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1-2  GENERAL INFORMATION AND BOATING SAFETY

This manual is designed to be a handy reference guide to main-
taining and repairing your Yanmar dissei marine engine. We strongly
helieve that regardiess of haw many or how few years experience you
may have, there is something new waiting here for you.

This manual covers the topics that a factory service manual
{designed for factory trained technicians) and a manufactursr
owner's manual (designed more by lawyers these days) covers. This
manual wifl take you through the basics of maintaining and repair-
ing your marine engine, step-by-step, io he!p you understand wha
the factory trained technicians atready know by heart. By using the
information in this manual, any boat owner should be able to make
better informed decisions about what he or she needs to do to
maintain and enjoy his/her boat.

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

Can You Do It?

1f you are not the type who is prone to taking a wrench to some-
thing, NEVER FEAR. The pracedures in this manual cover basic top-
ics at a level virlually anyone will be abls ta handle. And just the
fact that you purchased this manual shows your interest in betler
understanding your maring enging.

You may find that maintaining your maring engine yourseif is
preferable in most cases. From a monetary standpoint, it could
also be beneficial. The money spent on hauling your boat to 3
marina and paying a tech to service the engine could buy you
fuel for a whole weekend’s sailing. If you are unsure of your own
mechanical abilities, at the very least you should fully understand
what a marine mechanic does to your boat, You may decide that
anything other than maintenance and adjustments shoutd be per-
formed by a technician {and that's your call), but know that every
time you board your vessel, you are placing faith in the
mechanic's work and trusting him or her with your weil-being,
and maybs your life.

it should also be noted that in most areas a factory trained
technician will charge an hourly rate from the time he leaves his
shop to the time he returns home. The cost savings in doing the
job yourself should be readily apparent at this point.

Where to Begin

Befare spending any money on parts, and before removing any
nuts or bolts, read through the entire procedure or topic. This will
give you the overall view of what tools and supplies will be reguired
to perform the procedure or what questions need to be answered
before purchasing parts. S0 read afwead and plan ahead. Each oper-
ation should be approached logically and all procedures thoroughly
understood before attempting any work.

Avoiding Trouble

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

A piece of masking tape, for exampls, placed on a hose and
another on its fitting will allow you fo assign your owr label such as
the letter "A", or a shorl name, As long as you remember your own
code, the lines can be reconnected by matching letters or names.
Do remember that tape will dissolve when saturated in fluids. If a
companent Is to be washed or cleaned, use another method of iden-
tification. A permanent felt-tipped marker can be very handy for
marking metal parts; but remember that fluids will remove perma-
nent marker.

SAFETY is the most important thing to remember when perform-
ing maintenance or repairs. Be sure to read the information on
salefy in this manual.

Maintenance or Repair?

# See Figure 1

Proper maintenance is the key to 1ang and troubie-free engine
life, and the work can vield its own rewards. A properly maintained
engine performs better than one that is neglscted, As a conscien-
tigus baal owner, set aside a Saturday morning, at least once a
month, to perform a thoreugh check of items which could cause
probtems. Keep your own personal |og 1o jot down which services
you performed. how much the parts cost you, the date, and the
amount of hours on the engine at the time. Kesp all reseipts for
parts purchased, so that they may be referred to in case of efated
problems or to determine operating expenses. As a do-it-yourselfer,
these receipts are the only proof you have that the required mainte-
nance was performed. In the event of a warranty problem, these
receipts will be invaluable.

Its necessary 1o mention the difference between maintenance and
repair. Maintenance includes routing inspections, adjustments, and

_~e——BOW -- FORWARD

PORT
(LEFT SIDE)

STARBOARD
| (RIGHT SIDE)

3 \smm — AFT

(REAR)

A G10
Fig. 1 Common terminology used for reference designation on

hoats of ali size. These terms are usad though eut the manual
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GENERAL INFORMATION AND BOATING SAFETY 1-3

replacement of paits that show signs of normal wear. Maintenance
compensates for wear or deterioration. Repair implies that some-
thing has broken or is not working. A nead for repair is often caused
by {ack ot maintenance.

For example: draining and refiling the engine oil is maintenance
recommended by ail manufacturers at specific intervals. Failure to
do this can allow internat corrosion or damage and impair the oper-
ation of the enging, requiring expensive repairs. While no mainte-
nance program can prevent items from breaking or wearing out, a
generai rule can be stated: MAINTENANCE 1S CHEAPER THAN
REPARR.

Two basic rules should be mentioned here. First, whenever the
Port sidg of the engine is referred to, it is meant to specify the left
side of the engine when you are sitting at the heim, Conversely, the
Starboard means your right sidz, Most screws and bolts are
remaved by fuming counterclockwise, and tightened by turning
clockwise. An easy way to remember this is: righty-tighty: lefty-
loosey. Gomny, but effective. And if you are really dense (and we
have all been so at one time or another), buy a raichet thal Is
marked ON and OFF, or mark your own.

Professional Help

Oecasionally, there are some things when working on a marine
engine that are beyond the capabilities or tools of the average Do-it-
Yourselfer {DIYer}. This shouldn't include most of the topics of this
manual, but you will have to be the judge. Some engines require
special fools or a selection of special parts, even for basic mainte-
nance.

Talk to other boaters who use the same model of engine and
speak with & trusted marina to find if there is a particufar system or
compenent on your enging that is difficult to maintain. For example,
although the technique of valve adjustment on some engings may
be easily understood and even performed by a DIYer, it might
reguire a hiandy assortment of shims in various sizes and a few
hours of disassembly o get fo that point. Not having the assortment
of shims handy rmight mean multiple trips back and forth to the
parts store, and this might not be worth your tire.

You will have to decide for yourself where basic maintenance
ends and where professicnal service should begin. Take your time
and do your research first {starting with the information in this man-
ual) and then make your own decision. If you really don't feel com-
fortable with attempting a procedure, DON'T DO IT. It you've gotten
Into something that may be over your head, don't panic. Tuck your
tail between your legs and call a marine mechanic, Marinas and
independent shops will be able to finish a job for you, Your ego
may be damaged, but your boat will be properly restored to its fulf
running order. So, as long as you approach jobs slowly and care-
fully, you realty have nothing to lose and everything to gain by
doing it yourself,

Purchasing Parts '

# See Figures 2, 3 and 4

When purchasing parts there are two things to consider. The first
is quality and the second is to be sure to get ths correst part for
your engine. To get quality parts, always deal directly with a rep-
utable retailer. To get the proper parts always refer 10 the information
tag on youwr engine prinr ta calling the parts counter. An incomect
part can adversely affect your engine performance and fuel econ-
omy, and will cost you more money and aggravation in the end.

fﬂQ?!FﬂT

Fig. 2 By far the most impartant asset in purchasing pans is a
knowledgeabie and enthuslastic parts person

Wl’;“ 2

MAX.OUT PUT
ENGINE NO.

D57 1P

Fig. 3 Always refer to the numbers on your engine identification
tag when ordering parts

T

Fig. 4 Paris catalogs, giving application and part numher infor-
matlon, are provided by manufacturers far most replacement
parts
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1-4 GENERAL INFORMATION AND BOATING SAFETY

Just rermember, & tow back to shore will cost you an hourly rate.
That is an hourly rate from the ime the towboat [eaves his home
port, to the time he returns to his homs port. Get the picture?

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

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

The marine parts jobber, who is usually isted in the yellow pagss
or whose name can be obtained from the marina, is another excel-
lent source for parts. In addition to supplying local marinas, he also
does a sizeable business in over-the-counter parts sales for the to-
it-yourseifer.

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

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

Avoiding the Most Commaon Mistakes

There ara 3 common mistakes in mechanical work:

1. Incorrect order of assembly, disassembly or adjustment, When
taking something apart or putting it togethar, performing steps in
the wrong order usually just costs you extra time; however, it CAN

break sorething. Read the entire prosedure before beginaing disas-
sembly. Perform everything in the order in which the instructions
say you should, even if you can't Immediately see 4 reason for It.
When you're taking apart scmething that is very intricate, you might
want to draw a picture of how it looks when assembled at one paint
in order to make sure you get everything back in its proper position,
VWhen making adjustents, perferm them in the proper order; often,
one adjustment affects another, and you cannot expect satisfactory
results unless each adjustment is made only when it cannot be
changed by any other.

2. Overtorguing {or undentorquing). While it is more common for
overiorquing to cause damage, undertorquing may allow & fastener
to vibrate foose causing serious damags. Especially when dealing
with aluminum parts, pay attention to torque spacifications and uti-
tize a torque wrench in assembly. If a torque figure is not availabie,
remernber that if you are using the right tool to perfarm the job, you
will probabty not have to strain yourse!f to get a fastengr tight
enough. The pitch of most threads is so slight that the tension you
put on the wrench will be multiplied many times in actual force on
what you are tightening.

3. Crossthraading. This occurs when a part such as a bott is
serewed info a nut or casting at the wrong angle and forced.
Crossthreading is more likely to ocour if acoess s difficult. It helps
to clean and lubricate fasteners, then to start threading with the part
to be instalied positioned straight in. Always start a fastener, etc. with
your fingers. If you encounter resistance, unscrew the part and start
over again at a different angfe until it can be inserted and fumned sev-
eral times without much effort. Keep in mind that some parts may
have tapered threads, so that gentle turning witl autormatically bring
the part you're threading to the proper angle, hut only if you don'
force it or resist a change in angle. Don't put a wrench on the part
until it has been tightened a couple of tuns by hand. If you suddenly
encounter resistance, and the part has not seated fully, don't forca it.
Pull it back out to make swig its clean and threading properly.

BDATING SAFETY

In 1971 Congress ordered the U.S. Coast Guard to improve
recreational boating salety. In response, the Coast Guard drew up &
set of reguiations.

Beside these federal regulations, there are state and local laws you
must follow. These sometimes exceed the Coast Guard requirements.
This section discusses only the federal laws, State and local laws are
available from your local Coast Guard. As with ather laws, “lgnorance
of the boating laws i no axcuge.” The rules falt into two groups: reg-
ulations for your boat and required safgty squipment o your boat.

Regulations For Your Boat

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

DOCUMENTING OF VESSELS

A vessel of five or more net tons may be documented as a yacht.
I this process, papers are issued by the U.S. Coast Guard as they
are for large ships. Documnentation is a form of national registration.
The boat must be used solely for pleasure. Its owner must be a U.S,
citizen, a partnership of U.S. citizens, or a corporation controlied by

U.S. citizens. The captain and other officers must atso be U.S. citi-
zens. The crew nesd nat be.

{f you documnent your yacht, you have the legal authorily to fly
the yacht ensign. You also may record bills of sale, mortgages, and
other papers of title with federal authorities. Doing so gives legal
notlice that such instruments exist. Documentation aiso permits pre-
ferred status for mortgages. This gives you additional security and
gids financing and transfer of title. You must carry the original doc-
umentationt papers aboard your vessel. Gopies will not suffics.

REGISTRATION OF BDATS

If your boat is not documented, registration in the state of its prin-
cipal use is prabably required. it you use it mainly on an ocean, a
qulf, or other similar water, register it in the state where you moor it.

If you use your boat solely for racing, it may be exerpt from the
raquirement in your state. States may also exclude dinghies. Some
require registration of documented vessels and nan-power driven boats.

All states, except Alaska, register boals In Afaska, the U.S. Coast
Guard issues the registration numbers. If you move your vessel 10 a
new stale of principal use, a valid registiation certificate is good for
60 days. You must have the registration cerfificale {certificate of
number) aboard your vessel when it is in use. A copy will not suf-
fice. You may be cited if you do not have the original on hoard.
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NUMBERING OF VESSELS

CAPACITY INFORMATION

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

The registration number must be clearly visible. It must ngt be
placed on the obscured underside of a flared bow. If you can't
piace the number on the bow, place it on the forward half of the
hull. If that doesn't work, put it on the superstructure. Put the
rmumber for an infiatable boat on a bracket or fixture. Then, firmly
attach it to the forward half of the boat. The letters and numbers
must be plain block characters and must read from left to right.
Use a space or a hyphen to separate the prefix and suffix letters
from the numerals. The colar of the characters must contrast with
that of the background, and they must be at least three inches
high.

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

If your vessel is lost, destroyed, abandoned, stolen, or trans-
ferred, you must inform the issuing authority. If you lose your cer-
fificate of number or your address changes, notify the issuing
autharity as soon as possible.

SALES & TRANSFERS

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

HULL IDENTIFICATION NUMBER

A Hul! Identification Number {HIN) is like the Vehicle Identifieation
Number (VIN) on your car. Boats built between Novamber 1, 1972
and July 31, 1984 have oid format HINs, Since August 1, 1984 a
new format has been used. Your boat’s HIN must appsar in two
places. [fit has a transom, the primary number is on its starboard
side within two inches of its top. If it does not have a transom or if it
was niot practical to use the transom, the number is on the starboard
side. In this case, it must be within one foct of the stern and within
two inches of the top of the hull side. On ponteon boats, it s on the
alt crossheam within one foot of the starboard hull attachment. Your
boat also has a duplicate number in an unexposed losation, This is
on the boats interior or under a fitting or item of hardware.

LENGTH OF BOATS

# Ses Figure 5

For some purposes, boats are classed by lengih. Required equip-
ment, for example, differs with boat size. Manufacturers may mea-
sure a boats length in several ways. Officially, though, your boat is
measured along a straight line from its bow to its stam. This line is
parallel to its keel.

The tength does not include bowsprits, boomkins, or pulpits. Nor
does it include rudders, brackets, outboard motors, outdrives, div-
ing pfatforms, or other attachments.

» See Figure §

Manufaciurers must put capacity plates on most recreational
boats Iess than 20 feet long, Sailboats, cances, kayaks, and inflat-
able boats are usually exempt. Outboard boats must display the
maximum permitted horsepower of their engines. The plates must
also show the allowable maximum weighis of the people on beard,
And they must show the ailowable maximum combined weights of
pecple, engines, and gear. Inboards and stern drfves need not show
the weight of their engines on their capacity plaies. The capacity
plate must appear where it s clearly visible to the aperator when
underway. This information serves to remind you of the capagity of
your boat under normai circumstances. You should ask yourself, “is
my boat [naded above its recommended capacity” and, “Is my boat
gverloaded for the present sea and wind conditions?” If you are
stopped by a legal authority, you may be cited if you are overloaded.

- |
-

U.5. COAST GUARD CAPACITY INFORNATION

MAKIMUN PERSON CAPACITY

MAXIMUM WEIGHT CAPACITY _
_ IPERSONS AND GEAR POUNDS

THIS HBAT COMPLIES WITH 1. S COAST GUARD SAFETY

STANDARDS B EFFECT BN THE DATE OF CERTIFICATION

BAHAMA INDUSTRIES, INC.
2 I0I2 LA PALKA ST ANAHEW CAUF 92807 @

[ nibe ]
Fig. 5 A U.S. Goasl Guard certification plate indicates the

amount of accupants and gear appropriate for safe operation of
the vessel

CERTIFICATE OF COMPLIANCE

Manufacturers are required to put compliance plates on motor-
boats greater than 20 feet in length. The plates must say, “This boat,”
or “This equipment complies with the U. S. Coast Guard Safety Stan-
dards in ¢ffect on the date of certification.” Letiers and numbers can
be no less than ong-eighth of an inch high, At the manufacturer's
option, the capacity and compliance plates may be combined.

YENTILATION

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

Because of this danger, Coast Guard regulations require venti-
|lation on many power boats. There are several ways to supply
fresh air o engine and gasoline tank compartments and to
remove dangerous vapors. Whatever the choice, it must meet
Coast Guard standards. The following discussion does not deal
with alf of the regulations nor does it cover all recraational boats.
[t deals only with boats built after July 31, 1980, vessels made or
used non-commerciaily, vessels leased, rented, or chartered for
noncommercial use. and boats carrying six or fewer passengers
far hire.

The following is not intended te be a complete discussion of the
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regulations. It is timited to the majority of recreational vessels, Gon-
tact your local Coast Guard office for further information.

General Precautions

Yerttilation systems will not remove raw gasoline that leaks from
tanks or fuel lines. If you smell gasoline fumas, you need immediate
repairs. The best device for sensing gasoline fumes is your nose.
Use ill If you smell gaseline in an engine compartment or else-
where, don’t start your engine. The smaller the compariment, the
less gasoline it takes fo make an explosive mixture,

Ventilation for Open Boats

In open boats, gasoline vapors are dispersed by the air that moves
through them. So they are exempt from ventilation requirements,

To be “open,” a boat must meet certain conditions. Enging and fuet
tank compartments and long narrow compartments that join them
must be open to the atmosphere.” This means they must have at least
15 square inches of open area for each cubic foat of net comparfment
volume. The open area must be in direct contact with the atmosphere.
There must also be no long, unventilated spaces open ta engine and
fuel tank compartments into which flames could extend.

Ventilation for All Other Boats

Pawered and natural ventilation are required in an enclosed com-
partment with a permanently instalied gasoling engine that has a
cranking motor. A compartment is exempt if its engine is open to
the atmosphere. Diesel powered boats are also exempt.

VENTILATION SYSTEMS

There are two types af ventilation systems. One is “natural venti-
lation.” In it, air circulates through closed spaces due 1o the boat’s
raotion. The other type is “powered ventilation.” In it, air is circu-
lated by a motar driven fan or fans.

Natural Ventitation System Requirements

A naturat ventilation syslem has an air supply from outside the
boat. The air supply may also be from a ventilated compartment ora
compartment open to the atmosphers. Intake openings are requirad.
In addition, intake ducts may be required to direct the air to appro-
priate compaitments.

The system must also have an exhaust duct that starts in the
lower third of the compartment. The exhaust opening must be inlo
another ventilated compartment or into the atmasphere. Each supply
opening and supply duct, il there is one, must be above the usual
level of water In the bilge. Exhaust openings and ducts must also be
abave the bilge water, Openings and ducts must be at lzast three
square inchas in area or twg inches in diameter. Openings shoutd
be placed so exhaust gasses do not enter the fresh air intake.
Exhaust fumes must not erier cabins or other enclosed, non-venti-
lated spaces. The carbon monoxide gas in them is deadly.

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

Power Ventllation System Reguirements

Powered ventilation systems must meet the standards of & nat-
ural syslem, They must alsa have one or mare exhaust blowers. The

blower duct can serve as the sxhaust duct for natural ventitation if
fan blades do not obstruct the air flow when not powered. Openings
in engine compartment, for carburetion are in addition o ventilation
system requirements.

Required Safety Equipment

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

TYPES OF FIRES

Fire extinguishers have labets that tell the types of fires for which
they are designed. There are four common classes of fires:

» (lass A—fires are in ordinary combustible materials such as
paper or wood.

» Class B—fires involve gaseline, ail and grease.

» Class C—tires are eletrical.

« Class D—fires involve ferrous metals

The extinguishers on motorboats must be for Class B fires. Never
use water on Class B or Class G fires. Water spreads Class B fires,
Water may cause you lo he electrocuted in a Class G fire,

FIRE EXTINGUISHERS

* See Figure 6

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

« Inboard or stern drive engines

« Closed compartments under seats where portable fuel tanks
¢can be stored

i b

Flg. & An approved fire extinguisher should he mounted close to
the helmsman for emergency use
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= Double bottoms not sealed together or not completely filled
with flotation materials

* Ginsed living spaces

« Closed stowage compartments in which combustibie or flam-
mable materials are stered

= Permanently installed fue! tanks

« It is 26 fest or mora in length.

Contents of Extinguishers

Fire extinguishers use a variety of materials. Those used on
boats usually contain dry chemicals, Halon, or carbon dioxide
(CO3). Dry chemical extinguishers contain chemicai powders such
as sodium bicarbonate—baking soda.

Carbon dioxide is a colortess and odorless gas when released
from an extinguisher. It is nat poisonous but caution must be used
in entering compartments filied with it. It will not support life and
keeps oxygen from reaching your lungs. A fire-killing concentration
of carbon dioxide is lethal.

i you are in a compartment with a high concentration of CO3, you
will have no difficulty breathing. But the air does not contain enotgh
oxygen o support life, Unconsciousness or death can result,

HALON EXTINGUISHERS

>ome fire extinguishers and “buift-in’ or “fixed' automatic fire
extinguishing systems contain a gas called Halon. Like carbon
dioxide it is colortess and odorfess and will not support iife. Some
Halans may be toxic if inhaled.

To be acceptable to the Coast Guard, a fixed Halon system must
have an indicator ight at the vessel’s heim. A green light shows the
system is ready. Red means it is being discharged or has been dis-
charged. Warning homs are available to let you know the system
has been activated. If your fixed Halon systsm discharges, ventilate
the space thoroughly before you enter it. There are no residues from
Halon but it will not support fife.

Althcugh Halon has excellent fire fighting properties, it is
thought to deplete the earth's ozone layer and has not been manu-
factured since January 1, 1994. Halon extinguishers can be refilled
from existing stocks of the gas until they are used up, but high fed-
eral excise taxes are being charged for the service. If you discon-
tinue using your Halon extinguisher, take it to a recovery station
rather than releasing the gas into the atmosphere. Compounds stch
as FE 241, designed to repiace Hafon, are now available.

Fire Extinguisher Approval

Fire extinguishers must be Coast Guard approved. Look for the
approval number on the nameplate. Approved extinguishers have the
following on their labels: "Marine Type USCG Approved, Size . . .,
Type . . ., 162.208/." etc. In addition, o be aceeptable by the Coast
Guard, an extinguisher must be in serviceable condition and mounted
in its bracket. An extinguisher not properly mounted in its bracket wil
not be considered serviceable during a Coast Guarg inspection.

Care and Treatment

Make certain your extinguishers are in their stowage brackets
and are not damaged. Replace cracked or broken hoses. Nozzles
should be freg of ohstructions. Sometimes, wasps and other insects
nest inside nozzles and make them inoperable. Check your extin-
guishers frequently. If they have pressure gauges, is the pressure
within aceeptable limits? Do the {ocking pins and sealing wires
show they have not been used since recharging?

Don't try an extinguisher to test it. its valves will not reseat prop-
erly and the remaining gas will leak out. When this happens, the
extinguisher s useless.

Weigh and tag carbon dioxide, Halon or compound FE 241 extin-
guishers twice a year. If their weight loss exceeds 10 percent of the
weight of the charge, recharge them. Check (o see that they have not
been used. They should have been inspected by a qualified person
within the past six months, and they should have tags showing all
inspection and service dates. The problem is that they can be par-
tially discharged while appearing to be fully charged.

Some Halon extinguishers have pressure gauges the same as dry
chemical extinguishers, Don't refy too heavily on the gauge. The
extinguisher can be paitially discharged and still show a good
gauge reading. Weighing a Halon extinguisher is the only accurate
way 10 assess Its contents.

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

Using a Fire Extinguisher

A fire extinguisher usually has a device to keep it from being dis-
charged accidentally. This is a metal or plastic pin or toop. if you
need to use your extinguisher, take it from its bracket. Remave the
pin ar the foop and point the nozzle at the base of the flamas. Now,
squeeze the handle, and discharge the extinguisher's contents while
sweeping from side to side. Recharge a used sxtinguisher as soon
as possible.

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

Legal Requirements lar Extinguishers

You must carry fire extinguishers as defined by Coast Guard reg-
ulations. They must be firmly mounted in their brackets and imme-
diately accessible,

A motorboat less than 26 feet long must have at least one
approved hand-poriable, Type B-1 extinguisher. If the boat has an
approved fixed fire extinguishing system, you are not required to
have the Type B-1 extinguicher. Also, if your boat is less than 26
feet lang, is propetled by an outboard mator, or motors, and does
not have any of the first six conditions described at the beginning of
this section, it is not required to have an extinguisher. Even so, it’s a
good idea to have one, especially if a nearby boat catches fire, or if
a fire occurs at a fue! dock,

A motorboat 26 feet to under 40 feet long, must have at least two
Type B-1 approved hand-portable extinguishers. It can, instead,
have &t least one Goast Guard approved Type B-2_ If you have an
approved fire extinguishing system, only one Type B-1 is required.

A motorboat 40 1o 65 feet long must have at [east three Type B-1
approved portable extinguishers . It may have, instead, al least one
Type B-1 plus a Type B-2. If there is an approved fixed fire extin-
guishing system, two Type B-1 ar ane Type B-2 is required.
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WARNING SYSTEM

Various devices are available to alett you to danger. These
inelude fire, srnake, gasoling fumes, and carbon monoxide detec-
tors. If your boat has a galley, it should have a smoke detector.
Where possible, use wired detectors. Household batteries often cor-
rode rapidly on a boat.

You can't see, smell, nor taste carbon monoxide gas, but it is
|athal, As little as one part in 10,000 parts of air can bring ch a
headache. The symptoms of carbon mangyide poisoning—
headaches, dizziness, and nausea—are like sea sickness. By the
time you realize what is happening to you, it may be oo late 10 taks
action. If you have enclosed living spaces on your boat, protect
yourself with a detector. There are many ways in which carbon
monoxide can enter your boat.

PERSOMAL FLOTATION DEVICES

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

Type | PFDs

A Type 1 life jacket is also called an offshore life jacket. Type I life
jackets will turn most unconscious people from facedown to a verti-
cal or slightly backward position. The adult size gives a minimum of
22 pounds of buoyaricy. The child size has at least 11 pounds. Type
f jackets provide more protection to their wearers than any other
type of life jacket. Type | life jackets are butkier and less comfortable
than other types. Furthermore, there are only two sizes, one for chil-
dren and one for adults.

Type | 1ife jackets will keep their wearers afloat for extended peri-
uds in rough water. They are recommended for offshore cruising
where a delayed rescue is probable.

Type Il PFDs
# Sea Figure 7

A Type 1l life jackef is also called a near-shore buoyant vest. It is
an approved, wearable device. Type !l life jackets will turn some
unconscious people from facedown to vertical or slightly backward
positions. The adult size gives at least 15.5 pounds of buoyancy. The
medium child size has a minimum of 1 pounds. And the small chil¢
and infant sizes give seven pounds. A Type Il life jacket is more com-
Tartable than a Type | but it does not have as much buoyancy. It is
not recommended for long hours in rough water. Because of this,
Type lis are recommended for inshore and inland cruising on calm
water. Use them where there is a good chance of fast rescue.

Type IIf PFDs

Type Il life jackets or marine buoyant devices are also known as
flotation aids. Like Type s, they are designed for calm inland or
close offshore water where there is a good chanca of fast rescue.
Their minimum buoyancy is 15.5 pounds. They will not turn their
wearers face up.

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

404

Fig. 7 Type Il approved fiolation devices are recommended for
inshare and intand crutsing on calm water. Use them where
there is a good chance of fast rescue

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

Type IV PFDs
# Sea Figures G and 9

Type IV ring life buioys, buoyant cushions and horseshoe buoys
are Coast Guard approved devices cailed throwables, They are made
to be thiown o people in the water, and should not be worn. Type IV
cushions are often used as seat cushions. Cushiens are hard to
hold onto in the water, Thus, they do not afford as much protection
as wearable life jacksts.

The straps on buoyant cushions are for you t6 hold onto either in
the water or when throwing them. A cushion should never be worn
o your back. It wili turn you face down in the water.

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

Ring life buoys come in 18, 20, 24, and 30 inch diameter sizes.
They have grab lines. You should attach about 60 feet of polypiopy-
lene line to the grab rope to aid in refrieving someone In the water
If you throw a ring, be careful not to hit the person. Ring buoys can
knock people unsonscious

Type V PFDs

Type V¥ PFDs are of two kinds, special use devices and hybrids.
Special use devices include boardsailing vests, deck suits, work
vests, and others. They are approved only for the special uses or
conditions indicated on their labels. Each is designed and intended
for the pasticular application shown on its |abel. They do not meet
tagal requirements for general use aboard recreational baats.
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475
Fig. 8 Type H buoyant cushions ara made to be thrown to people

in the water. If you can squeeze air out of the gushion, il is
faully and should be replaced

aToIF1e

Fig. 8 Type IV throwables, such as this ring life buoy, are not
designee as personal fiofation devices for unconscious people,
non-swimmers, er children

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

The inherent buayancy of a bybrid may be insufficient to float a
person unless it s inflated. The only way to find this out is for the
user to try it in the water. Because of its limited buoyancy when
deflated, a hybrid is recommended for use by anon-swimmer only if
it is worn with enaugh inflation Lo float the wearer.

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

Hybrids cost more than other life jackets, but this factor must be
weighed against the fact that they are more comfortabls than Type |,
I, or Il life jackets. Because of their graater comfort, their owners
are mare likely to wear them than are the owners of Type I 11, or Il
life jackets.

The Coast Guard has determined that improved, less costly
hybrids can save lives since they will be bought and used mare fre-
quently. For these reasons a new federaf requlation was adopted
effective February 8, 1995. The requlation increases both the
Ceflated and inflated buoyancys of hybrids, makes them available in
a greaier variety of sizes and fypes, and reduces their costs by
reducing production costs.

Even though it may not he required, the wearing of a hybrid or a
life jacket is encouraged whenever a vessel is underway. Like fife
jackets, hybrids are now available in three types. To mest legal
requirements, a Type | hybrid can be substituted for a Type | fife
jacket. Simitarly Type il and Il hybrids can be substituted for Type (I
and Type Il life jackets. A Type | hybrid, when inflated, will turn
most uncanscious peeple from facedown to vertical or slightly
backward positions just like a Type | life jacket. Type ( and ill
hybrids function Iike Type N and I life jackets. If you purchass a
new hybrid, it should have ar owner's manual attached which
describes ts life jacket type and Its deflated and inflated buoyancys.
It warns you that it may have to be inflated to float you. The manual
aiso tells you how to don the life jackst and how to inflate it. It also
tells you how ta change its inflation mechanism, recommended
testing exercises, and inspection and maintenance procedures, The
manual atso tells you why you need a fife jacket and why you
should wear il. A new hybrid must be packaged with at least three
gas cartridges. One of these may already be loaded into the inflation
mechanism. Likewise, if it has an automatic Inflation mechanism, it
must be packaged with at least three of these water sensitive ele-
ments. One of these elements may be installed.

Legal Requirements

A Coast Guard approved life jacket must show the manufacturer's
name and approval number. Most are marked as Type I, i, 1If 1V, or
V. All of the newer hybrids are marked for type.

You are required to carry at least one wearable life jacket or
hybrid for each person on board your recreational vessel, If your
vessel is 16 feet or more in length and is not a canoe or a kayak,
you must also have at least one Type 1V on board. These require-
ments apply to all recreational vessels that are propelled or con-
trolled by machinery, sails, oars, paddles, poles, or another vessel.
Sailboards are nol required to carry life jackets.

You can substitute an older Type ¥ hybrid for any required Type
i, li, or fI! life jacket provided that its approval label shows it is
approved for the activity the vessel is engaged in, approved as a
substitute for a Iife jacket cf the type required on the vessel, used as
required on the labels, and used in accordance with any require-
menis in its owner's manual, if the approval labsl makes reference to
such a manual,

A water skier being towed is considerad to be on board the ves-
sel when judging compliance with legal requirements.
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You are required to keep your Type |, 11, or I life jackets or
equivalent fiybrids readily accessible, which means you must be
able to get to them quickly if they are needed. Accessible means
you must be able to reach out and get them when needed. All life
jackets must be in good, serviceabls condition. All Type V hybrids
must be worn whenever the boat is underway and the wearer is not
below decks or in an enclosed space.

General Considerations

The proper use of a fife jackel requires the wearer to know how it
will perform. You can gain this knowledge only through experience.
Each person on your boat shoutd be assigned a life jacket, Next, it
shauld be fitted to the person who will wear it. Only then can you be
sure that it will be ready for use in an emergency, Boats can sink
fast, There may be no time to look around for a life jacket. Fitting
one on you in the water is almost impossible. This advice is good
even if the water is calm, and you intend to boat near shore. Most
drownings occur in inland waters within a few feet of safety. Most
victims had life jackets, but they weren't wearing them.

Keeping life jackets in the plastic covers they came wrapped in
and fn 2 cabin assures that they will stay clean and unfaded. But
this is no way to keep them when you are on the water. When you
need a life jacket it must be readily accessible and adiusted to fit
you. You can't spend time hunting tor it or learning how to fit it.

There is no substitute for the experience of entering the water
while wearing a life jacket. Children, especiatly, need practice. If
nossible, give, your guests this experience. Tell them they should
keep their arms to their sides when jumping in to keep the life jacket
from riding up. Let them jump in and see how the life jacket
responds. Is it adjusted so it does net ride up? s it the proper size?
Are all straps snug? Are children’s life jackets the right sizes for
them? Are they adjusted properly? If a child's life jacket fits cor-
rectly, you can lift the child by the jackets shoulder straps and the
child’s chin and ears will not slip through. Non-swimmers, children,
handicapped persons, elderly persens and even pels should always
wear life jackets when they are aboard. Many states require that
everyone aboard wear them in hazardous waters. Inspect your ife-
saving equipment from time fo time. Leave any guestionablg or
ensatisfactory equipment on shore. An emergency is no time for
youl to conduct an inspection.

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

Care of Life Jackels

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

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

Ripped and badly faded fabric are clues that the covering of your
life jacket is deteriorating. A simple test is to pinch the fabric

between your thumbs and forefingers. Now try to tear the fabric. If if
can be tomn, it should definitely be destroyed and discarded. Com-
pare the colors in protected places 1o those expased to the sun. If
the colors have faded, the materials have been weakened. A fabric
covered life jacket should ordinarily last several boating seasons
with normal use. A life jacket used every day in direct sunlight
shauld probably be replaced more often.

SOUND PRODUCING DEVICES

# See Figure 10

All boats are required to carry some means of making an efticient
sound signal. Devices for making the whistle or horn noises
required by the Navigation Rules must be capable of a four second
blast. The blast should be audible for at least ons-half mile. Athletic
whistles are not acceptable on boats 12 meters or longer. Use cau-
tion with athletic whistles. When wet, some of them come aparl and
Inose thefr “pea.” When this happans, they are useless.

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

MFMPLE

Fig. 10 All boats are required to carty some means of making
an eftficient sound signal, such as this hom

VISUAL DISTRESS SIGNALS

» See Figure 11

Visual Distress Signals (VDS) attract attention to your vessel if you
need help. They also help to guide searchers in search and rescue sit-
vations, Be sure you have the right kinds, and use them properly.
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it is IMegai to fire flares improparly. In addition, they cost the
Coast Guard and its Auxiliary many wasted hours in fruitfess
searches. If you signal a distress with flares and then someone
helns you, please let the Coast Guard or the appropriate Search And
Rescue Agency (SAR) know sa the distress report will be canceled.

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

« The ocean (territorial sea)

+ The Great Lakes

+ Bays or sounds

s Rivers over two miles across at their mouths upstream to
whars they narrow to two rmiles.

Recreational boats 16 fest or longer must carry VDS at ali times
on coastal waters. The same requirement applies to boats carrying
Six Or fewer passengers for hire. Open sailboats less than 26 fest
long without engines are exempt in the daytime as are manually
propelled boats. Also exempt are boats in organized races, regattas,
parades, etc. Boats owned in the United States and operating on the
high seas must be equipped with VDS.

A wide variety of signaling devices meel Coast Guard regula-
tions. Far pyrotechnic devices, a minimum of three must be carried.
Any combination can be carried as leng as it adds up to al lsast
three signals for day use and at least three signals for night use.
Three day/night signals mest both requirements. If possible, carry
more than the legal requirement. These dsvices are fisted in table 2-
6. The American flag fiying upside down is a commonly recognized
distress signal. It is not recognized in the Coast Guard regulations,

wal Yy

GUN
FLAMES OH

FOG HORN
RED STAR TONTINUQUS
SHELLS SOUNDING

FIRED AT
INTER¥YALS
OF | MiN,

ORAMGE
BACKGROUND
BLACK BALL

A SMIARE BY RADIO

DYE CODE FLAGS
MOVEMBER
CHARLIE

SGUARE FLAG |}
AND BALL

ANY COLOK)

LEhnE il

Fig. 11 Internationally aécapled distress signals

though. In an emergency. your efforts would probably be better used
in more effective signaling methods.

Types of VDS

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

DAYTIME NON-PYROTECHNIC SIGNALS

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

DAYTIME PYROTECHNIC DEVICES

Orange smoke is a useful daytime signal. Hand-held or ficating
smoke flares are very effective in attracting attention from aircraft.
Smaoke flares don't last long, and are not very effective in high wind ar
poor vistbility. As with other pyrotechnic devices, use them only when
you know there is a possibility that someone will see the display.

To be usable, smoke flares must he kept dry. Keep them in airtight
containers and store them in dry places. It the “striker” is damp, dry
it out before trying o ignite the device. Some pyrotechnic davices
require a forceful “strike” to ignite them.

All hand-held pyrotechnic devices may produce hat ashes or
slag when burning. Hold them over the side of your boat in such a
way that they do not burn your hand or drip info your boat.

Nighttime Non-Pyrotechnic Signals

An electric distress light is avalable. This light automatically
llashes the international morse code SOS distress signaf (i ).
Flashed four to Six times a mtinute, it is an unmistakanle distress
signal. It must show that it is approved by the Coast Guard. Be sure
the batteries are fresh. Dated batteries give assurance that they are
gurrent.

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

Nighttime Pyrotechnic Devices
# See Figure 12

Aerial and hand-feld flares can be used at night or in the day-
time. Obviously, they are mare effective at night.

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

Like smoke flares, aerial and hand-held flares may fail to work if
they have heen damaged or abused. They will not function if they
are or have been wet, Store them in dry, airtight containers in dry
places. But store ther where they are readily accessible.

Agriat VDSs, depending on thelr type and the conditions they are
used in, may not go very high. Again, use them only when there fs a
good chance they will be seen.
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Fig. 12 Malsture protected tlares should he catried onboard any
vessel for use as a distress signal

small {about 6 to 20 inches high), battery-powered, radio transmit-
ting buoy-like device. It is a radio transmitter and requires a license
or an endorsemert on your radio stafion license by the Federal
Communications Commission (FCGY. EPIRBs are activated by being
immersed in water or by a manual switch.

Equipmeni Not Required But Recommended

Although not required by law, there is other equipment that is
good to have onboard.

SECOND MEANS OF PROPULSION

¥ See Figure 13

All boats less than 16 feet long should carry & second means of
propulsion. A paddie ar oar can come in handy at times, For most
small boats, a spare trolling or outboard moter 1s an excellent idea.
If you carry a spare motor, it should have its own fuel tank and
starting power. If you use an electric trolling motor, it should have
its own battery.

A serious disadvantage of aerial flares is that they burn for only a
short time. Most burn for less than 10 seconds. Most parachute
flares buen for less than 45 seconds. If you use a ¥DS in an emer-
gency, do so carefully. Hold hand-held flares over the side of the
boat wher in use. Never use a road hazard flare on a boat. [t can
gasily start a fire. Marine type flares are carsfully designed to lessen
risk, but they still must be used carefully.

Aerial flares should be given the same respect as firearms since
they are firearms! Never point thern at another person. Don't allow
children o play with them ar around them. When you fire one, face
away from the wind, Aim it dowrwind and upward at an angls of
about 60" to the horizon. If there is a strong wind, aim it somewhat
more vertically, Mever fire it straight up. Before you discharge a flare
pistol, check for overhead obstructions. These might be damaged
by the flare. They might deflect the flare to where it will cause dam-
age.

Disposal of VDS

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

Emargency Position Indicating Radio Beacon (EPIRB)

There is no requirement for recreationat boats to have EPIRBs.
Some commercial and fishing vessels, though. must have them if
they operate beyond the three mile limit. Vessels carrying six or
fower passengers for hire must have EPIRBs under some circum-
stances when operaling beyond the three mile fimit. ¥ you boat ina
remote area of ofishore, you should have an EPIRB. AnEPIRB is a

-
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Fig. 13 A typical wooden oar should he kept onboard as an aux-
iliary means of propulsion. It can also function as a grab hook

for someone fallen overboard

BAILING DEVICES

All boats shoutd carry at least one affective manual bailing device
in addition to any installed eleciric bilge pump. This can be a
bucket, can, scoop, hand operated pump, etc. If your battery “goes
dead” it will not aperate your electric pump.

FIRST AID KIT

b See Flgure 14

All hoats should carry a first aid kit [t should contain adhesive
bandages, gauze, adhesive tape, antiseplic, aspirin, etc. Check your

04T01F18

Fig. 14 Always carry an adequately stocked first aid kit on board

for the safety of the crew and guests
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first aid kit from time to time. Replace anything that is outdated. It is
to your advantage to know how to use your first aid kit. Another
good idea would be to take a Red Cross first aid course.

ANCHORS

¥ See Figure 15

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

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

rif2e

Fig. 1% All boats should have anchors. Choose and anchar of
sufficient weight 1o secure the hoat without dragging

VHF-FM RADIO

Your best means of suramoning help in an emergency or in case
of a breakdown is 2 VHF-FM radio. You can usg it to get advice or
assistance from the Coast Guard. In the event of a serious illness or
injury aboard your boat, the Coast Guard can have emergency med-
ical eguipment meet you ashore.

TOOLS & SPARE PARTS

¥ See Figures 16 and 17

Carry a few tools and some Spare parts, and learn how to make
minor repairs. Many search and rescue cases are caused by minor

punife}
Fig. 16 A flashlight with a fresh set of hatteries is handy when
répairs are needed at night. It can also double as a signaling
device

047 35
Fig. 17 A spare fuel Jug can keep you from hecomlng stranded
on the watar. Make surs the contairer is approved far marine
use
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breakdowns that boat aperators could have repaired. If your engine
is an inboard or stern drive, carry spare belts and water pump
impellers and the 1ools to change them.

Couriesy Marine Examinations

One of the roles of the Coast Guard Auxiliary is to promoté recre-
ational boating safety. This is why they conduct thousands of Cour-
tesy Marine Examinations each year. The auxiliarists who do these
gxaminations are weil-trained and knowledgeable in the field.

These examinations are free and done only at the consent of boat
owners. To pass the examination. a vessel must satisfy federal
eguipment requirsments and certain additional requirements of the
coast guard auxiliary. If your vessel does not pass the Courtesy
Marine Examination, no repart of the failure is made. Instead, you
will be told what you need 1o correct the deficiencies. The examiner
will return at your convenience to redo the examination.

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

ft is virtually impossible to anticipate all of the hazards involved
with maintenance and service, but care and common sense witl pre-
vent most accidents.

The rutes of safety for mechanics range from “don’t smoke
around gascling,” to “Use 1he proper tool(s) for the job.” The trick to
avoiding injuries is to develop safe work habits and 1o take every
possible precaution. Whengver you are working on your boat, pay
attention to what you are doing, The more you pay attention to
datails and what is going on around you, the less likely you will be
to hurt yourself or damage your boat.

» Do keep a fire extinguisher and first aid kit handy.

« Do wear safety glasses or goggles when cutting, drilling,
grinding or prying, even if you have 20-20 vision. If you wear
glasses for the sake of vision, wear salely gogales over your regular
glasses.

» Do shield your eyes whenever you work around he batfery.
Batleries contain sulfuric acid. In case of contact with the eyes or
skin, flush the area with water or a mixture of water and baking
soda, then sesk immediate medical attention.

« Do use adequate ventilation when working with any chemicals
of hazargous materials.

« Do disconnect the negative battery cable when working on the
electrical system. The secondary ignition system containg
EXTREMELY HIGH VOLTAGE. In some cases it can even exceed
50,000 volis.

« Do follow manufacturer’s directions whenever working with
potentially hazardous materials. Most chemicals and fluids are pol-
sonous if taken internaily,

« Do properly maintain your tools. Loose hammerheads, mush-
roomed punches and chisels, frayed or poorly grounded electrical
cords, excessively worn screwdrivers, spread wrenches (open end),
cracked sockets, or slipping ratchets can cause accidents.

« Likewise, keep your tools clean, a greasy wrench can slip off 2
bolt head, ruining the bolt and often harming your knuckies in the
Process.

« Do use the proper size and type of tool for the job at hand. Do
select a wrench or socket that fits the nut or bolt. The wrench or
socket should sit straight, not cocked.

+ Do, when possible, pull on a wrench handle rather than push
on it, and adjust your stance to prevent a fall.

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

« Do shike squarely with a hammer; avoid glancing blows. But,
we REALLY hope you won't be using a hammer much in basic
maintenance.

« Don't run the engine in an enclosed area or anywhere slse
without proper ventilation—EVER! Carben monoxide is poisongus;
it takes a long time to leave the human body and you can build up 2
deadly supply of it in your system by simply breathing in a fittle
every day. You may not realize you are slowly poisoning yourself.

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

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

« Don't smoke when working around gasoling, cleaning solvent
or other flammable maerial.

» Don't smoke when working around the battery. When the bat-
lery is being charged, it gives off explosive hydrogen gas. Actually,
you shouldm't smoke anyway. Save that cigaretie money and trick
out your ride!

« Dot use gasoline to wash your hands; there are excellent
soaps availahle. Gasoline contains dangerous additives which can
enier the hody through a cut ar through your pores. Gasaline also
removes ali the natural oils from the skin so that bone dry hands
will suck up oil and grease.

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

© BENCHMANUK PDF MANUALS 2006



TOOLS AND EQUIPMENT 2-2
SAFETY TOOLS 2-2
WORK GLOVES 2-2
EYE AND EAR PROTECTION 2-2
WORK CLOTHES 2-2
CHEMICALS 2-3
LUBRICANTS & PENETRANTS 2-3
SEALANTS 2-4
CLEANERS 2-4
TOOLS 2-6
HAND TOOLS 2-6
SOCKET SETS 2-6
WRENCHES 2-8
PLIERS 2-10
SCREWDRIVERS 2-10
HAMMERS 2-10
OTHER COMMON TOOLS 2-10
SPECIALTY TOOLS 2-11
MEASURING TOOLS 2-12
MICROMETERS & CALIPERS 2-12
DIAL INDICATORS 2-12
TELESCOPING GAUGES 2-13
DEPTH GAUGES 2-13
FASTENERS, MEASUREMENTS AND
CONVERSIONS 2-13
BOLTS, NUTS AND OTHER THREADED
RETAINERS 2-13
TORQUE 2-15
STANDARD AND METRIC
MEASUREMENTS 2-15
SPEGIFICATIONS CHARTS
METRIC BOLTS 2-17
SAE BOLTS 2-18

© BENCHMANUK PDF MANUALS 2006

T00LS AND
EQUIPMENT

TCOLE AMD EQL P




2-2 TOOLS AND EQUIPMENT

TOOLS AND EQUIPMENT

Safety Tools

WORK GLOVES

# See Figure 1

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

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

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

EYE AND EAR PROTECTION

Den't begin any job without @ good pair of work goggles or impact
resistant glasses! When doing any kind of work, its alf too easy 1o
avoid eye injury through this simple precaution. And don't just buy eye
protection and leave it on the shelf, Wear it all the time! Things have a
habit of breaking, chipping, splashing, spraying, splintering and flying
around. Andl, for some reasan, your eye is always in the way!

If you wear vision corracting glasses as a matter of routine, get a
pair made with polycarbonate lenses. These lenses are impact 1esis-
tant and are available at any optometrist.,

Often overiooked is hearing protection. Power equipment is
noisy! Loud noises damage your ears. s as simpte as that! The
simplest and cheapest form of ear protection is a pair of noise-
reducing ear plugs. Cheap insurance for your ears. And, they may
even come with their own, cute little carrying case.

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

WORK CLOTHES

Everyong has “work clothes.” Usually these consist of old jeans
and a shirt that has seen betler days. That's fine. In addition, a

Fig. 1 Three different types of work gloves. The box contains katex qloves

FAIG

© BENCHMANUK PDF MANUALS 2006



denim work apron is a nice accessory. Its rugged, can hold some
spare bolts, and you don’t feel bad wiping your hands or tools on it.
That's what it's for.

When working in cold weather, a one-piece, thermal work outfit
18 Invaluable. Most are rated to below zero (Fahrenheit) tempera-
tures and are ruggedly constructed. Just look at what the boat
mechanics are wearing and that should give you a clue as to what
type of clothing is good.

Thete is a wholg range of chemicals that you'll find handy for
mainterance work. The most common types are, lubricants, pene-
trants and sealers. Keep these handy onboard, There are also many
chemicals that are used for detailing or cleaning,

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

TOOLS AND EQUIPMENT  2-3
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LUBRICANTS & PENETRANTS

# See Figure 2

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

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

=Sillcone dielectric grease is a non-conductor that Is often used to
coat the terminals of wiring connectors hefore fastening them. It
may sound odd to coat metal portions of a terminal with something
that won't conduet electricity, but here is it how it works. When the
connector is fastened the mefal-to-metal contact hetween the termi-

Fig. 2 A variety of penetrants and Jubricants is a staple of any DIYer's inventory

ETUEEME

© BENCHMANUK PDF MANUALS 2006



2-4 TOOLS AND EQUIPMENT

nals will displace the grease (allawing the circuit to be completed).
The grease that is dispiaced will then ceat the non-contacted sur-
face and the cavily around the tarminals, SEALING them from
atmospheric moicture that could cause corrosion.

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

Penetrating oil may turn out to be one of your best friends when
taking something apart that has corroded fasteners. Not only can
they make a job easier, they can reaily help to avoid broken and
strippad fasteners. The most familiar penetrating oils are Liquid
Wrench® and WD-40%, A newer penetrant, PB Blaster® also works
well. These products have hundreds of uses. For your purposes,
they are vital!

Before disassembling any part {especially on an exhaust system),
gheck the fasteners. If any appear rusted, soak them thoroughly with
the penetrant and let them stand while you do something else. This
simple act can save you hours of tedious work irying to extract a
broken bolt or stud.

SEALANTS

b See Figure 3

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

The most common sealers are the non-hardening types such as
Permatex®No.2 or its equivalents. These sealers are applied to the

mating surfaces of each part to be joined, then a gasket is put in
place and the parts are assembled.

=7 sometimes overlooked use for sealants 1ike RTV ks on the
threads of vibration prone fastaners.

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

The stand-alore sealers are the Room Temperature Vulcanizing
{RTY) silicone gasket makers. On some engines, this material is
used instead of a gasket, In those instances, a gasket may not be
available or, because of the shape of the mating surfaces, a gasket
shouldn’t be used. This stuff, when used in conjunction with a con-
ventional gasket, produces the surest honds.

RTY degs have its limitations though. When using this material,
you will have a time fimil. !t starts to set-up within 15 minutes or
50, 50 you have to assemble the parts without delay. In addition,
when squeezing the material out of the tube, don't drop any glops
into the engine. The stuff will form and set and travel around the oil
gallery, possibly plugging up a passage. Also, most types are not
fuel-proof, Gheck the tube for alt cautions.

CLEANERS

¥ See Figures 4 and §

You'll have two types of cleaners to deal with: parts cleaners and
hand cleaners. The parts cteaners are for the parts; the hand clean-
ers are for you.

Fig. 3 Sealanis are essential for preventing leaks

iz s
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BPRIIG
Fig. 5 This is one type of hand cleaner that not onty works well
but smelis pretty good too

There are many good, non-flammable, biodegradable parts
¢leaners on the market, These cleaning agents are safe for you,
the parts and the enviranment. Therefore, there is no reason to
use flammabie, caustic or toxic substances to clean your parts or
toois.

As far as hand cleaners go, the waterless types are the best.
They have always been efficient at cleaning, but leave a pretty
smelly odor. Recently though, just about all ot them have elimi-
nated the odor and added stuff that actuatly smells good. Make
sure that you pick one that contains lanolin or some other mois-
ture-replenishing additive, Cleaners not only remove grease and oil
but also skin gil,

One other note: most women know this already but most men
don't, Use a hand fotion when you're all cleaned up. It's okay. Real
men DO use hand Iotian! Believe it or not, using hand lotien
before your hiands are dirty will actvally make them easier to clean
when you're finished with a dirty job. Lotion seais your hands, and
keeps dirt and grease from sticking to your skin.
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» See Figuwe 6

Tools; this subject could require a completely separate manual.
Again, the first thing you will need to ask yourself, is just how
involved do you plan to get. if you are serigus about your mainte-
pance you will want to gather a quality set of tools to make the job
easier, and more enjoyable. BESIDES, TOOLS ARE FUNII

Almost every do-it-yourselfer loves to accumulate toots. Though
most find a way fo perfarm jobs with only a few common 100ls, they
tend to buy more over time, as maney atows. Sa gathering the
tools necessary for maintenance does not have to be an expensive,
avernight propasition,

When buying tools, the saying “You get what you pay for . . " is
absolutely trug! Dont go cheap! Any hand tool that you buy should
be drop forged and/for chrome vanadium. These two qualities tell you
that the toal is strong enough for the job. With any tool, go with a
name that you've heard of before, or, that is recommended buy your
focal profsssional retaifer. Lets go over a list of tools that vou'll need.

Most of the world uses the metric system. However, some Ameri-
can-built engines and aftermarket accessories use standard fasten-
ers. So, accumuilate your tools accordingly. Any good DIYer shoutd
have a decent set of both U.S. and metric measure tools,

Dor't be confused Dy terminalogy. Mast advertising refers to
“SAE and metric”, or “standard and metric.” Both are misnomers.
The Society of Automotive Engineers (SAE} did not invent the Eng-
lish system of measurement; the English did. The SAE likes metrics
just fine. Both English (U.S.} and metric measurements are SAE
approved. Also, the current “standard™ measurement IS meiric. So,
if it's not metric, it's U.S. measurement.

TCCK0R
Fig. 6 Socket holders, especially the magnetic lype, are handy

ftems lo keep tools in order

Hand Tools

¥ See Figure 7
SOCKET SETS

» See Figures 8, 9 and 10

Socket sets are the most basic, necessary hand tools repair and
maintenance work, For our purposes, socket sets come in three

s o msrm;'
Fig. 7 Some manufacturers supply a small emergensy tool kit
with their engines, such as this one from Yantnar

$T383001

Fig. 8 A good half inch drive socket st

drive sizes: Vs inch, 3% inch and Yz inch. Drive size refers to the
size of the drive lug on the ratchet, breaker bar or speed handle.

A% inch set is probably the most versatile set in any mechanics
tool box. It allows you to get into tight places that the larger drive
ratchets can't and gives you a range of larger sockets that are still
sfrong enough for heavy duty work. The socket set that you'll need
should rangg in sizes from & inch through 1 inch for standard fas-
teners, and a 6mm through 19mm for metric fasteners.

You'll need a good % inch set since this size drive |ug assures
that you won't break a ratchet or socket on large or heavy fasteners.
Also, torque wrenches with a torque scale high enough for larger
fasteners are ustally ¥z inch drive.

14 inch drive sets can be very handy in tight places. Though they
usually duplicate functions of the % inch set, Va inch drive sets are
easier to use for smaller bolts and nuts.

As for the sockets themselves, they come in standard and deep
lengths as well as 6 or 12 point. 6 and 12 points refers 1o how
many sides are in the socket itself. Each has advantages. The 6
point socket is stronger and less prone to slipping which would
strip a bolt head or nut. 12 point sockets are more common, usually
less expansive and can operate better in tight places where the
ratchet handle can't swing far,

Standard length sockets are good for just about all jobs, how-
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Fig. 9 A swivel (U-joint) adapter, and two types of drive
adapters

BrEENd

Flg. 10 Ratchets come in all sizes from rigid to swivel-headed

ever, somg stud-head bolts, hard-to-reach bolts, nuts on long studs,

elc., require the deep sockets.

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

More and more, manufacturers are using Torx® head fasteners,
which were once known as tamper resistant fasteners (because
many people did not have tools with the necessary odd driver
shape). They are stifl used where the manufacturer would prefer

only knowledgeable fechnicians or advanced Do-lt-Yourselfers
{DIYers) to wark.

Torgue Wrenches
# See Figure 11

In most applications, a torque wrench can be used to assure
proper installation of a fastener. Torque wrenches come in various
designs and mosl stores will carry a variety to suit your needs. A
torgue wrench should be used any time you have a specific torque
valug for a fastener. Keep in mind that because there is no world-
wide standardization of fastenars, the charts at the end of this sec-
tion are a general guidelineg and should be used with caution. If you

APATIR06
Fig. 11 Three types of torque wrenches. Top to hottom: a %% inch drive clicker lype, a ¥z inch drive beam type and a 36 inch drive beam
type that reads in inch Ibs.
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are using the right tool for the job, you should not have to strain to
tighten a fastener.

BEAM TYPE
¥ See Figure 12

The beam type torque wrench is one of the most popular types, It
consists of a pointer attached to the head that runs the length of the
flexible heam {shaft) to a scale located near the handle. As the
wranch is pulled, the beam bends and the pointer indicates the
Torque using the scale.

CLICK (BREAKAWAY) TYPE
» See Figure 13

Another popular torgue wrench design is the click type. To use
the click type wrench you pre-adjust it to a torgue setting. Once the
torque is reached, the wrench has a reflex signaling feature that
causes a momentary breakaway of the tarque wrench body, sending
an impulse to the operator’s hard,

Breaker Bars
¥ See Figure 14

Breaker bars are long handles with a drive lug. Their main pur-
pose is to provide extra turning force when breaking Joose tight
holts or nuts. They come in all drive sizes and lengihs. Always wear
gloves when using a breaker bar.

WRENCHES

# See Figures 15, 16 and 17

Basically, there are 3 kinds of fixed wrenches: open end, box end,
and combination.

Open end wrenches have 2-jawed openings at each end of the
wrench, These wrenches are able to fit onfo just about any nut or
holt. They are extremely versatile but have ane major drawback.
They can slip on a worn or rounded bolt head or nut, causing
bleeding knuckles and a useless fastener.

Box-and wrenches have a 360° circular jaw at gach end of the
wrench. They come in both 6 and 12 point versions just like sockets

HEAD

DRIVE SQUARE

Fig. 12 Example at a beam type torque wrench

PIVOTED HANDLE

BEAM OR MWEASURING ELEMENT

TCCE1NES

TCCFHCH0

Fig. 13 A click type or breakaway torque wrench—note this one

has a pivoling head

LRt
Fig. 14 Breaker bars are great for Iosening Jarge or stuck fas-
teners
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INCHES DECIMAL DECIMAL MILLIMETERS
1/8" L1256 518 dmm
3/16% 187 A57 dmm
174" 250 .238 Emm
§/16" 12 354 Srm
3/ 375 .94 10mm
7/16" .437 472 12mm
172 .500 512 13mm
g/16" .562 590 15mm
5/8" 625 530 16mm
11/16" 687 709 18mm
3,47 750 748 19mm
13/16" 812 787 20mm
7/87 875 .B6&6 22mm
15/16" 937 .945 24mm
1" 1.00 984 25mm

Brog G

Fig. 15 Comparison of U.S. measure and matric wrench sizes

BFEA5I04

Fig. 16 Flarenut wrenches are criticat {0 ensure tube fittings do

not become rounded

and sach type has the same advantages and disadvantages as sock-
ets.

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

As for sizes, you™l probably nead a range similar to that of the
sockets, about % inch through 1 inch for standard fasteners, or
8mm through 19mm for metric fasteners. As for numbers, you'll
need 2 of each size, since, in many instances, ane wrench holds the
nut while the other turns the balt. On most fasteners, the nut and
bolt are the same size.

= Although you will typically just need the sizes we spacified, there
are some exceptions. Oceasionally you will find a not which is
larger. For these, you will need to buy ONE expensive wrench or a
very large adjustable. Dr you can always just convince the spouse
that we are talking about safety here and buy a whole, expensive,
large wrench sel.

One extremely valuable type of wrench is the adjustable wrench.
An adjustable wrench has a fixed upper jaw and a moveable lower
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Fig. 17 Several types and sizes of adjustahle wrenches

jaw, The lower jaw is moved by turning a threaded drum. The
advantage of an adjustable wrench is its abiliy to be adjusted o
just about any size fastener.

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

PLIERS

» See Figure 18

At least 2 pair of standard pliers is an absolutes necessity. Pliers
are simply machanical fingers. They are, mere than anything, an
extension of your hand.

In additign fo standard pliers there are the slip-joint, multi-pesi-
tion pliers such as ChannetLock® pliers and locking pliers, such as
Yise Grips®.

Slip joint pliers are extremely valuable in grasping oddly sized
parts and fasteners. Just make sure that you don't use them instead

hiEmataid

Fig. 18 Pliers and cutters come in many shapes and sizes. You
should have an assoriment on hand

of & wrench too often since they can easily round off a bolt head or
nut.

Locking pliers arg usually used for gripping bolts or studs that
can't be removed conventionally, You can get focking pliers in
square jawed, needle-nosed and pipe-jawed. Locking pliers can
rank right up behind duct 1ape as the handy-man's best friend.

SCREWDRIVERS

You can't have too many screwdrivers. They come in 2 basic fla-
vors, either standard or Phillips. Standard blades come in various
sizes and thicknesses for afl types of slotted fasteners. Phillips
serewdrivers come in sizes with number designations from 1 on up.
with the fower number designating the smaller size, Screwdrivers
gan be purchased separately or in sets,

HAMMERS

» See Figure 19

You always need a hammer — for just about any kind of work.
For most metal work, you need a ball-peen hammer for using dri-
vers and other like tools, a plastic hammer for hitting things safely,
and a soft-faced dead-blow hammer for hitting things safely and
hard. Hammers are alse VERY useful with impact drivers.

Brasd
Fig. 19 Three types of hammers. Top o hottom: ball pean, rub-
ber dead-hlow, and plastic

OTHER COMMON TOOLS

There are a tot of other tools that every DIYer will eventually need
{though not ak for basic maintenance). They include:

» Funnels {for adding fluid)

« Chisels

« Punches

» Files

» Hacksaw

¢ Bench Yise

» Tap and Dig Set

« Flashlight

» [Magnetic Boli Retriever

« Gasket scraper

« Putty Knife

« Screw/Bolt Extractors

» Prybar
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.,

Hacksaws have just one use—cutting things off, You may won-
der why you'd need one for something as simple as maintenance,
but yotr never know. Among other things, guide studs to ease parts
instaltation can be made from old holts with their heads cut off.

A tap and die set might be something you've never needed, but
you will eventuatly, i's a good rule, when everything is apart, 1o
clean-up all threads, cn holts, screws and threaded holes. Also,
you'll likely run across a situation in which stripped threads will be
encountered. The tap and die sef will handle that for you.

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

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

A small — 8-10 tnches (20-25 centimeters) fong — pryhar is
extremely useful for removing stuck parts.

~Never use a scrowdriver as a prybar! Screwdrivers are nol meant
for prykng. Serowdrlvers, used for prying, can break, sending the
broken shaft flying!

Screw/bolt extractors are used for remaoving broken bolts or
studs that have broke off flush with the surface of the part.

SPECIALTY TOOLS

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

When manufacturers go through the trouble of making a spe-
cial tool, itis usually necessary to use it to assure that the job
will be done right, A special 1oo! might be designed to make a
fob easier, or it might be used to keep you from damaging or
breaking a part.

Don't worry, MOST basic maintenance procedures can either be
performed without any special tools OR, because the tools must he
used for such basic things, they are commonly available for a rea-
sonable price. |t is usually just the low production, highly special-
ized tools (like a super thin 7-point star-shaped socket capable of
150 1t. Ibs. {203 Nem) of torque that is used only on the crankshaft
nut of the limited prodoction what-dya-callit engine) that tend to be
outragecusly expensive and hard 1o find. Luckily, you will probably
never nead such a tool.

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

Battery Testers

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

Electronic testers are avatlable (and are often necessary to tell if a
sealad battery is usable) but thess are usually more than most
DiYer's are willing to spend. Luckily, many parts stores have them
on hand and are willing 1o test your battery for you.

Battery Chargers
# See Figures 20 and 21
If you are a weekand boater and take you boat out every day (or

at least every week), then you will most likely want to buy a battery
charger to keep your battery fresh. There are many types avaflable,

IQGSAQIPZR
Fig. 20 The Battery Tendar® Is more than just a battery charger,
when left connected, it keeps your hattery fully charged

DURING THE CHARGE

CAR GENERATOR |
©OR CHARGER

musnenmdiin

NEGATIVE PLATE]} POSITIVE PLATE
Load aulfate Lead sultatn
changes to changes to
sponge lead, Isad perczide.
Sultale retuwns Sidtate ralumy
to eha 1o Hecirolyte.
Very diiute slecirolyla made stronger
by raturn of suliate from plates.
SBIAGIE

Fig. 21 The charging process

© BENCHMANUK PDF MANUALS 2006



2-12  TOOLS AND EQUIPMENT

e

from low amperage trickle chargers to electronically controlled bat-
tery maintenance toois which monitor the battery voltage to prevent
over of undercharging. This last type is especially useful if you
store your boat for any length of time {Such as during the severe
winter manths found in many Nerthern climates).

Even if you use your boat on a regular basis, you will eventually
need a hattery charger. Remember that most batteries are shipped
dry and in a partial charged state. Before a new battery can be put
into service it must be fitled and properly charged. Failure to prop-
erly charge a battery (which was shippad dry) before it is put into
service will prevent it from ever reaching a fully charged stale.

Measuring Tools

Eventually, you are going 1o have to measure somgthing. To do
this, you will need al least a few precision 10ols in addition to the
special tools mentioned earlier,

MICROMETERS & CALIPERS

Micrometers and calipers are devices used to make extremely
precise measuremenits. The simple truth is that you really won't
have the need for many of these items just for simple maintenance.
You will probably want 1o have at ieast ene precision tool such as
an outside caliper to measure rotors or braks pads, but that should
be sufficient to mast basic maintenance procedures.

Should you decide on becoming more involved in boat engine
rnechanics, such as repair or rebuilding, then these toats wil
become very important. The success of any rebuitd is dependent, to
a great exient on the ability to check the size and fit of components
as specified by the manufacturer. These measurements are made in
thousandths and ten-thousandths of an inch.

Micrometers
¥ See Figure 22

A micrometer is an instrument made up of a precisely machined
spindle which is rotated in a fixed nut, opening and closing the dis-
tance between the end of the spindle and a fixed anvil.

Outside micrometers can be used 1o check the thickness paris
such as the brake rotors. They are also used during many rebuild
and repair procedures to measure the diameter of componenis stch

- el Stk

Fig. 22 Outside mitrometars can be used to measura hake com-
ponents including rotors, pads and pistons

as the pistons from a caliper or wheel cylinder. The most common
type of micrometer reads in 1/1000 of an inch. Micromsters that use
a vernier scale can estimate to 1/10 of an inch.

inside micrometers are used to measure the distance between
two paratle! surfaces. For example, in enging rebullding work, the
inside mike measures cylinder bore wear and taper, Inside mikes are
graduated the same way as outside mikes and are read the same
way as well.

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

Metric micrometers are read in the same way as inch microme-
ters, except that the measurements are in millimeters. Each line on
the main scalg equals 1 mm. Each fifth line is stamped 5, 10, 15,
and so on. Each line on the thimble scale equals 0.07 mm. it will
take a little practice, but if you can read an inch mike, you can read
a metric mike.

Calipers
¥ See Figure 23

Inside and outside calipers are useful devices to have if you need
lo measure something quickly and precise measurement is nof nec-
essary. Simply take the reading and then hold the calipers on an
accurate stesl rule.

) ) TGLTIPR
Fig. 23 Outside calipers are fasl and easy ways to measure
pads or rotors

DIAL INDICATORS

A dial indicator is a gauge that utiiizes a dial face and a needle to
register measurements, There is amovable contact arm on the diat indi-
cator. When the arms moves, the nesdle rotates on the dial. Dial indica-
tors are calibrated fo show readings in thousandths of an inch and
typically, are used to measure end-play and runout on various parts.

Dial indicators are quile easy to uss, although they are relativety
expensive. A variaty of mounting devices are available so that the
indicator ¢can be used in a number of situations. Make certain that
the contact arm is always parallel to the movement of the work
being measured.
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TELESCOPING GAUGES

A telescope gauge is used during rebuilding procedures (NOT
usually basic maintenance) to measure the inside of bores. It can
take the place of an inside mike for some of these jobs. Simply
insert the gauge in the hole to be measured and lock the plungers
after they have contacted the walls. Remove the tool and measure
acress the plungers with an outside micrometer,

DEPTH GAUGES

# Ses Figure 24

A depth gauge can be inserted ints a bore or other small hole to
determine exactly how deep it is. The most comman use on mainte-
nmarce iterns would be to check the depth of a rivet head (on riveted
style brake pads) or to check tire depth. Some outside calipers con-
tain a I:urjilt-in depth gauge 50 moriey can be saved by just buying
one tool,

1CCTIRYE
Fig. 24 Depth gauges, like this micrometer, can he used to
measure the amount of pad or shoe remaining above a rivel

FASTENERS, MEASUREMENTS AND CONVERSIONS

Bolts, Nuts and Other Threaded Retainers

» See Figures 25, 26, 27 and 28

Although there are a great variety of fasteners tound in the mod-
ern boat engineg, the most commonly used retainer is the threaded
fastener (nuts, bolts, screws, sluds, elc). Most threaded retainers
may be reused, provided that they are not damaged in use or during
the repair. Some retainers {such as stretch bolts or torque prevailing
nuts) are designed to deform when tightened or in uss and should
not be reinstailed,

Whenever possible, we will note any speciat retainers which
should be replaced during a procedure. But you should always
inspect the condition of a retainer when it is removed and you

should replace any that show signs of damage. Check all threads
for rust or corrosion which can increase the torgue necessary to
achieve the desired clamp load for which that fastener was origi-
nally selected. Additionally, ba sure that the driver surface of the
fastener has not been compromised by rounding or other damage.
In some cases a driver surface may become only parfially rounded,
allowing the driver to caich in only one direction. In many of these
occurrences, a fastener may be installed and tightened, but the dri-
ver would not be able to grip and loosen the fastener again. (This
coutd dead to frustration down the line should that component ever
need 10 be disassemblad again).

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

POZIDRIVE PHILLIPS RECESS

INDENTED HEXAGON

o O O

HEXAGON TRIMMED

Fig. 25 Hera are a few of the most common screw/bolt driver styles

®

TORX CLUTCH RECESS

HEXAGON WASHER HEAD

TCHImT
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BOLTS

PLAIN

% % % % g g Itluw' Il g
GRADE®  GRADE 2 GRADE § GRADE 8 GRADE 7 GRADE 8 ALLEN CARRIAGE
NUTS

© e ©id 0 @

SELF-LOCKING EPEED

{CASTELLATED)

SCREWS

ROUND

iV E I

FILLISTER HEXAGON SHEEY

METAL

LOCKWASHERS

W ¥ Q

PLAIN

INTERNAL EXTERNAL
TO0OTH 100TH
STUD

Fig. 26 There are many different types of threaded retainers

TeoEed

——
1

H
ot

a0

A - Length
E - Diameter {major diameter)

C - Threads per Inch or mm

L - Thread length

E - Size of the wrench requtired

F - Root diameter {minor diameter)

TCCE10GE

Fig. 27 Threaded retainer sizes are determined vsing these
measurements

T- INTERNAL DRIVE
E - EXTERNAL

TCES1016
Fig. 28 Special fasteners such as these Torx® head bolts are
used by manufacturers to discourage people from working on
vahicles without the proper tools (and knowledge)
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cases, a retainer of the same design, material and strength should
be used. Markings on the heads of most bolts will help determine
the proper strength of the fastener. The same material, thread and
pitch must be selected to assure proper instatiation and safe opera-
tioh of the vehicle afterwards,

Thread gauges are available to help measure a bolt or stud's
thread. Most part or hardware stores keep gauges available to help
you select the proper size. In a pinch, you can use another nut or
bolt for a thread gauge. if the bolt you are replacing is not too badly
damaged, you can select a match by finding another boll which will
thread in its piace. if you find a nut which threads properly onto the
damaged bolt, then use that nut to help setect the replacement bolt.
It however, the bolt you are replacing is so badly damaged {broken
or drilled out) that its threads cannot be used as a gauge, you might
start by looking for another hott (from the same assembly or a simi-
lar location) which wilf thread into the damaged bolt's mounting. If
$0, the ofher bolt can be used 1o select a nut: the nut can then be
used to selsct the replacement boelt,

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

sk WARNIN G

Be aware that when you find a bolt with damaged threads, you
may also find the nut or drilled hole it was threaded into has
also heen damaped. If this is the case, you may have to drill
and tap the hole, replace the nut or olherwlse repair the
threads. NEVER try to force a replacament holt 1o fit into the
damaged threads.

Torque is defined as the measurement of resistance to turning or
rotating. It tends to twist a body about an axis of rotation. A com-
mon example of this would be tightening a threaded refainer such
as a nut, bolt or screw. Measuring torgue is ong of the mast com-
;mm ways 10 hetp assure that a threaded retainer has been properly
astened.

TOOLS AND EQUIPMENT  2-15

When tightening a threaded fastener, torgue is applied In three
distinet areas, the head, the bearing surface and the clamp load.
About 50 percent of the measured torque is used in overcoming
bearing friction. This is the friction between the bearing surface of
the bolt head, screw hsad or nut face and the base material or
washer (the surface on which the fastener is rotating). Approxi-
mately 40 percent of the applied torque is used in overcoming
thread friction. This leaves only about 10 percent of the applied
torgre fo develop a useful ctamp Ioad (the force which holds 4 joint
together). This means that friction can account for as much as 90
percent of the applied torgque on a fasiener,

Standard and Metric Measurements

¥ See Figure 29

Specifications are often used to help you determing the condition
of various components, or to assist you in their installation. Some
of the most common rmeasurements include length (in, or em/mm),
forgue {ft. 1bs., inch Ibs. or Nm) and pressure (psi, in. Hg, kPa or
mm Hg).

In some cases, that value may not be convertiently measured with
what is available in your toolbox, Luckily, many of the measuring
devices which are available today witl have two scales so Standard
or Metric measurements may easily be taken. If any of the various
measuring tools which are available (o you do not contain the same
scale as listed in your specifications. use the ascompanying conver-
sion factors to determine the proper value.

The conversion factor chart is used by taking the given specifica-
tion and multiplying it by the necessary conversion factor. For
instance, looking at the first line, if you have a measurerment in
inches such as “frag-play should be 2 in.” but your ruter reads only
in millimeters, muliiply 2 in. by the conversion factor of 25.4 1o get
the metric squivalent of 50.8mm. Likewiss, if the specification was
given anly in a Metric measurement, for example in Newton Meters
{Nmj}, then look at the cenler column first. If the measurement is
100 Nm, multiply it by the conversion factor of 0,738 to get 73.8 ft.
Ibs.
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LENGTH-DISTANCE

Inches (in.)
Feet (ft.)
Milcs
VOLUME

Cubic Inches {in3)

IMF Pints {IMP pt.)
IMP Quarts (IMP qt.)
IMP Gallons (IMP gal.}
IMP Quarts (IMP qt.)
IMP Gallons (IMP gal.)
Fl. Gunces

US Pinis (US pt.)

US Quarts (US gt}

US Gallons (US gal.)
MASS-WEIGHT

Cunces (0z.)
Pounds (Ib.)

PRESSURE

Pounds Per 3q. In. {psi}
Inches of Mercury (Hg)
Inches of Mercusy (Hg)
Inches of Water (H;0)
Inches of Water (H,0)
Inches of Water (H, ()

TORQUE

Pounds-Force Inches (in-lb}
Pounds—Force Feet (fi-1b)

VELOCITY

Miles Per Hour (MPH)
POWER
Horsepower (Hp)

FUEL CONSUMPTION*
Miles Per Gallon IMP {MPQG)
Kitometers Per Liter (Km/L)
Miles Per Gallon US (MPG)
Kilometers Per Liter (Km/L)

CONVERSION FACTORS

X254
x 305
x 1.609

x 16.387
x .568

x 1.137
% 4.546
x 1.201
x 1.201
x 29.573
x 473

x 946

x 3.783

% 28.35
x 454

x 6.895
X 4912
x 317
x 07355
X .03613
x 248

x.113
% 1.356

x 1.60%

x.745

x .34
x 2.352
X 425
x 2.352

i

Millimeters (mim)
Meters (m)
Kilometers (km)

Cubic Centimeters
Liters (L)

Liters {L)

Liters (L)

US Quarts (US gt.)
US Gallons {US gal }
Milliliters

Liters (L)

Liters (L)

= Laers (L)

1

1

!

Grams (g)
= Kilograms (kg)

i

= Kilopascals (kPa)
= psi
= Kilopascals (kPa)
= Inches of Mercury
= psi
Kilopascals (kPa)

= Newton Meters {N+m)
= Newton Meters (IN-m)

= Kilometers Per Hour (KPH)

= Kilowatts

= IMP MPG

= Kilometers Per Liter (Km/L)

= US MPG

Kilomeiers Per Liter (Km/L)

% .0394
x 3.281
x 0621

x.061
x 1.76

E%

22

833
833
x .034
% 2,113
x 1.057
x .264

oM oMM

x 035
x 2.203

x 145

x 2.036
x.2961

x 13,783
x 27.684
x 4.026

x 8.85
% .738

x .621

x .34

= Inches
= Feel
= Miles

= in}

IMP pt.

= IMP qt.

IMP gal.
= IMP ql.

= IMP pal.

= Dunces

I

= Pints
= Quarts
= Gallons

= Qunces
= Pounds

= psi
= Hg
= Hg
= HO
= H,0
= B0

= in-lb
= ft-Ib

MPH

= Horsepower

*It is common to covert from miles per gallon (mpg) to Jiters/100 kilometers (1/100 km}, where mpg (IMP) x 1/100 km
~ 782 and mpg (US) x 1/100 km = 235.

TEMPERATURE

Degree Fahrenheit (°F)
Degres Celsius (°C)

= (Cx 1.8) + 32
= (F - 32)x .56

Fig. 29 Standard and metri¢c conversion factors chart

TCE100
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ENGINE MAINTENANCE

Introduction
» Sea Figure 1

Your decision to use a diesel engine was probably due to their
reputation of being remarkably long lived and reltable. A secondary
consideration could have been the small amount of regular mainte-
nance they require, Or, the boat you purchased may have been fitted
with a diesel. [n any case, you are now charged with the mainte-
nance of your investment,

It is not uncormmaon to see diesel engings weli over 20 years of
age moving a boal through the water as if the unit had recently besn
purchased from the current line of models. An inquiry with {he
proud owner will undoubtedly reveat his main credit for its perfor-
mance to be ragular maintenance.

It is highly uncommon to see a marine diesel wear oot if

properly maintained. Yanmar places a 10,000 hour life
expectancy on their engines. This time period covers the enging
from when it is new, to when the oil consumption is though to
be too high.

Put simply, the little maintenance a diesel enging does require is
absolutely essential. Not paying attention to a reguiar maintenance
program can lsad to thousands of dollars of damage, stranding or
lost time oWl on the water.

Digsel engine maintenance certers around cleanfiness. You must
keep the air, fuel and oil entering the engine clean. If these itsms are
kept clean, the result should be a happy, healthy, fong lived, reliable
engine,

Another thing that should be remembered when maintaining
diesel engines: THERE ARE NO RULES OF THUMB. Always follow
the maintenance intervals given for your specific engine.

Fig. 1 Put stmply, the little maintenance a diesel engine does require is absolutely essential

MTIFIG
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Engine Identification

MAINTENANCE AND TUNE-UP  3-5

# See Figores 2 thra 10

= Maost identification tags are difficult to see when the engine Is
installed in the engine compartment. You may need ta use a mirror
to read all the numbers off the tag.

Every engine has a model name plate and clutch name plate fit-
ted to it In addition, 1he engine serial number is stamped on the
cylinder bfock or cylinder head.

Specifications of the engine and clutch are recorded and filed
using the numbers marked on tha plates. When parts are ordered,
always use your engine model and nurnber ar clutch model,
gear ratio or number to correctly identify the components you
Own.

CONT.RATING
MAX.OUT PUT _

B EnGINE NO.

B ] AS73PT0
Fig. 2 The engine identification tap tells you ail you need to
know when ordering parts ar looking up intormation

Engine model name plate

° YANMAR DIESEL °|
= MODEL

YANMAR1 GM1 O .

B 80
CONT. RATING = 3‘00
ENGINE No |

lo MADE IN JAPAN of

Clutch model name plate

Moseri
GM-series (O MARINE GEAR MODEL KM 2 O\
GEAR RATIO
OlL SAL 20/30 HD
QL OTY. LTR.
No.
KANZAKI KQKYUKDKI MEG CO . LTD
0O 7,
Moser —
HM-series (" MARINE GEAR MODEL  KBW 10 o)
GEAR RATIO
Q’“ OiL  ATF.4
@ oL OTY. 0 7 L3R,
Ho
0saks NCANZAKT  jupan
© )
07355

Fig. 4 Engine and clutck rame plates —GM and HM series
eagines

w2 GM 20 F

2-cylinder

Marine engine series

Discrimination of old GM(F) Model

_"\ Discrimination of engine type.

F = Fresh water cooling,

C = Sail-drive,

(When there is no mark

this stands for the engine
with direct sea-water cooling)

fargesT

Fig. 3 The engine series number can be translated as illustrated—GM and HM series engines
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Cluteh model
name plate

(487366}

Flg. 5 Engine and clutch name plate lotation—2GM, 2GM29, 3GM, and 3GM30 engines

Cluich model name plate
497561

fig. 6 Engine and cluteh name plate location—3HM, 3HM35 engines
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Engine mode! name plate

Flg. 7 Engine and clutch name plate Jocation—1GM and 1GM10
enplnes

f407AGEG

3GM30, 3HM and 3HM35 engines

Stamped engine serial number =rlo . =Emes L

Fig. 9 Engine serial number locallon—26GM, 26M20, 3GM

ek re tiee)

i
gl ¥

i

Fly. 8 Engine serial humber location—1GM and 16M10 engines

Fig. 10 Enpine and transmission, modet and serial number [oca-

tions—JH series engines

Tging Modal & Serisl Wember Fa=¢

Trans Model §
Sarial Nesher

e L=l
I =

Flate

|j_,t:aus Hodel
+r. & Serial

J&-‘ Kuzder Name
!{ Plate far K¥sa
Towrn dmgle
Trans

GA9TIGAY
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¢ See Figura 11

Diesel fuel, due ta its chemical compound, actually promaotes or
provides an ideal environment for certain bacterial growth within the
fuel tank whan combined with condensation. Due to this phenomena,
a stabilizer/arti-gelling additive must be added to the fuel tank at
each fill-up. Failure to do so will result in the following conditions:

» Clogging of fuel filters, lines, pumps and injectors. A symptom
of this would be loss of power or no acceleration, and can be quite
expensive fo rectify.

» Gelling can occur at lower ambient air temperatures due {o the
higher viscosity of the fuel or due to chemical breakdown (destabi-
lization) which again can cause a lack of power or no acceleration.

The bacteria does not produce a moldy off-odor o the dieset
fuel. However, it does give the fuel a noticeably rich black color,
which is an indicator that the problem exists.

For mose information on diesel fuel and additives, refer to the
*Fuel System’ section of this manual,

SELETeIE

Fig. 11 Always obiain your fuel from 2 reputable fuel dock

Mothing affects the performance and durability of a diesel engine
more than the engine oil. If inferiar off is used, or it your engine oil
is not ehanged regularly, the risk of piston seizure, piston ring stick-
ing, accelerated wear of the cylindar walls or Hiners, bearings and
other moving companents increases significantly.

Maintaining the correct engine oil fevel is one of the most basic (and
gssential) forms of engine maintenance. Get into the habit of checking
your oil on 4 reguiar basis: alf engines naturally consurme small
amounts of oif, and if left negkected, can consume enough oif te dam-
age the internal components of the engine. Assuming the oil levef is
correst because you “checked it the last time” can be a costly mistake.

If your engine has not been operated for more than 72 hours it
should be pre-lubed prior to starting. This is accomplished by ieav-
ing the fuel shutoff in the BFF position and cranking the engine tor
5 seconds. This will pravide sufficient lubrication to vital engine
components and prevent a dry startup.

Normally it takes 1-2 minutes {o stabilize the engine oil pressure
after starting. Do not be alarmed ¥ engine oil pressurs Huctuates
turing this period.

When shutting the engine down, always lef the engine idte a few
minutes to bring engine terperature down to @ normal level. Since
the enging is, at least in part, cooled by engine oil, it is necessary 10
allow engine oil temperature to stabitize prior to shutdown. Not
allowing the tempesature to stabilize can darnags vital engine com-
ponents such as the turhocharger.

ENGINE OIL RECOMMENDATIONS

b See Flgure 12

Every bottle of engine il for sale in the U.5. shoutd have a [abei
describing what standards it meets. Engine oil service classifications
are designated by the Amarican Petroleurn Institute (API), based on
the chemical composition of a given type of gil and testing of sam-
ples. The ratings include *S” {normal gasoline engine use) and “C”
{commercial, fleet and diesel} applications. Over the years, the C rat-
ing has beer supplemented with vartous Igtiers, each one represent-
ing the tatest and greatest rating available at the lime of its
introduction. During recent years these ratings have changed and
most recently {at the time of this manuaf's publication), the rating is
{H—4. Each successive rating usually meets afl of the standards of
the previous alpha designation, but also meets some new critara,
meets higher standards andfor containg newer or different additives.
Since oil is so important to the life of your engine, you should obvi-
austy NEVER use an oil of questionable quaiity. Oils that are labeled
with modem AP! ratings, including the “energy conserving” donut
symbof, have been proven to maet the AP! qualify standards. Always
use the highest grade of oit available. The better quality of the oil, the
better it will lubricate the intemals of your engine.

In addition to meeting the classification of the API, your oil
shauld be of a viscosity suitable for the outside lemperature in
which your engine will be operating. Qil must be thin enough to get
batween the close-tolerance moving parts it must lubricate. Once
thera, it must be thick enough 1o separate them with a stippery ofl
fifm. ff the il is too thin, it won't separate the parts: if it's too thick,
it can't squeeze hetween them in the first place—either way, excess
friction and wear takes place. To complicate matters, ccid-moming

SAE. TEW20
Service ] R
Grade B2 0w a8 00707
i |
1OV 3
R T
(0] il 7777777 W
20w 7702 K
20 2. .
30 v, R
an ri’//,?'//V/;
30 20 10 0_ 10 20 30 40 el
0 20 40 80 80 WD{'F
Operating temp,

YANMAR Recommended Vaiue

£ Usable limit
MATIG0T
Fig. 12 The ambient temperature dictates the required viscosity

of engine oil
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starts require a thin oif to raduce engine resistance, whiie high
speed driving requires  thick oil which can lubricate vital engine
parts at temperaturas. i

According to the Society of Automotive Engineers’ (SAE) viscos- i f
ity classification system, an oil with a high viscosity number (such 1,1 J
as SAE 40 or SAE 50} will be thicker than one with a lower number oh /
{SAE 10W). The "W" in 10W indicates that the oil is dasirable for Y -k
use in winter operation, and does not stand for “weight”. Through e . 7
the use of special additives, muitiple-viscosity oils are available to i N [
combine easy starting at cold temperatures with engine protection at T e S
high speeds. For example, a 10W40 oll is said to have the viscosity
of a 10W ofl when the engire is cold and that of a 40 oif when the
engine is warm. The use of such an ofl will decrease engine resis-
tance and improve efficiency.

=Yanmar does not approve synthetlc oil for use in any of their
engines.

DLFFIPH

OIL LEVEL CHECK Fig. 14 The oil level on the dipstick should always be kept at the
full mark on the dipstick {left)

# See Figures 13, 14, 15 and 15
st CAUTION

The EPA warns that prolonged gontact with used engine oll may
tause a nismber of skin disorders, including eancer! You should
make every eiforl to minimize your exposure to used engine oil.
Protective gloves should be worn when changing the oil. Wash
your hands and any other exposed skin areas as soon as possi-
ble after exposure to used engine oll. Soap and water, or water-
lass hand cleaner should he used,

When checking the oil Ievel, it is best that the boat be fevel and
the oif be at operating temperature. Checking the level immediately
after stopping the engine will give a false reading.

It is normai for a diesel engine to naturally consume oil during
the course of operation. You should not be alarmad if the oil level in
your engine drops slightly between inspections. Also the color of
the oil is usually a pitch black coler. Smeling the oil is a betler
indicator of oil condition than the color, If the oil smells burned, it

(07 PR

should be repl immediately.

© replaced immediately Fig. 15 If the oil level is low, add oil through the oll cap hole in
=It takes a {ittie while for Tresh oif poured inta the engine to rezch the the vaive cover
crankcase. Wait for aboul 3 minutes and then check the il lsvel again.

{HOFIRG2
' i i Fig. 16 On JH series engines, a secondary oil il hole is added
Fig. 13 To eheck the engine oil level, pull the dipstick from the on the front of the engine cover if access to the valve cover is
tube, wipe it clean, then rainsert it to obtain a reading limited
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e

0il level should be checked each day the engine is operated.

1. Locate the engine oil dipstick,

2. Clean the area around the dipstick to prevent dirt from enter-
ing the engine.

3. Remove the dipstick and note the color of the oil. Wipe the
dipstick clean with a rag.

4. Insert the dipstick fully into the tube and remove it again. Hold
the dipstick horizontal and read the level on the dipstick. The level
should always be af the upper limit. if the il fevel is below the
upper limit, sufficient cit should be added to restere the praper level
of oil in the crankcase.

~0n JH series engine, slowly insert the dipstick. The seal at the
top of the dipstick is quite efficient. I the dipstick is inserted too
quickly, the seal wli pressutize the dipstick tube and force ail out of
the tube into the crankease. This will result in an inaccurate til
level reading.

5. See “Engine Ol Recommendations” for the proper viscosity
and type of oil.

6. il is added through the filler port cap in the top of the valve
cover, Add oil sfowly and check the level frequently to prevent ovar-
filling the engine.

Do not overfill the engine. If the engine is ovedfilled, the crank-

shaft will whip the engine oil intg a fpam causing loss of lubri-
cation and severe engine damage.

OIL & FILTER CHANGE

» See Figures 17 thru 24

A few precautions can make the messy job of oil and filter main-
tenance mugh easier. By placing oil absorbent pads, available at
industrial supply stores, into the area below the engine, you can
prevent ail spillage from reaching the bifge.

ltis & good idea 1o warm the engine qil first so it will flow befler
and the contaminates in the bottom of the pan are suspended fn the
oil. This is accomplished by starting the engine and allowing it to
reach operating temperaiure.

Changing engine oll is sometimes complicaied by the focation of
the drain plug. Most boats equipped with inboard engines use an
evacuation pump to remaove the used engine oil through the dipstick
tube. If you doml have a permaniently mounted oil suction pump in
your engine compariment, you may want to consider installing one,
This pump sucks waste oil out through either the dipstick tube or a
cannection on the oil drain plug. JH series engines are usually
equipped with a special fitting on the side of the crankcase esps-
cially for an evacuation pump.

=it is recommended by Yanmar that the drain plugs on the botiom
of the oll pan not be removed. Removing the plugs will break the
seal Installed at the factary and allow engine @il to drip into the
bilge. If you have removed the plugs accidentally, purchase new
plugs and install them with the proper sealant,

The maintenance interval for oil and filter changg is every 300
hours of engine operation. This interval should be strictly kept
especially in the case of auxiliary sailboat engines since these
engines rarsly get up to operating temperature.

= Since you will be hanging into the engine compartment, gather
all the tools and spare parls necessary for the job. Don't forget
plenty of rags to clean up any spills.

1. Connect the evacuation pump to the dipstick tube. Keep in
mind that the fast flowing oil, which will spilf out of the pump hose
will flow with enough force that it could miss the bucket and end up
in al! aver the deck. Position the buckel accordingly and be ready to
mave it if necessary.

Ak CAUTION

Use c¢aution arpund the hot oil; when at aperating temperature,
it is hot enough to cause a severe burn.

2. Allow the oil to drain until nothing but a few drops come out
pump. it should be noted that depending on the angle of the engine,
some oil may be teft in the crankease. This is normai and should
not cause the engine harm.

3. Remove evacuation pump.

4. Position a drain pan under the oil filter. Some filters are
mounted horizantally and some vertically. In either case, there is
usually oil lsft in the filter. When the filter is removed, oil will flow
out of the engina. If you are not prepared, you will have a mess on

Qil evacuation pump

04973610
Fig. 17 If there is not engugh room to place a drain pan under
the engins, the oil can be removed with an oll evacuation pump

497361t

Fig. 18 The qil fitter is screwad onto the engine block
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o
Fig. 19 If there is room under the engine, place a container (like
this cut out ol bottle) under the filter to cateh the oll from the
filter

o "E"Sms..
Fig. 20 Using an ofl fiktar wrench, turn the filter countarclock-
wise to logsen it from the engine

M97EFSE
Fij. 21 Onee the filter is joosened, turn it & few turns and allow

the oil to drain fram the filter

L

your hands. li may also be necessary to use a funnel or fashion
some type of drain shield to guide the ofl into the drain pan. This
can be a simple as a recycled oil bottle with the bottom cut off or an
elaborate creation made of tin. In any case, it's purpose is to pravent
oil from spilling all over the engine.

5. To remove the filter, you will probably need and il fifter
wrench. Heat from the engine {ends to tighten even a properly
instalted tilter and makes it difficult to remove. Place the wrench on
the filter as close to the engine as possible, while still leaving room
to work. This will put the wrenich at the strongest part of the filter
(near the threaded end) and prevent crushing the fitter. Loosen the
fiiter with the wrench using a countercfockwise turning motion.

6. Once loosened, wrap a rag around the filter and unscrew it
from the boss on the engine. Make sure that the drain pan and
shield are positioned properly before you start unscrewing the filter.
Should some of the hot oil happer to get on your hands and burn
you, dump the lilter into the drain pan.

7. Wipe the base of the mounting boss with a clean, dry rag. If
the filter is installed vertically, you may want to fill the filter about
haif way with ofl prior to instaltation. This will prevent oif starvation
when you fire the engine up again. Prefilling the oil filter is usuafiy
not possible with horizontatly mounted filters. Smear a little bit of
fresh oil on the filter gasket to help it seat properly on the engine.
Install the fiter and tighten it approximately a quarter-turn after it
contacts the mounting boss (2lways follow the filter manufacturar’s
instructions). This usually equals “hand tight.” Using a wiench to
tighten the filter is not required.

=Only use Yanmar or aquivalent quality marine oil filters. These
filters contain a bypass valve which ts important in the proper oper-
ation of the lubrication system,

Never operate the engine withaut engine oil. Sevare and costly
engine damage will result in a matier of seconds without proper
lubrigation.

8. If any oil has gotten inta the bilge, remove it using an oil
absorbent pad. These pads are specially formulated to only absorb
oil and will not soak up any water in the bilge. Perform a visual
inspection and make sure all connections are tight.

9. Carefully remove the drain pan from under the oil filter and
transfer the oll into a suitable container for recycling.

10. Refill the engine with the propsr quantity and quality of oil
immediately. You may laugh at the severity of this warning, but if
you wait to refill the engine and semeone unknowingly trigs to start
ft, severe and costly engine damage will result,

11. Reffil the engine crankcase slowly through the filler cap on
the vatve cover. Use a furnel as necessary to prevent spiliing oil.
Check the level often. You may notice that it usually takes less than
the amount of ol fisted in the Maintenance and Tune-up Specifica-
tions chart to refill the crankcase. This is onfy until the enging is
started and the oil filter is filled with off.

12. Since most engine wear occurs during the first few seconds
after stariing an engine {before the pressurized oil reaches the bear-
ings), it is especially important to prime the oil system after an oil
change. Large commercial engines have a special high pressure
glectric oil pump that is used to prime the engine prior to starting.
However, most srnall engines do not have this option. Luckily, you
can accomplish the same task using the starter motor. Simply pull
the stop cable or disconneact the run solenoid to prevent the enging
from starting and crank the engine till adequate oil pressure builds.
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Fig. 22 Before installing the new filter, wipe the gasket mating
surface ¢lean

Flg. 23 Dip a finger into a fresh bottle ofoil, and lubricate the
gasket of the naw filter

Fig. 24 Tighten the new filter 1/2 o 3/4 of a turn after the gaskel
contacts the mating surface. Do not use a wrench to tighten the
filter!

Oil Capacities

Capacity

Model Gal.(liter)
Total Effective
1GM 0.3(1.3) 0.5(2.0)
1GM10 | 0.3(1.3) 0.2(0.6)
2GM 0.5(2.0) 0.3(1.3)
26M20 | 05(20) 0.3(1.3)
2QM15 1.3(5.1) 0.9(3.3)
20M20 1.3(5.1) 0.9(3.3)
3GM 0.7 (27 0.5(1.8)
3GM30 | 0.7(27) 0.4(1.6)
3HM 1.5(5.5) 0.8(3.0)
3HM35 1.4(54) 0.7{2.7)
3omM30 | 1.7(6.5) 06(2.2)
4HDTE | 1.7(6.5) 0.8(3.0)
4JH-E 1.7 (6.5) 0.8(3.0)
4HHTE | 1.7(6.5) 0.8(3.0)
4JH-TE | 1.7(6.5) 0.8 (3.0)
4JH2-DTE| 1.8(7.0) 0.7 (2.5)
AH2-E | 1.8(7.0) 0.7 (2.5)
4JH2HTE| 1.8(7.0) 0.7 (2.5)
4H2-TE | 1.8(7.0) 0.7 (2.5)

13. To make sure the proper level is oblained, run the engine to normal
operating temperature, umn the engine OFF, aliow the oil to drain back intc
the cil pan and recheck the level. Top off the oil to the comect mark on the
dipstick.

Transmission Oil

OIL LEVEL CHECK

+ Ses Figures 25, 26, 27, 28 and 29

< CAUTION

The EPA warns that prolonged contact with used oil may cause a
number of skin disorders, includlng cancer! You should make every
effort to minimlze your exposure to used oil. Protective
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gloves should ha worn when changing the oil. Wash your hands =0n some dipsticks the level of oil is difficult 1o see. If this is lhe
and any other exposed skin areas as soon as possible after case, the dipstick can be painied with white epoxy painl. Once dry
exposure to used transmission oil. Soap and water, or waterless the paint will provide 2 hackground color to view the engine oil on
hand cleaner should be uged. the dipstick mote cleatly.
m»Each time the oil level Is checked, ciea the area around the 4. See “0il Recommendations™ for the proper viscosity and type
transmission vent. This area tends to get clogged with oil and sait of oil,
deposits. If the vant is completely ¢logged, the transmission will 5. Insert the dipstick into the filler hole, but DD NOT screw it
not receive proper ventilation. back into the transmission. The dipstick should rest on the
When checking the transmission oil level, it is best that the boat threads. - o
be level and the oil be at operating temperature. 6. Pull the dipstick out of the transmission, and read the level on
1. Locate the enging oil dipstick. the dipstick. The level should be at ar near the groove on the end of
2. Glean the area around the dipstick to prevent dirt from enter- the stick. { o
ing the transmission. 7. It the oil level is al or below the fower fimit, sufficient oil
3. Bemove the dipstick and note the color of the ail, If the oil has should be added through the dipstick hoie to restore the proper
changed color from its original tons, it is burnt and should be leve! of oit in the transmission. Add oil in smafl amounts to avoid
replaced. If the 0il s a milky white color, water is present in the overfilling the transmission.

transmission. Wipe the dipstick clean with & rag.

ndD?ﬁI;:«ié
Fig. 25 To check the level of the iransmission oil, remove the
dipstick, wipe it ¢lean. . . Fig. 27. . .without screwing it back into the hole

MGTIPG

Qil tiller screw

-

=

Maximum oil leve$

Groove Minimum gil lavel

04975026
Fip. 28 The ransmission oil ievel should be at the top of the
Flg. 26 . . .and reinsert it into the transmission. . . groove on the dipstick
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YRR

Fig. 29 A funnel or pitcher should be used when adding trans-

mission oil to aveid splllage

Do not overfifl the transmission. If the transmission is over-
ftiled, the gears will whip the oil into a foam causing [0ss of
lubrication and severe damage.

OIL CHANGE

» Sen Figures 30 and 31

The maintenance interval changing the oil in the transmission is
every 100 hours of gperation,

A fow precautions can make the messy job of oil and filler main-
tenance much easier. By placing oil absorbent pads, available at
industrial supply stores, into the area below the oil drain piug, you
can prevent gear oil piliage from reaching the bilge.

As with the engine oil, changing the transmission oil is some-
times complicated by the location of the drain plug. Even if you can
reach the plug, on sorme boats thers isnt enough room to fit a drain
pan under the transmission. 1n such casas, an oil evacuation pump
should be used.

1. Inspect the area under the fransmission to determing if there is

(A7HRE
Flg. 30 As with the engine oil, an evacuation pump will nead fo
be usad if there is not sufficient clearance undet the transmis-
slon

+11) -:
Fig. 31 Tags, usually found on the oulside of the transmission,
identify the type and quantlty o transmission oll that should he
used

adequate clearance for a drain pan. If clearance is fight, an oil evac-
uation purnp will have to be used.

= It you don’t have a permanently moented oil suction pump in your
engine compartment, you may want to consider installing one. This
pump sucks wasts oil out through either the dipstick tube or a con-
nection on the oil drain plug.

2. Position the drain pan under the oil drain plug. Keep in mind
that the fast flowing oil, which will spill out as you pull the plug
from the transmission, will flow with enough force that it could miss
the drain pan and end up in the bilge. Position the drair pan
accordingly and be ready to move it more directly under the plug as
the oil flow iessens to a tricke.

3. Loosen the drain plug with an appropriately sized wrench {or
socket and driver), then carefully unscrew the piug with your fin-
gers. Push in on the plug as you unscrew it, then remove the plug
quickly and allow the gil to drain from the transmission.

4. Allow the oil to completely drain from the transmission.

5. Garefully thread the plug into position and tighten it to specifi-
cation using a torgue wrench. If a torque wrench is not avaitable,
snug the drain plug and give a slight additional tum. The transmis-
sion drain plug threads are easily stripped from overtightening (and
this can be time consuming and costly to fix).

6. If any oil has gotien into ihe bilge, remove it using an oil
absorbent pad. These pads are specially formulated to only absorb
oil and will not soak up any water in the bilge. Perform a visual
inspection and make sure all connections are tight.

7. Carefully remove the drain pan and transfer the oil into a suit-
able container for recycling.

8. Using a funnel to avoid spillage. refill the ransmission with
the proper quantity and quality of oif through the dipstick hole.
Check the level often when adding oil o the transmission {o avoid
ovetfilling.

8. When the level of the oil in the transmission is correct, install
the dipstick.

0il Disposal

» See Figure 32

Always dispose of your used oil and other hazardous waste prop-
erly. Before draining any fluids, consult with your local authorities;
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SELETRSG

Fir. 32 Marine ecosystems are very fragile. Always dispose of
your used oil and other hazardous waste properly

in many areas, waste oli is being accepted as a part of recycling
programs. A number of parts stores are also accepting waste fluids
for recycling.

Be sure of the recycling canter's policies before draining any flu-
ids, as many will not accept different fluids that have been mixed
fogether.

Control Cables

# 3ee Figure 33
LUBRICATICN

Control cables should be fubricated at the first sign of binding. It
is important to kesp these cables well lutwicated to prevent corro-
sion from forming inside the casing. If corrosion forms, it is almost
impossible to remove and the cable must be replaced.

There are a couple of ways 1o lubricate the cable but all involve
the same principle; forcing oil between the inner cable and the
sheath. This can be accomplished by either gravity or pressure.

In the gravity method, the highest end of the cable is pushed
through the bottom of a plastic bag and tied off with a rubber
band. The bag is filled with oil and allowed to sit avernight, A
container is placed at the lowest end of the cable to catch the
overflewing fluid. Gravity will force the oil between the cable and
the sheath.

A similar procedure uses a pressure pump and a piece of rubber
hose. The highest end of the cable is attached to the pump with a
piece of rubber hose and secured with hose clamps. Lubricant is
then forced through the cable.

Air Filter

In a marine engine compariment, the minimal amount of dust
and dirt in the air mean that a marine air filter requires less mainte-
nance than its counterpart in the automotive world. However, the
maintenance of a marine air filter is equally important.

The marine filier prevents dirt from entering the engine and scor-
ing the cylinder walls. This lessens oif consumption and extends
the engine’s life. The air filter on some engines is also used as an
intake silencer to quiet the intake air sound as it rushes into the
cylinder head from the intake ports.

Morte gt Bandie WY broe

QTG
Flg. 33 Most vessels use 3 conirol cables, one each for engine

speed, transmission range and angine stop

There are several air fitter designs. Some use a coarse screen to
stop farger items from being sucked into the engine. Most use
gither paper or foam to filter the air because ii is the least restrictive.
0il soaked elements are among the most restrictive.

QOver time, the air filter element will become ¢logged with dirt and
oil, decreasing the amount of air entering the engine and lowsring
engine output. If an excessive amount of oll is clogging the filter,
this could he an indication of worn cylinders or pisten ring failure
catsing high pressure in the crankcase.

The maintenance interval for intake filter/silencer cleaning is
every 100 hours of engine operation.

SERVICE

Naturally Aspirated
# See Figures 34 thru 41

Yanmar diesel engines use a foam type filter element that must
be washed in a neufral detergent solution to be cleaned.

The air silencer on naturally aspirated engines is attached to the
side of ife cylinder head attached to the intake manifold.

1, Using a rag, wipe the intake silencer cover to prevent dirt from
entering the engine when the cover is removed. Unfasten the latches
securing the intake silencer cover to the base and remove the cover,

2. The silencer element is located ingide the cover. Simply
remove the efement from the cover and soak it i a solution macle
from a neutral detergent and water. Agitate the element to remaove al|
dirt and oil. Allow the element o air dry prior to installation.
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E«Q?‘:’Fg
Fig. 34 To remove the silencer on a GMMM series enging, dis-
engage the twe latches on the sides of ihe housing Fig. 37 Pull the screen and foam element from the housing

HITERIE

g

ks T, 0

b

] ) T IR
Fig. 35 After the latches are disengaged, unhook them from the
back of the sliencet base Fig. 38 Inspect the foam for cleanliness

Element

METIGIE

.

A
fustaaf Fig. 39 The sllencer/fiiter element should be cleaned with a
Fig. 36 Now the silencer can easily be removed nautral deterpent
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C4973P56
Fig. 40 This silencer was positioned incorrectly. If water should
enter the houslng, the engine may he destroyed

v
Fig. 42 To remove the si{encer on a turbocharged JH sories
engine, disengage the clip for the breather hase with pliers. _ .

4973FE
Fig. 41 The silencer should be positionsd in this manner to pre-
vent water and other dabris from enfering the engine

=it is extremely important that the intake silencer element be com-
pletely dry prior to installatlon. If water entars the engine it will not
compress in the combustion chamber and may cause severe inter-
nal angine damage.

3. Once the element is dry, install it in the silencer cover and
placa the cover back on to the hase, Align the latches and fasten
them securely.

Turhocharged
# 3ee Figures 42, 43 and 44

The air silencer on turbocharged engines is attached to the inlet
side of the turbocharger.

1. Using a rag, wipe the intake silencer cover to prevent dirt from
entering the engine when the cover is removead, Note the position of
the silencer for instailation reference. Loosen the band clarmp
attaching the silencer to the turbocharger inlet and slide the silencer
off the turbocharger,

2. Soak the entire silencer in a solution made from a neutral
detergent and water. Agitate the element to remove all dirf and oil.
Atlow the element to air dry prior to installation.

o ) [y
Fig. 43 . . .remove the hose, then disengage the latches. Note
that this engine does not use a foam element

Fl ™

-

(TP

Fig. 44 With the silencer removed, the impeller of the tur-
bocharger can be viewed to check for cleanliness
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=t is extramely important that the iniake silencer element he com-
pletely dry prior to installation. )i water anters the engine it will not
compress in the combusiton chamber and may caise severe inter-
nal engine damags.

3. Once the element is dry, afign and instal! the silencer on the
turbacharger inlet with the band clamp. Tighten the clamp screw
Securely.

Crankcase Breather B, Dnlhad hole foe lteicating ol

The crankcase breather systemn must be kept clean to maintain
good performance and durability. Pericdic service is required to
remove combustion products from the breather components. The
components should be inspected and serviced when the air
fillerfsilencer is serviced.

Over a period of time, deposits build up in the breather circuit.
The crankcase breather system should be inspected at every oil
change. Service the breather system if engine oil is being dis-
charged into the air cleaner.

Cn some engings the dipstick will be blown out of the dipstick freatner pfste
tube during operation. If this should happen, the crankcase breather Breainer varvs
is clogged and should be serviced, Do not atiempt to clean the
breather, rather replace it with a new one,

A similar condition will occur if the hose from the air cleaner to
the valve cover is kinked during installation of the air cleaner
assembly. I this case, simply reposition Ihe air cleaner so that the
hose is not kinked.

Braathar hig
Lyl spring

Bonamt

Breathn cover

Bigathar pipe

SEHVICE ’ 997353
Fig. 46 Crankcase breather system detail—1GM series engines

The crankcase breather should be serviced at least every
500—600 hours or sooner if a problem is encountered.

Braalhar hd

GM/HM Series
¥ See Figures 45, 46 and 47

1. On 2 and 3GM engines, remove the breather hose that con- VA
nects the breather to the air cleaner/silancer. On tha 1GM engine, To intake ait
this is not required, because it is equipped with a tube that vents Aur cnamost
directly into the intake manifold.

2. Remove the 4 bolts that attach the breather cover to the rocker
arm cover,

H—Deilacior panel
i

Breather piga

' (LR pasrahaz
Fig. 45 On GM serles engines, inspect the hreather hose by Fig. 47 Crankease hreather system detail—2GM and 3GM/HM
removing it and checking for internal ohstructions sarias engines
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3. Inspect the leaf spring, and the small hale at the base of the
air chamber that allows excess ail to drain back into the crankcase.
If the drain hole is clogged, the air chamber will fill up with oil,

4. Clean any oil deposits from inside the breather cover and air
chamber,

3. Using a new gasket, install the breather cover,

6. Inspect the breather hose by blowing through it; there should
not be any cbstruction.

7. It the frose is in good condition, and there are no infernal
obstructions, it can be instafied. if the hose is obstructed, cracked,
or excessively soft, it shoutd be replaced.

3HM and JH Series
# See Figures 48, 49, 50, 51 and 52

1. Remove the breather hose that connects the breather to the
air cleaner/silencer,

2. Remove the 2 bolts that attach the breather cover to the
rocker arm cover

3. Lift the shelter plate(s) and the mesh net fram the rocker
cover,

4. If the mesh net is dirty, it should be washed ar replaced.

5. Clean any hardened oil deposits from the shelter plate(s).

Zheltar clare ~a .

&

Shettar plale * E"

| Lsmmer pive

J

MATHEE0

Fig. 49 Crankeage broather system detall—JH series engines

MATIEY
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G4BTI 17
Fig. 50 To inspect the breather syslem on a JH series engine,
temove the iwo bolis oa the breather cover

GTIPE

Fig. 51 Remove the cover and the shelter plate. . .

6. install the shelter plate{s) and mesh net into the rocker cover,

7. Clean any hardened oil deposits from the breather cover.

8. Using a new gasket, install the breather cover onto the rocker
cover.

9. Inspect the breather hose by blowing through it, there should
not be any ohstruction,

10, ff the hose is in good condition, and there are no internal

obstructions, it can be installed. If the hose is chstructed, cracked,
or excessively soft, it should be replaced.

Water Separator

szt CAUTION

Ohgerve all applicable safety precautions when working around
fuel. Whenever servicing the fuel syslem, always work in & well
ventilated area. Do not allow fuel spray or vapors to come in
contact with a spatk or open flame. Do noi smoke white working
around fuel. Keep a dry chemical fire extinguisher aear the work
area. Always keep fuel in a container specitisally designed for
fuel storage; aiso, always properly seal fuel containers to avoid
the possibility of fire or explosion.

In addition to the fuel fiiter mounted on the enging, a filter is
usually found inside or near the fuel tfank. Because of the large vari-
ety of differences in both portable and fixed fuel fanks, 1t is impossi-
ble to give a single procedure to caver alf applications, Check with
the hoat manufacturer or the marina who rigged the boat for details
on replacing the fuel tank filter.

Fuel Filter

» See Figure 53

The fuel filter is installed between the feed pump and the injec-
tion pump, ant serves to remove dirt and other impurities from the
fuel tank through the feed pump. If a fue! filter is not used, a small
speck of dirt or sand in the fuel can drastically affect the ability of
the operation of the injection purnp. If that same speck of sand
manages to pass through the injection pump and into a fuel injector,
it may not spray properly, decreasing engine performance.

Fuel filters usually consist of a raplaceable paper filter element.
Fuel emers from the outside of the element, and passes through, fil-

Fig. 52 _ . .then remove the screen from the valve cover

SELSTRRT
Fig. 53 The tuel filter is installed helween the feed pump and
the injection pump, and serves to remove dirt and other impuri-
ties fram fhe fuel
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tering out dirt, sand, and other impurities, allowing only clean fuel
to enter the inferior of the element. The fuel then exits the filter
nousing from an outlet at the top of the filter body, and is sent to the
injection pump. Since this paper degrades over time, it is recom-
mended that the fuel filter be replaced at the beginning of each sea-
son.

Regular repfacement of the fuel filter wilf decrease the risk of
biocking the flow of fuel to the engine, which could leave you
stranded on the water. Fuel filters are usually inexpensive, ang
replacemert is & simple task.

REMIOVAL & INSTALLATION

OM and GM/HM Series Enginas
¥ See Figures 54 thry 59

sk CAUTION

Observe all applicable satety precautions when working around
fuel. Whenever servicing the fuel systam, always wark in a well

MAINTENANCE AND TUNE-UP  3-21
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ventilated area. Do not allow fuel spray ot vapors to come in
eontact with a spark or open flame. Do not smoke while werking
around tuel. Keep a dry chemical fire extinguisher near the wark
area. Always keep fuel in a container specifically designed for
fuel storage; also, always proparly seal fuel containers to avgid
the possikility of fire o1 explosion.

1. Place a receptacle under fuel filter to contain any excess fusl,

2. Using a rag, thoroughly clean the filter and filter body.

3. Loosen the retaining 1ing that holds the fuel fitter cover in place.

4, While pushing upward on the fuel filter cover, unscrew the
refaining ring that holds the cover in place.

5. Once the retaining ring is free of the threads on the body,
carefully lower the fuel filter cover, and the element.

6. While holding the element inside the housing in place, tip it
over and aliow the fue! to drain,

7. Remove the 2lement from the cover, Be sure fo nole the
direction in which the elament is situated in the cover.

To ingtall:

8. Clean the inside of the fuel filter cover.

Air blzeding boll

Fuel fitter body

Eiemeant

Fuel filter cover

Relaining ring

14973624

Fig. 54 Fuel filter detail—QOM and GM/HM series engines

[0 4P
Fig. 55 To remove the fuel filter, turn the retaining ring counler-
clockwise

' pecmaER
Fip. 56 While ramoving the retaining ring, push upwards on the
filter cover until the ring is free from the housing. . .
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e

i H97IEET
Fig. 57 . . .then lower the howsing along with the filier. Keep in

mind the filter cover is filled with fuel

i o oMPEs
Fig. 58 Fill the fitter cover approximately haliway with fresh
fuel, and carefuily lower the new element into the housing

9. Install a new filter element {in the proper direction) in the fuel
filter cover.
10. Using fresh, clzan fuel, fill the fuel fitter cover,
11. Using a new O-ring, install the element and filter cover to the
fuel filter body.
12. Tighten the retaining ring snugly by hand.

After installlng a new fuel filter, excess air must be bled from the
fuel system, or the engine may not starl. Repeated attempts of
starting the engine with air in the fuel system may starve the
injestion pump of fuel, causing damage due to lack of lubrication.

JH Series Engines
# See Figures 60 and 61

Auk CAUTION

Observe all applicable safely precautions when working around
fuel. Whenever servicing Ihe fuel system, always workt in a well
ventilated area. Do not aliow fuel spray or vapors to come in
contact with a spark or open flame. Do nol smoke while working
around fuel. Keep a dry chemical fire extinguisher near the work
area. Always keep fuel in a container specifically designed for
fual storage; also, slways properly seat [uel containers to aveid
the possibility of fire or explosion.

1. Place a receptacle under fugl filter to confain any excess
fuel.

2. Using a rag, thoroughly clean the filter and filter body.

3. Using an oil filter wrench, ieosen the fuet filter from the filter
body.

4 While pushing upward on the fuel filter, unscrew it from fhe
fiiter body.

5. Once the threads are free, tip the filter over and allow the fuet
{0 drain into the receptacle.

To install:

6. Using fresh, clean fuel, fill the fuel filter,

7. Lightly lubricate the gasket on the filter by applying a light
coating of iuel.

8. Carefully raise the filter and thread it onto the filter body, tight-
ening it according to the filter manufacturer's specifications. Most

STPYG
Fig. 59 Always replace the O-ring on the filter cover when the

element is replaced to avoid air from entering the system

7 .

Intake

Elermen:

HITIELE

Fig. 60 Fuel filter mounting detall—JH series engines
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U4EHG
Fig. 61 A plastic soda hottle trimmed down and placed under
the filter will contain any excess fuel

(a57Pa3

Fig. 63 Laosening the air bleed screw on a 3GM engine

filters only require Vato Yz turn of the filter after the gasket touches
the sealing surface. This usually translates into “hand tight.” A filter
wrench should not be used to tighten the filter.

WARNING

After installing a new fuel filter, excess air must be bled from
the fuel system, or the enpine may not start. Repeated attempls
of starting the angine with air in the fuel system may starve the
injection pumyp of fuel. causing damage due to lack of lubrica-
tion,

et
treln

FUEL SYSTEM BLEEDING

# See Figures 62 thru 67

Any fime the fuel systemn is exposed to air (8.9, changing a fusl
filter} the accumutated air will have to be bled from the system to
altow for proper delivery of fuel to the engine.

Besides changing the fuel fifter, air can be drawn into the fuel
system by several routes. Typically, air is sucked into the fuel sys-
tern through a poor seal upstream of the lift pump. Air can aiso be

HIT4R

Fiy. 64 Loosening the air bleed screw on a JH series enginsg

adsur’z
Fig. 62 Although the fuel filier is slightly different belween mod-
els, the air bleed screw is always the 10mm balt with the
Phillips head

ME74PI3
Fig. 65 After the blead screw has been loosened, operate the
priming iever on the feed pump to push the air out of the system
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Flg. 66 If air has entarsd the injector pump, loosen the lines an
the injectors ONE TURN, and crank the engine o bleed the air

0497405

Flg. 67 i yaur engine is equipped with spacers on the tuel
injectors, use a wrench to hold the spacer stationary while loas-
ening the line nut

drawn into the fuel system whan the fuel tank is low, and the motor
is being operated in rough seas. A small amount of &ir {about a tea-
spoon) in the fuel system is enough air to shut down the engine,
and require fuel system bleeding.

To bleed air from the fuel system, praceed as follows:

1. Loosen the air bleed screw at the top of the secondary fuel
filter {between the lift pump and injecior pump).

=When operafing the priming lever on the lift pump, make sure to
push down completsly to ensure full operation of the diaphragm
within the pump.

2. QOperate the priming lever on the [ift pump. if the lever is only
maving slightly, rotate the crankshatt by hand to reposition the lobe
on the camshaft that operates the pump. This will allow for a ful
stroke of the priming lever.

3. Operate the priming fever until fuel free of air flows from the
aly bleed scraw, then tighten the screw.

= Air can be drawn inlo the fuel system by a faulty Heed screw
washer. After the bleeder screw has been loosened a few times, it
is a good Idea to replace it to ensure 3 leak-free seal. Also, do not

overtighten the bleed screw. The screw is hollow and can be
sheared very easily.

4, {fair remains in the system, check for lsaks inthe fift pump
or primary filter.

5. {f the engine has stalked from air in the System, (ar if the high
pressure side of the system has been opened) it wilt be necessary to
bleed the injector pump, injector lines, and injectors,

6. Loosen the bleed screw on the injector pump and operate the
priming lever on the lift pump until fuel free of air flows from the
blead screw, then tighten the screw.

7. Loosen the injector fine nui{s) on the injector(s) one turm.

If the injector has a hex spacer on thae inlet, make sure to hold it
stationary with a wrench while foosening the line nut. Do NOT
attempl to loosen the line hy turning the spacer. Turing the
spacer will twist the fuel line, reguiring replacement of the line.

8. Place the engine speed lever to the full throttle position.
9. Using the starter, crank the engine until all air is free from the
lines until fuel runs from the connections.
10. Tighten the line nuts securely.
11, If air remains in the system, locats the source of the air, and
perform and repair procedures necessary.
12. Repeat the procedure until the entire fuef system is free of air.

INSPECTION

¥ See Figures 68, 69, 70 and 71

Belts should be inspected on a regutar basis for signs of glazing
or cracking. A glazed belt will be perfectly smooth from slippage,
while a good helt will have a slight texture of fabric visible. Cracks
will usually start at the inner edge of the beit and run outward. Al
worn or damaged drive belts should be replaced immediately. It is
hest to replace al drive belts al ong timg, as a preventive mainte-
nance measure, during this service operation.

Inspect the alternator and water pump belts every 250 hours for
evidence of wear such as cracking, fraying, and incorrect tension.

TECH1

Fig. 68 An example of a healthy drive belt
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TCCE115
Fig. 69 Deep cracks in this belt will cause flex, bullding up heat
that will eventually lead to be#t failure

Determine belt tension at a point hattway between the pulleys by
pressing on the belt with moderate thumb pressure. i the distance
between the pulleys {measured af the center of the pulley) is 1316
in. {330-400mm), the belt should deflect 1% in_ (13mm) at the
halfway point of its longest straight run; %4 in. (6mm) if the distance
is 7-10 in. {176-300mm). If the defection is found to be tos much
or too littte, [oosen the mounting bo'ts and make adjustments as
NBCcessary.

~When replacing belts, it is recommended to clean the inside of
the belt putlleys to exiend the service Ilfe of the belts.

ADJUSTMENT

# See Flgures 72 thru 78

Before you attempt to adjust any of your engine’s belts, apply
penetrating oil to the alternator bracket fasteners to make them eas-
fer to loosen.

1. Disconnect the negative battery cable.

2. Loosen the alternator or water pump pivot bolt.

TLESINE
Fig. 70 The cover of this belt is worn, exposing the critical rein-

farcing cords to excessive wear

Altermator

\\ i
Frash water
pump drive
puliey

V-belt hj\ (\ //""- }
/L( %}\))
/.-f

o
Crank shafl X \ s
Pulley ' -
b ) -
naF3s

Fig. 72 The water pump and alternator belt is adjusied hy pivot-
Ing the altarnator

TEOS1ET
Fig. 71 Installing teo wide a belt ¢an result in serious balt wear

and/or braakage

04973614
Fig. 73 Loosening the bolt that attaches the altemator to the

slotted bracket will allow for belt adjustment
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Saa water pump

Seawater pump driva pulley -

Fig. 74 The raw water pump drive belt is adjusted by loosening
the pivot nolt, then lnasening the adjustment bolt

049?3-‘25
Fig. 77 Once the alternator is (gosened, install a belt iensioner,
and adjust It until the iension on the belt is correct

08
Fig. 75 To adjust the alternator/fresh water pumg heit, loosen
the alternator pivet bolt . . .

[4973rs1

Fig. 78 The raw waler pump adjusts in the sams manner as the
aliernator {(note the slot on the bracket that allows the pump to
pivol)

GaGraaT
Fig. 76 . . . foltowad by the adjusimenl Hracket bolt. The alier-
nator should be lgose

3. Loosen the aliernator or water punp pulley adjustment bracket
bott.

4. Using a wooden lever, pry the alternator or water pump toward
or away from the engine until the proper tension is achieved.

Do not overtighten the drive bedts; the water pump and/or alter-
nator bearings can be damaged.

5. Tighten the alternator or water pump pulley adjustment bracket
boit.

6. Tighten the altermator or water purnp pivot bolt.

7. Reconnect the negative battery cable.

REMOVAL & INSTALLATION

» See Flgure 79

The replacement of the inner belt on multi-belted engines may
require the removal of the outer belts,
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Fig. 79 Once the alternator is loosered, the belt skmply slips off
the pulleys

SIS
Fig. 81 Visually inspect the exhaust outlet to check for proper
cooling system circulation

To replace a drive bell, loosen the pivot and mounting bolts of
the component which the belf is driving, then, using a wooden fever
or equivalent, pry the component inward to relieve the tension on
the drive belt; always be careful where you locate the prybar, or
damage to components may resuft. Slip the belt off the componant
pulley, and match the new belt with the old belt for length and
width. These measurements must be equal. k is normal for an old
belt to be sfightly longer than a new one. After & new belt is
installed correctly, properly adjust the tension.

=Whea remaving mare than one hait, be sute to mark them for iden-
fification. This will help avoid contusion when replacing the beits.

Raw Water Cooling

CHECKING CIRCULATION

# See Figures 80 and 81

Every time the engine is started, check for proper flow thraugh
the cooling system. The best way to check this is to visually inspect

the straight through valve on dry exhaust systems or the exhaust
outlet on wet extaust engines. If the engine shows high operating
temperature or gverheats, the cooling system is almost cartainly
hlocked and should bs inspected immediately.

CHECKING THE RAW WATER STRAINER

¥ See Flgures 82, 83 and 84

Afilter or strainer is used to prevent large particles of sand, mud,
and other debris from entering the eooling circuit and damaging the
raw water pump. The waler in which the vessel is operated dictates
how frequently the filter witl have to be cleansd. Most strainers have
sight glasses or other means of visual inspsction to determine when
maintenance is necessary.

To service the strainer:

1. Close the raw water intake petcock to prevent entry of sea
water once the strainer basket is open.

2. Loosen the clamp or wingnut that secures the top of the strainer.

3. Remove the strainer basket and cleart it thoroughly,

4. If sediment remains in the bottom of the strainer housing, it

SELSTNN
Fig. 80 Flappers are usad to prevent seawater from backing up
info the wet exhaust

EELSTRAT

Fig. 82 As you can see, the raw water inlet can easily become

clogged without proper maintenance
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Fig. 83 A typical raw water strainer

To sea water pump

TR

Fig. 84 Expleded view of a typical raw water strainer

can be removed by using & turkey baster to suck out the liquid or by
removing the drain plug at the bottorn of the strainer and allowing
the water to drain.

5. Replace the strainer basket and secure the strainer top.

6. Open the raw water infake patcock.

DRAINING & FLUSHING

# See Figures 85, 86, 87 and 88

The following procedure covers general draining and flushing
procedures for raw water cooled engines. This procedure may also
be used for the raw water portion of heat exchanger cooled engines.
If the material presented here differs from those in your operators
manual, foltow the procedure in the operator's manual the manual.

1, The boat must be out of the water to parform this procedure.

2. Disconnect the hose at the inlet petcock and secure it fo a gar-
den hose. This can usually be accomplished by using the hose
clamp on the inlet hose to produce a water tight seal around the
garden hose fitting.

3. Turn the garden hose ON and start the engine.

4. Allow the engine to run for approximately 20 minutes to Hush
silt, sediment and salt from the cooling system. This also allows the
thermostat enough time to open fully.

5. Turn the engine OFF and then stop the flow of water from the
garden hose. Disconngct the garden hose and allow the water to
drain from the inlet fitting.

6. Atthis point, the water has drained from the inlet hose and prob-
ably partially drained from the water pump and cylinder head. You
must now drain the water from ail the tow lying areas of the engine.

7. Remove all the engine drains and zincs, Have a bucket handy
to catch all the water. Allow the engine to continue draining until no
water i3 left,

8. Using a pisce of stiff wire, probe all the zinc and engine drain
holes. Using the wite to scrape any sik, rust, saft and scale from the
engine. If this debris is left in place, it will harden and prevent the
narmal flow of water through the engine. Once hardened, it cannot
be removed.
==Do not leave zincs and drain plugs out over the winter storage

period. Corrosion and rust will form on the threads in the block
making installation in the spring very difficult,

MYT3IE

Fig. &5 Dralning the cooling water on a OM series engine
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ABIGIE

eSSt Flg. 87 To ensire that all of the water is drained from the raw
Fig. B6 The exhaust manifold also has a diain cock to make water pumj1, lopsen the screws on the cover and allew the waier
draining the cooling water sasier to escape
Fresh water drain cock Sea water drain cock

(lower part of fresh water tank) (Cooling water sea water pipe)

Sea water pump

997HE42

Fig. 88 There are usually several locations on an engine for draining of bath the fresh water and raw water cooling cirgulis
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9. Clean the threaded portions of the zinc and drain holes with a
wire brush. Inspect the zincs for wear and replace then with new
ones as heeded. install the zincs and reinstall the drain plugs using
Teflon® tape.

REFILLING WITH ANTIFREEZE

The next few steps outline a procedure for Jilling the cooling sys-
tem with nontoxic antifreeze.

»There are a few types of water pump impelters which may react
adversely 1o antifreeze. Check with the engine or water pump
impeller manufacturer for compatibility with antifreeze prior to per-
forming this procedure,

1. Once again, disconnect the hose at the inlet petcock and
secure it 10 a short hose submerged in a bucket of nontoxic
antifreeze. You should have approximately 10-15 gallons of
antifreeze available for the entire job.

ek CAUTION

When draining coolant, keep in mind thal cats and dogs are
atiracted by ethylene glycal antifraezs, and are quite likely to
drink any that is lell in an uncovered container or in puddles on
the ground. This will prove fatal in sufficient quantity.

=Used fluids such as antifreeze are hazardous wastes and must be
disposed of properly. Before draining any flulds, consult with your
lotal authorities; in many arsas antifreeze is heing accepled as a
part of recyeling programs. A number of marinag and parts stores
are also accepting waste fluids for recyeling.

2. Position a catch bucket at the point where the raw water would
normally exit the boat. This will vary depending on whether you
have a wet or dry exhaust system.

3. Start the engine and allow the antifreeze 1o run through the
engine unit it comes out the exit clean. This should sufficiently coat
the cooling system and lsave a good bit of antifreeze in the engine.
If you wisht to completely fill the system, connest the inlet hose and
close the inlst petcock. Remove the thermastat (which should be the
high point in the system) and fili the engine manually through the
thermostat housing.

LEAVING THE ENGIME DRY

The next few steps outling a procedure for leaving the cooling
system dry gver the winter,

=There is seme debate as to whetlhier this is the best way to over-
winter an engine. You will have to decide for yourselt whether to fill
the cooling system or allow It to go dry. Bear in mind that any water
{nat coolant) left in the block could freeze and cause serious engine
damage.

1. Carefully loosen the water pump impeller cover screws. These
screws are often corroded and may be difficult to remove. Use a lig-
uid penetrating oif if you encounter difficulty. Remove the water
pump impgller cover.

2. Remove the water pump impeller and inspect it for damage. If
damage is noted, replace the impeller. If the impeller is intact,
grease the blades impellers lightly with petroleumn jelly and place it
back in its bors,

3. Install the impelier cover but leave the pump cover screws
loose to pravent the purnp impeller from sticking to the housing,
This would damage the impeller upon initial startup during spring
commissioning.

= If the paper gasket |s rabbed with grease or petroleum jelly it will
not stick to the cover or pump body and can be reused the next time
the caver is removed.

Fresh Water Cooling

» See Figures 89, 90 and 91

=The raw water portion of the heat exchanger type ceoling system
is maintained in the same way a iradilional raw water cooling sys-
tem ig maintained. Refer to “Raw water Caoling” in this section for
mere information.

FLUID RECOMMENDATIONS

A 50750 mixture of antifrerze and water is recormmended for year
round use. Use a good quality non-toxic antifreeze that is safe for
use with aluminum components. Good quality coolant will prevent
the buildup of rust and scale which decreases heat transfer in the
heat exchanger by as much as 95 percent.

Brash water dran cock (cylinder block)

ITICAT

Fig. 89 Fresh water drain cack locatian on JH series englnes

Heat exchanger

Sea water
drain gock

(4073530
Fig. 90 On fresh water cooled engines, a drain cock Is usually
localed on the header tank
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s Fig. 92 This is what happens when the header tank i3 used as 2
Fig. 91 The fop drain cock on this JH engine IS for the header step ladder awt of the engine compartment, This pressure cap
fank the bottom Is for the afiercooler and housing must he replaced

will be lost and the engine wilf overheat. Worn caps shouid be
LEVEL CHECK replaced with a new one.

Check the coofant tevel prior to starting the engine for the day. If CHECKING THE HOSES
the coolant tevel is low, fill the system with a proper mixture of

coolart, If the coolant level in the system Is allowed is drop 1.5-5 Coolant hoses should be checked for deterioration, Jeaks and

quarts, the engine will overheat, loose hose clamps. It is wise to check the hoses periodically in
CAUTION early spring and at the beginning of the fall or winter when you are

performing other maintenance, A quick visual inspection could dis-

Never remove the pressure cap under any conditions while the cover a weakened hose which might have left you stranded if it had

engine is runping! Failure to follow these instructions could remained Lnrepaired.

result in damagse to the cooling system or engine and/or per- Whenever you are checking the hoses, make sure the engine and

sonal injury. To avoid having scalding hot coolant or steam hlow coling system are cold. Visually inspect for cracking, rotting or

oul of the expansion tank, use extreme care when removing the collapsed hoses, and replace as necessary. Run your hand along the

pressure cap. Wait unfil the engine has cooled, then wrap a length of the hose. if a weak or swollen spot is noted when squeez-

thick cloth around the pressure cap and turn it slowly to the first ing the hose wall, the hose should te replaced

stop. Step hack while the pressure is released from the cooling ' '

system. When you are sure the pressure has been released, DRAINING, FLUSHING & REFILLING

press down on the prassure cap (stiil have the ¢loth in position)
turn and remove the pressure cap.

Al least once a year, the fresh water cooling system should be

Most engines are equipped with a coolant reservoir tank (expan- inspected, flushed, and refilled with fresh cootant, If the coolant is left
sion tank). With the engine COLD, check the level of the fluid. Fluid in the system too long, it loses its abifity to prevent rust and corrosion.
should be visible at the hoitom of the filler neck. On most engines, IFhe coolant has too much water, it won't protect against freezing.
access to the filler neck is poor. However, you shauld be able to feel Completely draining and refilling the cooling system will remove
the tevel of the fluid in the expansion tank with your finger. accumulated rust, scale and other deposits. Locations of coolant

After check the level of coolant in the header tank, next check the drains vary with each engine. However, most engines have the fol-
level in the expansion tank and adjust as necessary, lowing drains:

» Engine Block—usually at the rear {aft} of the engine above the
crankshaft centerline

« Expansion Tank—at the bottom of the tank

+ Header Tank—at the low paint of the tank

~rNever rely strictly on the ameunt of fluid in the expansion tank.
This tank will some times give a false indication of the coolant level
in the engine

An adequate coolant mixiure should have & sirong cofor (other « Header tank—at the iow point of the exchanger
than brown). Internal corrosion and overheating are indicated by 1. Drain the existing coolant. Open the drain cocks or disconnact
brown coolant. Inexpensive hydrometers are available to quickly test the hases to completely drain the system.

the coolant's protection level.
CHECKING THE PRESSURE CAP

#= CAUTION

When draining the coolant, keep in mind that cats and dogs are
¢ See Figure 92 atiracted by the eihylene glycol antlfreeze, and are quite likely
to drink any that is left in an uncovered container or in puddles
While you are checking the coolant level, check the pressure cap on the gtound. This will prove fatal in sufficient quantity. Always
for a worn or cracked gasket. If the cap doesn’t seal properly, fluid drain the coalant into a sealabie container for recycling.
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= Before opening the petcocks, spray them with soma penetrating
lubricam! to dissolve any rust or corrosion on the threads.

2. Onoe the system is completely drained, tighten petcocks and
install all hoses to seal the system,

3. Fili the system with a mixture of water and an acid based coolant
gireuit cleansr. The cleaner will remove rust, scale and corfosion.

=The acid in the cleaner will also find any weak points In the sys-
tem, possibly crealing a leak.

4. Start the engine and allow it to idie unti! it reaches proper
pperating temperature.

To avoid having scalding hot coelant or sleam blow out of the
expansion tank, use extreme care when removing the pressure
cap. Walt until the engine has cooled, then wrap a thick elath

around the pressure ¢ap and turn it slowly 1o the first stop. $tep
back while the pressure is released from the cooling system.
When you are sure the pressure has bean released, press down
on the pressure cap (stéll have the clofh in position) turn and
remove tha pressure cap.

5. Stop the engine and allow it to cool. Drain the cooling system
again.

6. Repeat this process until the drained water is clear and free of
scale.

7. Flush the expansion tank with water and leave empty.

8. Prepare a 50/50 mixture of mix of quality antifreeze (ethylene
glycol) and water in a suitable container. Filf the system the corect
level and fnstall ihe pressure cap.

9. Start the engine and allow it to idle to operating temperature.
Stop the engine and allow it to cool. Check and adjust the coolant
fevel, as necessary.

BOAT MAINTENANCE

Inside The Boat

» See Figures 93, 94 and 95

Probably the higgest surprise for boat owners is the extent 1o
which mald and mildew developed in a boats interior, Preventing
this growth is a two fold process, First, the boat's inferior should be
thoroughly cleaned. Second, ventifation should be provided 1o allow
adequate air circulation.

Properly cleaning the boat includes removing as much as possi-
ble from it. The less there is on a boat, the lgss there is to atfract
mildew. Clothing, foul weather gear, shoes, books, charts, paper
goods, leather, bedding, curlains, food stuffs, first aid suppties,
odds and ends, etc., should be taken home. They're all fertile soil
for mildew, as is dirt, grease, soap scum, etc.

The next step is to vacuum, scrub and polish every surface,
especially galley and head surfaces. Use a polish that leaves a pro-
fective coating ot which i¥s hard for mold to get a foothald,

Mil dew-preventive sprays are available lor carpets and furniture.
The cleaner and mare highly polished the insides of lockers, cabi-

R
SELSTR?

Fig. 94 . . .gauges . . .

Fig. 93 llems such as compasses . . .

SELS'!(24
. and control panels should be protected from the

Flg. 95 . .
elaments
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nets, refrigerators, icemakers, drawers and shower stalls are when
you feave them, the Jess likely it is you'll find mold. Marine stores
sell cieaners and polishes specificalty for boats and for the marine
environment. Many peopie find that regular household products are
satisfactory. It's the elbow grease that counts.

If dirt and grease ave the growing medium, stagnant air is the fer-
tilizer for mold and mildew (mildew ig a form of mold). The more
freely air can circulate in the interior, the less conducive conditions
will be for the growth of matd. Operings or vents at each end near
the top can be fashioned to let air in. Flaps or stave pipe elbows
can be used to keep rain out. Hatches and windows can then be laft
partially open. Visiting the boat on dry, sunny days and opening it
Up as much as possible is a great way to let fresh air in. Do this
whenever possible,

The best way to protect navigation and communications equip-
ment from deteriorating is to remove the units from the boat. Wrag
them in fowels, not plastic, and take thern home. Television sets,
VCRs and stereos should also be removed to kesp them safe and to
keep coid and dampness from affecting them adversely. Before stor-
ing electronics equipment, clean off the terminals and the connect-
ing plugs and spray them wiith a moisture-displacing lubricant that
spacifically says It's intended for use on electronics. Antennas
should also be stored in a safe, dry place to protect them from bath
the elements and accidentat damage. Alt terminal blocks, junction
Dlocks, fuse holders and the back of electrical panels should be
cleaned and sprayed with an appropriate protectant. Remove any
corrosion that has developed. Anything that could easily stolen,
such as anchars, flare guns, bingculars, etc., is best taken home.

The Boat's Exterior

# See Flgure 96

Fiberglass reinforced plastic hulls are tough, durable, and highly
resistant to impact. However, like any other material they can be
damaged. One of the advantages of this type of construction is the
relative ease with which it may be repaired. Because of its break
characteristics, and the simple techniques used in restoration, these
hulls have gained popularity throughout the warld. From the most
congested urban marina, to isolated fakes in wilderness arsas, to
the severe cold of northern seas, and in sunny tropic remote rivers

of primitive islands or continents, fiberglass beats can be found
performing their daily task with 2 minimum of maintsnance,

A fiberglass hull has almost no internal stresses. Therefore, when
the hull is broken or stave-in, it retaing its true form. It will not dent
to take an oul-of-shape set. When the hull sustains a severe blow,
the impact will be either absarbed by defiection of the laminated
panef or the blow will result in a definite, localized break. In addi-
fion to huil damage, bulkheads, stingers, and other stiffening struc-
tures attached to the hull may also be affected and therefore, should
be checked. Repairs are usually confined to the general area of the
rupture.

The best way to care for a fiberglass hull is to first wash it thor-
oughiy, Immediately after hauling the beat, while the bottorn is sfill wet,
is best, if possible. Removs any growth that has developed on the bot-
tom. Use g pressure cleaner or a stiff brush to remove bamacles,
grass, and slime. Pay particular atiention to the wateriine area. A
scraper of some sort may be needed to atiack tenacious bainacles, Pok
scrubbers made of metal work well. Attend {o any blisters; don't wait,

Remove cushions and all weather curtains and enciosures and
take therm home, Make sure they are clean before storing them, and
don't store thern tightly roflec. After washing the topsides, remove
any stains that have developed with one of the fiberglass stain
removers sold in marine stores. For stubborn stains, wet-sanding
with 600-grit paper may be necessary. Remove oxidation and stains
from metal parts. Apply a coat of wax to everything.

BELOW WATERLINE

» See Figures 97, 98, 99 and 100

A foul bottom can seriously affect boat performance. This is one
reason why racers, large and small, both powerboat and sail, are
constantly giving attention to the condition of the hull below the
waterline.

In areas where rmarine growth is prevalent, a coating of vinyl,
anti-fouling battom paint should be applied. If growth has devel-
oped on the botiomn, it can be removed with a sofution of Muriatic
acid applied with a brush or swab and then rinsed with clear water,
Always use rubber gloves when working with Muriatic acid and take
extra care 1o keep it away from your face and hands. The fumas are
toxic. Therefore, work in a well-ventilated area, or if outside, keep
your face on the windward side of the work,

4

 sEsTk
Fig. 96 The hest way to care for a fiberglags hull is to wash it
thoraughty to remove any growth that has develaped on the bot-
tom

] ESTKE
Fig. 97 In areas where matlne growth is prevalent, a coating of
vinyl, anti-fouling bottoin paint should be applied

© BENCHMANUK PDF MANUALS 2006



3-34 MAINTENANCE AND TUNE-UP

SELSTRIE
Fig. 98 This anti-fout paint has seen better days and must be
replaced

ey
Fig. 99 This hall is in even woise condition and showld be sand
blasted and repainted

SELSTH[S-
Fig. 100 This beautiful new fiberglass hull will not stay this
good lecking for long if it is not protected with anti-foul paint

Bamacles have a nasty habit of making their horme on the botiom
of boats which have not been treated with anti-fouling paint. Actu-
ally they will net harm the fiberglass hull, but can develop into a
major Nuisance.

If harnacles or other crustaceans have aliached themselves to the
hutl. extra work will be required to bring the bottom back to a satis-
factory condition. First, if practical, put the boat into a hody of fresh
water and allow it to remain for a few days. A large percentage of
the growth can be removed in this manner. If this remedy is not
possible, wash the bottom thoroughly with a high-pressure fresh
water source and use a scraper. Small particles of hard shelt may
still hold fast, These can be removed with sandpaper.

Batteries

Difficulty in starting accounts for almost half of the service
required on boats each year, A survey Dy a major engine parts com-
pany indicated that roughly one third of all boat owners experienced
a “won'l start” condition in a given year. When an engine won't start,
most people blame the battery when, in fact, it may be that the bat-
tery has run down in a futile atterpt to start an engine with other
problems.

Maintaining your batlery in peak condition may be thought of as
either tune-up or maintenance material. Most wise boaters will con-
sider I£ to be both. A complete check up of the electrical system in
your boat at the beginning of the boating season is & wise move.
Continued regular maintenance of the battery will ensure trouble
free starting on the water.

A complete battery service procedure is included in the here, The
foliowing are a list of basic electrical system service checks that
should be performed.

« Check the battery for solid cable connections

« Check the battery and cables for signs of corrosion damage

« Check the baftery case for damage of electrolyle lcakage

« Check the electrolyte tevel in each cell

» Check fo be surs the battery is fastened securely in position

+ Check the battery's state of charge and charge as necessary

« Check battery voltage while cranking the starter. Voltage
should remain above .5 volts

» Clean the battery, ferminals and cables

« Coat the battery terminals with dielsctric grease or ferminal
protector

« Gheck the tension on the altemator belt.

Batteries which are not maintained on a regular basis can fali
victim to parasitic oads {small current draing which are con-
stantly drawing current from the battery, like clocks, small lights,
gtc.). Normal parasitic loads may drain & battery on boat that is in
storage and not used frequently. Boats that have additional acces-
sories with increased parasitic foad may discharge a battery
sooner. Storing a boat with the negative battery cable discon-
nected or battery switch turned OFF wili minimize discharge due
to parasitic loads.

CLEANING

Keep the battery clean, as a film of dirt can help discharge a bat-
tery that is not used for tong periods. A solution of baking soda and
water rixed into a paste may be used for cleaning, but be careful to
flush this off with clear water.

= Do not let any of the solution into the filler holes on non-sealed
batlerias. Baking soda neutralizes battery acid and will de-aclivate
a battery cell,
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CHECKING SPECIFIC GRAVITY

The electrolyte fluid (sulfuric acid solution) contained in the bat-
tery cells will fell you many things about the condition of the bat-
fery. Because the cell plates must be kept submerged helow the
fluid level in order to operate, maintaining the fluid level is
extremely important. in addition, because the specific gravity of the
acid is an indication of electrical charge, testing the fluid can ba an
aid in determining if the batiery must be replaced. A battery in a
boat with a properly operating charging system should require ittle
maintenance, but careful, periodic inspection should reveal prob-
lems before they leave you stranded.

st CAUTION

Battery electrolyte contains sulfuric acid. If you should splash
any on your skin of in your eyas, flush the atfected area with
plenty of ciear water. If it lands in your eyes, get medica! help
Immaedizately.

As stated eartier, the specific gravity of a battery's electrolyte level
can be used as an indication of battery charge. At least once a year,
check the specific gravity of the battery. It should be between 1.20
and 1.26 on the gravity scale. Most parts stores carry a varigty of
inexpensive battery testing hydrometers. These can be used on any
non-sealed battery to test the specific gravity in each cell.

Gonventlonal Battery
# See Figure 101

A hydrometer is required to check the specific gravity on al) batter-
ies that are not maintenance-free. The hydrometer has a squeeze bulh
af one end and a nozzle at he other. Batlery electrolyte is sucked into
the hydrometer until the fioat of painter is lifted from its seat, The
specific gravity is then read by noting the position of the float/pointer.
If gravity is low in ane or more cells, the battery should be slowly
charged and checked again to see if the gravity has come up. Gener-
ally, it after charging, the specific gravity of any two cells varies more
than 30 points (0.50), the battery should be replaced, as it can nio
longer produce sufficient voltage to guarantee proper operation.

Check the battery electrolyte level at least once a month, or more
often in hot weather or during periods of extended operation. Elec-
trolyte level can be checked either through the case on translugent
batteries or by remaving the cell caps on opague-case types. The
electroiyte level in each cell should be kept filled to the split ring
inside each csll, or the line marked on the outside of the case.

= Never use mineral water or water oblained from a welt. The iron
content in these types of water is too high and will shorten the life
of or damage the battery.

If the fevel is low, add only distilled water through the opening until
the level is correct. Each cell is separate from the others, so each
must be checked and filled individually. Distilled water should be
used, because the chemicals and minerais found in most drinking
water are harmful to the battery and could significantly shorten its life.

If water is added in freezing weather, the battery should be
warmed {o allow the water to mix with the elactrolyte. Otherwise, the
battery could freeze,

Maintenance-Free Batteries

Although some maintenance-free batteries have removable cell
caps for access to the electrolyte, the electrolyte condition and fevel
is usually checked using the buit-in hydrometer “eye.” The exact

P
Fig. 101 The hest way to determine the condition of a hatiery is
to test the electrolyte with a battery hydrometer

type of eye varies between battery manufacturers, but most apply a
sticker to the battery itself explaining the possible readings. When
in doubt, refer to the battery manufacturer's instructions to interpret
battery condition using the built-in hydrometer.

The readings from built-in hydromsters may vary, however a
green eye usually indicates a properly chargad battery with suffi-
cient fluid level. A dark eye is normally an indicator of a battery with
sufficient Huid, but one that may be low in charge. In addition, a
light or yellow eye is usually an indication that electrolyte supply
has dropped below the necessary level for battery (and hydrometer)
operation. In this last case, sealed batteries with an insufficient elec-
trolyte level must usually be discarded.

BATTERY TERMINALS

At least once a sgason, the battery terminals and cable ciamps
should be cleaned. Loosen the clamps and remove the cables, neg-
ative cable first, On batteries with top mounted posts, the use of a
puller speciatly made for this purpose is recommended. These are
inexpensive angd available in most parts stores.

Clean the cable clamps and the battery terminal with a wire
brush, until all corrasion, grease, elc., Is removed and the mefal is
shiny. It is especially important to clean the inside of the clamp
tharoughly {a wire brush is useful herg}, since a small deposit of
foreign material or oxidation there will prevent a sound electrical
connection and inhibit either starting or charging. It is also a good
idea to apply some dieleciric grease to the terminal, as this witl aid
in the prevention of corrosion,
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After the clamps and terminals are clean, reinstall the cables,
negative cable last; do not hammer the clamps onto battery posts.
Tighten the clamps securely, but do not distort them. Give the
clamps and terminals a thin external coating of clear polyurethane
paint after installation, to retard corrosion.

Check the cables at the same time that the terminals are cleaned. If
the insulation is cracked or broken, or if its end is frayed, that cabte
should ba replaced with 2 new one of the same length and gauge.

BATTERY & CHARGING SAFETY PRECAUTICNS

Always follow these safety precautions when charging or han-
dling a battery.

1. Wear eye protection when working around batteries. Batieries
contain corrosive acid and produce explosive gas a byproduct of
their operation. Acid on the skin should be neutralized with a solu-
fion of baking soda and water made into a paste. In case acid con-
tacts the eyes, flush with clear water and seek medical attention
immediately.

2. Avoid flame or sparks that could ignite the hydrogen gas pro-
duced by the battery and cause an explosion. Connection and dis-
connection of cables to battery terminals is one of the most
common causes of sparks,

3. Always turn a batiery charger OFF, before connecting or dis-
connecting the leads. When connecting the leads, connect the posi-
tive lead first, then the negative lead, to avoid sparks.

4. When lifting a battery, use 2 baitery carrier or lift at opposite
corners of the base.

5. Ensure therg is good ventilation in a room where the baltery is
being charged.

6. Do not attempt to charge or load-test 3 maintenance-free battery
when the charge indicator dot is indicating insufficient electrolyte.

7. Disconnect the negative battery cable if the battery is to
rernain in the boat during the charging process.

8. Be sure the fgnition switch is OFF before connecting or turn-
ing the charger ON. Sudden power surges can destroy electronic
components.

S, Use praper adapiers to conngct charger leads to batteries with
nen-conventional terminals.

BATTERY CHARGERS

Before using any battery charger, consult the manufacturer's
instructions for its use. Battery chargers are electrical devices that
change Alternating Current (AC) to a lower vattage of Direct Current
(DC) that can be used 1o charge a maring battery. There are two
types of battery chargers—manual and automatic.

A manual battery charger must be physically disconnected when
the hattery has come to a full charge. If not, the battery can be qver-
charged, and possibly fail. Excess charging current at the end of the
charging cycle will heat the electrolivte, resulting in loss of water
and active material, substantially reducing battery life,

=fig a rule, on manual chargers, when the ammeter on the charger
reglsters half {he rated armperage of the charger, the battery is fully
charged. This tan vary, and It iz recommanded 1o use a hydrometer
to accurately measure state of charge.

Automatic battery chargers have an important advantage-—they
can be left connected (for instance, overnight) without the possibil-
ity of overcharging the hattery. Automatic chargers are equipped
with a sensing device to allow the battery chargs to taper off to near
zero as the batiery becomes fully charged. When charging 4 low or
completely discharged battery, the meter will read ¢lose to full rated
output. If only partially discharged, the initial reading may be less
than full rated output, as the charger responds to the condition of
the battery. As the battery continues to charge, the sensing device
monitors the state of charge and reduces the charging rate. As the
rate of charge tapers to zero amps, the charger will continue to sup-
ply a few miltiamps of current—just enough to maintain a charged
condition.

REPLACING BATTERY CABLES

Battery cables don't go bad very often, but like anything efse,
they can wear out, If the cables on your boat are cracked, frayed or
broken, they should be replaced.

When working on any efectrical component, it is always a good
idea to disconnect the negative (-} battery cable. This will prevent
potential damage to many sensitive efectrical components

Always replace the battery cables with one of the same length, or
you will increase resistance and possibly cause hard starting. Smear
the battery posts with a light film of dielectric grease, or a battery ter-
minal protectant spray once you've installed the new cables. If you
replace the cables ona af & time, you won't mix them up.

=Any time you disconnect the batiery cables, it is rescommended
thal you disconnect the negative (-) battery cable firsi. This will pre-
vent you from accidentally grounding the positive (+) termiral whan
disconnecting it, thereby preventing damage o the electrical sys-
tem.

Before you disconnect the cablets), first turn the ignition to ths
OFF position. This will pravent a draw on the battery which could
cause arcing. When the battery cable(s) are reconnected {negative
cabie last), be sure to check all electrical accessories are all working
corractly

TUNE-UP

Introdusction

A proper tune-up is the key to long and trouble-free engine life,
and the work can yield its own rewards. Studies have shown that a
property tuned and maintained engine can achigve better fuel econ-
omy than an out-of-tune engine. As a conscientious boater, sef aside
a Saturday morning, say once a month, to check or replace items
which could cause major problems later, Keep your own personal
log to jot down which services you performed, how mugch the parts
cost you, the date, and the number of hours on the engine at the
time. Keep all receipts for such items as engine oil and filters, so

that they may be referred to in case of related prablems or to deter-
mine operating expensss. As a do-it-yourselfer, these receipts are the
anly proof you have that the required maintenance was performed. In
ihe event of a warranty problem, these receipts will be invaluable.

The efficiency, refiabitity, fuel econcmy and enjoyment available
fram engine performance are all directly dependent on having your
engine tuned properly. The importance of performing service work
in the proper sequence cannot be over emphasized. Before making
any adjustments, check the specifications. Never rely on memory
when making critical adjustments.
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Before beginning to tune any engine, ensure the engine has sat-
isfactory compression. An engine with worn or broken piston rings,
burned pistons, or scored cylinder walls, will not parform properly
no ratter how much time and expense is spent on the tune-up.
Poor eompression must be corvected or the tune-up will not give
the desired results.

A regutar maintenance program that is followed throughout the
year, is one of the best methods of ensuring the engine will give
satisfactory performanice. As they say, you can spend & littie time
now or a lot of fime and money later,

The extent of the engine tune-up is usually dependent on the
time tapse since the last service. A complete tune-up of the entire
engine would entail atmost ali of the work outlined in this manual.
Howsver, this is usualiy not necessary in most cases.

In this section, a logical sequence of tune-up steps will be pre-
sented in general terms. If additional information or detailed service
work is required, refer to the section containing the appropriate
instructions,

Tune-Up Sequence

During a tune-up, a definite sequence of procedures should
be tollowed to return the engine to its maximum performance
tevel. This type of work should not be confused with trou-
bleshooting (attempting to {ocate 2 problem when the engine is
not performing satisfactorily). In many cases, these two areas
will overlap, because many times & minar or major tune-up
will correct a maffunction and return the system to normal opera-
tion.

The foltowing fist is a suggested sequence of tasks to perform
during a tune-up.

+ Perform a compression check of each cylinder.

« Perform a valve adjustment

« Start the engine in a body of water and check the water flow
through the engine.

« Check the injection pump for adequate performance and deliv-
ery.

« Test the starting and charging systems,

« Check the internal wiring.

Cylinder Compression

Cylinder compression test resuits are extremedy valuabie indicators
of internal enging condition. The best marine mechanics automatical ly
check an enging's compression as the first step in a comprehensive
turie-up. A compression test wiil uncover many mechanical problems
that can cause rough running or poor parformance.

A compiession gauge for diesel engines consists of a dummy
infector connected 10 a gauge capable of reading 600 psi.

CHECKING COMPRESSION

1. Make sure that the proper amount and viscosity of engine oil
is in the crankcase, then ensure the battery is fulty charged.

2. Warm-up the engine {o normal operating temperature, then
shut the engine OFF.

3. Remove the injector lines and remove the injectors from each
cylinder.

4. Install a diesel compression gauge into the No. 1 cylinder
injector hole until the fitting is snug. When fitting the compression
gauge adapter to the cylinder head, make sure the bleeder of the
gauge {if equipped) is closed.
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5. According to the tool manufacturer’s instructions, connect a
remote starting switch to the starting circuit,

6. With the ignition switch in tha OFFpaosition, Lse the remote
starting switch to crank the engine through at least five compression
strokes {approximately 5 seconds of cranking) and record the high-
est reading on the gauge.

7. Repeat the test on each cylinder, cranking the engine approxi-
mately the same number of compression strokes and/or time as the
fiirst.

8. Compare the highest readings from each cylinder to that of
the others. The indicated compression pressures are considered
within specifications if the lowest reading cylinder is within 75 per-
cent of the pressure recorded for the highest reading cylinder. For
example, if your highest reading cyiinder pressure was 150 psi
{1034 kPa), then 75 percent of that would be 113 psi (779 kPa). So
the lowest reading cylinder should be no less than 113 psi (779

_KkPa),

9. Compression readings that are generally low indicate womn,
broken, or sticking piston rings, scored pistons or worn cylinders.

10. If a cylinder exhibits an unusually fow compression reading,
squirt a tablespoon of clean engine oil info the cylinder through the
injector hole and repeat the compression test. If the compression
rises after adding oil, it means that the cylinder’s piston rings and/or
cylinder bore are damaged or worn. If the pressure remains low, the
valves may not be seating properly {a valve job is nesded), or the
head gasket may be blown near that cylindger.

11. If compression in any two adjacent cylinders is low {with nor-
mat compression in the other cylindsrs), and if the addition of il
doesn't help raise compression, there is leakage past the head gasket.
Ol and cooiant in the combustion chamber, combined with blue or
constant white smoke from the tailpipe, are symptoms of this prob-
lem. However, don't be alarmed by the nermal white smoke emitted
frorn the tailpipe during engine warm-up during cold weather. There
may be evidence of water droplets on the enging oil dipstick and/or
oil droplets in the cooling system if a head gasket is blown.

12. When reinstalling the injector assemblies, install new wash-
ars and/or gaskets as appropriate,

Valve Adjustment

¥ See Flgures 102 thru 108

Fous-stroke diesei engines use valves to admit the fuet/air mix-
ture into the combustion chamber, to seal the combustion chamber
for compression, and to allow the spent exhaust gases to escape.
All of these functions ocour using the valve train {camshaft,
(ifters/shims and rocker arms and pushrods.)

In order for the valves to operate properly, they must be adjusted
to assure that the full benefit of the camshaft lobe [ift is realized, but
they also must be able to close fully once the Iohe of the camshatt
has gore by. Valves are adjusted by increasing or decreasing their
lash, which is the amount of free-play in the valve frain when the
valve is closed (meaning the camshaft lobe is not actuating the
pushrod or rocker arm}. Vaive lash therefore, is basically a gap that
exists between components when the valve is fully cfosed.

Since valves open and close with every turn of the crankshaft,
their movement becomes a blur at engine speeds, creating a pound-
ing on the entire valve frain. As the engine is operated, internal
components slowly wear, affecting distances between the corpo-
nents in the valve train. Valve lash will tend to change (increase or
tecrease) depending on the model. On some engines, the valve
seats and heads will wear sfowly, causing the valve to come further
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T

Fig. 102 The clearance betwesn the rocker arm and the valve tip
is known as valve lash

] P
Fig. 105 If the lash is not correct, loosen the focknut on the
adjuster. . .

(ITIPET
Fig. 103 To access the rocker arms for adjustment, the valve

cover must be ramoved

045725
Fig. 106 . . .and hold it stationary while turning the adjuster
with a screwdriver

LT

4 - . . s

’ Q4GT4ETE
Flg. 104 To properly adjust the valves for each cylinder, the
marks on the flywheel must be aligned o the view port on the
fransmission

peisr e
: @-";’

Q4712
Fig. 107 Here is an example of a gpecial valve tash adjuster
100f. A screwdriver and wrench are combined, making ihe jol
gasier
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Adjusting screw

[MATAGE
Fig. 108 Turm the adjusting screw on the rocker arm until the

feeler gauge slides with a sllght resistance

into the cylinder head {moving the stem closer to the shim or rocker
arm and decreasing valve lash). On other madels, the stem, shim or
other valve train componenis witl wear, causing the gap to increase.

Increased valve fash will not allow a valve to fuily open since
some of the camshaft lobe [ift will be wasted on taking up the
excess lash. Il an intake valve does not open sufficiently, the full air
charge will not make it into the cylinder and power will be lost dur-
ing combustion. If an exhaust valve does not fully open, some
exhaust gases will be left in the cylinder. Again, the result will be a
reduction in engine power,

Decreased valve lash will have a less noticeable effect on engine
power, but could have a more devastating effect on your engine. As
valve lash is decreased beyond specification, the valve train compo-
nents may be “too tight” and not allow the valve {o fully coms info
contact with the seat. This will prevent the valve from cooling
through heat transfer with the valve seat. The term “burnt valve”
which you have likely heard someone mention before means that a
valve was ruined by heat. A burnt valve will not properly seal the
combustion chamber, and can also break, dastroying your piston
and cylinder wall. As vaive lash decreases, the engine could lose
power if valves are held partially open by the valve train (not allow-
ing for proper compression).

Intake and exhaust valves usually have different specifications,
because of the differences in their sizes and jobs. The exhaust valve
is usually set a little fooser than the intake, because of the harsh
environment it lives in (superheated gases pass over it into the
exhaust systemn when it is open). Intake valves have it easy (for 2
valve} as they are in contact with the cylinder head when they are
exposed to combustion gases and temperaturas (when they are
open, relatively cool ar/fuel mixture passes over their surface).

To identify an exhaust or intake valve, look at its position in refa-
tion to the rest of the cyfinder head. In most cases, the infake valve
will be closest to and in alignment with the intake manifold, while
the exhaust valve is ciosest 10 and adjacent to the exhaust pipe.

QM SERIES ENGINES

¥ Sea Figures 102 thry 109
= The valve lash should he adjusted when the engine is eold.

1. Remove the rocker cover from the engine.
2. Turn the engine over by hand, and set the number one cylin-

TD mark

(b g1
Fig. 109 (M series engines have a mark on the front crankshaft
pulley for focating Top Dead Geater {TDG) for valve adjustment

der to Top Dead Center (TDG}. By aligning the mark on the crank-
shaft pulley with the mark on the engine. Both the infake and
exhaust valves for the number one cylinder should be in a resting
position {not depressed). The rocker arms should niot mave when
the enging is slightly turned back and farth from the TDC mark on
the frywheel. If the rocker arms move back and forth, and the fly-
wheel is on the correct mark, rotate the engine one full revelution of
the timing mask. This should be the compression stroke.

sk CAUTION

It is advisable to loasen the injector fuel lines befors attempt-
ing to turn the angine over by hand. It IS possible for the
angine to start when turning it by hand! When furning the
engineg, do so very slowly ta prevent accidental starfing of the
engine,

3. Insert a flat feeler gauge of the proper dimension between the
tappet and the rocker lever for the number 1 cylinder. The lash
should be 0.0058 in. {0.15mm) The gauge should slide between
these two parts with a slight pult.

4. If the gauge will not slide readily, or there is no resistance
when pulling it through, loosen the locknut on the rocker arm, and
use a screwdriver to rotate the adjusting screw, When a slight pull is
obtained, hold the adjusting screw in place with a screwdriver and
use a box or open end wrench to tighten the locknut. i the adjust-
ment has tightened up, change the seiting of the adjusting screw. If
a greal deal of effor! is required fo pull the gauge (adjustment tao
tight), burned vatves may result,

5. On two cylinder engines, adiust the valves on the nurmber 2
cylinder by rotating the crankshaft by 180 degrees. On three cylin-
der engines, rotate the crankshaft pulley by 120 degress. The num-
ber three cylinder can be adjusted by turning the number three
cylinder an addifional 120 degrees.

6. Once all of the valves are adjusted to the proper specification,
install the rocker arm cover,

GM/HM SERIES ENGINES

# Sea Figures 102 thru 108, 110 and 111
== The valve fash should he adjusted when the engine is cold.
1. Remove the rocker cover from the engine.
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be 0.0079 in. (0.2 mm). The gauge shouid slide between these two
parts with a slight pull.

5. If the gavoe wilt not slide readily, or there is no resisiance
when pulling it through, loosen the locknut on the rocker arm, and
use a screwdriver to rotate the adjusting screw. When a sfight pull is
obtained, hold the adjusting screw in place with a screwdriver and
use a hox or open end wrench fo tighten the locknut. If the adjust-
ment has tightened up, change the setting of the adjusting screw. If
a great deal of effort is required to pull the gauge {adjustment too
tight), burned valves may resuit.

6. Adjust the remaining valves on the engine by aligning the tim-
ing mark for 2ach of the remaining cylinders.

7. Once ail of the valves are adjusted to the proper specification,
install the starter, and the rocker arm cover.

Matching mark JH SERIES ENGINES
i R b
Fig. 150 Some GM/HM series engires are equipped with an . 112 and 113
opening in the flywheel housing an the for viewing of the timing » See Figures 102 thru 103, an
matks ~The valve lash should be adjusted with tha engine cold.

1. Rernove the rocker (valve) cover from the engine.

It is advisable to Ioosen the injector fuel lines before attempting
fo turn the engine over by hand. It IS possible for the englne to
start when turning it by hand! When turning the engine, do so
very slowly to prevent accidental starting of the engine.

2. Turn the engine over by hand, and sef the number 1 cylinder
to Top Dead Center (TDC) by aligning the mark on the flywheel with
the mark on the flywheel housing. Both the intake and exhaust
valves for the number one cylindsr should be in a resting position
(not depressed). The rocker arms should not mave when the engine
is slightly turned back and forth from the TDC mark on the flywheel.
It the rocker arms move back and forth, and the flywheel is on the
corract mark, rotate the engine one full revalution of the timing
mark. This will be the compression stroke.

3. Insert a flat feeler gauge of the proper dimension between the

Fig. 111 On GM serles engines, the starter can be removed to tappet and the rocker lever for the number 1 cylinder. The lash
view the timing marks if the marks on the transmission cannot should be 0.0079 in. (0.2mm). The gauge should slide between
be seen these two parts with a slight pull.

2. If necessary, remove the starter motor from the engine. This
will allow for viewing of the timing mark{s} on the flywheel. (Some
transmissions do not have a viewing port for the timing raarks on

the flywheel)
At GAUTION
It is advisable to loosen the injector fuel lines before atiempting E:-_
to turn the engine over by hand. It 1$ possible for the engine o ]
start when turning it by hand! When turning the engine, do so 3 ‘
very slowly te prevent accldental starting of 1he engine. :l’
Matching mark

3. Turn the engine aver by hand, and set the number one cylindsr
to Fop Dead Center (TDC}. Both the intake and exhaust valves should
be in a resting pasition {not depressed). The rocker arms should not
move when the engine is slightly turned back and forth from the TDG /
mark on the fywheel. If the rocker arms move back and forth, and the
fiywheel is on the correct mark, rotats the engine one fuil revolution
of the timing mark. This will be the compression stroke.

4. Insert a flat feeler gauge of the proper dimension between the
tappet and {he rocker lever for the No. 1 cylinder. The fash should

LAOTAGIE
Fig. 112 The timing marks on JH series engines are viewed
throngh an opening in the fiywbeel housing
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Fig. 113 On this JH engine, the TOC marks are aligned for cylin-
ders 1 and 4 {both cylinders are NOT on the comptession stroke,
though)

4, If the gauge will not slide readily, or there is no resistance
when pulling it through, loosen the locknut on the rocker arm, and
use a screwdriver to rotate the adjusting screw. When a slight pull is
oliained, hold the adjusting screw in place with a screwdriver and
use a box or apen end wiench 10 tighten the locknut. If the adjust-
ment has lightened up, change the setting of the adjusting screw. It
a great deal of effort is required to pull the gauge fadjustment toc
tight), burned valves may result.

5. Adjust the valves on the number 2 cylinder by rotating the
crankshatt clockwise until the TDC mark on the flywheel lings up
with the mark on the flywheel housing. After the number 2 cylinder
valves have been adjusted, proceed with the number 3 and 4 cylin-
ders, respectively. When aligning the timing mark, make sure the
TDC mark is aligned and nof the injection timing mark, which may
not allow for proper adjustment.

6. Once all of the valves are adjusted to the proper specification,
install the racker arm cover.

WINTER STORAGE

# See Figures 114, 115, 116 and 117

Taking extra time to store the boat properly at the end of each sea-
son will increase the chances of satisfactory service at the next sea-
son. Remember, storage is the greatest enemy of a marine engire. In
a perfect world the unit should be run on a monthly basis. The stesr-
ing and shifting mechanism shou!d also be worked through complete
cycles several times each month. But who lives in a perfect world!

For most of us, if 2 small amount of ime Is spant in winterizing
our beloved boats, the reward will be satisfactory performance,
increased longevity and greatly reduced maintenance expenses.

Winter Storage Checklist

Proper winterizing involves adequate protection of the unit from
physical darmage, rust, corrosion, and dirt. The following steps pro-
vide guide to winterizing your marine diesef at the end of a season.

1. Always keep a note or a checklist of just what maintenance
nesds to be done prior to starting the engine in the spring.

2. Replace the oil and oil filier. Normal combustion produces
corrosive acids that are absorbed by the oil, Leaving dirty oil in the
engine for an extended time allows these acids to attack and dam-
age bearing surfaces.

3. Change the engine oil and fiiter. Used oil contains harmiul
acids and contaminants that should not be allowed to go to work on
the engine all winter long. The transmission cil should also be
changed,

4. Replace the fug) filter elements—draining any water from the
filter bowis.

5. Keeping the fuel tank fufl over the winter will help cut down on
condensation. Using fuel additives whicht coniral bacterial growth or
prevent gelling in cold climates are alse popular with many boaters.

5. Bieed the fuel system of air.

7. Run the engine up to operating temperatura and then turm i
OFF.

8. With the fuel shut-off pulled, squirt some oil into the inlet
manifold and tun the engine over a few times without starting. This

SELSTH2

Fig. 114 Most sailboats are stored outside . . .

Fig. 115. . . howaver, some owners prefer indoor storaga
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HIR3D

SEL
Fig. 116 Taking extra lime to store the heat properly at the end
of each season will increase the chances of satisfactory service
at the next season

SELS'ikAz

Fif. 117 Storage cradles should be adjusted 1o fil the hull prop-
erly and nat allow the keel to rest on the ground

will spread the oil around the cylinders and prevent rust and corro-
sion from forming.
9. On raw water cooled engines, perform the following:
a. Flush the raw water circuit to remove corrosive salts by
connecting a freshwater supply to the raw water inlet hose.
b. Drain the raw water system taking special care to empty all
the low spots.

~Al this point the system can be filled with a non-toxlc antifreeze
or the as the check list suggests, the water pump can be disassem-
bled.

¢. Remove the raw water pumnp impailer. Grease the impsllers
lightly with petroleum jelly and replace.

d. Leave the pump cover screws 1oose to prevent the pump
impeller from sticking to the housing. This would damage the
impeller upon initial startup in the spring.

e. If the paper gasket is rubbed with grease or petroleum jelly
it will not stick to the cover or pump body next time the cover is
removed.

10. On fresh water cooled engines, perform the following:

a. Drain the engine coofant, epening all engine, heat-
exchanger, and oil-cooler drains. The antifreeze itself does not
wear out, but it has various additives fo fight corrosion that do.

b. Backflush the fresh water ¢ircuit to remove sediment.

¢. Replace the coolant with a clean, fresh, 50/50 mixture of
water and antifresze. Always mix the antifreeze and water mixture
prior to pouring it into the engine.

11. Loosen the exhaust manifolds and check for carbon build-up.

12. Inspect al! hoses for signs of softening, cracking or bulging,
especially those routinely exposed to high heat, Check hose clamps
for tightness and corresion.

13. On turbocharged engines, remove the inlet and exhaust duct-
ing from the turbo and inspect the compressor wheed and turbine for
excessive deposits or damage. Clean as necessary,

14. Fully charge the batteries. Disconnect all leads. Unattended, a
battery naturally discharges over a period of several weeks. The
electrolyte on a discharged battery can freeze at 20°F (—7°C}), s0
keep the batterles fully charged o, beiter stili, remove them o a
warmer storage area. Smatl automatic trickle chargers work well.

15. Treat battery and cable terminals with petroleum jelly, silicone
grease, or a heavy-duty corrosion inhibitor,

16. Protect external surfaces with a heavy-duty corrosion inhibitor.

17. Greasa all greaseable points on the drivetrain.

18 Ligntly coat the alternator and starter with a tight lubricant to
disperse the water. Loosen the alternator belt tension.

18. Cover the engine with a waterproof sheet in case there are
any leaks from above. Some boaters will take the time to seal all
openings to the engine (air inlet, breathers, exhaust), however this
traps moisture and may do more harm than good.

2. Place a checklist in a handy spot to remind you of just what
rmaintenance nesds to be done prior to starting the engine in the spring.

21. [f you visil the boat during the winter, additional protection
can be achieved using the starter to turn the engine over and cireu-
late oil to the bearings and cylinder walls. Remermber to pull out the
stop cable and keep turning until the low ofl pressure light extin-
guishes or pressure registers on the gauge.

=Special inhikiting oils are available that provide greater prolec-
tion. Uss these to replace the standard engine oil; run the engine
brisfly to coat all surtaces, and then drain the oil, Protection
remains good, provided the engine is not turned.

22. |ithe engine cannot be fully winterized, replace oif, coolant, and
all filters and run the engine up to operating temperatures monthly.

SPRING COMMISSIONING

Satisfactory performance and maximum enjoyment can be real-
ized If a liitle time is spent in commissioning your boat in the
spring. Assuming you have followed the steps we recommended to
winterize your vessel {in addition to any the manufacturer specifies)
and the unit has been property stored, a minimurm amount of work
shauld be required to prepare it for use.

After performing the spring commissioning and testing the boat
on the water, it is a good Idea to perform a full tune-up. Remernber,
you are relying on your engine 1o get you where you want to go
when the wind is not blowing. Treat it good now and it will treat you
good later.
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Spring Commissioning Checklist

# See Figures 118 and 119

The toltowing steps outline a logical sequence of fasks to be per-
formed before starting your engine for the first time in a new sea-
SOn.

1. Pick up the checklist you made to remind yourself of just
what maintenance needs to be done prior to starting the engine in
the spring. You did remember to write yourself a checklist . . .
right?

2. Remove the cover placed over the engine last winter. Unseal
any engine openings (alr inlet, breathers, sxhaust) previousty sealed.

3 Replace all 7incs,

4. 1f you took our advice, you removed the battery for the winter.
While it was in storage, you should have kept it fully charged. It
shouid be ready to go. So install the battery and connect the battery
cables. Treat battery and cable terminals with petroteum jelly, sili-
cone greass, or a heavy-duty corrasion inhibitor. Capacity test the
batteries.

h. Tighten alternator and ather belts.

6. On turbocharged engines, Connect the inlet and exhaust
ducting from the turbo if remaved. it may also be a good idea to
pre-0il the turbocharger prior to starting the engine.

7. As you did in the winter, inspect all hoses for signs of soften-

ing, cracking or bulging, especially those routinely exposed to high
heat. Check hose clamps for fightness and corrosion.

8. Ensure the exhaust manifolds are tight,

8. On fresh water cooled engines, check the condition of the
coalant mixture with a coolant tester and adjust the mixtura by
adding antifreeze or water,

10. On raw water cooled engines, install a new pump cover gas-
ket and tighten the pump cover screws.

1. Prime the cooling system.

12. Bleed the fuel system of air.

13, With ihe fuel shut-off pulled, crank the engine without start-
ing it untit oil pressure is established.

14, Start the engine and allow it to reach operating fempera-
fure.

15. Once running, check the oil pressure, the raw water discharge
and the engine for oil and water leaks.

16. Draining water from the filter bowls. If an excessive amount
of water is noted in the fuei system, you may want to consider a fuel
conditioner or replacing the old fuel with fresh fuel.

17. After testing the boat on the water, it is a good idea to change
the engine oil and filter. The transmission oif should also be
changed. This eliminates the adverse effects of moisturs in the oil.

18. Alter the boat has been in the water for a few days, check the
engine alignment.

Fiy. 118 Most marinas have the capacity to siore boats of all sizes

SELSTHIT
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e
HLETHAY

Fig. 119 Moving boals is easy at the marina. This boat is ready for a maiden voyage after spring commissioning
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Component Locations - 2QM15/2QM20

Decompression mechamnsm

/ Qit tilter
Intake siencer

Fuei injection valve

iy e S .
Cosi:ng water lerperalure senger © Tachameter sender {option)

Eyebol

Alternatgs

Cluteh dipstick

i} - - I--_.
. = _
D] P
Coaling water drain cock Contral jever
i _—
=) ﬁ______
Lubncating il litter Y E’
3
e ’ . ] i'ﬁi Output shaft coupling
Od pressure sender = N [
}"—'-—- o 5 -'f_g_ ; A @
i | \ [Tk | U3
Jell i A
| N T
s . .
Staner molos Cluteh
Fuel filter

Exnausl maniioid \
\ e SR | s
PN s YaS=

B v-min o]
!__

Litting rmedal fitting

Cooling water dran cock~

Mixing elnow .

Engine s1op device ’HFA'H
wilh rgling adjusier t‘@ﬁ
4

2.

i ;i Fuel injection limites
Cipslick i "":- ¥/ 4 tf
. 4 {,df

Cooling waler pumgp
Crankshaft V.pulisy

o
Fegulator handle /-’
/

Breather ppe i Fuei lead pump
Fugl infattion pump
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Component Locations—3QM30H

Decomaression mechanism
+

Fuel mjettion valve
_-intake manifeld

Lifting rneta! fithing

intake silencer

Lubsicating @it Filter ~

K
Qil pressure sender’

Starter motor

Exhaust manilold

Fuel fitter

Breather pipe

Coaling waler drain cock )
. . Starting shali

Mixing elbow

IR .- Fuel imjection purmng

Cooling waler pump

T Crankshaft V.pulley

Biea:ner pipe

Regutator handle Fuel fged pump

Engine slop device Fuel injection Lirmutar
with (dhing adjuster tatranag
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Component Locations—3QM30Y

Intake silencer
Lilting metal fitling /

]

. Decompressicr mechanism
Ceciing water (emperalure sender !

. Fuel injection valve

AnUCarmsion g —.

Altwnator - /A%
1 =
G2
Cooling water drain cock — Y

Lubricating oil fitter -”

Qil pressure sender

Starter motor

Fuel filter

Exhaust manifold /
4 .. Beat exchanger

/ Stating hangle

_— Cooling walar pump
(frash watar)

-~ Fuet injection limitar

Igthing ahiuster

Regutator handle Fuel injzction pump D974
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Component Locations—1GM

Fuel injection valve
P

Starter mator -7

Shift iever

Alternator
/

Fuel oil filter .. T

Mixing glbow

Dipstick )
Fuet infection pump

é&\ Qil filler cap
L 1dle adjuster
I|

Ltarting shalt
Crankshall ¥-pultey

h""‘--\.
i T Luricating ol filter
Regulator hancle !
N Oii pressure sender
Engine slop lever Q4873650
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Component Locations—2GM

) Fue! injecti
Decompression lever & Injection vatve

Alternatos

Starter moter

Shift lever

Qil Kller cap

Fuel oil filter

Mixing albaw

-~ Fuel injectign pump

Starcing shaft

- Crankshaft V-pulley

Fuel feed pump ;

7¢ 50 ™~ Engine 100 laver
Dipstick ; s
Regulator handle

i ' Coaling water puma
Idle adjuster Da873381
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Component Locations—3HM

Fuel inpection vaive
Oecompression lever
I3

Intake sidencer

- Anticarrosion zing

Aiternator . i Tachometer sender

_.-Clytch dipstick

—-Clutch

- - Qutput shalt coupling

Slarter motor

Exhaust manilold Qil filler cap

Shift tevar. . ' Fuel injectian pump

|dle adjuster

Fue! injection limiter

—Engine 210D lever

" Crankshaft V-pullay

Frrel oil fitter

iostick

] Cooling water pump
Reguiator handle 4975052
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Component Locations—3GM

Fuel imection valve

Decompression lever
™

Alternator

Starter motor

Exhaus1 manilQid
Ot lilter cap

Shilt fever._ Fuel injection pump
Idie adjuster

Fuyel injegtion limiter

-Stariing shatt

™ Crankshaft V.pulley

Fuel! feed pump ;
: ;
Dipstick

i i
Regulator handle -.
Engine stop lever ',

Fuel o fitter B
Cooling water pump

IG5
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Component Locations—4JHE and 4JH2E

Intake manifold Dipstick Governor
Breather pipe = —y7 = Fust filter
s T ojo © © -
s =”| . nn g L—Fresh water purnp
intake silencer ] = & <
F faaan | h
F A } W) ' A3
) . 2 |
. ! [ - Fuel injection pump
Mixing elbow \\ : - Sl S ST s
LD mH :
- v i = N —— - .
=N, A [ \/ i ! ¢ o H ] __b\ il filler eap
" e % A}
> 4 ) ¥ uf’) ,’f’,iqlw 4~ Regulator leves
‘ 3 = : -___.‘r" & I
Shift lever 1 \
=5 a3 ) .l" = p
= a2 (Rl
AU ] e ) Py O | N =277 Fuef feed pump
i e e e ) oA
AL AL T o .
ot gl

- : ‘ jooic
J s ] JRWAW, J
Fresh water drain cock Ol ier
Oil pressure sencet
Filler c2p (fresh water} Heat exchanger Exhaust manifold
g e Vol Fresh water drain cock
i~
VAR f i, ﬁ
= 5 5 h ‘ “ Mibing sibow

Sea water drain cock

. ‘T‘m‘g“& -

LL ! |l S | iy !:{f..
L‘ hLLU} 7
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Component Locations—4JHTE and 4JH2TE

Intake manifokl Dipstick Governor

Frash water purmp

Fuel injectlon pump

VAN MATE,

\
e — ettt

49T
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Component Locations—-4JHHTE, 4JHDTE, 4JH2HTE, 4JH2DTE, and 4JH2UTE

Heat exchanger

{frash water cocler)
Pressure cap

(water jeedt port} Air cooler

Mixing etbow

Cooling water pump
{fresh water)

Alternator

Cooling water pump Siarting motor Exhaust manifold water

drain phuy
seawaler .
: ] Exhaust manifold

Lube oil filler port

Fuel injection valve
Air intake silencer ' Qil dipstick

Air intake manifold

Fuel cil injection pump

Turbocharger Fuel oil filter

Luba oil filler part

Regulator iever

Marine gear lube oi!
dipstick

Cluteh shift lever

Clutch oil cooier Lube oil cooler Lube oil filter  Fuel feed pump

T ESE
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4-2 FUEL SYSTEM

FUEL SYSTEM

# See Figures 1 and 2

The output of a diesef engine is conlrolled by regulating the
amount of fuel injected into the cylinders. In maring use, you nor-
matly want the engine to run at a specific speed, regardless of the
toad placed on it. This cannot be done by simply placing the thrattle
at a certain point because every time the load increases or
decreases, the engine sfows down or speeds up. Constant runningis
achieved by connecting the fuel control lever on the injector pump
to a governor.

The injector pump is the heart of the fuel system. This complex
compaonent receives low-pressure fuel from the lift pump, senses
the enging's fuet reguirement, and then, at exactly the right moment,
pumps the correct amount of fuel ta the injectors at very high pres-
sure, Both in-line and distributor-type pumps are common on small
diesels. injector pumps will provide years of reliablg service if sup-
plied with ciean fuel. They are factory set and, for the most part,
require no maintenance. A few models have their own oil sump and
require regular oil changes. Failures are rare, and mest problems
are due to the presence of air.

Fuel timing determines when gach injector receives its shot of
fuet from the injestor pump. It is set by the mesh of the timing gears
and the position in which the injector pump is mounted on the
engine.

Timing varies with engine design and number of cylinders. Typi-
cally, a four-cylinder diesel will have a sefting of 10-15 inches
before top dead center (TDG).Timing is factory set and should not
need adjustment unless the timing gears are disassembled or the
injector pump disturbed. Rarely, the injector pump or timing-gear
adjustment may work loose and affect the timing.

Governors are rpm-sensitive mechanisms that balance cen-
trifuged flyweights against spring presstire to control the injector
pump setting and maintain rprm under changing feads.

Governgrs, whether part of the enging or injector pump,
require ng maintenance. They may have external adjustments for
maximum-rpm, acceleration, and idle-rpm settings, but only the
idle-rpm setting can be altered. Maximum rprm and acceleration
screws are factory sel, and usually sedled; do not attempt to
adjust them.

Fuel injecticn pipe

Fuel fesd purnp )

Fly. 1 Example of the components of a diasel fusl system (4JH serles engine shown)

Hole type fuel injection nozzle
{direct infection type enginesh

Fuel fifter

Applicable
engine rmodet
1. D omark

Automatic advancing tirmar gear

(574G
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CITAPE
Fig. 2 Some engines, Ifke this JH sarfes, use a cold start
enrichment

GENERAL INFORMATION

¥ See Figure 3

Diesel fuel is obtained from crude oil, which is a mixture of
hydrocarbons, which are compounds consisting of Hydrogen and
Carbon. These compoLnds are Benzine, Pentane, Hexane, Heptane,
Toluene, Propane and Butane.

The compounds which form crude oil vaporize at different tem-
peratures, That is, they have different boiling points. To separate the
hydrocarbons, the crude oil is heated and the different hydrocarbons
are given off as vapor, The hydrocarbon With the lowest boiling
point is given off first.

When this separation is complete, the temperature is again used
to chtain the hydrocarhon with the next highest boiling point and so
on until all the commercial gasoling, kerosene, diesel fuel, domestic
heating oil, industiial fuel oll, lubricating oil, paraffin, etc. are
obtained, leaving coke and asphalt. This process of distiling diesel

Fig. 3 Always obtain your fuel from a reputahle fuel dogk

FUEL SYSTEM  4-3

h

fuet from crude ol is a highly complicated process invalving preci-
sion controi of both temperatures and pressures.

As crude oil is refined, approximately 44 percent is gasoline, 36
percent is fuel oil and the balance is kerosene, fubricants, ete. The
characteristic properties of diesel fuel include, heat valug, specific
gravity, flash pomnt, pour point, viscosity, volatility ignition quality,
carbon residue, sulfur content, oxidation and water.

HEAT VALUE

The heat vafue of a fuel is of primary importance as it is an indi-
cation of how much power the fuel will provide when burned. The
heat value of fuel oil can be determined by burning the oil in a spe-
cial device known as a calorimeter. With such equipment a mea-
sured quantity of fuel burned and the amount of heat is carefully
measured in British Thermal Units (BTU) per pound of fuel.

= BTU Is the amouat of heat required 1o raise the lempsrature of
one pound of waler one degree Fahrepheil.

The energy cantent of diesel fuel is about 10 percent higher than
that of gasoline on a volume basis, allowing it to deliver more work
per gatlon than an equivalent volume of gasoline. A gatlon of diesel
Contains some 141,000 BTU'S, a galion of premium gasoline con-
fains 125,000,

The digsel engine vastly multiplies his initial advantage by the
way it operates and uses far tess fuel to achieve performance equal
to or better than that of the gasoline engine, It does this because it
uses a much higher compression ratio.

SPECIFIC GRAVITY

Specific gravity of a liquid, such as diesel fuel, is the ratio of the
density of the fuel to the density of water. Specific gravity may be
measured by using a hydrometer. Specific gravity of a fuel affects the
Spray penetraiion as the fusl is injected info the combustion chamber,
It is also, to a degree, a measure of the heat content of the fusl, Fuel
with a low American Petrofeum Institute (AP} specific gravity usually
hias greater heat value per gallon than fuel with a higher rating.

FLASH POINT

The flash point of a fuel is the temperature at which it must be
heated until sufficient flammable vapor is driven off to ignite when
brought into contact with a flame or heat. Fire paint is the higher
temperature at which the oil vapors will continue to burn after being
ignited. The fire point is usually 50-70°F higher than the fiash point.

Flash point is also an indicatfon of fire hazard, The lower the
flash point, the greater the fire hazard. The flash peint of diesel fuel
s T00°F for type 1-D fuel, 120°F for type 2-D fuel and 130°F for
type 4-D fuel. In some states there are laws specifying the flagh
point of diesel fuels which may be used.

Flash point is only an index of combustion temperature and tells
nothing about diesel fuel ignition quality within the engine.

CLOUD PQINT & POUR POINT

The cloud point of ciesel fuel is the temperature at which the
components of the fuel becorne insoluble, cannot be dissolved and
wax crystals begin to form,

Pour point is the temperature at which enowgh of the fug)
becomes ingoluble and prevents flow under specified conditions.
High pour point implies that in cold weather the fuet ofl will flow
easily through the filters and fuel system of the engine.

© BENCHMANUK PDF MANUALS 2006



4-4 FUEL SYSTEM

VISCOSITY

Viscosity is the propesty of a fluid that resists the force which
causes the fluid to flow. Viscosity is measured by observing the
time required for a certain volume of the fluid to flow, under stated
conditions, through a short fube of smalt bore. The flow is mea-
sured by using a device called a viscometer, The viscosity of the
fuel oil is measured al 77°F and 122°F

Viscosity of diesel fugl affects the pattern of spray in the combus-
tion chambers. Low viscosity produces a fine mist, while high vis-
cosity tends 1o result in coarse atomization.

VOLATILITY

Volatility of a liquid is its ability to change into a vapor. The volatit-
ity of a liquid fuel is indicated by the air-vapor ratio that can be
formed at a specific temperature. In the case of diesel fuels, volatility
is indicated by a 90 percent distillation temperaturs(a specific temper-
ature at which 90 percent of the fuel is distilled off}. As volatility is
decreased, carbon deposits and in Some engines, wear is increased.
Some engines will produce smoke as volatility is dacreased.

CETANE RATING

The tgnition quality of diesel fuel, which is the ease with which
the fuel will ignite and the manner in which it burns, is expressed in
Cetane numbers. A Cetang number rating is obtained by comparing
the fuel with Cetang. Cetane is a colorless liguid hydrocarbon which
has exceilent ignition qualities and is rated at 103, The higher the
GCelane number, the shorter the fag betwesn the instant the fuel
enters the combustion chamber and the instant it begins to burn. By
comparing the performance of a diesel fuel of unknown quality with
Cetane, a Cetane rating may be obtained.

=The Getane rating has a slmilar relationshlp to diesel fusl as the
Orctane rating has to gasoline. The higher the Cetane rating, the
faster the fuet burns. 55 is the highest rating normally given to
diesel fuel.

CARBON RESIDUE

The carbon residue of a diesel fuel, which is soot left over after
combustion, is an indication of the amount of combustion chamber
deposits that will be formed when the fuel is bumed in the engine.
This can be measured in the laboratory by heating a sampte of the
fuel in a closed container in the absence of air. The carbon residue
will remain in the container. The amount of carbon residue which is
considered permissible in diesel fuel oil depends somewhat on
characteristics of the engine. This is more criticaf in small high
speed engines than in largs, low speed industrial engines. Standard
requirements altow a maximum of 0.01% ash content.

=The Environmental Protection Agency (EPA) limits the amount of
soolfash partlculates a diesel engine may produce for reasons of air
quality.

SULFUR CONTENT

The presence of sulfur in digset fuel in excessive quantities is
objectionabie, a3 it increases pistan ring and cylinder wear. [n addi-
tion, it causas the formation of vamish on the piston skirts, and oil
sludge in the engine crankcase. YWhen fuel containing sulfur is
burned in an engine, the sulfur combines with water, which results

from the fuel combustion, to form corrosive acids. These acids fend
to etoh finished surfaces, add to the deterioration of engine oil and
the production of sludge. Standard reguirements for Ne. 1 and No.
7 diesel fuel allow a maximum of 0.5% sulfur content by weight,
although better grades typically contain less then 0.16%.

=Fuels which have a high sulfur contant often contain considerable
quantities of varisns nitrogen campounds. There is evidence that

ke high wear rate of engine parts is pariially caused by the nitro-
gen compounds.

DIESEL FUEL GRADES

By the American Society of Testing Materials standards there are
three classifications of diese! fuels avaiiable commercially. They are
technically designated Grade I-D, Grade 2-D and Grade 4-D, but are
more commeanly referred to as simply No. 1, No. 2 or No; 4 diesel
fuel. There was a Grade 3-D, but it is no longer produced.

Grade |-D is the most refined and volaiile diesel fuel available,
the premium quality and is used in high rpm engines requiring fre-
quent changes in load and speed. Grade I-D diesel fuel has a lower
cloud and gel point than 2-D that has been “winterized™ with anti-
gel additives, making it suitable for use year-round at temperatures
below 20°F. Although rated as the best all-around diesel fuel, Grade
[-D will detiver slightly lower fuel economy than 2-D and is not
always available where ambient temperaturgs exceed 20°F,

Grade 2-0 or No, 2 diesel fuel is the most widely used. Itis a low
volatility fuel suitable for use without additives or winterizing at tem-
peratures above 20°F and delivers the best fizel economy of all the
diesel grades. To expand Grade 2-D's effective use range to lower
temperatures (typically to 0°F), fuel makers “winterize” 2-D with vari-
ous fuel additives and blends to lower both its cloud and pour points.

Grade 4-D is a fuel oil for low and medium speed engines. It is
the least refined and contains the highest levels of ash and sulfur,
making it unsuitabte for marine use.

As engine speed increases, cleanliness and viscosity become more
critical to proper diesel engine operation. In addition to the grades of
diesel fuel mentioned, there are also special fuels for railread focomo-
tives, buses and military uses. Chemical, physical and engine tests
may be used to determing the quality of diesel fuel, which must pass
tough fuel standard tests to receive a I-D or 2-0 rating.

ADDITIVES

As diess! fuel flows from the pump, it is not always the same. As
wa have learned, diesel fuel is a mixture of over 200 compounds
which make up unrefined crude oil.

Since October of 1993, diesel fuel refining included a process
called hydro-treating. This change was implemented to reduge the
sullur and aromatic content of diesel fuel. On the positive side, the
new low sulfur diesel fuels are less polluting and slightly more sta-
ble than previous diesel fuel. Conversgly, the new low sulfur diesel
has less lubricating qualities, contains more water, and has a higher
paraffin wax content, These changes necessitate the use of fuel
additives to insure top diesel engine performance. The reduced
jubricity can be offset by using lubricity improvers.

Water in diesal fuel is a bigger prablem than ever before. The
water can be in several forms, free water or heavy waler found usu-
ally in the bottom of tanks, emulsified water which can give the fuel
a cloudy appearance, and simple dissolved water. In addition to
high water content, at the pump, additional water is formed year
round by condensation,
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Each time a diesel engine operates, regardless of the time of year,
condansation is formed. When this water reaches the diesel fuel
injection system, the effect can be ruinous. The injectors depend on
the diesel fuel for lubrication. Water further reduces lubricity while
washing away the thin oil film coating the injector’'s micro-machined
surfaces, causing enlargement of the spray holes, eroding of the
injector tips, and destruction of the spray pattern. In a precision part
like a tuel injeetor pump, this damage can be enormously expen-
sive. To offset the presence of water in diesel fusl, a water disper-
sant chemical shoutd be used.

In cold weather, reqular dissel fuel thickens or gels to a point that
it will no longer flow. This is called the pour point temperature.
Prior to reaching this temperature, the diesel fuel starts to cloud up.
This temperatuse is called the cloud point, Between the ¢loud point
temperature, and the pour point temperature is the Cold Filter Plug
Paint (CFPP), or the temperature at which s fusl wil not fiow
through the standard diesel fuel filter.

In the past, diesel engine owners have used kerosene or No. |
Diesel to thin No. 2 fuel when it had gelled. With the availability of
anti-gel additives on the markat, this practice has al} but disappsared.

Fuel filter plugging in cold weather is a major operating problem
and the major cause for shut-down. Most diesel engine manufactur-
ers have a 20 micron (as a point of reference, a hurnan hair is about
70 micron in diameter} filter on the suction side of the [ift pump.
Most engines utilize a primary and secondary filter arrangement, The
primary is usually a 20 micron filter, the secondary a 5 or 10 micron,

In order to prevent filters from plugging with ice crystals, and to
prevent the filter media from swelling with water, or a combination
of swelling then plugging with wax particies, an anti-gel product
should be used.

These products also have water dispersants to guard against
water related winter problems.

The best time to treat your fuet is prior to filling up your fuel tank.
This insures excellent mixing of the anti-gel additive. If the fue! is
already too cold, the anti-gel compound will not be as effective.

If your fuel system is already gelled up dug to either wax, water
or both, you can treat the system with a de-gelling compound.

Fuel Tank

Fuel tanks are one of the most overlooked compaonents of a
diesel fuel system. Since a fuei tank has virtually no moving parts, it
would appear to be a maintenance-free item. But the accumulation
of sediment and debris from constart refueling can build up guickly,
causing fuel delivery problems. Regular draining and inspection will
keep any fuel delivery problems from forming, and ensure the deliv-
ery of fresh, clean fusl to the engine.

INSPECTION

The fuel tank should be drained periodically to remove any water
and debris present in the tank. This is a general guideline and
actual inspacting and draining the fuel tank depends on how well
fued is filiered before it enters the tank, the age of the fuel tank, and
the materfal from which the tank is constructed. Atthough your ves-
sel most likely has two or more fuel filters to prevent water and
debris from entering the engine, frequent draining and inspection of
the fuel tank wil) help keep the fuel as clean as possible, praventing
premature clogging of the filters.

Also, if your vessel has a deck mounted filler eap, it shouid alse
be inspected regularly. Faulty filler caps can allow waler to enter the
tank.

DRAINING

1. Place an appropriate sized container under the drain cock, and
drain the fuel until the tank is empty. Look for signs of sediment or
water in the drained fuel. These can be gasily viewad if the fue! is
set aside to allow the water and sediment to separate.

=Try to plan ahead when draiming the fugl tank; wail uniil the tank
is near empty to make fuel ank draining quick and easy.

2. Leaving the drain cack apen, pour a smal! amount {a gallon or
two) of fuel into the tank and allow it to drain; this will help flush
out any remaining contaminates.

3. If the fuel tank has an inspection cover, remove it and check
for signs of rust, sediment, and water.

=~ Beiween inspeclions, keep the fuel fevel as high as possible to
prevent cendensation {water) from forming inside the fuel tank.
Water in the fuel tank will ¢ause problems with englne operation,
and in same cases, lungus and algae growih.

Fuel Filtration

» See Figure 4

Fugl filters are installed between the fuel tank and feed pump and
between the feed pump and injection pump. These filters serve 10
remove dirt and other impunities from the fuel tank.

Regular replacement of the fuel filter will decrease the risk of
blacking the flow of fuel to the engine, which could leave you
stranded on the water. Fuei filters are usually inexpensive, and
replacement is a simple task.

For information regarding fugl filter servicing, refer 1o section 3.

SILSTHER

Flg. 4 The fliter is installed between the fead pump and the
injection pumyp, and serves to ramove dirt and other impurities
from the foel

Lift Pump

The fuel lift pump (also known as a transfer pump, or (ift pump)
i3 used to supply the injector pump with a steady supply of fuel ata
low pressure {around 2.5 psi}. A reciprocating diaphragm within the
pump sucks fuel from the fuel tank with flow controlled 9y two
small internal one way vaives.

The lift pump, whick is mourted to the engine block, is
mechanicaliy driven from a cam lobe on the engine camshaft. On
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the 4JH engines, the lilt pump is mounted directly to the injestor
pump.

CHECKING

# See Figures 5 and 6

1. Disconnact the fuel outlet pipe from the Nift pump.

2. Using the starter, crank the angine over; fuel should flow from
the pump in strong bursts.

3. [fthe pump flow seems weak, check for blockage of the fuel
supply.
=(n some engines, it may be necessary 1o mark the fuel lines

before they are removed from the pump. If the fines are reversed,
the liit pump will not supply fue! to the injector pamp.

4. I the fuel supply to the pump is normal, rermove both the inlet
and outlet lines, and operate the pump priming lever while holding
a finger over ong of the conneclions. Suction and prassure shoula
be felt from both connections, as well as the pump making a ioud
sucking noise.

HTHFTY

Fig. 5 Removing the hanjo fitlings from the pump wH allow you
to check the pump for proper operation

5. The lift pump can also be tested by removing the entire pump,
submersing it in kerosene, and operating the cam lever {or pump
piston) with one hand while placing a finger over the outlet port
{ustally marked with an arrow). It bubbles emit from the pump with
the outlet port plugged, there is a leak, and the pump is faulty and
shouid be replaced.

6. If the pump is functioning properly, install the pump.

7. Loosen the air bleed screw on the secondary (between the lift
purmp and injector pump} fuel filter

= ARy time the fuel lines are discannected, air must be bled from
the fuel system.

8. Operate the priming lever on the lift pump until fuel runs out
of the air blead screw opening, then tighten the screw.

REMOVAL & INSTALLATION

QM And GM/HM Series Engines
¥ See Figures 7, 8, 9, 10 and 11

1. Turn the fuel tank petcock to the OFF position.

2. Place a small receptacle under the litt purnp to contain any
excess fuel,

3. Remove the fittings that attach to Ihe sides of the iift pump.

=0n some engines, it may be secessary to mark the fuel Jings
before they are temoved from the pump. It the lines are reversed,
the lift pump will not supply fuel to the injector pump.

4, Remove the two bolts that attach the It pump to the engine
block.
5. Draw the lift pump from the engine block.
To install:
6. Carefully scrape any gasket residue from the maling surfaces
of the 1ift pump and enging block.
7. Lightly grease the arm on the tift pump that rides on the
eccentric cam.
8. Using a new gasket, install the lift pump to the engine block.
9. Using new copper washars, insfall the fuel ling fittings to the
lift pump.
10. Orice the lings are attached, turn the fusl petcock to the ON
Eosition.

AT

Fig. 6 Submersing the pump and operating It by hand is an

acturate method of checking the pump for leaks

044974302

Fig. 7 Exploded view of 2 1GM lift pump
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[ REEE]

Fig. & Expleded view of a 2GM and 3GM/HM Iift pump {nete the

reverse fuel flow)

MEFAPRY

Fig. 11 Before installing the pump, clean the gasket mating sur-
face on the engine block to ensure the new gasket seals properly

)
Fig. 9 On GM series engines, the lill pump Is attached to the
engine block by two balts

11. Loosen ihe air bleed screw on the secondary (between ihe liit
pump and injector purmp) fugl filter.

12. Operate the priming lever on the lift pump until fuel runs out
ot the afr bleed screw opening, then tighten the screw. If necessary,
refer to the Fuel System Bleeding section for more information.

JH Ssries Engines
¥ See Figure 12

1. Turn the fuel tank peteock to the OFF position,

2. Place a small receptacle under the ift purp to contain any
pxcess fuel,

3. Remove the fuel line fittings attached to the lift pump. Be
careful not to lose the copper washers.

~Be sure to mark the fuel lines hefore they are removed from the
purnp. it the lines are reversed, the lift pump will not supply fuel to
the injecior pump.

4, Remove the two bofts that attach the lift pump to the engine
block.
5. Draw the it pump from the engine bloek.

is eagily removed from the engine

’ [
Fig. 10 Once the lines and the two bolts are removed, the pump

Fusel leed pumg

[IEREE 1))
Fig. 12 On JH engines, the fuel lift pump mounts to the injecior

pump
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1. Fued pump unit 16, *Gil seal 31, Stop scrow
2 Delivery valve retainer siop 17. Adjusting paciing {shim) J2 Aux. spring

3. Celivery valve retainer 18, Tappet stopper 33, Control mck sigpper
4. Dedivery vaive stopper 19, Tappet assembly 34, Punger barrel stopper
E. Delivery vaive spring 20. Pin 45, Deflector

6. Delivery valve assembly 21, Roller guide 36, Pump side cover

7. Dafivery vaive 22 Roller iouter) 37. Pump boltom cover
8. Detvery valve seat 23, Roler (inner)

4. Plunger assembly 24, Adjusting shim
10. Plynger bagre! 25, Adjusting boit
11. Plunger 26. Plunger spring fast 8
12, Fuel purmp camshaft 27. Plurger spring
13 Bearing 28, Plunger spring rest A
14. Bearing 29, Control sleeve {reduction ring)
15. Bearing nolger 30, Contrdl pinion B

e FGAT

Flg. 13 Diesel injectar pumps are made of highly precision parts, and should only be serviced by qualified technicians
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To Instali;
6. Carefulty scrape any gasket residue from the mating surfaces
of the lift pump and injector pump.
7. Lightly grease the end of the Iift pump piston where it rides
on the cam.
8. Using a new gasket, install the [ift pump to the injector pump.
9. Install the fuel lines to the lift pump in the proper direction.
10. Onca the lings are attached, turn the fuel petcock fo the ON
position.
11 Loosen the air bleed screw on the secondary (between the ift
pump and injector pump) fuel filter.
12. Operate the priming lever on the [ift pump until fuel runs oul
of the air bleed screw opening, then tighten the screw.

Injector Pump :

b See Figure 13

The fuel injector pump is a highly precise, complex mechanical
assembly that supplies the fuel injectors with the proper amount of
pressurized fuel to be sprayad in the cylinders at the proper time.

On all engines, Yanmar stresses the importance of refraining
from making adjustments to the injector purmp. Many of the adjust-
ment screws are sealed in place with lead-bound wire. These seals
and other means of securing adjustments are placed on the injector
pump at the factory, where the injector pump was properly adjusted
on & testing machine. The adjustments on the injector purnp and
governer mechanism are set by the factory for optimum perfor-
mance, and should not be changed.

4ok WARNING

Do NOT attempt to disassemble the injector pump. The internai
somponents of the pump are EXTREMELY close-fitting, precision
parts, and can fail quickly if eontaminated with ditt 2nd dust.
injector pumps should be serviced only by a professional diesel
service facility equipped with the proper tools and equipment,

Due te the cormplex mechanical nature of the injector pump, no
procedures for compleie disassembly are given, Although a proce-
dure for adjusting the injector pump timing is given, it is recom-
mended that only & qualified diesal engine mechanic with proper
testing equipment perform any kind of adjustments or repairs to the
injector pump. Foolish tampering with the injector pump can cause
serious problems with engine operation.

TESTING

» See Figures 14 and 15

Testing the injector pump for proper operation requires special
equipment, and should be performed by an experienced diesel
mechanic. If it has been determined that the injector pump is not
functioning properly, the pump can be removed for testing at a qual-
ified facility.

However, it is advisable that a qualified diesel mechanic verify
that the injector pump is faulty before removal, since removal can
be a lengthy task on some engines. Keep in mind that even if the
Injsctor pump is removed, taken 10 a shop and repaired, instaila-
tion of the injector pump may require partial disassembly of the
pump and other special tools to make timing adjustments. Unless
you fuily understand the operation of a diesel fuel injection system,
and have the special toofs and equipment, removal is ot racom-
mended.

FUEL SYSTEM  4-9

A

e
Fig. 14 Diesel injactor pmps must be tested and calibrated on
special equipment tor proper operation

o TIFT
Fig. 15 The Injector pump is filted to a bragket on the caiibra-

tion machine, and oparated to simulate engine conditions

CHECKING & ADJUSTING TIMING

QM Series Engines
» See Figures 16, 17, 18, 19 and 20

iz CAUTION

Observe all applicable safety precautions when working around
fuel. Whenever servicing the fual system, always work in a
well ventilated area. Do not allow fusl spray or vapors 1o come
in contact with a spark or open flame. Keep a dry chemical fire
extinguisher near the work area. Always keep fuel fn a con-
tainer specifically designed for fuel storage; also, always prop-
erly seal fuel containers to avoid the possthility of fire or
explosion.

1. Inslall a measuring pipe on each of the pump outputs for
viewing of the fuel,

2. Bleed the air from the injector pump.

3. Setthe contro! rack to the middle pasition. Puli the fever
when setting the accelerator lever,
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Plunger guide stopper pin ——--

Plunger guids sTOpper —--- -—-

-
Fuel conlrol rack —gg

Lo L
Fuelcontrol pinion 0Ck scraw
-

Fuel control pinion (B) -

-
Pinign sleeve -~

N,
D@ (RO

2

<

Fig. 16 Exploded view of a 20M serias injector pump

/ [ Fuelcontrol pinian A}
L

Lg@ i Plunger guide ralier pin

Delivery vaive spring holder

0.ring

Delivery valve spring

g
é_
-
7

Delivery valve packing

Delivery valve holder

Flunger barrel

Plunger barre! packing

Body

Flunger spring retainer

&

— Plunger spring

——- Plunger

@——— Plunger spring lower relainer

(&)——— Piunger position shim

A ——— Plunger guice

iy
& TP

" Plunger guide ralier (mner}

- Plunger guide roller foulen)

ST

4. Slowly turn the crankshaft by hand, and look for fuel in the
measuring pipe of the number 1 cylinder, Stop tuming the crank-
shaft the instant that fuel appears in the pipe.

5. Note the fuel injector timing mark on the crankshaft.

B. Ifthe timing is incorrect, add {ar subtract) shims from
between the injector pump hody and the enging blogk.

7. Once the timing is correct for the number 1 cylinder,
repeat the process of tuming the crankshaft by hand {in the proper
direction) and noting the timing of the remaining cylinders,

8. If the injector timing of the remaining cylinders is not correct,
note the deviation from specification {gstimate in degrees) of each

of the cylinders on the crankshaft. Plunger shims will have to be
addsd {or subtracted} to the individual pumps to make the timing
equal between all cylinders, which requires partial disassembly of
the injector pump.

When disassembling the injactor pump, EXTREME cleaniiness is
essential. Bafare disassembling the pump for shim adjustment,
thoroughly clean the pump, the work surface, all tools, and your
hantds. The injector pump components are very precise, and
sensitive to contamination.
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Fuel inject
adjusting mark —}]

OAE7AG:E

Fig. 17 Injectar pump timing mark location on the erankshaft
pulley—QM seriss engines

Odat sl

Fig. 19 Using needlenose pliers to remove the plunger guide
stopper pin

Fuel injection
timing shim

{4aB1z

Fig. 18 In addition to the adjustment shims in the plunger
guides, shims are aiso used between the injector pump and the

Fip. 20 Once the stopper gin is ramoved, the plunges guides can
be removed to access the shims

engine block

9. Mark the individual cytinders on the injector pump that are
out of adjustment,

10. Remove the injector pump from the engine.

11, Starting with the number 2 cylinder, remove the plunger
guide stopper pin by pushing in on the plunger guide, and remov-
ing the stopper with needlenose pliers.

12. Shims can be added (or subtracted) as necessary to cor-
rect the pump timing. Generally, each shim will change the tim-
ing by approximately 1 degree on the crankshaft, Adding shims
will advance the injector timing, and removing them will retard
fiming.

13. Once the shims are installed and the pump is reassembled,
install the injector pump to the engine and repeat the first 5 steps of
this procedure to recheck the timing. If too many (or too few) shims
were added to the pfungers of the pump, the entire process will
have to be repeated.

GM/HM Series Engines
# See Figures 21 thru 28

s CAUTIOQN

Observe all applicable safety precantions when working
around fuel, Whenever servicing the fuel system, always work
in a well ventliated area. Do not ailow fuel spray or vapors to
coms in contact with a spark or open flame. Keep a dry chemi-
cal fire extinguisher near the work area. Always keep fuel in a
container specifically designed for fuel storage; also, always
properly seal fuel containars to avoid the possibility of fire or
explosion,

1. Install 2 measuring pips on each of the pump cutputs for
viewing of the fuel.

2. Bleed the air from the injector pump.

3. Set the control rack to the middie position. Pull the lever
when setting the accelerator lever,

4. If necessary, remove the starter to view the timing marks on
the flywheel.
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Dehvery valve spring holder —e—e-—

Qering— - -

Delivery valve spring

Dahivery vaive—;ﬁ

Delivery valve packing——(E3)

Delivery valve holder

Flunger barrel— —-

Plunger barrel packing -———-—@ Lajbef

Body P
Fuef imection volume adjusting plate

/ Eccenlric serew

’

%/ Set screw
\\ E 1

Fuel control rack . Plunger barrel stopper

\ Plunger quide stopper

Injgchon timing adjust shem

Plunger guide stoppear pin

Flunger

Fue! canted pinian

Plunger spring retaines

Prunge: spring

—2
—

Plunger spring lower retainer-

Plunger posdion sim

Piunger guide

Plunge: guide roilar plnﬁ -

/@6-)_ Plunger guide roller {Guler)
I T

\\..Plunger guide roliet {inner}
14874514

Fig. 21 Exploded view of a 3GM/HM series injector pump
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5. Slowly tuin the crankshaft by hand, and look for fuel in the
measuring pipe of the number 1 ¢ylinger. Stop turning the crank-
shaft the instant that fuel appears in the pipe.

6. Note the fuel injector timing mark on the flywhee!.

. Ifthe timing is incorect, add (or subtract) shims from
between the injector pump body and the engine Hlock.

8. Once the timing is correct for the number 1 eylinder, repeat
the process of tuming the crankshatt by hand (in the praper direc-
tion) and noting the timing of the remaining cylinders.

= 0n single cylinder engines, further adjustment of the timing is not
necessary.

9. Ifthe injector timing of the remaining cylinders is not correct,
note the deviation from specification (estimate in degiees) of each of
the cylinders on the flywheel, Plunger shims will have to be added
{or subtracted) to the individual purnps te make the timing equal
between all cylinders, which requires partial disassembly of the
injector purnp.

FUEL SYSTEM  4-13

L]
Fip. 24 The Injection liming marks can also he seen through the
view port on the transmission on some models

Fuel injachian
liming shirm

AT
Fig. 22 As with the QM series engines, shims belween the
engine and injector pump are used to set the initfal fiming

I R o S
Fig. 25 This pin retains small stoppers thal held the plunger
guides in posgition

i3l e ol 16, 1M
JEAND, v TH An

Hatin)

Fig. 23 Viewing of the timing marks an GM/HM series englnes

asarapse
Fig. 26 On 1GM engines, a circutar spring clip is used instead
of a pin to retain the plunger guide slopper
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[T

Fig. 27 To add or subiract shims from the injectos pump,
temove the plunger guide stapper pin . . .

148745 16

Fig. 28 . . . and carefully remove the plunger guide to access
the shims tor adjusting the timing

When disassembiing the injector pump, EXTREME cleanliness is
essential. Belore disassembling tha pemp far shim adjustment,
thoroughly clean the pump, the work surface, all tools, and your
hands. The injectar pump components are very ptecise, and
sensitive 1o contamination.

10. Mark the individual cylinders on the injector pump that are
out of adjustment.

11. Remove the injector pump from the engine.

12, Starting with the number 2 cylinder, remiove the plunger
fuide stopper pin by pushing in on the plunger guide, and remov-
ing the stopper with needlenose pliers.

13. On 1GM engines, removing the plunger guide involves
removing the circular clip that secures a retaining screw, and sliding
the plunger guide from the body.

14. Shims can be added (or subtracted) as necessary to cor-
rect the pump timing. Generally, each shim will changg the tim-
ing by approximately 1 degree on the crankshaft. Adding shims
will advance the injector timing, and removing them will retard
timing.

15, Once the shims ars instalfed and the pump is reassembled,
install the injector pump to the engine and repeat the first 5 steps of
this procedure to recheck the timing. If too many (or too faw) shims
were added to the plungers of the pump, the entire process will
hiave [ be repeated.

16. Once the timing is correct, install the low pressure inlet and
raturn lines, and the high pressure injector lines.

17. Install the starter, if removed.

18. Bleed the air from the fuel system.

JH serias angines
# Ses Figures 29 thru 36

3 CAUTION

Dhserve all applicable safety precautions when working around
fuel. Whenever servigcing the fuel system, always work in a
well ventifated area. Do not allow fuel spray or vapars to come
in contact with a spark or open Hame. Keep a dry themical fire
extinguisher near the work area. Always keep fuel in a con-
tainer specifically designed for fuel starage; also, always prop-
erly seal fuel containers to avoid the possihility of fire or
explasion.

=Tha injector pump timing on JH engines is avtomatically set
properly when the marks are aligned on the pump and pump
bracket, The marks ate set by the factory, and deviation from the
factory timing should not be necessary. The following procedure Is
to verify the correct timing.

1. Install a measuring pipe on the number one cylinder output on
the purmp for viewing of ine fusl.

2. Bleed the air from the injector purnp.

3. Set the control rack to the middie position. Pult the lever when
setting the accelerator lever,

4, Slowly turn the crankshaft by hand, and look for fuel in the
measuring pipe of the number 1 cylinder. Stop turning the crank-
shaft the instant that fuel appears in the pipe.

5. Note the fieel injector timing marks on the fywheel.

B. The timing should be correct. If the timing is out of adjust-
ment, the automatic advance mechanism may be out of a adjust-
ment,

7. If the timing is incorrect, and the automatic timing advance
mechanism on the pump drive gear is thought to be functioning
correctly, the timing car be adjusied by loosening the three
bolts that secure the injector pump, and rofating the pump
accardingly.
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1. Fuel pump unil 18, *Qil seai 1. Stop screw
L Delivery valve rotainer stop 17, ACjusting packing {shim) a2, Aux. spring
3. Defivery valve retainer 18, Tappet stopper 23. Controf rack stopper
4, Delivery vaive stopper 9. Tappet assembly 34. Plunger barre! stopper
5 Delivery valve spring 20 Pin 35. Detiector
6. Delivery valve assembly 21. Roller quide 38. Pumyp side cover
7. Delivary valve 22 Rodler (outer) 37. Pump Bottomn cover
8. Deiivery valve seat 23, Roter (inner)
9. Plunger assembly 24, Adjusting shem

10. Plunges barre 25, Adjusting bott

11. Plenger 26, Plunger spring rest B

12 Fuel pump camshaft 27. Plunger spring

13. Bearing 28, Plunger spring rest A

14, Bearing 20, Control sleeve {reduction ring)

15. Bearing holder 30. Contra pinion 8

Fig. 28 Exploded view of a JH sarias injector pump

97616
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At 4G21
Fig. 30 The 4JH2-UTE engine uses a different injector pump
ihan other JH series engines {note similar mounling flange)

Fuel injection pump stand

.

i
@q 1 pumP /—L T~ Gearcase

match marks
{H7AG20

Flg. 33 On JH series engines, the liming is corractly set when
the timing marks are aligned

Injection
timing marks,

T0.C.
14
for 2.3)

[T P

Flg. 1 Viewlng the timing marks on a JH series englne

Fig. 34 Although 1here is a scale on this timing pump, it should
not be moved from the factory setting

D57 408
Fig. 32 Make sure each injector iming mark Is perfectly aligned
with the pointer on the view port

Long hole

Slow

Rev. direction

[Wo7GI2
Flg. 35 If the Injector pump has been rebuilt or replaced, the
timing may need to be adjusted by rotating the pump slightly

Fast
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Applicable engine model 1. £. mark

Fig. 36 JH series engines utllize an automatic injector pump timing advancer mechanism on the drive gear

Fuel Injection Specifications

Fuel Injection
Model Timing Degrees (BTDC) Pressure (PSI)
1GM 14-16 170
1GM10 14-16 2347-2489
2GM 14-16 170
2GM20 14-16 2347-2489
20M15 25 150-170
2QM20 25 150-170
3GM 1719 170
3IGM36 17-19 2347-2489
3HM 17-18 160
3HM35 20-22 2204-2347
3QmM30 28 150-170
4JH-DTE 11-13 2773-2915
4H-E 11-13 2773-2915
4JH-HTE 11-13 2773-2915
4JH-TE 11-13 2773-2815
4JH2-DTE 16-18 2773-2915
43H2-E 11-13 2773-2915
4JH2-HTE 16-18 2773-2915
4JH2-TE 16-18 2773-2915
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REMOVAL & INSTALLATION

M And GM/HM Engines
» See Figures 37, 38 and 39

sz CAUTION

Observe all appticable safety precautions when working around
fuel. Whenever serviging the fuel system, always work in a
well ventilated area. Do net allow fuel spray or vagors to coms
in contact with a spark or open flame. Keep a dry chemical fire
extinguisher near the work area. Always keep fuel in a con-
tainer specifically designed for fuel storage; alsn, always prop-
erly saal tuel conlainers 1o avoid the possibility of tire or
exploston,

1. Turn the fuel petcock te the QFF pasition.
2. Disconnect the low pressure inlet and return hoses from the
injector pump.

PR

Fig. 37 Whan removing the injactor pump, the confral rack arm
will need {0 be moved slightly tc be removed from the eagine

(W37 4GES
Fig. 38 Removing an injectar pump or a 2GM series enging—
other models similar

DGQ’MPE;'
Fig. 39 When installing the injector pump, make sure the con-
trot rack engages properly with the governor arm

3. Remove any hoses, brackets, or other components necessary
for remaval op the infector pump.

4. Remove the high pressura linefs} that connect the pump
ta the injector(s). Be careful not io bend or distort the metal
line(s).

5. Rernove the gear case side cover and remove the gavernor
lever,

6. Using an appropriately sized wrench, 1o0sen and remaove
the nuls from the studs that secure the injector pump to the
gAgine.

7. Carefully lift the pump from the engine, white atigning the
gut-out in the pump base with the contrel rack on the injector
pump.

8. Remove the timing adjustment shims, noling their thickness.

Ta install:

5. Place the timing adjustment shims cn the pump base.

10. Carefully {ower the injector pump into the base, while align-
ing the control rack and the governor lever,

11. install the nuts on the stids thal secure the injector pump
and lighien them securely.

12. i the injecter pump was removed for ingpection, and no
parts were replaced or disturbed, the timing does rot need adjust-
ment.

13. If the injector pump was serviced or rebuilt, the timing
should be adjusted. Refer to the timing adjustment procedure in this
segtion.

14. After the timing has been adjusted properly, install the high
pressuze fuel line(s) that connect the pump to the injecton(s).

15. Install the iow pressure inlet and ouilet hoses to the injector
pump.

16. Prime and bleed the fuel system as required.

JH Engines
¥ See Figuras 49, 41, 42, 43 and 44

sk CAUTION

Observe all applicable safety precautions when working around
fuel. Whenever serviting the fuel system, always work ina
well ventilated area. Do not allow fuel spray or vapors to come
in contact with a spark or open flame. Keep a dry chemital fire
extinguisher near the work area. Always keep fuel in a eon-
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tainer speclfically designed for fuel storage; alsc, always prop-
erly seal iuel cantainers to avoid tha possibility of fire or explo-
sion.

1. Tumn the fuel patcock to the OFF position.

2. Disconnect the low pressure infet and return hoses fram the
insctor pump.

3. Remove the high pressure lines that connect the pump to the
injectars. Be careful not to bend or distart the metal lines.

4. Remove the fuel injector pump gear cover from the timing
gear cover on the engine.

3. Verify the matchmarks on the injector pump and pump hous-
ing. if there are no markings, use a metal scribe or paint to aceu-
rately mark the refationship between the pump and housing. This
is critical for proper engine operation.

6. Rotate the tiring marks on the pump gear and drive gear
untit they are in alignment.

7. Remove the injector pump drive shaft hex nut and washer.

€. Remove the box nut and washer from the injector pump drive
shaft.

Da9PAPDT

Fig. 42 To accese the injector drive gear, remove the 4 bolts that
retain the cover on the front of the engine

LT |

Fip. 43 Once the bals are removed, remove the cover

Naa7dsz?

Fig. 41 Exploded view of the mounting detai of a JH series
injector pomp. Cylinder head and front cover removed for clarity

048

Fig. 44 Although tive gear cannot be remaved, the pump can be
removed from the gear by removing the nut
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9. Remove the drive gear from the injector pump shaft, and lift
the pump from the engine,

~lse caution when removing the fastenets from the pump within
the timing gear housging. If a part is dropped into the housing, the
engine may have to be disassembled to relrieve lost paits.

10. Remove the injector pump support brackets.

11. Remove the three bolts that attach the injector pump to the
timing gear housing.

To install:

12. Carefully align the three bolt holes on the injector pump with
the housing, and install the holts.

13. Align the timing marks on the pump and housing, then
tighten the bolis.

14, Instail the injector pumy support brackets.

5, Rotate the timing marks on the pump gear and drive gear
until they are in alignment, and install the drive gear from the injec-
tor pump shaft,

16. Apply grease to the injecior pump drive shaft box nut and
washer. Install the box nut and tighten it to 43-51 ft. [bs. (58-69
Nm;}

17. Install the hex plug and washer ontg the drive gear.

18. Install the fuel injectar pump gear cover onte the timing gear
COver.

19. Install the high prassure lines that connect the pump to the
injectors. Be careful not to bend or distort them upon instatlation.

20. Connect the low pressure indet and refurn hoses from the
injector pump.

21. Tum the fuet petcock to the ON position.

22. Prime and hlead the fuel system as required.

# See Figures 45, 46, 47 and 48

The output of a diesel engine is controlled by the amount of fuel
injected into the cylinders by the injector pump. In marine use, it is
most desirable for the engine to run at a specific speed, regardless
of the foad.

The governor is a mechanism that is used to keep enging speed
constant by automatically adjusting the amount of fugl supplied to
the engine ragardless of load. This helps to protect the engine from
abrupt changes in load, such as disengagement of the clutch, or the
propeller leaving the water in rough seas.

If an engine was not equipped with a governor, simply positioning
the throttle lever at fulf speed will cause the enging to slow down and
speeds up as the vessel moves through the waler due to the constant
change in load. The govemor helps mediate the power output of the
engine by automatically operating the throttle when a oad is applied.

The QM and GM/HI: series engines use an all-speed governor
that is activated by the centrifugal action of pivoting weights on the
camshaft, The position of the govemor weighls changes as speed
incraases and decreases, which activates a governor lever. The gover-
nor lever serves two functions; movement of the fuel control rack on
the injector pump, and activation of the regulator lever. The govarnor
lever operates the requlator lever with a special spring, So movemen
of the fusl control rack on the injector pump is not hamperad.

The JH series engines {including 4JH2-UTE) employ injector
pumps with built-in governors. The means of operation are the
same as the governing mechanism found on QM and GM/HM
series engines, but the governing mechanism is fully contained
within the injector pump.

Regulator handle

/ (=)
L~ I

E Pivol point
%j

idie adjuster No-lgad maximum
speed limiter

Regulator lever

Regulator spring

Fuel control lever

/ Fugl control rack

Fuei injection pump
T Decrease

Governor lever 2

l Increase
T
\\\\\\\\\\ \ Pivot point
-— .ﬁ ‘ ﬁentritugai torce

o Crankshaft gear

7

Fig. 45 A basic schematic of the operation of a govermor

Fuel injectian limiter

L
Pivot point

Governor lever 1

M7
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1. Governor case 12 Washer

2 Governor case cover 13. Governor link

3 Control lever 14, Gowernor shalt

4, Governor Jever assembly 5. Governor lever 15, Control lever shaft

6. Tension jever 16. Governor sping

7. Bushing 17. Stop lever

8. Spring pin 18, Stap tever roturn Spring

9. Shirn 19 Stop lever stop pin
10. Throttle spring 22 Fuel stopper (imit bol) assembly
11. Shifter 23, Adjusting spring assembly

Fig. 47 Exploded view of a JH series governor, which is integrated into the injector pump

=

24, Governur weight
25, Governor weight
26. Pin

31. Fuel pump cam shatt

D4924G 3
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Fuel injeclion limiter

|
/ Camshaft

;
Governor weight

Camghalt gear

Fig. 48 Exploded view of 3 OM series governor system

Reguiater spring

late adjuster

Regutator handle

Fuel injection pump

AN AG2E

ADJUSTMENTS

# See Figures 49 and 50

On all engines, Yanmar stresses the importance of refraining
from adjusting the governor mechanisms. Many of the adjustment
screws are sgaled in place with lead-bound wire. These seals are
placed on the adjustment mechanisms at the factory, where the
injector pump was properly adjusted on a testing machine. The
adjustments on the injector pump and governor mechanism are set
for optimum gerformance, and should not be changed.

If you hiave concluded that the injector pump or governor needs
adjustment, it is highly recommended that a qualified diesel engine
mechanic inspect your engine to confirm your diagnasis. Foglish
tampering with the governor mechanism or injector pump can cause
serious problems with engine operation.

Due to the complex and sensitive mechanical nature of the gov-
ernor mechanism, no procedures for adjustment or disassembly are
given. It is recommended thal only a qualified diesel engine
mechanic with proper testing equipment perform any kind of adjust-
mants or repairs to the governar mechanism,

HYTARES

Fig. 49 Adjustments to the governor are sirongly discouraged by
the manuiacturer; foolish tampering can cause major engine
problems

21

Fig. 50 Nolice that the lever adjustment and governor adjust-

ment mechanisms are wired together to prevent zdjustment
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The fuet lines are one of the most overlooked compenents of the
fuel systemn. Amazingly, the high pressure metal fuel lines of a
diesef engine contain pressure measured in thousands of pounds
per squara inch. Sirce the fuel lines are subjected o such high
pressure, they should be inspected fraquently.

INSPECTION

When inspecting the fuel lines, ook for signs of leakage or
cracking, usually identified with dirt or wetness surrounding a fuel
ling. 1 art area on a fuel ling is suspect, wipe the line clean, operate
the engine, and ook far any signs of wetness. If the wetness
refumns, a deak is present, and the line should be replaced.

The mast common problem with high pressure lines is cracking,
caused by the constant vibration of the engine. Cracked fugl lines
may ogeur on older engines with high hours,

If there is leakage from a line end, try foosening the nut, and
retightening it. In most cases, this wi!l stop a small leak from the
line end. If performing this procedure does nat help correct the |eak,
the mating surfaces of the line end and delivery valve rgtainer or
fuiel infector may be damaged, requiring replacement of the fuel line,
or in extremne cases, the delivery valve retainer or injector. If the fuel
injector Uses a banjo type fitting, it is advisable to replace the cop-
per gaskets on hoth sides of the fitting to prevent leakage.

REMOVAL & INSTALLATION

» See Flgures 51 thru 56

Removal and instailation of fuel fines varies slightly between
madels, but the gensral procedure is the same.

st CAUTION

Ohserve all applicable safety precautions when working around
fuel. Whengver servicing the fuel system, always work in a well
ventilaled area. Do not aliow fuel spray or vapors to come in
contact with a spark or open flame. Keep a dry chemical fire
extinguisher near the work area. Always keejp fuel in a containgr
specifically designed for fuel storage; also, always propetly
seal fuel containers to avoid the possibility of fire or explosion.

149743

Fig. 51 It may he necessary to remove certain components, (like
the air silencer} to allow the fuel lines to be remaved

043?:1!3‘
Fig. 52 This engine wses a spacer between the intake manifold
and air silencer to allow for clearance of the spacers on the
injectors

plnstati]

Fig. 53 Loosen the bolls that hold the fuel lines in position

When remaoving the fuel lines, EXTREME cleantiness Is essen-
tial. Before removing the lings, thoroughly clean the fines, the
fittings, all tools, and your hands. The intemal components of
the injector pump and injectors are vaty precise, and sansilive
to contamination.

1. Before removing the fuel ling, determine if it will be required
to remove adjacent fuel lines or other items 10 allow for clearance.

2. Turn the patcack on the fue! tank to the OFF position.

3. Remove any rubber-lined brackets that securs the fuel lines.

4. Using an appropriately sized line wrench, iposen the nuts on
both sides of the fugl ling, at both the injector and the pump.

e WARNING

If the injector has 2 hex spacer on the inlet, make sure to hold it
statlonary with a wrench while loosening the line nut. Do NOT
attempt to loosen the line by turning the spacer. Turning the
spacer will twist the fuel line, requiring replacement of the line.

5. Remove the fuel line(s) from the engine.
6. Cap the end on the furel injector(s) and the injector pump.
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To install:

7. Remove the caps on the injector and pump.

8. Test fit the ling to the engine. The bends of the ling must
match must match those of the old line. Most importantly, the ends
of the line must akign witf the threads of the injector pump fitting
and the injector,

9. Ifthe line{s} fit properly, hand thread the line nuts ento the
injector and the injector pump fitting(s). Leave the line nuts loose
until af the lines are attached to altow easier threading. If the ling(s)
have banjo-type fittings, make sure to install new copper washers
on both sides of each fitting.

10. Once afl the ling end nuts are threaded properly, they can be
tightened.

1. If equipped, attach the rubber-lined brackets that secure the
lines. Itis very important that the lines are secured properly, since
the constant vibration of the engine can cause a fing to crack pre-
maturely. Also, make sure that the metal fue! lings are not rubbing
aoainst sach ofher; this can be another cause of breakage.

12. Once the line(s} are aliached, the air will have to be bled from
the line(s). Refer to the procedure in this section.

P,
Fig. 54 Once the bolis are removed, remove the metal brackats,
and the rabber insulators

Fig. 59 flemove the line nuts from the injectors {note the hackup
wrench an the spacer) . | .

Fig. 56 . . . and the injector pump

Fuel injectors

The fuel injectors on a digsel engine are basically mechanical
pop-off vatves that spray fuel into the cyiinder when the fuel pres-
sure reaches the proper range. A spring inside the injector holds the
nozzle valve tightly against the valve seat until the high pressure
fuel from the infector pump overcomes the strength of the spring.
This allows fuel past the nozzle valve, which sprays in a precise pat-
tarn into the combustion chamber. This cycle happens instanta-
neously, and is repeated on every combustion stroke for all the
engine’s cylinders,

Although fuel injectors are basic in design and construction, they
are very precise, and can clog easily if contaminates are alfowed
into the system. Fuel injectors commonly fail when a small piece of
debris becomes lodged in the injsctor nozzle, producing an insuffi-
cient spray pattern, When fuel is not properly sprayed from an injec-
tor, it will not burn properly, causing reduced engine power output.

TESTING & INSPECTION

¥ See Figures 57, 58 and 59

tf the engine is nol running correctly, you can check for operation
of the injectors by loosening (but not removing) the nut that secures
the high pressure line at the injector. The nut only needs to be loos-
ened until fuel leaks from the threads. If the rpm drops slightly and
the engine misfires, it can be assumed that the injector is function-
Ing properly. f nothing happens when the line is foosenad slightly,
the injector is noi firing, or there may be problems wilh the injector
pump.

ot CAUTION

Be sure to wear fuil eye and body protection when performing
this procedure; fuel can spray from the line nut at high pres-
sure, possihly inta your eyes. Oafy LODSEN the lina nut to allow
tuel to leak from the threads on the injector. If the line is
REMOVED from the injector, and the engine lurned over, fuel
wiil be expelled from the line, possikly spraying Into yout eyes.

Another cause for improper injector function is carbon daposits.
Over time, carbon deposits can accumulate on the injector nozzle,
cairsing an improper spray pattern.
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(40720}

Fig. 57 The fuel injectors can he tested by slightly loosening the
{ine while the enging is running

04l ap o

Fig. 58 Twa examples of badly damaged precombustion cham-
hers. Damaged chambers cause poor engine performance

Checking for carbon deposits requires removal of the injectors
from the enging. Cnce you have removed the injectars, inspect the
nozzle of each injestor for carbon deposits. A soft brass wire brush
or carburetor cleaner can be used to clean for eleaning the nozzle.
Use caution when cleaning the injector nozzles; the spray pattern
can be altered if the nozzle is marred or distorted.

Do not use a steel brush on the injector nozzies. The steel can
damage the hole(s) on the rozzle, causing the injector to spray
improperly.

Other methods of testing injectors for praper operation require
bench testing equipment and other special toods. If your engine’s
fuel injectors are not aperating properly, they should be taken to a
qualified diesel repair facility for testing.

REMOVAL AND [NSTALLATION

M and HM/GM Series Engines
» See Figures 68 thru 80

1. Tum the petcock on {he fuel tank to the OFF position.

2. Remove any rubber-lined brackets that secure the fugl lines.

3. Disconnect the return fines on each injector.

4, Loosen the fugl lines at the injector pump.

5. Disconnect the fuel lines from the injectors. {1 equipped,
remember to use a wrench on the spacer to hoid it stationary while
[oasening the ling L)

When removing the injectors, EXTREME cieaniiness is essen-
tial. Before disconnecting the lines, thoroughly clean the injec-
tars, fitlings, fuel linas, all tools, and your hands. The internal
components of the injector pump and Injectors are very precise,
and sensitive to contamination.

8. Using an appropriately sized wrench, rerove the nuts and
washers that hold the injector retainer{s) in place.

7. Remove the injector retainer(s) from the studs on the cylinder
head,

4a74FGS

Fig. 59 The injectors should be cleaned with a soft brush it
there is carbon build-up forming around the tip of the injector

Injection valve

74515

Flg. 60 Fuel injeclor mounting detail—aM and GM/HM engines

© BENCHMANUK PDF MANUALS 2006



FUEL SYSTEM  4-27

D-19-|PI
Poher Fly. 64 Remove the high pressure line by loosening the tine nut.

H there are spacers on the infectors, ba sure to use a backup

Fig. 61 Loosen the clamp that secures the retorn line . . | wrench

CHO74FS ' AT
Flg. 65 Once the line nut is loosened, unthread it from the injec-
Fig. 62 . . . and remove the line

tor (or spacer} and carefully move the line 1o ane side

GTaRGF

Flg. 63 Next, remaove the hard return lire that connests the
Injectors. Be careful not to lose the copper washers

Fig. 66 Remove the two nuts on the injecter retainer, then
remove the retainer
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{agTapa2

Fig. 67 The Injector can now be lifted from the cylinder head

HAFIF

Fig. 70 The copper gasket may slick to the bottom of the heat
shield; make sure it is removed before installakion

(M7 4p43

Fig. 68 Once the injector is removed, the heat shietd, precham-
ber and copper gaskels can be removed

Da57aPLT

Fig. 71 After the heat shield is removed, lift the pracombustion
chamber from the injector bore

04974544

Fig. 69 Use a small pick or other similar tool 1o carefully liit the
heat shleld and gasket from the injector bore

M?Pg
Fig. 72 And finally, remove the last copper gasket that seals the
precombustlon chamber in the injecior hore
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Fig. 73 The luel injecior, with the heal shield, precombustion
chamber, and related gaskets

H¥7PaE

Fig. 75 This O-ting, found on later model GM engines, is used
1o keep rust [rom forming between the injector and hore

s
Flo. 74 Before installlng a new gasket on the heat shield, make
sure to scrape any old gasket malerial [rom the top of the sivield

Fig. 76 This groavs in the injecior bore is used to afign the pre-
comhiustion chamber

8. Remove the injector{s) from the cylinder head,
8. Using a small pick or other similar tool, remove the heat shield,
precombustion chamber, and copger gaskets from the injector bore.

= Eyery time the injectors are removed, the copper paskets that
seal the precombustion chamber and heat shield musi be replaged.

To install:
10. Install the heat shields and precombustion chambers ags follows:
a. Instafl a new copper gasket in the cylinder bore, folowed by
the precombustion chamber. Make sure that the pin on the cham-
ber is fully aligned with the groove in the bore. Do not forcs the
precombustion chamber in the bore!
b. Install another copper gasket on the top of the pracombuis-
tion chamber.
¢. Glean any gasket material from the top of the heat shizld.
Instaill the heat shield, and the gasket on the top of the heat
shield.
d. Repeat this procedure with each injector.
i1, Instalt the injector(s) to the cylinder head. Align the Jine fit-
tings on the injectors.
12. Place the injector retainer(s) onto the studs on the cylindar
head. Make sure the retainer is mounted in the proper direction (see
illustration).,

13. Install and tighten the nuis and washers that hold the Injector
retainer(s). Be sure to use a torque wrench to tighten the nuts.
Graduate the torgue on the nuts, until the final torqus of 14 1t. Ihs.
(19 Nm} is achieved.

14, Uncap the end{s} on the high pressure fuel line(s).

15. Install the fuel lines.

16. Connect the fuel return ling(s) to the injectors.

17. If equipped, aftach the rubber-iined brackets that secure the
lines. It is very important that the lines are secured properly, since
the constant vibration of the engine can cause a line to crack pre-
maturely. Also, make sure that the metal fuel lines are not rubbing
against each ether; this can be another cause of breakage,

18. Once the line(s} are attached, the air will have to he bled from
the line(s). Refer to the Fuel Systern Bleading procedure in this section.

JH Series Engines
¥ Soe Figures 81 thru 91

1. Turn the petcock on the fuel tank to the OFF pesition.

2. Rermnave any rubber-lined brackets that secure the fuel
lines.

3. Loosen the fuel lines from the injector pump.

4, Disconnect the returr lines on eagh injector.
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G-ismPS.s
Fig. 77 Notice the small pin on the pracombustion chamber; this
pin fits inio the groove in the injector bore

M?aII)SU:“
Fig. 80 ALWAYS use a torque wrench when installing the injec-
tors

EAT4P5S

Fig. 78 After all the new gaskets are installed, carefully place
the injector into the bare, and thread the line nut on by hand

" i
Flg. 79 Make absolutely certain the injector retainer is installed
with the profrusions faeing down, on the injector

5. Remaove the lines from the injectors. With the line brackets
removed, and the lines loosened at the injector pump, there should
be sufficient slack to place the Jines to the side of the injector(s) o
allow for removal. Do NOT bend the fuel fines!

2 WARNING

When remaving the Injectors, EXTREME cleanlinass s assen-
tial. Before disconnecting the lines, thoroughly ctean the injec-
tors, fittings, fuel lines, all tools, and yoor hands. The internal
companents of the injector pump and injectors are very pracise,
and sansitive to contamination.

8. Using an appropriately sized wrench, remove the nuts and
washers that hold the injector retainers in place.

7. Remove the injector retainers from the studs an the cytinder
head.

8. Remave the injectors from the cylinder head.

9. Using a small pick or other similar tool, remove the heat pro-
tectors from each injector bore if they do not come out with the
injector.

=Every time the injectors are removed, the heat protectors should
be replaced.

To install:

10. Install a new gasket and heat protector on gach Injector in the
proper direction.

1. install the injectors to the cylinder head. Align the return ling
fittings on the injectors.

12. Place the injector retainers onto the studs on the cylinder
head. Make sure the retainer is meunted in the proper direction (see
iflustration).

13. Instalt and tighten the nuts and washers that hold the injector
retainers. Be sure to use a torque wrench to tighten the nuts. Gradu-
ate the torque on the nuts, until the final torque of 810 ft. Ibs.
{10.9-13.6 Nm} is achieved.

14. {ncap the ends on the high pressure fusl lines}.

15. Connect the fuel return lines to the injectors.

16. Install the fuel lines.

17, Attach the rubber-tined brackets that secure the lines. It is
very important that the lines are secured properly, since the constant
vibration af the engine can cause a fine to crack prematurely. Aiso,
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(MGG 3

Fig. 81 Fuel injector mounting detall—JH engines

ki,
MIF4PLS

Fig. B4 Remaovs the two nuts that secure the retainer .

THYTIPL
Fig. 82 After the fuel lina as been removed from the injector,
and loosensd al the injecior pump, it can be set aslde

i fqm
Fig. 83 Remove the return Hne tlamps with pliers, and discon-
nect the lines from the injector

Fig. 86 . . . and puil the injector from the cyinder head
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Fig. 87 This rebber gasket is used to keep water from gefting
between the injector and the bore in the eylindér head, which
can cause rusl

DITPTY
Fig. 90 }f the heal protector is installed Incorrectly, it will not
properly fil the base of the injecter

093raf ie

Fig. 88 On {ater model JH series injectors, install the new heat
protector as shown

PAPAPTE

Fig. 89 On earlier models, the heat protector is a sleeve, with
an internal tapered end that fits around the base of the injector

Fig. 91 Be sure to use a torque wrench when installing the
injectars

make sure that the metal fuel lines are not rubbing against each
other: this can be ancther cause of breakage.

18, Onge the lines are attached, the air will have to bs bled from
the fines. Refer to the Fuel System Bleeding procedure in this section,

DISASSEMBLY

¢ See Figures 82 and 93

Because of the precise mechanical nature of diesel fuel injectors,
no procedures for complete disassembly are given. Although a pro-
cedure for removat of the injectors is given, it is recommended that
only a qualified diesel engine mechanic with proper testing equip-
ment disassemble the injectors for adjustment, calibration, or repair.

s WARNING

Do NOT attempt to disassemble the fuel injectors. The compo-
nents of the injectors are EXTREMELY close-fitting, precision
parts, and can fail guickly if contaminated with dirt and dust.
Injectors should be serviced only by a professional diesel ser-
vice facllity equipped with the proper tools and equipment.
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Although the injectors on many Yanmar engines appear the
same, they cannot be interchanged with those of other models. Each
fuel injector is tested at the factory for flow and proper spray pat-
lern, and are marked wilh identification numbers for each engine.
For optimum engine peiformance, the injectors on a diesel engine

F.Q.return pipe joint

Applicable engine mode! = — NRZIig cover mouniing groove

I. D, mark

— Mezzle hokder

~— = Fuel starting pressure adjusting shim

é- - — Noglle sgiing
. .—.Nozza sprng seat
é ——— Stop piate

Hazzle valve]

Positinming pin E
— Nozzie
|
Nozzie hody S
@ Hazzie clamp nut

Fig. 92 Exploded view of a JH series fuel injector

Yalve spring nul

Packing

Valve spring adjustimant him

Valve spring

Valve spring seat

Inler spindle

Valve holder body

Valve

Valve body

Valve nut

0487532

Fig. 92 Exploded view of a fuel injector used on QM and GM/HM

series enpines
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should be “matched” so the same amount of fuel is fnjected into
each cyfinder. Only a diesel component repair and rebuilding facility
with the proper testing and calibration equipment can rebuitd and
match a set of fuel injectors.

Fuel System Bleeding

» See Figures 94 thry 99

Any time the fuel system is exposed 10 air { e.g. changing a fuel
filter, ar removing the injectors) the accumulated air will have to be
bied frem the system to alfow for proper delivery of fuel 1o the
engine.

Besides changing the fuel filter, air can be drawn into the fuel
system by several routes. Typicatly, air is sucked into the fuel sys-
tem through a poor seal upstream of the lift pump. Air can also be
drawn into the fuel system when the fuel fank is low, and the mator
is being operated in rough seas. A smali amount of air (about a tea-
spoon) in the fuel system is enough air tc shut down the engine,
and require fuel system bleeding.

To bieed air from the fugl system, proceed as foliows:

1. Loosen the air bleed screw at the top of the secondary fuel
fitter {between the lift pump and injector pump).

=When operating the priming lever on the lift pump, make sore to
push down completely to ensure full operation of the diaphragm
within the pump.

2. Operate the priming lever on the lift pump. If the lever is only
moving slightly, rotate the crankshatt by hand 1o repasifion the lobe
on the camshaft thal operates the pump. This will allow for a full
stroke of the priming lever.

3. Operate the priming lever untit fuel free of air flows from the
air tileed screw, then tighten the screw.

= Ajr tan be drawn into the fuel system by 2 faulty hleed screw
washer. After the bleeder screw has been loosened a few times, it
is a good idea to replace H to ensure a leak-free seal.

4. If air remains in the system, check for leaks in the lift purnp
or primary filter.

3. If the engine has stalled from air in the system, {or if the high
pressure side of the system has been opened) it will be necessary to
bleed the injector pump, injector lines, and injectors.

pELEELA
Fig. 94 Although the fuel filter is slightly different between mod-
els, the air bleed screw is always the 10mm bolt with the
Philllps head
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THITIPES

Fig. 95 Loosening the air hleed serew on a 3GM engine

6. Loosen the blead screw on the injector pump and operale the
priming lsver on the tift pump unti! fuel free of air flows from the
bleed screw, then tighten the screw.

7. Loosen the injector line nut{s} on the injector(s) ome lurn,

If the injector has a hex spacer on the Inlet, make sure to hold it
statlonary with a wrench while loosening the line nut. Do NOT
attempt to loosen the line by turning the spacer. Turning the
spacer will twist the fuel line, raquiting replacement of the line.

8. Place the engine speed lever to the fult thrattle position.
9. Using the starter, crank the engine urtil all air is free from the
lines unti! fuel rens from the connections.
10. Tighten the line nuts securely.
1. If air remains in the system, focate the source of the air, and
perform and repair procedures necessary,
12. Repeat the procedure until the entire fuel system is free of air.

(MGFEP

Fig. 96 Loosening the air bleed s¢rew on a JH series engine

=T g vy

Fip. 98 If air has entered the Injector pump, loosen the lines on
the injectors ONE TURN, and crank the engine lo bleed the air

" SRR

Fig. 97 After the bleed screw has besn loosened, operale the
priening tever on the feed pump to push the air oul of the system

(MI74RT1

Fig. 99 If your engine is equipped with spacers on the fuel
injectors, use a wrench to hold the spacer stationary while loos-
ening the line nut
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5-2 ELECTRICAL

UNDERSTANDING AND TROUBLESHOOTING ELECTRICAL SYSTEMS

Ol pressura sender unit

D

Lube ol pressure swilch

Julnt

@— Alr healer

Slarling motor

Balttery
Balttery swlich

F\Watar lamperature

Sender uni
Waler lemperature swilch
[A075G07
Fig. 1 Example of an angine elecirical system with optional equipment
Basic Electrical Theory ' :
‘ PROTECTION  LOAD
¢ See Figure 2 DEVICE (BULB)
For any 12 volt, negative ground, elactrical system to operate, the POWER SOURCE {FUSE)

glectricity must travel in a complete circuit, This simply means that (BATTERY)

current (power) from the positive terminal {+} of the batlery must
eventually return to the negative terminal () of the battery. Along

the way, this current will travel through wires, fuses, switches and CONTROL DEVICE

components. If, for any reason, the fiow of current through the cir- {(SWITGH QPEN)
cuit is interrupted, the component fed by that circuit will cease to
function properly.

Perhaps the easiast way to visualize 4 circuit is to think of con- CONQSQSE OONDRSE:%:
necting a light bulb (with two wires attachied to it) to the battery— GROUND GROUND

one wire attached to the negativa (-} terminal of the battery and the
other wire |o the positive (+) terminal. With the twe wires touching Tresi
the battery terminals, the circuit would be complste and the light Flg. 2 This example illusirates a simple circuit. When the

buib waould illuminate, Electricity would follow a path from the bat- swilch is closed, powar from the positive (+) battery lerminal
tery to the bulb and back to the battery. It's easy to see that with flows through ihe fuse and the swilch, and then to the light

longer wires on our light bulb, it could be mounted anywhere. Fur- bulb. The liaht illumi ;
. h . . ! . ght illuminates and the circuit is completed through
%:;err]egngnw;;% c{;’;{fjld be fitted with & switch so that the light could be e ground wire back to the negative (-) battery terminal.
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ELECTRICAL 5-3

The normal maring circuit differs from this simple example in wo
ways. First, instead of having a return wire from gach bulb to the
battery, the current travels through a single ground wire which han-
dies all the grounds for a specific circuit. Secondly, most marine
circuits contain multiple components which receive power from a
single circuit. This lessens the amaunt of wire needed to power
companents.

HOW DOES ELECTRICITY WORK: THE WATER ANALOGY

Eleckicity is the fiow of electrons—the sub-atomic particles that
constitute the outer shell of an ator. Electrons spin i an orbit around
the center core of an atom. The center core is comprised of protons
{positive charge) and neutrons (neutral charge}, Electrons have a neg-
ative charge and balance aut the positive charge of the protons., When
an outside force causes the number of electrons to unbalance the
charge of the protens, the efectrans will split off the atom and look for
another atorn to balance out. If this imbalance is kept up, electrons
will continue to move and an electrical flow will exist.

Many people have been taught siectrical theory using an analogy
with water. In a comparison with water flowing through a pipe, the
glections would be the water and the wire is the pipe.

The flow of electricity can be measurad much like the flow of
water through a pipe. The unit of measurement used is amperes,
frequently abbreviated as amps {a). You can compare amperage to
the valume of water flowing through a pipe. When connected to a
circuit, an amrmeter will measure the actual amount of current flow-
ing through the circuit. When relatively few electrons flow through a
circuit, the amperage is low. When many electrons flow, the amper-
age is high.

Water pressure is measured in urnits such as pounds per square
inch (psi); The electrical pressure is measured in units called volts
(v). When a voltmeter is connected to a circuit, it is measuring the
alectrical pressure.

The actual flow of eigctricity depends not only on voltage and
amperage, but also on the resistance of the circuit. The higher the
resistance, the higher the force necessary to push the current
through the circuit. The standard unit for measuring resistance is an
ohm (€2). Resistance in a circuit varies depending on the amount
and type of components used in the circuit. The main factors which
determine resistance are:

» Material—soms materials have mare resistance than others.
Those with high resistance are said to he insulators. Rubber materi-
als {or subber-fike plastics) are some of the most common insula-
tors used, as they have a very high resistance to electricity. Very fow
resistance malerials are said to be conductors. Copper wire is
among the best conductors. Silver is acivally a superior conductor
to copper and is used in some relay contacts, but its high cost pro-
hibits its use as common wiring. Most marine wiring is made of
copper.

« Size—the larger the wire size being used, the less resistance
the wire will have. This is why components which use large
armounts of electricity usually have large wires supplying current to
them.

= Length—for a given thickness of wire, the longer the wire, the
greater the resistance, The shorter the wire, the less the resistance.
When determining the proper wire for a circuit, both size and length
must be considered to design a circuit that can handle the current
needs of the component,

« Temperature—with many materials, the higher the tempera-
ture, the greater the resistance {positive temperature coefficient).
Some materials exhibit the opposite trait of lower resistance with

higher temparatures (negative temperaturg coefficient). These princi-
ples are used in many of the sensors on the engine.

OHM'S LAW

There is a direct relationship between current, voltage and resis-
tance, The relationship between current, voltage and resistance can
be summed up by a statement known as Ohm's law.,

Yoltage (E) is squal to amperage (1) times resistance (RY: E<{x R

Otter forms of the formuia are R=E/1 and I=E/R

In each of these formulas, E is the voltage in volts, 1is the cur-
rent in amps and R is the resistance in ohms. The basic point to
remember is that as the resistance of a circult goes up, the amount
of current that flows in the circuit witl go down, if voltage remains
the same.

The amount of work that the electricity can perform is expressed
as power. The unit of power is the watt (w). The relationship
between power, voliage and current is expressed as:

Power (W) is equal to amperags (1) times voltage (E): W=l x E

This is only true for direct current (DC) circuits; The alternating
current formula is a tad different, but since the electrical circuits
in most vessels are DC type, we nead not get into AC circuit the-
ory.

Electrical Components

POWER SOURCE

Fower is supplied to the vessel by two devices: The battery and
the alternator. The hattery supplies elestrical power during starting
or during periods when the current demand of the vessel's electrical
system exceeds the outpul capacity of the atternator. The alternator
supplies electricai current when the enging is running. The alterna-
1or does not just supply the current needs of the vessel, but it
recharges the battery.

The Battery

tn most modern vessels, the battery is a Igad/acid electrochemi-
¢al device consisting of six 2 voll subsections (cells) connected in
series, 5o that the unit is capable of producing approximately 12
volts of electrical pressure. Each subsection consists of a series of
positive and negative plates held a shor distance apart in 2 sofution
of sulfuric acid and water.

The two types of plates are of dissimilar metals, This sets up a
chemical reaction, and it is this reaction which produces current
flow from the battery when its positive and nzgative terminals are
connected to an electrical load. The power removed from the battery
is replaced by the alternator, restoring the battery to its griginal
chemical state,

The Alternator

On some vessels there isn't an alternator, but a gengrator. The
difference is that an alternator supplies afternating current which is
then changed to direct current for use on ihg vessel, while a genera-
tor produces direct current, Alternators tend to be more efficient and
that is why they are used on almost all modsm engines.

Alternators and generators are devices that consist of coils of
wires wound together making big electramagnets. One group of
coils spins within another set and the interaction of the magnetic
fields causes a current to flow. This current is then drawn off the
coils and fed into the vessels electrical system.
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GROUND

Twa types of grounds are used in marine efectric circuits. Direct
ground components are grounded to the electrically condugtive
metal through their mounting points. All other components use
same sort of ground wire which leads back to the battery. The alec-
tricat current runs through the ground wire and returns to the bat-
tery through the ground (= cable; if you look, you'll see that the
hattery ground cable connects befween the battery and a heavy
gauge ground wire,

=t should be noted that a good perceniage of electrical problems
¢an be fraced to bad grounds.

PROTECTIVE DEVICES

¥ See Figure 3

It is possible for large surges of current to pass through the elec-
trical system of your vessel. If this surge of current were Lo reach the
loadd in the circuit, the surge could burn it out or severely damage it.
It can atso overlaad the wiring, causing ihe harress to get hot and
meft the insulation. To prevent this, fuses, circuit breakers and/or
fusible Iinks are connected into the supply wires of the electrical sys-
tem. These itsms are nothing mere than a built-in weak spot in the
systern. When an abnormal amount of current fliows through the sys-
tem, these protective devices work as follows to protect the circuit:

« Fuse—when an excessive electricat cursent passes through a
fuse, the fuse "blows” {the conducter mslts) and opens the circuit,
preventing the passage of current.

« Circuit Breaker—a circuit breaker is basically a self-repairing
fuse. It will opan the circuit in the same fashion as a fuse, hut when
the surge subsides, the circuil breaker can be reset and doas not
need replacement.

+ Fusible Link—a fusibie link {fuse fink or main link} is & short
length of special, high temperature insulated wire that acts as a
fuse, Wnen an excessive electrical current passes through a fusible
link, the thin gauge wire inside the link melts, creating an inten-
tional open {0 protect the circuit. To repair the circuit, the link must
he repiaced. Some newer type fusible links are housed in plug-in
modules, which are simply replaced like a fuse, while alder type

fusible links must be cut and spliced if they melt. Since this link is
very sarly in the electrical path, it's the first place to look if nothing
on the vessel works, yet the battery seems to be charged and is
praperly connected.

zeiz CAUTION

Always replace fuses, circuit breakers and fesible links with
identically raled components. Under no circomstances should a
component of higher or lower amperage rating be substituted.

SWITGHES & RELAYS

» See Figure 4

Switches are used in electrical circuits to control the passage of
current. The most common use is to open and close circuits
between the battery and the various electric devices in the system.
Switches are rated according to the amount of amperage they can
handle. If a sufficient amperage rated switch is not used in a circuit,
the switch could overload and cause damage.

Some electrical components which require a 1arge amount of
current to operate use a special switch called a refay. Since these
circuits carry a large amount of current, the thickness of the wire in
the circuit is also greater. If this large wire were connectad from the
load to the control switch, the switch would have to carry the high
amperage load and the space needed for wiring in the vessel would
te twice as big to accommadate the increased size of the wiring
harness. To prevent these problems, a reiay is used.

Relays are composed of a coil and a set of contacts. When the
coil has a current passed though it, a magnetic field is formed
and this field causes the contacts {o move together, completing
the circuit. Most refays are normally open, preventing current
from passing through the circuit, but they can lake any electrical
form depending on the job they are intended to do. Relays can be
considered “remote control swilches.” They allow a smaller cur-
rent to operate devices that require higher amperages. When a
smatl current eparates the coil, a larger current is attowed 1o
pass by the contacts. Some common circuits which may use
refays are horns, lights, starter, electric fuel pumps and other
high draw circuits.

0475k 11

Fig. 3 Fuses prolect the vessel’s electrical system from abnor-
mally high amounts of cerrent flow

SWITCH B+

A S S——

- m |
: RELAY :
—_—— RELAY
RELAY 44— F—swiToH
GOIL I - |
i BE Is:' |
| |
(I N | S 4
GROUND  CONPONENT
TOCAGAT

Fig. 4 Relays are composed of a coil and a swilch. These two
components are linked together so that when one operates, the
other operates at the same time. The large wires in the circuit
are connected from the battery to one side of the ralay swilch
(B+) and from the opposite side of the relay swilch to the load
{component). Smaller wires are connected from the relay coif to
the control switch for the circuit and from the opposiie side of
the relay coil ta groand
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LOAD

Every electrical circuit must include a “load™ (something to use
the electricity coming from the source). Without this load, the bai-
tery would attempt to deliver Its entire power supply from one pole
ta another, This is called a “short circuit”. All this electricity would
fake a shorf cut to greund and cause a great amount of damage fo
other components in the circuit by developing a tremendaous
amount of heat. This condition could develop sufficient heat fo melt
the insulation on all the surrounding wires and reduce a muMiple
wire cable to a lump of plastic and copper.

WIRING & HARNESSES

The average vessel contains miles of wiring, with hundreds of
individual connections. To protect the many wires from darmage and
to keep them from becoming a confusing tangle, they are organized
into bundtes, enclosed in piastic or taped together and called wiring
harnesses. Different harnesses serve different parts of the vessel.
Individual wirss are color coded to help trace them through a har-
nass where sections are hidden from view.

Marine wiring or circuit conductors can be either single strand
wire, multi-strand wire or printed circuitry. Single strand wire has a
solid metal core and is usually used inside such components as
alternators, motors, relays and other devices. Multi-strand wire has
a core made of many small strands of wire twisted together into a
single conductor. Most of the wiring in a marine electrical system is
made up of multi-strand wire, either as a single conductor or
grouped together in a harness. All wiring is color coded on the
insufator, either as a solid color or as a colored wire with an identi-
fication stripe. A printed circuit is a thir film of copper or other con-
ductor that is printed on an insulator backing. Occasionally, a
printed circuit is sandwiched between two sheets of plastic for more
protection and flexibility. A complete printed circuit, consisting of
conductors, insulating material and conngctors is called a printed
circuit board. Printed circuitry is used in place of individual wires or
harnesses in places where space is Jimited, such as behind instru-
ment panels,

Since marine electrical systems are very sensitive to changes in
resistance, the selection of properly sized wires is critical when sys-
tems are repaired. A loose or coroded connection or a replacement
wire that is too small for the circult will add extra resistance and an
additional voitage drop to the circuit.

The wire gauge number is an expression of the cross-section
area of the conductor. Vessels from countries that use the metric
system will typically describe the wire size as its cross-sectional
area in square millimeters. In this method, the larger the wire, the
greater the number. Another common sysiem for expressing wire
size s the American Wire Gauge (AWG) system. As gauge number
increases, area decreases and the wire becomes smaller. An 18
gauge wire is smalier than a 4 gauge wire. A wire with a higher
gauge number will carry less current than a wire with a lower gauge
number. Gauge wire size refers to the size of the strands of the con-
ductor, niat the size of the complete wire with insulaor. it is possi-
ble, therefore, to have two wires of the same gauge with different
diameters because one may have thicker insulation than the other.

It 1s essential to understand how a circult works hefore trying to
figure out why it doesn't. An électrical schematic shows the electri-
cal current paths when a circuit is operating properly. Schematics
break the entire electrical system down into individual circuts. Ina
schematic, usually no attempt is made to represent wiring and com-
pongnts as they physically appear on the vessel; switches and other

comporients are shown as simply as possible. Face views af har-
ness connesiors show the cavity or tgrmmal logations in all muiti-
pin connectors fo help locate test poinis.

CONNECTORS

# See Figures 5, 6 and 7

Three types of connectors are commonly used in marine applica-
tions—weatherproof, mofded and hard shell,

« Weatherproof—these connectors are most commonly used
where the connector is exposed to the elements. Terminals are pro-
tected against moisture and dirt by sealing rings which provide a
weather tight seal. Ail repairs require the use of a special lerminal
and the ool required to service it. Unlike standard blade type termi-
nals, these weatherproof terminals cannot be straightened once they
are bent, Make certain that the connectors are properly seated and
all of the sealing rings are in place when connecting leads,

« Molded—these conneclors require complete replacement of
the connector if found to be defective. This means splicing a new
connector assembly into the hamess. All splices shoauld be soldered
to insure proper contact, Use care when prabing the connectians or
replacing terminals in them, as it is possible to create a short circuit
hetween opposite terminats, f this happens to the wrong terminal
pair, it is possible to damage certain components. Always use
jurnper wires between connectors for circuit checking and NEVER
probe through weatherproof seals.

TCCRGPIG
Fig. 5 Hard shell (teft} and weatherproof {right} connectors have
replaceable terminals

TCChBRM
Fig. 6 Weatherproof connectors ars most commenly uged in the
engine compariment or where the connector is exposed to the
elements
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Tsre?
Fiy. 7 The seals on weatherproof connectars must be kept in
good condition to prevent the terminals from corroding

» Hard Shell—unlike molded connectors, the terminal contacts
in hard-shell connectors can be replaced. Replacement usually
invotves the use of a special terminal removal fool that depresses
the locking tangs (barbs) on the connector terrminal and aliows the
connector 1o be removed from the rear of the shell. The connector
shell should be replaced if it shows any evidence of burning, met-
ing, cracks, or breaks. Replace individual terminals that are burnt,
corroded, distorted or loose.

Test Equipment

Pinpainting the exact cause of trouble in an electrical circuit is
most times accomplished by the use of special test equipment,
The following sections describe different types of commonly used
test equipment and briefly explain how to use them in diagnosis.
tn addition to the information covered below, the tool manufac-
turer's instruction manual (provided with most tools) should be
read and clearly understood before attempting any test proce-
dures.

JUMPER WIRES

“fused jumnper”. By inserting an in-line fuse holder between a set of
test leads, a fused jumper wire can be used for bypassing open cir-
cuits. Use a 5 amp fuse to provide protestion against voltage
spikes.

Jurnper wires are used primarily to locate open electrical circuits,
on gither the ground {-) side of the circuit or on the power (+) side.
If art electrical component fails to operate, connect the jumper wire
between the companent and a good ground. If the component oper-
ates only with the jumper instalied, the ground circuit is open. If the
ground circuit is good, but the component does not operate, the cir-
cuiit between the power feed and component may be open. By mov-
ing the jumper wire successively back frorm the component toward
the power souree, you can isolate the area of the circuit whare the
open is located, When the component stops functioning, or the
power is cut off, the open is in the segment of wire between the
jumper and the paint previousty tested.

You can soretimes connect the jumper wire direcily from the
battery to the “hat” terminal of the component, but first make sure
the component uses 12 volts in operation. Some elecirical compo-
nents, such as fuel injectors or sensors, are designed to operate on
about 4 to 5 volts, and running 12 volts directly to thase compo-
nents will cause damage.

TEST LIGHTS

# See Figure 8

The test light is used to check circuits and components while
electrical current is flowing through them. It is used for voltage and
ground tests. To use a 12 volt test light, connect the ground clip to
a good ground and probe wherever necessary with the pick. The test
Iight will illuminate when voltage is detacted. This does not neces-
sarily mean that 12 volts (or any particular amount of voltage}) is
present; it only means that some vollage is present. It Is advisable
before using the test light to touch its ground clip and probe across
the battery posts or terminals to make sure the light is operating

properly.

sk WARNING

Do not use a test light to probe elecironic ignition, spark plug
or coll wires. Never use a pick-type test llght o probe wiring

st CAUTION

Never use jumper wires made from a thinner gauge wire than
the circuit being tosted. If the jumper wire is of oo small a
gauge, it may averheat and possibly melt. Never use jumpers to
bypass high resistance toads in a circuil. Bypassing resls-
tances, in effect, creates a short girguit. This may, in turn,
cause damage and fire. Jumper wires should only he used to
bypass lengihs of wire or to simulate switches.

Jumper wires are simple, yel extremely valuable, pieces of test
equipment. They are hasically test wires which are used to bypass
sections of a circuil. Although jumper wires can be purchased, they
are usually fabricated from lengths of standard marine wire and
whatever type of connector (alligater clip, spade connector ot pin
connector) that is required for the particular application being
tested. In cramped, hard-to-reach areas, it is advisable to have
insulated boots over the jumper wire terminals in order to prevent
accidenial grounding. It is also advisable to include a standard
marine fuse i any jumper wire. This is commonly referred to as a

TCC52008
Fig. B A 12 volt test light is used fo detect the prasence of voit-
ape in a clrewit
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on electronically controlled systems unless specifically
instructed to do so. Any wire insulation that is pierced by the
test light probe should be taped and sealed with silicone after
testing.

Like the jumper wire, the 12 volt test light is used to isolate
opens in circuits, But, whereas the jumper wire is used to bypass
the open to operate the load, the 12 volt test light is used to |ocate
the presence of voltage in & circuit. I the test light illuminates, there
IS power up to that point in the circuit; if the test light does not illy-
minate, there is an open circuit {no power). Move the fest light in
successive steps back toward the power source until the light in the
handle illuminates. The open is between the probe and a point
which was praviously probed.

The self-powered test [ight is similar in design to the 12 volt
test light, but contains a 1.5 volt pentight battery in the handle. i
is most often used in place of a muitimeter to check for apen or
sfiort circuits when power is Isclated from thes circuit {conlinuity
test).

The battery in a self-powered test light doss not provide much
current. A weak battery may not provide enpugh power to ilfuminate
the test light even when a complete circuit is made (especially if
there is high resistance in the circuit). Always make sure that the
test battery is strong. To check the battery, briefly touch the ground
clip to the probs; if the light glows brightly, the battery is strong
enough for testing.

= J seit-powered test light should not be used on any electrancally
controtled system or componsnt. The smalf amount of electrigiy
transmitted by the test light is enongh to damage many elettronic
marine components.

MULTIMETERS

¥ See Figure 9

Multimeters are an extremely useful toof for troubleshooting
electrical problems. They can be purchased in either analog or digi-
tal form and have a price range to suit any budget. A multimeter is a
voltmeter, ammeter and ohmmeter {along with cther features) com-

[M475
Fig. 9 Multimeters are essential for diagnosing faulty wires,
swilches and other electrical components

ELECTRICAL 5-7

bined inte one instrument. It is ofien used when testing solid state
circuits because of its high input impedance (usually 10 megachms
or more). A brief description of the multimater main test functions
follpws:

« Voltmeter—the voltmeter is used to measure vollage at any
point in a circuit, or to measure 1he voltage drop across any pan
ot a cirouit. Yoltmeters usually have various scales and a selector
swilch {o allow the reading of different voltage ranges. The voli-
mefer has a positive and a negative fead. To avoid damage to the
meter, always connect the negative lead to the negative (-} side
of the circuit (to ground or nearest the ground side of the circuit)
and cannect the positive lead o the positive {+) sige of the cir-
cuit (to the power source or the nearest power source). Note that
the negative voltmeter lead wil! always be black and that the pos-
itive voltmeter will always be some colar other than black {usu-
ally red).

« Qhmmeter—the ohmmeter is designad to read resistance
{measured in ohms} in a circuit or component. Most chmmeters
will have a selector switch which permits the measurement of dif-
ferent ranges of resistance (usually the selector switch allows the
rultiplication of the meter reading by 10, 100, 1,000 and 10,000).
Some ohmmeters are “auto-ranging” which means the meter itself
will determing which scale to use. Since the meters are powered
by an inlernal battery, the ohmmeter can be used like a self-pow-
ered test light. When the ohmmeter is connected, current from the
phmmeter flows through the circuit or component being tested.
Singe the ohmmeter’s internal resistance and voltage are known
values, the amount of current flow through the meter depends on
the resistance of the circuit or component being tested. The ohm-
metsr ¢can also be used to perform a continuily test for suspected
open cirguits, In using the meter for making continuity checks, do
not be concerned with the actual resistance readings. Zero resis-
tance, or any ohm reading, indicates continuity in the circuit. Infi-
nite resistance indicates an opening in the circuit. A high
resistance reading where there should e none indicates a prob-
lerm in the circuit. Checks for shart circuits are made in the same
manner as checks for open circults, except that the circuit must be
isolated from both power and normal ground, Infinite resistance
indicates no continuity, while zero resistance indicates a dead
short,

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

s Ammeter—an ammeter measures he amount of current fow-
ing through a circuit in units called amperes or amps. At normal
operating voltage, most circuits have a chasacteristic amaunt of
amperes, called “current draw” which can be measured using an
ammeter, By referring to a specified current draw rating, then mea-
suring the amperes and comparing the two values, one can deter-
mine what is happening within the circuit to aid in diagnosis. An
open circuit, for example, witl not allow any current to flow, so the
ammeter reading will be zero. A damaged component or circuit will
have an increased current draw, so the reading wil be high. The
ammeter is always connected in series with the circuit being tested.
Al of the current that nommally flows through the circuit must also
flow through the ammeter; if there is any other path for the current
1o fallow, the ammeter reading wilf not be accurate. The ammeter
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ifself has vary little resistance to current flow and, theredore, will not
affect the circuit, but it will measure current draw only when the cir-
cuit is closed and elestricity is flowing. Excessive current draw can
blow fuses and drain the battery, while a reduced current draw can
cause motors to run stowly, lights to dim and other components o
not operate properly.

Troubleshooting Electrical Systems

When diagnosing a specific problem, organized troubleshooting
is a must. The compiexity of a modem marine vessel demands that
you approach any problem in a logical, orgenized manner, There are
certain troubleshoating technizues, however, which are standard:

« Establish when the problem oceurs. Does the problem
appear aniy under certain conditions? Were there any noises,
odors ar ather unusual symptoms? Isolate the problem area. To
do this, make some simple tests and observations, then eliminate
the systems that are working properly. Gheck for obvious prob-
lems, such as broken wires and loose or dirty connections.
Always check the obvious before assuming something compli-
cated is the cause.

« Test for problems systematically to determine the
cause once the problem area is isolated. Are all the compo-
nents functioning properly? Is there power going to electrical
switches and moters. Performing careful, systematic checks will
often turn up most causes on the first inspection, without wasting
time checking components that have little or ro relationship to the
profilemn.

« Test all repairs after the work is done {o make sure
that the problem is fixed. Some causes can be iraced to more
than one component, o a careful verification of repair work is
impoertant in order to pick up additional malfunctions that may
cause a problem 10 reappear or 2 different probiern to arise. A
blown fuse, for example, is a simpls problem thal may require
more than another fuse 1o repalr, if you don't look for a problem
that caused a fuse to blow, a shorted wire (for example) may go
undetected.

Experience has shown that most problems tend to be the result
of a fairly simpls and obvigus cause, such as loose or corroded
connectors, bad grounds or damaged wire insulation which
causes a shorl, This makes careful visual inspection of compo-
nents during testing essential to quick and agcurate troubleshoot-

ing.

VOLTAGE

This {est determines voltage available from the battery and
should be the first step in any electrical troubleshooting procedure
after visual inspection. Many efectrical problems, especially on
electronically controlled systems, can be caused by a low state of
charge in the battery. Excessive corrosion at the batfery cable termi-
nals can cause poor contact that will prevent proper charging and
full battery current flow.

1. Set the voltmeter sefector switch to the 20V position.

2. Connect the multimeler negative lead to the battery's negative
{-) post or terminal and the positive lead to the battery’s positive {+)
past or terminal.

3. Turn the ignition: switch OM to provide & load.

4. A well charged battery should register over 12 volts. If the
meter reads below 11.5 volts, the battery power may be insufficient
to operate the electrical systern properly.

VOLTAGE DROP

When current flows through a load, the voltage beyond the load
drops. This voltage drop is due to the resistance created by the
load and also by small resistances created by corrosion at the
connectors and damaged insutation on the wires. The maximum
allowable voltage drop under load is critical, especially if there is
morg than one load in the circuil, since all voltage drops are
cumulative,

1. Set the voltmeter selector switch to the 20 volt pasitian.

2. Connect the multimeter negative lead to a good ground.

3. Operate the circuit and check the voltage prior to the first
component {load).

4. There should be little or no veltage drop in the circuit prior to
the first component. If a voltage drop exists, the wire or connectors
in the circuit are suspect.

5. While operating the first compaonent in the circuit, probe the
ground side of the component with the positive meter lead and
observe the voltage readings. A small voltage drop should be
noticed. This voltage drop is caused by the resistance of the com-
ponent.

6. Repeat the test for each component (load) down the circuit.

7. It a large voltage drop is noticed, the preceding component,
wire or connector is suspect.

RESISTANCGE

Szt WARNING

Never use an chmmeter with power applied to the circuit. The
ochmmeter is designed to operale an its own power supply. The
normal 12 volt electrical system voltage could damage the
meter!

1. lsolate the circuit from the vessel's power source.

2. Ensure that the ignition key is OFF when disconnecting any
components or the battery.

3. Where necessary, also isolate at least ong side of the circuit to
be checked, in order to avoid reading parallel resistances. Paralle|
circuit resistances will always give a lower reading than the actual
resistance of either of the branches.

4. Connect the meter leads to both sides of the circuit {wire or
component) and read the actual measured ohms on the meter
scale. Make sure the selecior switch is set to the proper ohm scale
for the circuit being tested, to avoid misreading the chmmeter test
value,

OPEN CIRCUITS

# See Figure 10

This test already assumes the existence of an open in the circuit
and it is used to help lacate the open portion.

1. Isofate the circult from power and ground.

2. Connect the seli-powered test light or shmmeter ground clip
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' B i TR
Fig. 10 The infinite reading on this mullimeter {1 . } indicates
that the clrcuit is open

to the ground side of the circuit and probe sections of the circuit
sequentiatly.

3. If the light is out or there is infinite resistance, the open is
between the probe and the circuit ground.

4. Ifthe light is on or the meter shows continuity, the open is
between Ihe probe and the end of the circuit toward the power
SOUICE.

SHORT CIRCUITS

=Never use a self-powered test light to parform checks for apens ot
shorts when power is applied to the circuit under test. The test lighi
can he damaged by outside power.

1. Isolate the circuit from power and ground.

2. Connect the self-powered fest Yight or ohmmeter ground
clip to & good ground and probe any easy-to-reach point in the
circuit.

3. Ifihe light comes on or there is continuity, there is a short
somewhere in the circuit.

4. To isolate the short, probe a test point at efther end of the is¢-
lated circuit (the Jight should be on or the meter shouid indicate
continuity).

5. Leave the test Hght probe engaged and sequentially open con-
nectors ar switches, remove pars, atc. until the light goes out or
continuity is broken.

6. When the light goes out, the short is between the last twa cir-
cuit cormpongnts which wers opened.

Wire And Connector Repair

Atmost anyone can replace damaged wires, as long as the
proper tools and parts are availabie. Wire and terminals are avail-
able to fit almost any need. Even the specialized weatherproo,
mafded and hard shell connectars are now available from aftermar-
kei suppliers.

Be sure the ends of all the wires are fitted with the proper termi-
nal hardware and connectors, Wrapping a wire around a stud is
never a permanent solution and will only cause trouble later.
Replace wires one at a time to avpid confusion. Always route wires
in the same manner of the manufacturar,

When replacing sonnectigns, make absoluteiy certain that the
connectors are certified for marine use. Automotive wire conneg-
tors may not meet United States Coast Guard {USCG) specifica-
tions.

=|f gopneclor repair is necessary, anly attemp! it if you have the
proper lools. Weatherproof and hard shell connectors require spe-
cial tools to release the pins inside the connector. Attempting to
répair these connectors with conventional hand tools will damage
them.

Electrical System Precautions

= \Wear safety glasses when working on of near the battery.

« Don't wear a waich with a metal band when servicing the bat-
tery or starter. Serious burns can resuit if the band completes the
circuit between the positive battery terminal and ground,

« Be absolutely sure of the polarity of a booster battery before
making connections. Connect the cables positive-to-positive, and
neqative-to-negative. Connect positive cables first, and then
make the fast connection {0 ground on the body of the booster
vassel so that arcing cannot ignite hydrogen gas that may have
accumulated near the battery, Even momentary connection of a
booster baftery with the polarity revecsed will damage alternator
diodes.

« Disconnect both vessel battery cables before attempting to
charge a baitery.

« Never ground the alternator or generator output or battery ter-
minal. Be cautious when using metal tools around a battery to avoid
creating a short circuil between the terminals.

= When installing a battery, make sure that the positive and neg-
ative cabies are not reversed.

+ Always disconnect the batiery (negative cable first) when charging.

» Never smoke or expose an open flame around the battery .
Hydrogen gas accumulates near the battery and is highly explo-
sive.
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ELECTRICAL 5-11

Starting Circuit To prevent damage to the starter motor when the engine starts, the

pinion gear incorporates an over-running {one-way) clutch which is
¥ See Figures 11 and 12 splined to the starter armature shaft. The rotation of the running engine

may speed the rotation of the pimion but nat the starter motor itseli,
BT Inciude: Once the starier button is released, the current flow ceases, stap-

sta;ﬁ b“:;""ét:"td '%"'ltl"’" swgthch,_ rument oanel is d y ping the activation of the solencid. The plunger is pulled out of

én e starter bulton on the Instrument panel Is depressed, contact with the battery-to-starter cables by a coil spring, and the
current flows and energizes the starters solenoid coil. The energized % eleatricity is interrupted to the startsr. This weakens the
CO!: becdomles an elecitr(;magnet{, whlzt;hhpuJI'Is ”’he. pt:unger lImlD the h magnetic fields and the starter ceases its rofation. As the solenoid
COIT, and CI0SES  Se Of Contacts which ailow high current 10 reac plunger Is released, its movement aiso pulls the starter drive gear
the starter motor. At the same time, the plunger also serves to push from ifs engagement with the enging flywhael
the starter pinion to mesh with the testh on the flywhee!. )

The starting system includes the battery, starter motor, solenoid,

Starler-molor

To Alternator |
[ t
2, '
&, Q{*. Fuse box {304} I
/ . . Battery
e’ To instrument panel S

Baitery switch foptional)

{B7OG08

Fig. 11 Typieal starting circult with major components shown

: CRANKING
KEY SWITCH MOTOR

N

v v v FLYWHEEL
$H92BG058

Fig. 12 A typical starting system converts elecirical energy inlo mechanical energy to turn the enging. The componsnts are: Battery, to

provide electricity to operate the slarter; Ignition switch, to coatrol the energizing of the starter relay or solenoid; Starler relay or solenoid,

lo make and break the circuit between the battery and starler; Startor, to convert electrical energy into mechanical energy ic rotate the
engine; Starter drive gear, to transmit the starter rotation to the engine flywheel
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L
PRECAUTIONS

To prevent damage to the starter, the following precautionary
measures must be taken:

= Wear safety glasses when working on or near the battery,

» Don't wear 2 watch with a metal band when servicing the
starier. Serious burng can result if the band completes the circuit
between the positive battery terminal and ground.

« Be absolutely sure of the polarity of a booster battery before
making connections. Connect the cables positive-to-positive, and
negative-to-negative. Connect positive cables first, and then
make the {ast connection to ground on the body of the booster
vessel so that arcing canngt ignite hydrogen gas that may have
accumulated near the battery. Even momentary connection of a
booster battery with the potarity reversed will damage alternator
diodes.

= Disconnect hoth battery cables before attempting to charge a
battery.

« Be cautious when using meal tools around a the starter to
avoid creating a short circuit between the terminals.

« When installing a battery, make sure that the positive and neg-
ative cables are not reversed.

» Adways disconnect the battery ground cable before disconnect-
ing the starter leads.

CIRCUIT TESTING

= A good guality digltal maitimeter with at teast 10 meganhm/voll
impedance should be used when tesling ¢ircufs, These melers can
accurately detect very small amounts of voltage, current and resis-
tance. This type of meter also has a high internal reslstance that
will not load the circult being tested.

1. Check the battery and clean the connections as follows:

a. ! the battery celis have removable caps, chack the water
level, and add distiled water if low. Load test the battary and
charge if necessary. See Battery Testing in this section for the
procedure.

b. Remove the cables and clean them with a wire brush.
Reconnect the cables.

2. Gheck the starter motor ground circuit using a veltage drop
test as follows:

2. Set the meter 1o read DC voltage on the lowest possible scate.

b. Gonneci the negative lead of your multimeter to the negative
terminal of the battery.

¢. Connect the positive lead to the body of the starter. Make
sure the starter mounting bolts are tight. The meter should read
0.2 volts or less. If the voltage reading is greater, remove and
ciean the negative battery connection on the engine biock. The
voltage reading should now be within specification: if not, replace
the negative battery cable.

3. Check the motor feed circuit with a voltage drop test as fol-
lows:

a. Move the engine speed lever to the OFF position to pravent
the engine from starting.

b. Connect the positive lead of your meter to the positive ter-
minaf of the battery.

¢. Connect the negative meter lead to the motor feed terminal,

The motor feed terminal comes out of the bedy of the starter
motor and connects {0 the solenoid.

d. Turn the ignition key 1o the START position. The meter
should read 0.2 volts or less. If the voltage reading is greater,
remove and clean the positive battery connection on the starter
solenoid. The voltage reading should now be within specification;
if not replace the positive battery cable,

4, Check for battery voltage at the 8 terminal on the starter sole-
naid as follows:

a. Move the engine speed lever to the OFF position to prevent
the engine from starting.

b. Set the meter to read batiery voltage. Move it to the next
higher range if set on the 2 volt scale.

¢. Connect the positive lead to the § terminal on the starter
solenoid and the negative lead to a good ground.

d. Turiy the fgnition key to the START position, and push the
starter button to crank the engine. The meter should read battery
voltage. If baitery valtage is not present, check the fuse(s) and
wiring between the ignition switch and starter sofenoid. If battery
voltage is present at the 8 terminal on the solenoid and the
starter does not operale, it can be assumed that the starter is
fauity.

Starter Motor :

» See Flgurs 13
TESTING

# See Figures 14, 1% and 16

Check the fuse attached to the wiring harness near the starter
before starting any testing. If the fuse is good. this confirms the
startsr circuit is working correctly

Although considered a unil, starters consist of two primary com-
ponents—the starter motor and the starter solenoid. The solenoid
can be tested independently to confirm if it is faulty.

Keep in mind that if you do find that ong of the components of
the starter is faulty, repracement as a unit is usually most practical.
Most parts suppliers supply “rebuilt” starters, saving time and
money on having o replace individual components.

Salsnoid

Although removal of the starier solenoid (also known as the
magretic switch) requires disassembly of the starter, it can be
tested for proper operation independently of the starter without
removal,

SOLENOID PLUNGER TEST

1. Disconnect the negative battery cable.

2. Remove the starter motor power wire (the largs braided wire) from
the M terminal on the solenvid, Leave all other connections infact,

3. Reconnect the negative hattery cable.

4. Turn the ignition switch to the ON position, and press the
starter button. An audible “click” shaudd be heard from the starter. If
there is no noise from the starter when the button ts pushed, the
solenoid is faulty.
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Magnetic switch

Field coil

Bruzh

Armature Yoke

Fig. 13 Cutaway view of a GM series starter

Shill lever

1A/ \Vah
: &
Lo ‘ .
\ 'Q/

04875601

HATEP0
Fig. 14 An inline fuse is located on the wiring harness near the
starler. To check the fuse, remove the tape . . .

RET5F12
Flg. 16 . . . and unclip the fuse from the holder. Note the spare
fuse inside the box

Fig. 15. . . open the fuse box. .

SOLENDID CONTACT TEST
¥ See Figures 17 and 18

1. Disconnect the negative battery cable.

2. Remove the starter motor power wire (the large braided wire)
and the power {+12v) wire from the solenoid. Leave the solenoid
¢oil connector attached.

=Nake sure that the power wire is not touching anything on the
enging.

3. Reconnecl the negative battery cable,

4. Check for continuity between the “B" and “M” terminals on the
solennid. Continuity shouid not exist when the starter button is not
pressed (solenoid not energized). If continuity exists, the solenoid
is faulty and should be replaced.

5. Turn the ignition switch to the OM position, and press the
starler button. After the starter makes a “click” sound, check for
continuity between the “B" and "M” terminals on the solenoid while
continuing to hold down the starter button {this may require an
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TIPS
Fig. 17 To 1est the soleacid contact, remove the wires from the
“B* and “M” terminafs . . .

" nagrsee
Fig. 18 This starter motor armafure was destroyed from exces-
sive engine ¢cranking

Fig. 18 . . . and connect a multimeter between them io check
for continuity

D44r5Pa4
Fig. 20 It may be negessary to remove brackats or other compo-
nents to make slarter removal easier

assistant). If continuity does not exist, the solenoid is faulty and
should he replaced.

Starter Motor
b See Figute 19

If the tests for the starter satenoid indicate proper function and
the starter mator itseif is not functioning, it can be assumed the
starter is faulty. This is because power is being supplied to the
motor, through the braided cable which connects 1o the M terminal
on the starter solenoid.

REMOVAL & INSTALLATION

¥ See Figures 20, 21, 22 and 23

=i you decide to use a generic brand of starier on your engine,
make absolutely certain that it is certtied for marine use. Autemo-
tive starters do not meet United States Coast Guard (USCG) stan-
dards because they do not have shielding for the contacts to prevent
sparks. Under no circumstances should an autometive-iype starter

04875Pa%

Fig. 21 Remove the power connections frem the solenoid . . .
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et Spd

Fig. 22 . . . loosen the starter mounting baks . . .

ipsraPey

Fig. 23 . . . and lift the starter from the engine

be used on a marine engine. If an automotive starter (or any other
non-USGCG approved electrical device) is used on your marine
ehgine, and it catches fire, your insurance company will NOT cover
your loss, and you will be issued a heavy fine by the USGG.

1. Disconnect the negative battery cable.

2. 1f necassary, remove any components to gain access to the
starter motor, such as the air filter or wiring brackets.

3. Label and disconnect the wiring from the starter,

4. Remove the starter maunting bolts,

5. Remave the starter assembly from the enging. In some Gases,
the starter will have to be turned to a different angle to clear
obstructions,

To instail:

6. If necessary, measure and adjust the pinion-to-ring gear
clearance. This should be done by the manufacturer or rebuilder. If
in doubt, ask the parts distributor if this will be necessary.

7. Position the starter motor on the mounting boss. Tighten the
mounting bolts securely.

8. Connact the wiring to the starter.

9. Install any compenents that were removed to gain access o
the starter.

0. Cannect the negative battery cable.
11, Test the starter for proper operation.

Charging Gircuit

¥ See Flgures 24 and 25

Atypical charging systerm containg an alternator, drive belt, battery,
voltage regulator {integrated into atternator housing) and the associ-
ated wiring. The charging system, like the starting system is a senies

STATO SiX
DIODES

Bz BE51

Flg. 24 Negative and positive diodes convert AC current into DG
curremt—note thal the AG current reverses direction while the

DG current Hows in pne direction

circuit with the battery wired in parallel. After the engine is started and
running, the alternator takes over as the source of power and the bat-
tery then becornes part of the load on the charging system.

The alternator, which is driven by the drive belts, consists of a
rotating coil of laminated wire called the rotor. Surrounding the
rotor are more coils of laminated wire that remain stationary (which
is how we get the term stator) just inside the alternator case. When
current is passed through the rotor via the slip rings and brushes,
the rotor becomes a rotating magnet with, of course, a magnetic
field. When a magnetic field passes through a conductor {the sta-
tor), alternating current (A/C} is generated. This A/C current is recti-
fied, turned into direct current {D/G), by the dinodes located within
the alternator.

The voltage regulator conirols the alternator’s field voltage by
grounding one end of the field windings very rapidly. The frequency
varies according to current demand. The more the field is grounded,
the more voltage and current the alternalor produces. Voitage is
maintained at about $3.5-15 velts. During high engine speeds and
low current demands, the regulator will adjust the voltage of the
alternator field to lower the alfernator output voltage. Conversely,
when the engine is idling and the current demands may be high, the
reguiator will increase the field voltage, increasing the output of the
alternator. Depending on the manufacturer, voliage regulators can be
found in different locations, including inside or on the alternator.

= Drive bells are ofisn overlocked when diagnosing a charglng sys-
tem failure. Check the belt tension on the alternator putley and
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CIRCUIT TESTING

replace/ad]ust the beft. A loose helt wilf result In an vndercharged
battery and a no-start condition. This is especially true in wet
waather conditions when the moislure causes the belt fo become
even more slppery.

PRECAUTIGNS

To prevent damage to the alternator, the following precautionary
measuras must be taken:

« Wear safety glasses when working on or near the battery,

« Don't wear @ waich with a matal band when servicing the bat-
tery or alternator. Serious birns can resuit if the band completes the
circuit between the positive battery terminal and ground.,

« Ba absoiutely sure of the polarity of a booster battery before
making connections. Connect the cables positive-to-positive, and
negative-to-negative. Connect positive cables first, and then
make the last connection to ground on the bady of the booster
vessel so that arcing cannot ignite hydrogen gas that may have
accumulated near the hattery. Even momentary connection of a
booster battery with the polarity reversed will damage alternator
diodes.

+ Disconnect both battery cabies before attempting to charge a
battery.

+ Never ground the alternator or generator output or battery ter-
minal. Be cautious when using metal toals around a battery to avold
creating a short circult between the terminals.

» Never ground the field circuit hetween the alternator and regu-
lator,

« Never run an alternator without an electrical load urnlass the
field circuit is disconnected.

» Never attempt to “pofarize” an alternator.

« When installing a battery, make sure that the positive and neg-
afive cables are not reversed.

« Never operate the alternator with the battery disconnected or
an an otherwise uncontrolled open circuit.

+ Do not short across or ground any alternator or regulator ter-
minals,

« Always disconnect the battery ground cable before disconnect-
ing the alternator lead.

« Always disconnect the battery (negative cable first) when
charging.

The charging circuit should be inspected if:

« The charging system warning fighl on the controf panel is ilu-
minated.

« The voltmeter on the instrument panel indicates improper
charging {either high or low} voltage.

+ The hattery is overcharged (electrolyte tevel is low and/or boil-
ing out).

= The battery is undercharged (insufficient power to crank the
startsr).

The: starting point for all charging system problems begins with
the inspection of the battery, related wiring and the alternator drive
belt. The battery must be in good condition and fully charged before
system testing.

The charging system waming light wili iluminate if the charging
voltage is either too high or toa low. The warning light should light
when the key is turned to the ON position as a bulb check. When
the alternator starts producing voitage due to the engine starting,
the light should go out.

A good sign of voltage that is tog high, are lights that burn out
and/or burn very brightly. Over-charging can also cause damage to
the battery and electronic circuits.

=Before tesiing, make sure all connections and mounting bolts are
clean and fighl. Many charging system problems are related 1o
loose and corroded terminals or bad grounds. Don't overlaok the
englne ground connection ta the battery, or the tension of the aiter-
nator drive belt.

Voltage Drop Tesf

POSITIVE SIDE OF THE CIRGINT

1. Make sure the battery is in good condition and fully charged.

2. Start the engine and allow it to reach normal operating tem-
perature,

3. Turn on all the electrical accessories on the vessel.

4. Bring the engine to a high idle, of approximately 2,000 rpm,

5. Connect the negative (-) volimeter lead directly to the battery
positive (+) terminal.

6. Touch the positive voltmeter lsad directly to the aiternator B+
output stud, nof the nut. The meter should read no higher than about
0.5 volts. ff it does, then there is higher than rormal resistance between
the positiva side of the battery and the B+ qutput at the alternator.

7. Move the positive (+) meter lead {0 the nut and compare the
voltage reading with the previcus measurement. If the volttage read-
ing drops substantially, then there is resistance between the stud
and the nut,

8. The theory is to keep moving closer to the battery terminal one
connection at atime in order to find the area of high resistance (bad
connection}.

NEGATIVE SIDE OF THE CIRCUIT

1. Start the engine and aliow it to reach normal operating tem-
perature.

2. Tum on all the electrical accessories on the vessel,

3. Bring the engine to & high idle, of approximately 2,000 rpm.

4. Connect the negative (-) voltmeter lead directly to the negative
battery terminal.

5. Touch the positive (+) voltmeter lead directly to the altermator
tase or ground conngction. The meter should read no higher than
about 0.3 volts. If it does, then there is higher than normal resistance
between the battery ground terminal and the alternator ground.
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6. Move the positive {+) meter lead to the alternator mounting
bracket, if the voitage reading drops substantialty then you know
that there is a bad electrical connection hetween the alternator and
the mounting bracket,

~The theory is to keep moving closer 1o the battery terminal one
connection at a Hme in ordet to flad the area of high resistance
{bad connection).

Current Dutput Test
# See Figure 26

= The current output test requtires the use of a voit/amp tester with
battery load conirel and an fnductive amperage pick-tip. Follow the
ranufacturer’s tnstructions on the use of the agulpment.

1. Start the engine and allow it to reach normal operating tem-
perature.

2. Turn OFF all electrical accessories.

3, Connect the tester to the battery terminals and cable according
to the instructions.

4. Bring the engine to a high idle, of approximately 2,000 rpm,

5. Apply a load to the charging system with the rheostat on the
tester. Do not let the voltage drop below 12 volts.

6. The alternator should deliver to within 10 percent of the rated
output. If the amperage is not within 10 percent and all other com-
panents test praperly, replace the alternator.

Alternator

Yanmar offers alternators of various outputs, each designed for
providing power to the elecirical applications o your particular
vessel. Upgrading your alternator to one of higher output may be as
simple as requesting a highsr output unit for replacement from your
focal Yanrnar parts dealer.

REMOVAL & INSTALLATION

» See Figures 27 thry 36

=i you declde to use a generic brand of alternatar on your engine,
make absolutely certain that the alternator is certified for marine use.

FULL FIELD
TESTER
LoaD apuusTER 50 B
ICARBON PILE] OLTMETER
’ LEAD (BLK)
(O st posmvE
= POSITIVE
s LEAD (RED)
voiT ot 5% b
SELECTOR —— ¢ F
FELD TEST SELECTOR /

SELECTOR  SVITCH

B TERMINAL WIRE

BAS2BGH
Fig. 26 Typical chargiag sysiem iester. Many similar testers are
available that perform equally as well

Automotive altérnators do not meet United Statas Coast Goard
(USCG) standards hecauss they do not have shielding for the contagls
to prevent sparks. Under no circumstances should an automotive-type
alternator be used on a marine engine. If an automotive alternator (ot
any other non USCG approved electrical device) is used on your
marine engine. and It catches fire, your insurance company will NOT
cover your 1oss, and you may be issued a heavy fine by the USCG.

1. Remove any components necessary for access to the alternator.
2. Disconnect the negative battery cable.

3. Loosen the alternator pivot nut, foliowed by the adjustment nut.
4. Pivot the alternator so that the belt can be removed.

3. Remove the drive belt from the alternator puliey.

=it samme cases, it may be easier to disconnect the wiring after the
alternator has heen removed. Be sure to support the alternator by
hand while removing the wiring.

6. Label and disconnect the wiring from the alternator, If
necessary, mark the wires with paint or tape to identify them for
proper installation.

7. Remove the pivot and adjustment bolls, and remove the alter-
nator.

L]
Figr. 27 Before removing the aliernator from the enging, remove
the wires and connectors from the back of the alternator

Fig. 28 When loosening the wire conneelions, use 2 backup
wrench on e terminal to keep it from spinning. Spinning a ter-
minal can damage the allernator internally
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IR
Fig. 29 Note that the terminals use two washers; be sure to

Install them in the proper order

04875738

Fig. 32 . . . and slide it ou! of the bracket

T
Ftg. 30 Once the wire terminals are disconnected, The alterna-
tor can be ynbolied from the engine. Firsl, remove the adjust-
ment bolt. . .

N497AHRIG
Fig. 33 Once the bolts are remaved, the afternator can be
removed from the engine

Fig. 31 . . . then loosen the allernalor pivet boll . . .

DTSR
Fig. 34 When installlng the alternater, the rubber terminal coy-
ars should not just be pushed over the terminal . . .
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rms.‘fsﬂ)e
Fig. 35. . _ hnt should be completely sealsd against the termi-
nal base. This prevents the entry of molsture

Gﬂ?ﬁPﬂ
Fig. 36 Inspect the drive bell and replace it with a new one if it
ig found to be wom

To install;
=|f necessary, attach the wiring to the alernator before instaliation.

8. Install the alternator and attach the wiring using the mark-
ings made during disassembly. Be sure to aitach the wires to their
proper locations.

9. Install the drive belt on the alternator pulley and properly
tenston.

10. Connect the negative battery cable,

BELT TENSIONING

Drive belts are often overlosked when diagnosing a charging
system failure. Check the belt tension o the afternator pulley and
replace/adjust the belt. A loose belt will result in an undercharged
battery and a no-start condition. Refer to the “Maintenance Section”
for information on proper belt tensioning.

CONTROL PANEL

» See Figures 37, 38, 39 and 40

Since an engine is so far below deck, it can be difficult to hear
prablems whean they first start. A problem may go unnoticed for a
considerable amount of time, causing a considerable amount of
tdamage to the engine. The best way to keep track of your engine’s
condition is to use the gauges and warning circuits,

Tachometer

Key switch

Light swilch

Engine stap switch
L4EGNZ
Fig. 37 Ths typlcal cantrol panef contalns several gauges and

warning lights In addition to the key switch—Type “B" comirol
panel shown

Control panels usually contain a number of indicating devices
(gauges and warning lights). These devices are composed of two
separate components. One is the sending unit, mounted on the
engine and the other is the actual gauge or light in the instrument
panel.

Several types of sending units exist, however most can be charac-
terized as being either a pressure-type or a resistance-type. Pressure-
fype sending units convert liquid pressure into an electrical signat

49wl
Fig. 38 Front view of a Type “B” control panel. Note the large
warmning buzzer at the center of the panel
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(HrhFiG
Fig. 39 This Type “C" control panel has enough gauges to keep
any helmsman aware of the anginss conditlon

HOUR METER E

g0 L amHE

NIPPON.SEIKI-

Fig. 41 Hour meters are essential for keeping track of mainte-
nance intervals

ltiriFi?

Fip. 40 Some control panel circuits are protecied by fuses.
These fuses are accessed by removing the cap on the conlrol

panel

which is sent to the gauge. Resistance-type sending units are most
often used to measure temperature and use variable resistance to con-
trol the current flow back to the indicating device. Both types of send-
ing units are connected in series by a wire o the battery {through the
ignition switch}. When the ignition is turned ON, current flows from
the battery through the indicating device and on 1o the sending unit.

Hour Meter Gauge

» See Figure 41

An hour meter is used to help keep track of maintenange intervats,
which ensures a long life for the engire. Basically, an hour meter is
operated by a voltage signal when the engine is in use, and runs like
a clock. When the engine is tumned off, the voltage is cu to the hour
meler, and it simply stops until the next time it is supplied voltage.

TESTING

Testing of an hour meter is simply a matter of checking if voltage
is being supplied to the meter when the enging s operating.

1. Remove the control panel from the housing, it is not neces-
sary to disconnect any wires.

2. Placs the positive lead of the multimeter to the positive termi-
nal on the back of the hour meter. Place the negative terminal of the
multimeter to the ground terminal on the back of the hour meter.

3. Turn the key switch to the OMN position,

4. There shouid be battery voltage between the two terminals,

5. If there is no voltage, check the ignition switch for proper
operation.

B. If voltage is being supplied to the meter, and the meter is not
functioning, the mefer is faulty and should be replaced.

0il Pressure Gauge

 Sae Figure 42

The oil pressure gauge indicates the pressure of the lubricat-
ing System. The pressure is usually measured just after the oil
pump.

Depending on the rpm and condition of the engine, oif pressure
should be constant, somewhers around 3040 psi (207-275 kPa)

Fig. 42 Oil pressure gawges offer accurate monitoring o oil
pressure
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at cruising speed, and less at idle. Under load, you can expect the
oil pressure 1o rise slightly and to fall off with deceleration.

Al fast idle, when the engine {and oil} are coid, the pressure will
probably be at maximum on the gauge. As the engine warms, it is
not uncommon 1o see a slight decrease in oil prassure.

Low oif pressure can warn of low oil level, wrong viscasity oil,
overhealing, clogaed oil filter or worn engine (high hours).

TESTING

Mosl diesel engines today use an electric gauge with a sending
unit mounted on the engine. The following procedure tests the
gauge sending unit, which is the most likefy item 1o fail.

=0n JH series engines, if the oil pressare gauge reads “0” and the
oil pressure waming lamp and buzzer are not functioning, the oil
pressure sending unit adapter is clogged, and must be ¢leaned,
Typically, this occurs evary 500-600 hours of engine operation.

1. The sending unit is most efficiently diagnosed by removing it
from the engine and replacing it with a mechanical type oif pressure
gauge,

2. Label and disconnect the sending unit wiring.

3. Place a catch pan under the sending unit to catch any oll that
may feak from the engine when the unit is remaved.

4, Using an appropriately sized wrench, loosen the unit using the
fitting at the base of the gauge near the engine.

=0 nol turh the gauge using the sending vnit housing. Doing so
will damage the unil.

5. Replace the sending unit with an mechanical cil pressure
gauge. Follow the manufacturer’s instructions for installation.

6. Start the engine and note the pressure reading on the gauge. If
correct oil pressure is noted, the sending unit may be faulty.

7. Prigr to purchasing a new sending unit, carefully inspect ali
connections for corrosion. Gauge testers are also avaitable to prop-
erly test the control panel gauge.

REMOVAL & INSTALLATION

# See Figures 43 and 44

1. Label and disconneet the sending unit wiring.
2. Place a catch pan under the sending unit to catch any off that
may leak from the engine when the unit is removed.

HITEP

Fig. 43 The ol! pressure sending unit converts mechanical pres-
sure to an slectric signal. It can easily be recognized by its can-

like appearance

L i

Fig. 44 After Installing the wliring on the unit, replace the pro-
tecting cover te prevent eorrosion from forming on the terminal

3. Using an appropriately sized wrench, loosen the unit using the
fitting at its base near the engine.

= Do not turn the sending unit vsing the housing, doing so will
damage the uait,

To ingtall:

4. Remove the sending unit fram the engine.

5. Prapars the new sending unit by applying Teflon® sealant to
the threads to prevent the unit from leaking,

=(n some replacement sending units this may have already heen
dons at the factary. If this is the case, do not apply additional sealant.

8. Carefully thrsad the sending unit into the engine, taking care
not to crossthread.

7. Tighten the sending unit securely.

8. Connect the wiring and fest the gauge for proper operation.

Waier Temperature Gauge

¥ See Figure 45

The water tsmperature gauge is used (o monitor the temperature
of the fiesh water cooling circuit, As the engine warms, the tempera-
tire will should rise to approximately 160°F-200°F (83°C—94°C).

If you're under full load in rough seas, the ternperature will rise
slightly. It will also rise slightly immediately after shutting the
engine off, because the coolant is not being cooled, but wilt return
to normaf when the engine is started.

(nce the engine reaches operating temperature, the gauge should
not deviate from its position, Cool temperatures indicate a faulty
thermostat. Too hot readings indicate low coolant leve!, worh hoses,
tefective radiator cap, incorrect ignition timing or skipping belts.

If the normal operating temperature rises over the course of time,
and the above factors are OK, suspect a worn water pump or a
clogged system.

TESTING

# See Figure 46

Most diesel engines today use an elfectric gauge with a sending
unit mounted on the engine. The following procedure tests the
gauge sending unit, which s the most likely item 1o fail.
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(4975P G

Fig. 45 The water temperature gange will warn you of problem
with the cooling system before the engine overheals and is seri-
ously damaged

REMOVAL & INSTALLATION

Cooling water Cooling water

temperatura temperature
switch SEMNSsor unit
Infet for Cutiet for water heater

water heater

[ PR

Fig. 46 The cooling tempsrature sensor (on the right) operates
the gauge, while the switch {on the lsit} operaies the warning
lamp

1. Two iypes of coolant temperature sending units are commaoniy
used In marine engines, The first is the Negative Termperature Coef-
ficient (NTCY unit. in this type of sending unit the resistance of the
unit will rise as the temperature of the engine drops. In the second
type, a Pesitive Temperature Coefficient (FTC) unit, resistance will
rise as engine femperatre riges.

2. To test the sending units, label and disconnect the wiring.

3. Using a multimster set to the shms setting, probe the sending
unit terminals (on two terminal models) or probe between the send-
ing unit and a good ground. Note the reading.

4. Start the engine and allow it to warm to operating temperature.

5. Manitor the resistance as the engine warms and ensure that
the resistance changes smoothly. Remember, if the resistance was
high with the engine cold it should gradually lower. If resistance
was low with the engine cold, it should gradualiy rise.

6. If resistance is does not change smoothiy or in the proper
direction, the sending unit is faulty and should be replaced.

1. Label and disconngct the sending unit wiring.

2. Drain the coolant below the level of the sending unit.

3. Place a catch pan under the sending unit to catch any coolant
that may leak from the engine when the unit is removed.

4. Using an appropriately sized wrench, loosen the unit using the
fitting af its base near the engine.

=Do not turn the sending unii using the housing, doing so will
damage the unit.

5. Remove the sending unit from the engine.

To install:

6. Prepare the naw sending unit by applying Teflon® seafant to
the threads to prevent the unit from leaking.
=0n some replacement sending unils this may have already been
done at the fagtary. I this is the case, do not apply additional
sealant.

7. Garefully thread the sending unit into the engine, taking care
not to crossthread.

8. Tighten the sending unit securely.

9. Connect the wiring and test the gauge for proper operation,

» Sea Figures 47 and 43

The tachometer indicates the number of revolutions per minute of
the engine by means of a pulse signal generated by the teeth on the

IH

BITSF1
Fig. 47 The tachomater indicates the number of revelutions per
minute the engine is rotating

Red/black
Qrange 0
O~
- Bluetred v
Rotation Black
delecling sender o Tachomater

D4I7EGH

Flg. 48 Typical tachometer circult schematic
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flywheel. A magnetic pickup sender mounted on the flywheel hous-
ing converts the rotary motiorn of the flywheel into an electrical sig-
nal, and sends the signal to the tachometer gauge on the control
panel.

TESTING

¢ See Figures 49, 50 and 51

Most diesel engines today use a tachometer with a sending unit
maunted on the engine, The following procedure tests the sending
unit, which is the most likely item to fail.

1. Label and disconnect the electrical wirss from both lerminals
from the sender on the flywheel housing.

2. Using a mulfimeter, measure the resistance of the sender, The
resistance should be 1.6 kilahms.

3. {f the resistance is not correct, the sender is faulty and should
he replaced.

4, Ifthe resistance is correct, and the tachometer fails to func-
tion, check the wires leading to the tachometer, making sure they
are not broken or disconnected.

M975RG
Fig. 49 Though not easlly seen, the tachometer sender on this
JH engine Is mounted an the {lywheel housing

¢
Fig. 51 . . . and attach a multimeter to the sender. The reading
should be approximately 1.6 kilohme; this sender is functioning
properly

3. It the sender wires are intact and connected property, the
tachometer gauge may be faully,

REMOVAL & INSTALLATION

¢ See Figure 52

The magnetic pickup sender is located on the flywheel housing
of {he engine.

1. Label and disconnect the electrical wires from both terminals
from the sender.

2. Using an appropriately sized wrench, loosen the sender unit
by tuming it at the fitting near the base. Attempting to tun the
sender near the top may damage the sender.

3. Once loose, the sender should unscrew from the block eas-
ily.
To install:

4. Install the sender and screw it into the enging block. Tighten
the sender sacurely,

5. Connect the lectrical wires to their proper terminals on the
sender.

6. Start the engine and check the tachometer for proper opera-
tion.

i DaTERAD
Fig. 50 To test the tachometer sender, disconnact the wire ter-
minals . . .

]

Fig. 52 The sender is replaced by simply unscrewing it from the
engine hlock

© BENCHMANUK PDF MANUALS 2006



5-26 ELECTRICAL

Water Temperature Warning Lamp

¥ See Flgure 53

The waler temperature warning lamp is connected to a switch that
is activated when the coolant temperature within the engine reaches a
predetsrmined critical temperature. When the coolant rises to the pre-
determined temperature (well above normal operating temperature),
the switeh is activated, and completes a circuit, causing the warning
light on the conirol panet ta illuminate and the alarm buzzer to sound.

o WARNING

If the water temparature warning lamp and/or alarm buzzer are
activated when the engine fs operating, TURN THE ENGINE OFF
IMMEDIATELY! The enging is ovarheating, and will be severely
damaged if the engine continies to operate.

TESTING

¥ See Figures 54, 55 and 56

If the water temperature warning lamp and/er alarm buzzer fail
1o operate when the water temperature gauge indicates that the

Pitot lamp Fuse Main switch

o :l—
Q_/Alarm buzzer —— Battery

I

T (Oil pressure atarm cirguil)

Qil pressura

O49FAG0S
Fig. 53 Typical water tamperature warnkag lamp circuit
schemalic

D476
Fig. 54 To test the water temparature warning lamp, remove the
connector boot . . .

; ' ) 4950
Flg. 55 . . . and discannegt the wire terminal from the switch,

With the key on the control panel in the ON position . . .

DTERZS
Fig. 56. . . touch the terminal to the side of the swifih; the
light on the control panel should iHuminate

enging is overheating, the fuse on the control panel should be
checked first. Secondly, the warning light bulb on the control
panel shoutd be checked. I the system still fails to operate prop-
erly, the switch can he checked by perfarming the following pro-
cedure.

1. Turn the key switch on the conltrol panel to the ON position.

2. Disconnect the wire lead from the cocling water temperature
switch on the engine.

3. Ground the cooling water temperature switch wire by touching
the terminal on the side of the switch. Make sure that there is not
pairit on the side of the switch, or the circuit will not ground.

4. The warning light on the cantrol pangl and the alarm buzzer (if
equipped) should be working.

5. If the warning {ight and/or alarm buzzer are working, and the
engine has NOT been overheating, the cooling water switch can be
considered faulty and should be replaced.

6. If the warning light and/or alarm buzzer are not activated when
the water lemperature switch is grounded, check the supply of volt-
age to the light, and to the alarm buzzer.
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REMOVAL & INSTALLATION

# See Figures 57 and 58

1. Label and disconngct the wiring at the switch on the engine.

2. Drain the coolant below the level of the switch.

3. Place a catch pan under the switch to catch any coolant that
may lzak from the enging when the unit is removed.

4. Using an appropriately sized wrench, loosen the unit using the
fitting at its base near the engine.

= Do not turn the switch using the housing, doing so will damage
the unH.

5. Remove the swifch from the engine.

To install:

8. Prepare the new swilch by applying Teflon® sealant to the
threads to prevent the unit from leaking.
=0n some replacement sending units this may have already been

done at the factory. I this is the case, do not apply additionzl
sealant,

7. Carefully thread the switch into the engine, taking care not to
crossthread.

8. Tighten the switch securely.

9, Connect the wiring and test the gauge for proper operation.

BULB REPLACEMENT

¥ See Figures 59 and 60

It is common for warning lamp bulbs to burn out. This happens
primarfly due to the harsh conditions which the lamps encounter
out on the water. Saltwater, vibration and the heat of the sun baking
on 2 black control panel all contribute to their early failure.

It is important for the helmsman to visually inspect the bulbs
during the “lamp check” each time the igrition switch is furned to
the ON position. If it is noted that a bulb is burned out, it should be
replaced immediately. It is always a good idea to carry spare bulbs.

Replacing the bulbs is as simple as pulling the socket from the
housing on the rear of the control panel and pull the bulb straight
out of the socket. Prior to installing the new bulb, take the time to
clean the socket if corrosion is noted.

D.”
Flg. 57 Waier temperature warning switches are usually located
near the thermastat housing . . .

"~ MTPSS
Fig. 59 To reptace a waming lamp bulb, pull the socket from the
housing on the rear of the control panel . . .

-
P
]
S
o2
=g

(TSP

Fig. 58 . . . or on the thermostat housing itself

Flg. 60 . . . and pufl the bulb straight out of the socket
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The charge lamp on the instrurment panel is used to indicate
when the alternator is charging properly. The signal from the charge
lamp light comes directly from the alternator.

TESTING

1. When the charge lamp is operating properly, it will illuminate
when the key switch on the control panel is in the ON position.

2. Ifthe charge lamp does not illuminate when the key switch is
turned to the ON position, the bulb should b checked, and
replaced if necessary.

3. Once the engine is started and brought to a moderate idle, the
light should not illuminate.

4. i the light continues 1o be illuminated after the engire is run-
ning, the aiternator is not charging propeny.

5. Check the drive belt for proper fension.

E. |f drive belt tension is within specification, perform the charg-
ing system test procedures,

BULB REPLACEMENT

» See Figures 59 and 60

It iz commaon for warning lamp bulbs to burn out. This happens
primarily due to the harsh conditions which the lamps encournter
out on the water. Saltwater, vibration and the heat of the sun baking
on a black control panel all centribute to their early failure.

I is important for the halmsman to visually inspect the bulbs
during the “lamp check” each time the ignition switch is turmed to
the ON position. If it s noted that a bulb is burned out, it should be
replaced immediately. It is always a good idea to carry spare bulbs.

Replacing the buibs is as simple as pulling the socket from the
housing an the rear of the contral panel and pull the bulb straight
out of the socket. Prior to installing the new bulb, take the time to
clean the socket if corrosion is noted.

Oil Pressure Warning Lamp

# See Figure 61

The oil pressure warning lamp is connected to an engine
mounted switch that is activated when the oil pressure drops betow
a predetermined {imit. When the key switch on the contral panel is
turned to the ON position, the oil pressure warning lamp (and alarm
buzzer, if equipped) will be activated. When the engine is started,

Pilot lamp@ Fuse Main switch
o p N - SRR,
@ B Alarm buzzer

Water temperature unit

—

—— Battery

i

o] (Water temperature 21arm circuit)
QTG

Fig. 61 Typical oil pressure warning lamp circuil schematic

the oil pressure increases, cpening the circuit which illuminates the
oit pressure waining famp. If the engine oil pressure drops to a low
enough pressurz while the engine is operating, the warning famp
will illuminate, and the buzzer will sound (if equipped).

If the oil pressure lamp {or buzzer) is activated when the engine
is operating, TURN THE ENGINE OFF IMMEDIATELY! The oil pras-
sure within the engine has dropped befow tolerable limits, and may
not be able to supply adequate [ubrication to the internal compo-
nents. f the warning light is illeminated and ignored, the engine
may be compietely destroyed by lack of lubrication.

TESTING

» See Flgures 62, 63 and 64

1. Turn the key switch on the control panel to the ON position.

2. Disconnect the wire tead from the ofl pressure switch on the
enging.

3. Ground the cooling water temperature switch wire by touching
the terminal on the side of the switch. Make sure that thera is not
paint on the side of the switch, or the circuit wil not ground.

' E4SP1
Fig. 62 The pll prassure switch is usually located near the oil
filter. To test he switch . . .

Fig. 63 . . . remove the rubber boot, disconnect the
terminal . . .
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Fig. 64 . . . and touch It against the side of the switch; the light
on the contral panel shoukd illuminate

(RFRRRS
Fig. 65 To remove the alarm buzzer from the control panel,
unscrew the fing on the rear. . .

4. With the wire grounded, and the key switch in the ON posi-
tion, the warning fight on the contral panel and the alam buzzer (it
eguipped) should be working.

5. If the warning light and/or alarm buzzer are not activated when
the water temperature switch is grounded, check the supply of volt-
age 1o the light, and to the alarm buzzer,

6. if the wamning circuit is operating property, and the warning
light and buzzer continue to operate when the engine is running,
immediately turn the enging off, and have a qualified marine tech-
nician attach a mechanical oil pressure gauge 1o the engine to ver-
ity the oil pressure is inadequate.

BULB REPLAGEMENT

» See Figures 59 and 60

It is common for warning lamp bulbs to burn out. This happens
primarily due to the harsh conditions which the lamps encounter
out on the water. Saltwater, vibration and the heat of the sun baking
on a black control panef all contribute to their early failure.

It is important for the helmsman fo visually inspect the bulbs
during the “lamp check” each time the ignition switch is turned to
the ON position. I it is nated that 2 bulb is burned out, it should be
replaced immediately. It is always a good idea to carry spare bulbs.

Replacing the bulbs is as simple as pulling the socket from the
housing on the rear of the control pang! and puli the bulb straight
out of the socket. Prior to Tnstailing the new bulb, take the time to
£lean the socket if corrosion is noted.

Alarm Buzzer

The alarm buzzer is integrated into the control panel warning
lamp circuits. The alarm buzzer is essentially a secondary warning
device to indicate abnormal engine operating conditions in case the
vessel operator 1s not within view of the control panel.

TESTING

» See Figures 65, 66 and 67

1. Remove the control pangl from its housing to access the rear
of the buzzer. In some cases, it may be easier to remove the buzzer
from the pans! by unscrewing the retaining ring.

METSFE

Fig. 66 . . . and pull the buzzer fram the front of the panel

LR

Fig. 67 Using a DC 12 volt power seurce, apply positive valtage
1o the top terminal, while fouching the negative on the adjacent
tetminals
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2. Unplug the connector from the rear of the buzzer.

3. Connact the positive terminal of a 12 volt DG power saurce 0
the top terminal of the buzzer The connector of the top terminal
should have a red wire with a black strips attached to the lead.

4. With the negative side of the 12 volt DC power source, tauch
the remaining terminals; the buzzer should sound.

5, If the buzzer doss not sound, it may be fauity.

¥ See Figures 63 and 59

The switches on the cantrol panel can be broken down into two
types—togale switches and momentary contact switches,

A toggle switch is usually has a two position lever which is sup-
plies currant to the accessory when in one position and cuts current
in the other Some toggle switches transfer current batween two
accessorias with the center nosition being off,

A momentary contac switch only supplies current when the
swilch is held in position. Once the button or lever is released, the
switch contacts are disconnected culting the flow of electrical cur-

rent. On a Yanmar control panel, momentary switches include the
engine starf switch, the warning tght check switch, and on some
instaliations, an electric engire stop switch,

TESTING

# See Figures 70 and 71

1. Labei and disconnect the wires from the switch,

2. Connect a muliimeter between the terminals on the switch.

3. With the switch in the OFF position (released), there should
be no continuity,

4. Operate the switch while paying attention to the multimeter.
There should now be continuity.

5. [f continuity does not exist as stated, the switch is faulty.

Control Cables

Mechanical control cahles are also a part of the control panei an
your vessel. These cables are covered in a separate section of this
manual called “Remote Control”, Please refer to this section for
more information,

arERET
Fig. 68 Maving this switch upward allows you to periorm a hulb

check, while moving it down turns the instrument panel lights
on

e -
Fig. 70 The continuity seiting on a multimeter can he used to

cheek for proper starter button operation

Screw —-9 Color Netitral Switch Flate

g

(4975504

Fig. 69 Some remole control heads contain a neutral safety
switch that prevents the engina from being started with the
transmission in gear

J-ﬂ?‘SPSS
Fig. 71 Connect the multimeter hetween the two terminals on
the swilch to check for continuity
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OPTIONAL EQUIPMENT

Intake Air Heater

An air heater is available for warrming intake air during starting in
cold areas during winter. The air heater is mounted between the
intake manifoid and manifold coupling. A switch on the control
panel is used o supply current to the heater.

TESTING

1. Label and disconnect the wires from the heater.

2. Connect a multimeter, set to the ohms range, hetween the ier-
minals on the heater,

3. Continuity should exist. If continuity does not exist, there is a
break in the heating element and the unit is faulty.

4. If continuity exists, check the circuit back to the switch for
proper power and ground.

5. Repair the circuit as necessary.

REMOVAL & INSTALLATION

1. Label and disconnect the wires fram the heater nit.

2. Remove the air infake sitencer and all cther components nec-
essary 1 gain access to the intake manifald coupling.

3. Note the positfon of the heating element in the Intake tract
and matchmark it for installation reference.

4. Remove the through bolts attaching the intake joint and
heater element to the infake manifold.

5. Carefully remove the intake joint and heater element from the
engine. Take care not to damage fhe delicate heating elements in the
Lnit.

6. Separate the heater from the intake joint and discard the
joint-to-heater and heater-to-intake manifold gaskets,

To install:

7. Using new gaskets, assemble the heater and joint unit on the
intake manifold.

8. Insert the through bolts and tighten securely using a criss-
cross pattern to compress the gasket properly.

9. Install the air intake silencer and ail other components previ-
ously removed.

10, Connect the wires to the heater unit.
1. Test the intake heater for propar operation.

Electric Engine Stopping Device

b See Figures 72 and 73

Some engines are fitted with an electric stop device that is used
to cut fuel flow to the engine by means of an engine mounted sole-
noid. On these engings, a mechanical engine stop cable is not used.

The electric engine stopping system consists of an engine stop
sofenoid mounted on the injection pump, a stop button mounted on
the control panel, a relay and associated wiring,

TESTING

1. Label and disconnsct the wires from the solengid.

2. Connect a multimeter, set to the ohms range, between the ter-
minals on the seienoid.

3. Continuity shoutd exist. {f continuity does not exist, the sole-
noid is faulty.

4. If continuity exists, check the circuit back to the switch for

Fig. 72 The slectric engine stopping devics on this JH series
engine is actually a solencid that operates ihe angine stop lever

Ergaw ko,

U3

Fig. 73 Electric engine stopping system major compenents

proper power and ground. This includes inspecting and as neces-
sary replacing the circuit relay.
5. Repair the circuit as necessary.

REMOVAL & INSTALLATION

1. Label and disconnect the wires from the stopping device,

2. Remove the pin which connects the stopping solenoid to the
engine stop lever,

3. Remove the boits attaching the stopping sotenoid to the soie-
noid bracket.

4. Remove the sofenoid from the injection pump.

To install:

2. Inslall the solenotd on the injaction pump and tighten the
solenoid Lo bracket Dolts securely,

6. Install the pin which connects the solenoid to the engine stop
lever,

7. Connect the wires to the stopping device.

8. Test the electric stopping system for proper operation.
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WIRING DIAGRAMS

B The following wiring diagrams cover cirguits for Yanmar engines of boats and englnes, the wiring diagrams shown here are representa-
and control panels. However, due to the many different combinations tive and my not illustrate all cirsuits on your particular vessel,

DIAGRAM 1
DIAGRAM 2
DIAGRAM 3
DIAGRAM 4

DIAGRAM 5

DIAGRAM 6

DIAGRAM 7

DIAGRAM 8

DIAGRAM 9

DIAGRAM 10

DIAGRAM 11

DIAGRAM 12

DIAGRAM 13

DIAGRAM 14

INDEX OF WIRING DIAGRAMS

Sample Diagram: How To Read & interpret Wiring Diagrams

Wiring Diagram Symbols

1975-80 QM Series  Starting, Charging Engine Schematics

1975-80 QM SERIES Water Temperature/Oil Pressure, Tachometer Engine Schematics

1983-08 AJH/Z/EMTE/HTE/DTE B Type Instrument Pane!
Starter, Charging, Water Temperature Engine Schematics

1983-98 AJH/Z/E/TE/HTE/DTE B Type Insirument Panel
Engine Stop, Qil Pressure, Tachometer Engine Schematics

1983-98 4JH/2/E/TE/HTE/DTE C&D Type Instrument Paneis
Starter, Charging, Air Heater Engine Schematics

1983-98 4JH/Z/ETEMTE/DTE C&D instrument Panels
Tachometer, Water Temperature, Qil Pressure Engine Schematics

1983-98 4JH/2/ETE/HTE/DTE E Type Instrument Panel
Starier, Charging Engine Schematics

1983-98 4JH/ZE/TE/HTE/DTE E Type Instrument Panel
Tachometer, Water Temperature, Oil Pressure Engine Schematics

1980-98 1GM10{C/L)/2GM20(C/F/LY3GM30(C/D/FLYIHM35(C/F/L)
AEB Type Instrument Boards Starter, Charging Engine Schematics

1980-98 1GM10(C/LWV2GM20(C/F/L)3GM30{C/D/FALNIHMIS(C/F/L)
A8B Type Instrument Boards Charging, Water Temperature, Qil Pressure Engine Schematics

1980-98 1GM10(C/LY/2GM20(C/F/LY/3GM30(C/D/FRMIHM3S{C/F/L) B Type Instrument Board
Tachometer, Sail-Drive, Watrer Temperature, il Pressure Engine Schematics

1980-98 1GM10(LY2GM{F/LYAGM(D/F/L)/3HM(FL) B Type Instrument Board
Tachometer, Sail-Drive, Water Temperature, Qil Pressure, Engine Schematics

© BENCHMANUK PDF MANUALS 2006



ELECTRICAL 5-33

SAMPLE DIAGRAM: HOW TO READ & INTERPRET WIRING DIAGRAMS

WIRE COLOR
ABBREVIATIONS
BLACK 2] PINK PK
BROWN BR PURPLE P
RED R GREEN G
ORANGE 0 WHITE w
YELLOW Y LIGHT BLUE LBL
GRAY GY LIGHT GREEN LG
BLUE BL DARK GREEN DG
VIOLET v DARK BLUE DB
TAN T NOC COLOR AVAILABLE- NCA
POWER SPLICE or
CONDITION / CONNECTOR
\ ' ¢ OTHE
R
HOT AT ALL TS 5 ™ /— SYSTEM
o — “IZ5"  REFERENCE
" e ST
:
ATOM
COMPONENT / swros
NAMES *
« &
) sTor
JZ ______ ST
g ’
BATTERY ﬂl
wrTen WIRE
! COLOR 2
SOLENGID
STARTER GROUND
SOLENOT

DIAGRAM 1

BETRNIT
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g

WIRING DIAGRAM SYMBOLS
I o
T

A

AR

B

DIAGRAM 2
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18375-80 QM SERIES ENGINE SCHEMATICS
e STARTER SYSTEM
,—-|!|I|III|IID-— ngzm
2
I | 3 d
REY tal -7 LA
{5&“&! {swaTen SnTCH IMTCH
_ OFTIONALY /‘ .u f rs f ?
g
g
| s -

Qe —]

ALTERNATOR SYSTEM

BRZIER
|
$

P! /' e

o FUSE
E | AL TERNATOR
" XX
1€ REGULATEOR * ‘{

DIAGRAM 3
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1975-80 QM SERIES ENGINE SCHEMATICS

WATER TEMPERATURE/OIL PRESSURE SYSTEMS

19

STARTER IR
AND x®
ALTERMATOR KEY
/' SMTCH §
L4
]
g
L.
g g
CoLD Lo
WaTER PRESSIRE
TEWPERATIIRE WAIBING
WARNING LIGHT
LIGHT
k-
s 5 3 ﬂ

TACHOMETER SYSTEM

TACHOMETER

@ (OFTIONAL)

DIAGRAM 4
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1983-98 4JH/2/E/TE/HTE/DTE ENGINE SCHEMATICS

B TYPE INSTUMENT PANEL
STARTER SYSTEM WATER TEMPERATURE SYSTEM
KEY
SWTCH
REY
. SITOH
b i
ALTERNATOR
S 2
g e
K|
STARTER
SoLBEeo

ALTERNATOR SYSTEM

2) renve
WATER

TE

LIGKT

KEY
swey TACHOMETER
=
] o
LLIMATION =
SHTCH
T R \ R .%: ]
STARTER 1 _(
CHARING 7o
LGHT MEZER
« g 2| wremuron

£ 5 3

3
weL

W/aL
W/BL

x

1€ REGLLATGR

¥

¢

WATER
- SWITCH

DIAGRAM 5

WAL
e,

e

TETENE
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1983-98 4JH/2/E/TE/HTE/DTE ENGINE SCHEMATICS
B TYPE INSTRUMENT PANEL

ENGINE STOP SYSTEM TACHOMETER SYSTEM

SWITCH
pe BaTTERY y s LN
% -l u 2
HEATER & ourron
A
----- LAY
K
§| II s
s ® | roeem
OIL PRESSURE SYSTEM
HLUMNATION 14
SMTIN SWITCH
2) H|
i)
é')
o
MOSEURE.
o v |
BUZZER =
4
z
-
g = ﬂ|

/ (5

DIAGRAM 6

(487507
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1983-98 4JH/2/E/TE/HTE/DTE ENGINE SCHEMATICS
C&D TYPE INSTRUMENT PANELS

STARTER SYSTEM

S!To
ALTERMAT OR
P! e ® =l
BATTERY z ;
STOP
T esTTERY / ‘ SWITCH m /' . EWITCH
) g
’Z' ______ Fm"
3
P
SOLENON
Rl |
ITARTER
oLBen
@ STARTER
HOTON
ALTERNATOR SYSTEM coomk WATER AIR HEATER
THEOHETER
g =
g s .
Pesticg
™
LIGHT
l SWTCH
RA
T
To . WR_} i
STOP
SWTTEH
2l
RE i 2
ETER
2
ouRsG ST
4
2 3 - - resren
ALTERNATCR )
DIAGRAM 7
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1983-98 4JH/2/E/TE/HTE/DTE ENGINE SCHEMATICS
C&D TYPE INSTRUMENT PANELS

TACHOMETER SYSTEM

STARTER

i
gE? R/D

SWATCH
&
FISE
4
g o
CLDLNG
TACHOHETER WATER

LMGHT
EMITCH
£ J 5
4 'ﬁcul. ;ﬂm ¥ |waTEn
! B B B
SENSOR
WATER TEMPERATURE SYSTEM OIL PRESSURE SYSTEM
INTERGAL [ 14404 LIGHT SNTERGAL MHEZER LKHT
HOUR METER SWTCH FTCH WOUR METER b1 11=1 SWTCH
® o s 2 s E
B
5 5
EROLING ENGINE
OF . ®% .
LUGNHT LIGHT
3
L *
{ﬁ%ﬁ /“ pressume
TEMPERATURE SWITCH
SWITCH
DIAGRAM 8
(4I7IMT
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1983-98 4JH/2/E/TE/HTE/DTE ENGINE SCHEMATICS
E TYPE INSTRUMENT PANEL

STARTER SYSTEM

i

MATTERY

/R

T
ALTERNATOR

LTANTER
SwTCH

ITARTER
SOLEMIDD

STARTER

ALTERNATOR SYSTEM

WiBL

DIAGRAM 9

G
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1983-98 4JH/2/E/TE/HTE/DPTE ENGINE SCHEMATICS
E TYPE INSTRUMENT PANEL
TACHOMETER/WARNING SYSTEM it

LCD DovE CRCUT

[ 4 | E
ALUMNATION
SAITEH
3
WIZER
a__ g
ILLUMSRATI OM
LIGHTS
HCA
g 5
/ Bon [/ = g
PRESSURE TEPERATURE o |
SENGOR AUGE TACHOMETER
SENEOR @ o
WATER TEMPERATURE SYSTEM OIL PRESSURE SYSTEM
HOT N M HOT M LM
INTERGAL oo LpHT i IMTERGAL DRE -
HOUR METER CIRCAT TWITCH WOUR FETER CIRCUT sL:lrrmuq
3 3 5 2 s o s 3
g 4
B) marm O
? =
COOLIMG - Lo
WATER b |rtsors
TEMPERATURE / EWTCH

DIAGRAM 10

NI
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A&B-TYPE INSTRUMENT BOARD ENGINE SCHEMATICS
STARTER SYSTEM

ELECTRICAL 5-43

51

1980-98 1GM10(C/L)/2GM20(C/F/L)/3GM30(C/D/F/L)3HM35(C/F/L)

pr——

X =
BATTENY BATTERY REY PusH
‘ 5 l e Ve /
d ree
O
2 ALTERNATCR
F
STARTER
SOLBN00
STARTER
MOTOR
ALTERNATOR SYSTEM ALTERNATOR SYSTEM
B-TYPE INSTRUMENT BOARD A-TYPE INSTRUMENT BOARD
m v (EXCEPT 3GM{(D)/3HM)
STARTER STARTEN
/ Towren
k4
2 ;gmom
™
— -
L ]
: - :
qurers OF
L 5 [ 5‘
ALTERNATOR ALTERNATOR
DIAGRAM 11
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1980-98 1GM10(C/L)/2GM20(C/F/L)/3GM30(C/D/F/L)/3HM35(C/F/L)
A&B-TYPE INSTRUMENT BOARD ENGINE SCHEMATICS

ALTERNATOR SYSTEM ALTERNATOR SYSTEM
B-TYPE INSTRUMENT BOARD A-TYPE INSTRUMENT BOARD
(3GM(DY/IHM)
™ T0
STARTER STARTER
= KEY
/ EWNTCH
ﬁlj ||
w g |
TO
L ] LIGHT
SMITEH
L ]
IR
e £
™™
Do a
LT
o 3 sl « F
ALTERNATOR ALTERNATOR
WATER TEMPERATURE SYSTEM OIL PRESSURE SYSTEM
e e s swircn
2 L El 5 g :
DMODE
- 4
e t .
: .
5 (4
COULING ENGINE
WATER Lo
TEMFERATURE PRESSURE
w| (e LIGHT
S g
:
L COOLING Y Lo
WATER MRESSUNE
|/ ;'mm / ;\m

DIAGRAM 12

W13
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“ R
1980-98 IGM10(C/L)f2Gmo(C/F/L)/3GM3o(cmmm)fsmBS(C/F/L)
B-TYPE INSTRUMENT BOARD ENGINE SCHEMATICS
TACHOMETER SYSTEM SAIL-DRIVE SYSTEM
KEY LGHT WRZER KETY LiGHT
SWTCH MIIER SMICH ‘ wnTeH $WITCH
2 51 o= | 3 g g
g -
TACHOMETER @ R
.i w-wm
i L3
5
o - e commecton
WATER TEMPERATURE SYSTEM QIL PRESSURE SYSTEM
BUZTER LIGHT BEIER KET LIGHT
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6-2 COOLING SYSTEM

Digse! engines generate a lot of heat. Only 33 percent of which is through a seacock, passes through a strainer, circulates through the
converted to useful work. The remaining percentage must somehow engine and il coolers , and finally discharges overboard. On most
be reieased to the environment so that temperatures in the engine d-cycle diesels, after the water circulates through the engine, it
compartment do not becoms dangerously high. Excessively high enters the exhaust pipe and discharges with the exhaust gases. This
temperatures can break do much harm to an engine, Lubricating is called a wet exhaust,
oils break down, causing the engine {0 seize and excessive coolant A raw-water cooling system is simple and economical to install,
termperature can cause the cylinder head 1o crack. but it has a number of drawbacks. Over time a certain amount of silt

About 50 percent of the excess heat the engine produces goes out inevitably finds its way info the engine and coolers and begins {0
with the exhaust gases. A similar amount is carried away by the cool- plug cooling passages.
ing system. Any remainder radiates from the enging's hot surfaces. Regulating the engine’s temperature in a raw-water system is dif-

Three principal types of cooling systems are used in boats: raw ficult. The temperature of the raw-water may vary from the freezing
water, heat exchangers, and keel coolers, point in northern climates in the winter to 90°F {32°C) in tropical

climates in the summer. Raw-water systems sometimes do not usea

Raw-Water Cooling thermostat because silt can clog it and cause it to malfunction over

timg the. This complicates engine temperature regulation even

DESCRIPTION & OPERATION more. - ,
In salt water, salts crystallize in the hottest parts of the cooling
» See Figures 1,2, 3, dand 5 system, notably around cylinder walls and in cylinder heads. This
] ) leads to a reduction in cooling efficiency and localized hot spots.
Raw-water cooling systems draw directly from the body of water The rate of scale formation is related {o the temperature of the water,
on which the boat floats. With raw-water cooling, water enters and accelerates when coolant temperatures are above 160°F (71°C).

Cooling water lemperature Sender

Anticorrosion zi e~

Cylinder block
drain pipe-

Exhaust manifold e -
Mixing elbow S
{ophian) , "~ Exhiausi mamnitalg 5

drain pipe
To bllge

Bilge strainer
{option)
To bilge

Cobling walef purmp

Out of vessel

ubREE

Fig. 1 Exploded view of 3 20N series engine ceoling components
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6-4 COOLING SYSTEM

Mixing elbow
Aubber hose

s To cutside of boat

Cytinder head

Drain plug

Water drain pipe from cylinder

Cylinder biosk

Thermostat
cover

Anticorrosion zing

Cooling watef pump

= T /Cooling water temperatyre switch

¥

Mixing ettow

I__

L Thermostat | Cylindes head |

—— e .y

|

Cylinder jacket

[ Cooling water pump l

X

Fig. 3 Explodad view of a 1GM series engine cooling components

=

e When the cooling water is at the corract temperature
==+ When the cosiing water temperature is lower than the correct temperature

QTS
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U-type mixing elbow

Rubber hose Mixing elbow

Rubber hose

@. = To cutside of boat

Utype mixing elbow (option}

Cylinder block

Thermostat cover

Mixing elbow

T

Tharmastat | Cvlinder head I

] Cylinder jacket ]

| Cooling water pump |
X

= YWhen 1Ne cooling waler is at the correct temperature
#= When the cooling water temperature is Jawar than the correct temperature

Pao7GEQ:

Fig. 4 Exploded view of a 2GM series engine ¢oaling components
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i
Temperature swilch -
T

-, -0

-,

For model 3HM

Anticarrogion Zing

— Wype
mixing eibow

\ Cooling walter .
1 temperatyre switchy, 0=
il

iThem oglat
I\‘/ y

L-type mixing elbow
{aption for models 3GMD and JHM)

Exhausl manifoid ——s Mixing gibow |

Thermostat | Cylinger head |

pemi Cylinder fackel ]

s

w=ue When the cogling water is at the gorrec! lemperature
e When Lhe cooling water lemperature is Iower than 1he correct temperature
QAT

Flg. 5 Exploded view of a 3GM/HM series engine ¢ooling components (note that 2 3HM engine usas two thermostals)
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As g result, raw-water-cooled engines generaily run cooler than
other engines. This lowers the thermat efficiency of the engine and
can also cause prevent harmful acids from being burned off in the
engine oil.

The combination of heat, salt water, and dissimilar metals cre-
ates an ideal environment for galvanic corrosion. Raw-water
cooled engines should be made of galvanically compatible materi-
als. The best example is that of a cast-iren block which should
have a cast-iron cylinder head, not an aluminum one. Sacrificial
zing anodes are & must in the cocling circuit. Since they have to
be inspected and changed regularly, this creates a maintenance
problem.

In most cases raw-water cooled engines that are subject to freez-
ing temperatures cannot be protected with antifreeze. Since the
water is drawn from the battom of the boat, the hoat must be dry
docked in order to drain the system. Al piping runs and purmps

COOLING SYSTEM  6-7

need {0 be installed without low spots in order to facilitate draining.
Taday's powerful, high-speed, lightweight diesels demand a greater
degree of cooling efficiency than that provided by raw-water cool-
ing. Almost all of these power plants use a fresh-water cooled haat
exchanger or keel cooler,

Fresh-Water Cooling

¥ See Figures 6, 7, Band 9
DESCRIPTION & OPERATION

Heat Exchanger

Almaest all modern marine engines use a frash-water enclosed
gooling system with a heat exchanger. The engine cooling pump

t To fresh water Lank

Cylinger heag

Dran cock

e Freshwater
i Sea water

Bilge strainer (opliony

Fig. 6 Exploded view of a OM serles fresh water cocling system

Ftom tresh water tank

.I g
Anticorrosien  From cylinder
xime haad

(TG

© BENCHMANUK PDF MANUALS 2006



6-8 COOLING SYSTEM

, .y
From cylingder “
-

. Utypé mixing
elbow

U-type mixing elbow for option
[except 1GMIBIC)]

Fig. 7 Exploded view of a 3HM series engine cooling system components (2GM and 3GM similar)

o TO cutsits
of boat

4= Fresh watet

<3 Sea waler

<21 Inket 2nd outlet for water heater
RGTSGR
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Turbocharger

Mixing elbow

Lubricaning eil copler

‘e Auir coover
To marine gearbox

e
S€a water

o

THO7BG0S

Fig. 8 Exploded view of a JH turbo series engine cooling system componants
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HMeat exchanger

Filler cap (with pressune control valve)

Fig. 9 Exploded view of a JH series engine coofing system components

(4E7EG06
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circutates the coolant from a header tank through oil cooler and
then the engine. The coolant then passes through a heat exchanger
where heat is extracted or radiated to lower its tsmperature. The
coolant is then circulated once again.

Aheat exchanger consists of a cylinder with a number of small cop-
per-niickel tubes running through it. The hot coolant passes through
the exchanger (tocated within the header tank) while cold raw-water is
pumped through the tubes. The cold water carries off the heat from
coolant then discharges directly overboard or via a wet exhaust.

Heat exchangers are expensive, require more piping and an exira
pump. However, antifreeze and corrosion inhibitors can be added to
the coolant to protect the engine against Ireezing and corrosion.
Another advantage is that no silt finds its way into the enging and
no salis crystallize around cylinder lingrs and in the cylinder head.
The engine can also be operated at higher temperatures, which are
more thermally efficient.

As with most automotive systems, tha heat exchanger system is a
closed loop with an expansion tank and a pressurized cap. This is
an advantage because as the pressure of the coolant is increased,
s0 100 i3 the boiling point. Allowing the pressure to rise in a clased
cooling system greatly raduces the risk of localized pocksts of
steam forming and causing damage to the engine.

The raw-water side of a haat-exchanger circuit will still suffer
from the problems associated with raw-water cooling, particularly

siliing up of the heat exchanger tubes and the polential for damage
from corrosion and freezing. Sacrificial zines are essential once
again, and the piping must have no low spots so that it can be sas-
ily draingd in cold weather,

Keel Cooler

Another type of fresh water cooling system is keel cooling. Kesl
cooling does not require a raw-water circuit, Instead of placing a
heat exchanger in the boat and bringing raw-water to it, a heat
exchianger 18 placed outside the boat ang is immersed directly in the
sea water, This is normally accomplished by running a pipe around
the keel of the boat and circulating the engine coolant thraugh it o
by installing an arrangement of cacling pipes on the outside of the
huil.

A keal cooler has all the advantages of a heat exchanger plus a
few more. It does not suifer any probierns with silting, corrosion or
freezing on any part of the cooling circuit. If the engine has a dry
exhaust, it does not need any kind of a raw-water pump or circuft, If
the engine has a wet exhaust, a separate raw-water pump is neces-
sary to supply the water injected into the exhaust. This pump often
also circulates water through an aftercooler and perhaps the oil
cooler for the engine or transmission. The best keel coolers are
made of bronze with a coppsr-nicke! tubing.

RAW WATER CIRCUIT

Raw Water Strainer

¥ See Figure 10

A filter or strainer is used to prevent large particles of sand, mud,
and other debris from entering the coaling circuit and damaging the
raw water pump. Depending on water conditions, the strainer may
become clogged with debris and should be cleaned. if engire temper-
ature rises, water flow decreases and no other fault can be found in
the cooling system, it can be asstmed the intake screen is hiocked.

INSPECTION & CLEANING

Most strainers have sight giasses or other means of visual
inspection to datermine when maintenance is necessary. When
debris has accumulated within the sirainer, it should be promptly
cleaned to avoid clogging.

1. Ciose the cooling water seacack.

2. Using an appropriately sized wrench, loosen the nut on the
center of the strainer.

3. Remove the cap nut and washer, followed by the top of the
strainer.

4. The sight glass, element, and gaskets can be removed from
the strainer body,

5. Clean the strainer element, and any dirt and sediment accu-
mulated in the boltom of the strainar body.

6. Install the element, gaskets, and sight glass to the strainer body.

7. Install the fop on the straingr, followed by the washer and
6ap nut.

8. Carefully tighter the nut on the strainer,

9. Open the cooling water seacock. Make sure the air in the
strainer is bled through the breather piug. If air remains in the
strainer, [oosen the cap nut and alkow water to flow from the strainer
until it is free of air.

10. Tighten the nut on the strainer.

To sea waler pump

04976507

Flg. 10 Exploded view of a typical raw water strainer
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» See Figure 11

The intake petcock, also known as a seacock, is the eniry point
for sed water in a raw-water cooling system. Each time the engine is
operated, the seacock should be opened, and closed immediately
after the engine has besn shut down.

if the enging is operated without the seacock in the open posi-
tion, the water pump will be starved of water causing the impeller to
be destroyed. In worse cases, damage to the engine can result from
overheating.

If the: seacock is left open after the angine is shut down, water
may he forced into the exhaust system thraugh the mixing elbow,
filling the cylinders with water. If the engine is cranked over with
water In the cylinders, serious engine damage will occur,

INSPEGTION

Little maintenance s necessary on the seacock other than to
lubricate it with light oil and check 1 for proper operation approxi-
mately onice a month. Make sure the handle operates smoothly, and
there is na leakage. The main danger is if the seacock becomes

Hull

GOCK cover

Screw

{HGTRG0E

Fig. 11 Cutaway view of a seacock installation

frozen. {f this condition occurs, the valve must be replaced. This
requires the boat to be removed from the water, which can be costly
and time consuming.

If the screen underneath the hiHl becomes clogged, it MUST be
cleaned before the enging is operated. As discussed earlier, the
engine will overheat without adequate coaling.

Antisiphon Valve

The antisiphon valve is used to prevent water from siphoning
hackwards into the exhaust manifold. If the exhaust manifold
becomes filled with water, the cylinders can also become filled with
water, which can cause serious damage.

The antisiphon vaive is typically fitted between the raw water
pump and the heat exchanger, or between the heat exchanger and
exhaust elbow. In certain installations, it may be excluded if the
exhaust elbow is above the waterline. Positioning is all dependent
on the way the boat builder fitted the engine during installation.

INSPECTION

To inspect the antisiphon valve, simply remove the valve and
attempt to blow air though one end. Air should pass through one
end and not the other.

Raw Water Pump

¥ See Figures 12 thru 18

A raw water pump is used to circulate water from outside the
vessel through the engine to provide coaling to the gngine. The
pump consists of an offset flexible impeller that provides a constant
circulation of water with the impeller vanes.

Typically, raw water pumps last for around two seasons. Of
course, if the vesse! is operated in sandy or dirty water, and there is
not a strainer installed to clean the incoming water, the impeller can
have a short life,

=Never rotate the gngine backwards; the watar pump impelier ¢an
he damaged.

[d5RPH
Fig. 12 H you're away from your hioma port for any length of
time, items Ike this rebulld kit are essentfal when paris are not
available
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Az

P i IR R

T ' s i 0457673
Fig. 13 An Impsiler replacement kit should alivays be aboard Fig. 14 A rebuild kit for a JH series raw water pump can save

your vessel for emergency repairs you money by aHowing you to rebulld the pump yourseli

Cooling water pump shaft Cirelip

Oil seal
Ball bearing

QOutiet

Cooling water pump cover
FEGE1Z

Fig. 15 Exploded view of a 16M series raw water pump
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Cooling water pump cover

Impeller

Cil seal

Cooling walee pymp body
Catlar
Cooling water pump shaft

Bearing cover

Bal! bearing

Cirelip

V-pulley Circlip
IR

Fig. 16 Exploded view of 2 2GM and 3GM series raw water pump

Looling water pump £over

il seal

Water seal ring

Cooling water pumgp body

Ball bearing

Caoling waler pump shalt

Ball bearing

MATEGR1Y

Fig. 17 Expleded view of a 3HM serles raw water pump
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Side cover

impeller

Wear plate

Mechanical seal

Fig. 18 Exploded view of a JH serlies raw water pump

B

The soft rubber vanes of the water pump will be quickly
destroyed if the pump operates without a continuous flow water. If
ihe seacock is accidentally left closed (or the inlet ig clogged) when
the engine is started, the water pump impeller can be desiroyed in a
matter of seconds due {o fack of lubrication.

Typically, the raw water pump requires total replacement (or
rebuilding) when the seal fails, or the bearing(s) fail, If a bearing
fails, the water pump witl procuce a grinding metallic sound. A
bearing failure can he a cause of a overtightened belt, or quite sim-
ply, age. If the seal fails, the water pump wilt leak from the drain
hole in the botlom of the pump.

IMPELLER INSPECTION & REPLACEMENT

# See Figores 19 thru 32

It i not necessary to replace the entire water pump if the
impeller is damaged. Usually, impeller replacement kits are avail-
able at a fraction of the cost of a new pump. The impeller of a
fresh-water pump should be inspected regularly, and replaced if
needed

1. Turn the seacock to the OFF position.

2. Remove the screws that retain the cover to the pump housing,

3. Remove the impefler cover, and the gasket or G-ring that
seals the cover. _

4. Using angled needlenose pliers, gently grasp an impeller
vang, and pull outward. Grab an opposing vang, and puil cutward:
repeat until the impeller is freg of the housing. Be careful not to pull
to0 hard on the impeller vanes or they may tear.

5. Inspect the impeiler for damage. Cracked, melted, or perma-
nently arched vanes indicale replacement.

8. Inspect the impeller housing for wear and/or damage. If the
housing is damaged, the entire water pump may need to be
replaced.

To Install:

7. Using an approved grease, or olive oil, lubricate the impeller
and the inner pump housing surface, This will help protect the

Impeler

R

Fig. 19 QN series Impeller pump rotation direction; note the
direction in which the [mpeller vanes are curved
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Direction of rotation

ATEG 18

Fig. 20 Directlon of ratation for a 1GM water pump

Direction ol rolation

(RI7Ea1T7

Fig. 21 Direction of rotation for a 2GM, 3GM and 3HM series
water pump

s
Fig. 24 To remove the impeller on this JH series raw water
pump, remove the 4 holts

~J

Rotational direction
of rubber impelfer

R

GTEG1E

Fig. 22 Direction of rofatlon for a JH serigs raw water pump

[(M97ER43

Flg. 25 Although the raw water pump on this GM series engine
is different, ramoving the 6 screws aiso allows access 1o the
impeller
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AHETGHET
Fig. 26 On this 1GM engine, the impeller can be accessed by
removing the three bolts that secure the cover

& . I

4GRS
Fig. 20 Using angled needlenose pllers, gently grasp a vane,
and pull outward

DaETERDY

Fig. 27 Adter the holis are removed, remove the impeller eover

' ' O QaATERDE
Fig. 20 When the impelier is about 2% ut of the housing,

remaove it by hand

AT

Fig. 28 Always repiace the 0-ring or gasket that seals the
impeller cover to the pump

N C VT
Fig. 31 Thig Impeller has heen overheated. This was caused by

operating the engine without apening the seacock
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" DASTERCS
Fig. 32 Before installing a now impeller, Inspect the inside of
the pump housing for scoring

04575008
Fig. 33 After the hoses have heen disconnected, remove the
three holts that attach the raw water pump to the engine bloek
{1GM)

impeller from damage upon startup, since there wil not be any
water int the pumnp to provide fufrication.

8. Instal! the impeller intc the pump housing. Make sure that the
vanes are curved in the proper direction. Use the illustrations as a
reference,

[f the impeller vanes are incorrectly positioned, the pump will
not function properly, and the engine may averheat,

9, Lightly coat the stiding surface of the impeller cover with an
approved grease o olive oil.
10. install the impeHer cover, using a new O-ring or gasket,
11. Instail the cover screws, and tighten them evanly.
12, Turn the seacock o the ON position.
13, Start the engine, and check for {eaks.

PUMP REMOVAL & INSTALLATION

(M & 1 GM series engines
# See Figures 33 and 34

1. Turn the seacock to the OFF position.

2. Drain the water from the engine block.

3. Disconnect the inlet and cutlet hoses from the engine,

4. Remove the thres bolts that attach the water pump assembly to
the enging.

To install:

5. Using a new gasket, install the pump assembly to the engine.
Make sure to align the impeller shatt.

6. Install and tighten the three screws that attach the pump
assembly and tighten them securely.

7. Attach the inlet and cutlet hoses to the water pump. Tighten
the clamps securely.

8. Tum the seacock to the N position.

9. Operate the engine and cheek for proper operation.

MEFERAT

Fig. 34 Remaving the raw water pump from a OM series engine

GM/HI series engines
¥ See Figures 35, 36, 37 and 38

1. Turn the seacock to the OFF position.

2. Drain the water from the engine block. After the water is
draingd, tighten the draincocks securely.

3. Disconnect the inlet and autlet hoses from the pump.

4. Loosen the water pump adjustment bracket bolts, and slip the
drive belt from the water pump putley.

5. Remove the two bolts that attach the water pump and bracket
to the engine.

6. Remave the water pump from the engine.

7. If necessary, the pump can be unbalted from the bracket,

To Install;

8. If removed, install the water pump to the adjustment bracket
with the two mounting bolts.
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' r4sToE 4
Fig. 35 After the pump bracket Is loosenad, stip the halt from
the drlve pulley

.ilvigi"ﬁl-’-ﬁ
Fig. 38 In some cases, it may be easier to remove the hoses
after the pump has baen ramoved from the engine

ilianfa Y]
Fig. 36 Loosen the clamps on the inlet and ouflet hoses, ang
remaove them from the pump

9. Inspect the drive belt, and replace it if necessary.

10. Install the pump and bracket to the enging with the two holts.

11. Place the drive belt on the puliey, and properly adjust the fen-
sion on the belt. Refer 1o the maintenance section for mose informa-
tion,

12. Attach the inlet and outlet hoses to the water pump. Tighten
the clamps securely,

13. Turn the seacock to the ON position.

14. Operate the engine and check for proper operation.

JH series engines
¥ See Figure 39

1. Turn the seacock to the OFF position.
2. Drain the water from the engine block.

(HPERd
fig. 37 Then remove the two belts that secure the brackst 1o the

engine

MIFEGT

Fig. 39 On JH series engines, the water pump s altached to the
engine by 4 holts
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= (n some installations, remova} of the engine mount may be
required to allow adequate clearancs of the water pump.

3. Disconnect the inlet and outlet hoses from the water pump.
4, Remove the four nuts on the studs that secure the pump to
the engine case.
5. The water pump assembly can be removed from the engine
case.
To install:
6. Glean the gasket surfaces of the water pump and mating sur-
face on the engine case.
7. Using a new gasket, install the pump to the engine, If neces-
sary, turn the gear slighily to facilitate instatiation.
8. Tighten the four water pump mounting nuts securely.
8. It removed, install the engine maunt bragket.
10, Altach the inlet and outlet hoses (o the water pump. Tighten
the hose clamps securely,
11. Turn the seacock to the ON position.
12. Operate the engine and check for proper operation.

Raw Water Thermostat

The raw water thermostat is a simple temperature sensitive valve
that opens and closes to control cooling water flow through the
angine. In operation the thermostat hovers somewhere between
open and closed. As engine Inad and temperature increase, the ther-
mostat apens to allow mare cooling water into the engine. As tem-
perature and load decrease the thermostat closes.

A sticking thermosiat will either allow the temperature to rise well
above the normal operating temperature before it opens, or, 1f stuck
in the open position, will never allow the engine to reach operating
termperature.

REMOYAL & INSTALLATION

QM series engines
¥ See Figure 40

On QM series engines, the thermostat is located on the exhaust
manifoid.

1. Turn the seacock to the OFF position.

2. Drain the water from the exhaust manifold by using the drain-
cock, After the water is drained, make sure it is in the closed posi-
tion.

3. Disconnect the hoses from the tharmostat cover.

4. Remove the bolts that secure the thermostat cover to the
exhaust manifold.

5. Remove the thermostat cover. If necessary, iap it lightly with a
mailet to break the gasket,

6. Remove the thermostat(s) from the exhaust manifold.

Ta instalf:

7. Clean the gasket surfaces of the exhaust manifold ang ther-
mostat cover.

8. Install the new thermostat(s) into the exhaust manifcld.

9. Using a new gasket or O-ring, install the thermostat cover fo
the: exhaust manitold.

10. Tighten the thermostat cover bolts securely.

Cooting water
oullet connection

Thermostat
(G

Fig. 40 The raw water thermostal on QM serles engine s

located under the eooling water autlet connection an the

exhaust manitoid

11. Attach the hoses to the thermostat cover. Tighten the hose
clamps sacurely.
12. Turn the seacock to the BN position.

GM/HM series engines
» See Figures 41, 42, 43, 44 and 45
On GM/HM serigs engines, the thermostat is located on the

front of the cylinder head. Nate that 3HM engines use two ther-
mostats.

~Before removing the thermostat, note the direction of the cover. It
MUST ke mounted in the proper direction, or the engine may over-
heat.

1. Turn the seacock to the OFF position.

Thermostat

Thermastat cover

I b

Fig. 41 Removing the thermostat on a 1GM engine
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2. Drain the water from the eylinder head by using the drain-
cock(s) an the engine. After the waler is drained, make sure the
draincock(s) is in the closed position.

3. Disconnect the hoses from the thermostat cover.

4. Remove the bolts that secure the thermostat cover to the
cylinder head.

3. Remove the thermostat cover. If necessary, tap it lightly with a
mallet to break the gaskst.

5. Remove the thermostat(s} from the cylinder head.

To install:

7. Clean the gasket surfaces of the cylinder head and thermostat
COVEr.

8. Install the new thermostat(s) to the enaine in the proper
direction.

Bannal sover

Thermnostat cover

e

Cylinder head

t \ Thermosiat

Fig. 42 Culaway view of the 1GW cylinder head shewing maunt-
ing of the thermostat (nele the direction of 1he thermostat cover}

EM9TEGI

0578622

Fig. 43 Removing the tharmostat from a 2GM engine

1 Thermostat

h
[ ﬁ §ionnet cover

N

Thermastat cover
"‘—-._..

Cylinger nead

Thermastat housing
(R9mG21

Fig. 44 Cutaway view of the ¢ylinder head on 2/3GM englnes
showing mounting of the thermosgtat

Waler temperatura

Thermostat housing
switch

04d7EEN]

Fig. 45 Remaoving the thermoslais from a 3HM engine

9. Using a new gasket, install the thermostat cover to the cylin-
gei head, making sure it is in the proper direction.
10. Tighten the thermostat cover bolts secursly.
11. Attach the heses to the thermostat cover. Tighten the hose
clamps securely.
12. Turn the seacock to the ON position.
13. Operate the engine and check for signs of leakage.

INSPECTION

The best way to inspect the thermostat is to remove it from the
engine and visually inspect the mechanism. If the thermostat shows
signs of cortamination. corrosion, or wear marks, it is time to
install & new thermostat.
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For some peaple the cost involved in removing the thermosiat
is enough to warrant installing a new one each time it is say-
viced.

TESTING

Check the rating stampsd on the flange or body of the thermo-
stat. This will telt you its rated temperaturs (the temperature at
which it should be fully apen.

Test the thermostat by suspending it in container of water. Slowly
bring the water 10 a hoil and using a thermometer, not when the
thermosiat opens.

If the thermostat does not open near the rated temperature, it is
faulty and should be reptaced.

To reduce corrosion within the engine, anodes, (also known as
zincs) are fitted to raw-water cooling systems. Anodes are mounted
directly to the enging biock, and protrude inta the cooling jackets
around the cylinders to prevent salt water from corroding the cool-
ing passages of the engine.

Well maintained anodes extend the life of all metal components
in contact with the sea water.

REMOVAL & INSTALLATION

% See Figutes 46 thru 52

1. Turn the seacock to the OFF position.

2. Using the draincocks on the engine, drain the water from the
enging by opening the draincocks. After the engine is drained, be
sure 1o close the draincocks.

3. Remove any components necessary to allow placement of a
wrench or socket on the anode mounting plug(s). Refer to the
appropriate sectfon{s) of this manual for information on removing
any necessary compaonents.

=|f other components have to be removed lo access the
anodes on the engine, consider replacing the anodes Insiead of

cleaning them. The amount of work necessary to access and
remove the anodes from the engine may outweigh the cost of new
anodes.

4. Unscrew the anode mounting plugs from the engine. if nec-
gssary, use a penatrating oif to loosen the threads.

5. While holding a mounting plug stationary with a wrench,
remove the anode by turning it counterclockwise using pliers. If the
anode will not break free, spray it with penetrating oil and allow it fo
seep into the threads.

6. Repeat this step with all of the anodes remaved from the
engine,

To install:

7. Thread the new anodes onto the mounting plugs. Tighten
them securely.

8. Coat the threads of the anode mounting plugs with seafant.
{on 1GM engines, a new gasket is needed)

TMITEG2Y

Fig. 47 . . . and on the cylinder head

HI7EGET
Fig. 46 QM series engines anodes located are near the alterna-

tor. . .

Flange
{R076054

Fig. 48 On 1GM engines, an anode 1$ holted to a plate on the
engins
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Fig. 49 To replace an anode an a 1GM engine, remove the two
bolis that atlach the plate to ihe englne block

Anticorrosion zine (eylinder black)

Dd87EG2G

Flg. 51 . . . and the engine block

4975625
Fig. 650 On GM/HM engines, anodes are on the cylinder
head . . .

Fig. 52 Use a wire brush to clean the axidation from the anode

9. Install the anode mounting plugs with the new anodes to the
engine. Tighten them securely.
10. Install any components that may have besr removed to
access the anodes.
11. Turn the seacock to the DN position.
12. Operate the engine and check for leaks.

INSPECTION

The frequency of anode inspection depends where your boat is
sailed and many other factors, so check your anodes frequently until
you have learmed how quickiy they dissalve.

Anode ingpection involves removing the ancdes from the engine,
heat exchanger, etc. and visually inspecting them for size. A worn
anode is approximately half its original sizs.

Once removed, knock off the crusty oxides with a hammer or
scrape them off with a wire brush. If the anode is less than half its
original size, replace if. When replacing anodes, always use flexible
sealer on the plug threads to prevent leakage and make removal ata
later time easier,

~Teflon® tape may prevent the anode from functioring properly so
it Is important to use some other type of sealant.
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L TR
FRESH WATER COOLING CIRCUIT$

How the Cooling System Warks

The main parts of the engine cooling system are the pressure
tap, hoses, thermostat and water pump. The system is filed with
coolant, which shouid be a 50-50 mixture of antifreeze and water.
No matier where you live or how hot or cold the weather becomes,
the mixture should be maintained year round.

The water pump is usually driven by a belt connected to the
engine. The pump draws cootant from heat exchanger and forces it
through passages suriounding the hot area—ine cylinders, combus-
tion chambers and valves, From there the coolant flows through &
hase back to the heat exchanger to give off its heat to the sea water,

WHAT IS COOLANT

;e CAUTION

When draining the coalant, keep In mind that cats and dogs are
attracted by ethylene glyeol antifresze, and are quite likely to
drink any that is left in an uncovered container or In puddles an
the ground. This will prove fatal in sufficient quantity. Always
drain the coolant into a leak-proof contalner. To avoid injuries
from scalding fluid and steam, DO NOT remave the radiator cap
while the engine and radiator are still HOT. The best way to dis-
pose of coglant is through an appraved recycling cenier.

Ethylene Glycol

Coolant is at isast 50-50 mixture of ethyfene glycol and water,
This mixture in older engines was required not only in the winter to
prevent freezing, but also to prevent corrosion in cooling system
components, and to provide fubricants 1o the water pump.

Good quality antifreszes also contain water pump lubricants, rust
inhibitors, and other corrosion inhibitors along with acid neutralizers.

Propylene Glycot

Appearing in the early 90's a new, less-toxic antifreeze/coolant
emerged. This is a propylene glycol base. As compared to ethylene
glycol, propylene glycol is less toxic and safer for humans, pets,
and wildlife in the environment. Its coolant and engine profection
properties are similar to the ethylene glycol coolant listed above,
Most of the coolant providers now offer a choice between Ethylene
Glycol or Propylene Giycol based products.

CONTROLLING THE TEMPERATURE

s important to get the coolant up to narmal operating tempera-
ture as quickly as possibie to ensure smooth engine operation and
free flow of oil. When the enging is cold, the thermostat blocks the
passage from the cylinder head to the heat exchanger and sends
coolant on a shortcut to the wafer pump. The cooling fluid is not
exposed fo the cooling effects of the sea water, So it warms up
rapidly. As temperature increases, the thermostat graduafly opens
and allows coolant to flow.

Expansion tank L

¥ See Figures 53 and 54

Most engines use a coolant recovery system. The recover system
ailows coolant that would normally gverflow to be caught in an

Fig. 53 If your engine is not equipped with an expansion tank, a
kit is available from your local marine dealer

Overfiow pipe

Filler cap

ETEGH

Fly. 54 Typical expansion tank installation

expansion tank; it wilt autormaticaliy be drawn back into the system
when the coofant cools down.

INSPECTION

To inspect the coclant level, simply check the level of coolant in
the plastic tank. If the coolant level is low, remove the pressure cap
and add coolant directly to the header tank. If the coolant level is
constantly low, check for leaks in the system.

Thermostat

# See Figure 55

The thermostat is a simple temperature sensitive valve that opens
and closes 1o control cooling water flow through the engine. In
operation the thermostat hovers somewhere between open and
closed. As engine toad and temperature increass, the thermostat
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Cylindar haad cuibat
conreclion (Gonnected
10 heat exchanger)

F—Thermusiatl

Fresh water pump
meunting bracke!

| _—-By-pass vaive

By-Dass DAXLadE
¥ p——

To suclion side of
fresh waler pump

gy

Cylinder hgad
When valve is ¢losed (by-pass passage is apened)

Fip. 55 Thermostat operation detail

[—— Thermostat vilve

To heai sxchanger

Thermostet valve
/’

| e Thermostat

/5 y-pasS valve

Cylinger head

DASPEEH)

Whaen valve is op d foy-pasa p ge s &l

opens to allow more cooling water into the engine. As temperature
and load decrease the thermostat closes.

A sticking thermostat will either allow the temperature to rise well
abave the narmal aperating temperature befors it opans, or, if stuck
in the open position, will never allow the engine to reach operating
temperature.

REMOVAL & INSTALLATION

On fresh water cooled QM engines, the thermostat is located on
the side of the header tank.

Qi seties engines
# See Figure 55

St CAUTION

Mever open, service or drain the fresh water coeling system
when the engine is hot; serious burns can oceur from the steam
and hot ¢coolant. Also, when draining englne coclant, keep in
mind that cats and dogs ace attracted to ethylene glyeol
antifreeze and could drlnk any that is left in an uncovered con-
tainer. This will prove fatai in sufficient quantities. Always drain
¢oolant inta a sealable container,

1. Drain the coolant from header fank.

2. Disconnect the hose from the fresh water outlet,

3. Remove the bolts that secure the water outlet to the header
{ank,

4. Remove the water outlet. If nacessary, tap it lightly with a
mallet to break the gasket.

5. Rermnove the thermosiat from the header tank.

Thermostat

Thermostat
housing

HOTEGEE

Fig. 56 When installing the thermostat, make sure it ig posi-
tioned in the right direction

To install:
6. Glean the mating surfaces ol the header tank and water outlet.
7. Install the new thermostat in the header tank, in the proper
direction.
3. Using a new gasket, install the water outlet to the header tank.
g. Install the four bolts and washers, and tighten them securely.
10. Attach the hose fo the water outlet. Tighten the hose clamp
securely.
11. Add coolant to the header tank.
12. Operate the engine and check for signs of leakage.
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GMMHM series engines
# See Flgures 57, 58, 59, 60 and &1
On fresh water cooled GM/HM engines, the thermostat is focated

on the top of the fresh water pump housing, underneath the fresh
water outlet conneclion.

4 CAUTION

Never open, servige or drain the fresh water cooling system
when the engine is hot; serious butns ean oceur from the steam
and hot caolant. Also, when draining englne coolant, keep in
mind that cats and dogs are atiracted o ethylens giycol
antifreeze and could drink any that is left In an uncovered con-
tainer. This will prove fatal in sufficient quantitles. Always drain
coolant into a sealable container,

1. Drain the coolant from the enging to a point where it is below
the thermostat housing.

2. Loosen the hose clamp the hose that attaches to the fresh
water outlet.

3. Remove the holts that secure the water outlet to the fresh
water purnp housing.

4. Remove the water outlet, If necessary, tap it lightly with a
mallet to break the gasket.

5. Remove the thermostat{s) from the water pump housing.

To install:

8. Clean the mating surfaces of the fresh water pump housing
and water cutlet.

7. Install the new thermostat in the fresh water pump housing,
in the proper direction.

~When Installing the thermostat, make sure the vent hole aligns
with the bolt hole as shown in the Ellusiration. If the thermostat is
nol atlgned properly, it will not seat in the kousing properly, caus-
ing the water ouliet to leak.

8. Using a new gasket, install the water outlst to the fresh water
pump housing.
9. install the two bolts and washers, and tighten them gecurely.
10. Alfach the hose to the water outlet. Tighten the hose clamp
securely.

U-ﬂi‘s
Fig. 57 Atler the hose clamy i3 loosened, remove the two bolls
that attach the water outlet

o

Fig. 38 The thermosiat lifts from the housing

4
9PEFET

FEPSG
Fig. 58 The water outlet can now be removed 1o access the
water pump

; . g oii o
Fig. 60 Always replace the gasket on the water outlet to prevent
leaks
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: e £
Fig. 61 The thermostat is installed properly when the vent hole
is aligned with the bolt hale as shown

11, Add coalant to the header tank as necessary.
12. Operate the enging and check for signs of leakage.

JH series engines
¥ See Figures 62 thru 67

On fresh water cooled JH serigs engines, the thermestat is
located on the top of the fresh water pump, underneath the iresh
water outtet connection.

s CAUTION

Mever open, service or drain the fresh water cooling system
when the engine is hot; serious burns can oecur fram the steam
and hot coolant. Also, when draining engine coolant, kesp in

Thesmosial cover
(Fresh water oufl=1 connectionl

Fresh water pump body

DebRGE
Fig. 62 Exploded view of a JH series thermostat and refated
components

mind that cats and dogs are aitracted io ethylene glysol
antifreeze and could drink any that is left in an uncovered eon-
tainer. This will prove fatal in sufficlent quantities. Always drain
coolant into a sealabie container.

1. Drain the cootant from the engine to a point where it is below
the fresh water pump.

2. Loosen the clamps that attach the hose from the fresh water
outlet to the header tank.

3. Remove the two bolts that secure the water outlet to the fresh
water pump.

4. Remove the water outlef from the fresh water pump. If neces-
sary, tap it lightly with a mallet to break the gasket.

5. Remove the thermostat(s) from the fresh water purnp.

To install:

B. Clean the mating surfaces of the fresh water pump and water
outlet,

7. Place the O-ring under the thermostat, {if equipped) and
install the new thermostat in the fresh water pump, in the proper
direction. -

- ) GAFPEPIR
Fig. 63 Loosen the clamps that attach the water oullsl hose to
the header tlank

) ' 4ETAAAN
Flo. 64 Next, ramove the two bolts that secure the {resh water

outlet connection to the thermostat housing
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497611
Fig. 65 Tilt the hose and water ontlet back, and pull the thermo-
stat from the housing

Fig. 66 Excessive corrosion in the thermostat housing may indl-
cate problems in the header tank

=When installing the thermosial, make sure the vent hole allgns
with the holl hole as shown in the Hlustration. If the thermostat is
not aligned propetly, it wil not seat in the housing properly, caus-
ing the water outlet to leak.

8. Using a new gasket, install the water qutlet to the fresh water
pump housing.
9. Install the two bolts and washers, and tighten them securely.
10. Tighten the clamps that attach the hose from the water outlet
10 the header tank.
11. Add coolant to the header tank as necessary.
12, QOperate the engine and check for signs of leakage.

INSPECTION

The best way to inspect the thermostat is to remove it from the
engine and visually ingpect the mechanism. If the thermastat shows
signs of contamination, corrosion, or wear marks, it is time to
install a new thermostat.

For some people the cost involved in removing the thermostat is
enough to warrant instalting @ new one sach time it is serviced.

TESTING

# Ses Figure 68

Check the rating stamped on the flange or body of the thermo-
stat. This will telf you its rated temperature {the temperature at
which it should be fully open,

Test the thermostat by suspending it in container of water, Slowly
bring the water to a boil and using a thermometer, nol when the
thermostat opens.

if the thermostat does not open near the rated temperature, it is
fauity and should be replaced.

Fresh Water Pump

The fresh water pump is logated on the front of the engine, and is
operated by a belt driven from a pulley on the crankshatt. Unlike the
raw water pump, the fresh water pump uses a metal impeller that
does not raguire constant maintenance. The impeller of a fresh
water pump does not touch the housing, but is closely fitted, and is
fuite efficiant.

TMITER3

Flg. 67 Make sure the vent in the thermostat aligns with the bolt

hole as shown

Fig. GB Testing a thermostat vsing hot water and a thermometer
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INSPECTION

REMOVAL & INSTALLATION

# See Figure 69

Typically, the fresh water pump requires replacement when ths
seal fails, or the bearinal(s) fail. If a bearing fails, the water pump
will produce a grinding metallic sound. A bearing failure can be a
cause of a overtightened belt, or quite simply, age. If the seal fails,
the water pump will leak from the drain holg in the bottom of the
pump. In most cases, replacement of the fresh water pump as a unit
is most practical.

AR ;
i HITBPIG
Fig. 69 K water leaks from this hole on the hottom of the water

pump, the internal seal has failed, and the pump should be
replaced

» Sea Figures 70 thru 78
s CAUTION

Never open, service or drain the fresh water cooling system
when the engine is hot; serious huras can occur from the steam
and hot coolant. Also, when draining engtne coolani, keep in
mind that ¢ats and dogs are attracted to ethylene glycol
antifreeze and could drink any that is leit in 2n uncovered ¢on-
tainer. This will prove fata! in sufficient quantities. Always drain
coelamt into a sealable container.

1. Drain the fresh water cooling system. Make sure the drain-
cocks are in the closed position after draining.

2. On JH series engines, remove the thermostat and water tem-
perature sending units. Removing them with the pump attached to
the enging will be easier.

3. Loosen the 4 boits that secure the drive pulley (o the water
pump.

4. Loosen the water pump drive belt by lcosening bolts on the
alternator brackets.

5. Remove the drive belt from the water pump pullay.

6. Remove the 4 bolts that securs the water pump pufley.

7. Remove the hoses from the water pump. If necessary, remove
any hose brackets 1o allow access to the pump boits

8. Remove the holts that attach the water pump to the engine.

aWhen removing the water piinp boits, be sure to mark each bolt’s
location, since the holts are of differenl lengths. If the balts are not
installed in their proper logations, the ergine block can be dam-
aged when tha bolts are fightened.

Cirelip
\

V-pulley\

Pump shalt

Pulley llange

Flg. 70 Exploded view of a OM series fresh water pump

Beznng unit

Body bracket

Mecharital saal

Pump body

D076
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[

Coaling Iregh watwr
cutlet ¢onnegtion

Thaimaslal

Coohng water
temperalure Switch
Plog forwater heater PT 30

Mrechanical S0l

Dutlet

BeRnng wml
BoUy Drachet

Palléy Hanga Impeller

V-pyriey
04975537

Yiales temparziure [
switeh 37 :
<>
@———Tmﬂ

@ Wales {stperature sender ynit

Fump phate

QaBrRLIE

Fig. 72 Exploded view of a JH series water pump
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o T
BHIGPG
Flg. 73 Before loasenlng the alternator 1o slacken the drive belt,
loosen the 4 bolls that attach the pulley to the watar pump

{0.5P43
Fig. 76 Mote the bolts are of different lengths; make a diagram
if necessary to ensure the bolts are instaliad in their proper
locations

M?ﬁl;d?
Fig. 74 On some models, it may be necessary o remove hose
brackets to allow access to the water pump mounting bolts

CHYTHPS0
Fig. 77 Once the gasket is broke free, the water pump can be

remaver from the engine

Gd:'I?EP-;B
Fig. 75 Once the hoses are detached tram the pump, remove the

water pump mounting bolis

0457EPS1
Fig. 78 ALWAYS use a new gasket when installing the water
pump to the engine
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9. Remove the water pump from the engine.

10. Or GM/HM engines, it is advisable to remove the thermostat
housing and replace the gasket, since the water pump is already
removed.

To install;

11. Clean the mating surfaces of the water pump and engine.

12. Using the appropriate gaskets, place the water pump on the
engine and install the bolts. Make sure gach bolt is in the proper
location,

13. Tighten the water pump bolts securely.

14, Clean any corrosion from the inside of each hose to ensure a
leak-free connection. Attach all hoses to the water pump. Replace
any ose brackets as necessary.

15, Install the water pump pulley to the water purnp. While
holding the pulley by hand, tighten the holts. (After the belt is
instalied and tightened, the bolts can be given an additional tight-
ening)

16. Install the drive belt to the water pump puliey.

17, Using a belt tensioner, apply proper tension to the belt.

18. Refill the cooling system as necessary.

19, Operate the engine and check for leaks.

Header Tank

# See Figures 79, 80, 81 and 82

Many engines use a header tank that combines a water cooled
exhaust manifold and the heat exchanger. The pressure cap on the
header tank is identical to an automotive radiator cap.

INSPECTION

The header tank itself requires little maintenance other than a
good visual inspection for cracks and leaks. The tank ig usually
made from aluminum which is vulnerable to corrosion. If white
powdery depasits are noticed around the water hose fittings, remove
the header tank and clean the corrosion to prevant further damage.

REMOVAL & INSTALLATION

OM & GM/HM series engines
# See Figures 83 thru 95
1. Turmn the ssacock to the OFF position.

o Sea water (1o exhaust manifoid;

-~

Cooling pipe assembly

Fresh waler tank body <

Fresh water {to fresh water pun‘lp:ll

Fig. 79 Exploded view of a OM series header tank

Filler cap (with pressure refigl vaive) /i‘-

¢l
2

f

Thermdstat

Overflow pipe

N
A

ANUSTIESi0N Zing

v

¥ &
' —Drain cock _ \%
Sea waler {Irom sea water purp)

HETEGA

© BENCHMANUK PDF MANUALS 2006



6-34 COOLING SYSTEM

Bea water cutlet
{to mixing slbow)

Fiiler aap fwilh pressure relief valva)

body

Cooling tube cover

Coobng luba assembly

“ Frash water inkat
{from tylinder head)
|

Frash water outlet
{to tresh water pump)

Drain cock

Sea watef inlet
(Irom sea water pump)

(H970GR

Fig. 80 Exploded view of a GM/HM series header tank

M7 6034

Fig. 81 Exploded view of a JH series header tank
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QaamePTE
Fig. 82 This is what happens whan the header tank is used as a

slep ladder out of the engine compariment. This pressure cap
and housing must be repiaced

151

Fig. 84 On some engines, It may he necessary to remove addi-

tional comporents, such as fuel lines

BgTGRE2

2. Using the draincocks an the engine, drain the raw water from
the engine hy opening the draincocks. After the enging is drained,
be sure to close the draincocks.

dex CAUTION

Never open, service or drain the fresh water caoling system
when the engine is hot; serious burns can occur from the steam
and hot coolant. Also, when draining engine coolant, keep In
mind that cats and dogs are atiracted to ethylene glycol
antifraeze and could drink any that is left in an uncevered con-
talner. Thig will prove fatal in sufficiani quantities. Always dratn
coolant inlo a sealabls container.

3. Drain the cooiant from the header tank.

4. Remove the hoses from the coolant tank.

5. Remove any accessories that are attached {c the header
tank, such as cable brackets, fue! filter brackets, fugl lines,
etc.

8. Remove the four bolts that attach the exhaust elbow to the
header tank.

Fig. 85 The fuel filter is atiached o the header tank by two hofts

L

0437661

(aPEPES
Fig. 83 Before loosening any bolts, remave all hoses that attach
to the header tank

Fig. 86 Once the two bolts are romoved, lower the fuel filter

ETERED
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7. Rernove the bolts and nuts that attach the header tank to the
cylinder head.

=When removing the header tank bolts, be sure to mark each bolt's
location, since some of the bolis are different lengths. if the holls
are not installed in their proper locations, the engine block and/or
cylinder head can be damaged when the holts are Uyhiened.

8. Remove the header tank from the engine.
To install:
8. Clean the mating surfaces of the cylinder head and header
T fank.
i 10. Using new gaskets, inslali the header tank to the cylinder
head. Maks sure to install the bolts in their original locations. Make
sure to install all the header tank and bracket balts before tightening.
11. Once all the bolts are installsd, they can be tightenad.
12. Using a new gasket, attach the exhaust elbow to the header
tank. Tighten the four bolts securely.

o

oz 13, Install any accessories that were attached to the headsr tank,
Flg. 87 Next, remove the 4 bolts that attach the exhaust mixing such as cable brackets, fuel filter brackets, fuel lines, etc. If new
elbow to the header tank gaskels are required, make sure to replace them accordingly,

gl F .
AHETGPGG (LR 4

Fig. 88 Once the bolis are removed, remove the mixing elbow Fip. 50 Once all the companents are detached from the header
from the header tank tank, remove the bolts and nuts on the side of the tank

(MATEP14 . ) - 0407655
Fig. 89 Although this exhaust elbow tooks different. il is Fig. 91 Carefully remove the header Yank from the cylinder head
removed in the same manher {nofe cylinder head studs}

© BENCHMANUK PDF MANUALS 2006



COOLING SYSTEM  6-37

R

04576
Fig. 92 After the hoader tank is from the cylinder head, remove
the old gasket trom the eylinder hsad

D497EPSE
Fig. 95 As with zll engine component assembly, always vse a
new gashet

JIEL=H: T

Fig. 93 Use a Scotch-Brite® pad 1o clean ihe matlng surfaces of
both the cylinder head and the header tank

s
Fig. 94 The same scraping and cleaning of the old gaske? mate-
rial should be done on the exhaust albow mating surface

14. Clean any corrosion from the inside of each hose to ensure a
leak-free connection. Attach all hoses to the header tank,

15, Add coolant to the header tank.

18. If necessary, bleed the air in the fuel system.

17. Turn the seacock to the BN position, and operate the engine.
Check for any signs of leakage.

JH series engines
» See Figure 96

1. Turn the seacock o the OFF position,

2. Using the draincocks on the engine, drain the raw water from
the engine hy opening the draincocks. After the enging is drained,
be sure to close the draincocks.

3. Drain the coolant from the header tank.

CAUTION

Never open, service or drain the fresh water cooling system
whenr the engine is hot; serious burns can occur from the steam
and haot coolant. Also, when draining engine coolant, keep in
mind that cats and dogs are atiracted 1o ethylene glyeol
antifreeze and could drink any thal is left in an uncovered con-
talner. This wiil prove fatal in sufficient quantities. Always drain
coolant into a sealable container.

4. On aftercooled turbo models, procead as follows:
a. drain the coolant from the aftercooler
b. Remove the air inlet and outlet hoses.
¢. Remove the coolant lines from the aftercoolar,
d. Unboit the aftercooler from the header tank.
5. Remove the hoses from the coolant tank,
6. Remove any accessories that are attached to the header tank,
such as cable brackets, fuel filter brackets, fuel lines, etc.
7. If necessary, remove the alternator to altow clearance to
remove the header tank,
8. Remove the four bolts that attach the exhaust elbow to the
header fank.
9. Remove the bolts that attach the header tank {o the cylinder
hiead.

=When removing the header tank bolts, be sure to mark each bolt’s
location, since some of the holis are different lengths. If the bolts
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Cylinder head

THITHEIT

Fig. 96 The exhaust gasket must be replaced when removing the
header tank

are not inglalled 1n their proper lacations, the engine block and/or
£yllndet head can be damaged when the bolts are tightened.

1{. Remove the header tank from the engine.

To install:

11. Clean the mating surfaces of the cylinder head and header
fank.

12. Using new gaskets, install the header tank to the cylinder

head. Make sure to instatt the bolts in their original locations, Make
sure to Install ali the header lank and bracket bolts before tightening.

13, Once all the bolts are installed, they can be tightened.

14, Using a new gasket, attach the exhaust elbow to the header
tank. Tighten the four boilts securely.

15. On aftercooled turbo models, attach the aftercooler to the
header tank, install the air infet and outlet hoses, and coolant lines,

16. Install any accessories that were attached to the header fank,
such as cable hrackets, fuet filter brackets, fuel lines, etc. If new
gaskets are required, make sure to replace them accordingly.

17. Clean any corrosion from the inside of each hose to ensure a
leak-free connection. Attach all hoses to the header tank.

18. Install the fresh water and raw water hoses to the header tank.

19. Add coolant to the header tank.

20. Turn the seacock to the ON position, and operate the engine.
Check for any signs of leakage.

Heat exchanger

# See Figure 97

Heat exchangers remove surplus heat from the engine. A heat
exchanger consists of a cylinder with a number of small copper-
nickel tubes running through it. The hot coolant passes through the
gxchanger while cold raw-water is pumped through the tubes, The
cold water carries off the heat from coolant then discharges directly
pverboard or via a wet exhaust.

The heat exchanger is usually located inside the header fank.

Packing

Sea water inket Side covar

Fig. 97 Heat exchanger and relaled components

Sea water outlet

Rib

Side cover

Facking

Fresh water sutlet
(to fresh watar resesvoln)

Fresh water inlet
{fram gylinder hesd}

0457530
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INSPECTION

¥ Sae Flgure 98

The easiest way to inspect the heat exchanger is to measure the
temperature difference beiween the inlet and outlet pipes. The inlet
pipe shoutd be slightly above ambient waier temperature and the
outlet should feef warm.

I the outlet pipe feels hof, too little water is passing through the
heat exchanger. inspect the raw-water pump, strainer and exhaust
injection elbow for restrictions.

If the outlet pipe fegls cold, water fow is good but heat transter s
bad. Check the heat exchanger internal core for damage.

REMOVAL & INSTALLATION

¥ See Figures 99 thru 105
1. Turn the seacock to the OFF position.

2. Using the draincocks an the engine, drain the raw water from
the engine by opening the draincocks. After the engine is drained,
be sure to close the draincocks.

3. Drain the coolant from the header tank.

Atz CAUTION

Never open, service or drain the fresh water cooling system
when the engine is hot; serious burns can ocour from the steam
and hot coolant. Also, when draining engine coolant, keep in
mind that cats and dogs are atiracied to ethylene glycel
antifreeze and could drink any that 1s left in an uncovered con-
tainer. This will prova fatal in sufficient quantities. Always drain
coolant into a sealable container.

4. Remove any brackets or components that are in the way of
the heat exchanger covers.

5. Remove the bolts that attach the heat exchanger covers 1o the
header tank,

(3G

Fig. 98 A bettle brush can be used 1o clean the heat exchanger
tubes

gh3

Fig. 100 Remove the hoses from the header tank side covers

Side cover

Q-ting

THIFRG3

Flg. 99 By removing the skde covers from the header tank, the
heat gxchanger ¢an be removed

(RPEREY
Flg. 101 Remave the bolts that attach the side tovers to the
header tank, and remave the covers
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D470
Fig. 102 Carefully sfide the heal exchanger out of the header
tank

L

Fig. 104 Once the heat exchanger is in place, install the 0-rings

[HB]'GF
Fig. 103 Before installing the heat exchanger, elean any debris
from the 0-ring mating surfaces on both sides of the tank

IS

Fig. 105 Make sure the pin on the heat exchanger aligns with

the hole in the side cover

6. Slide the heat exchanger out of the header tank.

To instali:

7. Using steel wool or light sandpaper, carefuily clean any
buildup from the 0-ring mating surfaces.

3. Place the heat exchanger into the header tank. Be sure to
install a new O-ring on gach end of the heat exchanger.

it the O-rings on BOTH sides of the heat exchanger are not
replaced, the fresh water and raw water cosling circuits may
mix if an Q-ring leaks. This can cause the fresh water circuit to
hecome contaminated with sea water, and the sea water circuit
to discharge coolant overhoard.

9, Onee the heat exchanger is in place, instalf the 0-ring on the
COVETS.

Make absofutely cesain that the heat exchanger is seated
propetly between the two covers on the header tank hefore
tightening the holts. i the heat exchanger is not positioned
correctly, it will be crushed when the bolis are tightened, and
leak coclant inte the raw water circuit and be discharged over-
hoard.

10. Tighten the bolts that attach the heat exchanger covers to the
header tank,

11. Install any brackets or components that were ramoved 1o
access the heat exchanger cover.

12. Fill the frash waler cooling system with coolant.

13. Turn the seacock to the ON pasitior..

14, Siari the engine, and check for leaks,
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ENGINE MECHANICAL

Diesel Engine Histary

The diesel engine bears the name of its inventor, Rudolph
Diesef who on February 17, 1894, started and ran his “Rational
Heat Engine” for less than a minute. This fist crude, single-
cylinder device was based on a principte first dermonstrated by
something called a "pngumatic tinderbox" a curiosity of the time
that resembled a glass bicycle pump and could ignite a piece of
paper merely by compressing the air within its cylinder to the
terperaiure where spontaneous combustion could accur. This
comprasgion-ignition principle is the basis for diesel engine
operation,

Rudolph Diesel invented an engine that was four times as fue!
efficient as the best steam enging of its day, using an idea that,
although improved upon, remains basically unchanged in current
production diesel engines. Only a small handful of new inventions
are immediately recognized as revolutionary in their day and the
diesel engine is among the historic few. Rudalph Diesel was hailed
as a genius atl over the world, particutarly among the engingering
community in America and was invited to be an honored guest at
the 1915 San Francisco World's Fair.

Unfortunately, the military potential of the diesel engine was also
recognized immediately by those in the Kaiser's intelligence com-
runity who feared that Diesel was about fo put & powerful instru-
ment of warfare into the hands of an eventual enemy. On Septernber
29, 1913, while crassing the English Channel aboard the steamer
Dresden, Rudolph Diesel mysteriously disappeared. A body was
found floating eleven days later and papers taken indicated that it
was Rudolph Diesel. Suicide was considered as a cause of death,
hut most believe Diesel was the victim of foul play, killed for the
same reason he becarme famous, the awesome potential of his com-
pression-ignition diesel engine.

Diesel Engine Advantages

The diesel engine offers a number of advantages over the older
spark-ignition type of internal combustion engine. Beside being
more thermally efficient and getting mare pawer aut of the combus-
tion process, diesel engines are more reliable in operation, use less
fuel, deliver more power per pound of engine, produce higher sus-
tained torque at a lower rpm and utilize a fuel that is not only more
economical, but also less of a fire hazard than gasoline. The fact
that diesel fuel is more difficult to ignite, thus safer to handle is a
big advaniage when it comes to marine installations. Add to this the
fact that diesel engines produce much less texic exhaust emissions
than gasoline engines, remarkably free of hydrocarbons and carbon
monoxide and if's not hard to see why diesels have grown in popu-
larity among manufactirer's when it comes to meeting emission
standards.

Diesel engings have hasically the same internal components as
gasoling powered engines. The major differences are the fuel, the
ignition of the fuel and the manner in which the fusl is directed
into the combustion chambers, The digsel engines are of heavier
construction to withstand the higher compression ratios and
power impuises that the diesel devefops. Diesel engines are marn-
ufactured from a one cylinder unit to as many as twenty-four
cylinders.

The diesel engine lacks the conventional spark type ignition, but
depends upon the heat of the compressed air within the cylinder to
ignite a specially timed and injected, atomized spray of fuef into the

cylinder as the piston nears its top dead center (TDC) position while
on the compression stroke. As the air/fuel mixture is ignited and
burns, expanding gases are formed with great pressure, which
cause the piston to be forced downward in a power developing
stroke.

The Diesel Four Sfroke Cycle

* See Figure 1

In order for the four stroke cycle diesel engine to funclion prop-
erly, valves and injectors must act in dirgct refation to each other
and to the four strokes of the engine. The intake and exhaust valves
are camshiaft operated, linked by tappets or cam followers, pushrods
and rocker arms. The injectors are operated by either hydraulic or
mechanical means, timed to the crankshaft and/or the camshat
rotation to provide the spray of fuel into the combustion chamber at
the precise moment for efficient combustion,

Qe=
Oe

EXHAUST

497760

INTAKE COMPRESSION POWER

Flg. 1 The diesel four stroke cycle

INTAKE STROKE

During the intake stroke, the piston travels downward with the
intake valve open and the exhaust valve closed. The downward
Iravel of the piston allows and draws atmospheric air into the cylin-
der from the induction system. The infake charge consists of air
onty and contains no fuel mixture,

COMPRESSION STROKE

At the bottom of the intake stroke with the piston at Bottom
Dead Center (BDC), the intake valve closes and the piston starls
upwards on its compression stroke, The exhaust valve remains
closed. At the end of the compression stroke, air in the combustion
chamber has been forced by the piston to occupy & smafler space
than it occupied at the beginning of the stroke. Thus, compression
ratio is the direct praportion of the amount of space the air occu-
pied in the combustion chamber before and after being corn-
pressed.
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Diesel engine compression ratios range from approximately 14:1
to 22:1 in comparison to the gasoline engine comprassion of from
7.5:110 9.5:1. Compressing the air into a smaller space causes the
temperature of the air te rise to a point high enough to ignite the
injected fuel, which has a flash point lower than the temperature of
the compressed air. The fust is injected into the cylinder during the
last part of the compression stroke and may continue over to the
early part of the power stroke.

POWER STROKE

During the beginning of the power stroke, the piston is
pushed downward by the burning and expanding gases. Both the
intake and exhaust valves remain closed. As more fuel is added
to the cylinder and burns, the gases become hotter and expand
more rapidly, forcing the piston downward with mauch driving
force and causing the crankshait to rotate, in a power defivering
action.

EXHAUST STROKE

As the piston reaches its Bottom Dead Center (BDC), the
exhaust valve opens and the piston moves upward. The intake
valve remains closed. The upward travel of the piston forces the
burnied gases from the combustion chamber through the open
exhaust port and into the exhaust manifald. As the piston reaches
the Top Dead Center (TDC) and starts its downward movement, the
intake stroke is repeated and the cycling stroke continue in their
proper 5equence.

Firing Order

¥ Soe Figure 2

On ali engines excent for QM series, the number 1 cylinder is
tocated closest to the flywheel. On QM series engines, the number 1
cylinder is localed on the front of the engine, near the crankshaft
drive pulley.

The firing order for 4 cylinder engines is 1-3-4-2

The firing order for 3 cylinder engines is 1-3-7

The firing order for 2 cylinder engines is 1-2

Valve (Rocker) Cover

REMOVAL & INSTALLATION

» See Figures 3 thra 8

1. Remove the breather hose by locsening the ¢lamp and slid-
ing the hose from tha fitting on the cover

2. If necessary, remove any additional components attached to
the valve cover.

3. Once all items are remaved from the valve cover, remove the
cap nutls) on the top of the cover.

4. Remave the cover Irom the cylinder head. If necessary, tap
the cover lightly with a mallet to break the gasket free from the
cylinder head.

To install:

5. Wipe the valve cover mating surface of the cylinder head with
a clean rag.

6. Install 2 new gasket onto the valve cover, Make sure the gas-
ket is placed in the groove around the entire perimeter of the cover,

Fly. 3 To remavae the valve cover, simply remove the cap nuts en
the top of the cover

Flywheel

TG

fig. 2 On all engines except M series, the number ane cylin-
der Is localed closest 10 the flywhasl

(M477FOE
Fig. 4 Always check the rubber D-rings on the valve covar cap

nuts and repiace them if necessary ta prevent leaks
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s
Fig. 5 Once the cap nuts and veni hose are removed, the valve
cover lifts from the cylinder head

neTie
Fig. 8 Make sure the gasket stays sealed in the groave when
lowering the cover (a common source of leaks when the cover [s
ramoved)

) UH!Pca
Fig. 6 The valve lash is easily adjusted once the valve cover is
ramoved

7. Place the valve cover onto the cylinder head, in the proper
direction.
8. Place a new O-ring onto sach of the cap nuts, and thread
them onto the valve cover studs.
9. Tighten the valve cover cap nut(s). Do not overtighten them.
10. Install the hreather hose onto 1he fitting on ihe valve cove,
and tighten the clamp as required.
11. K necessary, replace any components that were aftached to
the valve cover,

DECOMPRESSION LEVERS

¥ See Figures 9, 10 and 11

The decompression levers on the valve cover are used to keep
the exhaust valves open while cranking the sngine in emergency sit-
uations, such as extremely cold weather or a weak battery condition.
On most modals, these levers are maintenance-free, and do not
require any attention. However, on some of the older QM series
engines, the decompression levers can be adjusted.

O4943PE
Flg. 7 When installing the valve cover, check the condition of
the gasket for hardness or cracking

msnr'a
Fig. 9 The decomprassion levers on the valve cover keep the
exhaust valves open for emergency starting
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[437FEOR

Fig. 10 in this position, the decompression levers are ENGAGED

HETIG0

Fig. 12 Adjusting the decompression [it on a OM seties engine

Od8s o
Fig. 11 The decompression levers should be kept in this posi-
tion during normal aperation

Adjustment
# See Figure 12

1. Remove the decompression lever adjustment caps on the
valve cover,

2. Sfarting with the number one cylinder, use the marks on the
flywheel to set the piston at TDC on the compression stroke.

3. With the lever in the engaged position, foosen the locknut on
the adjuster.

4. Screw the adjuster untif it just touches the rocker arm.

5. Adter the screw fouches the rocker amm, turn the adjuster ONE
turn further {clockwise), then tighten the locknut while holding the
adjuster stationary. The lift provided by the decompression lever
should he 0.0314 in. {0.8 mm).

6. Confirm that the exhaust valves are not hitting the pistons
when the decompression lever is engaged by carefully rotating the
engine and feeting for resistance.

7. tnstail the decomprassion lever adjustment caps to the valve
cover.

Do NOT use the decompression igvers on a warm englne; dam-
age to the valves and pistons may rasuit.

Rocker Arm/Shafts

REMOVAL & INSTALLATION

QM Series Engines
» See Figures 13 and 14

1. Rernove the valve cover from the cylinder head.

2. Mark each of the rocker arms and supports with paint or
other means for proper assembly.

3. Loosen the lock nuts on each of the lash adjusters, and back
the adjusters until the rockers are all free from tension of the valve
springs.

Mut

Vakve fotkes
arm retainer

Valve rocker arm

- Vaive clearance
adjusl screw

WAFFADs

Valve rocket arm support

Valve focker arm

Flg. 13 Exploded view of a QM sarles rocker arm and shaft
assembiy
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Flg. 14 Removing a GM series rocker arm assembly

Valve rocker
arm support

Exnavs! valve arm
' Valve ¢learance

adjusl screw
G

Fig. 15 Exploded view of a GM series rocker arm assembly

4, Loosen the nut on each of the rocker arm supports, Each
support carries two rocker arms.

5. Unthread the nuts on each of the rocker arm support studs.

6. Carefully raise each of ihe racker arm assemblies from the
mounting studs on the cylinder head. Lay each assembly apart from
gach other so the parts are not mixed together.

To install:

7. Lower each of the rocker assemblies onto the mounting
studs, in the correet Iocation.

8. Apply a fiesh coating of engine oil to the pushrod tips, and to
the valve stem fips.

9. Hand thread each of the rocker arm support nuts onto the
mounting studs. Make sure the pin on the bottom of each of the
rocker arm supports is in place with the hole on the cylinder head.
fflake sure each of the pushrods is fully aligned in each of the lash
adjusters.

=Make sure the lash adjusters are fully slackened, or the rockers
will ha tensioned when the rocker atin support nut is tightened.

10. Tighten the mounting nuts to 53.6-57 & ft. bs. (68.6-78.6
Nm).

11. Adjust the valve fash as necessary.

12. Install the valve cover 10 the cylinder head.

GM/HM Setles Engines
¥ Sea Figures 15, 16, 17, 18 and 19

1. Remove the valve cover from the cylinder head.

2. Loosen the lock nuts on gach of the lash adjusters, and
lonsen the adjusters until the rockers are all free from the tension of
the valve springs.

3. Loosen the nuts on each of the rocker arm supports.

4. Unthread the nuts on each of the rocker arm support studs.

5. Carefully raise the rocker arm assembly from the mounting
studs on the cylinder head. Be careful not to lose the locating pins
on the bottom of each of the rocker arm supports.

6. To disassemble the rocker arm assembly, remove the circlips
from the ends of the rocker arm shaft, and loosen the set screws on
gach of the rocker arm shafts. Keep the parts in proper order for
reassembly.

Ta install:

7. Apply a fresh coating of engine oil to the pushrod tips, and to
the valve stem fips.

8. Lower the rocksr assembiy onto the mounting studs, in the
correct location, Make sure each of the pushrods are seated prop-
erly in the lash adjusters.

8. Hand thread each of the rocker arm support nuts onto the
mounting studs. Make sure the pin on the bottom of each of the
rocker arm supports is in place with the hofe on the cylinder head.

= Make sure the lash adjusters are fully slackened, or the rockers
will be tensioned when the rocker arm support nut is tightened.

10. Tighten the mounting nuts to 27 ft. Ibs. (37 Nmy).
11, Adjust the valve lash as necessary.
12, Install the valve cover to the cylinder head.

JH Series Engines
¢ See Figure 20

1. Remave the valve cover from the cylinder head.

2. Loosen the fock nuts on each of the iash adjusters, and back
the adjusters until the rockers are all free from the tension of the
valve springs.

3. Loosen the bolts on each of the rocker arm supports. Keep
track of the location of sach bolt, as they are different lengths.

4. Carefully raise the rocker arm assembly from the cylinder
head.

5, To disassemble the rocker arm assembly, loosen the set
screws on each of the racker arm shafts. Keep the parts in proper
order for reassembly.

To install:

6. Apply a fresh coating of engine il to the pushrod lips, and to
the valve stem tips.

7. Lower the rocker assembly anto the cylinder head. Make sure
gach of the pushrods are seated properly in the lash ad|usters.

8. Hand thread each of the rocker arm support bolts into the
cylinder head. Make sure the bolts are installed in their proper [oca-
tions, since they are different lengths.

~Wake sure the lash adjusters are fully slackened, or the rockers
will be tensioned when the rocker arm support nut is tightened.
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Valve rocker arm shaft

No. 1 éxhaus! valve
racker arm

MNeo.q intake valve
rocker arm

Pin

o
\No,z intake vaive rocker arm

Valve clearance
adjust serew

% Vaive recker anm support
Circlip Mo.2 exhaust vaive rocker anm
401 7
Fig. 16 Exploded view of a 2GM series rocker arm assembly (3GM similar)
Rocker arm P g
support _ S
U= N
AT
ooy -
¢ ? | b ild'g
i [~
: D
| 0497760
0a97TGE Fin. 18 After the rocker arms nuts are remaoved from the shafts,
Fig. 17 Loosening the rocker arm support nut on a 1GM engine the assambly can be lifted from the cylinder head

© BENCHMANUK PDF MANUALS 2006



7-8 ENGINE AND ENGINE OVERHAUL

[4977GAS

Fig. 19 Opce the rocker arms are removed, the pushrads can be
removad from the engine

9, Tighten the mounting nuts to 17.4-20.4 ft. Ibs. {23.7-27.7
Nm).
10. Adjust the valve lash as necessary.
11. Instafl the valve cover to the cylinder head.

Intake Manifold

REMOVAL & INSTALLATION

M Series Engines

{n QM series enqgines, the intake manifold is integrated into
other components. The 2GM intake manifold is integrated into the
valve cover, and the 30M has an extension on the air sitencer that
bolts directly to the cylinder head.

GM/HM Serles Engines
# See Figures 21 and 22

The 1GM series enging is similar fo the QM series, with the
intake manifold that is integrated into the cylinder head. The
remaining GM/HM engines are equipped with an intake air
pipe/manifold.

1. Remove the intake air silencer.

2. Remove the three bolts thal secure the base of the inlake air
silencer to the intake manifold.

3. Disconnect the breather hose from the intake manifold,

4. Remove the two bolfs that attach the intake manifold.

5. Remove the intake manifeld from the cylinder head.

Fig. 20 Exploded view of a JH series rocker arm assembly

Exhaust valve
rocker arm

Vaive rocker
arm support

intake valve
rocker arm
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Breather

Breather hose

Intake air

Iniake air silencer

Dsrriind

Flg. 21 Exploded view of the intake system on a 2GM series engine (note the intake air pipe)

Breather

Element

Cylinder head
Intake air

Intake manifoid

Intake air silencer

Q49ITGH2

Fig. 22 Exploded view of the air intake system on 3GM/HM engines
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To install:

6. Clean the mating surfaces of the intake manifold and cylinder
head.

7. Using a new gasket, install the intake manifold to the cylinder
head. Tighten the two bolts securaly.

8. Instalf the breather hose to the intake manifold.

9. Install the intake air silencer.

JH Series
# See Figure 23

1. Remove the high pressure fuel lines irom the injector pump
and injectors.

2. Unbolt the fuel filter bracket from the intake manifold and
move it aside, securing it tempararily with safety wire. It should rot
he recessary to remove the hoses.

3. Remave 4 bolts thal attach the air inlet pipe from the mani-
foid. On turbocharged modsls, this may require loosening the hoses
that conngct to the aftercooler.

4. Disconnect or remove any additional components attached to
the intake manifold,

5. Rernove the nits that attach the intake manitold to the cylin-
der head.

6. Carefully remove the intake manifold from the cylinder head.

To install:

7. Clean the old gasket material from the mating surfaces of the
intake manifold, air intet, and cylinder head.,

8. Using a rew gasket, install the intake manifold to the cylinder
head. Tighten the nuts securely.

9. Using a rew gasket, install the air inlet to the intake manifold.
Tighten the bolts securely.

10. Disconnect or remove any additional compoenents attached to
the intake manifold.

11, Attach the fugl filter to the intake manifold.

12. Install the high pressure fuel lings to the injector pump and
injectors.

13. Bleed the air from the fuel system as required.

Cylinder Head

REMOVAL & INSTALLATION

=Whenever a cylinder head is removed, it should be cleaned and
Inspected prior to installation. Far more information on cleaning
and Inspecton, refer to “Engine Reconditioning” at the end of this
section.

M Setles Enpines
¥ See Figures 24 thru 30

1. Discennect all hoses, cables and fuel lines that are attached
or interfere with remaval of the cylinder head.

2. Remove the alternator, and alternatar mounting brackels.

3. Remove the header tank (fresh water cooled only) and maunt-
ing bracket from the engine.

4. Remove the fresh water pump and bracket from the cylinder
head.

5. Disconnect the high pressure fuel lings from the injectors and
injector pump,

6. Remove the fuel injectors and prechambers from the cylinder
head.

7. Unbolt and remove the valve cover,

Intake manitald coupling

fold)

Intake manitold

GG

Fig. 23 Exploded view of a JH series intake manifold (note—it is not necessary fo remove the intake manifold cover lo remove the manl-
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. 8. Remove the air silencer and backing plate from the cylinder
gad.
9. Remove the exhaust manifold.

10. Remove the oil Iines that attach to the cylinder head.

11. Remove the rocker arms from the cylinder head.

12. Remove the pushrods from the engine, keeping them in order
for reassembly.

13. Loosen the cylinder head nuts, in the reverse order of Ihe
tightening sequence, Loosen the nuts in stages, to avoid warpage of
the cylinder head.

Faiture to loosen the cylinder head nuts in the proper order may
cause the cylinder head to become warped. On OM series
engines, loosen the cylinder head nuts in the reverse order in
which they are tightened.

14. Once all the cylinder head nuts are removed, twist the cyfinder
head horizontally to break the gasket free from the cylinder head.
15. Lift the cylindar head from the engine block.

To install:

16. Carefully clean the old gasket material from the cylinder head
and block mating surfaces.

17. Check that all of the cylinder head studs are tight, If a logse
stud is found, it can be tightened by locking two nuts against each
other. Tighten the studs to 6569 ft. Ibs. (88-94 Nm).

18. Coat both sides of the head gasket with Thres Bond® 50, and
install the gasket in the proper direction. (Look for a “up” marking
on the gasket, which means the word “up” can be read when the
gasket s placed on the engine block)

=Make absolutely the gaskel i of the proper thickness, Using the
wrong gaskst may cause ihe valves 1o hit the pistons, or may atfect
the compression ratio, decreasing engine performance,

19. Carefully lower the cylinder head onta the head gasket.

20. Using fresh engine oil, lubricate the threads of the cylinder
head mounting studs.

21. Hand thread gach of the cylinder head nuts on the studs,
checking for smoothness. If a nut binds, it should be replaced,
since i can affect the torque setting.

K. 1 Exhayst valve rocker arm

.

cotter retalngr

R

rgtainer

21 Anlicorrosion
ne

(5.2

{Flyxhael zideh

Fig. 24 Exploded view oi a 20M cylinder head

Intakes valve
\ rocker am

Walve vocker
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L-Valve spring
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/VQ[\PE rocker arm ratarner
i

MNo. 1 Irtake valve rocker ann
Mo 2 Evhaust valve rocker arm

Coaoling water pipe joint

ARLearrosh 2

S

=,
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o b
i : e
i ! 1| L Exhaustvalve
. Intaxe valve
==

Exhaust valve

(8763
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N¢. 1 intake valve rocker arm

No. 1 Exhauwst valve rocker arm

No. 2 Intake valve rocker arm

Mo. Z Exhaust valve rocker arm

No. 3 Intake valva rocker am

4977615

MaGHIGIE

Fig. 26 Removing & cylinder head frem a 2QM englne Fig. 27 2aM cylinder nd tightening sequence
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MO NG

Fig. 28 30M cylinder hut tightening sequence

The side between
/ cylindiers is the
{ cylinger head side,

/

o _Q QOO .9
O \Of) @) =2 O
fo //—'-\ /,-—\/ \

{ 3 5

Fig. 29 Make sure the head gasket is piaced in the proper irec-
tion before Installing the cyfinder head

HaTTG 1S

Fig. 30 A torque wrench MUST be used to tightsr the cylinder
head nuts

22. Using the illustrations as a guide, lighten the cylinder head
nuts in the proper sequence as follows:
a. Tighten the cylinder head nuls to 43 fi. Ibs. (58 Nm) in the
PIOPEr SeAUENce.
b. Again, in the proper sequence, tighten the cylinder head
ruts to 87 ft. ibs. (118 Nm)
¢. Finally, tighten the cylinder head nuts to 116-130 ft. Ihs.
{158-177 Nmj in the proper sequence. Once the nuts are tight-
ened to the linal torque, check them once again to verify the
torgLie.
23. Apply & fresh coating of engine oil o the pushrod fips,
24. Place the pushrods into the engine, in the proper order and
dirgction.
26. Apply a fresh coating of engine oil to the valve stem tips.
26. Install the rocker arms to the cylinder head. Lubricate the
rocker arms 4s necessary.
27, Install the ol lines that attach to the cylinder head. Use new
copper gaskeis.
28. Install the exhaust manifold.
29. Install the valve cover and air silencer assembly.
30. Install the prechambers and fuel injectors to the cylinder
head.
31. Instail the high pressure fuel lines to the injectors and injec-
tor pump.
32. install the fresh water pump and bracket to the cylinder head.
33. Install the header tank (fresh water cooled only) and mount-
ing bracket to the enging.
34. Connect alf hoses, cables and fuel lines that were attached to
tha cylinder head.
35. Install the alternator, and alternator mounting brackets. Ten-
sion the alternator belt as necessary.
36. Bleed the air from the fuel system as required.
37. Fill the header tank with the proper ratio of coalant and water,

1GM Series Engine
» See Figures 31, 32, 33, 34 and 35

1. Remove the intake silencer, and silencer mounting plate.

2. Remove the high pressure and return lines from the fugl
injector.

3. Remove the alternator, and altemator mounting brackets.

4. Unbolt and remove the valve cover.

5. Remove the exhaust manifald from the cylinder head.

6. Remove the oil lines that attach to the cylinder head.

7. Remaove the rocker arms fram the cylinder head.

8. Remove the pushrods from the engine, keeping track of their
order and direction.

9. Loosen the cylinder head nuts, in the reverse order of the
tightening sequence. Loosen the nuts in stages, to avoid warpage of
the cylinder head.

Failure to loosen the eylinder head nuts In the proper order may
cause the cylinder head to become warped. Loosen the cylinder
head nuis in the reverse order in which they are tightened.

10. Onge all the cylinder head nuts are removed, twist the cylinder
head horizontally o break the gasket free from the cylinder head.

11. Lift the cylinder head from the enging block.

To install:

12. Carefully clean the old gasket material from the cylinder head
and block mating surfages.
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Valve rockes arm suooori\\

Nut

|
Exhaust vaive rocker arm (,_

Valve ciearance aduusling screw

Valve stem seal

vaive guide

Valve rocker arm mounting bolt

| Valve top retainer

Cotter Fuel vaive retainer

Yalve spiing retainer

Valve spring

Q-ring

Heat resistant packing

Packing Pre-combustion chamber

i [t q:"[@é
C
-

Gt T > c‘

‘4{ _}-—-«, e:}.

NeRES &
Thermostal cover, ‘ :‘:‘“‘“‘—'/ \rp
-\-\\\ o 6“&! !
!-. s - ﬁ)__ /@1 @,

i Cylinder head
e‘I
Itiake valve

Exhaust valve

Fig. 31 Exploded view of a 1GM cylinder head

9T

QAGTIGE2

Fig. 32 Removing the cylinder head from a 1GM engine

13. Check that all of the cylinder head studs are tight. It a loose
stud is found, it can be tightenad by incking two nuts against each
other. Tighten the studs as follows:

a. 1GM:; 18-22 . lbs. (24-30 Nm)
b. 1GM10; 43 ft. Ibs. {58 Nm})

14, Coat both sides of the head gasket with Threg Bond® 50, and
install the gasket in the proper direction. {Look for a “up” marking
on the gasket, which means the word “up” can be read when the
gasket is placed an the engine block)

= Make absclutely the gasket is of the proper thickness. Using
the wrong gasket may cause the valves to hil the pistons, or
may affect the compression ratio, decreasing engine pesfor-
mance.

15. Careluily lower the cylinder head onto the head gasket.

16. Using fresh engine cil, lubricate the threads of the cylinder
head mounting studs.

17. Hand thread each of the cylinder head nuts on the studs,
checking for smoothness. if a nut binds, it should be replaced,

since it can affect the torque setting.
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12 b e

Fig. 33 By locking iwo nuts together on a stud, the stud can be
tightened to the proper torque

O O

o) o
9

Gear side

0 Keep the suriace markeg
TOP ypwarg

{eyhinder head side)

Flywheel end
[Intake side)

Cooling watler passage hole
{Hole at eylinder side is not drilled)

TG

Fig. 34 Makae surs that the head gasket is installed in the propet
direction hefore installing the cylinder head

Fiywneel sige Gaar side

497 7528

Fig. 35 1GM Cyiinder head nut/bolt tightening sequence

18. Using the illustrations as a guide, tighten the cylinder head
nugs in the proper sequence in stages, working to the final torque of
54.2 ftibs. (73 Nm)

19. Appiy a fresh coating of engine ¢il to the pushrod tips, and to
the tips of the valve stems.

20. Place the pushrods into the engine, in the proper order and
direction.

21. Install the rocker arms to the cylinder head. Lubricate the
rocker arms as necessary.

22. Install the oil lines that attach to the cylinder head. Use new
copper gaskets.

23. Install the exhaust manifold,

24. Install the high pressure fuel line to the injector and injector
pump.

25. Install the alternator, and alternator mounting brackets. Ten-
sion the akternator belt as necessary.

26. Instail the valve cover and air silencer assembly.

27. Bleed the air from the fuel system as required.

2GM and 3GM/HM Series Engines
¢ See Figures 36 thru 45

1. Disconnect all hoses, cables and fuel lines that are attached
or interfere with removal of the cylinder head.
2. Remove the alternatar, and alternator mounting brackets.
3. Remove the header tank {fresh water coofed only) from the
cylinder head.
4. Remove the exhaust manifold from the cylinder head. {raw
water cocled only)
5. Remove the fresh waler pump and thermostat housing from
the cylinder head.
6. Disconnect the high pressure fuel lines from the injectors and
injector pump.
7. Remove the fugl injectors and prechambers from the cylinder
head.
8. Remove the ofl lings that attach to the cylinder head,
9. Unbolt and remaove the valve cover.
10. Remove the rocker arms from the cylinder head.
11. Remove the pushrads from the enging, keeping them in order
for reassembly.
12. Loosen the cylinder head nuts, in the reverse order of the
tightening sequence. Loosen the nuts in stages, to avoid warpage of
the cylinder head.

Failute to loosen the cylinder head nuts in the proper order may
cause the cylinder head to become warped.

13. Once all the cylinder head nuts are removed, twist the cylinder
head horizontally to break the gasket free from the cylinder head.

14, Lift the cylinder head from the engine block.

To install:

15. Carefully clean the old gasket material from the cylinder head
and block mating surfaces.

16. Check that all of the cylinder head studs are tight. If a lopse
stud is found, it can be tightered by iocking two nuts against each
other. Tighten the studs as follows:

a. 2GM, 3GM, 3HM: 2933 ft.Ibs (39—45 Nm)
b. 2GM20, 3GM30: 58 ft. Ibs. (79 Nm)
¢. 3GM35: 72 ft. [bs. {98 Nm)

17. Coat both sides of the head gasket with Three Bond® 50, and

install the gasket in the proper direction. {Lock for a “up” marking
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on the gasket, which means the word “up” can bie read when the h. 2GM20:

gasket is placed on the engine block.) + Nuis 1, 3, 5—tighten o 86.8 ft. ths. (118 Nm}
« Bolts 7, 3—tighten to 21.7 ft. Ibs. (29.5 Nm)
« Bolis 2, 4, 6-—tighten to 86.8 ft. lbs. (118 Nm)}

= Mate absolulely the gasket is of the proper thickness. Using the
wrang gasket may eause the valves to hit the pistons, or may atfect

the compression ratip, decreasing enging performance, CN ?SG1M:2 34,567, S—iightento 723 1. Ibs, (983 Nim)
« Nuts1,2,3,4,5,6, 7,
18. Carefully fower the cylinder head onto the head gasket, « Bolis 9, 10, 11—tighten to 1%‘1 ft, Ibs. (26.5 Nm)
19, Using fresh engine oil, lubricate the threads of the cylinder d MM
head mounting studs. o Nuts 1,2, 3, 4,5, 6, 7, 8—tighten to 94 t. Ibs, (127.6 Nm
20. Hand thread each of the cylinder head riuts on the sfuds, . Bglls g 10, 1 1:ti§hlén i 2% 71t Ibs. (205 Nn(w) )
check[ng for smoothness. K a nut binds, it should be replaced, e, SGM301'
since it can affect the torque selting. « Nuts 5, 7—tighten to 86.8 r. Ibs. (118 Nm)
21. Uging the illustralicns as a guide, tighten the nuts and bolfs « Bolls 9, 10, 11—lighten to 21.7 ft. Ibs. (29.5 Nm)
in three steps. First, tighten them o one third of the total torque. v Boits1'2 ’3 4,6, 8—tighten to 86.8 ft. Ibs. (118 Nm)
Next, go aver the sequence again, torquing the nuts and bolts to f_ SHMBE;: L
two thirds of the tolal torque. Finally, tighten the nuts and balts to - Nuts 5, 7—tightan to 94 ft. Ihs. {127.8 Nm)
their L“"Q‘gm“e settings. « Bolls 9. 10, 11—tighten to 21 7 t. Ios. (29.5 Nm)
' : . « Bolis 1,2, 3, 4, 6, 3—tighten to 94 ft. 1bs. (127.8 Nm)
« Nuts1,2,3, 4,5, 6—tighten fo 72.3 . Ibs. {98.3 Nm) 22. Apply a fresh coating of engine oil to the pushrod lips, and fo
o Bolts 7 8—tighten to 18.1 ft. [bs. (26.6 Nm) the valve stem tips.

Mul
WValve rocker arm suppor;
\make vaive. )

~Valve top refainer

Cotter Fuel valve retainer

Valve spring retainer

Citghp, Sy -_

Valve clearance
adjusi screw
Vatwe rocker arm

Valve spring
Heat resistant packing

Valve stem seai

Valve guide

ARLICOrIOsion 2ing _
{except fresh-watar cooling)

DHITIEG

Fig. 36 Exploded view of a 2GM ¢ylinder head
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Cofier

Yalve spring

Exhaus) valve-

Fig. 37 Explotted view of a 3GM/HM cylinder hiead

Valve rockes 4 suboort

Walve top retainer

Valve spring retainer

Plug

Heat resistant packing

Pre-combushion ¢hamber

Anficonregion Zing

Vahre rocker arm [excepl fregn-waler coofing)

fadrat

497728
Fig. 38 Removing a cylinder head from a 2GM engine (3GM/HM
removes In the same manner}

Fiywhesl end Gearside

Cooling water
passage
icylinder side
hole is drilied}
Keep |he surtace
marked TOP upward
{cylinder head side}

Couling water pagsage
feylinder side hole is casy

1199 162

Fig. 39 Make sure the head gasket is mounted in the proper
direction (2GM)}
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Cooling waler passage
{¢ylinder side hole is cast}

Flywheel end

Gear side

Cooling waler passage
{cylinder sige hole is drilledy

Keep the surface marked TOP upward
{cylinder head side)

(577G

Fig. A0 Identification for mounting the head gasket in the proper direction (3GM/HM)

Flywheel end Gear sida

HarTs

Fig. 41 Cylinder head bolt/nut tightening sequence for 2GM
engines

7
5

Eenetns @ @

Fig. 43 Cylinder head boli/nut lightening sequence for 2GM20
engines

Flywhee| end Gear side

4GFTGR

Fig. 42 Gylinder head boli/nut tighlening sequence for 3GM/HM
engines

b7

Fig. 44 Cylinder head bol/mut tightening sequence for 3GM30
and 3HM35 engines
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14477635

Fig. 45 Only place your hands on the handle when using a
{orgue wranch; the torque readings ean be affected

23. Install the pusirods into the engine.

24. Install the rocker arms to the cylinder head. Lubricate the
rocker arms as Necessary.

25. Adjust the valve lash as requirsd.

26. Install the valvs cover.

27 Install the oil lines that attach to the cylinder head.

28. Install the fuel injectors and prechambers to the cylinder
head.

29. Connect the high pressure fuel lines to the injectors and
injector pump.

30. Install the fresh water pump and thermostat housing to the
cylinger head.

31 Install the header tank (fresh water cooled only} to the cylin-
der head.

32. Install the exhaust manifold to the cylinder head. (raw water
cocled only)

33. Install the alternator, and alternator mounting brackets.

34. Connect all hoses, cables and fuel lines that were discon-
nected to allow for removal of the cylinder head.

35. Bleed the air from the fuel system as required.

36. Fill the hieader tank with the praper ratio of coolant and water,

JH Series Engines
¢ See Figures 46, 47 and 48

1. Disconnect all hoses, cables and fugl lines that are attached
or interfere with remaval of the cylinder head.
2. Remove the alternator, and alternator mounting brackets.
3. Remnove ine aftercooler {turbocharged models) from the
engine.
4. Remove the turbocharger, oil lines, and associated brackets
_from the engine.
5. Remove the header tank and mounting bracket from the
engine.
6. Disconnect the high pressure fuel fings from the injectors and
injector pump.
7. Remove the tuel injectors from the cylinder head.
8. Remove the intake manifold from the cylinder head.
9. Remove the fresh water pump and bracket,
10. Remove the oil lines that attach to the cylinder head.
11. Unbolt and remove the valve cover,

12. Remove the rocker arms from the cylinder head.

13. Remove the pushrods from the engine, keeping them in order
for reassembly.

14. Loosen the cylinder head bolts and nuts, in the reverse order
of the tightening sequence. Loosen the nuts in stages, to avoid
warpage of the cylinder head.

Failure to loosen the cytindar head nuts in the proper order may
cause the cylinder head to become warped.

15. Once ali the cylinder head fasteners are removed, carefully lift
the cylinder head from the engine block. Be sure not to lose the
positioning pins.

To install:

16. Careiully clean the old gasket material from the cylinder head
and block mating surfaces.

Hok WARNING

Make sure to clean all debris and fluids from the cylinder halt
holes. If debris or fluid is inside a bolt hole, the bolt wilt not be
ahle to be fully thghtened, and the cylinder head gasket may
leak.

17. Install the gasket onta the engine block, in the proper direc-
tion. {Look for a “up” marking on the gasket, which means the word
"up” can be read when the gasket is placed on the enging block)

=Make absolulely the gaskel is of the proper thickness. Using the
wrong gasket may cause the valves to hit the pistons, or may affest
the compression ratio, decreasing engine performance.

18. Install the positioning pins.

19. Carefully lower the cylinder head onto the head gasket.

20. Using fresh engine oil, lubricate the threads of the cylinder
head balts.

21. Hand thread each of the eylinder head bolts into the engine
block, checking for smoothness. If a bolf binds, it should be
replaced, sincg it can affect the torque setfing,

22. Using the illustrations as a guide, tighten the cylinder head
nuts in the proper sequence as follows:

a. Tighten the cylinder head bolts to 25-32 &. Ibs. (34-43.5
Nm} in the proper sequence.

b. Again. in the proper sequence, tighten the cyfinder head
bolts to 54-61.5 1. Ibs. {73.4-83.6 Nm). Oncs the nuts are tight-
ened 1o the final tarque, check them once again Lo verify the
torque.

23. Apply afresh eoaling of engine oif fo the pushrod tips, and to
the valve stem tips.

24. Install the pushrods, in the proper direction and order.

25. Install the rocker arms ta the cylinder head. Lubricate the
focker arms as necessary.

26. Adjust the valve lash as necessary.

27. InstaH the valve cover.

28. Install the oil lines that attach to the cylinder head.

29. Install the fresh water pump and bracket.

30. Instalf the intake manifold to the cylinder head.

31. Install the fuel injectors into the cylinder head.

32. Connect the high pressure fuel lines to the injectors and
injector purmp.

33. Install the header tank and maunting bracket.

34. Install the tirbocharger, oil fines, and associated brackets to
the enging. {furbo models only)
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Exhayst vahve a
TaCHer & 5

Fuej injection nozzie intake valve

niake valve
4B7TI5
Fig. 46 Expioded view of a JH series cylinder head
ﬁ——c;rlmuerneaunoit
Exhast manifold side
$
3 3
Intake manifoid side
EMETEIS
i L
Fig. 47 On the JH serles engines, the cylinder head is secured Fig. 48 Gyllnder head boH tightening sequence for JH series
hy bolts engines
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35. Install the aftercooler (turbo modeals only} to the engine.

36. Instail the alternator, and allernator mounting brackets.

37. Connect all hosss, cables and fue! lines that wers removed
for removal of the cylinder head.

REMOVAL & INSTALLATION

M & GM/HM Series engines
# See Figuras 49 and 50

1. On QM series engines, unbolt the dipstick tube from the
enging and oil pan.

2. On 1GM serfes engines, remove the cil intake pipe by remoy-
ing the plug.

3. Remove the beits that attach the oil pan to the engine block.

040763

Fig. 49 Removing the oil pan from a 20M engine (3QM removes
in the same manner)

=Keep track of the location of each balt as it is removed, since
some of the bolts are of diflerend lengihs. Installing an oversize holt
can crack the engine block if the bolt is tightened.

4. Using a mallet, tap on the oil pan until the gasket breaks free.

To instail:

5. Clean the gasket material from the mating surfaces of the ot
pan and engire block,

6. Using a new gasket, instali the oil pan to the engine. Make
sure fo install the botts in their proper locations, Torque the boits as
follows:

a. OM series engines: 17-21 fl. Ihs. { 2329 Nm)
b. GM series engines: 6.5 1. Ibs. { 8.5 Nm)

7. On 1GM series engines, install the oil intake pipe and plug.

8. On QM series engines, attach the dipstick tube to the engine
and ait pan.

JH Series engines
 See Figure 51

1. Removg the brackets that attach the oil pan the flywheel hous-
ing.
2. Unholt the dipstick tube from the engine and oil pan.

3. On turbacharged models, remave the oil return line from the
0if pan.

4. Remove the bolts that attach the oil pan to the engine block.

= Kaep track of the lecatlon of each bolt as it is removed, since
some of the bolts are of different lengths. Installing an oversize boit
can track the sngine bock if the bolt is tightened.

b, Using a mallet, tap on the oil pan until the gasket breaks
free.

To instail:

6. Clean the gasket material from the mating surfaces of the oil
pan and engine biack,

7. Using a new gasket, install the oil pan to the engine. Make
sure to install the bolts in their proper locations.

8. Install the turbocharger oii return ling to the oil pan.

9. Install the bracksts that secure the il pan to the flywhesl
housing.

497 PGHY

Fig. 50 Removing the oil pan on a 26M engine

ST PG

Fig. 51 Qil pan mounting detail for JH series engines
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Crankshait Pulley And Seal '

REMOVAL & INSTALLATION

# See Figures 52, 53, 54 and 55

1. Loosen the alternator maunting brackets, and remove the
drive belt from iha crankshaft pulley.

2. Loosen the raw water pump mounting bracket, and remove
the drive belt from the crankshaft pulley.

3. Rernove the crankshaft pulley bolt/nut. By threading two bolts
into the front of the putley, a pry bar can be used to hold the pullsy
siationary while the bolt/mut is loosened. Make sure the bolts are
completely threaded into the pukley, or the threads may be damaged.
Otherwise, an air operated impact wrench is the best taol to use for
removing the puliey boli/nut.

=3HNM engines use a crankshaft bolt with counterclockwise threads.
4. Once the halt/nut is remaved, install a suitable puller tool

and remove the crankshaft putley. Be careful not to lose the key
when the pulley is removed.

Fig. 54 In most cages, a gear puiler must be used to remove the
crankshaft pulley

Fig. 52 A single nut or boit secures the crankshaft pulley to the
crankshall

NAGFTE

Fig. 55 Always use a torque wrench when lightening the Grank-

Crankshaft V-pulley

Hex bott
C497 7642

Fig. 53 Crankshaft puHley mounting detail

shaft pulfey bolt/nut

To instatl:
5. Lubricate the crankshaft pulley seal on the timing gear cover
with oil.
6. Install the key, and slide the crankshaft pulley onto the crank-
shatt.
7. Apply Three Bond® 3B8-005 (o equivalent} on the balt/nut
and install the crankshaft pulley bolt/nut.
3. Tighten the crankshaft bolt/nut as follows;
3. 20M series: 101-108.5 #. [bs. (137.4-147.6 Nm}
9. 3QM series: 60-7161t. [bs. (82-97.4 Nm}
a. GM/HM series: 72.3 ft. Ihs. {113 Nm)
b. JH series: 83-90.4 ft. Ibs. (123 Nm)
10. Place the raw water pump drive belt on the crankshaft pulley,
and properly tension the belt.
11. Place the alternator belt on the crankshaft pulley, and prop-
erly tension the belt with the alternator,

CRANKSHAFT PULLEY SEAL REPLACEMENT

 See Figures 56 and &7
1. Remove the crankshaft pulley from the crankshat.
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-Housing

4077545

Fig. 56 Do not use a punch or screwdriver to install the seal or
it will be damaged

EHATT

Fig. 58 Removing the liming gear cover on a OM series engine

(7= \, /=)
{

Assembly

direction

h

ek

Fig. 57 Make sure the seal is instatled in the right direction

2. Using a seal puller, or other suitable tool, carefully pry the old
sedl from the timing gear cover.

To install:

3. Using a seal installation tool or a large socket, carefully drive
the new seal into the timing case. The seal should be flush with the
surface of the timing gear cover.

xic WARNING

Do not use a screwdriver or a punch to install the crankshaft
puiley seal.

4. Apply a light coating of grease to the inner lip of the crank-
shaft putley seal,
3. Install the crankshatt pulley.

Timing Gear Gover

REMOVAL & INSTALLATION

OM Series Engines
¢ See Figure 58

1. Remove the alternator.
2. Remove the crankshaft pulley.

3. Remove the raw water pump from the timing gear cover.

4. Remave the fugl lift pump from the timing gear cover.

5. If equipped, remove the manual starter mechanisim.

6. Remove the covers on the side of the timing gear cover and
engine block {above the injector pump) and disconnect the gover-
nor link and spring.

{. Remove the timing gear cover-to-engine biock bolts. Keep
track of the location of each bolt, since some are of different iengths.

8. Carelully remave the timing gear cover from the engine
biock. Bo not lose the locating pins.

=-\\fhen removing the timing gear cover, he careful not to lose the
locating pins between the timing gear cover and englne block.

To install:

9. Clean the gasket malerial from the mating surfaces of the tim-
ing gear cover and engine dlock.

10. Install the locating pins, if removed,

11. Apply Three Bond® 388-005 (or equivalent) fo the mating
surfaces of the timing gear cover and the engins block.

12. Place the gasket on the engine block, and instalt the timing
gear cover to the enging block.

13. Install the timing gear cover-to-engine biock bolts in their
proper locations and tighten them to 17.4-21 . Ihs. (24-28.6 Nm)
14. Connect the governor link and spring. Install the covers on
the sidle of the timing gear caver and engine biock {above the injec-

tor pump).

15. If equipped, install the manual starter mechanism,

16. Install the fuel lift pump to the timing gear cover,

17. Instalf the raw water pump. Make sure to properly tension the
belt.

18. Insfall the crankshaft pulley.

19. Install the alternator. Tension the belt properly.

GM/HM Series Engines
» See Figures 59, 60 and 61

1. Remove the alternator.

2. Remove the crankshaft pulley.

3. Remove the raw water pump from the timing gear cover.

4, Discormect the oil line on the side of the timing gear cover,
5. Disconnect the enging stop lever and regulator cables.

6. Remove the straight pin from the manual starting handle.
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7. On fresh water ccoled modeds, remove the header tank.
8. Remove the injection pump from the timing case. Keep track
of the number and thickness of the shims.
9, Remove the timing gear cover-to-engine block holts. Keep
track of the |ocation of each bolt, since some are of different lengths.
10. Carehilly remove the timing gear cover from the engine
block. Do not [ose the locating pins.

~When remaving the timing gear cover, be sareful not io lose the
locating pins between the tlming gear cover and engine block.

To install:

11. Clean the gasket material from the mating surfaces of the tim-
ing gear cover and engine block.

12. Install the locating pins, if ramoved.

13. Apply Three Bond® 3B8-005 (or equivalent) to the mating
surfaces of the timing gear cover and the engine block.

14. Place the gasket on the engine biock, and instal! the timing
gear cover to the engine block,

15. Install the timing gear cover-to-engine block bolts in thair
proper locations and tighten them as follows:

(O7 2046

Fig. 59 Timing cover removal—1GM series engine

MATTGD

Fig. 60 Removing the timing cover on a 2 and 3GM/HM series
engines

/ VEP 5

Fig. 61 The manual statting shatt pin |s removed by loosening
the set screw in the center of the shaft

17 7384

a. M6 bolts: 6.5 ft. Ibs. (8.8 Nm)
b. M8 bolts: 18 fi. 1bs. {24 Nm)
16. Install the injection pump. Make sure 1o use the proper num-
ber of shims.
17. On fresh water cooted modeis, install the header fank.
18. Install the straight pin to the manual starting handle.
18. Conngct the engine stop lever and regulator cables.
20. Connect the oil line on the side of the timing gear cover. Use
new copper gaskets.
21. Install the raw water pump onto the timing gear cover. Ten-
sion the belt properly,
22. Install the crankshaft pulley.
23. Install the alternator. Tension the belt properly.

JH Serles Engines
#» See Figura 62

1. Remove the alternator from the timing gear cover.

2. Remove the crankshaft pulley.

3. Remove the raw water pump from the rear of the timing gear
COVEL

4. Remove the oil pan from the bottom of the engine.

5. Remove the timing gear cover-ta-engine block holts.

6. Garefully remove the timing gear cover from the engine. Do
not pry on the timing gear cover; use a mallet and lightly fap on the
cover until the gasket breaks |oose.

= When removing the timing gear cover, be careful noi to iose the
iocating pins between Lhe timing gear cover and enging block.

To install:
7. Clean the gasket materia! from the mating surfaces of the tim-
ing gear cover and engine block.
8. Install the locating pins, if removed,
9. Apply Three Bond® 3B8-005 {or equivalent} to the mating
surfaces of the timing gear cover and the engine &lock.
10. Place the gasket on the enging block, and install the timing
gear cover to the engine block.

11. Install the timing gear cover-to-engine black bolts in their
proper locations and tighten them to 17.4-21 1t. Ibs. (24-28.6 Nm).
12. Using & new gaskel, install the oil pan to the bottom of the

engine.
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(497TGED
Fig. 62 Timing cover mounting detail for JH series engines
(Cylinder head does not have to be removed to remove timing
cover)

13. Instalt the raw water pump to the rear of the timing case.
14. Instalt the crankshaft puliey.
15. Install ths alternaiar, and tension the belt,

# Sce Flgure 63
REMOYAL & INSTALLATION

QM Series Engines
» See Figures 64, 65 and 66

1. Remove the timing gear cover from the engine block.

2. Remove the three bolts that secure the oil pump body to the
engine.

3. Remove the oil pump. Make sure not to lose the locating pin.

To install:

4. Pack the pump with petroleum jelly to prevent cavitation of the
0il upon engine startup.

Zamha’ gear

il presswe
recrlahor vahe,

Tl pan

Ludoricaling oF slraing)

fig. 63 The oil pump supplies lubrication for the moving surfaces of an engine—2QM shown, others similar

Vv 19D iglarier

Valve spAng

Laubricating ool sumg

Lubricating ol pasmy devlrg gear

To Mo.2 cylindss
Walvk rocher 30m SUppOrt

Walve rocher
A suppon

Camshah

Lutaigcatng il
préssure sender

Lubx.cailng <l suction pipe

44TTEEL
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Qules mlor

Inner retor

Agtor srak ke
/
Bogy .
Pump dreving gear e
w Pin

— l l
Pump dreveng geai . £ \ F-

FUMINON type)

F a—

i

Duler ratar

Inoer rotor
D497 762

Fig. 64 Exploded view of a QM series oif pump and operation detail

Carnahall gear

Fugt lesd pump driven gear
IChain slarting shatl gear}

QA97FTEE
Lubricaon o pump
anven gear
MOFPREY
Fig. 65 On OM serles engines, the oil pump is driven by the Fig. 66 After the oil pump is removed from the engine block, it
crankshaft gear can be inspected by remaving the backing plate
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5. Using a new gasket, instail the oil pump to the engine block. 5. Remove the oil pump from the engine block.
Make sure the ocating pin is in position. Tighten the bolts securaly. To instakl:

6. Instalt the liming gear cover to the engine block. 6. Clean the old gasket material from the mating surfaces.

. 7. Pack the pump with petrolsum jelly to prevent cavitation of
GM Serles Engines the ol upon engine startup.
¥ See Figures 67, 68, 69 and 70 8. Using a new gasket, place the oil purnp onio the engine
- . block. Make sure alignment pins are properly located.

1. Remaove the timing gear cover from the engine. 9. Tighten the oil pump-to-engine bolts to 6.5 ft. (bs. (8.8 Nm)

2, On 1GM engines, remove the governor sleeve and thrust 10. On 1 GM engines, instal the gevernor weight supporl, and
bearing. | torque the nut 1o 58-72.3 1. Ibs. {78.8-98 Nm)

3. On'1 GM engines, remove the nut that secures the governor 11. On 1GM engines, install the governor sleeve and thrust bear-
weight support, and remove the support. ing

Inner rotar

Rotar shait

Body

Gear D57 755

Body

Quter rator

Gear
Innat tdtar

Camshaft NS S ‘li.ubricaring @il pump

Crankshaft

Rotor shaft

i)

Fig. 63 Exploded view of a 2 and 3GM/HM series 0il pump (crankshaft and camshaft gears removed for clarity)
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ATIGE

Fig. 69 Removing a 1GM series ol pump. Note how the holes In
the year are used to access the fasteners

JH Series Engines
¢ See Figures 71 and 72

1. Remove the qil pan from the engine.

2. Remove the timing gear cover from the front of the engine.

3. Remove the 4 boiis that secure the ofl pump to the enging block.

To instail;

4. Clean the gasket material from the ofl pump mating surface on
the engine block.

5. Pack the pump with petroleum jefiy to prevent cavitation of the
oil upon engine startup.

6. Using a new gasket, install the oil pump io the engine biack.
Tighten the bolts securely,

7. Instalt the timing gear cover to the engine.

8. Inslall the oil pan to the engine.

REMOVAL & INSTALLATION

0487 Gad

QM Series Engines
¥ See Figures 73, 74, 75, 76 and 77
1. Using the timing marks on the flywheel, align the engine to

Top Dead Genter (TDC) on the compression stroke of the number
one cylinder.

Do not rotate the engine too quickly; combustion can occur if
there is residual fuel in the injector pump or the cylinders.

2. Remove the timing gear cover from the engine,

3. Werify that the timing marks on Ihe carmshaft gear and crank-
shatt gear are aligned. Using paint or other means of identification,
highlight the alignment marks on each of the gears. Take special
note of the relationship of each of the gears before removal.

4, Once all of the gears are matchmarked for alignment upon
installation, remove the oil shielding washer from the crankshaft
gear, and slide the crankshatt gear from the crankshaft. Do not lose
the gear key.

Fig. 71 Exploded view of 2 JH series ail pump

Oil pressure regquiaicr valve

AR
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Bovernor sigare
[ElEre ] (W97 TGES

Fig. 73 Timing gear defail-—QM series enginss Fig. 75 Remove the governor sleeve 1o access the camshaft nut

(MaTgsE et GRS
Fig. 74 Before removing the camshatl or crankshaft gaars, Fig. 76 If necessary, the manual starter gear £an be removed by
locate the timing marks sliding it from the hushing n the engine block
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(MYITRES
Fig. 77 When removing the crankshaft gear, he sure not to lose

the gear key that holds it in position on the crankshaft

5. Remove the governor sleeve from the crankshaft,

6. Using an appropriately sized socket or wrench, {oosen the nut
that halds the governor weight bracket and the camshaft gear an the
camshaft. Use a gear holder 1o keep the camshaft stationary when
removing the nut,

7. Remove the camshaft gear nut, and the gevernor weight
assembly.

8. Remove the camshatt gear from the camshaft. Be careful not
to lose the gear key.

To install:

9. Place the gear key on the camshaft, and install the camshaft
gear on the camshatt,

10. tnstali the governor weight assemably, and hand thread the
camshaft gear nut onto the carshaft.

11. Torque the nut to 43-58 1t. Ihs. (58.5-78.9 Nm).

12. Install the governor slegve onte the crankshait.

13, Install the gear key onto the crankshaft.

14, Install the crankshaft gear, whife aligning the matchmarks on
the camshaft and crankshaft gears.

15, Apply a coating of fresh engine il to the gears.

16. Instail the timing gear cover 1o the engine.

GM/HM Series Engines
¥ See Figures 78 thru 86

1. Using the timing marks on the flywheel, align the engine to
Top Dead Center (TDC} on the compression stroke of the number
one cylinder.

Do not rotate the engina too quickly: combustion can aceur if
there is residual fuel in the injector pump or the cylindars,

2. Remove the timing gear cover from the engine.

3. Verify that the timing marks on the camshaft gear and
crankshaft gear are aligned. Using paint or other means of identi-
fication, highitght the alignment marks on each of the gears. Take
special note of the reiationship of sach of the gears before
remaval.

4. Using 4 tool hotd the flywhee! stationary, loosen the nut that
holds the fuel injector cam and cam gear on the camshaft,

The cooling waier pumip is driven
by this slit
BAGTICEE

Fig. 78 Timing gear defail-1GM series engine

Crankshalt gear

(MG Gl

Fig. 79 Timing gear detail for 2 and 3GM/HM enpines
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Camshall gear

Crankehafl gear

/

Fig. 80 Timing mark alignment of the crankshaft and camshaft
gears

77 G50

MSFIGI0

Fig. 82 Once the camshatl nut is removed, the fuel cam can be
remgved from the camshaft . . .

Fig. 8T Hemovlag the ¢camshafl and fuel cam retaining nut

MErTEA

5. Mark the direction of the fuel injector cam (or verify the “0"
marking on the outsite of the cam), then slide it from the camshatt.
Be careful not to lose the fuel cam key.

6. Remove the governor sleeve and needle bearing collar from
the crankshaft,

7. Using an appropriately sized socket or wrench, loosen the nut
that hotds the governor weight brackel and the crankshaft gear on
the crankshaft. Use a gear holder on the flywheel if necessary to
keep the crankshaft stationary when removing the nut.

#ui WARNING

Use caulion not to damage the povernor welght assembiy when
[oosening the crankshaft gear nut.

8. Remove the crankshaft gear nut, and the governor weight
assembly,
9. Remove the camshaft gear from the camshatt, Be careful not
to lose the camshaft gear key.
10. Remove the crankshaft gear from the crankshatt. B careful
net to 10se the gear key.

Camshaft gear

Camshaft

49TGT
Fig. 84 When installing the fuel cam, make sure it is positioned

properly
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To instalt:

11. Install the crankshaft gear on the crankshatt, and slide the
gear on the crankshait.

12. Install the governor weight assembly and the crankshaft gear
nut to the crankshaft,

Use cantion not to damage the governor weight assemhly when
tightening the crankshaft gear nut.

13. Tighten the crankshaft gear nut to 58-72.3 ft. 1bs.

14. Install the governor sleeve and needle bearing collar to the
crankshaft in the proper order,

15. Instalf the gear key and the camshaft gear to the camshaft
while aligning the matchmarks on the crankshaft gear to those on
the camshaft gear.

16. Instaif the fuel cam key, and slide the fuiel cam onta the
camshalt in the proper direction {with the “0” marking facing outward).

17. Install the camshaft gear and fuel cam retaining nut, ang
tighten it to 50.6-57.9 1. Ibs.

18. Verify that the timing marks on the camshaft gear and crank-
shaft gear are aligned.

19. Apnly a coating of fresh engine Gil tg the gears.

20. Install the timing gear cover io the engine.

JH Series Engines
# See Figures 87 and 88

Removal of the camshaft gear requires that the camshat be
removed from the engine, and the gear heated in oil to 356-392
degiess Fahienheit {180-200 dagrees Celsius) and pressed from
the camshatt. Refer to the appropriate heading regarding camshaft
removal.

3 WARNING

Attemapting to pry the gears from their respective shafis with
pullers or other tools will result in engine damage.

As with the camshaft gear, removal of the crankshaft gear
reguires that the crankshatt be remaoved from the engine, and the

Special ool
HOFIGH

Fig. 85 As with the camshaft nut, A torque wrench should be
used 1o properly tighten the crankshaft nut

THATHETY
Fig. 86 Befare installing the timing gear cover, maks sure {o
install the governor sleeve, needle bearing, and collar In the
proper order

I
C

Idle pear

Lubrisaltng oil pump pear

Fugl injection puwmp gear

Camshafl gear

Sea water pump gaar

PATTGTS

Flg. 87 The idler gear must be aligned with the fuel injection pump gear, camshaft gear, and crankshaft gear
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Alignment mark

Fig. 88 Idler gear mounting detail

gsar heated in oil fo 356-392 degrees Fahrenheit (180-200
degress Celsius) and pressed from the camshatt,

The idler gear {between the camshaft gear and injector pump
gear} can be removed by removing the two bolts that retain the
idler gear shaft to the engine once the timing gear cover is
removed. Before removal it is recommended that the timing marks
{A, B, and C} be aligned hefore removal of the idler gear. It should
be noled that it may take several revolutions of the engine to make
the timing gears fully align. Make sure to turn the engine slowly,
and loosen the fuel lines to the injectors to pravent the enging from
starting. Refer to the camshaft removal procedure for more infor-
mation.

Camshaft, Bearings And Lifters

REMOVAL & INSTALLATION

0OM Series Engines
¢ See Figures 89, 90, 91 and 92

1. Remove the gear case cover from the engine.

2. Remove the manual starter gear, if equipped.

3. Remove the governor sleeve from the camshaft.

4. Remove the rocker arm assembly and pushrods from the
cylinder head.
. 5. Remove the fuel lift pump from the side of the engine

lock.
6. Rotate the engine upside down on the engine stang,

gz WARNING

The engine must he rotated upside down 1o allow sufficient
clearance befween the liflers and the camshaft lobes. Do not
attempt to remove the camshaft with the engine right side up, or
the camshaft and lifters will he damaged.

7. Bemove the bottom caver (ol pan) from the engina.

8. Verify the matchmarks on the camshaft and erankshaft gears,
Use paint to highlight the marks.

9. Turn ihe camshaft until the camshaft bearing set screw can be
seen through one of the holes in the camshaft gear.

10. Remove the screw 1hat retains the ball bearing on the

¢arnshaft,
=To remove the camshaft on QM series engines, it is nol necessary
to remove the camshait gear.

11. Carefully remove the camshaft from the engine block.

Camshalt gear

Fig. 89 Camshaft and lifter detail tor QM series engines

Balt bearing

Pushrod

Tappet {Fiywheel sige)

Camshalt

MUTEIT
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Bearing seting bofl

ATIGHE
Flg. 90 After removing the bearing set screw and washer, the
camshaft ¢an be removed from the engine (note the engine is
upside down)

099776719
Fig. 91 Once the camshait is removed, the lifters can he
removed by reaching through the oil pan

Wanden litling

D47 TG
Fig. 92 It may he necessary 10 use a piece of wood and a ham-

mer to tap the camshaft ball bearing into the Block when
installing the camshaft

12. After the camshaft is removed, the lifters can be removed
from the engine bigck. Liniess they are being replaced, keep the
lifters in order for reassembly.

To install:

13. Coat the lifters with fresh engine oil, and install the lifters
into the engine block.

14. Coat the bearing journals and camshaft lobes with fresh
engine oil. Carefully install the camshaft into the engine block. Use
a block of wood if necessary to tap the camshat ball bearing into
the engine block. When installing the gear, make sure to align the
timing marks hetween the two gears.

15, Instali the screw that refains the ball bearing which holds in
camshaft. tighten it securely.

16. Verify the matchmarks on the camshaft and crankshatt gears.

17. Install the bottom cover (@il pan) fo the engine,

18. Rotate the engine right side up on the enging stand,

19, Install the fuef lift pump to the side of the engine block.

20. Install the rocker arm assembly and pushrods to the cylinder
head be sure fo pre-lubricate them accordingly.

21. Install the governor sieeve to the camshaft,

22. Instalt the manuai starter gear, it equipped.

23. Install the gear case cove to the engine.

GM/HM Series Engines
» See Flgures 93, 94, 95 and 96

1. Remove the gear case caver from the engine.

2. Remove the governor sleeve from the camshait.

3. Remove the camshiaft gear and fuel injector pump ¢am from
the camshaft,

4. Remove the rocker arm assembly and pushrods from the
cylinder head.

5. Rofale the engine upside down on the engine stand.

The engine must be rolated upside down to allow sufficient
clearance between the Hfters and the camshaft lobes. Do nol
attempt to remove the camshaft with the engine right side up, or
the camshatft and lifters will he damaged.

6. Remove the bottom cover (oil pany from the engine,

7. Remove the screw that retaing the ball bearing on the
camshaft,

8. Carefully remove the camshaft fram the engine block.

9. After the camshaft is removed, the lifters can be removed
from the engine block. Unless they are being replaced, keep the
lifters in order for reassembly.

To install:

10. Coat the lifters with fresh engine oil, and instal) the lifters
into the engine block.

11. Using fresh engine oil, coat the bearing journals and fobes.
12. Garefully install the camshaft into the engine block. Use a
biack of wood if necessary to tap the camshatt ball bearing into the

engine block.

13. Install the scraw that retains the ball bearing which holds in
camshaft. tighten it securaly.

14. Inslall the camshalt gear onto the carnshaft, When installing
the gear, make sure o align the timing marks with thosg on the
crankshaft gear,

15, Verify the matchmarks on the camshaft and crankshaft gears.

16. Install the injector pump cam, and tighten the nut apply fresh
engine oil as necessary to provide lubrication upon starting.
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Fusl cam

Fig. 93 1GM serles camshaft detail

— Push rod

Flywheel end

“Intake valve cam

Fuel f=ed pump cam
Ewhauwst valve cam

Hexagonal nut
[l P

Fuel cam.

Herxagonal nut

Fig. 94 2GM camshaft detail (3 cylinder models are similar, with two additional cam tohes for the third cylinder)

—— Push rod

Mo 1 ezhaust valve cam

Fuel feed pump cam
Ho. 1 intake valve cam
NoZ infake valve cam

No.2 exhaus] valve cam

brearing retainar

Camshart goar

MITTGET
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Fig. 95 To remove the camshaft from the engine, remove the
camshaft gear . . .

46776

Fig. 96 . . . and remove the camshaft bearing retaining screw

17. Install the bottom cover {oil pan) to the engine.

13. Rotate the engine right side up on the engine stand.

19. Install the rocker arm assembly and pushrods to the cylinder
head. Lubricale all moving surfaces with fresh engine oil.

20, Instafl the governor slegve to the camshaft,

21, Instalt the gear case cover {0 the engine.

JH Series Engines
» See Figuraes 97 and 98

1. Remove the oil pan from the bottom of the enging.

2. Remove the gear case cover from the engine.

3. Remove the valve cover.

4, Remove the rocker arm assembly and pushrods from the
cylinder head.

5. Verity the matchmarks on the camshaft gear and crankshat
gear. Use paint or other means to highlight the marks for assembly.

=The idier gear on JH seres englnes may require several revolu-
tions of the engine befora the matchmatks on the accompanying
gears align. Make absoluiely cerialn that ALL of the timing marks
on the years allgn before remaval.

6. Rotate the engine upside down on the engine stand.

The engine must be rotated upside down ta allow sufficient
clearance betwaen the lifters and the camshaft lobes. Do not
afternpt to remove the camshaft with the engine right side up, or
the camshaft and fifters will be damaged. Do nof rotate the
gngine too quickly; combustion can accur if there is restduat

fuel in the Injector pump or the cylinders.

7. Working through the holes in the camshaft gear, removye the
two bolts that secure the camshaft thrust plate to the engine blogk.

8. Carefully remove the camshaft from the engine block.

9. After the camshatt is removed, the lifters can be removed
from the engine block. Unless they are being replaced, keep the
lifters in order for reassembly,

e PUSM £

09877 GES

Fig. 97 JH series camshaft detall

Fig. 98 Onca the two balts that retain the thrust plate are
removad, lhe gamshaf! can be removed from the engine
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To install:

10. Coat the lifters with fresh oil, and install the tifters into the
engine block,

11. Lubricate the camshaft journals and lobes with fresh oil, and
carefully install the camshaft into the engine block.

12. Install the two bolts ta the camshatt thrust plate.

13. Install the camshaft gear onto the camshati. When installing
the gear, make sure to akign the timing marks with those on the
crankshaft gear.

14, Verify the matchmarks on the camshatt and ¢rankshaft
gears.

15. Rotale the engine fight side up on the engine stand.

16. Install the rocker arm assembly and pushrods to the cylinder
head.

17. Ingtall the governor sleeve to the camshaft,

18. Install the gear case cover to the engine.

19. Instafl the cil pan to the bottom of the engine.

Flywheel

REMOVAL & INSTALLATION

¥ See Flgures 99 thru 105

1. Remove the transmission from the engine.

2. Remove the damper disc from the flywhes! or ciutch assem-
bly from the fiywheel. Note the direction in which the disc is
mountad; it must be installed in the same manner.

3. On 20M models, remove the large nut that secures the flywheel.
Use a special flywhael holder, and a large socket with a breaker bar,

4. On ail other models, remove the bolts that secure the flywheel
to the crankshaft. Use a special fiywhee! holder tool to hald the tool
stationary while foosening the hofts,

5. Carefully remove the flywheel from the end of the crankshaft.
A focating pin is used between the flywheel and crankshaft, Be care-
ful not to Iose the pin when removing the flywhesl,

Fig. 99 JH series fiywheel detail {other models similar)

Darnper disc

AFTITAT

Flywhee!
TG00

Fig. 100 20M flywheel mounting detail (note the single nut that
retains the flywhesl}

04977638

Fig. 101 Some clder medels have a cloteh assombly thal
attaches directly to the flywheel
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& = &

Fig. 102 To remove the flywheel, the damper dist must be
unbalted from the flywheel to aceess the mounting bolts

(ATER
Fig. 105 Make sure to install the damper dls¢ in the proper
direction

RN
b

VA

AL A

RETIGYY
Fig. 104 The flywhael on 20M engines requires a special tool to

ramaove it from the crankshaft

6. On 20M models, a special flywheel removal togl must be
used to draw the flywhee! from the crankshaft. Be careful not to lose
the flywheel key. Usually, installing a bolt into the key is required to
push it out of the crankshaft, but in some cases, it may fall out.

To Install:

7. On 2QM models, install the flywheel key, and place the fly-
wheel on the crankshaft,

8. On all other models, install the fywheel locating pin, and
place 1he flywheel on the crankshaft,

9. Coat the flywheel nut/bolis wilh a suifable sealing compound,
and tighten them as follows:

a. 20M: 290 11, 1bs,

b. 3QM: 68-76 ft. Ibs.

. GM Series: 47-50.611. Ibs.
d. JH Series: 50-58 fi. Ibs.

= Use a special fiywheel helder tool to hold the tool stationary
while loosening the bolts.

10. Inspect the damper disc for wear or broken springs. Replace
the damper disc if necessary.

11, Instal! the damper disc {or ¢lutch assembly) in the proper
direction fo the flywheel, Torque the bolts to 18 1. Ibs. (24.5 Nm.

12, Instail the transmission to the engine.

Rear Main Seal -

REMOVAL & INSTALLATION

# See Figures 106 and 107

1. Remave the Iransmission from the rear of the engine,

2. Remove the flywheel,

3. On 20M engines, remove the flywheel key by threading a bolt
{hrough the key until it pushes itself from the recession on the
crankshaft,

4. lJsing a seal removal tool or other switable tool, carefully pry
the seal from the rear of the engine,

To install:

5. Lightly grease the inner and outer surfaces of the seal.

6. Using a seal driver or other suitable tool, drive the seal into
the housing on the rear of the engine. Make sure the seal {ips on
the crankshatt surface are not foided over when installing the seal.
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MITIBST
Fig. 106 On 20M series englnes, the flywheel key can bs
removed by threading a bolt through it until it pushes itself fram
the shaft

Gooo

| ﬁt:

Block

Hausing

yUs

Belormed
\ @7/ Howsing
L

I I
1497 G
Fig. 107 Never use a punch or other similar tool to instail the
rear seal

Do not use a screw driver or a punch to install the seal! It wili
be damaged, and the seal will leak. The seal must be kept level
when driven into the housing.

7. Once the seal has been installed, install the flywhesl.
8. Instafl the transmission to the engine.

Exhaust Pipes

¥ See Figures 108, 109, 140, 111 and 112

The exhaust systems used on Yanmar engines are of the wet
type. Exhaust.gas and cooling water are gathered in the water mix-
ing elbow of the exhaust port for discharge together. Accordingly, a
heat-resisting rebber hose can be used for the exhaust pipe. This
parmits & simple exhaust piping layout.

It is necessary to arrangs the piping to allow for inspection of the
whole system. Also, a suitable arrangement is necessary 1o prevent
sea water from flowing back into the engine. An antisiphon valve

Above sea-water ling
Coaling water outiet pipe

. {350 mm)

JMin. & in., (150 mm}

3y Min. 14 in
§5—

D87 TGAIA

Fig. 108 Typical exhaust system when the exhaust outlet of

EITIGMA

Fig. 109 Typical exhaust syslem: when the exhavst outlet of
engine is below the waterline and a vacuum valve is used

englne Is ahove the waterline

Min. 6 In. (150 mm}
g
-

METFRARA

Fig. 110 Typical exhaust system when a high-port exhaust water
mixing elbow is used
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Exhaust mixing elbow
Lagging (to heat radiation area)

C.W. hose

Rubber hose

Exh. pipe riser

D97 THAG

Fig. 111 The water mixing elbow must be well insidated to pre-
vent haat radlation into the engine compariment

Waterline

¢B=gA+p1"0r25mm

0997FGAT

Fig. 112 Sharp bends in the exhaust, silencers and water locks

all contribute to Increased back pressure

must used in the system to prevent water remaining in the hose
from flowing back to the engine side when stopping the engine or
immediately after starting.

The antisiphon valve must be fixed at the lowest possible posi-
tion, and the hose must be tilted downward as much as possibie. It
is also necessary ta elevate the exhaust hose at the exhaust outlgt to
more than 14 in. (350mm)above the loading draft line.

The antisiphon valve is used when the engine’s exhaust port is
located helow the waterline. This device is especially useful for sail-
boats which do ot use their engine freguently,

The installation of a antisiphon vaive does not cause a large out-
put loss due to the increase of exhaust hack pressure. The use of a
antisiphon valve is inappropriate for power boats which use the
engine's full output. if a water lock is installed on their exhaust pip-
ing, back pressure will increase and engine output will drap. In
power boats, a high-port water mixing elbow must be used for the
piping fayout to prevent the reverse flow of exhaust water.

= Be sure to install a drain plug or cock at the bottom of the anti-
siphon valve, This is to prevent possible engine damage due to the

entry of remalning water into the engine’s exhaust port when the
hull is tilted stern side up for transportation.

Cooling water exhaust piping varies according to the hull shape
and engine room position. When the water outiet of the enging is
above the waterline no additions need to be made. When the water
outlet of the engine is below the waterline a vaclum valve must be
added to the water mixing elbow of the cocting water pipe.

Wrap fagaing around the water mixing elbow fo prevent the
engine room temperature from rising. The enging room space in
some boats is generaily narrow, so be sure to provide lagging to
prevent excessive temperature rise in the engine room and also as a
safety precaution.

Exhaust piping which develops an excessive back pressure
causes incornplete engine combustion, the emission of abnormally
colored exhauyst, increased fuel consumption, engine spesd {output)
drop, and a rise in the exhaust temperature. To pravent back pres-
sure, abserve the following points with regard to the exhaust piping:

« Do not use a hose with a diameter smaller than that of the
gxhaust hose of the engine exhaust water mixing elbow.

« The back pressure rises when an exhaust silencer or anti-
siphon valve is used. Make the hose diameter at the outled of the
exhaust sifencer or antisiphon valve 1in. {25 mm) farger than that
of the hose on the infet side in such cases.

+ Avoid sharp bends in the exhaust piping hose.

« Excessive rise in back pressure causes surging in fur-
bocharged engines, and this may result in breakage of the tur-
bocharger.

Accordingly, the antisiphon valve should not be used for tur-
bocharged engines.

=When it is feared thafi the exhaust plping Is causing excessive
hack pressure, itis necessary to de-rate the engine output and
select a more suitable propelier.

EXHAUST PIPE CAUTIONS

* See Figure 113

1. Use an all weather, heat-resistant and oil proof rubber hose,
When the hose passes through the cabin or other sections where
people go in and out, use a hose with high reliability.

Buikhead or wall

[EEER:

Fig. 113 Attach exhaust pipes in a way which aliows for flexikle
movement during engine vibrations
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2. When bending the hose, bend it in a large curve so that the
hose diameter is not altered.
] 3. Keep the hose away from substances which may damage or

istort it.

4, When the hose goes through a bulkhead or other walls, pro-
tect the hose from distortion or friction damage.

9. Attach the hose in a way which allows for the flexible move-
ment of the hose during engine vibrations.

MEASURING EXHAUST GAS BACKPRESSURE

¥ Soe Figures 114 and 115

Before measuring the exhaust back pressure, it is necessary to
prepare a spacer for the manometer. When the manomester is not
available, install a vinyl hose and measure the water level difference
with a scale.

1. On naturally aspirated engines, install the spacer for the
manometer between the exhaust water mixing elbow and exhaust
manffold.

2. On turbocharged engines, install the spacer for the manometer
between the exhaust water mixing elbow and turbocharger.

3. Connect the vinyl hose of the spacer to the vinyl hiose of the
manometer at ona side, and pour water into the hose.

4, Start the engine, raise the load gradually and measure the
back pressure. The water level difference of the manometer hose
shows the back pressure.

= The fitting at the end of the hose of the spacar which takes out the
back pressure must be heat-resistant to prevent melting,

MEASURING EXHAUST GAS TEMPERATURE

» See Figures 116 and ¥17

One of the best ways to measure engine output is to Use exhaust
gas temperature. Exhaust gas will rise as engine output increases
and fall as it decreases. The temperature will also peak at a prede-
termined leval where enging output is most efficient.

A thermometer, thermocouple and tachometer must be procured
in order to determine the exhaust temperature. Prior to measure-

Exhaust manifiorg

Spacer TUrbocharger

Exhaust water mixing elbaw
[ASFTGET

Fig. 114 Manometer installation on a turbocharged engine

Thermecoupe
\ Exhaust maniold

Turbocharger

Exhaust water mixing elbow
(4ITPRES

Fig. 116 Thermocouple installation on a furbocharged engine

Exhatist mixing elbow Vinyd hose

—

Spacer

IR

mmAG.

A -

»

Water

Exhaust maniford Manomater

049¢ "GHE

Fig. 113 Manometer installation on a naturally aspirated engine

Thermomeler
Thermecouple
1 /(60’(\ I
Exhaust water
mixing elbow \ﬂ oo
1
— E Cantar
u-"'__"_".-__-_ - —
L
\EMI maniold
4977 GE4

Fig. 117 Thermocouple installation on a naturally 2spirated
engine
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ment, be sure to measure the ambient termperature (open air, engine
room and sea-water) and the temperatures of the engine's lube oil
and fresh cooling water,

For exhaust lemperature vatues, ask you local marine profes-
sional what is appropriate for you tocal climate. Temperature values
are hased on the aimospheric conditions of your locat and can vary
wildly between different aseas.

~When measurlng tomperatures, keep the top end of the thermo-
toupla in The eenter of the exhaust port, or the temperature mea-
suremenis will Mucluate.

Naturally Aspirated Engines

1, Make a slit in the gasket packing instafled between the
exhaust water mixing elbow and exhaust manifold. Insert the ther-
mocouple inte the siit and fasten the tip in the center of the exhaust
port.

= se a thermocouple with a cable diameter of below 0.09 in. (2
mm), If the dlameter is larger , more packing is required.

2. Start the engine. Measure the engine spead and exhaust tem-
perature at quarter, half, three-quarter and full hrottle under load.

Turbocharged Engine

1. Remove the blind plug located between the exhaust manifold
and turbocharger inlet, insert the thermocouple, and fasten the tip in
the genter of the exhaust port.

2. Start the engine. Measure the engine speed and exhiaust tem-
perature quarter, half, three-quarter and full throttle under load,

» Sae Figures 118, 119 and 120

The scuppers shoald be at [east § in. {150mm) higher than the
load waterline of the hoat. Use sea-water resistant materiaf for the
metal fixtures of the scupper. Ensure complete sealing with a sili-
cone sealing agent at the scupper location in the hull, and on the
{hreaded parts of the scupper.

Since the bow rises during cruising, and the stern falls. The
exhaust port on the stern should be fitted o be & in. (150mm)
above the waterling during cruising.

Fig. 118 Scuppers should he manufactured from a sea water
resistant material such as stainless or plastic

\ —_ Min., 6 in. (150 mm)
; L waterfine

Exhaust
nibber hose

Trough hull fittiing

{MUFIGAY
Fig. 119 Mourt scuppers a minlmum of & in. {150mm) higher
than the loaded waterline of the boat

. S€L..TK¢J-1
Fig. 120 Instaliing a butterfly (flapper) cover on the end of the
scupper helps to pravent sea-walar Irom entering into the
exhaust port when the engine is stopped

=When the exhaust port falls belew the waterline, the back pres-
sure rises, engine output Is lowered and this causes abnormally

¢olored exhaust and engine trouble.

Installation of a hutterfly (flapper} cover on the end of the scup-
per helps to prevent sea-water from entering into the exhaust port
when the engine is stopped.

REMOVAL & INSTALLATION

¥ See Figures 121 and 122

This procedure only applies to raw water cooled engines {except
for QM serigs engines, which use a separate header tank). On fresh
water cooled engines, the exhaust manifold is integrated into the
header tank, for cooting of the exhaust gas. Refer to the procedures
in the cooling section of this manual for more information.

=1GM and 2GM englnes do not have exhaust manifolds; the
axhaust elhow attaches directly to the cylinder head. Refer to the
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A3

Fly. 121 Removing the exhaust manifold on a QM seriss engine

(877G

Fig. 122 Remove the nuls that hold the exhaust manifold, and
slide it from the studs on the cylinder head

Exhaust Elbow removal and installatlan procedure for more informa-
tion,

1. Turn e seacock to the OFF position.

2. Using the draincock, drain the water from the exhaust mani-
fold.

3. Discormect the exhaust etbow from the manifold.

ol 4. Remove the water hoses that attach to the exhaust mani-
old.

5. Remove any components that are attached to or interfere with
sliding the exhaust manifold from the mounting studs on the cylin-
der head.

6. Remove the nuts that secure the exhaust manifoid o the
cylinder head.

7. Carefully stide the exhaust manifold frem the mounting studs
on the cylinder head. '

To install:

8. Clean the gasket material from the mating surfaces of the
cylinder head and exhaust manifold.

9. Place a ngw gasket on the cylinder hiead.

10. Stide the exhaust manifold onto the studs the mounting studs
on the cylinder head.

11. Install the nuts that secure the exhaust manifold to the cylin-
der head and tighter them securely and evenly.

12. Attach any components that were attached to or interferad
with sliding the exhaust manitold from the mounting studs on the
cylinder head,

13. Install the waler hoses that attach to the exhaust manifold.

14, Aftach the exhaust eibow to the manifold.

INSPECTION

# See Figure 122

Inspect exhaust manifolds for cracks, especially on wet exhaust
systems where cooling water xits through exbaust. If a crack forms
in these systems, it is posstble to suck water into the engine caus-
ing sever engine damage. Salt or corrosion noticed during inspec-
tion indicates a leak in the manifold.

LEL e

Fig. 123 The side cover an the manifold ¢an be removed fo
inspect the cooling water jacket for corrosion

Exhaust Elhow

» See Figurss 124 thry 129

The exhaust elbow {also known as a mixing elbow) on Yanmar
engines can be divided info two types: Angied, and U-type. The
installation of the engine in the vessel ultimately dictates which type
of elbow is used. Although the two types ars diffsrent in design,
both are removed in the same manger,

Do NOT change the type of exhaust elbow that is used on your
engine. Water may “backfill” through the exhaust system and
cause severs engine damage.

1. Turn the seacock to the OFF position, if it is not already
closad.

2. Drain the coaling water from the exhaust manifold (or header
fank).

3. Disconnect the conling water hose(s) from the fitting an the
exhaust elbow,
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1)-type mixzing
Cooling water
Rubber
hase
Exhaust gas
Elbow
Cooling water
(MUTTRYE
QTGS
Fig. 124 Cutaway view of a exhaust elhow {note the double wall Fig. 126 Exploded view of an exhaust elbow assembly used on
construetion) fresh water cooled GM/HM engines
Qutlet port of cylinder haad
from thermostat-cover
Mixing aibow o
(w7 74T
Fig. 125 Atier the waier runs through the exhaust manifold (or F ' 4677689
header tank), a hose carries it to the mixing elbow to be Flg. 127 On 1GM engines, the exhaust eihow attaches directly
expellted with the exhaust to the cylinder head

L-ype
Mixing elbow
(stainiess steel}

U-type
Mixing elbow
|brorze casting)

DdQF7GAL

Fig. 128 Exbanst elhow mounting detait for normally aspirated JH series engines

© BENCHMANUK PDF MANUALS 2006




ENGINE AND ENGINE OVERHAUL  7-45

Fig. 129 Exkaust elbow mounting dstail—turbocharged JH engines

U-1ype mixing sibow

[MB7TEA?

4, Disconnect the rubber exhaust hose from the elbow.

5. Remove the nuts and/or holts that secure the exhaust elbow
1o the manifold (or turbocharger).

6. On turbocharged models, remove the exhaust elbow
bracket.,

~0n 1GM and 2GM raw water caoled engines, the exhaust sfbow Is
attached directly to the cylinder head.

7. Glean the gasket material from the mating surfaces of the
exhaust manifold and mixing elbow (or cylinder head, or tur-
boctiarger, depending on the engina).

8. Using a new gasket, install the exhaust elbow. Tighten the
bolts/nuts securely and evenly.

9. On turbocharged models, attach the exhaust elbow
bracket.

10. Conngct the rubber exhaust hose to the elbow.
11. Connect the cooling water hose(s} from the fitting on the
exhaust eloow.

INSPECTION

¥ See Figures 130 and 131

Exhaust elhows are easily restricted with carbon and corrosion
deposiis especially if the engine is used for troliing or allowed to
icle for long perieds of time while charging batteries.

Just as in the inspection of the exhaust manifold, salt or
carrosion indicates a leak caused by more severe corrosion else-
where in the elbow. Soot deposiis by the maunting flange indicate
a foose joint or gasket failure, Also, inspect all bolts and
fasteners for proper tightness, Heat and vibration tend o loosen
them.

=Engines fitted with threaded joints on the exhaust elbow can
rarely be disassembled due to the extent of corrosion on the
threads. [f the elbow has bean inspected, and neads replacement, It
is recommendad that the elbow must be replaced as a unit. The use
of pipe wrenches may allow enaugh force to be 2pplied to break or
distort the threads that secure the albow to the exhaust manifofd or
header tank.

Fig. 130 Here's an axample of 2 new exhaust elbow. Motice the
divider that separates the exhaust gas and cocling water

) ’ m};‘;
Fig. 131 This exhavst elbow is severely corroded. Gorroslon of
this extent can cause engine problems
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Turbocharger

REMOVAL & INSTALLATION

% See Figures 132, 133 and 134

1. Remove the air cleaner/silencer from the furbocharger
inlet.
2. It squipped, open the draincock and drain the water from lhe
turbogharger. Disconnect the hoses.
3. Remove the exhaust elbow from the turbocharger.
4. Remave the oil refurn line that attachas the turbocharger to
the oil pan.
5. Disconngct the ofl inlet line from the top of the tur-
bocharger.
6. Remove the hose that attaches the air furbine outlet to the
intake manifold (or aftercooler)
7. Remove any remaining brackets, hoses, cables etc. that inter-
fere with removal of the tuirbocharger.
8. Remove the four balts that secure the turbocharger assembly
to the header tank {which is the exhaust manifold).
9, Remove the turbocharger from the header tank.
To instali:
10. {f necessary, clean the gasket material from the mating sur-
faces of the turbocharger and header tank.
11, Using a new gasket, install the turbocharger onlo the header
tank. Do not tighten the nuts yet,
12. Using a new gasket, instal) the oif return fine to the bottom of
the turbocharger. Tighten the bolls securely, but not excessively, or
the threads may be damaged.

»~The enfire turbocharger assembly will require replacemer if the
roturn line threads are damaged.

13. Tighten the nuts that secure the turbocharger io the header
fank.

Rt

d

Fig. 132 Remove the twa bolts that attach the oil return line to

the turhochargert

LanFIpnd
Fig. 133 If the turkocharger Is waler cooled, make sure to drain
the coolant (ry opening the draincock) helore removing the tur-
hocharger

Fig. 134 Turbocharger mounting detail—JH enqgines

14, Using a small funnel or a baster, fill the oil inlet hole on the
top of the turbacharger with fresh engine ail. Wait until the ol has
drained through the return ling, and repeat the process.

15. Connect the oil inlet line the top of the turbocharger. Use new
copper gaskels,

16. Install the hose that attaches the air turbine outlet to the
intake manifold {or aftercecler)

17 Install the exhaust elbow to the turbocharger.

18. It equipped, attach the cooling water hoses to the tur-
hocharger

19. Connect the air cleanes/silencer to the turbocharger inlet.

20. Install any additional companents that were remiaved to allow
for removal of the turbocharger.
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INSPECTION

¥ See Figure 135

=1 is important to remember that equipment should not be slored
in ihe engine compariment. Many {imes equipment will move
around during rough weather, damaging vital engine componentis.
This is the case with the turbocharger oil line. Many oil lines have
teen ripped from their mounting or kinked when equipment is
pressed against them.

To inspect tha inlet side of the turbocharger, simply remaove the
air silencer/cleaner to view the turbine,

To inspect the exhaust side of the turbocharger, remove the
exhaust elbow from the turbocharger. If the turbine has exgessive
carbon accumulation or other damage on the impeller blades or
housing, it should be serviced by a gualified turbocharger repair
facility. Although the turbocharger is a refatively simple component,
it i3 very precise, and requires special tools for disassembly.

HOrP
Fig. 135 By removing the air silencer, the inlet side of the tur-
hocharger can he inspected for damage to ihe impeller blades
and housing

The exhaust outlet of this sailboal uses a flapper to pievent seawater eniry

SELSTHDZ
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ENGINE RECONDITIONING

Determining Engine Condition

Anything that generates heat and/or friction will eventually bum
or wear out (for example, a light bulb generates heat, therefore its
life span is limited). With this in mind, a running engine generates
tremendous amounts of both; riction is encountered by the moving
and rolating parts inside the engine and heat is created by friction
and combustion of the fuel. However, the enging has systems
designed to help reduce the effects of heat and friction and provide
added longevity. The ofling system reduces the amount of friction
encountered by the moving parts inside the engine, whiie the cool-
ing system reduces heat created by friction and combustion. If
either system is not maintained, a break-down will be inevitable.
Therefore, you can see how regular maintenance can affect the ser-
vice life of your engine. If you de not drain, flush and refill your
cooling system at the proper intervals, deposits will begin to accu-
mulate, thereby reducing the amount of heat it can extract from the
coolant. The sams appligs to your aii and filter; if it is not changed
often enough it becomes laden with contaminates and is unable to
properly lubricate the engine. This increases friction and wear.

There are a number of methods for evaluating the condition of
your engine. A compression test can reveal the condition of your
pistons, piston rings, cylinder bores, head gasket, vaives and valve

seats. An oif pressure test can warn you of possible engine bearing,

or oil pump faitures. Excessive oil consumption, evidence of oil in
the engine air Intake area and/or bluish smoke from the exhaust
may indicate worn piston rings, worn valve guides and/or valve
seals.

COMPRESSION TEST

¢ See Figure 136

A noticeable iack of engine power, excessive oil consumption
and/or poor fuet mileage measured over an extended period are all
indicators ot iniermnal engine wear. Worn piston rings, scored ar
worn cylinder bores, blown head gaskets, sticking or burnt valves,
and worn vaive seats are all possible culprits. A check of sach
cylinder's compression will help locate the protiem.

Tecs3

Fig. 136 A special diese} compression gauge should te used to
tost your engine's comprossion. Diesel gauges can withsland
the extreme cylinder pressure developed by a diesel engine

The procedure for checking compression is located in the “Main-
tenance and Tune-up” section of this manual.

OIL PRESSURE TEST

Check ior praper ofl pressure at the sending unit passage with an
externally mounted mechanical oil pressure gauge (as opposed to
the dash-mounted gauge). A tachometer may also be nesded, as
some specifications may require running the engine at a specific
rpm.

1. With the engine cold, locate and remove the oil pressure
sending unit.

2. Following the manufacturer's instructions, conngct a mechani-
cal ¢il pressure gauge and, if necessary, a tachometer to the engine.

3. Start the engine and allow it to idle.

4. Check the oil pressure reading when cold and record the
number. You may need 1o run the engine at a specified rpm, 8o
check the specifications.

5. Run the engine until normal operating temperature is reached.

6. Check the oil pressure reading again with the engine hat and
record the number. Tum the engine OFF.

7. It the cold pressure is well above the specification, and the hot
reading was |ower than the specification, you may have the wrong
viscosity ail in the engine. Change the oil, making sure to use the
proper grade and quantity, then repeat the tast.

Low oil pressure readings could be attributed to internal compo-
nent wear, pump related problems, a low ol level, or off viscosity
that is too fow. High oil pressure readings could be caused by an
overfilled crankcase, too high of an off viscosity or a faulty pressure
refief valve,

Buy Or Rebuitd?

Now that you have determined that your engine is wom out, you
must make some decisions. The question of whether or nat an
engine is worth rebuilding is largely a subjective matter and one of
personal worth. Is the engine a popular one, or is it an obsolete
model? Are parts available? Wauld it be less expensive to buy a
new engine, have your engine rebuitt by a pro or rebuild it yourself?
If you have considered all these matters and more, and have still
decided {0 rebuild the engine, then it is time to decide how you will
rebuitd it.

=The editors at Seloc fesl that mosi engine machining should be
performed by a professional machine shop. Don’t think of it as
wasting monay, rather, as an assuraace that the job has been tone
rlght he first time. There are many expensive and speclalized tnois
required ta perform such fasks as boring and honing an engine
block or having a valve job done on & eylinder head. Even inspect-
Ing the paris requires expenszive micrometers and gauges to prop-
erly measurs wear and clgarances. Also, a machine shop san
deliver to you tlean, and ready to assemble parts, saving you time
and aggravation. Your maximum savings will come from performing
the removal, disasseambly, assembly and installation of the engine
and purchasing or renting only the tools required to perform the
above tasks. Bepending on the particular clrcumstances, you may
save 40 to G0 pertent of the cost doing these yourself.

A complete rebuild or overhaud of an engine involves replacing
all of the moving parts (pistons, rods, crankshaft, camshaft, etc.)
with new ones and machining the non-moving wearing surfaces of
the block and heads. Unfortunately, this may not be cost effective.
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For instance, your crankshaft may have been damaged or worn, but
it can be machined undersize for a minimal fes.

50, as you can see, you can replace everything inside the engine,
but, it is wiser to replace only those parts which are really needed,
and, it possible, repair the more expensive ones. Later in this section,
we will break the engine down into its two main components: the
cylinder head and the engine biock. We will discuss each component,
and the recommended parts to reptace during a rebuild on each.

Engine Overhaul Tips

Most engine overhaul procedures are fairly standard. In addition
to specific parts replacament procedures and specifications for your
individua! engine, this section is also a guide to acceptable rebufld-
ing procedures. Examplas of standard rebuilding practice are given
and should be used along with specific details cancening your par-
ticular engire.

Competent and accurate machine shop services will ensure max-
imum performance, reliability and engine fife. In most instances it is
more profitable for the do-it-yourself mechanic to remove, ciean
and inspact the component, buy the necessary parts and deliver
these o a shop for actual machine work. _

Much of the assembly work (crankshaft, bearings, piston rods,
and other components) is well within the scope of the do-it-yoursell
mechanic’s tools and abilities. You wilt have to decide for yourself
the depth of involvement you desire in an engine repair or rebuild.

T00LS

The tools required for an engine overhaul or parts replacement
will depend on the dapth of your involvemant. With a few excep-
tions, they will be the tools found in & mechanic’s tool box. More
in-depth work will require some or all of the following:

« Adial indicator (reading in thousandths) mounted on a univer-
sal base

= Micrometers and telescope gauges

= Jaw and screw-type pullers

» Scrapet

» Yalve Spring compresser

» Ring groove cleaner

« Piston ring expander and compressor

« Ridge reamer

« Cylinder hone or glaze breaker

» Plastigage®

« Engine stand

The use of most of these tools is illustrated in this section. Many
can be rented for a one-time use from a local parts jobber or tool
supply house.

Occasionally, the use of special tools is called for. See the infor-
mation on Special Tools and the Safety Notice in the front of this
manual before substituting another tool,

CLEANING

¥ See Figures 137, 138 and 139

Before the engine and its companents are inspecled, they must
be thoroughly cleaned. You will need to remove any engine varnish,
0il sludge andfer carbon deposits fram all of the components 1o
insure an accurate inspection. A crack in the engine block or cylin-
der head can easily become overiooked if hidden by a layer of
sludge or carbon,

Most of the cleaning process can be carried out with common

hand tools and readily avaiiable solvents or solutions. GCarbon
deposits can be chipped away using a hammer and a hard wooden
chisel. Old gasket material and varnish or sludge can usually be
removed using a scraper and/or cleaning solvent. Extremety stub-
born deposits may require the use of a power drill with a wire
brush. if using a wire brush, use extreme care around any critical
machined surfaces {such as the gasket surfaces, bearing saddles,
cylinder bores, elc. ).

Always follow any safety recommendations given by the manu-
facturer of the tool andfor sobvent. You should always wear sye pro-
tection during any cteaning process involving scraping, chipping or
spraying of solvents.

An alternative to the mess and hassle of clganing the parts your-
self is to drop them off at a local machine shop. They will, more
than likely, have the necessary equipment to properly clean all of
the parts for a nominal fee,

#:3: CAUTION

Always wear eye protection during any cleaning pracess involv-
ing scraping, chipping or spraying of solvenis,

ToosRN

Fig. 137 Use a ring expander tool 1o remove the piston rings

TCCS2AM

Fig. 138 Glean the plsion ring grooves using a ring groove
cleanertoal, or. . .
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) " Tensaan
Fig. 139 . . . use a plece of an old ring to clean the grooves.

Be careful, the ring can be quite sharp

Remove any oif galley plugs, freeze plugs and/or pressed-in
bearings and carefully wash and degrease all of the engine compo-
nems including the fasteners and bolts. Small parts such as the
valves, springs, etc., should be placed in a metal basket and
aliowed to soak. Use pipe cleaner type brushes, and clean all pas-
sageways in the components, Use a ring expander and remave the
rings from the pistons. Clean the piston ring grooves with a special
too! or a piece of broken ring. Scrape the carbon off of the top of the
piston. You shauld never use a wire brush on the pistons. After
preparing all of the piston assemblies in this manner, wash and
degrease them again.

: WARNING

Use extreme care when cleaning around the cylinder head valve
seats. /A mistake or slip may cost you a new seal.

/
BOLT OR —»
SCREW
THREADED
INSERT

DAMAGED ._\{:@
THREADS

Fig. 140 Damaged holt hole threads ¢an be replaced with thread

repair insarts

When cleaning the cylinder head, remave carbon from the com-
bustion chamber with the valves installed. This will avoid damaging
the valve seats.

REPAIRING DAMAGED THREADS

Fig. 141 Standard thread repair insett {left), and spark plug

thread insert

» See Figures 140, 141, 142, 143 and 144

Several methods of repairing damaged threads are avaitable.
Heii-Colt® (shown here), Keenserts® and Microdot® are among the
most widely used. Alf involve basically the same principle—drilling
out stripped threads, tapping the hole and installing a prewound
insert—making welding, plugging and oversize fasteners unneces-
sary.

Two types of thread repair inseits are usually supplied: a stan-
dard type for most inch coarse, inch fine, metric course and metric
ine thread sizes and a spark fug type to fit mast spark plug port
sizes. Consult the individual tool manufacturer's catalog to deter-
mine exact applications. Typical thread repair kits will contain a
selection of prewound threaded ingerts, a tap (correspanding fo the
putside diameier threads of the insert) and an instailation too!.
Spark plug inserts usually differ because they require a tap
equipped with pilot threads and a combined reamer/tap section.
Most manufacturers also supply blister-packed thread repair inserts
separately in addition to a master kit containing a variety of taps and
inserts plus installation tools.

4

TeCEapan

Fig. 142 Drill aut the damaged threads with the specified size
bit. Be sure to drill complately through the hole or to the bottomn

of a blind hole
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L U DO IOT e

-\\\_\‘\' TEETEYY) LAELURY ST

TCCSHMR
Fig. 143 Using the kit, tap the hofe in crder to receive the
thread insert. Keep the tap well oiled and back it out frequently
to aveld cloyging the threads

..
-

i3

i

Il

TCCRAME

Fig. 144 Screw ihe Insert onto the installer too! untif the tang
engages the stal. Thread the insert into the hole unkil it is Ya—'2
furn below the top surface, then remave the tool and break off
the tang using a punch

Before atternpting to repair a threaded hole, remove any snapped,
broken or damagad bolts or studs. Penetrating oil can ba used to
free frozen threads. The offending item can usually be removed with
locking pliers or using a screw/stud extractor. Aftar the hole is clear,
the thread can be repaired, as shown in the series of accompanying
iustrations and in the kit manufacturer's instructions.

Engine Preparation

To properly rebuiid an engine, you must first remove it from the
vassel, then disassemble and diagnose it. Ideally you should place
your engine on an engine stand. This affords you the best access o
the engine components. Follow the manufacturer’s directions for
using the stand with your pariicular engine. Remove the flywheal
before installing the engine to the stand.

Mow that you have the engine on a stand, and assuming that you
have drained the oil and coolant from the engine, it's time to strip it
of all but the necessary components. Before you start disassembling
the engine, you may want to take a moment to draw some pictures,
or fabricate some labels or containers to mark the locations of vari-

ous components and the bolts and/or studs which fasten them.
Modern day engines use a lot of litle brackets and clips which hold
wiring harnesses and such, and these holders are often mounted on
studs and/or bolts that can be easily mixed up. The manufacturer
spant a lot of time and money designing your engine, and they
wouldn't have wasted any of it by haphazardly placing brackets,
clips or fasteners. If its present when you disassemble it, put it back
when you assemble, you wil regret not remembering that fittle
bracket which holds a wire harness out of the path of a rofating part.

You should begin by unbo'ting any accassories stil} attached to
the engine. Then, unfasten any manifolds {intake or exhaust) which
were not removed during the engine removal procedure. Finally,
fBMove any covers remaining on ihe engine such as the rocker arm,
front or timing cover and oil pan. Some front covers may require the
vibration damper and/for crank pulley to be removed beforehand.
The idea is to reduce the engine to the bare necessities {cytindzr
head, valve train, engine block, crankshaft, pistons and connecting
rods), plus any other 'in block companents such as ofl pumps, bal-
ance shafts and auxiliary shafts.

Finally, remove: the cylinder head from the engine block and
carefully place on a bench. Disassembly instructions for each com-
ponent follow later in this section.

Cylinder Head _

There are two basic types of cylinder heads used on today's
engines: the Overhead Valve {OHY) and the Overhead Camshaft
{GHG). The latter can also be broken down into two subgroups: the
Single Overhsad Camshaft (SOHC) and the Dual Overhead
Camshaft (DOHC). Generally, if there is only & single camshatt on a
head, it is just referred to as an OHC head. Alse, an engine with an
OHV cylinder head is also known as a pushrod engine,

Diesel cylinder heads are made of cast iron and have stee! valves
and seats. Most use twa valves per cylinder, while the more hi-tech
enginss will utilize a multi-valve configuration. When the valve con-
tacts the seat, it does 0 on precision machined surfaces, which
seals the combustion chamber. Al cylinder heads have a valve
guide for each valve. The guide centers the valve to the seat and
allows it to move up and dewn within it. The clearance between e
valve and guide can be critical. Too much clearance and the enging
may consume oif, {ose vacuum and/or damage the seat. Too litle,
and the valve can stick in the guide causing the engine to run
poorly if at all, and possibly causing severe damage. The Jast com-
ponent all cylinder heads have are vatve springs. The spring holds
the valve against its seat. It also returns the valve to this position
when the valve has een opened by the valve train or camshaft. The
spring is fastened to the valve by a retainer and valve locks {some-
times called keapers},

An ideal methed of rebuilding the cylinder head would involve
replacing all of the valves, guides, seats, springs, efc. with new
ones. However, depending on how the engine was mainfained, often
this is nol necessary. A major cause of valve, guide and sea! wear is
an improperly tuned engine. An enging that is running too rich, will
often wash the lubricating oil out of the guide with gasoline, caus-
ing it to wear rapidly, Conversely, an enging which is running too
lean will place higher comibustion temperatures on the valves and
seats allowing them to wear or even burn. Springs fall victim to
engine rpm and heat. Generally, the valves, guides, springs and
seats in a cylinder head can be machined and re-used, saving you
mongy, However, if @ valve is burrt, it may be wise to replace all of
the valves, since they were all operating in the same environment.
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The same goes for any other component on the cylinder head. Think
of it as an insurance policy against future problems refated to that
component.

Unfortunately, the only way to find out which components need
replacing, is to disassemble and carefully check each piece. After
the cylinder head is disassembled. thoroughty clean all of the com-
panents.

DISASSEMBLY

¥ See Figures 145, 146 and 147

Before disassembling the cylinder head, you may want to fabri-
cate some containers to hold the various parts, as some of them can
be quite small {such as keepers) and easify lost. Also kesping your-
self and the components organized will aid in assembly and reduce
confusion. Where possible, try to maintain a components original
location; this is especially important if there is not going to be any

IS4

machine work performed on the components. Fig. 146 Remove the valve seal from the valve stem—0-ring
1. [f you haven't already removed the rocker arms and/or shaits, type seal shown
do 50 now.

2. Position the head so that the springs are easily accessed.

3. Use a valve spring compressor tool, and relieve spring ten-
sion irom the retainer.

=Due to engine varnish, the retainer may stick to the valve locks. A
gentle tap with a hammer may help to break it loose,

4. Remove the valve tocks from the valve tip and/or retainer. A
small magnet may help in removing the Incks.

9. Lift the valve spring, tool and all, off of the valve stem.

6. If equipped, remove the valve seal. If the seal is difficult to
remove with the valve in place, try removing the valve first, then the
seal. Follow the steps below for valve remaval. _

7. Position the head to allow access for withdrawing the valve.

=Cylinder heads that have seen a lot of mlles and/or abuse may
have mushroomad the valve lock grove and/ot tip, causing difflculty
in removal of the valve. If this has happened, use a metal file to
carefully remove the high spots around the logk grooves and/or tlp.
Only file it enough to allow remaval.

8. Remove the valve from the cylinder head.
9. if equipped, remove the valve spring shim. & small magnetic Fig. 147 Remaving an umbrella/posilive lype seal

TEREI5:

toot or screwdriver will aid in removal.
10, Repeat Steps 3 though § until all of the valves have been
removed.

INSPECTION

Now that all of the cylinder head componentls are clean, it's time
to inspect them for wear and/or damage. To accurately inspect them,
you will need some specialized tools;

» A 0-1in, micrometer for the valves

« A dial indicator or inside diameter gauge for the valve guides

» A spring pressure test gauge

If you do not have access to the proper tools, you may wart to
bring the components to a shop that does.

Valves
# See Figures 148 and 149
The first thing to inspect are the valve heads. Look closely at the

= head, margin and face for any cracks, excessive wear or burning.
The margin is the best place to look for buming. 1t should have a

Fig. 145 Be careful rot to lose the small valve locks (keepers)
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TECssTad
Flg. 148 Valve stems may be rolled on a flat surface to check
for bends

squared edge with an even width all around the diameter. When a
valve burns, the margin will ook melted and the edges rounded.
Also inspect the valve head for any signs of fulipping. This will
show as a lifting of the edges or dishing in the center of the head
and will usually not occur to alt of the valves. All of the heads
should {ook the same, any that seem dishad more than others are
probably bad. Next, inspect the valve Inck grooves and valve tips.
Check for any burrs around the lock grooves, especially if you had
to file them to remove the valve. Valve tips should appear flat,
alhough slight rounding with high mileage engines is normal.
Slightly worn valve tips will need to be machined flat. Last, measure
the valve stem diameter with the micrometer. Measura the area that
fides within the guide, especially towards the tip where most of the
wear occurs. Take several measurements along its length and com-
pare them lo each other, Wear should be even along the length with
little to no taper. If no minimum diameter is given in the specifica-
tions, then the stem should not read more than 0.001 in. {0.025mm)
below the specification. Any valves that fail these inspections
shouid be replaced.

TCCEMA1D

Fig. 148 Use a micrometer to check the vaive stem diametor

Springs, Retainers and Valve Locks
» See Figures 150 and 151

The first thing to check is the mast abvious, broken springs. Next
check the free length and squareness of each spring. If applicable,
insure {o distinquish between intake and exhaust springs. Use a
ruler and/or carpenter’s square to measure the length. A carpenters
squars shouid be used to check the springs for squareness. If a
spring prassure test gauge is avaitable, check each springs rating
and compare to the specifications chart. Ehack the readings against
the specifications given. Any springs that fail these inspections
should be replaced.

The spring retainers rarely need replacing, however they should
still be checked as a precaution. Inspect the spring mating surface
and the valve tock retention area for any signs of excessive wear
Also check for any signs of cracking. Replace any retainers that are
questionable,

Valve locks should be inspacted for excessive wear on the out-
side contact area as well as an the inner notched surface. Any locks
which appear worn or broken and its respective valve should be
replaced.

TLOS%T

Fig. 150 Use a caliper to check the valve spring free-length

TGr-amng

Fig. 151 Check the valve spring for squareness on a flat sutface;
a carpentes’s square can be used
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Cylinder Head

There are several things to check on the cylinder head: valve
guides, seats, cylinder head surface flatness, cracks and physical
damage.

VALVE GUIDES

Now that vou know the valves are good, you can use them to
check the guides, although a new valve, if availabie, is preferred.
Before you measure anything, look at the quides carefully and
inspect them for any cracks, chips or breakage. Also if the guide is
a removable style (as in most aluminurm heads), check them for any
looseness or evidence of movernent. All of the guides should
appear to be at the same height from the spring seat. if any seem
lower (or higher} from another, the guide has moved. Mount a dial
indicator onto the spring side of the cylinder head. Lightly oil the
valve stem and ingert it into the cylinder head. Position the dial
indicaior against the valve stem near the tip and zero the gauge.
Grasp the valve stem and wiggle towards and away from the dial Fig. 152 Check the head for flainass across the center of the
indicator and observe the readings. Mount the dial indicator 90 head surface using a straightedge and feeler gauge
degrees from the initial point and zero the gauge and again take a
reading. Compare the two readings for a out of round condition.
Check the readings against the specifications given. An Inside
Diameter (1.D.} gauge designed for valve guides will give you an
accurate valve guide bore measusement. If the 1.D. gauge is usad,
compare the readings with the specitications given. Any quides that
fail these inspections should be replaced or machined.

VALVE SEATS

A visual inspection of the vaive seals should show a slightly
worn and pitted surface where the valve face contacts the seat,
Inspect the seat carefully for severe pitting or cracks. Also, a seat
that is badly worn will be recessed into the cylinder head. A
severely wormn or recessed seat may need to be replaced. All cracked
seats must be replaced. A seat concentricity gauge, if available,
should be used to check the seat run-out. If run-out exceeds speci-
fications the seat must be machined (if no specification is given use
0.002 in. or 3.051mm}, i

016

CYLINDER HEAD SURFACE FLATNESS Fip. 153 Ghecks should also be made aleng both diaganals of
¥ See Flgures 152 and 153 the head surface

After you have cleaned the gasket surface of the cylinder head of
any old gasket material, check the head for flatness.

Place a straightedge across the gasket surface, Using feeler
gauges, determing the clearance at the center of the straightedge
and across the cylinder head at several points. Check along the cen-
terline and diagonally on the head surface_ If the warpage exceeds
0.003 in. (0.076mm} within a 6.0 in. {15.2cm) span, or 0.006 in.
(0.152mm) over the total length of the head, the cylinder head must
be resurfaced. After resurfacing the heads of a V-iype engine, the
intake manifold flange surface should be checked, and if necessary,
milled proportionally to alow for the change in its mounting posi-
tion.

GCRACKS AND PHYSICAL DAMAGE
¥ See Figure 154

Generally, cracks are limited to the combustion chamber, how-
ever, it is not uncomman for the head to crack in a spark plug hole,

TECEAGG

port, outside of the head or in the valve spring/rocker arm area. The Fig. 154 The groove belween the combustion chamher and the
first area to inspect is always the hottest: the exhaust seat/port area. cooling passage of this cylinder head was caused from a faulty
A visual inspection should be performed, but just because you head gasket
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don't see a crack does not mean it is not there. Some more reliable
methods for inspecting for cracks include Magnaflux®, a magnetic
progess of Zyglo®, a dye penetrant. Magnaflux® is used only on fer-
rous metal {cast iron) heads, Zyglo® uses a spray on flucrescent
mixture along with a black light to reveal the cracks. !t is strongly
recommended to have your gylinder head checked professionally for
cracks, especially if the engine was known to have overhgated
and/or leaked or consumed coolant. Contact a local shop for avail-
ability and pricing of these services.

Physical damage is usuatly very evident. For example, a broken
mounting ear from dropping the head or a bent or broken stud
and/or bolt. Afl of these defacts should be fixed or, if unrapairable,
the head shotld be replaced.

REFINISHING & REPAIRING

hany of the procedures given for refinishing and repairing the
cylinder head components must be performed by a machine shop.
Cerain steps, if the Inspected part is not worn, can be performed
yourself ingxpensively. However, you spent a lot of time and effort
$0 far, why risk trying to save a couple bucks if you might have to
do it all over again?

Valves

Any valves that wera not replaced shoutd be refaced and the tips
ground flat. Unless you have access to a valve grinding machine,
this shauld he dong by a machine shop. If the valves arg in
extremely good condition, as well as the valve seats and guides,
they may be lapped in without performing maching work.

It is a recommended practice to lap the valves even after machine
work has been performed and/or new valves have been purchased.
This insures a positive seal between the valve and seat.

LAPPING THE VALVES

= Before lapping the valves to the seals, read the rest of the cylin-
der head section to insure 1hat any related parts are in acceptable
enough condition o continue.

= Belore any valve seat machining and/or lapping can be per-
formed, the guides must be within factory recommended specifica-
tions,

1. Invent the cylinder head.

2. Lightly lubricate the valve stems and insert them into the
cylinder head in their numbered order.

3. Raise the valve from the seat and apply a small amount of fine
lapping compound to the seat.

4, Moisten the suction head of a hand-lapping tool and attach it
to the head of the valve.

5. Rotate the tocl between the paims of both hands, changing the
position of the valve on the valve seat and Hifting the tool often to
prevent grooving.

&. Lap the valve until & smaath, polished circle is evident on the
valve and seat.

7. Remove the toaf and the vatve. Wipe away all traces of the
grinding compound and store the valve to maintain ifs lapped loca-
tion.

st WARNING

Do not gal the valves ool of order after they have been lapped.
They must be put back with the same valve seat with which they
were lapped.

Springs, Retainers and Vzive Locks

There s no repair or refinishing possible with the springs, retain-
ers and valve focks. If they are found to be worn or defective, they
must be replaced with new {or known good} parts.

Cylindet Head

Most refinishing procedures dealing with the cylinder head must
be performed by a maching shop. Read the sections below and
review your inspection data to determine whether or not machining
is necessary.

VALVE GUIDE

~{ any machining or replacements are made to the valve guides,
the seats must be machined.

Unless the valve guides need machining or replacing, the anly
service fo perform is to tharoughly clean them of any dirt or oil
residue.

There are only two types of valve quides used on engines: the
replaceable-type (all aluminum heads) and the cast-in integral-type
{most cast iron heads). There are four recommended methods for
repairing worn guides.

» Knurling

= Inserts

« Reaming oversize

+ Replacing

Knurling is a process in which meltal is displaced and raised,
thereby reducing clearance, giving a trug center, and providing oil
control. It is the least expensive way of repairing the valve guides.
However, it is not necessarily the best, and in some cases, a
knurled valve guide will not stand up for more than a short time. 1t
requires a special knurlizer and precision reaming tools to oblain
proper clearances. It would not be cosl effective to purchase these
tools, unless you plan on rebuilding several of the same cylinder
head.

Installing a guide insert involves machining the guide to accept 2
bronze ingeri. One style is the ¢oil-type which is installed inio a
threaded guide. Another is the thin-walled insert where the guide is
reamed oversize to accept a spiit-sleeve insert. After the insert is
installed, a special tool is then run through the guide to expand the
insert, locking it to the guide. The insert is then reamed 1o the stan-
dard size for proper valve clearance.

Reaming for oversize valves restores nermal clearances and pro-
viges a true valve seat, Most cast-in type guides can be reamed to
accept an valve with an oversize stem, The cost factor for this can
hecome quite high as you will need to purchase the reamer and
new, oversize stem valves for ail guides which were reamad. Qver-
sizes are generally 0.003 to 0.030 in. (0.076 to 0.762mm), with
0.015 in. (0.381mm) being the most common.

To replace cast-in type valve guides, they must be drilled out,
then reamed to accept replacement guides. This must be done on
a fixture which wit! allow centering and leveling off of the original
valve seat or guide, otherwise a serious guide-to-seat misalign-
ment may occur making it impossibie to properly machine the
seat.

Replaceable-type guides are prassed into the cylinder head. A
hammer and a stepped drift or punch may be used to install and
remave the quides. Before removing the guides, measure the pro-
trusion on the spring side of the head and record it for installation.
Use the stepped drift to hammer out the old guide from the com-
bustion chamber side of the head. When installing, determing
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whether or not the guide also seals a water jacket in the head, and if
it does, use the recommended seating agent. If thers is no water
jacket, grease the valve guide and its bore. Use the stepped drift,
and hammer the new guide into the cylinder head from the spring
side of the cylinder head. A stack of washers the same thickness as
the measured protrusion may help the installation process.

VALVE SEATS

=Before any valve seat machining ¢an be performed, the guides
must be within faclory recommended specifications.

=If any machining or replacemenis were made to the valve guides,
the seats must be machined.

If the seats are in good condition, the valves can be lapped to the
sgats, and the oyiinder head assembled. See the valves section for
instructions on lapping.

If the valve seats are worn, cracked or damaged, they must be
serviced by a machine shop. The valve seat must be perfectly
centered to the valve guide, which reguires very accurate machin-
ing.

CYLINDER HEAD SURFACE

If the cylinder head is warped, it must be machined flat. If the
warpage is extremely severe, the head may need to be replaced. In
some instances, it may be possible to straighten a warped head
enough to allow machining. In either case, contact a professional
maghine shop for service.

CRACKS AND PHYSICAL DAMAGE

Certain ¢racks can be repaired in both cast iron and aluminum
heads. For cast iron, a tapered threaded insert is installed along the
length of the crack. Aluminum can also use the tapered inserts,
however welding is the preferred method. Some physical damage
can be repaired through brazing or welding. Contact a maching
shop to get expert advice for your particular dilemma.

ASSEMBLY

The first step for any assembly job is to have a clean area in
which to work. Next, thoroughly clean all of the parts and compe-
nerts that are to be assembled. Finally, ptace all of the components
onto & suitable work space and, if necessary, arrange the parts to
their respeciive pasitions.

1. Lightly lubricate the valve stems and insert all of the valves
into the cylinder head. If possible, maintain their original locations.

2. f equinped. install any valve spring shims which were
rermoved.

3. Ifequipped, install the new valve seals, kesping the following
in mind;

» Ifthe valve seal presses over the guide, lightly lubricate the
outer guide surfaces.

« Ifthe seal is an O-ring type, it is installed just after compress-
ing the spring but before the valve locks.

4, Place the valve spring and retainer over the stem.

5, Position the spring compressor tool and comprass the spring.

6. Assemble the valve locks to ihe stem.

7. Relieve the spring pressure slowly and insure that neither
valve lock becomes dislodged by the retainey.

8. Remove the spring compressor tool.

9, “H(ejpeat Steps 2 through 8 until ali of the springs have been
installed.

Engine Biock

GENERAL INFORMATION

A thorough overhaul or rebuild of an engine block would includs
replacing the pistons, rings, bearings, fiming belt/chain assembly
and oil pump. For OHY engines also include a new camshait and
lifters. The block woutld then have the cylinders bored and honed
oversize {or if using removable cylinder sleeves, new sleaves
installed} and the crankshalt wauld be cut undersize o provide new
wearing surfaces and periect clearances. However, your particular
engine may not have everything wom out. What if only the piston
rings have worn out and the clearances on everything else are still
within factory specifications? Well, you could just repiace the rings
and put it back together, but this would be a very rare example.
Chances are, if one component in your enging is wormn, other com-
ponents are sure to follow, and soon. At the very least, you should
always replace the rings, bearings and oit pump. This is what is
commonty called a “freshen up”®.

Cylinder Ridge Removal

Because the top piston ring does nof travel fo the very top of the
cylinder, a ridge is built up between the end of the fravel and fhe top
of the gyfinder bore.

Pushing the piston and connecting rod assembty past the ridge
can be difficudt, and damage to the piston ring lands could occur, )i
the ridgs is not removed betore installing a new pistan or not
remnaved at all, piston ring breakage and piston damage may occur.

= |t is always recommended that you remove any cylinder ridges
before removing the piston and connecting rod assembifes. If you
know that new pistons are going to be instalfed and the englne
block will be bered oversize, you may be able to forege this step.
However, some ridges may actually prevent the assemblies from
being removed, necessitating its removal.

There are several different types of ridge reamers on the market,
none of which are inexpensive. Unless a great deal of engine
rebuilding is anticipated, borrow or rent a reamer.

1. Tum the crankshaft until the piston is at the bottom of its
travel.

2. Cover the head of the piston with a rag.

3. Follow the fool manufacturers instructions and cut away the
ridge, exercising extrems care 10 avoid cutting too deeply.

4, Remove the ridge reamer, the rag and as many of the cuttings
as possible. Continue until all of the cylinder ridges have been
removed.

DISASSEMBLY

» See Figures 155 and 156

The engine disassembly instructions foliowing assume that you
have the engine mounted on an engine stand. If not, 1t is easfest to
disassemble the engine on a bench or the floor with it resting on the
bell housing or transmission mounting surface. You must be able to
access the connecting rod fasteners and turn the crankshadt during
disassembly. Also, ali engine covers (timing, front, side, it pan,
whatever) should have already been removed. Engines which are
seized or focked up may not be able to be completely disassembled,
and a core (satvage yard) engine should be purchased.

if not done during the cylinder head removal, remave the
pushrods and lifters, keeping them in order for assembly. Remove
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Fig. 155 Place rubber hose over the connecling rod siuds to pro-
tect the crankshalt and eylinder bores from damage

the timing gears andfor timing chain assembly, then remove the oil
pump drive assembly ang withdraw the camshaft from the engine
block. Remave the oil pick-up and pump assembly. If equippad,
remove any balance or auxiliary shafts. If necessary, remove the
cylinder ridge from the top of the bors. See the cylinder ridge
removal procedure earlier in this section.

Rotate the engine over so that the crankshaft is exposed. Use a
number punch or scribe and mark each connecting rod with its
respective cylinder number. The cylinder clasest to the front of the
engine is always number 1. However, depending on the engine
placement, the front of the engine could sither be the flywheel or
damper/pultey end. Generally the front of the engine faces the front
of the boat. Use a number punch or scribe and also mark the main
bearing caps from front to rear with the front most cap being num-
ber 1 {if there are five caps, mark them 1 through 5, front to rear).

Take special care when pushing the connecting rod up from the
crankshaft hecause the sharp threads of the rod bolts/studs will
seore the crankshaft journal. Insure that special plastic caps are
installed over them, or cut two pieces of rubber hose to do the
same,

TCCI3H04

Fig. 156 Carefully tap the piston put of the bore using a wooden
dowel

Again, rotate the engine, ihis time te position the number one
cylinder bore (head surface) up. Turn the crankshaft until the num-
ber one piston is at the bottom of its travel, this should allow the
maximum access 10 its connecting rod. Remave the number ong
connecting rods fasteners and cap and place two lengths of rubber
hose aver the rod belts/studs to prolect the crankshaft from dam-
age. Using a sturdy wooden dowel and a hammer, push the con-
necting rod up about 1 in. (25mm} from the crankshatt and remove
the upper bearing insert. Continue pushing or tapping the connect-
ing rod up until the piston rings are out of the cylinder bore.
Remoave the piston and rod by hand, put the upper haif of the bear-
ing insert back into the rod, install the cap wilh its bearing insert
installed, and hand-tightsn the cap fasteners. If the parts are kept in
order in this manrer, they will not get lost and you will be able to
tell which bearings came form what cylinder if any problems are
discovered and diagnosis is necessary. Remove all the gther piston
assemblies in the same manner. On V-style engines, remove all of
the pistons from one bank, ther reposition the engine with the other
cylinder bank head surface up, and remove that banks piston
assemblies.

The oniy remaining component in the enging block should now
be the crankshaft. Loasen the main bearing caps evenly until the
fasteners can be turned by hand, then remove them and the caps.
Remove the crankshatt from the enging block. Tharaughly clean all
of the components,

INSPECTION

Now that the engine block and all of iis components are claan,
it's time to inspect them for wear and/or damage. To acGurately
inspect them, you will nesd some specialized tools:

« Two or three separate micrometers to measure the pistons and
crankshaft journats

« Adial ingicator

+ Telescoping gauges for the cylinder bores

« Arod alignment fixture to check for bent connecting rods

f you do not have access to the praper tools, you may wani to
bring the components to a shap that does.

Generally, you shouldn’'t expect cracks in the engine block or its
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components unless it was known to lzak, consume or mix engine
fluids, it was seversly overheated, or there was evidence of bad
bearings and/or crankshaft damage. A visual inspaction should be
performed on all of the components, but just becauss you don't see
a crack does not mean it is not there. Same more reliable methods
for inspecting for cracks include Magnaflux®, a magnetic process or
Zyglo®, a dye penetrant. Magnaflux® s used only on ferrous metal
(cast iron). Zyale® uses a spray on fluorescent mixture along with a
black light to reveal the cracks. It is strongly recommended to have
your engine biock checked professionally for cracks, especially if
the engine was known to have overheated and/or leaked or con-
sumed coolant. Contact a focal shop for avaitability and pricing of
these services.

Engine Block

ENGINE BLOCK BEARING ALIGNMENT

Remave the main bearing caps and, if still installed, the main
bearing inserts. inspect all of the main bearing saddles and caps for
damage, burrs or high spots. If damage is found, and it is caused
from a spun main beating, the block will need to be align-bored or,
if severe enough, replacement. Any burrs or high spots should be
garefully removed with a metal file.

Place a straightedge on the bearing saddies, in the engine biock,
along the centerfine of the crankshat. if any clearance exists
between the straightedge and the saddles, the biock must be align-
bored.

Align-baring consists of machining the main bearing sadgles
and caps by means of a flycutter that runs through the bearing sad-
dles.

DECK FLATNESS

The top of the engine block where the cylinder head mounts is
called the deck. Insure that the deck surface is clean of dirt, carbon
deposits and old gasket material. Place a straightedge across the
surface of the deck along its centerline and, using feeler gauges,
check the clearance along several points. Repeat the checking pro-
cedure with the straightedge placed along both diagonals of the
deck surface. If the reading exceeds 0.003 in. (0.076mm) within a
6.0in. {15.2cm) span, or 0.006 in. (0.152mm) aver the total length
of the deck, it must be machined.

CYLINDER BORES
¥ See Flgures 157 thr 158

The cylinder bores house the pistons and are slightly larger than
the pistons themseives. A common piston-to-bore clearance is
0.0015-0.0025 in. (0.0381mm-0.0635mm). Inspect and measure
1he cylinder hores. The bore should be checked for out-of-round-
ness, taper and size. The results of this inspection will determine
whether the cylinder can be used in its existing size and condition,
or arehore 1o the next oversize is required (or in the ¢ase of remov-
able sleeves, have replacements installed).

The amount of cylinder wall wear is always greater at the top of
the cyfinder than at the bottomn. This wear fs known as taper. Any
cylinder that has a taper of 0.0012 in. (0.305mm) or more, must be
rebored. Measurements are taken at a number of pasitions in each
cylinder; at the top, middle and bottom and at two points af each
position; that is, at a point 90 degrees from the crankshaft center-
fine, as well as a point parallel 1o the crankshaft centerline. The
measurements are made with either a special dial indicator or a tele-
SCOMC gauge and micrometer If the necessary precision tools to

5
Fig. 157 Examples of a wet cylinder liner (left) and a dry liner
{right} Mote the eorroslon on the wel liner from exposure to salt
water

jLessus]

Flg. 158 Use a telescoping gauge to measure the eylinder hore
dlameter—take several readings within the same hore

check the hore are not available, take the black to a machine shop
and have them mike it. Also if you don't have the tools to check the
cylinder bores, chances are you will not have the necessary devices
to check the pistons, connecting rods and crankshaft, Take these
companents with you and save yourself an extra trip.

For our procedures, we wili use a tefescopic gauge and a
micrometer. You will need ong of each, with a measuring range
which covers your cylinder bore size.

1. Position the telescopic gauge in the cylinder bore, loosen the
gauges lock and allow it {o expand.

= Your first two readings will be at the top of the cylinder bore, then
proceed in the middie and finally the boltom, making a total of six
measurements,

2. Hold the gauge square in the hore, 90 degrees from the crank-
shaft centerline, and gently tighten the lock. Tilt the gauge back to
remove it from the bore,

3. Measure the gauge with the micrometer and record the read-
ing.

4. Again, hold the gauge square in the bore, this time parallel to
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the crankshalt centerline, and gently tighten the lock. Again, you will
tilt the gauge back to remove it from the bare.

5. Measure the gauge with the micrometer and record this read-
ing. The difference between these two readings is the out-of-round
measurement of the cylinder

B. Repeat steps 1 through 5, each time going o the next lower
position, unfil you reach the bottom of the cylinder. Then go ta the
next cylinder, and continue until all of the cylinders have been mea-
sured.

The difference between these measurements will tell you all
about the wear in your cylinders. The measurements which wers
taken 90 degrees from the crankshaft centerline will always reflect
ihe most wear. That is because at this posiiion is where the engine
power presses the piston against the cytinder bore the hardest. This
is known as thrust wear. Take your top, 90 degree measurement and
compare it to your bottom, 80 degree measurement. The difference
between them is the taper. When you measure your pistons, you will
compare these readings to your piston sizes and determine piston-
to-wall clearance.

Crankshaft

Inspect the crankshaft for visible signs of wear or damage. All of
the journals should be perfactly round and smaooth. Sfight scores
are normal for a used crankshatft, but you should hardly feel them
with your fingermail. When measuring the crankshaft with a microm-
efer, you will take readings at the front and rear of each journal, then
turn the micrometer 90 degrees and take two more readings, front
and rear. The difference between the front-to-rear readings is the
journal taper and the firsi-to-9C¢ degree reading is the ocut-of-round
measurement. Generally, there should be no taper or out-of-round-
ness found, however, up to 0.0005 in. (0.0127mmj for either can be
overlooked. Also, the readings should fall within the factory specifi-
cations for journal diameters.

If tha crankshatt journals fall within specifications, it is regom-
mended that it be polished before being returned {0 service. Poligh-
ing the: crankshaft insures that any minor burs or high spots are
smoothed, thereby reducing the chance of scoring the new bear-
ings.

Pistons and Connecting Rods

PISTONS
# See Figures 159 thru 162

The piston should be visually inspected for any signs of cracking
or burning {caused by hot spots or detonation), and scuffing or
excessive wear on the skirls, The wrist pin attaches the piston to the
connecting rod. The piston should move freely on the wrist pin,
both sliding and pivoting. Grasp the connecting rod securely, or
mount it in a vise, and try to rock the piston back and forth along
the centerling of the wrist pin. There should not be any excessive
May evident between the piston and the pin. If there are C-clips
retaining the pin in the piston then you have wrist pin bushings in
the rods. There should not be any excessive play between the wrist
pin and the rod bushing. Normal clearance for the wrist pin is
approx. 0.001-0.002 in. {0.026mm-0.051mm).

LIse a micrometer and measure the diameter of the piston, par-
pendicular to the wiist pin, on the skirt. Compare the reading to its
original cylinder measurement ehtained earlier. The difference
hetween the two readings is the piston-to-wall clearance. If the
clearance is within specifications, the piston may be used as is. If
the piston 1s out of specification, but the bore is not, you wilt need a

Fig. 158 An example of a badly damaged piston

ATTREE

047 P2

Fig. 160 Motice the excessive carbon budldup on the top of the
piston from excessive engine idling (the scaring of the shirt is

from overheating)

407IF24

Flg. 161 Another example of 2 damaged piston. The missing

ring 1ands were caused from water entering the cylinder
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HC5I219

Fig. 162 Measure the piston's outer diameter, perpendicular to
the wtist pin, with a micrometer

new piston. If both are out of specification, you will need the cylin-
ter rebored and oversize pistons instalied. Generally if two or more
pistons/bores are out of specification, it is best to rebore the entire
block and purchase a complete set of oversize pistons.

CONNEGTING ROD
¥ 3ee Figure 163

You should have the connecting rod checked for straightness at a
rachine shop. If the cannecting rog is bent, it will unevenly wear
the bearing and piston, as well as place greater stress on these
componants. Any bent or twisted connecting rods must be replaced.
If the rods are straight and the wrist pin clearance is within specifi-
cations, then only the bearing end of the rod need be checked.
Place the connecting rod into a vice, with the bearing insens in
place, install the cap to the rod and torque the fasteners to specifi-
cations. Use a telescoping gauge and carefully measure the inside
diameter of the bearings. Compare this reading to the rods original
crankshaft joumal diameter measurement, The difference is the oii
clearance. If the il clearance is not within specifications, install
new hearings in the rod and take another measurement. If the clear-

| | e
Fig. 163 This bent connecting rod was caused by water enlering
through the exhaust valves from excessive cranking

ance is still out of specifications, and the crankshaft is not, the rod
will need to be reconditioned by a machine shop.

=You can also use Plastigage® to check the bearing clearances.
The assembling section has complete irstructions on is use,

Gamshaft

Inspect the camshaft and lifters/followers as described eartier in
this section,

Bearings
¥ See Figure 164

All of the engine bearings should be visually inspected for wear
and/or damage. The bearing should look evenly wom all around
with no deep scores or pits. {f the bearing is severely worn, scored,
pitted or heat blued, then the hearing, and the components that use
it, should be brought to 2 machine shop for inspsction. Full-circle
bearings {used on most camshafts, auxitiary shafts, balance shafts,
etc.) require specialized toois for removal and installation, and
should be brought to a machine shap for service.

) QTIPS
Fig. 164 Examples of worn engine bearfngs caused by dirty oil,
which lead to the accelerated waar and scaring

0il Pump

=The ol pump Iz respongible for providing tonslant lubrication to
the whole engine and so it is recommended that a new oil pump be
inetalled when rebuilding the engine.

Completsly disassemble the oil pump and thoroughly clean ali of
the components. Inspect the oil pump gears and housing for wear
and/or damage. Insure that the pressure relief valve operates prop-
erly and there is no binding or sticking due to varnish or debris. If
alt of the parts are in proper working condition, lubricate the gears
and relief valve, and assembie the pump.

REFINISHING

¥ See Figure 165

Almost all engine block refinishing must be performed by a
machine shop. If the cylinders are not 1o be rebored, then the cylin-
der glaze can be removed with a ball hone. When removing cylinder
glaze with a balt hone, usg a light or penetrating type il to lubricate
the hone, Do not ailow The hone to run dry as this may cause exces-
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TELEIN?
Fig. 165 Use a ball type ¢ylinder hone ta remove any ghaze and
provide a new surface for seating the piston rings

sive scoring of the cylinder bores and wear on the hone. If new pis-
tons are required, they will need to be installed to the connacting
rods. This shoutd be performed by a machine shop s the pistons
rmust be installed in the corect refationship to the rod or engine
damage can ocour.

Pistons and Gonnecting Rods
# See Figure 166

Only pistans with the wrist pin retained by G-clips are service-
able by the home-mechanic. Press fit pistons require special
presses and/or heaters 1o remove/install the connecting rod and
should cnly be performed by a machine shap.

All pistons will have a mark indicating the ditection to the front
of the engine and the must be installed into the engine in that man-
ner. Usually it is a notch or arrow on he top of the piston, or it may
be the letter F cast or stamped info the piston.

C-CLIP TYPE PISTONS

1. Note the lacation of the forward mark on the piston and mark
the connecting rod in relation.

Te3aed
Fig. 166 Most pistons are marked to indicate positioning in the
engine {usvally a mark means the side facing the front)

2. Remove the G-clips from the piston and withdraw the wrist
nin.
=Yarnish build-up o C-clip groove buns may increase the difficully

of ramoving the wrist pin_ If necessary, use a punch or drift to care-
fully tap the wrist pin out.

3. Insure that the wrist pin bushing in the connecting rod is
usable, and lubricate it with assembly lube.

4. Remove the wrist pin from the new piston and lubricate the
pin bores on the piston.

5. Align the forward marks on the piston and the connecting rod
and instafl the wrist pin.

6. The new C-clips will have a flat and & rounded side to them.
instali both C-clips with the flat side facing out.

7. Repeat all of the steps for each piston being replaced.

ASSEMBLY

Bsfore you begin assembling the engine, first give yourself a
clean, dirt free work area. Next, clean every engine component
again. The key to a good assembly is cleanliness.

iount the engine block into the enging stand and wash it one
last time using water and detergent {dishwashing detergent works
well), While washing it, scrub the cylinder boras with a soft bristle
brush and thoroughly clean al! of the oil passages. Completely dry
the engine and spray the entire assembly down with an anti-rust
solution such as WD-40® or similar product. Take a clean lint-fres
rag and wipe up any excess anti-rust solution from the bores, bear-
ing saddles, etc. Repeat the final cleaning process on the crank-
shaft, Replace any freeze or oil galley plugs which were removed
during disassembly.

Crankshatt
¢ See Figures 167, 168, 169 and 170

1. Remove the main bearing inserts from the hlock and bearing
£aps.

2. If the crankshaft main bearing journals have been refinished
to a definite undersize, install the correct undersize bearing. Be sure
that the hearing inserts and bearing bares are clean, Foreign mater-
ial under inserts will distort bearing and cause failure.

3. Place the upper main bearing inserts in bores with tang in
slot.

=The oil holes in the bearing inserts must be aligned with 1he ofl
holes in the cylinder block.

4. Install the lower main bearing inserts in bearing caps.

A. Clean the mating surfaces of block and rear main bearing
cap.
6. Carefully lower the crankshaft into place. Be careful not to
damage bearing surfaces.

7. Check the clearance of each main bearing by using the fol-
lowing procedure;

a. Place a piece of Plasfigage® or its equivaisnt, on bearing
surface across full width of bearing cap and about Y4 in. off cen-
tar.

b. Install cap and tighten bolis to specifications. Do not turn
crankshaft while Plastigage® is in place.

¢. Remove the cap. Using the supplied Plastigage® scale,
chack width of Plastigage® at widest point to get maximumm clear-
ance. Difference between readings is taper of journal.

d. If clearance exceeds specitied limits, try a 0.001 in. or
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16653343
Flg. 167 Apply a strip of gauging matarlal to the hearing jour-
nal, then install and torgue the cap

) ez
Fig. 168 After the cap is removed agaln, use the scale supplied

with the gauging material to check the clearance

TCCSARGS

Fig. 169 A dial gange may be used to check crankshaft end-play

0.002 in. undersize bearing in combination with the standard
bearing. Bearing clearance must be within specifisd fimits. If
standard and §.002 in. undersize bearing does not bring clear-
ance within desired limits, refinish crankshatt journal, then install
undersize bearings.

8. Install the rear main seal.

g, After the bearings have begn fitted, apply a light coat of
engine oil to the journais and bearings. Install the rear main bearing
cap. Instail all bearing caps except the thrust bearing cap. Be sure
that main bearing caps are installed in origina! locations. Tighten
the bearing cap bolts to specifications.

10. Instal} the thrust bearing cap with bolts finger-tight.

11. Pry the crankshaft forward against the thrust surface of upper
half of bearing.

12. Hold the crankshaft forward and pry the thrust bearing cap to
the rear. This aligns the thrust surfaces of both haives of the bear-
ing.

13. Refain the forward pressure on the crankshafl. Tighten the
cap bols to specifications.

14, Measure the crankshaft end-play as follows:

TECS3006

Fig. 170 Carefully pry the crankshafi back 2nd forth while read-
ing the diai gauge for end-play
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& Mount a dial gauge to the engine block and position the tip
of the gauge to read from the crankshaft end.

b. Carefully pry the crankshait toward the rear of the engine
and hold it there while you zero the gauge.

¢. Carefully pry the crankshaft toward the front of the engine
and read the gauge.

d. Confirm that the reading is within specifications. If not,
install a new thrust bearing and repeat the procedure. If the read-
ing is still out of specifications with a new bearing, have a
machine shop inspect the thrust surfaces of the crankshaft, and if
fossible, repair i,

15. Rotate the crankshaft so as 1o position the first rod journal to
the bottom of its stroke.

Pistons and Connecting Rods
» See Figures 171 thru 178

1. Before installing the piston/connecting rod assembly, oil the
pistons, piston rings and the cylinder walls with fight engine oil.
instali connecting rod bolt protectors or rubber hose onto the con-
necting rod bolts/studs. Also perform the following:

a. Select the proper ring set for the size eylinder bore.

b. Position the ring in the bore in which it is going to be used.

¢. Push the ring down into the bore arsa where normal ring
wear is not encounterad.

d. Use the head of the pistan to position the ring in the bore
so that the ring is square with the cylinder wall. Use caution to
avoid damage to the ring or cylinder bore.

e. Measure the gap betwean the ends of the ring wilh a fesler
gauge. Ring gap in a worn cylinder is normally greater than spec-
ification. If the ring gap is greater than the specified limits, try an
oversize ring set,

Fig. 171 Checking the piston ring-to-ring groove site clearance
using the ring and a feeler gauye

ey

Fig. 172 The notch on the sida of the bearing cap maiches the
fang on the bearing insert

o ' T s
Fig. 173 Most rings are marked to show which side of the ring
shoald face up when ingtalled to the piston

T TGCS34
Fig. 174 Install the piston and rod aggsembly Into the block using
2 ting compressor and the handie of a hammer
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—— 18t comprassion qing
2nd COmMPressIon ring
Ad compresslon ring

Qil ring.

Direction of piston pin

IR

Fig. 175 Piston ring positioning—QM series engines

Gap position ot Ho2
camprassion ring

Gap posdtion al Ho1
COMpIEasion ring

Diraclion of alde presaurs
—

1Bt COMEressKn flng.

MOTIGER

Fig. 176 Piston rlng positioning—GM and HM series engines

f. Check the ring side clearance of the compression rings with
a feeler gauge inserted between the ring and its lower land
according to specification. The gauge should slide freely around
the entire ring circumference without binding. Any wear that
oceurs will form a step at the inner portion of the lower land. If
the lower lands have high steps, the piston should be replaced.
2. Unless naw pistons are installed, be suig to install the pis-
tons in the cylinders from which they were removed. The numbers
on the connecting rod and bearing cap must e on the same side
when installed in the cylinder bore. if a connecting rad is ever
transposed from one engine or cylinder to anothar, new hearings
should be fitted and the connecting rod should be numbered to cor-
respond with the new cylinder number, The notch on the piston
head goes toward the front of the engine.
3. Install all of the rod bearing inserts into the rods and caps.

T8t compreatien cng

Cirectsan of
pizfen pin
S —

Ol nimg

Dlfeclon of 9ide pressdrs
—

Jgird od

Gap il expander

F=Tst CTRrESHG ring

2ma coumpression ring

ng
OMpression ang

OGS

Fig. 177 Piston ring positioning—JH series engines
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Manufacturer's mark \

[ Eretls

Fig. 174 Piston rings showld be insfalled with the manufac-
turer’s mark facing vpward

4. Install the rings to the pistons. Install the cil control ring first,
ther the second compression ring and finally the top compression
¥ing. Use a piston ring expander fool to aid in installation and to
help reduce the chance of breakage,

&. Make sure the ring gaps are properly spaced around the cir-
cumference of the piston, Fit a piston ring compressor around the
piston and slide the piston and connecting rod assembly down into
the cylinder bore, pushing it in with the wooden hammer handle.
Push the piston down until it is only slightly below the top of the
cylinder bore. Guide the connecting rod onto the crankshaft bearing
journal carefully, to avoid damaging the crankshatt.

6. Check the bearing clearance of all the rod bearings, fitting
them to the crankshaft bearing journals. Follow the procedure in the
crankshaft installation above.

7. After the bearings have been fitted, apply a light coating of
assembly oil to the journals and bearings.

8. Turn the crankshaft until the appropriate bearing journat is at
the boftam of its stroke, then push the piston assembly all the way
down urtil the connecting rod bearing seats on the crankshaft jour-
nal. Be careful not to allow the bearing cap screws o strike the
crankshaft bearing journals and damage them.

9. Adter the piston and connecting rod assemblies have been
installed, check the connecting rod side clsarance on each crank-
shaft jeurnal,

10. Prime and install the oif pump and the oit pump intake tube,

Camshaft, Lifters And Timing Assembly

1. Install the camshaft,
2. Install the iifters/followers into their bores.
3. Install the timing gears/chain assembly.

Cylinder Head

1. Install the cylinder head using a new gasket,
2. Assemble the rest of ihe vaive train (pushrods and rocker
arms andyor shafts).

Engine Covers and Componenis

Install the timing cover and il pan. Refer to your notes and
drawings made prior to disassembly and install ail of the compo-
nents that were removed.

Engine Start-Up And Break-In

STARTING THE ENGINE

Now that the engine is instailed and every wire and hose is prop-
erly connected, go back and doubie check that all coolant hoses are
connected. If not already dong, install & new oil filier onto the
engine, Fill the crankcase with the proper amount and grade of
engine ail. Fill the cooling system with a 50/50 mixture of
coolant/water.

1. Connect the battery.

2. With the engine stop cabie in the OFF position, crank the
engine over for a few seconds to build oil pressure and |ubricite alf
internal components.

3. Start the engine. Keep your eye on your oil pressure indicator;
if it does not indicate oil pressure within 10 seconds of starting,
turn the engine OFF.

xoi WARNING

Damage to the engine can result if it is allowed to run with no
oil pressure. Check the engine oil level to make sure that it is
full. Check for any leaks and if found, repair the leaks before
continuing. If there is still no indication of vil pressare, yon may
need to prime the system.

4, Confirm that there are no tluid leaks {oil or other).

5. Allow the engine to reach normal operating temperature.

6. tnstall any remaining components such as the air cleaner
which were removed.

BREAKING (T IN

Make the first hours on the new enging, easy ones. Vary the
speed but do not accelerate hard, Most importantly, do not lug the
engine, and avoid sustained high speeds. Check the enging oil and
coolant levels frequently. Expect the engine fo use a little ofl unfil
the rings seat, Change the oil and filter shortiy after engine break in
and then at normally scheduled intervals.

KEEP IT MAINTAINED

Now that you have just gone through all of that hard work, keep
yourself from deing it all over again by theroughily maintaining it.
Not that you may not have mainiained it before, heck you could
have tad & thousand hours on it before doing this. However, you
may have bought the boat used, and the previous owner did not
keep up on maintenance. Which is why you just went through all of
that hard work. See?
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Engine Torque Specifications

Component Standard {ft. [bs) Metric {Nm)
Rocker Arm/Shafts
QM 50.6-57.8 68.6-78.6
GM/MHM 27 7
4JH 17.4.204 237.217

Cylinder Head Nuls/Bolis

QM

Studs (a} 65-69 88-94
Nuis
Step 1 43 38
Step 2 87 18
Step 3 116-130 158-477
1GM
Studs (@) 18-22 2430
Nuis 54.2 73
1GM10
Studs (a} 43 58
Nuts 54.2 73
2GM
Stids (a) 29.33 39-45
Nuis 72.3 98.3
Bolts 18.1 266
2GM20
Studs (a) 58 79
Nuis 86.8 118
Bolts 7-8 217 285
Bolts 2-4-6 86.8 118
3GM
Siuds {a) 2933 3045
Nuts 723 98.3
Bolts 18.1 26.6
3HM
Studs {2) 20-33 39-45
Nuts 94 1278
Bolts 217 295
aGM30
Studs (a) 58 79
Nuis 86.8 118
Bolts 9-10-11 217 295
Bolts 1-2-3-4-5-8 86.8 118
IHM35
Studs (a) 72 98
Nuts 94 127.8
Balts 9-10-14 217 295
Bolts 1-2-3-4.68 04 1278
4JH
Bolts
Step 1 25-32 34-435
Step 2 54615 73.4-836
04977001
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Engine Torque Specifications

Component Standard (f. Ibs.) Metric (Nm}

Connecling Rod Bolts

QM 39.5-434 54.3-58.1

GW 181 2456

3HM 325 44.2

4.JH 32.536.2 44,2-49.3

4JHZ 36.2-39.8 49.3-54.2
Crankshait Rear Main Bearing Housing

Qam 2758 a4

GMIEM 181 248
Crankshaft Main Bearing

OGN (B 47.2-50.6 64.2-68.9

2GM (b 21.7-253 29.5-34.5

IGM (b 21.7-25.3 29.5-345

IHM (b} 32.5-36.2 44.2-40.2

4JH 68.7-75.94 93.4-103.3

A2 75.94-83.17 103.3-113.1
Crankshaft Main Bearing Set Bolt

30M 57.8 8.5

2GM 32.5-36.2 ) 44.2-492

IGM 325362 44.2-49.2

IHM 50.56-54.2 68.9-73.7
Qil Pan

oM 17.21 23-29

GMHM 6.5 8.8
Timing Gear Cover

Qs 17.4-21 24-28.6

GiM7HM

M8 Bolts 8.5 B8
M8 Bolis 18 24

4JH 17.4-2% 24-28.6
Ol Pump

GM/HM 6.5 8.8
Camshaft Gaar Nut

M 43-58 58.5-78.0

GMHM 50.6-57.9 68.8-78.7
Crankshaft Gear Nut 58-72.3 78.86-98.3
Crankshaft Pulley Nut/Boit

20M 1011085 137.4-147.6

IO 60-71.6 82.97.4

GM/HM 723 13

4JH 83.90.4 123
Fiywheei

2QM 290 3944

30M 68-76 42.5103.4

GMHM ’ 47-50.6 £3.9-68.8

4JH 50-58 68-78.9

ta) This specifications is to be used when tightening a cylinder head stud into the engine block that has worked lose, or is being inslalied,

This forque specification is not 1o be confused with the specification for tightening the cylinder head to the block,
{b} This torque specification is for the bolts that attach the two halves of the main bearing carrier.
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Engine Rebuilding Specifications - QM Series

Component Standard {in) Metric (mm)
Cylinder Block
Stud Length
2015120
g bocd 425 108
2 1,87 50
f 476 124
3aM30
abecdalyg 428 108
n 476 121
Cylinder Bore:
Diarnedter
Tap 3.4646-3.4859 8888035
Bottom 33858-3.3872 36-86.035
Roundness 0.0008 002
Digtortion 0.0039 21
Cylindar Liner Bere
Cylinger Liner Diameter 34645-3.4659 B8-8R.03%
Piston Quisice Diameter 3.4646-3.4659 88-88.035
Ptston to Bore Clsarance 0.0055-0.0059 0.14-0.15
Cirqularity Q000860039 80201
Cyfidner Liner Projection 0004200039 003010
Clinder Head
Distortion 00011800038 0.03-01
Seat Width 0.0825-0.0084 24225
Seat Angle 45 dogroas
Valves
Vave Recess 0041300571 1.05-1.45
Valvo Diameter
Intake 1.5157 385
Exhaust 1.2785 328
Valve 3eal Width 0.0835 212
Valve Seat Angle 45 degrees
Valve Stem Diemeter 0344503110 8079
Valye Stam Bend Q.03 0
Vaive Guides
Inside Ciarneter 0315 §
Valve lo Guide Clearance
Inteke 0.0016.0.0026 0.040.0.066
Exhaust O002-0063 0.0%0-0075
Valve Spring
Free Length 150-1.48 38-.37.7
Incnation 804 114
Prassure at Instalies Height of .27 in, (6.75mm) 19.5-186 s
Rocker Shaft Diarmaster 0.0006-0.6020 0.016-0.052
Valve Clearance 0.0059 015
Pistons
{utside Diemeter 3.4646-3.4567 88873
Pin Bore Diameter 1.1811-1.1850  30-30
Pin Quiside Diamater 1181119791 302265
Pin to Bore Clearance 0.0020-0.0007 0.050019

Pin Bushing insice Diameter
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Engine Rebuilding Specifications - QM Series

Component

Standartd (in) Metric {mm}

Biston Rings

Ring fo Groove Claarsnca
First Compression Ring

Sacond and Third Comprassion Ring

Ol Ring Groove
Ring End Gap

First, Sacond and Third Compression Ring

0.6031-0.0045 0.080-:0.115
0.0014-0.0028 0.035.0.670

0.00078-0.0021¢ 0.020-0 055

5.01180.0197 (305

Oil Ring 0011600197 0305
Connecting Rod
Twis! 000118 0.03
Parallefism 0.00315 0408
Crank Pin Bushing
Inside Diameter 2128021208 54544
OF Clearante 0.0014-0.0037 6.035-0.065
Side Clearance 0005800138 015035
Crankshaft
Main Journal Diameter
Gear Case Side 2755927520 70695
Flywhest Side
2QM15720) 27558-2.7520 70699
30M30 35433 30
Connecling Rod Jourral Diameler 2.1260-2.1224 545391
Oui of Round 0.0004 .01
Main Journal Ol Clearance
Gear Case Side 0.0014-0.0039 0.036-0,059
Intermediate Bearing 0.0014-0.0037 0.036-0.085
Fiywheel Side {.0026.0.0052 0.066-0.132
Crankshaft Bend 0.006 0015
End Clearance
20315520 0003300079 0.10.0.20
JAM30 0.0035-:0.0075 0.08-0.19
Crankshaft Gear Backiash 0063100062 008G 16
Camshaft
Vealve Head Clearance 0.0069 0.1%
Valve Evenis
Intake Open 20 deg. BTDC
Intake Close 50 deg. ATDC
Exhaust Opan 5 deg. BTDC
Bhaus! Closed 20 deg. ATDC
Lift 15209-1. 5012 38633812
Side Clearance ]
Camshaft Searing
Clearance 0.0020-00039 0.050-0.100
Backlash 0.0031-00062 0.08-0.16
Vaive Tappet
Diameter 0.4331 11
Tappet to Bore Clearance 0.0002-0.00138 0.006-0.035
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Engine Rebuilding Specifications - 1GM, 2GM, 3GM and 3HM

Component Standard (in.}  Metric {mm)
Cylinder Block
Stud Length
1GM 31102 it
2GM, 3GM, 3HM
a 37795 9
b 12283 A2
Cylirder Bare
1GM
Ciarneter 2.6346-28358  72-72.03
Roundness 0.0004 o
Piston Quiskie Diameter 28346 72
Cylinder Liner Bore
2GM, 3GM
Cylindar Liner Diametar 28346 72
Piston Quiside Diameter 28346 72
Piston to Bore Clearance {.0055-0.0059 014015
Circularity 0.0008 002
Liner Projection 0.0002-0.0030  0.005.0.075
3HM
Cylinder Liner Diameter 29528 75
Piston Qutside Diameter 29528 76
Piston to Bore Clearance 000500058 0.038-0.148
Circularity 0.0008 0.02
Liner Projecbon 0000200030 0.005-0.075
Cylinder Head
Distortion 00028 0.07
Saal Width 0.06969 1.7
Seat Angle 45 degrees
Valves
Valve Recess
1GM, 26, 3GM 0037400452  (095-125
IHM 0.0402.00610 1.25-155
Valve Diamster
1GM, 2GM, 3GM
Intake 12598 32
Exhaust 10238 32
3HM
Intake 12598 2
Exhaust 1.063 Zf
Valve Seal Width 00835 212
1GM, 2GM, 3GM 0.124 315
3HM 0.1187 k]
Valve Seat Angle 45 degrees
Valve Stem Diameter 0.2756-0.2717 768
Valve Stem Bend 00012 003
Valve Guides
Inside Qiameter
Intake 00016-0.0026  0.040-D.065
Exhaust 00020003 0.050-0.075
Valve to Guida Clearanze
inlake 0.0046-0.0026  0.040-0.065
Exhaust 00018-00028 045070

Valve Guide to Cylinder Head Clearance

1GM 0.0002-00013  0.005-0.034

26M, 3GM 0.0007-0.0019  0.018-0.047

3HM 0.0007-0.0018  0.018-0.047
Protrusion 0.2756 ¥

Valve Spring

Frae Length 15157 35
Installed Height

1GM, 2GM, 3GM 11496 pri:

3HM 1.188 02
Pressure at Installed Height

1GM, 2GM. 3GM 35.63 Ibs

) 31.811bs

BT
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Engine Rebuilding Specifications - 1GM, 2GM, 3GM and 3HM

Component Standard {in.) Metric {mm}
Rocker Shaft
Diameter
1GM 04724 12
2GM 0.5512 14
IGM, 3HM 05512 14
Claarance 0.0006-0.002¢  0.018-0.052
Valva Clearance
intake and Exhayst 0.0079 a2
Pistong
1GM, 2GM, 3GM :
Outside Dismater 28312.28324 7205771913
Pin Bore Diameler Q787207877 12.985-20.008
Pin Outside Diameter G.7870-0.7874 1990120

Pin tw Bore Clearance

Pin Bushing Inside Diameter
3HM

Qutside Dizmeter

Pin Bore Diameter

Pin Qutside Diarneter

Pin to Bore Clearance

0.0010:0601%  G.025-0.047
0874 20

2049129503 74.907-75.063
(.9053-0.3058 22.995-23.008
0.0052-0.3055  22.901-23
D.0M0-0.0049  0.025-0.047

Fin Bushing Inside Diameter 0.5055 23
Piston to Head Clearance
1GM, 2GM, 3GM 0.0276 07
IHM 0.0313 08
Piston Rings
Ring to Groove Clearance
1GM, 26M, 3GM
First Compression Ring 0002400038 0.06-0.10
Second Comprassion Ring 0.0014-0.0028  0.035-0.G70
Oil Ring Grotve 0.0008-0.0022  0.020-0.055
JHM
First Compression Ring 0.0025-0.0039  0.0650.10
Second Comprassion Ring 0001400028 0.035-0.070
Qil Ring Groove 0000800022 0.020-0.065
Ring Erd Gap 0.0079-0.0157 0.20-0.40
Connacting Rod
Twist 0.00118 0.03
Farallelism 0.00315 0.08
Crank Pin Bushing
{nsice Diameter
1GM, 2GM. 3GM 15748.1.5787 40401
3HM 1.7323-1.7362 44-44.10
Gil Clearance
1GM, 2GM, 3GM 0.0011-0.0034  (.028-0.0B6
3HM 0.0014-0.0037  0.036-0.085
Side Clearance 0.0073-0.0157 0.2-0.4
Crankshait
Main Joumal Diamefer
Gear Case Side
1GM, 2GM, 3GM 1.7303-1.7309  43.964-42.95
3HM 18484-1.8490 46 0644695
Intermediate Bearing
1GM, 2GM, 2GM 1.7302-1.7309 439644395
JHM 1.8484-1.6490 46.964-45.95
Fywhael Side
1GM, 2GM, 3GM 2.3602-2.3608 53.964-59.85
3HM 25571-2.5576  €4.964-64.95
Connecting Red Joumal Diameter
1GM, 261, 3GM 1.5726-1.5734  39.064-38.05
M 1730317309 43.964-43.95
QOut of Round 0.0004 om
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Engine Rebuilding Specifications « 1GM, 2GM, 3GM and 3HM

Component

Standard {in.}  Metric {mm)

Main Journal Qil Clearance

Gear Case Side 0.00140.0037  0.036-0.085
!ntermediate Bearing 0.0014-0.0037  0.036-0.095
Flywhee! Side 0.0014-0.0037  0.036-0.095
Connecting Rod Journa! Oil Clearance
1GM, 2GM, 3GM ' 0001100034  0.028-0.088
3HM 0.0014-0.0037  0.036-0.095
Crankshaft Bend 0006 0.015
End Clearance
1GM 0.0024-0.0075  0.06-0.19
2GM, 3GM 0.0035-0.0075  0.08-0.19
3HM 0.0035-0.0071 0.09-0.18
Camshaft
Valve Head Clearance 0.0079 0.2
Valve Events
Intake Open 20 deg. BTDC
Intake Close 50 deg. ATDC
Exhaust Open 50 deg. BTDC
Exhaust Closed 20 deg. ATOC
Lift
1GM 1A417 29
2GM, 3GM, 3HM 1.378 35
Camshait Bearing
Clearance 0.0020-0.0033  0.050-G.100
Backlash 0.0031-0.6062 0.08-0.16
Valve Tappet
Diameter 0.3937 10
Tappet to Bore Clearance
1GM 0.0010-0.0024  0.025-0.060
2GM, 3GM, 3HM 0.0004-0.0016  0.010-0.040
Pushrods
Length
1GM10 5.6299 143
2GM20, 3GM30 5.3543 136
IHM3I5 6.7323 171
Pushrod Bend 0.00118 max .03 max
4977t
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Engine Rebuilding Specifications - 1GM10, 2GM20, 3GM30 and 3HM35

. omponent Standard {(in.) Matric {(mm)
Cylinder Block
Cylinder Bore
1GM10, 26M20, IGM30
Diameter 2.9928-2.9540  75-75.03
Roundness 0.0004 0.01
3HM3S
Diameter 3.1496-3.1508  80-80.03
Roundness 0.0004 oM
Block Distarition 0.002 005
Cylinder Head
Distortion 0.0028 007
Seat Width 0.06969 177
Seat Angle 45 degress
Valves
Valve Recess
IGM10, 2GM20, 3GM30 0.0374-0.0492 095125
3HM35 0.0492-0.0610  1.25-1.55
Valve Diameter
1GM10, 2GM20, 3GM30
Intake 1.2598 32
Exhaust 1.0236 32
3HM3S
Intake 1.2588 32
Exhaust 1.063 27
Vatve Stem Diameter 0.2756-0.2717 769
Valve Siern Bend 0.0012 0.03
Valve Guides
Inside Diarneter
{ntaka 0.0016-0.0026  0.040-0.085
Exhaust 0.002-0.003  0.050-0.075
Valve to Guide Clearance
intake 0.0016-0.0026  0.040-0.0685
Exhaust 0.0018-0.0028  §.450.70
Valve Guide to Cylinder Head Clearance
1GM10 0.0002-0.0012  0.005-0.034
2GM20, 3GM30 0.0007-0.001¢  0.018.0.047
3HM35 0.0007-0.0019  0.018-0.047
Protrusion 0.2756 1
Valve Spring
Free Length 1.5157 385
Installed Height
1GM10, 2GM20, 3GM30 1.1496 29.2
IHMI5 1,189 30.2
Prassure at Instafled Height
1GM10, 26020, 3GM30 3563 Ibs
3HM35 3181lbs
Rocker Shaft
Diameter
1GM10 0.4724 12
2GM20 0.5512 14
3GM30, 3HM3I5 0.5512 14
Clearance 0.0006-0.0020  0.016-0.052
Valve Clearance
Intake and Exhaust 0.0079 02
HEFTCE
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Engine Rebuilding Specifications - 1GM10, 2GM20, 3GM30 and 3HM35

Component

Standard (in.)  Metric (mm)

Pistons

1GM10, 2GM20, 3GM30
Quiside Diameter
Pin Bushing Inside Diameter
Pinto Bore Clearance
3HMIS
Dutside Diameter
Pin Bushing Insida Diameter
Pin to Bore Clearance

29452-29504  74.91-74.94
0.7872-0.7877 15.995-20.008
0.0002-0.0007  0.005-0.017

3145731470 79.902-79.932
(.9053-9058  22.995-23.008
0000200607 {.005-0.017

Piston to Head Clearance
1GM10, 2GM20, 3GMI0 0.0268-00346 068088
3HMIS 0026000339  0.66-0.86
Piston Rings
Ring to Groove Clearance
First Compression Ring 0.0026-0.0030  0.085-0.10
Second Comprassion Ring 0.0014.00028  0.035-0.070
Qi Ring Groove G0008-0.0022  €.020-0.055
Ring End Gap 0007900157 0.20-0.40
Connecting Rad
Twist 0.00118 0.03
Parallelism 0.00315 0.08
Crank Pin Bushing
Inside Ciameter
1GM10, 2GM20, 3GMAD 1574815787 40401
3HM3S 1732317382 A4-44 10
Qil Clearance
1GM10, 2GM20, 3GM30 0.0011-00034  0.028-0.085
3HM35 0.0014-0.0037 0.036-0.095
Side Ciearance 0.0079-0.0157 $.2-0.4
Crankshaft
Main Journal Diameter
Gear Case Side
1GM10, 2GM20, 3IGM30 1.7303-1.7309 43.984-42.95
IHM35 1.8484-1.8490 489644695

Intermediate Bearing
1GM10, 2GM20, 3GM30
3HMA5
Fiywheal Side
1GM10, 2GM20, 3CM30
3HM3S

Connecting Rod Joumal Diamater
1GM10, 26M20, 3GM30
3HMIS

QOut of Round

Main Journal Qil Clearance
Gear Case Side
Intermadiate Baaring
Flywheel Side

Connecting Rod Journal Oif Clearance
1GM10, 2GM20, 3GM3D
3HM35

Crankshaft Bend

End Clearance
1GMI0
2GM20, AGM30
3HM35
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1.7303-1.7308  43.964-43.95
1.8484.1.8490 46.964-46 95

2.3602-2.3608  55.964-59.85
2.5571-2.5576 64.964-64.95

1.5726-1.6734  39.964-39.95
1.7303-1.7300 439644395
0.0004 0ot

0.0014-0.0037  0.036-0.095
0.0014-0.0037  0.036-0.095
(0.0014-0.0037  0.036-0.095

0.0011-0.0034  0.028-0.086
0.0014-0.0037  0.036-0.095
0.006 0.015

0.0024-0.0075  0.06-0.19
0.0035-0.007%  0.094.19
0.0035-0.0071  0.09-0.18
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Engine Rebuilding Specifications - 1GM10, 2GM20, 3GM30 and 3HM35

Component Standard (in.) Metric {mm)
(Camshaft
Vaive Head Clearance 0.0079 02
Valve Events
Intake Open 20 deg.BTDC
Intake Close 80 deg. ATDC
Exhaust Open 50 deg. BTDC
Exhaust Closed 20 deg. ATDC
Lift
1GM10 1.1417 29
2GM20, 3GM30, 3HM35 1.378 35
Camshalft Bearing
Clearance 0.0020-0.0039  0.030-0.100
Backlash 0.0031-0.0062  0.08-0.16
Valve Tappet
Diamneter 03937 10
Tappet to Bore Clearance
1GM10 0001000024  0.025.0.060

26M20, 3GM30, 3HM3S

0.0004-0.0016  0.010-0.040

Pushrods
Length
1GM10 56299 143
2GM20, 3GM30 53543 136
IHM35 6.7323 171
Pushrod Bend 0.00118 max .03 max
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Engine Rebuilding Specifications - 4JHE, 4JH-TE, 4JH-THE, 4JH-DTE

Component Standard (in.}  Metric fmm}
Cylinder Block
Cylinder Bore
Diameter 3228332235  B2-82.03
Roundness 0-0.0004 HEH]
Block Distovition 0.002 0.05
Cylinder Head
Distortion 0.002 0.05
Seat Width 0.06969 1.77
Intake 0.0504 128
Exhaust 00687 177
Seal Angle
Intake 30 degrees
Exhaust 45 degrees
Valves
Valve Recass 0015700236 0.4-0.6
Valve Stem Diameter
Intake 0.31340.3140  7.960-7.975
Exhaust 0313203138 7955-7.970
Valve to Piston Clearance 0028000350  0.71-0.89
Valve Guides
Inside: Biameter
Intake 0315403159 8.010-8.025
Expaust 0.3156:0.3161 80158030
Valve Spring
Free Length 1.748 44 4
Installedt Height 1.5748 40
Pressure at Installed Haight 2648 Ibs
Valve Clearance
Intake and Exhaust 0.0079 0.2
Pistong
Qutside Diameter 3225232263 81928195
Pin Bushfng Inside Diameler 1.1033-1.1039 28025-28038
Piston Pin Outside Diameter 1.1019-1,1024 27.99-28
Pin {o Bore Clearance 0.00000002 0025-0.051
Piston Rings
Ring to Groove Clearance
First Comprassicn Ring 0.0027-0.0039  0.070-0.10
Second Compression Ring 0.0013-0.0027 00350070
Gil Ring Groove 0.0011-0.0023  0.030-0.060
Ring End Gap
First Ring 0.0098-0.0157 0.25-0.40
Second and Third Ring 0.0079-0.0157 0.20-0.40
0.0079-0.0157 0.20-0.40
Connecling Rod
Twist 0.0019 0.05
Side Ciearance 0.0079-0.0157 0204
Crankshaft
Main Joumal Diameter 1.9666-1,9670 49952-43 962
Main Joumal Oif Clearance 0.0014-0.0036  0.038-0.033
Out of Round 0.0004 .01
Connecting Rod Jeumal Diameter 1.8878-1.8882 4795247962
Connecting Rod Journal Off Clearance 0.0014-0.0036  0.038-0.093
Crankshaft Bend 0.0012 0.03
End Clearance 0.0035-0.0106  0.080-0.271

THT7E
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Engine Rebuilding Specifications - 4JHE, 4JH-TE, 4JH-THE, 4JH-DTE

Component Standard {in.)  Metric {mm)
Camshaft
Valve Events
4JHE
Intake Open 10-20 deg. BTDC
Intake Close 48-58 deg. ATDC
Exhaust Open 51-61 deg. BTDC
Exhaust Closed 13-23 deg. ATDC
4JH-TE, 4JH-HTE, 4JH-DTE
tntake Open 26-36 deg. BTDC
fntake Close 38-48 dag. ATDC
Exhaust Open 49-59 deg. BTOC
Exhaust Closed 29-38 deg. ATDC
Lift
Intake 1.5220-1.5251 38.66-38.74
Exhaust
4IHE 15220-1.5251 38.66-38.74
4JH-TE, 4JH-HTE, 4JH-DTE 1.5299-1.5330  38.86-38.94
Camshaft Bearing
Clearance
Gear Case Side 0.0015-0.0049  0.050-0.100
Intermediate 0.0025-0.0045  0.065.0.115
Flywheel Side 0.0019-0.0039  0.050-0.100
End Gap 0.0019-0.0079  0.05-0.20
Deflection 0.0007 0.02
Valve Tappet
Diameter 0.4714-0.4720 11.975-11.990
Tappet to Bore Clearance 0.0003-0.0016  0.010-0.043
Pushrods
Length 7.0177-1.0374 1782517875
Pushrod Bend 0.0011 max 0.03 max
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Engine Rebuilding Specifications - 4JH2E, 4JH2-TE, 4JH2-THE, 4JH2-DTE

Component Standard (in.)  Metri¢ {mm)
Cylindet Block
Cylinder Bore
Diameter 3.2283-3.2295  82-8203
Reundness 0-0.0004 $-0.01
Biock Distoritian 0.002 005
Cytinder Head
Dislortion 0002 0.05
Seat Width 0.06969 177
Intake 0.0504 1.28
Exhaust 0.0697 1.77
Seal Angle
Intake 30 degrees
Exhauist 45 degrees
Valves
WValve Recess 0.0157-0.0236 0406
Walve Stem Diamnater
Intake 0.3134-0.3140  7.960.7.975
Exhaust 0.3132-0.3138 79557970
Vaive to Piston Clearance 0.0280-0.0350  0.71-089
Valve Guides
Inside Diametar
intake 0315403158 8.010-8.025
Exhaust 0.3156-0,3161  8.015-8030
Valve Spring
Free Length 1.748 44
Installad Haight 1.5748 40
Pressure at Installed Height 26.461bs
Valve Clearance
Intake and Exhaust 0.0079 a2

Pistons

Quiside Diameter

Pin Bushing Inside Diamates
Piston Pin Outside Diameter
Pin to Bore Clearance

Piston Rings

A2252-3.2263  81.92-81.95
1.1033-1.1038 28.025-28.038
1.1049-1.1024  27.99-28
0.0009-0.002  0.025-0.051

Ring to Groove Clearance
First Compression Ring
Second Compression Ring
Qlf Ring Groove
Ring End Gap
First Ring
Second and Third Ring

Connecting Rod

0.0027-00039  0.070-0.10
0.0013-0.0027  0.035-0.070
8.0011-0.0023  0.030-0.060

0009800157  0.25-040
0007900157  0.20-04G
0.0075-0.0157  0.20-040

Twist
Side Clearance

Crankshaft

.09 0.05
0.0078-00157 0.2-04

Main Journal Diameter
Main Journal Oil Clearance
Out of Round

Connecting Rod Journal Biametsr
Connecting Rod Journal Oil Clearance

Crankshaft Bend
£nd Clearance
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1.9666-1.9670 49.952-49.962
00014-00036  0.038-0.003
0.0004 0.09
1.8678-1.8802 47.952-47.962
0.0014-0.0036  0.038-9.083

0.0012 0.03
0.003500106  0.090-0.271
ST
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Engine Rebuilding Specifications - 4JH2E, 4JH2-TE, 4JH2-THE, 4JH2-DTE

Component Standard {in.) Metric {mm)
Camshatt
Valve Evenis
4JHZE
Intake Open 10-20 deg. BTDC
Intake Close 48-58 deg. ATOC
Exhaust Open 51-61 deg. BTDC
Exhaust Closad 13-23 deg. ATDC
4JH2-TE, 4JH2-HTE, 44H2-0TE
Intake Open 26-35 deg. BTDC
intake Close 38-48 deg. ATDC
Exhaust Gpen 49-59 deg. BTOC
Exhaust Glosed 29-39 deg. ATDC
Lift
intake 1.5220-45251 38.66-38.74
Exhaust
4JH2E 15220-1.5251 38.66-38.74
44H2-TE, 4JH2-HTE, 4jH2-DTE 1.5289-15330 38.86-38.94
Camshaft Bearing
Clearance
Gaar Case Side 0.00150.0049  3.080-0.100
Intermediate 0.0025-00045 0.0650.115
Flywheel Side 0.0019-0.0039  0.050-0.100
End Gap 0.0019-0.0079  0.05-0.20
Deflection 30007 0.02
Yalve Tappaet
Diameter 0.4714-04720 11.975-11.990
Tappet to Bore Clearance $.0003-0.0016  0.010-0.043
Pushrods
Lsngth 7.0177-7.0374 178.25-178.75
Pushrod Bend 0.0011 max Q.03 max
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8-2 TRANSMISSIONS

TRANSMISSIONS '

General Information

In fo transfer the power of an inboard engine to the propeller and
then propel the boat, some sort of fransmission is required between
the engine and the propeller shaft, With the exception of jet drive
units, propulsion force is usually provided by a propeller located at
or near the stern. Since the power of the engine may not be of the
amount or type the propelier needs and in order to provide forward,
neutral and reverse gears, a fransmission is necessary.

in the conventional installation, the propeller is trying to foice
itself forward, together with the propeller shaft, intg the boat. Simi-
larly, when backing, the propeller and shaft are pull away from the
boat. These forces, or thrust loads, must be absorbed by the trans-
mission and hence thrust bearings are usually provided. If a thrust
bearing is not a part of the fransmission, it must be provided sepa-
rately, While separate thrust bearings and housings were once fairly
common, they are seldom used in most boats simply because
thrust protection is built into most modern transmissions.

In addition to thrust protection and directional control the marine
transmission may also serve to change the drive ratio between the
enging and the propeller. While many boats can get by without vary-
ing the propeller shaft speed in relation to engine speed, other
boats will require a reduction gear that will reduce the propefier
shaft speed from that of the engine speed in order to multiply the
torque available at the shaft, The ability of the transmission to pro-
vide this change in propelter shaft rpm is important in order to use
the most efficiently sized propeller.

Generally, the smaller, lighter and faster a boat is, the smaller the
reduction gear ratio. Small runabouts and cruisers often will not
require a reduction gear singe high rpmwill be desirable at the pro-
peller. Consequently, engines aboard such boats will have direct
drives turning at a 1:1 ratio, Many boats require even less than a
direct drive gear, in which case an overdrive or step-up gear ratio is
required. In these cases, the propeller shaft will be driven at 2
higher speed than that provided by the engine. Such boats, how-
ever, are usually of the high speed sport or compelition craft with
very fast turning prapellers.

Transmission Types e

# See Figures 1 and 2

= GM series englines are usually mated to Yammar transmissions,
while transmissions on JH series engines are at the diseretion of
the hoat huilder.

The Yanmar diesel engines covered in this manual come
equipped with three types of iransmissions; straight drive, angle
drive, and V-drive. Although they are different in design, their pur-
pose is univarsal—to provide power from the engine to the pro-
petler shaft at the proper speed and direction.

Yanmar includges transmissions of all three lypes with their
engines, and in some cases, the transmissions can be interchanged
from one model to ancther, However, the transmission in your ves-
sel was most likely specified by the boat builder, and custom fitted
to the boat,

In most cases, retrofitting a different type of transmission would
require extensive modifications to the engine maounting. Even fitting
another transmission of the same type can cause problems, since

TASTERIG
Flg. 1 On the case of each transmission, important information
is included on the nameplate

BATEPN

Fig. 2 A ¢loser look at the nameplate. Netice the oil type and
quantity are included, along with the model number and gear
ratio

the gear ratios are tailored for the engine and propeller for maxi-
mum efficiency.

As with any instaliation, below deck guarters and the size and
shape of the hult will dictate the location of the engine. in most
casss, the engineer who designed the boat will have specified
engine and transmission type and location in the hull before the
boat is aven buili.

STRAIGHT DRIVE

The most common transmission found on Yanmar engines is a
hasic straight drive transmission. The output shaft on a straight
drive fransmission is inling with the crankshait of the engine, hence
the name.

The main drawback of a siraight drive transmission is the angle in
which the engine must be mounted to align with the propeller shaft.
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Wher: the engine is mounted on an anghe, it occupies more space
than if it were mounted level with the hull. The angle {unless exireme)
hias little effect on the ability of the engine to operate properly.

Another potential drawback of a straight drive transmission is
that it requires that the engine be located further forward in the bull
to compensate for the angle of the propeller shaft. Of course this
angle also depends on the shape of the hull.

Quiweighing the drawbacks, straight drive transmissions are
simple in construction, contain few moving parts, and are very refi-
able and trouble-free. Other than changing the oil and adjusting the
shifter cable(s), straight line transmissions are virtuatly indestruc-
tible.

Yanmar supplied straight drive transmissions include:

« KBW10A, KBW10D, KBW10E

+ KBW20

« KBW21

s KH-18

o KM2-A, KM2-C, KM2-P

o KM3-A, KM2-C, KM3-P

« YP-7TM

« YP-10M

ANGLE DRIVE

Angle drive transmissions are also quite common with most Yan-
mar engines. Angle drive transmissions are not easily distinguished
between straight drive transmissions, until a closer look at the rela-
tionship between the output shaft and the engine reveal a slight dif-
ference in angle.

In many cases, the slight titting of the output shaft on an angle
drive transmission is enough o aliow the engine to be mounted
leve! with the hull. If the engine is not mounted level with the huli,
the mounting angle of the engine is at least reduced from the angte
of the transmission,

The construction of an angie drive transmission are very similar
to a straight drive unit. The tilted output shaft of the transmission is
achieved by using beveled gears on the output shaft. Angle drive
transmissions typically do not contain any more moving parts than
a straight drive transmission, and are equally reliable and trouble
free.

Yanmar supplied angle drive transmissions include the KM4A.

V-DRIVE

With this fype of transmission, the engine is essentially installed
backwards (the flywheel faces the bow) and the propellar shaft runs
underneath the engine, and attaches {o the transmission. A V-trive
transmission allows the engine to be located further astern, allowing
for more usable space below deck,

Mechanically, V-drive transmissions are more complex than
their straight drive and angle drive counterparts. The construc-
tion of a V-drive transmission combines the design of a straight
drive unil combined with the beveled gear design on an angle
drive.

As with any engine installation, there are both drawbacks and
advantages to a V-drive transmission. Although the shape of the
transmission allows the engine to be Iocated further astern, the
engire also must be mounted higher in the hull to allow for the pro-
peller shaft underneath the engine.

Yanmar supplied angle drive fransmissions include the KM3V.

Transmissien Assembly

REMOVAL & INSTALLATION

# See Figures 3 thru &

Removal of the transmission can be a simple prosedure, or a
lengthy, difficult task depending on the design of the boat, instatla-
tion of the engine and propeller shaft, and the available space in the
engine bay.

The procedurs listed here is generic, and should only be used as
a guideline for transmission removal. Since every boat is con-
structed differently, and engine installation unique, specific proce-
dures cannot be given, Some removal procedures may require the
use of hydraulic jacks, or ratchet pulleys. Use the steps listed as a
“checklist” for removing the transmission from your engine.

1. Assess the amount of room available for transmission
removal and installation. Before removing any fasteners, you will

U5TIFER
Fig. 3 Some transmissions have oil coolers that must be discon-
nected for removal of the transmission

T40TEPRS
Fig. 4 In some cases, it may be necessary to remove table or
wirs brackets for removal of the transmission
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Fig. &5 YP7M and YP10M transmigslons used on some (M series
engines use 4 clutch mechanism that attaches to the flywheel

Fig. 8 Lightly grease the splines on the input shaft before instal-
lation

A497arTE
Fig. & The transmission can he removed from the engine hy
removing the bolis argund the flywheel housing

il ot o k =

- " g
Fig. & When installing the fransmission, it may ha necessary to
rotaie the inpat shatt {ar flywheel) slightly for the splines to

align

(RYFEPOE
Fig. 7 Onca the transmission is removed, the input shaft seal
can be replaced if necessary

need ta condirm that the transmission can be removed from the
engine and fifted from the engine bay. [n most cases, the boat
builder engineered reasonable access to the engine and fransmis-
sion for servicing. However, it may be necessary to remove some
fixtures and other components to allow for the transmission to he
remaved from the engine bay of the boat.

2. Remove any compoenents that would hinder with removing
the transmission from the enging bay.

Once you've assessed the feasibility of removing the transmission,
remove the necessary components in and areund the enging bay to
allow enough clearance for removal.

3. Remove the oil from the transmission. Although not neges-
sary, a small amount of weight can be saved by evacuating the il
from the transmission Gefore litting it from the engine bay.

4. Disconnect the control cable(s) and other connections from
the transmission. Before getting started on removing the transmis-
sion from the engine, disconnect the shifter cable(s) and/or linkage
from the fevers. Alsg, on some transmissions, an oil conler may be
used. Make sure to drain the coolant or water and disconnect the
hoses from the transmission.
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8-6 TRANSMISSIONS

5. Disconnact the output coupling from the propelier shait. This
procedure can vary in difficulty depending on what components the
boat builder used to connect the propeller shaft to the output shaft
on the transmission. In most cases, simple loosening or removal of
fasteners is ail that is required to disconnect the propelier shaft from
the transmission. Rigid couplings are typically boited together; sim-
iy removing the bolts will separate the coupling. Other couplings,
like rubber flex and two-pisce collar types may be more difficult to
disconnet, Consult the boat manufasturer for more information if
necessary.

6. Loosen or disconnect the engine/iransmission mounts. Dis-
connecting or removing the engine and transmission mounts
depends an the mounting of the engine in the tull, and the need for
sufficient Glearance between the disconnected propeller shaft and
the transmission. Most transmissions need about 3 inches of clear-
ance o aliow the input shaft of the transmission 1o be drawn from
the flex plate on the flywhesl. Some older QM serigs engines
equipped with YP-7M and YP-10M transmissions may require up
to 12 inches (or more) of clearance between the propeiler shaft and
output shaft of the transmission in order fo clear the clutch assem-
bly that s helted to the fiywhesl. If your propeller shak can be
pushed toward the stern after it is disconnected from the transmis-
sion, lilting the engine may not be necessary. (Make sure the stuff-
ing box does not leak if the boat is in the water)) I the propeller
shaft cannot be moved, the engine must be tilted or moved forward
to allow the transmission to be removed from the engine. it may bs
necessary to complstely disconnect the engine mounts in order to
avold bending or distorting them. Make sure to support the engine
safely.

Use EXTREME caution when lifting the engine or transmission.
¥ you are unsure of the method you have chosen to support or
suspend the engine or transmission, do NOT continue until an
experienced marine mechanic has confirmed your method is
safe. The weight of an enpine or transmission can cause serjous
bedily injury if dropped,

7. Remove the tolts that secure the transmission to the enging,
Oncs sufficient clearance has been obtained to remove the trans-
mission from the engine, remove the bolts that attach the transmis-
sion to the engine. Make sure to support the transmission when
removing the bolts. Start with the lower bolts first, and leave the
top two of three in place until the transraission is ready to be
removed.

8. Remove the transmission from the engine. Befare removing
the upper bolts, make sure the transmission is secure (having

helpers hold the transmission steady is recommended) while the
remaining holts are removed. Once all the bolts are remaved, care-
fully pul} the transmission straight back, allowing the input shaft of
the transmission to disengage from the damper disc on the fly-
wheel. Once the transmission is free, lift it from the engine bay. Of
the three types of transmissions Yanmar supplies with its engines,
a V-drive is the heaviest. One strong individual will likely be able
to {ift the transmission from the engine bay unassisted. But for
safety'’s sake, always use two or more people te lift the transmis-
sion.

To install a transmission, the steps can simply be reversed. How-
ever, there are some important steps that must be performed when
instatling a new transmission.

9. Apply a light coating of grease to the input shaft ori the trans-
misston to allow the splines to align with the damper disc on the
flywheel. It may be necessary to slightly rotate the engine or input
shaft to allow the splines to come into alignment.

10 The output shaft an the transmission MUST be aligned with
the propeller shafl. For more information on this prosedure, refer to
the Powertrain Instailation & Alignment section of this manual.

11. The control cables or linkage may require adjustment after
installation. Be sure to adjust them accordingly.

12. Make sure oil is added to the transmission before the boal is
operated.

ADJUSTMENTS

in most cases, the cables or linkage that control the transmission
are the culprit for a "bad” transmission. Failure of the transmission
to operate properly may be something as simple as a broken or
stretched cable. Always check that the linkage from the remote con-
trol is operating and adjusted properly. Reler to the “Remote Con-
trol” section of this manual for more information.

OVERHAUL

# See Flguras 10 thro 17

Due ta the amount of special tools and equipment necessary for
proper overhaul, procedures for transmission disassembly are not
provided it this manual. A transmission repair or overhaul is betier
left to a qualified repair facility that is equipped with the special
tools and other necessary equipment.

Most often, exploded views are used to understand the function
of the cormponents of a transmission, By viewing the inner workings
of a transmission, a better understanding of the flow of powsr
through the gears can be achieved,
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9-2 POWERTRAIN INSTALLATION AND ALIGNMENT

POWERTRAIN INSTALLATION

Sizing the Engine

Diesels are susceptible to damage from over and underloading.
When overloaded, overhealing can iead te severe engine damage.
The damage from underloading is in many ways mare harmful.
Running a diesel at high speeds with a smaH Inad due to a mis-
matched propelter or idling while charging the battery can do more
harm than mast boaters think. The latter prablem is particutarly
common on sailboaters when charging a battery or running & refrig-
erator at anchor.

An underloaded engine takes time to reach proper opetating tem-
peratures and at low speeds also tends to run unevenly. These two
factors encourage the formation of sulfuric acid in the lubricating oil
and carhon deposits throughout the engine. The cylinder walls are
likety to become glazed, piston rings will get gummed in their
grooves and all this will resulting in blow-by and a toss of com-
pression. Valves may stick in their guides, while carbon will plug up
the exhaust system. A carbon sludge will form in the oil if oil
ghange proceduras are neglected. Eventually, the sludge will plug
oil passages and lead fo total hearing failure.

=Repeated running of a diesel engine at law loads is a destructive
practice. which greatly increases maintenance costs and reduces
gngine [ife.

50 how much horsepower do you need? Well, first you have to
think about how a displacement hull {most often used in sailboats)
works.

A displacement hull is one that remains Immersed at alt times. 1t
has a pre-determined top speed (hull speed) regardiess of available
power. This top speed is gavernad by physical properties of the
waves the boat makes as it passes thraugh the water. A clean dis-
placement hull cart be driven at close to its hull speed in smooth

~water by a relatively small engine but as hull speed s approached
resistance increases rapidly and any additional speed can only be
gained by a greal increase in power.

A planing hull, on the othar hand, breaks free of the constraints
imposed by the waves it generates. A certain minimum amount of
power is required to come up to aplane. Thereafter, the boal’s top
speed is at least in part related to available power.

Various formulas have been derived for defermining the horse-
power requirements of displacement. The formutas witl enable you
to take into account the effects of a foul bottom, wave aciion, head
winds and other factors.

=Only in exceptional circumstances will you find that a displace-
ment hull requires more than .002 horsepowar per pound of full
loaded boat,

Horsepower in most engine manufacturers” specifications are
measured before adding the transmisston, any reduction gears or
the propeller shaft. This is known as the engine’s Brake Horse
Power (BHP). However, the true measure of an engines muscle is
the power available at the propeller, otherwise known as Shaft Horse
Power (SHP).

As boats get bigger and mare fuxurious, the effect of belt-driven
auxiliary equipment is often of more concern. The DC loads on
boats are steadily increasing as boat ownars add more and more
gadgets. In order to keep up with this increasing load, the tendency
is to install optional alternators-130 amp and 160 amp models are
becoming guite common. At fulf load, these alternators rob mare

than 2 horsepower from an engine. Engine-driven refrigeration com-
pressors can make similar demands,

On large enqgines, the impact of such loads is smalf, but on a
sailboat with a small auxiliary engine, the load will be great and
must be taken into account. Every horsepower absorbed by auxiliary
devices is lost at the propeller shaft,

In extreme cases, the engine size may need to be increased to
compensate for these losses. When comparing manufacturers' spec-
ifications, you must differentiate between an engine’s horsepower
rating between continuous duty and intermittent duty. An intermit-
tently rated engine is dasigned to be operated at full power only for
limited periods of time.

=A consultation with the engine manufacturer should always be a
part of sizing an engine for a patticular boat.

Engine Room

LAYOUT

The overall layout of the engine room is plannad for easy inspec-
tion, servicing and handling of the engine, front power take-off and
auxiliary machinery. Allow space for the fusl tank, battery and sea-
cock and their related piping, wiring and remote controt cables.
Thoroughly study ali equipment and devices to be installed, consult
with the boat builder draw up a plan to provide optimum engine
room space. The following conditions should be met.

VENTILATION

When the engine room temperature rises after Jong operation, the
air intake volume decreases (as air is heated, its volume expands
oxygen gets thinner), adversely affecting combustion, raising
exhaust gas temperatures, increasing axhaust gas density and low-
ering harsepower. Accordingly, it is important to feed fresh air fo the
enaine room through proper ventilation.

= Temperature of the engine Intake air at the inlet of the intake air
cleaner should not exceed 113°F (45°C).

Air Ducts
# See Figure 1

The simplest ventilation is made by the intake and exhaust air
ducts. An air intake cover is attached at the aperture end of the
intake air duct to receive the air while the baat is cruising. The
intake air from the duct is released near the engine’s air inlet. Proper
arrangements must be made to prevent seawater from entering the
inlet of the dugt.

For ventilation using ducts enly, install both inlet and outlet
ducts. However, If the engine room is not completely closed, it is
sufficient only to install an inlet duct and to use the enging room
door or window as the air oullet.

Attach the exhaust duct at the lowest passible position eppaosite
the intake duct. Place the duct end in the open air outhoard. The
duct pipe should be as short as possible. Avoid bending as much
as possible.

=|f the temperature of the enging room cannet be lowerad, use a
larger diameter duct pipe or increase the number of pipes.
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Air intake, water separator{fres area)

. Doubie air pipes

. Sound baffle (insulation)

. Sound insulated engine room

. Qutlet for ventilating air. Free area same as 1
. Sound insulated hatches

DU RN

iz o i)

Fig. 1 Typlcal fayout of air ventilation ducis for maring engines

490602

Fig. 2 Typical instaitalion of an inducted ventilatian fan

Electrical Draft Fans
# See Flgure 2

There are two ventilation methods of this type; the forced draft
fan (attached to the intake duct side) system the induced draft fan
(attached to the exhaust duct side) system, In both cases, use a fan
wathin the rated capacity of the electrical equipment,

When ventilation is by draft fans only two draft fans with the
same capacity are used for the inlet and outlet. When ventilation is
try draft fan and duct the draft fan shoutd he used for the outlet.

Engine Bed (Stringers)

The typical inboard installation uses engine stringers to take the
load of the engine and distribute it to the hull. In most boats, the
engine stringers are part of the structure and are already instalied. If
a boat is to be repowered and a change Is required in the engine
stringers, the previous insfallation can be used as a guide. If build-
ir}g a new boat, the engine stringers are usually detailed on the
plans.

Materials used to make the engine stringers will vary depending
on the hutl construction material and other fastors, Wood is used
for engine stringers on most wood and plywood hoats, while wood
may also be used in fiberglass boats, efther in the same way as they
are used in wond heats bonded and fiberglassed into the hull, In
some cases, special foarm and fiberglass engine stringers a molded-
in grid, may be provided for mounting engines in a fiberglass hull,
With metal boats, the engine stringers (or faundations) are usually
of the same material as the hull and designed as an integral struc-
fure.

In alt boats, the engine stringers musl be rigidly and strangly
installed. Rolling, pitching, slamming, thrust 1orque forces can
cause tremendaus loads to be exerted onto these members as well
as onto the hull structure itself. Steel plates or angles are often used
on fop of wood and fiberglass stringers for additional strength,

The spacing of the engine stringers must match that of the
enging used. If the engine will be mounted directly to the stringers,
they must have the same center-to-center spacing as the engine
maunts. If the engine will be mounted to an engine bed which will,
in furn, 8 mounted t¢ the stringers, the stringers must be spaced
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9-4 POWERTRAIN INSTALLATION AND ALIGNMENT

far engugh apart to allow clearance for the enging mounts to fit
between them. In seme cases, it may be necessary to cut away a
partion of a enging stringer to allow clearance for some part of the
enging.

= fny stringar that has been cut away must be reinforced.

ENGINE INCLINATION

# See Figure 3

The maximum permissible engine installation angle is the angle
of the crankshaft cenler ling to the water line when the hull is at rest
in the water. Propulsion efficiency decreases with larger engine
installatien angles (larger propeller shaft angles).

=Whan the engine inclination angle is large, air may be sucked in
by the lube ol| pump causing serious enpine damage. This may be
a problem when installing angle and V-drive transmissions.

The propeller shaft angle varies according to the hull shape or
engine installation arrangement, The propedler center ling, however,
shouid be more than one propeller diameter beneath the water line.
When the propeller shait angle is farge, ihere is a farge output and
boat speed loss.

CONSTRUCTION

# Soe Figures 4 and 5

Use a level to place the boat on the horizontal (in both the bow-
stern and port-starboard directions). When determining the enging
bed's dimensions, full consideration must be given to the stress
caused by the propeller’s propulsion and reaction force, the engine's
torque and hoat cruising requirements. To distribute the foad, make
the contact area of the bed and mounts as large as possible. The
engine bed must be attached firmly to the hull. Reinforce the front
and rear of the bed. Alsg provide reinforcernent every 20 in.
{(500rmmy) in between.

it is not advisable to balt the L-shaped angle to the enging bed.
Use it as illustrated and attach it carefully to maximize the horizontal
equilibrium of the engine bed.

BED DIMENSIONS

# 3ee Figure 6

Determine the engine bed dimensions {including the dimensions
of the engine mount) by looking at the manufacturer's specification.
Ensure sufficient contact area for the engine mount,

gl IE’_':'F.i“..?""'_Sta"aﬂ"“

Water line —_— — - angle

Propeller }

shaft angle 497G 03

Fig. 3 The maximum amaunt of engine inclination is 15° with
the hull static in the water. Propeller shaft angle should be 8%or
less

D40F0G0S
Fig. 5 It is not advisable to bolt the L-shaped angle to the
engine bed

RETHGOE

Flg. 4 The engine bed must be attached firmly to the boll and
supported every 20 inches

Engine mount
g Engine bed

| { Ijex. mount) J{ /I/ J

OO s R P
e T P | T
- 1

Fig. 6 For the dimension of the engine oulline and engine mount
speciticallons, refer to the engine manufacturer’s specifications

for your particular engine
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iINDENT OF ENGINE BED Lock nut

¥ See Figure 7 Spring washer

When fabricating the engine bed, be sure to leave a 1 in. {25mm})
or farger clearance between the enging bed and the powertrain. In
addition, be sure {o leave a 1 im. (25mm) ar larger clearance
between the hull bottom and the powertrain, Measure these values
with the adjusting nuts of the flexible mount brought down to their
lowest pont, where they make contact with the fixing nuts of the
stud bolts.
=The use of flexible engine mounts for 100 many hours makes the

rubbet lose its tension. This reduces the clearance and may cavse
interference hatween the engine and the hull hottom.

Jack nut

Rubber mount

Height
adjustment nut
Flex. mount

" Identification No.

More than 25 mm

Should be more than 25 mm
(A975H07
Fig. 7 A clearance of 1 in. (25mm) or more should be left
between huil and powertrain. This clearance should also be
observed belween the engine bed and the powerlrain

Rear side {Marine gearbox)
LLETv L
Engine Mounts _ .
. Fig. 8 Be sure to uge a flexible enging mount for the installation
¥ See Figures 8 thru 13 of evary Yanmar engine madel. Never install the engine directly

Be sure to use a flexible engine mount for the installation of on the engine bed

every Yanmar angine model. Never install the engine directly on the
engine bed. The use of a flexible engine mount reduces vibration
and noise by absorbing the vibrations at the couplings between the
engine and the engine bed. When using flexible engine maunts,
don't forget to make allowance for the exhaust, fuel oil and cooling
water piping.

~The dimenslons for both front and rear-side flexible engine
mounds are identical. However the rubber elastic modius s differ-
ent for frant and rear, so be sure remember their numbers.

The illustration shows the vibration transmission rate and the
engine amplitude rate in relation fo the engine speed. Lowering the
spring constant lowers the resonance point. In the engine's opera-
tional range, the vibration transmission rate (engine amplitude rate)
is kept at under 0"

The target value for hull vibration with the use of Yanmar flexible
engine mounts is 80 dB in the engine’s operational range. This tar-
get value has already been established by sea trial tests. 80 dB 7
vibration s the same level of vibration as in a normal passenger car. DABTHFTY

The decrease of sach 6 dB of vibration reduces the previous vibra- Fig. 9 On Yanmat diesel engine, the front flexible engine
tions by half. ) mounts . . .
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9-6 POWERTRAIN INSTALLATION AND ALIGNMENT

i
Fig. 10. . . appear the same as the rear, hut they are differant.
Take care to note part numbers when installing

Qnily the engine is moved
{with the propeller shaft as the central axis.}

The center of the propeller
shaft does not vibrate.

DAGTAGED

Fig. 13 Flexible engine mounts are designed to make vibration
amplitudes small in the engine’s operational range

TGP

Fig. 11 A properly mounted engine skting In an engine bed

< Operational range >

8
= L Yanmar fiexible mount
@
E /B-make maount
E - _ﬁ‘
= - .
g 10 ez SN
= ~
[ S
fim] -
3 ~-
£
<

{diing speed) Engine speed

Vibration transmission rate (engine amplitude rate)
YHYGDY
Fig. 12 Vibration transmission rate and engine amplitude rate in
relation to the engine speed

As shown in the illustration, the Yanmar flexible engine mount is
designed to make the amplitudes small in the engine’s operational
range. At the resonance point, which is encountered at both engine
starting and stopping, the amplitude may be large, but the mode of
vibration at such times is rolling, centered around the propeller
shaft. The upper part of the engine may be vibrated to a cerfain
degree, but there is almost no vibration in the propedier.

STATIC DISTORTION

¥ See Figures 14 and 15

Flexible engine mounts are compressed by the engine ioad. The
compression value varies according to the engine modal and the
postticning of the flexible engine mount, i 1s important to know this
compression value in order to make the propeller shaft hole on the
hull at the correct height above the engine bed.

To determing if the engine mounts are stili serviceable, inspect
the distance between the metal portions at the center of the mount.
When the distance is 34s inches or less, the mount should be
replaced,

DURABILITY

The rubber tension of the flexible engine mounts is lost after
many hours uss, This leads to a drop in vibration absorption perfor-
manace also causes centering misalignmendt of the propelter shat. Be
sure 10 replace the flexible engine mount atter two years.

Engine Drip Pans

i many boats is it desirable to instalt an enging drip pan under
the engine. Such a drip pan is mare common in powerboats than in
sailboats because a deep enough pan is often not possible in sail-
hoats to overcome the effects of heeling which can cause any ofl in
the pan to overflow and enter the bilge, thereby negating the pur-
pose of the pan in the first place. Drip pans can e made out of a
variety of matals such as copper or galvanized steel or can be
molded to suit from fiberglass. A drain cock is often placad in the
drip pan at the low point $o that the contents can be drained into a
container or pumped out. Insulation should be provided under the
drip pan since the vibration of the éngine can cause drumming
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engine load, should be replaced every two years

F\.—— [
[—]
|
Engine == © || .~ Engine
mount 2 mount 1
— |
b
Engine s | _» Engine
mount 4 mount 3
Transmission

B4¥rGE

Fig. 14 Flexible englne mounts, which are compressed by the

between it and the hull structure. If a drip pan is desired, it should
be installed pricr to the engine should be larger in area than the
engine itself and of ample capacity.

Engine Couplings

# See Figures 16 and 17

For flexibly mounted engines, a flexible coupling is a must since
the engine must be ailowed to float free (i.e. vibrate). However, a
proper flex mounted setup needs another consideration. The pro-
peller shaft should not be rigidly mounted in such a sitvation, as
this will cause the rigid bearing to wear out since there will be no
way to absorb any of the vibration transterred to this point along the

Flexitle support
Reinforcad rubber hose

Fitted with
fluted rubber bearing

Fiexible coupling
Bracket

PRI

Fip. 16 Typical flexible coupling instaflation

shouwid be replaced.

dararm

Fig. 15 When the distance is 34e inches ar less, the mount

LS ek

Fig. 17 Examples of several flexible couplings commonly used

today
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9-§ POWERTRAIN INSTALLATION AND ALIGNMENT

shaft. To overcome this situation, a rubber water Jubricated bearing
should be installed af the end of the shaft a packing gland with rub-
ber hose {as is used with the conventional self-aligning shaft fog or
stuffing box} used where the shalt passes through the hull, Then the
movement along the shaft will be absorbed throughout the shaft. Of
course, there must be plenty of clearance in the shaft bore or shaft
tube to allow the shaft to move.

It inner and outer rigid stern bearings (two rigid shaft supports)
are used and the engine is mounted on flexible mounts, the problem
can be overcome by using two flexible couplings joined between
with a separate shaft section, While it is desirable to align the
engine carefully, such an instaliation can accept several degraes of
misalignment. One of the advantages of a flexible caupling is, that
gven though the engine may be very carefully aligred during the
grging instatlation andfor construction of the boat, the hull will
often settle or distori after some period which could cause misalign-
ment with consequent vibration and noise problems with rigid cou-
pled installations.

Instatiation with most flexible shaft couplings i3 not difficult.
The enqine is aligned in the normal way using the standard {lange-
type couplings. Once the alignment is checked, the coupling is
removed from the propeller shaft and replaced with the flexible
coupling. Since there is no metal-to-metal contact betwsen the
enging and shait with most flexible couplings, a grounding strap is
often provided across the coupling for boats with bonded electrical
systems.

Propeller Shaft

DIAMETER

¥ See Figure 18

The propeller shaft diameler recommended by Yanmar fs calcu-
lated as follows. Be sure to instalt the propelier shaft bearing within
3.9 feet (1.2 m) from the propeller shaft coupling.

Propeiler

# See Figure 19, 20 and 21

SLLSYLﬁ
Fig. 19 Three types of propeller are commonly avaiiable, the
two blade propeller . ..

_ 1 J1+Y)H
d=154 x T x‘/ S

d: Propeller shaft dia.{mm)
T. Allowabie torsional stress,
5.0 kgf/mm = Stainless steel, JIS, SUS304
10.5 kgifmm = Stainiess steel, JIS. SUS630
¥: Terque fiuctuation factor,
{(4-cycle diesel engine)

No.of Cylinder Factor
1 0.6
2 0.4
3 0.3
4 0.2
Over 6 0.1

H:Max. engine output (hp)
R: Propeller shatt revoidtions (rpm)

JE R T

SIS

Fig. 20. . . the folding propeller. . .

Fig. 18 Propeller shaft diameter calculation formula

LSI'I.21
Fig. 21 . . . and the high speed propelier. This high speed ver-
sion also has adjustable piich
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Propetler
Diameter

4

Oe\\e‘
?10 (HaT9515
Fig. 22 Select a propeller with a suitable dlameter and pHch for
the displacement of the boat, as well as for fis intended usage

Recommended dimeans:on
0 = Propeller diameter
(@) = [ x 6,12 more than
{b) = D x 0.15 rmore than

(2} o) i) = 0 x 0.12 more than
id) = D x 0.08 more than
- fe}

D=Propetler diamster

)

=

MGG
Fig. 23 The posltion of the propeller section shaft center mast
be at least one propeller diameter beneath the surface of the
water with the boat hily loaded

DIMENSIONS

¥ See Flgure 22

Select a propeller that is suitable for the size, shape and dis-
placement of the boat, as well as for its intendad usage. An
extremely small or large propeller will reduce the speed of the boat
and gverload the engine, which may lead to engine damage. It is
recommended that a propelier be selected in consultation with a
reputable dealer. However, the best way 1o make sure the propeller
fit3 the boat is to conduct a test run after installation.

POSITION (APERTURE)

# See Figure 23

The boat’s full speed will not be obtained if the spacing hetwesn
the prapelter and hull is not equal to greater than, the value given in
the figure. The position of the propeller section shaft center must be
at least one propefler diameter heneath the surface of the water with
the hoat fuily loaded.

»=Q0n the engines with flexible engine mounts, the “L” clearance
should be more than .787 in. (20mm). Shorier clearance may cause

the propeller to interfere with the boat hill on astern operations due
to the flexion of the flexible ¢ngine mounts.

MATCHING

# See Figure 24

The type of beat, hull size, hull weight and loading weight decides
the selection af a main engine for a boat. The selection of an appro-
priate propeller that maltches the oultput of Ihe main engine is very
important for the sconomical operation and durability of the engine.

When the propeller is smalt for the engine output, there will be a Toss
in both engine output efficiency and boat speed. When the propeller is
large for the engine oufput, the engine will be overloaded at full throttle.
Pralonged enging use at full throttie will cause engine trouble.

The size of the propeller is determined at the design stage of the
boat in consideration of the boat's speed and size, the shape and
weight of the hull, main enging output, the reduction ratio of the trans-
rission and the maximurn number of the crew (maximum lgading

Line of maximurn
thickness

Cross-section of

biade with round
back

Trailing edge

Expanded area rati =  Expanded area divided
by dise area

Fig. 24 Common terms used when describing a prepetler

Rake angle
Ty
eading edge
) Leading sterface or

Working bark of the blade

surface
Blade root t
thickness -] Rl

1\\“4 ------- i:}
—
TN
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9-10 POWERTRAIN INSTALLATION AND ALIGNMENT

weight). However, it is extremely difticult for a boat to be built strictly
according to the design drawings. Accordingly, the final checks of the
hoat speed, propeller matching and other aspects of boat performance
must be made by sea trials. If the boat's performance is unsatisfactory,
it can be improved by changing the propeller specifications (number of
biades, diameter, pitch, extended area ratio of blades, etc.).

It is sasier to change the propeller than the engine or the shape
af the hull.

Varigus ways exist to calculate the proper propeller size for plea-
sure boals, but there is no definitive formula. We recommend that
you consult the propeller makers.

Sea trials for estimating the foad horsepower are made by mea-
suring ihe engine’s exhaust temperaiure underload. Special measur-
ing equiprment is Lsed for the exhaust temperature. Consult with
your Yanmar dealer i planning to conduct such measurements.

Ensure appropriate propeller matching in consideration of the
following factors, keep some output in reserve:

+ |ncrease of resistance due to contamination of hull,

« [ncrease of displacement due to increase of load and crew.

« Horsepower required to drive auxiliary equipment such as a
generator or pump powered by the main engine.

« Engine de-rating factors (factors that reduce engine
ottprt)such as lack of air intake volume, excessive temperature,
excessive exhiaust back pressure or high fuel temperature.

PROPELLER MATCHING PROCEDURE

=When checking maximum engine speed underlead, also load the
auxitlary equipment drlven by the main engine.

Powertrain Assembly

INSTALLATION CHECKLIST

¥ See Figures 25, 26 and 27

={f you are huilding a new boat, it is best to install and mount the
sngine prior to closing in 1he hull with the deck. This statement
applies alsa to the installation of tanks, exhaust systems any other
compuonents that will be easier to install without the various strug-
tural units cavsing inferference.

The typical inboard engine tnstallation, together with all the
ancillary systems, takes quite a bit of planning and head scratching
it the installation is to progress in an orderly sequence, so plan
ahead. Here are some basic steps to guide you in the instalation of
your angine:

1. Prior to purchasing an engine, consult with your local dealer
or the engine manufacturer about matching an engine to your boat.
Nothing is worse than spending good money for a new engine and
having it not be able to do what you expect,

It is possible o find it the propaller is too farge for the engine
output {the engine is overloaded) ar too small {a loss of engine out-
put) by the foilowing simple procedure during the sea trial;

1. Check the enging’s maximum speed (high idle) at no-load

a. Move the shift lever of the transmission to neutral.

b. Raise the engine speed gradually with the engine speed
contral handle {ramote control handle), moving the shift lever to
the full throttle position.

¢. Check whether the engine speed at the full throttle position
is within the no-igad maximurn speed range.

2. Refer to the no-load maximom engine speed for sach madel, If
the engine speed is below the no-load maximum engine speed
range, the probiem is due to the absence of remote control stroke or
faulty contact of the remote control cable.

3. Check the enging’s maximum speed at load

. Move the transmission shift lever to forward at the idling
speed of the engine.

b. Raise the engine speed gradually with the engine speed
control handle (remots control handle) to move the shift lever to
full throftle.

¢. Check the loaded maximum speed at full throttle.

d. Compare the engine speeds obtained with the engine speed
at maximum rating outpul,

4. Refer to the no-load maximum engine speed for each model. If
the engine speeds are within the range belwean maximum rating out-
put and no-load maximum engine speed, the propeller size is narmat.

a. If the no-load and loaded maximum engine speeds are
identical, the propeller is too small. There is unused engine out-
put in reserve.

b. H the enging speed is lower than the engine speed at maxi-
mum rating output, the propeiler is too large. The engine will be
overloaded at full throttle.

¢ Correct the situation by changing to a smaller propeller of
keeping the maximum service speed at approximately 100 rpm
below the engine speed at full throttle at all times.

Propeler shafi center ling

Fig. 25 When installing an engine in a new applieation, the pro-
peller shaft centerline must be set first

| Straight edge

04979620

Fig. 26 Use a straightedge io check that the engine hed s level
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Altemator

Stem tube

KMore than 1 in. (25 mm)

{4700
Fig. 27 Ensure there is enough clearance for the stern tube and
any accessories. Alsq ensure the hottom of the enginefransmis-
sion is at least 1 in. (25mm) from the hull

2. Make sure all engine parts and standard accessories are
included. Make yourself a checklist and check it twice. Any parts
that must be ordered during installation will delay the process and
possibly cosi you money and aggravation.

3. If the engine is being installed in 2 new boat, the propeller
shaft angle must be found. A taut string or wire can be lead through
the prop shaft hole to locate the centerling. This string ling will be
used later to reference the location of the engine stringers and/or
engine beds.

4. Instalf the engine beds using the propelier shaft as a center-
line.

5. It the engine is being installed in a new boat, install all nec-
essary accessories such as the seacock and fuel tank.

6. If the engine has not been test run at the factory, now is the
fime to run it. Gonnect waier and electrical lings to the engine. A
smail fuel tank will pravide encugh fugl for a short test. Start the
engine and check for proper operation and leaks.

7. Install the engine in the boat and roughly align it with the
propeller shaft. The engine should be dropped into the correct oca-
tion and temporarily held in position with clamps holding the
engine beds to the engine stringers.

8. Loosen the clamps and shifl the engine as requited to
achieve accurate alignment with the engine coupiing. When every-
thing is in alignment, instad! bolts the engine beds and enging
stringers. Carriage bolts are commonly used, however, other boits
may be used as long as the heads are accessible. Use at least four
34 in. bolts per member,

=t may also be necessary to align the sngine crossways. This is
usually done by slotting the engine mounting holes slightly or uging
bolts slightly smaller thae in the engine mounts.

9. Connect al! the necessary fuel, water and exhaust pipes to the
engine. Conngct all the necessary electrical harnesses, Connect alf
1he necessary control cabies.

10. Perform an overall visual inspaction of the powertrain and
hull. Did you miss anything? Fix it now!

11. Go around the engine compartrent and check for loose nuts and
bolts. Don't just feel them, put a wrench on each and every one. Pay
special attention to all electrical harnesses and control cable fittings.
Visually inspect every one for proper instailation and functionality.

12. Ensure the fresh-water cooled engines are filled with coolant,
the fuel fank is full and the seacock is open.

13. Performt a bully check on the contrel panel lighting and a
functional check of all control panel switches and gauqes.

14. Launch the boat and perform a na Ioad engine test. Yisually
inspect the cooling water scupper for proper flow, Check the engine
gauges to ensure all is functioning properly.

15. Visually inspect the pawertrain for leakage. Correct these
conditions immediately.

16. Visually inspect the color and amount of exhaust gas.

17. Listen for abnormal sounds and shut the engine down if any
exist.

18. Perform a fine adjustment of the propeller shaft-to-enging
alignment. Thig is necessary due to the settling of the hull with the
boat in the water.

19, Take the boat cut 1or a sea trial. This should be a short run
around the local area. Do not be templed to take the boat on a major
trip just vet. Remember, a tow back to the maring will cost you $125 an
hour from the time the tow boat leavas his port till the time he returns.

20. During the sea frial, slewdy bring the boat up to maximum
speed. Listen for any abnormal noise and keep checking for leaks.

21. It an exhaust gas temperature gauge is available, use it to
measure the exhaust gas temperature for engine output. This is
important to maximizing your engine output and propeller. Report
your findings to the engine and propeifer manufacturer.

22. Check the enging idle speed and full engine load and boat speed.

23. Check the huif for an abnormal vibration. Note the speed and
operating conditions where the vibration occurs. This will be impuor-
tant in diagnosing what is causing the vibraticn. Consult the “Vibra-
tion Diagnosis” section for more information.

24, After all leaks are repaired, adjustments made and inspeg-
tions complated, go out and have some fun!

25. Finally, read the beginning of the “Maintenance” section,
especially where it talks about how maintenance is cheaper than
repair. Keep a log and maintain your new enging 50 it will provide
you with vears of faithful service.

Engine Alignment

Regardless of the mounting method, the engine should be care-
fully aligned in position. The shaft should be biocked inte position
either at the shaft hole or at the shaft log position. With the seif-
aligning shaft log. there will no doubt be considerable spring in the
shatt from the stern bearing or strut. The position of the shaft
should be adjusted in such a way that it will turn freefy and not bind
at the bearing, checking carefully to assure that it is located on the
centerfine of the boat. A temporary brace can be used across the
stringers to hotd the shaft in place for alignment.

When the engine coupling is aligned to the shaft coupling, great
care should be taken. Bring the engine inta alignment to the shaft
coupling flange. Don't force the shaft to line up with the engine.
With the engine in neutral, the shaft should turn easily and
smoothly without binding. If a spot binds, check the aligrnment
again. In aligning the couplings, a .003 in. {0.075 mm) or fhinner
feeler gage should be used, Check around the entire ifange fo
assure correct alignment. If the alignment is not correct, shim, shift
adjust the mount until it is. If a feeler gage is not available, use four
strips of paper located around the flange equally spacad between
the two flange faces. Any variation in alignment will be indicated by
ihe looseness of one or more of the strips. Extra tlime spent in care-
ful alignment wiil be worthwhite in terms of smoothness and added
reliability. While somewhat tedious, the process is not really diffi-
cult. The alignment procedures are often specified by the engine
manufacturer.
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9-12 POWERTRAIN INSTALLATION AND ALIGNMENT

Many types of boats are somewhat flexible and will shape or set-
tie somewhat after being launched. An additional check should be
made of the alignment between the connecting flangss after the boat
has been faunched in the case of certain boals, at protracted inter-
vals thereafter. In larger boais, it is advisable to lsave the flanges
lonse and doa the final adjusting when the boat is in the water. Adgi-
tional checking should be made until no more change is naticed.

ALIGNMENT PROCEDURE

¥ See Figures 28 thru 32

Prepare the aiignment device as illustrated attach it to the flange
of the propeller shaft, Tumn the propeller shaft to determing its center
fine.

Attach the centering string in the centar of the propeller shaft
goupling flange. Tuin the propeller shaft and move the string up and
down at the other end until the string and the tip of the aligning
device line up. When they are completely aligned, set the string at
the other end.

~The length of the centering string must be adjusted at the other end
to allow the propeller shatt coupling flange to shift back and farth.

Itwill be easier to deterrnine the installation dimensions of the flex-
ible engine mount on the engine bed if you fabricate a jig like this:

After extending the centering string, deterrmine the engine instal-
{ation position by using the jig as illustrated. Align the propeller
shatt coupling flange quide on the jig adjust the angle of the jig and

the flexible engine mount height until the center of the string and
the jig line up.

When the center of the propeller shaft is aligned, mark the flexi-
hle engine mount fixing boit holes on the engine bed.

=When fixing the flexible engine mount Yo the jig, make the H-
dimension an intermediate one.

=-Before removing the flexible engine mounts from the jig, confirm
gach fixing position. Do not confuse front and rear left and right
positions.

Prapeller shaft
coupling surface L_

Center of the propelier shaft o
(979524

Fig. 30 This jlg can be fabricated to determine the engine
installation dimensions

Fropelier shafi coupling
bolt hole piteh circle dia.

Center ling

’. Adjustable
according to
each engine

TG

Fig. 28 An alignment tool can he tabricated to assist in the criti-

c¢al task of aligning the propeller shaft

Alignment device

Propelier shaft

Alignment device

1487620

Fig. 29 When the centeting string and the tip of the aligning
device line up the propeller shaft is centersd

Coupling ;
position guide 2

Flexible engine
mount

Propetier shaft coupling
flange

{12 e
Fig. 31 After running the centering string, determine the enpine

instailation position by using the jig as illustrated

I

Fig. 32 When the center of the propeller shafl is aligned, mark
the flexible engine mourt bolts holes an the enging bed
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CENTERING THE ENGINE

k Sge Figures 33, 34 and 35

Before connecting the transmission drive shaft to the propeller
shaft, make sure that the flange surfaces of both parts are parallel to
gach cther that their centers are aligned. Then adjust the centering
of the engine as follows. When the propeller shaft is long, place it in
the center by moving it up and down then center.

Install a clearance gauge on the propeller shaft coupling and
measure the circumference against the output shait flange face run-
aut (at four equally spaced points around the circumference).

Then lock the output shaft flange, turn the propeller shaft and dial
gauge measure the outside periphery of the output shaft flange and
adjust it to the value previously measured.

=Even when using the flexible stern tube and flexible coupling, it
is necessary to ensure the same propeller shaft centering accuracy.

ADJUSTING METHOD

b See Figures 36, 37 and 38

When the values deviate from acceptable spacifications, make the
tollowing adjusiments:

[CRRC
Fig. 33 Before connecting the transmission and propeller shaft,
make sure that the Nange surfaces. of both parts are parallel

1. For a deviation of the coupling face, adjust in both the vertical
and lateral directions.

2. For a centering adjustment in the vertical dirgction, changs the
*H” dimension by adjusting the jack-nut position.

Hotzontal dircetion  Vertitat direstion

TG

Fig. 35 Allpwable centering Is 0.004-0.012 in. (0.1-0.3 mm) off
center and 0-0.908 in. {0-0.2 mmj} out of round

Lock nut

Engine feet come {0
this position
{Piane washer)

H-dimensi

J Long hole
GG

Fig. 36 Adjust the flexikHle engine mount as illustrated 1o center
the engine

ropetler sha
: AW § )
\ y 4

Propelier shaft

DAYTGE2E
Flg. 34 Install a clearance gauge on the propellar shaft coupling
and measure the cirgumference against tha outpot shaft flange
face rur-out

Centering the coupiing

Clearance gauge

0.008 in. (0.2 mmy
(HA7IGE

Fig. 37 Clearance hetween the cobpling faces should be within
0.008 in. (0.2 mm)
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EEE e
Flg. 38 Tighten the flexlhle engine mount as illustrated so that

tire mount is firmly fixed

3. For a centering adjustment in the lateral direction, move the
lang hole side of the flexible engine mount laterally.

=The rabber flexible engine mounis are compressed with use, so
raise the jack-nut by one turn to instali the engine a little bit higher.

4, After ensuring the dimensians of both A and B, insert the
faucet of the propsller shaft coupling about haliway confirm that the
clearance between the coupling faces is withint 0.008 in. (0.2 mm).
ff the clearance exceeds 0.008 in_ (0.2 mm), readjust.

5. After finishing centering, tighten the flexible engine mount and
the engine tightening bholts and nuts.

B. After tightening the bolts, make sure that the shaft coupling
face centering has not slipped. If slipnage is found, readjust.

7. Re-check shat centering after launching when the adhering
agent is compietely hardened. If there is any change in the center-
ing, readjust,

NOISE AND VIBRATION DIAGNOSIS

Engine noise and vibration are usually indicators of a problem.
Although they are difficult to quantify, most owners know their boats
well enouqgh to hear or feel a change in the engine the second it
oecurs. Even if your experience with engines is limited, trust your
senses and investigate the problem further, Lelting it go will almost
always lead to bigger probiem in the end.

If you're having trouble locating the source of a noise or vibra-
tion, {ry using a mechanic’s stethoscope. An alternate method is to
1ise a metal or wooden dowel. By placing one end of the dowel on
different paris of the engine and the other end against your ear, you
will be able to tell which part is vibrating.

Knocking—a hard mechanical sound with frequency propor-
tional to enging rpm. Sounds like a hammer hitiing the engine block.

Knocking is usually caused by a defective injectar, excess fugl,
worn conngcting rod bearings, loose connecting 1od bolts, piston
hitting a valve, injection timing too far advanced or a loose fly-
wheel,

Rattling—one or a handful of nuts being shaken in an empty
matal can,

Rattling is usually causad by excessive valve clearances or loose
accessories.

Rumbling—a slow-speed, dull sound, like assoried rocks
heing turmed in a large drum.

Rumbling is Usually caused by a propelier shait out of balance,
worn shaft bearing, propeller out of balance, worn gearbox bearings
or worn or loose drive plate.

Squealing—sounds like a car who's fires spin causing a dis-
tinctive sound during a racing start.

Squealing is usually caused by a belt slipping, lack of piston
{ubrication or gasoling in fuel tanik.

Hissing—sounds like escaping gas. Occurs intermittently as a
piston approaches the top of its compression stroke.

Hissing is caused Dy a leaking injector washer, a leaking cylinder
head gasket o1 a leaking intake valve seat.

Cligking—a light metalfic sound that can ooour once or contin-
uously.

Clicking is usuatly caused by a starter solenoid engaging or
excessive valve clearances.

High-Pitched Whir—a very high speed zing that rapidly
increases in frequancy.

High-Pitched Whir is usually caused by a sitarter still energized
or engaged.

The causes of linear vibrations can usually be identified using
the following assumplions:

1. If the vibration cycles amplify with speed, they are probably
caused by centrifugal forces bending components of the drive
shafts. Gheck for imbalance and misalignment.

2. If the vibrations occur within a narrow speed range, inspect
equipment attached to the engine. Pipes, air cleaners, etc.

3. When vibrations peak out at a narrow speed range, the vibrat-
ing component is in resonance. These vibrations can be stopped by
changing the natural frequency of the part This is done by stitfen-
ing or softening ils mounting.

4. If the vibrations increase as load is applied, this is caused by
torque reaction and can be corrected by mounting the engine o
driven equipment more securely or by stiffening the base. Defeclive
or worn couplings can also cause this problem.

Low Frequency Vibration—componants moving and tuming
at slower speeds.

Low frequency vibrations are usuatly caused by naural reso-
nance, damaged or dirty propeller, engine misfiring, propelier shaft
coupling loose, bent propshatt or a loose flywhesi.

mSmaller enginas with 1, 2, or 3 eylinders will often vibrate vig-
lently at slower rpm. This is particularly nollceable with lighter,
engines whoss sofier mounts are optimized for the smoothest run-
ning at operating rpm. All engines have rpm bands where the vibra-
tion is greater. Oflen the vibration is more prongunced because of
poot installation.

Medium Frequency Vibration—ihe majority of vitration at a
frequency close to enging rpm.

Medium frequency vibrations are usually caused by iocse engine
mounts, engine misfiring or a loose flywheel.

High Frequency Vidration—components moving and turning
at very high speads.

High frequency vibrations are usually caused by starter stuck/
engaged or an alternator fan out of balance.
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REMOTE CONTROL HEAD 10-2
ADJUSTMENT 10-3
LUBRICATION 10-3

CABLES 10-3
INSPECTION 10-3
LUBRICATION 10-3
REPLACEMENT 10-4
ADJUSTMENT 10-4

REMOTE
CONTROLS

REMOTE GONTRC! S 10-2
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10-2 REMOTE CONTROLS

REMOTE CONTROLS

# See Figore 1

To allow the engine and transmission to be operated from out-
side the engine compartment, a remote control system is used. A
typical remote control system consists of a control head and cables.
The cables are routed from the handle {usually on deck) to the
engine compartment, and connected 10 the operating fevers on the
engine. Gable operated remote controf mechanisms are simple and
reliabls, if maintained properly.

5ide maunrec

DAt

Fig. 1 The ramote control head and cable allow for control of
the engine’s output and speed from the deck of the boat

Remote Control Head

¥ See Figures 2,3, 2and 5

Remote control heads can vary from on manufacturer to another,
but they ail perform the same function: moving the cables attached
10 the engine for proper speed and direction control,

The remote control head consists of lever{s) that push and pull
cabies with cams and other linkage inside the head. Most control
heads are ertirely mechanical and rarely fail, If a control head does
break, the reason for breakage is usually from applying excessive
force to the head. If the lever(s) on the control head require exces-
sive force to move, the likely cause is not within the control head
mechanism, but caused by impraperly routed, corroded, or dam-
aged cables.

(MG
Fig. 2 The MS iype controlier is typically used on QM series
engines (note the twin levers)

470G

Fig. 3 Example of a MT-2 iype confrol head

it should be noted that scre remote control heads may contain a
neutral safety swifch that prevents the engine from being started
unless the transmissicn in neutral. f the switch breaks, the engine
cannot be started unless the switch is bypassed. The control head
may require partial disassermbly to test and repair the problem.
Refer to the Electrical section of this boak for more information.
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Fig. 4 Example of a MV type control head

DS unig
(4970324

Fig. 5 Some larger boats may be equipped with a more complex

iwin remote control system

Neutral
{81} (82)

Forward
Remote control head

Reverse

Clamp

Cable shift travel
/ .
To engine speed To matine gear
D497 (HaZ 3
Fig. & The amount of cable travel must ceincide with the move-
ment of the lever

disassembly. However, most control heads usually can be fubricated
by simply remaoving the back cover {after it is unbolied from its
mounting) and applying grease to the pivoting and sliding surfaces.
Make sure to use a grease that is compatible with the existing
grease,

Typicalty, most of the contral cables used on boats are of the
“‘Morse” type, and use a solid wire core surrounded by a flexible
sheath. Thess type of cables are referred to a “push-pull” cables. In
most applications, cables net only move a lever when “pulled” but
also move the lever in the opposite direction when “pushed” hence
the name.

INSPECTICN

ADJUSTMENT

# See Figure 6

The most important aspect of maintaining the control head is
making sure that the movement of the lever(s) on the handle coin-
cide with the movement of the cable, and the lever that is being
operated. For instance, when the engine speed tever is placed to
the full ahead position, the engine speed lever (or governor fever)
on the injector pump should be in the maximum speed position,
Respectively, the engine speed lever on the injector pump should
be in ihe idle position when the lever on the controt head is in the
idle position. Transmissian control should operate in the same
manner.

Typically, cable adjustments are not made at the control head,
but at the end of the cable in the engine compaitment where the
cable attaches to the engine or transmission. If the threads on the
end of the cable cannot compensate for wear, the cable shouid be
replaced.

LUBRICATION

When the control head movement becomes difficult (and the
cables are found to be in good condition), the control head internals
may nged to be lubricated. Because of the many different brands
and types of control heads, detailed procedures cannot be given for

Controi cables should be inspected regularly for proper opera-
tion.

To check a cable, simply remove the clevis or cable end, and
operate the appropriafe lever on the control head. The cable should
not bind or take a great deal of eifort to move with the lever on the
control head. If the cable feels fight, it should be thoroughly lubri-
cated.

LUBRICATION

Cables that are lubricated on a regular basis will provide years of
service.

The best method for [ubricating cables is to completely remove
the cable from its sheath, Most engine speed cables can be sepa-
ratedl. To separate the cable, simply remove the pinch bolt on the
lever that retaing the cabls to the lever. The cable should also be
removed from the control head. Once the cable is completely drawn
from Tig sheath, it can be inspected, greased, and installed. Before
greasing the cable, check for rust spots on the cable; remove them
with light grade sandpaper if necessary. Then the cabie should be
greased with a Teflon-based waterproof grease, and reinstalled into
the sheath. It may be necessary to round off the end of the cable
with sandpaper to keep it from catching inside the sheath. Once the
cable is placed back into the sheath, attach the ends of the cable,
and adjust it as necessary.
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There may be rases where a cable cannot be separated, fike
some cables used for transmission cortrol. if the cable cannct be
separated, the only way to properly lubricate the cable is to remove
it from the control head, and use oil to drip down inside the sheath
until it comes oul the other side.

Once all cables are lubricated, the pivot points of the lavers that
the cables actuate should also be lubricated. The best way to ubri-
cate the cabie clevis and lever pivot points is by disassembling
them and applying grease as necessary. Also, grease the exposed
ands of the cable to prevent water from entering the sheath.

REPLACEMENT

if 4 cable is hadly corroded, kinked, or broken, it will require com-
plete replacernent. When replacing cables, it is highly recommended
that the cable be repiaced with one of the same type. This way, when
the cable is routed, there will not be any need for additional mount-
ing. The most common cause of stiff cable operation is improper
routing. The minimum radius of any bend should be 8 inches.

Another reason for replacing the cables with one of the same type
is the available stroke of the cable. The stroke of the cable is impor-
lant because the cable needs to slide back and forlh enough to
properly move the lever its confrolling. In the case of an enging
speed cable, the engine may not be able to achieve full speed
hecause the cable does not have engugh range of motion.

If you spend any length of time away from your home pott, it is
recommended that an extra set of cables be kept aboard at all
times.

ADJUSTMENT

Bracket
Clamp

MITOG0E
Fig. 8 The cievis on the end of the cahle can he used to adjust
the cable

Engine Speed Cable
¥ See Figures 7 thru 12

=(0n GM/HM and JH series engines, a spring loaded mechanism is
used on the governor lever. It is very important for the mechanism
fo be mounted in the proper direction, 6r the engine speed governor
will not functtan properly. Keep the mechanism lubricated for
proper function.

1. Place the lever on the controi head to the ahead (full speed)
position, with the engine OFF.

Engine stop cable

Retemn spring

|dte adjusier

Regulator handle

Spead control cabla

(90607

Fig. 9 QM series engine speed control and engine stop control
lever detail

Bracket

idte adjuster

Aequlator handle

THETIE05
Fig. 7 On OM models without an engine stop cable, the gngine

idle is adjusted by an adjuster mounted on a kracket

Spil pin

Spring

Circtip
470608

Fig. 10 GM/HM engine speed cahle connecting detall (nofe the
location of the spring)
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2. Gheck that the cable moves the governer lever on the injector
pump so 1t rests against the maximum speed set screw.

3. It the governor lever is not against the maximum speed set
screw, loosen the locknut on the clevis. On QM series engines.

Matal connector fitting

M5 thread

Governor lever

(3P

Fig. 11 A closer look at the connection of the engine speed cable
hardware. Note that the cable end threads into the connector

£

RGO {2 3622in.)
Control lever

DRG0

Fig. 12 JH series englne speed cable linkage detail, Mote the
connector for the cable Is identical to a GM/HM series

the clevis should be removed from the lever, adjusted, then rein-
stalled.

=While adjusting the cabla, take the opporiunity to apply a fresh
coaling of grease on the exposed portfon of the cable, and the piv-
oling poinis on the clevis assembly.

4. To adjust the cable length, turn the clevis on the cable end
threads after the locknut has been loosened.

5. The cable shoutd be adjusted 5o the governor lever rests
against the maximum speed set screw when the control head lever
is set to the full ahead (full speed) position.

6. Once the cable is adjusted, move the coniral head lever to the
idle position and check that the governar lever rests against the idle
speed set Serew.

7. Once the cable has been adjusted properly, tighten the clevis
locknut.

8. ON (M series engines, install a new cotter pin.

sk WARNING

DO NOT attempt to adjust the yovarnor laver set screws if they
are bound with wire; the factory has properly adjusted the gov-
ernor lever at the time of manufacture, and adjustment is not
necessary.

Transmission Gable
# See Figures 13 thru 19

1. Place the lever on the control head to the ahead position, with
the engine OFF.

2. Check that the cable is pulling/pushing the control lever on
the transmission control lever its maximum stroke. If you are
unsure whether or not the lever is at its full stroke, disconnect the
clevis from the fever, and try to push/pull the lever further through
its stroke. If the lever moves further, the cable may need to be
adjusted. _
~Whlie ad|usting the cable, take the opportunity to apply a fresh
coating of grease on the exposed porilon of the ¢able, and the piv-
oting points on the clevis assembly.

Ciuteh lavat

HITE1

Fig. 13 Transmission conirol cahle detail for a OM serles engine
with a YP-7M transmission
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3. To adjust the cabie length, turn the clevis on the cable end
threads after the locknut has been loosened.

4, With the locknut still oose, temporarily install the clevis and
check that the cable has been adjusted properly by checking the
relationship between the control head lever and the transmission
control lever. Also check that the cable pushes/pulls the transmis-
sion control lever to the reverse position when the centro) head
lever is placed in the full astern position.

5. Once the cable has been adjusted properfy, tighten the clevis
focknut, and install the clevis on the transmission control lever. Use
a ngw cotter pin.

To coatrol handie

Ball joint

Bracked (standard)

407512

Fig. 14 Transmission control cable mounting detail for a QM
series engine wilth a KBW10 transmission

Brachet

GAOTPTR

Fig. 15 Transmission controf cable mounting detail for a 30M
series engina with a YP-10M transmisslon

Eall joum

Cramp

BTG

Fig. 16 Transmission control cable mounting detail for a 30M
series engine with a KH-18 transmission

Clevis

(HG7EG15

Fig. 17 On some GM series engines, a special spring loaded
cahle end [ink is used to control the transmission lever

Clevis

L

Fig. 18 The transmission used on 3GM/HM series englnes uses
a solid cable end link
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GADFDGT

Engine Stop Cable
# Sea Figures 20, 21, 22 and 23

1. Place the engine stop cable in the RUN position, with the
engine OFF.

2. Gheck that the cablg is puifing/pushing the lever on the injec-
tor pump through its full stroke. If you are unsure whether or not the
lever is at its full stroke, loosen the set bolt on the cable connector,
and push the lever through the rest of its stroke.

3. If the lever moves further, hold the lever in position and
tighten the set bolt on the cable connector Do not overtighten the
bolt. Once the bolt is tightened, frold it in position while tightening
the 1ocknut,

=While adjusting the calie, take the opportunity to apply a fresh
coating of grease on the exposed portion of the cable, and the piv-
oting points on the tlevls assembly.

4. Once ihe bot is tightened, place the engine stop cable in the
STOP position with the engine OFF.

5. Check that the stop lever on the injector pump is at the end of
its stroke.

B. i the cable sheath hinders the rmovement of the lever, use the two
locknuts to reposition the sheath, and readjust the cable as nacessary.

Enging stop remate
centrol cable (option)

Flg. 20 Engine stop ¢abie mounting detail for OM series engines

pin ¢}
DN
2
Z)
Adjuster body
Lock fut
Spnng

E-ring’

MFTG
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Melal connecter fiiting
OGS

Fig. 21 Engine stop cable mounting detail for 16M engines

Brachet _

—

Metal connecior fitling

Remate contrgl cable
G20

Fig. 22 Engine stop cable mounling detaif for 26M and 3GM/HM
series engine

Fig. 23 Engline stop cahle moonting detail for JH serles engines

Engine stop remote contrel cable

Sat bolt

;//LOCR fut

~
Eh————Cable conrector
S
ki /

bz
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TESTING  5-8 VALVE ADJUSTMENT  3-37
OPEN CIRCUITS  5-8 GM/HM SERIES ENGINES  3-39
RESISTANCE 58 JH SERIES ENGINES 340
SHORT CIRCUITS  5-9 (M SERIES ENGINES  3-39
VOLTAGE 5-8 VIBRATION 9-14
VOLTAGE DROP  5-8 WATER SEPARATOR  3-20
THE BOAT'S EXTERIOR  3-33 WATER TEMPERATURE GAUGE  5-23
BELOW WATERLINE  3-33 REMOVAL & INSTALLATION  5-24
THE DIESEL FOUR STROKE CYCLE  7-2 TESTING  5-23
COMPRESSION STROKE  7-2 WATER TEMPERATURE WARNING LAMP  5-26
EXHAUST STROKE  7-3 BULB REPLACEMENT  5-27
INTAKE STROKE  7-2 REMOVAL & INSTALLATION  5-27
POWER STROKE  7-3 TESTING  5-26
THERMOSTAT  6-25 WHERE 70 BEGIN  1-2
INSPECTION  6-20 WINTER STORAGE 3-41
REMOVAL & INSTALLATION  6-26 WINTER STORAGE CHECKLIST = 3-41
TESTING  5-29 WIRE AND CONNECTOR REPAIR  5-9
TIMING GEAR COYER  7-23 : WIRING DIAGRAMS 5-32
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