
020040 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 tight-0.017 mm loose
(0.0002 in. tight-0.0007 in. loose)

1.97-1.99 mm (0.0776-0.0783 in.)
397-399 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.)

009019 mm (0.0035-0.0075 in.)
015 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 (0970 in.)

0.028-0.086 mm (0.0011-0.0034 In.)
0204 mm (0.008-0.016 in.)

0.07 mm (0.003 in.)

35000 mm (1.3780 in.)
33000 mm (1.2992 in.)

30.000 mm (1.1811 in.)

41500 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.)

003 mm (0.0012 in.)

Mechanical

10.000 mm (0.3937 in.)

995 mm (0.3917 in.)

0.010-0.040 mm (0.0004-0.001 6 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 ciearance

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
Vaive 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
Oil pump
inner rotor tip-to-outer rotor tip
Max.
Outer rotor-to-pumpbody
Max.
Rotor side clearance

0.75-1.15 mm (0.030-0.045 in.)
177 mm (0.070 in.)
125 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.)

70 mm (0276 in.)

385 mm (152 in.)

37mm (1.48 in.)

292 mm (1.15 in)

16.16 kg at 292 mm (35.63 ib. 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.)

1390 mm (0.547 in.)

0.050-0.105 mm (0.0020-0.0041 in.)
015 mm (0.006 in.)

0.050-0.105 mm (0.0020-0.0041 in.)
015 mm (0.006 in.)

0.030-0.080 mm

Max. 013 mm (0.005 in.)
Shaft clearance 0.015-0.050 mm (0.0006-0.0020 in.)
Max. 0.20 mm (0.0079 in.)
Table 3 ENGINE SPECIFICATIONS {(3HM AND 3HM35)
Bore
3HM 75 mm (295 in.)
3HM35 80 mm (3.15 in.)
Stroke 85 mm (3.35 in.)
Displacement
3HM 1126 cc (68.7 cu. in.)
3HM35 1282 cc (78.2 cu. in.)
Number of cylinders 3
Firing order 1-2-3

Cylinder bore diameter (3HM35)
Cylinder liner diameter (3HM)
Max.
Cyiinder liner protrusion (3HM)
Bore/liner out-of-round—max.
Cyiinder block warpage—max.
Piston diameter
3HM
Standard
Wear limit
3HM35
Standard
Wear limit
Piston top clearance
Piston ring side clearance
Top ring
Secondring

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.)
002 mm (0.0008 in.)

005 mm (0.002 in.)

74.907-74.937 mm (2.9491-2.9503 in.)
74850 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 (3HM AND 3HM38) (continued)

Piston ring side clearance (continued)

Oilring 0.020-0.055 mm (0.0008-0.0022 in.)
Ring end gap
Topring 0.25-0.45 mm (0.01 0-0.018 in.)
Secondring 0.20-0.40 mm (0.008-0.016 in.)
Oilring 0.25-0.45 mm (0.01 0-0.018 in.)
Piston pin diameter 22.991-23.000 mm (0.9052-0.9055 in.)
Piston pin hole diameter
in piston 22.995-23.008 mm (0.9053-0.9058 in.)
inrod 23.000 mm (0.9055 in.)
Piston pin clearance
inrod 0.025-0.047 mm (0.0010-0.0019 in.)
in piston 0,005 mm tight-0.017 mm loose

(0.0002 in. tight-0.0007 in. loose)
Piston ring width

Top and secondring 197-1.99 mm (0.0776-0.0783 in.)
Qil control ring 397-399 mm (0.1563-0.1571 in.)
Crankshaft main journal diameter
Timing gear end 46.950-46.964 mm (1.8484-1.8490 in.)
Intermediate 46.950-46.964 mm (1.8484-1.8490 in.)
Flywheel end 64.950-64.964 mm (25571 -2.5576 in.)
Journal out-of-round—max. 001 mm (0.0004 in.)
Crankshaft end play 0.09-0.18 mm (0.0035-0.007 in.)
Crankshaft runout—max. 015 mm (0.006 in.)
Main bearing clearance
Timing gear end 0.036-0.095 mm (0.0014-0.0037 in.)
Intermediate 0.036-0.095 mm (0.0014-0.0037 in.)
Flywheel end 0.036-0.099 mm (0.0014-0.0039 in.)
Intermediatethrust bearing width-min. 2963 mm(1.166 in.)
intermediatethrust bearing width—min.
2GM, 2GM20, 3GM, 3GM30 2463 mm (0.970 in.)
3HM, 3HM35 2063 mm (11 66 in.)
Crankpin diameter 43.950-43.964 mm (1.7303-1.7309 in.)
Journal out-of-round—max. 001 mm (0.0004 in.
Crankpin bearlng clearance 0.036-0.092 mm (0.0014-0.0036 in.)
Connectingrod side clearance 0.2-0.4 mm (0.008-0.016 in.)
Cylinder head warpage—manx. 007 mm (0.003 in.)
Camshaft
Valve lobe lift 35.000 mm (1.3780in.)
Fuel pump lobe lift 33.500 mm (1.3189 in.)
Journal diameter
End journal 30.000 mm (1.1 811 in.)
Center journal 41500 mm (1.6339 in.)
Runout 002 mm max. (0.0008 in. max.)
Timing gear backlash 0.050.13 mm (0.002-0.005 In.)
Maximum allowable 03 mm (0.012 in.)
Push rod runout—max. 003 mm (0.0012 in.)
Valve lifter
Type Mechanical
Outside diameter 10.000 mm (0.3937 in.)
Outside diameter-min. 995 mm (0.3917 in.)
Clearance in block 0.010-0.040 mm (0.0004-0.0016 in.)
Max. clearance 0.10 mm (0.004 in.)
Valve face angle 45°
Valve seat angle 45°
Valve head margin 0.851.1 5 mm (0.034-0.045 in.)
Seat width (int. and exh.) 1.77 mm (0.070 In.)
Valve depth—max. 155 mm (0.061 in.)
Valve stem clearance
Intake 0.040-0.065 mm (0.001 6-0.0026 in.)
Exhaust 0.045-0.070 mm (0.0018-0.0028 in.)

(continued)
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Table 3 ENGINE SPECIFICATIONS (3HM AND 3HM33) (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

015 mm (0.006 in.)
7.000 mm (0.2756 in.)
6.900 mm (0.2717 in.)
003 mm (0.0012 in.)
7.000 mm (0.2756 in.)
7.080 mm (0.2878 in.)
70 mm (0.276 in.)

385 mm (152 in.)

37 mm (146 in.)

302 mm (1.19 in.)

1443 kg at 302 mm (3181 Ib. at1.19 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.)

Oil pump
Inner rotor tip-to-outer rotor tip 0.050-0.105 mm (0.0020-0.0041 In.)
Max. 0.15 mm (0.006 in.)
Outer rotor-to-pump body 0.050-0.105 mm (0.0020-0.0041 in.)
Max. 0.15 mm (0.006 in.)
Rotor side clearance 0.030-0.080 mm
Max. 0.13 mm (0.005 in.)
Shaft clearance 0.015-0.050 mm (0.0006-0.0020 in.)
Max. 020 mm (0.0079 in.)
Table 4 TIGHTENING TORQUES
Fastener Nem ft.-lb. in.-b.
Connectingrod 25 18 216
Cylinder head -
M8 30 22 -
M12 120 88 -
3HM, 3HM35
M8 30 22 -
M12 130 95 -
Exhaust elbow (2GM, 2GM20) 45 33 —
Exhaust manifold (3-cylinder) 45 33 -
Flywheel 65-70 48-51 -
Intermediate bearing housing
2GM, 2GM20, 3GM, 3GM30 30-35 22-25 -
3HM, 3HM35 45-50 33-36 -
Retaining (set) bolt 45-50 33-36
Rear main bearing housing 25 18 -
Timing gearcase 15 11 7

Oil pump 8




Chapter Seven

Fud 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 Fivefor adescriptionof diesel engineoperation.

Tables1-3 are located at the end of this chapter.

WARNING
Serious fire hazards always exist around
diesel fuel. Do not allow any smoking in ar-
easwherefud is present. Always have afire
extinguisher, rated for fud and electrical
fires, on hand when refueling or servicing
any part of thefud system.

WARNING
Fuel emerges from the injector and
high-pressure fud fittings with sufficient
forcetopenetratethe 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
Fundamentalsin Chapter Five.

The major componentsof thediesel fuel systemarethe
fuel tank, fuel filters, injection pump and injection noz-
zle(~QFigurel). A feed (transfer) pump movesfuel from
thefuel tank throughthefiltersto thefuel injectionpump.
Governor operation is described in Governor System in
thischapter.

Fuel Injection Pump

Thefuel injection pump forcesfuel into the fuel injec-
tor(~Mhichdirect fuel into the enginecombustioncham-
ber. The pump raises fuel pressure to approximately
17000kPa (2540 psi), while also controlling thetime and
amount of fuel injected.

Thediesel injection pumps used on the enginescovered
in this manual operate on the plunger and cam principle.
Refer to Figure 2 and Figure 3. A rotating cam in theen-
gine causesa plunger in the fuel injection pump to move
inacylinder and pumpfuel to theinjector nozzle. A deliv-
ery valveand spring establish the beginningand ending of
injection while also maintaining residual pressure in the
injection line. The plunger is designed to ater fuel flow
whenitisrotated. Fuel control isachieved by moving the
fuel control rack, which rotates the fuel plunger pinion
and plunger.
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@ FUEL INJECTION SYSTEM

Fuel tank
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Fuel return hose
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Individual pumping elements are used on sin-
gle-cylinder engines as shown in Figure 4. Multi-
ple-cylinder engines are equipped with pumping elements
combined in asingle unit as shown in Figure 5.

Fuel injection pumps are precision-built units that re-
quire clean fud to operate properly. The extremely close
tolerancesand high injection pressuredictate that special -
ized equi pment and experienced techniciansare 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, Figure6) isrequiredfor each cylin-
der to inject fuel into the combustion chamber. A
high-pressurefuel line (B, Figure 6) directsfuel from the
fuel injection pump to thefuel injector, whileafuel return
line(C, Figure6) carriesbypassfuel back to thefuel tank.
Refer to Figure 7 for an exploded view of the fuel injec-
tor.

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
enterstheinjection nozzle, surroundsthe nozzlevaveand
forcesthe 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
fromthe nozzletip into the combustion chamber when the
valve opens. After the fuel is injected, fuel pressure de-
creases 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,
changeto avapor, thenignite. The design of the nozzletip
affectsthe size and shape of thefuel spray. The throttling
pintle reduces the amount of fuel injected for agiven ori-
fice and causes a delay in the injection of the principal
amount of fuel.

Excessfuel isrouted from theinjectors back to the fuel
tank through afud returnline.

Fuel and Fud Filters

Clean, moisture-free fuel is very important to a diesel
fuel system. Aswell as acting as the fuel for combustion,
diesd fuel isalso alubricant for many of theinternal mov-
ing partsin thefuel system. Theclose tolerancesof thein-

Injection
nozzle

i Fuel
o _J filter
Injection pump

jection pump and nozzlesare easily damaged by solid par-
ticlesin the fuel aswell as by water in the fuel.

All diesel fuel contains some sulfur, which formssulfu-
ric 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 diesdl fuel to prevent contamination.

Diesel fuel is graded according to the composition of
the fuel after passing through the refining process. Com-
mon diesel fuel gradesare 1D and 2D, with 1D thelighter
fuel. The recommended fuel for the Y anmar engines cov-
ered by thismanual is2-D diesel fudl.

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 fud tank) removes sedi-
ment and water from the fuel. The secondary filter re-
moves very fine particlesfrom the fuel. Both filters must
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be operating properly to adequately protect the fuel injec-
tion system. Failure to maintain fuel filters and use clean
fuel can result in engine stoppage and expensive replace-
ment or repair of the injection pump or injectors.

Fuel Transfer Pump

The fuel transfer pump (A, Figure 9) moves fuel from
the fuel tank to the fuel injection pump. The pump is nec-
essary when the fuel tank is lower than the fuel injection
pump. A primer lever on the side of the transfer pump per-
mits manual operation of the fuel pump diaphragm.
Priming or bleeding the fuel system requires operation of
the primer lever so fuel flows to the injection system with
the engine stopped.

FUEL INJECTION SYSTEM BLEEDING

Air in the fuel system can cause rough engine operation
or stoppage. Bleeding purges air from the system. Bleed
the system anytime fuel line connections are disconnected
or fuel components are removed. To ensure all air is re-
moved, perform the complete bleeding procedure de-
scribed in the following steps:

1. Open the bleed screw on the fuel filter (Figure 10).
Make sure the fuel valve on the fuel tank is open.

NOTE
Be prepared to contain and wipe up expelled
Juel.

2. Operate the priming lever (B, Figure 9) on the fuel
transfer pump while observing the fuel expelled from the
bleed screw hole. Continue to operate the priming lever
until air-free fuel is expelled, then close the air bleed
SCIew.

e
S

3. Open the air bleed screw (Figure 11) on the fuel injec-
tion pump.

4. Operate the priming lever (B, Figure 9) on the fuel
transfer pump while observing the fuel expelled from the
bleed screw hole. Continue to operate the priming lever
until air-free fuel is expelled, then close the air bleed
screw.
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5. Loosen the fitting nut (Figure 12) on the injector(s)
just enough to expel fuel.

6. Move the engine speed control to the full throttle posi-
tion.

7. Move the decompression lever to the ON position.

NOTE
Do not operate the starter for more than 30
seconds, otherwise the starter may be dam-
aged due to overheating.

8. Operate the starter until air-free fuel flows from the in-
jector(s).

9. Tighten the injector fuel line fitting nut(s) to 20 Nem
(15 ft.-1b.).

10. Operate the starter and listen for the distinctive noise
that indicates the injector is operating.

FUEL INJECTION TIMING

Similar to ignition timing on a gasoline engine, the fuel
must be injected at the proper time to obtain optimum
combustion.

Injection timing is determined by the relationship be-
tween the injection pump plunger and the injection cam-
shaft in the engine. The rotating cam acts against the roller
on the pump plunger in the fuel injection pump (Figure
13) to force up the plunger and pump fuel to the injector
nozzle. Moving the fuel injection pump up or down on its
mounting surface changes the point on the cam that the
plunger begins vertical movement, thereby changing
when injection occurs.

Shims between the injection pump and its mounting
surface on the engine are used to adjust fuel injection tim-
ing (Figure 13). Increasing shim thickness retards injec-
tion timing, while decreasing shim thickness advances
injection timing.

O,

Injection

timing
shims \

Plunger roller

Fuel injection
cam
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Adjust Fuel Injection Timing

1. Make sure there is no air in the fuel system. If neces-
sary, bleed the fuel system as described in the previous
section.

2. If there is no flywheel observation hole in the clutch
cover (Figure 14), remove the starter motor so the timing
marks on the flywheel (Figure 15) are visible.

3A. On 1GM and 1GM10 models—Unscrew the fuel in- =

jection line retaining nut (Figure 16) and disconnect the |
fuel line from the pump.

NOTE
On 2GM, 2GM20, 3GM, 3GM30, SHM and
3HM35 engines, the cylinder nearest the fly-
wheel is the number one cylinder.

3B. On 2GM, 2GM20, 3GM, 3GM30, 3HM and 3HM35
models—Unscrew the fuel injection line retaining nut
(Figure 17) for the number one cylinder fuel injection
line, then disconnect the fuel line from the pump.

4. Install a spill pipe on the pump in place of the
high-pressure fuel line (Figure 18).

NOTE
If a spill pipe is not available or cannot be
fabricated, observe fuel flow in the open

nipple.

5. Place the speed control lever at the mid-throttle posi-
tion.

NOTE
Do not use the starter motor when rotating
the crankshafi.

NOTE

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

6. Rotate the crankshaft with the crankshaft pulley retain-
ing nut until the 1T mark on the flywheel appears.

NOTE
The piston must be on its compression
stroke. If fuel does not appear in the spill
pipe, the piston may not be on the compres-
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sion stroke. Rotate the crankshaft one full
tur.

7. Slowly rotate the crankshaft while observing the fuel
in the fuel nipple on the injection pump and the timing
marks on the flywheel.

8. When fuel appears in the spill pipe, the injection tim-
ing mark on the flywheel (A, Figure 19) should align with
the reference pointer (B) on the clutch cover. If viewing
marks through the starter hole, the injection timing mark
on the flywheel (A, Figure 20) should align with the ref-
erence mark (B) on the clutch cover.

NOTE

There are two timing marks for each cylin-
der on the flywheel: a mark for top dead
center (TDC) and the injection timing mark.
The TDC mark is identified by a T next to the
mark. Near the TDC mark is another mark,
the injection timing mark, which has no
identifving letters or numbers. The injection
timing mark is to the right of the TDC mark
when viewing the mark through the starter
hole, or to the lefi of the TDC mark when
viewing the mark through the clutch cover
hole.

9. If the injection timing is not correct, remove the fuel
injection pump as described in this chapter.

10. Measure the shim pack located between the pump
and engine mounting surface (Figure 21).

11A. Injection timing retarded—If injection timing is re-
tarded, decrease the shim thickness to advance injection
timing. Decreasing shim thickness 0.1 mm will advance
injection timing one degree.

11B. Injection timing advanced—1If injection timing is ad-
vanced, increase the shim thickness to retard injection
timing. Increasing shim thickness 0.1 mm will retard in-
jection timing one degree.

12. Install the shims and injection pump, then recheck in-
jection timing.

13. On 2GM, 2GM20, 3GM, 3GM30, 3HM and 3HM35
models—Check fuel injection timing for the remaining
cylinders. Use the injection timing mark adjacent to the
2T or 3T marks for the cylinder being checked. If injec-
tion timing is incorrect for the number two or three cylin-
ders, have a Yanmar dealership or diesel fuel injection
shop inspect the injection pump.

FUEL INJECTOR

Each cylinder is equipped with a fuel injector (Figure
22). Refer to Fuel Injector in the Fuel Injection
Fundamentals section of this chapter for information re-
garding fuel injector operation.

Maintaining optimum fuel injector performance is pri-
marily dependent on using clean fuel. Dirt or debris in the
fuel is the predominant cause of poor injector perfor-
mance. The injector is also subject to the heat and byprod-
ucts of combustion. The fuel injector nozzle is protected
from combustion heat by a heat shield. However, heat and
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combustion byproducts eventually affect injector opera-
tion. Clogging may affect the spray pattern, which may
cause misfiring and decreased engine performance.
Yanmar does not specify when a fuel injector should be
removed for cleaning. A periodic maintenance schedule
can be formulated based on when engine performance de-
clines due to the injector becoming clogged. An injector
should perform properly for several hundred hours before
requiring service; otherwise, operating procedures, fuel

type or condition, or another engine problem are responsi-

ble for unsatisfactory injector operation.

Injector service should be limited to removal for exter-
nal cleaning. Have a Yanmar dealership or diesel fuel in-
jection shop perform internal cleaning or overhaul.

Removal and Installation

Refer to Figure 23 for an exploded view of the fuel in-
jector and precombustion chamber assembly.

1. Thoroughly clean the fuel injector and the area around
the injector to make sure debris will not fall into the en-
gine.

NOTE
Plug or cap all fuel openings to prevent the
entrance of dirt or debris.

NOTE
Note the location of all washers so they can
be returned to their original positions.

2. Detach the fuel return line from the nipple on the fuel
injector. On multicylinder engines, the fuel return line
must be removed from all injectors. Hold the injector and
remove the fuel return line nut (A, Figure 24) and return
line fitting.

3. If necessary, unscrew the fuel line retaining brackets.
Detach the high-pressure fuel line (B, Figure 24) from the
fuel injector.

4. Unscrew the retainer plate nuts (A, Figure 25), then
remove the retainer plate (B).

5. Remove the fuel injector (Figure 26).

6. Extract the heat shield and gasket (Figure 27). The
gasket resides in a groove in the top of the heat shield.

NOTE
Do not damage the precombustion chamber
when removing it in Step 7 if it is tight in the
cylinder head. If necessary, remove the cyl-
inder head to dislodge the precombustion
chamber.

fmrene e S i
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7. Extract the precombustion chamber and copper gas-
kets (Figure 28). Note that there is a copper gasket (Fig-
ure 29) above and below the chamber; make sure to
remove the bottom gasket after removing the chamber.

8. Onmodels so equipped, remove and discard the O-ring
on the fuel injector (Figure 23).

9. Plug the opening in the cylinder head to prevent the en-
try of dirt or debris.

10. Refer to the following section for injector testing and
cleaning information.

1. Inspect the precombustion chamber. If damaged, dis-
card the chamber. Clean the heat shield.

12. Discard the gaskets and install new gaskets. Thor-
oughly remove any gasket residue in the top of the heat
shield.

13. Install the bottom copper gasket in the injector bore in
the cylinder head.

14. Install the precombustion chamber with the holes to-
ward the cylinder head. Align the pin on the side of the
precombustion chamber (Figure 30) with the groove in
the injector bore (Figure 31).

A
A

15. Install the wupper copper gasket onto the
precombustion chamber.

16. Install the heat shield and gasket. The open side of the
heat shield must be down.

17. Install the O-ring onto the fuel injector (Figure 29).
18. Install the fuel injector into the injector bore in the
cylinder head (Figure 26).
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19. Connect the high-pressure fuel line to the injector.

20. Install the retainer plate so the side with bumps (Fig-
ure 32) is down and contacts the injector.

21. Install the retaining nuts. Tighten the nuts evenly to
20 Nem (14.5 ft.-1b.).

22. Connect the fuel return line.
23. Reattach fuel line retaining brackets.

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

FUEL INJECTION PUMP

The fuel injection pump is built to precise specifications
and is easily damaged by contamination from dirt or de-
bris. Due to the close tolerances in the pump and the spe-
cial tools and equipment required for overhaul and
testing, have a Yanmar dealership or diesel fuel injection
shop perform any unnecessary service.

Removal and Installation

WARNING
Serious fire hazards always exist around
diesel fuel. Do not allow any smoking in ar-
eas where fuel is present. Always have a fire
extinguisher, rated for fuel and electrical
fires, on hand when servicing any part of the
fuel system.

1. Close the fuel shutoff valve.
2. Thoroughly clean the fuel injection pump and the area
around the pump of all debris.

NOTE
Plug or cap all fuel openings to prevent the
entrance of debris.

3. Detach the fuel supply line from the fuel injection
pump (A, Figure 33).

4. Unscrew the fuel line retaining brackets. Remove the
fuel injection line(s) between the fuel injection pump and
fuel injector(s) (B, Figure 33).

5. Remove the injection pump retaining nuts (C, Figure
33).

NOTE
Removing the oil fill cap on 1GM and
1GMI0 models provides access to the gov-
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ernor linkage for easier pump removal and
installation.

6. Lift the injection pump out of the engine while care-
fully disengaging the governor linkage from the pump.
7. Remove the timing shims (Figure 34) and set them
aside for reinstallation.

8. To reinstall the injection pump, reverse the removal
procedure. Make sure to reinstall the timing shims and en-
gage the control rack pin (Figure 35) with the governor
lever fork. Tighten the pump retaining nuts to 25 Nem (18
ft.-Ib.). Bleed the fuel injection system as previously de-
scribed. Run the engine and check for leaks.

FUEL TRANSFER PUMP

The engine is equipped with a fuel transfer pump (A,
Figure 36) to move fuel from the fuel tank to the fuel filter
and fuel injection pump. A cam lobe on the engine cam-
shaft operates the pump lever (Figure 37), which moves
the fuel pump diaphragm to pump the fuel. Fuel pump
pressure is approximately 9.7 kPa (1.4 psi).

The transfer pump output port on 1GM and 1GM10 en-
gines is on the left side with the pump mounted on the en-
gine. On all other engines, the output port is on the right
side.

Fuel Pump Testing

WARNING
Always have a fire extinguisher, rated for
fuel and electrical fires, on hand when ser-
vicing any part of the fuel system. Clean up
any spilled fuel as soon as possible.

1. Loosen the air bleed screw (Figure 38) on the fuel fil-
ter.

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

3. Iffuel does not flow from the air bleed screw hole, dis-
connect the output fuel line (B, Figure 36) from the fuel

pump.

NOTE
Be prepared to catch fuel expelled from the

pump.
4, Operate the engine starter. If fuel does not flow from
the fuel pump, replace the pump.

Removal and Installation

1. Close the fuel tank valve.

NOTE
Account for the sealing washers on the fuel
hose ends.
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Fuel transfer
pump

2. Disconnect the fuel lines (A, Figure 39) from the fuel
transfer pump.

3. Remove the fuel pump retaining bolts (B, Figure 39),
and then remove the pump.

4. Clean any gasket material from the engine and the fuel
pump.

5. Reverse the removal procedure to install the fuel trans-
fer pump. Bleed the fuel injection system as described in
this chapter.

NOTE
The transfer pump output port on 1GM and
1GM10 engines is on the left side with the
pump mounted on the engine. On all other
engines, the output port is on the right side.
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Overhaul

Internal parts for the fuel transfer pump are not avail-
able. Replace a defective pump; do not attempt to over-
haul it.

FUEL LINES

The fuel system utilizes both rubber and steel lines.
When replacing fuel lines, use only lines recommended
by the manufacturer or a diesel engine shop. Purchase the
formed steel fuel lines from a Yanmar dealership. If nec-
essary, a diesel fuel injection shop can fabricate fuel lines.
All lines must be secured by brackets to prevent fractures
or splitting due to vibration.

Inspection

Periodically inspect the fuel lines for leaks and damage,
such as dented or bent steel lines, or cut or abraded rubber
lines. Leaks may be due to loose fittings or damage.
Tighten loose fittings and recheck the leak after operating
the engine. Do not overtighten a fitting to try to stop a
leak; overtightening may damage the fitting threads or the
fuel line sealing surfaces. If tightening does not stop the
leak, disassemble the fuel line and inspect the line and seat
to determine the cause of the leak. If sealing surfaces are
damaged, replace the fuel line and, if necessary, the fuel
fitting or component.

NOTE
Always operate the engine and check for
leaks after reconnecting the fuel lines.

Fuel lines with banjo fittings (A, Figure 40) are
equipped with copper sealing washers (B) on both sides of
the fitting. Copper washers harden with age and will not
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seal properly if reused. Always install new washers when
reconnecting a fitting.

The fuel lines are secured with brackets to prevent leaks
due to engine vibration. Periodically check that fuel lines
are properly secured with brackets. The high-pressure
fuel injection lines are held by a rubber pad in the bracket
(Figure 41). Replace any rubber pads that are missing or
no longer holding the line securely.

GOVERNOR SYSTEM
Operation

The governor components are in the timing gearcase
(Figure 42, typical). The purpose of the governor system
is to maintain engine speed regardless of the load im-
posed.

The mechanical governor system utilizes centrifugal
force to monitor and adjust engine speed. Refer to Figure
43, Figure 44 and Figure 45. A set of flyweights are
mounted on the crankshaft. When engine speed increases,
the flyweights are thrown out. When engine speed de-
creases, the flyweights recede. Trapped between the fly-
weights 1s a flanged sleeve that moves in and out with the
flyweights, pushing against a forked governor arm. The
forked governor arm transfers motion to the governor le-
ver, which is connected to the fuel injection pump fuel
control rack. The governor spring tension forces the speed
control lever against the governor lever, which forces the
injection pump speed control rack to the full open throttle
position. When load on the engine increases and engine
speed decreases, the governor sleeve is withdrawn, which
through the linkage moves the speed control rack to in-
crease fuel injection. When load on the engine decreases
and engine speed increases, the governor sleeve extends,
which moves the linkage to overcome governor spring

tension. The linkage moves the speed control rack and de-
creases fuel injection.

The governor controls engine speed in an operating
range between idle speed and maximum governed speed.
Maximum governed speed is critical as it sets the upper
limit of engine operation. Exceeding the maximum gov-
erned speed can cause overspeeding, which may result in
engine failure.

A fuel limiter screw sets maximum injection pump fuel
delivery. When the governor senses a decrease in engine
speed, the fuel control rack moves to the full fuel position.
The factory-adjusted fuel limiter screw stops the governor
linkage at a point that provides maximum, but not exces-
sive, fuel delivery to the engine.
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GOVERNOR SYSTEM OPERATION
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GOVERNOR SYSTEM
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Adjustments

Yanmar recommends that only idle speed adjustment
should be performed by non-authorized service techni-
cians. Refer to Chapter Threefor theidle 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 en-
gine. To prevent tampering, a safety wire is attached to
each screw and a lead sedl is affixed to the wire or the
screw assembly ismarked (Figur e 46). Removing or cut-
ting the wireor seal or atering the marked screw position
will void the engine warranty.
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GOVERNOR ASSEMBLY
(1GM AND 1GM10 MODELYS)

1. Nut 22. Roll pin
2. Washer 23. Shaft
3. Speed control lever 24. Start spring
4. Bracket 25. Needle bearing
5. Stop lever 26. Roll pin
6. O-ring 27. Shaft support
7. Spring 28. Lockwasher
8. Snapring 29. Bolt
9. Timing gearcase 30. Taper pin
10. O-ring 31. Governor fork
, 11. Snapring 32. Thrust collar
12. Speed control shaft 33. Thrust bearing
13. Spring post 34. Governor sleeve
14. Secondary governor spring 35. Pin
15. Main governor spring 36. Flyweight
16. Snapring 37. Governor flyweight assembly.
17. Washer 38. Roll pin
18. Control lever 39. Stop cam
19. Spring 40. Washer
20. Governor lever 41. Lockwasher
21. Taper pin 42. Nut
Removal/Inspection/Installation 2. Carefully disconnect the governor spring (15, Figure

47 or Figure 48).

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

The governor components are contained in the timing
gearcase (Figure 42, typical). Refer to Figure 47 or Fig-
ure48for an exploded view of thegovernor mechanism.

1. Remove the timing gearcase as described in Chapter tight on the shaft.
Five or Six.
NOTE
NOTE Tapered pins secure the levers to the shaft.
Do not distort or damage the governor Remove a pin by driving against the small

spring. end of the pin.
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GOVERNOR ASSEMBLY
(2GM, 2GM20, 3GM, 3GM30, 3HM AND 3HM35 MODELS)
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Start spring
Needle bearing
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4. If disassembly of the governor shaft assembly is re-
quired, remove the retaining bolts (29, Figure 47 or Fig-
ure 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 Figure48) for excessiveplay betweenthe shaft and the
timing gearcase and between the lever and the shaft.

a. If the shaft is loosein 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. Replaceor repair the worn part.

b. If thelever islooseon the shaft, removethe nut (1,
Figure 47 or Figure 48), then remove the speed
control lever (3). Determineif thelever, the shaft or
both are worn. Replace any worn parts.

7A. On 1GM and 1GMIO models--Check the stop shaft
(5, Figure 47) for excessive play between the shaft and
the timing gearcase. If excessive play is evident, remove

the nut (42), then withdraw the shaft. Determineif the
shaft, thetiming gearcase or both areworn. Replace or re-
pair any worn parts.

7B. On 2GM, 2GM20, 3GM, 3GM30, 3HM and 3HM35
models--Check the stop shaft (5, Figure 48) for exces-
sive play betweenthe shaft and thetiming gearcase. If ex-
cessive play is evident, drive out the taper pin (6) by
driving against the small end of the pin. Removethe lock-
ing screw (7). Removethenut (42), then removethe 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 distor-
tion. Measurethelength of the main and secondary gover-
nor springsas shown in Figure 49. Replaceeither spring
if itsfreelength dimensionis not as specifiedin Table2.
If either spring is questionable, takeit toa Y anmar dealer-
ship for testing. ;
9. Removeand inspect the thrust collar (32, Figure47 or
Figure 48). Replace the thrust collar if damaged or if the
thicknessislessthan 2.9 mm (0.1141in.).

10. Removethe thrust bearing (33, Figure 47 or Figure
48). Replacethe bearing if damaged.

11. Remove the governor sleeve (34, Figure 47 or Fig-
ure 48). Inspect the governor sleeve and crankshaft for
damage. Refer to the specificationsin Table 3.

12. Check the operation of the flyweight assembly (37,
Figure 47 or Figure 48). The flyweights should move
smoothly without excessive |ooseness. The contact sur-
face in the flyweight groove should not be excessively
worn. Theflyweight assembly must be replaced asacom-
pleteassembly. Removethe crankshaft nut asdescribedin
Chapter Five or Six to removethe flywei ght assembly.
13. Reassemblethe governor assembly by reversing the
disassembly procedurewhile noting the following:

a. Do not distort the governor springs during installa-
tion.

b. Install the governor springs so the long hook end
engages the speed controal 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. Notethat the pins securing the leverson the shafts
aretapered. The lever should fit tightly on the shaft
after the pin is installed. If not, replace the worn
part.

e Check themovementof all the partsafter assembly.
Motion should be smooth without binding.

14. Reinstall thetiming gearcase as describedin Chapter
Fivefor single cylinder enginesor Chapter Six for multi-
cylinder engines.
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Table 1 TIGHTENING TORQUES
Fastener Nem ft.-lb. in.-lb.
Injector fuel nut - 20 15 -
Injection pump retaining nuts 25 18 -

Table 2 GOVERNOR SPRING FREE LENGTH

1GM, 1GM10 2GM, 2GM20 3GM, 3GM30, 3HM,
3HM35
Main governor spring
L1 76 mm 78 mm 78 mm
(2.991n.) (3.07 in.) (3.07 in.)
L2 18 mm 20 mm 20mm
(0.71in.) (0.79 in.) (0.791in.)
Secondary governor spring
L1 26 mm 23 mm 23 mm
(1.021in.) (0.90 in.) (0.90 in.)
L2 5 mm 10 mm 10mm
(0.20 in.) (0.39in.) (0.39 in.)

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 in.)

24.972-24.993 mm (0.9831-0.98401n.)
0.060-0.111 mm (0.0024-0.0044 in.)
0.20 mm (0.008 in.)




Chapter Eight

Cooling System

This chapter covers service procedures for the thermo-
stat, engine water pump, seawater pumps, drive belts and
connecting hoses in both standard and closed cooling sys-
tems.

Cooling system flushing procedures are provided in
Chapter Three. Drain and refill procedures are described
in Chapter Four.

Table 1 and Table 2 are located at the end of this chap-
ter.

NOTE
Except where specified, F and D series en-
gines are included when a basic model num-
ber is specified. For example, if model 3GM
is called out in a procedure, the procedure
also applies to 3GMD and 3GMF.

COOLING SYSTEMS

Seawater (Standard) Cooling System

All engines are equipped with a seawater cooling sys-
tem. The water in which the boat is being operated is used
as a coolant to absorb engine heat. Water from outside the
boat passes through the water intake to the impeller-type
seawater pump located on the engine (Figure 1, typical).
The seawater pump sends the water to the engine for cir-
culation through the engine block, head and manifold.

A thermostat controls water circulation to provide
quick engine warm-up and maintain a constant operating
temperature.

Refer to typical cooling system diagrams in Figure 2,
Figure 3 and Figure 4.
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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

Theclosed cooling system is divided into two separate
subsystems: one uses seawater and the other usesa cool-
ant mixture of distilled water and ethylene glycol anti-
freeze. The subsystem containing the coolant is referred
to asthe freshwater system. Refer to the typical freshwa-
ter cooling system diagram in Figure 5. Typical compo-
nentsare shown in Figure 6.

Variousconfigurationsof the closed cooling system are
used, but all function essentially the same. The seawater

system operationis similar to the standard cooling system
previously described, except asfollows:

a. Coolant in the closed cooling system cools the en-
gine block, cylinder head and exhaust manifold.

b. A belt-driven seawater pump (Figure 1), located a
the front of the engine, deliversseawater to the heat
exchanger, instead of passing seawater directly into
the engine.

After passing through the seawater pump, the seawater
travel sthroughaseriesof parallel copper tubesin the heat
exchanger, whereit absorbs engine heat before returning
to theexhaust elbow for dischargefromthe boat. Figure7
showsatypical heat exchanger.

The freshwater system pump circulates the coolant
mixture inside the engine to absorb engine heat. This
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coolant travelsto the heat exchanger, where the heat ab-
sorbed from engine operation passes through the parallel
copper tubesto the water in the seawater system.

Engine cooling is thus accomplished without seawater
entering theengine. Thiseliminatesthe corrosion, deposit
buildupand debrisaccumulationthat occursin a standard
cooling system, resulting in longer engine life—espe-
cialy if the boat is used in saltwater.

Like an automotivecooling system, the freshwater sec-
tion is pressurizedat 13 psi. Thisraisesthe boiling point
of the coolant to permit higher operating temperaturesfor
increased engine efficiency.

A thermostat controls coolant circulation. When the
thermostat closes, it prevents coolant from entering the
heat exchanger, reroutingit back to the enginecirculating
pump. Oncethethermostat opens, it closesoff the passage
to the circulating pump and sends the coolant throughthe
heat exchanger before returning it to the engine pump.
Thisprovidesquick enginewarm-up and maintainsacon-
stant operating temperature.

THERMOSTAT

Thethermostat blockscoolant flow to the exhaust man-
ifold (standard cooling) or heat exchanger (closed cool-
ing) when the engineis cold. As the engine warms, the
thermostat gradually opens, alowing coolant to circulate
through the system.

CAUTZON
Do not operate theenginewithout a thermo-
stat. This can lead to serious engine dam-
age.

Thermostats are rated according to their opening tem-
perature. 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 openat 25" F (14" C) abovethat temperature. Check
the thermostat rating after removing the thermostat and
compareit to the specificationsin Table 2.
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Removal/Installation

Seawater cooling systems

The thermostat on 1GM and 1GM10 engines is located
in the cylinder head (Figure 2). The thermostat on two-
and three-cylinder engines is located in the thermostat
housing (Figure 3 and Figure 4). 3HM and 3HM35 en-
gines are equipped with two thermostats (Figure 4).

1. Drain the seawater from the engine as described in
Chapter Four.

2. Loosen the hose clamps and disconnect the hoses from

the thermostat cover (Figure 8).

3. Remove the thermostat cover retaining bolts and
washers. Remove the cover and the gasket. Discard the
gasket.

4. Remove the thermostat (Figure 9). On 3HM and
3HM35 engines, remove both.

5. Test the thermostats as described in this chapter.

6. Clean the thermostats cover and housing or cylinder
head mating surfaces of all gasket residue.

7. Install the thermostat in the housing or cylinder head
with its thermostatic element facing the engine. The ther-
mostat flange must fit into the housing recess.

8. Coat both sides of a new gasket with sealant and install
the gasket onto the thermostat cover.

9. Install the cover. Note that the inlet and outlet nipples
are stepped. Install the cover so the outermost nipple faces
down, as shown in Figure 10. Tighten the bolts securely.

10. Reconnect the hoses to the thermostat cover and
tighten the clamps securely.

11. Operate the engine and check for leaks. Operate the
engine until it reaches normal operating temperature. Im-
mediately shut down the engine if overheating occurs and
correct the problem.

Freshwater cooling systems

. 1. Drain the coolant from the engine as described in

Chapter Four.

2. Loosen the hose clamp (Figure 11) securing the cool-
ant hose to the thermostat cover.

3. Remove the thermostat cover retaining bolts and
washers (Figure 11). Remove the cover and the hose. Dis-
card the gasket.

4. Remove the thermostat (Figure 12).

5. Test the thermostat as described in this chapter.

6. Clean the thermostat cover and housing mating sur-
faces of all gasket residue.

7. Install the thermostat in the housing with its thermo-
static element facing the housing. The thermostat flange
must fit into the housing recess.

8. Coat both sides of a new gasket with sealant and install
the gasket onto the thermostat cover.
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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. Im-
mediately shut down the engineif overheating occursand
correct the problem.

Testing (Out of Engine)

1. Pour some tap water (not distilled water or coolant)
into a container that can be heated. Submergethe thermo-
stat 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, replaceit.

3. Heat thewater another 25° F (14° C) abovethetemper-
ature value stamped on thermostat. The thermostat should
now be fully open. If it isnot, replaceit.

4. Allow thewater to cool to 10° F (6° C) under thether-
mostat's rated opening temperature. If the thermostat
valveis not fully closed at thistemperature, replaceit.

5. Removethethermostat from thewater and let it cool to
room temperature. Make sure the valve sedls 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)

Thermostat operation can be tested without removingit
from the engine or reservoir. This procedure requiresthe
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 meltsat a spe-
cific temperature.
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This technique can be used to check thermostat opening
by marking the thermostat housing with two thermomelt
sticks: one with a temperature lower than the thermostat
opening temperature, and one with a temperature higher
than the full open position. When the coolant or water
reaches the first temperature, the mark made by that stick
will melt. The mark made by the second stick will not melt
until the coolant or water increases to that temperature.

WARNING
Do not remove the pressure fill cap from a
Jfreshwater (closed) cooling system while the
engine is warm. Coolant may blow out of the
heat exchanger and cause serious personal
injury.

Overheated Engine

1. Relieve the freshwater cooling system pressure by

carefully removing the pressure fill cap from the heat
exchanger. See Figure 15, typical.

2. Rub a 180° F (82° C) thermomelt stick on the thermo-
stat cover.

3. Start the engine and run at a fast idle.

4. If no coolant flows into the heat exchanger by the time
the mark starts to melt, either the thermostat is stuck
closed or the water pump is failing. Remove the thermo-
stat and test it as described in this chapter. If the results are
satisfactory, replace the water pump.

Slow Engine Warm-Up

1. Relieve the freshwater cooling system pressure by
carefully removing the pressure fill cap from the heat
exchanger. See Figure 15, typical.

2. Rub the 160° F (71° C) thermomelt stick on the ther-
mostat cover.

3. Start the engine and run at a fast idle.

4. If coolant or water flows into the heat exchanger be-
fore the mark starts to melt, the thermostat is stuck open
and should be replaced.

HOSE REPLACEMENT

Replace any hoses that are cracked, brittle, or very soft
and spongy. If a hose is in doubtful condition, replace it to
be on the safe side. Hoses in some installations are ex-
tremely difficult to change; attention to hose condition
can prevent a failure while off-shore.

Hose manufacturers generally rate cooling system hose
life at two years. How long the hoses will last depends a
great deal on how much the boat is used and how well the

system is maintained; however, it is a good idea to change
all hoses every two years. Always replace a cooling sys-
tem hose with the same type as removed. Pleated rubber
hoses do not have the same strength as reinforced molded
hoses. Check the hose clamp condition and install new
marine-grade clamps with a new hose, if necessary.
Partially drain the cooling system when replacing upper
hoses. Completely drain it when replacing lower hoses.
1. Loosen the clamp at each end of the hose to be re-
moved. Grasp the hose and twist it off the fitting with a
pulling motion.
2. If the hose is corroded to the fitting and will not twist
free, remove the clamp and insert a small screwdriver or
pick tool between the hose and the fitting. Work the tool
around the fitting, then remove the hose.
3. Clean any rust or corrosion from the fitting with a wire
brush.
4. Wipe the inside diameter of the new hose with liquid
detergent and install the hose ends on the fittings with a
twisting motion.
5. Position the new clamps at least 1/4 in. (6.4 mm) from
the end of the hose. Make sure to position the clamp screw
for easy access with a screwdriver or nut driver. Tighten
each clamp snugly.
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6. Refill the cooling system. Start the engine and check
for leaks. Recheck the clamps for tightness after operating
the engine for a few hours.

DRIVE BELTS

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

Drive belts should be properly tensioned at all times. If
loose, the belts will not permit the driven components to
operate at maximum efficiency. The belts will also wear
rapidly because of the increased friction caused by slip-
page. Belts that are too tight will be overstressed and
prone to premature failure. An excessively tight belt will

also overstress the bearings, resulting in premature fail-
ure.

Only install heavy-duty belts. Do not install light-duty
belts, such as those designed for automobile use.

Refer to Figure 16 for drive belt routing diagrams.

Belt Adjustment

Refer to Chapter Three for belt adjustment procedures.

Belt Replacement

Alternator drive belt replacement

Replace the alternator drive belt as follows:
1. Loosen the alternator bracket and pivot bolts (Figure
17, typical).
2. Move the alternator toward the engine and slip the belt
off the crankshaft and alternator pulleys, and if equipped
with freshwater cooling, the circulating water pump pul-
ley.
3. Install a new belt over the pulleys.
4. Move the alternator away from the engine and adjust
the belt tension as described in Chapter Three.
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Seawater pump drive belt replacement
(except 1IGM and 1GM10 engines)

Replace the seawater drive belt as follows:
1. Loosen the alternator bracket and pivot bolts (Figure
17, typical).
2. Move the alternator toward the engine and slip the belt
off the crankshaft and alternator pulleys, and if equipped
with freshwater cooling, the circulating water pump pul-
ley.
3. Loosen the seawater pump bracket and pivot bolts
(Figure 18, typical).
4. Move the seawater pump toward the engine and slip
the belt off the crankshaft and pump pulleys.
5. Install a new belt over the pulleys.
6. Move the seawater pump away from the engine and
adjust the belt tension as described in Chapter Three.
7. Install the alternator drive belt onto the crankshaft and
alternator pulleys, and if equipped with freshwater cool-
ing, the circulating water pump pulley.
8. Move the alternator away from the engine and adjust
the belt tension as described in Chapter Three.

SEAWATER PUMP

All engines covered in this manual use a seawater pump
(Figure 19, typical). The seawater pump on 1GM and
IGMI10 engines is driven by the end of the oil pump
driveshaft. All other engines use a belt-driven seawater
pump. A rubber impeller inside the pump moves water
through the pump. The pump draws water into the intake
port as the impeller vanes flex outward, and it pumps wa-
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ter out of the discharge port as the impeller vanes flex
inward, as shown in Figure 20.

The impeller only operates in a counterclockwise rota-
tion (viewed from cover side of pump) and remains in a
flexed (compressed) position at all times. Over time, this
causes the impeller to take a set in one direction. Turning
an impeller over and attempting to turn it against its natu-
ral set will cause premature impeller failure and engine
damage from overheating.

Replace the impeller every time the water pump is dis-
assembled. The impeller must only be reused if there is no
other option. If the impeller must be reused, reinstall the
impeller in its original position.

Overheating and extensive engine damage can result
from a faulty water pump. Therefore, it is highly recom-
mended that the water pump impeller, seals and gaskets be
inspected after every 1,500 hours of operation as a pre-
ventive maintenance measure. Individual operating con-
ditions may dictate that the pump will require service
more often.
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Seawater Pump Precautions

The seawater pump suffers from many misconceptions
about its ability to withstand operation without water be-
ing supplied to it. All impellers are made of some varia-
tion of rubber. The water pump housing is made of metal.
Ifa piece of rubber is rubbed across a piece of metal, there
is severe friction and considerable heat buildup. However,
if the metal is flooded with water while the rubber is
moved across it; the friction would be greatly reduced and
the heat buildup non-existent.

Basically, the water pump works the same way. The wa-
ter passing through the pump lubricates and cools the im-
peller and pump housing. Without the water, the pump
will overheat and the impeller will begin to melt almost
instantaneously. Of course, this can be secondary to the
potential damage to the engine from overheating.

Once the impeller sustains any damage, its pumping
ability is greatly diminished because the impeller can no
longer seal adequately. The impeller must seal on its
edges, as well as the blade tips.

If the engine was run without an adequate supply of wa-
ter to the pump, disassemble the pump and replace the im-
peller and any other damaged parts.

Water Pump Operating Mistakes

Do not run an engine immediately after pulling a boat
out of water. This is an extremely risky operation, but here
is why some people often seem to get away with it. If an
engine has just been pulled out of the water, there is resid-
ual water in the cooling system and engine that drains
back down to the water pump. This water will lubricate
the water pump for a short period of time (perhaps a cou-
ple of minutes), but the pump will be damaged as soon as
the heat from operation evaporates all water in the system.
Do not operate the pump without an adequate water sup-

ply.

Do not start an engine with the boat out of the water, but

without a water supply, to make sure the motor will run
when the boat is launched. This is an unacceptable and
very dangerous procedure. If an engine has been sitting
for any length of time, the water pump is completely dry
and the impeller will sustain immediate damage if the en-
gine is operated without an adequate water supply. Water
must be supplied to the pump through the boat’s water in-
take or supplied under pressure from a flushing device.

CAUTION
Supply the pump with an adequate water
supply anytime the engine is running.

Do not crank the engine for an extended period, such as
during troubleshooting. This is detrimental to a water
pump that is completely dry. Consider attaching a flush-
ing device before initially cranking an engine with a dry
water pump. This will ensure the pump is wet and will not
be damaged. It will not be necessary to keep the water
supply flowing during all cranking periods; it is just im-
portant to keep the pump wet during extended cranking.

Removal/Installation

1GM and 1IGM10

1. Ifthe boat is in water, make sure the seacock is closed.
2. Drain the seawater from the engine as described in
Chapter Four.

3. Loosen the hose clamps, then detach the water hoses
from the seawater pump.

4. Remove the pump retaining screws (Figure 21) and re-
move the pump. Remove and discard the gasket, if so

e
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equipped. Some engines are equi pped with an O-ring that
seal's between the pump and engine.

5. Reversetheremoval stepsto install the pump. Refer to
Table 1 for the tightening torque of the pump retaining
screws.

2GM, 2GM20, 3GM and 3GM30

1. If theboat isin water, makesuretheseacock isclosed.

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,
Figure22).

5. Move the seawater pump toward the engine and dlip
the drive belt off the pump pulley.

6. Removethe pump mounting bolts(B, Figure22), then
separate the pump from the mounting bracket.

7. Reversetheremoval stepstoinstall the pump. Refer to
Table 1 for the tightening torque of the pump mounting
bolts. Adjust the belt tension as described in Chapter
Three.

3HM and 3HM35

1. If theboat isin water, makesuretheseacock isclosed.
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 dlip
the drive belt off the pump pulley.

6. Unscrew the pulley retaining nut (B, Figure23), then
removethe pulley for accessto the pump mounting bolts.
7. Removethe mounting bolts (C, Figure23), then sepa-
rate the pump from the mounting bracket.

8. Reversetheremoval stepstoinstall the pump. Refer to
Table 1 for the tightening torque of the pump mounting
bolts. Adjust the belt tension as described in Chapter
Three.

Disassembly/Reassembly

1GM and IGM10

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

. Screw 9. Seal

. Cover 10. Seal

. Gasket 11. Bearing

. Impeller 12. Shaft

. Cam 13. Snapring

. Cam retaining 14. Bearing
screw 15. Snapring

. Pump body 16. Bolt

. O-ring 17. Washer

2. Removethe cover (2, Figure 24) and gasket (3). Dis-
card the gasket.

3. Extract the impeller (4, Figure 24) from the pump
bodly.

4. Rotatethe pump shaft to check the bearingsfor rough-
ness, excessivewear or other damage. Do not removethe
shaft assembly unlessreplacement is necessary.

5. Unscrew the cam retaining screw (6, Figur e 24), then
removethe cam (5).

6. Removethesnapring (15, Figure24) at therear of the
pump body.

7. Lightly tap the impeller shaft toward the rear of the
pump to removetheimpeller shaft and bearingassembly.

NOTE
When removing bearings, notethe 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).

10. Clean al 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, Figure24) for groovesin
the seal contact area.

13. Inspecttheimpeller (4, Figure24) for cracked blades
or excessivewear at thetipsof the blades. Replacetheim-
peller if any defects are observed.

14. Inspectthe pump body and cover for groovesor other
damage. A damaged or excessively worn body or cover
will reduce pump efficiency and may damage a new im-
peller.

15. Install theshaft seal (9, Figure24) sothelipistoward
the impeller side of the pump body.

16. Install theoil seal (10, Figure24) sothelip istoward
the bearing side of the pump body.

17. If removed, install the snap ring (13, Figure 24) into
the groovein the impeller shaft.

18. Presstheshaft bearingsontothe pump shaft until they
seat fully against the snap ring. Pressonly on the bearing
inner races.

19. Install the shaft and bearing assembly into the body.
Install the snap ring (15, Figure 24).




174

CHAPTEREIGHT

20. Install the cam (5, Figure 24) and the cam retaining
screw (6).

NOTE
Replace the pump impeller anytime it isre-
moved fromthe pump. If the original impel-
ler must be reused, make suretoinstall itin
the same rotational direction as originally
installed.

21. Lightly lubricatethetipsand sidesof theimpeller. In-
stall the impeller into the pump body by rotating the im-
peller counterclockwise. Be certain al impeller blades
bend in the same direction (Figure 25).

22. Ingtall the cover and gasket.

23. Ingtall 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. Rotatethe pump shaft to check the bearingsfor rough-
ness, excessivewear or other damage. Do not removethe
shaft assembly unlessreplacement is necessary.

5. Unscrewthe pulley retaining nut, then removethe pul-
ley (3, Figur e 26) and spacer (4).

6. Removethe snap ring (5, Figure 26) at the rear of the
pump body.

7. Lightlytap theimpeller shaft (9, Figur e 26) toward the
front of the pumpto removetheimpeller shaft and bearing
assembly.

8. Unscrewthecam retainingscrew (13, Figur e26), then
removethe cam (16).

9. Remove the sedl ring (10, Figure 26) and bearing
cover (8) from the shaft.

10. Pressthe bearings from the pump shaft using a uni-
versal press plate and arbor press. Force each bearing to-
ward the threaded end of the shaft. Note the spacer (7,
Figur e 26) between the bearings.

11. Extract or push out the seal.

12. Cleanall metal componentsin solvent, then dry them
with compressed air.

13. Thoroughly clean all gasket material from al mating
surfaces.

14. Inspect the pump shaft for groovesin the seal contact
area.

15. Inspect the impeller for cracked blades or excessive
wear a the tips of the blades. Replace the impeller if any
defectsare observed.

Impeller
direction

16. Inspect the pump body and cover for groovesor other
damage. A damaged or excessively worn body or cover
will reduce pump efficiency and may damage a new im-
peller.

17. Pressthe bearings onto the shaft with the spacer (7,
Figure 26) between the bearings. Seat the bearings
against the shoul der on the shaft. Pressonly on the bearing
inner races.

18. Install the seal (11, Figure26) into the pump body so
thelip 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, Figur e 26) with the con-
cave side toward the bearing.

21. Ingtall the sedl ring (10, Figure 26) onto the shaft.
22. Instal 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 re-
moved from the pump. If the original impel-
ler must be reused, make sureto install itin
the same rotational direction as originally
installed.

25. Lightly lubricatethetipsand sidesof theimpeller. In-
stall the impeller into the pump body by rotating the im-
peller counterclockwise. Be certain al 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 3HM3S

1. Removethe six screws (19, Figure 28) securingthe
pump cover (18) to the body (12).
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SEAWATER PUMP
(2GM, 2GM20, 3GM AND 3GM30 MODELS)

1. Nut 13. Cam retaining
2. Washer screw
3. Pulley 14. Elbow
4. Spacer 15. Elbow
5. Snap ring 16. Cam
6. Bearings 17. Impeller
7. Spacer 18. Gasket
8. Cover 19. Cover
9. Shaft 20. Screw
/ 10. Seal ring 21. Bracket
3 11. Seal 22. Lockwasher
12. Pump body 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
/\ Impeller body and removethe drive key (8).

direction

4. Rotatethe pump shaft to check the bearingsfor rough-
ness, excessivewear or other damage. Do not remove the
shaft assembly unless replacement is necessary.

5. Removethe snap ring (4, Figure 28).

6. Lightlytaptheimpeller shaft (7, Figure28) towardthe
front of the pump to removetheimpeller shaft and bearing
assembly.

7. Unscrew the cam retainingscrew (14, Figur e28), then
remove the cam (15).

NOTE
When removing bearings, notethe snapring
located between the bearings.
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SEAWATER PUMP

(3HM AND 3HM35 MODELS)

Nut
Washer
Pulley
Snap ring
Bearings
Snap ring
Shaft

Key
Cover

. Washer

SCowNoUAWNE

=

11. Seal

12. Pump body

13. Fitting

14. Cam retaining
screw

15. Cam

16. Impeller

17. Gasket

18. Cover

19. Screw

8. Pressthe bearingsfrom the pump shaft using a univer-
sd press plate and arbor press. Force each bearing away
from the locating snap ring (6, Figure 28).

9. Extractor push out theseal (11, Figure 28).

10. Clean al 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 groovesin 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
defectsare observed.

14. Inspect the pump body and cover for groovesor other
damage. A damaged or excessively worn body or cover
will reduce pump efficiency and may damage a new im-
peller.

15. Install the shaft seal (11, Figure 28) so thelip isto-
ward the impeller side of the pump body.

16. If removed, install the snap ring (6, Figure 28) into
the groovein theimpeller shaft.

17. Press the shaft bearings onto the pump shaft until
fully seated against the snap ring. Pressonly on the bear-
ing inner races.

18. Install the bearing cover (9, Figure 28) with the con-
cave side toward the bearing.

19. Install the washer (10, Figur e 28) onto the shaft.

20. Install the shaft assembly into the pump body. Install
the snapring (4, Figure 28).

21. Install the dotted washers (2, Figure 28), pulley (3)
and nut (1), then tighten the nut.

22. Ingtall theimpellerdrivekey (8, Figure28) intheslot
in the impeller shaft.

NOTE
Replace the pump impeller anytimeit isre-
moved from the pump. If the original impel-
ler must bereused, besuretoingtall it in the
same rotational direction as originally in-
stalled.

23. Lightly lubricatethetipsand sidesof theimpeller. In-
stall the impeller into the pump body by rotating the im-
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peller counterclockwise.Becertainall impeller bladesare
facing the same direction (Figur e 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 impend-
ing failure by making noise. If the seal is defective, cool-

ant or water may leak from behind the pump pulley. It is
recommended that the pump be replaced as an assembly.
Individual replacement partsare available.

Removal/Installation

1. Drain thefreshwater cooling system. Refer to Chapter
Four.

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

2. Loosen, but do not remove, the pump pulley retaining
bolts (A, Figure 29).

3. Loosenthealternator adjustingand pivot bolts (B, Fig-
ure 29). Swivel the alternator toward the engine and re-
move the drive belt from the pump pulley.

4. Unscrew the pump pulley screws and removethe pul-
ley.

5. Unclampand disconnect the hosesfrom thecircul ating
pump and detach any hose bracketsthat interferewith ac-
cessto the water pump bolts.

NOTE
Note the length of the pump retaining bolts
during removal and, if necessary, mark
them according to location.

6. Remove the pump retaining bolts (Figure 30). Re-
move the pump and gasket. Discard the gasket.

7. Clean al gasket residue from the pump and engine
block mounting surfaces.

8. Instalationisthe reverseof removal. Tighten the wa
ter pump fasteners to the tightening torque specified in
Tablel. Adjust drive belts asdescribedin Chapter Three.
Fill the freshwater section of closed cooling systemswith
coolant. See Chapter Three. Start the engineand check for
leaks.

FRESHWATER COOLING SYSTEM
MAINTENANCE

Pressure Testing

If the freshwater (closed) cooling system requiresfre-
quent topping off, it probably hasaleak. Small leaksin a
cooling system are not easy to locate; the hot coolant
evaporatesasfast asit leaksout, preventingtheformation
of tell-talerusty or grayish-whitestains.

A pressure test of the freshwater section will usually
help to pinpoint the source of the leak. The procedureis
very similar to that used in pressure testing automotive
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cooling systems and requires the same type of pressure
tester.

1. Remove the pressure fill cap from the heat exchanger.
See Figure 31, typical.

2. Wash the cap with clean water to remove any debris or
deposits from its sealing surfaces.

3. Check the gasket, if so equipped, and rubber seal on
the cap for cuts, cracks, tears or deterioration. See Figure
32. Replace the cap if the seal is damaged. Make sure the
locking tabs on the cap are not damaged or bent.

4. Dip the cap in water and attach it to a cooling system
pressure tester, using the adapters supplied with the tester.
See Figure 33.

5. Pump the pressure to 13 psi (90 kPa). If the cap fails to
hold pressure for 30 seconds without dropping under 11
psi (76 kPa), replace it.

6. Inspect the filler neck seat and sealing surface (Figure
32) for nicks, dents, distortion or contamination. Wipe the
sealing surface with a clean cloth to remove any rust or
dirt. Make sure the locking cams are not bent or damaged.

7. Check coolant level. It should be within 1 in. (25.4
mm) of the filler neck. Top off if necessary.

8. Connect the cooling system pressure tester to the filler
neck and pressurize the system to 15 psi (104 kPa). If
pressure does not hold constant for at least two minutes,
check all hoses, gaskets, drain plugs, drain valves and
other potential leak points for leakage. Listen for a hissing
or bubbling sound while the system is under pressure.

9. If no leaks are found, disconnect the seawater outlet
hose from the heat exchanger (Figure 34). Repressurize
the system to 15 psi (104 kPa) and note the outlet connec-
tion on the heat exchanger. If water flows from the con-
nection, air bubbles are visible in the water or a bubbling
or hissing noise is heard, there is probably a leak between
the fresh and seawater sections within the heat exchanger.

@ Pressure relief valve spring

Lower sealing gasket

Upper sealing surface

Lower sealing surface

¢
|
1“1

(o]
0 ¢
o]
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10. Ifno signsof leakagecan befoundin Step8or Step 9,
yet thecoolant level continuesto requirefrequent topping
off, there is probably an interna 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 sea-
son or periodically as needed. Use any high-quality auto-
motive cooling system cleaning solution to removescale,
rust, mineral deposits or other contamination. Use the
cleaning solution according to the manufacturer's direc-
tions.

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 fol-
lowed.

Cleaning the Seawater Section of the Heat
Exchanger

Contaminants and minerals collect inside the copper
tubesin the seawater section of the heat exchanger during
engine operation. Such foreign material reduces the abil-
ity of the heat exchanger to operate efficiently and, if not
removed periodically,will eventually lead to engineover-




180

CHAPTER EIGHT

FRESHWATER EXHAUST MANIFOLD/HEAT EXCHANGER

© 00~NO
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. Pressurecap
. Filler neck

Gasket

. Overflow tube
. Exhaust manifold/heat

exchanger

. Heat exchanger core
. Cover
. O-ring
. Gasket
10.
11.
12.

End cap
Elbow
O-ring

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

Stud
Washer
Nut

Drain valve
Plug

End cap
Fitting
Gasket
Gasket
Cover
Drain fitting
Drain valve
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Heat exchanger

O-rings

heating. It is recommended to remove and clean the heat
exchanger whenever the coolant ischanged. Refer to Fig-
ure 36.

1. Drain both sections of the cooling system. Refer to
Chapter Four. Loosen the hose clampsand disconnect the
seawater inlet and outlet hosesfrom the end caps (Figure
37).

2. Removethe end cap retaining bolts.

3. Removetheheat exchanger end caps. Removeand dis-
card the gaskets.

Index
pin
o [
End ' — End
cap s i e s o | | | —cap
1 . | ] | _J
® SO\ 0
incex | [ 8 )
pin 5 =& S
) ()

4. Removethe heat exchanger (Figure 38).

NOTE
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.

5. Clean al gasket residue from the end caps and heat
exchanger sealing surfaces.

6. Insertan appropriate-sizewire brush into each passage
in the heat exchanger. Work the brush back and forth with
avigorousmotion, but work carefully to avoid damageto
the soldered joints.

7. Removethe brush, hold the heat exchanger vertically
and blow loosened particlesout with compressed air.

8. Repeat Step 6 and Step 7 as necessary to remove as
much of the accumulated depositsas possible.

9. Reinstal the heat exchanger by reversing the removal
procedure. Position the heat exchanger so the index pins
(Figure 39) in both endsfit in the holesin 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

Theonly maintenancerequired for the seawater cooling
system is periodic flushing. Refer to Chapter Three.
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Table 1 TIGHTENING TORQUES
Fastener Nem ft.-Ib. in.-lb.
Seawater pump
1GM, 1GM10 9 - 80
All other models 25 18 -
Freshwater pump 20-25 - 177-221

Table 2 RECOMMENDED THERMOSTAT

Model

Opening temperature

Full open temperature

All engines
Seawater system
Freshwater system

108° F (42° C)
160° F (71° C)

126° F (52° C)
185° F (85° C)




Chapter Nine

Electrical System

All enginescoveredin thismanual are equipped with a
12-volt, negative-groundel ectrical system. Many electri-
cal problemscan be traced to a simple cause such as a
blown fuse, aloose or corroded connection, aloose alter-
nator drive belt or a frayed wire. While these are easily
corrected problemsthat may not appear to be important,
they can quickly lead to seriousdifficulty if allowedto go
uncorrected.

Complete overhaul of electrical components, such as
thealternator or starter motor, may not be practical or eco-
nomical. In some cases, the necessary bushings, bearings
or other worn parts are not available for individua re-
placement.

If tests indicate a unit with problems other than those
discussed in this chapter, replace it with anew or rebuilt
marine unit. Make certain, however, that the new or re-
built part is an exact replacement for the defectiveonere-
moved. Also be suretoisolateand correct the cause of the
failure before installing a replacement. For example, an
uncorrected short in an alternator circuit will most likely
burn out a new aternator as quickly asit damaged the old
one. If in doubt, awaysconsult an expert.

This chapter provides service procedures for the bat-
tery, charging system, starting system and switches.

Wiring diagramsare included at the end of thisbook. Ta-
bledland Table 2 are located at the end of thischapter.

NOTE
Except where speczjied, F and D series en-
ginesareincluded when a basic model num:
ber isspeczjied. For example, if model 3GM
is called out in a procedure, the procedure
also appliesto 3GMD and 3GMF.

BATTERY

Because batteries used in marine applications endure
far more rigoroustreatment and are often used differently
than those used in an automotive charging system, they
are constructed differently. However, battery advance-
ments developed for automotive batteries have been ap-
plied to marine batteries. This hasresulted in new battery
designsthat providethe boater with more choices. A bat-
tery may be selected that better accommodatesthe el ectri-
cal requirementsfor the engineand the boat's accessories
than the typical older, wet-cell battery designs.

If buying a new battery, consult with a marine dedl er-
ship that sellsafull line of marine batteries. To obtain the
best advice, providethe enginemodel and alist of electri-
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cal devices that will be powered by the battery and how
they will be used.

Automotive batteries should be used only in an emer-
gency situation when a suitable marine battery is not
available. If used, the automotive battery should be re-
placed with a suitable marine battery as soon as possible.

Refer to Table 1 for recommended battery capacity.

Safety Precautions

When working with batteries, use extreme care to avoid
spilling or splashing the electrolyte. This solution con-
tains sulfuric acid, which can ruin clothing and cause seri-
ous chemical burns. If any electrolyte is spilled or
splashed on clothing or skin, immediately neutralize with
a solution of baking soda and water, then flush the area
with an abundance of clean water.

WARNING

Electrolyte splashed into the eyes is ex-
tremely dangerous. Always wear safety
glasses while working with batteries. If
electrolyte is splashed into the eyes, call a
physician immediately, force the eyes open
and flood with cool, clean water for approx-
imately five minutes.

If electrolyte is spilled or splashed onto any surface, it
should be immediately neutralized with baking soda and
water solution and then rinsed with clean water. While
batteries are being charged, highly explosive hydrogen
gas forms in each cell. Some of this gas escapes through
filler cap openings and may form an explosive atmo-
sphere in and around the battery. This condition can exist
for several hours. Sparks, an open flame or a lighted ciga-
rette can ignite this gas, causing an internal battery explo-
sion and possible serious personal injury.

Take the following precautions to prevent injury.

Cleaning brush

Warm water
and baking
soda solution

1. Do not smoke or permit any open flame near any bat-
tery being charged or that has been recently charged.

2. Do not disconnect live circuits at battery terminals,
since a spark usually occurs when a live circuit is broken.

3. Take care when connecting or disconnecting any bat-
tery charger. Make sure its power switch is off before
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Battery cable Battery cable

cleaning tool

Test indicator

Battery cable

n /

making or breaking any connection. Poor connectionsare
acommon cause of electrical arcsthat cause explosions.

Careand I ngpection

Thefollowing battery maintenanceinformationapplies

to unsealed, wet-cell batteries. Although some of the pro-
cedures also apply to other types of batteries, consult the
battery manufacturer for specific recommendations.
1. 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 atypical enclosedinstallation.

NOTE
Some batteries have a carry strap built in
for usein Step 2. SeeF gure 3.

2. Attach a battery carrier or carrier strap to the terminal
postsand lift the battery fromthe battery tray. Removethe
battery from the engine compartment.

3. Check the entire battery case for cracks or other dam-
age.

4. If the battery has removablevent caps, cover the vent
holes in each cap with small piecesof masking tape.

NOTE
Keep cleaning solution out of the battery
cellsin Step 5, or the electrolyte will be seri-
ously weakened.

5. Scrub the top of the battery with a stiff bristle brush,
using a baking soda and water solution (Figure4). Rinse
the battery case with clear water and wipe it dry with a
clean cloth or paper towels. Remove the masking tape
fromthefiller cap vent holes, if so equipped.

6. Inspectthe battery tray or container in the engine com-
partment for corrosion. Removeand clean it, if necessary,
with the baking soda and water solution. Rinse it with
clear water and wipeit dry, then reinstall.

7. Clean the battery cable clamps with a tiff wire brush
or one of themany toolsmadefor this purpose(Figureb).
The sametool is used for cleaning the battery posts (Fig-
ure6).

8. Repositionthe battery on the battery tray or container
and remove the carrier or strap. Install and tighten the
hold-downdevice.

9. Reingstal the positive battery cable, then the negative
battery cable.

CAUTION
Be sure the battery cables are connected to
their proper terminals. Reversingthe polar-
ity can damage the alternator.
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10. Tighten the battery cable connectionsto 9 ft.-1b. (12
Nem). Overtightening the connections can cause damage
to the battery case. Coat the connectionswith petroleum
jelly, or a light minerd grease. Aerosol anti-corrosion
sprayscan a'so be used.

NOTE
Do not overfill the battery cellsin Step /1.
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. Theelectralyteshould cover the battery platesby at
least 3/16 in. (4.8 mm). See Figure 7. Top off with dis-
tilled 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 1.100-1.300rather than one with col or-coded bands.
To use the hydrometer, squeeze the rubber ball, insert the
tipinacell and releasethe ball (Figure 8).

NOTE
Do not attempt to test a battery with a hy-
drometer immediately after adding water to

Hydrometer
Float

Electrolyte must
be 3/16 In. above
plates

the cells. Run the engine or charge the bat-
tery for 15-20 minutesprior to testing.

Draw enough electrolyte to float the weighted float
insidethe hydrometer. When usngatemperature-compensated
hydrometer, rel easethe el ectrolyteand repeat this process
several timesto make sure the thermometer has adjusted
to the electrolytetemperature before taking the reading.

Hold the hydrometer vertically and note the number
aignedwiththe surfaceof theelectrolyte(Figure9). This
isthespecificgravity for thecell. Returnthe el ectrolyteto
the cell from which it came.

The specific gravity of the electrolytein each battery
cell is an excellent indicator of that cell's condition. A
fully chargedcell will read 1.260or moreat 80" F (27° C).
If the cells test below 1.220, the battery must be re-
charged. Chargingisalso necessary if the specific gravity
variesmore than 50 pointsfrom cell to cell.

NOTE
If a temperature-compensated hydrometer
isnot used, add 0.004 to the specific gravity
reading for every 10° above 80" F(27° C).
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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 voltsunder astarting load. If rechargingdoes not
bring it up to strength or if it does not hold the charge, re-
placethe battery.

A cold battery will not accept a charge readily. If the
temperature is below 40" F (5" C), allow the battery to

warm up to room temperature before charging. The bat-
tery does not have to be removed from the boat before
charging, but it is a recommended procedure since a
charging battery givesoff highly explosivehhydrogen gas.
In many boats, the areaaround the battery is not well ven-
tilated and the gas may remain in the area for severa
hours after the charging procedure has been completed.
Sparksor flamesoccurring near the battery can causeit to
explode, spraying battery acid over awide area.

Disconnect the negative battery cable first, then the
positive battery cable. Make sure the electrolyteis full.
Removethe vent capsand placeafolded paper towel over
thevent openingsto absorbany electrolytethat may splat-
ter asthe battery charges.

Connect the charger to the battery; negativeto negative,
positiveto positive. If thecharger outputisvariable, select
a 10-12 amp setting. Set the voltage selector to 12 volts
and plug the charger in. Once the battery startsto accept a
charge, reducethe chargerateto alevel that will prevent
excessivegassing.

The length of time required to recharge a battery de-
pends upon its rating, state of charge and temperature.
Generally speaking, the current input time should equal
the battery amp-hour rating. For example, a45 AH battery
will requirea 9-amp chargingrate for fivehours(9x 5=
45) or a 15-amp charging rate for three hours (15 x 3 =
45). Check charging progresswith the hydrometer.

Jump Starting

If the battery becomesdischarged, it is possibleto start
and run the engine by jump starting it from another bat-
tery.

Before jump starting a battery when temperaturesare
32" F (0° C) or lower, check the condition of the electro-
lyte. If itisnot visibleor if it appearsto befrozen, do not
attempt to jump start the battery, as the battery may ex-
plodeor rupture.

WARNING
Use extreme caution when connecting a
booster battery to one that is discharged to
avoidpersonal injury or damage to the sys-
tem.

1. Connect the jumper cables in the order and sequence
shownin Figure11.

WARNING
An electrical arc may occur when the final
connectionis made. This could cause an ex-
plosion if'it occurs near the battery. For this
reason, the final connection should be made
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to the alternator mounting bracket or an-
other good engine ground and not the bat-
tery itself.

2. Check that all jumper cablesare out of the way of mov-
ing partson both engines.

3. Starttheenginewiththegood battery and runat amod-
erate 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 electri-
cal system.

5. Remove the jumper cables in the exact reverse order
shownin Figure 11. Begin at point 4, then disconnect at
points 3,2 and 1.

Battery Cables

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

@

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

Booster
battery

Discharged battery

on the battery. Check cable condition and terminal con-
nectionsperiodicaly.

ELECTRICAL PROTECTION

Some electrical systems are equipped with a battery
cutoff switch connected between the positiveterminal of
the battery and the starter solenoid. The switch providesa
meansto cut off al circuitsfrom the battery in caseof fire
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or other electrical emergencies. Using the cutoff switch
also preventsany 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 afailureoccursin any part of the electri-
cal system, alwayscheck thefusefirstto seeif itisblown.
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
servesasawarningthat somethingiswrongin the el ectri-
cal system. Before replacing a fuse, determine what
caused it to blow and correct the problem. Alwayscarry
several spare fuses of the proper amperage values
onboard. Never replace a fuse with one of higher amper-
age rating than that specified for use. Failure to follow

thesebasicrulescould result in heat or firedamageto ma
jor partsor even the loss of the entire vessel.

CHARGING SYSTEM

The charging system consists of the battery, aternator,
voltage regulator, ignition switch, charge lamp and con-
necting wiring. All engines are equipped with a Hitachi
aternator. Refer to Figure 12 for a typical charging
system.

Preliminary Testing

The first indication of charging system troubleis usu-
aly a slow engine cranking speed or running lights that
dim as engine speed decreases. Thiswill often occur long
before the ammeter or voltmeter indicatesthat thereisa
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potential problem. When charging system trouble is first
suspected, perform the following:

1. Check the alternator drive belt for correct tension
(Chapter Three).

2. Check the battery to make sure it is in satisfactory con-
dition and fully charged and that all connections are clean
and secure.

3. Check all connections at the alternator to make sure
they are clean and secure.

4. Ifthe charging system is not performing as it should af-
ter each of the above points has been carefully checked
and any unsatisfactory conditions corrected, refer to
Chapter Two and perform the Charging System Tests.

Alternator Removal/Installation

This section provides alternator replacement proce-
dures. Complete alternator overhaul is not practical for
the home mechanic. In some cases, replacement parts are
unavailable.

This procedure is generalized to cover all applications.
Access to the alternator is quite limited in some engine
compartments and care should be taken to avoid personal
injury.

1. Disconnect the negative battery cable.
2. Disconnect all wiring harnesses and leads at the rear of
the alternator. See Figure 13, typical.

NOTE
When loosening the retaining nut on an al-
ternator terminal, hold the terminal with a
wrench to prevent the terminal from rotat-

ing.

3. Loosen the alternator adjusting and pivot bolts (Figure
14, typical).

4. Swivel the alternator toward the engine and remove
the drive belt from the alternator pulley.

5. Support the alternator with one hand and remove the
adjusting and pivot bolts, noting the position of any wash-
ers or spacers used. Remove the alternator.

6. Installation is the reverse of removal. Tighten fasteners
securely and adjust drive belt tension (Chapter Three) be-
fore reconnecting wiring harnesses and leads to the rear of
the alternator.

NOTE
Make sure the rubber boots at the end of the
wires fit snugly over the terminals on the al-
ternator, otherwise, the wire ends and termi-
nals may corrode.

STARTING SYSTEM

The starting system consists of the battery, starter mo-
tor, starter solenoid, starter switch, key switch, fuse and
connecting wiring. See Figure 12, typical.

Yanmar marine engines are equipped with a Hitachi
starter motor. The starter solenoid is enclosed in the drive
housing to protect it from exposure to dirt and adverse
weather conditions.

Starter service requires experience and special tools.
Refer to Chapter Two for troubleshooting procedures. The
procedures described below consist of removal, installa-
tion and brush replacement. Any repairs inside the unit it-
self (other than brush replacement) should be performed
by a dealer or certified electrical shop. Installation of a
professionally rebuilt marine-type unit is generally less
expensive and more practical.

Starter Removal/Installation

1. Disconnect the negative battery cable.
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2. Disconnect the solenoid terminal wires. See Figure
15.

3. Remove the starter motor mounting bolts. Pull the
starter motor away from the flywheel and remove it from
the engine.

4. Installation is the reverse of removal. Tighten mount-
ing bolts to torque specified in Table 2.

Solenoid Removal/Installation

To remove the solenoid it is necessary to partially disas-
semble the starter. Note that the starter used on series
1GM, 1GM10, 2GM, 2GM20, 3GM and 3GM30 engines
are equipped with an antitorque spring that stabilizes the
actuating yoke.

1. Remove the starter as previously described.

2. Disconnect the solenoid terminal wires (Figure 15).
3. Remove the screws securing the solenoid to the starter.
The solenoid will be loose but still attached to the actuat-
ing yoke in the starter. It is necessary to partially disas-
semble the starter to remove the solenoid and yoke.

4. Remove the two throughbolts (29, Figure 16 or 33,
Figure 17).

NOTE
Do not allow the armature to move forward
because the commutator may slide out of the
brushes, which will require disassembly of
the rear of the starter to reinstall the
brushes.

5. Carefully separate the drive end cover (3, Figure 16)
from the frame (15 or 22) so the armature shaft withdraws
from the drive end housing, but stays in position in the
frame.

6. Remove the solenoid with the actuating yoke (6, Fig-
ure 16 or 7, Figure 17) and spring, if so equipped.

7. Remove the yoke and spring, if so equipped, from the
solenoid.

8A. To install the solenoid on models equipped with an
antitorque spring, reverse the disassembly procedure
while noting the following:

a. Position the antitorque spring on the solenoid
plunger so the spring ends fit in the holes in the sole-
noid (Figure 18).

b. Position the yoke in the solenoid plunger so the
notch on the yoke fits against the closed end of the
anti-torque spring as shown in Figure 18.

c. Make sure the open end of the yoke properly en-
gages the ears on the overrunning clutch body (Fig-
ure 19).

8B. To install the solenoid on models not equipped with
an antitorque spring, reverse the disassembly procedure
while noting the following:

a. Make sure that the pads on the open end of the yoke .
properly fit between the flanges on the overrunning
clutch body.

Brush Replacement

IGM, 1IGM10, 2GM, 2GM20, 3GM and 3GM30
models

Brush replacement requires partial disassembly of the
starter.
1. Disconnect the positive lead from the solenoid.
2. Remove the cover (26, Figure 16) on the end cap.
3. Detach the E-ring (25, Figure 16) and remove the
washers from the armature shaft.
4. Remove the brush holder retaining screws (30, Figure
16).
5. Remove the two throughbolts (29, Figure 16).
6. Separate the end cover (21, Figure 16) from the starter.
7. Note the position of the brushes in the brush holder.
Use a suitable tool to pull back and hold the brush retain-
ing clip, then remove the brush. See Figure 20, typical.
Repeat this step to remove the remaining brushes.
8. Remove the brush holder from the armature shaft.
9. Use an ohmmeter or self-powered test lamp to check
for continuity between the insulated brush holder and the
base of the brush holder assembly. See Figure 21. If there
is continuity, replace the brush holder.

. 10. Inspect brush and brush spring condition. Measure

brush length. Replace all brushes if any are oil-soaked or
worn to 12 mm (0.47 in.) or less in length. Replace any
broken or distorted brush springs.
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STARTER MOTOR
(EXCEPT 3HM AND 3HM35 MODELS)

Bolt

. Lockwasher
. Drive end housing

Bushing
Dust cover
Yoke

. Spring

. Shims

. Solenoid

. Retaining ring

. Retainer

. Drive

. Center plate

. Armature

. Frame assembly
. Positive lead

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)

1. Bolt 18. Center plate

2. Lockwasher 19. Armature

3. Drive end housing 20. Washer

4. Bushing 21. Washer

5. Clip 22. Frame assembly
6. Dust cover 23. Positivelead

7. Yoke 24. Positive brush
8. Actuator 25. Brush plate

9. Washers 26. Negative brush
10. Shims 27. Brush spring
11. Solenoid 28. Bushing

12. Pin 29. Commutator end cap
13. Stopper washer 30. Lockwasher

14. Circlip 31. Screw

15. Retainer 32. Lockwasher

16. Drive 33. Throughbolt

17. Bushing
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Closed spring
end

11. To replace ground (negative) brushes, remove the
brush lead attaching screws from the starter frame. Re-
move the brushesand install new ones.

12. To replacefield coil brushes, cut the insulated brush
leads as close as possible to the field coils. Attach new
brush leadsand sol der the connectionstogether withrosin
core solder and a 300-watt solderingiron.

NOTE
Always replace brushes in complete sets.

13. Install the brush end holder.

14. Pull back and hold the brushretainingclipwithawire
hook, then install the brush. Repeat this step toinstall the
remaining brushes. Make sure the brush springsrestin the
small cutout on top of each brush.

15. Reassembly isthereverse of Steps1-6.

3HM and 3HM35 models

Brush replacement requires partial disassembly of the
Starter.
1. Disconnect the positivelead (23) from the solenoid.
2. Removethe brush holder retaining screws (31, Figure
17).
3. Removethe two throughbolts(33, Figure 17).
4. Separatetheend cap (29) from the starter.
5. Note the position of the brushes in the brush holder.
Use asuitabletool to pull back and hold the brush retain-
ing clip, then remove the brush. See Figure 20, typical.
Repeat this step to remove the remaining brushes.
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. If there
is continuity, replace the brush holder.

8. Inspect brush and brush spring condition. Measure
brush length. Replace al brushesif any are oil-soaked or
worn to 14 mm (0.55 in.) or lessin length. Replace any
broken or distorted brush springs.

9. To replace ground (negative) brushes, remove the
brush lead attaching screws from the starter frame. Re-
move the brushesand install new ones.

10. To replacefield coil (positive) brushes, cut the insu-
lated brush leadsascloseaspossibleto thefield coils. At-
tach new brush leads and solder the connectionstogether
with rosin core solder and a 300-watt solderingiron.

NOTE
Always replace brushes in complete sets.

11. Install the brush end holder.

12. Pull back and hold the brush retainingclipwithawire
hook, then install the brush. Repeat thisstep toinstall the
remaining brushes. Make surethe brush springsrestin the
small cutout on top of each brush.

13. Reassembly isthe reverseof Steps 1-4.
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SWITCHES

The instrument panel is equipped with two switches: a
key switch and a start switch. A lighting switch is also
used on instrument panels equipped with a tachometer.
Most engines are also equipped with a battery cutoff
switch. Refer to the following sections to check the opera-
tion of these switches. Also refer to the wiring diagrams at
the back of this manual.

Key Switch

The key switch is mounted on the instrument panel.
When the key is in the ON position, the switch directs cur-
rent to the circuits it controls.

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

Start Switch

The start switch mounted on the instrument panel is a
push-button switch that closes the starter motor circuit
when the button is depressed.

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

Battery Cutoff Switch

The battery cutoff switch is connected between the pos-
itive terminal of the battery and the starter solenoid. The
switch provides a means to cutoff all circuits from the bat-
tery in case of fire or other electrical emergencies. Using
the cutoff switch also prevents any electrical drain on the
battery.

To test the switch, check for voltage at the starter sole-
noid terminal, or disconnect the positive battery cable and
check the switch using an ohmmeter.

SENDERS

The engine is equipped with senders that trigger warn-
ing lights and the alarm buzzer if engine oil pressure or
water temperature reaches a dangerous level. The senders
are essentially switches that complete an electrical circuit.

Qil Pressure Sender

Refer to the oil pressure circuit in Figure 22. The
sender is closed at zero oil pressure, which allows current
to light the warning lamp and sound the alarm buzzer
when the key switch is on. When oil pressure rises above
9.8-29.4 kPa (1.4-4.3 psi), the sender opens, the warning
lamp goes out and the alarm buzzer quits.

The oil pressure sender on 1GM and 1GM10 is located
on the oil filter adapter as shown in Figure 23. The oil




196

CHAPTER NINE

Oil pressure
sender

pressure sender on 2GM, 2GM20, 3GM, 3GM30, 3HM
and 3HM35 engines is located below the oil filter as
shown in Figure 24,

To check the oil pressure sender, proceed as follows:

CAUTION
Before checking the oil pressure sender,
make sure the engine is filled with oil.

1. Disconnect the wire at the sender terminal.

2. Connect an ohmmeter between the sender terminal and
the hex on the base of the sender.

3. With the engine off, the meter should show continuity.
4. Start the engine. As the oil pressure builds above 9.8
kPa (1.4 psi), the meter should switch from continuity to
no continuity. If it does not, replace the sender unit.

Coolant Temperature Sender

Refer to the coolant temperature circuit in Figure 25.
The sender is open at ambient temperature, which pre-
vents current from lighting the warning lamp and activat-
ing the alarm buzzer. When coolant rises above the
specification, the sender closes, the warning lamp and the
alarm buzzer come on. _

On 1GM and 1GM10 engines, the coolant temperature
sensor is located on the cylinder head (Figure 26). The
coolant temperature sensor on two or three cylinder en-
gines is located on the front or side of the thermostat hous-
ing (Figure 27, typical).

Two different senders may be used depending on the
type of cooling system. Engines equipped with seawater
cooling are equipped with a sender that is color-coded
white and has a closed temperature of 148-154° F (63-67°

O,

Warning
lamp

Coolant
tem pe rature
sender

C). Engines equipped with freshwater cooling are
equipped with a sender that is color-coded green and has a
closed temperature of 193-202° F (89-95° C).

To check the coolant sender, proceed as follows:
1. Remove the switch from the engine.
2. Connect a digital ohmmeter to the switch.
3. Immerse the sending unit and a cooking thermometer
in a container of oil.
4. Heat the container over a flameless heat source and
note the ohmmeter reading. The switch should close as
follows:

a. seawater switch (white)—148-154° F (63-67° C).

b. freshwater switch (green)—193-202°F (89-95° C).
5. Remove the container from the heat and let it cool. The
switch should reopen as follows:

a. seawater switch (white)—136° F (58° C).

b. freshwater switch (green)—190° F (88° C).
6. Replace the switch if it does not function as specified
at each temperature range.
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WARNING LAMPS

Engines covered by this manua are equipped with an
instrument panel that has three warning lamps. Thewarn-
ing lampsilluminateto indicate high coolant temperature,
low oil pressureor insufficient charging current.

Coolant and Oil PressureWarning Lamps

1. To check the circuit for the coolant or oil pressure
warning lamp, detachthe lead from the coolant tempera-
tureor oil pressure sender.

2. With the key switch ON, ground the sender lead. The
warning lamp should come on.

3. To determineif a bulb is defective, substitute a good
bulb. All warninglamps use the sametype of bulb.

Charging System WarningLamp

The warning lamp for the charging circuit should illu-
minate when the key switch is ON and the engineis 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 alterna-
tor.

2. With the key switch ON, ground the detached lead.
The charge system warning lamp should come on.

3. Todetermineif the charging system bulb is defective,
substitute a good bulb. All warning lamps use the same
type of bulb.

4. If agood bulb does not light, check the charging sys-
tem as described in Chapter Two.

ALARM BUZZER

The alarm buzzer providesan audible warning in addi-
tion to the coolant and oil pressure warning lamps. Two
types of alarm buzzersare used: a buzzer with two leads
and a buzzer with multipleleads. Note the terminal loca-
tionsin Figure 28 for the buzzer equipped with multiple
leads.

1. Check thealarm buzzer whileit isinstalled.

a. Detach the lead from the coolant temperatureor oil
pressure sende.

b. With the key switch ON, ground the sender lead.
The aarm buzzer should come on.

2. Check the aarm buzzer with al leads disconnected
from the buzzer or with the buzzer removed from the in-
strument panel.

a. On the buzzer with multipleterminals, note the ter-
minal locationsin Figure 28.

b. Connect a 12-volt battery to the terminals as fol-
lows: 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 (Figur e29) provides
an electrical signal that drives the tachometer. The elec-
tromagnetic sensor counts the teeth on the flywhedl ring
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gear as it rotates. The sensor sends the resulting electrical
signal to the tachometer, which converts it into indicator
needle movement.

NOTE
While the sensors for all engines are inter-
changeable, the tachometers are not. Due to
the difference in number of ring gear teeth,
the tachometer used on 3HM and 3HM35
engines is not interchangeable with other
engines.

Before troubleshooting the tachometer, check for faulty
connections, then recheck tachometer operation. If the
problem remains, refer to the following sections.

Tachometer Sender

To check the tachometer sender, proceed as follows:
1. Disconnect the leads from the sender (Figure 29).
2. With the engine stopped, use an ohmmeter to check the
resistance between the sender terminals. Resistance
should be 1500-1700 ohms.
3. Run the engine. Measure the alternating current volt-
age between the sender terminals. The voltage reading
should be at least one volt. :
4. If the sender fails either test, replace the sender.

Tachometer Gauge

To check the tachometer gauge unit, proceed as fol-
lows:
1. Disconnect the red/black and black wire leads from the
tachometer. With the key switch ON, measure the voltage
between the two wires. There should be 10-16 volts (bat-
tery voltage). If not, determine the cause.
2. Disconnect the orange and blue/red wire leads from
the tachometer. Run the engine. Measure the alternating
current voltage between the orange and blue/red wire
leads. The voltage reading should be at least one volt.
3. If the voltage reading in Step 2 is less than one volt,
check the wires and connections and check the sender as
described in the preceding section.
4. Ifthe voltage readings in Steps 1 and 2 are satisfactory,
replace the tachometer.

Table 1 BATTERY CAPACITY (MINIMUM)

Model Voltage Battery capacity
1GM, 1GM10 12V 70 amp-hours
2GM, 2GM20 i2v 70 amp-hours
3GM, 3GM30, 3HM 12V 70 amp-hours
3HM35 12V 100 amp-hours
Table 2 ALTERNATOR AND STARTER MOTOR TIGHTENING TORQUES

Model Alternator mounting bolt Starter motor mounting bolts
1GM, 1GM10,
2GM, 2GM20,
3GM, 3GM30 22-27 Nem 45-50 Nem

(16-20 ft.-lb.) (33-37 ft.-Ib.)
3HM, 3HM35 22-27 Nem 75-80 Nem

(16-20 ft.-1b.) (55-59 ft.-Ib.)
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Transmission—KM Series

This chapter covers the Kanzaki KM2A, KM2C,
KM2P, KM3A and KM3P marine transmissions that are
attached to Yanmar 1GM, 1GM 10, 2GM, 2GM20, 3GMD

and 3GM30 engines. Refer to Table 1 for a
cross-reference of engine and transmission models. The
identification plate located on the transmission case (Fig-
ure 1, typical) specifies the transmission model.

The KM2 and KM3 series transmissions are inline
transmissions that provide forward and reverse direction.
All gears are constant mesh. A cone-type clutch engages
internally tapered gears to transmit power to the output
shaft. Oil contained in the transmission case lubricates the
internal transmission components.

Basic design is the same for all the transmissions with j
the exception of the shifting mechanism. Transmissions ' |

with a P suffix are equipped with a shifting device that en-
gages detent notches in the shifter housing. All other mod-
els use spring-loaded pins and a spring-loaded actuator
that engage detents and ramps on the shift shaft.
Refer to Chapter Three for maintenance information.
Tables 1-7 are located at the end of this chapter.

OPERATION

The input shaft on the transmission engages the drive
disc attached to the engine flywheel. Because this is a con-
stant-mesh transmission, engine power is transmitted to
all gears. Power flows to the output shaft when the cone
clutch engages either the forward gear or the reverse gear.
In Figure 2, the cone clutch is shown engaged with the
forward gear. Because power flows from the input shaft
gear through the reverse idler gear to the reverse gear, the
reverse gear rotates in the opposite direction of the for-
ward gear. When the cone clutch engages the reverse gear,
the output shaft rotates in reverse.

On Model KM2A, KM2C and KM3A transmissions,
moving the shift lever (Figure 3) rotates the shift shaft.
When the shift shaft rotates, the shifter slides the cone
clutch into engagement with the forward or reverse gear,
or into neutral. When the shifter reaches the proper posi-
tion, the upper spring-loaded detent pin sits on a ramp that

e
R S
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@ SHIFTER (KM2P AND KM3P MODELS)

PR R RRR R
NoO ON~NWDNRPERO

. Shoulder bolt
. Connector
. Shift lever

. Stop bolt

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

. Seal

. Bolt

. Shift body
. O-ring

. Shift shaft
. Detent pin
. Pin

. Spring

. Shifter

1
P
L\

ON)

13 16 1

Washer
Nut

Shims
Bolt

forces the shifter to push the clutch coneinto thegear. The
springsin the shift actuator hold the shifter in position.

The shifter mechanism on Model KM2P and KM3P
transmissions includesa spring-loaded shifter (Figure 4).
Movement of the shift lever forcesthe shifter to movethe
cone clutch against the forward or reverse gear. Detent
notches in the shift housing hold the shifter pin in posi-
tion.

REMOVAL/INSTALLATION

The following procedure addresses units that are acces-
sible. In some cases, it may be necessary to removetheen-
gine and transmission as a unit before removing the
transmission from the engine. If engineremoval is neces-

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. Reinstal the transmission by reversing the remova
procedure. Make sureto aign the splineson the transmis-
sion input shaft and the drive disc during installation.
Tighten the transmission retaining bolts to the torque
specified in Table 2.
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Disassembly

1. Remove the drain plug (A, Figure 5) and drain the
transmission oil.

2. The output flange retaining nut is staked (Figure 6).
Use a chisel to cut away the staked portion so the nut will
rotate.

NOTE
The output flange retaining nut has
left-hand threads.

3. Use atool or other device to hold the output flange so it
cannot rotate.

4. Unscrew the output flange retaining nut by rotating the
nut clockwise (left-hand threads).

5. Remove the oil dipstick (Figure 7).

6. Remove the shifter retaining bolts (B, Figure 5) and
remove the shifter assembly.

7. Remove the transmission flange retaining bolts.

L
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NOTE
In Step 8, position the transmission so the
transmission input shafi is up when remov-
ing the transmission flange so the transmis-
sion shafts will not fall out.

8. Tap on the transmission flange (A, Figure 8) using a
soft-faced hammer to dislodge the flange. If tapping will
not dislodge the flange, install jackscrews (B) into the
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threaded holes in the flange and rotate the jackscrews to

force the flange off the transmission case. Position the

transmission with the input shaft up, then remove the

flange from the transmission case.

9. Remove the output shaft (A, Figure 9) assembly from

the transmission case and set aside for disassembly.

10. The input shaft (B, Figure 9) and intermediate shaft

(C) assemblies must be removed together. Proceed as fol-

lows:

a. Insert a suitably sized bolt or rod through the hole in

the rear of the transmission that supports the inter-
mediate shaft (Figure 10).

e
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b. Carefully drive out the intermediate shaft while re-
moving the intermediate and input shaft assemblies
from the transmission case.

11. Using a large screwdriver, pry out the oil seal in the
transmission case. Be careful not to damage the case or
the adjacent bearing race.

12. Using a large screwdriver, pry out the oil seal in the
transmission mounting flange. Be careful not to damage
the case or the adjacent bearing race.

13. Ifinspection indicates additional disassembly is nec-
essary, refer to the following sections.

Inspection

Input shaft

1. Check the gear teeth for excessive wear, corrosion and
mechanical damage. Check the teeth for galling, chips,
cracks, missing pieces, distortion or discoloration from
overheating. Replace the input shaft if the gears are dam-
aged.

2. Inspect the input shaft bearings (Figure 11) and seal
surfaces for excessive wear, grooves, metal transfer and
discoloration from overheating. Use a press to remove
damaged bearings and to install new bearings.

NOTE
Shims behind the outer bearing race in the
mounting flange determine bearing preload
for the input shaft bearings. Save the shims
and reinstall them if reusing the original
parts.

3. Inspect the input shaft bearing outer races in the trans-
mission case (A, Figure 12) and mounting flange (A, Fig-
ure 13). If either race is damaged or excessively worn,
remove it using a suitable puller.
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I ntermediate shaft
1. Removeand discard the O-ring (Figure 14) a theend Intermediate
of the shaft. shaft Reverse
. idler gear
2. Removethe thrust washer, gear and roller bearings. Thrust

3. Inspectthe bearings, shaft and reverseidler gear inside
diameter for excessivewear, grooves, meta transfer and
discoloration from overheating. If necessary, replace the
shaft, gear and bearings.

4. Check the idler gear teeth for excessive wear, corro-
sion or rust and mechanical damage. Check the teeth for
galling, chips, cracks, missing pieces, distortionor discol-
oration from overheating. If necessary, replace the gear.
5. Reassemble the intermediate shaft. Install a new
O-ring on the shaft.

Output shaft

Refer to Figure 15.

1. Using a suitable puller (Figure 16), remove the bear-
ing, spacer and reverse gear from the output shaft.

2. Theretainingnut a theend of theshaft isstaked. Usea
chisdl to cut away the staked portion so the nut will rotate.
To hold the output shaft, position the coupling flangein a
vise, then set the output shaft into the splinesin theflange
asshownin Figure 17.

NOTE
The retaining nut has left-hand threads.

3. Unscrew the retaining nut by rotating the nut clock-
wise (left-hand threads).

4. Using a suitable puller, pull the bearing, spacer and
forward gear off the output shaft.

5. Removethe pin from the shaft.

NOTE
Mark the clutch conein Step 6 according to
forward or reverse end so it can be rein-
stalled initsoriginal position.

6. While holding the clutch cone, tap the end of the shaft
with a soft-faced hammer to removethe inner roller bear-
ing race, spacer and cone clutch. A suitablepuller or press
may also be used. Remove the remaining inner bearing
race and spacer.

7. Check theforward and reversegear teeth for excessive
wear, corrosion and mechanical damage. Check the teeth
for galling, chips, cracks, missing pieces, distortionor dis-
coloration from overheating. If necessary, replace the
gears.

Roller /
bearings O-ring

8. Inspect the forward and reverse gear inside diameters
for excessive wear, grooves, meta transfer and discolor-
ation from overheating. If necessary, replacethe gears.

9. Instal 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 splineson the clutch
and shaft for burrs, scoring, galling or other signsof dam-
age. If dressing will not correct the damaged splines, re-
placethe clutch and/or shaft.

10. Inspectthetapered surfaceof theforwardand reverse
gears for galling, scoring or other damage that will pre-
vent smooth cone clutch engagement. If necessary, re-
placethe gears.

11. Instal the cone clutch into the forward and reverse
gears. Measureclutch depth asshownin Figure 18. Com-
pare the measurement with the specification in Table 3.
Replacethe part, in necessary.

12. Measure the width of the shifter groove in the cone
clutch (Figure 19) and compare with the specificationin
Table 4.

13. Inspecttheroller bearingsand inner bearing racesfor
excessivewear, grooves, metal transfer and discoloration
from overheating. If necessary, replace the bearings and
inner races.

14. Mesasure 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
(0.002in.) on thethick thrust washer, replacethewasher.
15. On KM2P and KM3P transmissions—Measure the
width of the spring cupsand comparethem with the speci-
ficationsin Tables.

16. On KM2P and KM3P transmissons—Measure the
width of the spring cup retainersand compare them with
the specificationsin Table 5. If any surface wear on the
retainer exceeds0.10 mm (0.004in.), replacetheretainer.
17. Assemblethe output shaft by reversingthe disassem-
bly procedurewhile noting the following:
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OUTPUT SHAFT

. Shims
. Nut (LH)

Washer

. Roller bearing

. Thrust washer

. Retainer (KM2P and KM3P)
. Spring cup (KM2P and KM3P)
. Forward gear

. Needle bearing

. Inner bearing race

. Thrust washer

. Pin

. Output shaft

. Clutch cone

. Reverse gear
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Width

SHIFTER (KM2A, KM2C AND KM3A MODELS)

1. Connector 12. Seal
2. Circlip 13. Setscrew
6 g\\ 15 3. Spring retainer 14. Spring
4. Spring 15. Detent pin
14 5. Circlip 16. Body
1 6. Holder 17. Gasket
9 17 7. Cotter pin 18. Plug
8 8. Washer 19. O-ring
1 18 9. Stud 20. Bearing
10. Shift lever 21. Shift shaft
11. Bolt 22. Shifter
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a. Ifreinstallingtheorigina clutchcone,install itinits
original position—forward end toward the forward
gear.

b. Install the pin beforeinstallingtheinner roller bear-
ing race.

¢. Useasuitabletool or sleeveto drivetheinner roller
bearing race onto the shaft. Do not use excessive
force. Drivetheraceonto theshaft 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 bot-
toms.

e. On KM2P and KM3P transmissions— Ingtall the
spring cups so the cupped side istoward the gear.

f. Install each thick thrust washer so the stepped side
istoward the tapered roller bearing.

g. Install the washer so the pin in the output shaft fits
in the groove in the washer.

h. Tighten the nut (left-hand threads) to the torque
specifiedin Table 2.

i. Makesurethe gearsrotatefreely.

j. Stakethe nut to lock the nut in place.

Shifter (KM2A4, KM2C and KM3A4 models)

Refer to Figure 20.
1. Ifnot previously removed, detach thecotter pinand re-
move the actuator from the shift lever.
2. Remove the shifter.

NOTE
Make alignment marks on the shift lever and
shift shaft so the shift lever can be rein-
stalled in its original position.

3. Loosenthe 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
springsand detent pins.
5. Removethe shifter shaft.
6. Removeand discard the O-ring.
7. Use ascrewdriver or suitable tool to pry out the seal.
Be careful not to damagethe bearing.
8. Inspectthebearing. If itisfaulty, replaceit asfollows:
a. Heat the shifter body to 212° F (100° 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 alow 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 springsfor deformation or other damage.
Specified spring free lengthis 34 mm (1.34in.).
12. Inspect the shifter for damage and excessive wear.
M easurethe shifter width and shaft diameter. Replacethe
shifter if the measurements exceed the specificationsin
Table6.
13. Check theinternal movementof the actuator. Theac-
tuator.should slide without binding. To check spring ten-
sion, attach a spring scale to the threaded end of the
actuator and measurethe spring tension when the actuator
rodispulled 5mm (0.20in.) fromtheend of thetube (Fig-
ure22).Ifthe springtensionisnot asspecifiedin Table 6,
replace the spring.
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14. Reassemblethe 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 align-
ing the marks made during disassembly.
c¢. If noalignment marksareavailablewhen installing
the shift lever, rotate the shift shaft so the shifter
boreisdown asshown in Figure23. Theshift shaft
should engagethe neutral detent. Install the shift le-
ver at a45° 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 approxi-
mately 0.5 mm (0.020in.).

Shifter (KM2P and KM3P models)

Refer to Figure 24.
1. If not previously removed, remove the control cable
connector from the shift lever.
2. Removethe shifter and spring.
3. Remove the stop bolt and shims.
4. Loosen the clamp bolt and removethe shift lever.
5. Removethe 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 theshift shaft. Check thedetent pin for damage
and excessive wear. If necessary, replace the detent pin.
Measurethe shifter shaft bore in the shift shaft and com-
pare with the specificationsin 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 causepoor clutchengagement (Figure25).
10. Inspect the spring for deformation or other damage.
Specified spring free length is 22.6 mm (0.89in.). Mini-
mum spring lengthis 19.8 mm (0.78in.).
11. Inspect the stop bolt. Replace it if it is excessively
worn.
12. Inspect the shifter. Measurethe large diameter of the
shifter shaft and compareit with the specificationsin Ta-
ble7.
13. Reassemble the shifter by reversing the disassembly
procedure, but do not install the stop bolt until final instal-
lation of the shifter assembly on the transmission.
14. Reassemblethe shifter by reversing the disassembly
procedure. Note the following during reassembly:

a. Donot 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 transmis-
sion, install the shift lever so theside with the trian-
gle 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, positionthe 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.

1. If removed, install the outer bearing races into the
transmission case and mounting flange.

2. Apply sealertothe outsidediameter of theoil sealsand
install them into the transmission case and mounting
flange with the open side to the inside.

3. Install the input shaft into the transmissioncase.

4. Ingtall the intermediate shaft assembly into the trans-
mission case. Install a new O-ring on the intermediate
shaft. Use a soft-faced hammer to tap the shaft into the
case.

5. Whileholding the input shaft out of the way, insert the
output shaft assembly into the transmission case. Move
the gearsinto mesh on the intermediateshaft, input shaft
and output shaft whileinstalling the output shaft.

6. If thefollowing componentshave 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)

. Shoulder bolt
. Connector
. Shift lever
. Washer
Nut

. Stop bolt
Shims
Bolt

. Seal

. Bolt

. Shift body
. O-ring

. Shift shaft
. Detent pin
. Pin

. Spring

. Shifter
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bearings. After adjusting the bearings, continue to reas-
semble the transmission as described in the following
steps. If the preceding components have not been re-
placed, 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 visejaws.

8. Apply seder to the mounting flangeand install it onto
the transmission case.

9. Tighten the mounting flange retaining bolts to the
torquein Table 2.

10. Install the output flange on the output shaft.

11. Install the O-ring on the output shaft.

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 specifiedin Table 2.

13. Stakethe nut to lock the nut in place.

14A. On KM2A, KM2C and KM3A transmissons—In-
stall the shifter assembly on the transmission using the
following procedure:

NOTE
Notethat the bolt holesin the shifter mount-
ing flange are sufficiently large to allow
movement of the flange around the bolts.

a. Install the shifter assembly on the transmissionand
tighten the retaining bolts.

b. Measurethe amount of shift lever travel from neu-
tral to forward and from neutral to reverse (Figure
27). The measurement should be equal from neutral
to either forward or reverse.

¢. Loosen the shifter retaining bolts and dlide 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 transmissionand
tighten the retaining bolts.

¢. Movethe shift lever 10-15° from the neutral posi-
tion 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. Measurethelength of the stop bolt (Figure 29).

Shift — ! ﬁ
shaft

[4— Depth —b

Bolt length ———

e. Subtract the length of the stop bolt from the shifter

f.

shaft depth.

Install shimson the stop bolt that equal theresult of
substep e.
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0. Apply sedler 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 procedureif the following com-
ponentshave been replaced: input shaft, input shaft bear-
ings, output shaft, thrust washers and output shaft
bearings. This procedure determines the thickness of
shimsthat must beinstalled 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 pressureis 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. Measurethe distance (B, Figure 31) from the mount-
ing flangemating surfaceto the bottom of the bearing race
bore for both the input and output shaft bearings.

6. Subtract the A measurement from the B measurement
for each shaft.

7. From the result obtained in Step 6, subtract 0.0-0.05
mm. This result equal s 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 boresin the mounting
flange, then press the bearing outer races into the mount-
ing flange on top of the shims. Make sure the races are
bottomed.

KMZP and KM3P

I nput shaft

NOTE
The following procedure for adjusting the
input shaft bearingsis similar to the proce-
durefor the KM24, KM2C KM3A transmis-
sions, but only usethe 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 transmission case so the open end is up.
3. Install the outer bearing race on theinput 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. Measurethe distance (B, Figure 31) from the mount-
ing flange mating surfaceto the bottomof thebearingrace
bore for the input shaft bearing.

6. Subtractthe A measurementfromthe 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. Instal the shim(s) in the bearing bore in the mounting
flange, then pressthe bearing outer raceinto the mounting
flangeon top of the shims. Be sure the raceis bottomed.

Output Shaft

In the following procedure to adjust bearing preload,
the neutral positionof the clutch cone must be established
for proper transmission operation. The desired clutch
cone groove centerlineon Model KM2P is48.3 mm from
the mating surface of the transmission case. On Mode
KM3P the desired clutch groove centerline is 47.3 mm
from the mating surface of the transmission case.

NOTE
To perform the following bearing adjust-
mentprocedure, the output shaft must be out
of the 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 of the caseto the bottom of the bear-
ing 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) be-
tween the faces of the forward and reversegears.

5. Measureand record the distance (E, Figure 34) from
thefaceof thereversegear and thefaceof therear bearing
race.
6A. On KM2P transmissons—To determine rear shim
thickness(Figur e 35), proceed as follows:
a. Subtract 48.3 mm from measurement (B, Figure
33).
b. Divide measurement (D, Figure34) by 2.
C. Subtract substep b from substep a.
d. Subtract measurement (E, Figur e 34) from substep
Cc
€. Subtract 0.0-0.05 mm from substep d. Theresultis
the required rear shim thickness.
6B. On KM3P transmissons—To determine rear shim
thickness (Figur e 35), proceed asfollows:
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a. Subtract 47.3 mm from measurement (B, Figure
33).
b. Divide measurement (D, Figure 34) by 2.
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.
7. To determine front shim thickness (Figure 35), pro-
ceed as follows:
a. Add measurement (A, Figure 32) to measurement
(B, Figure 33).

i34
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b. Subtract measurement (C, Figure 34) from substep
a.
c. Subtract the rear shim thickness (determined in Step
6A) from Step b.
d. Subtract 0.0-0.05 mm from substep c. The result is
the required front shim thickness.
8. Install the shim(s) in the bearing bores in the mounting
flange and case, then press the bearing outer races on top
of the shims. Make sure the races are bottomed.

DRIVE DISC

The drive disc attached to the engine flywheel transmits |
power from the engine flywheel to the transmission input
shaft. Bolts secure the disc to the flywheel while the trans-
mission input shaft engages the splined hub on the drive
disc. The drive disc incorporates springs that dampen
driveline shocks between the engine and transmission.

Removal/Installation

1. Remove the engine from the boat.

2. Remove the transmission.

3. Remove the drive disc (Figure 36, typical).

4. Install the drive disc by reversing the removal proce-
dure. Install the drive disc so the side marked
FLYWHEEL SIDE (Figure 37) is toward the flywheel.
Tighten the drive disc retaining bolts to the torque speci-
fied in Table 2.

Inspection

Replace the drive disc if any of the following conditions
exist:
1. Broken spring.
2. Worn or damaged splines in hub.
3. Damaged disc.
4. Damaged pins.
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Table 1 ENGINEITRANSMISSION MODELS

Transmissionratio

Model Transmission (forward gear)
1GM KM2A 2.21,2.62 0or 3.22
1GM10 KM2C or KM2P 2.21,2.62 or 3.22
2GM KM2A 2.21,2.62 0r 3.22
2GMF KM2A 2.21,2.62 or 3.22
2GM20 KM2C or KM2P 2.21,2.62 or 3.22
2GM20F KM2C or KM2P 2.21,2.62 or 3.22
3GM KBWIOD 2.14,2.63 or 2.83
3GMF KBWIOD 2.14, 2.63 or 2.83
3GMD KM3A 2.36,2.61 0r 3.20
3GM30 KM3A or KM3P 2.36, 2.61 or 3.20
3GM30F KM3A or KM3P 2.36, 2.61 or 3.20
3HM KBWIOE 2.14 0or 2.83
3HMF KBW1CE 2.14 or 2.83
3HM35 KBWIOE 2.14 or 2.83
Table 2 TIGHTENING TORQUES
Fastener Nem ft.-lb.
Transmissionmounting flange 20-25 15-18
Output shaft nut 85-115 63-85
Output flange nut 85-115 63-85
Drive disc 25 18
Table 3 CLUTCH DEPTH

Normal depth Wear limit
KM2A, KM2C 24.4-24.7 mm 241 mm

(0.961-0.972 in.) (0.949 in)
KM2P 29.2-29.8 mm 281 mm

(1.150-1.173in.) (1.106 in.)
KM3A 29.9-30.2 mm 29.6 mm

(1.177-1.189 in.) (1.165in.)
KM3P 32.7-33.3 mm 32.4 mm

(1.287-1.311 in.) (1.276 in.)

Table 4 CLUTCH GROOVE WIDTH

Standard width Wear limit
KM2A, KM2C and KM3A 8081 mm 8.3 mm

(0.315-0.319in.) (0.327 in.)

Table 5 OUTPUT SHAFT
Standard width Wear limit
Thrust washer
Thin washer - 020 mm
(0.008 in.)
Thick washer - 0.05 mm
(0.002 in.)

(cantinued)
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Table 5 OUTPUT SHAFT (continued)

Spring cup (KM2P, KM3P)

Spring cup retainer (KM2P, KM3P)

2.8-3.1 mm 26 mm
(0.110-0.122 in.) (0.102 in.)
2.92-3.08 mm 28 mm
(0.115-0.121 in.) (0.110 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 in.)
7.7 mm (0.303 in.)

9.986-9.995 mm (0.3931-0.3935 in.)
9.95 mm (0.392 in.)
34 mm (1.34 in.).

28 kg (62 1b.)
25 kg (5.5 b))

Table 7 SHIFTER (KM2P AND KM3P)

Shifter spring free length
Standard
Min.

Shifter shaft diameter
Standard
Wear limit

Shift shaft bore
Standard
Wear limit

226 mm (0.89 in.)
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 in.)
12.05 mm (0.474 in.)




Chapter Eleven

Transmisson —KBW Series

This chapter covers the Kanzaki Hurth KBW10D and
KBWI0OE marine transmissions that are attached to
Yanmar 3GM, 3HM and 3HM35 engines. Refer to Table
1for across-referenceof engineand transmissionmodels.
The identification plate (Figure 1) located on the trans-
mission case specifiesthe transmissionmodel.

The KBW 10 series transmissionscovered in this chap-
ter are inline transmissionsthat provide forward and re-
versedirection. All gearsare constant mesh. A plate-type
clutch engages the gears to transmit power to the output
shaft. Oil containedin the transmissioncaselubricatesthe
internal transmission components.

Refer to Chapter Threefor maintenanceinformation.
Tables 1-3 arelocated at the end of thischapter.

OPERATION

The input shaft on the transmission engages the drive
discattachedto theengineflywheel . Becausethisisacon-
stant-mesh transmission, engine power is transmitted to
all gears. Power flowsto 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

®

FWARWE GEAR MODEL  XBW 10
GEAR RATIO
X
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shown engaged with the forward gear. Because power
flows from the input shaft gear through the reverseidler
gear to thereversegear, thereversegear rotatesin the op-
posite direction of the forward gear. When the clutch en-
gagesthereversegear, theoutput shaft rotatesin reverse.

Moving the shift lever rotatesthe shift shaft. When the
shift shaft rotates, the shifter fork slidesthe shift ring into
engagement with the forward or reversegear clutch. The
drive hub on the output shaft transfers power from the se-
lected clutch to the output shaft.



TRANSMISSION—KBW SERIES

217

@ Input shaft

Reverse /

' Clutch
plates Clutch

Reverse

Coupling flange gear

REMOVAL/INSTALLATION

Thefollowing procedureaddresses unitsthat are acces-
sible. In somecases, it may be necessary to removetheen-
gine and transmission as a unit before removing the
transmissionfrom the engine. Refer to Chapter Six if en-
gineremoval is necessary.

1. If not previously disconnected, disconnect the remote
control cablefrom the transmissionshift lever.

2. If not previously disconnected, disconnect the drive
coupling from the transmissiondrive flange.

3. Remove the bolts that secure the transmission to the
engine bellhousing.

4. Remove the transmissionfrom theengine.

5. Reingtall the transmission by reversing the removal
procedure. Makesureto align the splineson the transmis-
sion input shaft and the drive disc during installation.
Tighten the transmission retaining bolts to the torque
specifiedin Table 2.

OVERHAUL

Refer to Figure 3.

NOTE
Overhaul of the KBW transmission requires
special tools, which can be obtained from
Yanmar or fabricated. If the special tools
arenot available, havea Yanmar dealership
overhaul the transmission.

Disassembly

1. Removethe drain plug and drain the transmissionail.

2. Positionthetransmissionin avisewith soft jawsso the
input shaft is held by the visejaws.

3. Theoutput flange retaining nut is staked. Use a chisel
to cut away the staked portion so the nut will rotate.

4. Ingtall atool that will prevent rotation of the output
flange.

5. Unscrew the output flange retaining nut.

6. Removetheoil dipstick.

7. Make match marks on the shifter cover and the trans-
mission 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 transmissionfrom the vise.

10. Usingan 8 mm Allenwrench, removethe shift bar re-
taining plug (68, Figure 3) in the rear of the case.

11. Install 210 mm bolt into the end of the shift bar, then
pull the shift bar (58, Figure 3) out of the case while aso
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 remov-
ing the mountingflange so the transmission
shafts will not fall out.

13. Tap on the mounting flange using a soft-faced ham-
mer to dislodgethe flange. Position the transmissionwith
the input shaft up, then removethe flange from the trans-
mission case.

14. Removethe output shaft assembly from the transmis-
sion case and set aside for disassembly.

15. Remove the intermediate shaft assembly from the
transmissioncase and set asidefor disassembly.

16. Remove the input shaft assembly from the transmis-
sion case and set asidefor disassembly.

17. Using alarge screwdriver, pry out the dil 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 inspectionindicatesadditional disassemblyis nec-
essary, refer to the following sections.
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. Mounting flange

Shim

. Output shaft

Key
Bearing
Thrust washer

. Bearinginner race
. Bearing

. Spacer

. Forward gear

. Belleville springs
. Retainer

. Snapring

. Friction plates

. Steel plates

. Shims

. Pressure plate

. Balls (3)

. Spring

. Detent pins

. Alignmentpin

. Driving plate

. Pressure plate

. Return spring

. Shiftring

. Shims

. Spacer

. Inner bearing race
. Bearing

. Friction plates

. Steel plates

. Snapring

. Retainer

Belleville washers

. Reverse gear

36.
37.
38.
39.
40.
41,
42.
43.
. Roller bearings
45.
46.
47.
. Shift lever
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
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61.
62.
63.
. Flange
65.
66.
67.
68.
69.

Thrust washer
Bearing

Seal

Shim

Bearing

Input shaft
Bearing
intermediate shaft

Idle gear
O-ring
Thrust washer

Seal
Shifter cover
Gasket
Shift shaft
Snap ring
Springs
Detent pin
Bearings
Shift fork
Shift bar
Qil dipstick
Gasket
Case .
O-ring

Seal

Nut
Gasket
Drain plug
Plug
Dowel pin
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I nput 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 gearsare
damaged.

2. Inspect the input shaft bearings and seal surfaces for
excessivewear, grooves, metal transfer and discoloration
from overheating. Use a press to remove damaged bear-
ings and to install new bearings.

NOTE
Shims (39, Figure 3) behind the outer bear-
ing race in the mounting flange determine
bearingprel oad for theinput shaft bearings.
Save the shims and reinstall them if reusing
theoriginal parts.

3. Inspect theinput shaft bearing outer racesin thetrans-
mission case and mounting flange. If either race is dam-
aged or excessively worn, remove it using a suitable
puller.

I ntermediate shaft

1. Remove and discard the O-ring (46, Figure 3) & 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 reverseidler 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, corro-
sion or rust and mechanical damage. Check the teeth for
galling, chips, cracks, missing pieces, distortionor discol-
oration from overheating. If necessary, replacethe 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 Sep
1. Make sure thethreads on the output shaft
are not damaged.

1. Using a suitable puller, remove the output shaft from
theforward and reverse gear assembliesas shown in Fig-
ure4. Do not mix the forward gear partsand reversegear
parts.

2. Removethe spacer (9, Figur e 3) and the bearing inner
race (7) from the output shaft.

3. Holdthethreaded end of the output shaft so the threads
are protected.

4. Placethe 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 Y anmar special
tool 17099-09030) between the collar of the output shaft
and bearing.

6. Use Yanmar special tool 17095-09070, or a suitable
equivalenttool, to pressthe bearing off the shaft, asshown
in Figureb.

7. Remove the clutch friction plates (14, Figure 3) and
sted plates (15) from the forward gear (10).

8. Use Yanmar special tool 17095-09070, or an equiva-
lent tool, to compressthe Bellevillesprings(11, Figure3)
and removethe snap ring from the forward gear, as shown
in Figure®.



TRANSMISSION —KBW SERIES

221

9. Referto Steps7 and 8 and disassembl ethe clutch com-
ponentson the reverse gear.

10. Lay the shift ring and pressure plate assembly flat.
11. Removethe pressureplate return springs(24, Figure
3), then lift off the top pressure plate (17) and removethe
steel balls(18).

12. Lifttheshiftring (25, Figure3d) anddriving plate(22)
off the bottom pressure plate and remove the three re-
maining balls.

13. Slipthe shiftring (25, Figure 3) off thedriving plate
22).

14. Removethealignment pins(21, Figure3) and detent
pins (20) with springs (19) from the driving plate (22).

I nspection

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. Check the splinesfor excessivewear or
damage. Replacethe gearsif damaged.

2. Inspect the output shaft bearingsand seal surfacesfor
excessive wear, grooving, metal transfer and discolor-
ation from overheating.

3. Inspect the key and output shaft keyway for damage.

NOTE
Shims behind the outer bearing race in the
mounting flange determinebearing preload
for the output shaft bearings. Save theshims
and reingtall them if reusing the original
parts.

4. Inspect theinput shaft bearing outer racesin the trans-
mission case and mounting flange. If either race is dam-
aged or excessively worn, remove it using a suitable
puller.

5. Measurested plate warpage asshownin Figure7 and
comparethe result with the specificationin Table 3.

6. Measurethe width of the steel plates tangsand com-
pare the result with the specificationin Table 3.

7. Measurethewidth of thegroovesinthe pressureplates
and compare the result with the specificationin Table 3.
The clearance between the tangs and the grooves should
be 0-0.6 mm (0-0.024 in.).

8. Measurethe 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.
Replacethe friction plates when the copper layer isworn
more than 0.2 mm (0.008in.) on oneside.

9. Measurefour 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 mm (0.031 in.), re-
placeall friction plates (forward or reverse).

10. Assembleeach set of steel and friction plates. Com-
press the plates to remove steel plate warp. Measure the
assembled plates. The assembled thickness must exceed
10.0mm (0.394in.).

11. Measure the backlash between the teeth on the fric-
tion platesand the gear splines. The backlashmust not ex-
ceed 0.9 mm (0.035in.).

12. Laytheshiftring and pressureplateassembly flat and
remove the pressure plate return springs (24, Figure 3).

Lift off the top pressure plate (17) and remove the stedl

balls (18).

13. Lifttheshiftring (25, Figure3) anddrivingplate(22)
off the bottom pressure plate and remove the three re-
maining steel balls. Slip the shift ring (25) off thedriving
plate(22), removethealignment pins(21) and detent pins
(20) with the springs (19) from the driving plate (22).

14. Inspect the pressure plate (17 and 23, Figure3) ball

groovesfor wear and renew the plateif wear isnoticeable.

15. Measurethepressureplatethicknessand comparethe
result with the specificationin Table 3.
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16. Measure the return spring end gap (Figure 8) and
comparethe result with the specificationin Table 3.

17. Check the driving plate ball grooves (Figure 9),
detent pin bores, detent pins (A) and keyway (B) for any
noticeablewesr.

18. Measurethedriving platehub outer diameter (C, Fig-
ure 9) and compareit with the specificationin Table 3.
19. Measuredetent pin spring (D, Figure 9) free length
and compareit with the specificationin Table 3.

20. Measurethe plate spring retainer thickness (A, Fig-
ure 10) and compare the result with the specificationin
Table 3. Measurethe plate spring insidediameter (B) and
compare with the specificationin Table 3. Measure the
plate spring shoulder diameter (C) and comparethe result
with the specificationin Table 3.

21. Measurethe free width of the Belleville springs and
compareit with the specificationin Table 3.

22. Inspect the shift ring pressuregrooves(A, Figure1l)
and pin contact grooves (B) for any signs of excessive
wear. M easurethe width of the circumferential groove(C)
and comparethe result with the specificationin Table 3.

Reassembly

1. Install the Bellevillespringson the forward gear so the
concavesidesface each other as shownin Figure 12. Po-
sition the retainer (12, Figure 3) over the Bélleville
springs and slide the snap ring onto the spline of the for-
ward gear. Using Y anmar special tool 177095-09070, or a
suitable equivalent tool, compress the forward gear as-
sembly 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,
Bellevillesprings, retainer and snap ring.

3. Todeterminethe correct thicknessof shims(16 and 26,
Figure3), install theinner bearing raceand spacer in their
respectivegears. Measurethe depth (A, Figure13) of the
bearing race from the end of the gear as shown in Figure
13. Install shimsequal to the depth.

4. Alternately install four friction plates (14, Figure 3)
and threesteel plates(15) on theforward gear (10) splines
starting with afriction plate.

5. Refer to Step 4 and assemble the reverse gear, sted
plates and friction plates.

6. Using asuitablebearing driver, install the output shaft
front bearing onto the shaft. Be surethe bearinginner race
contactsthe collar on the end of the output shaft.
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7. Install the thrust washer on the output shaft with the
sintered copper surface facing away from the bearing.

8. Usingasuitablebearingdriver,install the needlebear-
inginner raceon the output shaft. Be suretherace bottoms
against the thrust washer.

9. Install the needle bearing, spacer and shim on the out-
put shaft.

10. Install the forward gear assembly on the output shaft
and align the steel plate tangs.

11. Fit the key (4, Figure 3) into the slot on the output
shaft so thefillet side of the key facesthe threaded end of
the output shaft.

12. Install the pressureplate, with the ball slotsfacingup,
so the sted plate tangsfit into the three lotsin the pres-
sureplate. Makesure the pawlsof al threesteel platesen-
gagethe pressureplate.

13. Install three stedl ballsinto the slots on the pressure
plate. Install the drive plate onto the output shaft so the
sideof thedrive platewith concentricgrooveisfacing the
forward gear assembly. Make sure all three steel balls.re-
main in placeand the groovesof the pressureplate and the
drive plate match when the drive plateis 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 springsinto 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
pinsin thedrive plate properly engagethe pin dots of the
inside diameter of the shift ring.

17. Instal three sted ballsin the slots of the drive plate
and place the pressure plate over the drive plate. Make
surethe steel ballsremain in positionand the slotsof both
plates match.

18. Install the pressure plate return springs betweenthe

shift ring and thedrive plate. Attach the spring endsto the
small holesinsidethe pressureplatesas shownin Figure
14.

19. Install the reverse gear assembly so the tangs of al
threesteel plates properly engage the slotsin the pressure
plate.

20. Install the needle bearing and thrust washer with the
copper sintered side of thewasher facingthereversegear.
21. Using asuitable 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 smoothrotationof both theforwardand re-
verse gears. Check for correct operation of the shift ring.

Shifter
Refer to Figure 3
NOTE
Makealignment marks on the shift lever and
shift shaft so the shift lever can be rein-

stalled in its original position.

I. Loosen the clamp bolt and removethe shift lever.
2. Remove the shift cam.
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3. Push in the detent pin, remove the snap ring and re-
movethe pin and springs.

4. Useascrewdriver or suitabletool to pry out the seal.
5. Inspect theshift ring. Check thedetent notch for exces-
sive wear that will allow poor clutch engagement.

6. Inspect the detent pin. Replacethe pinif it isdamaged
or excessively worn.

7. Theshift ring contact surfaceof theshift fork isplated
with molybdenum. Renew the shift fork if the platingis
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 isout.

Reassembly

1. If removed, install the outer bearing races into the
transmission case and mounting flange.

2. Apply sealer to the periphery of theoil sealsand install
theminto the transmission case and mounting flangewith
the open sideto theinside.

3. Install the input shaft into the transmission case.

4. Ingtall the intermediate shaft assembly into the trans-
mission case. Position the thrust washer so the beveled
corner istoward the input shaft. Install a new O-ring on
theintermediateshaft. Useasoft-faced hammertotap the
shaft into the case.

5. While holdingthe input shaft out of the way, insert the
output shaft assembly into the transmission case. Move
the gearsinto mesh on the intermediate shaft, input shaft
and output shaft whileinstalling the output shaft.

6. If thefollowing componentshave 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
thefollowingsteps. If the preceding componentshave not
been replaced, bearing adjustment is not necessary and
theorginal shimsmay be reused. Proceedto thefollowing
step.

7. Install the input shaft oil seal.

8. Coat the case mating surfacewith RTV seder.

9. Instal the mounting flange and tighten boltsevenly.
10. Placethe 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 whileinstalling the shift fork onto the shift bar.

12. Install the shift bar plug. Make sure the threaded end
of the shift bar isinstalled toward the rear of the case.

13. Instal the shifter assembly. Align the marks made
during disassembly and tighten the retaining bolts se-
curely. Loosen the shift lever clamp bolt and position the
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lever so it pointsup at a45° angle toward the rear of the
transmission. Retighten the clamp bolt.

14. Check the operation of the transmission. A click
should be audiblewhen the gears are properly engaged. If
the gears do not engage, loosen the shifter retaining bolts
and repositionthe shifter. If improper engagement contin-
ues, remove the shifter and check for improper assembly
of the shifting components.

15. Install the O-ring on the output shaft.

16. If not previoudly installed, install the il sedl into the
case.

17. Install the coupling flange onto the output shaft.
Tightenthe retaining nut to the torque specified in Table
2.

18. Install the drain plug and oil dipstick.

19. Fill the transmission with the recommended trans-
missionfluid. Refer to Chapter Three.

BEARING ADJUSTMENT

Performthe following procedureif the following com-
ponents have been replaced: input shaft, input shaft bear-
ings, output shaft, drive plate, spacer, thrust washersand
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.
1. Ingtall the input shaft, intermediate shaft and output
shaftsas described in the Reassembly section.

2. Position the transmission case so the open end is up
and no pressureis 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, Figure 15) in millimeters
from the mounting flange mating surface on the case to
the top of each bearing race. Record the measurements.
5. Measure the distance (B, Figure 16) from the mount-
ing flange mating surface to the bottom of the bearing race
bore for both the input and output shaft bearings.

6. Subtract the A measurement from the B measurement
for each shaft.

7A. Input shaft—From the result obtained in Step 6, sub-
tract 0.0-0.05 mm. This result equals the thickness of the
shim(s) that must be installed in the bearing bore in the
mounting flange.

7B. Output shaft—From the result obtained in Step 6, sub-
tract 0.0-0.1 mm. This result equals the thickness of the
shim(s) that must be installed in the bearing bore in the
mounting flange.

8. Install the shim(s) in the bearing bore in the mounting
flange, then press the bearing outer race into the mounting
flange on top of the shims. Be sure the race is bottomed.

DRIVE DISC

The drive disc attached to the engine flywheel transmits
power from the engine flywheel to the transmission input

shaft. Bolts secure the disc to the flywheel while the trans- ...
mission input shaft engages the splined hub on the drive
disc. The drive disc incorporates springs that dampen
driveline shocks between the engine and transmission.

Removal/Installation

1. Remove the engine from the boat.

2. Remove the transmission.

3. Remove the drive disc (Figure 17, typical).

4. Install the drive disc by reversing the removal proce-
dure. Install the drive disc so the side marked
FLYWHEEL SIDE (Figure 18) is toward the flywheel.
Tighten drive disc retaining bolts to the torque specified in
Table 2.

Inspection

Replace the drive disc if any of the following conditions
exist:
1. Broken spring.
2. Worn or damaged splines in hub.
3. Damaged disc.

‘4, Damaged pins.
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Table 1 ENGINE/TRANSMISSION MODELS

Model Transmission Transmissionratio

(forward gear)
3GM KBW1CD 2.14, 2.63 or 2.83
3HM KBW10E 2.14 or 2.83
3HM35 KBW10E 2.14 or 2.83

Table 2 TIGHTENING TORQUES

Fastener Nem ft..lb,
Transmissionmounting flange 20-25 15-18
Output shaft nut 85-115 63-85
Output flange nut 85-115 63-85
Drive disc 25 18

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 in.)
12.0-12.1 mm (0.472-0.476in.)
1.70-1.75 mm (0.067-0.069 in.)
1.5mm (0.059 in.)

6.4-6.6 mm (0.252-0.260 in.)

6.3 mm (0.248in.)

16.5-17.5 mm (0.650-0.690 in.)
58.8 mm (2.3151in.)

32.00-32.85 mm (1.260-1.293 in.)
2.72-2.80 mm (0.107-1.110in.)
2.60 mm (0.102 in.)

65.9-66.0 mm (2.594-2.598 in.)
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 in.)

6.3 mm (0.248in.)
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EARLY MODELS WITH LARGE
INSTRUMENT PANEL

Push
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z2 28« $ola o
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w
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B
e 3
Q3
WR oxd § g 5 o
Buzzer [:]:l:é;ﬁg I l I
e % / Rubber seai
Lﬂ l_.' switch (for
i 3 1 3 Sail-drive)
Diagram Key Color Code N M -
B Black Alternator Coolant  Oil Tachometer
Connectors W White temp. pressure sender
4L R Red switch = switch
i Ground L  Blue
O Orange
= Frame ground W/B White/Black
W/R White/Red
:tl: onnection WIL White/Blue
; R/B Red/Black
No connection UE Blue/Black
L/R Blue/Red

Y/W Yellow/White




232 WIRING DIAGRAMS

EARLY MODELS WITH SMALL
INSTRUMENT PANEL (NO TACHOMETER)

Push

button Key 30A
switch switch Battery  Battery
I
l l % S +
z= 28« ce ' I
4 I R _
Charge J'B
lamp I WAL
Coolant temp. WL ] ,‘,',%
warning lamp R/ e
Oil pressure Y/W g
warning lamp =Y — | R
W/R
R/B =ty
X %= %
R
Buzzer DJ: B
=58 3 § §o

ok
Diagram Key Color (lzoclzl(e ﬁ L@ E‘_#L_IJ
B Blac
B connectors W White 1 1
P

a4
R Red Rubber seal aApernator COOlaNt  Olf  Temp.
iGmUﬂd L  Blua switch (for temp. pressure sender
1 0 Orange Sail-drive) switch  switch
= Frame gmund W/B White/Black
+ W/R White/Red
—y-Connection W/L White/Blue
No connection R/B Red/Biack
/B Blue/Black
L/R Blue/Red
Y/W Yellow/White



WIRING DIAGRAMS

233
LATE MODELS WITH LARGE
INSTRUMENT PANEL
Push Key
:vl:ti:z: switch Battery Bat.tery
_T_ Light switch
switch
ﬁ'ﬂ 11
zz z8c fole
Charge LB
lamp @1 R/B
Coolant t . /% = N
warringlamp CEL1- ! =
Oil pressure W/R
warning lamp — J— :I
Ruk;g;rpseal ",;";’:B‘ Exter(isiondc?l;;e 3m = Sail-drive
oo standa
(Sail-drive) The total Iengtl';e (sggsee:‘s:;l
xtensi t i
5 ™ ess than6m. swen)
Tachometer "(’,R
. |
\vnm o -+ ox§8 5 g Lo

Buzzer | Lo we ——— v oneg LU i} Hljw
I 1

Diagram Key Color Code
B  Black Coolant  Oil  Tachometer
Connectors W White Alternator temp. pressure sender
1 R Red switch ~ switch
= Ground L  Blue
i = d O Orange
= Ffamegroun W/B White/Biack -
Connection W/R White/Red
onnectio W/L White/Blue
R/B Red/Black
No connection LB Blue/Black
L/R Blue/Red

Y/W Yellow/White



234 WIRING DIAGRAMS

LATE MODELS WITH SMALL INSTRUMENT PANEL
(NO TACHOMETER)

Push
button Key 30A
switch switch fuse Battery  Battery
T switch
& ] 5
- 11
z2 z8c ce 3o I I I |
R I
w
Charge B us
lamp RB 3%
Coolant temp. WIL WR
warning hmp@j:m I g -
2 =
Oil pressure YW wB WR
warning lamp RB ’
¥ -
x x Extension cable 3m - Spare
(standard) connector
[-7,; P The total length
Buzzer
Y/W: extension must be
less than 6m.

- oci% § ;

a o
Diagram Key Color Code
- B Black Not i Not i ii
=~ Connectors W White used used s
R Red o‘!j'% + pare

4 Ground L A connector

Blue
| | O Orange Hernator CoOlaNt Ol
= Frame ground W/B White/Black Altemator “emp. - pressure
+ W/R White/Red switch  switch
. Connection W/L White/Blue
) R/B Red/Black
No connection UB Blue/Black
L/R Blue/Red

Y/W Yellow/White





