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This marine diesei engine, previous?-esi gnated UESIHRBEKE Four-107,
incorporates a basic engine mode? krom variously as 4-99, 4-1G7, and

4-108. You will notice continual references to the latter three eng-
ine mode numbers througout the workshop portion of this manual. They

are used to distinguish among the three major engireering changes a-
ready mede to the engine.
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IMPORTANT

PRODUCT SOFTWARE NOTICE

Product software of all kinds, such as
brochures, drawings, technical data,
operator's and workshop manuals, parts
lists and parts price lists, and other
information, instructions and specifi-
cations provided from sources other
than Westerbeke, is not within Wester-
beke's control and, accordingly, is
provided to Westerbeke customers only
as a courtesy and service. WESTERBEKE
CANNOT-BE RESPONSIBLE FOR THE CONTENT
GF SUCH SOFTWARE, MAKES NO WARRANTIES
OR REPRESENTATIONS WITH RESPECT THERETO,
INCLUDING THE ACCURACY, TIMELINESS OR
COMPLETENESS THEREOF, AND WILL IN ND
EVENT BE LIABLE FOR ANY TYPE OF DAVIAGES
OR INJURY INCURRED | N CONNECTION WITH,
OR ARISING QUT OF, TEE FURNISHING OR
USE OF SUCH SOFTWARE

For example, components and sub-assemb-
lies incorporated in Westerbeke's
products and supplied by others (such
as engine blocks, fuel systems and com-
ponents, transmissions, electrical con-
ponents, pumps, and other products)

are generally supported by their manu-
facturers with their own software, and
Westerbeke must depend on such software
for the design of Uesterbeke's own

product software. Such software may be
outdated and no longer accurate. Routine
changes made by Westerbeke's suppliers.
of which Westerbeke rarely has notice

in advance, are frequently not reflected
in the supplier's software until after
such chanaes take place.

Westerbeke customers should also keep in
mind the time span between printings of
Westerbeke product software, and the
unavoidable existence of earlier, non-
current Westerbeke software editions in
the field. Additionally, most Wester-
beke products include customer-requested
special features that frequently do not
include complete documentation.

In sum, product software provided with
Westerbeke products, whether from Wester-
beke or other suppliers, must not and
cannot be relied upon exclusively as the
definitive authority on the respective
product. It not only makes good sense,
but is imperative that appropriate
representatives of Westerbeke or the
supplier in question be consulted to
determine the accuracy and currency o f
the product software being consulted

by the customer.




INTRODUCTION

IMPORTANT

TION.
READ IT !
KEP IT IN A SAFE RACE

BJr YOUR SAFETY AS WHL

THIS MANUAL IS A DETAILED GUIDE TO THE INSTALLATION, START-UP, OCFERATION
AND MAINTENANCE GF YOUR WESTHRBEKE MARINE DIESEL ENGINE  THE INFCRMVA-
TION IT GONTAINS IS VITAL TO THE ENGINES DEFENDABLE LONG THRM OFFRA-

KEE |IT HANDY FOR REFERENCE AT ALL TIMES
FAILURE TO DO SO WILL INVITE SERIOUS RISK, NOT ONY TO YOUR INVESTMENT,

UNTHERSTANDING THE DIESEL ...

The diesel engine closely resembles the
gasoline engine inasmuch as the mechanism
is essentially the same. Its cylinders
are arranged above its closed crankcase;
its crankshaft is of the same general type
as that of a gasoline engine; it has the
same sort of valves, camshaft, pistons,
connecting rods, lubricating system and
reverse and reduction gear.

Therefore, it follows to a great extent
that a diesel engine requires the same
preventative maintenance as that which any
intelligent operator would give to a gas-
oline engine. The most important factors
are proper maintenance of the fuel, lub-
ricating and cooling systems. Replacement
of fuel and lubricating filter elements at
the time periods specified i s a must, and
frequent checking for contamination (i.e.
water, sediment etc.) in the fuel system
is also essential. Another important
factor is the use of the same brand of
"high detergent" diesel lubricating oil
designed specifically for diesel engines.

The diesel engine does differ from the
gasoline engine, however, in the method of
handling and firing its fuel. The carbu-
retor and ignition systems are done away
with and in their place is a single com-
ponent - the Fuel Injection Rump - which
performs the function of both.

Unremitting care and attention at the
factory have resulted in a Westerbeke
engine capable of many thousands of hours
of dependable service. Wha the manufact-
urer cannot control, however, is the
treatment it receives in service. This
part rests with youl

ORDERING PARTS

Whenever replacement parts are needed,
always include the complete part descrip-
tion and part number (see separate Parts
List furnished, if not part of this pub-
lication). Be sure to include the
engine's model and serial number. Also
be sure to insist upon Westerbeke factory
packaged parts, because " will fit" parts
are frequently not made to the same
specifications as original equipment.

GENERATOR SETS

Westerbeke diesels are used for both
the propulsion of boats and for generating
electrical power. For generator set app-
lications, all details of this Manua
apply, except in regard to certain por-
tions of the Installation, Operation and
Maintenance sections. Additional infor-
mation i s provided in the section titled
Generator Sets, Section T.
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INSTALLATION

Since the boats in which these engines are used are many and varied,

FORBACRD

details of engine installation are equally so.

It is not the purpose of

this section to advise boatyards and engine installers on the generally
well understood and well developed procedures for installation of en-

gines.

However, the following outline of general procedure is included

because it is valuable in explaining the functions of each component,
the reasons why, the precautions to be watched and the relationship of

the installation to the operation of the engine.

There are details of

the installation which should have a periodic check and of which the
operator should have a thorough understanding to insure good operating
conditions for the engine and correct procedure for its servicing.

INSPECTION G- BQUIRVIENT

The engine is shipped from the factory
mounted securely and properly crated. Ac-
cessory equipment is shipped in a separate
smdal box, usually packed with the engine
crate.

Before accepting shipment from the
transportation company, the crate should
be opened and an inspection made for con-
cealed damage. |If either visible or con-
cealed damage i s noted, you should require
the delivering agent to sign "Received in
damaged condition". Also check contents
of the shipment against the packing list
and make sure note is made of any discrep-
ancies. This is your protection against
loss or damage. Claims for loss or damage
must be made to the carrier, not to J. H.
Westerbeke Corporation.

RIGGING AND LIFTING

The engine is fitted with lifting rings.

Rope or chain slings should be at-
tached to the rings and the engine lifted
by means of tackle attached to this sling.
The lifting rings have been designed to
carry the full weight of the engine,
therefore auxiliary slings are not re-
quired or desired.

CAUTION: Slings must not be so short as
to place the engine lifting eyes in sig-
nificant sheer stress. Strain on the
engine lifting eyes must not be in excess
of 10° from the vertical. A spacer bar
must be placed between the two lifting
eyes, if supported by valve cover studs.

The general rule in moving engines is
to see that all equipment used is amply

strong and firmly fixed in place. Move the
engine a little at a time and see that it
is firmly supported. Eliminate possibil-
ity of accidents by avoiding haste. Do
not lift from the propeller coupling, or

pry against this with crowbar, as you may
distort the coupling.

In some cases it may be necessary to
lift the engine in other than the regular
horizontal position. It may be that the
engine must be lowered endwise through a
small hatchway which cannot be made larger.
If the opening is extremely restricted it
is possible to reduce, to some extent, the
outside clearances such as generator,
cooling piping, water tank, filters,
mounting lugs, etc. This accessory equip-
ment should be removed by a competent
mechanic and special care should be taken
to avoid damage to any exposed parts and
to avoid dirt entering openings. The parts
which have been removed should be returned
to position as soon as the restriction has
been passed.

In case it isS necessary to hoist the
engine either front end upwards or reverse
gear end upwards, the attachment of slings
must be done very carefully to avoid the
possibility of damage to the parts on
which the weight may bear. It is best if
special rigging work be done by someone
experienced and competent in the handling
of heavy machinery.

ENGINE BOLTS

It is recommended that bronze hanger
bolts of appropriate size be used through
the engine flexible mounts. Lag screws
are less preferred because their hold on
the wood is weakened every time they are
moved, whereas the lag bolt stays in pos-
ition and the nut on top is used to tight-
en the engine down or is removed to permit
the engine to be lifted. The bolt itself
stays in position gt all times, as a stud,
and the bond between the bolt and the wood
is not weakened by its removal.
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FOUNDATION FOR ENGINE

A good engine bed contributes much
toward the satisfactory operation of the
engine. The engine bed must be of rigid
construction and neither deflect nor twist
when subjected to the engine weight or the
position the boat may have to take under
the effects of rough seas. The bed must
keep the engine within one or two thous-
andths of an inch of this position at all
times. It has to withstand the forward
push of the propeller which is applied to
the propeller shaft, to the thrust washer
bearing in the engine and finally to the
engine bolts and engine bed.

In fiberglas hulls, we recommend that
similar wooden stringers as i n wooden
hulls be formed and fitted, then glassed
to the hull securely. This allows hanger
bolts to be installed firmly in wood, thus
reducing noise and transmitted vibration.

The temptation to install the engine on
a pair of fiberglas "angle irons" should
be resisted. Such construction will allow
engine vibrations to pass through to the
hull. Flexible mounts require a firm
foundation against which to react if they
are to do their job. When possible, follow
bed design "A" and avoid bed design "B".

]
S

BAD

I

PROPELLER COURLING

Each Westerbeke Diesel engine is regu-
larly fitted with a suitable coupling for
connecting the propeller shaft to the
engine.

The coupling must not only transmit the
power of the engine to turn the shaft, but
must also transmit the thrust either ahead
or astern from the shaft to the thrust
bearing which is built into the reduction
gear housing of the engine. This coupling
is very carefully machined for accurate
fit.

For all engine models, a propeller half-
coupling, bored to shaft size for the
specific order, is supplied. The coupling
either has a keyway with set screws or is
of the clamping type.

The forward end of the propeller shaft
has a long straight keyway. Any burrs
should be removed from the shaft end. The
coupling should be a light drive fit on
the shaft and the shaft should not have to
be scraped down or filed in order to get a
fit. It is important that the key be
properly fitted both to the shaft and the
coupling. The key should fit the side of
the keyway very closely, but should not
touch the top of the keyway i n the hub of
the coupling.

If it seems difficult to drive the
coupling over the shaft, the coupling can
be expanded by heating in a pail of boil-
ing water. The face of the propeller
coupling must be exactly perpendicular to
the centerline or axis of the propeller
shaft.

PFROFELLER

The type and size of propeller varies
with the gear ratio and must be selected
to fit the application based upon boat
tests. To utilize the full power of the
engine, and to achieve ideal loading con-
ditions, it is desirable to use a propel-
ler which will permit the engine to reach
its full rated speed at full throttle
under normal load.

ALIGNMENT G- ENGINE

The engine must be properly and exactly
aligned with the propeller shaft. No
matter what material is used to build a
boat it will be found to be flexible to
some extent and the boat hull will change
its shape to a greater extent than is
usually realized when it iS launched and
operated in the water. It is therefore
very important to check the engine align-




ment at frequent intervals and to correct
any errors when they may appear.

Misalignment between the engine and the
propeller shaft is the cause of troubles
which are blamed often on other causes.

It will create excessive bearing wear,
rapid shaft wear and will, in many cases,
reduce the life of the hull by loosening
the hull fastenings. A bent propeller
shaft will have exactly the same effect
and it is therefore necessary that the
propeller shaft itself be perfectly
straight.

One particularly annoying result of mis-
alighment may be leakage of transmission
oil through the rear oil seal. Check to
make sure that alignment is within the
limits prescribed.

The engine should be moved around on
the bed and supported on the screw-jacks
or shims until the two halves of the coup-
lings can be brought together without using
force and so that the flanges meet evenly
all around. It is best not to drill the
foundation for the foundation bolts until
the approximate alignment has been accu-
rately determined.

Never attempt a final alignment with
the boat on land. The boat should be in
the water and have had an opportunity to
assume its final water form. It is best
to do the alignment with the fuel and
water tank about half full and all the
usual equipment on board and after the
main mast has been stepped and final rig-
ging has been accomplished.

Take plenty of time in making this
alighment and do not be satisfied with
anything less than perfect results.

Thealignment is correct when the shaft
can be slipped backwards and forward into
the counterbore very easily and when a
feeler gauge indicates that the flanges
come exactly together at all points. The
two halves of the propeller coupling
should be parallel within 0.002 inches (A).
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In making the final check for alignment,
the engine half coupling should be held i n
one position and the alignment with the
propeller coupling tested with the propeller
coupling in each of four positions, rotated
900 between each position. This test will
also check whether the propeller half coup-
ling isin exact alignment on its shaft.
Then, keeping the propeller coupling in one
position the alignment should be checked
rotating'the engine half coupling to full
position each 900 from the next one.

The engine alignment should be rechecked
after the boat has been in service for one
to three weeks and, if necessary, the
alignment remade. It will usually be
found that the engine is no longer in
alignment. This in not because the work
was improperly done at first, but because
the boat has taken some time to take its
final shape and the engine bed and engine
stringers have probably absorbed some
moisture. It may even be necessary to re-
align at a further period.

The coupling should always be opened up
and the bolts removed whenever the boat is
hauled out or moved from the land to the
water, and' during storage in a cradle.

The flexibility of the boat often puts a
very severe strain on the shaft or the
coupling or both when it is being moved.

In some cases the shaft has actually been
bent by these strains. This does not apply
to small boats that are hauled out of the
water when not in use, unless they are

dry for a considerable time.

BEXHAUST SYSTEM

Exhaust line installations vary consid-
erably and each must be designed for the
particular job. The general requirements
are to provide an outlet line with a mini-
mm of restrictions and arranged so that
sea water, rain water, or condensation
cannot get back into the engine. There
should be a considerable fall in theline’
between the exhaust manifold flange and
the discharge end. This slope in the pipe
makes it difficult for water to be driven
invery far by a wave;, and a steep drop
followed by a long slope is better than a
straight gradual slope. Avoid any depres-
sion or trough to the line which would
fill with water and obstruct the flow of
exhaust gas. Also avoid any sharp bends.

Brass or copper is not acceptable for
wet exhaust systems, as the combination of
salt water and diesel exhaust gas will



10

cause rapid deterioration. Galvanized
iron fittings and galvanized iron pipe is
recommended for the exhaust line. The ex-
haust Iine must be at least as large as
the engine exhaust manifold flange and be
increased in size if there is an especial-
ly long run and/or many elbows. It should
be increased by 1/2" in I.D. for every 10
feet beyond the first 10 feet.

WATER IMLET

GATE VALVE

EXHAUST HOSE

EXHAUST SYSTEM WITH WATER JACKETED
STANDPIPE

Most exhaust systems today use a
water |ift type muffler such as the
Westerbeke "Hydro-Hush." |n most
installations there is a dry, insulated
high loop after the engine manifold and
before the muffler to prevent water
flowing backwards into the engine during
cranking.

It is essential not to hang too
much weight in the form of exhaust system
components rigidly from the engine mani-—
fold. Generally it is permissible to
directly connect a pipe nipple and a
water jacketed exhaust elbow, which two
components weigh about 8 pounds (4kg).

WATER OFSEMARGE
FagM EMGINE

- e ]

WATEZ LIFT Evqaus? jvitem

WITH 4YDAQ-HUSH MUFFLED

1-34 0.0,

50148

MUFFLER, PN 13120

WATER LIFT EXHAUST SYSTEM WITH
"HYDRO-HUSH" MUFFLER

If there are more components to be
rigidly connected to each other than will
weigh 8 pounds, then a flexible exhaust
section must be installed between the
manifold outlet and the exhaust system.

The exhaust system must be supported
or suspended independently of the engine
manifold, usually using simple metal
hangers secured to the overhead.

All dry portions of the exhaust sys-
tem should be wrapped in suitable insula-
tion material to keep surface temperatures
as low as possible.

Mawy installations use flexible rubber
exhaust hose for the water cooled section
of the exhaust line because of the ease of
installation and flexibility. Provide
adequate support for the rubber hose to
prevent sagging, bending, and formation
of water pockets.

Always arrange the rubber hose section
so that water cannot possibly flow back
into the engine. Also make sure that enter
ing sea water cannot spray directly against
the inside of the exhaust piping. Otherwise
excessive erosion will occur.

MEASURNG EXHAUST GAS BACK PRESSURE

Back pressure must be measured on a
straight section of the exhaust line and
as near as possible to the engine exhaust
manifold. The engine should be run at
maximum load during the measurement period.
Set-up should be as shown below.

1. For normally asperated engines:

1-1/2" Max PSI 3" Mercury = 55

2. For turbo-charged engines:
Pressure Test Mercury Test
0.75 Ma< PSI

Water Column
19-1/2"

1-1/2" Mercury =

Checking The Back Pressure
1. Exhaust pipe flange

2. Exhaust line
3. Transparent plastic hose, partly filled




with water. Measurement "A" may not
exceed 39" for normally asperated
engines and 19.5" for turbo-charged
engines.

WATHR GONNECTIONS

Seacocks and strainers should be of the
full flow type at least one size greater
than the inlet thread of the sea water
pump. The strainer should be of the type
which may be withdrawn for cleaning while
the vessel is at sea.

Water lines can be copper tubing or
wire-wound, reinforced rubber hose. In
any case, use a section of flexible hose
that will not collapse under suction, be-

tween the hull inlet and engine and betweennectors.

the outlet and the exhaust system. This
takes up vibration and permits the engine
to be moved slightly when it's being re-
aligned. Db not use street elbows in
suction piping. All pipe and fittings
should be of bronze. Use sealing compound
at all connections to prevent air leaks.
The neoprene impeller in the sea (raw)
water punp should never be run dry.

FUEL TANK AND HLTERS

Fuel tanks may be of fiberglass, monel,
aluminum, plain steel or terne plate. |If
made of fiberglass, be certain that the
interior is gel coated to prevent fibers
from contaminating the fuel system.
Copper or galvanized fuel tanks should not
be used. It is not necessary to mount the
tank above the engine level as the fuel Iift
pump provided will raise the fuel from the
tank. The amount of |ift should be kept
minimum (6 feet being maximum). |If a tank
is already installed above engine level it
can be utilized in this position. Great

care should be taken to ensure that the fuel;

system is correctly installed so that air-
locks are eliminated and precautions taken
against dirt and water entering the fuel.

A orimarv fuel filter of the water col-
lecting type should be installed between
the fuel tank and the fuel lift pump. A
recommended type is available from the
list of accessories. The secondary fuel
filter isfitted on the engine between the
fuel 1ift pump and the injection pump and
has a replaceable element.

As the fuel lift purmp has a capacity in
excess of that required by the injection
pump, the overflow is piped to the fuel
tank and should be connected to the top of
the tank or as near the top as possible.
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To insure satisfactory operation, a
diesel engine must have a dependable sup-
ply of clean diesel fuel. For this reason,
cleanliness and care are especially im-
portant at the time when the fuel tank is
installed, because dirt |left anywhere in
the fuel lines or tank will certainly
cause fouling of the injector nozzles when

the engine is started for the first time.

FUEL PIFPING

We recommended copper tubing together
with suitable fittings, both for the supply

line and the return line. Run the tubing
in the longest pieces obtainable to avoid
the use of unnecessary fittings and con-
The shut off valve in the line
between the fuel tank and engine should be
of the fuel oil type, and it is important
that all joints be free of pressure leaks.

Keep fuel lines as far as possible from
exhaust pipe for minimum temperature, to
eliminate "vapor locks".

The fuel piping leading from the tank
to the engine compartment should always be
securely anchored to prevent chafing.
Usually the copper tubing is secured by
means of copper straps.

The final connection to the engine
should be through flexible rubber hoses.

ELECTRIC PANEL

The Westerbeke all-electric panel
utilizes an electronic tachometer

Ywith a built-in hour meter.

meter cables are no longer requuped

except for the Skipper mechanical

panet. hoa nangl ap
a vol tmetgi4 water {emperature re

_gauge and 0|| pressure gauge. Each
Instrument is tighted. The all-
electric panel is isolated from

972 Ft’)‘fje 2 nfltmfig R%r%oéllweﬂr‘é’h?vn?ed

B ECTRICAL BEQUIRMIENT

Most Westerbeke engines are supplied
pre-wired and with plug-in connectors.
Never make or break connections while the
engine is running. Carefully follow all
instructions on the wiring diagram sup-
plied, especially those relating to fuse/
cicuit breaker requirements.

Starter batteries should be located as
close to the engine as possible to bvoid
roltage drop through long leads. It is
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bad practice to use the starter batteries
for other services unless they require low
amperage or are intermittent. |In cases
where there are substantial loads (from
lights, refrigerators, radios, depth
sounders, etc.) it is essential to have a
complete, separate system and to provide
charging current for this by means of a
second alternator or "alternator output
splitter”.

Starter batteries must be of a type
which permits a high rate of discharge
(Diesel starting).

Carefully follow the recommended wire
sizes shown in the wiring diagrams. Plan
installation so the battery is close to
engine and use the following cable sizes:

#1 - for distances up to 8 feet

#1/0 - for distances up to 10 feet
#2/0 - for distances up to 13 feet
1310 - for distances up to 16 feet

MECHANICAL GONTROLS

The recommended practice is to have the
stop-run lever loaded to the run position
and controlled by a sheathed cable to a
push-pull knob at the pilot station. The
throttle lever should be connected to a
Morse type lever at the pilot station by
a sheathed cable.

The transmission control lever may be
connected to the pilot station by a flex-
ible, sheathed cable and controlled by a
Morse type lever. The single-lever type
gives clutch and throttle control with
full throttle range in neutral position.
The two-lever type provides clutch control
with one lever and throttle control with
the other.

Ary bends in the control cables should
be gradual. End sections at engine and
transmission must be securely mounted.
After linkages are completed, check the
installation for full travel, making sure
that, when the transmission control lever
at the pilot station is in forward,
neutral and reverse, the control lever on
the transmission is on the respective
detent. Check the throttle control lever
and the stop-run lever on the fuel injec-
tion purp for full travel.

Some models do not require a stop
cable because they have either a fuel
solenoid or an electric fuel pump.
Examples of such models are the W58
and V2.
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OPERATION

The engine is shipped "dry"...with
lubricating oil drained from the
crankcase and transmission. There-
fore, be sure to follow these recom-
maded procedures careful 1y before
starting the engine for the first time.

1. Raroe oil filler cap ad fill oil
amp with heavy duty, diesel Tubricat-
ing oil to the highest mark on the dip-
stick. See table under Maintenance for
an agpproved lubricating oil. Do not
overfill, Select an approved grade
from the listing and continue to use it.

2. Fill the reverse gear to the high-
est mak on the dipstick with TYPE A
transmission fluid. @ not overfill.
Qil level for the Short Profile Sail-
ing Gear i s measured before threading
the dipstick into the housing.

Engine oil is not recommended because
it can foam and it can contain addi-
tives hamful to some transmissions.

If the engine is equipped with a Vv drive.

fill to the full mak on the dipstick
with the recommended lubricant specified
on the data tag on the V drive housing.

3. Fill fresh water cooling system with
a 50-50 anti-freeze solution only after
opening all petcocks and plugs until all
entrapped air is expelled.

Fill surge tank to within one inch

of the top. Chek this level after
engine has run for a few minutes.

If trapped air is released, the water
level m%i have dropped. If so, re-
fill tank to within one inch of top
ad replace filler cap.

4. Ensure battery water level is
at least 3/8" above the battery
plates and battery is fully charged
so that it is capable of the extra
effort that ny required on the
first start.

5. Fill fuel tank with clean Diesel
fuel oil; Na 2 diesel fuel oil is
reconmended. The use of Na 1 is
Bermlssmle but No 2 is preferred
ecause of its higher lubricant
content.

NOTE: If there is ro filter in the
filler of the fuel tank, the recom-
mended procedure is to pour the fuel
through a funnel of 200 mesh wire
screen.

6. Fill grease cup an the sea water
pump, if present, with a good grade
of water pump grease.

FUEL SYSEM

Ilhefuel injection syssem of a com-
pressi an ignition engine depends
uoon very high fuel pressure during
the injection stroke to function
correctly. Relatively tiny move-
ments of the pumping plungers pro-
duce this pressure ad if any air
I's present inside the high pressure
line, then this air acts as a cushion
and prevents the correct pressure,
and therefore fuel injection, from
being achieved.

In consequence it is essential that
all air is bled from the system

whenever ay part of the system has
been opened for repair or servicing.

BLEEDING PROCEDURES BY MODEL

1. Initial Engine Start-up
(Engine stoppage due to lack
of fuel)

a. Insure that the fuel tank(s)
is filled with the proper
grade of diesel fuel.

b. Fill any large primary filter/
water separator with clean
diesel fuel that is installed
between the fuel tank and en-

ine. To attempt to fill an
arge primary filter using the
manud priming lever an the en-
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gine mounted fuel Tift pump may 2. On the fuel injection pump body is a
prove futile or require a con- 5/16 bleed screw (Bleed Point B).
siderable amount of priming. This may be mounted on a manifold
¢. Turn the fuel selector valve to with a pressure switch. Open this
"On." Systems with more than one one to two turns (do not remove it)
tank insure that fuel returning and with the priming lever bleed
flows.  Stop priming and tighten
The above procedures are basic for the bleed screw.
all initial engine start-ups or for .
restarting engines stopping due to 3. (n the control cover of the injec-
lack of fuel. tion pump (Bleed Point C) is a
5/16 bleed screw. Open this screw
WESTERBEKE W _AND WPD4 GENERATOR (3600 one to two turns and proceed as in
R.P.M.) (Fiaure 17 Step 2. (Note: Bypass this bleed

point on the W-30 injection pump.)

1 With the use of a 5/16 box wrench

bleed screw one to two turns on the 5/16 bleed screw (Bleed Point D)

outgoing side of the engine mounted on the injector line banjo bolt

secondary fuel filter (Bleed one to two turns and with the

point A). With firm strokes on the throttle full open and the engine

lift pump priming lever, bleed until stop lever in the run position,

fuel free of air bubbles flows from crank the engine over with the

this point. Stop priming and gently starter until clear fuel free

tighten the bleed screw. of air flows from this point.
Stop cranking and tighten this

2. With a 5/8 open end wrench loosen bleed screw.

one to two turns the nut securing

the injector line to the injector 5. With a §/8 wrench loosen one to two

(Bleed Point B). turns the injector line attaching

nuts at the base of each injector
and with the throttle full open and
the engine stop control in the run
position, crank the engine over with
the starter until fuel spurts by the
nuts and injector line at each injec-
tor. Stop cranking and tighten the
nut and proceed with normal starting
procedures.

Decompress the engine with the lever
on the top of the cylinder head.
Crank the engine over with the
starter W7 ensure that the engine
stop lever is in the run position
and the throttle is full open).

(4KW use the defeat position while
cranking). Crank the engine until
fuel spurts by the nut and line.
Stop cranking and tighten the 5/8

nut and proceed with normal starting WESTERBEKE WI3 & 4.4KW (Fiaure 6;
n

procedures. WXL & 7.7KH
WESTERBEKE W (Fiaure 2) W33 L "}
W40 & WRO 10, 12%, 15. (Fiaure 3)
W50 & WO 15. (Fiaure 4} These units are self-bleeding.
WA & R 30.(Fiaure 5)
WI20 & BR45, (Fiaure 51 1. Turn the ignition to the ON position

i d it 15-20 ds.
1. Open the banjo bolt on top of the and wal Seconds

engine mounted secondary fuel fil- 2.
ter 1-2 turns (Bleed Point A).

With firm stroke on the fuel lift

pump priming lever bleed until fuel

free of air bubbles flows from this

point. Stop priming and tighten

the bolt.

Start the engine following normal
starting procedures.




WESTERBEKE V88 & WIO 20 - (Figure 7)

1. Open the bleed screw on the top

inboard side of the engine-mounted
secondary fuel filter one to two
turns using a 10mm box wrench
(Bleed Point A). This fuel filter
i s equipped with a hand-operated
priming pump. With the palm of
your hand, pump this primer until
fuel free of air flows from this
point. Stop pumping and tighten
the bleed screw.

With bleed screw A tightened, pump
the hand primer several more times.
This primes the infection pump which
is self-bleeding. The injection pump
incorporates a feed pump which keeps
the fuel system primed when the en-
gine is running, thus no external
lift pump i s required.

Loosen the four injector line at-
taching nuts at the base of each
injector (Bleed Point B) one to two
turns with a 1émm open-end wrench.
Place the throttle in the full open
position and crank the engine over
with the starter until fuel spurts
by the nut and injector lines. Stop
cranking and tighten each of the
four nuts and proceed with normal
starting procedure.

Figure 3
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Typical Mechanical Fuel Lift Pump




PREPARATION FOR STARTING

1.

Check water level in expansion
tank. 1t should be 1% to 2 in.
below the top of the tank when
cold.

Check the engine sump oil level.
Check the transmission oil level.

See that there is fuel in the tank
and the fuel shut-off i s open.

Check to see that the starting
battery is fully charged, all
electrical connections are proper-
ly made, all circuits in order and
turn on the power at the battery
disconnect.

Check the seacock and ensure that
it is open.

STARTING THE ENGINE (COLD)

Most Westerbeke marine diesel engines
are equipped with a cold starting aid
to ease in the starting of your engine
when cold.

1.

Check to see that the "stop" lever

(if installed) is in the "run"
position.

Place the throttle in the fully
open position.

Press the "Preheat" button in and
hold for 15 to 20 seconds.

While holding the "Preheat" button
in, turn the keyswitch to the "ON"
or "Run" position. This activates
the panel gauges, lights and fuel
solenoid or electric fuel pump 1 F
so equipped. Continue to turn the
keyswitch to the "Start" position
and hold for no more than 20 sec-
onds. Some units may be equipped
with a pushbutton to start rather
than the keyswitch and in these
cases the electrical systemis
activated by fuel pressure.

If the engine fails to startin
20 seconds, release start switch
and preheat for an additional
15-20 seconds, then repeat step 4.
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6. As soon as the engine starts, re-
lease the start switch and the
preheat button and return the
throttle to the "idle" position
immediately.

CAUTION: Do not crank the engine more
than 20 seconds when trying to start.
Allow a rest period of at least twice
the cranking period between the start
cycles. Starter damage may occur by
overworking the starter motor and the
backfilling of the exhaust system is
possible.

STARTING THE ENGINE (WARM)

If the engine is warm and has only been
stopped for a short time, place the
throttle in the partially open position
and engage the starter as above, elimin-
ating the preheat step.

NOTE Always be sure that the starter
pinion has stopped revolving before
again re-engaging the starter, other-
wise the flywheel ring gear or starter
pinion may be damaged.

Ensure that the electrical connection to
the cold starting aid is correct.

Extended use of the cold starting aid

beyond the time periods stated should
be avoided to prevent damage to the aid.

NEVER under any circumstances use or
allow any one to use ether to start your
engine. |If your engine will not start,
then have a qualified Westerbeke marine
mechanic check your engine.

WHIN ENGINE STARTS

1. Check for_normal oil pressure
immediately upon engine starting.

Do not continue to run engine if.
oil pressure is not present within

15 seconds of starting the engine.

2. Check Sea Water Flow. Look for
water at exhaust outlet. Do this

without delay.

3. Recheck Crankcase 0il. After the
engine has run for 3 or 4 minutes,
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subsequent to an oil change or new
installation, stop the engine and
check the crankcase oil level. This
is important as it may be necessary
to add oil to compensate for the
oil that is required to fill the
engine's internal oil passages and
oil filter. Add oil as necessary.
Check oil level each day of opera-
tion.

4. Recheck Transmission Oil Level.
(This applies only subsequent to an
oil change or new installation.) In
such a case, stop the engine after
running for several minutes at 800
RPM with one shift into forward and
one into reverse, then add oil as
necessary. Check oil level each
day of operation.

5. Recheck Expansion Tank Water Level,
IT engine is fresh water cooled.
(This applies after cooling system
has been drained or filled for the
first time.) Stop engine after it
has reached operating temperature
of 1759 and add water to within
one inch of top of tank.

WARNING: The system is pressurized when
overheated and the pressure must be
released gradually i f the filler cap is
to be removed. It is advisable to pro-
tect the hands against escaping steam
and turn the cap slowly counter-clock-
wise until the resistance of the safety

stops is felt. Leave the cap in this
position until all pressure is released.
Press the cap downward against the
spring to clear the safety stops, and
continue turning until it can be lifted
off.

6. Warm-up Instructions. As soon as
possible, get the boat underway,
but at reduced speed, until water
temp. gauge indicates 130-15D F.
If necessary, engine can be warmed
up with the transmission in neutral
at 1000 RPM  Warming up with the
transmission in neutral takes longer

and tends to overheat the transmission.

7. Reverse Operation. Always reduce
engine to idle speed when shifting

gears. However, when the transmission
s engaged, it will carry full engine

load.

NOTE The SAO transmission requires that
when backing down, the shift lever must
be held in the reverse position, since
it has no positive overcenter locking
mechanism.

STOPPING THE ENGINE

1. Position shift lever in neutral

2. ldle the engine for 2 to 4 minutes
to avoid boiling and to dissipate
some of the heat.

3. If equipped with a stop lever, pull
the knob and hold in this position
until the engine stops. This stops
the flow of fuel at the injection
pump. After the engine stops, re-
turn the control to the run position
to avoid difficulty when restarting
the engine.

4. Turn off the keyswitch. Some models
do not use the stop lever as they
are equipped with a fuel solenoid
or electric fuel pump which shuts
off the fuel supply when the key-
switch is turned to the off position.

5. Close the seacock.

6. Disconnect power to system with
battery switch.

OPERATING PRECAUTIONS

1. Never run engine for extended
periods when excessive overheat-
ing occurs, as extensive internal
damage can be caused.

2. DD NOT put cold water in an over-
heated engine. 1t can crack the
cylinder head, block, or manifold.

3. Keep intake silencer free from
lint, etc.

4. Do not run engine at high RAVl with-
out clutch engaged.

5. Never Race a Cold Engine as internal
damage can occur due to inadequate
oil circulation.

6. Keep the engine and accessories
clean.




7.

Kep the fuel clean. Handle it with
extreme care because water and dirt
in fuel cause more trouble and ser-
vice |ife of the injection system is
reduced.

Do not allow fuel to run low, because
fuel intake mey be uncovered long
enough to allow air to enter the
Injection system, resulting in engine
stoppage requiring system bleeding.

Db not be alarmed if temperature
gauges dow a high reading following
a sudden stop after engine has been
operating at full load. Thisis
caused by the release of residual heat
from the heavy metal masses near the
combustion chamber. Prevention for
this is to run engine at idle for a
short period before stopping it. High
temperature reading after a stop does
not necessarily signal alarm against
restarting. If there is no functional
difficulty, temperatures will quickly
return to norma when engine i s operat-
ing.
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TEN MUST RULES

IMFORTANT IMPORTANT IMFORTANT

...for your safety and your engine's dependability.

AVAYS -
1. Keep this Manual handy and read it whenever in doubt.
2. U only filtered fuel oil and check lube oil level daily.
3. Check cooling water temperature frequently to make sure it is 190°
or less.
4. Close all drain cocks and refill with water before starting out.
5. Investigate any oil leaks immediately.
NEVER -
6. Race the engine in neutral.
7. Rn the engine unless the gauge shows proper oil pressure.
8. Break the fuel pump seals.
9. Use cotton waste or fluffy cloth for cleaning or store fuel in a
galvanized container.
10. Subject the engine to prolonged overloading or continue to run i t

if black smoke comes from the exhaust.




MAINTENANCE

PERIODIC ATTENTION:

After you have taken delivery of your
engine, it is important that you make the
following checks right after the first
fifty hours of its operation:

HFTY HOUR GHEKQUJT (INITIAL)
Do the following:

1 Retorque the cylinder head bolts.

2. Retorque the rocker bracket nuts and
adjust valve rocker clearance.

3. Check and adjust, if necessary, the
forward drum assembly and the reverse
band on manual 0O and SA-1 trans-

mi ssions.

4. Change engine lubricating oil and oil
filter.

5. Check for fuel and lubricating oil
leaks. Correct if necessary.

6. Check cooling system for leaks and in-
spect water level.

7. Check for loose fittings, clamps,
connections, nuts, bolts, vee belt
tensions etc. Pay particular atten-
tion to loose engine mount fittings.
These could cause mis-alignment.

DALY GEXOJT
Do the following:
1. Check sea water strainer,
been installed.
2. Check water level in cooling system.
3. Check lubricating oil level in sump.
Fill to highest mark on dipstick.
4. Turn down grease cup on water pump,
if used, one full turn.

5. Check lubricating oil level in trans-
mission. Fill to highest mark on
dipstick.

if one has

FAIONAL GHEK-QUT (MCRE OFTEN | F POSSIBLE)
Do the following:

1. Check generator or alternator "v"
belt for tension.

2. Check water level in battery.

3. Change oil in sump.

4. Replace lubricating oil filter,
Fig. 2. See Note.

5. Fill sump with diesel lubricat-
ing oil to high mark on dipstick.
Refer to Specification page for
proper quantity of oil. Do Not
Overfill. See Note.

CAUTION:

AGURE 2

The use of different brands of

lubricating oils during oil changes has

been known to cause extensive oil sludg-
ing and may in many instances cause com-
plete oil starvation.

6. Start engine and run for 3 or 4
minutes. Stop engine and check oil
filter gasket for leaks. Check oil
sump level. This is important as it
may be necessary to add oil to com-
pensate for the oil that is required

tofill the engine's internal oil
passages and'oil filter. Add oil as
necessary. Change oil in transmission.

Use SAE 30, High Detergent Lubricating
Oil, Service DG, DM, or DS Do not
overfill. See note below.

IMPORTANT NOTE

IT IS MANDATCRY THAT THE GHEKS 3, 4, 5

AND 6 BE ATTENDED TO WHEN TOTAL OFERATING

TIME REACHES 150 HOURS-
THIS TOTAL |S REAGHED BEHFORE END CF SFEASON.

[N SWVE INSTANCES
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7. Clean Air Filter if supplied.

Most models have an air silencer
that does not require filtering
material and therefore does not
require cleaning.) The time

period for replacing the air
filter depends on operating con-
ditions, therefore, under extreme-
ly dirty conditions, the seasonal
frequency should be increased.

The correct time periods for
replacing the filter will greatly
assist in reducing bore wear,
thereby extending the life of the
engine.

Check engine for loose bolts, nuts,
etc.

9. Check sea water pump for leaks.
Weeh primary filter bowl and screen.
If filter bowl contains water or sedi-
ment, filter bowl and secondary oill
fuel filter need to be cleaned more
frequently.

11. Replace secondary fuel filter element.
12. Replace air filter.

END OF SFEASON SERVICE

1. Drain fresh water cooling system by re-
moving the surge tank pressure cap and
opening all water system petcocks.

2. Remove zinc rod (usually located in
heat exchanger) and see if it needs
replacing. The zinc rod will take
care of any electrolysis that may occur
between dissimilar metals. Insert new
zinc if necessarv.

0.

10.

11

12.

13.
14.

15.

Fill fresh water cooling system with
antifreeze of a reputable make. (Refer
to Cold Weather Precautions.)

Start engine. When temperature gauge
indicates 175°F, shut engine down and
drain lubricating oil. Remove and re-
place filter. Fill sump with High De-
tergent Lubricating Oil.

Remove air filter. Carefully seal air
intake opening with waterproofed adhes-
ive tape or some other suitable medium.
Seal the exhaust outlet at the most ac-
cessible location as close to the en-
gine as possible.

Remove injectors and spray oil into
cylinders.

Replace injectors with new sealing
washer under each injector. Turn engine
slowly over compression.

Top off fuel tank completely so that no
air space remains, thereby preventing
water formation by condensation.

Leave fuel system full of fuel.

Change fuel filters before putting the
engine back in service.

Wipe engine with a coat of oil or
grease.

Change oil in transmission.

Disconnect battery and store in fully
charged condition. Before storing the
battery, the battery terminals and
cable connectors should be treated to
prevent corrosion. Recharge battery
every 30 days.

Check alignment.




LUBRICATING OILS
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Lubricating oils are available for Westerbeke Diesel engines which offer an improved
standard of performance to meet the requirements of modern operating conditions such as
sustained high speeds and temperatures.

These oils meet the requirements of the U. S. Ordnance Specification MIL-L-2104B

(API Service CC).

not listed here are, of course, also suitable.

COMPANY

American 0il Co.

B Canada Limited

Chevron Oil Co.

Cities Service 0il Co.
Continental 0il Co.
Gulf Oil Corporation
Mobile Oil Company
Shell 0il Company

Sun Oi | Company

Texaco, Inc.

BRAND

American Supermil Motor Oil

BP Vanellus
B° Vanellus

RPM DHO Multi-Service Oil
CITGO Extra Range

CONOCO TRACON OIL
Gulflube Motor Oil X.H.D.
Delvac 1200 Series

Shell Rotella T Oil
Subfleet MIL-B

Ursa Oil Extra Duty

Ary other oils which also conform to these specifications, but are

S.A.E. DEJGNATION

00/450F

10W

10w
10w/30

low
10W
10W
10W
1210
10W
10W

10w

450/800F

20W/20

20w/ 20
10W/30

20W/ 20
20W/20
20W/ 20
20W/20
1220
20W/ 20
20W/ 20

20W/20

OVER 80°F

30

30
10W/ 30

30
30
30
30
1230
30
30

30
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ENGINE OVERHAUL

The fol | owi ng sections contain detailed
informationrelating to the proper operation
characteristics of the najor conponents and
systens in the engine. Included are

di sassenbl y, rework and reassenbly instruc-
tions for the gui dance of suitably equi pped
ard staffed narine engi ne service and
rebuilding facilities. The necessary
procedures shoul d be undertaken aoly by

such facilities.

Addi tional operating characteristics are
included in the Qperation Sectionof this
nanual .

Any repl acenent s shoul d be nmade only wth
genui ne Vst erbeke parts.
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The 4.108, 4.107 and 4.99 Series Diesel Engines with
which this manual is concerned is an indirect injection.
four cylinder, four stroke power unit.

The 4.108 and 4.107 has a bore of 3.125 in (79.4 mm}
and a stroke of 35 in (88.9 mm}, and the 4.99 has a
bore of 3.0 in (76.2 mm) and a stroke of 35 in (88.9
mm}.

Throughout this manual, whenever the "left" or "right"
hand side of the engine is referred to, jt is that side

as viewed from the flywheel end of the engine.

Cylinder Block and Crankcase

The cylinder block is of monoblock construction, cast
integrally with the crankcase, it is manufactured from
high duty cast iron alloy.

The 4.108 engine is fitted with "dry" type, unshouldered
thinwall liners. and the 4.107 and 4.99 engines are
fitted with "wet" liners. flanged at the top and sealed
at the bottom by two synthetic rubber rings located in
the cylinder block.

Both liner types are centrifugally cast from high duty
alloy iron.

Cylinder Head and Valves

The cylinder head is a specially toughened high duty
allow casting and is secured to the cylinder block by
studs and nuts, both are phosphated for increased
torque characteristics. The joint between the cylinder
head and block is made from a black composite
material and is known as a ‘Klinger' type gasket.

Two overhead valves are fitted to each cylinder. push
rod operated via the valve mechanism mounted on the
head and enclosed by a pressed steel cover. Each inlet
valve has a synthetic rubber oil deflecting seal, both
inlet and exhaust valves are retained by two springs
located between a hardened steel seat and a hardened
spring cap secured by split conical collets. All valves
operate in unshouldered cast iron guides pressed into
the head.

Combustion System

The 'H' system of combustion is known as the pre-
combustion type, being formed compietely in the
cylinder head, thus giving a flat topped piston with

SECTION A
Engine Description

uniform heat distribution. Intimate mixing of the fuel
and air over a wide speed range is ensured, which in-
creases the engines performance, efficiency and flexi-
bility. The upper part of the combustion chamber is
machined in the cylinder head and is hemispherical in
shape: the lower part being formed by an insert in the
form of an accurately machined plug located in the

cylinder head, this contains the throat connecting
the combustion chamber to the cylinder. Fuel is intro-

duced into this chamber by means of pintle type
atomiser nozzles.

Valve Mechanism

The valves are operated by cast iron, mushroom type
tappets, located in guides machined in the cylinder
block. through pushrods to forged steel rocker levers
with lead bronze lined. steel backed wrapped bushes.
Valve clearances are adjusted by means. of a hardened
ball ended screw and locknut at the pushrod end of
the rocker lever.

Crankshaft

The crankshaft is forged from chrome-molybdenum
Steel with four integral balance weights. The 4.108
crankshaft is treated by "Tufftride' process. The rear
of the crankshaft is machined to accommodate the
thrust ‘washers which are replaceable, copper lead
lined, steel backed, which control the crankshaft end
float and are positioned either side of the rear main
bearing. An oil thrower and flywheel location flange are
also machined at the rear end, while the front end is
keyed for a power take off.

Main Bearings

Three main bearings are provided for the crankshaft
and are of the replaceable pre-finished, thin walil,
Steel backed, aluminium tin lined type. The high duty
cast iron bearing caps are dowel located and each is
secured by two high tensile steel setscrews locked by
tab washers.




ENGINE DESCRIPTION—A.2

Camshaft

The special cast iron alloy camshaft which has chill
hardened cams. is mounted in a low position on the
right hand side of the cylinder block and supported by
three bearings machined directly into the cylinder
block. These bearings are pressure lubricated by means
of internal drillings and the cams and tappets are
splash lubricated.

Connecting Rods and Bearings

The connecting rods are molybdenum alloy steel
stampings with 'H' section shank. the big end parting
face is inclined at 45 to the axis of the rod and
serrated for cap location. The caps are each secured
by two high tensile steel setscrews. The big end bear-
ing bores are fitted with replaceable pre-finished thin
wall. aluminium-tin lined. steel backed bearings. The
small end bores being fitted with bronze lined steel
backed bushings.

Timing Gear Arrangement

The camshaft and fuel injection pump are driven by
the crankshaft gear via an idler gear. This helical gear
train which makes provision for fuel pump timing
adjustments is located on the front face of the cylinder
block and enclosed by a pressed steel cover bolted to
a steel backplate.

The camshaft and fuel injection pump drive gears are
manufactured from spheroidal graphite cast iron, the
crankshaft and idler gears being of steel treated by
the Sulfinuz or Tufftride process.

Pistons and Piston Pins

The pistons are manufactured from special high silicon
aluminium alloy, fitted with three compression rings
and one oil control ring above the piston pin and one oil
control ring below. The upper oil control ring comprises
four laminated segments. The piston pins are of the fully
floating type. located axially in the piston by circlips. The
piston has a steel insert rolled into the top groove.

Lubrication System

The lubrication of the engine is by full pressure feed
from a rotor type oil pump. driven by spiral gears from
the camshaft. An oil strainer is fitted on the end of the
pump inlet pipe. the pump then delivers the oil via a
full flow filter. bolted on the fuel pump side of the
cylinder block to the main oil galtery. This gallery is
drilled lengthwise through ffig crankcase. drillings from
the main oil gallery to the main bearings and drillings
in the main crankshaft journals to the c¢rankpin jour-
nals provide the lubrication for the crankshaft. Oil
feeds are also taken to the idler gear spigot which

maintains an intermittent feed by drillings in the spigot
and idler gear to lubricate the timing gear arrangement.
and to the centre camshaft bearing where due to
special machining on the centre camshaft journal an
adequate reduced pressure feed is maintained at the
rocker assembly. The @il pump incorporates a pressure
relief valve which limits the maximum oil pressure.
while the oil filter incorporates a by-pass valve which
prevents the engine being starved of oil should the
filter element become blocked.

Fuel Injection Equipment

A distributor type fuel injection pump is flé'nge mounted
on to a drive housing cast on the left hand side of the
cylinder block. It is mounted horizontally at the front
of the engine and gear driven via a splined drive shaft
The majority of pumps incorporate a mechanical gov-
ernor and an automatic advance and retard mechanism.

The fuel lift pump is of the diaphragm type mechanical.
ly operated by an eccentric on the engine camshaft.
via a small pushrod. It is located on the tappet in-
spection cover on the right hand side of the engine and
is equipped for hand priming.

Cooling System Fresh Water Circuit

A centrifugal type circulating water pump is fitted to
the front face of the cylinder block, to assist the water
circulation through the cylinder block and head. The
water outlet is via a thermostat housing which is cast
integral with the cylinder head. the thermostat restricts
the flow of water when the engine is cold and brings
about a faster warm up. When the water temperature
reaches a pre-determined point the thermostat opens
and allows normal coolant circulation. The water pump
is belt driven from the crankshaft pulley




The injectors are located in an accessible position on
the left hand side of the cylinder head.

The nozzles are of the pintle type.

Provision is made for mounting a fuel filter on either
side of the cylinder head. The filter should be of the
paper element type and of approved design.

ENGINE DESCRIPTION —A.3

Starting Aid

To aid starting under cold conditions a 'Thermostart
heater is fitted into the induction manifold.
Tachometer Drive

Provision is made, on the right hand side of the
engine, for a drive at half engine speed to be taken from
the oil pump spiral gear to a mechanical tachometer.







Engine Data

Westerbeke

Bore (nominal — See Page B.3)
Stroke ...

No. of Cylinders

Cubic Capacity ...
Compression Ratio

Firing Order

Cycle ...

Combustion System

Rating Details

4.99
Maximum Rated Output
Maximum Torque Output 73 Ibf ft {10,1 kgf )

Recommended Torque Tensions

34 bhp at 3000 revimin.

SECTION B
Technical data

4,108 and 4.107
3.125in (79.37 mm)
3.5in (88.9 mm)
Four

107.4 in* (1.760 litre)
22:1

1, 3. 4. 2.
Four-Stroke

Indirect Injection

4.107

37 bhp at 3000 rev/ min

79 Ibf (10,92 kgf m})

4.99
3.00 in (76.2 mm)
3.5in (88.9mm}

Four

99 in* (1,621 litre)
20:1

1,3, 4, 2.

Four-Stroke
Indirect Injection

4.108
37 bhp at 3000 revimin
791kt ft (10,92 kgf m)

The following torque figures will apply with the components lightly oiled before assembly: —

Cylinder Head Nuts
Connecting Rod Setscrews
'Main Bearing Setscrews
Flywheel Setscrews

idler Gear Hub Setscrews
Crankshaft Pulley Setscrews
Injector Securing Nuts

'The tab and shim washers may be discarded where used on earlier engines, but the setscrews must be tightened to

the torque loading indicated.

Service Wear Limits

The following “'wear limits'" indicate the condition when it is recommended that the respective items should be serviced

or replaced.
Cylinder Head Warping Longitudinal
Cylinder Head Warping Transverse

Maximum Bore Wear {when new liners are necessary)

Crankshaft Main and Big End Journal Wear
Crankshaft Main and Big End Journal Ovality
Maximum Crankshaft End Float
Valve Stem to Guide Clearance inlet
Valve Stern to Guide Clearance exhaust

Valve Head Thickness at outer edge
Rocker Clearance on Shaft

Camshaft Journals — Ovality and Wear
Camshaft End Float

Idler Gear End Float

Valve Head Depth below Head Face inlet and exhaust

4.107 and 4.99

42 1bi ft { 5.81 kgf m}
42 ibf it ( 5.81 kgfm)
85 Ibt ft {(11.5 kgfm)
60 bt ft { 8.3 kgim)
36 Ibf ft { 4.98kgf m)
150 Ibf ft (20.5 kgfm)
121btft { 1.7 kgfm)

0.006 in (0.15mmj}

4.108

60 Ibfft { 8.3 kgfm)
42 Ibfft { 5.81kgfm)
85 1bf it (11.5 kgfm)
601bf it { 8.3 kgim)
R2ibfft { 4.4 kgf m)
150 Ibf it (20.5 kgf m)
2ibfit { 1.7 kgfm)

0.003in (0.08 mm) concave

0.005in (0.13mm}) convex

0.006 in (0.15mm}
0.001 in (0.03mm)
0.0005 in (0.01 mm}
0.020 in (0.51 mm)
0.005in (0.13mm}
0.006in (0,15 mm)
0.025in (0.64 mm)
0.005 in (0.13mm)
0.002 in (0.05mm}
0.020 in (0.51 mm}
0.010 in (0.25 mm}
0.048 in (1.220 mm)







TECHNICAL DATA—6.3

MANUFACTURING DATA AND DIMENSIONS

The data regarding clearances and tolerances is given for personnel engaged upon major overhauls.

CYLINDER BLOCK

Total Height of Cylinder Block
between Top 8 Bottom Faces 4,108, 4.107, 4.99

Parent Bore Dia. for Cylinder Liner 4,108

Parent Bore Dia. for Cylinder Liner

Main Bearing Parent Bore

Camshaft Bore Dia. No. 1

Camshaft Bore Dia. No. 2

Camshaft Bore Dia. No. 3

Tappet Bore Dia.

Fuel Pump Drive Hub Bearing
Bore Dia.

4.107, 4.98
4.108, 4.107, 4.99
4,108, 4,107, 4.98
4.108, 4,107, 4.99
4,108, 4,107, 4.99
4,108, 4,107, 4.99

4,108, 4107, 4.99

Cylinder Liner 4.108

Type

Interference Fit of Llners
Inside Dia. of Liner after Finish Borlng and Honlng
Height of Liner in relation to Cylinder Biock Top Face
Overall Length of Liner

Cylinder Liner 4.107 and 4.99

Type
inside Dia. of L|ner Pre- Flnlshed .. 4.99
Inside Dia. of Liner Pre-Finished ... . 4.107
Thickness of Top Flange ... . 4.99
Depth of Recess in Block for Liner FIange . 4.99
Thickness of Top Flange ... 4107
Depth of Recess in Block for Liner FIange 4.107

Height of Liner in relation to

Cylinder Block Top Face 4.107 and 4.99
Liner Flange Outside Dia. 4.99
Cylinder Block Top Bore for Liner FIange 4.99
Clearance Fit of Liner Flange

to Block Bore 4,107 and 4.99

Pistons 4.108

Type

Overall Height (Sklrt to Crown)

Center Line of Piston Pin to Piston Skirt
Piston Height in relation to Cylinder Block Top Face
Bore Dia. for Piston Pin

Compression Ring Groove W|dth—Top
Compression Ring Groove Width- i
Compression Rina Gi Width b
Qil Control Ring Groove Width—4th

Oil Control Ring Groove Width — 5th

Note: There is a Steel Insert fitted above the Top Groove.

Pistons 4.107 and 4.99
Type
Overall Height (Sklr‘l to Crown)
Center Line of Piston Pin to Piston Skirt
Piston Height in relation to Cylinder Block Top Face
Bore Dia. for Piston Pin

later 4.99 and all 4.107 engines ...
Early 4.99 engines
Compression Ring Groove Wldth—Top
Compression Ring Grooves Width 2nd and 3rd
QOil Control Ring Grooves Width 4th and 5th

9.936/9.939 in (252,374/252,451 mm)
3.249/3.250 in (82.525/82,550 mm)
Wet Liners

2.3850/2.3955 in {60,833/60,848 mm)
1.794/1.7955 in (45.568/45,606 mm)
1.784/1.787 in (45,314/45,390 mm)
1.776/1.778 in (45,110/45,161 mm)
0.562/0.56325 in {14,275/14,307 mm)

1.8125/1.8141 in (46,037/46,078 mm)

Cast lIron

Dry — Interference Fit

0.00310.005 in {0.076/0,127 mm)
3.125/3.126 in {79.375/79,40 mm)
0.023/0.027 in {0.584/0.686 mm) above
6.495/6.505 in (164,973/165,227 mm)

Cast fron

Wet — Push Fit

3.00/3.001 in (76.20/76.225 mm)
3.125/3.126 in {79.374/79.4 mm}
0.3125/0.3145 in (7.937/7.988 mm)
0.3115/0.3135 in {7.912/7.963 mm)
0.250/0.252 in {6.35/6,4 mm)
0.249/0.251 in (6.325/6,375 mm)

0.003 in (0,076 mm) Above, 0.001 in (0.025 mm) below
3.618/3.621 in (91.898/91,973 mm)
3.625/3.627 in (92.075/91.125 mm)

0.004/0.009 in (0.102/0,229 mm)

Fiat Topped

3.147/3.150 in (79,834/80.010 mm)
1.157 in (29.388 mm}

0.002/0.006 in (0,051/0,152 mm| Above
1.06255/1.06275 in (26,989/26,9%94 mm)
0.0805/0.0815 ir (2,045/2.070 mm)
0.0645/0.0655 i1 (1,688/1.664 mm)
0.0645/0.0655 in (1.638/1.664 )
0.126/0.127 in {3,200/3,225 mm)
0.190/0.191 in (4.826/4,851 mm)

Flat Topped

3.146 in (79.91 mm)

1.344 in (34.14 mm}

0.0085/0.012 in {0,22/0,30 mm) Above

0.93755/0.93775 in (23,81/23,82 mm)
0.87505/0.87525 in (22,22/22,23 mm)
0.0801/0.0811 in {2,034/2,06 mm)
0.0645/0.0655 in (1,63811,664 mm)
0.190/0.191 in (4,826/4,851 mm)
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Piston Rings 4.108

Top —Compression

Second and Third Compressmn

Fourth—Qil Control

Fifth— Oil Control

Top Compression Ring Wldth

Ring Clearance in Groove
Second and Third Compression Rlng Width ...
Ring Clearance in Groove

Fifth Scraper Ring Width

Ring Clearance in Groove

Ring Gap—Top Compression ..
Ring Gap—Second and Third Compressmn
Ring Gap—Fifth Scraper

Parallel Faced

Internally Stepped

Laminated Segment

Slotted Scraper

0.0771/0.0781 in (1,258/1,984 mm}
0.0024/0.0044 in (0,061/0,112 mm)
0.0615/0.0625 in (1,562/1,587 mm)
0.002/0.004 in {0,051/0,102 mm)
0.1865/0.1875 in (4,737/4,762 mm)
.0025/0.0045 in (0,063/0,114 mm)
0.009/0.014 in {0,229/0,356 mm)
0.009/0.014 in {0,228/0,356 mm)
0.009/0.014 in (0,229/0,356 mm)

Piston Ring Gaps quoted are measured in a ring gauge o 3.125 in (79,38 mm) bore. In practice lor every 0.001 in
(0,254 mm} difference In cylinder bore diameter from gauge size, 0.003 in (0.762 mm) should be allowed.

Piston Rings 4.107 and 4.99
Agricultural and Industrial Engmes
Top Compression

'Second and Third Compressmn
Fourth—Oil Control

Fifth — Oil Control

Parallel Cast fron

Internally Stepped

Chrome Plated Spring Loaded Scraper
Slotted Scraper

'4.99 Agricultural engines have taper faced cast iron Compression rings fitted in the second and third ring grooves

Top Compression Ring Width

Ring Clearance in Groove

Second and Third Compression Rlng Wldth

Ring Clearance in Groove

Fourth and Fifth Scraper Ring Wldth

Ring Clearance in Groove

Ring Gap—Compression Rings Chrome Vehlcle

Ring Gap—Oil Control Rings Cast Iran Vehicle

Ring Gap — Compression Rings Cast iron
Agricultural and Industrial

0.0771/0.0781 in (1,96/1,984 mm)
0.002/0.004 in (0,051/0,102 mm)
0.0615/0.0625 in (1,562/1,587 mm)
0.002/0.004 in {0,051/0,102 mm)
0.1865/0.1875 in (4,737/4,762 mm)
0.0025/0.0045 in (0.064/0,114 mm)
0.012/0.017 in {0,30/0.43 mm)
0.009/0.014 in (0,229/0,356 mm)

0.009/0.014 in (0.229/0,356 mm)

Piston Ring Gaps quoted are measured in a ring gauge of 3000 in (76,20 mm) bore lor 49 engines and 3.125 in
(79,38 mm) bore for 4.107 engines. in practice. lor every 0.001 in (0,254 mm} dillerence in cylinder bore diameter

from gauge size, 0.003 in (0,762 mm) should be allowed.

Piston Pin 4.108

Type .
Outside Dia. of Piston P|n
Length of Piston Pin

Fit in Piston Boss

Piston Pin 4.107 and 4.99
Type .
Outside Dia. of Plston P|n
Earlier Engines

Fit in Piston Boss

Small End Bushing 4.108
Type

Length of Small End Bushing .
Outside Dia. of Smalt End Bushing ..
Inside Dia. before Reaming

Inside Dia. after Reaming

Clearance between Small End Bushlng and Plston Pm

Fully Floating

1.0625/1.0627 in (26,987/26.993 mm)
2.673/2.687 in (67,894/68.250 mm)
Transition

Fully Floating

0.9375 in/0.8377 in (23,812/23,817 mm)
0.875/0.8752 in (22.225/22,23 mm)
Transition

Steel Backed. Lead Bronze Lined
0.935/0.955 in (23,749/24,257 mm)
1.221/1.222 in (31,013/31,038 mm)
1.0495/1.0545 in {26,657/26,784 mm)
1.06315/1.0632 in (27,004/27,005 mm)
0.00045/0.6007 in (0,0114/0.0178 mm}
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Small End Bushing 4.107 and 4.99

Type ... . Steel Backed. Lead Bronze Lined
Length of Small End Bushlng 0.865/0.885 in (22,00/22,48 mm}
Outside Dia, of Small End Bushing

on later 4.99 and all 4.107 engines 1.065/1.086 in {27.05/27,08 mm)
Early 499 engines 1.0025/1.0035 in (25,46/25,4% mm)
Inside Dia. after Reaming on later

499 and all 4.107 engines 0.9382/0.93875 in (23,83/23.84 mm)
Early 499 engines . 0.8757/0.87625 in {22,24/22,26 mm)
Clearance between Small End Bushlng and Plston P|n 0.0005/0.00125 in (0.01/0,03 mm)

Note. Bushings to be reamed to suit respective Piston Pins, and are provided with a reaming allowance.

Connecting Rod 4.108

Type ... .. 'H' Section
Cap Location to Connectmg Rod Serrations. Offset 45" to the Horizontal
Big End Parent Bore Dia. 2.146/2.1465 in (54,508/54,521 mm)
Emall End Parent Bore Dia. $.21875/1.21975 in {30,956/30,981 mm)
Length from Centre Line of Big End :

to Centre Line of Small End 6.217/6.219 in (157,912/157,963 mm)
Big End Setscrew . 0.375in (£ in) U.N.F.
Connecting Rod End Float 0.0065/0.0105 in (0,165/0,267 mm)
Connecting Rod 4.107 and 4.99
Type ... 'H" Section
Cap Location to Connectmg Rod Serrations. Offset 45° to the horizontal
Big End Parent Bore Dia. 2.146/1.1465 in (54,508/54,521 mm)
Small End Parent Bore Dia.

on later 4.99 and all 4107 engines 1.0625/1.0635 in (26,89/27,01 mm)
Early 4.99 engines . 1.00/1.001 in {25,4/25,43 mm)
Length from Centre Line of Big End to Centre Line of

Small End 6.405/6.407 in (162,69/162,74 mm)
Big End Setscrew 0.375 in {§ in) U.N.F.
Connecting Rod End Float

on later 499 and all 4.107 engines 0.0065/0.0105 in {0,16/0,27 mm)
Early 4.99 engines 0.0075/0.0105 in {0.18/0,27 mm)

Connecting Rod Alignment 4.108, 4.107, 4.99

Large and small end bores must be square and parallel with each other within the limits of —0.010 in (0,256 mm)} mea-
sured 5 in (127 mm) each side of the axis of the rod on test mandrel as shown in Fig. B.1. With the small end bush
fitted, the limit of =0.010 in (0.025 mm) is reduced to =0.0025 in (0.06 mm}.
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?6.,“; < Sin_ | 5in ,gg
o - O
o | 127mm 127Tmm (§S
A i\ iy
! k '

B1



TECHNICAL DATA—B.6

Crankshaft 4.108, 4.107. 4.99
Overall Length ...
Main Journal Dia. Nos. 1 and 2
Main Journal Dia. No. 3 ...
Main Journal Length No. 1

Main Journal Length No. 2
Main Journal Length No. 3
Main Journal Fillet Radii
Crankpin Dia.

Crankpin Length

Crankpin Fillet Radii

Suriace Finish—All Journals

Main Journal and Crankpin Regrind UnderS|zes
Oil Seal Helix Dia.

QOil Seal Helix Width

Oil Seal Helix Depth

Flange Dia.

Flange Width

Spigot Bearing Recess Depth

Spigot Bearing Recess Bore

Crankshaft End Float

Special Note:

21.125 in (536,575 mm)}

2.248/2.2485 in (57.099/57,112 mm)

2.2475/2.248 in {57.086/57,099 mm)

1.40625 in (35.719 mm)

1.496/1.504 in (37,988/38,202 mm)

1.499/1.502 in (38,075/38,151 mm)

0.125/0.141 in {3.175/3,581 mm)

1.8995/2.000 in (50.787/50.800 mm)

1.1875/1.1895 in {30,162/30.213 mm)

0.15625/0.17187 in (5§/32/11/64 in)
{3,969/4,366 mm)

816 micro-in (0,2- 0,4 micron)

0.010, 0.020, 0.030 in (0,25, 0,51, 0.76 mm)

2.21075/2.21175 in {56,153/56,178 mm)

0.050/0.080 in (1,270/2,032 mm}

0.004/0.008 in (0,102/0,203 mm)

3.9985/3.0095 in (101,562/101,587 mm)

0500 in (12.700 mm)

0.875 in (22.225 mm)

1.250 in (31.750 me)

0.002/0.015 in {0,0508/0,381 mm)

The crankshaft fitted to the 4.108 engine is hardened by the "Tufftride" process.
Special precautions are therefore necessary when regrinding. Only very light cuts should be taken, especially in the
region of the fillet radii and adequate cooling should be ensured during grinding operations.

After regrinding the crankshaft it should be crack-detected and de-magnetised, then reireated by the Tufftride'" process
after which the crankshaft should again be crack-detected and de-magnetised. Where facilities are not available to re-
harden the crankshaft by this process, a factory replacement crankshaft should be obtained.

Fillet radii and surface finish must be maintained during all crankshaft regrinding. Length of No. 3 main journal not to
exceed 1.516 in (38.506 mm) after regrinding. Where necessary use oversize thrust washers to bring crankshaft end

float within the correct limits.

Type

Position in Englne ..
Thrust Washer Thickness (STD)
Thrust Washer Thickness {Q/8) ...
Thrust Washer Outside Dia.

Thrust Washer Inside Dia.

Main Bearlngs 4.108, 4.107, 4.99
Tyoe

Shell Width

QOutside Dia. of Main Bearlng

Inside Dia. of Main Bearing .
Running Clearance—Nos. 1 and 2
Running Clearance —No. 3

Steel Thickness

Aluminium Thickness

Type ...

Shell Width .
Outside Dia. of Con. Rod Bearlng
Inside Dia. of Con. Rod Bearing
Running Clearance

Steel Thickness ...

Aluminium Thickness

Crankshaft Thrust Washers 4,108, 4.107, 4.99

Connecting Rod Bearlngs 4108 4107 4,99

Steel Backed — Lead Bronze Faced
Rear Main Bearing

0.089/0.091 in (2,261/2,311 mm)
0.096570.1005 in (2,451/2,553 mm)
3.245/3.255 in (82,423/82,677 mm)
2.590/2.600 in (65,786/66.040 mm)

Pre-finished, Steel Backed. Aluminium Tin Lined
1.245/1.255 in (31,623/31,877 mm)

2.3955 in (60,846 mm)

2.2505/2.2515 in (57,163/57.188 mm)
0.002/0.0035 in (0,051/0,089 mm}
0.0025/0.004 in (0,063/0,102 mm)

0.060 in (1.524 mm) Max.

0.012/0.01225 in (0.305/0,311 mm)

Pre-finished. Steel Backed. Aluminium Tin Lined
0.870/0.880 in (22,098/22,325 mm)
2.1465 in (54.521 mm)

© 2.0015/2.0025 in {50,838/50,863 mm)

0.0015/0.003 in (0.03810.076 mm}
0.060 in (1.524 mm} Max.
0.012/0.01225 in {0.305/0,311 mm)




Camshaft 4.108, 4.107, 4.99
No. 1 Journal Length

No. 1 Journal Dia. .

No. 1 Cylinder Block Camshaft Bore Dia.
No. 1 Journal Running Clearance ...

No. 2 Journal Length

No. 2 Journal Dia.

No. 2 Cylinder Block Camshaft Bore Dia.
No. 2 Journal Running Clearance ...

No. 3 Journal Length

No. 3 Journal Dia.

No. 3 Cylinder Block Camshaft Bore Dia.
No. 3 Journal Running Clearance ...
Cam Lift

Qilways for Rocker Shaft Lubrlcatlon

Camshaft Thrust Plates 4.108, 4.107, 4.99
Type :

Thrust Plate OutS|de Dla .

Cylinder Block Recess Dia. for Thrust PIate
Clearance Fit of Thrust Plate in Recess

Thrust Piate inside Dia.

Thrust Plate Thickness

Cylinder Block Recess Depth for Thrust PIate

Thrust Plate Height in relation to Cylinder Block Face
Camshaft End Float

Valve and Fuel Pump Timing
Refer to later section on timing (page L.1}

CYLINDER HEAD 4.108, 4.107, 4.99
Overall Length of Cylinder Head
Overall Depth of Cylinder Head
Resurfacing Allowance on Cylinder Head Face

Pressure for Water Leakage Test . .
Valve Seat Angle e
Bore in Cylinder Head for Gulde
Bore in Cylinder Head tor Combustion Chamber inserts
Depth of Bore in Cylinder Head for
Combustion Chamber Inserts

Combustion Chamber Inserts 4.108, 4.107, 499
Outside Dia. ot Insert

Depth of Insert

Height of Insert in relat|on to Cyl|nder Head Face
Clearance Fit of Insert in Cylinder Head Bore
Method of Location in Cylinder Head

Valve Guides (Inlet) 4.108, 4107, 4.99

Inside Dia.
Outside Dia.
Interference fit of Guide in Cyllnder Head Bore
Overall length of Guide
Guide Protrusion Above Top
Face of Cylinder Head

Valve Guides (Exhaust) 4.108, 4.107, 4.99

Inside Dia.

Outside Dia.

Interference fit of Guide in Cyllnder Head Bore

Depth of Counterbore

Overall Length of Guide
Guide Protrusion above Top Face of Cyllnder Head ...
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1.347/1.351 in (34,214/34,315 mm)
1.791/1.792 in (45.421/45517 mm)
1.794/1.7955 in (45,568/45,606 mm)
0.002/0.0045 in {0,051/0,114 mm}
1.250 in (31.750 mm}

1.781/1.782 in (45.237/45.263 mm)
1.784/1.787 in (45.314/45 390 mm)
0.002/0.006 in {0,051/0,152 mm)
1.000 in (25.400 mm}

1.773/1.774 in (45,034/45,060 mm)
1.776/1.778 in {45,110/45,161 mm}
0.002/0.005 in {0,051/0,127 mm)
0.266 in (6.766 mm)

No. 2 Journal

180" Oil Impregnated Sintered Iron
2.555/2.557 in (64,897/64,948 mm)
2.5585/2.5685 in (64,986/65,240 mm})
0.0015/0.013 in {0,038/0,330 mm}
1.500 in (38,100 mm)

0.160/0.162 in (4,060/4,115 mm)
0.158/0.164 in (4,009/4,166 mm}
0.004 in (0.102 imm} above or below
0.003/0.013 in (0.076/0.330 mm)

20.000 in (508.000 mm)

2.617/2.833 in (66,472/66,878 mm)

NIL—On no account can the cylinder head face be
resurfaced.

20 1bi/int (1.4 kgf/cm?}

45"

0.4995/0.5005 in (12,667/12,713 mm}

1.250/1.252 in (31.750/31,801 mm)

0.373/0.376 in (9,474/9,550 mm}

1.248/1.249 in (31,699/31,724 mm)
0.374/0.375 in (9,498/9,525 mm)

0.002 in (0.051 mm) above or below
0.001/0.004 in (0,025/0,102 mm}

By Cylinder Block Face and Expansion Washer

0.3145/0.3155 in {7.,986/8,014 mm}
0.50125/0.50175 in {12.744/12.757 mm)
0.00075/0.00225 in {0.019/0.057 mm}
2.130 in (54.102 mm)

0.800/0.815 in {20.320/20.701 mm)

0.3145/0.3155 in (7.988/8,014 mm)
0.50125/0.50175 in (12,744/12,757 mm)
0.00075/0.00225 in {D.019/0.057 mm)
0.380 in (9.650 mm)

2.440 in (61.980 mm)

0.800/0.815 in (20,320/20,701 mm)




TECHNICAL DATA—B.8

Valves (Inlet) 4.108, 4.107, 4.99
Valve Stem Dia.

Clearance fit of Valve Stem in Gmde

Valve Head Dia.

Valve Face Angle

Valve Head Depth Below Cylinder Head Face
Overall Length of Valve ... e
Sealing Arrangement

Valves (Exhaust) 4.108, 4.107, 4.99
Valve Stem Dia.

Clearance Fit of Valve Stem in GU|de

Valve Head Dia.

Valve Face Angle

Valve Head Depth Below Cyllnder Head Face
Overall Length of Valve .
Sealing Arrangement

inner Valve Springs (where fitted)
Fitted Length ..
Load at Fitted Length

Fitted Position

Outer Valve Springs 4.108, 4.107, 4.99
Fitted Length .

Load at Fitted Length
Fitted Position

Rocker Levers 4.108, 4.107. 4.99

Length between Center Line of Adjusting Screw and
Center Line of Rocker Shaft

Length between Center Line of Rocker Lever Pad and
Center Line of Rocker Shaft

Ingide Dia. of Rocker Lever Bore

Outside Dia. of Rocker Lever Bushing

Interference Fit of Bushing in Rocker Lever

Finished Inside Dia. of Rocker Lever Bushing

Clearance of Rocker Lever Bushing on Rocker Shaft

Valve Clearances 4.108, 4.107, 4.99

Clearance between Valve Stem Tip and Rocker Lever

Rocker Shalt 4.108, 4.107, 4.99
Overall Length of Shaft ...

Outside Dia. of Shaft

Lubrication

Push Rods 4.108, 4.107, 4.99
Overall Length ...
Outside Dia.

Tappets 4.108, 4.107, 4.99

Overall Length ...

Outside Dia. of Tappet Shank

Cylinder Block Tappet Bore Dia.

Tappet Running Clearance in Cylinder Block Bore
Outside Dia. of Tappet Foot

0.312/0.313 in {7.925/7,950 mm)
0.0015/0.0035 in (0,038/0,089 mm)
1.410/1.414 in (35,814/35916 mm)

45"

0.028 in (0,711 mm}/0.03% in (0,991 mm)
4,592/4.608 in (116,637/117,043 mm)
Rubber Oii Seal

0.3115/0.3125 in (7.912/7,937 mm)
0.002/0.004 in (0,051/0,102 mm)
1.191/1.195 in (30.251/30,353 mm)

45°

0.021 in (0.53 mm)/0.032 in (0,813 mm)
4600/4816 in (118,840/117,246 mm}
No Seal fitted to Exhaust Valve

1.530 in (38.862 mm})
28.6 1pbf = 21bf (13.0kgf = 0.91 kat)
Damper Coil to Cylinder Head

1.780 in (45.212 mm)
56.0 Ibf * 2.8 Ibf (25.4 kgf = 1.27 kg{)
Damper Coil to Cylinder Head

1.042/1.058 in (26,467/26,873 mm)

1.567/1.583 in (39.802/40,208 mm)
0.71825/0.71950 in {18,243/18,275 mm}
0.7205/0.7215 in (18.301/18,326 mm)
0.001/0.00325 in {0.025/0.082 mm)
0.6245/0.62575 in (15,862/15,894 mm)
0.00075/0.0035 in (0,019/0,089 mm)

¢.012 in (0.30 mm} Cold

14.5625 in (369.887 mm)

0.82225/0.62375 in {15,805/15,843 mm)

Oil Feed from Cylinder Head through Central
Passage to Individual Rocker Levers

B.527/8.560 in (216,58/217.42 mm)
0.250 in (6.350 mm)

2.250 in (57,150 mm}

0.560/0.561 in (14,224/14,249 mm)
0.562/0.56325 in (14,275/14,307 mm}
0.001/0.00325 in {0,025/0.082 mm)
1.245/1.255 in {31,623/31,877 mm)




TIMING GEARS 4.108, 4.107, 4.99
Camshaft Gear
Number of Teeth

Inside Dia. of Gear Boss
Outside Dia. of Camshaft Hub
Transition Fit of Gear and Hub

Fuel Pump Gear
Number of Teeth

Inside Dia. of Cylinder Block Bore for FueI Pump

Drive Hub Bearing
Outside Dia. of Fuel Pump Drive Hub Beanng
interference Fit of Drive Hub

Bearing in Cylinder Block Bore ... .-
Inside Dia. of Fuel Pump Drive Hub Bearlng
Outside Dia. of Fuel Pump Gear Drive Hub ...
Running Clearance of Drive Hub in Bearing ...
Drive Hub End Float

Idler Gear and Hub

Number of Teeth

Inside Dia. of Gear Boss .
Inside Dia. of Gear Boss with Bushing F|tted
Outside Dia. of Gear Hub ..

Running Clearance of Gear on Hub

Idier Gear Width

Hub Width

ldler Gear End Float

Crankshaft Gear
Number of Teeth

Inside Dia. of Gear
Crankshaft Dia, for Gear

Transition Fit of Gear on Crankshaft

Timing Gear Backlash

Clearance between Crankshaftlidler and Camshaftl

Idler Gear

LUBRICATING SYSTEM 4.108, 4.107, 4.99

Lubricating Cil Pressure ...

Sump
Dipstick Position
Strainer Location

Typical Sump Capacities
Refill Capacities— Engine Level
Standard Sump ...

Note: The above sump capacities are intended to be used as a guide and actual capacities should be governed by the

level indicated on the dipstick.
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48

1.75011.7514 in (44,450/44,486 mm)
1.749611.7509 in {44.430/44,473 mm)
0.0009/0.0018 in (0.023/0,046 mm)

48

1.8125/1.8141 in (46,037/48,078 mm)
1.8145/1.8152 in (46,088/46,106 mm)

0.0004/0.0027 in {0.010/0,069 mm}
1.312511.3135 in {33,34/33,78 mm)
1.3105/1.3115 in (33,287/33,312 mm)
0.0031/0.0051 in (0,07910,129 mm)
0.002/0.010 in (0.05110.254 mm)

57

1.7187/1.7197 in (43,655/43,680 mm)
1.562511.5641 in {39.687/39.728 mm)
1.561211.5619 in {39.654/39,668 mm)
0.0003/0.0016 in (0,008/0,041 mm)
1.310511.3135 in (33,287133,363mm}
1.3165/1.3185 in {33,439/33,490 mm)
0.002/0.007 in (0.05110.178 mm}

24

1.250/1.2512 in {31,750/31,780 mm)
1.25011.2506 in {31,750/31,756 mm)
0.0006/0.0012 in (0.015/0,030 mm)

0.0015/0.003 in (0.038/0,076 mm)

30/60 p.s.i. (2,1/4,2 kgf/cm?) at maximum engine
speed and normal working temperature.

Camshaft side of engine opposite No. 2 cylinder
End of suction pipe to lubricating oil pump.

Imp. pt U.S. pt Litre
7.0 84 40
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Lubricating @il Pump

Type

Number of Lobes—lnner Rotor
Number of Lobes— Outer Rotor
Method of Drive

Pump Clearances

Inner Rotor to Outer Rotor

Quter Rotor to Pump Body

Inner Rotor End Clearance

Outer Rotor End Ctearance Lo
Inside Dia. of Bore for Pump Shaft
Outside Dia. of Pump Shaft

Running Clearance. Shaft in Bore

Lubricating Oit Pump Drive Gear
Number of Teeth

Inside Dia. of Gear Bore ...

Outside Dia. of Oil Pump Drive Shaft
Intarference Fit of Gear on Shaft . .
Lubricating Oil Pump Drive Gear Backlash

Relief Valve

Type .

Pressure Settlng

Length of Plunger

Outside Dia. of Plunger ... .
Inside Dia. of Valve Housing Bore
Clearance of Plunger in Bore
Outside Dia. of Spring

Spring— Free Length

Spring— Solid Length

Lubricating Oil Filter
Type .
Element Type

BY-Pass Valve Setting

Type ot Valve

COOLING SYSTEM 4.108, 4.107, 4.99
Type .

Cylinder Block and Head

Engine Water Capacity

Thermostat

Type

Opening Temperature

Fully open at

Minimum Travel at Fully Open Temp

Water Pump

Type

Outside Dia. of Shaft for Pulley
Inside Dia. of Pulley Bore .
Interference Fit of Pulley on Shaft
Outside Dia. of Shaft for Impeller ...
Inside Dia. of Impeller Bore
Interference Fit of Impeller on Shaft

Rotor Type

Three or Four

Four or Five

By Spiral Gears from the Camshafi

0.0005/0.0025 in {0.013/0.063 mm)
0.011/0.013 in (0.28/0.33 mm}
0.0015/0.0003 in (0,0380,076 mm)
0.0005/0.0025 in (0.013/0,063 mm)
0.500/0.501 in {12,700/12,725 mm)
0.498310.4986 in (12.655112,664 mm)
0.0014/0.0027 in (0,036/0.06% mm)

12

0.496510.4970 in (12,611/12,624 mm)

0.4983/0.4986 in (12,655/12,664 mm)
/0021 in {0,033/0,053 mm)

0015510019 in (0,394/0.483 mm)

Spring Loaded Plunger

50/65 Ibf/in? (3,5/4,6 kgi/cm?)
0.9375 in (23.813 mm}
0.558510.5595 in (14,19/14.21 mm)
0.560510.5625 in {14,24/14,29 mm)
0.001/0.004 in (0,025/0,102 mm}
0.368/0.377 in {9.347/9.576 mm)
1.5in (38.10 mm}

0.754 in (19.15 mm}

Full Flow

Paper

Opens between 13-17 I1bf/in?

(0.91-1.2 kgf/cm?) pressure differential
Spring Loaded Ball

Water Cooled
Thermo-Syhpon Impeller Assisted
Approx. 10 U.S. quarts

Wax Capsule
175-182°F (79,5-83,5°C}
200-205°F (93.5-96°C)
0.3125 in (7.94 mm)

Centrifugal—Belt driven from : sh
0.5905/0.5908 in (14,989/15 3 mm}
0.58810.589 in {14,935/14,961 mm)
0.0015/0.0028 in (0,038/0,071 mm)
0.49810.499 In (12,648/12,675 mm)
0.497/0.4975 in (12,624/12,636 mm
0.0005/0.002 in (0,013/0,051 mm"®




Outside Dia. of impeller ...

Impeller to Body Clearance

Water Pump Seal Type ..

Inside Dia. of Seal for Impeller Shait
Outside Dia. of Seal

‘Water Pump Insert Type

Outside Dia. of insert
Inside Dia. of Insert Bore in Water Pump Housmg

“Later water pumps are fitted with ceramic faced inserts

Fuel Lift Pump

Type ..

Spring Colour Code

Method of Drive

Total Stroke of Operatmg Lever

Static Pressure —No Delivery

Pump to Distance Piece Gasket Thickness ...
Distance Piece —Lift Pump to Tappet Inspection Cover

Fuel Injectlon Pump
Make

Type

Rotation

Plunger Dia.

Hydraulically Governed
Timing Letter

No. 1 Cylinder Outlet

Mechanically Governed
Timing Letter

No. 1 Cylinder Outlet

TECHNICAL DATA—6.11

3.094/3.125 in (78.588/79,375 mm)

0.005/0.025 in {0,127/0,635 mm)

Synthetic Rubber — Carbon Faced

0.472 in (11.989 mm}

1.102 in (27.991 mm}

Phosphor Bronze — Surface Finish ot Sealing
Face to be 12-20 micro-in {0.3-0.5 micron)

1.6241.6245 in (41,250/41,263 mm)

1.625/1.626 in (41.275/41.300 mm)

AC Delco Diaphragm 'YJ' Series

Green

From Eccentric on Camshaft via Push rod
0.192 in (4.877 mm)

47 Ibi/in? {0,28-0.49 kgf/cm?)
0.018/0.022 in (0.457/0.55% mm)

0.256 in (6.502 mm}

C.AV.
D.P.A.

Clockwise (Viewed from Drive End)
6 mm

4.108 4.107 4.99
A
w

Z >

=0
=0
20
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Static Timing Position
The static timing position varies according to application, but carn be obtained by relerring to the first group of letters
and digits of the fuel pump setting code (stamped on the fuel pump identification plate), i.e.,

First Group of Static Timing Piston Displacement Remarks
Fuel Pump Code BTD.C. B.T.D.C.
EH39 ]
MH26
MH27 18 0.108 in {2,75 mm}
PH28
PH30
CH35 19° 0.120 in (3.05 mm}
PH34 20° 0.134 in (3.40 rmm)
LH23 20° 0.134 in (3.40 mm) 4107 engines rated up to and including
LH29 2500 rev/min
LH31 } 22° 0.160 in (4.06 mm) 4.107 engines rated above 2,500 rev/min
DH19  j
AH28 26° 0.226 in (5.74 mm)
BH26 f

Note: For 4.107 and 4.99 mechanically governed engines rated above 3,000 and 2.500 rev/min respectively. the static
timing is altered to 22° B.T.D.C. - piston displacement 0.160 in (4.06 mm}. For 4.108 engines prior to engine numbers
108015973 and 108UD20214, the static timing was 19" BTDC. - piston displacement 0.120 in (3.05 mm}. When re-
setting these pumps, it is advisable to set at the figures quoted in above table.

For 4.107 industrial engines having a fuel pump coding of PH30 and an idling speed of 1.000 rev/min, the static timing
is 21° BT.D.C. and a piston displacement of 0.147 in (3.73 mm},

Injectors
4.108 Marine& Industrial
4.107 Marine& Industrial

Make ... CAV.

Holder Type BKB408SD5224

Nozzle Type ... BOMN12808236

Code Letter BG

Min. Working Pressure ... 135 atm (2000 ibf/in? or 140 kgi/cm?}
Setting Pressure 150 atm (2200 Ibf/in? or 155 kgt/cm?)

Note: Earlier atomisers bearing the identification code letter 'J' had a setting pressure of 140 atm. When servicing ol
these atomisers is carried out, they should be reset in accordance with the settings quoted above.

Starting Aid

Make ... C.AV.

Type ... Thermostart

Voltage . 12 Volt

Maximum Current Consumptlon 12.9 Amperes at 11.5 Volts
Fuel Flow Rate through Unit 4.3-49 cm® min at 70°F (21°C)

Height of Reservoir above Centre of Thermostart 4.5-10 in (11,4-25,4 cm)




SECTION D
Fault Diagnosis

Fault

Possible Cause

Low cranking speed

1.2 3 4

Will not start

5.8, 7.8,9. 10, 12. 13, 14. 15, 16, 17. 18. 19. 20, 22. 31. 32, 33.

Difficult starting

5,7, 8.9, 10, 11. 12. 13, 14. 15, 186, 18, 19. 20.21. 22. 24. 29. 31. 32. 33.

Lack of power

8, 9,10, 11, 12, 13, 14.18. 19, 20, 21, 22, 23, 24, 25, 26, 27, 31, 32, 33,

Misfiring

8, 9,10, 12, 13, 14, 16, 18, 19, 20. 25, 26, 28, 29, 30. 32.

Excessive fuel consumption

11,13, 14, 16, 18, 18, 20, 22, 23, 24, 25.27.28.29.31.32.33.

Black exhaust

11,13, 14, 16, 18, 19, 20, 22, 24, 25, 27, 28, 29, 31, 32, 33,

Bluelwhite exhaust }

4, 16, 18. 19. 20. 25. 27. 31. 33. 34. 35. 45. 56.

Low oil pressure |

4, 36, 37. 38. 39. 40. 42. 43. 44. 58.

Knocking

9. 14. 16. 18. 19. 22. 26, 28. 29. 31. 33. 35. 36, 45. 46, 59.

Erratic running

7.8,9, 10, 11,12, 13, 14, 16, 20, 21, 23, 26. 28.29.30.33.35.45.59.

Vibration

13. 14. 20. 23. 25, 26, 29. 30. 33. 45. 47. 48. 49.

High oil pressure

4, 38. 41.

Overheating

11. 13. 14. 16, 18. 19. 24. 25, 45, 50, 51. 52, 53. 54, 57.

Excessive crankcase pressure

25. 31. 33. 34, 45, 55

Poor compression

11,19, 25. 28. 29, 31. 32 33 34 46, 59

Starts and stops 10, 11. 12.
Key to Fault Finding Chart
1. Battery capacity low. 31. Worn cylinder bores.
2 Bad electricai connections. 32. Pitted valves and seats.
3. Faulty starter motor. 33. Broken, worn or sticking piston ring/s.
4. Incorrect grade of lubricating oil. 34. Worn valve stems and guides.
5. Low cranking speed. 35. Overfull air cleaner or use of incorrect grade of
6. Fuel tank empty. oil.
7. Faulty stop control Operation. 36. Worn or damaged bearings.
8. Blocked fuel feed pipe. 37. Insufficient oil in sump.
9. Faulty fuel lift pump. 38. Inaccurate gauge.
10. Choked luel filter. 39. Oil pump worn.
11. Restriction in air cleaner. 40. Pressure relief valve sticking open.
12.  Air in fuel system. 41. Pressure relief valve sticking closed.
13. Faulty fuei injection pump. 42. Broken relief vaive spring.
14. Faulty injectors or incorrect type. 43. Faulty suction pipe.
15. Incorrect use of cold start equipment. 44. Choked oil filter.
16. Faulty cold starting equipment. 45. Piston seizure/pick up.
17. Broken luel injection pump drive. 46. Incorrect piston height.
18. Incorrect fuel pump timing. 47. Damaged fan.
19. Incorrect valve timing. 48, Faulty engine mounting (Housing).
20. Poor compression. 49. Incorrect aligned flywheel housing, or flywheel.
21. Blocked fuel tank vent. 50. Faulty thermostat.
22. incorrect type or grade of fuel. 51. Restriction in water jacket.
23. Sticking throttle or restricted movement. 52. Loose fan belt.

24. Exhaust pipe restriction.

25. Cylinder head gasket leaking.
26. Overheating.

27. Cold running.

28. Incorrect tappet adjustment.
29. Sticking valves.

30. Incorrect high pressure pipes.

53. Choked radiator.

54, Faulty water pump.

55. Choked breather pipe.

56. Damaged valve stem oil deflectors (if fitted).
57. Coolant !evel too low.

58. Blocked sump strainer.

59. Broken vaive spring.
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Before commencing to overhaul the cylinder head

ensure that all joints, gaskets and any other parts ex-
pected to be required are available.

Remove any external components from the vicinity of
the cylinder head cover, atomisers and fu€l Pump.

E2

SECTION E
Cylinder Head

To Remove the Cylinder Head

1.

N

Completely drain the cooling system.

Disconnect the battery terminals.

Remove the securing nuts and detach the exhaust
pipe from the exhaust manifold. Blank off the end

of the exhaust pipe to prevent entry of any foreign
matter.
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Uncouple the water outlet connection on the front
of the cylinder head.

Remove the air cleaner and place somewhere level
ready for servicing.

Disconnect the fuel pipe and electrical connection
io the starting aid located in the induction mani-
told. (Refer to Fig. E.I)

Remove the cylinder head cover together with the
breather pipe.

Unscrew the oil feed pipe to the rocker shaft at
the cylinder head end. (Refer to Fig. E.2 for its
location).

Remove the eight rocker shaft bracket securing
nuts evenly and remove the rocker shaft complete
with the oit teed pipe. (Refer to Fig. E.3).




10.

11.

12.

13.

14.

15,

E8

Remove the eight push rods and place somewhere
safe (possibly in the cylinder head cover) to
avoid the possibility of any being accidentally bent.
Unscrew the small banjo bolts on the tops of the
atomisers and remove the leak-off pipe by unscrew-
ing the union on top of the fuel filter.

Remove the low pressure fuel pipes between the
fuel filter and the fuel pump. remove the fuel filter
after disconnecting the feed pipe from the lift
pump, blank off ail pipes and ports to Prevent
ingress of foreign particles.

Remove the four high pressure fuel pipes from the
fuel pump to the injectors. Blank off fuel pump out-
let ports.

Remove the injector securing nuts and carefully
remove the injector. (Refer to Fig. E.4).

Blank off the exposed ports on the injectors.
Uncouple the alternator adjusting link.

CYLINDER HEAD—E.3

EQ

16. Remove the cylinder head securing nuts and fift
off the cylinder head complete with inlet and ex-
haust manifolds. (Refer to Fig. E.5).

NOTE: On 4.99 and 4.107 engines. to prevent liner

movement should the engine be turned with the

cylinder head removed. it is suggested that the liners

are held in position by suitable tubing placed over tw o

of the cylinder head studs and locked wifh nuts and

washers.

To Remove the Valves

All valves are numbered. The cylinder head is marked

wilh corresponding numbers. (Refer to Fig. E.6).

1. Remove collets by compressing the valve springs
as shown in Fig. E7.

2. Remove the spring caps. springs, seals (where
fitted) and spring seats. Remove valves.

E10
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COMBUSTION CHAMBER INSERTS

These can be gently tapped out of their locations by
means of a short length of curved bar through the
injector bore. When refitting they must be located by
means of expansion washers in the recesses provided.
as shown in Figs. E.8 and E..

Cleaning

Remove any carbon from the cylinder head.
if the water jacket within the cylinder head shows signs
of excessive scale. then a proprietary brand of de-
scaling solution may be used. if possible the cylinder
head should be tested for water leakage after such
treatment at the pressure given on Page B.7.

VALVE SPRINGS

It is advisable to fit new valve springs whenever the
engine undergoes a major overhaul. Where a top over-
haul only is being carried out the springs should be
examined, paying particular attention to squareness of
ends and pressures developed at specific lengths, the
details of which can be found on Page B.8.

E12

VALVE GUIDES

The worn guides should be removed either by
means of a press and a suitable "dolly" or the valve
guide removal tool shown in Fig. E.10.

Before fitting the new guides remove any burrs from
the cylinder head parent bores. then smear the bores
with clean oil and either press in the new guides or
pult them in by means of the tool shown in Fig. E.II.
until the guide protrusion above the head top face is
that quoted on Page B.7.

NOTE: Special care should be exercised during this
operation as the guides, being made of cast iron. are
therefore comparatively brittie.
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Intet

A—1.530into 1.531 in
B—0.3125int0 03175 in
C—0.015in chamfer at 45' (Max.)

Exhaust

A—1.296in1t01.297 in
B—0.3125int0 0.3175in
C—0.015 in chamfer at 45 (Max.)

VALVES AMD VALVE SEATS

The valves should be checked in their respective
guides for wear and replaced if wear has taken place.
(ensure that the wear is in fact on the valve stem and
not in the guide bore before replacing the valve).

The valve and valve seat faces should be reconditioned
in the normal way using specialised equipment or with
grinding compound, according to their condition. A
valve seat (hand operated) cutting tool is shown in
Fig. E.12. Valves should always be refitted to their
original seats and any new valve fitted should be suit-
ably marked to identify its position if removed at a later
date. (Refer to Fig. E.6 for illustration of valve num-
bering).

Before refitting the valves it should be ascertained
whether the valve head depth relative to the cylinder
head face is within the limits given on Page 8.8. This
depth can be checked. as shown in Fig. E.13, by
placing a straight edge across the face of the cylinder
head, then by careful selection of feeler gauges mea-
suring the distance between the straight edge and the
head of the valve.

Where this depth exceeds the maximum limit and even
the fitting of a new valve does not reduce this depth
below the maximum limit, then the remedy is to fit a
valve seat insert, the procedure for this is given in
detail commencing on this page.

When refacing valves or valve seats care should be
taken to see that only the minimum amount of metal
necessary to obtain a satisfactory seat is removed, and
that as narrow a valve seat as possible is maintained.

Hand Grinding

When grinding or lapping-in valves make certain that all
signs of pitting are removed from the seats.

CYLINDER HEAD—E5
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Material EN32A Case Hardened and Ground

Inlet Dimensions
A—275 in

B2 in

C—0.75 in

D—0.309 int0 0.310in
E—1/16 in at 45
F—1/16 in at 45
G—1/32 in Radius
H—1.238 in to 1.239 in
J—0.222int0 0.225in
K—1523 into 1.533in

Exhaust Dimensions
A—275 in

B—2 in

C—0.75 in
D—0.309int0 0.310in
E—1/16 in at 45
F—1/16 in at 45
G—1/32 in Radius
H—1.018 int0 1.019 in
J—0.222 int0 0.225 in
K—1.287 into 1.297 in

After all the valves have been lapped in the valve head
depths relative to the cylinder head face should be
checked to ensure that they are within the limits given
on Page B.8.
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VALVE SEAT INSERTS

Vafve seat inserts are not fitted to production engines.

but may be fitted in service.

When fitting inserts ensure that only genuine Westerbeke

parts are used.

In order to fit these inserts proceed as follows:

1. Fit new valve guides as described on Page E.4,

2. Using the new valve guide bore as a pilot, machine
the insert recess in the cylinder head face to the
dimensions shown in Fig. E.15.

3. Remove all machining swarf and thoroughly clean
the insert recess (removing any burrs which may
be present).

4. Using the valve guide bore as a pilat once again
press the insert home with the inserting tool. this
tool is shown fully dimensioned in Fig. E.16.
NOTE: The insert must not under any circum-
Stances be hammered in. neither should any lubri-
cation be used.

5. Visually inspect to ensure that the insert has been
pressed fully home. i.e. is flush with the bottom of
the recess.

8. Recut the valve seat at an included angle of 90
(which will give the normal 45' seat) until the
valve head depth reaches the minimum limit which
is given on Page B.8. Lightly lap the valve to its
new seat.

To Dismantle the Rocker Shaft Assembly

1. Remove the retaining circlips Irom each end of
the rocker shatft.

2. Withdraw the rocker levers. springs and support
brackets from the rocker shaft.

3. Unscrew the oil feed pipe from the banjo and re-
move the banjo. (When refitting this feed pipe it
Should be noted that the end of the pipe locates
the banjo position on the shaft).

Examine the rocker bushings and shaft for wear. The

rocker levers should bz an easy fit on the rocker shaft

without excessive side play.

New rocker levers are supplied complete with bushing

fitted and reamed to size.

NOTE: When fitting new bushes ensure that the oil

feed holes are in alignment before pressing home, and

when pressed fully home that the holes coincide.

(Refer to Fig. E.17).

To Re-Assemble the Rocker Shaft Assembly

1. Refit the oil feed banjo and locate with the
feed pipe.

2. Refit the rocker levers. springs and support
brackets in the opposite order to which they were
removed. Lightly oil the components during re-
assembly and ensure that each rocker lever does
not bind on the shaft. The assembly should now be
as shown in Fig. E.18.

PUSH RODS

Check the push rods for straightness. if any are bent
then fit new replacements.

To Refit the Valves

Lightly oil the valve stems to provide the initial lubrica-
tion.

Replace valves. springs. spring plates. washers. collars
and collets, taking care that the numbers on the valves
correspond to the numbers stamped adjacent to the
valve Seat (see Fig. E.6).




NOTE: Valve springs incorporate a damper coil and
care should be taken to ensure that this damper coil
is to the bottom of the spring, i.e.. nearest the cylinder
head when fitted.

Inner valve springs are not required for engines rated
at 3,000 revimin and below.

4108 and 4.99 marine diesel engines are fitted with rub-
ber sealing rings on inlet valves only.

All latest 4107 and 499 marine diesel engines incor-
porate oil deflectors on both inlet and exhaust valves.
In the case of earlier 4107 and 4.99 marine diesel
engines which incorporate rubber sealing rings on the
inlet valves only, oil deflectors should be fitted to both
inlet and exhaust vaives after the valve assembly has
been dismantled. With this arrangement, a different valve
spring seating washer is required for exhaust vaives.

a different valve spring seating washer is required for
exhaust vaives.

Where a groove is cut on the inlet valve stem, a rubber
sealing washer shouid be fitted in addition to the de-
flector to stop the latter from becoming canted on the
stem.

Oil deflectors should not be fitted to 4.99 vehicle and
4.108 engines.

CYLINDER HEAD GASKET

Always use a new cylinder head gasket. Ensure that
the correct type is used.

4108 Engines

With this engine, the gasket is made of a black com-
posite material and is known as the Klinger type. It
MUST be fitted DRY and on no account should sealing
compound be used.

It is very important that the gasket is placed correctly.
otherwise the steel beading may be nipped between
the cylinder head face and the top of the liner.

4107 and 499 Engines

These engines use a steel laminated gasket.

To Refit the Cylinder Head

1. Place the cylinder head gasket carefully in posi-
tion on the cylinder block top face (the gasket is
marked "TOP FRONT" to indicate how it should
be fitted). (Refer to Fig. E.22).

2. Lower the cylinder head into position on top of the
gasket ensuring that it lays perfectly level.

3. Lightly lubricate both cylinder head studs and nuts
with engine oil, then tighten the nuts progressively
in three stages in the sequence shown In Fig. E.23
to the torque given on page 82. This final torque
tightening stage should be repeated to ensure that
no loss of tension has taken place on any studs
earlier in the sequence.

© N TALN =

i

Retaining Collets
Spring Caps

Inner Valve Springs
Outer Valve Springs
Spring Seating Washers
'0"' Sealing Ring (Inlet Valves only)
Inlet Valve

Exhaust Valve

CYLINDER HEAD—E.7
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Fit the push rods in their locations then carefully
fit the rocker shaft assembly, noting that the valve
adjusting screw ends locate in their respective
push rod cups and the oil feed to the rocker shaft
is located correctly.

Locate the oil feed pipe nut just finger tight at this
stage, then evenly tighten the rocker shaft bracket
securing nuts to a torque of 12 - 15 ibf ft (1.7 -
2 kgf m) now tighten the oil feed pipe nut.

When correctly located the oil feed pipe will be
as shown in Fig. £.2.

NOTE: If the oil feed pipe nut is tightened before
the rocker shaft bracket securing nuts, the pipe
will either be strained or the olive pulled off the
feed pipe.

S R R TR
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Adjust the valve clearances to 0.012 in (0.3 mm)
as follows: —

Turn the engine so that the valves of No. 1 cylinder
are in the position of 'valve overlap'. i.e., the period
between the opening of the inlet valve and the
closing of the exhaust valve. In this position, adjust
the clearances of No. 4 cylinder valves: similarly.
with the valves of No. 3 cylinder in the overlap
position, adjust the valves of No. 2 cylinder. With
valves of No. 4 in the overlap position, adjust the
valves of No. 1 cylinder and finally with valves of
No. 2 cylinder in overlap position. adjust valves on
No. 3 cylinder.

Replace the alternator adjusting link and tension
the "V belt (Refer to Page N.I).

E22
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8. Replace the injectors (Refer to Page' P.7) but do
not tighten the securing nuts.

9. Replace the leak off pipe assembly and four high
pressure fuel pipes to the injectors. Tighten the
injector securing nuts.

10. Replace the fuel oil filter and the low pressure
fuel pipes between filter and lift pump and filter
and fuel pump.

11. Reconnect the electrical and fuel supplies to the
starting aid.

12. Reconnect the exhaust pipe to the manifold.

13. Reconnect the water outlet connection at the front
of the cylinder head.

14. Fill the cooling system with clean water ensuring
the drains are closed. Check for water leaks.

15. Bleed the air from the fuel system as described on
Page P.81.

16. Reconnect the battery.

Starting the Engine

Proceed as instructed on Page P.ll. with the engine
running at a fast idle check that the oil pressure is
satisfactory and that the oil reaches the rocker assem-
bly and oozes gently from the rocker levers at this
speed.

After the engine has been thoroughly warmed up it
should be shut down, the rocker shaft removed and
the cylinder head nuts checked, so that any loss of
torque tension can be corrected by tightening the nuts
to the torque given on Page B.2 and in the order shown
in Fig. E.23.

Replace the rocker shaft as previously described and
set the valve clearances to 0.012 in {0,30 mm) COLD.
Start engine and check oil flow to rocker levers, if
satisfactory refit cylinder head cover and air cleaner.
Finally check for oil leaks and rectify immediately if
any are visible.

NOTE for 4.108 Engines Only

Itis essentialthat the cvlinder head nuts are re-toraued t o
60 |bfft (8,3 kgfm) afterthefirst 61012 hours withtheengine
hot andinthesequenceshowninFig. E23.

E24







SECTION F

Pistons and Connecting Rods

To Remove Pistons and Connecting Rods

1.

Remove the cylinder head assembly. (Refer to
Page E.1).

Remove the oil sump. (Refer to Page M.I).
NOTE: Any ridges or carbon deposits around the
top of the cylinder bores should be removed with
a suitable scraper before piston removal is
attempted.

Rotate the crankshaft until one pair of big ends are
at bottom dead centre. then remove their respec-
tive connecting rod cap securing bolts.

Remove the connecting rod caps and bearing
shells. (Refer to Fig. F.1}.

NOTE: If the bearing shells are serviceable, they
should be suitably marked to identify them to their
original locations.

Push the pistons and connecting rods carefully
out through the top of the block and remove as
shown in Fig. F.2.

Rotate the crankshaft through 180" to bring the
remaining pair of big ends to bottom dead centre
and repeat removal operations.

When piston removal has been carried out keep
each piston and rod assembly separate, each to
each as marked. Mark the pistons on the crown
(before removing the piston pin) to indicate the
'FRONT" in relation to the 'FRONT' marking cast on
the connecting rods.

To Remove Pistons and Rings from the
Connecting Rods

1.

Remove the piston rings from each piston, using a

suitable piston ring tool. such a tool is shown in
Fig. F.3.

NOTE: The laminated segments or spring loaded
rings fitted in the fourth ring groove should be
removed by hand.

With 4.108 pistons there is a steel insert rolled
into the top ring groove during piston manufacture.
It should be regarded as an integral part of the
piston and no attempt should be made to remove
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it from its location.

2. Remove the circiip retaining the piston pin and
push out the piston pin to release the connecting
rod.

NOTE: Should difficulty be experienced in re-
moving the piston pin, warm the piston in a suit-
able clean liquid (usually water) to a temperature
of 100—120°F. (40—50°C), this will then enable
the pin to be pushed out quite easily.

Inspection

1. Examine the pistons tor scoring and any signs of
groove damage.

2. Check the clearance of the piston rings in their
respective grooves by placing the ring outer face
into the groove and a suitable sized feeler between
the ring and groove face.

NOTE: All ring gaps, ring groove clearances etc..
are given in the Technical Data Section on Pages
A5 and A8.

3. Check the fitted gaps of the piston rings, bearing
in mind that in worn cylinder bores these gaps
should be checked at the beottem of the bore.

4. Check the fit of the piston pin in the small end bush-
ing, if excessive, replace the small end bushing.

5. To renew the small end bushing remove the old one
by means of a suitable press and ‘dolly’. Press in
the new bushing, ensuring that the oil holes coin-
cide when fitted. Ream out the new bushing to suit
the piston pin, then check the rod for parallelism
and twist. (Refer to Page A7).

6. Examine the big end bearing shelis for any signs
of wear or pitting.

To Refit the Pistons to the Connecting Rods

If the original pistons are to be refitted they must be
re-assembled to the same connecting rods, i.e. No. 1
piston to No. 1 connecting rod assembly. Refer to Figs.
F4 and F.5 for location of piston and rod numbering.
Any new components fitted should be numbered the
same as those which they replace,

F4

Warm the piston in a suitable clean iiquid to a
temperature of 100 — 120°F (40 — 50°C) which
will enable the piston pin to be easily pushed
into the piston bore when the piston and rod have
been correctly aligned.

Place No. 1 piston onto its head, noting the posi-

tion of the mark previously made to indicate the
"FRONT.




3. Hold No. 1 connecting rod with the small end
between the piston pin bores so that the word
"FRONT" cast on the rod is towards the same
side.

4. Push the piston pin into the piston thus locating
the connecting rod in position..

5. Fit the two retaining circlips ensuring that they

locate correctly in their recesses. (Refer to Fig.
F.6).
NOTE: If the engine has been in service for some
considerable time it is advisable to fit new circlips.
even if the old ones do not appear to be strained
or damaged.

6. Repeat this procedure for the three remaining
pistons and connecting rods.

Fitting the Piston Rings

Fit piston rings to the piston. Rings vary according
to engine type and application as follows: reading
from the top of the piston.

4.108 Engines

Plain parallel faced compression.
Internally stepped compression.
Internally stepped compression.
Laminated segment oil control.
Slotted scraper.

arwpnprE
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F7

4.107.and 4.99 Marine and Industrial
Engines rated at 3000 r.p.m. or below.

Plain parallel faced compression.
Internally stepped compression.
Internally stepped compression.
Laminated segment oil control.
Slotted scraper.

[SARESIE I o

After an appropriate period of service, when indica-
tions of piston ring and/or cylinder bore wear may be-
come apparent. a replacement ring pack has been
made available for fitting exclusively to 4.99 service
engines and includes a taper faced ring for fitting in

NOTE: All the rings quoted above except the laminated
and spring loaded type may be fitted by means of an
expanding tool of the type shown in Fig. F.3. These
rings, being made of cast iron are therefore com-
paratively brittle, so when fitting care should be taken
not to expand any ring more than is necessary to just
clear the piston.
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SECOND AND FOURTH SEGMENTS
N

N

.

FIRST AND THIRD SEGMENTS

F8

Laminated Segment Rings

The procedure for fitting the laminated type is dilferent.
in as much as the ring comprises four separate seg-
ments, these may be fitted by hand in the following
sequence with the piston crown uppermost: —

1.

Fit the first segment to the piston so that when
held horizontally between the thumb and fingers
and radially compressed the ring ends point
downwards (see Fig. F.8).

Place this ring on the bottom face of the fourth
ring groove with the gap over the piston pin bore.

\_/

Fit the second segment on top of the first, so that
when compressed as described above the ends
point upwards. Position the gap at 180° to that of
the first segment.

Fit the third segment as in (1) above with the gap
immediately above the gap of the first segment.

Fit the fourth segment as in (2) above with the
gap immediately above the gap of the second seg-
ment. If all the segments have been fitted correctly
then they will be positioned as shown above.




The gaps of the remaining rings should ve stag-
gered alternately along the piston pin axis.
Liberally lubricate the rings in their grooves and
see that they can move freely in their locations.
this does not apply to the laminated type in the
fourth groove, which if correctly fitted should not
move freely due to the outward pressure of the top
and bottom segments on the ring groove walls.
When ail the rings have been fitted, they should
be as shown in Fig. F.8.

Always ensure that internally stepped or taper faced
rings are correctly fitted. They are marked TOP or
BTM (bottom) to ensure correct replacement.

The top compression and slotted oil control rings may
be fitted either way up.

Spring Loaded Scraper Ring

When fitting the chrome plated spring loaded scraper
ring, (see Fig. F.9}. the following procedure should be
adopted: —

1. Fit internal expander (1).

2. Fit two rail rings (2) at the bottom 01 the groove.
3. Fit spiral ring (3).

4. Fit two top rail rings (2).

When fitting rail rings, the gaps should be staggered.

To Fit Piston and Connecting Rod Assemblies

Before fitting the piston and connecting rod assemblies
to their respective cylinder bores, thoroughly clean
and liberally coat each bore with clean engine oil.

1. Turn the engine until the crankpins of say numbers
1 and 4 cylinders are at bottom dead centre.

2. Using a suitable ring clamp of the type shown in
Fig. F.IO, carefully compress the rings of No. 1
piston and hold in this position.

3. With the word 'FRONT' on the connecting rod

facing the front of the engine, insert the rod care-
fully into No. 1 cylinder bore.
NOTE: The cylinders are numbered 1. 2. 3. 4
starting from the front (water pump) end of the
engine. It is extremely important that these com-
ponents (marked as shown in Figs. F4 and F.5).
are returned to their original locations.

4. The piston head may be gently tapped with the
shaft of a hammer as shown in Fig. F.10 until all
the rings have entered the cylinder bore.

5. Draw the rod towards the crankpin, place the top
half bezaring shell in position locating the tag in
the machined slot and liberally oil, draw the rod
onto the crankpin.

6. Fit the lower half bearing shell to the connecting
rod cap. locating the tag in the machined slot.
liberally oil and fit the cap to the crankpin, ensur-
ing that the numbers on the rod and cap coincide
as shown in Fig. F4
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7. Fit the two connecting rod securing bolts and
tighten evenly to the torque quoted on Page B.2.
NOTE: Locking tabs are not fitted to these bolts.

8. Repeat this procedure for No. 4 piston and con-
necting rod assembly.

9. Rotate the crankshaft to bring numbers 2 and 3
crankpins to bottom dead centre.

10. Repeat procedures 2 — 7 to fit the two remaining
assemblies.

11. Refit the lubricating oil sump. (Refer Page M.4).

12. Refil the cylinder head assembly. (Refer Page
E.7).

Fitting New Pistons

With new 4.108 and 4.107 pistons a machining allow-
ance is provided on the crown of the piston to enable
the necessary material to be removed by means of a
lathe so that when fitted the piston height above the
cylinder block top face will be within the limits quoted
on Page B.3.

To determine the exact amount t¢ be removed from
the piston crown. the piston, connecting rod and bear-
ing assembly will have to be fitted to its respective
cylinder bore as previously described. and the piston
height above the cylinder block top face measured
with the particular piston at top dead centre. This
piston height can be measured by means of a piston
height gauge of the type shown in Fig. F.Il. Repeat
for each new piston to be fitted and mark each piston
with the number of the cylinder bore it will belong to.
(not on the top as any marking here will be removed
by the machining). When each piston has been
Skimmed it should be checked again when finally re-
fitted to ensure that any new piston fitted is now within
the limits quoted. Once the piston height is correct
mark any such piston on the crown with the number
of its respective bore. (Refer to Fig. F.5}.
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It will of course be appreciated that grade F pistons
are suitable for topping to give other grades where
these are not to hand.

After fitting pre-topped pistons, the distance between
the cylinder block face and piston crowns should be
checked to ensure the limit is as already quoted (See
Fig. F.11),

F11




SECTION G

Cylinder Block and Liners

CYLINDER LINERS (4.108 ENGINES)

The cylinder liners fitted to the 4.108 series engines
are centrifugally cast alloy iron, they are an interference
fit in the cviinder block parent bore and of the thinwall
dry type.

Reborina of these liners is not possible and new liners
shouid be fitted when a rebore would normally be con-
sidered necessary.

Dimensional checks of the cylinder bore are carried
out by means of the gauge tool shown in Fig. G.1.
When checking liners each one should be measured
in three positions = top, centre and bottom: the read-
ings being taken parallel and at right angles to the
centre line of the cylinder biock giving six readings
for each cylinder bore.

When checking the fitted internal bore of a new thin-
wall iiner it is advisable to aliow a period of time to
elapse for the liner to settle.

To Renew Cylinder Liners

1. Remove ail the various comopents from the cylinder
biock. (Refer to the appropriate sections for details
of their removal).

2. Using a shouldered metal disc slightly smaller on
the outside diameter than the parent bore dia-
meter and a suitable press, press the liners care.
fully out through the top of the cylinder btock.

NOTE: Support the block locally in the area of the
top of the liner.

3. Lightly lubricate the outside of the iiner with clean
engine ail ready for fitting.

4, As the liner must protrude above the cylinder block
top face and not be pressed fully home when fitted
correctly, a solid stop washer should be available
designed to give the correct liner protrusion.
NOTE: The limits for iiner protrusion are given on
page B.3 and may be checked as shown in Fig.
G.2,

5. Press the liner into the bore progressively until it
reaches the solid stop washer.

6. Bore and finish hone the liners to the dimension

quoted on Page 8.3.
NOTE: Where boring equipment is mounted on the
top face of the cylinder block fit a parallel plate
between the boring bar and cylinder block face.
Such a plate should be thicker than 0.027 in
(0.686 mm}.

7. Re-assemble the engine components to the cylinder
biock. (Refer to the appropriate sections lor
assembly of these).

CYLINDER LINERS (4.107 and 4.99)

Cylinder liners fitted to 4.107 and 4.99 engines are of

the centrifugal cast iron wet type. They have flanges
at the top and are sealed at the bottom by means of
two rubber sealing rings which fit in machined re-
cesses in the cylinder block.

G2
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G3

Earlier 499 engines had only one sealing ring at the
bottom of the liner.

4,107 and 4.99 cylinder liners have pre-finishad bores.
Under normal circumstances, the liner would only
need to be renewed during major overhaul, but should
it be necessary to remove the liner for any other
reason, this can be carried out without removal of the
crankshatft.

If at any time, the cylinder liners are removed and
these same liners are to be refitted, then before they
are removed from the cylinder block. they should be
suitably marked so that they may be refitted to their
original parent bore and in the same position in that
bore, that is, thrust side of the liner to the thrust side
of the cylinder block.

To Renew Cylinder Liners

Remove all components from cylinder block.

Remove liners using a suitable iiner removing tool (see
Fig. G.4).

Once the liner has cleared the rubber sealing rings in
the cylinder block, the iiner can be removed by hand.
Remove any corrosion and burrs which may be present
at the inner ends of the landings.

Renew the rubber sealing rings in the grooves at the
bottom lands.

TO ease fitting of the liners when the rings have been
placed in position, smear the liners with soft soap or
Soapy water.

Place liner in position and press home by hand, ensur-
ing that the rubber sealing rings remain in their
grooves (see Fig. G.5).

The liners are a push fit and no force is required.
After fitting the liners, the cylinder block should be
water tested at a pressure of 20 1bf/in? (1.4 kgf/cm?).
Re-assemble engine as required and to instructions
given for the various components.

Note: 'if engine is overheated, it could have an adverse
affect on the liner sealing rings.

G4

Ail 4.107 and later 4.99 engines have lour small holes
drilled along the fuel pump side of the cylinder block.
each one breaking through into the area between the
two sealing rings at the bottom of each cylinder iiner.
These holes permit any coolant which may have ieeked
past the upper sealing ring to escape thus relieving
the bottom sealing ring of any pressure above it and
preventing coolant from entering the engine sump.

In the case of a new engine, or where cylinder linen
and/or sealing rings have been fitted. it is possible
that a slight leakage of coolant could occur from these
holes. This should ease as the liners and sealing rings
settle down after the initial period of running, but where
difficulty is experienced. then the use of BARSEAL in
the cooling system (in accordance with the manufac-
turers instructions) is approved.
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SECTION H

Crankshaft and Main Bearings

H1

Description

The crankshaft runs in three pre-finished replaceable
thinwall, steel backed, aluminium tin-lined bearings.
Crankshaft end float is controlled by thrust washers
located either side of the rear main bearing. 0.0075 in

(0.19 mm oversize) thrust washers are available which
if used on one side of the rear main bearing only
will reduce crankshaft end float by 0.0075 in (0,18
mm) and by 0.015 in (0.38 mm) if used on both sides
The limits for the crankshaft end float are given on
Page B.6.

The main bearing caps are numbered and are not
interchangeable. The main bearing shells are located
by means of tabs which locate in slots in the bearing
housings.

NOTE: Before renewal of the main bearings is
attempted make absolutely certain that the correct
replacements are available, reference to the relevant
parts list will ensure this. but for identification purposes
the new bearings should have an annular groove
machined in the inner (bearing) face along the centre
line of the feed holes. when the bearings are correctly
located these feed holes will correspond exactly with
those machined in the cylinder block.

On later 4.107 and 499 engines. the annular oil
groove in the main bearing parent bore (cylinder
block and bearing cap) has been deleted. Adequate
lubrication is maintained by repositioning the oil feed
holes radially in the shell bearings and continuing to
machine the annular groove in the bearing on the
centre line of these feed holes.

These later type shell bearings may be used on both
early and later type engines, whereas the early type
of shell bearings must NOT on any account, be fitted
to later engines where the annular groove in the main
bearing parent bore has been deleted.

H2
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H3

To Renew Main Bearings and Thrust Washers

Removal of the main bearings and thrust washers can
be carried out without removing the crankshaft by the
following procedure: —

1.
2,
3.

Remove the engine from its application.

Remove the sump and suction pipe assembly.
Slacken the setscrews which secure the main
bearing caps.

Remove completely one of the main bearing caps
and remove the bearing shell from the cap.
Remove the top half of the bearing shell by push.
ing it, on the opposite side to the one having the
locating tag, with a suitable strip of wood and
rotating it on the crankshaft as shown in Fig. H.1.
inspect the bearing shells and if replacements are
necessary continue by lightly lubricating and in.
Serting the new top half bearing shell, plain end
first, into the side having the tag location.

10.

11.

Rotate the bearing shell on the crankshaft until it
locates correctly with the tag in the machined slot.
Locate the lower half bearing sheil in the main
bearing cap, liberally lubricate and refit.

Tighten the two securing setscrews to positively
locate the bearing shells then slacken a turn or
two.

Repeat items 3—=8 for the remaining two bearings.
NOTE: To enable the rear main bearing cap to be
removed, first remove the two oil seal housing
setscrews as shown in Fig. H.3.

Finally tighten the main bearings to the torque
given on Page 8.2.

Renewal of the thrust washers is accomplished by
carrying out the following procedure: —

Remove the two setscrews securing the two rear
main bearing oit seal half housing as shown in
Fig. H.3.

Remove the rear main bearing cap securing Set-
screws.

Remove the rear main bearing cap and from it the
wwo lower half thrust washers. (Refer Fig. H.4).
The single upper half thrust washer is removed by
rotating it with a thin piece of wood until it can be
lifted out of its recess.

NOTE: The new thrust washers should be lightly
lubricated before fitting. The steel faces of the
lower thrust washers should face inwards towards
the bearing cap. (Refer Fig. H.5), the steel face
of the upper thrust washer should also face in-
wards.

Locate the upper thrust washer half as shown in
Fig. H6, place the lower halves either side of the
rear main bearing cap as described and refit the
cap.

Tighten the setscrews evenly and finally to the
torque given on Page 8.2.




7. Check that the crankshaft end float is within the
limits given on Page 6.6 by means of feeler
gauges as shown in Fig. H.7. If incorrect, oversize
thrust washers are availabla to give an overall
reduction of 0.015 in {3,383 mm). (Refer to Page
H.2).

8. Refit the two setscrews securing the rear main ¢il

seal half housing.
NOTE: If any leakage of oil is apparent from this
seal then new seals should be fitted to the half
housings as described under the heading "Crank-.
shaft Rear End Oil Seal™ or fit a new assembly.

9. Refit the suction pipe assembly and sump.

To Remove the Crankshaft

To remove the crankshaft it will be necessary to remove
the engine.

1. Remove the starter motor, flywheel and flywheel
housing.

2. Remove the crankshaft front pulley, timing case
cover, timing gears and fuel pump drive hub.
(Refer to Page K.I for details of their removal).

3. Remove the securing setscrews (also any studs
fitted) and remove the timing case back plate.

4. Remove the sump and lubricating oil pump com-
plete with suction and delivery pipes. (Refer to
Page M.l for removal of these)

5. Remove all the connecting rod setscrews, con.
necting rod caps and bearing shells." (Refer to
Page F.1).

NOTE: All the bearing shells should be marked to
indicate "top" or "bottom" and number of the rod
assembly.

6. Unscrew the main bearing caps.

©
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NOTE: The rear seal half housing securing set-
screws will require removal to enable the rear
main bearing cap to be removed. (Refer to Fig.
H.3).

Lift out the crankshaft and place where it is not
likely to be damaged ready for inspection.
Remove the top half main bearing shells.

Finally, remove the top half oil seal housing.

To Refit the Crankshaft

First ensure that crankshaft cilways are clear.
Place the three top bearing shells in position then
oif liberally with clean engine oil.

NOTE: Unless a new set of main bearings is being
fitted, those removed must be returned to their
original locations.

Place the crankshaft in position.

Locate the upper thrust washer in position as
shown in Fig. H.6.

Fit the three lower bearing shells, oil, and fit the
three main bearing caps in their respective loca-
tions.

NOTE: Ensure at this stage that the two lower
thrust washer halves are positioned correctly either
side of the rear main bearing cap when it is fitted.
Check the main bearing setscrews prior to fitting
for signs of stretch or thread damage. Where
damage or any doubt exists fit new replacements.
Fit the setscrews then tighten evenly to the torque
tension given on Page 6.2.

Check that the crankshaft can be rotated freely, if
satisfactory check the crankshaft end float by
means of feeler gauges as shown in Fig. H.7.
Should it not be within the limits quoted on Page
6.6, then oversize thrust washers are available to
give the necessary adjustment. (Refer to Page
H.2).
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9. Fit new sealing strips to the rear main bearing oil
seal housings and refit the housings as described
under the heading "Crankshaft Rear End Oil Seal"
on Page HA4.

10. Liberally oil the crankpins. locate the connecting
rod bearing shells, again ensuring their correct
relative positions, then fit the connecting rod caps
as described on Page F.5. The crankcase should
now be as shown in Fig. H.2,

11. Refit the lubricating oil pump complete with suc-
tion and delivery pipes. (Refer to Page M.4).

12. Refit the sump using new seals and gaskets. (Refer
to Page M.1}.

13. Refit the timing case back plate, fuel pump drive
hub, timing gears, timing cover and crankshaft
front pulley. (Refer to later text commencing on
Page K.l fortheir reassembly.

14. Refit and correctly align the flywheel housing as
described in Section J.

15. Refit the flywheel and starter motor.

CRANKSHAFT REAR END OIL SEAL

This sealing arrangement consists of two half housings
boited around the rear of the crankshaft. The bore of
these housings is machined to accommodate a rubber
cored , strip which, in conjunction with a right
hand helix machined between the thrust collar and the
flywheel mounting flange to the dimensions given on
Page B.8, acts to return the surplus oil reaching the
seal. The two half housings fit over this helix and the
contact of the sealing strips with the crankshaft pre-
vents leakage beyond this point.

NOTE: When traces of oil become apparent from
behind the flywheel and a faulty rear oil seal is sus-
pected, first ensure that the crankcase is breathing
normally. Any build up in crankcase pressure could
cause oil to be forced past the rear sealing arrange-
ment. If crankcase pressure is normal and new seals
require to be fitted the following procedure should be
adopted with the crankshaft in position.

1. Set up a half housing in the vice with the seal
recess uppermost.

2. Settle approximately 1 in (25 mm) of the strip. al
each end, into the ends of ths groove ensuring
that each end of the strip projects 0.010/0.020 in
(0.25/0,50 mm} beyond the half housing joint face.
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10.

With the thumb or finger press the remainder of
the strip into the groove, working from the centre.
then use any convenient round bar to further bed
in the strip by rolling and pressing its inner dia-
meter as shown in Fig. H.8. This procedure takes
advantage of the friction between the strip and the
groove at the ends to compact the rope, while
ensuring that the projections of the end faces of
the rope remain as set.

Fit the sealing strip to the other half housing in a
Similar manner.

Remove all traces of the old gasket from the cylinder
block rear face and fit a new gasket treated with a
suitable sealing compund.

Lightly coat the faces of the housing with a suitable
sealing compound.

Spread a film of graphite grease over the exposed
inside diameter surface of the strip.

Assemble the half housings around the crankshaft
rear journal and fasten together by the two set-
screws (See Fig. H.3).

Swivel the complete seal housing on the shaft to
bed in the strips, and to establish that the assembly
turns on the crankshaft.

Belt the seal housing in position on the block and
the rear main bearing cap then finally tighten the
securing setscrews.




SECTION J

Flywheel and Housing

Alignment of the Adaptor Plate, Flywheel
Housing and Flywheel.

It is most important that the adaptor plate, flywheel
housing and flywheel be correctly aligned with the
crankshaft. If the plate and housing have been removed
as is necessary for a complete overhaul, the greatest
care must be taken on replacement to insure accuracy
of alignment. The appropriate procedure is as follows:

See that the faces of both the rear of the cylinder block
and the adaptor plate are perfectly clean and free from
burrs.

Secure the adaptor plate to the cylinder block with set-
screws and spring washers.

Alignment of the Adaptor Plate Face.

Secure the base of an indicator gauge to the flange of
the crankshaft.

Set the needle of the gauge against the vertical face of
the adaptor plate (See Fig. J1}.

Turn the crankshaft and check that this face is perpen-
dicular to the crankshaft axis.

Flywheel housing face should be within a limit of .006
total indicator reading of being truly at right angles to
the crankshaft axis.

J1

All adjustments to bring the adaptor plate within the
limits must be on the adaptor plate and under NO
CONDITIONS must the rear of the cylinder block be
interfered with.

When the adaptor plate is properly aligned to the above
limits, tighten the setscrews evenly.

Ream the dowel holes and fit the correct length and
size of dowels.

Fitting Flywheel and Checking Alignment.

With the flywheel and crankshaft flange perfectly clean
and free from burrs, place the flywheel on the crank-
shaft flange.

Insert the setscrews complete with tab washers into the
flywheel holes and tighten evenly.

Secure the base of the indicator gauge to the adaptor
plate. With the flywheel at top center, set the needle of
the gauge on the periphery at T.D.C. See Fig. J2.

Turn the crankshaft and check the indicator, the flywheel
should run true within .012 in. total indicator reading.
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With the base of the indicator gauge still bolted to the
adaptor plate adjustthe indicator so as to set the needle
against the vertical machined face of the flywheel. See
Fig. J3.

Again turn the crankshaft and check the indicator, the
flywheel should be within .0005" per inch of flywheel
diameter (total indicator reading) of being truly at right
angles to the crankshaft axis.

When the flywheel is correctly aligned, lock the securing
setscrews by means of the tab washers.

See that the face of the housing is perfectly clean and
free from burrs.

Secure the housing to the adaptor plate with setscrews
and spring washers, but not overtight so as to allow
adjustment.

Attach the indicator gauge to the flywheel centre and
set the needle of the gauge to the interior of the bored
hole in the flywheel housing (See Fig. J4}.

Turn the crankshaft and check that this hole is truly
central. The housing is adjusted until the bored hole
is central.

The hole in the housing should be truly central with the
crankshaft within a limit of .006 (total indicator reading).

J5

Alignment of the Flywheel Housing Face.

With the base of the indicator gauge still bolted to the
flywheel centre, adjust the indicator so as to set the
needle against the vertical machined face of the flywheel
housing, and again turning the crankshaft, check that
this face is perpendicular to the crankshaft axis (See
Fig. J5).

The limits for this facing are the same as those given
for the adaptor plate facing. When the housing is prop-
erly aligned to the above limits, tighten the securing
setscrews evenly.

Ream the dowel holes and fit the correct length and
Size dowels.
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SECTION K

Timing Case and Drive

To carry out the following procedure it is assumed that
either working space exists with the engine 'in place' or
it is removed from the application.

To
1,

To

To

Remove the Timing Case Cover

Slacken alternator mounting bolts, release the
adjusting arm setscrew and remove the alternator
drive belt.

Remove the crankshaft pulley retaining setscrew
or dognut and withdraw the pulley which is a
keyed fit on the crankshaft.

Remove the securing setscrews and nuts from the
timing case and carefully remove the cover, taking
care not to catch the rubber lip of the oil seal on
the crankshaft pulley locating key.

Renew the Crankshaft Front Oil Seal

Using a suitable dolly and press, remove the oil
seal from the timing case cover by pushing out
through the front.

Locate the new seal in position so that the lip
faces inwards.

Press in the new seal from the front until it just
butts against the seal retaining lip, giving local

support to the cover as the seal is pressed home.
Refit the Timing Case Cover

Using a new gasket, lightly coated with a suitable
sealing compound, place the front cover in posi-

To
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ticn taking care not to damage the rubber lip of
the oil seal on the crankshaft pulley key.

Loosely fit the front cover securing setscrews and
nuts.

Fit the crankshaft pulley to centraiise the seal, then
tighten the securing setscrews and nuts.

Fit the crankshaft pulley retaining setscrew or dog.
nut and tighten to the torque given on Page B.2.
Refit the *“V¥" belt and tension as described on Page
N.1.

Removethe ldler Gear and Hub

Remove the timing case front cover as previously
described in this section.

Tap back the locking tabs and unscrew the two
idler hub securing setscrews.

The setscrews, idler gear and hub may now be
removed together as shown in Fig. K.l

Clean and thoroughly examine the gear and hub
for Signs of excessive wear, cracks. pitting, etc.

Refit the Idler Gear and Hub

After ensuring that the oilways in the hub and gear

are clear, hold the gear in position with the
timing marks correctly aligned.
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NOTE: if the cylinder head assembly has not been
disturbed, then the cylinder head cover and rocker
shaft shouid be removed in order to allow the
camshaft to be turned to facilitate the aligning of
the timing marks.

2. Insert the hub as shown in Fig. K2 so that the
holes in the hub and the cylinder block are in
alignment and secure with the two setscrews.

NOTE: Clearance is provided in the setscrew holes
of the idier gear nub, to provide the necessary
backlash adjustment for the timing gears.

3. Using the adjustabie idler gear. backlash between
both crankshaft gear/idler gear and camshaft
gear/idler gear should be set within the range
given on Page B.? with the gears held together
in order to take up the effect of bearing clear-
ance. Backlash may be checked by the use of
feeler gauges as shown in Fig, K.3.

4. When the backlash has bzzn correctly sat, finally
tighten the idler gear hub securing setscrews to
the torque given on Page 6.2.

5. Check the idler gear end float as shown in Fig. K.4 K3
the limits are given on Page B.9.

6. Lock lhe idier gear hub securing setscrews with
the tabwashers.

NOTE : The timing gears when correctly set shouid

appear as shown in Fig. L.1 To Remove the Fuel Pump Gear

7. Refit the timing case front cover, etc.. as pre-

viously detailed in this section. Remove the timing case front cover.

1.

2 Remove the idier gear and hub.

3. Remove the three securing setscrews and ease
the gear from its location on the fuel pump driving
hub.

4. Examine the gear for signs of excessive wear.
cracks. pitting. etc.

To Remove the Camshaft Gear

1 Remove the timing case front cover.

2. Remove the three securing setscrews and ease the
gear away from its location.

3. Examine the gear lor signs of excessive wear.
cracks. pitting, etc.

To Refit the Camshaft Gear

1. Remove ihe idler gear and hub, cylinder head
cover and rocker shaft (if not previously removed).

2. Refit the gear to the camshaft ensuring that the
'D' marks on the gear and camshaft hub respec-
tively align as shown in Fig. K.5.

3. Refit the three securing setscrews and tighten Lo
a torque of 19— 21 ibf ft (26—2,9 kgf m}.
NOTE: Qnly the plain (non-slotted) holes in the
camshaft gear are to be used and these wilil align
with the tapped holes on the camshaft hub when
the 'D’" marks are in alignment.

4. Refit the idier hub and gear. timing case front
cover. etc., as previously detailed in this section. K4




To
1.

To

To

1.

2

Refit the Fuel Pump Gear

Refit the fuel pump gear so that the timing marks
on the gear and hub respectively are in alignment
as shown in Fig. K.6.

Refit the three securing setscrews and tighten to a
torque of 19—21 Ibf ft (2.6—2,9 kgf m}.

Refit the idler gear and hub, timing case front
cover, etc.

Remove the Fuel Pump Drive Hub

Remove the timing case front cover and fuel pump
gear.

Remove the low and high pressure fuel pipes from
the fuel (injection) pump.

Remove the fuel pump securing setscrews and
withdraw the pump.

Remove the drive hub locating circlip and with-
draw the drive hub from its bearing (Refer Fig.
K7).

Examine the drive hub also the bearing in which
it runs for signs of excessive wear. surface cracks.
pitting etc.

NOTE: The bearing is an interference fit in the
cylinder block and replacement is carried out by
means of a suitable dolly and puller or press if the
block is completely stripped, the new one being
fitted in the reverse manner.

Refit the Fuel Pump Drive Hub

Replace the drive hub in the bearing and locate
with the circlip as shown in Fig. K.8.

Check the drive hub end float by means of feeler
gauges placed between the front face of the
bearing and the rear face of the drive hub. The end
float limits are given on Page B.9.

Refit the fuel pump as detailed on Page P.4.

K6
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Refit the low and high pressure fuel pipes to the
fuel pump.

Refit the fuel pump drive gear, idler gear and hub.
timing case front cover etc.

Remove the Timing Case Back Plate

Remove the timing case front cover and timing
gears.

Remove the fuel pump and drive hub.

Remove the securing setscrews and studs (where
fitted).
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4. Lift the timing case back plate clear from the cam.
shaft hub and crankshaft gear.
NOTE: The crankshaft gear is an interference fit
on the crankshaft. Should its removal become
necessary, then this can be accomplished by the
use of a suitable puller.

To Refit the Timing Case Back Plate

1, Fit the timing case back plate to the cyiinder block
using a new gasket and suitable sealing compound.

2. Refit any studs removed and secure with the set-
SCrews.

3. Refit the fuel pump drive hub and fuel pump.

4. Refit the timing gears, timing case front cover etc.

To Remove the Camshaft and Tappets

To remove the camshaft it may be necessary to remove
the engine from the application and place in a suitabie
dismantling stand where it can be turned upside down.
The purpose of this is to prevent the tappets from
falling out of their locations when the camshaft is re-
moved. If, however, it is not possible to turn the engine
over in this manner, then this problem may be over-
come by attaching suitabie clips (when the tappet
inspection cover has been removed) to each tappet to
hold them in their locations when the camshaft is with-
drawn from the block.

1. Remove the engine from the application and mount
in a suitabie dismantling stand (where available)
correct way up.

2. Remove the cylinder head cover. rocker shaft and
push rods.

3. Remove the timing case front cover and timing
gears.

10.

i1,

To
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Remove the fuel lift pump, tappet inspection cover
and fuel lift pump operating push rod.

Turn the engine over so that the sump is now
uppermost.

NOTE : At this stage if it is not possible to turn the
engine over then the tappets should be lifted to
the top of their iocations and secured with suitable
clips.

Remove the sump and lubricating oil pump assem-
bly. (Refer to Page M.l for details of their re-
moval)

Remove the timing cover back plate as previously
detailed, this will show the camshaft and thrust
plates as illustrated in Fig. K 13.

Ease the camshaft out from the block and catch
the two thrust plates as they come out of their
recess in the cylinder block.

Withdraw the camshaft as shown in Fig. K9 taking
care to ensure that the cams and journals are not
damaged during this operation.

The tappets may now be removed by lifting them
out of their locations (Refer to Fig. K.Il) or by
removal of the retaining clips if the engine is still
the normal way up.

Examine camshaft and tappets for signs of exces-
sive wear, surface cracks, pitting etc.

Refit the Tappets and Camshaft

If the tappets have been removed liberally lubri-
cate them with clean engine oil and return to
their respective locations. Secure with ¢lips (if
applicable).

Carefully refit the camshaft into the cyiinder block
exercising the same care as used during its re-
moval.
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1. Drive Hub

Lubricating Oil Pump Drive Gear

3. Groove for reduced oil pressure feed to
Rocker Shaft

4. Bearing Journals

no

K11 K12
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K13

Before the camshaft is pushed fully home locate
the two thrust plates (Refer to Fig. K.12) (one of
which locates on the dowel in the recess) in posi-
tion, either side of the camshaft hub, when correct-
ly located the camshaft can be pushed fully home
and will appear as in Fig. K.13.

Refit the timing case back plate as previously des-
cribed.

Refit the lubricating oil pump assembly and sump
as described on Pages M.| and M 4.

Ki4

6. Turn the engine over so that the cylinder block top
face or cylinder head (if fitted) is uppermost.

7. Refit the timing gears, timing case front cover etc..
as previously detailed.

8. Refit the fuel lift pump operating push rod (Refer
to Fig. K.14), tappet inspection cover. (after re-
moving any retaining clips) and fuel lift pump.
Refer to Fig. P.9.

9. Re-assemble the remainder of the engine com-
ponents in accordance with the instructions given
for each in the relevant part of this section.



SECTION L
Timing

General

As timing gears are employed, the factory setting
remains constant. It is also worth remembering that
the removal of the cylinder head in no way effects
either the fuel pump or the valve timing.

TIMING MARKS

When the engine is originally timed at the factory.
certain marks are stamped on the gears. so that if for
any reason the engine timing has to be disturbed, then
to reset to the original timing is quite straight forward.

To Reset the Engine to the Original Timing

Before commencing the retiming procedure it is
assumed that (a) the camshaft, fuel pump and idler
gears have ail been removed, and (b) the camshaft is
free to turn by hand. (if the cylinder head assembly is
still in position, it is advisable to remove the injectors
and rocker shaft to facilitate the retiming operations).

1. Turn the engine until the keyway in the front of the

crankshaft is uppermost as shown in Fig. L.I
(This wilf bring Nos. 1 and 4 pistons to T.0.C.)

Fit the camshaft gear to its hub ensuring that the
'D' marks are correctly aligned. (Refer to Fig. K.5)
Secure with the three setscrews.

Similarly, fit the fuel pump gear to the fuel pump
drive hub ensuring that the stamped timing marks
align as shown in Fig. K.8. Secure with the three
setscrews.

Replace the idler gear so that the double dots on
the idler gear are matched to the single dot on the
crankshaft gear and single line (or dot) on the
camshaft gear, while the single dot on the idler
gear matches with the double dots on the fuel
pump gear. These timing marks when correctly
positioned will appear as shown in Fig. L.1.

Locate the idler gear with the hub and the two
securing setscrews using a new tabwasher.

Backlash adjustment should be carried out as
described under the heading 'To Refit the Idler
Gear and Hub.
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Checking Fuel Pump Timing —See Page P.5

Checking Valve Timing

To check the valve timing proceed as follows:
1. Turn the crankshaft until the valves of No. 4
cylinder are 'on overlap

2. In this position set the valve clearance aof No. 1
inlet valve to 0.039 in (1 mm}.

3. Turn the engine slowly in the normal direction of
rotation until the clearance of No. 1 inlet valve is
just taken up. (In this condition it will just be poss-
ible to rotate No. 1 inlet valve push rod between
the thumb and the forefinger).

4. Nos. 1 and 4 pistons will now be at T.D.C. if the
timing has been correctly set.

NOTE : No adjustment is provided lor valve timing.
should the timing be incorrect and the camshaft
gear has been correctly fitted to the camshaft hub.
the error will probably be due to incorrect atign-
ment of the original timing marks on the drive
gears. Recheck as detailed on Page L.1.

When valve timing is originally set and checked
during production a timing tolerance of plus or
minus 2% (flywheel) degrees is allowed for item
(4) above. When the timing has been correctly
set, do not forget to reset No. 1 inlet valve clear-
ance to the correct figure.

check T.D.C.

NOTE: When the timing has been reset, great
care should be exercised when first turning the
engine. for should the timing be incorrectly set.
even by only one tooth, there is the possibility that
a valve head will strike the piston crown.
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The importance of correct and clean lubrication
cannot be Stressed too highly and all references to
engine oil should be taken to mean lubricating Oil
which falls within the specification given in the appen-
dix. Care should be taken to ensure that the ©il chosen
is that Specified for the climatic conditions under
which the engine is operated.

THE LUBRICATING OIL PUMP

The oil pump fits into a machined bore in the ¢lyin-
der block and is located by means of a screw locked
by a tab washer. (Refer to "Engine Photographs™ for its
location).

The oil pump is driven through spiral gears from
the camshaft, on the other end of the drive shaft is
pressed and pinned a four lobed rotor. This rotor
meshes with and drives a five lobed roior which is free
to rotate within the cast iron pump body.

NOTE: Length of oil pump set screw is critical. If re-
placed by a longer unit, oil pump shaft wlll lock and
gear failure willl result.

To Remove the Sump

1, Remove the sump drain plug and drain the oil.
2. Remove the dipstick, sump securing setscrews and
remove the sump.

SECTION M

Lubrication System

To Refit the Sump

1, Lightly apply a coating of a suitable sealing com-

pound to the crankcase and sump faces, position
the gaskets so that all the holes align.
NOTE: When the gaskets are being placed in posi-
tion it is important that the mitred ends go right
up into the recesses in the front and rear main
bearing caps.

2, Lightly apply a coating of sealing compound to the

cork strips. then press these strips inle the
grooves provided in the main bearing caps.

3 Place the sump in position and fit all the retaining
setscrews, tighten evenly.

4. Replace the dipstick and sump drain plug, then
refill with clean new oil of an approved grade to
the correct level. Do not overfill.

To Remove the Oil Pump

1. Drain the engine oil and remove sump.

2. Remove the strainer from the end of the lubricating
oil Suction pipe. (Refer to Fig. M.1)

3. Unscrew the delivery pipe securing nuf ‘to~"the
cylinder block and the setscrew securing the suc-
tion Pipe assembly to the rear main bearing cap.
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1. Relief Valve Housing

2. Rotor Housing

3. Hole for Locating Screw

4. Pump Drive Gear

4. Tap back the tab washer locking the location
screw and support the lubricating @il pump assem-
bly (if the engine is the normal way up), while the
locating screw is removed.

5. Remove the lubricating oil pump assembly from
the cylinder block as Shown in Fig. M.2.

To Dismantle the Oil Pump

1. Remove the delivery and suction pipes. The pump
will now be as shown in Fig. M.4.

2. Withdraw the drive gear by means of a suitable
puller.

3. With the pump suitably held in a vice. (using
protective clamps) remove the four securing Set-
screws and remove the end cover assembly.

N.B. This end cover assembly also incorporates the
pressure relief valve housing.

4, Withdraw the drive shaft complete with inner rotor.
N.B. It is advisable not to remove this inner rotor
from the shaft as this item is not available as a
separate part (See later note).

5. Withdraw the outer rotor.

Inspection

1.

Inspect for signs of wear, cracks, pitting. etc.

install the drive shaft complete with inner rotor.
then the outer (driven) rotor ensuring that the face
which carries the chamfered edge enters the pump
body first (Refer Fig. M.5), now carry out the
three following dimensional checks.

(a) Check the clearance between the inner and
outer rotors. (Refer Fig. M.6}.

(b) Check the clearance between the outer rotor
and the pump body (Refer Fig. M.7).

{¢) Check the clearance between the rotors and
the end cover assembly using a straight edge
and feeler gauges (Refer Fig. M.8).
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To
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NOTE: The relevant clearances for these dimen-
sional checks are given on Page B.|1Q they are the
clearances applicable to a new pump and are in-
tended lo be used as a guide. Should a lubricating
oil pump be worn to such an extent that it ad-
versely effects the working oil pressure, then a re-
placement pump shouid be obtained.

Re-Assemble the Oil Pump

Insert the outer rotor ensuring that the face which
carries the chamfered edge enters the pump body
first. (Refer Fig. M.5).

M9

1.
2.
3.
4.
5.

Outlet to Main Oil Filter
Relief Valve Plunger
Plunger Spring

Spring Cap

Retaining Cotter Pin.

Insert the drive shaft complete with inner rotor
into the pump body.

Replace the end cover assembly and fit the four
securing setscrews. Ensure correct positioning so
that the suction and delivery pipes will iocate
correctly.

Press the oil pump drive gear onto the shaft

Finally rotate the pump by hand to ensure that it
turns quite freely.

Refit the Qil Pump

Refit the suction and delivery pipes, do not tighten
the pipes at this stage.

Place the lubricating oil pump assembly in posi-
tion, iocate with the securing screw and lock it
with the tab washer.

Tighten the delivery pipe at both ends, refit the
setscrew securing the suction pipe assembly.

Tighten the suction pipe at the pump end then
refit the strainer on the end of the suction pipe.

NOTE : The strainer which fits on the end of the
suction pipe shouid be thoroughly cleaned in suit-
able cleaning fluid before being refitted. It is
good practise to remove this strainer and clean it

thoroughly on every occasion when the sump is
removed.

Replace the sump as previously detailed and
secure with the setscrews.

Fill the sump to the correct level with clean oil
of an approved grade.




NOTE : Caution shouid be exercised when restart-
ing the engine, as it will take a moment or two for
the oil pump and pipes to prime, therefore the
engine speed shouid be kept to a minimum until
either the gauge shows satisfactory pressure (where
fitted) or the oil pressure warning iight is ex-
tinguished.

The most satisfactory way to prime the lubricating oit
pump is to motor the engine for approximately 10/20
seconds before any attempt is made to start the
engine.

OIL PRESSURE RELIEF VALVE

The oil pressure relief valve is contained in a housing
integral with the oil pump end cover, which is secured
to the rotor housing by four setscrews. This relief valve
controls the maximum oil pressure by allowing a spring
loaded plunger to move and by-pass excess oil back
to the sump when the pre-determined spring pressure
given on page B.10 is exceeded.

To Dismantle the Oil Pressure Relief Valve

1. Drain the engine oil from the sump

2. Remove the sump securing setscrews and carefully
remove the sump.

3. Continue as for removing the oil pump as pre-
viously detailed.

Remove suction and delivery pipes.

Remove the four securing setscrews and remove
the end cover assembly.

6. Remove the cotter pin from the end of the housing
and withdraw the spring cap, spring and plunger.
An exploded view of the assembly is shown in Fig.
M.9.

7 Thoroughly clean the parts. inspect for wear or
damage and renew if necessary.

To Re-Assemblethe Oil Pressure Relief Valve

1. Replace the plunger, spring and spring cap then
secure with the cotter pin.

2. Secure to the lubricating oil pump body by means
of the four setscrews.

3. Continue as detailed for refitting the lubricating oil
pump.

OIL PRESSURE

Always ensure that with the engine running, oil
pressure is registering on the gauge or the oil pressure
warning iight is extinguished.

Pressures do vary according to climatic conditions
and even between individual engines, but the oil pres-
sure range at normal working speed and temperature

LUBRICATION SYSTEM—M.5

is given on Page B.9. The pressure will drop whilst
the engine is idling and also a slight drop will be ex-

perienced when the @il is hot, this is quite normal. If.

however, the oil pressure is suspected of being too
high or too low then reference to the possible faults
listed under these headings given on Page D.1, may
prove helpful.

NOTE: Whenever the oil pressure reading is question-
able, use a direct reading, mechanical oil pressure
gauge attached directly to engine oil gallery on block.

LUBRICATING OIL FILTERS

To ensure cleanliness of the iubricating oil a sump
strainer and a main full flow type of oil filter are fitted.
The sump strainer consists of a gauze wire container
which is fitted over the end of the lubricating oil pump
suction pipe. All oil must pass through this strainer
before it reaches the oil pump.
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Internal Cooling System
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To Adjustthe Alternator Belt 10 ‘\ ’ 5 6
Alternator belt adjustment is achieved by altering the
position of the alternator as detailed below.
1. Slacken the alternator adjusting lever setscrew.
2. Slacken the two alternator-to-bracket mounting 7
bolts. 9 8
3. Move the alternator either towards or away from
the engine to either slacken or tighten the belt. Nz
4. Lock in the desired position by tightening the alter-
nator adjusting lever setscrew.
5. Check the tension, if correct, the tension is such 1. Pump Body
that without undue pressure. the thumb applied 2. Seal
midway between the water pump and crankshall 3. Shaft Bearings
pulleys can depress the belt approximately i in 4. Retaining Circlip
(10 mm) as shown in Fig. N.1. 5. Pump Shaft
6. Spacer
7. Flange — Oil Seal Retaining
8. Retainer — Oil Seal
9. Flange — Water Pump Thrower
10. Impeller
11. Seal
12. Insert

6. If the tension is correct tighten the two alernator-
to-bracket mounting bolts.

NOTE : When a new belt is fitted, it is advisable to
recheck the adjustment after only a comparatively
short running period. This is to allow for the initial
stretch which is common to new belts. once this
initial stretch has taken place the belt may be
checked in accordance with Operator Instructions.

To Removethe Alternator Belt

1. Slacken the alternator adjusting lever setscrew.
2. Slacken the alternator-to-bracket mounting bolts.
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Pivot the alternator towards the cylinder block.
Turn the engine slowly by hand and work the alter-
nator belt off the water pump pulley.

The belt can now be lifted from the alternator and
crankshaft pulleys and removed from the engine.
Examine the belt for signs or fraying or cracks in
the rubber and renew it necessary.

To Refitthe Alternator Belt

To

To

1.

N3

Refitting the belt is just a reversal of the removal
operations. Adjust the belt tension as previously
detailed under the heading "To Adjust the Alter-
nator Bell*".

If a new belt has been fitted refer to the note given
after the details on fan belt adjustment.

Remove the Water Pump

Slacken generator securing setscrews and remove
driving belt.

Unscrew the four setscrews securing the water
pump and backplate to cylinder block.

Remove water pump and back plate.

Dismantle the Water Pump

Remove the pulley securing nut or circlip (where
fitted)

Remove the water pump pulley by means of a
Suitable puller, the holes in the pulley face may be
utilised for this purpose (Refer to Fig. N.3).

Press the shaft out of the pump body from the
pulley end complete with water pump thrower. in-
sert, seal and impeller.

Remove the impeller from the pump drive shaft
by means of a suitable puller or press.

Remove the bearing retaining cir¢lip then using a
suitable mandrel press the two shaft bearings
complete with spacer out through the front of the
pump body.

Remove the felt seal and retaining flanges.

Inspection

Examine the pump body for cracks, corrosion or
any other damage. Renew where necessary.
Examine the shaft and bearing assembly for wear
or corrosion. Renew where necessary.

Examine the water thrower flange for damage or
corrosion. Renew where necessary.

Examine the water pump seal and insert for ex-
cessive wear, scoring or cracks on the sealing
faces. Renew where necessary.

Remove rust and scale from the impeller and ex-
amine for excessive corrosion or other damage.
Renew where necessary.

Examine the pump pulley for signs of cracks.
corrosion or any other damage. Renew where
necessary.

To Re-Assemble the Water Pump

(Refer to Fig. N.2).

Insert the oil seal retainer (8) and oil seal (2)
followed by the oil seal retaining flange (7).
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To

Fit the two bearings (3) and spacer (6) onto the
shaft (§) and pack the space between the two bear-
ings approximately % full of high melting point
grease.

Press the bearings and shaft assembly into the
pump body, impeller end first and locate with the
circlip (4).

Press the water thrower flange (9) into position on
the drive shaft.

Thoroughly clean the insert recess and drain hole
in the pump body.

Lightly coat the inner diameter of the insert recess
and outside diameter of the insert with grade
“AVY' Loctite.

After removing any traces of oil or grease from the
insert, press it fully home. Remove all traces of
surplus Loctite.

NOTE :--Special care must be taken during this
operation not to mark the face upon which the seal
registers.

Place the carbon-faced seal (11) on the drive
shaft so that this face registers with the insert face.
Press the impeller Onto the shaft over this seal
until the clearance given on Page A.13 exists be.
tween the back face of the impeller and the pump
body. This clearance can be checked as shown in
Fig. N.4.

Press the puliey fully onto the shaft and fit the
securing nut or circiip (where applicable).

NOTE :— 4.108 Engines Only. When the pulley is
originally pressed onto the shaft during production
a pressure of 24—3 ton/in? is required. Therefore
it is recommended that if the puliey interference on
the shaft is such that a substantially reduced
pressure will press the pulley back onto the shaft.

then a replacement pulley and/or shaft should be
fitted.

Refit the Water Pump

Fit the backplate foiiowed by the water pump to
the cylinder block using new gaskets lightly coated
with suitable sealing compound.

Secure the water pump assembly to the cylinder
block with the four setscrews.

Refit the alternator belt and adjust to the correct
tension.

THERMOSTAT

To
1,

Remove the Thermostat

Drain the coolant from the engine block.

N5

To

To

Replacing the thermostat is a reversal

COOLING SYSTEM—N.3

Remove expansion tank or thermostat housing
(whichever is applicable).
Lift out thermostat, as in Figure N5.

Test the Thermostat

Immerse the thermostat in a suitable container of
water and slowly heat. An accurate thermometer
should be available to check the temperature of
the water as it rises.

Note the temperature at which the valve in the
unit commences to open. This temperature should
be as stamped on the unit by the manufacturers.

If the unit does not function properly then a re-
placement thermostat will be required, as no
adjustment of these units is possible.

Replace the Thermostat

of the re-

moval procedure. A new gasket should be fitted between

the

thermostat housing and the water outlet connection.







FUEL OIL FILTERS

The element in this filter is of the paper type and
therefore no attempt should be made to clean it. Its
life will be governed by the quality and condition of
the fuel passing through it. but under average con-
ditions the eiement should be renewed in accordance
with the recommendations in Operator Section. This
period would naturally be reduced if it was apparent
from the condition of the eiement if removed and in-
spected, that conditions warranted it.

To Renew the Filter Element

1.

P5

Unscrew the filter bowl securing bolt in the centre
ot the headcasting. Refer to Fig. P.5.

Lower the filter bowl clear as shown in Fig. P.6
then discard the fuel therein together with the old
element.

Inspect the sealing rings and replace if damaged
in any way.

Place the new eiement in position inside the filter
bowl and offer up the bowl firmly and squarely so
that the top rim of the filter bowl locates centrally
against the sealing ring in the filter head casting.

Held in this position while the securing bolt is
located and screwed home.

NOTE: If the sealing rings are in good order and
the bowl is located correctly, no excessive tighten-
ing will be required to obtain a leak proof seal.

Prime the fuel system as detailed on Page P.8.

NOTE : Some filter bowls have a drain plug fitted.
in this case the relevant manufacturers service
literature should be consulted.

P&

SECTIONP
Fuel System

FUEL LIFT PUMP
Testing the Pump in Position

1.

P7

Disconnect the outlet pipe (lift pump to filter)
leaving a free outlet from the pump.

Rotate the engine and note if there is a well
defined spurt of fuel from the outlet port once
every two engine revolutions.

NOTE: As an alternative the pump may be
operated by means of the hand primer as shown
in Fig. P.7, which should give the same result
every time the priming lever is operated. However
should the engine happen to have stopped in such
a position that the eccentric operating the lift
pump is in the maximum lift position. then it will
not be possible to operate the hand primer
properly. if such a condition arises the remedy is
to rotate the engine one complete revolution.
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To Remove the Lift Pump

1 Disconnect the pipes from the inlet and outlet
ports. Seal the ends of the pipes to prevent the
entry Of foreign matter.

2. Remove the two nuts and washers holding the
Dump to the tappet inspection cover. Withdraw the
pump, spacer and gaskets.

To Dismantle the Lift Pump

1. Before dismantling. make a file mark across the
two flanges for location purposes when the pump
is being re-assembled.

2. Remove the five cover screws and separate the
two main castings. then remove the diaphragm
assembly from the lower half by turning the dia-
phragm through 90" in either direction.

NOTE : The diaphragm and pull rod assembly is a
permanent assembly and no attempt should be
made to separate the parts.

3. Remove the retaining clip from one side of the
pump body and push out the rocker arm retaining
pin. Withdraw the rocker arm, etc.. from the body.

4. Prise out the valves with a screwdriver or other
suitable tool.

Inspection

1. Check the diaphragm assembly and renew if the
material is split or checked, or if serious wear is
apparent in the link engagement slot.

2. The diaphragm spring should be replaced if faulty
or corroded. A new spring should have the same
color identification (Refer to Page B.11}.

3. Replace the valves unless they appear to be in per-
fect condition.

4. Examine the rocker arm. operating lever. rocker
arm retaining pin and rocker arm return spring
for wear. Replace any parts where necessary.

5. Replace all joints, seals and washers as routine
procedure.

6. Examine upper and lower castings for wear or
distortion. Slight distortion of flanges can be
remedied by grinding the flange face to restore
flatness.

To Re-Assemble the Lift Pump

Examine the casting and ensure that there is
sufficiend material to provide a sound staking when
new valves are fitted.

Clean the valve recesses to allow the new valves
to be correctly fitted.

1. Insert a new valve gasket in each valve recess.

2. Place the new valves in the recesses. The valve
in the inlet port should be fitted with the spring
outwards {i.e., towards the diaphragm flange) and
the valve in the outlet port fitted in the reverse
position.

3. Press the valves home with a suitable piece of
tubing, approximately 9/16 in (14.29 mm) inside
diameter and % in (19.05 mm} outside diameter.
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11.

12.

13.

14.

15.

Stake the casting in six places (between the
original stakingsj round each valve, with a suitable
punch.

NOTE: Valves fitted to earlier lift pumps were
held in position with a retaining plate and two
screws. On no account should attempts be made
to stake the valves of this earlier type pump.

Place the rocker arm retaining pin in the appro-
priate hole in the lower casting and push through
until it protrudes slightly, inside.

Fit one packing washer and fink into the casting
moving the pin in slightly to retain them.

Fit the rocker arm and return spring and retain by
moving the pin in further, ensuring that the spring
Seats correctly.

Fit the remaining packing washer, then push the
rocker arm retaining pin through the link, washer
and casting until the ends protrude equally beyond
the outside of the casting.

Retain by securing with the two clips.

Insert the new rubber sealing washer followed by
the steel seating washer and diaphragm return
spring.

Place the diaphragm assembly over the spring
with the puil rod downwards, locating the top of
the spring in the diaphragm protector washer.

Now position the pull rod so that the flat notcheo
blade has one of its thin edges facing the rocker
arm. Press downwards on the diaphragm assembly
and twist it through 20° in either direction. this
action will engage and retain the pull rod in the
fork of the link.

Operate the rocker arm against the diaphragm
spring pressure until the diaphragm is level with
the body flange.

Place the cover assembly in position and line up the
file marks made on the flanges prior to dismantling.

&till holding the diaphragm level with the body
flanges, fit the five flange securing screws, tighten
evenly and securely.

To Refit the Fuel Pump

Fit the spacer using a gasket on either side.

Enter the pump operating lever into the recess in
the tappet inspection cover as shown on Fig. P.9
and secure with the two nuts and washers.

Reconnect the low pressure fuel pipes to the inlet
and outlet ports.

FUEL SYSTEM—P.3

FUEL INJECTION PUMP

Description

The fuel injection pump. is of the D.P.A. distributor
type. It is a precision built unit incorporating a simple
hydraulic governor or alternatively one of the mech-
anical flyweight type depending upon the application
to which the engine is fitted.

To Remove the Fuel Injection Pump

1. Remove the four high pressure pipes between the
pump and the Injectors and blank off ali ports to
prevent the ingress of foreign particles.

2. Remove the low pressure fuel pipes from the inlet
and outlet connections and blank off all ports.

3. Disconnect the stop and throttle controls and their
return springs.

4. Remove the two nuts and the socket headed set-
screw which secure the fuel pump to the mount
ing flange together with their spring and plain
washers.

5. Carefully withdraw the fuel pump from its mount-
ing.
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To Refit the Fuel Injection Pump

1. Replace the fuel pump mounting flange gasket
(where necessary).

2. Fit pump as shown in Fig. P.8 ensuring that the
master spline on its guill shalt is correctly posi-
tioned to engage with ‘the female splines within the
fuel pump drive hub.

NOTE : This master spline ensures that the pump
will Only locate in the drive hub in one position
for timing purposes. Further, when fitting the me-
chanically governed injection pump which uses a
separate guilt shaft, the noticeably shorter, splined
end is fitted in the injection pump.

3. When the splines are in correct alignment the
pump can be pushed in until the mounting flanges
meet and the securing nuts and setscrew with their
washers can be fitted.

4. Before tightening, align the timing marks scribed
on the fuei pump mounting flanges as shown in
Fig. P.11. Tighten the setscrew and nuts.

5. Refit the low pressure pipes to the inlet and outlet
connections.

6. Refit the high pressure fuel pipes,

7. Reconnect the throttle and stop controls together
with their return springs.

8. Prime the fuel system with fuel oil as detailed on
Page P.8

9. Fuel pump timing can be checked as detailed in
the {ollowing text.

P10
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FUEL INJECTION PUMP TIMING

Reference should be made to the details given on
Page L.I covering engine timing. if this timing
sequence has been followed regarding the timing
gears and the timing marks on the mounting flanges
are correctly aligned as shown in Fig. P.Il. then the
fuel pump timing should be correct.

A further check is possible and utiiises the infernal
timing marks within the pump body. To be able to see
these marks necessitates the removal of the inspection
cover.

On the fuel pump rotor inside the fuel pump, are a
number of scribed lines, each one bearing an indi-
vidual letter. A timing circlip, one end of which has a
straight edge is positioned inside the pump body and
i$ preset so that when the appropriate scribed line on
the fuel pump rotor aligns with the straight end of the
circlip. it denotes commencement of injection (static
timing} see Fia. P.12.

NOTE: On earlier pumps, the timing circlip had a
scribed line on one end and on these pumps, the
scribed line on the fuel pump rotor should be aligned
with the scribed line on the circlip.

P12




CHECKING FUEL PUMP TIMING

1. Ensure that the fuel pump is correctly fitted with
the scribed line on the mounting flange aligning
with the adjacent mounting flange on the cylinder
block (see Fig. P.1l }.

2. Position the crankshaft so that No. 1 piston is at
T.O.C. on its compression stroke.
3. Remove the cylinder head cover.

4, Slacken the valve adjusting screw on No. 1 exhaust
valve sufficiently to allow the rocker lever to be
moved to one side and the push rod removed.
rotate the rocker lever on the shaft, so that the
valve spring cap is accessible for using the valve
spring compressor.

5. Remove the collets, spring cap and springs from
No. 1 exhaust valve and allow the valve to rest on
the top of the piston.

g, With the aid of a dial indicator in contact with the
end of the valve now resting on No. 1 piston. it
will be necessary to position the crankshaft so
that the piston will be 0.120 in (3.05 mm} B.T.D.C.
this being the equivalent of 19* on the engine fly-
wheel. Refer Fig. P.13.

To do this, turn the crankshaft in the opposite
direction to normal rotation, approximately an
eighth of a turn and then forward until the required
position is registered on the indicator. This en-
ables the backlash in the timing gears to be
taken up.

NOTE: The above setting is for 4.108 marine
engines. For other applications and engines see
Page B.12.

7. Remove the inspection plate on the fuel pump
enabling the rotor to be seen (Fig. P.12).

8. With No. 1 piston at the static timing point on its
compression stroke. the scribed line on the rotor
marked 'A' (for hydraulically governed engines) or
'C' (for mechanically governed engines) should
align with the straight edge or scribed line on the
timing circlip.

9. If the timing is incorrect proceed by either :—

(a) making any necessary adjustments by means
of the holes in the fuei pump gear, they are
Slotted enabling the drive shaft to be turned
relative to the gear when the securing set-
screws are slackened. (Refer to Fig. K.8) or
by slackening the two nuts end socket headed
setscrew which secure the fuel pump to the
mounting flange and turning the pump body
in the direction required.

(b

10. When the fuel pump timing has been set, turn the
engine against the normal direction of rotation
once again to the appropriate piston displacement
to check that the squared end of the circlip is now
aligned with the line on the rotor.

11. When the fuei pump timing has been correctly set.
slowly turn the engine to T.O.C. in the normal
direction of rotation, remove the indicator and refit
the valve springs.

12. Refit the push rod and reset the valve clearance.

FUEL SYSTEM—P.5

P13

NOTE!

For mechanically driven Westerbeke
fuel injection pumps see Operations
pages 13-14 and Service Bulletin
pages V.3, V.7, V9 and V.3l for
information and disregard the
following hydraulic injection pump
material.

Maximum Speed Setting
(Refer to Figs. P.14 and P.15)

The maximum speed screw (5) is set and sealed by
the manufacturers and must not be altered or tam-
pered with in any way, unless factory authority is first
obtained and any adjustments necessary are carried
out by experienced personnel. As with all seals on the
pump unauthorised removal may render the guarantee
void.

The maximum no load speed may vary according to
the application to which it is fitted, reference may be
made to the code number stamped on the fuel pump
data plate. The last four numbers in the code indicate
the maximum no load engine speed, therefore in the
case of the following example it would be 4480 revimin.
Code Example EH38/1200/0/4480.

NOTE: If the fuei pump data plate is damaged or de-
faced so as to make it impossible to read accurately.
or if there is no code stamped on the plate you are
advised to contact your nearest CAV. Distributor, or
Westerbeke.

NOTE: The engine must not be allowed to operate at

a speed in excess of that specified or severe damage
may occur.
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IDLING SPEED ADJUSTMENT

This adjustment is carried out by means of the idling
adjustment screw (4). it is carried out in conjunction
with the setting of the anti-stall device with the engine
warmed through as detailed in the following text.

Anti-Stall Device
(Refer to Figs. P.14 and P.15)

(a) Slacken the locknut (2) sufficiently to enable the
anti-stall device body (1) to be unscrewed two
complete turns.

{b) Adjust idling speed to 625 rev/min* with the idling
adjustment screw (4).

{¢)} Now screw down the anti-stall device body (1)
until there is a very slight increase in engine
speed, bring back hailf a turn and lock with the
lock nut (2)

P14
Earlier Fuel Pump

{d) Accelerate the engine to maximum no load rev/
min and immediately return to idling.

Should the period of return from maximum rev/min

to idling exceed three seconds the device has been

screwed in too far.

However should stalling occur, then the device has
not been screwed in far enough. Therefore the neces-
sary adjustment should be made to suit whichever is
the case.

"This idling speed may vary according to application.
refer to relevant manufacturers service literature.

Anti-stall device body
Anti-stall device body locknut
Air vent screw

Idling adjustment screw
Maximum Speed Screw

agkrwdE




INJECTORS

General

When replacing injectors in the cylinder head, it is
essential that a new, correct type copper washer is
fitted between the nozzle body and cylinder head.

The first symptoms of atomiser trouble usually come
under one or more of the following headings :—
Misfiring.

Knocking in one (or more) cylinders

Engine overheating.

Loss of power.

Smoky exhaust (black).

o o A~ W N F

Increased fuel consumption.

Testing for Faulty Injector

If an injector is suspected of being faulty, try this
method to isolate it.

Loosen the union nut at the injector end of the
high pressure fuel pipe. If each injector is isolated
in turn in this way. (with the engine running at approxi-
mately 1.000 rev/min} tightening each union nut
firmly before proceeding to the next, then the faulty
injector, when isolated in this manner, will have little
or no effect on the running.

Warning

Great care should be taken to prevent the hands or
lace from getting into contact with the spray, as the
working pressure will cause the oil to penetrate the
skin with ease.

Injector Pressures

Details of holders and nozzle types together with
pressure settings are given on Page B.12.

NO ATTEMPT SHOULD BE MADE TO ADJUST THE
INJECTION PRESSURE WITHOUT AN INJECTOR
TESTING PUMP OF THE TYPE ILLUSTRATED. IT IS
QUITE IMPOSSIBLE TO ADJUST THE SETTING OF
INJECTORS WITH ANY DEGREE OF ACCURACY WITH-
OUT PROPER EQUIPMENT.

Injector Identification

Injectors can be identified by code letters stamped
on a tab washer fitted under the spring cap nut (see
Fig. P.16) or alternatively, the code is stamped on the
injector body. Details of codings can be found on
Page 0.12.

P1
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Capnut

Spring cap

Shim washer

Nozzle spring
I[dentification tab washer
Spindle

Fuel inlet union

Nozzle holder body
Securing flange
Nozzle needle

Nozzle body

Nozzle capnut

Copper sealing washer
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Fuel Pipes (High Pressure)

When replacing the fuei pipes it should be noted that
no two p'pes are the same, each is formed to suit an
individual injector position. This is important when
ordering a replacement pipe. as each one has a
different part number.

For standardization purposes, high pressure fuel pipes
assemblies are now supplied with olives fitted as shown
in Fig. P.17. The earlier type pipe assemblies with
olives fitted in the reversed position are still satisfac-

tory.

__— OLIVE

\\\\\\\\\\\\\?
OOOOONNNY
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The pipes should be clean. (wash in clean fuel oil
and blow through the fine bore with compressed air it
there is any doubt). the olives at each end should not
be split or unduly compressed, otherwise leakage wiil
result and a new pipe will be needed.

Ensure when fitting. that the pipe fits squarely at both
ends and that the union nuts are tightened firmly but
not over-tightened.

Priming the Fuel System

The air must be vented from the fuei system whenever
any part of the system between the fuel tank and in-
jection pump has been disconnected for any reason.
O when the system has been emptied of fuel.

No attempt must be made to start the engine until the
injection pump has been filled and primed as serious
damage can be caused to the pump due to lack of
lubrication.

The method of priming detailed below, ensures that
only fuel which has passed through the paper filter
element can reach the interior of the pump.

1. Slacken the air vent valve on the top of the control
gear housing on hydraulically governed pumps
(refer Fig. P.15) or on the front of the governor
housing on mechanically governed pumps (refer
Fig. P.18}.

2. Slacken the vent valve fitted on one of the two
hydraulic head locking screws (Refer to Fig. P.19).

3. Slacken the vent screw on the top of the fuel filter
(Refer to Fig. P.20).

4. Operate the priming lever on the fuel feed pump
{Refer to Fig. P.7) and when fuel, free from air
bubbles, issues from each venting point, tighten
the screws in the following order :—

1. Filter cover vent screw.
2. Head locking screw vent valve.
3. Governor cover vent valve.

5. Slacken the pipe union nut at the pump inlet,
operate the priming lever and retighten when {yel
oil. free from air bubbles issues from around the
threads.

6. Slacken the unions at the injector ends of two of
the high pressure pipes.

7. Set the throttle at the fully open position and
ensure that the "'stop'* control is in the "run" posi-
tion.

8. Turn the engine until fuel oil. free from air bubbles.
issues from both fuel pipes.

9. Tighten the unions on bolh fuei pipes, and the
engine is ready for starting.

P.18

Priming Procedure after Changing a Filter
Element

1. With the vent screw on the filter cover removed.
and the union at the filter end of the return pipe
(filter to tank) slackened. operate the feed pump
priming lever until oil, free from air bubbles. issues
from the filter cover vent.

2. Replace the vent plug, and continue to operate
the priming lever until oil. free from air bubbles.
issues from around the threads of the return pipe
union.

3. Tighten the return pipe union.

4. Slacken the union at the filter end of the filter to
injection pump feed pipe. and operate the priming
lever until oil. free from air bubbles, issues from
around the union threads.

5. Tighten the feed pipe union. The pump and filter
are now filled and primed and ready for further
service.
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Q.2
SECTION Q

MARINE ENGINE ELECTRICAL SYSTEM

ACTIVATION BY KEY SWITCH

This system is supplied on most Wester-
beke engines beginning May, 1980. Essen-
tially activation of the circuit is
accomplished by the ignition position of
the key switch. No oil pressure switch
is required. The engine is preheated
by depressing the preheat push button.
The engine i s cranked by turning the
key switch to the right-most momentary
position.

Voltage is maintained to the instruments,
fuel solenoid or fuel lift pump if sup-
plied, and to other electrical devices via
the ignition position of the key switch.

Models which have a fuel solenoid or elec-
tric fuel pump may be turned off via the
key switch. Models with mechanical fuel
lift pumps or no fuel solenoid are stopped
by pulling a stop cable.

The circuit is protected by a circuit
breaker located near the starter. Any
time excessive current flows, the circuit
breaker will trip. This is a manually
resettable breaker, and must be reset
before the engine will operate electrically
again.

CAUTION - the builder/owner must ensure
that the instrument panel, wiring and
engine are installed so that electrical
devices cannot come in contact with sea-
water.

The latest information regarding your
engine's electrical system is included
on the wiring diagram shipped with the
engine. Be sure to study this wiring
diagram and all the notes thereon.
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Q.4

MARINE ENGINE ELECTRICAL SYSTEM

ACTIVATION BY FUEL PRESSURE
(Push Button Start)

This system is supplied on all four and
six cylinder Westerbeke engines beginning
January 1975. Basically, the system is
very simple and eliminates the need for a
separate switch position to activate the
engine alarm system, when supplied.

Starting is accomplished by operation
of the start push button which causes the
starting motor to crank.

Once the engine is running, fuel pres-
sure developed in the low pressure side of
the fuel injection pump operates a fuel
pressure switch. Voltage is then applied
to the alarm system (if supplied) and to
the alternator for excitation and for all
instruments.

When the engine is stopped, fuel pres-
sure drops and the fuel pressure switch
removes voltage from these devices.

When an engine is supplied with a pre-
heating device, the device is energized by
a separate push button.

NOTE It is important that your engine
installation includes fuses or circuit
breakers, as described under "Ownership
Responsibility” on the wiring diagram
supplied with your engine.




ACTIVATION BY FUEL PRESSURE

(PUSH BUTTON START)

(]
1CH
A TERNATOR

| |

(D eRE-neates

|
|
wnl's 1
|
b

TOTWIR wont. 5

(NETRUMENT PANEL ASSEMBLY (agan vicw) -
r |
' t
| VR eTe &2 H
| ———dan
| e [ Tacr-moum | \
METER .
| B ! & l I
| Pl
1 H |
| |
| i
| | 1
I 6a Pl
L [
]
i
|
i
|
|
1 !
= k]
2 F."\E ] I I
* ol 2| | o & =
2 8 i ¥ g ® s
= - - - AL
SPTIONAL
i 69 | ALakm
|
i
ey .
]
1
!
||-.‘.
|
1
2 ]
% ]
.
1
3 1
I
L H
SPARE ! N
L]
; ek :
' eR
e L %-! gl
T N 1
“p'e 1 S I
e ! ]
] = :
H 1 :
< 1
i !
@) 0 ) ‘
: i
Ewarparson |
i FUEL Ew. |w T 96N |
e —D; GRN % SEE NOTE-G :
s %Er ukt ® i
x {
17 !
| f19a | }
L § Lrv
| g

——————-

LHART FOR STARTER MOTORS

-9

STARTER

ET

FOUR=-i%4

=2 HEATERS

Drawing No. 19201



Q.6
Marine Engine Electrical System

ACTIVATION BY LUBE OIL FRESSURE
(Keyswitch Start)

This system is supplied on all 4 and 6
cylinder Westerbeke diesels produced prior
to January 1975. Operation is very simple.
Putting the start switch in the Run posi-
tion energizes an alarm system (when sup-
plied). Returning the start switch to Off
position de-energizes the alarm.

Turning the start switch to Crank posi-
tion operates the starting motor and starts
the engine. Upon starting, the start
switch is released to the Run position.

When the engine develops oil pressure,
voltage is supplied to the alternator for
excitation and to all instruments. When-
ever the engine stops, loss of oil pres-
sure removes voltage from these devices.

When an engine is furnished with a pre-
heating device, it is energized by a sep-
arate push button at the key switch panel.

When an engine is furnished with an
electric stop solenoid, it is energized by
a separate push button at the key switch
panel.

NOTE: It is important that your engine in-
stallation includes fuses or circuit
breakers, as described under "Owner's Res-
ponsibility™ on the wiring diagram supplied
with your engine.
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SECTION R

COOLING SYSTEM (EXTERNAL)

1. DESCRIPTION:

Westerbeke marine diesel engines are
equipped with fresh water cooling.
Transfer of heat from engine fresh
water to sea water i s accomplished
in a heat exchanger, similar in func-
tion to an automotive radiator. Sea
water flows through the tubes of the
heat exchanger while fresh water
flows around the tubes. The sea
water and fresh water never mix
with the result that the cooling
water passages in the engine stay
clean.

2. FRESH WATRR CIRCUIT:

Heat rejected during combustion, as
well as heat developed by friction,
is absorbed by the fresh water whose
flow is created by a fresh water cir-
culating pump. The fresh water flows
from the engine through a fresh water
cooled exhaust manifold, a heat ex-
changer, in most cases an oil cooler,
and returns to the suction side of
the fresh water circulating pump.

The flow is not necessarily in this
order in every model. When starting
a cold engine, most of the external
flow to the heat exchanger is pre-
vented by the closed thermostat.

Some amount of by-pass is maintained
to prevent overheating in the exhaust
manifold. As the engine warms up, the
thermostat begins to open up allowing
full flow of engine fresh water thru
the external cooling system.

3. SEA WAIRR CIRCUIT:

The sea water flow is created by a
positive displacement neoprene mpelier
pump (gear pump in certain special
cases). Normally the pump draws sea
water directly from the ocean via the
sea cock and sea water strainer. Some-
times a transmission oil cooler, or
pehaps a V drive will be piped on the
suction side of the sea water pump.
Generally it is better to have as few
devices on the suction side of the sea
water pump as possible to preclude
priming difficulties. Usually sea
water flows directly from the dis-

charge of the sea water pump to the
heat exchanger sea water inlet. After
passing through the tubes of the heat
exchanger, the sea water may enter a
transmission oil cooler if present
and i f sea water cooled. Ultimately,
the sea water enters a water injected
wet exhaust system, the most popular
type of exhaust system in use. In

the case of larger engines the sea
water flow is divided prior to enter-
ing the exhaust systems so that a
portion i s dumped directly overboard
and a portion is used to cool the
exhaust system. Full sea water flow
entering the exhaust system would
create unnecessary exhaust back
pressure.

4.  SEA WATER PUWP.

The sea water pump is self priming and
positive displacement. It is a rotary
pump with a nonferrous housing and a
neoprene impeller. The impeller has
flexible vanes which wipe against a
curved cam plate within the impeller
housing, producing the pumping action.
O no account should this pump be run
dry. There should always be a spare
impeller and impeller cover gasket
aboard.

5. SEA WATER PUWP IMPELLER REPLACEMENT:

The following instructions are general
and indicative only. Specific instruc-
tions where applicable may be packaged
with your replacement impeller.

a. Remove the front cover taking care
to salvage the gasket.

b. Remove the impeller by pulling
straight outwards, parallel.to
the pump shaft. This is best
done with a pair of pliers ap-
plied to the impeller hub.

o

Coat the replacement impeller
and the chamber into which it
mounts with grease.

d. Carefully align the impeller key
way, or other locking mechanism,
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with the shaft. Take care that
all the impeller blades bend in
the same direction and trailing.

e. Inspect the front cover for wear.
A worn front cover should ulti-
mately be replaced. Sometimes
it can be reversed as an emer-
gency measure, but not when
stamped markings would break the
seal between the cover and the
impeller blades.

f. Reinstall the end cover with a
new gasket.

g. Be doubly sure to check quickly
for sea water flow when starting
the engine. The absence of flow
indicates that the pump may not
be priming itself properly.

This situation must be investi-
gated immediately or damage to
the new impeller will result
from overheating.

6. ENGINE FRESH WATER

It is preferable to Fillyour engine
with a 50% antifreeze-water mixture.
This precludes the necessity of drain-
ing coolant in the winter. Since most
antifreezes contain preservative agents
of one kind or another, rusting within
the engine is minimized. Also the anti-
freeze mixture boils at a higher tem-
perature than water, giving cooling
system "head room."

When draining the engine, open the
pressure cap first to relieve the
vacuum created by draining.

7. FILLING THE FRESH WATER SYSTEM:

It is very important to completely fill
the fresh water system before starting
the engine. It is normal for air to
become trapped in various passages so
all high points must be opened to atmos-
phere to bleed entrapped air. When an
engine is started after filling with
coolant, the system may look deceptively
full until the thermostat opens. At this
time when water flows through the exter-
al cooling circuit for the first time,
pockets of air can be exposed and rise
to the fill point. Be sure to add cool-
ant at this time.

8. THERMOSTAT:

Generally thermostats are of two types.
Ore is simply a choking device which
opens and closes as the engine tempera-
ture rises and falls. The second type
has a by-pass mechanism. Usually this
is a disc on the bottom of the thermo-
stat which moves downward to close off
an internal by-pass passage within the
head. Both types of thermostats, from
1980 onwards, have two 3/16" diameter
holes punched through them to serve as
a by-pass while the engine is warming
up. This prevents overheating in the
exhaust manifold during engine warm-up.
These two holes total approximately
0.06 square inches of area and replace-
ment thermostats must be equal in this
design characteristic.

When replacing a thermostat, be sure
that it is rotated so as to not
strike the thermostat housing, pro-
jections inside the head, temperature
senders or temperature switches
which may be installed close to the
thermostat.

A thermostat can be checked for prop-
er operation by placing it in a pan
of cold water and then raising the
temperature of the water to a boil.
The thermostat should open notice-
ably (with travel on the order of
1/4" - 1/2") and be fully opened when
the water is boiling.

9. ENGINE LUBE OIL COOLER:

Lubricating oil carries heat away from
the engine bearings and other friction
surfaces. The oil circulates from the
lube oil pump, through the enaine.
through the engine cil cooler, and back
to the oil pump.

The oil cooler may be cooled either by
engine fresh water or by sea water.

10. TRANSMISSION OIL COOLER:

Certain transmissions require oil cool-
ing. In these cases, the transmission
oil cooler is usually cooled by sea
water.

Normally sea water enters this cooler
after exiting the heat exchanger, but
not always.




Note: Drawing is indicative only.

TWO PASS MANIFOLD

Specific models may vary in detail.
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SINGLE PASS MANIFOLD

Note: Drawing is indicative only. Specific models may vary in detail.
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TRANSMISSIONS
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TYPE SA1 MANUAL

Description

The Westerbeke-Paragon manually operated re-
verse gear unitsconsist ofa multiple disc clutch
and a planetary reverse geor train. These units
are self contained and are independent of the
engine lubrication system.

operation

On the forward drive, the reverse gear case and
multiple disc clutch are locked together as a
solid coupling. The multiple disc clutch is
locked or clamped by the pressure produced
when the shift lever is moved to the forward
position. Thus the propeller shaft turns in the
same direction as the engine.

The reverse drive is obtained by clamping the
reverse bandaround the reverse gear care which
contains the planetary reverse geartrain. The
reverse band is clamped when the shift lever is
moved to the reverse position. The reverse mot-
ion is then obtained by driving through the
gears thus turning the propeller shaft opposite
to the engine rotation.

With the shift lever in the neutral position the
multiple disc clutch and the reverse band are
unclamped and the planet gears run idle and
the propeller shaft remains stationary.

Itis desirable to start the engine withthe trans-
mission in neutral, thus avoiding moving the
boat in either direction. Itis recommended
that the shifting be done at speeds below 1000
RAM and preferably in the 800 RAM range or
lower to prolong the life of the engine, trans-
mission and of the boat.

Lubrication

It is recommended that SAE 30 oil be used far
lubrication. The quantity of oil depends upon
the angle ofinstallation as well as the reduct-
ion model. The level should be maintained at
the highmarkonthe dipstick. The level should
be checked periodically to ensure proper oper-
ation.

The number of hours that can be run between
oil changes varies with the operating con-
ditions. Under normal conditions, the oil
should be changed every 100 hours or each
season, whichever is shorter.

Model and Serial Numbers and Part Numbers

The model numbers ond serial numbers are on
the name plate on the cover of the transmission.
The parts listsaccompanying the exploded views
areintended only toidentify the parts in regards
to disassembly andassembly and are not intend-
ed to be used to identify parts by number. To
order parts, refer to the part numbers and names
as given in the above mentioned parts lists.

TROUBLE-SHOOTING

The accompanying 'trouble-shooting® charts
should be studied and the suggestions carried
out prior to any disassembly to determine as
bestas possible what the trouble may be. Also,

the explodedviews and the accompanying dis-
cussions should be carefully read and under-

stood so that any or all of the service work as
indicated from the trouble-shooting charts may
be carried out properly.

DISASSEMBLY OF TRANSMISSION

As in any servicing operation, cleanliness is a
must and allrules for good workmanship apply .
Some of these rules are as follows:

1. use only clean fluid in any cleaning or
washing of parts.

2. Use only clean oil for lubrication when
pressing parts together

3. Never use a hammer todrive batl bearings
in place.



4, Neverpress aball bearingsothat the force
is carried through the balls.

5, Use only properly sized wrenches in re-
moving or securing nuts and capscrews.

6. Replace gaskets and "O" rings with new
material.

7. Work on a clean bench and protect gear

teeth and oil seal surfaces from nicks and
scratches.

REMOVAL OF REDUCTION GEAR ASSEMBLY
FROM REVERSE GEAR HOUSING

NOTE:. To facilitate removal of the transmis-
sion from the engine, it is simpler to remove
the reduction gear assembly first. Make cer-
tain that all of the oil is removed from the re-
verse and reduction unit before removal is at-
tempted.

1. Removecapscrews and lockwashers around
flange of reduction gear housing.

2. Strike gear half coupling flange with soft
mallet to break reduction gear unit from
reduction adapterplate. Slide entire re-

duction unit straight back approximately
3 inchesuntil reduction unitclears reduct-
ion drivegear and lift reductionunitclear
of reverse gear housing assembly.

NOTE: Refer to reduction gear service manual
for disassembly and assembly of reduction
unit.

REMOVAL OF REVERSE GEAR HOUSING AS-
SEMBLY FROM ENGINE

1. Remove capscrews and lockwashers from
flange of cover (4) and remove cover.

2. Remove capscrews and lockwashers that
secure reverse gear housing (62} to front

end plate (58) or timing gear cover.

3. Slide entire reverse gear housing straight
backapproximately 3 inchesuntil housing
is clear of engine gear (92) and lift re-
verse gear housing assembly clear of en-
gine.

4. Remove pilot roller bearing (95} from
engine gear (92) if it remains on engine
gear.

5. Remove frontend plate (93) from trans—
sion .

6. Remove engine gear (92) from engine,
following engine manufacturer's recom-
mendation, only if necessary to replace.

7. |f necessary to replace, remove oil seal
(94) from front end plate

REMOVAL OF GEAR CASE ASSEMBLY FROM
REVERSE GEAR HOUSING

REDUCTION MODEL

1. Remove screw (81) from arm of yoke (79)
andremove ball joint (80) and lockwash-
er (82) from eye of link on reverse band
assembly.

2. Loosen capscrewsinyoke andremove cross-
shafts (78) from sides of housing being
careful not to damage oil seals (68) in
housing.

3. Remove yoke (2) from operating sleeve
assembly (40) through cover opening in
housing.

4. Remove reverse band assembly from gear
case assembly from front of housing.

NOTE: O n older reverse bands using the drag
link, it will be necessary to remove the
pins that anchor the reverse band to the
housing before removing reverse band from
housing.
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10.

11.

Remove cotterpin from reverse gear

tailshaft andremove reverse gear failshaft
nut (69).

Support reverse gear housing face down so

that gear case may drop free approximately
2 inches.

Press on reverse gear tailshaft until tail-
shaft is free of reduction drive gear (76).

Lift reverse gear housing straight up until
housing clears tailshaft.

Remove capscrews that secure reduction
adapterplate (79) toreverse gear housing
and remove reductian odopter plate, ball
bearing (72) and reduction drive gear
(76) from reverse gear housing.

Press ball bearing (72) and reduction
drive gear (76) from reductian adapter
plate (79) and press ball bearing from
reduction drive gear.

NOTE: Whendisassemblingdirect drive units,

12.

13.

14.

15.

use the following procedure.

Bend tang of lockwasher (66) away from
locknut (96) andremove tromreverse gear
tailshaft by holding gear half coupling
(68) with spanner wrench.

Support reverse gear housing face down
2 that gear ca