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Proper service and repair procedures are vital to the safe, reliable operation of all marine engines, as well as the
personal safety of those performing repairs. This manual outlines procedures for servicing and repairing inboard
diesel engines using safe, effective methods. The procedures contain many NOTES, CAUTIONS and WARNINGS
which should be followed, along with standard procedures, to eliminate the possibility of personal injury or im-
proper service which could damage the vessel or compromise its safety.

It is important to note that repair proceduares and techniques, tools and parts for servicing marine engines, as well
as the skill and experience of the individual performing the work, vary widely. It is not possible to anticipate all of
the conceivable ways or conditions under which these engines may be serviced, or to provide cautions as to all possi-
bie hazards that may result. Standard and accepted safety precautions and equipment should be used during cut-
ting, grinding, chiseling, prying, or any other process that can cause material removal or projectiles.

Some procedures require the use of tools specially designed for a specific purpose. Before substituting another
tool or procedure, you must be completely satisfied that neither your personal safety, nor the performance of the
marine engine, will be compromised. '

Although information in this manual is based on industry sources and is complete as possible at the time of publi-
cation, the possibility exists that some vehicle manufacturers made later changes which could not be included here.
While striving for total accuracy, Chilton Marine cannot assume responsibility for any errors, changes or omissions
that may occur in the compilation of this data.

Part numbers listed in this reference are not recommendations by Chilton Marine for any product brand name.
They are references that can be used with interchange manuals and aftermarket supplier catalogs to locate each
brand supplier’s discrete part number.

Special tools are recommended by the marine manufacturer to perform a specific task. Use has been kept to a
minimum, but, where absolutely necessary, they are referred to in the text by the part number of the tool manufic-
turer. These tools can be purchased, under the appropriate part number, from your local dealer or regional distrib-
utor, or an equivalent tool can be purchased locally from a tool supplier or parts outlet. Before substituting any tool
for the one recommended, read the SAFETY NOTICE at the top of this page.

No part of this publication may be reproduced, transmitted or stored in any form or by any means, electronic or
mechanical, including photocopy, recording, or by information storage or retrieval system, without prior written
permission from the publisher.
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1-2 GENERAL INFORMATION AND BOATING SAFETY

. HOW TO USE THIS MANUAL

This manual is designad 1o be a handy reference guide to main-
taining and repairing your Yanmar diese! marine engine. We strongly
believe that regardless of how many or how few years exparience you
may have, there is something new waliing hera for you.

This manual covers the topics that a factory servics manual
(designed for factory trained technicians) and a manufacturer
ownar's manual (designed more by fawyers these days) covers. This
manual will fake you through the basics of maintaining and repair-
ing your marine engine, step-by-step, 10 help you understand what

. the factory trained lechnicians already know by heart. By using the
information in this manual, any boat owner should be able to make
petter informed dacisions about what he or sheneeds fo do fo

- maintain and enioy his/her hoat.

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

- Gan You Do If? I

if you are not the type who is prone to taking a wranch to some-
thing, NEVER FEAR. The procedures in this manual cover basic top-
ics at a levet virtually anyene will be able to handle. And just the
fact that you purchased this manual shows your interest in batfer
understanding your marine engine.

You may find that maintaining your marine engina yoursalf is
preferable in most cases. From a monetary standpoint, it couid
also be beneficial. The money spent on hauling your boat to a
maring and paying a fech fo service the sngine could buy you
fuel for a whole weskend's sailing. H you are unsure of your own
mechanical abifities, at the very lsast you should fully understand
what a marine mechanic does to your boat. You may decide that
anything other than maintenance and adjustmants should be per-
formed by a technician {and that's your cali), but know that every
time you board your vessel, you are placing faith in the
mechanic’s work ang frusting him or her with your weli-being,
and maybe your Hlg. _

It should also be noted that in most areas a fastory trained
technician will chargs an hourly rate from tha time he leaves his
shop ta the time he returns home, The cost savings in doing the
job yourself shouid be readily apparent at this point.

Where to Begin - R
Before spending any mongy on parts, and before remaving any

nuts or bolis, read through the entire procadure or topic. This will
give you the overall view of what tools and supplies will be requirad
to perform the procedurs or what questions nead to be answered
before purchasing parts. S¢ read ahead and plan ahead. Each eper-
ation should be approached Jogically and all proceduraes thoroughly
undersiood before atfempting any work,

_ Avoiding Trouble . _ _
Some procedures in this manual may require you to “labef and
disconnact. . " a group of lines, hoses or wires. Don't be lulled
info thinking you can remember where everything goes — you
won't. If you reconnect or install a part incorrectly, things may oper-
ats pocrly, if at all. f you hook up electrical wiring incorrectly, you
may instantly tearn a very, very expensivs lesson.

A piece of masking tape, for example, plasad on a hose and
another on its fitting will allow you to assign vour swn iabel such as
the lettar *A", or a short name. As lang as you remamber your own
code, the lines can be reconnected by maiching letters or namss.
Do remember that fape will dissolve when saturated in fluids. f a
component 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 wili remove perma-
nent markey.

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

Maintenance or Repait?

' ¥ See Figure 1

Proper maintenance is the key fo long and frouble-free engine
life, and the work can yield its own rewards. A properly maintained
anging performs better than one that is neglected. As a conscisn-
tious boal owner, set aside a Saturday morning, af feast once a
month, fo perform a thorough check of items which could causs
problems. Keep your own parsonal log to jot down which sarvices
you performed, how much the parts cost you, the date, and the
amount of hours on the engine at the time. Keep ali receipts for
parts purchased, so that they may ha referrad to in case of related
problems or to determine operating expenses. As a do-it-yourselfer,
these receipls are the only proof you have that the required mainte-
rance was performed. In the svent of a warranty problem, these
receipts will be invaluable.

%'s necessary to mention the difference between maintenance and
repair. Maintenance includes routing inspections, adjustments, and

—- BOW ~-- FORWARD
{FRONT)

PORT
(LEFT SIDE)

| STARBCARD
{RIGHT SIDE)

STERN -- AFT
(REAR)
2701 G
. Fig. 1 Common terminology used for reference designation on
boats of ail size. These terms are used though out the manual
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repiacement of parts that show signs of normal wear. Mainfenance
compensates for wear or deterioration. Repair implies that some-
thing has broken or is not working. A nead for repair is often caused
by lack of maintenance,

For example: draining and refilling the engine oil is maintenance
racommended by all manufacturers at specific intervals. Failure fo
do this can allow intarnal corrosion or Gamage and kmpair the oper-
ation of the engine, requiring expensive repairs. While no mainte-
nanca program can prevant items from breaking or wearing out, &
general rule can be stated: MAINTENANCE IS CHEAPER THAN
REPAIR.

Two basic rules shoutd be mentioned here. First, whenever the
Poit side of the engine is referred to, it is meant to specify the left
sidde of the engine when you are sitting at the helm. Convarsely, the
Starboard means your right side. Most serews and bolts are
removed by turning counterciockwise, and fightenad by turning
clockwise, An easy way to remamber this is: righty-tighty; lefty-
loosey. Corny, but effective. And if you are really dense {and we
have all been so at one tims or another}, buy a rafchet that is
marked ON and OFF, or mark your own.

- Profession R L
Occasionally, there are some things when working on a maring
engine that are bavond ths capabiiities or tools of the average Do-f-
Yourselfer (DiYer). This shouidn't include most of the topics of this
manual, but you will have to be the judgs. Some engines require
special tnols or a selection of special parts, even for basic mainte-
nance.

Talk to other boaters who use the same modal of eagine and
speak with a trusted marina to find if there is a parficufar system or
component on your engine that is difficult to maintain. For example,
although the technigus of valve adjusiment on Some engines may
he easily understood and even performad by a DIYar, it might
require a handy assortment of shims in various sizes and a few
hours of disassembly to get to that point. Not having the assoriment
of shims handy might mean muitiple irips back and forth fo the
parts sters, and this might not be worth your time.

You will have to decide for yourset where basic maintenance
ends and where professional service should begir. 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. if you've gotien
info something that may be over your head, don't panic. Tuck your
fail batween your ieqs and call a marine machanic. Marinas and-
independent shaps will be able 1o finish a job for you. Your ego
miay be damagad, buf your boat will be properly restorad to its full
running order. So, as long as you approach jobs slowly and care-
fully, you really have nothing fo lose and sverything to gain by
doing it yourself.

'?Pﬂfgh_ .‘ds ;
b See Figures 2, 3 and 4

_ W'ne_n purchasing paris there are two things to consider. The first
s quality and the second is to be sure to get the correct part for
your engine. To get quality parts, always deal directly with a rep-
Utable refailer, To get the proper parts always refer to the informatien
tag on your engine prior o calling the parts counter. An incorrect
Part can adversely affect your engine performance and fuel econ-
Cmy, and will cost you more money and aggravation in the end.

{497¢PG

Fig. 2 By far the most important assel in purchasing parts is a
knowledgeabie and enthusiastic paris person

Ma7en?

Fig. 3 Always refer to the numbers on your engine identification
{ag when ordering paris

D4073#32

Fig. 4 Paris catalogs, giving application and part number infor-
mation, are provided by manafacturers for most replacement
parls
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Just remember, a tow back to shore will cost you an hourly rate.
That is an haurly rate from the time the towboat leaves his home
nort, to the time e returns to his home 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 neighborhood.

Your marina can supply you with many of the common parts you
require. Using a marina for as your parts supplier may be hand
hecause of location (just walk right down the dock) or because the
marina specializes in your particular brand of engine. In addition, it
is always a good idea 1o get fo know the marina staff (especially the
marine lechnician).

The marine parts jobber, who is usually listed in the yellow pages
or whose name can be obtained from the marina, is another excel-
lent source for parts. In addition to supplying local marinas, he also

doss a sizeable business in over-the-counter parts sales for the do- .

it-yourselfar.

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

The jowest prices for parts are most often found in discount
stores o the auto department of mass merchandisers. Pasts sold
here are name and private brand parts bought in huge guantities, so
they can offer a compatitive price. Private brand parts are mada by
major manufacturers and sold to farge chains under a store label.

Avaiding the Most Camiion Mistakes
There are 3 common mistakes in mechanical work:
1. Incorrect ardar of assembly, disassembly or adjustment. When
taking something apart or putting it together, performing steps in
the wrong order usually {ust costs you extra time; however, it CAN

break something. Read the entire procedure before beginning disas-
sembly. Perform evarything in the order in which the instructions
say you should, even if you can't immediately see a reason for it
When you'rs taking apart something that is very infricate, you might
want to draw a picture of how it looks when assembled at one point
in order to make sure you get everything back in its proper position.
When making adjustments, perform them in the proper order; often,
one adjustment affects another, and you cannot expect satisfactory
resuits unless each adjustment is made only when it cannot be
changed by any other,

2. Qvertorguing (or undertorquing). While it is more common for
overtorquing o cause damage, underiarquing may aliow a fastener
to vibrate I0ose causing serious damage. Especially when dealing
with aluminum parts, pay attention to torque specifications and uti-
lize a torque wrench in assembly. If a torque figure is not availabte,
remember that if you are using the right too! to' perform the job, you
will probably not have to strain yourseif to get a fastener tight
enough. The pitch of most threads is so slight that the tension you
put on the wrench will be multiplied many times in actual force on
what you are tightening. .

3. Crossthraading. This occurs when a part stich as a bolt is
serawad into a nut or casting at e wrong angle and forced.
Crossthreading is mors likely to aceur if access is difficult. it helps
to clean and lubricate fasteners, then to start threading with the part
io be installed positionad straight in. Always start a fastener, efc. with
your fingers. i you encounter resistance, unscrew the part and start
over again atf a different angle until it can be inserted and turned sev-
eral times without muich effort. Keap in mind that some paris may .
have tapered threads, so that gentle fumning will automatically bring™ .
te part you're threading to the proper angte, but only if you don't

force it or resist a change in angle. Don't put 2 wrench an the part

urtiit it has besn tightened a couple of tums by hand. If you suddenly
encounter resistance, and the part has not seated fufly, dont force it. -~
Pull it back out to make sure if's ciean and threading properly.

BOATING SAFETY

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

Beside these federal raguiations, there are state and local laws you
must follow. These sometimes exceed the Coast Guard reguirements.
This section discusses ondy the federal faws. State and local laws are
available from your local Goast Guard. As with other laws, “lgnorance
of the boating laws is no excuse.” The sutes fall info two groups: reg-
ulations for your boat and required safety equipment on your boat.

Regulations For Your Boat
Most boats on waters within Federal jurisdiction must be regis-
tered or documentad. These waters are those that provide a means

of transportation between fwo or more statss or fo the sea. They
also includs the territorial waters of the United States.

DOCUMENTING OF VESSELS

‘the yacht ensign. You aiso may recerd bills of sale, mortgages, and 'E

A vesse! of five or more net tons may be documented as a yacht.
in this process, papars are issued by the U.S. Coast Guard as they
are for large ships. Documentation is a form of nationa! registration.
The hoat 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

{J.8. citizens. The captain and other officers must alse be U.S. citi- E
zens. Tha crew need not be. :
I you documsnt your yacht, you have the legal authority to fly

other papers of title with federal authorities. Doing so gives legal

notice that such instruments exist. Documentation also permits pre-
ferred status for mortgages. This gives you additional securiy and .
aids financing and transfer of title. You must carry the original doc-
umentation papers aboard your vessel. Copies wilf not suffice. .

REGISTRATION OF BOATS

If your boat is not documented, registration in the state of its prin- -
cipal use is probably required. H you use i mainly on an ccean, &
guli, or other similar water, register it in the stale where you moor it

If you use your boat solely for racing, it may be exempt from the
requiremant in your state. Stafes may also excluda dinghies. Some
require registration of documented vessels and non-power driven boals. .

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

CAPACITY INFORMATION

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

The registration number must be clearly visible. It must not be
placed on the obscured underside of a flared bow. If you can't
place the number on the bow, place it on the forward half of the
huil. if that doesn't work, put it on the superstruciure. Put the
numaer for an inflatable boat on a bracket or fixture, Then, firmly
attach 1t to the forward half of the boat. The letters and numbers
must be plain block characters and must read from left fo right.
Usa a spaca or a hyphen o separate the prefix and suffix letters
from the numarals. The color of the characters must contrast with
that of the background, and thay must be at feast three inchas
high.

In some states your registration is good for enly ong year. In ofh-
ers, it 1s good for as long as three yaars. Renew your registration
hefore it expires. At that time you will receive a new decal or decals.
Place them as required by state law. You should remove old decals
before putting on the new ones. Some states require that you show
anly the currant decal or decats. if your vessel is moored, it must
have a current decal even i it is not in use.

If your vesse! fs lost, destroved, abandoned, stalen, or trans-
ferrad, you must inform the issuing authority. i vou lose your cer-
tificate of number or your address changes, notify ihe issuing
authority as soon as possible.

SALES & TRANSFERS

Yoar'registratia}n number is not transferable to another boat. The
number stays with the boat unless its stale of principal use is
changed.

HULL IDENTIFICATION NUMBER

A Hull identification Numbar [HIN) is fike the Vehicle Identification
Nurhber (ViN) on your car. Boats built between November 1, 1972
and July 31, 1984 have old format HINs. Since August 1, 1984 3
naw format has been used. Your boat's HIN must appear in two
places. If it has a transom, the primary number is on its starboard
side within two inches of its top. If it does not have a transom or if it
was not practical to use the transom, the numdber is on the starboard
side. Ir this case, it must be within one foot of the stern and within
two inches of the top of the hull side. On pentoon boats, itis on the
aft crossheam within one foot of the starboard hull attachment. Your
boat also has a duplicate number in an unexposed location. This is
on the boaf's interlor or under a fitting or item of hardware.

LENGTH OF BOATS

¥ See Figure 5

For soms purposes, boats are classed by lengih. Reguired equip-
ment, for example, differs with boat size. Manufacturers may mea-
sure a boal's length in several ways. Officiatly, though, your boat is
meastred along a straight fine from its bow to its stern. This line is
paraliel to its keal.

The length does not include bowsprits, boomking, of pulpits, Nor
does it inciude rudders, brackets, outhoard motors, outdrives, div-
ing platforms, or other attachments.

% See Figure 5

Manufacturars must put capacity plates on mast recreational
boats less than 20 feat long. Saithoals, canoes, Kayais, and inflat-
able boats are usually exempt, Dutboard boats rmusi display the
maximum permitted horsepower of thelr engines. The plates must
aiso show the allowable maximum weights of the people on board.
And they must show the atiowable maximum combined weights of
paopie, engines, and gear. inboards and stern drives nesd not show
the weight of their engines on their capacity piates. The capacity
plate must appear where it is clearly visible to the operator when
underway. This information serves o remind you of the capacity of
your boat under normal circumstances, You should ask yourself, "is
my boat {oadad ahove its recommended capacity” and, “is my boat’
ovarlcaded for the present sea and wind conditfons?” I your are
stopped by a legal authorily, you may be sited if you are overloaded.

P

COMPLIES WiTH U S COAST GUARD
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Fig. 5 A 1.8, Coast Guard cerfification plate indicales the
amount of occupants and gear apprepriate far safe operation of
the vessel

CERTIFICATE OF COMPLIANGE

Manufacturers are required to put compliance piates on motor-
boats greater than 20 feef in length, The plates must say, “This boat,”
or “This equipment compiies with the U. S. Coast Guard Safety Stan-
dards in effect on the date of certitication.” Letters and numbers can
be no less than one-sighth of an inch high. Al the manufachurer’s
option, the capacity and compliance plates may be combined,

YVENTILATION

A cup of gasoline spilled in the bilge has the potential explosive
power of 15 sticks of dynamite. This staferant, commonly guoted
over 20 years ago, may be an exaggeration. However, it iliustrates a
fact. Gasoling 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
untii they are vented out.

Because of this danger, Coast Guard ragulations require venti-
lation on many power boats. There are several ways to supply
fresh air to engine and gasoline tank compartments and o
remove dangerous vapors. Whatever the choeice, it must meet
Coast Guard standards. The iollowing discussion does noi deal
with ail of the regulations nor does it cover all recreational boats.
it deais only with boats built after July 31, 1980, vessels made or
used non-commercially, vessels leassd, rented, or chartersd for
noncommercial use, and boals carrying six ar fewer passengers
for hire.

The following is not intendad to e a complete discussion of the
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regulations. It is Himiled to the majority of racreational vessels. Con-
tact your local Coast Guard office for further information.

General Precautions

Vertilation systems will not remove raw gasoting that leaks from
tanks or fugl lines. If you smell gasoline fumes, you need immediate
repairs. The best device for sensing gasoiine fumes s your nase.
Use it! If you smell gasotine in an enging compartment or alse-
where, dor't start your engine. The smaller the compartment, the
less gasoline it takes to make an explosive mixiure.

Ventilation for Cpen 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 mest certain conditions. Engine and fuel
tank compartments and long narow compartments that join them
must be open to the atmosphers.” This means they must have at least
15 square inches of open area for each cubic foot of net compartment
volume. The open area must be in direct contact with the atmosphare.
There must aiso be no long, unventitated spaces open to engine and
fua! fank compartments into which fiames could extend.

Ventilation for Al Gther Boals

Powerad and natural ventitation are required in an enclosed com-
partment with a permanently installed gasoline enging that has 2
cranking motor. A compartment is exempt if its engine is open 1o
the atmosphere. Diesel powered boats are also exempt.

YENTILATION SYSTEMS

Thers are two types of ventilation systems. One is “natural venti-
lation.” in i, air circulates through closed spaces due to the boat’s
motion. The other type is “powered ventilation.” In &, aif is circu-
tatad by a motor driven fan or fans.

Natura! Ven_tiiatian System Requirements

A natural vertilation system has an aif supply from outside the
hoat, The alr supply may alsa be from a ventilaied compariment or a
compartment apen to the atmosphere. Intake opanings are required.
In adcition, infake ducts may be required to direct the air fo appro-
priate compariments. '

The system must also have an exhaust duct that starts in the
lower third of the compartment. The exhaust apening must be into
anothar ventilated compartment of into the atmosphere. Each supply
opening and supply duct, if there Is one, must be above the usual
tavel of water in the bilge. Exhaust openings and ducts must alsc be
ahove the biige water. Openings and ducts must he af least thige
square inches {n area or two inches in diameter. Openings should
he placed so exhaust gasses do nof enter the fresh air intake.
Fxhaust fumes must not enter cabins or other snciosed, non-venti-
latec spaces. Tha carbon monoxide gas in them is deadiy.

ntake and exhaust openings must be covered by cowls or simitar
devices. These registers keep out rain water and water from break-
ing seas. Most often, intake registers face forward and exhaust
opanings aft, This aids the flow ot air when the boat is moving or &t
anchor since most boats face into the wind when anchorad.

power Ventilation System Reguirements

Powered ventilation systems must meet the standards of a nat-
ural system. They must also have ong or moTe exhaust biowers. The

blower duct can serve as the exhaust duet for natural ventilation if
fan blades do not obstruct the air flow when not pewarad. Openings
in engine compariment, for carburetion are in addition to ventilation

system reguirements.

" Reguired Safety Equipment
Coast Guard reguiations require that your hoat have certain
equipment aboard. These requirements are minimums. Exceed them

whenever you can.
TYPES OF FIRES

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

o Class A—Tires are in ordinary combustibie materials such as
paper or wood.

. Class B—fires involve gasoline, oif anc grease.
~» {lass C—fires are elacirical.

« Class D—Tires involve ferrous mefals

The extinguishers on motorboats must he for Class B fires. Never

* use water on Class B or Class C fires. Water spreads Class B fires.

Water may cause you to be elactrocuted in a Class C fire.

FIRE EXTINGUISHERS

$ See Figure §

If your motorboat mests one or more of the foliowing conditions, you
must have at teast one fire extinguisher aboard. The conditions are:

o Inboard or siern drive-engines

« Closed compartments under seats where portable fuel fanks
can be siored

Y0P

Fig. 6 An approved fire extinguisher shoutd be meunted close fo |
the helmsman for emergency use
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« Doubie battoms not sealed together or not completely filled
with flotation materials

= {losad iiving spaces

« Ciosed stowage compartments in which combustible er flam-
mabie materiais are stored

« Permanently installed fusl fanks

» it is 26 feel or more in length.

Contents of Extinglishers

Fire extinguishers use a variely of materials. Those used on
boats usually contain dry chemicals, Halon, o carbon dioxide
{C03). Dry chemical extinguishers contain chemical powders such
a5 sodium bicarborate—baking soda.

Carbon dioxide is a colorlass and odorless gas when released
from an sxtinguisher. I is not poisonous but caution must be used
in eniering compartments filled with it. i will not support life and
keeps oxygen from reaching your fungs. A fire-killing concentration
of carbon dioxide is tethal,

If you are in & compartment with a high concentration of C03, you
will have no difficulty breathing. But the air does nof cantain enough
oxygen to support life. Unconsciousness or death can result

HALOHN EXTINGUISHERS

Some fire extinguishers and “buill-in' or “fixed’ automatic fire
extinguishing systems contain a gas cailed Hafon. Like carbon
dioxide it is coloriess and cdoriess and will not support life. Some
Halons may be foxic if inhaled.

To be acceptable to the Coast Guard, a fixed Halcn system must
have an indicator Hoht af the vessel's helm. A green light shows the
system is ready. Red maans it is being discharged or has been dis-
chargsd. Warning homs ara available to lef you know the system
has been activated. if your fixed Hafon system discharges, ventilate
the space thoroughly before you anter it. There are no residues from
Halan but it wilt not suppert iife.

Although Halon has excellent fire fighting properties, iTis
thought to daplete the sarth’s ozone layer and has not been manu-
faciured since January 1, 1994, Halon axtinguishers can be refillad
from existing stocks of the gas unil they are used up, but high fed-
eral excise taxes are being chargsd for the service. If you discon-
tinue using yaur Halon extinguisher, take it 1o a recovery station
ratrer than reieasing the gas into the atmosphere. Compounds such
a3 FE 241, designed to replace Halon, are now available.

Fire Extinguisher Approval

Fire extinguishers musi be Coast Guard approvad. Look for the
approval number on the nameplate. Approved extinguishers have the
following on their labels: “Maring Type USCG Approved, Size . . .,
Type. . ., 162.208/" sic. in addition; to be acceptabla by the Joast
Guard, an extinguisher must be in serviceable condition and mounted
11 its bracket. An extinguisher not properly mounted in its bracket will
not be considered serviceable during a Coast Guard inspection.

Care and Treatment

Make certain your extinguishers are in-their stowags brackeis
ana are not damaged. Replacs cracked or broken hoses. Nozzles
should be free of obstructions. Sometimes, wasps and other insects
niest inside nozzles and make them inoperable, Check your extin-
Guisners frequently. ff thay have presstre gauges, is the prassure
within acceptable limits? Do the locking pins and sealing wires
show they have not been used since recharging?

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

Weigh and tag carbon dioxids, Halon or compound FE 247 extin-
guishars twice a year. If their weight loss exceeds 10 percent of the
weight of the charge, recharge them. Check fo see that they have not
haen used. They should have been inspecied by a qualified person
within the past six months, and they should have tags showing all
inspaction and service dates. The problem is that they can be par-
tially discharged while appearing o be fully charged.

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

If your dry chemical extinguisher has a pressure indicator, check
it fraquently, Check the nozzie to see if there i powder in it ¥ there
is, recharge it. Occasionally invert your dry chemical extinguisher
and it the hase with the palm of your hand. The chemical in these
extinguishers packs and cakes due to the boal’s vibration and
paunding. There is a difference of opinion about whether hitting the
hase helps, but i can’t hurt. 1t 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 ahoard, make certain they know where the axtinguishers are
and how to use them. '

Using a Fire Extinguisher

A fire extinguisher usually has a davics to keep it from being dis-
charged accidentally. This is a melal or plastic pin or loop. 1f you
ngad to use your extinguisher, take it from is bracket, Remove the
nin or the loop and point the nozzie at the hase of the flamas. Now,
squeeze the handle, and discharge the extinguisher's contents while
sweeping from side to sifie. Recharge a used extinguisher as soen
as possinla,

If you are using a Halon or carbon dioxide extinguisher, keep your
hands away from the discharge. The rapidly expanding gas will
fraeze them. If your fire extinguisher has a horn, hold it by 18 handie,

Legal Requirements for Extinguishers

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

A motorboat less than 26 feet long must have af least ons
approved hanc-portabie, Type B-1 extinguisher. If the boat has an
approved fixad fire extinguishing system, you are not required to
have the Type B-1 extinguisher. Also, if your boal is less than 25
fest long, is propelied by an outhoard motor, or molors, and does
not have any of the first six conditions described at the beginning of
this section, it is not required fo have an extinguisher. Even s, s a
good idea to have one, especially if a nearby boat catches fire, or if
a fire ocours at a fuel dock,

A motorboat 26 feet to under 40 feet long, must have at least two
Typa B-1 approvad hand-portabie extinguishars. It can, instead,
have at isast one Coast Guard anproved Type B-2. If you have an
approved fire extinguishing system, only one Type B-1 s required.

A motorhoal 40 to 65 feet long must have at least three Type B-1
appraved portable extinguishers . It may have, instead, at least ona
Type B-1 plus a Typs B-2. f therg is an approved fixed fire extin-
guishing system, twe Type B-1 or one Type B-2 is raquirad.
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WARNING SYSTEM

Various devices are available to alert you to danger. These
include fire, smoke, gasoling fumes, and carbon monoxide detec-
tors. If your boat has a galiey, it should have a smoke detector.
Where possible, use wirad detectors. Household batteries often cor-
rode rapidly on & boat:

You can't see, smeil, nor taste carbon monoxide gas, but it is
lethal. As fittie as one part in 10,000 parts of air can bring on a
headache. The sympioms of carbon moncxide poisoning—
headaches, dizziness, and nausea—are like sea sickness. By the
time you reafize what is happening to you, it may be too late to fake
action. H 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,

PERSONAL FLOTATION DEVICES

Personal Flotation Devices (PFDs) are commonly calied fife pre-

sarvers of life jackets, You can get them in a variefy of types and
sizes. They vary with thair intended uses. To be acceptable, they
must be Coast Guard approved.

Type | PFDs

A Type | life jacket is afso called an offshore fife jacket. Type I life
jackets will turn most uncenscious pecple from facedown to a verti-
cal or stightly backward position. The adult size gives a minimum of
22 pounds of buoyancy. The child size has af least 11 pounds. Type

| jackets provide more protection to their wearers than any other
type of life jacket. Type ! life jackets are bulkier and lass comfortable
than other ¢ ypes Furt hermore there are only two sizes, one for chil-
dren and one for aduits.

Type | fife jackets will keep their wearers affoal for extended peri-
ads in rough water. They are recommended for offshore cruising
whers a delayed rascue is probable.

Type li PFDs
¥ See Figure 7

A Type I 1ife jacket is also called a near-shore buoyant vest. It is
an approved, wearabie device, Type If 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 minimurn of 11 pounds. And the small child
and infant sizes give seven pounds. A Type !l life jacket is more com-
fortable than a Type | but it doss not have as much buoyancy. 1t is
not recommended for fong hours in rough water. Becausa of this,
Type lls are recommanded for inshore and inland cruising on calm
water. Uss them where thera is a good chance of fast rescue.

Type 11l PFDs

Type 11l fifs jackets or marine buoyant devices are also known as
fiotation aids. Like Type lis, they are designed for calm infand or
close ofishore water whers thers is 2 good chance of fast rescue.
Their minimum buoyancy is 15.5 pounds. They wiil not tum their
wearers face up.

Type Il devices are usually worn where freedom of movement is
nacessary. Thus, thay are used for water skiing, smail boat sailing,
and fishing among other activitias. They are available as vests and
flotation coats. Flotation coats are useful in cold weather. Type lils
come in many sizes from smal! child through large adult.

B47DH4

Fig. 7 Type Ii approved flotation devices are recommended for
inshore and inland cruising on calm water. Use them whete

there is a good chance of fast rescus

Life jackets come in a variety of colors and pattemns—red, blue,
gresn, camouflage, and cartoon characters. From: a safely stand-
point, the best color is bright orange. it is easier to see in the wale
especially if the watar is rough.

Type IV PFOs
% See Figures 8and 9

Type IV ring fife buoys, buoyant cushions and horseshoe buoys
are Goast Guard approved devices calied throwables. They are mac
to be thrown fo peaple in the water, and should not be worn. Type |
cushions are oftan used as seat cushions. Cushions are hard to
hold anie in the water. Thus, they do not afford as much protection
as wearable 1ife jackets.

The straps on buoyant cushions are for you to hold onto elthef [
the water or when throwing them. A cushion shoutd naver be worm
on your back. It wilt turn you face down in the waler.

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

Ring fife buoys come in 18, 20, 24, and 39 inch diameter sizes.
They have grab lines. You should atiach about 60 feet of polypropy
lene fing to the grab rope to aid in retrieving someone in the water.
If you throw a ring, be careful not to hit the person. Ring buoys car
knock peaple unconscious

Type V PFDs

Tyna V PFDs are of twa kinds, special use devices and hybrids.
Special use devices include boardsailing vests, deck suits, wark
vests, and others. They ars approved only for the speciat uses of
conditions indicated on thafr labels. Each is designed and intended
for the particutar application shown on its 1abel. They do not meet

legal requirsments for general use aboard recreational boats.
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C4701P15
Fig. 8 Type il buoyant cushions are made to be thrown te people
in the water. I you can squeerze air out of the cushion, it s
faulty and should be replaced

04701P15

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

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

The inherent buoyancy of a hybrid may be insufficient to float a
kerson unless i is inflated. The only way to find this out is for the
User to try it in the water. Because of its limited buoyancy when
_Ggﬂate(i, a hwbrid is recommended for use by anon-swimmer only if
itis worn with encugh intlation o float the weargs,

If they are 1o count against the lagal reguirement for the number
of life jackets you must carry on your vessel, hybrids manufactursd
before February 8, 1995 must be worn whenever a boat is underway
and the wearsr is not below decks or in an enclosed spacs. To find
out # your Typa V hybrid must be worn to satisfy the legal require-
ment, read its label. If its use is restricted it will say, “REGUIRED TO
BE WORN" in capital ietters.

Hybrids cost more than other life jackets, bul this Yactor must be
weighed against the fact that they are more comicriable than Type |,
I, or il life jackets. Because of their greater comfort, their owners
are more likely to wear them than are the owners of Type | I or 1L
iife jackets.

The Coast Guard has dstermined that improved, fess costly

“hybrids can save lives since they will be bought and used mors fre-

quently. For these reasons a new federal regulation was adoplad
affective Fabruary 8, 1985, The regulation increases both the
deflated and inflated buoyancys of hybrids, makes them available in
a greater varisty of sizes and lypas, and reduces their costs by
reducing production costs.

Even though it may not be required, the wearing of a hybrid ora
fife jacket is encouraged whenever a vessel is underway. Like life
tackets, hybrids are now avaiiabile in three types. To maet legal

© raquirsments, a Type | hybrid can be substituted for a Type ! life

jacket. Similarly Type 1t and il hybrids can be substituted for Type I
and Type Il lif= jacksts. A Type | hybrid, when inflated, will fum
most unconscious people from facedown to vertical or slightly
hackward positions just like a Type | life jacket. Type { and il
hybrids function fike Type I and I life jackets. If you purchase a
new hybrid, it should have an owner's manual attached which
describes its life jacket type and its deflated and inflated buoyancys.
It warns you that it may have to be infiated fo Hloat you. The manual
also tails you how to don the fife jackel and how to infiate if. Halso
tells you how to change ils inflation mechanism, recommendad
testing exercises, and inspection and mainfanance procadures. The
manual also talls you why you need a life jacket and why you
should wear it. A new hybrid must be packaged with at feast ihree
gas cariridges. One of these may already be loaded into the inflation
mechanism. Likewisa, if it has an automatic inflafion mechanism, it
must be packaged with at least three of these water sensitive ele-
ments. One of these elements may be installed.

Legal Reguirements

A Coast Guard approved lile jackel must show the manufacturer’s
name and approval number. Most are marked as Type {11, 1L iV, or
V. Ail of the newer hybrids are marked for type.

You ars required to carry af least one wearable life jacket or
hybrid for each person on board your recredtional vessel, I your
vassel is 16 feet or more in length and is not a canoe or a kayak,
yous must also have at least one Type IV on board. These raquire-
ments apply ¢ all recreational vassels that are propelled or cot-
trolledt by machinery, sails, oars, paddles, poles, or another vessal,
Sailboards are not required to carry Hife jackats,

You can substitute an older Type V hybrid for any required Type
AL or 1 iife jacket provided that its approval label shows it is
aporoved for the activity the vessel is engaged in, approved as a
substitute for a life jacket of the type required on the vessel, used as
required on the labels, and used in accordance with any require-
ments in ils cwner's manual, if the approval 1abel makes refersnce to
such a manual,

Awater skier being towed is considered 1o be on board the vas-
sal when judging compliance with legal requirements.
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You are required to kesp your Type |, ii, or Il ife jackeis or
equivalent hybrids 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 naeded. All fife
jackets must be in good, serviceabie condition. All Type V hybrids
must be worn whenever the boat is underway and the wearer is not
helow decks or in an enclosed space.

General Considerations

The proper use of a life jacket requires the wearer to know how it
witl perform. You can gain this knowledge only through experience.
Each person on your beat should be assigned a life jacket. Next, it
should be fitted to the person who will wear it. Oniy then can you be
sure that it will be ready for use in an emergency. Boals can sink
fast. There may be no time to look around for 2 Hie jacket. Fitting
ane on you in the water is almost impossible. This advice is good
aven 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 cavers they came wrapped in
and in a 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
naed a life jacket it must be readily accessible and adjusted fo fit
you. You can't spend time hunting for it or iearning how to fit it

There is no substitute for the exparience of entering the water
while wearing a life jacket. Children, especially, need practice. if
possible, give, your guasts this experience. Tell them thay should
keap their arms to their sides when jumping in fo keep the life jacket
from riding up. Let them jump in and see how the Iife jacket
responds. Is it adiusted so it does not ride up? Is it the proper size?
Are all straps snug? Are children's life jackets the right sizes for
them? Are they adjusted properfy? If a child's tife jacket fits cor-
rectly, you can lift the child by the jacket’s shoulder straps and the
child's chin and ears wili not siip through. Non-swirmmers, chitdren,
handicapped persons, elderly persons and even pets should always
wear life jackets when they are aboard. Many states require that
pvaryone aboard wear them in hazardous waters. inspect your life-
saving equipment from time fo time. Leave any guestionabie or
unsatisfactory equipment on shore. An emergency is no time for
you to conduct an inspection.

Indetibly mark your life jackets with your vessel's name, numbet,
and cailing port. This can be important in a search anc rescuie gffort,
It could help concentrate effort where it will do the most good.

Care of Life Jackels

Given reasonable care, life jackets last many years. Thoroughly
dry them befors putting them away. Stow them in dry, well ventiiated

nlaces. Avoid the bottoms of lockers and deck storage boxes where -

moisturs may coliect. Air and dry them frequently.

Life jackets shouid not be tossed about or used as fenders or
cushions. Many contain kapok of fibrous glass material enciosed
in piastic bags. The bags can rupture and are then unserviceable,
Squesze your life jackst gently. Doss air leak out? ¥ so, water can
leak in and it will no longer be safe to use. Cut it Up so no one
will use it, and throw it away. The covers of some life jackels are
mada of nylon or polyester. These materials are plastics. Like
many plastics, they break down after extended axpasure to the
ultraviolet light in sunlight. This process may be more rapid when
the materials are dyed with bright dyes such as “nean” shades.

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

between your thumbs and forefingers. Now {ry to tear the fabric. If 1t
can be tom, it shoutd definitely be destroyed and discarded. Com-
pare the colors in protected piaces to those exnosed to the sun. if
the colors have fadad, the materials have been weakened. A fabric
covered life jacket should ordinarily last several baating seasons
with normal use. A life jacket used svery day in direct sunfight
should probably be replaced more often.

SOUND PRODUCING DEVICES

» See Figure 10

All boats are reguired to carry some means of making an gfficient
sound signal. Devices for making the whistle or hom noises
required by the Navigation Rules must be capable of 2 four second
flast. The biast should be audibte for at least one-haif mile. Athletic
whistles are not acceptable on boats 12 meters or longer. Use cau-
tion with athletic whistles. When wet, some of them come apart and
loose their “pea.” When this happens, they are Useless.

If your vesse! is 12 meters long and less than 20 mefers, you
must have a power whistle (or power horn) and 2 bell en board. The
bell must be in operating condition and have a minimum diameter
of al least 200 mm (7.9 inches) at its mouth.

Q4ro1Mg

Fig. 10 All boats are required o carry 50me means of making
an efficient sound signal, such as this horn

VISUAL DISTRESS SiGNALS

b See Figure 11

Visual Distress Signats (VDS} attract attention to your vesset if you
need help. They also help to guide searchers in search and rescug sit-

A uations. Be sure you have the right kinds, and use them properly.
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It is illegal to five flares improperly. In addition, they cost the
Coast Guard and &5 Auxiliary many wasted hours in fruitless
seatches. If you signal a distress with flares and then semaone
heips you, please lef the Coast Guard or the appropriate Search And
Rescue Agency (SAR) know sc the distress report will be canceled.

Recraational boals less than 16 feet long must carry visual dis-
irass signals on coastal waters af night. Coastal waters are:

« The ocean {ferritorial sea)

« The Great Lakes

« Bays or sounds

« Rivars over two miles across at their mouths upstream to
where thay narrow {o two miles.

Recreational boats 16 faet or longer must carry VDS at all times
cn coastal waters. The same requirement applies to boats carrying
six or fewer passengers for hire. Open sajlboats lass 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. Boais owned in the United States and aperating on the
high seas must be equipped with VDS,

A wide variely of signaling devices meet Coast Guard ragufa-
tions. For pyrotechnic devices, a minimum of three must be carried.
Any combination can be carried as long as it adds up to at lsast
three signals for day use and at least three signals for night use.
Thres day/night signals miaet both requirements. if possibla, carry
maore than the legal requirement. These devices are Hsted in fabls 2-
5. The American flag flying upside down is a commonly recognized
distress signal. It is not recognized in the Coast Guard regulations,
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Fig. 11 Internationally accepted distress signals

though. In an emergency, your efforts would prohably be better usad
in more effective signaling methods.

Types of VS

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

DAYTIME NON-PYROTECHNIC SIGNALS

A bright orange flag with a black square over a black circle is the
simplest VDS, It is usable, of courss, oniy in davlight. It has the
advantage of being a cantinuous signal. A mirror can be used to
good advantage on sunny days. It can attract the attention of other
boaters and of aircraft from great distances. Mirrors are availabie
with hotes in their centers to ald in "aiming.” In the absence of a
mirror, any shiny object can be used. When another boat is in sight,
an sffective VDS is to extend your arms from your sides and movs
them up and down. Do it slowly. i you do iU ioe fast the other peo-
ple may think you are just being friendly. This simple gesture is sel-
dom misunderstood, and requites no equipment.

DAYTHRE PYROTECHNIC DEVICES

Crange smoke is a useful daytime signal. Hand-held or floating
smoke flares are very effective in attracting attention from aircraft,
Smoke flares dan't last long, and are net very effective in high wind or
poor visibility. As with other pyrotechnic devices, use them only when
you krow there is a possibility that somecne will see the display.

1o be usable, smoke flares must be kept dry. Keep them in airtight
containers and store them in dry places. If the “striker” is damp, dry
it out before trying to ignite the device. Some pyrotechnic devices
require a forceful “strike” to ignite them.

All hand-held pyrotechnic davices may produce hot ashes or
slag when burning. Held them over the side of your boat in such a
way that they do net burm your hand or drip inte your boat,

Mighttime Non-Pyrotechnic Signals

An elactric distress light is available. This light automatically
flashes the international morse code SOS distress signal (i ).
Flashed four to six times a minute, # is an unmistakable distress
signal. It must show that it is approved by the Coast Guard. Be sura
the batferies ase frash. Dated batteries giva assurance that they are
currant.

Under the intand Navigation Rules, a high intensity white light
flashing 50-70 times par minute 1s a distress signal. Therefore, use
strobe lights on injand waters only for disiress signals.

Nighitime Pyrotechnic Bevices
# See Figure 12

Agrial and hand-hald flares cair be used af night os in the day-
time. Obviously, they are more sffective at night.

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

Like smoke flares, aerial and hand-held ares may fall to work if
they have been damaged or abused. They will not function if they
are or have heen wet. Store them in cry, airtight containers in dry
nlaces. But store them where thay are readily accassiale.

Aerial VDSs, depending on their typs and the corditions they are
used in, may not go very high. Again, use them only when there is a
good chance they will be seen.
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X . ?D
Fig. 12 Moisture protected flares should be carried onboard any
vessel for use as a distress signal .

A serious disadvaniage of aerial fares is that they burn for only a
short time. Most burn for less than 10 seconds. Mast parachute
flares burn for less than 45 seconds. ¥ you use a VDS in an emer-
gency, do so carefully. Hold hand-held flares over the side of the
boat when in use. Never use a road hazard fiare on a boat, It can
easily stast a fire. Marine type flares are carefully designed io lessen
risk, but they still must be used carafully. '

Aerial flares should be given the same respect as firearms since
they are firearms! Never point them at another person. Don't aliow
childran to play with them or araund them. When you fire one, face
away rom the wind. Aim it downwind and upward at an angle of
about 60" o the horizon. If there is a strong wind, aim il somewhat
more vertically. Never fire # straight up. Before you discharge a flare
pistol, check for overhead obstructions. These might be damaged
by the flare. They might deflact the flare to where it will cause dam-

age.
Disposal of VDS

Koep outdated flares when you gat new ones. They do not mest
legal requirements, but you might nead them sometime, and they
may work, It is illegat to fire a VDS on federal navigable waters
unless an emergency exists, Many states have simifar laws.

Emergency Position Indicating Radio Beacon (EPIRB)

There is no requirement for racreational boats to have EPIRBs.
Some commercial and fishing vessels, though, must have them if
they operate beyond the thres mile limit. Vessals carrying six or
fewar passangers for hire must have EPIRBs under some circum-
stances when operating beyond the three mile limit. H you boat in a
rernate area or offshore, vou shouid have an EPIRE. An EPIRB is a

small {about 6 to 20 inches high), battery-powered, radio transmit-
ting buoy-lika device, It is a radio transmitter and requirss a license
of an endorsement on your radio sfation licanse by ths Federal
Communications Commission (FCCY. £PIRBs are activatad by being
immersed in water or by a manual switch.

. good to have onboard.
SECOND MEANS OF PROPULSION

# Ses Figure 13

Al Boats dess than 16 feet long should carry 2 second means of
propulsion. A paddie or oar ¢an come in handy at times. For most
small boats, a spare trolling or outboard moior is an excellent idea.

If you carry a spare meter, it should have its cwn fuel tank anid
starfing power. If you use an glectric trofling motor, it should have
its own battary, '

G4701P23

Fig. 13 A typical wooden oar should be kept onboard as an aux-
iliary means of propuision. It can alsa function as a grab hook
for someone falien overboard

BAILING DEVICES

All boats should carry at least ane effective manual bailing device
in addition to any instafied efectric bilge pump. This can be a
bucket, can, scoop, hand operated pump, efc. If your batery “goss
dead” it will not operate your electric pump.

FIRST AID KIT

# See Figure 14

All boats should carry a first aid kit. It should contain adhesive '
bandages, gauze, adhesive fape, antiseptic, aspirin, stc. Gheck your

D47HFS

Fig. 14 Always carry an adequately stocked firsi aid kit on hoard
for the safely of the srew and guesls
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first aid kit from time to time. Replace anything that is outdated, Itis
to your advantage to know how to use your first aid kit. Another
good idea would be fo take a Red Cross first aid course.

ANCHORS

b See Figure 15

Alt hoats should have anchors. Choose one of suitable size for
your boat. Better still, have two anchors of different sizes. Use the
smaliar one in caim water or when anchoring for a shott time fo fish
or eat. Use the larger ong when the water is rougher or Tor ovarnight
anchering.

Carry enough anchor line of suitable size for your boat and the
waters in which you will operate. If your enging fails you, the first
thing vou usually should do is lower your anchor. This is good
advice in shailow water whare you may be driven aground by the
wind or water, [t is also good advice in windy weather or rough
water. The ancher will usually hold your bow into the waves.

kﬂmwss
Fig. 16 A ffashlight with a fresh sei of balleries is handy when
repairs are needed at night. H can zlse deuble as a signaling
device

P2
Fig. 15 All boats should have anchors. Choose and anchor of
sufficient weighi to secure the boat without dragging

VHE-FM RADIOQ

Your best means of summoning help in an emergency or in case
0 a braakdown is a VHF-FM radio. You can Use it to get advice or
assistance from the Coast Guard. in the event of a serious illness or
iury aboard your boat, the Coast Guard can hava emergancy med-
ical squipment meet you ashore.

TOOLS & SPARE PARTS

24703830

¥ Ses Figures 16 and 17
Fig. 17 A spare fuel jug can keep you from becoming stranded

n‘ir? {}a?ry  few tools and some spare parts, and fearn how to make on the water. Make sure the container is approved for marine
HNOT repaies. Many search and rescue cases are causad by minor use
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hreakdowns that boat operaiors coutd have repaired. If your engine
is an inboard or stern drive, carry spare belts and waler purmp
impellers and the tools to change them.

-gourtesy Marine Examinations :
One of the roles of the Coast Guard Auxifiary s to promote recre-
alional boating safety. This is why they conduct thousands of Cour-

tesy Marine Examinations each year. The auxiliarists who do these
axarminations are weli-trained and knowledgeable in the field.

¥ IN SERVICE.

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

The rules of safety for mechanics range from “don't smoke
around gasoling,” to “use the proper tool(s) for the job.” The frick fo
avoiding injuries is to develop saie work habits and to take every
nossible precaution. Whenavar you are working on your boat, pay
attention to what you aré dging. The more you pay attention to
details and what is going on around you, the lass likely you witi be
to hurt yourself or damage your hoat.

« Do keep a fire extinguisher and first aid kit handy.
"« Do wear safety glasses or goggles when cutting, drilfing,

grinding or prying, even it you have 20-20 vision. If you wear
glasses for the sake of vision, wear safety goggles over your regular
glasses.

« Do shield your eyes whenever you work around he battery.
Batteries contain sulfuric acid. In case of contact with the eyes of
skin, fiush the area with water ora mixture of water and baking
soda, then seek immediate medical attention. :

« Do use adequate ventilation when working with any chemicals
or hazardous materiais. '

« D5 disconnact the negative battery cabls when working on the
electrical system. The secondary ignition system contains
EXTREMELY HiGH VOLTAGE. In seme ¢dses it can even exceed
50,000 volts,

. Do foliow manufacturer’s directions whenever working with
potentially hazardous materials. Most chemicals and fluids are poi-
sorous if taken internally.

» Do properly maintain your tools. Loose hammerheads, mush-
roomed punches and chisels, frayed or poorly grounded elsctrical
cords, excessively worn screwdrivers, spread wrenches (open and),
eracked sackets, or slipping ratchets can cause aceidents,

« Likewise, keep your toois clean; a greasy wrench can slip off &
folt head, ruining the bolt and often harming your knuckies in fe
prOgess.

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

These examinations are freg and dene only at the consent of boat
gwners. To pass the examination, yasse! must satisfy fedsral
equipment reguirements and certain additional requirements of the
coast guard auxiliary. 1 your vessel does not pass the Courtesy
Marine Examination, no report of the failure is made. Instead, you
witt be told what you need fo correct the deficiencies. The examiner
will return at your convenience 10 redo the examination.

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

« Do, when possible, pullona wrench handle rather than push
on it. and adjust your stance to prevenia 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 & fixed
wrench that will fit. -

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

« Domt run the engine in an enclosed area of anywhers eiss
without proper ventilation—EVER! Carbon monoxide is POisonous;
it takes a long time to leave the human body ang you can build upa
deadly supply of it in your system by simply breathing in a fittle
gvery day. You may not reatize you are slowly poisoning yourself.

» Don't work around moving parts while wearing foose ciothing.
Short sleaves are much safer than fong, lonse sleeves, Hard-foed
shoes with neoprene soles protect your es and give a better grip
on slippery surfaces. Jewelry, walches, large belt buckles, or body
adornment of any kind is not safe working around any vehicte. Long
nair should be tied back under a hat.

» Don't use pockets for toolboxes. A fall or bump can drive a
screwdriver desp info your pody. Even a rag hanging from your back
pocket can wrap around a spinning shatt. C

« Dot smoke when working around gasoline, cleaning solvent
or other flammable material. '

« Dot smoke when working around the battery. When the bal-
tery is being charged, it gives off explosive hydrogen gas. Actually,
you shouldn't smoke anyway. Save that cigaratte money and trick
out your ride! :

« Don't use gasotine to wash your hands; there are exceilent
soaps availaple. Gasoline confains dangerous additives which can
enter the body through a cut or through your pores. Gasoline also
removes all the natural oils from the skin so that bone dry hands
will suck up oil and grease. :

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

WORK GLOVES

EYE AND EAR PROTECTION

# Ses Figure 1

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

A good pair of rubber gloves (such as those usually associated
with dish washing) or vinyl gioves is also a great idea. There are
some liquids such as solvents and penetrants that domt belong on
your skin. Avoid burns and rashes. Wear these gloves.

And lastly, an option. If you're tired of being greasy and dirty all
the time, go to the drug store and buy a box of disposable latex
gloves like medical professionals wear. You can handle graasy
parts, perform small fasks, wash parts, eic. all without gatting dirly!
These gloves take a surprising amount of abuse without tearing and
aren’t expensive. Note howaver, that it has been reported that some
necple are allergic to the latex or the powger used insids some
gloves, so pay atfertion to what you buy. ' '

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

If you wear vision correcting glasses as a matter of rautine, get a
pair made with polycarbonate fenses. These lenses are impact resis-
tant and are available at any opiometrist

Often avarlooked is hearing protection. Power aquipmentis .
noisy! Lotid noises damage your sars, Ifs as simple as that! The
simplest and cheapest form of ear protection is a pair of noise-
reduging ear pfugs. Cheap insurance for your ears. And, they may
even come with their own, cute little carrying case.

Mare substantial. more protection and more monsy is a good
pair of noise reducing earmuffs. They protect fromt alf but the foud-
ast sounds. Hopefully those are sounds that you'll never encounter
since they're usually associated with disasters.

WORK CLOTHES

Evaryone has “work clothes.” Usually these consist o old ieans
and a shirt that has seen better days. That’s fine. In addition, 2

Fig. 1 Three different types of work ploves. The box contains latex gloves

7933515
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denim work apron is a nice accessory. i#'s rugged, ¢an hold some
spare bolts, and you dan't feel bad wiping your hands or lools on it
Thal's what it's for.

When working in cold weather, a one-piece, thermat wark outfit
is invatuable. Most are rated to befow zero (Fahrenhait) tempera-
tures and are ruggedly constructad. Just look at what the boal
mechanics are wearing and that should give you a clug as to what
type of clothing is good.

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

When a particutar chemical is not being ussd, keep it capped,
upright and in a safe place. These substances may be flammable,
rnay be irritants or might even be caustic and should &lways be
stored properly, used properly and handled with care. Always read
and follow all label directions and be sure 0 wear hand and eye
protection!

LUBRICANTS & PENETRANTS

% Ses Figure 2

Anti-seize is used 1o coat certain fastensrs prior o instaliation.
This can be especially helpiu! when iwo dissimilar metals are in
corfact (o help pravent corrosion that might lock the fastener in
piace}. This is a good practice on & iof of different fasteners, BUT,
NOT on any fastener which might vibrate loose causing a problem.
If anti-saize is used on a fastener, it should be chacked perindicaliy
for proper tighiness.

Lithium grease, chassis lubs, sflicons grease or a synthetic braks
caliper graase can all be used pretiy much interchangeably. All can

be used for coating rust-prone fasteners and for facilitating the

assemnbly of parts that are a tight fit. Siticone and synthefic greases
are the most versatile,

=3ilicone dieleciric greass is a non-conductar that is often used 1o
coat the terminals of wiring connectars before fastening them. it
may seund odd to coat metal portiens of a terminal with something
{hat won't conduct eiectricity, but here is it how if works. When the
connector is fastened the metal-te-matal coniael between the fermi-

87933516

Fig. 2 A variety o penetrants and lubricants is a staple of any BiYer's inventory
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nals will displace the grease (allowing the sircuit to be compieted).
The grease that is displzced wilf then coat the non-contacled sur-
face and the cavity around the terminais, SEALING them from
atmospherie maoisture that could cause corrosion.

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

Penetrating off may turn cut f0.be one of your best friends when
taking something apart thaf has corroded fasteners. Not only can
they make a job easier, they can really heip to avoid broken and
stripped fasteners. The most familiar penetrating oils are Liguid
Wranch® and WD-40%. A newsr penetrant, PB Blaster® also works
wall. Thess products have hundrads of uses. Far your purposes,
they are vital! ‘

Before disassembling any part (especially on an exhaust system),
check the fasteners. If any appear rusted, soak them thoroughly with
the penetrant and Jet them stand while you do something else. This
simple act can save you hours of tedious work trying o extract a
broker bolt of stud.

SEALANTS

$ See Figure 3

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

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

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

A sometimes overiooked use for seaiants like BV is on the
threads of vibration prone fasieners.

One very haipful type of non-hardening sealer is the “high fack”
typa. This type is a very sticky material that holds the gasket in
place while the parts are being assembled. This stuff is really
good idea when you don't have enough hands or fingers to keep
evarything whers it should be.

The stand-alone sealars ars the Room Temperature Yulcanizing
(RTV) silicona gasket makers. On some engines, this material is
used instead of a gasket. In these instances, a gaskef may not be
available or. because of the shape of the mating surfaces, a gasket
shoufdn't be used. This stuff, when used in conjunction with a con-
ventional gaskat, produces the surest bonds.

RTV does have its limitations though. When using this material,
you will have a tima limit. I starfs fo set-up within 15 minutes or
50, 50 you have to assemble the parts without delay. In addition,
when scueszing the materiat out of the tube, dont drop any gleps
into the engine. The stuff will form and set and travet around the oil
gablery, possibly plugging up a passage. Also, most types are not
fual-proof. Check the tube for ail cautions.

CLEANERS

# See Figures 4 and 5

You'll have two types of cieaners fo deal with: parts cleaners and
hand cleaners. The parts cleaners are for the parts; the hand clean-
ers are for you. T

Fig. 3 Sealanis are essential for preventing [eaks

A7933567
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BTU3550H

Fig. 4 Always read and follow Iabel instructions. Remember, when using cieaners, they may eventually end up in the hilpe

- L o 7933013
18. 5 This is one type of hand cleaner that not only works well

hut smells pratty good tog

There are many good, non-flammable, biodegradabie parts
cleanars on the market. These cleaning agents are safe for you,
the parts and the environment. Therefore, there is no reason to
use flammable, caustic or toxic substances to clean your paris or
tools,

As far as hand cleaners qo, the waterless fypes are the best.
They have aiways been sfficient af cleaning, but leave a pretty
smelly odor. Recently though, just about afl of them have elimi-
nated the cdor and added stuff that actually smells good. Make
sure that you pick ane that comains lanolin or some other mois-
tura-replenishing additive. Cleaners not only remove grease and oil
but also skin o

One other note: most women know Ehis already but mast men
don't. Use a hand lotion when you're ali cleaned up. it's okay. Real
men DO use hand lotion! Believe i or not, using hand lotion
befare your hands are dirly will actually make them easler to ciean
when your're finished with a dirty job. Lotion seals your hands, and
keeps dirt and greass from sticking to your skin.
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b See Figure §

Tools: this subject coutd require a complelely separaie manual.
Again, the first thing you will need to ask yourself, is just how -
invalvad do you plan to get. i you are serious about your mainte-
nance you will want to gather a quality sel of tools to make the iob
easier, and more enjoyable. BESIDES, TOOLS ARE FUNIH

Aimost every do-it-yourselfer loves io accumulate tools. Though
most find a way to perform jobs with only a few common toals, thay
tend to buy more over time, as money allows. So gathering the
tools necessary for maintenance does not have fo be an SXpensive,
overnight proposition. '

When buying toals, the saying “You get whal you pay for. . ."is
absolutely true! Don't go cheap! Any hand tool that you by should
e drop forged and/or chrome vanadium, These two qualities tell you
fhat the tool is strong enough for the job. With any tool, go with a
name that you've heard of before, or, thatis recommiended buy your
local professional retailes. Let's go over & fist of tools that you'll need.

Most of the world uses the metric system. However, soms Ameri-
can-built engines and aftermarkel accessories use standard fasten-
ers. So, accumuiate your tools accordingly. Any good DiYer should
have a decent st of both U.S. and metric measure tools.

Don't be confused by terminotogy. Most advertising refers [o
“SAF and metric’, or “standard and metric.” Both are misnomers.
The Seciety of Automotive Engineers (SAE) did not invent the Eng-
lish system of measurement; the English did. The SAE fikes metrics
just fine. Both Engfish (U.S.) and metric measuraments are SAE
approved. Also, the current “standard” meastrement 1S metric. 5o,
i it's not metric, it's U.S. measurement.

’ ' ’ ' rc.ci:m.é
Fig. & Socket holders, espesially the magnetic type, are handy
items o keep fools in order

Hand Tools -
b See Figure 7

SQCKET SETS

# See Figures 8, S and 18

Socket sefs are the most basic, necessary hand tools repair and
maintenanca work. For our purposes, socket sets come in fhree

) _ 972P0
Fig. 7 Some manufacturers supply a smali emergensy ten! kit
with their engines, sueh s this one {ram Yanmar

§7933007

Fig. 8 A'gaad half inch drive socket set B

drivé sizes: V4 inch, % inch and Y2 inch. Drive size refers to the
size of the drive lug on the ratchet, breaker bar or speed handie.

A 3% inch set is probably the most versatile set in any mechanics
tool box. it alfows you to get into tight places that the larger drive
raichets can't and gives you a range of farger sockets that are still
strong enough for heavy duty work. The socket set that you'll need
should range in sizes from  inch through 1 inch for standard fas-
teners, and a 6mm through 19mm for metric fasteners.

You'll nesd a good & inch set since this size drive lug assures
that you won't braak a ralchet or socket on large of heavy fasieners.
Also, torque wrenches with a torgue scale high enough for farger
fasteners ace Usually ¥z inch drive.

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

As for the sockets themsaives, they coma in standard and deep
lengths as weli as 6 or 12 point. 6 and 12 points refers {0 how
many sides are in the socket itself. Each has advantages. The 5
point socket is stranger and less prone to slipping which would
strip a bolt head or nut. 12 point sockets are more commor, ysuaily
lass expensiva and can operale better in tight places where the
ratchet handie can't swing far.

Standard fength sockels are good for just about all jobs, how-
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90891P3s
Fig. 8 A swivel (U-joint) adapter, and twg tyoes of drive
adapters

8735320

Fig. 16 Ratchels come in aif sizes from rigid ip swivel-headed

ever, some stud-head bolts, hard-to-raach bolts, nuts on fong stugs,

Bic., require the desp sockets. .

Most manufacturers use recessed hex-head fasteners to ratain
many of the engine parts. These fasteners fequire a socket with a
hex shaped driver or a large sturdy hex key. To help prevent tom
knuckies, we would recommend that you stick o the sackefs on any
tight fastener and leave the hex keys for lighter applications. Hex
driver sockets are available individually or in sels just like conven-
ticnial sockets.

More and more, manufacturers are using Torx® head fastensrs,
which were once known as tampar tesistant fasteners (because
many peaple did not have tools with the necessary odd driver
shape). They are stil} used where the manufacturer wouid prefer

only knowledgeable technicians or advanced Do-t-Yourselters
(DiYers) fo work,

Torgus Wrenches
b See Figure 11

In most applications, a torque wrench can be used o assure
proper instaflation of a fastenar Torque wrenches come in various
designs and most stares will Carry a varisty o suil your neegs. A
torque wrench should be used any time you have a specific torque
vaiue for a fastener. Keep in mind that becase there is no worlg-
wide standardization of fasteners, the charts at the endt of this sac-
tion are a general quidsline and should be used with caution. If you

. B7933506
H1g. 11 Thrae types of torque wrenches. Top to bottom: a 2 inch drive clicker 1¥pe, a V2 Inch drive beam type and a % inch drive heam
'YPe that reads in ingh fus.
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are using the right tool for the job, you should act have fo strain o
tightan a fastener.

BEAM TYPE
# See Figure 12

Ths heam type torque wrench is one of the most popular types. !t
consists of a painter attached to the head that runs the length of the
flaxible beam (shaft) to a scaie located near the handle. As the
wrench is pulied, the beam bends and ihe pointer indicaias the
torgue using the scale.

CLICK (BREAKAWAY) TYPE
$ Sea Figure 13

Ancther popular torgue wrench design is the click type. To use
the click typs wrench you pre-adjust it to a torque setting. Once the
torgue is reached, the wrench has a reflex signaling feafure that
causes a momantary breakaway of the torqus wrench body, sending
an impulse to the operator's hand.

.and combination.

Breaker Bars
# See Figure 14

Rreaker hars are long handles with a drive lug. Their main pur-
pose is to provide exira turning force when breaking loose tight
nolts or nuts. They come in all drive sizes and lengths. Always wear
gloves when using a breaker bar.

WRENCHES

# See Figures 15, 16 and 17
Basically, thera are 3 kinds of fixed wrenches: cpen and, box end,

Cpen end wrenches have 2-jawed openings at aach end of the
wranch. These wrenches are able to fit onto just about any nut or
holt. They are extremely versatile but have one major drawhack,
They can slip on a worn or rounded bolf head or nt, causing
bleecing knuckles and a useless fastener.

Rox-end wranches have a 360° circular jaw at each end of the
wranch. They come in both 6 and 12 point versions just like sockels

DRIWE SQUARE

Fig. 12 Example of a beam lype lorque wrench

BEAM OR MEASURING ELEMENT

SCALE

PIVOTED HANDLL

ToC51538

ICCEIaT

Fig. 13 A click fype or breakaway terque wrench—note this one
itas a pivoting head

“90 9-1F3?
Fig. 14 Breaker hars are great for inesening large or stuck fas-
teners
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IMCHES DECIMAL DECIMAL MILLIMETERS
1/84 125 118 3mm
3/16" 187 157 dmm
1747 250 236 smm
5/16" 312 354 9mm
3/8" 375 394 10mm
7/16" 437 472 12mm
1/2% 500 512 13mm
5/16" 562 550 - 15mm
5/8" 625 530 16mm
11/16" .687 708 18mm
3/4" 750 748 19mm
13/16" 812 787 20mm
7/84 875 866 22mm
15/16" 937 945 24mm
1 1.00 984 25mm

Fig. ¥5 Comparison of U1.8. measure and metric wreach sizes

froaie

EFGIHI04

Fiy. 16 Flarenut wrenshes are critical to ensure tube fittings do

i1 ot becoms rounded

and each type has the same advantages and disadvaniages as sock-
efs.

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

As for sizes, you'll probably nesd a range similar o that of the
sockets, about ¥4 inch through 1 inch for standard fasteners, or
Gmm through 19mm for matie fasteners. As for numbers, you'll
need 2 of each size, since, in many instances, one wrench holds the
nut while the other turns the bolt. On most fasteners, the nut and
bolt are the same size.

= Although you will typically just need the sizes we specifiad, there
ate some exceplions. Oceasionally you will find a nut which is
farger. For these, you will need to buy ONE expensive wrench or a
very large adjustable. Or you can always just convince the spouse
that we are talking about safety here and buy a whaole, expensive,
large wrench set.

One extremely vatuable 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 Severai fypes and sizas of atjustahie wrenches

jaw. The lower jaw is moved by turaing a threaded drum. The
advaniage of an adjustable wrench is its abifity fo be adjusted to
just about any size fastener.

The main drawback of an agjustabie wrench is the lower jaw's
tencency to move shightly under heavy prassure. This can cause the
wranch to slip if it is not facing the right way. Puliing on an
adjustable wrench in the proper dirsction will cause the jaws to lock
in place. Adjustable wrenches come in a large range of sizes, mea-
sured by the wrench lengih.

PLIERS

# See Figure 18

At least 2 pair of standard pliers is an absolule necassity. Pliers
ara simply mechanical fingers. They are, more than anything, an
extension of your hand.

In addition to standard pliers there are the slip-joint, multi-posi-
tion pliers such as ChanneiLock® piiers and locking pliers, stich as
Vise Grips®.

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

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

of 2 wrench too often since they can easily round off a bolt head or
nut,

Locking pliers are usually used for gripping bolts or studs that
can't be removed conventionally. You can get locking pliers in
squars jawed, needle-nosed and pipe-jawed. Locking pliers can
rank right up behind duct tape 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 blaces come in various
sizas and thicknesses for all types of slotted fasteners. Phillips
screwdrivers come in sizes with number designations from 1 on up,
with the lower number designating the smaller size. Screwdrivers
can be purchased separately or in sets.

HAMMERS

# See Figure 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-
vars 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 aiso VERY useful with impact drivers.

' 87533058
' Fig. 19 Three types of hammers. Top {o boltom: bali peen, rub-
her dead-Blow, and plasiic

OTHER COMMON TOOLS

There are 4 lot of other fools that every DIYer will eventuaily need
{though not al! for basic maintenance). They inciude: :

« Funnels {for adding fluid)

« (hisels

« Punches

« Fiies

« Hacksaw

= Bench Vise

« Tap and Die Set

= Flashlight

» Magnetic Bolt Retriever

e Gasket scraper

« Pufty Knife

« Screw/Bot Extractors

« Prybar
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Hacksaws have just one use—cUtting things off. You may won-
dar why you'd need one for something as simpie as maintenance,
put you never know. Among other things, quide stids to ease parts
instatlation can be made from old bolts with their heads cut off.

A fap and die sef might be something you've never needed, but
you will eventually. it's a good rule, when everyihing is apart, to
clean-up all threads, on bolts, screws and threaded holes. Also,
yourit Hikely run across a situation in which stripped threads will be
encountered. The tap and dis set wil handle that for you.

(Gasket scrapers are just what you'd think, toofs made for scrap-
ing old gasket material off of parts. You don't absclutely nead one.
{id gasket material can be removed with a putty knife or single
edne razor blade, However, putly knives may not be sharp enough
for some really stubbormn gaskets and razor biades have a knack of
breaking just when you den' wani them to, inevifably slicing the
nearest body part! As the old saying goes, “always use the proper
tool for the job”, If you're going to use a razor fo Scrape a gasket, be
sure 1o always use a blade holder,

Putty knives raally do have a use in a repai shop. Just bacause
you remove all the boits from a component sealed with a gasket
doas't mean it's going o come off. Most of the time, the gasket
and sealer wiil hold it tightly. Lightly driving a putty knife at various
points betwaan the two parls will break the seal without damage to
the parts.

A small — 8-10 inches (20--25 centimeters) long —- prybar is
sxfremaly usefui for removing stuck parts.

miever use a screwdriver as a pryhar! Screwdrivers are not meant
for prying. Screwdrivers, used for prying, ¢an break, seading the
hroken shatft flying!

Serew/bolt extrastors are used for removing broken balts or
studs that have broke off flush with the surface of the part.

SPECIALTY TOOLS

- Atmost avery marine engine around today requires af least ons
special tool fo perform a cerfain task. In most cases, these fools are
specially designed to ovarcome some unique problem or to fit on
_ some oddiy sized componant.

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

Don't worry, MOST basic maintenance procedures can either be
performed without any spacial tools OR, because the tools must be
used for such basic things, they are commonly available for a rea-
sonable price. It is usually just the fow production, highly special-
78 tools (like a super thin 7-point star-shaped socket capable of
150 . Ibs. (203 Nm) of torque that is used only on the crankshaft
nut of the limited produstion what-dya-catlit engine) thal tend to be
Oulragecusly expensive and hard to find. Luekily, you will probably
fever need such a tool.

‘Special tools can be as inexpensive and simple as an
adjustable strap wranch or as complicatad as an ignition fester. A
few tommon speetalty tools are listed here, but check with your
dealer or with other boaters for help in determining i there are
any special tools for YOUR particutar engins. There is an added
advantage in seeking advice from others, chances are they may

have already found the special too! you will need, but how to get it
_ Cheaper,

Baitery Testers

The best way to test a non-sealed batftery is using a hydrometer
fo check the specific gravily of the acid. Luckily, these ars usually
mexpensive and are available af most parts stores. Just be careful
because the larger testers are usually designed for farger batleries
and may fequire mare acid than you witl be able fo draw from the
battery call. Smaller festers (usually a short, squeeze bulh type) will
require less acid and shoutd work on most hatteries.

Etectronic festers ars avaiiable {and ars often necessary to el if a
sealed battery is usable} but these are usually more than most
DIYer's are witling to spand. Luckily, many parts stores have tham
o hand and are willing fo test your batiery for you.

Battery Chargers
# See Figures 20 and 21
Ifyou are a weekend boaler and fake you boat out every day {or

at least evary wesk), then you wifl most likely want o buy a battery
charger to keep your battery fresh. There are many types available,

00991P34
Fig. 20 The Bailery Tendes® is mora than just a hattery charger,
when leRt connecled, it keaps your hattery fuily charged

DURING THE CRARGE

OR CHARGER

CAR GENERATOR | l

NEGATIVE PLATE POSITIVE PLATE
Lead sulate Lead sulfate
changes to changes to
sponge lead, {ead peroxide.
Sultate returns Sulfate returns
to electrolyte. {o electrolyte.

Very dilute electrolyte made stronger
by return of geliate from pliates.

B5ZAG0E

Fig. 21 The charging process
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from low amperage trickle chargers to electronically controlled bat-
tery maintenance tools which monitor the battery yoitage to pravent
over or undercharging. This last type is especially ussful if you
store your boat for any length of time {such as during the savers
winter months found in many Northern climates).

Even if you use your boat on a regular basis, you will sventually
need a battery 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 filled and properly charged. Failure to prop-
erly charge a battery (which was shipped dry) before it is put into
sarvice will prevent it from ever reaching a fully charged state.

" Wieasuring Tools __
Eventually, you are going to have to measure something. To do

this, you will nead at least a few precision focls in addition to the
special tools mentioned earfier. :

MICROMETERS & CALIPERS

Micrometers and calipers are devices used to make extremely
precise measurements. The simple truth is that you reatly won't
have the need for many of these items just for simple maintenance.
You will probably want to have at least one precision tool such as
an outside caliper to measure rotars or brake pads, but that should
be sufficient fo most basic maintenance procedures.

‘Should you decide on becoming more involved in boat engine
mechanics, such as repair or rebuiiding, then these tools will
become very important. The success of any rebufld is dependent, to
a great extent on the ability to check the size and fit of components
a5 specified by the manufacturer. These measurements are made in
thousandths and ten-thousandihs 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.

Dutside micrometars can be used to check the thickness parts
such as the brake rotors. They are also used during many rebuild
and repair procedures to meastre the diameter of components such

] TOCTTRRY
Fig. 22 Outside micrameiers ¢an be used to measare hake com-
ponenis including rotors, pads and pistons

as the pistons from a caliper or wheed cylinder. The mast common
type of micrometer reads in 1/1000 of an inch. Micrometers that use
a vernier scale can estimate fo 1/10 of an inch.

Inside micrometers are used to measure the distance between
two parallel surfaces. For exampe, in engine rebuilding waork, 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 weil,

Remember that an inside mike must be absolutely perpendicular
to the work being measured. When you measure with an inside
mike, rock the mike genily from side to side and tip it back and
forth stightly so that you span the widest part of the bore. Just to be
on the safe side, take several readings. it takes a certain amount of
experience to wark 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 scale equals 1 mm. Each fifth line is stamped 5, 10, 15,
and so 02 Each lins on the thimble scale equals 0.01 mm. It wil
take a little practice, but if you can read an inch mike, you can read
a metric mike,

Catipers
¥ Sae Figure 23

Inside and outside calipers are useful devices to have if you need
to maasure something quickly and precise measurement is not nec-

essary. Simply take the reading and then hold the calipers on an
acourate steel rule,

Fig. 23 Outside calipers are fast and easy ways lo measure
pads ar rotors

DIAL INDICATORS

A dial indicator is a gauge that utitizes a dial face and a needle fo
register measurements. There is a movabie contact arm on the dial indi-
cator, When the ams moves, the needle rotates on the dial. Dial indica-
tors ara calibrated to show raadings in thousandths of an inch and
typically, are used to measure end-play and runot on various pars.

Dial indicators ars quite sasy to use, although they are refatively
expensive. A variety of mounting devices are available so that the
indicator can be used in a number of situations. Make certain that
the contact arm is always parallel fo the movement of the werk
haing measured.
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TELESCOPING GAUGES

A telescope gauge is used during rebuiiding procedures (NOT
usually basic maintenance) to measure the inside of bores. It can
take the place of an inskde mike for some of these jobs. Simply
insert the gauge in the hole to be measured and lock the plungers
atter they have contacted the walls. Removs tha tool and measurs
a0r0ss the plungers with an outside micrometar,

DEPTH GAUGES

% See Figure 24

A depth gatige can be inserted into a bore or other small hole to
determing exactly how deap it is. The most common tse on mainte-

nance iterns would be to check the depth of a rivet head (on rivated
s*yle brake pads) or to check tire depth. Some outsids calipars con-
tain a buiit-in depth gauge so money can be saved by just buying
one fool.

TLCTTPG2
Fig. 24 Depth gauges, |ike this micrometer, can be used to
measure the amount of pad or shoe remaining 2bove a rivet

| Bolts, Nuts and Other
¢ See Figures 25, 26, 27 and 28

Although there are a great variety of fasteners found in the mod-
ern boat engins, the most commonly usad retainer is the threadsd
fastener (nuts, bolts, screws, studs, etc). Mest threaded retainers
may ba raused, provided that they are not damaged in use or duing
the tepair. Some retainers {such as stretch bolts or forqua srevailing
nuts) are designed {o deform when tightened or in use and shouid
not be reinstalled.

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

ded Retainers

should replaca any that show signs of damage. Check all threads
for rust or corrosion which can increase the torque nacessary to
achiave the desired clamp load for which that fastener was origi-
nally selectsd. Additionatly, be 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 partially rounded,
allowing the driver to catch in only one diraction. in many of these
occurrences, a fastener may be installed and Hightened, but the dri-
ver would not be able o grip and loosen the fastener again. (This
could fead to frustration down the line should that component ever
need to be disassembled again).

If you must repiace a fastener, whether due to design or damage,
you must always be sure to use the proper replacement. in al

POZIDRIVE PHILLIPS RECESS

INDENTED HEXAGON

PH O
O O O

HEXAGON TRIMMED

Mare a few of the most commaon screw/boit driver styles

TORX CLUTCH RECESS

HEXAGON WASHER HEAD

ToGs1Gr
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BOLTS

g % g g g ..I:.'u"h“”i? g

GRADED  GRADE2 GRADE 5 GHADE & GRADE 7 GRADE 8 ALLEN CARAIAGE

NUTS

\n/ @ @ 11‘

PLAIN CASTLE SELF-LOCKING SPEED
(CASTELLATED) ‘

SCREWS

ROUND FILLISTER HEXAGON SHEEY
: METAL

LOCKWASHERS

INTERNAL EXTERNAL SPLIT PLAIN

TOOTH TOOTH

STUD

TCES1036

Fig. 26 There are many different types of threaded retainers

A - Length
B - Diameter {major diameter)
C - Threads per inch oy mm

l
| D- }”?zread tengih _ T - INTERNAL DRIVE
: i E - Size ot_ the wrench rqulred £ - £XTERNAL
e F - Root diameter (minor diameter)
TCES1015
10651038 i 3
Fig. 28 Special fasteners such as these Torx® head boits are

ysed by manufacturers to discourage pespie from working on

Fig. 27 Threaded relainer sizes are determined using these
vehicles without the preper tosls (and knowledge}

measurements
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cases, a refainer of the same design, material and strangth should
be ysed. Markings on the heads of most boits will help determine
the propér strangth of the fastener. The same material, thread and

* pitch must be selected to assure proper installation and safe opera-
tion of the vehicie afterwards.

Thread gauges are available to heip measure a belt or stud's
thread. Most part or hardware stores kesp gauges available to help
you select the proper size. In a pinch, you can use another nut or
bott for a thread gauge. It the boit you are replacing is nct foo badiy
damaged, you can select a match by finding another bolt which will
thread in 1S place. if you find a nut which threads properly onto the
damaged boit, then use that nut to help select the replacement holt.
It howsver, the boit you are replacing is so badly damaged (broken
or dritled out) that its threads cannof be used as a gauge, you might
start by fooking for another bolt {from the same assembly or a simi-
lar location) which will thread into the damaged boll's mounting. i
50, the other boit can be used to select a nub the nut can then be
usad to select the replacement halt.

I all cases, be absoldely sure you have selected the proper
replacement. Don't be shy, you can always ask the stors clerk for
help.

WABNING. .

Be aware that when you find 2 bolt with damaged threads, you
may also find the nut or drilled hole it was threaded ints has
also been damaged. If this is the case, you may have to drill
and tap the hole, repiace the nut or otherwise repair the
threads. NEVER try to force a repiacement bolt to fit into the
damaged threads.

SJOHUE s e e
Torque is defined as the measurement of resistance o luring or
rotating. It tends to twist a body about an axis of rotation. A com-
mon example of this would be tightening a threaded retainer such
as a nut, bolt or screw. Measuring forque is one of the most com-
mon ways to help assure that & threaded refainer has been properly
fastenad.

When tightening a threaded fastener, torgue is applied in three
distinct areas, the head, the bearing surface and the clamp load.
About 50 percent of the measured torgue is used in overcoming
bearing friction. This is the friction between the bearing surface of
the boit head, screw head or nut face and the base material or
washer (the surface on which the fastener is rotating). Approxi-
mately 40 percent of the apoliad forque is used in avarcoming
thread friction. This leaves only about 10 parcent of the applied
terque to develop a useful clamp load {the force which helds a joint
together). This means that friction can account for as much as 96
pergent of the applied torque on a fastensr.

Standard and Metric Measureme
¥ See Figure 29

Specifications are often used to help you determine the condgition
of varicus components, or to assist you in thelr installation. Some
of the most common measurements include length {in. or cr/mm),
torque (ft. Ibs., inch Ibs. or Nmj and pressure (psi, in. Hg, kPa or
mm Hg).

In some cases, that value may not be conveniently measurad with
what is available in your toolbox. Luckily, many of the measuring
davices which are avaitable today will have two scales so Standard
ar Melric measurements may easily be faken. [Fany of the various
meastring tools which are available to you do not confain the same
scale as listed in your specifications, use the accompanying conver-
sion factors to determine the proper valus.

The conversion factor chart s used by taking the given specifica-
tion and multiplylng it by the necessary convarsion factor. For
instance, looking af the first line, if you have a measurement in
inches such as “free-play should be 2 in.” but your ruler reads only
in millimeters, multiply 2 in. by the conversion factor of 25.4 to get
the metric equivalent of 50.8mm. Likewise, if the specification was
given anly in a Mefric msasuremant, far example in Nawton Meters
{Nm), then look at the center column firsst. i the measurement is
100 Nm, muitiply it by the conversion factor of 0.738 to get 73.8 ft,
fbs.
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CONVERSION FACTORS

LENGTH-DISTANCE

Inches (in.} x 254 = Miilimeters {mm} x 0394 = Inches

' Feet (ft.) x .305 = Meters (m) % 3.281 — Feet
Miles x 1.609 = Kilometers (km) x 0621 = Miles
VOLUME
Cubic Inches (in3} x 16.387 = Cubic Centimeters x .06l = inJ
IMP Pints (IMP pt.) % .568 = Liters (L) % 1.76 = IMP pt.
IMP Quarts {IMP qt.) x 1.137 = Liters (L} x .88 = IMP at.
IMP Gallons (IMP gal) x 4.546 = Liters (L} x .22 == IMP gal.
IMP Quarts {IMP qt.} x 1.201 = US Quarts (US qgt.} x .833 = IMP gt.
IMP Gallons (IMP gal} x 1.201 = US Gallons (US gal; x 833 = IMP gal
FI. Ounces x 29.573 = Milliliters x 034 = Ounces
US Pints {US pt.) x .473 = Liters (L) x 2.113 = Pints
US Quarts (US qu.) x .946 = Liters {L)} x 1.057 = Quarts
US Gallons (US gal.) x 3.785 = Liters (L) x 264 = Gallons
MASS-WEIGHT
Ounces {oz.} x 2835 = Grams (g) x .035 = Qunces
Pounds (b} x 454 = Kilograms {kg} %2205 . = Pounds
PRESSURE
Pounds Per Sqg. In. (psi} x 6.893 = Kilopascals (kPa) x . 145 = psi
Iriches of Mercury (Hg} x 4912 = psi x 2.036 = Hg
Inches of Mercury (Hg) x 3377 = Kilopascals (kPa} x 2961 = Hg
Inches of Water (H.O) x 07355 = Inches of Mercury x 13.783 = H,0
Inches of Water (H,0) x 03613 = psi X 27.684 = H,0
Inches of Water (H,0) % 248 = Kilopascals (kPa} X 4.026 = H,0
TORQUE
Pounds~Force Inches (in-lb) %113 = Newton Meters {N-m) x 8.85 = in~ib
Pounds—Force Feet (ft-1b) x 1.356 = Newton Meters (N-m} -, x.738 = fi-Ib
VELOCITY -
Miles Per Hour (MPH) x 1.609 = Kilometers Per Hour (KPH) % 621 = MPH
POWER
Horsepower (Hp) x 745 = Kilowatts x 134 = Horsepower
FUEL CONSUMPTION"
Miles Per Gallon IMP (MPG) x .354 = Kilometers Per Liter (Km/L}
Kilometers Per Liter (Km/L} x 2.352 = IMP MPG
Miles Per Gallon US {(MPG;} % 425 = Kilometers Per Liter {(Km/L)
Kilometers Per Liter (Km/L}) X 2.352 = US MPG -

#It is common to covert irom miles per gallon {mpg) to liters/ 100 kilometers (1/100 km}, where mpg (IMP) x 1/100 km
= 282 and mpg (US) x 1/100 km = 235.

TEMPERATURE
Degree Fahrenheit (°F) = {"C x 1.8y 4 32
Degree Celsius "C) = ("F-32) x .56
TECSiN4s

Fig. 29 Standard and metrie conversion faciers chart
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ENGINE MAINTENANCE
infroduction
# See Figure 1

Your decision to use a diese! angine was probably due to their
reputation of baing remarkably long lived and raliable. A sscondary
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. In any case, you are now charged with the mainte-
nance of your invesiment,

It is not uncommon to see diesel engines well over 20 years of
age moving a boat threugh the water as if the unit had recently been
purchased from the current fine of models. An inguiry with the
proud owner will undoubtediy reveal his main credit for its perfor-
mance to be regular maintenance.

It is highly uncommon to see a marine diesel wear out it

properly maintained. Yanmar places a 10,000 hour lite
expectancy on their engines. This time period covers the engine
from when i is naw, to when the cil consumption is though to
be too high.

Put simply, the little maintenance a diesel engine does require is
absoiutely sssential. Not paying attention to 2 regular maintenance
program can lead to thousands of dollars of damage, stranding or
fost time oul on the waler. '

Diese! engine maintenance centers around cleanliness. You must
keep the air, fuel and oil entering the engine clean. if these items are
kept ciean, the result should be a happy, healthy, long fived, reliable
engine.

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

Fig. 1 Pul simply, the little maintenance a diesel engine does require is ahsofutely essential

04871P10
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» See Figures 2 thiu 18 Engine modei name plete

= {ost identification fags are diificuil io ses when the sngine iz & wanMAR DIESEL 4
ingialied in the engine compartiment. You mayv nagd to use a miror MODEL .
ta raad aif the numbers off the fag. ' mwwﬁﬂ T G M‘i O 2
Every engine has a model name ;3|§i6‘ and clutch name plate fit- 0
i d fo i, in addition, the engine seriat number is stamped on the CONT. RATIHG oo —ene
cylinder bloek or cylinder head. ENERE o]
specifications of the engine and clutch are recorded and filad o VADE T JAPAN -
using the numbers marked on the plates. When parts are orderad, - .
always use your angine model ard number or clutch modsl,
gear ratio or number to corrsctly identify the companenis you
Own. Cluich model name plate
GM-series
'/C) MARINE GEAR MODEL KM 2 5\
GEAR RATIO
DI SAE 20730 HD
oI 0T, LR,
() KANZAK! KOKYUKOI MFG CO. LTD.
MAOTIE 'erhé’&ﬂ_-_w - O/
1 CoNT.RATING 5.8 N 3400 I8 HM-series /” \
© MAX.OUT PUT Y L sries (g MARINE GEAR MODEL  KBW 10 O
ENGINE NO. GEAR RATIO

@W oL ATF A
@ oL oTY 0.7 1R

2t

SRR RIS SHEL. RPN

i
Fig. 2 The engine identification 1ag tells you all you need o
know whan ovdering paris ey looking up information

4973558

Fig. 4 Engine and slutch name plates —GM and HI sosiss
engines

A \ | Discrimination of engine type. |
\ . F = Fresh water cooling. a
2-cylinder \ C = Sail-drive.
Marine engine series \ {When there is no mark
: = SR this stands for the engine
Discrimination of old GM(E) Model \ with direct sea-water cooling)

LR

Fig. & The engine series aumber can be translaied as ilustrated——GM and HE series engines
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Engine model
name plate

Fig. 5 Engine and clutch name plate location—2GH, 2GM28, 3GM, and 3GM30 engines

TA97T3GED

Fig. & Fngine and clutch name plate location—3HM, 3HM3b engines

Cluich model name plate

0407361 L
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Engine model name plate

[ERB ECE

(4574305

Fig. T Engine and cluich name plaie location—16M and 16M10 Fig. 8 Engine serial number iscation—2GM, 26M26, 3GM,
gngines JGM3G, IHM and 3HM35 engines

ngine Model & Serial Numbaer Wame Plate‘

Trans Medel a
=59 Sarial Kezbar
MNace Plate

£
IEVAL teans mader
A e

hg Kunber Nape

%&g}»‘? Place for gMLa

iy,

iz‘; 4

fj;‘”ﬂv-\::d

i it Down Angle
& = frans

DIRTEEED

Fig. 10 Engine and fransmission, model and serial rumber loca-
Fig. § Engine serial number location—1GM and 1GM10 engines tians—JH series engines
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¥ See Figure 11

Priesel fuel, due tc its chemical compound, actually promotes or
provides an ideal environment for cariain bacterial growth within the
fieel tank when combined with condensation. Due fo this phenomena,
a stahiiizer/arti-galling additive must be added 1o the fuef tank at
gach fill-up. Failure fo do s will result in the following conditions:

= Ciogging of fual filters, fines, pumps and injectors. A symplom
of this would be loss of power or no acceleration, and can be quite
expensive o rectify. .

» Gelling can occur at lower ambiant air imperatures due to the
higher viscosity of the fuel or due to chemical breakdown (dastabi-
lization) which again can cause a lack of power or no acceleration.

The bactaria does not produce a maldy off-odor to the diesel
fuel, However, it dogs give the fus! a noticeably rich black color,
which is an indicaior that the problem exists.

For more information on diesef fuel and additives, rafer to the
“Fual System” section of this manual.

Fig. 11 Always obiain your fuei from a repuiahle fusi dock

Nothing affects the performance and durability of a diese! engine
more than the angine oil. If inferior oil is used, or if your engine oil
is not changed reguiarly, the risk of piston seizure, piston ring stick-
ing, accelerated wear of the cylindar walls or liners, bearings and
other moving components increases significantly.

Maintaining the correct engine of fevel is one of the mast basic {and
essential) forms of engine maintenance. Get into the habit of checking
your ol on a regular basis; all engines naturally consume small
amounis of oil, and if left neglected, can consume enough oil fo dam-
age the infernal compenents of the engine. Assuming the oil lavel is
sarrect hacause you “checked it the last time” can be a costly mistake,

if your sngine has not been sparated for more than 72 hours it
should be pre-iubed prior to starting. This is accomplishad by leav-
ing the fuel shutcff in the BFF position and cranking the engine for
5 seconds. This will provide sufiicient lubrication to vital engine
companents and prevant a dry startup.

Normatly it fakes 1-2 minutes {o stabilize the engine ol prassure
after starting. Do noi he alarmed if engine oil pressure fluctuates
during this period.

When shutfing the engine down, always let the engine idie a few
minutss to bring engine temperature down to a normal level. Since
the engine is, at least in part, cooled by engine oil, it is necessary fo
allow engine oil temparature to stabiliza prior to shutdown. Not
allowing the temperature to stabilize can damage vital engine com-
ponents such as the trbocharger,

ENGINE GiL RECGMMENDATIONS

# See Figure 12

Every bottie of engine oil for sale in the U.S. should have g fabsl
describing what standards it meets. Engine il service classifications
are designated by the American Petroleum Institute (AP, based on
the chemical compasition of a given type of oif and festing of sam-

“ples. The ratings include “S” (normal gasoline enging use) and “C”

(commercial, flest and diessl) applications. Over the years, the C rat- -
ing has been supplemented with various letters, each one represent-
ing the latest and greatest rating available af the time of its
introduction, During recent years these ratings have changed and
maost recently (at the time of this manual's pubfication), the rating is
CH—4. Each successive rating usually meets all of the standards of
the pravious aipha designation, but also maets somea new Criteria,
meets higher standards and/or contains nawer or different additives.
Since oil is so important to the fife of your engine, you should obvi-
ously NEVER use an oif of quastionable quality. Diis that are labeled
with modern AP! rafings, including the "energy consarving” denut
symbol, have been proven to meet the AP quality standards. Always
use the highest grade of ofl avaifable. The better qualily of the oil, the
better it will lubricate the internals of your engine.

I addition 1o meeting the classification of the API, your o
should be of a viscosity suitable for the outside temperaturs in
which your engine will be operating. Oif must be thin enough to get
between the clase-tolerance moving paris i must lubricata. Once
there, it must be thick enough to separate them with a slippery ol
fitm, Y the oil is too thin, it won't separate the parts; i it's too thick,
it can't squeeze between them in the first place—either way, excess
friction and wear takes place. To complicate matters, cold-morning

SAE. 7 sWat 7
P

Service
Grads 20N a0
Vo 0 30 A/,E’A'?/
L il 777777 Wk
20W W 777777 N
20 T
30 .
40 ///f’i 2
30 .20 10 G 10 20 30 40 {°C)

0 20 40 60 80 100{°F)
Cperating temp.

L7 YANMAR Secommended Value

{7773 Usable mit

04873657
Fig. 12 The ambient temperature dictales the required viscosily
of engine oil
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starts require a thin ol to reduce sngine rasistanca, while high
spead driving reguiras a thick oil which can fubricate vital enging
parts at temperaturss.

According to the Society of Automotive Engineers’ (SAE) viscos-
ity classification system, an oil with a high viscasity number {such
as SAE 40 or SAE 50} will be thicker than one with a lower number
(SAE 10W). The “W" in 19W indicates that the oil is desirable for
use in winter operation, and does not stand for “weight”. Through
the use of special additives, multiple-viscosity oils are available fo
combing easy starting at cold temperatures with engine profection at
high speeds. For example, 2 10W40 oil is said to have the viscosity
of & 10W oil when the engine is cold and that of a 40 oil when the
engine is warm. The use of such an il will dacrease engine resis-
tance and improve efficiency.

= Yanmar tloes not agprove synthetic oil for use in any of their
engines.

OIL LEVEL CHECK

b See Figures 13, 14, 15 and 16

The EPA warns that proionged contact with gsed engine oil may
cause a number of skin disorders, including cancer! You should
make every effort to minimize your exposure 1o used engine off.
Protective gloves shoufd be worn when changing the oil. Wash

youy hands and any other exposed skin areas as soen as p6ssi-

ble atier exposure io used engine aif. Soap and water, or water-
less hand cleaner should be used.

When checking the oil level, it is best that the boat be level and
the oil be at operating temperature. Checking the level immediately
afier stepping the engine wilf give a false reading.

ftis narmal for a diesel engine tc naturally consume oil during
the course of operation. You should not be alarmed if the off level in
your enging drops slightly batween inspections. Also the color of
the oit is usually a pitch black coler. Smelling the oif is a befter
indicator of oil condifion than the color. If the olf smalls burned, it
should be replaced immediataly.

=i takes a little while for fresh ofl poured into the eagine to reach the
crankease. Walt for about 3 minules and then cheek the oil level again.

{4973P54
Fig. 14 The oii isve! on the dipslick should always be kept ai the
fufl mark on the dipstick {ieff) '

14a73PEL

Fig. 15 If the oil level is low, add oil through the oil cap hele in
the valve cover

(04572RG2

Fig. 13 To check the engine oil level, pu!l the dipstick from the
tube, wipe i clean, then reinser! it to obiain 2 reading

04873PE2
Fig. 16 On JH series engines, a secondary oil fill hole is added
on the front of the engine cover if access to the valve cover is
limited
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Qil leve! sholdd be checked each day the engine is operated.

1. Locafe the engine oif dipstick.

2. Clean the arez arcund the dipstick to prevent dirt from enter-
ing the engine.

3. Remove the dipstick and note the color of the off. Wips the .
Gipstick 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 at the upper imit. if the oil level is below the
upper limit, sufficient oil should be added to restora the proper level
of oil In the crankcase.
=(0n JH series enging, slowly inser! the dipstick. The seaf at the
top of the dipstick is quite efficient, If the dipstick is inserted too
quickly, the seal will pressurize the dipstick iube and force oil out of
the tube inte the crankcase. This will resuii in an inaccurate oil
tevel reading.

5. Ses "Engine Oif Recommendations” for the proper viscosity
and type of cil.

6. Gil is added through the filler port cap in the top of the valve
cover. Add oif stowly and check the level frequently lo revent over-
filling the engins,

WARNING . _
Do not overfili the engine. ! the engine is overfilled, the crank-

shaft will whip the engine oif into a foam causing loss of lubri-
_ cation and savere engine damage.

0lt. & FILTER CHANGE

# See Figures 17 thre 24

A few precautions can make the messy jcb of oil and filter main-
tenance much easier. By placing oif absorbent pads, availabie at
indusirial supply steres, inio the area balow the engins, you can
orevent ofl spillage from reaching the bilge.

it is a good idea to warm the engine oil first so it will flow better
and the contaminatss in the bottom of the pan are suspended in the
oil. This is accomplished by starting the engine and allowing it to
reach operating femperaluse.

Changing engine cif is sometimes complicated by the location of
the drain plug. Most boats equipped with inboard engines use an
evacuation pump to remove the used eagina olf through the dipstick
fube. If you don't have a permanently maounted oil suction pump in
your angine compartment, you may want to consider installing one:
This pump sucks waste oil out through either the dinstick tube or a
connection on the oil drain plug. JH series engines are usually
asquipped with a special fitting on the side of the crankcase espe-
cially for an evacuation pump.

[t is recommended by Yanmar that the drain plugs en the boitom
of the oil pan not be removed. Removing the plugs will break the
seal instalied al the {actory and aliow engine oil to drip into the
bilge. if you have removed the plugs aceidentally, purchase new
plugs and install them with the proper sealani.

The maintenance interval for oil and filter change is every 100
hours of engine operation. This interval should be sirictly kept
sspeciaily in the case of auxifiary sailboat engines since these
engines rarsly get up {0 operating temperature.

= Since you will be hanging intg the engine compartment, gather
alf the tools and spare paris nacessary for the job. Don't forget
ptenty of rags 1o clean up any spills,

1. Cennect the evacuation pump to the dipstick fube. Keep in
mind that the fast flowing ofl, which will spill out of the pump hose
will fiow with enough force that it could miss the bucket and end up
in all over the deck. Position the bucket accordingly and be ready to

Use caution around the hot oil; when at aperating temperatere,
it is hot encugh te cause a severg bum.

2. Alfow tha oil fo drain until nothing but a faw drops come out
pump, It should be noted that depending en ihe angle of the enging,
some oil may be lefi in the crankcase. This is normal and should
not cause the engine harm.

3. Remove gvacuation pump.

4. Position a drain pan under the oil filler. Soms filtars ars
maunted horizontally and some vertically, In either case, there is
usually oil leff in the filter. Whan the filter is removed, ofl will flow
ouf of the engine. H you are not prepared, you will have a mess on

Qil evacuation pump

£4873GT0
Fig. 17 If there is not enough room to place a drain pan under
the engine, the oil can be removed with an gif evacuation pump

(4073611

Fig. 18 The oil filter is screwed onto the engine hiosk
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.649 55
Fig. 19 if there is room under the engine, place 2 confainer {like
inis cul eut ol boitle} under the Hiter to catch the oif from the
fiftar

D97LRG54
Fig. 20 Using an oil filter wrench, furn the fitter counterclock-
wise 1o lossen it from the engine

Fig. 21 Dnge the filter Is loosened, turn i a few furas and allow
the eil to drain from the fifier

your hands. it may also be necessary to use a funnel or fashion
some type of drain shigid tc quide the ofl into the drain pan. This
can be a sirmple as a recycled ofl bottle with the botiom cut off or an
elaborate creation made of fin, In any case, it's purpose s 1o pravent
0if from spilling all over the engine.

5. To remove the filter, you will probably need and oil filter
wrench. Heat from the engine fends to fighten even a properly
instatled fitter and makes it difficult to remove. Place the wrench on
the filter as close to the engine as possible, while stilt leaving room
to work. This will put the wrench af the sirongest part of the filtsr
{near the threaded snd) and pravent crushing the filter. Locsen the
filter with the wrench using a counierclockwise turning motion.

6. {nce loosenad, wrap a rag around the filter and unscrew it
from the boss on the engine. Make sure that the drain pan and
shietd are positioned properly hefore you start unscrawing the filter,
Should some of the hot oil happen fo get on your hands and bum
you, dump the fiiter into the drain pan.

7. Wipe the base of the mounling boss with a clean, dry rag. If
the filter is installad vartically, you may want to fill the filter about
half way with oif prior fo installation. This will prevent oif starvation
when you fire the engine up again. Pre-filling the oil filter is usually
not possible with horizontally mounted filters. Smear a Iittie bit of
frash oif on the filter gasket o help it seat properly on the engine.
Install the filter and tighten it approximately a quarter-turn after it
contacts the mounting boss {always follow the filter manufacturer’s
instructions), This usually equals “hand tight” Using a wrench fo
tighten the filter is not required.
= (nly use Yanmar or equivalest quality marine of! fiHers. These

filters contain a bypass valve which is important in the proper oger-
ation of the lubrication sysiem.

Never sperate the engine without enging oil. Severs and costly
engine damage will resuil in 2 matier ¢f seconds without proper
fulirication.

8. it any oil has gotten info the bilge, remove it using an oil
ahsorhent pad. These pads are specially formufated to only absorb
oif and will not soak up any water in the bilge. Parform a visual
inspection and make sure all connections ars tight.

9. Carefully remove the drain pan from under the oil filter and
transfer the ofl info & suitable container for racycling.

10. Refill the engine with the praper guantity and quality of oil
snmediately. You may laugh at the severity of this warning, but i
you wait to refilf the engine and someone unknowingly tries to start
if, severe and costly engine darmaqge will result,

11, Refill the engine crankcase slowly through the filler cap on
the valva cover. Use a funnel as necessary fo prevent spilling oil,
Check the leve! often. You may notice that it usually takes lass than
the amount of oil listed in the Maintenance and Tune-up Spacifica-
tions chart to refill the crankcase. This is only unti the enging is
started and the of! filter is filled with oil.

12. Since most engine wear acours during tha first faw seconds
after starting an engine (hefore the pressurized ofl reaches the bear-
ings), it is especially important to prime the ol system after an oil
change. Large commercial engines have a special high pressura
electric ofl pump that is used to prime the engine prior {o starting.
However, most small engines do not have this option. Luckily, you
can accompiish the same task using the starter mator. Simply pull
the stop cable or disconneet the run solencid to prevent the engine
from starting and crank the engine titl adequate oil prassure builds.
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Fig. 22 Before instalting the new filter, wipe the gasket matling
surface clean '

) ] o [195
Fig. 23 Bip a finger into a frash boitle of 0if, and {uhricale the
gasket of the new filter

(4973P04

Fig. 24 Tighten the new filler 12 1o % of a turp afier the gasket
contacts the mating surface. Do not use a wrench to lighten the

filter!

Oil Capacities

Capacity
Model Gal.{liter)

Total Effective

1GM | 03(1.3) | 0.5(2.0)
1GM10 § 0.3(1.3) | 0.2(0.6)
26M | 05{2.0) | 0.3(1.3)
26M20 | 0.5(2.0) | 0.3(1.3)
20M20 | 1.3(5.1) | 0.9(3.3)
aGM | 07(2.7) | 0.5(1.8)
3GM30 | 0.7(27) | 04(1.6)
3HM | 15(5.5) | 0.8(3.0)
3HM35 | 1.4(5.4) | 0.7(2.7)
3QM30 | 1.7(6.5) | 0622}
4JH-DTE| 1.7(6.5) | 0.8 (3.0)
4JH-E | 1.7(6.5) | 0.8(3.0)
4JH-HTE| 1.7(6.5) | 0.8 (3.0)
4JH-TE| 1.7(65) | 0.8(3.0)
4JH2-DTH 1.8(7.0) | 0.7 (2.5)
4JH2-E | 1.8(7.0) | 0.7(25)
aJH2-HTH 1.8(7.0) | 0.7 (2.5)
4JH2-TE| 1.8(7.0) | 0.7 (2.5)

HE7I0E3

13. To make sure the proper level is obtained, run the enging to
normat operating temperature, furn the engine OFF, aliow the oil fo
drain back into the il pan and rechack the level. Top off the oil to
the corract mark on the dipstick,

- Transmission Oif

OIL LEVEL CHECK

¥ Ses Figures 25, 26, 27, 28 and 29

The EPA warns that prolonged contact with used oil may cause a
number of skin disorders, Including cancer! You should make
every effort to minimize your exposure to used oil. Protective
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gloves should be worn when changing the oil. Wash your hands
and any other exposed skin areas as socn as possibie afler
exposure to used transmission oil. Seap and water, or waterless
hand cieaner should be used.

=eFach time the cif level is checked, ¢lean the area around the
transmission vent. This area tends to get slogyed with oif and sali
deposiis. If the veni is comgletely clogged, the transmission wili
not receive proper venlilation.

When checking the fransmission ol level, it is best that the boat
be level and the ail be at operafing temperature,

1. Locate the engine oil dipstick.

2. Clean the area around the dipstick to prevent dirt from enfer-
ing the transmission,

3. Remove the dipstick and note the calor of the ofl. If the oil has
changed color from its original tone, it is burnt and should be
repfaced. If the oil is a milky white color, water is present in the
transmission. Wipe the dipstick clean with a rag.

= On some dipsticks the level of oil is difficuii to sea. I this is the
case, the dipstick can be painted with white epoxy paini. Dnce dry
the paint will provide a background color fo view the engine oil on
the dipstick mere clzarly,

4. See "0il Recommendations” for the proper viscosity and type
of gil,

5. Insert the dipstick irto the filler hols, but BO NOT screw it
back into the fransmission. The dipstick should rast on the

threads.

6. Pull the cipstick out of the fransmission, and read the level on
the dipstick. The level should be at or near the groove on the and of
the stick.

7. Ifthe oif lavel is at or below the lower limit, sufficient oil
should be added through the dipstick hale to restore the proper
level of oif in the transmission. Add oll in small amounts 1o avoid
ovarfiliing the transmissicn.

DKIB:FEF.L/
Fig. 25 To chack the levei of the iransmission oil, remave the
dipstek, wipe it clean. . .

Jwithout screwing it back into the hole

Fig. 27 . .

E L
D49TIPTR

Fig. 26 . . .and reinsert it into the transmission. . .

Qil filler screw

Maximum oil ievel

Groove Minimym oi! leve!
g (4673650

Fig. 28 The transmission oil lavel shouid be at the top of the
groove on the dipsiick
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Fig. 29 A funne! or piteher should be used when adding trans-
mission oil to avoid spillage

Do nof overfill the transmission. If the transmission Is over-
filled, the gears will whip the oil infs a foam causing loss of
lubrication and severe damage.

OiL CHANGE

$ See Figures 30 and 31

The maintanance interval changing the oil in the transmission is
evary 100 houss of operation,

A few precautions can make the messy job of cil and filler main-
tenance much easier. By placing oif absorbent pads, available a
industrial supply storas, into the area below the oil drain plug, you
scan prevent gear oil pillage from reaching the bilge.

As with the engine ofl, changing the transmissicn ofl is some-
times complicated by the locaticn of the drain plug. Even if you can
reach the plug, on some boats there isnt enough room to fit a drain
pan under ihe transmission. In such cases, an oil evacuation pump
should be used.

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

04673625
Fig. 30 As with the engine oil, an evacuation pump will need i
be used if there is not sufficient elearance under the transmis-

sian

04378001

Fig. 31 Tags, usuaily found on the sutside of the transmission,
fdentify the type and quantity of transmission ol that sheuld be
gsed

adequate clearance for a drain pan. If clearance is tight, an oil evac-
uation purmp will have to be usad.

==if you don’t have a permanently mounted ofl suction pump in your
engine compartment, you may want to consider installing ane. This
pump sucks waste oit out through either the dipstick lube or a con-
nectign on the oil drain plug.

2. Pasition the drain pan under the ofl drain plug. Keep in mind
that the fast flowing off, which will spilt out as you pull the plug
from the fransmission, will flow with enough forcs that it could miss
the drain pan and snd up in the bilge. Positicn the drain pan
accordingly and be ready fo move i more directly under the piug as
the oll fiow lassens o a trickle.

2 Loosen the drain plug with an appropriately sized wrench {or
socket and driver}, then carsfully unscrew the plug with your fin-
gers. Push in on the plug as you unscrew it, then ramaove the plug
quickiy and allow the oil to drain from the fransmission.

4. Allow the oil o completely drain from the fransmission.

5. Carefully thread the plug into position and tighten it o specifi-
cation using a forque wrench. i a torgue wrench is not available,
snug the drain piug and giva a slight additional turn. The transmis-
sion drain plug threads are sasily siripped from overtightening {and
this can be time consuming and costly {o fix),

6. If any oil has gotten info the bilge, remove it using an ofl
absorbent pad. These pads are spectally formulated to only absorh
oil and will not seak up any water in the bilge. Perform a visual
inspaction and make sure ail connections are light,

7. Carsfully remove the drain pan and transfer the oif info a sult-
abie container for recycling.

8. Using 4 funnel fo avoid spillaga, rafill the transmission with
the proper quantily and quality of oif through the dipstick hole.
Check the laval often when adding ofl to the transmissicn to aveid
overfilting.

0. When the leval of the oil in the transmission is corract, install
the dipstick,

§ 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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Fin. 32 Mavine ecosystems are very fragile. Always dispose of
your used oil and other hazardous waste properly

in many areas, waste ol is being accepled as a part of recycling
programs. A number of parts stores are alse accepting waste fluids
for recycling.

Be sure of the recyciing center’s policias hefora draining any fHu-
ids, as many will not accept different fuids that have been mixed
together.

% See Figure 33

LUBRICATION

Contrel cables should be lubricated at the first sign of binding. It
s imporiant to keep thesa cables well lubricated to prevent corro-
stan from forming inside the casing. If corrosion forms, it is almost
impossible to remove and the cable must be replaced.

There ars a couple of ways f0 fubricate the cable but all involve
the same principie; forcing ol 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 off and allowed to sit overnight. A
container is placed at the lowsst end of the cable to caich the
overflowing fluid. Gravity will forse the oil between the cable and
the sheath.

A similar procedure usas a prassure pump and a piese of rubber
hose. The highest end of the cable is attached fo the pump with a
piece of rubber hose and secured with hose clamps. Lubricant is
then forcad through the cable.

In a marine engine compartmant, the mirimal amaunt of dust
and dirt in the air mean that a marine air filter requires iess mainte-
rance than its counterpart fn the automotive worid, However, the
maintenance of a maring air fitter is equally important.

The maring filiar prevents dirt from entering the engine and scor-
Ing the cylinder walls. This iessens oil consumption and extends
the engine's tife, The air fiiter on some engines is also used as an
ntake silencer to quigt the intake air sound as it rushes into the
Cylinder head from the intake ports.

stor3e ane handle MV type

hEHEeh]
Fig. 33 Most vessels use 3 conirel cables, ene each for engine
speed, ransmissien range and engine siop

There are several alr fitter designs. Some use a coarse screen (o
stop farger items from being sucked into the enging. Most use
aither paper or foam to fiter the air because it is the least resirictive,
(il soaked elements are among the mast restrictive,

Over time, the air filter element will become clogged with dirt and
oil, decreasing ths amount of air entering the engine and fowering
engine oulput, if an excessive amount of il is clogging the filter,
this could be an indication of worn oylindars or piston ring failure
causing high pressura in the crankcase.

The maintenance intarval for intake filter/sitencer cleaning is
avery 100 hours of engine operation.

SERVICE

Maturally Aspirated
# See Figures 34 thru 41

Yanmar ciesel engines use a foam type filter element that must
be washed in a nautral detergent solution to be cleansd.

The air sitencer on naturally aspirated engines is aftached to the
side of the cylinder head attzched to the intake manifold.

1. Using a rag, wipe the intake silencer cover o pravent dirt from
antering the engine when the cover is removed. Unfasten the lalches
securing the infake silencer caver {o the base and ramove the cover,

2. The silencer efement is located inside the cover. Simply
remove the element from the cover and soak it in a selution made
from a neutral detergent and water. Agitate the stement to remove ali
dirt and oif. Allow the eferment to air dry prior io installation.
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Fig. 34 To remave the silencer on 3 GM/HM series engine, dis-
engage the two ialches on the sides of the housing

(4073735
Fig. 35 After the faiches are disengaged, unhook them from the
back of the silencer base Fig. 38 Inspect the foam foy cleaniiness

Element

Fig. 39 The silencer/ffilter element should be sleaned with a
Fig. 36 Mow the silencer can easily be remavad nauiral detergent
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l 04874P6E
Fig. 40 This silencer was positioned incorrectly. if waler should

enter the housing, the engine may e destroyed

04973FF
Fig. 42 To remove the silencer on a turhocharged JH series
engine, disengage fhe clip for the breather hose with pliers, . .

O4873P4R
Fig. 41 The silencer sheuld be positicned in this manner o pre-
vent water and other debris from enfering the engine

=1t is extremnely important that the intake silencer element be com-
pletely dry prior to instatlation. If water enters the sagine it will not
compress in the combustion chamber and may cause severe inler-
nz engine damage.

3. Once the elament is dry, install it in the silencer cover and
place the cover back on fo the base. Align the latches and fasten
them sacuraly.

Turbocharged
# Sae Figures 42, 43 and 44

The air silencer on turbocharged engines is attached to the injet
side of the furbocharger,

1. Using a rag, wipe the intake silencer cover io prevent dirt from
€ntering the engine when the cover is ramoved. Note the position of
the silencer for installation reference. Loosen the band clamp
attaching the silencer to the turbocharger infet and slide the silencer
0ff the turbocharger.

2. Soak the entire silencer n a solution made from a nautral
defergent and waler. Agiiate the element to remove all dirt and oil.
Altow the element to air dry prior to instalfation.

$H07IP1T
Fig. 43 . . .remecve the hose, then disengage the latches. Noie

that this engine dees not use a foam element

e

04573012
Fig. 44 With the silencer removed, the impeiler of the tur-
hocharger can be viewed to sheck for cleanliness
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el is exiremely imporiant that the intake silencer element be com-
pletely dry prior te instatfation. If water enfers the engine it will not
compress in the combustion chamber and may cause severe inter-
‘nal engine damage.

3. Onge the element is dry, align and install e silencer on the
turbocharger inlet with the band clamp. Tighten the clamp screw
sectirely.

The crankcase breather system must be kept clean to mainiain
good performance and durability. Periodic service is required to
remove combustion products from the breather components. The
components should be inspected and serviced when the air
filtar/sHencer is sarviced.

Over a pariod of time, depasits build up in the breather circuit.
The crankcase breather system should be inspected at avery oil
change. Service the breather system if engine oil is being dis-
charged into the alr cleaner.

0On soma engines the dipstick will be blown out of the dipstick
fube during operation. If this should happen, the crankcase breather
is clogged and should be serviced. Do not aftempt to clean the
breather, rather replace if with a naw one.

A simifar condition will ocour i the hose from the air cleaner to
the valve cover is kinkad during instatlation of the air cleaner
assembly. in this case, simply reposition the air cleaner so that the
nose is not kinked.

SERVICE

The crankcase breather shauld be serviced at least every
500600 hours or sconer if a problem is encountered.

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

1. On 2 and 3GM engines, remove the breather hose that con-
nects the braather to the air cleaner/silengsr. On the 1GM engine,
fhis is not-required, bacause it is squipped with a tube that vents
direetly into the intake manifold,

2. Remove the 4 bolts that atiach the breather cover o the rocker
arm cover,

(4973P47
Fig. 45 On GM series engines, inspect the breather hose by
rernoving it and checking for internal obstructicns

Breather g

Leal spring

Air ghamber

!

=
P

Breather cover

b

-
' ¥

Breather pia!e—é
Breather wawa_C?

Braather pipe

04873621

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

Braather tid

\ 2]

L Deflector panel
J

Drilied hole tor lsbricating oit

To intake atr

Ajr chamber

Breather pipe

(43736322

Fig. 47 Crankcase breather system deiail-—2GN and 3GM/HM

series engings
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3. Inspect the leaf spring, and the smali hiole at the base of fhe 3HM and JH Series
alr chamber that allows excess ofl to drain hack into the crankcase. » See Figures 48, 49, 50, 5% and 52

If the drain hole Is clogged, the air chamber will fill up with ofl.
4. Clean any oif deposits from inside the breather cover and air 1. Remove the breather hose thal connacts the breather to the
air cleaner/silencer.

chambar,
5. Using a new gasket, install the breather cover. 2. Hemove the 2'balts that attach tha breather cover to the
6. Inspect the breather hose by blowing through 1t there should rocker arm cover.

not be any obstruction, 3. Lift the sheifer plate(s) and the mash net from the rocker
7. 1 the hose is in good condition, and there are no internal cover,

4. 1 the mesh net is dirty, it should be washed o replaced.

pbstructions, if can be instaliad. If the hase is abstructed, cracked,
5. Clean any hardsned oil daposits from the shelter plate(s).

or excessively soft, it shoufd be replaced.

Breainer cover

Breathar caver. oy Breather proe
? ¥

et

Shetter plate *— Q\
N S
: | i,.ME.eamer pipe

Shener platg "8 o St

K ; " Sneler piate
J I

L reiee

intaka air silencer

Shetter plate

el

Fig. 48 Crankcase hreather system delail—JH series engines
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8. Install the shefter plate(s} and mesh net into the rocker cover.

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

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

9. Inspact the breather hose by biowing through it; there shouid
not be any cbstruction.

10, if the hose is in good condition, and there are no infernal

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

Ohserve all applicable safely precautions when working around
fuel. Whenevar servicing the fuel system, always werk in a weil
vanlilated area. Do nof aliow fuel spray or vapors iz come in

497317 . . a .

. ; . : contact with a spark or open flame. Do net smoke while working

Fig. 50 To nspect the breather system on a JH series engine, around fusl. Keep a dry chemical fire extinguisher near the work
remove the two bolls on the breather cover area. Always keep fuel in a container specifically designed for

fuel storage; also, always properly seal fuel containers lo avsid
the possibility of fire or explasien.

In addition to the fusl filler mounted on the engine, a filter is
usually found inside of near the fuef tank. Because of the large vari-
sty of diffarences in both poriable and fixed fuel tanks, it is impossi-
ble to give a single procedure to cover all applications. Check with
the boat manufacturer or the marina who rigged the boat for defails
on replacing the fuel tank filter,

# Sea Figure 53
The fus! filter is installed between the feed pump and the injec-
tion pump, and serves fo remove dirt and other impurities from the
fued tank through the feed pump. f a fuel filter is not used, a smalf
speck of dirt or sand in the fuel can drastically affect the ability of
the operation of the injection pumnp. If that same speck of sand
manages o pass through the injection purap and into a fuel injector,
) it may not spray properly, decreasing engine performance.
Fig. 51 Remove the cover and the shelter piate. . . Fuel filters usually consist of a replaceable paper filter element,
Fuel enters from the outside of the element, and passes through, fi:-

04473P16

Fig. 53 The fug! fiiter is instalied between the feed pump and
the injection pump, and serves to remaove dirt and other impuri-
Fig. 52 . . .then remove the sereen from the valve cover tias from the fuel

04973P14
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tering out i, sand, and other impurities, allowing only clean fual
in anter the inferior of the element. The fuel then exits the filter
fisusing from an outlet at the top of the filter body, and is sent to the
injection pump. Singe this paper degrades over time, it is recom-
miendad that the fuel filter be replaced at the beginaing of sach sea-
501,

Regular raplacement of the fued filter will decrease the risk of
blocking the flow of fuel to the engine, which could feave you
siranded on the water. Fuel fliters are usually inexpensive, and
repacement is a simple task.

REMOVAL & INSTALLATION

88 and GM/HM Series Engines
¥ Zes Figures 54 thru 53

(bserve all appiieabie salely precautions when working around
fuel, Whenaver servising the fuel system, always wark in a well

eeriae T 4112 CLO N pUMD

™~ From feed pump

Eiement

Fuet filter cover

Agtairang nng

Fig. 54 Fuel filter detaii—0M and GR/AM series engines

ventilated area. Do not allew fuel spray or vapors fo come in
cosntact with 2 spark or open flame. Do not smoke while working
around fuel. Keep a dry chemical fire extinguisher near the work
area. Always kaep tuel in a container spesificaily designed for
fuel storage; also, always properly seal fuel containers fo aveid
the possibility of fire or expiosion.

. Place a recepiacle under fuel filter to contain any excess fuel.
. Using arag, thoroughiy clean the filter and filter body
- Loosen the refaining ring that hoids the fuel filter cover in place.
. While pushing upward on the Tuel filler covar, unscrew the
rataining ring that holds the cover in place.

5. Once the retaining ring is free of e threads on te body,
carefulty lower the fusl filter cover, and the efement.

6. While holding the element inside the housing in place, tip it
over and allow the fuel fo drain.

7. Remove the element from the cover. Be sure fo note the
direction in which the efement is situated in the cover

To insta:

8. Clean the Inside of the fue! filter cover,

B O3 ) ek

{17988
Fig. 55 To removs the fuei fitler, turn the retaining ring counter-
clockwise

PEERE ]
Fig. 56 Whila remaying the retaining ring, push upwards on the
filter sover until the ving is free from the heusing. . |
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Qesrdrar
Fig. 57 . . .then lower the hiousing along with the filter. Keep in
mind the filter cover is filled with fuel

(4974FAS
Fig. 58 Filf the filter cover approximately halfway with fresh
fuel, and carefully lower the new element info the housing

. Da87aPRE
Eig. 59 Always replace the D-ring on the filter cover when the
element is replaced to avoid air from entering the sysiem

9. Install a new filter element {in the proper direction) in the fuel
filter cover.
10. Using fresh, clean fuel, fill the fuel fitier cover.
11. Using a new 0-ring, install the element and filter cover to the
fuel fifter hody.
12. Tighten tha refaining ring snugly by hand.

Ater installing a new fuel filtey, excess air must be blad from the
fuel system, or the engine may not start. Repeated attempls of
starting the engine with alr in the fuel system may starve the
fnjection pump of fuel, causing damage due 10 lack of lubrication.

JH Series Engines
$ See Figurses 60 and 51

Ohserve all applicable satety precastions when werking around
fuel. Whenever servicing the fuel sysiem, always work in a wsl
ventilated area. Do not allow fuel spray or vapors io come in
contact with a spari or open flame. Bo not smoke while working
arsund fuel. Keep a diy chemical fire extinguisher near the work
area. Always keep fusl in a container specifically designed for
fuel storage; alse, always properiy seal fuel centainers to avoid
the passibility of fire or expiosion.

1. Plage a recentacle under fuel filter to confain any excess
fuel.

2. Using a rag, thoroughiy clean the filier and filter body.

3. Using an oil filter wrench, Toosen the fuel filter from the filier
body.

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

5. Once the threads are free, tip the filter over and allow the fuel
to drain info the receptacle.

To install:

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

7. Lightly lubricate the gasket on the filter by applying a fight
coafing of fuel.

8. Carefully raise the filter and thread it onto the filter body, tight-
aning it according to the filter manufacturers specifications. Most

Discharge

intake

Element

4873623

Fig. 60 Fuel filler mounting defail—IJH seties engines
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BA0TIP03
Fig. 61 A plastic seda bottie rimmed dewn and placed under
the fiiter wili conlain any excess fuel

fliters only require Va to ¥ turn of the filter affer the gasket fouchas
the sealing surface. This usually transiates into “hand tight.” A filter
wrench should nat be used to tighten the filter,

After installing a new fue! Hilter, excess air must be bled from
the fuel system, or the engine may not stari. Repeated altempts
of starting the engine with air in the fuel system may starve the
injection pump of fuel, causing damage due o lack of luzbrica-
tien,

FUEL SYSTEM BLEEDING

b See Figures 62 thru 87

Any time the fuel system is exposed to air (e.g. changing a fugl
filer) the accumulated air will have to be blad from the sysiem lo
aliow for proper detivery of fuel fo the angine.

Basides changing the fust filter, air can be drawn into the fusd
systern by several routes, Typically, air is sucked into the fusi sys-
tem through a poor seal upstream of the I pump. Air can also be

4974PG7
Fig. 64 Loosening the air bleed screw on a JH series engine

. LAG74P25
Fig. 62 Although the fue! filter is stightly different between med-
els, the air bleed serew is always the 18mm boit with the
Philiips head

£4075P03
Fig. 65 Afier the bleed screw has heen foosened, operate the

priming lever on the feed pump to push the air out of the system
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Fig. 66 If air has entered the injector pump, loosen the lines on
the injectors ONE TURN, and crank the engine to bleed the air

oaarapat

Fig. 67 I your engine is equipped with spacers on the fuel
injectors, use a wreneh fo hold the spacer statienary while loss-
ening the line nut i

drawn into the fuel system when the fusf tank is low, and the motor
is being operated in rough seas. A small amount of air (about a tea-
spoon] in the fuel system is enough air to shut down the engine,
and require fusl system bleading.

To bissd air from the fuel system, procead as follows:

1. Loosen the air bieed screw at the top of the sacondary fusl
filter {betwean the lift pump and injeetor pump).
=YWhen operaling the priming fever on the lift pump, make sure to
push down completely 1o ensure fulf operatinn of the diaphragm
within the pump.

2. Operate the priming tever on the lift pump. | the laver is only
moving slightly, rotate the crankshadt by hand to reposition the lobs
on the camshatt that operates the pump. This will allow for a full
stroke of the priming lever.

3. Operate the priming lever untif fuel free of air flows from the
air bleed screw, then fighten the soraw.

= Air can be drawn into the fuel system by a faully bleed serew
washer. After the hieeder screw has been loosened a few times, it
is a goed idea to replace if to ensure a leak-free seal. Aiss, do not

overlighten the bleed scraw, The serew is holicw and can be
sheared very easily. :

4. If air remains in the system, check for leaks in the lift pump
or primary filer, _

5. 1f the engine has stalled from air in the system, {or if the high
prassure side of the system has been opened) it will be necessary 10
hleed the injector pump, injector lines, and injectors.

6. Laosen the bised screw on the injsctor pump and operate the
nriming laver on the lift pump until fuel free of air fiows from the
blead screw, then tighten the screw.

7. Loosen the injector fine nut(s) on the injector(s; one tum.

Ifthe injector has a hex spacer on the inlet, make sure fe hold it

stationary with & wrench while logsening the line nui. Do NOT
attempt to loosen the line by turning the spacer, Turaing the
spacer will twist the fuel fine, reguiring replacement of the line.

8. Place the engine speed lever to the full throftle position.
9. Using the starter, crank the engine until all air s free from the
lines untl! fuel runs from the connections.
18, Tighten the line nuts securely.
1. If air ramains in the system, locate the source of the air, and
perform and repair procedures necassary.
12. Repeat the procedure until the entire fuel system is free of air.

INSPECTION

# See Figures 68, 69, 70 and 74

Baits shouid be inspacted on a regular basis for signs of glazing
of cracking. A glazed belt will be perfactly smooth from slippage,
while a good balt will have a slight texture of fabric visible. Cracks
will usuatly start at the inner edge of the belt and run outward. All
worn or damaged drive belts should be replaced immediately, It is
best to repiace all drive bells af one fime, as a preventive mainie-
nance maasure, during this service aparation.

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

TCCH4

Fig. 68 An exampie of a healthy drive belt
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o818
Fig. 69 Beep cracks in this belt will cause flex, building up heat
that will eventually lead to belt failure

Datermine belt tension al a point haifway belween the pulleys by
prassing an the bett with moderate thumb pressurs, If the distance
between the pulieys {measured at the center of the pulley) is 13-16
in. (330~400mmy), the belt should deflect Y2 in. (13mm) at the
halfway point of its longest straight run; Ve in. (6mum) i the distance
is 710 in. {178-300mm). i the dedection Is found to be too much
or oo litile, Ioosen the mounting bolts and make adjusimenis as
necessary.

»When replacing belts, It is recommended 1o ¢lean the inside of
the beit puileys to extend the service iffe of the belis.

ADJUSTMENT

$ See Figures 72 thru 78

Before you attempt to adjust any of your engine’s beits, apply
nenetrating oif fo the alternator bracket fasteners to make them eas-
ier to loosen.

1. Disconrnect the negative battery cable.

2. Loosan the afternator or water pump pivot bolt,

ICEE12%6
Fig. 70 The cover of this belt is worn, exposing the critical rein-
forcing cords o excessive wear

Altemnator

pump drive
puliey

£48735673
Fig. 72 The waler pump and alternator beit is adjusted by pivet-

ing the aiternator

TCCS3ETY
Fig. 71 installing toc wide a heit ean result in serious heli wear
and/or breakage

04973514
Fig. 73 Loosering the holt that attaches the alternator fo the
siotted bracket wili allow for bell adjustment
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Seawates pump

Sea water pump drive pulley

(873615

Fig. 74 The raw water pump drive belt is adjusted by loosening
the pivet beli, fhen loosening the adjustment bak

T
Fig. 77 Onee the atlernafor is loosened, install a heit tensioner,
and adjust it until the tension on the belt is correct

D4973FZE
Fig. 75 To adjust the alternater/fresh waler pump belt, loosen
the alternator pivet balt . . .

(4373851
Flg. 78 The raw water pump adjusts in the same manner as the
alternatar {note tie slat on the bracket that allows the pump fo

pivat)

n4araez?
Fig. 76 . . . followed by the adjustment bracket bolt. The atter-
nator should be loose

3. Loosen the alternator or water pump putley adjusiment bracket
bolt.

4. Using a wooden laver, pry the alternator or water pump toward
or away from the engine until the praper tension is achisved.

RNIN

Do not cvertighien the drive belts; the waler pumgp and/or alter-
nator bearings can be damaged.

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

6. Tighten the alternator or waler pump pivot bolt.

7. Raconnect the negative battery cable.

REMOVAL & INSTALLATION

¥ See Figure 79

The replacement of the inner baft on multi-belted enginss may
requirs the removal of the outer belts.
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Fig. 79 Once the alternator is loasened, the beit simply slips
the puileys

SELSTRDZ
Fig. 81 Visually inspect the exhaust outlet {o check for proper
cooling system circulation

To replace a drive belt, loosen the pivol and mounting belts of
the component which the belt is driving, then, using a wooden laver
or equivalent, pry the component inward 1o relieve the tension on
the drive befl; always be carefl where you locate the prybar, of
damage to components may resull, Slip the belt off the compongnt
pulley, and match the new belt with the old beit for length and
width. These measurements must he equal. It is rormal for an old
belt to be slighily longsr than a new one. After a new belt is
installed correstly, properiy adjust the fension.

~\ihen remgving more than gne hell, be sure to mack them for iden-
fificaiion. This wiil help aveid confusion when replacing the beifs.

CHECKING CIRCULATION

% See Figures 80 and 81

Every time the engine is started, check for proper flow through
the ¢ooling system. The bast way fo check this is to visually inspect

the straight through valve on dry exhiaust systems or e exhaust
outlet on wet exhaust engines. If the engine shows high oparating
temperaturs or overheats, the conling system is almost certainly
blocked and should e inspecled immediately.

CHECKING THE RAW WATER STRAINER

% See Figures 82, 83 and 84

A filter or strainer is used to pravent farge particles of sand, mud,
and cther debris from entering the cooling circuit and damaging the
raw water pump. The water in which the vessel is operated dictates
how frequently the fifter will have 1o be cleaned. Most strainers have
sight glasses or other means of visual inspection to dstermine when
maintenance is necessary.

To sarvice the strainer;

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

2. toosen the clamp or wingnut that secures the top of the strainer,

3. Remove the strainer basket and clean if thoroughly.

4. 1f sediment remains in the boltom of the strainer housing, it

SELST!
_Flu- 80 Flappers are used to prevent seawater from basking up
into the wet exhaust

SELSTHAT
fig. 82 As you can see, e raw watsy iniel can sasily became
clogged without proper maintenance
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Fig. 83 A typical raw water strainer

Elemnent

To sea water pump

87632

Fig. 84 Exploded view of a typical raw water strainer

can be remaved by using a turkey baster to suck out the liquid or by
removing the drain piug at the bottom of the sirainer and allowing

the water to drain.
5. Replacs the strainer basket and secure the strainer iop.
6. Open the raw water intake petcock.

DRAINING & FLUSHING

» See Figures 85, 86, 87 and 88

The foliowing procsdure covers general draining and flushing
procedures for raw water cooled engines. This procedure may aiso
be used for the raw water portion of heat exchanger cooled engines.
If the materfal presented here differs from thoss in your operators
manual. follow the procedure in the operalor's manual the manual.

1. The boal must be out of the water to perform this procedure.

2. Disconnect the hose at the inlet petcack and sacure it to a gar-
dan 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 fillirg.

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

4. Afiow the engine to run for approximately 20 minutes to fiush
sitt, sediment and salt frem the cooling system. This also allows the
thermostat enough time o open fully.

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

6. At this point, the water has drained from the inlst hose and prob-
ably partially drained from the water pump and cylinder head. You
mest now drain the water from all the Jow lying areas of the engine.

7. Remove all the engine drains and zincs. Have a bucket handy
to catch all the water, Aliow the engine to confinue draining until no
water is feft,

8. Using a piece of stiff wire, probe all the zinc and engine drain
holas. Using the wirs to scrape any sit, rust, salt and seale from the
engine. If this debris is feft in place, it will harden and prevent the
normal flow of water through the engine. Once hardened, it cannot
he removed.

0o not leave zincs and drain plugs out over the winfer storage

periad. Corrosion and vust witl form on the thrgads in the block
making installation in the spring very difficuit.

-

04573638

Fig. 85 Draining the tooling water on a OM series engine
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48730633

Fig. 86 The exhaust manifold also has a drain ceck to makse
draining the cooling watsr easier

CSW pump cover {sea water
04873536

Fig. 87 To ensure thatl all of the water is drained from the raw

waler pump, loosen the screws on the cover and allow the water

e escape

Fresh water drain cock
{tower part of fresh water tank)

Sea water pump

Fig. 88 There ara usually several locations on an engine for draining of both the fresh water and raw water ceoling sircuils

Sea waler drain cock
(Cooling water sea water pipe)

(4973542
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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 seplace then with new
ones as needed. Install the zincs and reinstall the drain plugs using
Tefion® tape.

REFILLING WITH ANTIFREEZE

The next faw steps outling a procedure for filling the cooling sys-
tem with nantoxic anilfresze.
=There are a few types of water pump impeflers which may react
adversely to anlifreeze. Check with the eagine or water pump
impeliler manufacturer for compatibility with antifreeze prigr fo per-
forming this procedura.

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

When draining coolani, keep in mind that cats and dogs are
attracted by ethylene ghycol antifreeze, and are quite likely to
drink any that is left in an uncovered container or in puddies on
the ground. This will prove fatal in sufficient quantily.

= sed Huids such as antifreeze are hazardous wastes and must he
disposed of properly. Before draining any fluids, consuit with your
lgcat authorities; in many areas antifreeze is being accepted as 2
part of recyciing programs. A number of marinas and parts slores
are aiso accepting waste fluids for recyeling.

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

3. Start the engine and allow the antifreeze to run through the
engine Lnit it comes out the exit clean. This should sufficiently coat
the cooling system and leave a good bit of antifreeze in the engine.
If you wish to completely fili the system, connect the inlet hose and
ciose the inlet patcock. Remove the thermostat (which should be the
high point in the system} and fill the engine manually through the
thermostat housing.

LEAVING THE ENGINE DRY

The naxt faw steps outline a proceduse for feaving the cooling
system dry over fhe winler,
=There is seme dehate as to whether this Is the best way to over-
winter an engine. You will have 1o decide for yourself whether to fill

the cooling system or allow i ta go dry. Bear in mind that any water
(not coclani) leff in the block could freeze and cause serious engine

damags.

1. Carefufly 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 difficully. Remove the water
pump impeiler cover.

2. Remove the water pump impetler and inspect it for damage. i
damage is notad, replace the impetler. K the impeiler is intact,
graase the blades impellers lightly with petrotsum jelly and place it
back in ifs bore.

3. Instalt the impeiler cover but izave the pump COVer SCrews
Inose to prevent the pump impefter from sticking to the housing.
This would damage the impeiler upon initial startup during spring
commissioning.

=i the paper gasket is rubbed with grease or petroleum jelly it wil]
not stick o the cover or pump body and can he reused the next time
the cover is removed. :

% See Figures 89, 99 and 91

= The raw water portion of the heat exchanger type cooling system
is maintained in the same way & traditional raw water cooling sys-
{am is maintained. Befer lo “Raw water Cooling” in this seelion fer
more information.

FLUID RECOMMENDATIONS

A 50/50 mixtura of antifresze and water is recommanded for year
round use. Use a good quality non-toxic antifreeze that is safe for
use with aluminum components. Good quality coclant will prevent
the buildup of rust and seale which decreases heat transfer in the
heat exchanger by as much ag 95 pareent.

Eresh waler drain cock (cylinder block)

04073643

Fig. 88 Fresh water drain cock location on JH series engines

Heat exchanger

L,/‘SL_EII _
v
Sea waler f%f “@
drain cock w3 “@')
Q) g

04973533
Fig. 80 On fresh water cooled engines, a drain cock is usually
located on the header tank
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Fig. 91 The top drain cock on this JH engine is for the header
tank the hottom is for the afterconter

~

- i Anticorrosion zing
& " YT {cylinder head)

T ] g

G4977G34
Fig. 82 This is what happens when the header tank is used as a

step ladder ot of the engine compariment. This pressure cap
and housing must be replaced

LEVEL CHECK

Check the coolant level pricr to starting the engine for the day. If
the coolant level is low, fii] the system with 2 proper mixture of
coolant. If the coolant leval in the system is allowed is drop 1.5-5
quarts, the engine will overheat.

Never ramove the pressurs cap under any conditions while the
angine is running! Failure e follow these instructions could
result in damage fo the cooling system or engine and/or pet-
senal injury. To aveid having scaiding hot coolant or steam hlow
out of the expansien tank, use extreme care when removing the
pressure cap. Wait uniil the engine has cooied, then wrap a
thick cioth around the pressure cap and turn it slowly to the first
stap. Siep back while Ihe pressure is released from the cooling
sysiem. Waen you are sure the pressure has been released,
press down an the pressure cap (still have the cloth in position)
turn and remaove the pressure ¢ap.

Most engines are equinped with a coolant reservoir tank {(expan-
sion tank). With the engine COLB, check the level of the fluid. Fluid
should be visible at the bottom of the filler neck. On most engings,
aceess 1o the filer neck Is poor. However, you should be able to feel
the level of the fluid in the expansion tank with your finger.

After check the lavel of coolant in the header tank, next check the
level in the expansion fank and adjust as necassary.

~Naver rely strictly on the amount of fluid in the expansien lank.
This tank will some times give 2 false indication of the coolant level
in the engine

An adequate coolant mixture should have a strong color (other
than brown). Internal corrosion and overheating are indicated by
brown coolant. inexpensive hydrometers are availabie to quickly test
the coolant’s protection level,

CHECKING THE PRESSURE CAP

% See Figure 92

White you are checking the coolant lavel, check the pressure cap
for a worn or cracked gasket, If the cap doesn't seal property, fluid

will be lost and the engine will overheat. Worn caps should be
replaced with a new one.

CHECKING THE HOSES

Coolant hosas should be checked for deterioration, lsaks and
foose hose clamps. It is wise to chack the hoses periedically in
garly spring and at the beginning of the fall or winter when you are
performing other maintenance. A quick visual inspection could dis-
cover a weakened hose which might have left you stranded if it had
remained unrepaired. '

Whenever you are checking the hoses, make sure the engine and
cooling system are cold. Visually inspect for cracking, rotting or
collapsed hoses, and replace as necessary. Run your hand along the
length of tha hose. If @ weak or swollen spotis nofed when squeez-
ing the hose wall, the hase should be replaced.

DRAINING, FLUSHING & REFILLING

At least once a year, the fresh water cooling system should be
inspected, flushed, and refilied with fresh coolant. if the coolant is left
in the system too long, it loses its ability to prevent rust and corrosion.
i the cootant has too much water, it won't protect against freezing.

Completely draining and refilling the cocling system will remove
accumulated rust, scale and other depesits. Locations of coolant
drains vary with each enging. However, most engines have the fol-
lowing drains:

e Engine Block—usually at the rear {afi) of the enging above ihe
crankshaft centerling

« Expansion Tank—at the botlom of the tank

« Header Tank—at the low point of the tank

» Header tank—at ths low point of the exchanger

1. Drain the existing coofant. Open the drain cocks or discennect
the hoses to completely drain the system.

When draining the coofant, keep in mind that cals and dogs are
atiracted by the ethylene glycol antifreeze, and are guite likely
to drink any that is left in an uncovered confainer or in puddles
o the ground. This will prove fatal in sufficient quantity. Always
drain the coolant into a sealabie container for recycling.
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mBafare cpening the petcocks, spray them with soma penetrating
lubricant 1o dissolve any rust or corresion on the threads.

o Onge the system is completely drained, tighten petcocks and
install all hoses to seal the system.

3. Fill the system with a mixiure of water and an acid based soolant
circuit cleaner, The cleaner will remove rust, Scale and corrosion.
= The acid in the ¢leaner will also find any weak points in the sys-
tem, possibly creating a leak.

4. Start the engine and allow it to idle until it reaches proper
operating temperalure.

ek CAUTION | |
To avoid having scalding hot coolant or steam blow out of the

expansion tank, use exireme care when removing the pressure
cap. Wait untif the engine has cooled, then wrap a thick ciath

Probably the biggest surprise for boat owners is the extent [
which mold and mildew developed in a boats interior. Preventing
this growth s a two fold process. First, the boal's interior should be
thoroughly cleaned. Second, veniilation should be provided to aliow
adeguate air circuiation.

Properly cleaning the boat includes removing as much as possi-
bie from it. The less there is on a boaf, the less there is to attract
miidew. Clothing, foul weather gear, shees, books, charts, paper
goods, leather, bedding, curtains, food stuffs, first aid supplies,
odds and ends, efc., should be taken home. They're all fertile soil
for mildew, as is dirt, gredse, soap scum, sic.

The next step is to vacuum, scrub and pofish every surface,
especially gatiey and head surfaces. Use a polish that leaves a pro-
tective coating on which it's hard for mold to get a focthold.
Mildew-preventive sprays are available for carpats and fumniture.
The cleaner and more highly polished the insides of lockers, cabi-

areund the pressure cap and turn it slowly to the first stop, Step
hack while the pressure is released from the conling system.
When you are sure the pressute has heen released, press down
on the pressure cap (still have the cloth in npasition) tum and
remove the presstre cap.

=

5. Stop the engine and allow it to ccol. Drain the cocling system
again.

6. Repeat this process until the drained water is clear and free of
seale. 4

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

8. Prepare a 50/50 mixture of mix of quality antifreeze {ethylens
glycol) and water in a suitable container. Fill the system the correst
ievel and instalt the pressure cap. .

9. Start the angine and aliow it to idle to operating temperalure.
Stop the engine and ailow it to coel. Check and adjust the coolant
ievel, as necessary.

SELSTRZZ

Fig. 84 . . . gauges . . .

SELSTRZZ

Fig. 93 ltems such as compasses . . .

SELSTRZE
Fig. 95 . . . and control panels should be protecied from the

elements
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nets, refrigerators, icemakers, drawers and shower stalls are when
you leave them, the fess Tikely it is you'll find mold. Marine stores
sell cleaners and polishes specifically for boats and for the marine
environment. Many people find that regular household products are
satisfactory. It's the elbow graase that counts.

If dirt and grease are the growing medium, stagnant air is the fer-
tilizer for mold and mildew (mildew is a form of mold). The more
freely air can circulate in the inferier, the fess conducive conditions
will be for the growth of mold. Openings or vents at each end near
the top can be fashioned to let air in. Flaps or stove pipe elbows
can be used to keep rain out. Haiches and windows can then be left
nartially open. Visiting the boat on dry, sunny days and opening it
4p as ruch as possible is a greal way to let fresh air in. Do this
whenever possible,

The best way {0 protect navigation and communications equip-
ment from deferiorating is to remove the uniis from the boat. Wrap
ther: in towels, not plastic, and take them hame. Television sefs,

V{Rs and steraos should also be removed to keep them safeand to

keep cold and dampness from affecting them adversely. Before stor-
ing electronics equipment, clean off the terminals and the connect-
ing plugs and spray them with a meisture-displacing lubricant that
specifically says its intended for use on electronics. Antennas
should also be stored in a safe, dry place to protect them from both
the elements and accidentat damage. All terminal btocks, junction
blocks, fuse hoiders and the back of electrical panels shoutd be
cleaned and sprayed with an appropriate profectant. Remove any
corrosion that has devaloped. Anything that could easily stolen,
such as anchors, flare guns, bineculars, efc., is best taken home.

¥ See Figure 95
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
refative ease with which i may be repaired. Because of its braak
characteristics, and the simple technigues used in sestosation, these
huils have gained popularity throughout the world, From the mast
congested urban marina, to isolated lakes in wilderness areas, to
the severe cold of northern seas, and in sunny tropic remote rivers

of primitive istands or continents, fiberglass boats can be found
performing their daify task with a minimum of maintenance.

A fiberglass hult has aimest no intemal stresses. Thersfore, when
the hull is broken or stova-in, ¥t retains s true form. f will not dent
to lake an gut-of-shape set. When the hull suskains a severe blow,
the impact will be either absorbed by deflection of the laminated
panel or the blow will result in a definite, localized break. In addi-
tion io huli damage, bulkheads, stringers, and other stiffening struc-
fures atlached to the hull may also be affected and therefore, shauld
he checked. Repairs are usually confined fo the general area of the
fupture. :

The best way to care for a fiberglass huff is to first wash i thor-
oughly. Immeciately after hawling the boat, while the bottom is stifl wet,
is best, if possible. Remove any growth that has developed on the bot-
tom. Use a prassure cleaner or a stff brush to remove barmacles,
arass, and slime. Pay particular attention fo the waterline area. A
scraper of some soft may be needed to attack tenacicus bamacles. Pot
scrubbers made of mefal work weli. Attend fo any blisters; don't wait.

Remove cushions and ali weather curtains and enciosures and
take them home. Malke sure thay are clean before storing them, and
don't store them tightly rolled. After washing the topsides, remove
any stains that have developed with one of the fiberglass stain
ramovers sold in marine storas. For stubborn stains, wet-sanding
with 600-grit paper may he necessary. Remove oxidation and stains
frem matal parts. Apply a coat of wax fo everything.

BELOW WATERLINE

» See Figures 97, 98, 9% and 108

A fout! bottom can seriously affect beat 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
wateriine,

In areas whare marine growth is pravalent, a coating of vinyi,
anti-fouling bottom paint should be applied. if growth has devel-
oped on the battom, it can be removed with a solution of Muriatic
acid applied with a brush or swab and then rinsed with clear water.
Always use rubber gloves when working with Muriatic acid and take
axtra care to keep it away from yous face and hands. The fumes are
texic. Therefore, work in a well-ventilated area, or if outside, keep
your face on the windward sids of the work.

. ) SELSTHSS
Fig. 86 The best way 1o care for a fibergiass hull is to wash it
thoroughly to remove any growth that has devetoped on the bol-
tom

SELSTKAR
Fig. 97 in areas where marine growth is prevalent, a ceating of
vinyl, anti-fouling bottom paint should be applied
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Fig. 98 This anti-foul paint has seen hetter days and must he
replaced

SELATROR
Fig. 09 This hull is in even worse condition and should be sand
blasted and repainied :

SELSTKDY
Fig. 100 This beautiful new fibargiass hull wili not stay this

gaet looking for long if it is nol protected with anti-foui paint

Rarnacles have a nasty habit of making their home on the Dottom
of boats which have not been treated with anti-fouling paint. Actu-
aily they will not harm the fibergiass huli, but can develop into &
major nuisance,

If harnacles or other crustaceans have attached themselves to the
hull. extra work will be required to bring the bottern hack to a satis-
factory condition. First, if practical, put the boat infto a body of fresh
water and aliow it fo remain for a few days. A large percentage of
the growth can be removed in this manner. i this remedy is not
possible, wash the bottom thoroughly with a high-pressure fresh
water source and use a scraper. Small particles of hard shel! may
still hoid fast. Thase can be removed with sandpaper.

Difficulty in starting accounts for aimost half of the service
required on boats each year, A sutvey by a major engine parts com-
pany indicated that roughly one third of all boat ownars experienced
2 "won't start” condition in 2 given year, When an engine won' start,
most people blame the battery when, in fact, it may be tha the bat-
tery has run down in a futile altempt to start an engine with ofher
problems. _

Maintaining your battery in peak condition may be thought of as
sither tune-up or maintenance material. Most wise boaters will con-
sider it to be hoth. A complete check up of the electrical system in
your boat at the beginning of the beating $8ason is 4 wise move.
Continued reqular maintenance of the battery will ensure frouble
fres stariing on the water.

A complate battery service procedure is included in the here. The
following are a list of basic electrical system service checks that
shauld be parformed.

« Check the battery for solid cable connections

« Check the battery and cables for signs of corrosion damage

» Check the battery case for damage or electrolyte leakage
Check the electrolyte level in each cell _
Chack to be sure the battery is fastened securely in position
Check the ballery's state of charge and charge as necessary

« Check battery voltage while cranking ihe starter. Vollage
shouid remain above 9.5 volis

« Clean the battery, terminals and cables

« Coat the hattery ferminals with dielectric grease or terminal
profector

o (heck the tension on the alternator beft.

Ratterias which are not maintained on a regutar basis can fali
victim to parasitic loads {small current drains which are con-
stantly drawing current from the batisry, like clocks, small fights,
elc.). Normal parasitic loads may drain a battery on boat that is in
storage and not used frequently. Boats that have additional acces-
sories with increased parasitic load may discharge a battery :
soaner, Storing a hoat with the negative batlery cable discon-
nacled or hattery switch turned OFF will minimize discharge due
to parasitic loads.

CLEANING

R

Keep the battery clean, as a film of dirt can help discharge a bal :
ery that is not used for long perlods. A solution of baking soda and
water mixed into a paste may be used for ciearing, but be cargfui 10 -

* flush this off with clear water
. mDo not et any of the solution into the filler holes on non-sealed

batteties. Baking soda neutralizes hattery acid and will de-activaie
a hattery cell.



MAINTENANCE AND TUNE-UP

3-39

CHECKING SPECIFIC GRAVITY

The electrolyts fluid {sulfuric acid solution) contained in the bat-
tery cells will tell you many things about the condition of the bat-
tery. Because the cell plates must be kept submerged beiow the
fluid level i order to operate, maintaining the fluid level is
extremely impartant. |n addition, because the specific gravily of the
acid Is an indication of elsctrical charge, testing the fluid can be an
aid in defermining if the baftery must be replaced. A battery ina
hoat with a properly operating charging system should require little
maintenance, but careful, periodic inspection should reveal prab-
lems hefore they leavs you stranded,

Rattery slecirolyte contains sulfuric acid. if you should splash
any on your skin or in your eyes, flush the affected area with
plenty of clear water. i it lands in your eyes, get medical help
immediately.

As stated earlier, the specific gravity of a battery’s efectrolyte level
an be used as an indication of battery charge. At least once a year,
check the specific gravity of the battery. It shouid be betwsen 1.20
and 1.26 on the gravity scale. Most parts stores carry a variety of
inexpensive battery festing hydrometers. These can be used on any
non-sealed hattery fo test the specific gravity in each cell.

Conveniicnal Batisry
# See Figure 101

A hydrometer is reguired o check the specific gravity on alf batter-
ies that are not maintenance-free. The hydrometer has a squeeze bulb
gt ane end and a aczzle at the other. Battery electrolyle is sucked info
the hydrometer until the float or pointer is lifted from its seat. The
specific gravity is then read by noting the position of the foat/pointer.
I gravity Is low in one or more cells, the battery should be slowly
charged and chacked again fo see if the gravity has come up. Gener-
ally, if after charging, the specific gravity of any two cells varies more
than 50 points (0.50}, the battery should be replaced, as it can no
fonger produce sufficient voitage to guarantee proper operation.

Chieck the batiery slectrolyte level at feast once a month, or more
often in hot weather or during perinds of extended operation. Clec-
irofyte level can be checked either through the case on translucent
batieries or by remaoving the cell caps on opaque-case lypes. The
elactrolyte leval in each call should be kept filled 1o the spiitring
inside each call, or the line marked on the cutside of the case.

= Nover use mineral water or water ohiained from a well. The iron
content in these types of water is too high and will shorten the life
of ar damage the hattery.

I the level s low, add only distilied water through the opening until
the level is correct, Each cell is separats from the others, so each
must be checked and filled individually. Distilled water should be
used, because the chemicals and minsrals found in most drinking
water are harmiful to the batlery and could significantly shorten its life.

If water is added in freezing weather, the hattery shouid be
warmed 0 allow the water to mix with the electroiyta. Otherwise, the
dattery could freeze.

- Malntenance-Free Batteries

- Although some maintenance-free batteries have removable cell
©dps 107 astess to te elsctrolyte, the slectrolyte condfiion and level
IS sually checked using the built-in hydromeier “aye.” The exact

C4TOEF52
Fig, 101 The best way fo determine the condition of a battery is
to tesi the elecirolyte with a battery hydrometer

fype of eye varies between batiery manufacturers, but most apply a
slicker {0 the battery itself explaining the possible readings. When
in doubt, refer to the battery manufacturer's instructions lo inferprel
battery condition using the built-in hydrometer.

The readings from bullt-in hydrometers may vary, however a
green aye usuaily indicates a properly charged batfery with suffi-
cient fluid level. A dark eye is normally an indicator of a battery with
suffisient fluid, but one that may be low in charge. In addition, a
light or yellow eys is usually an indication that electrolyte supply
has dropped below the necessary lavel for battery {and hydrometer]
operation. In this last case, sealed batteries with an insufficlent slec-
frolyie level must ustally be discarded.

BATTERY TERMINALS

At least once a season, the batlery terminals and cahle clamps
should be cleanad. Loosen the clamps and remove the cables, neg-
ative cable first. On batteries with top mounted posts, the usa of a
puiler speciatly made for this purpose is recommended. These are
inexpensive and avaiiabla in most paris stores.

Clean the cabie clamps and the battery terminal with a wire
brush, untif all corrosion, grease, eic., is remaved and the metal is
shiny. It is especially important to clean the inside of the clamp
theroughly {a wire hrush is useful here), since a smal! deposit of
forsign material or oxidation there will prevent 2 sound electrical
connaction and inhibit sither starting or charging. It is also a good
idea lo apply some dielectric grease 10 the terminal, as this will aid
in the prevention of corrosion.
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After he clamps and terminals are clean, seinstal! the cables,
negative cable fast; do not hammer the clamps onto battery posts.
Tighten the ciamps securely, but do not distort them. Give the
clamps and terminals a thin externat coating of clear poiyurethane
paint after installation, to retard corrosion.

Check the cables at the same fime thal the terminals are cleaned. f
tha insulation is cracked or broken, or if itsend is frayad, that cable
should be replaced with 2 new ong of the same length and gauge.

BATTERY & CHARGING SAFETY PRECAUTIONS

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

1. Wear eye protection when working around balteries. Batteries
contain corrosive acid and produce explosive gas @ byproduct of
their operation. Acid on the skin should be neutralized with a sotu-
tion of baking soda and water made into a paste. in case acid con-
facts the eyes, flush with clear water and seek medical attention
immediately.

2 Ayoid flame or sparks that could ignite the fiydrogen 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 battery charger OFF, hefore connecting or dis-
connecting the feads. When connecting the sads, connect the posi-
tive lead first, then the negative lead, fo avoid sparks.

4, When lifting a baitery, use a battery carrier of jift at opposite
comers of the bass.

5. Ensure there is good ventitaticn in a room where the battery is
heing charged.

6. Do not attempt to charge or load-test a maintenance-free baftery
when the charge indicator dot s indicating insufficient electrotyte.

7 Disconnect the negative battery cable if the battery isto
remain in the boat during the charging process.

g Be sure the ignition switch is OFF before connecting or wm-
ing the charger GN. Suddan power surges can destroy slectronic
components.

9. Use proper adapters to connect charger leads to batferles with
non-conventional terminals.

BATTERY CHARGERS

Bafore using any battery charger, consult the manufacturer's
instructions for iis use. Battery chargers are glecirical davices that
change Alternating Current {AC) to @ lower voltags of Direct Current
(DC) that can be usad to charGe a marine battery. There are two
types of batiery chargers—manual and automatic,

Intraduction - I
A proper tune-up is the key 10 long and trouble-iree engine life,
and the work can yield its own rewards. Studies have shown that a
properly tuned and maintained engine can achieve better fuel econ-
omy than an out-o-tung engine. As a sonscientious hoater, set aside
a Saturday moming, say 008 & ronth, lo check or replace #ems
which could cause major problems later. Kesp your own personal
Iog to jot down which services you performed, how much the parts
cost you, the date, and the number of hours on the engine at the
time. Keep ail receipts for such #ems as engine oil and fillers, 5o

A manual battery charger must be nhysically disconnected when
the battery has come to a full charge. i not, the battery can bs over-
charged, and possibly fail. Excess charging current at the end of the
charging cycle wiil heat the electrolyte, resulting in loss of water
and active material, substantiatly reducing battery fife.

=As 2 rule, on manual chargers, when the ammeler on the charger
repisters half the rated amperage of the charger, the battery is fally
charged. This can vary, and it is recommended fo use a hydremeter
to accurately measure state of charge.

Automatic battery chargers have an important advantage—ihey
can be left connected {for instance, overnight) without the possibil-
ity of overcharging the batiery. Autormatic chargers are equipped
with a sensing device to allow the battery charge to faper off to near
zero as the baitery bacomes fully charged. When charging a low af
completely discharged battery, the meter will read close to full rated
output. 1 only partially discharged, the initiai reading may be less
than full rated output, as ihe charger responds {0 the cendition of
the hattery. As the battery continues fo charge, the sensing device
monitars the state of charge and reduces the charging rate. As the
rate of charge tapers to zero amps, the chargar will continug to sup-
nly a few milliamps of current—ijust enough to maintain a charged
condition.

REPLACING BATTERY CABLES

Rattery cables don't go bad very often, but like anything else,
they can wear ouit. If the cables on your hoat are cracked, frayed or
hroken, they shoulid be replaced.

When working on any electricat component, it is always 2 good
idea o disconnect the negative (-) battery cable. This will prevent
potentiat damage fo many sensitive giectrical componenis

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

ARy time you disconnest the battery cables, il is recommended
that you disconnect the negative {-} battery cabie first. This will pre-
vent you from accidenially grounding the positive (+) terminal when
discohnecting it, thereby preventing gamane o the elecirical sys-
tem.

Before you disconnect the rabie(s}, first turn the igaition to the
OFF position. This will prevent a draw on the hattery which could
cause arcing. When the battary cable(s) are reconnectad (negative
cable last), be sure to check all elacirical accessories are all working
correctly.

that they may be referred o in case of related problams er to deter-
mine operating expenses. As 2 do-it-yourseffer, these receipts are e
oniy proof you have that the required maintenance was performed. In
the event of a warranty probiem, these receipts will be invaluable.

The efficiency, reliability, fuel economy and enjoyment available
from engine performange are all directly dependent on having your
engine tuned properly. The imporiance of nerforming service work
in the proper sequence cannct be over emphasized. Before making
any adjustments, check the specifications. Never rely on memary
when making critical adjustments.
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Before baginning to fune any engine, ensure the engine has sal-
istactory comprassion. An engine with womn or broken pisten rings,
burned pistons, or scored cylinder wails, will not perform properly
rip matter how much time and expense is spent on the tune-up.
Poor compression must be corrected or the tune-up will not give
the desired resulls.

A reqular maintenance program that is foflowed throughout the
year, is one of the best methods of ensuring the engine will give
satisfactory performance. As they say, you can spend a little fime
now or a 1ot of time and money later.

The axtent of the engine tune-up is usually dependent on the
time lapse since the last service. A complete tune-up of the entire
engine would entail almost all of the work outlined in this manual.
However, this is usually not necessary in most cases.

Ir this saction, & logical sequence of tune-up steps will be pre-
sented in general terms. ¥ additional information or defailed service
work is required, refer to the section confaining the appropriate
instructions.

une-Up Sequence .~ . -
During 4 tune-up, a definite sequence of procedures should
he foliowed 1o return the angine to its maximum parformance
level. This fype of work should not be confused with trou-
bleshooting (attempting to locate a problem when the engine is
not performing satisfactorily). In many cases, these two areas
will overlap, because many times a minor or major tune-up
will corregt a malfunction and return the system o normal opera-
tion.

The following list is a suggested sequence of fasks to perform
during a tune-up.

» Perform a compression check of each cylindar,

« Perform a valve adjustment
.« Start the engire in a body of water and check the water flow

through the engine.

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

« Tast the starting and charging systems.

» Check the internal wiring.

Cylinder comprassion test resuits are extramely valuable indicators
‘of internal engine condition. The best marine mechanics automatically
check an engine’s compression as the first step in a comprehensive
tune-up. A compression test will uncover many mechanical problems
that can cause rocgh running or poor performance:

A compression gauge for diesel angines consists of a dummy
injecior connected to & gauge capable of reading 600 psi.

CHECKING COMPRESSION

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

2. Warm-up the angine to normal operating temperature, then
shut the engine OFF,

3. Remove the injector lines and remove the injectors from each
cytinder,
4. instalf a diesel compression gauge into the No. 1 cylinder
nisctor nole until the fitting 4s snug. When fitting the comprassion
Gauge adapter 1o the cylindsr head, make sure the blesder of the
Gauge (if equipped) is closed.

5. According to the ool manufaciurer's instructions, connect a
remole starting switch to the starling circuf

8. With the ignition switch in the OFFposition, use the remote
starting switeh fo 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 sirokes and/er time as the
first.

8. Compare the highest readings from each cylinder fo that of
the others, The indicated compression pressures are considered
within spacifications 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 cylinder pressure was 150 psi
(1034 kPa), than 75 percent of that would be 113 psi {779 kPa). So
the lowest reading cyiinder should be no less than 113 psi (778
kPa).

g9, Compression readings that are generally low indicate wom,
broken, or sticking piston rings, scored pistons or worn cylindsrs.

10. If a cylinder exhibits an unusually low compression reading,
sauiri a tablespoon of clean engine oif into 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. i the pressure remains low, the
valves may not be saating properly (a valve job is needed), or the
head gasket may be blown near that cylinder.

11. If compression in any two adjacent cylindars is low (with nor-
mal comprassion in the other cylinders), and if the addition of oil
dossn't help raise compression, therg is leakage past the head gasket.
Oil and coolant in the combustion chamber, combined with biue or
constant whits smoke from the tailpipe, arg symploms of this prob-
fem. However, don't ba alarmed by the normat white smoke emitted
from the tailpips during engine warm-up during cold weather. There
may be svidence of water droplets on the engine oil dipstick and/or
oil droplets in the cooling system if & head gaskat is biown.

12. When reinstalfing the injector assemblias, install new wash-
ers and/or gaskets as appropriate.

. Valve Adjustm
# See Figures 162 thru 108

Four-stroke diesel engines use valves to admit the fuel/air mix-
tuere inte the combustion chamber, to seal the combustion chamber
for compression, and te allow the spent exhaust gases 1o escape.
All of these functions occur using the valve train (camshaft,
liftars/shims and rocker asms and pushrods )

In order for the valves to operate properly, they must be adjusted
to assure that the full benatit of the camshaft lobe [ift is realized, but
they also must be able to close fully once the lobe of the camshaft
has gone by. Valves are adjusted by increasing or dscreasing thair
lash, which is the amount of free-play in the valve train when the
valve Is closed {meaning the camshaft fobe is not actuating the
nushrod or recker arm). Valve lash therefore, is basically a gap that
exists betwaen compongnts when the valve is fuily closed.

Since valves open and close with avery turn of the crankshatt,
their movement becomes a biur at engine spaeds, creating a pound-
ing on the entire valve train. As the engine is operated, internal
components slowly wear, affecting distances between the compo-
nents in the valve frain. Vaive lash will fend to changs (increase of
decrease) depending on the model. On some engines, the valve
seats and heads will wear slowly, causing the valve to come further
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Adjusting
screw

Clearance

0497360t

Fg73e24
Fig. 105 If the lash is not correct, loosen the locknut on the

Fig. 102 The clearance between the recker arm and the valve tip
adjuster. . .

is known as valve lash

04313PZ5
Fig. 106 . . .and hold it stationary while turning the adjuster
with a screwdriver

) ; }]49?3‘?61
Fig. 163 To access the rocker arms for ad]ustment, the valve
cover must be removed

(4373P22
Fig. 107 Here is an sxample of a special valve lash adjuster
tool. A serewdriver and wrench are combined, makiag the job

easier

o .649';‘4!:75
Fig. 104 To properly adjust the valves jor each cylinder, the
wirarks en the fiywheel must be aligned to the view port on the

fransmission
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/Adjush‘ng screw

Lack nur

(4973603

Fig. 108 Turn the adjusting screw on the rocker arm until the
feeler gauge slides with a slight resisiance

into the cylinder head (moving the stem closer to ths shim or rocker
arm and decreasing valve lash). On other models, the siem, shim or
other valve train compenents will wear, causing the gap to increase.

Increased valve lash will not allow a valve to fully open since
some of the camshaft iche [ift will be wasted on taking up the
excess fash. If an intake valve does not cpen sufficiently, the full air
charge will not make it into the cylinder and power will be lost dus-
ing combustion. I an exhaust vaive doss not fully open, some
exhaust gases will be feft in the cylindsr. Again, the result wili be a
reduction in engine power,

Dacreased valve fash will have a lass noticeabls effect on engine
power, but could have a more devastating sffect on your engine. As
valve lash is decreased beyond specification, the valve train compe-
nents may be “too tight” and not allow the valve to fully come into
contact with the seat. This will prevent the vaive from cooling
through heat transfer with the vaive seat. The term “burmnt valve”
which you have likely heard somecne mention hefose means that a
valve was ruined by heat. A burnt valve will not properly seal the
combustion chamber, and can also break, destroying your piston
and cyfinder wall. As vaive lash decreases, the engine could lose
power if valves are held partially open by the valve train (nof alfow-
ing for proper comprassion).

Intake and exhaust valves usually have different specifications,
bacause of the differences In their sizes and jobs. The axhaust valve
is usually set a littfe looser than the intake, because of the harsh
environment it lives in {superheated gases pass over i into the
exhaust system when it is open). Infake valves have it easy (for a
valve) as they are in confact with the cylinder head when they are
exposed 10 combustion gases and temperatures (when they are
open, refatively cool air/fuel mixture passes over their surface).

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

QM SERIES ENGINES

b See Figures 102 thru 109
~The valve lash should e adjusted when the engine is cold.

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

¥D mark

4973602
Fig. 100 QM series engines have a mark on the front crankshaft
puliey for locating Top Dead Center {TDC) for valve adjustment

der fo Top Dead Center {TDC). By aligning the mark on the grank-
shaft pulley with the mark on the enging. Both the intake and
exhaust valves for the number one cylinder should be in a resting
pasition (not depressed). The rocker arms should not move when
the engine is sfightly turned back and forth from the TDC mark on
the flywheel. If the rocker arms move back and forth, and the fiy-
wheel is on the correct mark, rofata the engina one full revolution of
the timing mark. This shouid be the comprassion stroke,
i GAUTION . L
It is advisahile to looser the injector fue! lines hefore atiempt-
ing o furn the engine over by hand. It IS possibie for the
engine to start when lurning it by hand! When turning the

engine, do so very slowly to prevent accidental starting of the
gagine.

3. Insert a flat feeler gauge of the proper dimension between the
fappet and the rocker laver for the number 1 cylindsr. The lash
shotd be 0.0059 in. (2.15mm) The gauge should slide batween
these two parts with a stight pull.

4. fthe gauge will act sfide readily, or thers is no resistance
when pulling it through, loosen the locknut on the rocker arm, and
use a screwdriver fo 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 tightsn the locknut. If the adjust-
ment has tightenad up, change the setting of the adjusting screw. If
a great deal of effort is required to pull the gauge (adjustment tog
tight), burned valvas may resuft.

5. On two ¢ylindsr sngines, adjust ths valves on the numbsr 2
cylinder by rotating the crankshaft by 180 degress. On thres oylin-
der engines, rotate the crankshaft pulisy by 120 degress. The num-
ber three cylinder can be adjusted by turning the number thrae
cylinder an additional 120 degress.

6. Once all of the valves are adiusted to the proger spacification,
instail the rocker arm cover,

GM/HM SERIES ENGINES

# See Figures 102 thru 198, 110 and 111
= The vaive lash should be adjusted when the engine is cold.
1. Removz the rocker cover from tha engine,
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Matching mark
4973505

Fig. 110 Some GN/HM series engines are equipped with an
gpening in the fiywhee! housing en the for viewing of the timing
marks

Fig. 111 On GM series engings, the starter can he remaved to
view the liming marks if the marks on the fransmissien cannat
be seen -

2 1 nacessary, remove the startsr 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 marks on
the flywheel)
stz CAUTION
It is advisable to loosen the injector fuel fines before attempting
{o furn the engine over by hand. itiS possihie for the engine to

start when turning it by hand! When turning the engine, do so
very slowly to prevent accidental starting of the engine.

3. Turn the engine over by hand, and set the number ane cylinder
to Top Dead Center (TDC). Both the intake and exhaust valves should
be in a rasting position (not depressed). The rocker arms should not
move when the engine is slightly turmed back and forth from the TOC
mark on the flywhesl. If the rocker arms move hack and forth, and the
flywhea! is on the correct mark, rotate the engine one full revolution
of the timing mark. This will be the compression stroke.

4 Insert a tiat fealer gauge of the proper dimension batween the
tappet and the rocker lever for the No. 1 cylindar. The fash should

be 0.0079 in. (0.2 mm). The gauge should slide between these two
parts with a sfight puil.

5. 1f the gauge will not slide readily, or there is no resistance
when putling it through, leosen the locknut on the rocker arm, and
yse a screwdriver to rofate the adjusting screw. When a sfight puli is
obtained. hold the adjusting screw in place with a screwdriver and
use a hox or open end wrench to tighten the lecknut. If fhe adjust-
mant has tightenad up, change the setting of the adjusting screw. i
3 great deal of effortis required to pull the gauge (adjustment tco
tight), burned vaives may result. *

6. Adiust the remaining vaives on the engine by aligning the tim-
ing mark for each of the remaining cylingers.

7 Once all of the vaivas are adjusted fo the proper specification,
instatt the starter, and the rocker arm Cover.

JH SERIES ENGINES

# See Figures 102 thru 108, 112 and 113
=Tha valve lash should be adjusted with the engine coid.

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

It is adyisable 1o loosen the injector fuel lines hetore attempting
1o turn the engine over by hand. it IS possible for the engine fo
siart when furning it by handi When turning ihe engine, do so
very slowly to prevent accidental starting of the engine.

2. Turn the engine over by hand, and set the number 1 cytinder
1o Top Dead Center (TBC) by aligning the mark on the flywheel with
the mark on the flywheel housing. Both the intake and axhaust
valves for the number one cylinder should be ina rasting position
{not depressed). The rocker arms should not move when the engine
is slightty turned back and forth from the TDC mark on the fywheel.
If the rocker arms move back and forth, and the flywhael is on the
correct mark, rotate the engine one fult revolution of the timing
mark. This wifl be the compression stroke.

3. |nsert 2 flat feeier gauge of the proper dimension between the
tappat and the rocker lever for #he number 1 cylinder, The lash
shoutd be 0.0079 in. {0.2mm). The gauge shouid slida between
thess wo parts with a stight putl

Matching mark

04873608
Fig. 112 The timing marks on JH saries engines are viewed
through an cpening in the fiywheel housing

__...—-—-"'_'_
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D4974P08
Fig. 113 On this JH engine, the TOC marks are aligned for cylin-
ders 1 and 4 {both cylinders are ¥0T on the compression siroke,
fhough)

4. Hthe gauge wili not slide readily, or there is no resistance
when pulling it through, loosen the lscknut on the rocker amm, and
use a serewdriver to rotate the adjusting screw. When a slight puil is
obfained, hoid the adiusting screw in place with a screwdriver and
use a box or open end wrench o tighten the focknut, i the adjust-
ment has tightened up, change the setfing of the adjusting screw. if
a great deal of effort is required fo pull the gauge {adjustment too
tight), burned vaives may result.

5. Adjust the valves on the number 2 cylinder by rolating the
crankshaft clockwise unti} the TDC mark on the fliywhael fines up
with the mark on the Hywhee! housing. After the number 2 eylinder
valves have been adjusted, proceed with the number 3 and 4 cylin-
ders, respectively. When aligning the timing mark, make suze the
1DC mark is aligned and not the injection timing mark, which may
not allow for proper adjusiment.

6. Once aft of the valves are adjusted to the proper specification,
instal! the rocker arm cover.

b See Figures 114, 115, 116 and 117

Teking extra time to store the boat properly at the end of each sea-
son will increass the chances of satisfactory service at the next sea-
son. Remember, storage is the greatest enemy of a marine engines. In
a perfact world the unit shoutd be run on g mordhly basis. The steer-
ing and shifting machanism should also be worked through complete
cycles several times sach month. But who lives in a perfect world!

For mast of us, it a small amount of fims i3 spent in winterizing
our beloved boats, the reward will be satisfactory performance,
increased longevity and greatly reduced maintenance expenses.

Proper winterizing involves adequate profection of the unit from
physical damage, rust, corrosion, and dirt. the following steps pro-
vide guide to winterizing your marine digsel af the end of a season.

1. Always kesp a nole or a checklist of just what maintenance
needs to be done pricr to starting the engine in the spring.

2. Replace the oil and ot filter. Nermal combustion produces
corrosive acids that are abscrbed by the off. Leaving dirly aif in the
engine for an extended time aliows these acids to attack and dam-
age hearing surfaces.

3. Change the engine oil ana filter. Used oil contains harmiul
acids and contaminants thal should not be allowed o go o work on
the engina all winter long. The transmission oil should alsc be
changed.

4. Replace the fuel filler elemenis—draining any waler rom the
filter bowls.

5. Keeping the fust tank full over the winter wil! haip cut down on
condensation. Using fuel additives which contral bacterial growth or
prevant gelling in cold climates are also popular with many boaters.

6. Bieed the fuel system of air

7. Run the engine up fo operating temperature and then turn it
OFF.

8 With the fuel shut-off pulied, squirt some oil into the inlat
manifold and turn the engine over a few times without starting. This

Fig. 114 Maost saflboats are stored outside . | .

SELSTHEA

Fig. 115. . . however, same owners prefer indoor storage
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c. Remove the raw water pump impaller. Grease the impeliers
lightly with petrofeum jelly and replace.

d. Leava the pump cover Screws loose to pravent the pump
impelier from sticking to tha housing. This would damage the
impeller upon initial startup in the spring.

o, If the paper gaskel is ribbed with grease or petroleum ielly
it will not stick to the cover of pUMP hody next fime the cover s
ramavad. '
10. On fresh water cooled engines, perform the fallowing:

a. Drain the engine coolant, opening all engine, heat-
axchanger, and oil-cooler ¢rains. The antifreazs itself does not
wear out, but it has various additives 0 fight corrosion that do.

b, Rackflush the fresh waler circuit 10 remove sediment.

¢. Replace the coolant with 2 clean, fresh, 50/50 mixture of
water and antifresze. Always mix the antifreeze and water mixiure
prior to pouring it into the engine.

11. Logsen the exhaust manifolds ang chack for carbon build-up.
12, Inspect all hoses for signs of softening, cracking or bulging,
aspecially those routinely exposed to high heal. Check hose clamps

for tightness and corrosion.

13, 0n turbochargad engines, remove the inlet and exhaust duch-
ing from the turbo and inspact the compressor whea! and futbine for
excessive dsposits or damage. Clean as necessary.

14. Fully charge the batteries. Disconnect all leads. Unattended, a
battery naturally discharges over a aeriod of several weeks. The
elecirolyte on a discharged battery can freeze at 20°F (~7°C), 50 .
keep the batteries fully charged or, better stilf, remove them to a
warmer storage area. Small automatic frickle chargars work well.

15. Treat battery and cabie terminals with petroleum jelly, silicong
grease, of a heavy-duty eorrosion inhibitor,

16. Protect external surfaces with a neavy-duly corrosion inhibitor.

17. Grease all greaseable points on the drivetrain.

48. Lightly coat the alternator and starter with a light iubricant to
disperse the water. Loosen the alternator belt tensien.

19, Cover the engine with a waterproof sheet in case there are
any leaks from above. Some hoaters will take the time to seal all
openings fo the engine (air inict, breathers, exnaust), however this
traps moisture and may do more harm than good. :

20, Place a checklist in a handy spot o reming you of just what

Fig. 116 Taking extra time to store the boat properly at ihe endA
of each season will increase the chances of satisfactory service
at the pext season

?F?V ::g ::}Tr:sj; rt;ztiz:?:]“: ::ea:i:f: tgeri;i;n the hul} prop raintenance needs to be done prior fo starting the engine in the spring.
21, 1 you visit the boat during the winter, additional protection
y . . o can be achieved using the starter to turn the engine over and circu-
will spread the o around the cylinders and prevent rust and corro- e oil to the bearings and ovlinder walls. Remember to pull out the
sion from forming. . _ stop caple and keep turning unti the fow il pressure light extin-
9. On raw water cooled engines, perform the foliowing: quishas of pressie registers on the gauge.

5. Flush the raw water circuit to remove corrasive salts by o . . :
mSpecial inhibiting oils are availatle that provide greater protec-

connecting a frashwater supply 10 the raw water iniet hose. o s thase to replace the standard engine oif; 0 :
o, Drain the raw water sysiem taking special care fo emply all ;“.“'H f" o H" o ace e ; an a; "."Etme vy run the enging
the fow spais riefly to coa all surfaces, an ?hen_ rain the ail. Protecticn

. yemains good, provided the engine is nat wrned. |
= At this point the system can be filled with a non-loxic amifreeze . N J— . i
or the os the check list suggests, the waier pump can he disassam- EQ%‘ If ihe enging Ca“”f?t be fully Wm‘er.[md’ replace oil, coofart, and_:
hied. all fitters ang run the engine up to operating temperatures monthiy.

Satisfaciory performance and maximium enjoyment can be real- After performing the spring commissioning and festing ihe hoat
izad if a Hitle time is spentin commissioning your beat in the on the water, it is a good idea to performa ful! tune-up. Remember,
spring. Assuming you have fallowad the steps we recommended to you are relying on your engine to get you where you wanttoga .
winterize your vessel (in addition to any the manufacturer specifies) when the wind is not blowing. Treat it good now and it wil] treat you
and the unit has been properly stored, a minimum amount of work good later. : :

should be required fo prepare it for use.
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ring Commissioning Che:
# See Figures 118 and 119

The following steps outline a fogical sequence of tasks fo be per-
formed before starting your engine for the first time in a new sea-
son.

1. Pick up the checkiist you made to remind yourss!! of just
what maintenance needs to be done prior fo starting the engine in
the spring. You did remember to write yourself a cheeklist . . .
sighi?

2. Remove the cover placed over the engine last winler. Unseal
any engina openings {air inlet, breathers, exhaust) previously sealed.

3. Repiace all zincs.

4. i you ook our advice, you removed the battery for the winter.
While it was in storage, you should have kept it fully charged. it
should be ready o go. So insfall the battery and connect the battery
cables. Treat battery and cabie terminals with patroleum jeliy, sili-
cone grease, or a heavy-duty corrosion inhibitor. Capacity test the
batteries.

5. Tighten alternator and other befts.

5. On turbocharged engines, Connact the iniet and exhaust
ducting from the turbo if removed. It may also be a good idea o
pre-cil the turbocharger prior to starfing the engine.

7. As you did in the winter, inspect all hosas for signs of soften-

ing, cracking or bulging, especiatty those routinely exposed to high
heat. Check hose ciamps for tightness and corrosion.

8. Ensure the exhaust manifolds are tight.

9. On fresh water cooled engines, check the condition of te
coglant mixture with a coolant tester and adjust the mixiure by
adding antifreeze or water.

10. On raw water cooted engines, install a new pump cover gas-
ket and tighten the pump cover $craws.

11. Prime the cooling system.

12. Bleed the fuel system of air.

13. With the fuel shut-off pulied, crank the engine without stast-
ing Jt unili oil pressure fs establishad.

14, Start the engine and allow it to reach operating tempera-
ture.

15. Cnee running, check the cil pressuse, the raw water discharge
and the engine for ol and water Jeaks.

18. Draining water from the filter bowis. if an excessive amount
of water is nofed in the fuel 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 ofl and filter. The transmission oil should also be
changed. This eliminates the adverse effects of moisture in the cil.

18. Aftar the hoat has been in the water for a few days, check the
engine alignment.

Fig. 118 Mast marinas have the capacity to store hoats of all sizes

SELSTHEY
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COMPONENT LOCATIONS .

Component Locations—2QM20

Decompression mechanism

Infake silencer

Cooling water temperature sencer

/

Cil filler

/ Fuel injection valve

Tachometer sender {option)

Eyebait

Alternator
~,
S - Cluten dipstick
L
Cooling water drain cock £ o { Control lever
s il — I . B :
| 0L B e
Lubricating oil filter 2N ] . eatert il UL Ly i
P / (]
.'. {7 3 ¢ Qutput shatt coupling
Oil pressure sender ‘_7——_ { @
o ‘ Fy
,'/ _\\' e

S 1

Siarter motor

Fuel filter

Exhaust marnifoid \

Coofing waler drain cock~
~

Mixing efbow “~

Engine stop device
with dhing adjuster

Dipstick

Regutator handie f"

!
Breather pipe

Fuet injection limiter

Cooling waler pump

Crankshalt V-puliey

h, Fuel feed pump
Fuel injection pump

4973647
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Oil pressure sender’

Component Locations—3QM30H

Decompression mechanism
/ Fuel injection vaive
,-Intake manifoid

.Tachometer sender {option)

Starter moter

£xhaust manifold
Fuei fitter
T e Ll Breather pipe
Cooting water drain cock / :_::m:.._.__ T s " ¢ g
. ; ; = ! tarting shaft
i . -
e (5\ - T /6 N :
N

Mixing eibow

Ciuteh dipstick

Dipstick — Yo

Al - BT B
A 7 } R

™, A e
L . e A
- ] o Y cLeliniecti
// / / & i { A - .- Fuel injection pump
/ ] =g Ok By z )
TR TR e =72\ Sk /
1 ; \“ 0 j i ol - Cooling water pump
!‘C?\ 2 A ; i f'\ i
H = ——
\ vi ] . ~ 1] { i }_ )
: AP Crankshatt Y-puliey

Breatner '
pae Regulator handle Euel teed pump

Engine siop device Fuel imjection hmier
with idling adjuster 04973648
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Component Locations—3QGM30Y

Intake silencer

/

Lifting metal fitting
. Decompressicr mechanism

Cocling water temperature sendet )
. Fuet injection vaive

-~ lntake manifold

ANUCOIrosion 2ng —.
- Tachometer sender (option)
-

i . Eyebolt

Aftgrnator -

Starter motor

Fuel tiltar

Exhaust manifotd
. Heat exchanger

Exhaust elbow . Stating handle

_— Cooling water pymp
{fresh water}

Cooling water drain cock 6(
Y Lot

—--Fuel injection limiter

Idiing aéguster

4497364

Reguiator handie Fuel injection pump
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Component Locations—1GM

Fue! injection vaive
/

intake sitencer

Tachomeater sender

Mounting flange

Clutch dipstick

/Ciutch

Starter motor

Cutputl shaft coupiing

Shifs tever

Alternator
/

Fuet oif filter-_ TR

Mixing elbow

Fuel injection pump

A
' / Qit fitter cap
A j/!
N lgte adjuster

¢ tarting shalt

Dipslick

Crankshalt V-pulley

i U\J\"“ \ ) \ Lubricating ot filter
fioguiator handie ’ T G

i
. Cil pressure sender
Engine stop lever D4a73GE0
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Component Locations—2GM

Fuel injection
Decompression lever 1ection vatve
\\

\\‘

Intake silencer
N,

Aiternator

o
W,

Al
Q2 102K
S0

/7 gé

5 H .
22 i
PRy

Lublicating oil fil

pord

er

Starter motor

Shift lever

Qil filler cap

Fuel oif filter

Mixing elbow

Crankshalt V.puiley

Fuel feed pump | ~ Engine siop lever
Diostick !
Regulater handle

i
dle adjuster 04873557
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Alternatar -

Shift laver.,

Compoenent Locations—3HM

Fuel injection valve
fecompression lever

Inlake siencer

. Anticorrosion Zing

Tachameter sender

Starter motor

Exhaust manifoid Qi fittar cap

‘ Fuel injection pump

B y j
idle adjuster

P
sd
Com Fuel injection timiter

:
{‘ ; 'I' 1 o
' ‘ i T Engine stop lever
L
i’ P ' T
4

" Crarkshaft V-puiley

Fuel o‘i filter

Dipstick

) Cooling water pump
Begulator handte

(4073552
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Component Locations—3GM

Fuel injection valve
Decompression lever

S

\

inlake siencer

Alternater

Anticorrosion zing

Tachomeler sender

Starter motlor

© Exhaust manifold

Qil filler cap

e A\
£y F;_— :_, '_:E‘:;V - &
ESNE
"‘.‘ = ‘
ol . i

Shift lever.__ Fyel injection pump

ldie adjuster

Fuel injection limiter

- Starting shatt

.
™~ Crankshaft V-puliey
Fuet feed pump ;*"

/
Dipstick ; :"f =
Regulator handie ;

: y

Fuel ol fitter Engine stop tever |
Cooling waler pump

04573653
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s—4JHE and 4JH2E

Governor

Component Location

intake manifoid Dipstick

Fuel fiter

Fresh water pump '

Intake silencer
Fuel injection pump

Mixing elbow

Alternator

Sea water pump

Rl
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Component L.ocations—4JHTE and 4JH2TE

intake manifoid Dipstick Governor

Breather pipe Fusl filter

Intake silancar

Qii fitlar cap

3
=

—_—

Ci fitter

Fresh water drain cock Qil pressure sender

Filler cap {fresh wates) Meat exchanges .
Exhaust mantfold

N

—————

3 J | _é‘“ ] ﬁﬁ’.’ﬂff@

Alternator Sea water drain cock

o —

Tachometer sender

Quilput shaft

Starter mator
ol Marne geartex

== & 3 -.
1)
1 4 Fuel feed pump
7 )

Fusl Injection pump

m—— Reguiator laver

473655
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UTE

Component L ocations—4JHHTE, 4JHDTE, 4JH2HTE, 4JH2DTE, and 4JH2
Heat exchanger
{fresh water cooler}
Pressure cap

{water feed port) Air coolar

Mixing elbow

Cooling water pump
{fresh water}

Alternator

Starting MO10F Exhaust manifold water

Cooling water pump - s
i drain plu
(seawater) Exhaust manifold s
Lube oit filler port
. Fuel lplecmn valve Air intake manifold
Air intake silencer Oil dipstick
Fuel it injection pump

Fuel o filter

o~
Turbocharger T [7

o
S

Lube oif filler

Regulator ieve

Marine gear lube oil
dipstick

Clutch shift lever

Lube oi} filter Fue! {eed pump

Cluteh oil cooler tube oil cooier
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FUEL SYSTEM .
§ See Figures 1and 2

The output of a diese! engine is controlled by regulating the
amount of fuel injectad into the cylinders. In maring use, you nor-
mally want the engine to run at a speciic speed. regardless of the
Inad ptaced on it. This cannot be done by simply placing the throttie
at a certain point because every fime the load increases 07
decreases, the engine slows down or speeds up. Constant runningis
achieved by conneciing the fuel control lever on the injector pump
to a governar, _

The injector pump is the heast of the fuel system. This compiex
component receives fow-pressure fuel from the fift pump, senses
the engine's fuel requirement, and then, at exactly the right momant,
pumps the carrest amount of fuel to the injectors at very high pres-
sure. Both in-line and distributor-type pumps are Gommaon on small
diesals, injector pumps will provids years of reliadle service if sup-
ntied with clean fusl. They are factory satand, for the most part,
require no maintenance. A few models have their own oil sump and
require regular oil changes. Faiiures are rare, and most problems
are due to the presence of &ir,

Fuel timing determines when each injector receives its shot of
fuel from the injector pump. It is st by the mesh of tha Hming gears
and the position in which the injector pump is mounted on the
engine.

Timing varies with anging design and number of cylinders. Typi-
cafly, a four-cylinder diese! will have a sefting of 1015 inches
before top dead center (TDC).Timing is factory set and should not
need adjustment unless the timing gears ars disassembied orf the
iniector pump disturbed. Rarely, the injector pump of timing-gear
adjustment may work loose and affect the timing.

Governors are rom-sensitive mechanisms that balance cen-
trifuged flywsights against spring pressure {0 controf the injector
pump setfing and maintain rpm under changing loads.

Governors, whether part of the engine or injectcr pump,
require no maintenance. They may have external adjustments for
maximum-rpm, acceleration, and idle-rpm settings, but only the
idle-rpm setting can be altered. Maximum rpm and acceleration
screws are factory set, and usually sealed; do not attempt to
adiust them. .

Fuei injection pi.pe

Governor

Hoiz type fuel injection nozzle
(direct injection type engines)

\Fuef filter

Applicabie
engine model
1. D. mark

Automatic advancing timer gear

04574636

Fig. 1 Example of the companents of a diesel fuel system (QJH saties engine shown}
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fuel from crude oil is a highly complicated process involving preci-
sion control of both temperatures and pressures.

As crude ol is refined, approximately 44 percent is gasoline, 36
percent is fuel oil and the balance is kerosene, lubricants, etc. The
characteristic properties of diesel fuel include, heat value, specific
gravity, flash point, pour point, viscosity, volatility ignition quality,
carbon residus, sulfur content, oxidation and water.

HEAT VALUE

The heat value of a fuel is of primary importance as it is an indi-
cation of how much powesr the fuel will provide when burned. The
heat value of fue! 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.

' =R BTU is the amount of heat required o raise the iemperature of
Fig. 2 Some engines, like this JH series, use a cold start one pound of water one degree Fahrenheit.

enrichment - The energy content of diesel fuel is about 10 percent higher than
that of gasoline on a volume basis, allowing it to deliver more work
per gallon than an equivalent volume of gasoline. A gallon of diesel
S Contains some 141,000 BTU'S, a gallon of premium gasoline con-
GENERAL INFORMATION tains 125,000.
The diesel engine vastly multiplies this initial advantage by the
way it operates and uses far less fuel to achieve performance equal

» See Figure 3 to or better than that of the gasoline engine. It does this because it

Diesel fuel is obtained from crude oil, which is a mixture of uses a much higher compression ratio,
hydrocarbons, which are compounds consisting of Hydrogen and SPECIFIC GRAVITY
Carbon. These compounds are Benzine, Pentane, Hexane, Heptane,

Toluene, Propane and Butane. . . . , . .

The compgunds which form crude oil vaporize at different tem- Specific gravity of a liquid, such as diesel fuel, is the ratio of the
peratures. That is, they have different boiling points. To separate the density Oég‘e fuel fo tge ddensréy ofSwate;fr: Specific gfrav;ty im%}’ bte "
hydrocarbons, the crude oil is heated and the different hydrocarbons measured by using a hydrometer. Specific gravity of a fuel affects the
are given off as vapor. The hydrocarbon With the lowest boiling spray penetration as the fust is injected into the combustion chamber.
point is given off first It is also, to a degres, a measure of the heat content of the fuel. Fuel

' with a low American Petroleum Institute (AP} specific gravity usually

When this separation is complete, the temperature is again used

to obtain the hydrocarbon with the next highest boiling point and so has greater heat value per gallon than fuel with a higher rating.

on until all the commercial gasoline, kerosene, diesel fuel, domestic FLASH POINT
heating oil, industrial fuel oil, lubricating oil, paraffin, etc. are
obtained, leaving coke and asphalt. This process of distilling diesel 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 point is the higher
temiperature at which the oil vapors will continue to burn after being .
ignited. The fire point is usually 50-70°F higher than the flash point.

Flash point is also an indication of fire hazard. The lower the
flash point, the greater the fire hazard. The flash point of diesel fuel
is 100°F for type I-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 flash
point of diesel fuels which may be used.

Flash point is only an index of combustion temperature and tells
nothing about diesel fuel ignition guality within the engine.

CLOUD POINT & POUR POINT

The cloud point of diesel fuel is the temperature at which the
components of the fuel become insoluble, cannot be dissolved and
wax crystals begin to form.

Pour point is the temperature at which enough of the fusl
becomes insoluble and prevents flow under specified conditions.
High pour point implies that in cold weather the fuel oil will flow
gasily through the filters and fuel system of the engine.

Fig. 3 Always obtain your fuel from a reputable fuel dock
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V_iSCOS%TY

viscosity is the property of a fluid that resists the force which
causes the fluid to flow. Viscosity is measured by pbserving the
time required fora cartain volume of the fluid to fow, under stated
conditions, through a short tube of smatt bors. The flow is mea-
sured by using a device calied a viscometer. The viscosity of the
suel ofl is measured at 77°F and 122°F.

Viscosity of diese! fuel affects the pattarn of spray in the combus-
tion chambers. Low viscosity praduces a fine mist, while high vis-
cosity tends to result in coarse afomization.

VOLATILITY

volatility of a Hiquid is it ability fo change into a vapor. The volati-
ity of  liquid fuel is indicated by the air-vapor rafio that Can be
formed at a specific temperaiuie. in the case of diesel fuels, yolatility
is indicated by a 90 percent distillation termperature(a specific temper-
ature at which 90 percent of the fuel s distilled off). As volatility is
decreased, carbon deposits and in Some engines, wear is increased.

Some engines wilt produce smoke as volatility is decreased.

. CETANE RATING

The ignition quatity 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 Cetane number rating is obtained by comparing
the fuel with Cetane. Cetane is a colorless liquid hydrocarbon which
nas exceftent ignition qualities and is rated at 100. The higher the
Catane number, the shorter the lag between the instant the fue!
anters the combustion chamber and the instant it begins to burn. By
comparing the performance of a diese! fuel of unknown quality with
Cetane, a Cefane rating may be ohtained.
=The Getane rating has a similar relationship to diese! fuel as the
Qctane rating has lo gasoline. The higher the Cetane rating, the
taster the fuel burns. 55 is the highest rating gormaliy given o
diese! fuel.

CARBON RESIDUE

The carbon residue of a diesel fuel, which is soot left aver after
combustion, is an indication of the amount of combustion chamber
deposits that will be formed when the fuel is burned in the engine.
This can be measured in the jaboratory by heating a sample of the
fuel in a closed container in the absence of gir. The carbon residue
will remain in the container, The amount of carbon residue which is
cansidered permissible in diesel fuel oit depends somewhat on
characteristics of the engine. This is mare critical in smalt high
spead engines than in targs. low speed industrial engines. Standard
requirements allow a maximum of 0.01% ash content.

= The Environmental Protection Agency {EPA} limits the amount of
soot/ash particulates 2 diese! engine may produce for reasons of air
quality. .

SULFUR CONTENT

The presence of sulfur in diesel fuel in axcessive quantities is
obigctionable, as It increases siston ring and cylinder wedr. Iy addi-
fion, it causes the formation o varriish on the piston skirts, and oif
siudge in the engine crankease. When fuel containing sulfur is
burred in an engine, the sulfur combines with water, which restlts

from the fuel combustion, to form corrosive acids. These acids tend
to etch finished surfaces, add 0 the deterioration of engine off and
the production of siudge. Standard requirements for No. 1 and No.
2 diesel fuel allow a maximum of 0.5% suifur content by weight,
although better grades typicatly contain less then 0.15%.

= Fuels which have  high suifur centent oiten contain considerabie
quantities of varlous nitrogen compounds. There ig evidenca that
the high wear rate of engine paris is partially caused by the nitro-
gen compounds.

DIESEL FUEL GRADES

By the American Sociely of Testing Materiais standards there are
three classifications of diese! fuels available commercially. They are
tchnically designated Grade -0, Grade 2-D and Grads 45 butare
mars commenly referred ic as simply No. 1, No. 2 o No: 4 diesel
fusel. There was a Grade 3-0, but it s no ionger produced.

Grade I1-D is the most refined and volatile diesel fuel avaifable,
the premium quality and is used in high rpm engines requiring fre-
quent changes in load and speed. Grade D dieset fuet has a lower
cloud and ge! paint than 2-D that has been “winterized” with anti-
gel additives, making it suitabte for use year-roung at temperalures
halow 20°F. Although rated as the hest all-around diesel fusl, Grade
- will defiver slightly tower fuel econory than 2-Dand isnot
always available where ambient femperatures exceed 20°F.

Grade 2-D or No. 2 diesel fuef is the most widely used. tis a low
volatility fuel suitabie for Lse without additives of winterizing at tem-
peratures above 20°F and delivers the best fuel acanomy of ali the
diese! grades. To expand Grade 2-D's effective use range to lower
temperatures (typically o 0°F), fuel makers “winterize” 2-D with vari-
ous fue! additives and blends to lower hoth its cloud and pour points.

Grade 4-D is a fuei oil for fow and madium speed engines. i is
ihe least refined and contains the highest levels of ash and sulfur,
making it unsuitabie for maring use. :

As enging speed increases, cleantiness and viscosity become more
crifical to proper diesel sngine operation. in addition o the grades of
diesel fuel mentioned, there are also spacial fuels for railroad iocomo-
tives, buses and military uses. Chemical, physical and engine tests -
may be used to delerming the quality of diesel fugt, which must pass
fough fuel standard tests to receive a 1-D or 2-D rating.

. ADDITIVES

As dieset fuet 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 ciude oil.

Since October of 1993, diesel suel refining included a process
called hydro-treating. This change was jmplemented to reguce the
sulfur and aromatic content of diesal fuel. On the positive side, the
new fow sulfur diesel fuels are less polluting and stightly more sfa-
ble than previous diesel fuel. Conversely, the new low stifur dissal
has less [ubricating qualities, containg more water, and has a higher
paraffin wax content. These changes necessitate the Use of fuel
additives to insure top diesel engina performance. The raduced
lubricity can be offset by using lubricity improvers.

Water in diesel fuel is a bigger problem than ever hefore. The
water can be in several forms, #reg water of heavy waler found usu-
ally in the bottom of tanks, emulsified water which can give the fuel
a cloudy appearance, and simple dissolvad waler. In addition to
high water content, at the pump, additional water is formed year
rotnd by condensation,
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Each time a diese! engine operates, regardless of the time of year,
condensation is formed. When this water reaches the diesel fust
injection system, the effect can be ruinous. The injectors depend en
the diesel fuel for lubrication. Water fusther reduces iubricily whils
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 fuel injector pump, this damage can be enormously expen-
sive. To offset the presence of water in diesel fuel, a water disper-
sant chemical should be used. ‘

In cold weather, reguiar diesel fusl thickens or geis to a point that
it will no longer flow. This is calied the pour peint temparature.
Prior o reaching this temperature, the diesel fuel starts to cloud up.
This temperature is called the cloud point. Between the cloud point
femperature, and the pour point temperature is the Cold Filter Plug
Point (CFPP), or the temperature at which s fuel will not flow
through the standard diesel fuei filler.

In the past, diesel engine owners have used kerosens or No. |
Diesel to thin No. 2 fuel when it had gelled, With the availability of
anti-gel additives on the market, this practice has all but disappeared.

Fuel filter plugging in cold weather is a major operating problem
and the major cause for shut-down. Most diese! engine manufactur-
ers have a 20 micron (as a point of reference, a human hair is about
70 micron in diameter) filter on the suction side of the it pump.
Most engines ulilize a primary and secondary filter arrangement. The
primary is usually a 20 micron filter, the secondary a 5 or 10 micron.

In order to pravent filters from plugging with ice crystals, and to
prevent tha filter media fram swelling with water, or a combination
of swelling then plugaing with wax particies, an anti-ge! product
should be used.

These products also have waler dispersants to guard against
watar related winter problems.

The best lime fo traat your fuel is prior to filling up your fuel fank.
This insures excellent mixing of the anti-gel additive. If the fuel is
already too cold, the anti~ge! compound wilt not be as effective.

If your fuel system is already geffed up due to either wax, water
or both, you can treaf the system with & de-gelling compound.

Fuel tanks are one of the most overlooked components of a
diesal fuel system. Since a fue! tank has virtually no moving parts, it
waould appear to be a maintenance-free item. But the accumutation
of sediment and debris from constant refualing can build up quickly,
causing fus! delivery problems. Reguiar draining and inspection will

keep any fuel delivery problems from forming, and ensure the deliv-

ery of fresh, clean fuel to the engine.
INSPECTION

The fual tank shouid be drained periodically to remova any water
and debris present in the tank. This is a general guideline and
aciual inspecting and draining the fuel tank depends on how weli
fuel is filterad before it enters the tank, the age of the fue! tank, and
the material from which the tank is construcied. Although your ves-
sel most likely has two or more fuel filters to prevent water anc
dehris from entering the engine, frequent draining and inspection of
the fuel tank wilt help keep the fuel as clean as possible, preventing
sremature clogging of the filters.

Also, if your vessel has a deck mounted filler cap, it should aiso
be inspected regularly. Faulty fifler caps can atlow water to enler the
tank.

DRAINING

1. Place an appropriate sized container under the drain cock, and
drain (he fusl untél the tank is empty. Look for signs of sadiment or
water in the drainad fusl. These can be easily viewed if the fuel is
set aside to allow the water and sediment to separate,

m-Try to plan ahead when draining the fuel tanlk; wait untii the tank
is ngar empty to make fuef tank draining quick and easy.

2. Leaving the drain cock open, pour a small amount (a galton or
two) of fusl into the tank and afiow it to drain; this will help flush
out any remaining cenfaminates.

3. If the fuel tank has an inspection cover, remove it and check
for signs of rust, sediment, and water.

=Between inspections, keep the fue! level as high as possible to
prevent condensation (water} from forming Inside the fuel tank.
Water in the fuel tank will cause problems with eagine operation,
and in spme cases, fungus and afgae growth.

Fuel Filtration

¥ See Figure 4

Fuel filters are installed between the fuel tank and feed pump and
betwaen the feed pump and injection pump. These filters serve to
remove dirt and other impurities from the fuel tank. -

Reguiar replacement of the fusl filter will decrease the risk of
blacking the flow of fuel to the sngine, which could leave you
stranded on the water. Fug! filters are usually inexpensive, and
replacement is a simple task. _ R

For information regarding fue! filter servicing, refer to section 3.

Fig. 4 The filter is installed hetween the feed pump and the
injection pump, and serves o removs dirt and other Impurilias
from the fuel

Lift Pamp

The fus! lift pump (also known as a tanster pump, of [ift pump)
is used to supply the injector pump with a steady supply of fust at a
low pressure (around 2.5 psi). A raciprocating diaphragm within the
pump sucks fus! from the fuel tank with tiow conirolied by two
small internal one way valves.

The lift pump, which is mounted to the engine block, is
mechanically driven from a cam lobe on the enging camshaft. On
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the 44H engines, the lift pump is mounted directly to the injecter
pUITID.
CHECKING

# See Figures 5 and &

1. Disconnect the fust outlet pipe from the lift pump.

9. Using the starter, crank the engine over; fue! should flow from
the pump in sfrong Duisis.

3, [f the pump flow seems weak, check for blockage of the fusl
supply.
~(n some engines, it may he necessary to mark the fuel lines
before they are removed from the pumgp. If the fines are reversed,
the lift pump will not supply fuel fo the injector pump.

4. If the fuel supply to the pump is normal, remove poth the inlet
and outlat lines, and operate the pump priming lever while helding
a finger over one of the connections. Suction and pressure shiould
be felt from both connections, a3 well as the pump making a loud
sucking noise. e :

D4574P7S

Fig. 5 Remaving tha banjo fittings from the pumy will atiow you
{0 check the pump lfor proper operation

5. The lift pump can aiso be tested by removing the entire pump,
submersing it in kerosens, and operating the cam lever {or pump
piston) with one hand while placing a finger cver fe nutlet port
{usually marked with an arrow). 1f bubbies 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 fift
pump and injector pump) fuel filter.

~Any time the fuel lines are dissunnénies!, air must be bled from
the fuel system.

8. Operate the priming lever on the lift pump until fuel runs out
of the air bleed screw opening, then tighten the scraw.

REMOVAL & INSTALLATION

aM And GMVi/HM Series Engines
b See Figures 7, 8, 9, 10 and 11

1. Turn the fue! tank petcock to the QFF position.
5 Place a small receptacle under the fift pump o contain any

excess fusl. : _
3 Remove the fittings that attach to tha sides of the lift pump.

~(n some engines, it may be necessary to mark the fise! lines

before they are removed from the pump. if the lines aré reversed,
the 1ift pump wili nol sapply fuel to the injector pump.

4 Rameve the two bolts that aftach the st pump te the enging
block.
& Draw the lift pump from the engine block.
To instali: :
6. Carefuily scrape any gasket residue from the miating surfaces
of the §ift pump and engine hlock. :
7. Lightly grease the arm on e lift purmp that rides on the
gocentric cam. _
8. Using a new gasket, install the Hift pump o the engine block.
§. Using new capper washers, install the fuel line fittings to the
{ift pump.
10, Once the lines are atiached, the fuel petcock to the ON
position.

04374604

Fig. 6 Submersing the pump and operating it by hand is an
ageurate method of ehecking the pump for lgaks

(4874502

Fig. 7 Exploded view of a 1GM lift pump
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(04974503

Fit. 8 Exploded view of a 2GM and 3GM/HM [if pump {ncte the
raverse fuel flow)

R ) ) 4374PR1

Fig. 11 Before installing the pump, clean the gasket mating sur-
face on the engine bicck to ensure fhe new gaskel seals properly

Fig. 9 On GM series engines, the Iiff pump is attached to the
enging Hock by two holts

edQ:éPE
Fig. 10 Once the lines and the two bolis are removed, the pump

is easily removed fram the engine

11. Loosen the air bleed screw on the secondary {between the liit
pump and injector pump) fuel fiter.

12. Operate the priming lever on the [ift pump untif fuel runs out
of the air bleed screw opening, then tighten the screw. If necessary,
refer to the Fuel System Bleeding section for more information.

JH Series Engines
% See Figure 12

1, Turn the fugl tank petcock to the OFF position.
2. Place a small receptacle under the lift pump to confain any

axcess fusl,
3. Removs the fuel fine fittings attached to the liff pump. Be

careful not to lose the copper washars.
sBe sure to mark the fuel lines before they are removed from the
pump. i the lines are reversed, the |ift pump will nol supply fuel to
the injector pump.

4, Remove the two bolts that attach the Hft pump fo the engine

biock. _
5. Draw the [ift pump from the engine block.

To fuel fitter

i

Packing

Fuel fead gump
04074585

Fig. 12 On JH engines, the fuel lift pump meunts fo the injector
pump
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1. Fuet pump unit 16, *Of seal 31, Stop screw

2 Delivery valve retainer stop 17. Adjusting packing {shim} 32 Aux. spring
3. Delivery vaive retainer 18. Tappet stopper 33 Controd rack stapper
4. Delivery vatve stopper 19 Tappet assembly 34, Plunger barrei stopper
5. Delivery vaive spring 20 Pin a5, Deflector
&. Delivery valve assembly 21, Roller guide 36, Pump side cowver
7. Delivery valve 22. Roller [outer) a7. Pump bottom cover
8. Delivery valve seat 23. Rolter {inner)
8. Plunger assembly 24, Adjusting shim
10. Plunger barrel 25, Adiusting boit
11, Plunger 26, Plunger spring rest B
12 Fuet pump camshaf 27. Plunger spring
12. Bearing 23, Plunger spring rest A
14, Bearing 20, Control sleeve (reduction ring)
18, Bearing holder 0. Control pinion B . -

Eig. 13 Diesel injector pumps are made of highly precision parts, and should only be serviced by quaiitied technicians
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To Install:
8. Carsfully scrape any gasket residue from the mating surfaces
of the 1iff pump and injector pump.
7. Lightly grease the end of the 1iff purp piston where if rides
on the cam.
8. ifsing a new gasket, instail the §iff pump to the injector pumy.
9. Instal the fuel fines to the lift pump in the proper direction.
10. Once the lines are attached, turn the fuel petcock fo the ON
position.
11, Loosen the air hleed screw on the secondary (befwean the lift
pump and iniector pump; fuel filter
12. Operate the priming lever on the lift pump until fuef runs out
of the air hleed sorew opening, then tighten the screw.

Injector Pump .
¥ See Figare 13

The fuel injector pump is a highly precise, complex mechanical
assambly that supplies the fuel injactors with the proper amount of
pressurized fuel to be sprayed in the cylinders at the proper time.

On all' engines, Yanmar stresses the importance of refraining

from making adjustments to the injector pump. Many of the adjust-

ment scraws are sealed in piace with lead-bound wire. These seals
ang other means of securing adjustments are placed on the injector
pump at the factory, where the injactor pump was properly adjusted
on 4 testing machine. The adjustments on the injector pump and
governor mechanism are sef by the factory for optimum perfor-
mance, and shou!é not be changed.

Do NOT attempt fo disassembie the injecior pum;: The intarnal
compenents of the pump are EXTREMELY close-filting, precision
parts, and can fa#l quickly i centaminated with dirf and dust.
Infecior pumps should be serviced only by a professional diesel
sarvice facility equipped with the proper tools and eguipment.

Due to the complex mechanical nature of the iniector pump, no
procedures for complets disassembly are given. Although a proce-
dure for adiusting the injector pump timing is given, it is recom-
mended that only a qualified diese! engine mechanic with praper
testing equipment perform any kind of adjustments or repairs fo the
injector pump. Foalish tampering with the injector pump can cause
sarious problems with enging aperation.

TESTING

¥ See Figures 14 and 15

Testing the injector pump for proper operation reguires special
equipmert, and shouid be pertormed by an expﬁnenced diesel
mechanic. If it has baen determined that the injector pump is not
functioning properly, the mep can be {emeved for testing at a qual-
ified factlity.

Hownver, it s advisable that a qualified diesel mechanic verify
that the injector pump is faulty before removal, since removal can
bea !engthy task on some engines. Keep in mind that evan i the
injector pump is remaoved, iaken {o a shop and repaired, instalia-
tioﬂ of the iniector pump may reguire partial disassembly of the
purp and other spacial tools to make fiming adjustments. Uniess
you fully understand the operation of a diesel fuel injecticn system,
and have the spacial fools and equipmeni, ramoval is not recom-
mended.

. 457476
Fig. 14 Diesel injector pumps must be tested and ealibrated on
special equipment for proper gperation

{4a74R 17
Fig. 15 The injector pumy is filted to a bracket on the cajibra-
tion machine, and operated o simulaie engine conditions

CHECKING & ADJUSTING TIMING

OM Series Engines
¥ See Figures 16, 17, 18, 1% and 20

Cbssrve all appiicable safety precautions when werking around
fuel. Whenever servicing the fuel system, always work in a
well ventilated area. Do not allow fuel spray or vapors to come
in contact with a spark or open flame, Keep a dry chemical fire
extinguisher near the work area. Always keep fuel in a con-
tainer specifically designed for fuel slorage; aiso, always prap-
erly seal fuel containers to avoid the passibility of fire or
axplosion.

1. install a measuring pipe on each of the pump outputs for
viewing of the fuel.

2. Bleed the air from the injector pump.

3. Set the conirol rack fo the middis position. Pull the lever
whan setting the accelerator lever.
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Fuei control rack A%

Fuel conirol pininn lock screw —~
-

e

—~
Pinion sleeve © -

Fuel controt pinion {B}

B @@W{@@@m

]
i

5,

N

Fig. 16 Exploded view of a 2GM series injecter pump
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Delivery valve spring hoider

@»——-f O-ring

%——' Delivery valve spring
%‘"——— Delivery valve

Detlivery valve packing

Cretivery valve holder

Piunger barrel

Plunger barrel packing

Body

Fuel control pinion (A}

Plunger spring retainet

f"\
&Eﬁ —- Plunger spring
—— Plunger
@»——mw Prunger spring lower retainer
@——fﬂ_ Plunger position shim

——— Plynger guide

lo?

¢ @ - --- Plunger guide roller (puter)
L}@
AN

* Plunger guide roiler (inners)

. Plunger guide (oller pin
04974600

4. Slowly turn the crankshaft by hand, and look for fuel in the
measuring pipe of the number 1 cylinder. Stop turaing tha crank-
shaft the instant that fue! appears in the pipe.

5. Note the fust injector timing mark on the crankshaft

6. If the timing is incorrect, add (or subtract) shims from
hetween the iniector pump body and the engine block.

7. Once the Himing is corract for the number 1 cylinder,
repeat the process of turning the crankshaft by hand (in the proper
direction) and noting the timing of the remaining cylinders.

8. I the injector timing of the remaining cylinders is net cosrect,
nole the deviation from specification (estimate in degrees) of each

of the cylinders on the crankshaft, Plungsr shims will have fo be
added (or subtracted) fo the individua! pumps to ma}<e the timing
equal between ail cylinders, which requiras partial disassembly of
the injector pump.
When disassembling the injector pumg, EXTREME cleanliness is
sssential. Before disassembling the pump for shim adjustment,
thoroughly clean the pump, the work surface, all tools, and you
hands. The injecor pump componenis are very precise, and

sensitive to contamination.
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Fuel inject
adjusting mark

i
i

04574613

Fig. 17 Injector pump timing mark location on the crankshafl
pulisy—0OM series enginas

Fuel injection
timing shim

4974612

Fig. 18 In addition to the adjustment shims in the plunger
guides, shims are also used between the injector pump and the
engine block

§. Mark the individual cylinders on the injectar pump that are
odt 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 neadlsnose pliers.

12. Shims can be addad {or subtracted} as necessary to cor-
rect the pump timing. Generally, each shim will change the tim-
ing by approximaiely T degree on the crankshaft. Adding shims
will advance the injector timing, and removing them will retard
iming.

13. Once the shims are installed and the pump is reassembled,
nstall the injector pump to the engine and repaat the first 5 steps of
his procedure to recheck the timing. If too many (or too few) shims
vere added to the plungers of the pump, the entire process will
1ave fo be repeated.

04974610

Fig. 19 Using needlenose pliers fo remove the plunger guide
stopper pin

MG

Fig. 20 Once the stopper pin is removed, the plunger quides ean
ke remaved {o access the shims

GM/HM Series Engines
¥ See Figures 21 thruy 28

Obseive all applicable safety precautions when working
around fuel. Whenever servicing the fuei system, always work
in @ well ventilated zrea. Do not allow fuel spray or vapors to
come in contact with a spark or open flame, Keep a dry chemi-
cal iire extinguisher near the work area. Always keep fusl in a
sontainer specifically designed for fuef storage; aiso, always
propeely seai fuel sontainers to avoid the possibility of fire or
explosion.

1. Install a measuring pipe on each of the pump sutputs for
viewing of the fuel.

2. Biaed the air from the injector pump.

3. Set the control rack to the middle position. Pull the lever
whan sstting the accelerator lever.

4. I necessary, remove the starter to view the fiming marks on
the fhywhesl,
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1 Exploded view of a 3GM/HM series injector pump
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Pl nger guice rolier {inner}
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Fig. 2
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5. Slowly turn the crankshaft by hand, and fook for fusl in the
measuring pipe of the number 1 cylinder. Stop tuming the crank-
shaft the instant that fus! appears in the pipe.

6. Note the fusl injector fiming mark on the flywhesl.

7. If the timing is incorrect, add {or sublract) shims from
belwaen the injecter pump body and the engine block.

8. Once the liming is correct for the number 1 cylinder, repeat
the process of turning the crankshaft by hand {in the proper direc-
tion) and noting the timing of the remaining cylinders.

=00 single cylinder engines, further adjustment of the timing is not
necessary.

9. If the injector timing of the remaining cydinders is not corract,
note the deviation from specification (estimate in degrees) of each of
the cylinders on the flywhes!. Plunger shims will have {o be added
(or subtrasted) to the individual pumps te make the timing squal
between all cylinders, which requires partial disassembly of the
injgctar pump.

Fuel injestian
timing shim

{4474G15
Fig. 22 As with the QM serias engines, shims belween the
engine and injector pump are used to set the inilial liming

04974930
-Fig. 24 The injection timing marks £an also be seen through the
view pori on the transmission on some models

- S i

) 04574064
Fig. 25 This pin retains small stopgers that hold the plunger
guides in positicn

Far 31l mocars of MM, JGM,
GND: and THI angrise

Timme k"

& mark is 450 gunznes on o
cwien AooEag Far moRgls of
151, 26M and 3643

44574615

Fig. 23 Viewing of the timing marks on GM/HM series engines

{d974PE2
Fig. 26 On 1GM engines, a circutar spring chip is used instead
af a pin to refain the plunger guide stopper
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B4974B17

Fig. 27 To add or sublract shims from the injecter pump,
remove the plenger guide stopper pin.. . .

04474015
Fig. 28 . . . and carefully remove the plunger guide fo access

the shims lfor adjusting the timing

When disassembiing the injector pump, EXTREME cleaniiness is
gssertial. Before disassemiling the pump for shim adjusiment,
theroughly clean the pump, the work surface, all teols, and your
hands. The injeclor pump components are very precise, and
sensitive to contamination.

10. Mark the individuat cylinders on the injsctor pump that are
out of adjustment, _

11, Remove the injector pump from the engine,

12, Starting with the number 2 cylinder, remove the plunger
guide stopper pin by pushing in on the plunger guids, and remov-
ing the stopper with needienase pliers.

13. On 1GM sngines, 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. Generaily, each shim will change the tim-
ing by approximately 1 degree on the crankshaft. Adding shims
will advance the injector timing, and remaving them will ratard
timing.

15. 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 oo few) shims
were added to the plungers of the pump, the entire process will
have to be repeated. _

- 16. Once the timing is correct, install the low pressure inlat and

return lines, and the high prassure injector lines.
17. Install the starfer, if removed. :
18. Bleed the air from the fuel system.

JH series engines
» See Figures 29 thru 36

AUTION

Observe ail appiicable safely presastions when working around
fuel. Whenever servicing the fuel system, always work ina
wel ventilated area. Do nof allow fuel spray or vapors to come
in contact with a spark or open fiame. Keep a dry chemical fire
extinguisher near the work area. Always keep fuel in a con-
tainer specifically designed for fuel storage; also, always prog-
erly seal fuel containers 1o avoid the possibility of fire or
explosion.

=The injestor pumg timing on JH engines is automatically sel
properly when the marks are aligned en the pump and pump
fracket. The marks are set by the factory, and devialien from ihe
factory timing shoutd el be necessary. The foliowing procedure is
to verify the correct timing.

1. Instail 3 measuring pipe on the number one cylinder cutput on
the pump for viewing of the fuel.

2. Bleed the air from the inector pump.

3. Set the control rack fo the middle position. Put the lever when
setting the accelerator lever, :

4, Slowly furn the crankshaft by hand, and look for fuel in the
measuring pipe of the number 1 cylinder. Stop furning the crank-
shaft the instant that fuel appears in the pipe.

5. Note the fuel injector timing marks on the flywheel.

6. The timing should be correct, If the fiming is out of adjust-
ment, the automatic advance mechanism may be out of a adjust-
ment.

7. i the timing is incorrect, and the automatic timing advance
mechanism on the pump drive gear is thought to be functioning
correctly, the timing can be adjusted by loosening the three
bolfs that secure the injecior pump, and rofating the pump
accordingly.
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1. Fuel pump unit 16. Cil seal 31. Stop screw
2 Delivery valve retainer stop 17. Adjusting packing (shim) 32 Aux. spring
3. Delivery valve retainer 18. Tappet stopper 33. Control rack stopper
4. Delivery valve stopper 19. Tappet assembly 34. Plunger barrel stopper
5. Delivery valve spring 20. Pin 35. Deflector
6. Delivery valve assembly 21. Roller guide 36. Pump side cover
7. Delivery vaive 22. Roller {outer) 37. Pump bottom cover
8. Delivery vatve seat 23. Roller {inner)
Q. Plunger assembly 24. Adjusting shim

10. Plunger barrel 25. Adjusting boit

11. Plunger 26. Plunger spring rest B

12. Fuel pump camshatft 27. Plunger spring

13. Bearing 28. Plunger spring rest A

14. Bearing 29. Control sleeve (reduction ring)

15. Bearing holder 30. Control pinion B

Fig. 29 Exploded view of a JH series injecior pump

04974619
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Fuel injection pump stand

urmn
&q pump / T Gearcase

match marks
SETAG20

. 04874621
Fig. 30 The AJH2-UTE engine uses a different injector pump Fig. 33 On JH series engines,
than other JH series engines {note simiiar mounting flange) the liming marks are aligned

the timing is correctly set when

Flywhee! housing

injection
timing marks

04974623

Fig. 34 Afthough there is a scale op this fiming pump, it should

not be moved from the Tactory setting

Fig. 31 Viewing the timing marks an a JH series engine

Long hole

Slow

Rev. direction
Fast i

injector pump has been rebuilt or replaced, the
diusted by rotaling the pump stightly

Q4974P0B

ming mark is perfectly atigned Fig. 35  the

Fig. 32 Make sure each injector t

with the pointer on the view por timing may need to be a
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Timer weight

Applicable engine mode! 1. D. mark
04874624

Fig. 36 JH series engines utilize 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 _14-18 2347-2489
2QM20 25 150-170
3GM 17-19 170
3GM30 17-19 2347-2489
3HM 17-19 160
3HM35 20-22 2204-2347
3QM30 28 150-170
4JH-DTE 1113 2773-2915
4JH-E 11-13 2773-2815
4JH-HTE 11-13 2773-2915
4JH-TE 11-13 2773-2915
44H2-DTE 16-18 2773-2915
4JH2-E _ 11-13 2773-2915
4JH2-HTE 16-18 2773-2915
4JH2-TE 16-18 2773-2915

S4TrACOT
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REMOVAL & INSTALLATION

0Mm And GM/HM Engines
% See Figures 37, 38 and 33

Ohserve alt applicable safely precautions when working around
fuel. Whenever servicing the fuel system, always work in a
well ventilated area. Do not allow fuel spray or vapors to come
in contact with a spark or open flame. Keep @ dry chemical fire
extinguisher near the work area. Always keep fuef in a can-
tainer specifically designed for fuel storage; also, always prop-
etly seal fuel containers fo avoid the possibility of fire ot
explosion.

1. Turn the fuel petcock to the OFF position.
9. Disconnect the fow pressure iniet and return hoses from the

injectar pump.

04g74P&3

Fig. 37 When remaving the injector pump, the control rack arm
will need to be moved slightly lo be removed from the engine

i (4874625
Fig. 36 Removing an injector pamp o @ 2GM series engine—
pther models similar

Fig. 38 When instatling the injector pumy, make sure the con-
irof rack engages properly with the governor arm

3. Remove any hoses, brackets, or ofher comgonents necessary
for removat op the injector pump.

4. Remove the high pressure line(s) that connect the pump
to the injecter(s). Be careful not o bend or distort the metal
line(s).

5. Remove the gear case Side cover and remove the govarnor
ipver. '

6. Using an appropriately sized wrench, loosen and remove
the nuts from the studs that secure the injector pump to the
engine. - .
7. Carefully lift the pump from the engine, while aligning the
cut-out in the pump base with the contral rack on the injector
pUmp.

8. Remove the timing adjustment shims, noting their thickness.

To instail:

9. Place the timing adjustment shims on the pump base.

10. Carafully lower the injector pump inte the hase, while align-
ing the control rack and the governor lever.

11 Install the nuts on the studs that secure the injector pump
and tighten them securely.

12. ¥ the injector pump was rerovar fof inspection, and no
parts were replaced or disturbed, the timing does not need adjust-
ment.

13, if the injector pump was serviced of rebult, the timing
should be adiusted. Refer to the timing adiustment procadure in this
saction.

4. Aftef the timing has been adjusted sroperly, install the high
pressure fuel fine(s) that connegt e pump to the injector(s).

15. Instal the low pressure infet and outlet hoses 1© fhe injecior
pumg.

16. Prime and biead the fue! system as required.

JH Engines

b See Figures 40, 41, 42, 43 and 44
Ohserve all applicabie safety precautions when working around
fyal. Whenever servicing the fuel system, always work in 2
well ventiiated area. Do nat allow fuef spray or vapors to come

in contact with a spark ot open flame. Keep a dry chemical fire
extinguisher near the work area. Always keep fuel in a ¢on-
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tainer specifically designed for fuel storage; also, always prop-
erly seal fuel containers to aveid the possibility of fire or explo-
sian.

1. Turn the fuel pstcock to the OFF position.

2. Disconnect the low pressure inlet and return hoses from the
injector pump,

3. Remove the high prassure lines that connect the pump to the
injectors. Be careful not to bend or distort the metal lines.

4. Remove the fuel injector pump gear cover from the timing
gaar cover on the engine.

5. Verify the matchmarks on the injector pump and pump hous-
ing. If there are no markings, use a mstal scribe or paini to aceu-
rately mark the rslationship between the pump and housing. This
is critical for proper engine operation.

6. Rotate the timing marks on the pumg gear and drive gaar
unti! they arg in alignmant.

7. Remave the injector pump drive shaft hex nut and washer,

8. Remove the box nut and washer from ths injector pump dgive
shaft,

Box nut

@% Hex plug
@

04574620

Fig. 40 Injectar pump drive gear mounting detaii—dJH engines

- retain the caver on the front of {he engine

: ) 04374PD1
Fig. 42 To access tha injecior drive gear, remove the 4 heits that

04e74pzi

Fig. 43 Once the holts are removed, remove ths cover

Timer

Box nut
Biind plug
04974527
0. 41 Exploded view of the mounting detai! of 2 JH series
jecter pump. Cylinder head and front cover removed for clarity

0437,
Fig. 44 Afthough the gear cannot be removed, the pump can be
removed from the gear by remaving the nut
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9. Remove the driva gear from the injector pump shaf, and lift
the pump from the engine. _
m\se cantion when removing the fasteners from the pump within

the timing gear housing. Ifa paitis dropped into the housing, the
gngine may have io he disassembled to retrieve lost parts.

10. Remove the injecior pump support brackets.

41. Remove the three bolts thal aftach the injector pump to the
timing gear housing.

To install:

12, Carefully align the three boft holes on the injector pump with
the nousing, and install the boits.

13. Align the timing marks on the pump and housing, then
tighten the bolts.

14. Install the injector pumg support brackets.

15. Rotate the timing marks on the pump gear and drive gear
until they are in alignmest, and install the drive gear from the injec-
tor pump shal

16. Apply grease to the injactor pump drive shatt box nut and
washer, Instail the box nut and tighten it to 43-51 ft. 1bs. (58-69

Hm)
17. Instalt the hex piug and washer onto the drive gear.
18. Instalt ‘E_he fuel i_njector pump gear Cover onto tha timing gear

COVE. T SR
19, Instali the high pressure lines that connect the pump to the

injectors. Be careful nat fo hend or distort them upon installation.

290. Connect the low pressure iriet and return hoses from e

injactor pumy. o o

o1 Turn the fuel petcock (0 the ON position.

29 Prime and bleed the fuel sysiem as required.

Governot
¥ See Figures 45, 46, 47 and 48

The output of a diesel engine is controtied by the amount of fuel
injected into the cylinders by the injector pump. In marine use, itis
most dasirable for the engine fo run at a specific speed, regardless
of the 1oad. _

The govesnor is a mechanism that is used to keep engine speed
consiant by automaticaily adjusting the amount of fuel supplied to
the engine ragardless of load. This heips to protect the engine from
abrupt changes in lpad, such as gisengagemen of the clutch, or the
propeiler leaving the water in rough 5685 '

If an eriging was not equipped with a governar, simply positioning
e throtile Tever at full speed will cause the engine to slow down and
speeds up as the vessel moves through the water due to the constant
change in load. The governor halps mediate the power output of the
engine by automatically operating the throttle when a load is applied.

The QM and GIM/HM series engines use an all-spesd govarmor
#at is activated by the centrifugal action of pivoting weights on the
camshaft. The position of the governor weights changes as speed
increases and decreases, which activates @ govarnor lever. The gover-
nor lever serves two functions; movement of the fus! control rack on
the injector pump, and activation of the regulator lever. Tha governor
laver operates the regulator lever with a special spring. o movement
of the fuel controf rack on the injestor pump is not hampered.

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 he inigctor pump. ' '

Regutator lever

[

Regulator handle

_© ‘

% Pivot point
%/

igle adjuster No-load maximum
speed limiter

Regulator spring

Fue} control lever

Fuel control rack .

Fuel injection pump

1 Decrease

r
l Increase Governor lever 2

TP
AENRNRRA

_— Crankshatt gear

Pivot point

—e Centrifugat force

7

Fuel injection limiter

Fig. 45 A basit schematic of the operation of a governor

Pivot point

Governor lever 1

(4974528
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£

1. Governor case 12. Washer 24. Governor weight
2 Govemnor case cover 13. Governor link 25, Governor weight
3. Control fever 14. Governor shaft 26. Pin
4. Govemcr lever assembiy 5, Governor lever 13, Control lever shaft ¢, Governol weight support
£. Tension lever 16, Governor spring 28, Governor weight nut
7. Bushing 17. Stop lever 29. Govemnor sleeve
&. Spring pin 1B. Stop lever retum spring 30. Contro! mck
9, Shim 18. Stop lever stop pin 31. Fuel pump cam shaft
10. Throttle spring 22 Fuel stopper (limit bolY) assembly :
11. Shitter 23. Adjusting spring assembly ' QTG

Fly. 47 Exploded view of a JH series governor, which is integrated info the injector pump
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Fuel injection limiter

/, \ / amsna

Governor weight

Camshaft gear

Fig. 48 Expleded view of a QM series governor system

Reguiator spring

‘ldie adjuster

Regulator handle

Fuel injection pump

04974628

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 sealed 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 performance, and should not be changed.

If you have 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 diagnosis. Foolish
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 that only a qualified diesel engineg
mechanic with proper testing equipment perform any kind of adjust-
ments or repairs to the governor mechanism.

. Fig. 49 Adjustments to the governor are strongly discouraged by
the manufacturer; foolish tampering can cause major engine
problems

04374P04

Fig. 56 Notice that the lever adjustment and gavernor adjust-
ment mechanisms are wired together fo prevent adjusiment
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Fuel Lines |

The fue! {ines are one af the most overlooked components of the
fuel system. Amazingly, the high pressure mefal fuei lines ofa
diesal engine contain pressure measured in theusands of pounds
ger square inch. Since the fel fines aré subiected fo such high
pressure, they should oe inspected frequently.

INSPECTION

When inspecting the fuel lines, look for signs of leakage o
cracking, usually identified with dirt or wetness surrounding a fue!
fine. i an area on a fuel line is suspect, wipe the ling clean, operale
iha engine, and look for any signs of wetness. ¥ the wetness
returns, a leak is present, and the line should be replaced.

The most common problem with high pressure lines is cracking.
caused by the constant vibration of the engine. Cracked fust lines
may CCur on oider engings with high hours.

If there is leakage from a line end, &y loosening the nut, and
retightaning it. In most cases, this will stop a smalt leak from the
fine end. If performing this procedure does not help correct the leak,
the mating surfaces of the line end and delivary valve retainer or
fuie! injector may be damagad, requiring replacament.of the fel ling,
o i extreme cases, the delivery valve retaingr of injector, i fhe fuel
injector uses a banjo ype fitting, it is advisable to replace the cop-
per gaskets en both sides of the fitting to prevent leakage.

REMOVAL & INSTALLATION

# See Figures 51 thru 56

Ramova! and instaliation of fuel lines varies siightly between
mogjeis, but the general proceduse is the same.

< CAUTION

Observe all applicabie safety precautions when working around
fuel. Whenever setvicing the fuel system, always wark in 2 well
ventilated area. Do not allow fuel spray or vapors to come in
contact with a spark or open flame, Keep a try shemical fire
extinguisher near the work area. Always keep fueiina gontainer
specifically designed for tuel storage; also, always properly
seal fue! containers fo aveid the possibility of fire or explosian.

D4574F34

Fig. 51 It may be necessary fo ramove gertain components, {iike
the air sitencer) to allow the fuet lines to he temoved

Fig. 52 This engine u'ses a spacer between the intake manifald
and air sitencer to allow for ciearance of the spacers on the
injectors

rig. 53 Loosen the boits that I_taid the tuei lines in position

When removing the fuei lines, EXTREME cleanliness is essen-
tiat. Before removing the lines, thoreughly clean the lines, the
fittings, ali tosls, and your hands. The internal gomponents of
the injector pump and injectors are very precise, and sensitive
to contamination.

———

1 Bafore removing the fuel line, determing if it will be required
o remove adjacent fust lines or other items to allow for clearance.

9 Tun the petcock on the fusl fank 0 the GFF position.

3. Remove any rubber-lined brackets that secure the fusl lines.

4. Using an appropriately sized fine wrench, loosen the nuts on
hoth sides of the fuet ling, at both the injector and the pumg.

< WARNING

If the injector has a hex spacer on the intet, make sure to hold
stationary with a wrench while lsosening the tine nut. Do NOT
aitempt to loosen the line hy turning the spacer. Turning the
spacer will twist the tuel line, requiring replacement of the H T

5. Remove the fuel line(s) from the engine.
6. Cap the end on the fust injector(s) and the injector pump.
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To install:

7. Remove the caps on the injector and purmp.

8. Test fit the line fo the engine. The bends of the line must
match must match those of the oid line. Most imporiantly, the ends
of the line must align with the threads of the injector pump fitting
and the injector,

9. It the line{s) fif properly, hand thread the line nuts onto the
injector and the injector pump fitting{s). Leave the fine nuts loose
untit ali the fines are attached to allow easier threading. If the line{s)
have banjo-type fittings, make sure to install new copper washers
on both sides of each fitling,

10. Once all the fine end nuts are threaded properly, they can he
tightened,

11, I equipped, attach the rubber-fined brackets that secure the
{ines. It is very important that the lines are secured properly, since
the constant vibration of the engine can cause a ling 1o crack pre-
maturely. Also, make sure that the metal fue! lines are not rubbing
against each ather; this can be another cause of braakage.

12. Once the Tine(s) are attached, the air will have fo be bled from
the fine{s). Rafer to the procadure in this section.

04474P36

Fig. 54 Once the bolts are remnweﬁ, remave the metaf brackets,
and the rubber insulators

M974P38

Fig. 55 Remove the line nuts fom the injecters (note the backup
wrench on the spacer) . . .

Fig. 56 . . . and the injector pump

The fusl injactors on a diesel engine are basicaliy mechanical
pop-off valves that spray fuel into the cylinder when the fuel pres-
sure reaches the proper range. A spring inside the injector hoids the
nozzle valve tightly against the vaive ssat until the high pressure
fuel from the injector pump avercomes the strength of the spring.
This aflows fug! past the nozzie valve, which sprays in a precise pat-
tern into the combustion chamber. This cycle happens instania-
neously, and is repeated on evary combustion siroke 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 allowed
into the system. Fuel injectors commenly fail when a small piace of
debris becomes lodgad in the injector nozzls, producing an insuffi-

cient spray pattern. When fuel is not properly sprayed from an injec-
tor, it wili not burn properly, causing reduiced engine power cutput.

TESTING & INSPECTION

» See Figures 57, 58 and 59

It the engine is not running correctly, you can check for operation
of the injectors by loosening {but not removing) the mut 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. If nothing happens when the fine is loosened slightly,
the injector is not firing, or there may be problems with the injector

DUmp.

Be sure to wear full eye and body protection when performing
this procedure; fuel can spray from the fine nut at high pres-
sure, possinly into your eyes. Only LODSEN fhe Fine nt to allow
fuel to lsak from the threads on the injector. If the line is
REMOVED from the injector, and the engine turned over, fuel
will be expalied from the line, possibiy spraying inte your eyes.

Another cause for improper injector function is carbon deposits.
Over tims, carbion deposits can accumulate on the injector nozzla,
causing an improper spray pattarn.
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I

D4GTAPTE.

Fig. 57 The fual injectors can be {ested hy slightly loosening the
iine whiie the engine is running

Fig. 58 Two examples of badly damaged precombustion cham-
hers. Damaged chambers cause poor engine performance

Checking for carbon deposits requires removal of the injectors
from the engine. Once you have removed the injectors, inspect the
nozle of each injector for carbon deposits. A soft brass wire brush
or carburetor cleaner can be used fo clean for cleaning the nozzle.
Use caution when cleaning the injector nozzles; the spray pattern
can be alterad if the nozzls is marred or distorted.

WARNING

Do not use a steel brush on the injector nozzles. The steel can
damage the hale(s) on the nozzie, causing the injector to spray
improperly.

Other methods of testing injectors for proper operation require
hench testing equipment and other special tools. I your enging’s
fise! injectors are not aparating praperly, they should be taken to a
qualified diese! repair facility for testing.

REMOVAL AND INSTALLATION

OM and HM/GM Series Engines
% See Figures 60 ihvu 80

1. Turn the pstoock on the fuel fank fo the OFF position.

2. Remove any rubber-tined brackets that secure the fuel lines

3. Disconnect the return lines on sach injector.

4. Loosen tha fusl lines at the injector pump.

5. Disconnect the fuel lines from the injectors. {If equipped,
remember to use a wrench on the spacer o hold it stationary while
lonsaning the ling nuf) '

¢ WARNING

When removing the injectors, EXTREME cleanliness Is essen-
tial. Before disconnecting the lines, thoroughly clean the injec-
tars, fittings, fuel lines, ali tools, and your hands. The infernal

compenents of the infectar pump and injectors are very pracise,
and sensitive to cenfamination.

6. Using an appropriately sized wrench, remove the nuls and

“washers that hoid the injector retainer{s) in piace.

7. Remove the injector retainer(s) from the studs on the cylinde:
head.

D4974P59

Fig. 59 The injectors should be cleaned with a soft brash if
there is carbon huild-up torming around the tip of the Injector

~Notch

injection valve

§4974535

Fig. 50 Fuel injector mounting detail—QM and GM/HM engines
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04974P32

‘ 04974P31
Fig. 64 Remove the high pressure line by loosening the line nul.

If there are spacers on the injectors, be sure fo use a backup
wrench

04074P39
Fig. 85 Once the line nut is loosened, unthread it from the injec-

tor (or spacer) and carefully move the line {o one side

Fig. 63 Next, remove the hard return line that connects the
injectors. Be careful not to lose the copper washers

4874P40

Fig. 66 Remove the two nuts on the injector retainer, then
remove the retainer
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[

Fig. 67 The injector ean now be lified from the cylinder head

D4974PAG

Fig. 70 The copper gasket may stick to the bottom of the heat
shield; make sure it is removed hefore installation

ganrra

Fig. 68 Oace the injector is r_emoveﬁ, the heat shield, precham-
ber and copper gaskets can be remaved '

sy

(4974P47

Fig. 71 After the heat shield is removed, fift the precombustion
chamaer from the injector bore

DAS74P44

Fig. 63 Use a smail pick or other similar too! to carefully |t the
heat shield and gaske! from the injecior bore

374G
Fig. 72 And finally, remove the tast copper gasket that seals the
precombustion chamber in the injector bore
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Fig. 73 The fuel injector, with the heat shield, precombustion
chamber, and related gaskels

04974P58

Fig. 75 This O-ring, found on later model GM engines, is used
to keep rust from forming between the injecior and bore

Fig. 74 Before instaliing a new gasket on the heat shield, make
sure 1o scrape any old gasket material from the top of the shield

G741

Fig. 76 This groove in the injector bore is used to align the pre-
combustion chamber

8. Remove the injector(s) from the cylinder head.
9. Using a small pick or other similar tool, remove the heat shield,
precombustion chamber, and copper gaskets from the injector bore.

=Every time the injectors are removed, the copper gaskets that
seal the precombustion chamber and heat shield must be replaced.

To install; :
10. Install the heat shields and precombustion chambers as follows:
a. Install a new copper gasket in the cylinder bore, followed by
the precombustion chamber. Make sure that the pin on the cham-
ber is fully aligned with the groove in the bore. Do not force the
precombustion chamber in the bore!
b. Install another copper gasket on the top of the precombus-
tior chamber. »
¢. Clean any gasket material from the top of the heat shield.
Install the heat shield, and the gasket on the top of the heat
shield.
d. Repeat this procedure with each injector.
11. Instalt the injector(s) to the cylinder head. Align the line fit-
tings on the injectors.
12. Place the injector retainer(s) onto the studs on the cylinder
head. Make sure the retainer is mounted in the proper direction (see
iHustration).

13. Install and tighten the nuts and washers that hold the injector
retainer(s). Be sure to use a torque wrench to tighten the nuts.
Graduate the torque on the nuts, until the final torque of 14 ft. Ibs.
(19 Nm) is achieved.

14. Uncap the end(s) on the high pressure fuel line(s).

15, Instalt the fuel lines.

16. Connect the fuel return line(s) to the injectors.

17. If equipped, attach the rubber-lined 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 other; this can be another cause of breakage.

18. Once the line(s) are attached, the air will have to be bled from
the line(s). Refer to the Fuel System Bleeding procedure in this saction.

JH Series Engines
b See Figures 81 thru 91

1. Turn the petcock on the fuel tank to the GFF position.

2. Remove any rubber-lined brackets that secure the fuel
lines.

3. Loosen the fuel lines from the injector pump.

4. Disconnect the return lines on each injector,
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. N4974Pa5
Fig. 77 Notice the smali pin on the precombustion chamber; this
pin fits into the groove in the injector hore

DASTAPEG
Fig. 88 ALWAYS use a torque wrench when installing the injec-
fors

04974P59

Fig. 78 After ali the new gaskels'are installed, carefully place
{he Injector ints the bore, and thread the line nui on by hand

Fig. 79 Make ahsolateiy certain the injestor retainer s instailed
with the protrusions facing dewn, on the injector

5. Remove tha lines from the injectors. With the lin brackets
removed, and the fines loosened at the injector pump, there should
he sufficiant stack 1o place the lines to the side of the injectoi(s) to
allaw for removal. Do NOT bend the fuel lines! :

< WARNING

When removing the injectors, EXTREME cleaniiness is essen-
tial. Before disconnecting the lines, thoroughly clean the injec-
tars, fitlings, fuel Hnes, ali tocls, and your hands. The internal
components of the injector pump and injectars ara vety precise,
and sensitive to coniaminatien.

6. Using an appropriately sized wrench, remove the nuis and
washers that hold tha injector retainers in place.

7. Remove the injector retainers from the studs on the cylinder
head. .

8. Remova the injectors from the cylinder head.

9, Using a small pick or other similar fool, remove tha heat pro-
tectors from each injector bora i they do not come out with the
injector.

= Every lime the injectors are removed, the heat profectors should
be repiaced. - '

Te install: . :

10. Install a new gasket and heat protector on gach injector in the
groper direstion.

11, Install the injectors fo the cylinder head. Align the returm fing
fittings on the injestors. '

12. Place the injector retainers onfe the studs on the cylinder
head. Make sure the retainer is mounted in the proper direction {see
iflustration).

13, Instati and tighten the nuts and washers that hold the injector
retainers. Be sura to use a torque wrench to tighten the nuts. Grady-
ate the torque on the nuts, until the final torque of 810 1. Ibs.
(10.9-13.6 Nm) is achisved.

14, Uncap the ends on the high prassure fuel lines).

15. Connact the fuel return lines fo the injectors.

16. Instafl the fual fines.

17 Attach the rubber-ined brackeis that securs the lines. fris
very important that the lines are secured properly, since the constant
yibration of the engine can cause a line to crack prematurely. Also,
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@——- Fuel injection nozzie retainer
I
o Z

Nazzle cover {rubber)

Fuel injection nozzle

04874634

Fig. 81 Fuel injector mounting detail—JH engines

()4‘97&P13
Fig. 82 After the fuel line as been removed from the injector,
and loosened at the injector pump, it can be set aside

04974716

04974P17
Fig. 83 Remove the return line clamps with pliers, and discon-

nect the lines from the injector Fig. 86 . . . and pull the injector from the cylinder head
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: R S D4g74P19
Fig. 87 This rubber gasket is used fo keep water from getting
between fhe injecior and the hore in the eylinder head, which
can ¢ause rust -

R
04874975
Fig. 80 I the heat protecter is instafled incorrestly, it will not
property fit the base of the injector

Fig. 88 On later madel JH serles injsclors, insiali the new heat
protector as shown

- GAAT4ET2

Fig. 89 On earlier models, the heat protector is a sleeve, with
an imternal tapered end that fits around the base of the injector

4374820
Fig. 91 8e sure to use a torque wrench when installing the
injecicrs

make sure that the metal fuel lines are not rubbing against each
other: this can be another cause of breakage.

18. Onge the fines are attached, the air will have to be bled from
the lines. Refer to the Fuel System Bleeding procedure in fhis section.

DISASSEMBLY

% See Figures 32 and 93

Because of the pracise mechanical nature of diase! fus! injsclors,
no procedures for complete disassembly are given. Although a pro-
cadure for remaval of the injecters is given, it is recommended that
only a qualified diesef engine mechanic with proper testing equip-
ment disassemble the iniectors for adjustment, calibration, or repair.

Do NOT attempt to disassemble the fuel injectors. The cempo-
nents of the injectors are EXTREMELY clese-fitting, precision
parts, and can fail guickly if contaminated with dirt and dust.
{njectors should be serviced only by a nrofessional diesel ser-
vige facility equipped wiih the proper toois and eguipment.
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Although the injectors on many Yanmar engines appear the
same, they cannot be interchanged with thosa of other models. Each
fuel injector is tested at the factory for flow and proper spray pat-
tern, and are marked with identification numbers for each engine.

- For optimum engine performance, the injectors on a diesel engine

F.O.retum pipe joint

Applicable engine modai . — Nozzie cover mounting groove

I. . mark

—- Nozzle hoider
27
3 "—" Fuel starting prassure adiusiing shim
=
- - Nozzta spring

& - MNozzle spring seat

———Stop plate

8» MNozzie vaive ,

Pasiticning pin i
E— Nozzie

Nozzie bacy J
@ -~ Nozzie clamp nut

Fig. 82 Exploded view of a JH sefies fuel injectar

Valve spring nut

Packing

Vaive spring adjusiment shim

Valve spring

Valve spring seat

Inter spindie

Valve hoider body

Valve

Valve body

Valve nut

04974632

Fig. 93 Exploded view of a fuel injector used on OM and GM/HM

should be "matched” so the same amount of fuel is injected into
each cylinder. Only a diesel component sepair and rebuilding facility
with the proper testing and calibrafion equipment can rebuild and
match a sef of fuel injectors.

Fuel System Bleeding
¥ See Figures 94 thru 89

Any time the fuel system is exposed fo air { e.g. changing a fue!
filter, or remaving the injectors) the accumulated air witl have fo be
bled fram the syster to allow for proper dslivery of fuel to the
engina. _

- Besides changing the fue! filter, air can be drawn info the fug!
system by several routes. Typically, air is sucked into the fugl Sys-
tem through a poor seaf upstream of the liff pump. Air can also be
drawr: into the fuel system whan the fue! tank is fow, and the mator
is heing apsrated in fough seas. A smail amount of air (about a tea-
spaon} in the fuel system is enough ir to shut down the enging,
and require fuel system bleeding,

To bleed air from the fuel system, proceed as foliows:

1. Loosen the air bleed screw at the top of the secondary fuel
filter (between the fift pump and injector pump). '

=~hen épera!ing the priming fever en the l pump, make sure to
push down completely to ansure full operation of the diaphragm
within the pump.

2. Gperate the priming lever on the Hift pump. If the lever is only
moving slightly, rotate the crankshaft by hand to reposition the lobe
on the camshalt that operates the pump. This wi! allow for a full
stroke of the priming lever.

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

=~ Air ean Be drawn into the fuel system by a fasity hieed screw
washer. After the bieeder screw has been laosened a fow times, it
is a good idea to replace it to ensure a lsak-free seal.

4. Hair remains in the system, check for leaks in the it pump
or primary filter

5. If the engine has stailed from afr in the system, (or ¥ the high
pressure side of the system has been opened) it will be necessary to
bleed the injector pump, injector lines, and injectors.

series engines

049?4?2
Fig. 94 Although the fuel filter is slightly different between mod-
els, the air bieed screw is always the 18mm bolt with the

Philtips head '
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Fig. 95 Loosening the air hieed screw on a 3GM engine

6. Loosen the blead screw on the injector pump and operate the
priming lever on thie lift pump until fue! free of air fiows from the
bised screw, then tighter: the screw.

f(s) (s)

on the injector(s) one fum.

If the injector has a hex spacer on the inlef, make sure to hold it
stationary with a wrench while locsening the line nut. Do NOT
aftempt to loosen the line by furning the spacer. Turning the
spacer will twist the fuel line, requiring replacement of the line.

8. Place the engine speed lever to the full throttle position.
9. Using the startar, crank the engine untii ak air 5 free from the
lines until fuel runs from the connections. ‘
10. Tighten the line nuts securely. _
11, If air remains in the system, focate the source of the air, and
perform and repair procedures Necassary. '
12. Repeat the procedure until the entire fuel system is free of air

D4g74R02

Fig. 95 Loasening the air bieed screw on a JH series engine

04414P12

Fig. 98 If air has entered the injector pump, loosen the lines on
the injectors OME TURN, and crank the engine io bleed the air

P
Fig. 97 Alfter the hieed serew has been loosened, aperate the
priming lever on the feed pump to push the air out of the system

G4574P31

Fig. 99 [ your engine is equipped with spacers on the fuel
injsctors, use a wrench to hoid the spacer stationary while loos-
ening the ling nut
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~ - Tachometer sensor

Alernalor

Oll pressure sender unit

Fig. 1 Example of an engine eleclrical system wilh optional equipment
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Battery
Battery switch

ﬁ\Water temperature

Sender unit

Waler temperature swiich

04975627

Basic Electrical Theary
bSee Figure2

For any 12 volt, negative ground, electrical system to operate, the
glectricity must ravel in a complete circuit. This simply means that
current (power) from the positive terminal (+) of the battery must
eventually return to the negative terminat () of the baltery. Along
the way, this current will travel through wires, fuses, switches and
compenents. I, for any reason, the flow of current through the cie-
cuit is interrupted, the component fed by that circuit will cease lo
function properly. :

Perhaps the sasiast way to visualize a circuit is ta think of con-
necting a light bulb (with two wires attached fo it} to the battery—.
one wire attached to the negativa {—) terminal of the baitery and the
other wire to the positive (<) terminal. With the two wires touching
the battery terminals, the circuit would be compiete and the light
hulb would ifluminate. Electricity would foliow a path from the bat-
tery to the bulb and back to the battery. If's easy o see that with
longer wires on our light bulb, it could be mounted anywhere. Fur-
ther, one wire could be fitted with & switch so that the light could be
turned on and off.

PROTECTION LOAD
DEVICE {BULB)
{FUSE)

POWER SOURCE
(BATTERY}

CONTROL DEVICE
(SWITCH OPEN)

AETURN RETURN
CONDUCTOR CONDUCTOR ==
GROUND GROUND

TCCE200¢

Fig. 2 This example iHustrates a simple cirguil. When the
switch is clased, power from the positive (+) battery terminal
tlows through the fuse and the switeh, and then to the ight
Buth. The light ilheminales and the circuil is completed through
the ground wire hack 1o the negative (-} batiery terminal.
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The normal marine circuit differs from this simple example in two
ways. First, instead of having a refurn wire from each bulb to the
battery, the current travels through a single ground wire which han-
dles all the grounds for a specific circuit. Secondly, most marine
circuits contain multiple components which receive power from a
single circuit. This lessens the amount of wire needed to power
components.

HOW DOES ELECTRICITY WORK: THE WATER ANALOGY

Electricity is the flow of electrons—the sub-atomic particles that
constitute the outer shell of an atom. Electrons spin in an orbit around
the center core of an atom. The center core is comprised of protons
(positive charge) and neutrons {neutral charge). Electrons have a neg-
ative charge and balance out the positive charge of the protons. When
an outside force causes the number of electrons to unbalance the
charge of the protons, the electrons will split off the atom and look for
another atom to balance out. If this imbalance is kept up, electrons
will continue to move and an electrical flow will exist.

Many people have been taught electrical theory using an analogy
with water. In a comparison with water flowing through a pipe, the
glectrons would be the water and the wire is the pipe.

The flow of electricity can be measured much like the flow of
water through a pipe. The unit of measurement used is amperes,
frequently abbreviated as amps (a). You can compare amperage to
the volume of water flowing through a pipe. When connected to a
circuit, an ammeter 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 units such as pounds per square
inch (psi); The electrical pressure is measured in units called volts
{v). When a voltmeter is connected to a circuit, it is measuring the
glectrical pressure.

The actual flow of electricity depends not only on voltage and
amperage, but also on the resistance of the circuit. The higher the
resistance, the higher the force necessary to push the current
through the circuit. The standard unit for measuring resistance is an
ohm (€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—some materials have more resistance than others.
Those with high resistance are said to be insulators. Rubber materi-
als (or rubber-like plastics) are some of the most common insula-
tors used, as they have a very high resistance to electricity. Very low
resistance materials are said to be conductors. Copper wire is
among the best conductors. Silver is actually a superior conductor
to copper and is used in some relay contacts, but its high cost 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
amounts of efectricity usually have large wires supplying current to
them.

o 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 circult, both size and length
must be considered to design a circuit that can handle the current
needs of the component.

o Temperature—uwith many materials, the higher the tempera-
fure, the greater the resistance (positive temperature coefficient).
Some materials exhibit the opposite trait of lower resistance with

higher temperatures (negative temperature 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.

Voltage (E) is equal to amperage (1) times resistance (R): E=l x R

Other forms of the formula are R=E/l and I=E/R

In each of these formulas, E is the voltage in volts, | is the cur-
rent in amps and R is the resistance in ohms. The basic point to
remember is that as the resistance of a circuit goes up, the amount
of current that flows in the circuit will 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, voltage and current is expressed as:

Power (W) is equal to amperage (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 need not get into AC circuit the-

ory.

POWER SOURCE

Power is supplied to the vessel by two devices: The battery and
the alternator. The battery supplies electrical power during starting
or during periods when the current demand of the vessel's electrical
system exceeds the output capacity of the alternator. The alternator
supplies electrical current when the engine is running. The alterna-
tor does not just supply the current needs of the vessel, but it
recharges the battery.

The Battery

in most modern vessels, the battery is a lead/acid electrochemi-
cal device consisting of six 2 volt subsections (cells) connected in
series, so that the unit is capable of producing approximately 12
volts of electrical pressure. Each subsection consists of a series of
positive and negative plates held a short distance apart in a solution
of sulfuric acid and water.

The two types of plates are of dissimilar metals. This sets up a
chemical reaction, and it is this reaction which produces current
flow from the battery when its positive and negative terminals are
connected to an electrical load. The power removed from the battery
is replaced by the alternator, restoring the battery to its original
chemical state.

The Alternator

On some vessels there isn't an alternator, but a generator. The
difference is that an alternator supplies alternating current which is
then changed to direct current for use on the vessel, while a genera-
tor produces direct current. Alternators tend to be more efficient and
that is why they are used on almost all modern engines.

Alternators and generators are devices that consist of coils of
wires wound together making big electromagnets. 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 vessel's electrical systam.
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GROUND

Two typss of grounds are used in marine alectric circuits. Direct
gound components are grounded to the electrically sonductive
metal through their mounting points. All other components Use
some sort of ground wire which leads back to the batfery. The elec-
trical cursent runs through the ground wire and returns to the hat-
tery through the ground (- cable; i you look, you'l see that the
battery ground cable connects between the battary and a heavy
gauge ground wire.
~1f should be noted that a good percentage of electrical problems
¢an he traced fo 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 to reach the
load in the circuit, the surge could burn it out of severely damage i.
It can aiso overload the wiring, causing the harness to gat hot and
melt the insulation. To prevent this, fuses, circuit breakers and/or
fussible links are connected info the supply wires of the elactrical sys-
temm. These items are nothing more than a built-in weak spot in the
system. When an abhormal amount of current flows through the Sys-
tem, these protective devices work as foifows to protect the circuit:

« Fuse—when an excessive electrical current passes through a
fusa, the fuse “blows” (the concuctor melts} and opens the circut,
preventing the passage of current. _

" Circuit Breaker—a cirouit breaker is basically a saif-repairing
fuse. It will open the circuit in the same fashion as @ fuse, but when
the surge subsides, the circuit breaker can he reset and does not
* need replacement.

» Fusible Link—a fusibie tink (fuse link or main link) is a short
length of special, high femperature insulafed wire that acis as a
fuse. When an excessive electrical current passes through a fusible
link, the $hin gauge wire insice the link melts, creating. an infen-
tional open to protect the circuit. To rapair the circuit, the link must
be repiaced. Some newer fype fusible links are housed in plug-in
modules, which are simply replaced like a fuse, while older fyps

fusible links must be cut and spliced if they melt. Since this fink is
very early in the electrical path, ifs th first place fo look if nothing
on ihe vassel works, yet the battery seems to be charged and is

properly connected.

CAUTION

Always replace fuses, circuit breakers and fusitle links with
identically rated componenis. UYnder no circumstances should a
gomponent of higher or lower amperage raling be substituted.

SWITCHES & RELAYS

# See Figure 4

Switches are Lised in electrical circuits to control the passage of
current. The most commion use is o open and close circuiis
hetween the battery and the various electric devices in the system.
Switches are rated according to the amount of amperage thay can
handie. If a sufficient amperage rated switch is not used in a circut,
the switch could overload and cause damage.

Some elecirical components which require 2 arge amount of
current i operate use a special switch cailed a relay. Since these
circuils carry a large amount of current, the thickness of the wire in
the circuit is also greater. If this farge wire werg connected from the
load o the control switch, the switch would have o carry the high
amperage load and the space naedad for wiring in the vessel would
he twice as hig fo accommodate the increased size of the wiring
harmess. To prevent these problems, a refay is used. .

Relays are composed of a goil and a set of contacts. When the
coil has 2 current passed tholigh it, a magnetic field is formed
and this field causes the contacts to move together, completing
the circuit. Most relays are normally open, preventing current
from passing through the circuit, hut they can take any electrical
form depending on the job they are intended to do. Relays can be
considered “remate control switches.” They allow a smaller cur-
rent to operate devices that require higher amperages. When a
small current operates the coil, a larger gurrent is atlowed {0
pass by the contacts. Some cemmon sircuits which may use
refays are horns, lights, starter, electric fuel pumps and-other
high draw circuits, '

Fig. 3 Fuses protect the vessel's eiectrical system from ahnor-
mally high amounts of current flow

SWITCH B+
—— i v —upq'—.—.n.q‘
a5 ki) l
: RELAY {
i
% - RELAY
AELAY 44— < SWITCH
con 7y _ l
’ 86 [ ar ;
{ i
IS [ | RN |

GROUND CONPONENT
TCCA6662

Fig. 4 Relays are composed of a coil and 2 switch. These lwo
componenis are linked logather so thal when ong operates, the
other operates at the sams time. The large wires in the sircuit
are gonnected from the battery to one side of the relay switch
{B+) and from the oppasite side of the relay switeh fo the joad
{component). Smaller wires are connected from the refay coil to
the control switch for the circuit and from the opposite side of
the relay coil to ground
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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 bat-
tery would attempt to deliver its entire power supply from one pole
to another. This is called a “short circuit”. All this electricity would
take a short cut to ground and cause a great amount of damage to
other companents in the circuit by developing a tremendous
amount of heat. This condition could develop sufficient heat to melt
the insulation on all the surrounding wires and reduce a multiple
wire cable to a fump of plastic and copper.

WIRING & HARNESSES

The average vessel contains miles of wiring, with hundreds of
individual connections. To protect the many wires from damage and
to keep them from becoming a confusing tangle, they are organized
into bundles, enclosed in plastic or taped together and called wiring
harnesses. Different hamesses serve different parts of the vessel.
Individual wires are color coded to help trace them through a har-
ness 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, sither as a single conductor or
grouped together in a harness. All wiring is color eoded on the
insulator, either as a solid color or as a colored wire with an identi-
fication stripe. A printed circuit is a thin 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 connectors is called a printed
circuit board. Printed circuitry is used in place of individual wires or
harnesses in places where space is limited, such as behind 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 corroded connection or a replacement
wire that is too small for the circuit will add extra resistance and an
additional voltage drop to the circuit.

The wire gauge number is an expression of the cross-section
area of the conductor. Vessels from countries that use the metric
systemn 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 commaon sysfem for expressing wire
size is the American Wire Gauge (AWG) system. As gauge number
increases, area decreases and the wire becomes smaller. An 18
gauge wire is smaller than a 4 gauge wire. A wire with a higher
gauge number will carry less current than a wire with a lowsr gauge
number. Gauge wire size refers to the size of the strands of the con-
ductor, not the size of the complete wire with insulator. 1t is possi-
bie, therefore, to have two wires of the same gauge with different
diameters because one may have thicker insulation than the other.

[t s essential to undarstand how a circult works before trying to
figure out why it dossn’t. An electrical schematic shows the electri-
cal current paths when a circult is operating properly. Schematics
break the entire slectrical system down into individual circuits. In a
schematic, usually no attempt is made to represent wiring and com-
ponents as they physically appear on the vessel; switches and other

components are shown as simply as possible. Face views of har-
ness connectors show the cavity or terminal locations in all multi-
pin connectors to help locate test points.

CONNECTORS

b See Figures 5, 6 and 7

Three types of connectors are commonly used in marine applica-
tions—weatherproof, moldad 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. All repairs require the use of a special terminal
and the teo! 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 connectors require complete replacement of
the connector if found to be defective. This means splicing a new
connsctor assembly into the harness. All splices should be soldered
to insure proper contact. Use care when probing the connections or
replacing terminals in them, as it is possible to create a short circuit
hetween opposite terminals. If this happens to the wrong terminal
pair, it is possible to damage certain components. Always Use
jumper wires betwsen connectors for circuit checking and NEVER
probe through weatherproof seals.

TCCAGPO3

Fig. 5 Hard shell (left) and weatherproof {vinht) conneclors have
replaceable terminals

TCAGPDA
Fig. 6 Weatherproof connectors are most commonly used in the
engine compartment or where the conneclor is exposed to the
elements
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Fig. 7 The seals on weatherproof connectors must be kept in
geod condition fo prevent the terminals from corrading

o Hard Shelf—unfike moided connactors, the terminal contacts
in hard-shetl connectors can be replaced. Replacement usually
involves the use of a spscial terminal removal too! that depresses
tha locking tangs {barbs} an the connactor ferminaf and aifows the
connestor to be removed from the rear of the shefl. The connector
shell should be replaced if it shows any evidence of burning, melt-
ing, cracks, or breaks. Replace individual terminals that are bumnt,
corroded, distoried or loose. S

- Test Equipment . :

Pinpointing 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
fest equipment and briefly explain how to use them in diagnosis.
in addition to the information covered below, the teo! manufac-
turer’s instruction manual {provided with most tools) should be
read and ciearly understood befare attempting any test proce-
dures.

JUMPER WIRES

Never use jumper wires made from a thinner gauge wire than
the circnit being tested. If the jumper wire is of too smail a
gauge, it may overheat and possibly melf. Never use jumpers o
hypass high resistance loads in a eircuit. Bypassing resis-
tances, in effect, creates a short circuit. This may, in tum,
cause damage and fire. Jumper wires should only be used fo
bypass lengths of wire or to simulate switches.

Jumper wires are simple, yal extremely valuable, piecas of test
equipment. They are basically test wires which are used io bypass
sactions of a circuit. Although jumper wires can be puschased, they
are usually fabricated from lengths of standard marine wire ang
whatever type of connector (alligator clip, spads cannector of pin
connector) that is required for the particular application baing
tested. In cramped, hard-to-reach areas, it is advisable to have
insulated boots over the jumper wire terminals in order to prevent
accidental grounding. it is also advisahls to include a standard
marine fuse in any jumper wire. This is commonly referred to as a

“fused jumper”, By inserting an in-line fuse holder between a set of
test leads, a fused jumper wire can be used for bypassing open cir-
cuits. Use a 5 amp fuse to provide protection against voliage
spikes.

Jumper wires are used primarily to locate open electrical circuifs,
on either the ground (-) side of the circuit or on the power (+) side.
Ifan electrical component fails to operate, connect the jumper wire
betwesn the component and a good ground. if the component oper-
ates cnly with the jumper installed, the ground cirouit is open. If the
ground circult is good, but the component does not operate, the cir-
cuit betwsen the power feed and component may be open. By mov-
ing the jumper wire successively back from the component toward
the power source, you can isolate the area of the circuit whers the
open is located. When the component steps functioning, or the
power is cut off, the open is in the segment of wire between the
jumper and the point previously tested. :

You: can sometimes connact the jurnper wire directiy from the
battery o the “hot” terminal of the component, but first make sure
fhe component uses 12 volts in operation. Some electrical compo-
nents, such as fuel injectors or sensors, are designad o onerate on
about 4 to 5 volts, and running 12 volts directly to these compo-
nents will cause damage.

TEST LIGHTS

¥ Ses Figure §

The tast fight is used to chack circuifs and components while
efectrical current is flowing thraugh them. It is used for voitage 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
light will iifuminate whan voltage is detected. This does not neces-
sarily mean that 12 volts (or any particular amount of voltage) is
present; it only means that some voliage is present. # s advisable
before using the test light to touch ts ground cfip and probe across
the battery posts or ferminals to make sure the light is operating

aroperly.

Do not use a test iight to probe electronic ignition, spark plug
or coif wires. Never use a pick-lype test light to probe wiring

TC052088

Fig. 8 A 12 yolt test light is used fo detect the presence of volt-
age in a circyit
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on slectronically controlled systems unless spegcifically
instructed to do so. Any wire insulation that is pierced by the
test Hght probe should be taped and sealed with silicone after

tesiing.

Like the jumper wirs, the 12 voif fest light is used to isolale
opens in circuifs. But, whereas the jumper wire is used fo bypass
the open fo operate the foad, the 12 volt test light s used to locate
the presence of voltage in a circuit. If the test fight illuminates, thera
is powar up to that point in the circuit; if the test fight does not itiu-
mirate, there is an open circuit (no power). Move the test light in
successive steps back toward the power source until the light in the
handie illuminates. The open is batween the probe and a point
which was previously probed.

The self-powered test fight is similar in design to the 12 volt
test light, but contains a 1.5 volt penlight battery in the handie. It
is most often used in place of a multimeter fo check for opan or

“shert gircuits when power is isclated from the circuit (continuity
fest).

The hatiery in a self-powered test light does not provide much
current. A weak battery may not provide enough power fo illuminate
the tast light even whenr a complete circuit Is made (especially if
there is high resistance in the circult). Always make sure that the
test battery is strong. To check the battery, briefly touch the ground
clip to the probe; if the light glows brightly, the battery is strong
enough for festing.

=4 seif-powered test fight shouid not be used on any elecironically
controlied system or component. The small ameunt of electricity
transmitted by the tesi light is encugh to damage many elestronic
marine components.

MULTIMETERS

¥ See Figure 9

Multimeters are an extremely useful tool for troubleshooting
electrical problems. They can be purchased in either analag or digi-
tal form and have a price range to suit any budgel. A muttimeter is a
voitmeter, ammeter and ohmmeter (afong with other features) com-

o - " GHGTSRED
Fig. 8 Multimelers are essential for diagnosing faulty wires,
switches and other electrical components

bined into one instrument. It is often used when testing solid state
circuils because of its high input impedance (usually 10 megaohms
or morg), A brief description of the muitimeter main test functions
foltows:

» Voltmater—ths voltmater is used to measure voltage at any
point in a circuit, or o measure the voltage drop across any part
of a circuit. Volimeters usually have various scales and a selector
switch to allow the reading of different voltage ranges. Tha velt-
meter has a positive and a negative lead. To avoid damage fo 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 cennect the positive lead o the positive {+) side of the cir-
cuif (fo the power source or the nearest power source). Note that
the negative voltmater lead will always be black and that the pos-
itive voltmeter will always be some color other than biack (usu-
ally red}.

o Qhmmeter—the chmmeter is designed fo read resistance
(measured in ohms) in a circuit or componant. Most chmmeters
will hava a selector swilsh which permits the measurement of dif
ferent ranges of resistance (usually the selector switch allows the
muiltipiication of the meter reading by 10, 100, 1,000 and 10,000).
Some ohmmeters ars “aufc-ranging” which means the meter itsalf
will determine which scale fo use. Since the meters are powerad
by an infernal battery, the ohmmeter can be used like a sefi-pow-
ered fest light. When the ohmmeter is connected, current from the
ohminetar flows through the circuit or component being tested.
Since the ohmmeater's internal resistance and voltage are known
values, the amount of current flow through the meter depends on
the rasistance of the circult or component being tested. The chm-
meter can also be used to perform a continuity test for suspacted
open circuits. In using the meter for making continuity checks, do
not be concerned with the actual resistance readings. Zero rasis-
tance, or any chm reading, indicates continuity in the circuit. Infi-
nite resistance indicates an opening in the circuit. A high
resistance reading whers there should be none indicates & prob-
lem in the circuit. Checks for short circuits are made in the same
mannar as checks for open circuits, except that the circuit must be
isolated from both power and normat ground. infinite resistance
indicates no continuity, while zero resistance indicates a dead

Mever use an chmmeter {o check the resistance of 2 component
or wire whiie there is veltage applied o the cireuit,

» Ammeter—an ammeter measures the amount of current flow-
ing through a circuit in units called amperes or amps. Al normal
operating voltage, most circuits have a characteristic amount of
amperes, called “current draw” which can be measured using an
ammeter. By refarring to a specified current draw rating, then mea-
suring the amperes and comparing the fwo values, one can deter-
mine what is happening within the circuil fo aid in diagnosis. An
apen circuit, for example, will not allow any currant to flow, so the
ammeter reading will be zero. A damaged component or circuit will
have an increased current draw, so the reading will be high. The
ammeter is always connected in series with the circuit being tested.
All of the current that normally flows through the circuit must alse
flow through the ammeter; ¥ there is any other path for the current
to follow, the ammester reading will nof be accurate. The ammater
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iiseif has very Hittle resistancs fo current flow and, therefore, will not
affect the cireuit, but it witl measure current draw only when the cir-
cuit is closed and electricity is flowing. Excessive current draw can
blow fuses and drain the baflery, whils a raduced current draw can
catse motors to run slowly, lights fo dim and other components to
not operata proparly.

shooting Electrical Systems

Wheﬂ diagnosing a specific problem, organized tmubieshoot ing
is a must. The complexity of a modern marine vessel demands that
you approach any problem in a fogical, organized manner. There are
cartaln troubleshasting techrigues, however, which are standard:

« Establish when the problem occurs. Does the problem
appear only under certain conditions? Wers there any noises,
odors or other unusual symptems? Isolate the problem arga. To
do this, make some simpie tests and observations, then eliminate
the systems that are working properly. Check for obvious prob-
lems, such as broken wires and loose or dirly connections.
Always check the obvious before assuming something compii-
cated is the cause.

+ Test for problems systematically to determine the
cause once the problem area is isolaled. Are all the compo-
nents functioning properly? Is there power going fo elactrical
switches and motors. Performing careful, systematic checks will
often turr Up most causes on the first inspection, without wasting
tima checking componenis that have little or no refationshin to the
problem.

« Test all repairs atier the work is done {o make sure
that the preblem is fixed. Some causes can be traced to more
than one component, o a careful verification of repair work is
important in order to pick up additiona! matunctions that may
cause a problem to reappear or a ditferent problem to ariss. A
biown fuse, for example, is a simple probiem that may require
mere than another fuse to repair. If you don't look for a problem
that causaed a fusa lo blow, a shorted wire (for exampla} may go
undetected. _ _

Experience has shown that most problems tend to be the rasult
of a fairly simple and obvious cause, stch as logse or corraded
connectors, bad grounds or damaged wire insulation whish
causes a short. This makes careful visual inspaction of compo-
nents during testing esseﬂtlal to qmck and accurate troublashoot-

ing.

YOLTAGE

This test determines voliage avaifable from the hattery and
shoudd be the first step in any electrical troubleshooting procedure
atter visual inspection. Many electrical problems, especially on
glectronically confrolled systems, can be caused by a low stats of
charga in the battery. Fxcessive corrasion af the batlery cable termi-
nais can causs poor contact that will prevent proper charging and
full battery current flow,

1. Setthe voltmeter sefector swilch to the 20V position.

2. Connect the multimeter negative fead 1o the baltery’s negative
(-} post or terminal and the positive lead to the hattery’s positive {+)
post of terminal.

3. Turn the ignition switch ON to provide a load.

4. A wait charged battery should registsr over 12 valis. If the
meter reads below 11.5 voits, the battery power may be msuﬁnc ent
to operaie the electrical system properly.

VOLTAGE DROP

When current flows through a load, the voltage beyond the load
gdrops. This voltage drop is dus to the resistance created by the
load and also by smaif resistances created by corrosion at the
connectors and damaged insulation on the wires. The maximum
allowable voltage drop under load is critical, especially if there is
more than one foad in the circult, since alf voliage drops are
sumulative,

1. Set the voltmeter selector switch fo the 20 volt position.

2. Gonnect the multimeter negative fead to a good ground.

3. Cperaie the circuit and check the vo!tage prior to the first
component (foad),

4, There should be little or no voltage drag} in the circuit prior to
the first component. if a veltage drop exists, the wire or connaciors
in the circuit are suspect,

5. While operating the first component in the circuif, probe the
ground side of the component with the positive meter lead and
observa the voltage readings. A smali veltage drop should be
noticed. This voltage drop is caused by the resi fstance of the com-
ponent,

6. Hepeat the test for each companent (load) down the circuit.

7. ¥ & large voitage drop is noticed, the precading component,
wire or cannector is suspect, '

RESISTANGE

Never use an chmmeter with power applied fo the ¢ircult. The
ohmmeter is designed to operale on its own power supply. The
normal 12 voli electrical system volfage could damage the
meter!

1. fsclats the circuit from the vessal's power source.

2. Ensure that the ignition key is OFF when disconnecting any
components or the battery,

3. Where necessary, also isofate at feast ane side of the circuit to
be checked, in order to avoid reading parallef resistances. Parallef
circait resistances will always give a lowar reading than the actual
resistance of either of the branches.

4, Connect the meter leads to both sides of the circuit {wire or
camponant) and read the actual measured ohms on the meter
scale. Make sure the selector switch is set to the proper ohm scale
for the circuit being tested, to avoid misreading the ohmmeter test
valug,

OPEN CIRCUITS

# See Figure 10

This test already assumes the sxistence of an open in the circuit
and it is usad to help focate the open portion.

1. Isolate the circuit from powsr and ground,

2. Connect the self-powered test light or shmmeler ground clip
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sCuAﬁPH;
Fig. 10 The infinite reading on this multimeter {1 . ) indicates
that the cirouit is open

to the ground side of the circuit and probe sections of the circuit
sequenifally.

3. Ifthe light is out or there is infinite resistance, the opan is
bstween the probe and the circuit ground.

4. i the light is on or the meter shows contingity, the cpen is
betwasn the probe and the end of the circuit toward the power
SOUITE.

SHORT CIRGUITS

=Never use a self-powered fest light to perferm checks for apens or
shorts when power is applied to the circuit under test. The test light
can be damaged by cuiside power.

1. Isolate the circuit from power and ground.

2. Connect the self-powerad fast light or chmmeter ground
clip to a good ground and probe any easy-to-reach point in the
gircuit,

3. li the light comes on or there is continuity, there is a short
somewhere in the circult,

4. To isolate the shor, probe a test point &t either end of the iso-
fated circuit {the light should be on ar the meter should indizale
continuity).

5. Leave the test light probe engaged and sequentially opan con-
nectors or switches, remove parts, efc. until the fighi goes ot of
continuity is broken.

6. When tha light goes out, the short is befween the last two CI(‘
cuit compaonents which were opened.

Connector Repair

Almost anyone can replace damaged wires, as fong as the
proper tools and parts are available. Wire and terminals are avail-
abls to fit afmost any need, Fvan the specialized weatherproof,
molded and hard shell conneciors ars now available from aftermar-
ket suppliers.

Ba surs the ends of all the wires ase fitled with the proper termi-
nat hardware and connaciors. Wrapping & wirg around a stud is
never a permanent solution and will onfy cause trouble later.
Replace wires one at a time o avoid confusion. Always route wires
in the same mannar of the manufaciurer,

When replacing connections, make absolutely certain that the
cormeciors are cartified for marine use. Aufomotive wire connec-
tors may not meet Unitad States Coast Guard (USCG) spess!ica—
tions.

={f gonnector repair is necessary, only attempt it Ef vet have the
proper tools. Weatherproof and hard shell connectors require spe-
¢ial tools fo release the pins inside the connesctor. Alempiing te
repair these connectors with conventional hand tools will damage

them,

« Waar safaty glasses when warking on or near the ballery.

» Don't wear a walch with a metal band when servicing the bat-
tary or starter. Serious burns can result if the band completes the
circuit between the positive battery terminal and ground.

« Be absoiutely sure of the polarity of a booster batiery before
making connections. Connect the. cables positive-io-positive, and
negative-to-nagative. Connect posifive cables first, and then
make the fast connection to ground an 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 battery with the polarity reversed will damage a!temamr
diodes.

« Disconnect both vessel battery cables before atlempiing to
charge a battery,

» Never ground the alternator or generator output or batlery ter-
minal. Be cautious when using mefal tools around a battery to avoid
creating a short circuit batwaen the terminals.

« When installing a battery, make sure that the positive and neg-
ative cables are not reversed.

« Always disconnect the battery (negative cable first) whan charging.

= Never smoke or expose an open flame around the batlery .
Hydrogen gas accumulates near he battery and is highly explo-
sive.
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| STARTING SYSTEM _

To prevent damage to the starter motor when the engine starts, the
pinion gear incomorates an cver-running (one-way) clutch which is

Starting Circuit N L
# See Figures 11 and 12 splined to the starter armature shaft. The rotation of the running engine

. . . may speed the rofation of the pinion but not the starter motor itseff.
\ "I;he bstaﬁrtmg s;ést.em‘ta_ncludg? t#e battery, starter motor, solenoid, %nge the starter button i ?eleased the current flow ceasss, Stop-
starter button, and ignition swiich, : P T ; ’
i ) _ ping the activation of the solengid. The plunger is puiled out of
Wﬁeg the starter buttan Gf‘ the mst;'ument pane! Is depressed, contast with the battary-to-starter cables by a coil spring, and the
current fows and energizes the starter's solenoid coil. The energized 4"k elactricity is inferrupted to the starter, This waakens the
cail becomes an efectromagnet, which pulls the plunger into the magnetic fields and the starter ceases its rofation. As the solenoid

coil, and closes a sef of contacts which alfow high currant fa reach
the starler motor. At the same time, the plunger also serves o push
the-startar pinion to mesh with the testh on the fiywhesl,

punger is relsased, its movement also pulis the starfer drive gear
from its engagement with the angina flywheel.

Starter-motor

To Alternator

/ .
) " 'b\ | \ P
BN . i o
SN ¥ _ 4‘3" v
= -_\_‘.D,). 2 v
P W,

‘,_ box {304}

"wey -:;“
"Q;s
S

s : AN
it To instrument panel Battery switch (aptionaly

Battery

B4075508

CRANKING
MOTOR

KEY SWITCH

N

v v v FLYWHEEL

H8526658

BATTERY

| Fig. 12 A typical starting system converts electrical energy into mechanizal energy to turn the engine. The compaonents are: Battery, to

- provide electricity to operate the starter; lynition switeh, 1o conirl the energizing of the starier relay or solenoid; Starter relay or solenoid,

- to make and break the circuft between the battery and starter; Starter, fo convert elecirical epergy into mechanical energy to rotate the
engine; Starier drive gear, to transmil the starter rotation to the engine flywheel
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PRECAUTIONS

To pravent damage to the starter, the following precautionary
mieasUres must be faken:

» Wear safety glasses when working on or near the battery.

« Don't wear a walch with a metal band when servicing the
starter. Serious burns can result if the band completes the circuit
beiween the positive hattery terminal and ground.

+ Be absolutely sure of the polarity of a booster battery before
making connactions. Connect the cables positive-to-positive, and
negative-fo-negative. Connect positive cablss first, and then
make the last connection to ground on the body of the booster
vessel so that arcing carnet ignite hydrogen gas that may have
accumulated near the battery. Even momentary cannection of a
booster batiery with the polarity revarsed will damage alternator
diodes.

« Disconnect bot h battery cables befme attempiing to charge a
hatiery.

« Be cautious when using metal tools around a the starer to
avoid creating a short circuit between the terminals.

« When insialling a battery, make sure tha t the p@s itive and neg-

ative cables are not revarsed.

« Always disconnect the battery ground cable before disconnect-
ing the starter leads.

CIRCUIT TESTING

=A good gualily digital multimeter with at least 10 megaohm/volt
impedance should be used when testing circuits. These meters can
accurately detect very small amounts of voltage, current and resis-
tance. This type of meler aiso has a high internai resistance that
will not {ead the circuit being tested.

1. Check the battery and clean the connections as follows:

a. If the battery cells have removable caps, check the water
fevel, and add distilled 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. Check the starter motor ground circuit using a voltage drop

fest as follows:

a. St the meter to read DC valtage on the lowest possible scale.

b. Connact the negative lead of your multimeter o the negative
tarminal of the batfery.

¢. Connect the positive lead to the body of the starder. Make
sure the starter mounting bolts are tight. The mater should read
0.2 volis or less. if the voltage reading is greater, remove and
clean the negative battery connection on the engine block. The
voltage reading shouid now be within spacification: if not, replace
the negative batiery cable.
3. Check the motar feed circuit with a voltage drop test as fol-

ows:

a. Move the angine speed Jevar to the OFF pasition to pravent
the engine from stariing.

b. Connect the positive lead of your meter to the positive ter-
minat of the battery.

¢. Gannact the negative mater lead o the motor feed tsrminal.

The motor feed terminal comes out of the body of the starfer
motor and connects to the solenoid.

d. Turn the ignition key to the START position. The meier
should read .2 volts or less. If the voltage reading is greater,
remove and ciean the positive battery connecticn on the starter
solenoid. The voliage reading should now be within specification;
if not replace the positive battery cable,

4. Check for battery voltage at the § ferminal on the starter sole-
noid as follows:

a. Move the engine speed lever to the BFF position to pravert
the engine from starting.

b. Set the mater to read battery voltage. Move it to the next
higher rangs if set on the 2 volt scale.

¢. Connect the positive lead ta the § terminal on the starter

-solenoid and the negative lead to a good ground.

¢. Turn the ignition key fo the START position, and push the
starter button to crank the engine. The mater should read batlery
voltage. If battery voliage is not prasent, check the fuse(s) and
wiring between the ignition switch and starter solenoid. If battery
voltage is present at the § ierminal on the solenoid and the
starter does not operate, it can be assumed that the starter is
faulty. _

Starter Motor
¥ See Figure 13
TESTING

» Sae Figures 14, 15 and 16

Check the fuse attached to the wiring harness near the starter
befora starting any testing. If the fuse is good, this confirms the
starter circuil is working C{}rresﬂy

Altheugh considered a und, starters consist of two pnmafy com-
ponents——the starter motar and the starter solenoid. The solencid
can be tested independsntly to confirm if it is faulty,

Keep in mind that if you do find that one of the components of
the sfartar is faully, replacemant as a unit is usually most practical,
Most parts suppliers supply "rebuilt” starters, saving tims and
meney on having to replace individual components.

Solenaid

Although removal of the starter sclenoid (also known as the
magnetic switch) requires disassembly of the starter, it can be
tested for proper aperation independently of the starter without
removal.

SOLENGID PLUNGER TEST

1. Disconnect the negative baltery cable.

2. Remove the starter motor power wire (ihe large braided wire) from
the M terminal o the sofencid. Leave &l other connections infact,

3. Reconnect the negative battery cable.

4. Turn the ignition switch to the ON position, and press the
starter button. An auoible “ciick” should be heard from the starter If
there is no noise from the starter when the button is pushed, the
solenoid is faulty.
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Magnatic switch

Field coil

Srush

a

Shift lever

!

Armatuse Yoke

Fig. 13 Cutaway view of a GM series starter

Pinion

D4G75651

. . . g - 04875P10
Fig. 14 An iﬁline fuse Is located on the wiring harness near the
starter. To check the fuse, remove fhe fape . . .

. CALr5Pe2
Fig. 16 . . . and unclip the Tuse from the holder. Note the spare
fuse inside the bex

4675P11

Fig. 16 . . . open the fuse box . . .

SOLENOID CONTACT TEST
» See Figures 17 and 18

1. Bisconngct the negative battery cable.

2. Removs the starter metor power wire (the large braided wire)
and the power {+12v) wire from the solenoid. Leave the solenoid
coii connector atfachad.

m=Make sure that the power wire is not touching anything on the
engine. .

3. Reconnect the negative baltery cabla.

4. Check for continuity between the “B" and "M” terminals on the
salsnoid, Continuity should nat axist when the starter buiton is not
pressed (solencid not energized). I continuity exists, the solenoid
is faulty and should be replaced.

5. Turn the ignition switch to the ON positian, and press the
starter hutton. After the starter makes a “click” sound, chack for
continuity betwaen the "B" and “M" terminals on the solenoid while
continuing to hold down the starter button (this may require an
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. . B4E75P45
Fig. 17 To tesi the scienoid contact, remove the wires from the
“B” and "M" terminals . . .

4975763
Fig. 19 This starler motor armature was destroyed from exces-
sive engine ¢ranking

L4875P45

Fig. 18 . . . and connect a multimeter between them to check
for contingily

. . 04975P44
Fig. 20 It may be necessary to remove brackets or other compo-

nents o make starter removai easier

assistant). f continuity does not exist, the solenoid is faulty and
shotstd be replaced.

Starter Motor
¥ See Figure 18

If the tests for the starter soleneid indicate proper function and
the starter motor itself is not functioning, it can be assumed ths
starter is faulty. This is because power is being supplied to the

motar, through the braided cabie which connects to the M ferminal
on the startar solencid,

REMOVAL & INSTALLATION

# See Figures 20, 21, 22 and 23

=if you decide fo use a generic brand of starter on your engine,
make absotutely cerfain that it Is cerlified for marine use. Automo-
tive starters de not meet Unlted States Coast Guard (USCG) stan-
dards because they do not have shiefding for the contacts 1o preveni
sparks. Under no circumstances shouid an automotive-fype starler

 baarsba

Fig. 21 Remove the pewer connaclions {ram the solenoid . . .
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4975P42

Fig. 22 . . . loasen the starter mounting bolts . . .

0497541

Fig. 23 . . . and lift the starter from the engine

be used on @ marine engine. If an automotive starter (or aay other
non-USCG approved electrical device) is used on your marine
engine, and it catches fire, your insurance company witl NOT cover
your !oss and you will be |ssued a heaw fine by the USCG

1, Disconnect the negatlve baﬁery cable.

2. If necessary, remove any components to gain access to the
starier motor, such as the air filter or wiring brackels.

3. Label and disconnest the wiring from the starter,

4. Remgcve the starter mounting boits.

5. Remave the starter assembly from the engine. [n some cases,
the starter will have to be tumed to a different ang!e io clear
obstructions. .

To instail:

6. If nacessary, measure and adjust the pinion-to-ring gear
clearance. This shouid be done by the manufacturer or rebuiider. If
in doubt, ask the parts distributor if this will be necessary.

7. Paosition the starter motor o the meuntmg boss Tighten the -
meunting bolts secuirely.

8. Connect the wiring to the starter,

9. Install any components that were remeved to gain access to
the starter,

10. Connect the negative battery cable.
11. Test the starter far proper operation.

GING SYSTEM

# See Figures 24 and 25

A typicat charging system confains an allernator, drive belt, battery,
voltage regulator {intagrated into alternator housing) and the associ-
afed wiring. Tha charging system, like the sfarting system is a series

_STATm S sKX
" DIODES

BB52AGEY

Fig. 24 Negative and positive disdes convert AC current info DC
eurrent—naote that the AC current reverses direction while the
0C current flows in one direction

cirouit with the battery wired in parallel. After the engine is slarted and
running, the alternator takes over as the source of power and the bat-
tary then becomes part of the foad on the charging system.

The alternator, which is driven by the drive beits, consists of a
rotating coil of laminated wire called the rofor, Surraunding 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
cusrent is passed through the rotor via the sfip rings and brushes,
the rotor bacomes a rotaling magnat with, of course, a magnetic
field. When a magnetic field passes through a conductor (the sta-
tor), alternating current {A/C) is generafed. This A/C current is recti-
fied, turned into direct current (B/C) by the dindes located within
the alfernator.

Tha voltage raguiator controls tha alternator’s field voltage by
grounding ane 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 alternator produces. Voltaga is
maintained at about 13.5-15 volts. During high engine spaeds and
low current demands, the ragulator will adjust the voltage of the
alterrator fisld to lowsr the alternator outpiit voltage. Conversely,
whan the engine is idling and the current demands may be high, the
ragulator will increasa the fisld voitage, increasing the cutput of the
aiternator. Depanding on the manufacturer, voliage regufafors can be
found in different locaticns, including inside or on the alternator.

=-Orive belis are often overlooked when diagrosing a charging sys-
tem failure. Cheek the belt tension on the alternator pulley and
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Stator assembly

Front cover assembiy Rotar assembly

Brush assembly

Beating retainer iC regulator assembly

Baft bearing , Brush sat

Pulley nut assembly

; Ball baaring

T}

Spacer

Rear cover

Insulating bushing
Puliey assemhly

- Screw (M5 x (.8 x 14}
64975502
Fig. 25 Culaway view of a JH series aliernator {other models

simiiar}

repiace/adjust the belt. A loose belt will result in an undercharged
hattery and a no-start condilion. This is especially true in wet
weathar conditions when the moisiure causes the belt to become
gven motre slippery.

PRECAUTIONS

To prevent damage to the zlternator, the following precautionary
maasures must be faken:

« Wear safety glasses when working on or near the battary,

s Don't wear a walch with a metal band when servicing the bat-
tery oralternator. Sericus burns can sesult if the band completes the
circuit between the positive battery terminal and ground.

» Be ahsolutely sure of the palarity of a baoster battery before
making connactions. Connect the cables pesitive-to-positive, and
negative-io-negative. Cennect positive cables first, and then
make the fast connection to greund on the body of the booster
vessel so thal arcing cannot ignite hydrogen gas that may have
accumizlated near the Daitery. Even momantary connection of a
booster battery with the polarity revarsed will damage alternator
diodes.

o Disconnect both battery cables before attempting fo charge a
hattery,

« Never ground the alternator or generator output or batlery tar-
minal. Be cautious when using mefal fools around a baitsry to avoid
creating a short circuit between the terminals,

» Never ground the field circuit batween the alternator and regu-
ator.

« Navar sun an alternator without an electrical load unless the
ield circuil is disconnected.

« Never attempt to "polarize” an alternator.

« YWhen installing a battery, make surs that the positive and neg-
aiive cablas are not reversed.

» Never cperate the afternator with the battery disconnectad or
o1 an otherwise uncontrotled opan clrcuit.

« Do not short across or ground any alternator or reguiator ter-
ninais.

» Always disconnect the battery ground cable bafore disconnect-

ng the aliernator lead.

« Always disconnect the battery {negative cable firsf) when
-harging.

CIRCUIT TESTING

The charging circuit should be inspected if:

« The charging system warning fight on the control panel is illu-
minated,

« The volimeter on the instrumant pane! indicates improper
charging {either high or low) voliage. '

» The battery is overcharged (electrolyta leval is jow and/or boil-
ing out).

« The battery is underchargad {insufficient power to crank the
starter). '

The starfing point for all charging system problems begins with
the inspection of the batiery, refated wiring and the alternator drive
helt. The battery must be in.good condition and fully chargad before
system testing.

The charging system warning light will illuminate if the charging
voltage is either too high or too low. The warning fight should light
whien the kay is furned to the ON position as a bulb chack. When
the alternator staris producing voltage dus to the engine starting,
the light should go out.

A good sign of voitage that is too high, are fights that burn cut
and/or burn very brightly. Over-charging can also cause damage fo
the battery and electronic circuiis. '

meBefare testing, make sure all copnections and mounting bolts are
clean and tight. Many charging system problems are related to
loose and corroded terminals or had grounds. Ben't gveriook the
engine ground connection fo the batiery, or the tension of the alter-
nator drive belt.

Voltage Drop Test

POSITIVE SIDF OF THE mﬁcwr

1. Make sure the battery is in goed condition and fuily charged.

2. Start the engine and aliow it to reach normal operating tem-
perature. '

3. Turn on all the electrical accessaries on the vessel.

4. Bring the engine to a high idle, of approximataly 2,000 mm.

5. Connact the negative (-} voltmeter lead directly to the battery
positive (+) terminal, ‘

8. Touch the positive voltmeter lead directly fo the alferator B+
output stud, not the nut. The meter should read no highar than about
0.5 voits. If it doas, then there is higher than normal rasistance hetween
the positive side of the battery and the B+ output at the altemator.

7. Move the positive (+) meter lead to the nuf and compare the
voitage reading with the previous measurement. if the voliage read-
ing drops substantially, then there i3 resistance batwsan the stud
and the nut, _

8. The thaory is to keep moving closer o the baftary lerming! one
connection af a time in order to find the arsa of high resistance {had
connection).

NEGATIVE SIDE OF THE CIRCUIT

1. Start the engine and aflow it to reach normal operating lem-
peratura.

2. Turn on alf the electrical accessories on the vessel.

3. Bring the engine to a high idle, of approximately 2,000 rpm.

4. Gonnect the negative {-) voltmeter lead directly to the negative
battery terminal.

5. Touch the positive (+) voltmeter lead directly to the alternator
case or ground connection, The meter should read no higher than
about 0.3 volis, Jf it does, then there is higher than normal resistance
hatwaen the battery ground terminal and the alfernator ground.
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6. Movs the positiva (+) mater lsad 1o the alternator mounting
bracket, if the voltage reading drops substantially then you know
that there is a bad elactrical connection betwesn the alternaior and
the mounting hracket.

=The theory is to keep movirg closer to the battery terminal one
gonnection at a time in order to find the area of high resisiance
{bad conneciion).

Current Buiput Test
¥ See Figure 26

mThe current oulput test requires the use of a volt/amp lestar with
hattery load control and an inductive amperage pick-up. Foilow the
manufacturer’s instructions on ihe use of the eqaip_mem.

1. Start the angine and allow it to reach normal operating tem-
perafure. )

2. Turn OFF ali slecirical accessories.

3, Gonnect the fester to the battery terminals and cable according
to the instructions.

4. Bring the engine to & high idle, of approximately 2,000 rpm.

5. Apply a load to the charging system with the rheostat on the
tester. Do not fet the voltage drop below 12 voils.

6. The alternator shouid deliver to within 10 percent of the rated
output. i the amperage is nof within 10 percent and all ather comi-
nonents test properly, replace the alfernator.

Alternator _ e L
Yanmar offers alternators of various outputs, each designed for
providing power o the electrical applications on your particular
vessel. Upgrading your afternator to one of higher output may be as
simple as requesting a higher output unit for replacement from your
ocal Yanmar parls dealer. '

REMOVAL & INSTALLATION

b Ses ;’:igu_res 27 thru 36

=1f you decide tc use a generic brand of alternator on yout engine,
make absolutely certzin that the alternator is certified for marine use.

FULL FELD
TESTER
LEAD (BLLY)

LOAD ADJUSTER VOLTMETER

{CARBON PILE! NEGATIVE
l LEAD {BLK)
5 .
@
e POSTVE
wr | Ll gplnd =
o [ i
SELECTOR —] L A
TEST SELECTOR
FELD WITC
sgLEcTOR  SWICH f ’

NEGATIVE TESTER
CABLE {BLK}

POSITIVE TESTER
CABLE {RED)

INDUCTIVE
PICK-UP

B TERMINAL WIRE
8852AGET

Fig. 25 Typical charging system tester. Many similar lesters are

Auiometive aliernators do not meet United Siates Coast Guard
(USCEG) standards because they do not have shielding for the contacls
fo prevent sparks. Under no circumstances shouid an autometive-type
alternator be used on a marine engine. H an automotive aliernator (or
any other non USCG approved electrical device) is used on your
marine engine, and it catches fire, your insurance company will NOT
cover your joss, and yau may be issuad a heavy fine by the USCG.

1. Remove any componenis necessary for access to the altermator.
2. Disconnect the negative batlery cable.
3. Loosen the alternator pivot nut, followad by the adjustment nut.
4. Pivot the altsrnator 5o that the belt can be removed.
5. Remove the drive belt from the alternator pullay.

=11 SOme cases, it may be easier to disconnect the wiring after the

alisrator has heen removed. Be sure to support the alternator by
hand while removing the wiring.

§. Label and disconnect the wiring from the alfernator. |f
necassary, mark the w_ires with paint or fape to idendity them for

proper installation. _
7. Remove the pivot and adjustment bolts, and remove the after-
nator.

04975P31
Fig. 27 Before removing the alternator from the engine, remove
tire wires and connectors from the back of the aliernator

04975R 48

_ Fig. 28 When foosening the wire connections, use a hackup
wrench on the terminal to keep it from spinning. Spinning a ter-

avaitable that perform squally as well

minal ean damage the alternator internally
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. ' . ' 375
Fig. 29 Note that the ferminals use two washers; he sire to
install them in the proper order

24875038

Fig.32 . . . and slide It out of the bracket

S _._--_.__.049?51235
Fig. 30 Once the wire terminals are disconnected, The alterna-
tor can be unbolted from the engine. First, remave the adjust-
ment holt . . .

. 04759
Fig. 33 Oncs the bolts are removed, the alternator can be
remaoved from the engine

4975036

Fig. 31. . . then foosen the alternator pivet belt . . .

(4975P08

Fig. 34 When installing the alternator, the rubber terminal eev-
ers should not just be pushed over the terminal . . .
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D4075P08

Fig. 35. . . hut should be completely sealed against the termi-
nal base. This prevents the enlry of meisture

0¢9?5P}'€
Figg. 36 Inspest the drive belt and replace it with a new one if it

is found te be worn .

Tao instail:
mif necessary, attach the wiring to the alternator hefore instaliation.

8. install the alternator and attach the wiring using the mark-
ings made during disassembly. Be sure {o attach the wirss to their
proper locations.

9. Install the drive belt on the alternator pulley and properly
tension. :

10. Connect the negative baltery cable.

b See Figures 37, 38, 3% and 40

Since an engine is so far below deck, it can be difficult to hear
problems when they first start, A problem may go unnoticed for a
considerable amount of time, ¢ausing a considérable amount of
damage 1o the engine. The best way to keap track of your engine's
condition is to use the gauges and warning circuits.

Tachometer

Key switch

Alarm buzzer
Light switch

Engine stop switch
975603
Fig. 37 The typical control panel contains several gauges and

warning lights in addition o the key switth—Type “B” conlrol
panel shown

BELT TENSIONING

Drive belts are often overlooked when diagnosing a charging
system faiiure. Check the belt tension on the afernater pulley and
repiace/adjust the belt. A loose belt wiil resuit in an undercharged
battery and a no-start condition. Refer to the "Maintenance Section”
for information on proper belt tensioning.

Contro panels usually contain a number of indicating devicas
{gauges and warning lights). These devices are composed of two
separate components. One is the sending unit, mounted on the
anging and the other is the aciual gauge or light in the instrument
panel. .

Several types of sending unifs exist, however most can be charac-
terizad as heing either a pressure-typs or a resistance-fype. Prassure-
tyne sending units convert liquid prassure into an electrical signal

‘werips
Fig. 38 Front view of a Type “B” controi panel. Note the large
warning buzzer at the cenler of the panel
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. banrePts
Fig. 39 This Type “C” control panel has enough gauges to keep
any helmsman awara of the engines sondition

S4G75P21
Fig. 41 Haur meters are essem;a! for keeping track of ma;me-
nance infervals

. mﬂ?ﬁﬁ?
Fig. 40 Some control panel circuits are profecied by fuses.

These fuses are accessed by removing the cap on the control
pansi '

which is sent to the gauge. Resistance-fype sending units ars mast
often used to measure temperature and use variable resistance to con-
trel the current flow back to the indicating devi ice, Both types of send-
ing units are connected in series by a wire o the battery (through the
ignition switch). When the ignition is turnad ON, current flows from
tha battery through the indicating device and on fo the sending unit.

Hour Meter Gauge
b See Figure 41

An hour meter s used 1o heln keep track of maintsnance intervals,
which ensures a tong life for the engine. Basically, an hour meter is
operated by a voltage sipnal when the engine is in use, and runs like
a clock. When the enging is turned off, the voltags is cut to the hour
meter, and it simply stops unfii the next time it is supplied voltage.

TESTING

Testing of an hour mater is simply a matter of checking if voliage
i5 being supplisd to the meter when the engine is operating.

1. Remove the controf panel from the housing, i is not neces-

sary to disconnect any wires.

2. Place the positive lead of the multimeter to the posmve termi-
nal on the back of the hour meter. Piace the negative terming! of the
muitimeter to the ground terminal on the back of the hour meter,

3. Turn the key switch fo the ON position.

4. There shouid be battery voltage between the fwo terminals,

5. Ifthere is no voltage, check the Igmtlon switch for proper
oparation.

6. i voltage is being suppliad to the meter, and the meter is not

~ tunctioning, the meter is faulty and should be repfaced.

Pressure Gauge
) See Figure 42

The ol pressure gauge indicatss the pressaré of the lubricat-
ing system. The pressure is usually measurad just after the oil
pump.

Depending on the rpm and condition of the engine, ofi pressure
should be cansiant somewhere around 30%6 psi (207-275 kPa)

Fig. 42 il pressure gauges offer accurate monitoring of ol
pressure
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at cruising spead, and less af idle. Under load, you can expect the
oil pressure to rise siightly and to fail off with decelaration.

At fast idle, when the engine (and oil) are cold, the pressure will
probably be at maximum on the gauge. As the engine warms, it s
not uncammen to see a shight decrease in gil pressure.

Low oil pressure can warn of low oll level, wrong viscosily off,
overhaating, clogged ol filter or womn engine {high hours).

TESTING

Most diesel angines loday use an alectric gauge with a sending
urdt mounted on the engine. The following procadure tests the
gauge sending unit, which is the most likely ftem to fail.

m={n JH series engines, if the oil pressure gauge reads “0” and the
oil pressure warning lamp and buzzer are not functioning, the oi
pressure sending unit adapter is clogged, and must be cleaned.
Typically, this occurs every 500-600 hours of engine operation.

1. The sending unit is most efficiently diagnosed by removing i
from the engine and replacing it with a mechanical type il pressure
gaugs.

2. Label and gisconnect the sending urdt wiring.

3. Place a catch pan under the sending unit fo cafch any cil that
may leak from the enging when the unit is removed.

4. Using an appropriately sized wrench, loosen the unit using the
fitting at the base of the gauge near the engine.

=D no! turn the gauge using the sending unit heasing. Doing so
wilf damags the unit.

5. Replace the sending unit with an mechanical oil pressure
gauge. Follow the manufacturer's instructions for instaliation.

8. Start the engine and note the pressure reading on the gauge. i
correct ofl pressure is noted, the sending unit may be fautty.

7. Prior to purchasing a new sending unit, carefully inspact all
connections for corrosion. Gauge testers are also available to prop-
eriy test the control panel gauge.

REMOVAL & INSTALLATION

¥ See Figures 43 and 44

1. Label and disconnact the sending unit wiring.
2. Place & caleh pan under the sending unit to catch any oil that
may leak from the engine when the unit is removed,

049?04
Fig. 43 The oif pressure sending unit converts mechanical pres-
sure to an eleciric signal. i can easily he recognized by its can-

like appearance

" T
Fig. 44 After installing the wiring on the unit, replace the pro-
tacting cover {o pravest corrosion from forming on the ferminai

3. Using an appropriately sized wrench, loosan the unit ysing the
fitting at its hasa near the engine.

=g not turn the sending unit using the housing, doing so will
damage the unit.

To install:

4. Remove the sending unit from the angine.

5. Prepare the new sending unit hy applying Tetfon® sealant to
the threads to prevent the unit from leaking.

= 0n some replacement sending units this may h'ave already heen
done at the factory. If this is the case, do not apply additional sealant.

6. Carefully thread the sending unit into the engine, taking care
not to crossthread.

7. Tighten the sending unit securely.

8. Connect the wiring and test the gauge for proper operation.,

¥ See Figure 45
The water temperature gauge is used to monitor the temperature
of the fresh water cooling circuil. As the engine warms, the fampera-

ture witt should rise to approximately 160°F-200°F (83°C-94°C).

I you're under full foad in rough seas, the temperature wifl rise
slightly. it will also rise slightly immediately after shutting the
engine off, because the coclant is not being cooled, but will return
to normal when the engine is slarfed.

Once the engine reaches operating temperaiure, the gauge should
not deviafe from its position. Cool temperaturss indicate a faulty
thermostat. Too hot readings indicate low coolant lavel, worn hoses,
dafective radiator cap, incorract ignition timing or slipping belts.,

If the normal operating femperaturs rises over the course of fime,
and the above factors are OK, suspact 2 worn water pump of a
clogged system.

TESTING

¥ See Figure 45

Maost diesel engines loday use an eleclric gauge with a sending
unit mounted on the engine. The following proceduse fasts the
gauge sending unit, which is the most likely item 1o fail.
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ST B AR : odgTEPY
Fig. 45 The waler temperature gauge will warn you of problem
with the cooling system before the engine cverheats and is seri-
susly damaged ' '

REMOVAL & INSTALLATION

R

Cooling water Cooling water

temperature

temperature

switch sensor unit
Inlet for Outlet for watgr heater
water heater ;

$4975G09

Fig. 46 The cnuliﬁg temperature sensor (on the right) operates
tha gauge, while the switch {on the leff) operates the warning

famp

1. Two types of coolant temparature sending units are commonly
used in marine engines. The first is the Negative Temperature Coef-
ficient (NTC) 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 Positive Temperature Coefficient (PTC) unit, resistance will
rise as engine temparature rises. :

2. To test the sending units, label and disconasct the wiring.

3. Using a multimeter sef to the phms setting, probe the sending
unit terminats (on two tarminal models) or probe betwesn the send-
ing unit and a good ground. Note the reading.

4. Start the engine and allow it to warm to operating temperature.

5. Monitor the resistance as the engine warms and ensure that
the rasistance changes smoothly. Remember, if the resistance was
high with the sngine cold it should gradually fower. If resistance
was fow with the engine cold, it should graduaily rise.

§. If resistance is does not change smogthly ar in the proper
direction, the sending unit is faulty and should be replaced.

1, Label and disconnect the sending unit wiring.

2. Drain the cootant below the level of the sending unit.

3. Place 2 calch pan under the sending unit to cafch any cooiant
that may leak from the engine when the unit is removed.

4, Using an appropriately sized wrench, loosen the unit using the
fitting at fts base near the engine,

»Dg not furn the sending enit using the housiny, doing so wili
damage the unit.

5. Remove the sending unit from the engine.

To install:

6. Prepare the new sending unit by apptying 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. H this is the case, do not apply additicnal
sealant.

7. Carefutly threac the sending unit info the engine, taking care
not ta crossthread,

8. Tighten the sending unit securely. . :
9. Connect the wiring and test the gauge for proper operation.

| Tachometer
¥ See Figures 47 and 48

The tachomster indicates the number of revolutions. per minute of
the engine by means of a pulse signal generated by the testh on the

] ; : : ’ T 4875P 1
Fig. 47 The tachometer indicates ihe num;mr ¢f revolutions per

minute ihe engine is rofating
Red/black
Orange

Bluelred

Ratation
detecting sender S:ackm

Tachometer
TS5

Fig. 48 Typical tachomster circuit schemalic
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fiywhee!l. A magnetic pickup sender mounted on the Bywhee! hous-
ing converts the rotary motion of the flywheel info an electrical sig-
nal, and sends the signal to the tachometer gauge on the control
panel. '

TESTING

# See Figures 49, 50 and 51

Wiost diesal engines today use a tachometer with a sending unit
mounted on the engins. The following procadure tests the sending
unit, which is the mast likely item to faif,

1. Label and disconnect the electrical wires from beth terminals
from tha sender on the flywheel housing.

2. Using a multimeter, measure the resistance of the sender. The
resistanca should be 1.8 kilohms,

3. [fthe resistance is ﬁoi cerrect the sender is faulty and shouid
be replaced.

4, If the resistance is correct, and the tachometer fails to func-
tion, chack the wires leading to the tachometer, making sure they
are not broken or disconnected.

(4375P08
Fig. 49 Though not easily seen, the tachometer sender en this
JH engine is mounted on the flywheel housing

Gag75P4eT

Fig. 51. . . and aftach a muliimetar fe the sender. The reading
shouid be approximately 1.6 kilohms; this sender is functioning
propetly

5. If the sender wirss are intact and connected properly, the
tachomeler gauge may be faulty.

REMOVAL & INSTALLATION

# See Figurs 52

The magnsfic pickup sender is located on the flywheel housing
of the engine.

"1, Label and disconnect the electricat wires from both terminais
from the sender,

2. Using an appropriately sized wrench, loosen the sender unit
by turning it af the fitting near the base. Attempting to turn the
sender near the fops may damage the sendar.

3. Once loose, the sender should unscrew from the block 2as-
tEy

To instali: :

4, Install the sender and screw it into the engine block. Tighten
the sender securaly. :

5. Connect the electrical wires to their proper terminals on the
sender. _ _

6. Start the engine and check the tachometar Tor proper opera-

. ion,

84475846
Fig. 50 To test the tachometer sender discennect the wire ler-
minals . . .

BAGTER4
Fig. 52 The sender is replaced by simply unserewing it irom the
engine block
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- Water Temperature Warning Lamp.
# See Figure 53

The water temperature warning lamg is connected fo a switch that
is activated when the coolant temperature within the engine reaches 2
nredetermined critical termperature. When the coolant rises o the pre-
determined temperature {well above normal operating temperature},

the switch is activated, and completes a circuit, causing the warning

s WARNING

If the water temperature warning lamp and/or alarm buzzer arg
activated when the engine is operaling, TURN THE ENGINE OFF
IMMEDIATELY! The engine is averheating, and will be severely
damaged if the engine conlinues to operate.

light on the control panel to illuminate and the alarm buzzer 1o sound.

TESTING

# See Figures 54, 55 and 58

i the water iemperamre warning lamp andjor atarm buzzer fait
to operate when the water temperature gauge indicates that the

Main switch

1

Alarm buzzer -

Pilot Iam@

X -:— Battery
m } Oil pressure switch I
T {0l pressure atarm circuit)
Qil pressure

(4375605
Fig. 53 Typical waler temperature warning lamp cireuit
schematic '

MR DTS
Fig. 54 To test the water femperature warning lamp, remove the
gannector oot . . .

Fig. 55 . . . and disconneci the wire terminal fram the switch.
With the key on the control panel in the ON position . . .

i

. D497P2G
Fig. 56 . . . touch the terminal to he side of the switch; the
light on the control panei should iliuminale

enging is overheating, the fuse on the control pane! should be
checked first. Secondly, the warning light bulb on the confro!
pane! should be checked. if the system still fafls to cperate prop-
erly, the switch can be checked by performing the following pro-
cedure.

1. Turn the key switch on the control panet to the ON position.

2. Disconnect the wire lead from the cooling water temperature
switch on the engine. :

3. Ground the cooling water femperature switch wire by touching
the terminal on the side of the switch. Make surs that there is nat
paint an the side of the switch, or the circuit will not ground.

4. The warning light on the control panel and the alarm buzzer (if
eauinped) should be working.

5. |f the warning light 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 temperature switch is grounded, check the supply of volt-
age to the fight, and to the alarm buzzer.



ELECTRICAL 5-27

REMOVAL & INSTALLATION

¢ See Figures 57 and 58

1. Label and disconnect the wiring af the swifch on the engine.

2. Drain the coolant below the level of the switch.

3. Place a cateh pan under the switch to caich any coolant that
may jeak from the engine when the unit is removed.

4. Using an appropriately sized wrench, loosen the unit using the
fitting at s hase near the engine.

»[g nat turn the swich using the howsing, deing so will damage
tha unit. '

5. Remove the switch from the engine.

To install:
6. Prepare the new switch by applying Teflon® sealant to the

threads to pravent the unit from leaking.

=(n some repiacement sending inits this may have already been
done at the fastory. If this is the case, do noi apply additional
saalant.

7. Carefully thread the swilch into the enging, taking care not to

crossthread.
8. Tighten the switch securely.
& Connect the wiring and test the gauge for proper operafion.

BULB REPLACEMENT

b See Figures b8 and 60

It is camman for warning lamp buibs to burn out. This happens
primarily dus to the harsh condifions which the lamps sncounter
out on the water, Sattwater, vibration and the heat of the sun haking
on a biack contro! panel all confribute to thair early failure.

It is impartant for the helmsman to visually inspect the bulbs
during the “lamp check” each time the ignition switch is turnad to
the GN 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 buibs is as simple as puiling the socket from the
housing on the rear of the control panel and pull the bulb straight
aut of the socket. Prios to installing the new bulb, take the time to
clean the socket if corrosion is nofed.

04875PE1
Fig. 57 Water temperature warning switches are usually located
rear the theymaostat housing . . .

o

i

Fip. 5% To replace a warning famp bulb, pull the secket from tﬁe
housing on the rear of the conirol panet . . .

C4573P30

Fig. 58 . . . or on the thermostat housing itself

D4575057

Fig. 63 . . _ and puil the buib straight out of the socket
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Charge Lamp | R
The charge lamp an the instrument panel is used to indicate

when the alternaior 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 iiuminate
when the key Switch on the control panel is in the ON position.

9. It the charge lamp does not illuminate when the key switch is
irned to the ON position, the bulb should be checked, and
replaced if necessary.

3. Once the engine is started and brought to a modarate idle, the
tight should not illuminate.

4. If the tight continues to be idiuminated after the engine is run-
. ning, the alfernator is not charging properly.

5. Chack the drive belt for proper tension.
5. If driva belt tension is within specification, perform the charg-
"~ Ing system lest procedures.

BULB REPLACEMENT

¥ See Figures' 58 ar_tei 60

It is common for warning famp bulbs to bum out. This happens
primarily due to the harsh conditions which the lamps encounter
out on the waler. Saltwater, vibeation and the heat of the sun baking
on a biack control panel all contribute to their early faifure.

It is important for the helmsman to visually inspect the bulbs
during the “lamp check” each time the ignition switch is turned 1o
the OM pasition. If it is neted that & bulb is hurned 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 controt panel and pull the buib straight
out of the socket, Prior to installing the new buib, take the time o
clean the socket ¥ corrosion is noted. :

$ See Figure 61 _
The oi} pressure warning famp is connected fo an engine

mounted switch that is activated when the oil pressure drops belew
a predetermined limit. When the key switch on the controf panet is
surned to the ON position, the oil pressure warning lamg (and alarm

buzzer, if equipped)_wﬁ%i be activated. When the engine is starfed,

Pilot tamp@ Fuse Main switch
GO O

@ Alarm buzzer

§:{ Water temperature unit

Battery

l[}—iltl!

{water temperature alarm cucuit)
(14575688

Fig. 61 Typical oil pressure warning lamp gircuil schematic

the oil pressure increases, opening the circuit which {Hluminales the
oil pressure warning lamp. 1 the engine oil pressure drops to a low
eriough pressure while the engine is operating, the warning famp
will illuminate, and the buzzer wiif sound (if equipped).

If the oif pressurs lamp (or buzzer} is activated when the engine
is cperating, TURN THE ENGINE OFF IMMEDIATELY! The oil pres-
sure within the engine has dropped below loierable fimits, and may
not be able to supply adequate lubrication to the internal compo-
nents, ! the warning light is illuminated and ignered, the engine
may be competely destroyed by lack of lubricatiof.

TESTING

¥ See Figures 62, §3 and 64

1, Turn the key swilch on the control panel to the ON position.

9 Disconnect the wire fead from the oil pressure switch on the
engine. :

3. Ground the cooling waler temperature switch wire by touching
the terminal on the side of the switch. Make sure that there is not
naint on the side of the switch, or the circuit will not ground.

S } 04STSPST
Fig. 62 The eil pressure swilch is usualiy located near the ofl
filler. To test the swilch . . .

) 04575907
Fig. 63 . . . remave the rubber hoot, disconnect the
ferminal . . .
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D4O75P50
Fig. 64 . . . and touch if against the side of the switch; the light
oh the control pane! sheuld illuminate

Fig. 65 To remove the alarm buzzer from the cnntml pane!
unscrew the ring on the rear . .

4, With the wire grounded, and the key switch in the ON posi-
tion, the warning fight on the control pane! and the alarm buzzer (if
eqmpped) shoudd be working.

5. If the warning light and/or alarm buzzer are not activated when
he water temperature switch is grounded, check the supply of volt-
age to the fight, and fo the alarm buzzer.

6. If the warning circuit is operating properly, and the warning
light and buzzer continue to operate when the engine is running,
smmedlately turn the engine off, and have a qualified marine tech-
mician attach a mechanical oil pressure gauge fo the enging to ver-
ify the oil pressure is inadequate.

BULB REPLACEMENT

b See Figures 59 and 58

It is common for waming iamp bulbs to burn out. This happens
primarily due to the harsh conditions which the lamps encounter
out on the water. Sattwater, vibration and the heat of the sun baking
on a black contrel panet all contribute o their early failure.

It is important for the helmsman to vistally inspect the bulbs
during the “lamp check” each time the ignition switch is turned to
the ON positicn. If & is noted that a bulb Is burned out, i shoulé be
replaced immediately. It is always a good idea to carry spare bulbs.

‘Replacing the buibs is as simple as puiling the socket from the
nousing on the rear of the contro! pane! and pull the bulb straight
out of the sacket. Prior to instatiing e new bulb, take the time to
clean the socket if corrosion is noted.

& arm Buzzer

The alarm buzzer is mtegrated mfo the control panel warni ng
lamp circuits. The alarm buzzer Is essentially a secondary waming
device to indicate abnormal engine operating conditions in case the
vessel operator is not within view of the conirol panel.

TESTING

# See Figures 65, 66 and 67

1. Remove the control pansf from its housing to access the rear
of the buzzer. In some casss, it may be sasier to remove the buzzer
from the pans! by unscrewing the refaining ring.

04875P54

Fig. 66 . . . and puil the buzzer from ihe front of the panel

G4975P53

Fig. 67 Using a DC 12 volt power source, apply positive veltage
1o the top terminal, whife touching the negative on the adjacent
ferminals
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2. Unplug the connector from the rear of the buzzer.

3 Connact the positive terminal of a 12 volt DC power source 0
the top terminal of the buzzer The connectar of the top terminal
shauld have a red wire with a black stripe attached to the lead.

4. With the negative side of the 12 volt BC power source, touch
the remaining terminals; the buzzer should sound.

5 i the huzzer does not sound, it may be faully.

- Switch
# See Figures 68 arnd 69

Tha switches on the control pane! can bs broken down into two
types-—toggle switches and momentary contact switches.

A toggle switch is usually has 2 two position lever which is sup-
plies current to the accessory when in one position and cuts current
in the other. Some toggle switches transfer current batweer wo
aceessories with the center position being off.

A momentary contact switch only supplies current when the
switch is held in position. Once the button or laver is released, the
switch contacts are disconnected cutting the flow of electrical cus-

rent. On a Yanmar control panel, momentary switches include the
engine start switch, the warning fight check switch, and an some
installations, an electric engine stop swilch.

TESTING

# See Figures 70 and 71

1. Labe! and disconnect the wires from the switch.

o Connect a muitimeter 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 multimster.
There should now be continuity.

5. 1f continuity does not exist as staiec, the switch is faulty.

Control Cables I
‘Mechanical control cables are also @ part of the contro! panel on
your vessel. These cables are covered in a separate section of this
manuat called “Remote Control”, Please refer to this section for

more information.

04576761

Fig. £8 Moving this switch upward atlows you to perform a baib
check, while maving it dewn turns the instrument pane! lights
(]

. 24975959
Fig. 70 The cnnti_nuity__setﬁ_ng on a maltimeter can e used to
check for proper starter button operation

MNeutral Switch Plate

Screw -—-«? Color

HAATEGAA

Fig. 69 Some remote conirol heads contain a nentrai safety
switeh that prevents the engine from heing starled with the
frapsmission in gear

Fig. 71 Connect the multimeter hetween the two terminals on
the switch to check far continuity
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| OPTIONAL EQUIPMENT

Iatake A;r Heaterr

An air heater is available for warmmg mtake alr {iurmg siartmg in
cold areas during winter, The air heater is mounted between the
intake manifold and manifold coupling. A switch on the control
panel is used fo supply current to the heater.

TESTING

1. Label and disconnect the wires from the heater.

2. Connect & multimeter, set to the ohms range, betwser: the ter-
minals on the heater,

3. Continuity should exist. If continuity does not exist, there is a
break in the heating slement and the unit is faufty.

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 from the heater unit.

2. Removs the air intake silencer and all other components nec-
essary to gain access to the intake manifold coupling.

3. Note the position of the heating efement in the intake tract
and matchmark it for installation referance.

4, Remova the through bolts attaching the intake joint and
heater element to the intake manifold.

5. Carefully remove the intake foint and heater element from the
engine. Take care not to damage the delicate heating elements in the
unit.

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, assembis the heater and joint unit on the
intake manifold.

8. insert the through bolts and tighten securely using a criss-
Cross pattern {o cOMPress the gasket properiy.

9. install the air intake silencer and all other companents previ-
ously removed.

10. Conneet the wires to the heater unit.
11. Test the infake heater for proper aperation.

ectric Engine Stopping Device
i Ses 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-
neid. On thase engines, a machanical engine stop cable is not used.

The electric engine stopping system consists of an engine stop
solenoid mounted on the injection pump, a stop butfon mounted on
the control panel, a relay and associated wiring.

TESTING

1. Labe! and disconnect the wires from the sofenoid.

2. Connect a multimeter, set to the ohms range, between the ter-
minals oni the solenoid,

3. Conlinuity should exist. If continuity does not exist, the sole-
noid is faulty.

4. ¥ continuity exists, check tha circuit back to the switch for

. 545;5?03
Fig. 72 The electric engine stopping device on this JH series
engine Is actually a solenoid that operatas the sngine stop lever

Dagrstil

Fig. 73 Elestric engine stopping system major componenis

nyoper power and ground. This includes inspecting and as neces-
sary repiacing the cirsuit relay.
5. Repair the circuit ag necessasy.

REMOVAL & INSTALLATION

1. Label and disconnect the wires from the stopping device.

2. Remove the pin which connects the stopping soleneid to the
engine stop lever,

3, Remove the bolts attaching the stopping sotenoid to the sole-
noid bracket,

4. Remave the salenoid from the in ;ectaon pump.

To instail:

5. Instail the solenoid on the injection ;}um;) and lighten the
solenoid to bracket bofis secursly.

8. Install the pin which connacts the solencid t
ievar,

7. Connact the wires to the stopping device.

8. Test the elsctric stopping system for proper cperation.

g the engine stop
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“WIRING DIAGRAMS

=The {ollowing wiring diagrams cover citcuits for Yanmar gngines rapreseatative and my not illustrate all circuits on your parlicular
and control panels. However, due to the many different combina- vessal. :
tions of hoats and engines, the wiring diagrams shown here are

DIAGRAM 1
DIAéRAM 2
DIAGF!AM_ 3
DiAéRAM 4

DIAGRAM 5
btAGﬁ:AM 6
DIAGRAM 7
DIAGRAM 8
DIAGRAM &
DIAGRAM 10
DIAGRAM 11
DIAGRAM 12
DIAGRAM 13

DIAGRAM 14

INDEX OF WIRING DIAGRAMS

Sample Diagram: How To Read & interpret Wiring Diagrams
Wiring Diagram Sy-rﬁbois
1975-80 2QM20/3QM30 Starting, Charging Engine Schematics

1975-80 20M20/3QM30 Water Temperature/Oil Pressure, Tachometer Engine Schematics

1083-98 4JH/2/E/TE/HTE/DTE B Type Instrument Panel.
Starter, Charging, Water Temperature Engine Schematics

1983-98 4JH/2/E/TE/HTE/DTE B Type Instrument Panel
Engine Stop, Oil Pressure, Tachometer Engine Schematics

1983-98 4JH/2/E/TE/HTE/DTE C&D Type Instrument Panels -
Starter, Charging, Air Heater Engine Schematics

1983-98 4JH/2/E/TE/HTE/DTE C&D Instrument Panels
Tachometer, Water Temperature, Oil Pressure Engine Schematics

1983-98 4JH/2/E/TE/MTE/DTE E Type Instrument Panel
Starter, Charging Engine Schemnatics

1983-98 4JH/2/E/TE/HTE/DTE E Type instrument Panel
Tachometer, Water Temperature, Oil Pressure Engine Schematics

1980-98 1GM10(C/L)/2GM20(C/F/L)/3GM30(C/D/F/L)/3H M35(C/F/L)
A&B Type Instrument Boards Starter, Charging Engine Schematics

1980-88 1GM1 O(CIL)f2GM20(CIFIL)IBGMSO(CIDIFIL)ISH'MSS(CIF!L)
A&B Type Instrument Boards Charging, Water Temperature, Oil Pressure Engine Schematics

1880-98 1GM10(C/L)IZGMZO(CIF/L)ISGMSO(C/DiF!L)/SHMBS(CIF/L) B Type Instrument Board
Tachometer, Sail-Drive, Watrer Temperature, Qil Pressure Engine Schematics

1980-98 1GM10(L)/ZGM(FiL)iBGM(D/FiL)!SHM(F/L) B Type Instrument Board
Tachometer, Sail-Drive, Water Temperature, Oil Pressure, Engine Schematics
049750451
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SAMPLE DIAGRAM: HOW TO READ & INTERPRET WIRING DIAGRAMS

WIRE COLOR
ABBREVIATIONS
BLACK B PINK PK
BROWN BR | PURPLE P
RED R | GREEN G
ORANGE 0 |WHITE W
YELLOW Y ILIGHT BLUE LBL
GRAY GY | LIGHT GREEN L6
BLUE BL | DARK GREEN DG
VIOLET V| DARK BLUE DBL
TAN T |NO COLOR AVAILABLE- NCA
POWER ' SPLICE or
CONDITION /" CONNECTOR
\ T
. OTHER
sor a7 p. T : o SYSTEM
OF [ e M REFERENCE
.., o
STOR
COMPONENT / s
NAMES .

R
G/R

STOF

R
£
:

1 COLOR 2

SOLENOI

5 . j
STARTER GROUND
$0LENIOD

@ STaRTER
MOTOR
CASE /

GROUND

DIAGRAM 1

D4DTEWE2




 5.34 ELECTRICAL

WIRING DIAGRAM SYMBOLS

T
SPUICES
SREAKER FUSE FUSE LINK GROLMD DiooE SOLENOID SOLENGID SEMSOR

S T [

NGRMALL NORMALL NORMALLY NOBMALL'
oPEN CLOSED oPEN TLOSED
STCH SWITEH SwTTH st - 3 POSITION SUNTCH BATTERY RELAY RELAY

¥ v
RESISTOR RESISTOR RESISTOR REISTOR sBsoR

T O WA B - @

YGEN SENSCH OXYGEN SENSCR HEATING SLEMENT HEATIMG ELEMENT

© @ & 3 B [

DIAGRAM 2 w3
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RATTERY

il

1975-80 2QM20/3QM306 ENGINE SCHEMATICS

BUTTER

HCA

STARTER SYSTEM

BATTERY KEY )
¥ Iswiten b |swren SWITCH SWITCH
-] /, /.
= = g
(')r-we
E =
SoLbwon
T (®
@ STARTER
Lod HOTOR -]
&
ALTERNATOR SYSTEM
BZIER
3
P
g /' SWITCH
CHARGING P
LIGHT
LS
s' [ ALTERMATOR
|
) £33
10 REGIRATOR i \—‘<

DIAGRAM 3

S4975W0¢
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1975-80 2QM20/3QM30 ENGINE SCHEMATICS
WATER TEMPERATURE/OIL PRESSURE SYSTEMS

T0
STARTER BITER
AND =
ALTERNATOR KEY
g
i
‘l
L
=
.
|
P g
®m ®
WATER PRESSURE
TEMPERATURE WARNIHG
WARNING LIGHT
LIGHT .

&5 : 8
WATER .
'TEMPERATURE PRESURE
SWITCH SWITCH

TACHOMETER SYSTEM

i
5

- ]
g £ §l
LIGHT XEY PUSH
SEATCH /' SWITCH / SWITCH
: [ ] ?
b} = <
BZZER . 3
' 3 g 70 70
STARTER - STARTER
AHD
ALTERMATOR

TACHOMETER
SENDER
@ {DPTIONAL)

DIAGRAM 4

C4875WES
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1983-98 4JH/2/E/TE/HTE/DTE ENGINE SCHEMATICS

B TYPE INSTUMENT PANEL
STARTER SYSTEM WATER TEMPERATURE SYSTEM
KEY
SHATEH
g :
BATTERY
 lswiTeH KEY
) SHITCH
T0 )
ALTERNATOR
e a
2 ¢I
ILIMINATION BUZIER
SWITCH
N :
STARTER
SOLEN00
@ STARTER
HOTOR
ALTERNATOR SYSTEM
@
- WATER
YEMPERATURE
LIGHT
10 TACHOMETER
L QU L—
STARTER
, T % % éi él §
IC REGULATOR ;' “<
7 ¥ % %
L WATER
/ TEMPERATURE
- SweTCH
E 3 —‘é-'
DIAGRAM 5

H4975WE6
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1983-98 4JH/2/E/TE/HTE/DTE ENGINE SCHEMATICS
B TYPE INSTRUMENT PANEL

"ENGINE STOP SYSTEM

KEY
SWITEH

AR -
HEATER

TACHOMETER SYSTEM

G/R

SELIMINATION
SWITCH

STOP

P

BL/R
oL@
5L
T —
T4 A———

OIL PRESSURE SYSTEM

13

L
HLLAUMINATION XEY
SWITCH SWITCH
= T =
[ x:

YW (E) R/B
3es

R/B
bk

©

TACHOMETER

AUZZER

YIW

: Lo
ot
PRESSURE:
SWITCH

e

- DIAGRAM 6

Ul.”‘
©1: BL/R

TACHOMETER
SERSOR

04875407
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1983-98 4JH/2/E/TE/HTE/DTE ENGINE SCHEMATICS
C&D TYPE INSTRUMENT PANELS
STARTER SYSTEM l

-

70
ALTERMATOR

HCA
/R
R
W/R

BATTERY

BATTERY /’ SwTCH STARTER
. SWITCH
.
o

sror
SWITCH

il

= |
STARTER
SCLENCD
@ STARTER
—t MOTOR
ALTERNATOR SYSTEM COKB WATER AIR HEATER
THERMOMETER/
e R
g o -
STERTER
SWATCH
[ Gower
SWITCH
R/B
™
BITIER
0 BB L
STOP
SWITCH
|
- INTEGRAL 8
METER
s
@) mma sr.;rorm
-
S §I 3 i :;?ER
ALTERMATOR -

DIAGRAM 7

oTwos S
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1983-98 4JH/2/E/TE/HTE/DTE ENGINE SCHEMATICS
C&D TYPE INSTRUMENT PANELS

TACHOMETER SYSTEM

@&

5' 5‘ g

LUSE 01 COOLING

PRESSURE TACHOMETER WATER
BAUSE THERMOMETER

LIGHT
SWITCH

> -1 5] F3
Lo TACHOMETER £O0LING
oiL SENSOR WATE
PRESSURE! . : TEMPERATURE
SENSOR . GAUGE

WATER TEMPERATURE SYSTEM o OIL PRESSURE SYSTEM
INTERGAL WZZER LIGHT INTERGAL BUZISR LIGHT
HOUR METER SITCH - SWITCH - HOUR METER SWITCH SWTCH
2 - 5 2 z 2

=]

B | ;

2L}

COOLING ENGINE
@3 WATER Bl
TEMPERATLRE PRESSURE
LIGHT LGHT
8 x
= z
COOLING Lo
WATER ¥ IPrEssIRE
TEMPERATURE switeH
SWITEH

DIAGRAM 8

0487509
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1983-98 4JH/Z/E/TE/HTE/DTE ENGINE SCHEMATICS

STARTER SYSTEM

1| il

i

ha S Y

E TYPE INSTRUMENT PANEL

G

TO
AL TERMATCR

STARTER

STARTER
SOLEHION

e, lam
sr|,

SOLENDID

STCP
Swrros

STOP
SVITCH

ALTERNATOR SYSTEM

R/E

TO

TS {80A OPTION
STARTER OhLY}

MHCA

LCD Diave
LCIRCUT

(]

ALTERNATOR

qh—?—.

DIAGRAM 9

0457650
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1983-98 4JH/2/E/TE/HTE/DTE ENGINE SCHEMATICS
E TYPE INSTRUMENT PANEL '

"TACHOMETER/WARNING SYSTEM : Fuse

S0 DRIVE CIRCUY

- 4 o 2
ILLUMINATION
SWITLH
/,
BUIZER
BW 3
% ILLUMINATION
LIGHTS
g 5
Lo COOLING
~ foirL WATER s
PRESSURE TEMPERATURE o =
SENSOR GAUGE . TACHOMETER
: SENSOR - Ef_zzzi | SENSOR
WATER TEMPERATURE SYSTEM Ol PRESSURE SYSTEM
; HOT 1t¢ R HOT I Rt
: . OR START o OR START
INTERGAL Ve LIGHT . INTERGAL DRIVE LIGHT
HOUR METER cmeur SWITCH HOUR METER ciReur SWTCH
E 3 0 2 s 5 g 3
| g
7 COOLING ENGINE
Ga) WATER e @ ",,; SeURE
LIGHT LGHT
g x
x >
LODLING L]0
WATER ! !mssut&
TEMPERATURE / SWITCH
SWITCH

DIAGRAM 10

04575W 1
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1980-98 1GM10(C/L)/2GM2(C/F/L)/3GM30(C/D/F/L)3HM35(C/F/L)
A&B-TYPE INSTRUMENT BOARD ENGINE SCHEMATICS
STARTER SYSTEM

BUITER

R/g

NCA
W
W

BATTERY P XEY [ |pusH
SWITLH SWITCH BUTTOM
SWITCH
L

FUse
8 A
2 II?TEHAW
®
STANTER
i SOLEWICO
? STARTER
=t MOTDR
ALTERNATOR SYSTEM ALTERMNATOR SYSTEM
B-TYPE INSTRUMENT BOARD A-TYPE INSTRUMENT BCARD
0 o (EXCEPT 3GM(D)/3MM)
STARTER STARTER
ﬂ; -
j SWITCH
B cvoneres
10
/78 RA_ ' LIGHT
SWITCH
ME 1o
S;A:TGIEG @ S?::ING
2 @
= l'd[ = 5}
AL TERMATOR ALTERNATOR

DIAGRAM 11

49752
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ELECTRICAL

1980-98 1GM10(C/L)/2GM20(C/F/L)/3GM30(C/D/F/L) IHM35(C/F/L)

A&B-TYPE INSTRUMENT BOARD ENGINE SCHEMATICS
ALTERNATOR SYSTEM

ALTERNATOR SYSTEM
B-TYPE INSTRUMENT BOARD

A-TYPE INSTRUMENT BOARD

(IGM(D)/3HM}
TO TO
STARTER STARTER
&‘T&!
= BUITER swin?m
an ;o ® &
1o
RB RIS LIGHT
SUITCH
B T
® . BLZTER E
@ o &) e
. LIGHT
.: i ) ]
ALTERMATOR AL TERNATOR
WATER TEMPERATURE SYSTEM OlL. PRESSURE SYSTEM
g 5| g S = &
Eamoos

W/BL
e TR

wem)
()
[-]
&

COOLING

TEMPERATURE
LIGHT

Lidii] (@) R/
%
»
2

W/BL
|

GOULING

TEMPERATURE
SWITCH

R/B

A/

©,

LIGHT

YIW

Lo
b i rmEsuRE
SWITCH
°

=

DIAGRAM 12

B497EWES
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1980-98 1GM10(C/L)Y2GM20(C/F/L)/3GM30(C/D/F/L)/SHM35(C/¥/L)
B-TYPE INSTRUMENT BOARD ENGINE SCHEMATICS

TACHOMETER SYSTEM ) SAIL-DRIVE SYSTEM
sﬁrw BUTIER SL\:‘G?; LR SWKIEY‘;H 5‘::«::';“
g gl g - £ g 2 2

I RB
n:§ 0 E
TACHOMETER AUSBER
® ®© =
R “;'l (BAIL-DRIVE)
£ S
5
5 S -DRIVE COMNECTRR
-] al Y {RUBSER SEAL SHITCH)
ol |
WATER TEMPERATURE SYSTEM OiL PRESSURE SYSTEM
BUZZER LIGHT | Fraasg REY EIGHT
SWITCH SWITCH SWITCH
S 8 i
T
Al TERMATOR
R
s & i
TO
TACHOMETER
CODLING ENGINE
©ws Q.
x LIGHT ! LIGHT
g z
x =
@;ﬁ:ﬁ /. Lo
TEMMERATURE SWITCH
SWiTCH !
= =
DIAGRAM 13

(HETRN
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1980-98 1GMI1G(L)/2GM(F/L)/3GM(D/F/L)/3HM(F/L)
B-TYPE INSTRUMENT BOARD ENGINE SCHEMATICS

TACHOMETER SYSTEM SAIL-DRIVE SYSTEM
e ] o et svLzes s swTen
s g 5 - E E g 2

* R
E s
BH m| E
TACHOMETER RUEBER 1o
B TACHOMETER
LGHT

i (SAIL-CHIVE)

WIR

-
’i SAIL-DRIVE SEATCH
P / (RUBBIER SEAL SWNTCH)
e 2
TACHOMETER ?
O SENDER o
WATER TEMPERATURE SYSTEM OIL PRESSURE SYSTEM
BUZZER . KEY ] LIGHT . BMITIER KEY LIGHT
SwitcH SWITCH SWITCH . SWITCH
s 0 S 2 2 g 2
= =
L =2
L T0 |
5 ALTERNATCR
HGMZGMFY T
B e "
(T)m e
. LIGHT = LIGHT
3 =

S EY
F3 =
COOLING Lo
WATER *  IPRESSURE
TEMPERATLRE SWETCH
SWITCH 2
% +

DIAGRAM 14

{4975W15
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| COOLING SYSTEMS o T o ;

Diesel engines generate a lot of heat. Only 33 percent of which is
converted to useful work. The remaining percentage must somehow
be released to the environment so that temperatures in the engine
compartment do not become dangerously high. Excessively high
temperatures can break do much harm to an engine. Lubricating
oils break down, causing the engine to seize and excessive coolant
temperature can cause the cylinder head to crack.

About 50 percent of the excess heat the engine produces goes out
with the exhaust gases. A similar amount is carried away by the cool-
ing system. Any remainder radiates from the engine's hot surfaces.

Three principal types of cooling systems are used in boats: raw-
water, heat exchangers, and keel coolers,

Raw-Water Cooling | -

DESCRIPTION & OPERATION

b See Figures 1,2, 3, 4and 5

Raw-water cooling systems draw directly from the body of water
on which the boat floats. With raw-water cooling, water enters

through a seacock, passes through a strainer, circulates through the
engine and oil coolers , and finally discharges overboard. On most
4-cycle diesels, after the water circulates through the engins, it
enters the exhaust pipe and discharges with the exhaust gases. This
is called a wet exhaust.

A raw-water cooling system is simple and economical to install, -

‘but it has a number of drawbacks. Over time a certain amount of silt

inevitably finds its way into the engine and coolers and begins to
plug cooling passages.

Regulating the engine’s temperature in a raw-water system is dif-
ficult. The temperature of the raw-water may vary from the freezing
paint in northern climates in the winter to 90°F (32°C) in tropical
climates in the summer. Raw-water systems sometimes do not use a
thermostat because silt can clog it and cause it to malfunction over
time the. This complicates engine temperature regulation even
more.

In salt water, salts crystallize in the hottest parts of the cooling
System, notably around cylinder walls and in cylinder heads. This
leads to a reduction in cooling efficiency and localized hot spots.
The rate of scale formation is related to the temperature of the water,
and accelerates when coolant temperatures are above 160°F (71 °C).

Anticorrosion zinc._

Cylinder block
drain pipe -

Cylinder | ™
block’ !

Mixing elbow
{option)

To bilge

Out of vessel

Fig. 1 Exploded view of 2 20M series engine cooling components

"‘;L“‘ Y ,(ij: :
2 3
§ / < ! é b\ . Out of vessel
- To cylinder block S~
. \ . 0
Exhaust manifold Yo~

~Exhaust manitold
drain pipe
To bilge

/Ccoling water temperature sender

Anticorrosion zinc

.- Bilge pump (option}

Bilge strainer
(option}

Cooling wa!ér pump

04576609
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Mixing elbow

Rubber hose

Cylinder head

: ,Cooling water temperature switch

Cytlinder block

&@’

/
/
Thermostat
cover

Y

Cooling water pump

Mixing elbow j—

L

——~LT hermostat ! Cylinder head ]

B et R e

Cylinder jacket |

i

l Cooling water pump]

«== When the cooling water is at the correct temperature
<=« When the cooling water temperature is iower than the correct temperature
04576601

Fig. 3 Exploded view of a 1GM series engine cooling 60mpunents
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U-type mixing elbow

Mixing elbow
' Rubber hose

2 @)- = To outside of boat
) ) -

K o

Elbow "~_‘ *Anticorrosion zing

U-type mixing eibow {(option) P

Anticorrosion zinc

/ Drain plug

Cylinder block

Thermostat cover

Mixing elbow e

Thermostat | Cylinder heaﬂ

g

Cylinder jacket 1

Il

Cooling water pump

<= When the cooling water is at the correct temperature
<==s When the cooling water temperature is lower than the correct ternperature
04976602

Fig. 4 Exploded view of a 2GM series engine cooling componenis
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fi

il
Temperature switch - %

CS/%’Thermostat housing

% Thermostat

T4

Mixing elbow
Exhaust manifold / For model 3HM

~~e To outside boal

Anticorrosion zinc

— U-type
mixing elbow

t
1 " . .
/ Anticorrosion zinc 5

o

.- Thermastat housing/ P

. Cooling water
i\ temperature switch
Y

Thermostat U-type mixing elbow

{option for models 3GMD and 3HM)

Exhaust manilold |——= Mixing elbow

Therrnostat l Cylinder head ]

—t Cylinder jacket |

Cooling water pump l

<= When the cooling water is at the correct temperature
«=aea When the cooling water temperature is iower than the correct temperature
04976603

Fig. 5 Exploded view of 2 3GM/HM series engine cocling componenis (note that a 3HM engine uses two thermostais)
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As a result, raw-water-cooled engines generally run cooler than
other engines. This lowers the thermal 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-iron block which should
have a cast-iron cylinder head, not an aluminum one. Sacrificial
zinc anodes are a must in the cooling 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 bottom of the boat, the boat must be dry
docked in order to drain the system. All piping runs and pumps

need to be installed without fow spats in order to facilitate draining.
Today'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 heat
exchanger or keel cooler.

b See Figures 6,7, 8 and ¢

DESCRIPTION & OPERATION

Heat Exchanger

- Almost all modern marine engines use a fresh-water enclosed
cooling system with a heat exchanger. The engine cooling pump

ﬁ‘ To fresh water tank

From fresh water

Drain cock
pump

Cylinder |
block

e Fresh water
s> Sea water

Fig. 6 Exploded view of a QM series fresh water cocling system

From fresh water tank

Py

Mixing elbow (option)

Bilge strainer (oplion)

b

Exhaust manifold

Drain cock

Anticorrosion  From cylinder
zing head

To cylinder block
F g

Bilge pump
{option)

Sea

water Fresh water pump
pump

04976642
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= . U-type mixing
elbow

% @@L Rubber
Joint = U hose
Elbow §

U-type mixing elbow for option
{except 1GM10(C}]

To outside
of boat

Sub tank

Cylinder head

From cylinder
head

Cylinder
block

&mm Fresh water
) Sea water

<73 inlet and outlet for water heater
04976604

Fig. 7 Exploded view of a 3HM series engine cooling system components {2GM and 3GM similar)
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Turbocharger

NG
,;%\\
=

Water temperature sender unit

Outlet for water heater

V puliey

Mixing elbow

Lubricating oil cooler

&7
To marine gearbox

Air cooler

Sea water 4, =

pump T\ S

04976605
Fig. 8 Exploded view of a JH turho series engine cocling system components
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Heat exchanger

Filler cap {(with pressure controf valve)

Thermostat cover

Water temperature sender unit
Qutlet for water heater

Water temperature switch

V pulley

04976606

Fig. 9 Exploded view of a JH series engine caoling system componenis
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circulates 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 fo fewer its temperature. The
coolant is then circulated once again.

A heat exchanger consists of a cylinder with a number of- small cop-
per-nicke! fubes running through it. The hot coolant passes through
the exchanger (located 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 extra
pump. However, antifreeze and corrosion inhibitors can be added to
the coolant to protect the engine against freezing and corrosion.
Another advantage is that no silt finds its way into the engine and
no salts crystallize around cylinder liners and in the cylinder head.
The engine can also be operated at higher temperatures, which are
more thermally efficient.

As with most automotive syst ems the 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,
so too is the bailing point. Allowing the pressure to rise in a closed
cooting system greatly reduces the risk of focalized pockets of
steam forming and causing damage to the engine.

The raw-water side of a heat-exchanger circuit will still suffer
from the problems associated with raw-water cooling, particularly

silting up of the heat exchanger tubes and the potential for damage
from corrosion and freezing. Sacrificial zincs are essential once
again, and the piping must have no low spots so that it can be eas-
ily drained in cold weather. ‘

Keel Cooler

Another type of fresh water cooling system is keel cooling. Keel
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
exchanger is placed outside the boat and 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 through it or
by installing an arrangement of cooling pipes on the outside of the
hull.

A keel cooler has all the advantages of a heat exchanger plus a
few more. It does not suffer any problems 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 circuit. 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 copper-nickel tubing.

Raw Water Strainer
 See Figure 10

Afilter or strainer is used to prevent large particles of sand, mud,
and other debris from entering the cooling circuit and damaging the
raw water pump. Depending on water conditions, the strainer may
become clogged with debris and should be cleaned. If engine temper-
alure rises, water flow decreases and no other fault can be found in
the cooling system, it can be assumed the intake screen is blocked.

INSPECTION & CLEANING

Most strainers have sight glasses or other means of visual
inspection to determine when maintenance is necessary. When
debris has accumulated within the strainer, it should be promptly
cleaned to avoid clogging.

1. Close the cooling water seacock.

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 remaved from
the strainer body.

5. Clean the sirainer element, and any dirt and sediment accu-
mulated in the bottom of the strainer body.

6. Install the element, gaskets, and sight glass to the strainer body.

7. Install the top on the strainer, followed by the washer and
cap nut.

8. Careiully tighten the nut on the strainer.

9. Open the cooling water seacock. Make sure the air in the
strainer is bled through the breather plug. If air remains in the
strainer, loosen the cap nut and allow water to flow from the strainer
until it is free of air.

10. Tighten the nut on the strainer.

&
&

B

Breathing plug

U

Element

To sea water pump

04976607

Fig. 10 Exploded view of a typical raw Water strainer
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Seacock
b See Figure 11

The intake petcock, also known as a seacock, is the entry point
for sea 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 been shut down.

I the engine is operated without the seacock in the open posi-
tion, the water pump wilf 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 engine is shut down, water
may be forced into the exhaust system through the mixing elbow,
filling the cylinders with water. If the engine is cranked over with
water in the cylinders, serious engine damage will occur.

INSPECTION

Little maintenance is necessary on the seacock other than to
lubricate it with light oil and check it for proper operation approxi-
mately once a month. Make sure the handle operates smoothly, and
there is no leakage. The main danger is if the seacock becomes

Hull

cock cover

04376608

Fig. 11 Culaway view of a seacock installation

frozen. If 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 hull becomes clogged, it MUST be
cleaned before the engine is operated. As discussed earlier, the
engine will overheat without adegquate cooling.

AntisiphonValve ===~
The antisiphon valve is used to prevent water from siphoning
backwards 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 valve is typically fitted between the raw water
pump and the heat exchanger, or between the heat exchanger and
exhaust efbow. In cerfain 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 vaive and
attempt to blow air though one end. Air should pass through one
end and not the other,

Raw WaterPump
% See Figures 12 thru 18

A raw water pump is used to circulate water from outside the
vessel through the engine fo provide cooling to the engine. 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 vessel 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 engine’ hackwards; the waler pump impeller can
be damaged.

’04976!’21
Fig. 12 if you're away frem your home port for any length of
time, items like this rebuild kit are essential when paris are not .
available
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K29573-42200
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04976P20

o ) 04676773
Fig. 13 An impeller replacement kit should always be aboard Fig. 14 A rebuild kit for a JH series raw water pump can save
your vessel for emergency repairs

you money by allowing you o rebuild the pump yourself

Cooling water pump shaft Circtip

Oil seal

Ball bearing

Oil seal

* Body

impeliler

Packing

Cooling water pump cover

04976G12

Fig. 15 Exploded view of a2 1GM series raw water pump




6-14 COOLING SYSTEM

Cooling water pump cover

Impetler

Water seal ring

Oil seai

Cooling water pump body

Cooling water pump shaft
Bearing cover
Ball bearing

Circlip

V-pulley Circlip
04976613

Fig. 16 Exploded view of a 2GM and 3GM series raw waler pump

Cooling water pump cover

Qil seal

Water seal ring

Circlip

Ball bearing Cooling water pump body

Girclip @ \\
~ (g\ Cooling water pump shaft

Ball bearing

Coliar

V-puliey

04976611

Fig. 17 Exploded view of 2 3HM series raw water pump
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Wear plate

Mechanical seal

Fig. 18 Exploded view of a JH series raw water pump

Water seal ring

Sea water pump body

Bearing

04976614

The soft rubber vanes of the water pump will be quickly
destroyed if the pump operates without a continuous flow water, If
the seacock is accidentally left closed (or the inlet is clogged) when
the engine is started, the water pump impeller can be destroyed in a
matter of seconds due o lack 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 will produce a grinding metallic sound. A
bearing failure can be a cause of a overtightened belt, or quite sim-
ply, age. If the seal fails, the water pump will leak from the drain
hole in the bottom of the pump.

IMPELLER INSPECTION & REPLACEMENT

b See Figures 19 thru 32

Itis 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 impeller cover, and the gasket or O-ring that
seals the cover.

4. Using angled needlenose pliers, gently grasp an impeller
vane, and pull outward. Grab an opposing vane, and pull outward;
repeat until the impeller is free of the housing. Be careful not to pull
too hard on the impeller vanes or they may tear,

5. Inspect the impeller for damage. Cracked, melted, or perma-
nently arched vanes indicate replacement.

6. 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

Cam

Impeiler

04976G15

Fig. 18 OM series impeller pump rotation direction; note the
direction in which the impeller vanes are curved
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Direction of rotation

04976G16

Fig. 20 Direction of rotation for a2 1GM water pump

04976P71

Fig. 23 A severely damaged impeller. Note the missing vanes

Direction of rotation

04976G17

Fig. 21 Direction of rotation for a 2GM, 3GM and 3HM series
water pump

04977P03
Fig. 24 To remove the impeliler on this JH series raw water
pump, remove the 4 boits

Rotational direction
of rubber impelier

04976G18

Fig. 22 Direction of rotation for a JH series raw water pump

04876P43
Fig. 25 Although the raw water pump on this GM series engine
is differant, removing the 6 screws also allows access to the
impeller




COOLING SYSTEM  6-17

04076727 T ] 04975705
Fig. 26 On this 1GM engine, the impeller can be accessed by Fig. 29 Using angled needlenose pliers, gently grasp a vane,
remaoving the three bolts that secure the cover and pull cutward

04876P06
04876P03

Fig. 30 When the impelier is about 2% out of the housing,
Fig. 27 After the bolis are removed, remove the impeller cover

remove it by hand

04976P04 ] ) . k ‘ " tagreney
Fig. 28 Always replace the O-ring ar gasket that seals the

| Fig. 31 This impeller has been overheated. This was caused by

impeller cover to the pump operating the engine without opening the seacock
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T 04076P08
Fig. 32 Before installing a new impeller, inspect the inside of
the pump housing for scoring

Cooling water
pump

04976698
Fig. 33 Afier the hoses have been disconnected, remave the
three bolts that attach the raw water pump to the engine block
{1GM)

impeller from damage upon startup, since there will not be any
water in the pump to provide lubrication.

8. Install the impeller into the pump housing. Make sure that the
vanes are curved in the proper dirsction. Use the illustrations as a
reference.

5= WARNING

If the impeller vanes are incorrectly positioned, the pump will
not function properly, and the engine may overheat.

9. Lightly coat the sliding surface of the impeller cover with an
approved grease or olive oil.
10. Install the impeller cover, using a new 0-ring or gasket.
11. Install the cover screws, and tighten them evenly.
12. Turn the seacock to the ON position.
13. Start the engine, and check for leaks.

PUMP REMOVAL & INSTALLATION

M & 1 GM series engines
% Sec Figures 33 and 34

1. Turn the seacock to the BFF position.

2. Drain the water from the engine block.

3. Disconnect the inlet and outlet hoses from the engine.

4. Remove the three bolts.that attach the water pump assembly to
the engine.

To install:

5. Using a new gasket, install the pump assembly to the engine.
Make sure to align the impeller shaft.

6. Install and tighten the three screws that attach the pump
assembly and tighten them securely.

7. Altach the inlet and outlet hoses to the water pump. Tighten
the clamps securely.

8. Turn the seacock to the ON position.

9. Operate the engine and check for proper operation.

04976G37

Fig. 34 Removing the raw waler pump from a QM series engine

GM/HM series engines
b 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
drained, tighten the draincocks securely.

3. Disconnect the inlet and outlst hoses from the pump.

4. Loosen the water pump adjustment bracket bolts, and slip the
drive belt from the water pump pulley.

5. Remove the two bolts that attach the water pump and bracket
to the engine.

6. Remove the water pump from the engine.

7. If necessary, the pump can be unbolted from the bracket.

To instali:

8. If removed, instail the water pump to the adjustment bracket
with the two mounting bolts.
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04976P40
Fig. 35 After the pump bracket is loosened, slip the belt from
the drive puiley

{4876P42
Fig. 38 In some cases, it may be easier to remove the hoses

after the pump has been removed from the engine

04976P44
Fig. 36 Loosen the clamps on the inlet and outlet hoses, and
remove them from the pump

04376P41
Fig. 37 Then remove the two bolts that secure the bracket to the

engine

9. Inspect the drive belt, and replace it if necessary.

10. Install the pump and bracket to the engine with the two bolts.

11. Place the drive belt on the pulley, and properly adjust the ten-
sion on the belt. Refer to the maintenance section for more informa-
tion.

12. Attach the inlet and outlet hoses to the water pump. Tighten
the clamps securely.

13. Turn the seacock to the GN position.

14, Operate the engine and check for proper operation. -

JH series engines
b See Figure 39

1. Turn the seacock to the OFF position.
2. Drain the water from the engine block.

Gear case flange

Bearing support

04976689

Fig. 39 On JH series engines, the water pump is attached to the

engine by 4 bolis
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=0n some installations, removal of the engine mount may be
required 1o allow adequate clearance 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. Clean 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 slightly to facilitate installation.
8. Tighten the four water pump mounting nuts securely.
9. If removed, install the engine mount bracket,
10. Attach the inlet and outlet hoses to 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
engine. In operation the thermostat hovers somewhere betwaen

~open and closed. As engine load and temperature increase, the ther-
mostat opens to allow more cooling water into the engine. As tem-
perature and load decrease the thermostat closes.

A sticking thermostat will either allow the temperature to rise well
above the normal operating temperature before it opens, o, if stuck
in the open position, will never allow the engine to reach operating
temnperature.

REMOVAL & INSTALLATION

Cooling water

Thermostat

04976636
Fig. 40 The raw water thermastat on QM series engine is
located under the cooling water outlet connection on the

exhaust manifold

M series engines
# See Figure 40

On QM series engines, the thermostat is located on the exhaust
manifold.

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 thermostat cover.

4. Remove the bolts that secure the thermostat cover to the
exhaust manifold.

5. Remove the thermostat cover. If necessary, tap it lightly with a
mallet to break the gasket.

6. Remove the thermostat(s) from the exhaust manifold.

To install:

7. Clean the gasket surfaces of the exhaust manifoid and ther-
mostat cover.

8. Install the new thermostat(s) into the exhaust manifold.

9. Using a new gasket or O-ring, install the thermostat cover to
the exhaust manifold.

10. Tighten the thermostat cover bolts securely.

11. Attach the hoses to the thermostat cover. Tighten the hose

clamps securely.
12. Turn the seacock to the ON position.

GM/HM seriss engines
» See Figures 41, 42, 43, 44 and 45
On GM/HM series engines, the thermostat is located on the

front of the cylinder head. Note that 3HM engines use two ther-
mostats.

=Before removing the thermostat, note the direction of the cover. it
MUST be mounted in the proper direction, or the engine may over-
heat.

1. Turn the seacock to the OFF position.

Thermostat

Thermostat cover

04976623

Fig. 41 Removing the thermostat on a2 1GM engine
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2. Drain the water from the cylinder head by using the drain-
cock(s) on the engine. After the water 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.

5. Remove the thermostat cover. If necessary, tap it fightly with a
mallet to break the gasket.

6. Remove the thermostat(s) from.the cylinder head.

To install:

7. Clean the gasket surfaces of the cylindsr head and thermostat
Cover.

8. Install the new thermostat(s) to the engine in the proper
direction.

Bonnet cover

Thermostat cover

i

Cylinder head

1 \ Thermostat

Fig. 42 Cutaway view of the 1GM cylinder head showing mount-
ing of the thermostat (note the direction of the thermostat cover)

04976G18

Thermostat

04976622

Fig. 43 Removing the thermostat from a 2GM engine

1 Thermostat
I3

i

!

,/ Bonnet cover
i

—r‘, :i
] [

Thermostat cover

Cylinder head k

t

Thermostat housing
04976621

Fig. 44 Cutaway view of the cylinder head on 2/3GM engines
showing mounting of the thermostat

Water temperature
switch

Thermostat housing

04976620

Fig. 45 Removing the thermostats from a 3HM engine .

9. Using a new gasket, install the thermostat cover to the cylin-
der head, making sure it is in the proper direction.
10. Tighten the thermostat cover bolts securely.
11. Attach the hoses 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 visuaily inspect the mechanism. If the thermostat shows
signs of contamination, corrosion, or wear marks, it is time to
install a new thermostat.
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AT

For some people the cost involved in rémoving the thermostat
s enough to warrant installing a new one each time it is ser-
viced.

TESTING

Check the rating stamped on the flange or body of the thermo-
stat. This will tell 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, not when the
thermostat opens.

If the thermostat does not open near the rated temperalure, it is
faulty and should be replaced.

To reduce corrosion within the engine, anodes, (also known as
zincs) are fitted to raw-water cooling systems. Anodes are mounted
directly to the engine block, and protrude into 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

b See Figures 46 thru 52

1. Turn the seacock to the OFF position.

2. Using the draincocks on the engine, drain the water from the
engine by opening the draincocks. After the engine is drained, be
sure {o 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 section(s) of this manual for information on removing
any necessary components.

= If other componenis have to be removed g access the
anodes on the engine, consider replacing the anodes instead of

cleaning them. The amount of work necessary to aceess and

-remove the anodes from the engine may outweigh the cost of new

anodes.

4. Unscrew the anode mounting plugs from the gngine. If nec-
essary, use a penetrating oil to loosen the threads.

3. 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 to
seep into the threads.

6. Repeat this step with all of the anodes removed from the
engine.

To install:

7. Thread the new anodes onto the mounting plugs. Tighten
them securely,

8. Coat the threads of the anods mounting plugs with sealant,
(on 1GM engines, a new gasket is needed)

i

W ) :
Q%//;@ S
A=

- 04976629

Fig. 47 . . . and on the cylinder head

04076627 )
Fig. 46 QM series engines anodes located are near the alterna-
for. . .

i / _/ /
I Anticorros,ien zine
Flange i /’ /

04976624

Fig. 48 On 1GM engines, an anode is bolted to a piate on the
engine
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§ i

Fig. 48 To replace an ancde on a 1GM engine, remove the two
bolts that atlach the piate to the engine block

Anticorrosion zinc (cylinder block)

04976626

Fig. 51 . . . and the engine block

Anticorrosion zing
{cylinder head)

04876G25

Fig. 50 On GM/HM engines, anodes are on the cylinder

head . . .

04976G28

Fig. 52 Use a wire brush io clean the oxidation from the anode

9. Install the anode mounting plugs with the new anodes fo the
engine. Tighten them securely.
10. Install any components that may have been removed to
access the anodes.
11, Turn the seacock to the GN 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 unfil
you have learned how quickly they dissolve.

Anode inspection involves removing the anodes from the engine,
heat exchanger, etc. and visually inspecting them for size. A worn
anode is approximately half its original size.

Once removed, knock off the crusty oxides with a hammer or
scrape them off with a wire brush. 1f the anode is less than half its
original size, replace it. When replacing anodes, always use flexible
sealer on the plug threads to prevent leakage and make removal at a
later time easier.
e>Teflon® tape may prevent the anode from funclioning properly so
it is important to use some other type of sealant.
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'FRESH WATER COOLING CIRCUIT

_How the Cooling SystemWorks

The main parts of the engine cooling system are the pressure
cap, hoses, thermostat and water pump. The system s filled with
coolant, which should be a 50-50 mixture of antifreeze and water.
No matter 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 coolant from heat exchanger and forces it
through passages surrounding the hot area—the cylinders, combus-
tion chambers and valves. From there the coolant flows through a
hose back to the heat exchanger to give off its heat to the sea water,

WHAT IS COOLANT

When draining the coolant, keep in mind that cals and dogs are
attracied by ethylene glycol antifreeze, and are quite likely to
drink any that is lefi in an uncovered container or in puddles on
the ground. This will prove fatal in sufficient quantity. Always
drain the coolant into a leak-proof container. To aveid injuries
from scalding tluid and steam, DO NOT remove the radiator cap
while the engine and radiator are stifl HOT. The best way to dis-
pose of coolant is through an approved recycling center.

Ethylene Glysol

Coolant is at least 50-50 mixture of ethylene 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 lubricants to the water pump.

Good quality antifreezes also contain water pump fubricants, rust
inhibitors, and other corrosion inhibitors along with acid neutralizers.

Propylene Glycol

Appearing in the early 80 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. lts coolant and engine protection
properties are similar to the ethylene glycol coolant listed above.
Most of the coolant providers now offer a choice between Ethylene
Glycol or Propylene Glycol based products.

CONTROLLING THE TEMPERATURE

it's important to gef the coolant up to normal operating tempera-
ture as quickly as possible to ensurs smaoth engine operation and
free flow of oil. When the engine is cold, the thermostat blocks the
passage from the cylinder head to the heat exchanger and sends
coofant on a shorteut to the water pump. The cooling fiuid is not
exposed to the cooling effects of the sea water, so it warms up
rapidly. As temperature increases, the thermostat gradually opens
and allows coolant to flow.

_Expansiontank
¥ See Figures 53 and 54

Maost engines use a coolant recovery system. The recover system
alfows coolant that would normally overflow to be caught in an

Fig. 83 If your engine is not equipped with an expansion tank, a
kit is available from your local marine dealer

Overtlow pipe

Filler cap

Subtank g

Fresh water
tank

04976641

Fig. 54 Typical expansion tank installation

expansion tank; it will automatically be drawn back into the system
when the coolant cools down.

INSPECTION

To inspect the coolant level, simply check the lsvel 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 to control cooling water flow through the engine. In
operation the thermostat hovers somewhere between open and
closed. As engine load and temperature increase, the thermostat
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Cylinder head outlet
connection (connected
to heat exchanger)

Fresh water pump
mounting bracket

/
By-pass passage .
~—]

To suction side of
fresh water pump

Cylinder head

When valve is closed (by-pass passage is opened)

Fig. 55 Thermostat operation detail

T Thermostat valve

——Thermostat

By-pass valve

To heat exchanger

/Thermostat valve

i Thermostat

/B y-pass valve

=

Cylinder head

When valve is opened (by-pass passage is closed)
04976640

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
above the normal operating temperature before it opens, 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.

QM series engines'
b See Figure 56

Never open, service er drain the fresh water coaling sysiem
when the engine is hot; serious burns can oceur from the steam
and heotl coolant. Also, when draining engine coolant, keep in
mind that cals and dogs are attracted o ethylene glycol
antifreeze and could drink any that is left in an uncovered con-
tainer. This will prove fatal in sufficient guantities. Always drain
coglant into a sealable coniainer.

1. Drain the coolant from header tank.

2. Disconnect the hoss from the fresh water outlet

3. Remove the bolts that secure the water outlet to the header
tank.

4. Remove the water outlet. If necessary, tap it lightly with a
mallet to break the gasket.

5. Remove the thermostat from the header tank.

Thermostat

Thermostat
housing

04976G43

Fig. 56 When installing the thermostat, make sure it is posi-
tioned in the right direction

To instail:
6. Clean the mating surfaces of the header tank and water outlet.
7. Install the new thermostat in the header tank, in the proper
direction.
8. Using a new gasket, install the water outlet fo the header tank.
9. Install the four boits 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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GM/HM series engines
b See Figures 57, 58, 59, 60 and 61
On fresh water cooled GM/HM engines, the thermostat is located

on the top of the fresh water pump housing, underneath the fresh
water outlet connection.

Never open, service or drain the fresh water cooling system
when the engine is hot; serious burns can sccur from the steam
and hot coolant. Alse, when draining engine coolant, keep in
mind that cats and dogs are atiracted to ethylene glyco!
antifreeze and could drink any that is left in an uncovered con-
tainer. This will prove fatal in sufficient quantities. Always drain
coolant into a sealable container.

1. Drain the coolant from the engine 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 bolts that secure the water outlst o the frash
water pump 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:

6. Clean the mating surfaces of the fresh water pump housing
and water outlet,

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 iliustration. If the thermestat is
not aligned properly, it wili not seat in the housing propetly, caus-
ing the water outlet to leak.

8. Using a new gasket, install the water outlet to the fresh water
pump housing.
9.-Install the two bolts and washers, and tighten them securely.
10. Attach the hose to the water outlet. Tighten the hose clamp -
securely.

] 04976P35
Fig. 57 After the hose clamp is loosened, remove the two holis
that attach the waler outlet

04976P37

Fig. 58 The thermostat lifts from the housing

(4876P36

Fig. 58 The water outlet can now be removed to access the
water pump

(14976P3G
Fig. 60 Always replace the gasket on the water outiet to pravent
leaks
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"~ 04a7P3
Fig. 61 The thermostat is installed properly when the vent hole
is aligned with the bolt hole as shown

11. Add coolant to the header tank as necéssary.
12. Operate the engine and check for signs of leakage.
JH series engines
b See Figures 62 thru 67
On fresh water cooled JH series engines, the thermostat is

located on the top of the fresh water pump, undermeath the fresh
water outlet connection.

CAUTION

Never open, service or drain the fresh water cooling system
when the engine is hof; serious burns ¢an gceur from the steam
and hot coclant. Alse, when draining engine coolant, keep in

SR
e

Thermostat cover
{fresh water outlet connection)

&.\/’
o
%‘ﬂmrmosm

Fresh water pump body

04676638
Fig. 62 Exploded view of a JH series thermostat and related
components

mind that cats and dogs are attracted to ethylene glycol
antifreeze and could drink any that is left in an uncovered con-
tainer. This will prove fata! in sufficient quantities. Always drain
coolant into a sealable container.

1. Drain the coolant 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 outlet 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 pump.

To install:

6. Clean the mating surfaces of the fresh water pump and water
outiet,

/. Place the O-ring under the thermostat, (if equipped) and
install the new thermostat in the fresh water pump, in the proper
direction.

) 049
Fig. 63 Loosen the clamps that attach the water sutlet hose g
the header tank

04976P01
Fig. 64 Next, remove the two holts that secure the fresh water

outlet connection to the thermostat heusing
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04976P 11
Fig. 65 Tilt the hose and water outlet back, and pull the thermo-
stat from the housing

04576P12
Fig. 66 Excessive corrosion in the thermostat housing may indi-
cate probiems in the header tank

quite efficient.

=>When installing the thermostat, make sure the vent hole aligns
with the boit hole as shown in the illustration. If the thermostat is
not aligned properly, it will not seat in the housing properly, caus-
ing the water outlet to leak.

8. Using a new gasket, install the water outlet 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

to the header tank.
11. Add coolant to the header tank as necessary.
12. 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 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 installing a new one each time it is serviced.

TESTING

b See Figure 68

Check the rating stamped on the flange or body of the thermo-
stat. This will tell 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. not when the
thermostat opens.

If the thermostat does not open near the rated temperature, it is
faulty and should be replaced.

The fresh water pump is located on the front of the engine, and is
operated by a belt driven from a pulley on the crankshaft. Unlike the
raw water pump, the fresh water pump uses a metal impeller that

does not require constant maintenance. The impeller of a fresh
water pump does not touch the housing, but is closely fitted, and is

04976P13

Fig. 67 Make sure the vent in the thermaostat aligns with the boit
hole as shown

04976639

Fig. 68 Testing a thermostat using hot water and a thermometer
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INSPECTION

REMOVAL & INSTALLATION

» See Figure 69

Typically, the fresh water pump requires replacement when the
seal fails, or the bearing(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 hole in the bottom of the
pump. In most cases, replacement of the fresh water pump as a unit
is most practical.

04576P46

Fig. 69 If water leaks from this hole on the hottom of the water
pump, the internal seal has failed, and the pump should be
replaced

b See Figures 70 thru 78

Never open, service or drain the fresh water cooling system
when the engine is hot; serious burns can sccur from the steam
and hot coolant. Alse, when draining engine coolant, keep in
mind that cats and dogs are atiracted o sihylene glycol
antifreeze and could drink any that is lefl in an uncovered con-
tainer. This will prove fatal in sufficient quantities. Always drain
coolant into a sealable centainer. .

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 engine will be easier.

3. Loosen the 4 bolts that secure the drive pulley to the water

© pump.

4. Loosen the water pump drive belt by loosening bolts on the
alternator brackets.

5. Remove the drive belt from the water pump pulley.

6. Remove the 4 bolts that secure the water pump pulley.

7. Remove the hoses from the water pump. If necessary, remove
any hose brackets to allow access to the pump bolts

8. Remove the bolts that attach the water pump to the engine.

=>When remaoving the waler pump bolls, be sure to mark each boli’s
location, since the bolfs are of different lengths. i the bolts are not
installed in their proper localions, the engine block can he dam-
aged when the bolis are tightened.

Circlip
\

vaulley\\ \

\ Bearing unit

\ \Pump shaft

\Pulley flange

Fig. 70 Exploded view of a OM series fresh water pump

Body bracket

impelier

Mechanical seal

<

\Pump body




COOLING SYSTEM  6-31

. Cooling fresh water
v outlet connection

@ Thermostat

Cooling water '-'l
temperature switch

i

Mechanical seal

Outlet

Body bracket

Pump body

Pump shaft
Y-puliey
04976537
Fig. 71 Exploded view of a GM/HM series fresh water pump
~.
Gasket
Water temperature ‘L 44 .
switch
1
late -
Pump plate z @e
Thermostat

/Mwmer ternperature sender unit

Qutiet for water heater

Bearing unit

Flange

V pulley

impeller

Mechanical seal inet for water heater

1. 72 Exploded view of a JH series water pump




6-32 COOLING SYSTEM

04976P45
Fig. 73 Before loosening the alternator to slacken the drive belf,
loosen the 4 bolts that attach the pulley to the water pump

04576P43
Fig. 76 Nete the bolis are of different lengths; make a diagram

if necessary to ensure the holts are installed in their proper
locations :

04976P47
Fig. 74 On some models, it may be necessary to remove hose

brackets {o allow access to the water pump mounting holts

04876P50
Fig. 77 Once the gasket is broke free, the water pump can be

removed from the engine

04576P48
Fig. 75 Once the hoses are detached from the pump, remove the

water pump mounting belis

(4978P51
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. On GM/HM engines, it is advisable to remove the thermostat
housing and replace the gasket, since the water pump is already
removed. '

To install: v

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 each 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 hose brackets as necessary.

15. Install the water pump pulley to the water pump. While
holding the pulley by hand, tighten the bolts. (After the belt is
installed and tightened, the bolts can be given an additional tight-
ening) :

16. Install the drive belt to the water pump pulley.

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.

b 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 is usually
made from aluminum which is vulnerable to corrosion. If white
powdery deposits are noticed around the water hose fittings, remove
the header tank and clean the corrosion to prevent further damage.

REMOVAL & INSTALLATION

oM & GM/HM series engines
b See Figures 83 thru 95
1. Turn the seacock to the OFF position.

# Sea water (1o exhaust manifold)
.3

Cooling pipe assembly/

Fig. 79 Exploded view of a QM series header tank

Filler cap (with pressure rehef valve)

P

Thermostat

Overflow pipe

o
¥

Anticorrosion zinc

Sea water (from sea water pump)

04876G44
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Sea water outlet
(to mixing efbow)

Filler cap (with pressure relief valve)

body

Cooling tube cover

Fresh water inlet
{from cylinder head)
{

Fresh water outlet
(to fresh water pump}

Drain cock

Sea water inlet
(from sea water pump)

04376G33

Fig. 80 Exploded view of a GM/HM series header tank

Cooling pipe

Filler cap body (with pressure control valve)

Qverfliow tube

O ring

Side cover

04976634

Fig. 81 Exploded view of a JH series header iank
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04876P72
Fig. 82 This is what happens when the header tank is used as a

step ladder out of the engine compartment. This pressure cap
and housing must be replaced

623
Fig. 84 On seme engines, it may be necessary o remove addi-
tional components, such as fuel lines

2. Using the draincocks on the engine, drain the raw water from
the engine by opening the draincocks. After the engine is drained,
be sure to close the draincocks.

Never open, service or drain the fresh water cooling system
when the engine is hot; serious burns can occur from the steam
and hot coolant. Alse, when draining engine coslant, keep in
mind that cats and dogs are atiracted to ethylene glyeol
antifreeze and could drink any that is left in an uncovered con-
tainer. This will prove fatal in sufficient quantities. Always drain
coolant info a sealable container.

3. Drain the coolant from the header tank.

4. Remove the hoses from the coolant tank.

5. Remove any accessories that are attached fo the header
tank, such as cable brackets, fuel filter brackets, fuel lines,
gfc.

6. Remove the four bolts that attach the exhaust efbow to the
header tank.

(4976P61

Fig. 85 The fuel filter is atfached to the header tank by fwo bolls

04976P65
Fig. 83 Before feosening any bolts, remave all hoses that attach
to the header tank

" 0ag76PED

Fig. 86 Once the two bolts are removed, lower the fuel filter
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04576P52
Fig. 87 Next, remove fhe 4 bolis that attach the exhaust mixing
elhow to the header tank

i

7. Remove 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 holis are different lengths. If the bolts
are not installed in their proper locations, the engine block and/or
eylinder head can be damaged when the holis are tightened.

8. Remove the header tank from the engine.

To install:

9. Clean the mating surfaces of the cylinder head and headsr
fank.

10. Using new gaskets, install the header tank to the cylinder
head. Make sure to install the bolts in their original locations. Make
sure to install all the header tank and bracket bolts before tightening.

11. Once all the bolts are installed, they can be tightened.

12. Using a new gasket, attach the exhaust elbow to the header
tank. Tighten the four bolts securely.

13. Install any accessories that were attached to the header tank,
such as.cable brackets, fuel filter brackets, fuel fines, etc. If new
gaskets are required, make sure to replace them accordingly.

04976P66
Fig. 88 Once the bolts are removed, remove the mixing elbow

from the header tank

04976}’52
Fig. 90 Once all the components are detached from the header

tank, remove the bolis and nufs on the side of the tank

04976F14

Fig. 88 Although this exhaus! elhow looks different, it is
removed in the same manner

{(4976P59
Fig. 91 Carefully remove the header tank from the cylinder head

(note cylinder head studs)
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04976P56
Fig. 92 After the header tank is from the cylinder head, remove
the old gaskel from the eylinder head

04871

Fig. 95 As with all engins component assembly, always use a
new gasket

0497¢
Fig. 93 Use a Scotch-Brite® pad to clean the mating surfaces of
both the cylinder head and the header tank

04
Fig. 54 The same scraping and cleaning of the old gasket mate-
riaf shouid be done on the exhaust elbow 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.

16. If necessary, bleed the air in the fuel system.

17. Turn the seacock to the GN position, and operate the engine.
Check for any signs of leakage.

JH series engines
% See Figure 96

1. Turn the seacock to the BFF position.
2. Using the draincocks on 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.

Never open, service or drain the fresh water cooling system
when the engine is hot; serious burns can occur from the steam
and hot coelant. Also, when draining engine coolant, keep in
mind that cats and dogs are aitracted to ethylene glycol
antifreeze and could drink any that is left in an uncovered con-
tainer. This will prove fatal in sufficient quantities. Always drain
coolant into a sealable container.

4. On aftercooled turbo models, proceed as follows:
a. drain the coolant from the aftercooler,
b. Remove the air inlet and outlet hoses.
¢. Remove the coolant lines from the aftercooler.
d. Unbolt the aftercooler from the header tank.
5. Remove the hoses from the coolant tank.
6. Remove any accessories that are aftached to the header tank,
such as cable brackets, fusl filter brackets, fuel lines, efc.
7. If necessary, remove the alternator fo allow clearance to
remove the header tank.
8. Remove the four bolts that attach the exhaust elbow to the
header tank.
9. Remove the bolts that attach the header tank to the cylinder
head.

e>When remaving the header tank holts, be sure to mark each bolt's
lacation, since some of the bolls are diiferent lengths. If the bolis
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Cylinder head

04976635
Fig. 86 The exhaust gasket must be replaced when removing the
header fank

are not instalied in their proper locations, the engine block and/or
cylinder head can be damaged when the bolts are tightened.

10. Remove the header tank from the engine.
To install:
11. Clean the mating surfaces of the cylinder head and header

tank.
12. Using new gaskets, install the header tank to the cylinder

head. Make sure to install the bolts in their original locations. Make
sure to install all the header tank 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 bolts securely.

15. On aftercooled turbo models, attach the aftercooler to the
header fank, install the air inlet and outlet hoses, and coolant lines.

16. Install any accessories that were attached fo the header tank,
such as cable brackets, fuel 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 OM position, and operate the engine.
Check for any signs of leakage.

b See Figure 97

Heat exchangers remove surplus heat from the engine. A heat
exchanger consists of a cylinder with a number of small copper-
nicke! tubes running through it. The hot coolant passes through the
exchanger 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,

The heat exchanger Is usually located inside the header tank.

Sea water inlet

Side cover

Fig. 97 Heat exchanger and related eomponents

Cooling tube

Cooling pipe cover

Fresh water inlet
(from cylinder head)

Sea water outlet

\
Side cover

Packing

Fresh water outlet
(to fresh water reservoir)
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INSPECTION

% See Figure 98

The easiest way to inspect the heat exchanger is to measure the
temperature difference between the inlet and outlet pipes. The inlet
pipe should be slightly above ambient water temperature and the
outlet should feel warm.

If the outlet pipe feels hot, oo little water is passing through the
heat exchanger. Inspect the raw-water pump, strainer and exhaust
injection efbow for restrictions.

If the outlet pipe feels cold, water flow is good but heat transfer is
bad. Check the heat exchanger internal core for damage.

REMOVAL & INSTALLATION

% See Figuras 99 thru 185
1. Turn the seacock to the BFF position.

2. Using the draincocks on the engine, drain the raw water from
the engine by opening the draincocks. After the engine is drained,
be sure fo close the draincocks.

3. Drain the coolant from the header tank.

Never open, service or drain the fresh water cooling system
when the engine is hot; serious burns can occur from the sieam
and hot coolanti. Also, when draining engine coolant, keep in
mind that cals and dogs are atlracted to ethylene glyeol
antifreeze and could drink any that is left in an uncovered con-
tainer. This will prove fatal in suffisient 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 fank.

04976632

Fig. 88 A bottle brush can be used o clean the heal exchanger
fubes

04976P:

Fig. 100 Remove the hoses from the header tank side covars

Side cover

04976631

Fig. 69 By removing the side covers from ihe header tank, the

heat exchanger can be removed

Fig. 101 Remove the bolts that attach the side covers fo the
header tank, and remove the covers
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04976P29

Fig. 102 Carefully slide the heat exchanger out of the header
fank

- 04976P3
Fig. 103 Before installing the heat exchanger, clean any debris
from the O-ring mating surfaces on hoth sides of the tank

049,76P31
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 install:

7. Using steel wool or light sandpaper, carefully clean any
buitdup from the O-ring mating surfaces.

8. Place the heat exchanger info the header tank. Be sure to
install a new O-ring on each end of the heat exchanger.

. WARNING

if the O-rings on BOTH sides of the heat exchanger are not
replaced, the fresh water and raw water cooling circuits may
mix if an O-ring leaks. This can cause the fresh water cireuii io
become contaminated with sea water, and the sea water circuit
to discharge coolant overboard.

9. Once the heat exchanger is in place, install the O-ring on the
covers.

s WARNING

Make absolutely certain that the heat exchanger is seated
properly between the two covers on the header tank before
tightening the holis. If the heat exchanger is not positioned
correctly, it will be crushed when the bolts are tighiened, and
leak coolant into the raw waler circuit and be discharged over-
board.

10. Tighten the bolts that attach the heat exchanger covers to the
header tank.

11. Install any brackets or components that were removed to
access the heat exchanger cover.

12. Fill the fresh water cooling systermn with coolant.

13. Turn the seacock {o the ON position.

14, Start the engine, and check for leaks.
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ENGINE MECHANICAL

Diesel Engine History

The diesel engine bears the name of its inventor, Rudolph
Diesel 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 principle first demonstrated by
something called a "pneumatic 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
temperature where spontaneous combustion could occur. This
compression-ignition principle is the basis for diesel engine
operation,

Rudolph Diese! invented an engine that was four times as fuel
efficient as the best steam engine 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. Rudolph Diesel was hailed
as a genius all over the world, particularly among the engineering
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-
munity who feared that Diesel was about to put a powerful instru-
ment of warfare into the hands of an eventual gnemy. On September
29,1913, while crossing 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,
but most believe Diesel was the victim of foul play, killed for the
same reason he became 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 more power out 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 advantage when it comes to marine installations. Add to this the
fact that diesel engines produce much less toxic exhaust emissions
than gasoline engines, remarkably free of hydrocarbons and carbon
monoxide and it's not hard to see why diesels have grown in popu-
larity among manufacturer's when it comes to meeting emission

standards.

Diesel engines have basically the same internal components as
gasoline powered engines. The major differences are the fuel, the
ignition of the fuel and the manner in which the fuel is directed
into the combustion chambers. The diesel engines are of heavier
construction to withstand the higher compression ratios and
power impulses that the diesel develops. Diesel engines are man-
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 eylinder o
ignite a specially timed and injected, atomized spray of fuel into the

cylinder as the piston nears its top dead center (TDC) position whil
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 Stroke Cycle
% See Figure 1

In order for the four stroke cycle diesel engine to function prop-.
erly, valves and injectors must act in direct relation to each other
and to the four strokes of the engine. The intake and exhaust valves
are camshatt operated, linked by tappets or cam followers, pushrod
and rocker arms. The injectors are operated by either hydraulic or
mechanical means, timed to the crankshaft and/or the camshaft
rotation to provide the spray of fuel into the combustion chamber af
the precise moment for efficient combustion. ‘

O«
O=»

EXHAUST

04577601

POWER

INTAKE ~ COMPRESSION

Fig. 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
travel of the piston allows and draws atmospheric air into the eylin-
der from the induction system. The intake charge consists of air
only 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 starts
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 a smaller space
than it occupied at the beginning of the stroke. Thus, compression
ratio is the direct proportion of the amount of space the air occu-
pied in the combustion chamber before and after being com-
pressed.
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Diesel engine compression ratios range from approximately 14:1
to 22:1 in comparison to the gasoline engine compression of from
7.5:110 9.5:1. Compressing the air into a smaller space causes the
temperature of the air to rise to a point high enough fo ignite the
injected fuel, which has a flash point lower than the temperature of
tha compressed air. The fue! 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 much driving
force and causing the crankshaft to rofate, in a power delivering
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
burned gases from the combustion chamber through the open
exhaust port and into the exhaust manifold. 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 sequence.

b See Figure 2

On all engines except for-QM series, the number 1 cylinder is
located closest to the flywheel. On QM series engines, the number 1
cylinder is focated 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 1-3-2

The firing order for 2 cylinder engines is 1-2

REMOVAL & INSTALLATION

b See Figures 3 thru 8

1. Remove the breather hose by loosening the clamp and slid-
ing the hose from the fitting on the cover.
2. It necessary, remove any additional components attached to

the valve cover.

3. Once all items are removed from the valve cover, remove the
cap nut(s) on the top of the cover. :

4. Remove the cover from the cylinder head. If necessary, tap
the cover lightly with a mallet to break the gasket iree from the
cylinder head.

To install;

5. Wipe the valve cover mating surface of the cylinder head with
a clean rag.

6. Install a new gasket onto the valve cover. Make sure the gas-
ket is placed in the groove around the entire perimeter of the cover.

04877918
Fig. 3 To remove the valve cover, simply remove the cap nuis on
the top of the cover

Flywheel

04977603

Fig. 2 On all engines except QM series, the number one cylin-

Fig. 4 Always check the rubber O-rings on the valve cover cap
nuts and replace them if necessary o prevent leaks

der is located closest to the fiywheel
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Fig. 5 Once the cap nuls and vent hose are removed, the valve
gover lifts from the cylinder head

B $4973P62
Fig. 8 Make sure the gasket stays seated in the groove when
lowering the cover (a commen source of leaks when the cover is
removed)

04977P4
Fig. 6 The valve lash is easily adjusted once the valve cover is
removed

7. Place the valve cover onto the cylinder head, in the proper

direction.

8. Place a new O-ring onto each 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 breather hose onto the fitting on the valve cover,

and tighten the clamp as required.
11, If necessary, replace any components that were attached 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 engine in emergency sit-
uations, such as extremely cold weather or a weak battery condition.
On most models, these levers are maintenance-free, and do not
require any attention. However, on some of the older OM series
engines, the decompression levers can be adjusted.

04973P21

Fig. 7 When installing the valve cover, check the condition of

the gasket for hardness or cracking

Fig. 9 The decompression levers on the valve cover keep the
exhaust valves open for emergency starting




ENGINE AND ENGINE OVERHAUL  7-5

04877604

Fig. 10 In this position, the decompression levers are ENGAGED Fig. 12 Adjusting the decompression lift on a M series engine

Do NOT use the decompression levers on a2 warm engine; dam-
age to the valves and pistons may resull.

REMOVAL & INSTALLATION

0 Series Engines
b See Figures 13 and 14

1. Remove 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

. . L e the adjusters until the rockers are all free from tension of the valve
Fig. 11 The decompression levers should be kept in this pesi- springs

tion during normal operation

Adjustment
b See Figure 12

1. Remove the decompression lever adjustment caps on the
valve cover. valve rocker

2. Starting with the number one cylinder, use the marks on the arm retainer
flywheel to set the piston at TDC on the compression stroke.

3. With the lever in the engaged position, loosen the locknut on
the adjuster.

4. Screw the adjuster until it just touches the rocker arm.

5. After the screw touches the rocker arm, turn the adjuster ONE
fumn further {clockwise), then tighten the focknut while holding the
adjuster stationary. The lift provided by the decompression laver
“should be 0.0314 in. (0.8 mm). Valve rocker arm support

6. Confirm that the exhaust valves are not hitting the pistons Valve rocker arm
when the decompression lever is engaged by carefully rotating the
engine and feeling for resistance.

7. Install the decompression lever adjustment caps to the valve Fig. 13 Exploded view of a UM series rocker arm and shaft
cover assembly

Nut

Valve rocker arm

-~ Valve clearance
adjust screw

04677605
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:\

04977G39A

Fig. 14 Removing a OM series rocker arm assembly

Valve rocker
arm support

intake valve arm

Bush

Exhaust valve arm

Vaive clearance
adjusi screw
04977607

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 the rocker arm assemblies from the
mounting studs on the cylinder head. Lay each assembly apart from
each other so the parts are not mixed together.

To instali:

7. Lower each of the rocker assemblies onto the mounting
studs, in the correct location.

8. Apply a fresh coating of engine oif fo the pushrod tips, and to
the valve stem tips.

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.
Make sure each of the pushrods is fully aligned in sach of the lash
adjusters.

" e>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 50.6-57.8 ft. Ibs. (68.6-78.6
Nm).

11. Adjust the valve lash as necessary.

12. Install the valve cover to the cylinder head.

GM/HM Series Engines
% See Figures 15, 16, 17, 18 and 19

1. Remove the valve cover from the cylinder head.

2. Loosen the lock nuts on each of the lash adjusters, and
loosen 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 supporis.

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 carsful 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.

To install:

7. Apply a fresh coating of engine oil to the pushrod tips, and to
the valve stem tips.

8. Lower the rocker assembly onto the mounting studs, in the
correct location. Make sure each of the pushrods are seated prop-
erly in the lash adjusters.

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.

=Make sure the lash adjusters are fully slackened, or the rockers
will e tensioned when the rocker arm support nuf is tightened.

10. Tighten the mounting nuts to 27 ft. Ibs. (37 Nm).
11. Adjust the valve lash as necessary.
12. Install the valve cover to the cylinder head.

JH Series Engines
b See Figure 20

1. Remove the valve cover from the cylinder head.

2. Loosen the lock nuts on each of the lash 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 supporis. Keep
track of the location of each 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 rocker arm shafts. Keep the parts in proper
order for reassembly.

To install:

6. Apply a fresh coating of engine ol to the pushrod tips, and to
the valve stem tips.

7. Lower the rocker assembly onto the cylinder head. Make sure
gach of the pushrods are seated properly in the lash adjusters.

8. Hand thread each of the rocker arm support bolts into the
cylinder head. Make sure the bolts are installed in their proper loca-
tions, since they are different fengths.

=>Make sure the lash adjusters are fully siackened, or the rockers
will he tensioned when the rocker arm support nut is tightened.

E
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Valve rocker arm shaft

No.1 exhaust valve
rocker arm

No.1 intake valve
rocker arm

Pin

No.2 intake vaive rocker arm
Valve clearance
adjust screw
‘ ) Valve rocker arm support
Circlip v No.2 exhaust valve rocker arm

04977G08

9. 16 Exploded view of a 26M series rocker arm assembly (3GM similar)

Rocker arm
support

~
04877609
04977606

Fig. 18 After the rocker arms nuis are removed from the shafls,
. 17 Loosening the rocker arm support nut on a 1GM engine the assembly can be lifted from the cylinder head
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Intake Manifold

REMOVAL & INSTALLATION

QM Series Engines

On QM series engines, the intake manifold is integrated into
other components. The 2QM intake manifold is integrated into the
valve cover, and the 3QM has an extension on the air silencer that
bolts directly to the cylinder head.

GM/HM Series Engines
b See Figures 21 and 22

The 1GM series engine is similar to 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
Fig. 19 Once the rocker arms are removed, the pushrods can be pipe/manifold.
remaved from the engine 1. Remove the intake air silencer.
2. Remove the three bolts that secure the base of the intake air
; : 07 7 silencer to the intake manifold.
Nmil Vighten the mounling outst0 17.4-204 . bs. (23.7-27.7 3. Disconnect the breather hose from the intake manifold.
4. Remove the two bolts that attach the intake manifold.

10. Adjust the valve lash as necessary. ;
11, lnthaH the valve cover to the Cy!in)éer head. 9. Remove the intake manifold from the cylinder head.

04877GAS

Valve rocker
arm support

-@ .
® |- er—{D

L]

/
@

Exhaust valve ;
rocker arm l
{

Intake valve e
rocker arm

04377G10

Fig. 20 Expioded view of a JH series rocker arm assembly
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Breather

Intake air silencer

Breather hose

04977611

Cylinder head

Intake manifoid

g. 22 Exploded view of the air intake system on 3GM/HM engines

Elemnent

intake air

Intake air silencer

04877G12
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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 securely.
8. Install the breather hose to the intake manifold.
9. Install the intake air silencer.

JH Series
b See Figure 23

1. Remove the high pressure fuel lines from the injector pump
and injectors.

2. Unbolt the fuel filter bracket from the intake manifold and
move it aside, securing it temporarily with safety wire. It should not
be necessary to remove the hoses.

3. Remove 4 bolts that attach the air inlet pipe from the mani-
fold. On turbocharged models, this may require loosening the hoses
that connect to the aftercooler.

4. Disconnect or remove any additional compoenents attached to
the intake manifold.

5. Remove the nuts that attach the intake manifold to the eylin-

der head.
6. Carefully remove the intake manifold from the cylinder head.

To instali:
7. Clean the old gasket material from the mating surfaces of the

intake manifold, air inlet, and cylinder head.
8. Using a new gasket, install the intake manifoid to the cylinder

head. Tighten the nuts securely. -
9. Using a new gasket, install the air inlst to the intake manifold.

Tighten the bolts securely.

10. Disconnect or remove any additional components attached fo
the intake manifold.

11. Attach the fuel filter to the intake manifold.

12. Install the high pressure fuel lines 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. For more information on cleaning
and inspection, refer to “Engine Reconditioning” at the end of this
section. v

QM Series Engines
b See Figures 24 thru 30

1. Disconnect all hoses, cables and fuel fines that are attached
or interfere with removal of the cylinder head.

2. Remove the alternator, and alternator mounting brackets.

3. Remove the header tank (fresh water cooled only) and mount-
ing bracket from the engine.

4. Remove the fresh water pump and bracket from the cylinder
head.

5. Disconnect the high pressure fuel lines 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 marifold coupling g

fold)

Intake manifold

04877613

Fig. 23 Exploded view of a JH series intake manifold (note—it is not necessary to remove the intake manifold cover to remove the mani-
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8. Remove the air silencer and backing plate from the cylinder
head.
9. Remove the exhaust manifold.
10. Remove the oil lines 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 the
tightening sequence. Loosen the nuts in stages, to avoid warpage of
the cylinder head.

 WARNING

~aiiure to loosen the cylinder head nuis in the proper order may
;ause the cylinder head to become warped. On OM series
ngines, loosen the cylinder head nuts in the revarse order in
which they are tightened.

14. Once all the cylinder head nuts are removed, twist the cylinder
ead horizontally to break the gasket free from the cylinder head.
15. Lift the cylinder 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. It a loose
stud is found, it can be tightened by locking two nuts against each
other. Tighten the studs to 65-69 ft. Ibs. (88-94 Nm).

18. Coat both sides of the head gasket with Three 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 on the engine block) :

=Make absolutely the gasket is of the proper thickness. Using the
wrong gasket may cause the valves 1o hit the pistons, or may affect
the compression ratig, decreasing engine performance.

19. Carefully lower the cylinder head onto the head gasket.

20. Using fresh engine oil, lubricate the threads of the cylinder
head mounting studs.

21. 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.

No. 1 Exhaust valve rocker arm
i
@ &5
Y
%

. Valve spring
.

cotter

®-

Valve sfem seal

A i

N

Valve guide

i

)

) Anticorrosion
zinc

(Flywheel side)

- 24 Exploded view of a 20M cylinder head

Valve rocker
arm support

Valve clearance
adjust screw

L-Valve top
retainer
Valve spring
retainer

Valve spring

==
>, Intake valve
Ry '

Exhaust valve

Valve rocker arm retainer
No. 1 Intake valve rocker arm
No. 2 Exhaust vaive rocker arm

rocker arm

Cooling water pipe joint

Anticorrosion zinc

|
R ’:_:__—_E)—— Exhaust vaive

04977614
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No. 3 Exhaust valve rocker arm

No. 1 Intake valve rocker arm

No. 1 Exhaust valve rocker arm

No. 2 Intake valve rocker arm

No. 2 Exhaust valve rocker arm

No. 3 Intake valve rocker arm

04977615

Gasker packing ’ N

Fig. 26 Removing a cylinder head fram a 20M engine

04877G16

04977617

Fig. 27 20M cylinder nut tightening sequence
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04977618

Fig. 28 30M cylinder hut tightening sequence

The side between
cylinders is the
/ cylinder head side.

/

0202 ~Q0=-5
o, . ¥

s

04977G20

9. 29 Make sure the head gasket is placed in the proper direc-
on before installing the cylinder head

04977619

. 30 A torque wrench MUST be used fo tighten the cylinder
d nuis )

22. Using the illustrations as a guide, tighten the cylinder head
nuts in the proper sequence as follows:

a. Tighten the cylinder head nuts to 43 ft. Ibs. (58 Nm) in the
Droper sequence. '

b. Again, in the proper sequence, tighten the cylinder head
nuts to 87 ft. Ibs. (118 Nm)

c. Finally, tighten the cylinder head nuts to 116-130 ft. Ibs.
(158177 Nm) in the proper sequence. Once the nuts are tight-
ened o the final torque, check them once again to verify the
torgue.

23. Apply a fresh coating of engine oil to the pushrod tips.

24. Place the pushrods into the engine, in the proper order and
direction.

25. 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 as necessary.

27. Install the oil lines that attach to the cylinder head. Use new
copper gaskets.

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. Install 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 engine.

34. Connect all hoses, cables and fuel lines that were attached to
the cylinder head. o

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 coolant 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 fuel
injector.

3. Remove the alternator, and alternator mounting brackets.

4. Unbolt and remove the valve cover.

5. Remove the exhaust manifold from the cylinder head.

6. Remove the oil lines that attach to the cylinder head.

7. Remove the rocker arms from 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 hsad.

Failure to loosen the cylinder head nuls in the proper order may
cause the cylinder head to become warped. Loosen the cylinder
head nuts in the reverse order in which they are tightened.

10. Once all the cylinder head nuts are removed, twist the cylinder
head horizontally to break the gasket free from the cylinder head.

11. Lift the cylinder head from the engine block.

To instali:

12. Carefully clean the old gasket material from the cylinder head
and block mating surfaces.
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Fig. 31 Exploded view of a 1GM cylinder head
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Intake valve
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Fig. 32 Remaving the cylinder head from a 16M engine

13. Check that all of the cylinder head studs are tight. If a loose
stud is found, it can be tightened by locking two nuts against each
other. Tighten the studs as follows:

a. 1GM: 18-22 f1. Ibs. (24-30 Nm)
b. 1GM10: 43 ft. Ibs. (58 Nm)

14. Coat both sides of the head gasket with Three 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 on the engine block)

= fflake absolutely the gasket is of the proper thickness. Using
the wrong gasket may cause the valves to hit the pistons, or
may affect the compression ratio, decrsasing engine perfor-
mance.

15. Carefully lower the cylinder head onto the head gasket.

16. Using fresh engine oil, 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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Fig. 33 By locking two nuis together on a stud, the stud can be

tightened 1o the proper torque

04977623

o} O
Flywhee! end Gear side
{Iintake side}
O Keep the surface marked
TOPR upward
(cylinder head side)

Cooling water passage hole

{Hole at cylinder side is not drilled.)

Fig. 34 Make sure that the head gasket is instalied in the proper

direction before installing the cylinder head

04977624

“lywheel side

ig. 35 1GM Cylinder head nut/helt tightening sequence

Gear side

04977625

18. Using the illustrations as a guide, tighten the cylinder head
nuts in the proper sequence in stages, working to the final torque of
54.2 ft Ibs. (73 Nm)

19. Apply a fresh coating of engine oil 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 fines 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 alternator belt as necessary.

26. Install the valve cover and air silencer assembly.

27. Bleed the air from the fuel system as required.

2GM and 3GM/HM Series Engines
b 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 alternator, and alternator mounting brackets.
3. Remove the header tank (fresh water cooled only) from the
cylinder head.
4. Remove the exhaust manifold from the cylinder head. (raw
water cocled only)
5. Remove the fresh water pump and thermostat housing from
the cylinder head.
6. Disconnect the high pressure fuel lines from the injectors and
injector pump.
7. Remove the fuel injectors and prechambers from the cylinder
head.
8. Remove the ol lines that attach to the cylinder head.
9. Unbolt and remove the valve cover,
10. Remove the rocker arms from the cylinder head.
11. Remove the pushrods from the engine, 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.

Failure fo loosen the eylinder head nuts in the proper order may
cause the cylinder head fo 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 loose
stud is found, it can be tightened by locking two nuts against each
other. Tighten the studs as follows:

a. 2GM, 3GM, 3HM: 29-33 ft.Ibs (3945 Nm)
b. 2GM20, 3GM30: 58 ft. Ibs. (79 Nm)
¢. 3GM35: 72 ft. Ibs. (98 Nm)

17. Coat both sides of the head gasket with Three Bond® 50, and

install the gasket in the proper direction. (Look for a “up” marking
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on the gasket, which means the word “up” can be read‘ when the b. 2GM20:
gasket is placed on the engine block ) o Nuts 1, 3, 5—tighten to 86.8 ft. Ibs. (118 Nm)
; ; : o Bolts 7, 8—tighten to 21.7 ft. Ibs. (29.5 Nm)
=Make absolutely the gasket is of the proper thickness. Using the .
wrong gasket may cause the valves o hit the pistons, or may affect » Bolts 2, 4, 6—tighten to 86.8 ft. Ibs. (118 Nm)
the compression ratie, decreasing engine performance. ‘[3\1 tSGTM:2 34 o 235 Ib aN
18. Carefully lower the cylinder head onto the head gasket. : B(L)JitSS 9.10.1 1—-5—t%h7ter§t—ot1l% ;ef? tl%s (26t6 N{Sn')(%' m)
19. Using fresh engine oil, lubricate the threads of the cylinder d SH!\/!' ’ o
head mounting studs. o N ' o
20. Hand thread each of the cylinder head nuts on the studs, . gg}é 19' 21031A§£t%h7ter? 0 té%h;ef? t,%g 4(;9 ??\}%27'8 Nm)
checking for smoothness. If a nut binds, it should be replaced, 8 SGI\/’IBO" o
since it can affect the forgue setting. o N -
21. Using the illustrations as a guide, tighten the nuts and bolts R glglté% 710 t{%%ﬂg&gg‘%%’%ﬂtqgs ?g% Nm)
in three steps. First, tighten them to one third of the total torque. o Bolis 1.2 346 8—tighten t0 86 8t Ibs (118 Nm)
Next, go over the sequence again, torquing the nuts and bolts to f 3HM3E;~ o o
two thirds of the total torque. Finally, tighten the nuts and bolts to e Nuts 5 7—¥tighten 1094t Ibs. (127.8 Nm)
their ;““ztgwe settings. « Bolts 9, 10, 11—tighten to 21.7 ft. Ibs. (29.5 Nm)
: : ) o Bolts 1,2, 3, 4, 6, 8—tighten to 94 ft. Ibs. (127.8 Nm)
e Nuts 1,2, 3, 4,5 6—tighten to 72.3 ft. Ibs. (98.3 Nm) ; ima A :
« Bolts 7.8—tighten to 18.1 f. Ibs. (26.6 Nm) " ez%/aléé)gg nz; ggzh coating of engine oil to the pushrod tips, and to
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Fig. 36 Exploded view of a 2GM cylinder head
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ig. 37 Exploded view of a 3GM/HM cylinder head
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{cylinder side
hole is drilled)
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marked TOP upward -
{cylinder head side)
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{cylinder side hole is cast)

04877629

04977628
. 38 Removing a cylinder head from a 26M engine (3GM/HM
noves in the same manner) direction (2GM)

Fig. 39 Make sure the head gasket is mounted in the proper
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Cooling water passage
{cylinder side hole is cast)

Flywheel end

Gear side

Cooling water passage
(cylinder side hole is drilled)

Keep the surface marked TOP upward
(cylinder head side)

04877630

Fig. 40 identification for mounting the head gasket in the proper direction (3GM/HM)

Filywheel end Gear side

04977631

Fig. 41 Cylinder head boli/nut tightening sequence for 2GM
engines

Flywheel end Gear side

04977633

Fig. 43 Cylinder head bolt/nut tightening sequence for 2GM20
engines
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04977632

Fig. 42 Cylinder head bolt/nut tightening sequence for 3GM/HM
engines
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Fig. 44 Cylinder head bolt/nut tightening sequence for 3GM30
and 3HM35 engines
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04877635

Fig. 45 Gnly place your hands on the handle when using a
torgue wrench; the torque readings can be affected

23. Install the pushrods into the engine.

24, Install the rocker arms to the cylinder head. Lubricate the
rocker arms as necessary.

25. Adjust the valve lash as required.

26. Install the valve cover.

27. Install the oil lines that attach to the cylinder head,

28. Install the fuel injectors and prechambers to the cylinder
1ead.

29. Connect the high pressure fuel lines to the injectors and
njector pump.

30. Install the fresh water pump and thermostat housing to the
ylinder head.

81. Install the header tank (fresh water cooled only) to the cylin-
ler head. '

32. Install the exhaust manifold to the cylinder head. (raw water
ooled only) ,

33. Install the alternator, and alternator mounting brackets.

34. Connect all hoses, cables and fuel lines that were discon-
ected to allow for removal of the cylinder head.

35. Bleed the air from the fuel system as required.

36. Fill the header tank with the proper ratio of coolant and water.

{ Series Engines
See Figures 46, 47 and 48

1. Disconnect alf hoses, cables and fuel lines that are attached
“interfere with removal of the cylinder head. :

2. Remove the alternator, and alternator mounting brackets.

3. Remove the aftercooler (turbocharged models) from the

gine.

4. Remove the turbocharger, oil lines, and associated brackets
m the engine.

5. Remove the header tank and mounting bracket from the
gine.

6. Disconnect the high pressure fuel lines from the injectors and
ector pump.

7. Remove the fuel injectors from the cylinder head.

8. Remove the intake manifold from the cylinder head.
9. Remove the fresh water pump and bracket. -

0. Remove the oil lines that attach to the cylinder head.
1. 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 Teverse order
of the tightening sequence. Loosen the nuts in stages, to avoid
warpage of the cylinder head.

Failure to loesen the cylinder head nuts in the proper order may
cause the cylinder head to become warped.

15. Once all 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. Carefully clean the old gasket material from the cylinder head
and block mating surfaces.

Make sure to clean all debris and fluids frem the cylinder bolt
holes. If debris or fluid is inside a bolt hole, the bolt will not be
able to be fully tightened, and the cylinder head gasket may
leak.

17. Install the gasket onto 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 engine block)

=Make absolutely the gasket is of the proper thickness. Using the
wrong gasket may cause the valves to hit the pistons, or may affect
the compression ratic, 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 bolts.

21. Hand thread each of the cylinder head bolts into the engine
block, checking for smoothness. If a bolt binds, it should be
replaced, since it can affect the torgue setting.

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 ft. Ibs. (34~43.5
Nm) in the proper sequence.

b. Again, in the proper sequence, tighten the cylinder head
bolts to 54-61.5 ft. Ibs. (73.4~83.6 Nm). Once the nuts are tight-
ened fo the final torque, check them once again to verify the
torque.

23. Apply afresh coating of engine oil to the pushrod tips, and fo
the valve stem tips.

24. Install the pushrods, in the proper direction and order.

25. Install the rocker arms to the cylinder head. Lubricate the
rocker arms as necessary.

26. Adjust the valve lash as necessary.

27. Install the valve cover,

28. Install the oil lines that attach to the cylinder head.

29. Install the fresh water pump and bracket.

30. Install the intake manifold to the cylinder head.

31. Install the fuel injectors into the cylinder head.

32. Connect the high pressure fue! lines to the injectors and
injector pump.

33. Install the header tank and mounting bracket.

34. Install the turbocharger, oil lines, and associated brackets to
the engine. (turbo models only)
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Fig. 46 Exploded view of a JH series cylinder head
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Fig. 47 On the JH series engines, the cylinder head is secured
hy bolis :

Fig. 48 Cylinder head holt tightening sequence for JH series
engines
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35. Install the aftercooler (turbo models only) to the engine.

36. Install the alternator, and alternator mounting brackets.

37. Connect all hoses, cables and fuel lines that were removed
for removal of the cylinder head.

REMOVAL & INSTALLATION

GM & GM/HM Series engines
» See Figures 48 and 50

1. On (M series engines, unbolt the dipstick tube from the
engine and oil pan. »

2. On 1GM series engines, remove the oil intake pipe by remov-
ng the plug.

3. Remove the bolts that attach the oil pan to the engine block.

04877639

9. 49 Removing the oil pan from a 20M engine (30M removes
n the same manner)

=Keep frack of the Iocation of each holt as it is removed, since
seme of the bolis are of different lengths. Instailing an oversize bolt
can crack the engine block if the holt is tightened.

4. Using a mallet, tap on the oil pan until the gasket breaks free.

To install:

5. Clean the gasket material from the mating surfaces of the oil
pan and engine block. '

6. Using a new gasket, install the oil pan to the engine. Make
sure to install the bolts in their proper locations. Torque the bolts as
follows:

a. UM series engines: 17-21 ft. Ibs. ( 23-29 Nm)
b. GM series engines: 6.5 ft. Ibs. ( 8.8 Nrm)

7. On 1GM series engines, instal! the oil intake pipe and plug.

8. On QM series engines, attach the dipstick tube to the engine
and oil pan.

JH Series engines
% See Figure 51

1. Remove the brackets that attach the oil pan the flywhesel hous-
ing.

2. Unbolt the dipstick tube from the engine and ol pan.

3. On turbocharged models, remove the oil return line from the
oil pan.

4. Remove the bolts that attach the oil pan to the engine block.

=Keep track of the location of each holt as it is removed, since
some of the bolis are of different lengths. Installing an oversize holt
tan crack the engine block if the bolt is tightened.

5. Using a mallet, tap on the oil pan until the gasket breaks
free.

To install:

6. Clean the gasket material from the mating surfaces of the oil
pan and engine block,

7. Using a new gasket, install the oil pan to the engine. Make
sure to install the bolts in their proper locations. o

8. Install the turbocharger oil return fine to the ol pan.

9. Install the brackets that secure the oil pan to the flywheel
housing.

04977G40

. 50 Remaving the oil pan on a 26M engine
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Fig. 51 Oil pan mounting detail for JH series engines
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Crankshaft Pulley And Seal

REMOVAL & INSTALLATION

b See Figures 52, 53, 54 and 55

1. Loosen the alternator mounting brackets, and remave the
drive belt from the crankshaft pulley.

2. Loosen the raw water pump mounting bracket, and remove
the drive belt from the crankshaft pulley.

3. Remove the crankshaft pulley bolt/nut. By threading two bolts
into the front of the pulley, a pry bar can be used to hold the pulley
stationary while the bolt/nut is loosened. Make sure the bolts are
completely threaded into the pulley, or the threads may be damaged.
Otherwise, an air operated impact wrench is the best tool to use for
removing the pulley bolt/nut.

=3HM engines use a crankshaft bolt with counterclockwise threads.

4. Once the bolt/nut is removed, install a suitable puller tool
and remove the crankshaft pulley. Be careful not to lose the key
when the pulley is removed.

’ ‘ 049
Fig. 52 A single nut or bolt secures the crankshaft pulley to the
crankshaft )

Crankshaft V-pulley

Hex polt
04977642

Fig. 53 Crankshaft pulley mouniing detail

04977643

Fig. 54 In most cases, a gear pullsr must he used to remove the
crankshait pulley )

04977G44

Fig. 55 Always use a torgue wrench when tightening the crank-
shaft pulley boit/nut

To install:
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-
shaft,
7. Apply Three Bond® 3B8-005 (or equivalent) on the bolt/nut
and install the crankshaft pulley bolt/nut.
8. Tighten the crankshaft bolt/nut as follows:
a. 2QM series: 101-108.5 ft. Ibs. (137.4~147.6 Nm)
9. 3QM series: 60-71.6 ft. Ibs. (82-97.4 Nm)
a. GM/HM series: 72.3 ft. Ibs. (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.

-GRANKSHAFT PULLEY SEAL REPLACEMENT

_b See Figures 56 and 57
1. Remove the crankshaft pulley from the crankshaft.




ENGINE AND ENGINE OVERHAUL  7-23

% 04977645

Fig. 56 Do not use a punch or screwdriver to install the seal or
it will be damaged

04977647

Fig. 58 Removing the timing gear cover on a QM series engine

/ Ry
{s
| Assembly
direction

04977646 -

Fig. 57 Make sure the seal is installed in the right direction

2. Using a seal puller, or other suitable tool, carefully pry the old
seal 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.

L \IAD
4 WARNING

Da not use a screwdriver or a punch to install the crankshaft
pulley seal.

4. Apply a light coating of grease to the inner lip of the crank-
shaft pulley seal.
5. Install the crankshaft pulley.

Timing Gear Cover

REMOVAL & INSTALLATION

QM Series Engines
b See Figure 58

1. Remove the alternator.
2. Remove the crankshatt pulley.

3. Remove the raw water pump from the timing gear cover.

4. Remove the fuel lift pump from the timing gear cover.

5. I equipped, remove the manual starter mechanism.

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. ‘

7. Remove the timing gear cover-to-engine block bolts. Keep
track of the location of each bolt, since some are of different lengths.

8. Carefully remove the timing gear cover from the engine
block. Do not lose the locating pins.

=\fhen removing the timing gear cover, be careful not to lose the
locating pins belween the timing gear cover and engine biock.

To install:
9. Clean the gasket material from the mating surfaces of the tim-

ing gear cover and engine block.

10. Install the locating pins, if removed.

11. Apply Three Bond® 3B8-005 (or equivalent) to the mating
surfaces of the timing gear cover and the engine block.

12. Place the gasket on the engine block, and instali the timing
gear cover to the engine block.

13. Install the timing gear cover-to-engine block bolts in their
proper locations and tighten them to 17.4-21 ft. Ibs. (24-28.6 Nm)
14. Connect the governor link and spring. Install the covers on
the side of the timing gear cover and engine block (above the injec-

tor pump).

15. 1 equipped, install the manual starter mechanism.

16. Install the fuel lift pump to the timing gear cover.

17. Install the raw water pump. Make sure to properly tension the
belt.

18. Install the crankshaft pulley.

19. Install the alternator. Tension the belt properly.

GIM/HM Series Engines
b See Figures 59, 60 and 61

. Remove the alternator.

. Remove the crankshatt pulley.

Remove the raw water pump from the timing gear cover.
Disconnect the oil line on the side of the timing gear cover.
. Disconnect the engine stop lever and regulator cables.

. Remove the straight pin from the manual starting handle.

DO LN —
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7. On fresh water cooled models, remove the header fank.
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 bolts. Keep
track of the location of each bolt, since some are of different lengths.
10. Carefully remove the timing gear cover from the engine
block. Do not lose the locating pins.

=When removing the timing gear cover, he careful not to lose the
locating pins beiween the timing gear cover and engine biock.

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 removed.

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 block, and install the timing
gear cover to the engine block.

15. Install the timing gear cover-to-engine block bolts in their
proper locations and tighten them as follows:

04977648

Fig. 59 Timing cover removal—1GM series engine

04977649

Fig. 66 Removing the timing cover on a 2 and 3GM/HM series
engines

/f\ ST
IONI S

Fig. 61 The manual starting shaft pin is removed by loesening
the set screw in the center of the shaft

04977GA:

a. M6 bolis: 6.5 ft. Ibs. (8.8 Nm)
b. M8 bolts: 18 ft. Ibs. (24 Nm)
16. Install the injection pump. Make sure to use the proper num
ber of shims.
17. On fresh water cooled models, install the header tank.
18, Install the straight pin to the manual starting handle.
19. Connect 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 Series Engines
% See Figure 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
cover.

4. Remove the oil pan from the bottorn of the engine.

5. Remove the timing gear cover-to-engine block bolts.

6. Carefully remove the timing gear cover from the engine. Do
not pry on the timing gear cover; use a mallet and lightly tap on the
cover until the gasket breaks loose.

=Yhen removing the timing gear cover, be careful not io lose the
locating pins between the timing gear cover and engine hiock.

To install:
7. Clean the gasket material 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 block.
10. Place the gasket on the engine block, and install the timing
gear cover to the engine block.

11. Install the timing gear cover-to-engine block bolts in their
proper locations and tighten them to 17.4-21 ft. Ibs. (24-28.6 Nm)
12. Using a new gasket, install the oil pan to the bottom of the

engine.
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Gear case flange

04377650
Fig. 62 Timing cover mounting detail for JH series engines

{Cylinder head daes nof have to be removed to remove timing
gover)

13. Install the raw water pump to the rear of the timing case.
14. Install the crankshaft pulley. :
15. Install the alternator, and tension the belt.

b See Figure 63
REMOVAL & INSTALLATION

QM Series Engines
b 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
oil upon engine startup.
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Push rod

Camshaft gear

Crankshaft gear
Oll pressure

regulator valve

To il pan

Lubricating oil strainer

Lubricating oil pump driving gear

9. 63 The oil pump supplies lubrication for the moving surfaces of an engine—20M shown, othsrs similar
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Lubricating oif pump

To No.2 cylinder
Valve rocker arm support

Valve rocker
arm support
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Lubrnicating oil
pressure sender

Lubricating oil suciion pipe

04977651
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Fig. 64 Exploded view of a OM series oil pump and aperation detail
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driven gear

’ 04977653
Fig. 65 On QM series 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 remeving the backing plate
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5. Using a new gasket, install the oil pump to the engine block. 5. Remove the oil pump from the engine block.
Make sure the locating pin is in position. Tighten the bolts securely. To instali:
6. Install the timing gear cover to the engine block. 6. Clean the old gasket material from the mating surfaces.
] . 7. Pack the pump with petroleum jelly to prevent cavitation of
GM Series Engines the oil upon engine startup.
p See Figures 67, 68, 69 and 70 8. Using a new gasket, place the oil pump onto the engine

o i . block. Make sure alignment pins are properly located.
1. Remove the fiming gear cover from the engine. 9. Tighten the oil pump-to-engine bolis to 6.5 ft. Ibs. (8.8 Nm)
2. On 1GM engines, remove the governor sleeve and thrust 10. On 1 GM engines, install the governor weight support and
bearing. torque the nut to 58-72.3 ft. 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.

4. Loosen the oil pump to engine block bolts. 12. Install the timing gear cover

Quter rotor

inner rotor

Rotor shaft

Gear 04977655

Fig. 67 Exploded view of a 1GM series oil pump

Packing

Quter rotor

Camshaft & \ S )
Gear ] o \J \Lubncatmg oil pump
Inner rotor D4

Rotor shaft

04877G56

3. 68 Expladed view of a 2 and 3GM/HM series gil pump (crankshaft and camshaft gears removed for clarity)




7-28 ENGINE AND ENGINE OVERHAUL

04977657

Fig. 69 Removing a 1GM series oil pump. Note how the heles in
the gear are used to access the fasteners

JH Series Engines
b See Figures 71 and 72

1. Remove the oil pan from the engine.

2. Remove the timing gear cover from the front of the engine.

3. Remove the 4 bolts that secure the oil pump to the engine blo:

To install;

4. Clean the gasket material from the oil pump mating surface
the engine block. '

5. Pack the pump with petroleum jelly to prevent cavitation of
0if upon engine startup.

6. Using a new gasket, install the oil pump to the engine block
Tighten the bolts securely.

7. Install the timing gear cover to the engine.

8. Install the oil pan to the engine.

REMOVAL & INSTALLATION

04977G58

M Series Engines
b See Figures 73, 74, 75, 76 and 77

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 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. Verify that the timing marks on the camshaft gear and crank
shaft 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 crankshaft gear from the crankshaft. Do not lose
the gear key.

Fig. 71 Exploded view of a JH series oil pump

Outer rotor” %
~
Inner rotor )

Qil pressure regulator vafve

Rotor shaft

04877659
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Fig. 72 JH series oil pump mounting detail

04977660

Camshaft gear

-Crankshaft gear

Fuel feed pump driven gear
{Chain starting shaft gear}

Lubrication oil pump
driven gear

04977661

Fig. 73 Timing gear detail—QM series engines

(6} Rernove the governor sleeve.

Governor sleeve

04977663

Fig. 75 Remove the governor sleeve io access the camshaft nut

EAN
i \_\\ Timing mark
NS

04976662 ‘
~1g. 74 Before removing the camshaft or crankshaft gears,

ocate the timing marks

04977664
Fig. 76 If necessary, the manual starter gear can be removed by
sliding it from the bushing in the engine hlock




7-30 ENGINE AND ENGINE OVERHAUL

04977665
Fig. 77 When removing the crankshaft gear, be sure not io lose

the gear key that helds it in position on the crankshaft

5. Remove the governor sleeve from the crankshatt.

6. Using an appropriately sized socket or wrench, loosen the nut
that holds the governor weight bracket and the camshaft gear on the
camshaft. Use a gear holder to keep the camshaft stationary when
removing the nut.

7. Remove the camshaft gear nut, and the governor weight .
assembly.

8. Remove the camshaft 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. Install the governor weight assembly, and hand thread the
camshaft gear nut onto the camshaft.

11. Torque the nut to 43-58 ft. Ibs. (58.5-78.9 Nm).

12. Install the governor slegve onto the crankshaft.

13. Install the gear key onto the crankshatt.

14. Install the crankshaft gear, while aligning the matchmarks on
the camshaft and crankshaft gears.

15. Apply a coating of fresh engine oil to the gears.

16. Install the timing gear cover to the engine.

GM/HM Series Engines
b See Figures 78 thru 86

1. Using the timing marks on the flywheel, align the enging fo
Top Dead Center (TDC) on the compression stroke of the number
ong 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. Verify that the timing marks on the camshalt gear and
crankshaft gear are atigned. Using paint or other means of identi-
fication, highlight the alignment marks on each of the gears. Take
special note of the relationship of each of the gears before
removal.

4. Using a tool hold the flywhesl stationary, loosen the nut that
holds the fuel injector cam and cam gear on the camshaft.

Crankshaft gear

The cooling water pump is driven
by this slit

Fig. 78 Timing gear detail-1GM series engine

04977Ge6 i

1
Crankshaft gear

Fig. 78 Timing gear detail for 2 and 3GM/HM engines

04977GE7
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Camshalt gear

Crankshaft gear

04977668

Fig. 80 Timing mark alignment of the crankshaft and camshaft
gears

04977670

Fig. 82 Once the camshaft nut is removed, the fusl cam can be
removed from the camshaft . . . .

Camshaft

04977669

Fig. 81 Removing the camshaft and fuel cam retaining nut

~6

AP

04977671

5. Mark the direction of the fuel injector cam (or verify the “0"
marking on the outside 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 holds the governor weight bracket 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, ‘

sk WARNING '

Use caution not to damage the governor weight assembly when
loasening the crankshaft gear nut.

8. Remove the crankshaft gear nut, and the governor weight

assembly.
9. Remove the camshaft gear from the camshaft. Be careful not
10 lose the camshaft gear key.
10. Remove the crankshatt gear from the crankshaft. Be careful
not to lose the gear key.

Camshaft gear

Camshaft

04977672
Fig. 84 When insialling the fuel cam, make sure i is positioned

propetly
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To install:

11. Install the crankshaft gear on the crankshaft, and slide the
gear on the crankshaft.

12. Install the governor weight assembly and the crankshaft gear

Use caution not to damage the governor weight assembly when
tightening the crankshaft gear nui.

13. Tighten the crankshaft gear nut to 58-72.3 ft. Ibs.

14. Install the governor sleeve and needle bearing collar to the
crankshaft in the proper order.

15. Install 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. Install the fuel cam key, and slide the fuel cam onto the
camshaft in the proper direction (with the “0” marking facing outward).

17. Install the camshaft gear and fuel cam retaining nut, and
tighten it to 50.6-57.9 ft. Ibs.

18. Verify that the timing marks on the camshaft gear and cra
shaft gear are aligned.

19. Apply a coating of fresh engine oil to the gears.

20. Install the timing gear cover to the engine.

JH Series Engines
b See Figures 87 and 88

Removal of the camshaft gear requires that the camshaft be
removed from the engine, and the gear heated in ol to 356—392
degrees Fahrenheit (180-200 degrees Celsius) and pressed fror
the camshaft. Refer to the appropriate heading regarding camsh:
removal.

Attempting to pry the gears from their respective shafts with
pullers or other tools will result in engine damage.

As with the camshaft gear, removal of the crankshaft gear
requires that the crankshaft be removed from the engine, and the

== L[]
=

)
P~ //Z

Special tool
04977673
Fig. 85 As with the camshait nut, A torque wrench should be
used to properly tighten the crankshaft nut

04977
Fig. 86 Before installing the timing gear cover, make sure o
install the governor sieeve, needle bearing, and collar in the
proper order

Fuel injection pump gear

N
t

Idie gear

Lubricating oil pump gear

Camshaft gear

Sea water pump gear

Crankshaft gear

04977675

Fig. 87 The idier gear must be aligned with the fuel injection pump gear, camshait gear, and crankshaft gear
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g,
2 Idle gear

&
\ Idie gear bushing

/! >@%

Alignment mark
04977676

Fig. 88 idler gear mounting detail

gear heated in oil to 356-392 degrees Fahrenheit (180200
degrees Celsius) and pressed from the camshaft,

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 before removal of the idler gear. It should
be noted 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 fines to the injectors to prevent the engine from
starting. Refer to the camshaft removal procedure for more infor-
mation.

REMOVAL & INSTALLATION

M Series Engines
b 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 camshat,

4. Remove the rocker arm assembly and pushrods from the
cylinder head.

5. Remove the fuel lift pump from the side of the engine
block.

6. Rotate the engine upside down on the engine stand.

The engine must be rotated upside down to allow sufficient
clearance between the lifters and the camshaft lobes. Do not
attempt to remove the camshaft with the engine right side up, or
the camshaft and lifters will be damaged.

7. Remove the bottom cover (oil pan) from the engine.

8. Verify the matchmarks on the camshaft and crankshaft gears.
Use paint to highlight the marks.

9. Turn the camshaft until the camshaft bearing set screw can be
seen through one of the holes in the camshaft gsar.

10. Remove the screw that retains the ball bearing on the

camshatt,
~To remeove the camshaft on OM series engines, it is not necessary
to remove the camshaft gear.

11. Carefully remove the camshaft from the engine block.

Camshaft gear

Fig. 83 Camshaft and lifter detail for GM series engines

Ball bearing

Pushrod -

Camshaft

04977677
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Bearving setting boit
04977678
Fig. 90 After removing the bearing set screw and washer, the
camshaft can be removed from the engine (note the engine is
upside down)

04877679
Fig. 91 Once the camshaft is removed, the lifters can be
removed by reaching through the oil pan

Wooden fitting

04977680

Fig. 92 It may he necessary to use a piece of wood and a ham-

mer io tap the camshaft ball bearing into the block when
installing the camshatft

12. 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: .

13. Coat the lifters with fresh engine oil, and install the lifters
into the engine block. '

14. Coat the bearing journals and camshat lobes with fresh
engine oil. Carefully install the camshaft into the engine block. Use
a block of wood if necessary to tap the camshaft ball bearing into
the engine block. When installing the gear, make sure to align the
timing marks between the two gears.

15. Install the screw that retains the ball bearing which holds in
camshaft. tighten it securely.

16. Verify the matchmarks on the camshaft and crankshaft gears

17. Install the bottom cover (oil pan) to the engine.

18. Rotate the engine right side up on the engine stand.

19. Install the fuel lift pump to the side of the engine block.

20. Install the rocker arm assembly and pushrods to the cylinde
head be sure to pre-lubricate them accordingly.

21. Install the governor sleeve to the camshaft.

22. Install the manual starter gear, if equipped.

23. Install the gear case cover to the engine.

GM/HM Series Engines
b Ses Figures 93, 94, 95 and 96

1. Remove the gear case cover from the engine.

2. Remove the governor sleeve from the camshaft.

3. Remove the camshaft gear and fuel injector pump cam from
the camshaft.

4, Remove the rocker arm assembly and pushrods from the

cylinder head.
5. Rotate the engine upside down on the engine stand.

ik WARNING

The engine must be rotated upside down to allow sufficient
clearance between {he lifters and the camshaft lobes. Do not
attempt to remove the camshaft with the engine right side up,
the camshaft and lifters will be damaged.

6. Remove the bottorn cover (oil pan) from the engine.

7. Remove the screw that retains the ball bearing on the
camshaft.

8. Carefully remove the camshaft from 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 install the lifters
into the engine block.

11. Using fresh engine oil, coat the bearing journals and lobes.
12. Carefully install the camshaft into the engine block. Use a
block of wood if necessary to tap the camshatt ball bearing into th

engine block.

13. Install the screw that retains the ball bearing which holds in
camshaft. tighten it securely.

14, Install the camshaft gear onto the camshait. When installing
the gear, make sure to align the timing marks with those on the
crankshaft gear.

15. Verify the matchmarks on the camshaft and crankshaft gear

16. Install the injector pump cam, and tighten the nut apply fre
engine oil as necessary to provide lubrication upon starting.
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Push rod

{

Q;

Flywheel end

Intake vaive cam

Fuel feed pump cam
Exhaust valve cam

Fuel cam

Gear case end
Hexagonal nut

04977681

-ig. 93 1GM series camshaft detail

Push rod

No.1 intake valve cam
No.2 intake vaive cam

No.2 exhaust valve cam

Ball bearing retainer

\

’ *Camshaft gear

Hexagonal nut

04977682.,

84 2GM camshaft detail (3 cylinder models are similar, with two additional cam lebes for the third cylinder)
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04977G83
Fig. 95 To remove the camshaft from the engine, remove the

camshaft gear . . .

04377G84

Fig. 96 . . . and remove the camshaft bearing retaining screw

17. Install the bottom cover (oil pan) to the engine.

18. Rotate the engine right side up on the engine stand.

19. Install the rocker arm assembly and pushrods to the cylinder
head. Lubricate all moving surfaces with fresh engine oil.

20. Install the governor sleeve to the camshaft.

21. Install the gear case cover to the engine.

JH Series Engines
# See Figures 97 and 98

1. Remove the oil pan from the bottom of the engine.

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. Verify the matchmarks on the camshaft gear and crankshaft
gear. Use paint or other means to highlight the marks for assembly.

=The idler gear on JH series engines may require several revoly-
tions of the engine before the maichmarks on the accompanying
gears align. Make absolutely certain that ALL of the timing marks
on the gears align before removal.

6. Rotate the engine upside down on the engine stand.

The engine must be rotated upside down to allow sufficient
clearance between the lifters and the camshaft lobes. Do not
attempt to remove the camshaft with the engine right side up, or
the camshaft and lifters will be damaged. Do not rotate the
engine too quickly; combustion can occur if there is residual
fuel in the injecter pump or the cylinders.

7. Working through the holes in the camshaft gear, remove the
two bolts that secure the camshaft thrust plate to the engine block.

8. Carefully remove the camshaft from 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.

<)
=
b Push rod

Camshatt bushing

Camshalt gear

04977G85

b s Cylinder body
e S,
&y Q R

' % 2 ‘ ’ ) Gear case flange

Camshaft gear
04977686

Fig. 98 Once the two bolts that retain the thrust plate are
removed, the camshaft can be removed from the engine
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To install: :
10. Coat the lifters with fresh oil, and install the lifters into the

engine block.

11. Lubricate the camshaft journals and lobes with fresh oil, and
carefully install the camshatt into the engine block.

12. Install the two bolts to the camshaft thrust plate.

13. Install the camshaft gear onto the camshaft. When installing
the gear, make sure to align the timing marks with those on the

crankshaft gear.
14. Verify the matchmarks on the camshaft and crankshaft

2ars.
‘ 15. Rotate the engine right side up on the engine stand.

16. Install the rocker arm assembly and pushrods to the cylinder
1ead.

17. Install the governor sleeve to the camshat.

18. Install the gear case cover to the engine.

19. Install the oil pan to the bottom of the engine.

REMOVAL & INSTALLATION

b See Figures 99 thru 105

1. Remove the transmission from the engine.

2. Remove the damper disc from the flywheel or clutch assem-
bly from the flywheel. Note the direction in which the disc is
mounted; it must be installed in the same manner.

3. On 2QM models, remove the large nut that secures the flywhesl.
Use a special flywheel holder, and a large socket with a breaker bar

4. On all other models, remove the bolts that secure the flywhesl
to the crankshatt. Use a special flywheel holder tool to hold the tool
stationary while loosening the bolts.

5. Carsfully remove the flywheel from the end of the crankshaft.
A locating pin is used between the flywhee! and crankshatt. Be care-
fuf not to lose the pin when removing the flywheel.

Damper disc

04977687

Oil seal Flywheel

04877G30

. 100 20M flywheel mounting detail (note the single nut that
ains the flywheel)

4977688

Fig. 181 Some older modeis have 2 cluich assembly that

attaches directly to the flywheel
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04978P08
Fig. 102 To remove the flywheel, the damper disc must be
unbolted from the flywheel to access the mounting bolts

Fig. 105 Make sure to install the damper disc in the proper
direction

$4977P19
Fig. 103 In addition to the flywheel mounting holis, a {pcating
pin (arrow) is used to secure the flywheel

04977689
Fig. 104 The flywhee! on 2QM engines requires a special tool to
remove it from the crankshaf

6. On 20M models, a special flywheel removal tool must b
used to draw the flywheel from the crankshaft. Be careful not tc
the flywheel key. Usually, installing a bolt into the key is requir
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 f
wheel on the crankshaft. ,

8. On alf other models, install the flywheel locating pin, an¢
place the flywhes! on the crankshaft. ‘

9. Coat the flywheel nut/bolts with a suitable sealing comp
and tighten them as follows:

a. 20M: 290 ft. Ibs.

b. 30M: 68-76 ft. Ibs.

¢. GM Series: 47-50.6 ft. Ibs.
d. JH Series: 50-58 ft. Ibs.

=Use a special flywheel hoider tool to hold the tool stationary
while lossening the bolis.

10. Inspect the damper disc for wear or broken springs. Rep!
the damper disc if necessary.

11. Install the damper disc (or clutch assembly) in the prope
direction to the flywheel. Torque the bolts to 18 ft. Ibs. (24.5 Nn

12. Install the transmission to the engine.

Rear Main Seal

REMOVAL & INSTALLATION

b See Figures 106 and 107

1. Remove the transmission from the rear of the engine.

2. Remove the flywheel.

3. On 2QM engines, remove the flywheel key by threading a
through the key until it pushes itself from the recession on the
crankshatt.

4. Using a seal removal tool or other suitable tool, carefully 1
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 int
the housing on the rear of the engine. Make sure the seal lips o
the crankshait surface are not folded over when installing the se

13
£
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04977GS1
Fig. 106 On 2QM series engines, the flywhee! key can be
removed by threading a bolt through it until it pushes itself from

the shaft

GOOD

Block

Housing

Deformed
Housing

04977692
Fig. 107 Never use a punch or other similar tool to install the
rear seal

Do net use a screw driver or a punch o install the seall it will
be damaged, and the seal will leak. The seal must be kept level
when driven into the housing.

ExhaustPipes
b See Figures 108, 109, 110, 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 rubber hose can be used for the exhaust pipe. This
permits a simple exhaust piping layout.

[tis necessary to arrange the piping to allow for inspection of the
whole system. Also, a suitable arrangement is necessary to prevent
sea water from flowing back into the engine. An antisiphon valve

7. Once the seal has been installed, install the fiywheel.
8. Install the transmission to the engine.

Above sea-water line

. {350 mm)
- (150 mm)

Cooling water outlet pipe

Min. 14 in
S —
Min. 6 in

Waterline

04877GA3A

Fig. 108 Typical exhaust sysiem when the exhaust gutlet of
engine is above the waterline

EE

g3 £

‘3_ = o Vacyum valve

£ ¢ 8 )

S “‘) = Coo!mg
el e b water pipe
=3 b

Wateriine g

04977GAGA

Fig. 109 Typical exhaust sysiem when the exhaust outlet of
engine is below the waterline and a vacuum valve is used

E =
£ E
o E
oy
g w
- = Exh. pipe X
o (High-port type) C{oolung water
‘; (z (A} Engine side cooling pipe
5= \ water outlet height
Waterline_ spbsrsiss

g

Drain cock

04877GASA

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 s
=k .

o B
Exh. pipe riser

04977GA6

Fig. 111 The water mixing elbow must be well insulated to pre-
vent heat radiation into the engine compariment

Silencer  gjlencer or Water lock

A

Waterline

¢B=¢A+9¢1 °0r25mm

04977GA7

Fig. 112 Sharp bends in the exhaust, silencers and water locks
all contribute to increased back pressure

b See Figure 113

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 possible. It
is also necessary to elevate the exhaust hose at the exhaust outlet to
more than 14 in. (350mm)above the loading draft line.

The antisiphon valve is used when the engine's exhaust port is
focated below the waterline. This device is especially useful for sail-
boats which do not use their engine frequently.

The installation of a antisiphon valve does not cause a large out-
put loss due to the increase of exhaust back 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 drop. In
power boats, a high-port water mixing elbow must be used for the
piping layout 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 remaining 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 outlet of the engine is
above the waterline no additions need to be made. When the water
outlet of the engine is below the waterline a vacuum valve must be
added to the water mixing elbow of the cooling water pipe.

Wrap lagging around the water mixing elbow to prevent the
engine room temperature from rising. The engine room space in
some boats is generally narrow, so be sure to provide lagging to
pravent excessive temperature rise in the engine room and also as a
safety precaution.

Exhaust piping which develops an excessive back pressure
causes incomplete engine combustion, the emission of abnormally
colored exhaust, increased fuel consumption, engine speed (output)
drop, and a rise in the exhaust temperature. To prevent back pres-
sure, observe the following points with regard to the exhaust piping:

< Do not use a hose with a diameter smaller than that of the
exhaust 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 outlet of the
exhaust silencer or antisiphon valve 1in. (25 mm) larger than that
of the hose on the inlet side in such cases.

o Avoid sharp bends in the exhaust piping hose.

o Excessive rise in back pressure causes surging in tur-
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 that the exhaust piping is causing excessive
back pressure, it is necessary to de-rate the engine output and
select a more suifable propelier.

EXHAUST PIPE CAUTIONS

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.

Bulkhead or wall

Flexible protection
material

Exhaust rubber hose

M

04977G83

Fig. 113 Attach exhaust pipes in a way which allows for flexible
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.
5. Attach the hose in a way which allows for the flexible move-

ment of the hose during engine vibrations.
MEASURING EXHAUST GAS BACKPRESSURE

» See Figures 114 and 115

Before measuring the exhaust back pressure, it is necessary to
prepare a spacer for the manometer. When the manometer is not
available, instafl a vinyl hose and measurs 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

manifold.

2. On turbocharged engines, install the spacer for the manometer
between the exhaust water mixing elbow and turbocharger.

3. Connect the viny! hose of the spacer to the viny! hose of the
manometer at one 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 spacer which takes out the
back pressure must be heal-resistant to prevent mekiing.

MEASURING EXHAUST GAS TEMPERATURE

b See Figures 116 and 117

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 level where engine output is most efficient.

A thermometer, thermocouple and tachometer must be procured
in order to determine the exhaust temperature. Prior to measure-

Exhaust maniford

To manometer
i

Spacer Turbocharger

Exhaust water mixing elbow
04977GB7

Fig. 114 Manometer installation on 2 turbocharged engine

Thermocouple

Exhaust manifoid

@ Turbocharger
Exhaust water mixing elbow
04977685

Fig. 116 Thermocouple installation on a turhocharged engine

Exhaust mixing elbow Viny! hose

Spacer

mm/Ag.

1N

I

NS

Water

. Manomater
Exhaust maniford
04977686

ig. 115 Manometer installation on a naturally aspirated engine

Thermometer

Thermocouple

Exhaust water \
mixing elbow

Center

\lif?

- [

xhaust manifold

) : (4977684
Fig. 117 Thermocouple instailation en a naturally aspirated
engine
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ment, be sure to measure the ambient temperature (open air, engine
room and sea-water) and the temperatures of the engine’s lube oil
and fresh cooling water.

For exhaust temperature values, ask you local marine profes-
sional what is appropriate for you local climate. Temperature values
are based on the atmospheric conditions of your local and can vary
wildly between different areas.

=>When measuring temperatures, keep the top end of the thermo-
coupie In The center of the exhaust port, or the temperature mea-
surements will fluctuate.

Naturally Aspirated Engines

1. Make a slit in the gasket packing installed between the
exhaust water mixing elbow and exhaust manifold. Insert the ther-
mocouple into the slit and fasten the tip in the center of the exhaust
port.

~>Use a thermocouple with a cable diameter of below 0.89 in. (2
mmj). If the diameter is larger , more packing is required.

2. Start the engine. Measure the engine speed and exhaust tem-
perature at quarter, half, three-quarter and full throttle 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 center of the exhaust port.

2. Start the engine. Measure the engine speed and exhaust tem-
perature quarter, half, three-quarter and full throttle under load.

Scuppers
b See Figures 118, 119 and 120

The scuppers should be at least 6 in. (150mm) higher than the
load waterline of the boat. Use sea-water resistant material 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
threaded parts of the scupper.

Since the bow rises during cruising, and the stern falls. The
exhaust port on the stern should be fitted to be 6 in. (150mm)
above the waterline during cruising.

Fig. 118 Scuppers should he manufactured from 2 sea water
resistant material such as stainless or plastic

Mﬂl 6 in. (150 mm)
L Waterline

Exhaust
rubber hose

049776GA%
Fig. 119 Mount scuppers a minimum of 8 in. (150mm) higher
than the loaded waterline of the hoat

SELST
Fig. 120 installing a butterily (flapper) cover on the end of the
scupper helps to prevent sea-water from eniering into the
exhaust port when the engine is stopped

=When the exhaust port falls helow the waterline, the back pres-
sure rises, engine output is lowered and this causes abnormally
colored exhaust and engine trouble.

Installation of a butterfly (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

b See Figures 121 and 122

This procedure only applies to raw water cooled engines (except -
for QM series engines, which use a separate header tank). On fresh
water cooled engines, the exhaust manifold is integrated into the
header tank, for coaling of the exhaust gas. Refer to the procedures
in the cooling section of this manual for more information.

=1GM and 2GM engines do not have exhaust manifolds; the
exhaust elbow attaches directly to the cylinder head. Refer to the
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04977683

Fig. 121 Removing the exhaust manifold on a M series engine

04977G74

Fig. 122 Remove the nuts that hold the exhaust manifeld, and
slide it from the studs on the cylinder head

Exhaust Ethow removal and installation procedure for mere informa-

tion.

1. Turn the seacock to the OFF position.

f 2. Using the draincack, drain the water from the exhaust mani-
old.

3. Disconnect the exhaust elbow from the manifold.

f 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 manifold to the
tylinder head.

7. Carefully slide the exhaust manifold from the mounting studs
on the cylinder head.

To install:

8. Clean the gasket matsrial from the mating surfaces of the
Cylinder head and exhaust manifold.

9. Place a new gasket on the cylinder head.

10. Slide the exhaust manifold onto the studs the mounting studs
on the cylinder head.

11. Install the nuts that secure the exhaust manifold fo the cylin-
der head and tighten them securely and evenly.

12. Attach any components that were attached to or inferfered
with sliding the exhaust manifold from the mounting studs on the
cylinder head.

-13. Install the water hoses that attach to the exhaust manifold.

14, Attach the exhaust elbow to the manifold.

INSPECTION

b See Figure 123

Inspect exhaust manifolds for cracks, especially on wet exhaust
systems where coaling water exits through exhaust. If a crack forms
in these systems, it is possible to suck water into the engine caus-
ing sever engine damage. Salt or corrosion noticed during inspec-
tion indicates a leak in the manifold.

T2 T |1 Cooling water jacket

Cover

04977695

Fig. 123 The side cover on the manifold can be removed o
inspect the cooling water jacket for corrosion

% See Figures 124 thru 129
The exhaust ethow (also known as a mixing elbow) on Yanmar

gngines can be divided into two types: Angled, and U-type. The

installation of the engine in the vessel ultimately dictates which type

of elbow is used. Although the two types are different in design,
both are removed in the same manner.

WARNINC

Do NOT change the type of exhaust elbow that is used on your
engine. Water may “backfill” through the exhaust system and
tause severe engine damage.

1. Turn the seacock to the GFF position, if it is not already
closed.

2. Drain the cooling water from the exhaust manifold (or header
tank).

3. Disconnect the cooling water hose(s) from the fitting on the
exhaust elbow.
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Cooling water

Exhaust gas

Cooling water

04977638

Fig. 124 Cutaway view of a exhaust elbow (note the double wall
construction)

U-type mixing
eibow

Rubber
hose

04977G98
Fig. 126 Exploded view of an exhaust elbow assembly used on
fresh water cooled GM/HM engines

Outlet port of cylinder head
from thermostat.cover
-

Mixing elbow : 3 OJLO/ \ORG \\’O}j
1 QNN WO

Exhaust manifoid

04877687

Fig. 125 After the water runs through the exhaust manifold {or
header tank), a hose carries it to the mixing elbow o be
expelled with the exhaust

Mixing etbow

e
=%,
(=8

. D4977689
Fig. 127 On 1GM engines, the exhaust elbow attaches dirsctly
to the cylinder head

L-type
Mixing elbow
(stainless steel)

U-type
Mixing elbow
{bronze casting)

04977GA1

Fig. 128 Exhaust elhow mounting detail for normally aspirated JH series engines
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Turbocharger

Fig. 129 Exhaust elbow mounting detail—{urbocharged JH engines

U-type mixing etbow
(bronze casting)

Turbocharger

04377GA2

4. Disconnect the rubber exhaust hose from the elbow.

5. Remove the nuts and/or bolts that secure the exhaust elbow
to the manifold (or turbocharger).

6. On turbocharged models, remove the exhaust elbow
bracket.

=0n 16M and 2GM raw water cooled engines, the exhaust elbow is
attached directly to the cylinder head.

7. Clean the gasket material from the mating surfaces of the
exhaust manifold and mixing elbow {or cylinder head, or fur-
bocharger, depending on the enging).

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. Connect the rubber exhaust hose to the elbow.
11. Connect the cooling water hose(s) from the fitting on the
exhaust elbow.

INSPECTION

b See Figures 130 and 131

Exhaust elbows are easily restricted with carbon and corrosion
deposits especially if the engine is used for frolling or allowed to
idle for long periods of time while charging batteries.

Just as in the inspection of the exhaust manifold, salt or
corrosion indicates a leak caused by more severe corrosion else-
where in the elbow. Soot deposits by the mounting flange indicate
a loose joint or gasket failure. Also, inspect all bolts and
{ﬁsteners for proper tightness. Heat and vibration tend to loosen

em.

~Engines fitted with threaded joinis on the exhaust elbow can
tarely he disassembled due to the extent of corrosion on the
threads. If the elbow has been inspected, and needs replacement, it
is recommended that the elbow must be replaced as a unit. The use
of pipe wrenches may allow enough force o be applied to break or
tistort the threads that secure the elbow to the exhaust manifold or
header tank.

04976P17
Fig. 138 Here’s an example of a new exhaust elbow. Notice the
divider that separates the exhaust gas and cooling water

04@76?16
Fig. 131 This exhaust elbow is severely cotraded. Corrosion of
this extent can cause engine problems
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REMOVAL & INSTALLATION

b See Figures 132, 133 and 134

1. Remove the air cleaner/silencer from the turbocharger
inlet.
2. If equipped, open the draincock and drain the water from the
turbocharger Disconnect the hoses.
3.- Remove the exhaust elbow from the turbocharger.
4. Remove the oil return line that attaches the turbocharger to
the oil pan.
5. Disconnect the oil inlet line from the top of the tur-
bocharger.
6. Remove the hose that attaches the air turbme outlet to the
intake manifold (or aftercooler)
7. Remove any remaining brackets, hoses, cables etc. that inter-
fere with removal of the turbocharger.
8. Remove the four bolts that secure the turbocharger assembly
to the header tank (which is the exhaust manifold).
9. Remove the turbocharger from the header tank.
To install:
10. If necessary, clean the gasket material from the mating sur-
faces of the turbocharger and header tank.
11. Using a new gasket, install the turbocharger onto the header
tank. Do not tighten the nuts yet.
12. Using a new gasket, install the ofl return line to the bottom of
the turbocharger. Tighten the bolts securely, but not excessively, or
the threads may be damaged.

= The entire turbocharger assembly will require replacement if the
return line threads are damaged.

13. Tighten the nuts that secure the turbocharger to the header
tank.

04977P02
Fig. 132 Remove the two bolis that attach the oil return line fo
the turbocharger

Fig. 133 If the turhocharger is water cooled, make sure fo dra'i'n
the coolant (by opening the draincock) before removing the tur-
hocharger

04977GA3

Fig. 134 Turbocharger mounting detail—JH engines

14. Using a small funnel or a baster, fill the oil inlet hole on the
top of the turbocharger with fresh engine oil. Wait until the oil has
drained through the return line, and repeat the process.

15. Connect the oil inlet line the top of the turbocharger. Use new
copper gaskets.

16. Install the hose that attaches the air turbine outlet to the
intake manifold (or aftercooler)

17. Install the exhaust elbow to the turbocharger.

18. If equipped, attach the cooling water hoses to the tur-
bocharger.

19. Connect the air cleaner/silencer to the turbocharger inlet.

20. Install any additional components that were removed to allow
for removal of the turbocharger,
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INSPECTION

b See Figure 135

el is important to remember that equipment should not be stored
in the engine compartment. Many times eguipment will move
around during rough weather, damaging vital engine componenis,
This is the case with the turbocharger oil line. Many oil lines have
seen ripped from their mounting or kinked when equipment is
pressed against them.

To inspect the inlet side of the turbocharger, simply remove 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 excessive
carbon accumulation or other damage on the impelier blades or
housing, it should be serviced by a qualified turbocharger repair
facility. Although the turbocharger is a relatively. simple component,
it is very precise, and requires special tools for disassembly.

04873P13
Fig. 135 By removing the air silencer, the inlet side of the tur-
bocharger can he inspected for damage io the impeller blades
and housing

The exhaust outlet of this sailboat uses a flapper to prevent seawater entry
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ning Engin

or wear out (for example, a light bulb generates heat, therefore its
life span is limited). With this in mind, a running engine generates
remendous amounts of both; friction is encountered by the moving
and rofating parts inside the engine and heat is created by friction
and combustion of the fuel. However, the engine has systems
designed to help reduce the effects of heat and friction and provide
added longevity. The oiling system reduces the amount of friction
encountered by the moving parts inside the engine, while the cool-
ing system reduces heat created by friction and combustion. If
gither 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 do 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 same applies to your oil and filter; if it is not changed
often enough it becomes faden 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, valves and valve
seats. An oil pressure test can warn you of possible engine bearing,
or oil pumnp failures. 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

Anything that generates heat and/or friction will eventually burn

§ See Figure 136

A noticeable lack of engine power, excessive oil consumption
and/or poor fuel mileage measured over an extended pericd are all
indicators of internal engine wear. Worn piston rings, scored or
worn cylinder bores, blown head gaskets, sticking or burnt valves,
and worn valve seats are all possible culprits. A check of each

“cylinder's compression will help focate the problem,

TCCS3801

Fig. 136 A special diese! compression gauge should be used to
test your engine’s compression. Diesel gauges can withstand
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 for proper oil 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 needed, 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, connect a mechani-
cal oil 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 to run the engine at a specified rpm, so
check the specifications.

5. Run the engine until normal operating temperature is reached.

6. Check the oil pressure reading again with the engine hot and
record the number. Turn the engine OFF.

7. 1f the cold pressure is well above the specification, and the hot
reading was lower than the specification, you may have the wrong
viscosity oil in the engine. Change the oil, making sure to use the
proper grade and quantity, then repeat the test.

Low oil pressure readings could be attributed to internal compo-
nent wear, pump refated problems, a low oil level, or oil viscosity
that is too low. High ol pressure readings could be caused by an
overfilled crankcase, too high of an oil viscosity or a faulty pressure
relief valve.

_Buy OrRebuild? ..
Now that you have determined that your engine is worn out, you
must make some decisions. The question of whether or not 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? Would it be less expensive to buy a
new engine, have your engine rebuilt by a pro or rebuild it yourself?
If you have considered all these matters and more, and have still
decided fo rebuild the engine, then it is time to decide how you will
rebuild it.

=The editors at Seloc feel that most engine machining should be
performed by a professional machine shop. Don't think of it as
wasting money, rather, as an assurance that the job has been done
right the first time. There are many expensive and specialized tools
required to perform such tasks as horing and honing an engine
block or having a valve job done on a cylinder head. Even inspest-
ing the paris requires expensive micrometers and gauges o prop-
erly measure wear and clearances. Also, a machine shop can
deliver to you clean, and ready to assemble parts, saving you time
and aggravation. Your maximum savings will come from perfarming
the removal, disassembly, assembly and installation of the engine
and purchasing or reniing only the tools required to perform the
above tasks. Depending on the particular circumstances, you may
save 40 {o 60 percent of the cost doing these yourself.

A complete rebuild or overhaul of an engine involves replacing
all of the moving paris (pistons, rods, crankshaft, camshaft, efc.)
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 fee. _

S0, 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, if 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 block. We will discuss each component,
and the recommended parts to replace during a rebuild on each,

Engine Querhaul Tips. .
Most engine overhaul procedures are fairly standard. In addition
to specific parts replacement procedures and specifications for your
individual engine, this section is also a guide to acceptable rebuild-
ing procedures. Examples of standard rebuilding practice are given
and should be used along with specific details cONcerning your par-
ticular engine.

Competent and accurate machine shop services will ensure max-
imum performance, reliability and engine life. In most instances it is
more profitable for the do-it-yourself mechanic to remove, clean
and inspect the component, buy the necessary parts and deliver
these to 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-yourself
mechanic’s tools and abilities. You will have to decide for yourself
the depth of involvement you desire in an engine repair or rebuild.

TOOLS

The tools required for an engine overhaul o parts replacement
will depend on the depth of your involvement. With a few excep-
tions, they will be the tools found in a mechanic's tool box. More
in-depth work will require some or all of the following:

e Adial indicator (reading in thousandths) mounted on a univer-
sal base :

= Micrometers and telescope gauges

« Jaw and screw-type pullers

e SCraper

e Valve spring compressor

= Ring groove cleaner

e Piston ring expander and compressor

= Ridge reamer

e Cylinder hone or glaze breaker

s 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

b See Figures 137, 138 and 139

Before the engine and its components are inspected, they must
be thoroughly cleaned. You will need to remove any engine varnish,
oil sludge and/or carbon deposits from all of the components to
insure an accurate inspection. A crack in the engine block or cylin-
der head can easily become overlooked if hidden by a layer of
sludge or carbon.

Mast of the cleaning process can be carried out with common

hand tools and readily available solvents or solutions. Carbon
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. Extremely 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, stc.).

Always follow any safety recommendations given by the manu-
facturer of the tool and/or solvent. You should always wear eye pro-

tection during any cleaning process involving scraping, chipping or

spraying of solvents.

An alternative to the mess and hassle of cleaning 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

Always wear eye protection during any cleaning process involv-
ing scraping, chipping or spraying of solvents.

TCCs3211

Fig. 137 Use a ring expander tool to remove the piston rings

TCCS3208

Fig. 138 Clean the piston ring grooves using a ring groove
cleaner tool, or . . .
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THREADS

TCCS3039

TCCsagn
Fig. 139. . . use a piece of an old ring to clean the grooves. Fig. 140 Damaged bolt hole threads can be replaced with thread
Be careful, the ring can be guile sharp ) repair inseris ‘

Remove any oil galley plugs, freeze plugs and/or pressed-in

bearings and carefully wash and degrease all of the engine compo-
nents including the fasteners and bolts. Small parts such as the
valves, springs, efc., should be placed in a metal basket and
allowed to soak. Use pipe cleaner type brushes, and clean all pas-
sageways in the components. Use a ring expandsr and remove the
rings from the pistons. Clean the piston ring grooves with a special
tool or a piece of broken ring. Scrape the carbon off of the top of the
piston. You should never use a wire brush on the pistons. After
preparing all of the piston assemblies in this manner, wash and
degrease them again.

WARNING

TOCS3040

Use exireme care when cleaning around the cylinder head valve
seais. A mistake or slip may cost you a new seat.

When cleaning the cylinder head, remove carbon from the com- -

bustion chamber with the valves instalied. This will avoid damaging
the valve seats. Fig. 141 Standard thread repair insert {left), and spark plug

REPAIRING DAMAGED THREADS

b See Figures 140, 141, 142, 143 and 144

Several methods of repairing damaged threads are available.
Heli-Coll® (shown here), Keenserts® and Microdot® are among the
most widely used. All 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 inserts are usually supplied: a stan-
dard type for most inch coarse, inch fine, metric course and metric
fine thread sizes and a spark lug type to fit most 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 inserts, a tap (corresponding to the
outside diameter threads of the insert) and an installation tool.
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 instailation tools.

thread insert

TCCS3041
Fig. 142 Drill out the damaged threads with the specified size
bit. Be sure to drill completely through the hole or to the boltom |
of a blind hole
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TCCS3042
Fig. 143 Using the kit, tap the hole in order to recejve the
thread insert. Keep the tap well ciled and back it out frequently
to avoid clogging the threads

TCCS3043

Fig. 144 Screw the insert onio the installer tool until the tang
engages the slot. Thread the insert info the hole until it is 1—1%
turn below the top surface, then remove the too! and break off

the tang using a punch

Before attempting to repair a threaded hole, remove any snapped,
broken or damaged bolts or studs. Penetrating oil can be used to
free frozen threads. The offending item can usually be removed with
locking pliers or using a screw/stud extractor. After the hole is clear,
the thread can be repaired, as shown in the series of accompanying
illustrations and in the kit manufacturer's instructions.

_Engine Preparation , .

To properly rebuild an engine, you must first remove it from the
vessel, then disassemble and diagnose it. Ideally you should place
your engine on an engine stand. This affords you the best access to
the engine components. Follow the manufacturer's directions for
using the stand with your particular engine. Remove the flywheel
before installing the engine to the stand.

Now 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 2 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 fittle bracksts 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
spent 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 it's present when you disassemble it, put it back
when you assemble, you will regret not remembering that little
bracket which holds a wire harness out of the path of a rotating part.

You should begin by unbolting any accessories still attached to
the engine. Then, unfasten any manifolds (intake or exhaust) which
were not removed during the engine removal procedure. Finally,
remove any covers remaining on the engine such as the rocker arm,
front or timing cover and oil pan. Some front covers may require the
vibration damper and/or crank pulley to be removed beforehand.
The idea is to reduce the engine to the bare necessities (cylinder
head, valve train, engine block, crankshaft, pistons and connecting
rods), plus any other ‘in block’ components such as oil pumps, bal-
ance shafts and auxiliary shats.

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.

There are two basic types of cylinder heads used on today’s
engines: the Overhead Valve (OHV) and the Overhead Camshaft
(OHC). The latter can also be broken down into two subgroups: the
Single Overhead Camshaft (SOHC) and the Dual Overhead
Camshaft (DOHC). Generally, if thera is only a single camshaft on a
head, it is just referred to as an OHC head. Also, an engine with an
OHV cylinder head is also known as a pushrod engine.

Diesel cylinder heads are made of cast iron and have steel valves
and seats. Most use two valves per cylinder, while the more hi-tech
engines will utilize a multi-valve configuration. When the valve con-
tacts the seat, it does so on precision machined surfaces, which
seals the combustion chamber. All cylinder heads have a valve
guide for each valve. The guide centers the valve to the seat and
allows it to move up and down within it. The clearance between the
valve and guide can be critical. Too much clearance and the engine
may consume oll, lose vacuum and/or damage the seat. Too little,
and the valve can stick in the guide causing the engine to run
poorly if at all, and possibly causing severe damage. The last com-
ponent all cylinder heads have are valve springs. The spring holds
the valve against its seat. It also returns the valve to this position
when the valve has been opened by the valve train or camshatt. The -
spring is fastened to the valve by a retainar and valve locks (some-
times called keepers). ‘

An ideal method of rebuilding the cylinder head would involve
replacing all of the valves, guides, seats, springs, etc. with new
ones. However, depending on how the engine was maintained. often
this is not necessary. A major cause of valve, guide and seat wear is
an improperly tuned engine. An engine 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 engine which is running too
lean will place higher combustion 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
money. However, if a valve is burnt, 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 related 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, thoroughly clean all of the com-

ponents.
DISASSEMBLY

b 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
he quite small (such as keepers) and easily lost. Also keeping 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
machine work performed on the components.

1. If you haven't already removed the rocker arms and/or shafts,
do so now.

2. Position the head so that the springs are easily accessed.

3. Use a valve spring compressor tool, and relieve spring ten-
sion from the retainer.

=Due {o engine varnish, the retainer may stick to the vaive locks. A
gentle fap with a hammer may help to break it iscse.

4. Remove the valve locks from the valve tip and/or refainer. A
small magnet may help in removing the locks.

5. Liit 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 removal.

7. Position the head to allow access for withdrawing the valve.

=(ylinder heads that have seen a lot of miles and/or ahuse may
have mushroomed the valve lock grove and/or tip, causing difficulty
in removal of the valve. If this has happened, use a metal file to
carefully remove the high spots around the lock grooves and/or tip.
Only file it enough o allow removal.

8. Remove the valve from the cylinder head.
9. If equipped, remove the valve spring shim. A small magnetic
tool or screwdriver will aid in removal.

TCCS3139

Fig. 145 Be careful not to lose the small valve locks (keepers)

Fig. 146 Remove the valve seal from the valve stem—0-ring
type seal shown

T0Lsa2n2

Fig. 147 Removing an umbrella/positive type seal

10. Repeat Steps 3 though 9 until ail of the valves have been
removed.

INSPECTION

Now that all of the cylinder head components are clean, its time
to inspect them for wear and/or damage. To accurately inspect them,
you will need some specialized tools:

o AO-1 in. micrometer for the valves

« Adial indicator or inside diameter gauge for the valve guides

e A spring pressure test gauge

If you do not have access to the proper tools, you may want fo
bring the components to a shop that does.

Valves
b 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 {o look for burning. It should have a




7-54 ENGINE AND ENGINE OVERHAUL

10053144
Fig. 148 Valve stems may be roiled on a flat surface fo check
for bends

squared edge with an even width all around the diameter. When a
valve burns, the margin will look melted and the edges rounded.
Also inspect the valve head for any signs of tulipping. This will
show as a liiting of the edges or dishing in the center of the head
and wilt usually not occur to alf of the vaives. All of the heads
should look the same, any that seem dished more than others are
probably bad. Next, inspect the valve lock 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,
although 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. Measure the area that
rides within the guide, especially towards the tip where most of the
wear occurs. Take several measurements along its length and com-
pare them to 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
should be replaced.

TCOS3g18

Fig. 149 Use a micrometer to check the valve stem diameter

Springs, Retainers and Valve Locks
¥ See Figures 150 and 151

The first thing to check is the most obvious, broken springs. Next
check the free length and squareness of each spring. If applicable,
insure to distinguish between intake and exhaust springs. Use a
ruler and/or carpenter’s square to measure the length. A carpenter’s
square should be used to check the springs for squareness. If a
spring pressure test gauge is available, check each springs rating
and compare to the specifications chart. Check 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 lock 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 inspected for excessive wear on the out-
side contact area as well as on the inner notched surface. Any locks
which appear womn or broken and its respsctive valve should be
replaced.

TCCS3907

Fig. 150 Use a caliper to check the vaive spring free-length

TCCS3908

Fig. 151 Check the valve spring for squareness on a flat surface;
a carpenter’s square can be used _J
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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 you know the valves are good, you can use them to
check the guides, although a new valve, if available, is preferrad.
Before you measure anything, look at the guides carefully and
inspect them for any cracks, chips or breakage. Also if the guids is
a removable style (as in most aluminum heads), check them for any
looseness or evidence of movement. 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 insert it into the cylinder head. Position the dial
indicator against the valve stem near the tip and zero the gauge.
Grasp the valve stem and wiggle towards and away from the dial
indicator and observe the readings. Mount the dial indicator 90
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 measurement. If the 1.D. gauge is used,
compare the readings with the specifications given. Any guides that
fail these inspections should be replaced or machined.

VALVE SEATS

A visual inspection of the valve seats should show a slightly
worn and pitted surface where the valve face contacts the seat.
Inspect the seat carefully for severs pitting or cracks. Also, a seat
that is badly worn will be recessed into the cylinder head. A
severely worn 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 0.051mm).

CYLINDER HEAD SURFACE FLATNESS
¥ See Figures 152 and 153

Alfter 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 fesler
gauges, determine 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.
(0.152mmy) over the total length of the head, the cylinder head must
be resurfaced. After resurfacing the heads of a V-type engine, the
intake manifold flange surface should be checked, and if necessary,
tmi![ed proportionally to allow for the change in its mounting posi-
lon.

CRACKS AND PHYSICAL DAMAGE
¥ See Figure 154

Generally, cracks are limited to the combustion chamber, how-
Bver, it is not uncommon for the head to crack in a spark plug hole,
port, outside of the head or in the valve spring/rocker arm area. The
first area to inspect is always the hottest: the exhaust seat/port area.

Avisual inspection should be performed, but just because you

STRAIGHT

(63019

Fig. 152 Check the head for flatness across the center of the
head surface using a straightedge and feeler gauge

10053918
Fig. 153 Checks should alse be made along both diagonals of
the head surface

04977P14

Fig. 154 The groove between the combustion chamber and the
cooling passage of this cylinder head was caused from a fauliy
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
process or Zyglo®, a dye penetrant. Magnaflux® is used only on fer-
rous metal (cast iron) heads. Zyglo® uses a spray on fluorescent
mixture along with a black light to reveal the cracks. It is strongly
recommended fo have your cylinder head checked professionally for
cracks, especially if the engine was known to have overheated
andjor leaked or consumed coolant. Contact a local shop for avail-
ability and pricing of these services.

Physical damage is usually very evident. For example, a broken
mounting ear from dropping the head or a bent or broken stud
and/or bolt. All of these defects should be fixed or, if unrepairable,
the head should be replaced.

REFINISHING & REPAIRING

Many of the procedures given for refinishing and repairing the
cylinder head components must be performed by a machine shop.
Certain steps, if the inspected part is not worn, can be performed
yourself inexpensively. However, you spent a lot of time and-effort
S0 far, why risk trying to save a couple bucks if you might have to
do it all over again?

Valves

Any valves that were not replaced should be refaced and the tips
ground flat. Unless you have access to a valve grinding machine,
this should be done by a machine shop. If the valves are in
extremely good condition, as well as the valve seafs and guides,
they may be lapped in without performing machine work.

Itis 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 seais, read the rest of the eylin-
der head section to insure that any related parls are in accepiable
enough condition to continue.

= Before any valve seat machining and/or lapping can be per-
formed, the guides must be within factory recommended specifica-
tions.

1. Invert 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 tool between the palms of both hands, changing the
position of the valve on the valve seat and lifting the toal often to
prevent grooving.

6. Lap the valve until a smooth, polished circle is evident on the
valve and seat,

7. Remove the tool and the valve. Wipe away all fraces of the
grinding compound and store the valve to maintain its lapped loca-
tion.

ok WABNING

Do not get the valves out 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 Valve Locks

There is no repair or refinishing possible with the springs, retain
ers and valve locks. If they are found to be worn or defective, they
must be replaced with new (or known good) parts.

Cylinder'Head

Most refinisning procedures dealing with the cylinder head must
be performed by a machine shop. Read the sections below and
review your inspection data to determine whether or not machining
IS necessary.

VALVE GUIDE

=i any machining or replacements are made lo the valve guides,
the seats must be machined.

Unless the valve guides need machining or replacing, the only
service to perform is to thoroughly clean them of any dirt or ol
residue.

There are only two types of valve guides 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

e Inserts

 Reaming oversize

= Replacing

Knurling is a process in which metal is displaced and raised,
thereby reducing clearance, giving a true 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. It
requires a special knurlizer and precision reaming tools to obtain
proper clearances. It would not be cost 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 a
bronze insert. One style is the coil-type which is installed into a
threaded guide. Another is the thin-walled insert where the guide is
reamed oversize fo accept a split-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 to the stan-
dard size for proper valve clearance. »

Reaming for oversize valves restores normal clearances and pro-
vides 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
become quite high as you will need to purchase the reamer and
new, oversize stem valves for all guides which were reamed. Qver-
sizes are generally 0.003 to 0.030 in. (0.076 to 0.762mm), with
0.015in. (0.381mmy) 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 will allow centering and leveling off of the original
valve seat or guide, otherwise a serious guide-to-seat misalign-
ment may occur making it impossible to properly machine the
seal.

Replaceable-type guides are pressed into the cylinder head. A
hammer and a stepped drift or punch may be used to install and
remove the guides. 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, determine
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whether or not the guide also seals a water jacket in the head, and if
it does, use the recommended sealing agent. If there 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 can be performed, the guides
must be within factory recommended specifications. :

=i any machining or replacements ware made 1o the valve guides, -

the seats musi be machined.

If the seats are in good condition, the valves can be lapped to the
seats, and the cylinder 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 requires 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
enougn to allow machining. In either case, contact a professional
machine shop for service.

CRACKS AND PHYSICAL DAMAGE

Certain cracks 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 s the preferred method. Some physical damage
can be repaired through brazing or welding. Contact a machine
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 compo-
nenis that are to be assembled. Finally, place all of the components
onto a suitable work space and, if necessary, arrange the parts to
their respective positions.

1. Lightly lubricate the valve stems and insert all of the valves
Into the cylinder head. If possible, maintain their original locations.

2. If equipped, install any valve spring shims which were
femoved.

3. Ifequipped, install the new valve seals, keeping 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 comiprass-
Ing the spring but before the valve locks.

4. Place the valve spring and retainer over the stem.

3. Position the spring compressor tool and compress the spring.

6. Assemble the valve lacks to the stem.

7. Relieve the spring pressure slowly and insure that neither
valve lock becomes dislodged by the retainer

8. Remove the spring compressor tool. :
9. Repeat Steps 2 through 8 until all of the springs have been
Mstalied,

GENERAL INFORMATION

A thorough overhaul or rebuild of an engine block would include
replacing the pistons, rings, bearings, timing belt/chain assembly
and oil pump. For OHV engines also include a new camshaft and
lifters. The block would then have the cylinders bored and honed
oversize (or if using removable cylinder sleeves, new sleeves
installed) and the crankshaft would be cut undersize to provide new
wearing surfaces and perfect clearances. However, your particular
engine may not have everything worn out, What if only the piston
fings have worn out and the clearances on everything else are stili
within factory specifications? Well, you could just replace the rings
and put it back together, but this would be a very rare example.
Chances are, if one component in your engine is worn, other com-
ponents are sure to follow, and soon. At the very least, you should
always replace the rings, bearings and oil pump. This is what is
commonly called a “freshen up”.

Cylinder Ridge Removal

Because the top piston ring does not travel to the very top of the
cylinder, a ridge is built up between the end of the travel and the top
of the cylinder bore.

Pushing the piston and connecting rod assembly past the ridge
can be difficult, and damage to the piston ring lands could occur, If
the ridge is not removed before installing a new piston or not
removed at all, piston ring breakage and piston damage may oceur.

=it is always recommended that you remove any cylinder ridges
before removing the piston and connecting rod assemblies. It you
know that new pistons are going to be installed and the engine
bioek will be bored oversize, you may be able to forego 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. Turn the crankshaft until the piston is at the bottom of its
fravel.

2. Gover the head of the piston with a rag.

3. Follow the tool manufacturers instructions and cut away the
ridge, exercising extreme care to 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 following assume that you
have the engine mounted on an engine stand. If not, it is easiest to
disassemble the enging 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 crankshatt during
disassembly. Also, all engine covers (timing, front, side. oll pan,
whatever) should have already been removed. Engines which are
seized or locked up may not be able to be completely disassembled,
and a core (salvage yard) engine should be purchased.

I not done during the cylinder head removal, remove the
pushrods and lifters, keeping them in order for assembly. Remove
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‘ ToC b&
Fig. 155 Place rubber hose over the connecting rod studs o pro-
tect the crankshaft and cylinder hores from tamage

TCCS38:

Fig. 156 Carefully tap the piston out of the bore using a wooden
dowel

the timing gears and/or timing chain assembly, then remove the oil
pump drive assembly and withdraw the camshaft from the engine
block. Remove the oil pick-up and pump assembly. If equipped,
remove any balance or auxiliary shafts. If necessary, remove the
cylinder ridge from the top of the bore. See the cylinder ridge
removal procedure earlier in this section.

Rotate the engine over so that the crankshatt is exposed. Use a
number punch or scribe and mark each connecting rod with its
respective cylinder number. The cylinder closest to the front of the
engine is always number 1. However, depending on the engine
placement, the front of the engine could either be the flywhee! or
damper/pulley 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).

RNING

Take special care when pushing the connecting rod up from the
crankshaft because the sharp threads of the rod bolts/studs will
score the crankshaft journal. Insure that special plastic caps are
installed over them, or cut two pieces of rubber hese to do the
same.

Again, rotate the engine, this time to 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 to its connecting rod. Remove the number one
connecting rods fasteners and cap and place two lengths of rubber
hose over the rod bolts/studs to protect 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 crankshaft 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.
Remove the piston and rod by hand, put the upper half of the bear-
ing insert back into the rod, install the cap with its bearing insert
installed, and hand-tighten the cap fasteners. If the parts are kept in
order in this manner, 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. Remave all the other piston
assemblies in the same manner. On V-style engines, remove all of
the pistons from one bank, then reposition the engine with the other
cylinder bank head surface up, and remove that banks piston
assemblies.

The only remaining component in the engine block should now
be the crankshaft. Loosen the main bearing caps evenly until the
fasteners can be turned by hand, then remove them and the caps.
Remove the crankshaft from the engine block. Thoroughly clean all
of the components.

INSPECTION

Now that the engine block and all of its components are clean,
it's time to inspect them for wear and/or damage. To accurately
inspect them, you will need some specialized tools:

« Two or three separate micrometers to measure the pistons and
crankshaft journals

o A dial indicator

» Telescoping gauges for the cylinder bores

* A rod alignment fixture to check for bent connecting rods

If you do not have access to the proper toals, you may want to
bring the components to a shop that does.

Generally, you shouldn't expect cracks in the engine block or ifs
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components unless it was known to leak, consume or mix engine
fluids, it was severely overheated, or there was evidence of bad
hearings and/or crankshaft damage. A visual inspection should be
performed on all of the components, but just because you don't see
a crack does not mean it is not there. Some more reliable methods
for inspecting for cracks include Magnaflux®, a magnetic process or
Zyglo®, a dye penetrant. Magnaflux® is used only on ferrous metal
(cast iron). Zyglo® uses a spray on fluorescent mixture along with a
black light to reveal the cracks. It is strongly recommended to have
your engine block checked professionally for cracks, especially if
the engine was known to have overheated and/or leaked or con-
sumed coolant. Contact a local shop for availability and pricing of
these services.

Engine Block

ENGINE BLOCK BEARING ALIGNMENT

Remove 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 bearing, the block will need to be align-bored or,
if severe enough, replacement. Any burrs or high spots should be
carefully removed with a metal file.

Place a straightedge on the bearing saddles, in the engine block,
along the centerline of the crankshatt. If any clearance exists
between the straightedge and the saddles, the hlock must be align-
bored.

Align-boring consists of machining the main bearing saddles
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
6.0/in. (15.2cm) span, or 0.006 in. (0.152mm) over the total length
of the deck, it must be machined.

CYLINDER BORES
¥ See Figures 157 thru 158

The cylinder bores house the pistons and are slightly larger than
the pistons themselves. A common piston-to-bore clearance is
0.0015-0.0025 in. (0.0381mm-0.0635mm). Inspect and measure
the cylinder bores. The bore should be checked for out-of-round-
fiess, taper and size. The results of this inspection will dstermine
whether the cylinder can be used in its existing size and condition,
ora rebore to the next oversize is required (or in the case of remov-
able sleeves, have replacements installed).

The amount of cylinder wall wear is always greater at the top of
the cylinder than at the bottom. This wear is 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 positions in each
tylinder: at the top, middle and bottom and at two points at each
Position; that is, at a point 90 degrees from the crankshaft center-
line, as well as a point parallel to the crankshaft centerline. The
Measurements are made with either a special dial indicator or a fele-
Scopic gauge and micrometer. If the necessary precision tools to

'Jéﬂ’FQS
Fig. 157 Examples of a wet cylinder liner {lefi) and a dry liner
(right} Note the corrosion on the wet liner from exposure to salt
water

10053209

Fig. 158 Use a telescoping gauge to measure the cylinder bore
diameter—{ake several readings within the same hore

check the bore are not available, take the block fo 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
components with you and save yourself an extra trip.

For our procedures, we will use a telescopic gauge and a
micrometer. You will need one 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 to expand.

e>Your first two readings will be at the top of the cylinder bore, then
proceed to the middle and finally the bottom, making a total of six
measurements.

2. Hold the gauge square in the bore, 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 fo
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the crankshaft centerline, and gently tighten the lock. Again, you will
{ilt the gauge back to remove it from the bore.

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.

6. Repeat steps 1 through 5, each time going to the next lower
position, until you reach the bottom of the cylinder. Then go to 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 were
taken 90 degrees from the crankshaft centerline will always reflect
the most wear. That is because at this position is where the engine
power presses the piston against the cylinder bore the hardest. This
is known as thrust wear. Take your top, 90 degree measurement and
compare it to your bottom, 90 degres measurement. The difference
betwsen 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 perfectly round and smooth. Slight scores
are normal for a used crankshaft, but you should hardly feel them
with your fingarnail. When measuring the crankshaft with a microm-
eter, 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 first-to-90 degree reading is the out-of-round
~measurement. Generally, there should be no taper or out-of-round-
ness found, however, up to 0.0005 in. (0.0127mm) for sither can be
overlooked. Also, the readings should fall within the factory specifi-
cations for journal diameters.

If the crankshaft journals fall within specifications, it is recom-
mended that it be polished before being returned to service. Polish-
ing the crankshaft insures that any minor burrs or high spots are
smoothed, thereby reducing the chance of scoring the new bear-
ings.

Pistons and Connecting Rods

PISTONS
b 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 skirts. 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 centerline of the wrist pin. There should not be any excessive
play 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. (0.025mm~-0.051mm).

Use a micrometer and measure the diameter of the piston, per-
pendicular to the wrist pin, on the skirt. Compare the reading to its
original cylinder measurement obtained earlier. The difference
between 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 is out of specification, but the bore is not, you will need a

04977P23

Fig. 159 An example of a badly damaged piston

04577P22

Fig. 160 Notice the excessive carbon buildup on the top of the
piston from excessive engine idling (the scoring of the skirt is
from overheating)

04977P24

Fig. 161 Another example of a damaged piston. The missing
ring lands were caused from water entering the cylinder
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‘ TCCS3210
Fig. 162 Measure the piston’s oufer diameler, perpendicular to
the wrist pin, with 2 micrometer

new piston. If both are out of specification, you will need the cylin-
der rebored and oversize pistons installed. 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.

CONNECTING ROD
b See Figure 163

You should have the connecting rod checked for straightness at a
machine shop. If the connecting rod is bent, it will unevenly wear
the bearing and piston, as well as place greater stress on these
components. 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 inserts 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 journal diameter measurement. The difference is the oil.
clearance. If the ol clearance is not within specifications, install
new bearings in the rod and take another measurement, If the clear-

04977P21
Fig. 163 This bent connecting rod was caused by water entering
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 instructions on Iis use.

Camshaft

Inspect the camshaft and lifters/followers as described earlier in
this section.

Bearings
b See Figure 164

All of the engine bearings should be visually inspected for wear
and/or damage. The bearing should look evenly worn all around
with no deep scores or pits. If the bearing is severely worn, scored,
pitted or heaf blued, then the bearing, and the components that use
it, should be brought to a machine shop for inspection. Full-circle
bearings (used on most camshafts, auxiliary shafts, balance shats,
etc.) require specialized tools for removal and installation, and
should be brought to a machine shop for service.

04577
Fig. 164 Examples of worn engine bearings caused by dirly oil,
which lead to the accelerated wear and scoring

0il Pump

=The oil pump is responsible for providing constant lubrication to
the whole engine and so it is recommended that a new oil pump be
instalied when rebuilding the engine.

Completely disassemble the of} pump and thoroughly clean all 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
all of the parts are in proper working condition, lubricate the gears
and relief valve, and assemble the pump.

REFINISHING

b 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 ball hone, use a light or penetrating type oif to lubricate
the hone. Do not allow the hone to run dry as this may causs exces-
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TCCS3913
Fig. 165 Use a ball type cylinder hone 1o remove any glaze 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 fo be installed to the connecting
rods. This should be performed by a machine shop as the pistons
must be installed in the correct relationship to the rod or engine
damage can occur,

Pistans and Connecting Rods
# See Figure 166

Only pistons with the wrist pin retained by C-clips are service-
able by the home-mechanic. Press fit pistons require special
presses and/or heaters to remove/install the connecting rod and
should only be performed by a machine shop.

All pistons will have a mark indicating the direction 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 the top of the piston, or it may
be the letter F cast or stamped into the piston.

C-CLIP TYPE PISTONS

1. Note the location of the forward mark on the piston and mark
the connecting rod in relation.

TCCS3814

Fig. 166 Most pistons are marked to indicate positioning in the
engine (usually a mark means the side facing the fronf)

2. Remove the C-clips from the piston and withdraw the wrist

pin.
=Yarnish build-up or C-clip groove burrs may increase the difficuly
of removing the wrist pin. If necessary, use a punch or drift fo 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 install the wrist pin.

6. The new C-clips will have a flat and a rounded side to them.
Install both C-clips with the flat side facing out.

7. Repeat all of the steps for each piston being replaced.

ASSEMBLY

Before 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.

Mount the engine block into the engine stand and wash it one
last time using water and detergent (dishwashing detergent works
well). While washing it, scrub the cylinder bores with a soft bristle
brush and thoroughly clean all 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-free
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.

Crankshaft ’
b See Figures 167, 168, 169 and 170

1. Remove the main bearing inserts from the block and bearing
caps.

2. If the crankshaft main bearing journals have been refinished
to a definite undersize, install the correct undersize bearing. Be sure
that the bearing inserts and bearing bores 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 the oil
holes in the cylinder block.

4. Install the lower main bearing inserts in bearing caps.

5. 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 Plastigage® or its equivalent, on bearing
surface across full width of bearing cap and about V4 in. off cen-
ter. :

b. Install cap and tighten bolts to specifications. Do not turn
crankshaft while Plastigage® is in place.

¢. Remove the cap. Using the supplied Plastigage® scale,
check width of Plastigage® at widest point to get maximum clear-
ance. Difference between readings is taper of journal.

d. If clearance exceeds specified limits, try a 0.001 in. or
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y ) ] T T0Cs
ig. 167 Apply a strip of gauging material to the bearing jour-
al, then install and torque the cap

Tees
168 After the cap is removed again, use the scale supplied
the gauging material to check the tlearance

Fig. 169 A dial gauge may be used io check crankshait end-play

0.002 in. undersize bearing in combination with the Standard
bearing. Bearing clearance must be within specified limits, If
standard and 0.002 in. undersize bearing does not bring clear-

ance within desired limits. refinish crankshaft journal, then install
undersize bearings. ‘

8. Install the rear main seal.

9. After the bearings have heen fitted, apply a light coat of
engine oil to the journals and bearings. Install the rear main bearing
cap. Install all bearing caps except the thrust bearing cap. Be sure
that main bearing caps are installed in original locations. Tighten
the bearing cap bolts to specifications,

10. Install the thrust bearing cap with bolts finger-tight,

11, Pry the crankshat 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 halves of the bear-
ing.

13. Retain the forward pressure on the crankshaft. Tighten the
cap bolts to specifications.

14. Measure the crankshaft end-play as follows:

Fig. 170 Caretully pry the crankshait back and ferth while read-

ing the dial gauge for end-play
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a. Mount a dial gauge to the engine block and position the tip
of the gauge to read from the crankshatt end.

b. Carefully pry the crankshaft 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 nof,
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
possible, repair it.

15. Rotate the crankshaft so as to position the first rod journal to
the bottom of its stroke.

Pistons and Connecting Rods
b See Figures 171 thru 178

1. Before installing the piston/connecting rod assembly, oil the
pistons, piston rings and the cylinder walls with light engine oil.
Install 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 cylinder bore.

b. Position the ring in the bore in which it is going to be used.

¢. Push the ring down into the bore area where normal ring
wear is not encountered.

d. Use the head of the piston 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 between the ends of the ring with a feeler
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.

TC
Fig. 172 The noich on the side of the hearing cap matches the
tang on the bearing insert ,

TCCS3222
Fig. 173 Most rings are marked to show which side of the ring
should face up when instalied to the piston

T :
Fig. 171 Cf_lecking the piston ring-to-ring groove side clearance Fig. 174 Install the piston and rod assembly into the block using
using the ring and a feeler gauge a ring compressor and the handle of a hammer

53414
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4th ring 1st ring

1st compression ring

2nd compression ring

Oil ring

Direction of piston pin

04977G0Q

fg. 175 Piston ring positioning—QaM series engines

1207 Gap position of No.2
compression ring

Gap posiilon of No.t
compression ring

Dirsction of side pressurs
B g,

04577GRR

76 Piston ring pesitioning—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 dauge 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 new pistons are installed, be sure to install the pis-
tons in the cylinders from which they were removed. The numbers
on the connecting rod and bearing cap must be on the same side
when installed in the cylinder bore. If a connecting rod is ever
transposed from one engine or cylinder to another, new bearings
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.

15t compression ring

Direction ot
piston pin
i
Oil ring

Direction of side pressure
[ S
12p°

Joint of
coil expander

.2nd:
compression ring

04977558

Fig. 177 Piston ring positioning—JH series engines
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Manufacturer's mark \

04977GTT

Fig. 178 Piston rings should be instalied with the manufac-
turer’s mark facing upward

4. Install the rings to the pistons. Install the oil control ring first,
then the second compression ring and finally the top compression
ring. Use a piston ring expander tool to aid in installation and to
help reduce the chance of breakage.

5. 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 crankshait bearing
journal carefully, to avoid damaging the crankshaft.

6. Check the bearing clearance of all the rod bearings, fitting
them to the crankshaft bearing journals. Follow the procedure in the
crankshatt instaliation 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 journal is at
the bottom of its stroke, then push the piston assembly all the way
down until the connecting rod bearing seats on the crankshaft jour-
nal. Be careful not to allow the bearing cap screws to strike the
crankshaft bearing journals and damage them.

9. After the piston and connecting rod assemblies have been
installed, check the connecting rod side clearance on each crank-
shaft journal.

10. Prime and install the oil pump and the oil pump intake tube.

Camshaft, Lifters And Timing Assembly

1. Install the camshaft.
2. Install the lifters/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 the valve train (pushrods and rocker
arms and/or shafts).

Engine Covers and Components

Install the timing cover and oil pan. Refer to your notes and
drawings made prior to disassembly and install all of the compo-
nents that were removed.

Engine Start-Up And Break-ln =~ |

STARTING THE ENGINE

Now that the engine is installed and every wire and hose is prop-
erly connected, go back and double check that all coolant hoses are
connected. If not already done, install a new oil filter onto the
engine. Fill the crankcase with the proper amount and grade of
engine oil. Fill the cooling system with a 50/50 mixture of
coolant/water.

1. Connect the battery.

2. With the engine stop cable in the OFF position, crank the
engine over for a few seconds to build oil pressure and lubricate all
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.

~ WARNING -

Damage to the engine can result if it is allowed 1o run with no
oil pressure. Check the engine ofl level to make sure that it is
fuil. Check for any leaks and if found, repair the leaks before
continuing. If there is still no indication of oil pressure, you may
need to prime the system.

4. Confirm that there are no fluid leaks (il or other).

5. Allow the engine to reach normal operating temperature.

6. Install any remaining components such as the air cleaner
which were removed.

BREAKING IT IN

Make the first hours on the new engine, easy ones. Vary the
speed but do not accelerate hard. Most importantly, do not lug the
engine, and avoid sustained high speeds. Check the engine oil and
coolant levels frequently. Expect the engine to use a little oil until
the rings seat. Change the oil and filter shortly 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 doing it all over again by thoroughly maintaining it.
Not that you may not have maintained it before, heck you could
have had a 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. ibs.) Metric (Nm)
Rocker Arm/Shafts
QM 50.6-57.8 68.6-78.6
GM/HM 27 37
4JH 174204 23.7-21.7

Cylinder Head Nuts/Bolts

QM

Studs (a) 65-69 88-94
Nuts
Step 1 43 58
Step 2 87 118
Step 3 116-130 158-177
1GM
Studs (a) 18-22 24-30
Nuts 54.2 73
1GM10
Studs (a) 43 58
Nuts 54.2 73
2GM
Studs (a) 29-33 39-45
Nuts . 72.3 98.3
Bolts 18.1 266
2GM20
Studs {a) 58 79
Nuts 86.8 118
Bolts 7-8 217 29.5
Bolis 2-4-6 86.8 118
3GM
Studs (a) 29-33 39-45
Nuts 72.3 98.3
Boits 18.1 288
3HM
Studs (a) 29-33 39-45
Nuts 94 127.8
Bolts 21.7 285
3GM30
Studs (a) 58 79
Nuts 86.8 118
Bolts 9-10-11 217 205
Bolts 1-2-3-4-6-8 86.8 118
3HM35
Studs (a) 72 98
Nuts 94 127.8
Bolts 9-10-11 21.7 29.5
Bolts 1-2-3-4-6-8 94 127.8
4JH
Bolts
Step 1 25-32 34-43.5
54-61.5 73.4-83.6

Step2

64577001
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Engine Torque Specifications

Component Standard (. Ibs.) Metric (Nm) .
Connecting Rod Boits
QM 39.9-434 54.3-59.1
GM 18.1 246
3HM 325 44.2
4JH 32.5-36.2 44.2-49.3
4JH2 36.2-39.8 49.3-54.2
Crankshaft Rear Main Bearing Housing
QM 215 374
GM/HM 18.1 246
Crankshaft Main Bearing
3QM (b} 47.2-50.6 64.2-68.9
2GM (b 21.7-25.3 29.5-345
3GM (b 21.7-253 29.5-345
3HM  (b) 32.5-36.2 44.2-49.2
4JH 68.7-75.94 83.4-103.3
4JH2 75.94-83.17 103.3-113.1
Crankshaft Main Bearing Set Bolt
3QmM 57.8 78.6
2GM 32.5-36.2 44.2-49.2
3GM 325-36.2 44.2-49.2
3HM 50.6-54.2 68.9-73.7
Oil Pan
QM 17-21 23-29
GM/HM 6.5 8.8
Timing Gear Cover
QM 17.4-21 24-28.6
GM/HM
M6 Bolts 6.5 88
M8 Bolts 18 24
4JH 17.4-21 24-28.6
Qil Pump
GM/HM 6.5 8.8
Camshaft Gear Nut
QM 43.58 58.5-78.9
GM/HM 50.6-57.9 68.8-78.7
Crankshaft Gear Nut 58-72.3 78.8-98.3
Crankshaft Pulley Nut/Bolt
20M 101-108.5 137.4-147.6
oM 60-71.6 82-974
GM/HM 72.3 113
4JH 83-90.4 123
Flywheel
2QM 290 3944
3QM 68-76 92.5-103.4
GM/HM 47-50.6 63.9-68.8
4JH 50-58 68-78.9

(a) This specifications is to be used when tightening a cylinder head stud into
This torque specification is not to be confused with the specificati
(b) This torque specification is for the bolts that attach the two halves of the main bearing carrier.

the engine block that has worked loose, or is being installed.
on for tightening the cylinder head to the block.

04977C02
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Engine Rebuilding Specifications - 2QM20 and 3QM30

Standard (in.) Metric (mm)

Component
_Cylinder Block
Stud Length
2QM20
ab,cd 425 108
e 1.97 50
f 476 121
3QM30 '
ab,cdefg 425 108
h 476 121
Cylinder Bore
Diameter
Top 3.4646-3.4659  88-88.035
Bottom 3.3858-3.3872  86-86.035
Roundness 0.0008 0.02
Distortion 0.0039 0.1

Cylinder Liner Bore
Cylinder Liner Diameter
Piston Qutside Diameter
Piston to Bore Clearance
Circularity

Cylidner Liner Projection

3.4646-3.4659  88-88.035
3.4646-3.4659  88-88.035
0.0055-0.0059  0.14-0.15 .
0.0008-0.0039  0.02-0.1
0.0012-0.0039  0.03-0.10

Cylinder Head
Distortion 0.00118-0.0038  0.03-0.1
Seat Width 0.0835-0.0984  2.12-25
Seat Angle 45 degrees
Valves
Valve Recess 0.0413-0.0571  1.05-1.45
Valve Diameter
Intake 1.5157 385
Exhaust 1.2795 325
Valve Seat Width 0.0835 2.12
Valve Seat Angle 45 degrees

0.3149-0.3110 8.0-7.9

Valve Stem Diameter
0.00118 0.03

Valve Stem Bend

Valve Guides
Inside Diameter
Valve to Guide Clearance

0.315 8

0.0016-0.0026  0.040-0.065

Intake
Exhaust 0.002-0.003  0.050-0.075
Valve Spring
Free Length 1.50-1.48 38-37.7
Inclination 0.04 1.14
Pressure at Installed Height of 0.27 in. (6.75mm) 19.5-18.6 Ibs

Rocker Shaft Diameter 0.0006-0.0020 0.015-0.052

Valve Clearance 0.0059 0.15

Pistons
Outside Diameter
Pin Bore Diameter
Pin Outside Diameter
Pin to Bore Clearance
Pin Bushing Inside Diameter

34646-3.4567  88-87.3
1.1811-1.1850  30-30.1
1.1811-1.1791  30-29.95
0.0020-0.0007  0.05-0.019
1.1811-1.18250  30-30.1

Piston Rings

Ring to Groove Clearance
First Compression Ring
Second and Third Compression Ring
Ol Ring Groove

Ring End Gap
First, Second and Third Compression Ring
Oil Ring

0.0031-0.0045 0.080-0.115
0.0014-0.0028  0.035-0.070
0.00078-0.00216 0.020-0.055

0.0118-0.0197 03-0.5
0.0118-0.0197 0.3-05

(4877003
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Engine Rebuilding Specifications - 2QM20 and 3QM30

Component Standard (in.) Metric {mm)
Connecting Rod
Twist 0.00118 0.03
Paralielism 0.00315 0.08
Crank Pin Bushing
Inside Diameter 2.1260-2.1299 54-54.1
Oil Clearance 0.0014-0.0037 0.036-0.095

Side Clearance

0.0059-0.0138  0.15-0.35

Crankshaft
Main Journal Diameter
Gear Case Side 2.7558-2.7520  70-69.9
Flywheel Side
2QM20 2.7559-2.7520 70-69.9
3QM30 35433 90
Connecting Rod Journal Diameter 2.1260-2.1224  54-53.91
0.0004 0.01

Out of Round ‘
Main Journal Qi Clearance

0.0014-0.0039  0.036-0.099

Gear Case Side

Intermediate Bearing 0.0014-0.0037 0.036-0.095

Flywheel Side 0.0026-0.0052 0.066-0.132
Crankshaft Bend 0.006 0.015
End Clearance

2QM20 0.0039-0.0079  0.10-0.20

3QM30 0.0035-0.0075  0.09-0.19
Crankshaft Gear Backlash 0.0031-0.0062  0.08-0.16

Camshaft

Valve Head Clearance 0.0059 0.15
Valve Events

Intake Open 20 deg. BTDC

Intake Close 50 deg. ATDC

Exhaust Open 50 deg. BTDC

Exhaust Closed 20 deg. ATDC
Lift 1.5209-1.5012 38.63-38.13

0

Side Clearance

Camshaft Bearing
Clearance
Backlash

Valve Tappet

0.0020-0.0039  0.050-0.100
0.0031-0.0062  0.08-0.16

Diameter
Tappet to Bore Clearance

- 0433 11
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 3.1102 79
2GM, 3GM, 3HM
a 3.7795 96
b 3.2283 82
Cylinder Bore
1GM
Diameter 2.8346-2.8358  72-72.03
Roundness 0.0004 0.01
Piston Outside Diameter 2.8346 72
Cylinder Liner Bore
2GM, 3GM
Cylinder Liner Diameter 2.8346 72
Piston Outside Diameter 2.8346 72
Piston to Bore Clearance 0.0055-0.0059  0.14-0.15
Circularity 0.0008 0.02
Liner Projection 0.0002-0.0030  0.005-0.075
3HM
Cylinder Liner Diameter 2.9528 75
Piston Outside Diameter 2.9528 75
Piston to Bore Clearance 0.0015-0.0058  0.038-0.148
Circularity 0.0008 0.02

Liner Projection

Cylinder Head

0.0002-0.0030  0.005:0.075

Distortion 0.0028 0.07
Seat Width 0.06969 1.77
Seat Angle 45 degrees
Valves
Valve Recess
1GM, 2GM, 3GM 0.0374-0.0492  0.95-1.25
3HM 0.0492-0.0610  1.25-155
Valve Diameter
1GM, 2GM, 3GM
Intake 1.2598 32
Exhaust 1.0236 32
3HM
intake 1.2598 32
Exhaust 1.063 27
Valve Seat Width 0.0835 2.12
1GM, 2GM, 3GM 0.124 3.15
3HM 0.1197 3.04
Valve Seat Angle 45 degroes
Valve Stem Diameter 0.2756-0.2717 7-6.9
Valve Stem Bend 0.0012 0.03
Valve Guides
Inside Diameter
Intake 0.0016-0.0026  0.040-0.065
Exhaust 0.002-0.003  0.050-0.075
Valve to Guide Clearance
Intake 0.0016-0.0026  0.040-0.085
Exhaust 0.0018-0.0028  0.45-0.70
Valve Guide to Cylinder Head Clearance '
1GM 0.0002-0.0013  0.005-0.034
2GM, 3GM 0.0007-0.0019  0.018-0.047
3HM 0.0007-0.0019  0.018-0.047
Protrusion 0.2756 7
Valve Spring
Free Length 1.5157 385
Installed Height
1GM, 2GM, 3GM 1.1496 292
3HM 1.189 302
Pressure at Installed Height
1GM, 2GM, 3GM 35.63 Ibs
3HM 31.81Ibs
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Engine Rebuilding Specifications - 1GM, 2GM, 3GM and 3HM

Standard (in.) Metric (mm)

Component
Rocker Shaft
Diameter
1GM ’ 0.4724 12
2GM 0.5512 14
3GM, 3HM . 0.5512 14
Clearance 0.0006-0.0020  0.016-0.052
Valve Clearance
Intake and Exhaust 0.0079 0.2
Pistons
1GM, 2GM, 3GM
Outside Diameter 2.8312-2.8324 72.057-71913

© 0.7872-0.7877 19.995-20.008

Pin Bore Diameter
0.7870-0.7874  19.891-20

Pin Outside Diameter

Pin to Bore Clearance 0.0010-0.0019  0.025-0.047
Pin Bushing Inside Diameter 0.7874 20
3HM

2.9491-2.9503 74.907-75.063

Outside Diameter
0.9053-0.9058 22.995-23.008

Pin Bore Diameter

Pin Outside Diameter 0.9052-0.9055  22.991-23
Pin to Bore Clearance 0.0010-0.0019  0.025-0.047
Pin Bushing Inside Diameter : 0.9055 23
Piston to Head Clearance
1GM, 2GM, 3GM ’ 0.0276 0.7
3HM 0.0315 0.8
Piston Rings
Ring to Groove Clearance
1GM, 2GM, 3GM

0.0024-0.0039  0.06-0.10
0.0014-0.0028  0.035-0.070
0.0008-0.0022  0.020-0.055

First Compression Ring
Second Compression Ring
Qi Ring Groove

3HM
First Compression Ring
Second Compression Ring

0.0026-0.0039  0.065-0.10
0.0014-0.0028  0.035-0.070

Qil Ring Groove 0.0008-0.0022  0.020-0.055
Ring End Gap 0.0079-0.0157  0.20-0.40
Connecting Rod
Twist 0.00118 0.03
Parallelism 0.00315 0.08
Crank Pin Bushing
Inside Diameter
1GM, 2GM, 3GM 1.5748-1.5787 40-40.1
IHM 1.7323-1.7362 444410
Oil Clearance
1GM, 2GM, 3GM 0.0011-0.0034  0.028-0.086
3HM 0.0014-0.0037  0.036-0.095
Side Clearance 0.0079-0.0157 0.2-04
Crankshaft
Main Journal Diameter
Gear Case Side
1GM, 2GM, 3GM 1.7303-1.7309  43.964-43.95
3HM ‘ 1.8484-1.8490 46.964-46.95
intermediate Bearing
1GM, 2GM, 3GM 1.7303-1.7309  43.964-4395
3HM 1.8484-1.8490 46.964-46.95
Flywheel Side
1GM, 2GM, 3GM 2.3602-2.3608 59.964-58.95
3HM 2.5571-2.5576 64.964-64 95
Connecting Rod Journal Diameter
1GM, 2GM, 3GM 1.5728-1.5734  39.964-33.95
3HM 1.7303-1.7309 43.964-43.95

QOut of Round 0.0004 0.01
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Engine Rebuilding Specifications - 1 GM, 2GM, 3GM and 3HM
Component Standard (in.) Metric (mm)
Main Journal Qil Clearance
Gear Case Side 0.0014-0.0037  0.036-0.095
Intermediate Bearing 0.0014-0.0037  0.036-0.095
Flywheel Side _ 0.0014-0.0037  0.036-0.095
Connecting Rod Journal Oif Clearance
1GM, 2GM, 3GM 0.0011-0.0034  0.028-0.085
3HM 0.0014-0.0037  0.036-0.095
Crankshaft Bend 0.006 0.015
End Clearance
1GM 0.0024-0.0075  0.06-0.19
2GM, 3GM 0.0035-0.0075  0.09-0.19
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. ATDC
Lift
1GM 1.1417 29
2GM, 3GM, 3HM 1.378 35
Camshaft Bearing
Clearance 0.0020-0.0039  0.050-0.100
Backlash 0.0031-0.0062  0.08-0.16
alve Tappst
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
ishrods
Length
1GM10 5.6299 143
2GM20, 3GM30 5.3543 136
3HM35 6.7323 171
0.00118 max 0.03 max

Pushrod Bend
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G
Engine Rebuilding Specifications - 1GM10, 2GM20, 3GM30 and 3HM35
Component Standard (in.) Metric (mm)
Cylinder Block
Cylinder Bore
1GM10, 2GM20, 3GM30
Diameter 2.9528-2.9540 75-75.03
Roundness 0.0004 0.01
3HM35
Diameter 3.1496-3.1508 80-80.03
Roundness 0.0004 0.01
Block Distorition 0.002 0.05
Cyfinder Head
Distortion 0.0028 0.07
Seat Width 0.06969 1.77
Seat Angle 45 degrees
Valves
Valve Recess
1GM10, 2GM20, 3GM30 0.0374-0.0492  0.95-1.25
3HM35 0.0492-0.0610  1.25-1.55
Valve Diameter
1GM10, 2GM20, 3GM30
intake 1.2598 32
Exhaust 1.0236 32
3HM35
Intake 1.2598 32
Exhaust 1.063 27
Valve Stem Diameter 0.2756-0.2717 7-6.9
Valve Stem Bend 0.0012 0.03
Valve Guides
Inside Diameter
Intake 0.0016-0.0026  0.040-0.065
Exhaust 0.002-0.003  0.050-0.075
Valve to Guide Clearance
intake 0.0016-0.0026  0.040-0.065
Exhaust 0.0018-0.0028  0.45-0.70
Valve Guide to Cylinder Head Clearance
1GM10 0.0002-0.0013  0.005-0.034
2GM20, 3GM30 0.0007-0.0019  0.018-0.047
3HM35 0.0007-0.0019  0.018-0.047
Protrusion 0.2756 7
Valve Spring
Free Length 1.5157 385
Installed Height
1GM10, 2GM20, 3GM30 1.1496 292
3HM35 1.189 302
Pressure at Installed Height
1GM10, 2GM20, 3GM30 3563 Ibs
3HM35 31.81Ibs
Rocker Shaft
Diameter
1GM10 0.4724 12
2GM20 0.5512 14
3GM30, 3HM35 0.5512 14
Clearance 0.0006-0.0020  0.016-0.052

Valve Clearance

Intake and Exhaust

0.6079

0.2
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Engine Rebuilding Specifications - 1GM10, 2GM20, 3GM30 and 3HM35

Standard (in.) Metric (mm)

Component
Pistons
1GM10, 2GM20, 3GM30
Outside Diameter ' 2.9492-2.9504 74.91-74.94
Pin Bushing Inside Diameter 0.7872-0.7877 19.995-20.008
Pin to Bore Clearance 0.0002-0.0007  0.005-0.017
3HM35
Outside Diameter 3.1457-3.1470  79.902-79.932
Pin Bushing Inside Diameter 0.9053-.9058 22.995-23.008
Pin to Bore Clearance 0.0002-0.0007  0.005-0.017
Piston to Head Clearance
1GM10, 2GM20, 3GM30 0.0268-0.0346  0.68-0.88
3HM35 ] 0.0260-0.0339  0.66-0.85
Piston Rings

Ring to Groove Clearance

First Compression Ring 0.0026-0.0039  0.065-0.10

Second Compression Ring 0.0014-0.0028  0.035-0.070
Oil Ring Groove 0.0008-0.0022  0.020-0.055
Ring End Gap ' 0.0079-0.0157  0.20-0.40
Connecting Rod

Twist 0.00118 0.03
Parallelism 0.00315 0.08
Crank Pin Bushing

Inside Diameter

1GM10, 2GM20, 3GM30 , ; 1.5748-1.5787 40-40.1

3HM35 1.7323-1.7362 444410

Oil Clearance _

1GM10, 2GM20, 3GM30 0.0011-0.0034  0.028-0.086

3HM35 ' 0.0014-0.0037  0.036-0.095
Side Clearance 0.0079-0.0157 0.2-0.4

Crankshatt

Main Journal Diameter

Gear Case Side

1GM10, 2GM20, 3GM30 1.7303-1.7309  43.964-43.95

3HM35 1.8484-1.8490 46.964-46.95

Intermediate Bearing

1GM10, 2GM20, 3GM30 1.7303-1.7309  43.964-43.95

3HM35 1.8484-1.8490 46.964-46.35

Flywheel Side

1GM10, 2GM20, 3GM30 2.3602-2.3608  59.964-59.95

3HM35 2.5571-2.5576  64.964-64.95
Connecting Rod Journal Diameter

1GM10, 2GM20, 3GM30 1.5728-1.5734  39.964-39.95

3HM35 1.7303-1.7308  43.964-43.95
Out of Round ' 0.0004 0.01
Main Journal Oil Clearance

Gear Case Side 0.0014-0.0037  0.036-0.095

Intermediate Bearing 0.0614-0.0037  0.036-0.095

Flywhee! Side 0.0014-0.0037  0.036-0.095
Connecting Rod Journal Ol Clearance

1GM10, 2GM20, 3GM30 0.0011-0.0034  0.028-0.086

3HM35 0.0014-0.0037  0.036-0.095
Crankshatt Bend 0.006 0.015
End Clearance

1GM10 0.0024-0.0075  0.06-0.19

2GM20, 3GM30 0.0035-0.0075  0.09-0.19

3HM35 0.0035-0.0071  0.09-0.18
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Engine Rebuilding Specifications - 1GM10, 2GM20, 3GM30 and 3HM35

Standard (in.) Metric (mmL

Component
Camshalt
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
1GM10 1.1417 29
2GM20, 3GM30, 3HM35 1.378 35
Camshaft Bearing
Clearance 0.0020-0.0038  0.050-0.100
Backlash 0.0031-0.0062  0.08-0.16
Valve Tappet
Diameter 0.3937 10
Tappet to Bore Clearance
1GM10 0.0010-0.0024  0.025-0.060

2GM20, 3GM30, 3HM35

0.0004-0.0016  0.010-0.040

Pushrods
Length
1GM10 56299 143
2GM20, 3GM30 53543 136
3HM35 6.7323 171

Pushrod Bend

0.00118 max 0.03 max
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Engine Rebuilding Specifications - 4JHE, 4JH-TE, 4JH-THE, 4JH-DTE

Component

Standard (in.) Metric {(mm)

Cylinder Block

Cylinder Bore

3.2283-3.2295  82-82.03

Diameter
Roundness 0-0.0004 0-0.01
Block Distorition 0.002 0.05
Cylinder Head
Distortion 0.002 0.05
Seat Width 0.06969 177
Intake 0.0504 1.28
Exhaust 0.0697 1.77
Seat Angle
Intake 30 degrees
Exhaust 45 degrees
Valves ,
Valve Recess 0.0157-0.0236 04-06
Valve Stem Diameter
Intake 0.3134-0.3140  7.960-7.975
Exhaust 0.3132-0.3138  7.955-7.970

Valve to Piston Clearance

0.0280-0.0350  0.71-0.89

Valve Guides
Inside Diameter
Intake 0.3154-0.3159  8.010-8.025
Exhaust 0.3156-0.3161  8.015-8.030
Valve Spring
Free Length 1.748 444
Installed Height 1.5748 40
Pressure at Installed Height 26.48 Ibs
Valve Clearance
0.0079 0.2

Intake and Exhaust

Pistons

Qutside Diameter

Pin Bushing inside Diameter
Piston Pin Quiside Diameter
Pin to Bore Clearance

Piston Rings

3.2252-3.2263  81.92-81.95
1.1033-1.1033 28.025-28.038
1.1019-1.1024 27.99-28
0.0009-0.002  0.025-0.051

Ring to Groove Clearance
First Compression Ring
Second Compression Ring
Oil Ring Groove
Ring End Gap
First Ring
Second and Third Ring

Connecting Rod

0.0027-0.0039  0.070-0.10
0.00130.0027  0.035-0.070
0.0011-0.0023  0.030-0.060

0.0098-0.0157  0.25-0.40
0.0079-0.0157 = 0.20-0.40
0.0079-0.0157  0.20-0.40

Twist
Side Clearance

Crankshaft

0.0619 0.05
0.0079-0.0157 0.2-04

Main Journal Diameter

Main Journal Oil Clearance

Out of Round

Connecting Rod Journal Diameter

Connecting Rod Joumal Ol Clearance

Crankshaft Bend
End Clearance

1.9666-1.9670 49.952-49.962
0.0014-0.0036  0.038-0.093
0.0004 0.01
1.8878-1.8882 47.952-47.962
0.0014-0.0036  0.038-0.093
0.0012 0.03
0.0035-0.0106  0.030-0.271
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Engine Rebuilding Specifications - 4JHE, 4JH-TE, 4JH-THE, 4JH-DTE

Component

Standard (in.) Metric (mﬂ

Camshaft

Valve Events
4JHE
Intake Open
intake Close
Exhaust Open
Exhaust Closed
4JH-TE, 4JH-HTE, 4JH-DTE
Intake Open
Intake Close
Exhaust Open
Exhaust Closed
Lift
Intake
Exhaust
4JHE
4JH-TE, 4JH-HTE, 4JH-DTE
Camshaft Bearing
Clearance
Gear Case Side
Intermediate
Flywheel Side
End Gap
Deflection

Valve Tappet

10-20 deg. BTDC
48-58 deg. ATDC
51-61 deg. BTDC
13-23 deg. ATDC

26-36 deg. BTDC
3848 deg. ATDC
48-59 deg. BTDC
29-39 deg. ATDC

1.5220-1.5251  38.66-38.74

1.5220-1.5251 38.66-38,74E
1.5299-1.5330  38.86-38.94

0.0015-0.0043  0.050-0.100
0.0025-0.0045  0.065-0.115
0.0019-0.0035  0.050-0.100
0.0019-0.0079  0.05-0.20
0.0007 0.02

Diameter
Tappet to Bore Clearance

Pushrods

0.4714-0.4720 11.975-11.990
0.0003-0.0016  0.010-0.043

Length
Pushrod Bend

7.0177-7.0374 178.25-178.75
0.0011 max 0.03 max

04977C12




ENGINE AND ENGINE OVERHAUL  7-7

Engine Rebuilding Specifications - 4JH2E, 4JH2-TE, 4JH2-THE, 4JH2-DTE

Component

Standard (in.) Metric (mm)

Cylinder Block

Cylinder Bore

3.2283-32295  82-82.03

Diameter
Roundness 0-0.0004 0-0.01
Block Distorition 0.002 0.05
Cylinder Head
Distortion 0.002 0.05
Seat Width 0.06969 177
Intake 0.0504 1.28
Exhaust 0.0697 1.77
Seat Angle
Intake 30 degrees
Exhaust 45 degrees
Valves

Valve Recess

Valve Stem Diameter
Intake
Exhaust

Valve to Piston Clearance

0.0157-0.0236 04-0.6

0.3134-0.3140  7.960-7.975
0.3132-0.3138  7.955-7.970
0.0280-0.0350  0.71-0.89

Valve Guides
inside Diameter
Intake 0.3154-0.3159  8.010-8.025
Exhaust 0.3156-0.3161  8.015-8.030
Valve Spring
Free Length 1.748 4.4
Installed Height 1.5748 40
Pressure at Installed Height 2646 Ibs
Valve Clearance
0.0079 0.2

Intake and Exhaust

Pistons

Outside Diameter

Pin Bushing Inside Diameter
Piston Pin Outside Diameter
Pin to Bore Clearance

Piston Rings

3.2252-3.2263  81.92-81.95
1.1033-1.1039  28.025-28.038
1.1019-1.1024  27.99-28
0.0009-0.002  0.025-0.051

Ring to Groove Clearance
First Compression Ring
Second Compression Ring
Oil Ring Groove
Ring End Gap
First Ring
Second and Third Ring

Connecting Rod

0.0027-0.003%  0.070-0.10
0.0013-0.0027  0.035-0.070
0.0011-0.0023  0.030-0.060

0.0098-0.0157 0,25-0.4d
0.0079-0.0157  0.20-0.40
0.0079-0.0157  0.20-0.40

Twist
Side Clearance

Crankshaft

0.0019 0.05
0.0079-0.0157 0204

Main Journal Diameter

Main Journal Oif Clearance

Out of Round

Connecting Rod Journal Diameter
Connecting Rod Journal Ol Clearance
Crankshaft Bend

End Clearance

1.9666-1.9670 49.952-49.962
0.0014-0.0036  0.038-0.093
0.0004 0.01
1.8878-1.8882 47.952-47.962
0.0014-0.0036  0.038-0.093
0.0012 0.03
0.0035-0.0106  0.090-0.271
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Engine Rebuilding Specifications - 4JH2E, 4JH2-TE, 4JH2-THE, 4JH2-DTI

Component

Standard (in.) Metric (mm

e

Camshaft

Valve Events
44H2E
Intake Open
Intake Close
Exhaust Open
Exhaust Closed
4JH2-TE, 4JH2-HTE, 4JH2-DTE
Intake Open
Intake Close
Exhaust Open
Exhaust Closed
Lift
Intake
Exhaust
4JH2E
4JH2-TE, 4JH2-HTE, 4JH2-DTE
Camshaft Bearing
Clearance
Gear Case Side
Intermediate
Flywhee! Side
End Gap
Deflection

Valve Tappet

10-20 deg. BTDC
48-58 deg. ATDC
51-61 deg. BTDC
13-23 deg. ATDC

26-36 deg. BTDC
3848 deg. ATDC
49-59 deg. BTDC
29-39 deg. ATDC

1.5220-1.5251  38.66-38.74

1.56220-1.5251  38.66-38.74
1.56299-1.5330  38.86-38.94

0.0015-0.0043  0.050-0.100
0.0025-0.0045 0.065-0.115
0.0019-0.0038  0.050-0.100
0.0019-0.0079  0.05-0.20
0.0007 0.02

Diameter
Tappet to Bore Clearance

Pushrods

0.4714-0.4720 11.975-11.990
0.0003-0.0016 0.010-0.043

Length
Pushrod Bend

7.0177-7.0374 178.25—178‘751
0.0011 max 0.03 max

04977C14




TRANSMISSIONS 8-2
GENERAL INFORMATION 8-2
TRANSMISSION TYPES 8-2
STRAIGHT DRIVE 8-2
ANGLE DRIVE 8-3
V-DRIVE 8-3
TRANSMISSION ASSEMBLY 8-3
REMOVAL AND INSTALLATION 8-3
ADJUSTMENTS 8-6
OVERHAUL 8-6
TROUBLESHOOTING CHART
MARINE TRANSMISSIONS 8-5

TRANSISSIONS

TRANSMISSIONS 82



8-2 TRANSMISSIONS

TRANSMISSIONS

General Information

In to transfer the power of an inboard engine to the propeller and
then propel the boat, some sort of fransmission is required betwesn
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 transmission is necessary.

in the conventional installation, the propeller is trying to force
itself forward, together with the propeller shaft, into the boat. Simi-
farly, 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 transmission, 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
engine and the propeller. While many boats can get by without vary-
ing the propeller shatt speed in relation to engine speed, other
boats will require a reduction gear that will reduce the propeller
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 propeHer 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 since high rpm will 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 a
higher speed than that provided by the engine. Such boats, how-
ever, are usually of the high speed sport or competition craft with
very fast turning propellers.

_Transmission Types
¥ See Figures 1 and 2

=G\l series engines are usually mated to Yanmar transmissions,
while fransmissions on JH series engines are at the discretion of
the boat builder.

The Yanmar diesel engines covered in this manual come
equipped with three types of fransmissions: straight drive, angle
drive, and V-drive. Although they are differsnt in dssign, their pur-
pose is universal—to provide power from the engine to the pro-
peller shaft at the proper speed and direction.

Yanmar includes transmissions of all three types with their
engines, and in some cases, the transmissions can be interchanged
from one model to another. However, the transmission in your ves-
sel was most likely specified by the boat builder, and custom fitted
to the boat.

In most cases, reirofitting a different type of transmission would
require extensive moditications to the engine mounting. Even fitting
another transmission of the same type can cause problems, since

78
Fig. 1 On the case of each transmission, imporiant information
is included on the nameplate

04978P01

Fig. 2 A closer look at the nameplate. Notice the oil type and
quantity are included, along with the model number and gear

ratio

the gear ratios are tailored for the engine and propetler for maxi-
mum efficiency.

As with any installation, below deck quarters and the size and
shape of the hull will dictate the location of the engine. In most
cases, the engineer who designed the boat will have specified
engine and transmission type and location in the hull before the
boat is even built.

STRAIGHT DRIVE

The most common transmission found on Yanmar engines is a
basic straight drive transmission. The output shaft on a straight
drive fransmission is inline with the crankshaft of the engine, hence
the name.

The main drawback of a straight drive transmission is the angle in
which the engine must be mounted to align with the propeller shaft.
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When the engine is mounted on an angle, it occupies more space
than if it were mounted level with the hull. The angle (unless extreme)
has 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 hull
to compensate for the angle of the propeller shaft. Of course this
angle also depends on the shape of the hul.

Qutweighing the drawhacks, straight drive fransmissions are
simple in construction, contain few moving parts, and are very reli-
able and trouble-free. Other than changing the oil and adjusting the
shifter cable(s), straight fine transmissions are virtually indestruc-
tible.

Yanmar supplied straight drive transmissions include:

» KBW10A, KBW10D, KBW10E

» KBW20

» KBW21

o KH-18
KM2-A, KM2-C, KM2-P
o KM3-A, KM2-C, KM3-P
« YP-TM
o YP-10M

ANGLE DRIVE

Angle drive fransmissions 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 tilting of the output shaft on an angle
drive transmission is enough to allow the engine to be mounted
level with the hull. If the engine is not mounted level with the hull,
the mounting angle of the engine is at least reduced from the angle
of the transmission.

The construction of an angle drive transmission are very similar
to a straight drive unit. The filted 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 type of transmission, the engine is essentially installed
backwards (the flywhee! faces the bow) and the propeller shaft runs
underneath the engine, and atfaches to the transmission. A V-drive
fransmission altows the engine to be located further astern, allowing
for more usable space below deck.

Mechanically, V-drive fransmissions 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 unit combined with the beveled gear design or 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 located further astern, the
gngine also must be mounted higher in the hutl to altow for the pro-
pelter shaft underneath the engine.

Yanmar supplied angle drive transmissions include the KM3V.

REMOVAL & INSTALLATION

¥ See Figures 3 thru 9

Removal of the transmission can be a simple procedurs, or a
lengthy, difficult task depending on the design of the boat, installa-
tion of the engine and propelier shaft, and the available space in the
engine bay.

The procedure listed here is generic, and should only be used as
a guideline for transmission removal. Since gvery boat is con-
structed ditferently, and engine instaifation 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

(4973766
Fig. 3 Some transmissions have oil coolers that must he discon-
nected for removal of the transmission

04976P05

Fig. 4 In some cases, it may be necessary to remove cable or
wire brackets for removal of the transmission
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04878609

Fig. 5 YP7M and YP1OM fransmissions used on some OM series
engines use a clutch mechanism that attaches to the flywheel

Fig. 8 Lightly grease the splines on the input shaft before instal-
fation

04978P04
Fig. 6 The transmission can be removed from the engine by
removing the bolis around the fiywheel housing

0437810
Fig. 9 When installing the transmission, it may be necessary to
rotate the input shaft (or flywheel) slightly for the splines to
align

0497806
Fig. 7 Once the transmission is removed, the input shaft seal
can be replaced if necessary

need to confirm that the transmission can be removed from the
engine and lifted from the engine bay. In most cases, the boat
builder engineered reasonable access to the engine and transmis-
sion for servicing. However, it may be necessary to remove some
fixtures and other components to allow for the transmission to be
removed from the engine bay of the boat.

2. Remove any components that would hinder with removing
the transmission from the engine bay.

Once you've assessed the feasibility of removing the transmission,
remove the necessary components in and around the engine bay to
allow encugh clearance for ramoval.

3. Remove the oil from the transmission. Although not neces- |
sary, a small amount of weight can be saved by evacuating the oil
from the transmission before lifting 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 levers. Also, on some transmissions, an oil cooler may be
used. Make sure to drain the coolant or water and disconnect the
hoses from the transmission.
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5. Disconnect the output coupling from the propeller shaft. 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 all that is required to disconnect the propeller shaft from
the transmission. Rigid couplings are typically bolted together; sim-
ply removing the bolts will separate the coupling. Other couplings,
like rubber flex and two-piece collar types may be more difficult to
disconnect. Consult the boat manufacturer for more information if
necessary.

6. Loosen or disconnect the engine/transmission mounts. Dis-
connecting or removing the engine and transmission mounts
depends on the mounting of the engine in the hull, and the need for
sufficient clearance between the disconnected propeller shaft and
the transmission. Most transmissions need about 3 inches of clear-
ance to allow the input shaft of the transmission to be drawn from
the flex plate on the flywheel. Some older QM series engines
equipped with YP-7M and YP-10M transmissions may require up
to 12 inches (or more) of clearance between the propeller shaft and
output shaft of the transmission in order to clear the clutch assem-
bly that is bolted to the flywheel. If your propeller shaft can be
pushed toward the stern after it is disconnected from the transmis-
sion, tilting the engine may not be necessary. (Make sure the stuff-
ing box does not leak if the boat is in the water.) If 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 be
necessary to completely disconnect the engine mounts in order to
avoid bending or distorting them. Make sure to support the engine
safely.

Use EXTREME caution when lifting the engine or transmission.
If you are unsure of the method you have chesen to support or
suspend the engine or transmission, do NOT continue until an
experienced marine mechanic has confirmed your methed is
safe. The weight of an engine or transmission can cause serious
hadily injury if dropped.

7. Remove the bolts that secure the transmission to the engine.
Once sufficient clearance has been obtained to remove the trans-
missicn 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 or three in place until the transmission is ready to be
removed.

8. Remove the transmission from the engine. Before removing
the upper bolts, make sure the transmission is secure (having

helpers hold the transmission steady is recommended) while the
remaining bolts are removed. Once all the bolts are removed, care-
fully pull 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 fres, 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 lift the transmission from the engine bay unassisted. But for
safety's sake, always use two or more people to 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
installing a new transmission.

9. Apply a light coating of grease to the input shaft on the trans-
mission 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 shatt on the transmission MUST be aligned with
the propeller shaft. For more information on this procedure, refer to
the Powertrain Installation & Alignment section of this manual,

11. The control cables or finkage may require adjustment after
installation. Be sure to adjust them accordingly.

12. Make sure ol is added to the transmission before the boat 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
strefched cable. Always check that the linkage from the remote con-
trol is operating and adjusted properly. Refer to the “Remote Con-
trol” section of this manual for more information.

OVERHAUL

b See Figures 10 thru 17

Due to the amount of special tools and equipment necessary for
proper overhaul, procedures for transmission disassembly are not -
provided in this manual. A transmission repair or overhaul is better
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 components of a transmission. By viewing the inner workings
of a transmission, a better understanding of the flow of power
through the gears can be achieved.




TRANSMISSIONS ~ 8-7

2098L6v0

1295 10
A aysem
&)
O Bupeaq jeg

V.U
{8) inu yo0

13103 Jed) Jyeys peayy  Joas Sunesedg (v} inu o0y

MBID o8
iuiod jeanapy

)
'@
(

Heys peayy

9SIP UOHOL4

)

uoissiwsuely aatip yybirens wzga e 10 main papojdxg gy *6iy

(jeysisniyy) g‘
Heys jnding
Bupeaq leg

(seab ysnuyy)
seab obien

YR
Gupeaq jeg (rmw 0y
(uciuig) Jesb Hews premioy ysng
281P uon oLy
dionn

JBYSEM 281Q

1eys Bugsianay Pieid os1p joaig

._
) su‘/ laysemosig
QQA o}

D46

D
w:\S\D\ Y ﬁ

Bupesq 1ieg

Heys Sunpyg

. o -
{v) Bursnoy < > ﬁ._ =
Y, fl &&M
1081 AT 2 < e 8580 Bupdg
0 sBuiliyy saa9)-p 1} ,
. ) Gp (%
A @

Buudg &
ﬁ Jajoy




8 TRANSMISSIONS

8

uoissjwisues] saLp JYB1eAS INOLAA © Jo Main papojdxy L1 Big
£0084650

Gundnon

1888 10
18A0D Jess yrys Inding

18y0eIq Buisnoy yoinn

HEBYS Yooy 1aa87

1e8b aip)
W ysnqg seald a1y
SEY I
% > Y ~
meyo 1os 1 BN \ Ags %‘ 11eys Jseab ajpy
wiod jesney uid sedey ) vet bnid
BuL-O utd jareieg feabisnay) ..@.
uid 131309 1eab abien
. (yeysismuyy)
jeys inding
3 uid Buudg Bupesq ey
ma108 Bunsnipe ooy isaaT) JOIUS dyann
fennan Buudg jesnen
(g) Buysnoy

{uoiuid) 12ab jjews piemio

Sp 251P U0 DL 4
HoNsdIQ - Sy dyongd ouse
= Bunesq g 1aysem 35iQ

e

1eys Buisisnay aleid osip 9018

/

ysng 4
eys peayy V./
JEM
1BYSEM
Buyesq jeg

utd jur

sseo bBuudg

19uiejal Bundg
180y




TRANSMISSIONS  8-9

r‘ o8P sedweg

uojssisuel; aapp ybiens OLmax e jo ma papoydxy 2l By

L00826k0

Buppory

d8AB YIS

Hog

Bups s
il sinssesy

Bnid uigs
oc.xuc{m
uid joneiay p of.v\
Uid
Bundg o & g 'M
Yid gy o ™ ,...'ﬂ * =l X & iy 007
wyg £ ’m g '/‘.,V‘ A i an
sieid jeaig .ﬂ,ﬂi ‘ ¥ \ 5 ) | Buidnoes yeys inding

dnox : " W ouiae . . ! {898 4O
/ y \H:L_o. i Bupweg /ﬂ.. i .A. Ld ) Bup-o

JeuBIeY A ‘. vid jaiee
Bupds ajeyg : s

2
2
o

4890 aBuwj prumiog
1eaudg

Bupeeg
Bupswaq eipasy P bysem JenyL
sn 2 Buisooy uainio
usng Z 1998 889 85i9rsy
Joysem Jsnayy G\ 3 & — bupasg

Bujeeg Wad: N\ AANARN Bupds o1y Y

igus nding \@"’

e NN seuiRisy 3
{ 2) a0 /A‘.
e £ “
ei9id uoHOD 4 Z ..‘
Wiy A :

\
p s
Buniueq sipssi m\‘
e\

_ wousdig
&

LT

0useMm JEIuYY
Bup-Q
800

Bupeeq epaan

e18ipauLRiy)
1933RIG [OHUCD Slowsy iieys elgipe

FER T

oBusy Bununop




8-10 TRANSMISSIONS

uissiwisued aUp WB1RAS 1LZ/0ZMEN © J0 MaiA Papojx] g} “Big
809826¥0
ejejd Buiapg

Heq jsag
8ie|d einssaiy

17U 3001
Bujidnos yeys inding

Bupds sieyy

1eovdg

1260 abiey premiog
Bupsesqg 8ipesN

Bujesg
Aoy

808) JBULY g
30} LIS

\/

HBYs \nding
Buppord

yopsdig

{888 {10 /O

sed
2INssai4

Bup g

1eysem jsniyy > @

Bupids winjsy
yeys sesl oipy

48A8) g

wiyg

1295 10 % ,
12802 BPIS YU 33007 ..lil\ .

ol adjg ——— ®

Ao Lzmad ‘jepopy

uey4




TRANSMISSIONS  8-11

FODEL6K0

iny

g
B o

Buneag

Aaueioy
Bupds ajey
LDC.Q_OG
didngy S
e jang = wv
Bup T \)e,,\r‘ ,/‘ v
NS @V;’
0id 2unssasy d ﬂ "'f .
T WIS (S
N g LAY I
Gupug % Bga /’
,:), A \ 4R,
urg. » a.’ A'/_/ A > ,M/ g
auerd jparg A ‘vvb_/ & atd ouons g /WQJ.
dyong e 2 wiig L v‘ﬂ %
Burqay N ‘ = } x\u.,wev sadedg
Butids ajer 9 P Bunds winyey <F “ﬂ@%& Buieag
Jurjay o joneieg rr—, J Housem 1Sy
) &% \ lsng
ﬂﬁf Bunrag ipoan
= svedg.
o8 yewy S5avhaly
= B
\ ¥ g
Xs =
'@ 298 yews Paesniay f
FE O &
R 8
iasedg =]
4 N
A J Bupeaq aipasy
g ysng Hews inding
wiyg fausem 15y =3 R
e

L3 ) .,,
% bupeag PO
%
/ - Bueag . % a5 ‘:@ \!
s WM;%SM__:O N

Buneag
wiyg

@yoeg

251 1adweg

abuey Burunoy

\ \ o~
h r i ,.V/E

Suneag

WS ajeipousayg

Uojssiwsued) sapp ybiens 81-H)i & 40 maya papoydxg vl by

w0y

Buyanos HeYs inding

1838 1oy ,
Buisnog s ! 3
04 y3nig A I/V,.,,
s LR\
J G N ] <
)
; A 4-
i 1aeseg j “ 1 Burgsey
! AN, A0
[N
& 4 \ ﬁ {
N . B
i HBACD Guinned po aqn
\ ION0X duyy
/ \m / - m.. ) \\A ,_, Ut jantiny
' R w M * HBUS 5010y
i srys 22 ‘@ & 20104 1300
of - ] Apoq dwnd o aqay
§ l\ HBOS dwng 1o eqny
X R RS
O g R
\ Buneag
G { utg
Buieag i bunag
Buag
| — dnzury
WD s
13ROI 2addfy
1835 10
§iog
IBABY iy
Bupiaeg
AUsHG




8-12 TRANSMISSIONS

50984660

10U %207

Buydnos yeys inding

Bup-0

1288 yo

Bniy—G@p ‘.mcmsshca BleD
Bunidey—ah 09600y
Bupdg~__ Hog ,‘:. o 18PIOH
uigd ) <P LHET )
10102 opts o % Jeuisiey
Bnid urrig Bup-o ‘/J@ 10a0) yg 4 Bundg
Bumoeg { ‘ 9‘4. 1288 1O
C D & jauje)ey
Biyg = [o &5 )

Buuroq igjjoy

Heyg

Buisnoy Yoo

S0

teys induj

bBupeaq 1910y

Oy D “glo g @
re S
@u:tqoa BipoapN " /

Buimeq seg0y

Buudg ¢
Bui-0
184SBAR

thmaing

s
3

198 wiysg

1288 4o

diong
J0j20uuon jOLoY EoEom

JLTTS)

UOISSILISUR BAMP JYBIENS YEWN/WZINN € J0 Main papojdx3 g1 “Biy

Bupseq sipesy

lejop

Bupeagq a0y
10U ¥907
N
&Y
uid |3j1eiey / .L

aBugy Bupdnoyy

381p sede(g




TRANSMISSIONS  8-13

909826¥0

¥nsag

Buudg

o

wid Sunag

13a03 g

Buiig

52 * gw) nag

FRLEYS)

Suiiyg
& »*
af% 40123uuon

nw & 1apjoy

{90) 1au 30y | 19851 TIS

HeYS 38A2) 1j1yg

wig uoHe30Y

eeg o

Bysep

uoissiwsuedy aaup jybiess dEWDV/JZIN & Jo maja Papodxg gy “6iy

£




8-14 TRANSMISSIONS

%% UOISSIWISUBA} BALIP-A AEINX B J0 Main papojdx3 /) Bi

1JrYS 1908 IAPP A Burieats o0y

@ .
A, £ G

1888 110 #8403 1§ w

e

B By 13A0D  Bunids

Bumaey. £
[T
&7
@ _0,\ Ut WOHEIDTY U0
JBUSEM
) 1111

widd Buiigy

Bupuag SIPeeN

Buuesq )oY
spweias Butios
Buiids 80D

e

1o subuy xu._.a_c/y

-
&
§
Bujyoeg

19100

8561 10uu) Bupsey

usys Indn0

Bunreq 12p0y

186 WIyG!

o8 10




POWERTRAIN INSTALLATION 9-2
SIZING THE ENGINE 9-2
ENGINE ROOM 9-2
LAYOUT 9-2
VENTILATION 9-2
ENGINE BED (STRINGERS) 9-3
ENGINE INCLINATION 9-4
CONSTRUCTION 9-4
BED DIMENSIONS 9-4
INDENT OF ENGINE BED 9-5
ENGINE MOUNTS 9-5
STATIC DISTORTION 9-6
DURABILITY 9-6
ENGINE DRIP PANS 9-6
'ENGINE COUPLINGS 9-7
PROPELLER SHAFT 9-8
DIAMETER 9-8
PROPELLER 9-8
DIMENSIONS 9-9
POSITION (APERTURE) 9-9
MATCHING 9-9
PROPELLER MATCHING
PROCEDURE 9-10
POWERTRAIN ASSEMBLY 9-10
INSTALLATION CHECKLIST 9-10
ENGINE ALIGNMENT 9-11
ALIGNMENT PROCEDURE 9-12
CENTERING THE ENGINE 9-13
ADJUSTING METHOD 9-13
NOISE AND VIBRATION
DIAGNOSIS 9-14
NOISE 9-14
VIBRATION 9-14

 AIGNNE

POWERTRAIN
INSTALLATION
T

AN




9-2 POWERTRAIN INSTALLATION AND ALIGNMENT

POWERTRAIN INSTALLATION

Sizing the Engine

Diesels are susceptible to damage from over and underloading.
When overloaded, overheating can lead to severe engine damage.
The damage from underloading is in many ways more harmful.
Running a diesel at high speeds with a smalt load due to a mis-
matched propeller or idling while charging the battery can do more
harm than most boaters think. The latter problem is particularly
common on sailboaters when charging a battery or running a refrig-
grator at anchor.

An underloaded engine takes time to reach proper operating 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 carbon deposits throughout the engine. The cylinder walls are
likely to become glazed, piston rings will get gummed in their
grooves and all this will resulting in blow-by and a loss 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
change procedures are neglected. Eventually, the sludge will plug
oil passages and lead to total bearing failure.

= Repeated running of a diesel engine at low loads is 2 destructive
practice, which greatly increases maintenance costs and reduces
engine life.

S0 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 all times. It
has a pre-determined top speed (hull speed) regardless of available
power. This top speed is governed by physical properties of the
waves the boat makes as it passes through the water. A clean dis-
placement hull can be driven at close to its hull speed in smooth
water by a relatively small engine but as hull speed is approached
resistance increases rapidly and any additional speed can only be
gained by a great increase in power.

A planing hull, on the other hand, breaks free of the constraints
imposed by the waves it generates. A certain minimum amount of
power is required to come up to a plane. Thereafter, the boat's top
speed is at least in part related to available power.

Various formulas have been derived for determining the horse-
power requirements of displacement. The formulas will enable you
to take into account the effects of a foul bottom, wave action, head
winds and other factors.

== 0nly in exceptional circumstances wili you find that a displace-
ment hull requires more than .002 horsepower per pound of full
loaded boat.

Horsepower in most engine manufacturers' specifications are
measured before adding the transmission, 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 biguer and more uxurious, the sffect of belt-driven
auxiliary equipment is often of more concern. The DC loads on
boats are steadily increasing as boat owners 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 quite common. At full load, these alternators rob more

than 2 horsepower from an engine. Engine-driven refrigeration com
pressors can make similar demands.

On large engines, the impact of such loads is small, but on a
sailboat with a small auxiliary engine, the load will be great and
must be taken into account. Every horsepower absorbed by auxilian
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 designed 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 particular boat.

Engine Raom

LAYOUT

The overall layout of the engine room is planned for easy inspec-
tion, servicing and handling of the engine, front power take-off and
auxiliary machinery. Allow space for the fuel tank, battery and sea-
cock and their related piping, wiring and remote control cables.
Thoroughly study all 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 mat.

VENTILATION

When the engine room temperature rises after long operation, the
air intake volume decreases (as air is heated, its volume expands
oxygen gets thinner), adversely affecting combustion, raising
exhaust gas temperatures, increasing exhaust gas density and low-
ering horsepower. Accordingly, it is important to feed fresh air to the
engine room through proper ventilation.

= Temperature of the engine intake air at the inlet of the intake air |
cleaner sheuld not exceed 113°F {(45°C).

Air Bucts
# 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 boat 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 duct.

For ventilation using ducts only, 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 engine room
door or window as the air outlet.

Attach the exhaust duct at the lowest possible position 0pposite
the intake duct. Place the duct end in the open air outboard. The
duct pipe should be as short as possible. Avoid bending as much
as possible.

#=if the temperature of the engine room cannot be lowered, use a
larger diameter duct pipe or increase the number of pipes.
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Cutlet

. Air intake, water separator(free area)

. Double air pipes

. Sound baffle (insulation)

Sound insulated engine room

. Qutlet for ventilating air. Free area same as 1
. Sound insulated hatches

DU b N

04879601

Fig. 1 Typical layout of air ventilation ducis for marine engines

Air outlet

04979602

Fig. 2 Typical installation of an inducted ventilation fan

Electrical Draft Fans
b See Figure 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
within 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
by draft fan and duct the draft fan should be used for the outlet

_Engine Bed (Siringers)

load of the engine and distribute it to the hull, In most boats, the
éngine stringers are part of the structure and are already installed. If
a boat is to be repowered and a change is required in the engine
stringers, the previous instalfation can be used as a guide. If huild-
Ing a new boat, the engine stringers are usually detailed on the
plans.

The typical inboard installation uses engine stringers to take the

Materials used to make the engine stringers will vary depending
on the hull construction material and other factors. Wood is used
for engine stringers on most wood and plywood boats, while wood
may also be used in fiberglass boats, either in the same way as they
are used in wood boats bonded and fiberglassed into the hull. In
some cases, special foam 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 foundations) are usually
of the same material as the hull and designed as an integral struc-
ture.

In all boats, the engine stringers must be rigidly and strongly
installed. Rolling, pitching, slamming, thrust torque forces can
cause tremendous foads to be exerted onto these members as well
as onto the hull structure itself. Stesl plates or angles are often used
on fop of wood and fibsrglass stringers for additional strength.

The spacing of the engine stringers must match that of the
engine used. If the engine will be mounted directly to the stringers,
they must have the same center-to-center spacing as the engine
mounts. If the engine will be mounted to an engine bed which will,
in turn, be mounted to the stringers, the stringers must be spaced
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far enough apart to allow clearance for the engine mounts to fit
between them. In some cases, it may be necessary to cut away a
portion of a engine stringer to allow clearance for some part of the

gngine.
= Any stringer that has been cut away must be reinforced.

ENGINE INCLINATION

CONSTRUCTION

b See Figure 3

The maximum permissible engine installation angle is the angle
of the crankshaft center line to the water line when the hull is at rest
in the water. Propulsion efficiency decreases with larger engine
installation angles (larger propeller shaft angles).
eWhen the engine inclination angle is large, air may be sucked in

by the fube oil pump causing serious engine damage. This may be
a problem when installing angle and V-drive fransmissions.

The propeller shaft angle varies according to the hull shape or
engine installation arrangement. The propeller center line, however,
should be more than one propeller diameter beneath the water line.
When the propeller shaft angle is large, there is a large output and
boat speed loss.

b See Figures 4 and 5

Use a level to place the boat on the honzontal (in both the bow-
stern and port-starboard directions). When determmmg the engine
hed's dimensions, full consideration must be given to the stress
caused by the propeller’s propulsion and reaction force, the engine’
torque and boat cruising requirements. To distribute the load, 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. Also provide reinforcement every 20 in.
(500mm) in between.

It is not advisable to bolt the L-shaped angle to the engine bed.
Use it as illustrated and attach it carsfully to maximize the horizonte
equilibrium of the engine bed. ‘

BED DIMENSIONS

» See Figure §

Determine the engine bed dimensions (including the dimensions
of the engine mount) by looking at the manufacturers specmcatzon
Fnsure sufficient contact area for the engine mount. J

_Engine installation

Water line
angie

Propeller § —

shaft angle 04979603

Fig. 3 The maximum amount of engine inclination is 15° with
the hull static in the water. Propeiler shaft angle should he 8°or

less

04573604

Fig. 4 The engine bed must be attached firmly 1o the hull and
supported every 20 inches

9T9R0S

Fig. 5 It is not advisable to bolt the L-shaped angle 1o the
engine bed

Engine mount

{(Flex mount) ‘ }Eﬂgme bed
[-3 [+] 0 0
Nt PRI >N
7 ¥ P
It |
N %’
— .
N © 0 (-] [+ 0

| I |

04979606

Fig. 6 For the dimension of the engine outling and engine mour
specifications, refer to the engine manufacturer’s specifications
for your particular engine
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INDENT OF ENGINE BED
Lock nut

b See Figure 7 %:Spmg washer

When fabricating the engine bed, be sure to feave a 1 in. (25mm) -
or larger clearance between the engine bed and the powertrain. in
addition, be sure to leave a 1 in. (25mm) or larger clearance
between the hull bottom and the powertrain. Measure these values
with the adjusting nuts of the flexible mount brought down fo their
{owest point, where they make contact thh the fixing nuts of the

stud bolts.
=The use of flexible engine mounts for too many hours makes the

rubber lose iis tension. This reduces the clearance and may cause
interference hetween the engine and the hull bottom.

Jack nut

Rubber mount

g —

/Lock nut

= Jack nut

|t

Rubber mount

Height
adjustment nut
;‘—*Fiex. rnount

=

#ore than 25 mm

Identification No.

Should be more than 25 mm
04979607

Fig. 7 A clearance of 1 in. (25mm} or more should be left
hetween hull and powerlrain. This clearance should also be
observed between the engine bed and the powertrain Front side
Rear side {(Marine gearbox)

04979608

_ Fig. 8 Be sure to use a fiexible engine mount for the installation
b See Figures 8 thru 13 of every Yanmar engine model. Never install the engine directly
on the engine bed

Be sure o use a flexible engine mount for the instalfation of
every Yanmar engine 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
gngine and the engine bed. When using flexible engine mounts,
don't forget to make allowance for the exhaust, fuel ofl and cooling
water piping.
=The dimensions for both front and rear-side flexible engine

mounis are identical. However the rubber elastic modulus is difier-
ent for front and rear, so be sure remember their numbers.

The illustration shows the vibration transmission rate and the
engine amplitude rafe in relation to 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 “t0".

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 ;
vibration is the same level of vibration as in a normal passenger car. o471

| The decrease of each 6 dB of vibration reduces the previcus vibra- Fig. 8 On Yanmar diesel engine, the front flexibie engine
. lions by half, mounts . . .

iR
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04975P0Y
Fig. 10 . . . appear the same as the rear, but they are different.
Take care to note part numbers when installing

Only the engine is moved
(with the propeller shaft as the central axis.)

The center of the propelier
shaft does not vibrate.

04979610

Fig. 13 Flexible engine mounis are designed to make vibration
amplitudes small in the engine’s operational rangs

1497910

Fig. 11 A properly mounied engine sitting in an engine bed

Operational range
@ T
[#] N
= _J— Yanmar flexible mount
& "
:‘é /B make mount
& - ——
5 Vo N
c e <
s w0 <
E .
£ RN
> ==
£
<

(ldling speed) Engine speed
Vibration transmission rate (engine amplitude rate}
04575609
Fig. 12 Vibration transmission rate and engine amplitude raie in
relation io 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 certain
degree, but there is almost no vibration in the prapelier,

STATIC DISTORTION

$ See Figures 14 and 15

Flexible engine mounts are compressed by the engine load. The
compression value varies according to the engine model and the
positioning of the flexible engine mount. It is 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 determine if the engine mounts are still serviceable, inspect
the distance between the metal portions at the center of the mount.
When the distance is %4e inches or less, the mount should be
replaced.

DURABILITY

The rubber tension of the flexible engine mounts is lost after
many hours use. This leads to a drop in vibration absorption perfor-
mance also causes centering misalignment of the propeller shaft. Be
sure to replace the flexible engine mount after two years.

 Engine Drip

In many boats is it desirable to install an engine drip pan under
the engine. Such a drip pan is more 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 oil in
the pan to overflow and enter the biige, thereby negating the pur-
pose of the pan in the first place. Drip pans can be mads out of a
variety of metals such as copper or galvanized steel or can be
molded to suit from fiberglass. A drain cock is often placed in the
drip pan at the low point so 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 engine can cause drumming
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N [
=
i
Engine = © |l Engine
mount 2 mount 1
Engine =_}| . Engine
mount 4 mount 3

Transmission -

Fig. 14 Flexible engine mounts, which are compressed by the
engine load, should he replaced every two years -

04979P01

g. 15 When the distance is %s inches or less, the mount
ould be replaced.

between it and the hull structure. If a drip pan is desired, it should
be installed prior to the engine should be larger in area thap the
engine itself and of ample capacity.

Engine Couplings
b See Figures 16 and 17

For flexibly mounted engines, a flexible coupling is a must since
the engine must be allowed to float free (i.e. vibrate). However, a
proper flex mounted setup needs another consideration. The pro-
peller shait should not be rigidly mounted in such a Situation, as
this will cause the rigid bearing to wear out since there will be no
way to absorb any of the vibration transferred to this point along the

Flexible support
Reinforced rubber hose

Fitted with
fluted rubber bearing

Fiexible coupling

Brackat
04979G12

Fig. 16 Typical flexihle coupling installation

04879613

Fig. 17 Examples of saveral flexible couplings commonly used
today
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shaft. To overcome this situation, a rubber water lubricated bearing
should be installed at the end of the shaft a packing gland with rub-
ber hose (as is used with the conventional self-aligning shaft log or
stuffing box) used where the shaft 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.

If 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 installation can accept several degrees of
misalignment. One of the advantages of a flexible coupling is, that
even though the engine may be very carefully aligned during the
engine installation and/or construction of the boat, the hull will
often settle or distort after some period which could cause misalign-
ment with consequent vibration and noise problems with rigid cou-
pled installations. :

Installation with most flexible shaft coupfings is not difficult.
The engine is aligned in the normal way using the standard flange-
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 between the
engine and shaft with most flexible couplings, a grounding strap is
often provided across the coupling for boats with bonded electrical
systems.

DIAMETER

b See Figure 18

The propeller shaft diameter recommended by Yanmar is calcu-
lated as follows. Be sure to install the propeller shaft bearing within
3.9 feet (1.2 m) from the propeller shaft coupling.

d =154 x i/‘jr‘ % G/U"g)H

d: Propeller shaft dia.(mm)
T: Allowable torsional stress,
5.0 kgf/mm = Stainless steel, JIS. SUS304
10.5 kgl/mm = Stainless steel, JIS. SUSE30
Y: Torque fluctuation factor,
{4-cycle diesel engine)

/ No.of Cylinder  Factor
; 0.6
|

1

2 04
; 3 0.3
\ 4 0.2
N Over 8 0.1

H:Max. engine output (hp)

R: Propelier shaft revolutions (rpm)
04879614

Fig. 18 Propeller shaft diameler caleulation formula

b See Figure 19, 20 and 21

Fig. 19 Three types of propeller are commanly available, the
two blade propeller . . .

SELSTL2B

Fig. 20 . . . the folding propeller . . .

Fig. 21 ... and the high speed propeller. This high speed vérl

sion also has adjustable pitch
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Propelier
Diameter

P
'\C\’\
e\\e( Q\
) pro? 0497965
Fig. 22 Select a propeller with a suitable diameter and pitch for
the displacement of the boat, as well as fer its intended usage

Recommended dimension

D = Propeiler diameter

{a) = D x 0.12 more than
) =

(@) (o) (b) = D x 0.15 more than
/ ) (¢} = D x0.12 more than
{d) = D x 0.08 more than
~ {c)
,,L"\ 1 ‘
- D=Propeller diameter

)

i

04979G16
Fig. 23 The pasitien of the prapelier section shaft center must
be at least one propeiler diameter beneath the surface of the
water with the boat fully loaded

DIMENSIONS

b See Figure 22

Select a propeller that is suitable for the size, shape and dis-
placement of the boat, as well as for its intended usage. An
extremely small.or large propeller will reduce the speed of the boat
and overload the engine, which may lead to engine damage. |t jg
recommended that a propeller be selected in consultation with 3
reputable dealer. However, the best way to make sure the propsller
fits 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 between
the propeller and hull is not equal to greater than, the value givenin
the figure. The position of the propeller section shaft center myst be
at least one propeller diameter beneath the surface of the water with
the boat fully loaded.

= 0n the engines with flexibie engine mounts, the “L” clearance
should be more than .787 in. (20mm). Shorter clearance may cause
the propelier to interfere with the boat hull on astern operations due
to the flexion of the flexible engine mounis,

MATCHING

b See Figure 24

The type of boat, hull size, hull weight and loading weight decides
the selection of a main engine for a boat. The selection of an appro-
priate propeller that matches the output of the main engine is very
important for the economical operation and durability of the engine.

When the propeller is small for the engine output, there will be a loss
in both engine output efficiency and boat speed. When the propeller is
large for the engine output, the engine will be overloaded at full throttle.
Prolonged engine use at full throttle will cause engine trouble,

The size of the propeller is defermined at the design stage of the
boat in consideration of the boat's speed and size, the shape and
weight of the hull. main engine output, the reduction ratio of the trans-
mission and the maximum number of the crew (maximum loading

Skewback

Line of maximum

Projected thickness

outline .
Cross-section of

blade with round
back

1
Developed ———g
outline t / Trailing edge
Leading
edge

Expanded area divided
by disc area

Expanded area ratioc =

iu. 24 Commen terms used when describing a propeller

Rake angle

Leading surface or

Working back of the biade

surface

Blade root
thickness

........

04879618
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weight). However, it is extremely difficult for a boat to be built strictly
according to the design drawings. Accordingly, the final checks of the
boat 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
blades, diameter, pitch, extended area ratio of blades, sfc.).

It is easier to change the propeller than the engine or the shape
of the hull.

Various ways exist to calculate the proper propeller size for plea-
sure boats, but there is no definitive formula. We recommend that
you consult the propeller makers.

Sea trials for estimating the load horsepower are made by mea-
suring the engine’s exhaust temperature underload. Special measur-
ing equipment is used for the exhaust temperature. Consult with
your Yanmar dealer if planning to conduct such measurements.

Ensure appropriate propeller matching in consideration of the
following factors, keep some output in reserve:

o Increase of resistance due to contamination of hull.

o Increase of displacement due to increase of load and crew.

e 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
outputjsuch as lack of air intake volume, excessive temperature,
excessive exhatst back pressure or high fuel temperature.

PROPELLER MATCHING PROCEDURE

Itis possible to find if the propeller is too large for the engine
output (the engine Is overloaded) or too small (a loss of engine out-
puty by the following 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
control handle (remote 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-load maximum speed range.

2. Refer 1o the no-load maximum engine speed for sach madel. If
the engine speed is below the no-load maximum engine speed
range, the problem is due to the absence of remote control stroke or
faulty contact of the remote control cable.

3. Check the engine’s maximum spead at load

a. 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 (remote controf handle) to move the shift lever to
full throttle.

¢. Check the loaded maximum speed at full throttle.

d. Compare the engine speeds obtained with the engine speed
at maximum rating output,

4. Refer to the no-load maximum engine speed for each model. If
the engine speeds are within the range between maximum rating out-
put and no-load maximum engine speed, the propeller size is normal.

a. Ifthe no-load and loaded maximum engine speeds are
identical, the propelier is too small. There is unused engine out-
put in reserva.

b. If the engine speed is lower than the engine speed at maxi-
mum rating output, the propeller is too large. The engine will be
overloaded at full throtile.

¢. Correct the situation by changing to a smaller propeller or
kesping the maximum service speed af approximately 100 rpm
below the engine speed at full throttle at all times.

=>When checking maximum engine speed underload, also load the
auxiliary equipment driven by the main engine.

INSTALLATION CHECKLIST

b See Figures 25, 26 and 27

={f you are building a new boat, it is best te instail and mount the
engine prior to closing in the hull with the deck. This statement
applies also 1o the installation of fanks, exhaust systems any oiher
components that will be easier to install without the various struc-
tural units causing interference.

The typical inboard engine installation, together with all the
ancillary systems, fakes quite a bit of planning and head scratching
if the installation is to progress in an orderly sequence, so plan
ahead. Here are some basic steps to guide you in the installation of
your engine:

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 nof be able to do what you expect.

Propeller shaft center line

04575G:19

Fig. 25 When installing an engine in a new application, the pro-
peller shaft centerline must be st first

Straight edge

04579620

Fig. 26 Use a straightedge {o check that the engine bed is level
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Alternator

Stemn tube

{ More than 1 in. (25 mm})
04979G21
Fig. 27 Ensure there is enough clearance for the stern tube and
any accessories. Also ensure the hottem of the engine/iransmis-
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 cost you money and aggravation.

3. I the engine is being installed in a 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 centerline. This string line will be
used later to reference the location of the engine stringers and/or
engine beds.

4. Install the engine beds using the propeller shaft as a center-
fline.

5. If the engine is being installed in a new boat, install all nec-
essary accessories such as the ssacock and fuel fank.

6. If the engine has not been test run at the factory, now is the
time to run it. Connect water and electrical lines to the engine. A
small fuel tank will provide enough fuel 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 loca-
tion and temporarity held in position with clamps holding the
engine beds to the engine stringers.

8. Loosen the clamps and shift the engine as required to
achieve accurate alignment with the engine coupling. When every-
thing is in alignment, install bolts the engine beds and engine
stringers. Carriage bolts are commonly used, however, other bolts
may be used as long as the heads are accessible. Use at least four
% in. bolls per member.
=1t may also be necessary to align the engine crossways, Thisis

usually done by siotting the engine mounting holes slightly or using
bolts slightly smaller than in the engine mounts.

5. Connect all the necessary fuel, water and exhaust pipes to the
engine. Connect all the necessary electrical harnesses. Connect all
the necessary control cables.

10. Perform an overall visual inspaction of the powertrain and
hull. Did you miss anything? Fix it now!

11. Go around the engine compartment and check for loose nuts and
holts. Don't just feel them, put a wrench on each and every one. Pay
spacial attention fo all electrical harnesses and control cable fittings.
Visually inspect every one for proper installation and functionality.

12. Fnsure the frash-water cooled engines are filled with coolant,
the fuel tank is full and the seacock is open.

13. Perform a bulb check on the control panel lighting and a
functional check of all control panel switches and gauges.

14. Launch the boat and perform a no load engine test. Visually.
inspect the cooling water scupper for proper flow. Check the engine
gaugss to ensure all is functioning properly.

15. Visually inspect the powertrain 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 shafi-to-engine
alignment. This is necessary due to the settling of the hull with the
boat in the water. :

19. Take the boat out for a sea trial. This should be a short run
around the local area. Do not be tempted to take the boat on a major
trip just yet. Remember, a tow back to the marina will cost you $125 an
hour from the time the tow boat leaves his port till the time he returns.

20. During the sea trial, slowly bring the boat up to maximum
speed. Listen for any abnormal noise and keep checking for leaks.

21. If 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 propeller manufactursr.

22. Check the engine idle speed and full engine load and boat speed.

23. Check the hull for an abnormal vibration. Note the speed and
operating conditions where the vibration occurs. This will be impor-
tant in diagnosing what is causing the vibration. Consult the "Vibra-
tion Diagnosis” section for more information.

24, After all leaks are repaired, adjustments made and inspec-
tions completed, 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 engine so it will provide
you with years of faithful service.

Regardless of the mounting method, the engine should be care-
fully aligned in position. The shaft should be blocked into 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
shaft from the stern bearing or strut. The position of the shaft
should be adjusted in such a way that it will turn freely and not bind
at the bearing, checking carefully to assure that it is located on the
centerling of the boat. A temporary brace can be used across the
stringers to hold the shaft in place for alignment.

When the engine coupling Is aligned fo the shaft coupling, great
care should be taken. Bring the engine into alignment to the shaft
coupling flange. Don't force the shaft to line up with the engine.
With the enging in neutral, the shaft should turn easily and
smoothly without binding. If a spof binds, check the alignment
again. In aligning the couplings, a .003 in. (0.075 mm) or thinner
feeler gage should be used. Check around the entire flange to
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 spaced between
the two flange faces. Any variation in alignment will be indicated by
the looseness of one or more of the strips. Extra time spent in care-
ful alignment will be worthwhile 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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Many types of boats are somewhat flexible and will shape or set-
tle somewhat after being launched. An additional check should be

made of the alignment between the connecting flanges after the boat

has been launched in the case of certain boats, at protracted inter-
vals thereafter. In larger boats, it is advisable to leave the flanges
loose and do the final adjusting when the boat is in the water, Addi-
tional checking should be made until no more change is noticed.

ALIGNMENT PROCEDURE

 See Figures 28 thru 32

Prepare the alignment device as-illustrated attach it to the flange
of the propeller shaft. Turn the propeller shaft to determine its center
line.

Attach the centering string in the center of the propeller shaft
coupling flange. Turn 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 siring must be adjusted af the other end
fo allow the propeller shaft coupling flange to shift back and forth.

It will be easier to determine 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, determine the engine instal-
lation position by using the jig as illustrated. Align the propelier
shaft coupling flange guide 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-
ble engine mount fixing bolt holes on the engine bed.

=When fixing the flexible engine mount to the jig, make the H-
dimension an infermediate one.

= Before removing the flexible engine mounts from the jig, confirm
each fixing position. Do not confuse front and rear left and right
positions.

Propeller shaft
coupling surface
Center of the propefier shaft
(4979624

Fig. 30 This jig can be fabricated to determine the engine
installation dimensions

Propeller shaft coupling
bott hole pitch circie dia.

Adjustable
according to

each engine
04979622

Fig. 28 An alignment tool can be fabricated to assist in the criti-
cal task of aligning the propelier shaft

Coupling
position guide

Fiexible engine

Propeller shaft coupling
mount

flange
04975625
Fig. 31 After running the centering string, determine the engine
instaliation position by using the jig as illustrated

Propeller shaft

Alignment device

04979623

Fig. 28 When the centering string and the tip of the aligning

B e B
|
T

04975626

Fig. 32 When the center of the propeller shaft is aligned, mark
the flexible engine mount holts holes on the engine hed

device line up the propeiler shaft is centered
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CENTERING THE ENGINE

b See Figures 33, 34 and 35

Before connecting the transmission drive shaft to the propeller
shalt, make sure that the flange surfaces of both parts are paratlel to
each other 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 shaft flange face run-
out (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 shaﬁ flange and
adjust it to the value previously measured.

=>Eyen when using the flexibis stern tube and flexible coupling, it
is necessary to ensure the same propeller shalt centering accuracy.

ADJUSTING METHOD

1. For a deviation of the coupling face, adjust in both the vertical
and lateral directions.

2. Fora centering adjustment in the vertical direction, change the
“H" dimension by adj ustmg the jack-nut position.

& See Figures 36, 37 and 38

When the values deviate from acceptable specifications, make the
following adjustments:

“(a ‘ ‘ ‘ V
04979627

Fig. 33 Before connecting the transmission and propeller shaft,
make sure that the flange surfaces. of hoth paris are paraliel

5 ler shaft Dial gauge
ropeller sha
. Output flange for
coupling flange /mar?ne gea?
A [

el
'\"-“w "
\ N

Propeller shaft

04979628

Fig. 34 Install a clearance gauge on the propeiler shafi coupling
and measure the circumference against the oulput shaft flange

Holizontal direction Vemcal dxrecﬂon |

L/—N‘ - 3;
A N

Upper
A

/EN
et -Right 77N
Leﬁ@ Rxgtjm

§
‘ R..
Lower ——

— T R L
T Ty
Eh

04979628

Fig. 35 Allowable centering is 0.004-0.012 in. (8.1~6.3 mm) off
center and 0-0.008 in. (0-0.2 mm) out of round

Lock nut

Engine feet come to
this position
(Plane washer)

H-dimension

Long hole
04975630

Fig. 36 Adjust the flexible engine mount as illustrated {o center
the engine

Centering the coupling

prs

Clearance gauge

©0.008 in. (0.2 mm)
04674834
Fig. 37 Clearance hetween the coupling faces should be within

face run-out

0.008 in. (0.2 mm)
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04979632
Fig. 38 Tighten the flexible engine mount as illustrated so that

the mount is firmly fixed

3. For a centering adjustment in the lateral direction, move the
long hole side of the flexible engine mount laterally.

=The rubher flexible engine mounts are compressed with use, so
raise the jack-nut by one turn to install the engine a little bit higher.

4. After ensuring the dimensions of both A and B, insert the
faucet of the propeller shaft coupling about halfway confirm that the
clearance between the coupling faces is within 0.008 in. (0.2 mm).
If the clearance exceeds 0.008 in. (0.2 mm), readjust.

5. After finishing centering, tighten the flexible engine mount and
the engine fightening bolts and nuts.

6. After tightening the bolts, make sure that the shaft coupling
face centering has not slipped. If slippage is found, readjust.

7. Re-check shaft centering after launching when the adhering
agent is completely hardened. If there is any change in the center-
ing, readjust.

Engine noise and vibration are usually indicators of a problem.
Although they are difficult to quantify, most owners know their boats
well enough to hear or feel a change in the engine the second it
oceurs. Even if your experience with engines is limited, trust your
senses and investigate the problem further. Letting it go will almost
always lead to bigger problem in the end.

If you're having trouble locating the source of a noise of vibra-
tion, try using a mechanic’s stethoscope. An alternate method is to
use a mefal or wooden dowel. By placing one end of the dowel on
different parts of the engine and the other end against your ear, you
will be able to tell which part is vibrating.

s .
Knocking—a hard mechanical sound with frequency propor-
tional to engine rpm. Sounds like a hammer hitting the engine block.
Knocking is usually caused by a defective injector, excess fuel
worn connecting rod bearings, loose connecting rod 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

metal can.

Rattling is usually caused by excessive valve clearances or loose
accessories.

Rumbling—a slow-speed, dull sound, like assorted rocks
being turned in a large drum.

Rumbling is usually caused by a propeller shaft 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 tires spin causing a dis-
tinctive sound during a racing start.

Squealing is usually caused by a belt slipping, lack of piston
lubrication or gasoline in fuel tank.

Hissing—sounds like escaping gas. Occurs intermittently as a
piston approaches the top of its compression stroke.

Hissing is caused by a Jeaking injector washer, a leaking cylinder
head gasket or a leaking intake valve seat. -

Clicking—a light metallic sound that can occur once or contin-
uously.

Clicking is usually caused by a starter solenoid engaging or
excessive valve clearances. ,

High-Pitched Whir—a very high speed zing that rapidly
increases in frequency.

High-Pitched Whir is usually caused by a starter still energized
or engaged.

Vibration _ .
The causes of linear vibrations can usually be identified using
the following assumptions:

1. If the vibration cycles amplify with speed, they are probably
caused by centrifugal forces bending components of the drive
shafts. Check 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 stiffen-
ing or softening its mounting.

4. If the vibrations increase as load is applied, this is caused by
forque reaction and can be corrected by mounting the engine or
driven equipment more securely or by stiffening the base. Defective
or worn couplings ¢an also cause this problem.

Low Frequency Vibration—components moving and turning
at slower speeds.

Low frequency vibrations are usually caused by natural reso-
nance, damaged or dirty propeller, engine misfiring, propeller shaft
coupling loose, bent propshaft or a loose flywhael.

= Smaller engines with 1, 2, or 3 cylinders will often vibrate vis-
lenily at slower rpm. This is particularly noticeable with lighter,
engines whose softer mounts are optimized for the smoothest run-
ning at operating rpm. All engines have rpm bands where the vibra-
tion is greater. Often the vibration is more pronounced because of
poor installation.

Medium Frequency Vibration—the majority of vibration at a
frequency close to engine rpm.

Medium frequency vibrations are usually caused by loose engine
mounts, engine misfiring or a loose flywhesl.

High Frequency Vibration—components moving and turning
at very high speeds.

High frequency vibrations are usually caused by starter stuck/
engaged or an alternator fan out of balance.
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| REMOTE CONTROLS
b See Figure 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 conirol system consists of a controf head and cables.
The cables are routed from the handle (usually on deck) to the
engine compartment, and connected to the operating levers on the
engine. Cable operated remote control mechanisms are simple and
reliable, if maintained properly. ‘

Morse ons handie MY type M
AT,
;',!F ;
L 7 5 - \f 2
VA S
Q@( )
el K

04970601

Fig. 1 The remote control head and cable aliow for control of

04670602

Fig. 2 The MS type controller is typically used on OM series
engines (note the twin levers) '

the engine’s oulput and speed from the deck of the boat

" Remote Control Head
» See Figures 2, 3, 4 and 3

Remote control heads can vary from on manufacturer to another,
but they all perform the same function: moving the cables atiached
to the engine for proper speed and direction control,

The remote control head consists of lever(s) that push and pull
cables with cams and other linkage inside the head. Most control
heads are entirely mechanical and rarely fail. If a contro! 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 improperly routed, corroded, or dam-
aged cables.

04970603

Fig. 3 Example of a MT-2 type controf head

It should be noted that some remote control heads may contain a
neutral safsty switch that pravents the engine from being started
unless the transmission in neutral. If the switch breaks, the engine
cannot be started unless the switch is bypassed. The control head
may require partial disassembly to test and repair the problem.
Refer to the Electrical section of this book for more information. -
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04970604

Fig. 4 Example of a MV type control head

Selector

o.
T
1

1 DS unit r I Engine ]
04970624

Fig. 5 Some larger boals may be equipped with a more complex

twin remote control system

ADJUSTMENT

b See Figure 6

The most important aspect of maintaining the confrol 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 lever is placed to
the full ahead position, the engine speed lever (or governor lever)
on the injector pump should be in the maximum speed position.
Respectively, the engine speed lever on the injector pump should
be in the idle position when the lever on the control head is in the
idle position. Transmission control should operate in the same
manner.

Typically, cable adjustments are not made at the control head,
but af the end of the cable in the engine compartment where the
cable attaches fo the engine or transmission. If the threads on the
end of the cable cannot compensate for wear, the cable should 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 need to be lubricated. Because of the many different brands
and types of control heads, detailed procedures cannot be given for

Neutral
{S1) (82)

Jp Forward

Reverse
Remote control head

Clamp

Cable shift travel

rd

e
To engine speed To marine gear

04970G23
Fig. 6 The amount of cable travel must coincide with the move-
ment of the lever

gisassembly. However, most control heads usually can be lubricated
by simply removing the back cover (after it is unbolted from its
mounting) and applying grease to the pivating and sliding surfaces.
Make sure to use a grease that is compatible with the existing

grease.

_Cables o
Typically, most of the control cables used on boats are of the
“Morse” type, and use a solid wire core surrounded by a flexible
sheath. These type of cables are referred to a "push-pull” cables. In
most applications, cables not only move a lever when “pulled” but
also move the lever in the opposite direction when “pushed” hence
the name.

INSPECTION

Control cables should be inspected regularly for proper opera-
tion.

To check a cable, simply remove the clevis or cable end, and
operate the appropriate lever on the control head. The cable should
not bind or take a great deal of effort to move with the lever on the
control head. If the cable feels tight, it should be thoroughly lubri-
cated.

LUBRICATION

Cables that are lubricated on a regular basis will provide years of
service.

The best method for lubricating cables is to completely remove
the cable from its sheath. Most engine speed cablss can be sepa-
rated. To separale the cable, simply remove the pinch bolt on the
lever that retains the cable to the lever. The cable should also be
removed from the control head. Once the cable is completely drawn
from its 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 cable should be
greased with a Teflon-hased waterproof grease, and reinstalled into
the sheath. It may be necessary to round off the end of the cable
with sandpaper 1o 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 cases where a cable cannot be separated, like
some cables used for transmission control. If the cable cannot 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 out the other side.

Once all cables are lubricated, the pivot points of the levers that
the cables actuate should also be lubricated. The best way to lubri-
cate the cable clevis and lever pivot points is by disassembling
them and applying grease as necessary. Also, grease the exposed
ends of the cable to prevent water from entering the sheath.

REPLACEMENT

If a cable is badly corroded, kinked, or broken, it will require com-
plete replacement. When replacing cables, it is highly recommended
that the cable be replaced 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-
tant because the cable needs to slide back and forth enough to
properly move the fever its controlling. In the case of an engine
speed cable, the engine may not be able to achieve full speed
because the cable does not have enough range of motion.

If you spend any length of time away from your home port, it is
recommended that an extra set of cables be kept aboard at all
times.

ADJUSTMENT

fever

DAL =
Regulator / < ! —
(oD s wemn 1) s

Clevis Bracket

Clamp
04970606

Fig. 8 The clevis on the end of the cable can be used io adjust
the cable

Engine Speed Cable
b See Figures 7 thru 12

= 0n GM/HM and JH series engines, a spring leaded mechanism is
used on the governor lever. It is very important for the mechanism
to be mounted in the proper direction, or the engine speed governor
will not function properly. Keep the mechanism lubricated for

proper function.
1. Place the lever on the control head to the ahead (full speed)
position, with the engine OFF.

Engine stop cable

Return spring

l
.
%
S
Y

Regulator handle

Speed control cable

04970607

Fig. 9 QM series engine speed conirol and sngine stop control
lever detail

Bracket

Idle adjuster

Regutator handle

04470605

Fig. 7 On OM models without an engine sfop cable, the engine
idie is adjusted by an adjuster mounted on a bracket

Spiit pin

Circlip
04670608

Fig. 10 GM/HM engine speed cable cbnnecting detail (note the
tocation of the spring)
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2. Check that the cable moves the governor lever on the injector
pump so it rests against the maximum speed set screw.

3. If the governor lever is not against the maximum Speed set
screw, loosen the locknut on the clevis. On QM series engines,

Metal connector fitting

i

I

M5 thread

Governor lever

04970609

Fig. 11 A closer look at the connection of the engine speed cable
hardware. Note that the cable end threads into the connector

N\

Clamp N
Cable bracket &
Y Brack
e

® :
g 4_1 Tay
et 7/
Remote cantrof cab L e
KL
.

Cable joint

W

idte stopper

R60mm (23622in &

Control lever

04570610

Fig. 12 JH series engine speed cable linkage detail. Note the
connector for the cable Is identical to a GM/HM series

the clevis should be removed from the lever, adjusted, thep, reip-
stalled.
#>While adjusting the cable, take the oppertunity io apply a fresh

coating of grease on the exposed portion of the cable, and the piv-
oting points on the clevis assembly.

4. To adjust the cable length, turn the clevis on the caple end
threads after the locknut has been loosened.

5. The cable should be adjusted so 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 control head lever tg the
idle position and check that the governor lever rests against the idle
speed set screw.

7. Once the cable has been adjusted properly, tighten the clevis
locknut.

DG NOT attempt to adjust the governor lever set screws if they
are hound with wire; the factory has properly adjusted the gov-
ernor lever at the time of manufacture, and adjustment is not
fnecessary.

Transmission Cable
b 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 fever its maximum stroke. [f you are
unsure whether or not the lever is at its full stroke, disconnect the
clevis from the lever, and try to push/pull the lever further through
its stroke. If the lever moves further, the cable may need to be
adjusted.
= While adjusting the cable, take the apportunity to apply a fresh

coating of grease on the exposed portion of the cable, and the piv-
ofing points on the clevis assembly.

Cluteh iever

Joint Parts

Cable

04970G11

Fig. 13 Transmission control cable detail for a OM series enging
with a YP-7M transmission
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3. To adjust the cable length, turn the clevis on the cable end
threads after the locknut has been loosened.

4. With the locknut still loose, 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 control head
lever is placed in the full astern position.

5. Once the cable has been adjusted properly, tighten the clevis
focknut, and install the clevis on the transmission confrol lever. Use
a new cotter pin.

To control handie

Clamp /

Ball joint

Bracket (standard)

04870612

Fig. 14 Transmission control cable mounting detail for a QM
series engine with a KBW10 transmission

04970G14

Fig. 16 Transmission control cable mounting detail for a 3QM

series engine with a KH-18 transmission

Bracket

04870P13 -

Fig. 15 Transmission control cable mounting detail for a 3GM
series engine with a YP-10M transmission

Clevis

04870G15

Fig. 17 On some GM series engines, a special spring loaded

cable end link is used to control the fransmission laver

Clevis

Fig. 18 The transmission used on 3GM/HM series engines uses

a solid cable end link
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04970617

Fig. 19 Transmission control cahle mounting detail for a JH

Engine Stop Cable
b See Figures 28, 21, 22 and 23

1. Place the engine stop cable in the RUN position, with the
engine OFF.

2. Check that the cable is pulling/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, hold it in position while tightening
the locknut.

= While adjusting the cable, take the oppertunity to apply a fresh
coating of grease on the exposed portion of the cable, and the piv-
oting points on the clevis assembly.

4. Once the bolt 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.

6. If the cable sheath hinders the movement of the lever, use the two
locknuts to reposition the sheath, and readjust the cable as necessary.

>

<

2

<
Engine stop remote \%

J!
control cable (option) “’)

S

Fig. 20 Engine stop cable mounting detail for OM series engines

04970618
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Bracket

—f

Metal connector fitting

Bracket
Remote contral cable
04970620

Remote control cable

Metal connector fitting
04970619

Fig. 22 Engine stop cable mounting detail for 2GIM and 3GM/HM
Fig. 21 Engine stop cable mounting detail for 1GM engines series engine

Engine stop remote control cable

Set bolt

;//Lock nut

\@————Cabl
& e connector

04970621

Fig. 23 Engine stop cable mounting detail for JH series engines
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Understanding your mechanic is as important as understanding your
marine engine. Most boaters know about their boats, but many boaters
have difficulty understanding marine terminology. Talking the language of
boats makes it easier to effectively communicate with professional mechan-
ics. It isn't necessary (or recommended) that you diagnose the problem for
him, but it will save him time, and you money, if you can accurately
describe what is happening. It will also help you to know why your boat
dogs what it is doing, and what repairs were made.

AFTER TOP DEAD CENTER (ATDC): The point after the piston reaches
the top of its travel on the compression stroke.

AIR CLEANER: An assembly consisting of a housing, filter and any con-
necting ductwork. The filter element is made up of a porous paper or a wire
mesh screening, and is designed to prevent airborne particles from entering
the engine. Also see Intake Silencer.

04373P11

The air cleaner assembly consists of a housing, filter and any

connecting ductwork

AIR/FUEL RATIO: The ratio of air-to-fuel, by weight, drawn info the
engine.

ALTERNATING CURRENT (AC): Electric current that flows first in one
direction, then in the opposite direction, continually reversing flow.

ALTERNATOR: A device which produces AC (alternating current) which is
converted to DC (direct current) to charge the battery.

AMMETER: An instrument, calibrated in amperes, used to measure the
flow of an electrical current in a circuit. Ammeters are always connected in
series with the circuit being tested.

AMP/HR. RATING (BATTERY): Measurement of the ability of a battery
to deliver a stated amount of current for a stated period of time. The higher
the amp/hr. rating, the better the battery.

AMPERE: The rate of flow of electrical current present when one volt of
electrical pressure is applied against one ohm of electrical resistance.

ANTIFREEZE: A substance {ethylene or propylene glycol) added to the
coolant fo prevent freezing in cold weather.

04675P38
Marine alternators may look like their automative cousins, but
have special spark arresting features to prevent fires onhoard

ARMATURE: A laminaled, soft iron core wrapped by a wire that converls
electrical energy to mechanical energy as in a motor or relay. When rotated
in a magnetic field, it changes mechanical energy into electrical energy as
in a generator

ATDG: Alter Top Dead Center.

ATMOSPHERIC PRESSURE: The pressure on the Earth’s surface caused
by the weight of the air in the atmosphere. At sea level, this pressure is
14.7 psi at 32°F (101 kPa at 0°C).

ATOMIZATION: The breaking down of a liquid into a fine mist that can be
suspended in air.

AXIAL PLAY: Movement parallel to a shaft or bearing bore.

BACKFIRE: The sudden combustion of gases in the intake or exhaust sys-
tem that results in a loud explosion.

BACKLASH: The clearance or play between two parts, such as meshed
gears. :

BALL BEARING: A bearing made up of hardened inner and outer races
between which hardened steel balls roll.

BATTERY: A direct current electrical storage unit, consisting of the
basic active materials of lead and sulphuric acid, which converts chemi-
cal energy into electrical energy. Used to provide current for the opera-
tion of the starter as well as other equipment, such as the radio, lighting,
glc.

BEARING: A friction reducing, supportive device usually located between a
stationary part and a moving part.

BEFORE TOP DEAD CENTER (BTDC): The point just before the piston
reaches the top of its trave! on the compression stroke.

BLOCK: See Engine Block.
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0AGTTP16
Bearings are located between the grankshaft and engine block,

and also hetween the connecting rods and crankshaft

The combustion chamber is the part of the cylinder head where
combustion takes place

BLOW-BY: Combustion gases, composed of water vapor and tnburned
fuel. that leak past the piston rings into the crankcase during normal engine
operation. These gases are removed by the evacuation system to prevent
the buildup of harmfu! acids in the crankcase.

BORE: Diamster of a cylinder.
BTDE: Before Top Dead Center.

BUSHING: A liner, usually removable, for a bearing; an anti-friction liner
used in place of a bearing.

CAMSHAFT: A shaft in the engine on which are the lobes (cams) which
operate the valves. The camshaft is driven by the crankshatft, via a belt,
chain or gears, at one half the crankshaft speed.

CARBON MONCXIDE (C0): A colorless, odorless gas given off as a nor-
mal byproduct of combustion. It is poisonous and extremely dangerous in
confined areas, building up sfowly to toxic levels without warning if ade-
quate ventilation is not avaitable.

CETANE RATING: A measure of the ignition value of diesel fuel. The
higher the cetane rating, the better the fuel. Diesel fuel cetang rating is
roughly comparable to gasoline octane rating.

CHECK VALVE: Any one-way valve installed to permit the flow of air, fuel
or vacuum in one direction only.

CIRGLIP: A split steet snapring that fits into a groove fo hold various parts
in place. .

CIRCUIT BREAKER: A switch which protects an electrical eircuit from
overload by opening the circuit when the current flow exceeds a pre-deter-
mined level. Some circuit breakers must be reset manually, while most
reset automatically.

CIRCUIT: Any unbroken path through which an electrical current can flow.
Also used to describe fuel flow in some instances.

COMBUSTION CHAMBER: The part of the engine in the cylinder head
where combustion fakes place.

COMPRESSION CHECK: A test involving cranking the engine with a spe-
cial high pressure gauge connected to an individual cylinder. Individual
cylinder pressure as well as pressure variance across cylinders is used to
determine general operating condition of the engine.

COMPRESSION BATIO: The ratio of the volume between the piston and
cylinder head when the piston is at the bottom of its stroke (bottom dead
center) and when the piston is at the top of its stroke (top dead center).

CONDUCTOR: Any material through which an electrical current can be
transmitted easily.

CONNECTING ROD: The connecting link between the crankshaft and pis-
ton.

CONTINUITY: Continuous or complete circuit. Can be checked with an
ohmmeter,

COBLANT: Mixture of water and anti-freeze circulated through the engine
to carry off heat produced by the engine.

CRANKCASE: The lower part of an engine in which the crankshaft and
related parts operate.

CRANKSHAFT: Engine component (connected to pistons by connecting
rods) which converts the reciprocating (up and down) motion of pistons to
rotary motion used fo turn the driveshatt

CYLINDER BLGCK: See engine block.

CYLINDER HEAD: The detachable portion of the engine, usually fastened
to the top of the cylinder block and containing all or most of the combus-
tion chambers. On overhead valve engines, it confains the valves and their
operating parts.

CYLINDER: In an engine, the round hole in the engine block i which the
piston{s) ride.

DETONATION: An unwanted explosion of the air/fuel mixture in the com-
hustion chamber caused by excess heat and compression, advanced tim-
ing, or an overly lean mixture. Also referred (0 as “ping”.
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04877P10
The cylinder head contains the combustion chambers, valves

and their operating paris

DIAPHRAGM: A thin, flexible wall separating two cavities, such as in a
vacuum advance unit,

DIESELING: The engine continues to run after the it is shut off; caused by
fuel continuing to be burned in the combustion chamber.

DIGITAL VOLT OHMMETER: An electronic diagnostic tool used fo mea-
sure voltage, ohms and amps as well as several other functions, with the
readings displayed on a digital screen in tenths, hundredths and thou-
sandths.

BIODE: An electrical device that will allow current fo flow in one direction
only.

DIRECT CURRENT (DC): Electrical current that flows in one direction
only.

DISPLAGEMENT: The fotal volume of air that is displaced by all pistons
as the engine turns through one complete revolution.

DOHC: Double overhead camshaft.

DOUBLE OVERHEAD CAMSHAFT. The engine utilizes two camshafts
mounted in one cylinder head. One camshaft operates the exhaust valves,
while the other operates the infake valves.

DBVOM: Digital volt ohmmeter

ELECTROLYTE: A solution of water and sulfuric acid used to activate the
battery. Electrolyte is extremely corrosive.

END-PLAY: The measured amount of axial movement in a shaft.

ENGINE: The primary motor or power apparaius of a vesse!, which con-
verts fuel info mechanical energy.

ENGINE BLOCK: The basic engine casting containing the cylinders, the
crankshaft main bearings, as well as machined surfaces for the mounting of
other componenis such as the cylinder head, oil pan, transmission, etc.

ETHYLENE GLYCOL: The base substance of antifreeze.

EXHAUST MANIFOLD: A set of cast passages or pipes which conduct
exhaust gases from the engine.

Above sea-water line

. (350 mm)

Cooling water outiet pipe

Min. 6 in. (150 mm)

Min. 14 in
—e]

Wateriine

04977GA3A

Typical marine sxhaust system

FEELER GAUGE: A blade, usually metal, of precisely predetermined thick-
ness, used to measure the clearance between two parts.

FIRING ORDER: The order in which combustion occurs in the cylinders
of an engine.

FLAME FRONT: The term used to describe certain aspects of the fuel
explosion in the cylinders. The flame front should move in a controiled pat-
tern across the cylinder, rather than simply exploding immediately.

FLAT SPOT: A point during acceleration when the engine seems to lose
power for an instant,

FLYWHEEL: A heavy disc of mefal attached to the rear of the crankshaft. It
smoothes the firing impulses of the engine and keeps the crankshaft turn-
ing during periods when no firing takes place. The starter also engages the
flywhee! to start the engine.

FOOT POUND (ft. 1bs. or sometimes, ft. Ib.): The amount of energy
or work needed to raise an item weighing one pound, a distance of one
foot.

FREEZE PLUG: A plug in the engine block which will be pushed out if the
coolant freezes. Sometimes called expansion plugs, they protect the block
from cracking should the coolant freeze.

FUEL FILTER: A component of the fuel system containing a porous paper
element used to prevent any impurities from entering the engine through
the fuel system. It usually takes the form of a canister-like housing,
mounted in-line with the fuel hose, located anywhere on a vessel between
the fuel tank and engine.

FUEL INJECTION: A systsm that sprays fusl into the cylinder through
nozzles. The amount of fuel can be more precisely controlied with fuel
injection.

FUSE: A profective device in a circuit which prevents circuit overload by
breaking the circuit when a specific amperage is present. The device is con-
structed around a strip or wire of a lower amperage rating than the circuit it
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The fuel filter prevenis impurities from entering the engine
through the fuel system

This fuse is located in a plastic holder on the engine

is designed to protect. When an amperage higher than that stamped on the
fuse is present in the circuit, the sirip or wire melts, opening the circuit.

FUSIBLE LINK: A piece of wire in a wiring harness that performs the
same job as a fuse. If overloaded, the fusible link will melt and interrupt the

circuit.

HORSEPOWER: A measurement of the amount of work; one horsepower
is the amount of work necessary to lift 33,000 ibs. one foot in one minute.
Brake harsepowsr {bhp) is the horsepower delivered by an engine on a
dynamometer. Net horsepower is the power remaining (measured at the fly-
wheel of the engins) that can be used to power the vessel after power is
consumed through friction and running the engine accessories (water
pump, alternator, fan efc.)

HYDROCARBON (HC): Any chemical compound made up of hydrogen
and carbon. A major pollutant formed by the enging as a by-product of
combustion,

HYDROMETER: An instrument used to measure the specific gravity of a
solution.

IMPELLER: The portion of the water pump which provides the propulsion
for the coolant to circulate it through the system.

INCH POUND (inch Ibs.; sometimes in. 1b. or in. Ibs.): One twelfth
of a foot pound.

INJECTOR: A device which receives metered fus! under refatively low
pressure and is activated to inject the fuel into the engine under relatively
high pressure at a predetermined time.

04574P61

A typical diesel fuel injector

INTAKE MAMIFOLD: A casting of passages or pipes used to conduct air
or a fuel/air mixture to the cylinders.

INTAKE SILENCER: An assembly consisting of a housing, and sometimes
a filter. The filter element is made up of & porous paper of a wire mesh
screening, and is designed to prevent airborne particles from entering the
engine. Also see Alr Cleaner.

JOURNAL: The bearing surface within which a shaft operates.

JUMPER CABLES: Two heavy duty wires with large alligator clips used to
provide power from a charged battery to a discharged batfery.

JUMPSTART: Utilizing one sufficiently charged battery to start the engine
of another vessel with a discharged battery by the use of jumper cables.

KNOCK: Noise which results from the spontaneous ignition of a portion of
the air-fuel mixture in the engine cylinder.

LITHIUM-BASE GREASE: Bearing grease using lithium as a base. Not
compatible with sodium-base grease.

LOCK RING: See Circlip or Snapring
MANIFOLD VACUUM: Low pressure in an engine infake manifold formed
just below the throttle plates. Manifold vacuum is highest at idle and drops

under acceleration.

MANIFOLD: A casting of passages o set of pipes which connect the
cylinders to an inlet or outlet source.

MISFIRE: Condition occurring when the fuel mixture in a cylindsr falls to
ignite, causing the engine to run roughly.
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MULTI-WEIGHT: Type of oil that provides adequate lubrication at both
high and low temperatures.

NEEDLE BEARING: A bearing which consists of a number (usually a
large number) of long, thin rollers.

NITRGGEN OXIDE (NOx): One of the thres basic pollutants found in the
exhaust emission of an infernal combustion engine. The amount of NOx
usually varies in an inverse proportion to the amount of HC and CO.

OEM: Original Equipment Manufactured. OEM equipment is that furnished
standard by the manufacturer.

OHM: The unit used to measure the resistance of conductor-to-electrical
flow. One ohm is the amount of resistance that fimits current flow to one
ampere in a circuit with one volt of pressure.

OHMMETER: An instrument used for measuring the resistance, in ohms,
in an electrical circuit.

OVERHEAD CAMSHAFT (OHC): An engine configuration in which the

camshaft is mounted on top of the cylinder head and operates the valve
either directly or by means of rocker arms.

QVERHEAD VALVE (OHV): An engine configuration in which all of the

valves are located in the cylinder head and the camshaft is located in the
cylinder block. The camshaft operates the valves via lifters and pushrods.

OXIDES OF NITROGEN: See nitrogen oxide (NOx).

PING: A metallic rattling sound produced by the engine during accelera-
tion. 1t is usually due to incorrect timing or a poor grade of fuel.

PISTON RING: An open-ended ring which fits into a groove on the outer
diameter of the piston. lts chief function is to form a seal between the pis-
ton and cylinder wall. Most pistons have three rings: two for compression
sealing; one for oil sealing.

POLARITY: Indication (positive or negative) of the two poles of a batery.

POWERTRAIN: See Drivefrain.
PPM: Parts per million; unit used to measure exhaust emissions.

PREIGNITION: Early ignition of fuel in the cylinder, sometimes due to
glowing carbon deposits in the combustion chamber.

PRELOAD: A predetermined load placed on a bearing during assembly or
by adjustment.

PRESS FIT: The mating of two perts under pressure, due fo the inner
diameter of one being smaller than the outer diameter of the other, or vice
versa: an inferference fit.

P8I Pounds per square inch; a measurement of pressure.

PUSHROD: A steel rod betwsen the hydraulic valve lifter and the valve
rocker arm in overhead valve (OHV) engines.

RACE: The surface on the inner or outer ring of a bearing on which the
balls, needles or rollers move.

RADIATOR: Part of the cooling system for some water-cooled engines.
Through the radiator, excess combustion heat is dissipated into the atmo-

sphere through forced convection using a water and glycol based mixture
that circulates through, and cools, the engine.

REAR MAIN OIL SEAL: A synthetic or rope-type seal that prevents oil
from leaking out of the engine past the rear main crankshaft bearing.

RECTIFIER: A device (used primarily in afternators) that permits electrical
current to flow in one direction only.

REGULATOR: A device which maintains the amperage and/or voltage lev-
els of a circuit at predetermined values.

RELAY: A switch which automatically opens and/or closes a circuit.

RESISTANGE: The opposition to the flow of current through a circuit or
glectrical device, and is measured in ohms. Resistance is equal to the volt-
age divided by the amperage. .

RESISTOR: A device, usually made of wire, which offers a preset amount
of resistance in an electrical circuit,

ROCKER ARM: A lever which rofates around a shaft pushing down (open-
ing) the valve with an end when the other end is pushed up by the pushrod.
Spring pressure will later close the valve.

ROLLER BEARING: A bearing made up of hardened inner and outer races
between which hardened steel rollers move.

RPM: Revolutions per minute (usually indicates engine speed).

RUN-OMN: Condition when the engine continues to run, even when the key
is turned off. See dieseling.

SENDING UNIT: A mechanical, electrical, hydraulic or electromagnstic
device which transmits information to a gauge.

SENSOR: Any device designed to measure engine operating conditions or
ambient pressures and temperatures. Usually electronic in nature and
designed to send a voltage signal to an on-board computer, Some sensors
may operate as a simple on/off switch or they may provide a variable volt-
age signal (like a potentiometer) as conditions or measured parameters
change.

SHIM: Spacers of precise, predetermined thickness used between parts {o
establish a proper working refationship.

SHORT CIRCUIT: An electrical malfunction whers current takes the pat

of least resistance to ground (usually through damaged insulation). Current
flow is excessive from low resistance resulting in a blown fuse.

SINGLE OVERHEAD CAMSHAFT: See overhead camshaft.

SLUDGE: Thick, black deposits in engine formed from dirt, oil, water, eic.
It is usually formed in engines when oil changes are neglected.

SNAP RING: A circular refaining clip used inside or outside a shaft or part
to secure a shaft, such as a floating wrist pin.

SOHC: Single overhead camshaft.
SOLENGID: An electrically operated, magnetic switching device.

SPECIFIC GRAVITY (BATTERY): The relative weight of liquid (battery
glectrolyte) as compared to the weight of an equal volume of watsr.
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SPLINES: Ridges machined or cast onto the outer diameter of a shaft or
inner diameter of a bore to enable parts to mate without rotation.

STARTER: A high-torque electric motor used for the purpose of starting
the engine, typically through a high ratio geared drive connected to the fly-
wheel ring gear.

STROKE: The distance the piston travels from bottom dead center to top
dead center.

TACHOMETER: A device used to measure the rotary speed of an engine,
shaft, gear, etc., usually in rotations per minute.

TBE: Top dead center. The exact top of the piston's stroke.

THERMOSTAT: A valve, located in the cooling system of an engine,
which s closed when cold and opens gradually in response to engine
heating, controlling the temperature of the coolant and rate of coolant

flow.

04976P37

A typical marine thermostat

TOP DEAD GENTER (TDC): The point at which the piston reaches the
top of its travel on the compression stroke.

TORAQUE: Measurement of turning or twisting force, expressed as foot-
pounds of inch-pounds.

TUNE-UP: A regular maintenance function, usually associated with the
replacement and adjustment of parts and components in the electrical and
fuel systems of a engine for the purpose of attaining optimum perfor-
mance.

TURBOCHARGER: An exhaus! driven pump which compresses intake air
and forces it into the combustion chambers at higher than atmospheric
pressures. The Increased air pressure allows more fuel fo be burned and
results in increased horsepower being produced.

VALVE CLEARANCE: The measured gap between the end of the valve
stern and the rocker arm, cam lobe or follower that activates the valve.

VALVE GUIDES: The guide through which the stem of the valve passes.
The guide is designed to keep the valve in proper alignment.

VALVE LASH (clearance): The operating clearance in the valve train.

04977P04

The valve train on this diesel engine is clearly visible

VALVE TRAIN: The system that operates intake and exhaust valves, con-
sisting of camshaft, valves and springs, fifters, pushrods and rocker arms.

VALVE: A device which control the pressure, direction of flow or rate of
flow of a liquid ar gas.

VISCOSITY: The ability of a fluid to flow. The lower the viscosity rating,
the easier the fluid will flow. 10 weight motor oil will flow much easier than
40 weight motor oil.

VOLT: Unit used to measure the force or pressure of electricity. It is defined
as the pressure

VOLTAGE REGULATOR: A device that conirols the current output of the
alternator or generator.

VOLTMETER: An instrument used for measuring electrical force in units called
volts. Voltmeters are always connected paraliel with the circuit being tested.

WATER PUMP: A belt driven component of the cooling system that
mounts on the engine, circulating the coolant under pressure.

976P50

A marine water pump mounted to the front of a diesel engine
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The ULTIMATE in automotive repair manuals

ACURA

Coupes and Sedans 1986-93
PART NO. 8426/10300
AMC

Coupes/Sedans/Wagons 1975-88
PART NO. 14300
BMwW

Coupes and Sedans 1970-88
PART NO. 8789/18500

PARI N() 8477/18400

CHRYSLER
Aspen/Volare 1976-80
PART NO. 20100

Carasan/Voyager/Town & Couriiry 198495
PART NO 8155/20300
Cnms/Smuus/‘acbrmg/ Avenger 1995-98
PART NQ. 20320

Colv/Challenger/Conquest/Vista 107180
PART NO. 20340

Colt/Vista 1990-93

PART NO. 8415[’03%7 i
Concorde/Intre pid/New Yorker/
LHSVision 199‘3 97

PART NO. 8817720360

Front Wheel Drive Cars- 4 Cyl 198195
PART NO. 8673/ 0382

Front Wheel Drive Cars-6 Gyl 1088.05
PART NO. 8672/20384
Falf- Size Trucks 1967-88
0. 866220400
Full-Size Trucks 199-66
PART NO. 8166/20402
Size Vans 1967-88
PART NO. 20420
Full-Size Vans 1989- 9
PART NO. 8169/20422_
Neon 1995-99

PART ’\‘0 706(}0

PART NO. “8357/2()700

Ram 50/D50/Arrow 197955
PARTNG. 20860

FORD
Acroshu 1986- %

PART NO 261 7()

PART NO. 2617

Crown Vi¢ Grand Marquis 198998
PART NO. 8417/26180

Escortlvnx 198190
PART NO. 8270/26240

Escort/Tracer | 199198
PART NO. 2624

Fairmont/Zephyr 1
PART NO. 26320

Ford/Mercury Full-Size Cars 196888
PART V() 8565/7676({

&RI, NO 3@3.0,0»,,,,,;,,‘, o
Full-Size Vans 1989-96 T
PART NO. 8157/26402

Features:

* Based on actual teardowns

e Lach manual covers all makes
and models (unless ofherwise indicated)

¢ Expanded photography from
vehicle teardowns

¢ Actu vacuum and wiring diagrams—
not general representations

¢ Comprehensive coverage

@ Maintenance inerval schedules

¢ Electronic engine and emission controls

Ford/Mercury Mid-Size Cars 1971-85
PART NO. 8667/26580

Mustang/; ougar 1964-73

PART NO. 26600

Mustmg/(dm 197988

PART NO. 8580/26604

Mustang 1989-63

Ford I 1Lk s and Bronco 1976-86

PART NO. 857{)/?(667

Size Trucks 1987-96

PART NO. 8136/26664

Full-Size Trucks 1997
PART NO. 26666
Probe 1959-97
PART NO. 8266/26680

Probe 196397

PART NO. 8411/46802
Ranger/Bronco I 198390

PART NO. 8159/26686
Ranger/Bxplorer/Mountaineer | 199197
PART NO. 26688

rus/Sable 1986-05

PART NO. 8251726700
Taurus/Sable 1996-99

PART NO, 26702

Tempo/Topaz 1984-94

PART NO. 8271/26720
Thunderbird/Cougar 1983-96
PART NO. 8268/26760

Windstar 1995-98
PART NO. ’6840

GEMNERAL MOTORS
Astro/Safari 1985-96
PART NO. 8056/98160

Blazer/Jimmy 1969-82
PARTNO. 26140 _

Blazer/Jimmy/Typhoon/Bravada 1983-03
PART N0. 8139/28160

Blazer/Jimmy /Bmm 1199499
5/2886.
Bonnewik/}wh
PART NO. 8‘1"5/7870()

Sabre 198 1986-99

Buick/Oldsmobile/Pontiac Full-Size -
1975-90

PART NO. 8584/28240
Cadillac 1967-89

PART NO. 8581035760 o

Camaro 1967-

PART NO. 2,8739,,,,‘,,,,,,

Camaro 1982-02

PART NO. 826028282

rd 1993-98

PART NO. 28284

Caprice 1990-93
PART NO. 8421/28300

Cavalier/Skyhawlv/Sunbird/Sunfire 1982 96
PART NO. 8269/28320

Celebrity/Century/Ciera/6000 198306
PART NO. 8252/28360 _
Chevette/1000 1976-88
PART NO. 28400
Chevy Full-Size Cars 1968
PART NO.
Chevy Full-

Chevy ’\/hd Size Cars 1964 38
PART NO. 8594/28440

Citation/Omeg gaPhoeniy/Siolark/XT
1980-85
PART NO. 28460

“orsica/Beretta 1088-9G
PAR] NO. 8254/ 28480

?@IEQJSW) .
Corvette 1984-96

PAR i
Cutlass RWT) 1970-87

PART NO. 8668/28520

DeVille/m leetwood/Eldor: rado/Sevilie 1990-93
PART NO. 8470/ 28)*()

Electra/Park Avenue Ninety-Fight 1990-03
PART NO. 8430/28560

Fiero 1984-88
PART RO. 28580

PART NO. 2&6()()

Firebird 1982-92
Pm] N 8)34/786()7

PART RO, sz
Full-Size Trucks 1980-87
PART NO. 8577728622
P&RT NQ. 8055/28}6%@_
Full-Size Vans 1967-86
PART NO. 28640
Full-Size Vans 1987-97
PART NO. 8040/28642 B
Grand Am/Achieva 198595
PART NO. 825728660 ___
Chewy/Olds/Pontiac APVs 1990:01
PART NO. 8134/28680
Lumina/Monte Carlo/Grand Prix/Cutlass
Supreme/Regal 1988-96
PART NO. 8258/28682 o
Metr o/Sprint 198598

PART NO. 8424/28700

Nova/Chevy 1T 1962-79

PART RT NO. 28 28720

Pontiac Mid-Size 1974-83

PART NO. 287&0

Chevrolet Nova/GEQ P Prizm 1985- 03
PART NO. 8422/28760
Rwil/renmn 197587
PART NO. . 2§ZS_0,¥«_W

Chevrolet Spectrum/GEO Storm 198503
PART NO. 8425/28800

SH0/SE5/Sonoma Pick Ups 198965

9‘)4 99
PART NO. 8845/28862
HONDA
Accord/Civie/Prelude 1973-83
PART NO. 8591/30100
Accord/relude 1984-95 T
PART NO. 8255/30150

Civie, CRX and del SOL, 198495
PART NO. 8256/30200

HYUNDAT
Coupes/Sedans 1986-93
PART NO. 8412/32100

Coupes/Sedans 199408
PART NO. 32102

1sUZU
Amigo/Pick-Ups/Rodeo/Trooper 1981-96
PART NO. 8686/36100

Cars and Trucks 1981-91
PART NO. 8069/36150
JEEP
0 1945-70
PART NO. 40200

PAR1 NO. 8576/4020”’

Wagoneer/Commuando/Cherokee 1957. 8
PART NO. 40600

Wagoneer/Comanche/Cherokee 198498
PART NO. 8143/40602 e

Wrangler/Y] 1987-05
PART NO. 8535/406

Trucks 1972-86
PART NO. 46600

Trucks 198793
PART NO. 8264/*6602

Trucks 1994-98
PART NO. 46604
323/626/929/GLC/MX-6/RX-7 1978~ -89
PART NO. 8@}/4@800 o
323/Protege/ M- 3/MY-6/626
Millenia/Ford Probe 1990-98

PART NO. 8411/46802

MERCEDES
Coupes/Sedans/Wagons 1974-84
PART NO. 48300

M!TSUBISH!
Cars and Trucks 1983-89
PART NO. 7947/50200

Eclipse 1990-08
PART NO. 8415/50400




Total Car Care, continued

Pick-Ups and Montero 1983-95
PART NO. 8666/50500
NISSAN

Datsun 216/1200 1973-81
PART NO. 52300

Datsun 2008%/510/610/710/
810/Maxima 1973-84

PART NO. 52302

Nissan Maxima 1985-92

PART NO. 8261/52450
Maxima 1993-98

PART NO. 52452

Pick-Ups and Pathfinder 1970-88
PART NO. 8585/52500
Pick-Ups and Pathfinder 1989-95
PART NO. 8145/52502
Sentra/Pulsar/NX 1982-66

PART NO. 8263/52700
Stanza/2008X/2408X 1982-92
PART NO. 8262/52750
2408X/Altima 1993-98

PART NO. 52752
Datsun/Nissan Z and ZX 1970-88

Auto Repair Manual 1993-97
PART NO. 7919

Collector’s Hard-Cover Manuals

PART NO. 8846/52800
REMAULT
Coupes/Sedans/Wagons 1975-85
PART NO. 58300
SATURN
Coupes/Sedans/Wagons 1991-98
PART NO. 8419/62300
SUBARU :
Coupes/Sedan/Wagons 1970-84
PART NO. 8790/64300
Coupes/Sedans/Wagons 1985-96
PART NO. 8259/64302
SUZUIKI
Samurai/Sidekick/Tracker 1986-98
PART NO. 66500

Celica 1994-98 Air-Cooled 1970-81

PART NO. 68254 PART NO. 70202

Corolta 1970-87 Front Wheel Drive 1974-89
PART NO. 8586/68300 PART NO. 8663/70400
Corolla 1988-97 Golf/Jetta/Cabriolet 1990-93

PART NO. 8414/68302

PART NO. 8429/70402

Cressida/Corona/Crown/MKkII 1970-82
PART NO. 68350

Cressida/Van 1983-90

PART NO. 68352

~ Pick-ups/Land Cruiser/4Runner 1970-88

PART NO. 8578/68600
Pick-ups/Land Cruiser/4Runner 1989-98
PART NO. 8163/68602

TOYOTA

Camry 1983-96

PART NO. 8265/68200
Celica/Supra 1971-85
PART NO. 68250
Celica 1986-93

PART NO. 8413/68252

Auto Repair Manual 1940-53
PART NO. 5631

PART NO. 70200

Previa 1991-97
PART NO. 68640

VOLYVO
Coupes/Sedans/Wagons 1970-89
PART NO. 8786/72300

Coupes/Sedans/Wagons 1990-98
PART NO. 8428/72302

ATV Handbook
PART NO. 9123

Tercel 1984-94
PART NO. 8595/68700

Auto Detailing
PART NO. 8394

VOLKSWAGEN
Air-Cooled 1949-69

Truck and Van Repair Manual 1986-90
PART NO. 7902

Auto Repair Manual 1988-92
PART NO. 7906

Import Car Repair Manual 1993-97
PART NO. 7920

Truck and Van Repair Manual 1979-86
PART NO. 7655

Auto Repair Manual 1980-87
PART NO. 7670

Import Car Repair Manual 1988-92
PART NO.7907

Truck and Van Repair Manual 1971-78
PART NO. 7012

Auto Body Repair

PART NO. 7898

Automatic Transmissions/Transaxles
Diagnosis and Repair

PART NO. 8944

Brake System Diagnosis and Repair
PART NO. 8945

Chevrolet Engine Overhaul Manual
PART NO. 8794

Easy Car Care

PART NO. 8042

Auto Repair Manual 1972-79
PART NO. 6914

Import Car Repair Manual 1980-87
PART NO. 7672

Auto Repair Manual 1964-71
PART NO. 5974

Truck and Van Repair Manual 1993-97
PART NO. 7921

Auto Repair Manual 1954-63
PART NO. 5652

Truck and Van Repair Manual 1991-95
PART NO. 7911

System-Specific Manuals

Truck Repair Manual 1961-71
PART NO. 6198

Guide to Air Conditioning Repair and
Service 1982-85

PART NO. 7580

Guide to Automatic Transmission
Repair 1984-89

PART NO. 8054 o
Guide to Automatic Transmission
Repair 1984-89

Domestic cars and trucks

PART NO. 8053

Guide to Automatic Transmission
Repair 1980-84

Domestic cars and trucks

PART NO. 7891

Guide to Fuel Injection and Electronic
Engine Controls 1984-88

Domestic cars and trucks

PART NO.7766

Guide to Automatic Transmission
Repair 1974-80

Import cars and trucks

PART NO. 7645

Guide to Brakes, Steering, and
Suspension 1980-87

PART NG. 7819

Guide to Electronic Engine Controls
1978-85

PART NO. 7535

Guide to Engine Repair and Rebuilding
PART NO. 7643

Guide to Vacuum Diagrams 1980-86
Domestic cars and trucks

PART NO. 7821

FOR THE TITLES LISTED, PLEASE VISIT
YOUR LOCAL CHILTON RETAILER

M /nunr L Y VIT Y
il 00 -

Engine Code Manual

. PART NO. 8851

Ford Engine Overhaul Manual
PART NO. 8793

Fuel Injection Diagnosis and Repair
PART NO. 8946

Motorcycle Handbook

PART NO. 9099

Small Engine Repair

(Up to 20 Hp)

PART NO. 8325
Snowmobile Handbook
PART NO. 9124

ti-Vehicle Spanis!
Repair Manuals

Auto Repair Manual 1992-96
PART NO. 8947

Import Repair Manual 1992-96
PART NO. 8948

Truck and Van Repair Manual
1992-96

PART NO. 8949

Auto Repair Manual 1987-91
PART NO. 8138

Auto Repair Manual

1980-87

PART NO. 7795

Auto Repair Manual

1976-83

PART NO. 7476

*1020 Andrew Drive, Suite 200 ¢ West Chester, PA 19380-4291]
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