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INTRODUCTION

This service manual describes the specifications and the maintenance and adjustment
procedures of the S12ZH-Y2PTAW Diesel Engine that has mct the exhaust emission
regulations of the Environmental Protection Agency (EPA) of the United States.

If the enginc is carcfully maintained it will deliver a long productive life and efficient
performance marked by power and economy. -

Before you attempt to inspect, disassemble, or repair the engine, read this manual
carefully to learn more about the engine and how to carc for it properly. Take due care that
the EPA cxhaust emission regulations cannot be satisfied unless the chgine 18 répaired by
the mcthods described in this manual and by using the designated parts. All descriptions,
illustrations, specifications and scrial numbers in this manual are effective as of the date
printing of this manual. .

The information contained in this manual applies to the engine model produced at the
time of publication. It should be noted that specifications and design may change due to

improvements made thereafter.

Pub.No.99266-A31000
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How to use this manual

In this service manual, the SI12H-Y2PTAW Diesel Engine specifications, maintenance standards, and adjustment procedure as
well as service procedures such as disassembly, inspection, repair and reassembly are arranged in groups for quick reference.
A short summary of each Group is given in the General Contents, and there is also a table of contents at the beginning of each
Group. ' _ .
Regarding engine operation and periodical maintenance, refer to the Operation & Maintenance Manual. For component parts
and ordering of scrvice parts, refer to the Parts Catalogue. Structure and function of the cngine are described in various training
manuals, '
There is separate manual for the electronically controlled umit injector “PUE-H™,

Gl e T st GAUTION L e s : L
When changing parts, be sure to use our designated parts. Unless our designated parts are used, the exhaust
emission regulations cannot be met.

Take care that the paris may be partly medified due to impravement, for example. '

Work refated to the exhaust emission regulations can be conducted only at our designated service factories.

Methods of presentation
(1) Index numbers allotied to parts in exploded views are not only a call-out of part names listed in the text but also an indi-
cation of the sequence of disassembly.
(2) Inspections to be conducted during disasscmbly process are indicated in boxes in the relevant exploded views.
{3) Maintenance standards required for inspection and repair works arc indicated in the appropriate positions in the text.
) They are also collectively indicated in Group 2, the General Contents group.
(4) Fasteners to be tightened in “wet” condition, or with engine oil applied, are identificd by [Wet] placed after tightcning
torque values. Ifno such indication is suffixed, the fastener should be tightened in “dry™ condition, or without lybricating
with engine oil.

{5) In this manual, important safety or other cautionary instructions are emphasized with the following marks headed.

Indicates a potentially hazardous situation which, if not avoided, could result in death or serious injury.

. AA. CAUTION

Indicates an immediately hazardous situation which, if not avoided, may result in minor or moderate injury.

<. * CAUTION

Indicates a potentially hazardous situation which, if not avoided, can result in property damage.

Note:

Emphasizes important matter, or indicates information useful for operation or maintenance of the engine.
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Terms used in this manual
Nominal
means the rated (design) size or magnitude of a part to be measured.

- Standard

means the quantitative requirement for dimension of a part, clearance between parts and performance. This is given in a form of
tolerance. Thercfore, the valucs shown are not in agreement with the design values.

Limit ' S

means that, if this value is reached, the part must be repaired or replaced with a new part.

Abbreviations

« BTDC: Before Top Dead Center

« ATDC: After Top Dead Center

« BBDC: Before Bottom Dead Center

« ABDC: After Bottom Dead Center

* TIR: Total Indicated Runout

» APl American Petroleum Institute

*» ASTM. American Society for Testing and Materials
« JIS: Japanese Industrial Standards

*» LLC: Long Life Coolant

+ MIL: Military Specifications and Standards (U.S.A)
« MSDS: Material Safety Data Sheet

» SAE: Society of Automotive Engineérs {U.S.A)

Units of measurement

Measurements arc based on the International Systerm of Units (8I), and their converted metric values are indicated in
' parentheses {}. For metric conv;:rsion, the following rates are used. .

= Pressure: 1 MPa = 10.197 kgficm?

« Torque: 1 N-m = 0.10197 kgfm

+ Force: 1 N = 0.10197 kof

= Horsepower: 1 kKW = 1.341 HF = 1.3596 PS

« Meter of mercury; 1 kPa = 0.7 cmHg

« Meter of water: 1 kPa = 10.197 ¢mH:=0 (emAq)

» Ratational speed: 1min = 1 rpm ’
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Fire and explosion

Keep flames away

Store fuel and engine oil in a well

ventilated designated area.

Make sure that the caps of fuel and

engine oil conlainers are tightly

closed.

Do nat use flames, do not smoke,

and do not work near a heater or other fire hazard
where fuel or ail is handled or when cleaning solvent is
being used for washing parts.

Wipe off spilled fuel, oil and LLC immediately and thor-
oughly. Spilled fuel, oit and LLC may ignite and cause
a fire,

Keep surrounding area tidy and clean

Do not leave combustible or explosive materials, such
as fuel, engine cil and LLC, near the engine. Such sub-
stances can cause fire or explosion.

Remove dust, dirt'and other foreign materials accumu-
lated on the engine and surrounding parts thoroughtly.
Such materials can cause fire or the engine to over-
fieat. [n particular, clean the top surface of the battery
thoroughly. Dust can cause a shor-Gircuit.

Always operate the engine at a position at least 1 m
[3.28 ft.] away from buildings and other equipment to
prevent possible fire caused by engine heat.

Avoid accessing crankcase until engine
cools

Do not attempt to open the side cover of the crankcase
befare the engine cools down. Wait at least 10 minutes
after stopping the engine.

Opening the cover when the engine is hot allows fresh
air to flow into the crankcase, which can cause oil mist
10 ignite and explode.

Care about fuel, oil and exhaust gas leakage
If any fuel, oil or exhaust gas leakage is found, immedi-
ately take corrective measures to stop it.

Such leakages, if left uncorrected, can cause fuel or
engine oil to reach hot engine surfaces or hot exhaust
gas to contact flammable materials, possibly leading to
personal injury and/or damage to equipment.

Use explosion-proof lighting apparatus
When inspecting fuel, engine oil, coolant, battery elec-
tralyte, etc., use a flameproof light. An ordinary light, if
accidentally broken, may ignite and cause an explo-
sion.

Prevent electrical wires from short-circuit-
ing , '

Avoid inspecting or servicing the electrical system with
the ground cable connected to the battery, Otherwise,
a fire could result from short-circuiting. Be sure to dis-
connect the battery cable from the negative (-) terminal
before beginning with the work-procedure.
Short-circuits, possibly resulting in fire, may be caused
by a loose terminal or damaged cable/wire. Inspect the
terminals, cables and wires, and repair or replace the -
faulty parts befare beginning with the service proce-
dure.

Keep fire extinguishers and first-aid kit
handy

Keep fire extinguishers handy, and

become familiar with their usage.

Keep a first-aid kit at the designated

place where it is easily accessible

by anyone at any time.

Establish response procedures to )

follow in the event of fire or accident. Provide an emer-
gency evacuation route, contact points, and means of
communication in case of emergency.
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Install protective covers on rotating parts
Make sure the protective covers for
engine rotating parts are properly
installed as intended. Repair loose
or damaged protective covers as
necessary.

Never remove the covers guarding
personnel from rotating parts, when the engine is oper-
ating. .

When combining the engine with the engine-driven ma-
chine or radiator, always provide a cover on every ex-
posed moving part such as driving belt and coupling.
Never remove protective covers.

‘Ensure safety of néighboring people before

starting engine

Before starting the engine, ensure that there is nobody
inthe neighbarhood and that no taols are left on or near

the engine. Verbally notify people around the engine or

in the work area when starting the engine.

When the starter device is posted with a sign that pro-

hibits startup operation, do not operate the engine.

Stay clear of moving parts during engine
running . ’ ‘
Do not approach rotating or sliding
parts of the engine when the engine
is in operation.
Keep objects likely to be caught by
rotating p_a\ns away from such parts.
If any part of the clothing or outfit-
" ting is caught by a rotating part, se-
rious bodily injuries could result.

ating and moving parts

Lockout and Tagout

Be sure to lockout and tagout before starting inspection
and maintenance. .

Lockout and tagout are effective methads of cutting off
machines and equipment from energy sources.

To accomplish the lockout/tagout, remove the starter
switch key, set the battery switch to OFF and attach a
"Do Not Run” or similar caution tag to the starter switch.
The starter switch key must be kept by the person who
perfon"ns inspection and maintenance during the work.
In the case of pneumatic starting type, close the main
valve of the air tank and post a tag saying "Do Not
Open the Valve" or the like.

Keep engine stopped during servicing

Be sure to stop the engine before proceeding to inspec-
tion and service procedure. Never attempt to make ad-
justments on the engine paris while the engine is
running. Rotating parts such as belt can entangle your
body and cause serious injuries.

Always restore engine turning tools after

use
Do not forget to remove the tools which have been

used for turning the engine during inspection or servic-
ing, after the procedure is finished. Remember also
that the turning gear must be returned to the operating
condition before starting the engine.

Starting the engine with the turning tools inserted or
with the tuming gear in engégement can lead to not
only engine damage but also personal injuries.
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Be careful of burns

Do not touch the engine during or immedi-

ately after operation
Do not touch the engine during or i

immediately after operation to
avoid risk of burns.

To conduct maintenance and in-
spection work, wait until the engine
has cooled sufficiently, checking
the temperature gauge.

Siov_vly and carefully open radiator cap
Never attempt to open the radiator cap while the engine
is running or immediately after the engine stops. Give a
. sufficient cooling. time to the engine coolant before
apening the cap.
When opening the radiator cap, slowly turn the cap to
release internal pressure. To prevent scalds with steam
gushing out, wear thick rubber gioves or cover the cap
with a cloth. _ ‘
_Close the radiator cap tightly without fail.
The coglant is very hot and under pressure during en-
gine running or just after the engine stops. If the radia-
tor cap is not closed tightly, steam and hot coolant may
gush out and can cause scalds.

Add coolant only after the coolant tempera-
ture dropped

Do not add coolant immediately after the engine stops.
Wait until the coolant temperature lowers sufficiently to
avoid a risk of burns.

Never remove heat shields

The exhaust system, which becomes extremely hot
while the engine.is operaling, is provided with various
heat shields. Do not remove these heat shields. If any
of these heat shields have been removed owing to un-
avoidable circumstances during the work, be sure to re-
store them after the work is completed.

N WARNING ]
Be careful of exhaust fume poi-
sohing

Operate engine in well-ventilated area
If the engine is installed in an en-
closed area and the exhaust gas is
ducted outside, ensure that there is
no exhaust gas leak from duct
joints. i
Take care that the exhaust gas is
not discharged ioward plants or animals.

Exhaust gas from the engine contains carbon monox-
ide and other harmful substances. Operating the en-
gine in an ill-ventilated area can produce gas
poisoning.

AW
Protect ears from noises

Wear ear plugs

Always wear ear plugs when enter-
ing the machine room {engine
room). Combustion sound and me-
chanical noise generated by the en-
gine can causé hearing probiems.
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Be careful of falling down

Lift engine correctly

To lift the engine, always use a cor-
rect wire rope capable of withstand- n
ing the engine weight.

Attach the wire rope to the lifting
hangers provided on the engine us-
ing a correct sling.

During lifting process, keep the en-

gine in a well-balanced position by taking the center of

gravity of the engine into consideration.

If the wire rope contacts the engine directly, place a
cloth or other scft padding to avoid damage to the en-
gine and wire rope.

Do not climb onto the engine
Do not climb onto the engine, nor step on any engine

parts located on the lateral sides.

To work on parts located on the upper section of en-
gine, use a ladder, stool, eic., that is firmly secured.
Climbing on the engine may not only damage engine
parts but also cause parts to fall off and result in per-
sonal injuries. ‘

Establish firm scaffold during work

When working on the upper part of

the engine and other hard-to--

reach places, use a stable work

platform.

Standing on a decrepit stoal or

parts box may resuit in personal

injury. Do not place any unnecessary objects on awork .

platform.

Vi

Be careful of handling fuel, engine
oil and LLC

Use only specified fuel, engine oil and long-
life coolant (LLC)

Use only the fuel, oil and LLC specified in this manual,
and handle them carefully.

Use of any other fuel, oil or LLC, or improper handhng
may cause various engine problems and malfunctions.
Obtain the Material Safety Data Sheets (MSDS) issued
by the fuel, oil and LLC suppliers, and follow the direc-
tions in the MSDSs for proper handling.

Handle LLC {long life coolant) carefully
When handling LLC, always wear rubber gloves and
protective face mask. If LLC or cooling water containing
LLC comes into contact with your skin ar eyes, orifit is
swallowed, you would suffer from inflammation, irrita-
tion or poisoning. ,

Should LLC be accidentally swalowed, induce vomit-
ing immediately and seek medical attention. Should
LLC enter your eyes, flush them immediately with plen-
ty of water and seek medical attention. If LLC splashes
onto your skin or clothing, wash it awéy immediately
with plenty of water.

Keep flames away from LLC. The LLC can catch
flames, causing a fire,

Coolant contaihing LLC is a hazardous material. Do not
dispose of it in unauthorized manner. Abide by the ap-
plicable law and regulations when dISCEII‘dII"Ig drained
coolant.

Proper disposal of waste oil and coolant
(LLC)

Do not discharge waste engine oil or coolant into sew-
erage, river, lake or other similar places. Such a way of
disposal is strictly prohibited by laws and regulations.
Dispose of waste oil, coolant and other environmentally
hazardous waste in accordance with the applicable law

"and regulatiohs, or consult a Mitsubishi dealer,
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Service battery

Handle the battery correctly

+ Never use flames or allow sparks

to generate near the battery. The

battery releases flammable

hydrogen gas and oxygen gas.

Any flames or sparks in the vicin-

ity could cause an explosion.

Do not use the battery the fluid level of which is low-
ered below the lower limit line. Sustained use of the
battery could result in an explosion. '
Do not short the battery terminals with a too! or other
metal gbject.

When disconnecting battery cqbles, always remove

the cable from the negative (-} terminal first. When

reconnecting the cables, attach the cable to the posi-
tive (+} terminal first.

Charge the battery in a well-ventilated area, with all
filling hole plugs removed. '

Make sure the cable ciambs are securely installed on
the battery terminals. A loose cable clamp can cause
sparks that may result in an explosion.

Before servicing electrical components or conducting
electric weiding, set the battery switch 10 the [Open/
OFF} position or disconnect the cable from the nega-
tive (-) battery terminal to cut off the electrical cur-
rent. .
Electrolyte (battery fluid) contains dilute sulfuric acid.
Careless handling of the battery can lead to the loss
of sight and/or skin burns. Also, keep the battery fluid
off the mouth.

Wear protective goggles and rubber gloves when
working with the battery (when adding water, charg-
ing, elc.).

If electrolyte is spilled onto the skin or clothing,
immediately wash it dway with lots of water. Use-
soap to thoroughly clean.

The battery fiuid can cause blindness if splashing
into eyes. If it gets into eyes, immediately flush it
away with plenty of clean fresh water, and seek
immediate medical attention.

If the battery fluid is accidentally swallowed, gargle
with plenty of water, then drink lots of water, and
seek immediate medical attention.

»
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When abnormality occurs

Stop overheated engine after cooling run
Even if the engine comes to overheat, do not stop the
engine immediately. Abrupt stopping of an overheated
engine can cause the coolant temperature to rise, re-
sulting in seized engine parts. If the engine comes o
overheat, run the engine at low idling speed (cooling
operation), and stop the engine after the coolant tem-
perature lowers sufficiently.

Do not add coolant immediately after stopping the en-
gine. Adding coolant to a hot engine can cause the cyl-
inder heads to crack due to sudden change in
temperature, Add coolant little by little after the engine
cools down to room temperature.

Avoid immediate restart after abnormal stop
If the engine stops abnormally, do not restart the en-
gine immediately. if the engine stops with an alarm,
check and remedy the cause of the problem before re-
starting. Sustained use of the engine without any rem-
edy could result in serious engine problems.

Avoid continugus engine operation with too
low oil pressure '

If an abnormal engine ¢il pressure drop is indicated,
stop the engine immediately, and inspect the lubrica-
tion system to locate the cause. Continuous engine op-
eration with low il pressure may cause bearings and

other parts to seize.

Stop the engine immediately if the fan belt
breaks

If the fan belt breaks, stop the engine immediately.
Continuous engine operation with the broken fan belt
could cause the engine 1o overheat and thereby the
coolant to boil into steam, which may gush out from the
reserve tank or radiator, and cause personal injuries.

Vil
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Other cautions

Modification of engine prohibited
Unauthorized modification of the engine will void the
manufacturer's warranty.

Modification of the engine may not only cause engine
damage but also produce persecnal injuries.

Never change the ECM (Electronic Control
Module) settings

Unauthorized modification of ECM settings may results
in engine damage and / or personal injuries.
Modification of the ECM settings will void the manufac—
turer's warranty.

Only Mitsubishi and its authorized dealer can change
and adjust settings.

Pre-bperational check and periodic inspec-

tion/maintenance
Be sure to perform the pre-operational checks and pe-

riodic inspection/maintenance as described in this
manual. ]

Neglecting the pre-operational check or periodic in-
spection/maintenance can arouse various engine trou-
bles such as damage to parts, eventually leading to
serious accidents. '

Break-in operation

A new engine needs to be broken in for the first 50
hours of operation. During this period, do not subject
the engine to heavy loads.

Operating a new engine under high loads or severe
conditions during the break-in period can shorten the
service life of the engine.

Vil

Warming-up operation

After starting the engine, run the engine at low idling
speeds for 5 to 10 minutes for warming-up. Start the
work after this operation is completed.

Warm-up operation circulates the lubricant through the
engine. Therefore, individual engine parts are well lu-
bricated before they are subjected to heavy loads. This
is very important for longer service life, high-perfor-
mance and economical operation.

Do not conduct warm-up operation for a longer time
than necessary. Prolonged warm-up operation causes

-carbon build-up in the cylinders that leads to incom-

plete combustion,

Avoid engine operations in a overload con-
dition '
If the engine is considered to be in an overloaded con-
dition which is identified by too much black smoke, etc.,
immediately reduce the load on the engine such that
the correct output and Ioad conditions may be
achieved.

Overloading the engine causes not only high fuel con-
sumption but also excessive carbon deposits inside the
engine. Excessive carbon depasits can cause various
engine problems and shorten the service life of the en-
gine remarkably.

Cooling operation before stopping engine
Always conduct the cooling operation (low speed
idling) for 5 to 6 minutes before stopping the engine.
Abruptly stopping the englne |mmedlately after high-
load operation can cause pamal 0verheat1ng and short-
en the service life of the engine.

During cooling operatlon check the engine for abnor-
malities.

Protection of engine against water entry

Do not allow rainwater, etc. to enter the engine through
the air inlet or exhaust openings.

Do not wash the engine while it is operating. Cleaning
fluid (water) can be sucked into the engine.

Starting the engine with water inside the combustion
chambers can cause the water hammer action which
may result in intermal engine damage and serious acci-
dents.
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Maintenance of air cleaner or pre-cleaner
The major cause of abnormal wear on engine parts is
dust entering with intake air. Worn parts produce many
problems such as an increase of oil consumption, de-
crease of output, and starting difficulties. For effective
removal of dust from intake air, conduct maintenance
of the air cleaner according to the following instruc-
tions.

+ Do not conduct maintenance of the air cleaner/pre-
cleaner while the engine is operating. Engine opera-
tion without the air cleaner/precleaner in place allows
foreign matters to enter the turbocharger, causing it
to damage seriously.

* Remove the air cleaner/pre-cleaner slowly to prevent
dust accumulated on the element from falling off.
After removing the air cleaner or pre-cleaner, imme-
diately cover the opening (inlet port in case of air
cleaner; port in body in case of pre-cleaner} with
plastic sheet or similar means to prevent dust from
entering the engine.

= Air cleaners equipped with a dust indicator will issue
an alarm if the element gets clogged. Service the
cleaner as soon as possible if an alarm is issued.

Observe safety rules at work site

Observe the safety rules established at your workplace
when operating and maintaining the engine.

Do not operate the engine if you are feeling ill.
Operation of the engine with reduced awareness may
cause improper operation that could resultin accidents.

In such a case, infarm your supervisor of your condi-

tion.

When working in a team of two or more people, use
specified hand signals to communicate among  work-
ers. :

Work clothing and protective gear

Wear a hardhat, face shield, safety shoes, dust mask,
gloves and other protective gear as needed.

When handling compressed air, wear safety goggles,
hardhat, gloves and other necessary protective gear.
Works without wearing proper protective gear could re-
sult in serious injuries.

Use of tools optimum for each work

Always keep in mind to select most appropriate tools
for the work to be performed and use them correctly. if
tools are damaged, replace with new tools.

Avoidance of prolonged time of starter oper-
ation

Do not operate the starter for more than 10 seconds at
a time even if the engine does not start. Wait for at least
30 seconds before next engine cranking.

Continuous operation of the starter will drain the battery
power and cause the starter to seize.

Do not turn off battery switch during opera-
tion .

If the battery switch is turned OFF when the engine is
running, not only various meters will stop working but
also the alternator may have its diede and transistor
deteriorated. '

Cautionary instructions for transporting en-
gine

When transporting the engine on a truck, consider the
engine weight, width and height to ensure safety. Abide
by road traffic law, road vehicles act, vehicle restriction
ordinance and other pertinent laws.

Avoid continuous engine operation in a low

load condition

Do not operate the engine continucusly for more than
10 minutes at a load of (ess than 30%. Engine opera-
tion in a low load condition increases the emission of

" unburned fuel. Therefore, a prolonged time of engine

operation in a low load condition increases the quantity
of unburned fuel adhering to engine parts, provoking
the possibility of engine malfunctioning and shortening
the service life of the engine.

Ventilation of engine room

Always keep the enginé room weil ventilated. Insuffi-
cient amount of intake air causes the operating temper-
ature to rise, resulting in poor output and lowered
performance.

It is highly recommended to calculate the required
amount of air supply to the engine and install an ade-
quate ventilation system before installing the engine.

Avoid contact with high-pressured fuel
Should fuel leak from a fuel injection pipe, do not touch
the spouting fuel directly.

Fuel in the fuel injection pipes is under high pressure. If
high-pressured fuel contacts you skin, it penetrates
through the skin and may result in gangrene.
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About warning labels

Maintenance of warning labels
. Make sure all warning/caution labels are legible.
Clean or replace the warning/caution labels when the description and/or |Ilustrat|0n are not clear to read.
For cleaning the warning/caution labels, use a cloth, water and soap. Do not use cleaning solvents, gasoline or other
chemicals to prevent the letters from getting blurred or the adhesion from being weakened.
Replace damaged or fractured labels with new ones.

If any engine part on which a warning label is attached is replaced with a new one, attach a new identical waming
label to the new part.

TURNING CAN OIL WIST 18
ROTATING PARTS. CAUSE SEVERE e FLAMMABLE AND
CAN CAUSE SEVERE PERSONAL INJURY. = EXPLOSIVE.
PERSONAL THJURY.
* BE SURE NO DANGER DO NOT OPEN

+ KEEP AWAY FROM ROTATING
FLYWHEEL.

» DD NOT OPERATE WITHOUT
FLYWHEEL COVER.

ssans 8110t )

AROUND MOVING FARTS
BEFORE TURNING.

« KEEP TUANING DEVICE
OR BAR IN "OFF POSI-
TION" WHEN NOT IN USE.

WL -lill!*ﬂmJ

INSPECTION COVER
WITHIN 10 MINUTES
AFTER ENGINE STOP.

\\ ﬂm—ilmb

Ppop §

CACAUTION |

¥
)
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QURNING

HIGH PLACE MAY
CAUSE FALLING.

YOLTAGE MAY CAUSE
ELECTRIC SHOCK. -

e BE CAREFUL WHERE YOU
STEP ON SCAFFOLD,

s DO NOT PUT ANY IMPROPER
MATERIALS ON ENGINE AND
SCAFFOLD.

& TURN OFF POWER BEFORE
CHECKING OR MAINTENANCE.

# DO NOT TQUCH ANY ELECTRIC
EQUIPMENT WHEN POWER (S OW.

& 00 NOT OPERATE WITH DGDR

AND PROTECTIVE COVER OPEN.

X,

=~

» BE CAREFUL OF ROTATING
FAN.

* 00 NOT PUT FINGERS HEAR

wnsam)] || swiw)) || ROTATHS P )
® HOT WATER MAY
HRUsE AU
« 00 NOT AEMO VE AADIATOR

CAP UNDER HOT COND!TIONS.

%

45A93-51

| nllu

PERFDRN S»\FET!f HAINTENMICE
¥ITH REFEREHCE IO OPERATION AND
HAINTENANCE MANUAL, ™

HOT SURFACES,
MAY CALUSE BURN.

® HOT SURFACE MAY CAUSE BUANS.
» DO NOT TQUCH HGT SURFACE.
45as3-50000

o BE CAREFUL OF ROTATING
BELT.

& DO NOT PUT FINGERS NEAR
ROTATING BELT,

—_—

Warning labeles
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Service data
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Dete.nnining overhaul timing
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Disassembly of basic engine

Disassembiing and inspecting cylinder head and valve mechanism
Disassembling and inspecting flywheel, timing gear, camshaft
Disasscmbling and inspecting damper and front accessory drive
Disassembling and inspecting cylinder liner, piston and ¢onnecting rod
Disassembling and inspecting crankcase, crankshaft and main bearing

Inspection and repair of basic engine

Inspecting and repairing cylinder head and valve mechanism
Inspecting and repairing flywheel, timing pear and camshaft
Inspecting and repairing damper and front gear

Inspecting and repairing cylinder liner, pision and connecting rod
Inspecting and repairing crankcase, crankshaft and main bearing

"Reassembly of basic enginc

Reassembling crankcase. crankshaft and main bearing
Reassembling cylinder liner, piston and connecting rod
Inspecting and repairing damper and front accessory drive
Reassembling flywheel. timing gear and camshafi
Reassembling cylinder head and valve mechanism

Fuel system

Removing fuel system
Disassembling, inspecting and reassembling fuel systern
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» Lubrication system

Removing and inspecting lubrication system
Disassembling, inspecting and reassembling lubrication system
Installing lubrication system
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Removing and inspecting cooling system
Disassembling, inspecting and reassembling cooling system
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Removing and inspecting infet and exhaust sysytem
Disassembling and inspecting inlet and exhaust system
Installing inlet and exhausi system

Electrical system

Removing and inspecting clectrical system
Disassembling and inspecting electrical system
Installing electrical system
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Adjustment and operation

Adjusting engine
Break-in operation
Performance test (JIS standard)
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1. External view

Exhaust pipe

Thermostats

V-heit

Cnmpression\:"'

Turbochargers

Intercooler

Couoling water
: drain cocks

TDC sensor p
\E

- Al i - -Rear '
| D A 1= (flywheel)
ISy - I = ;_; _Fuel feed pump
Qil relief Vaatve/#“‘“‘ H . i \%\i Priming pump
g > l: Maounting bracket
Cil filler / \ = (rear)
i Starter
Mounting bracket ‘
(rort i / \ =Y  Oilpan
Bypass oil filter Fuel outlet . \ Oil fiter Lol iniet
Qil level gauge
Left side view of the engine
] Intercooler
Breather,
TDC sensor

Engine speed

Sensor \ =

Mounting bracket™. .—EEMHH'HA

o]

Water pump

intercooler water pump

Alternator

{rear) _T/ @]
Cooling vater” gz
drain cock

Qil drain

ECM (engine control rmodute)

Mounting bracket
{front)

Right side view of the engine
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2. System flow diagrams
2.1 Fuel system - flow diagram

Air vent valve

Check vaive

s

/- From fuel tank ~

|
To fuel tank Fuel filter

ECUI
{Electric controlled unit injector)

Priming pump

Fuel system - flow diagram
2.2 Lubrication system - flow diagram

Turbocharger Bypass valve

Raocker '_shaft

Oit cooler

Main galiery

Bypass vaive

Relief valve

Qil strainer

Timing gear
(R
i l “Camshaft
' Crankshaft
1
A | Qil pump
l Safety valve

Lubrication sysiem - flow diagram
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____ R
2.3. Cooling system - flow diagram
Intet Inlet
‘ ‘ 2-way water pump .
- Qil cooler Inter cooler

Water pump = ~ 2 ]

< Water jacket
L~

v
g

: ?\' — — —ﬁ | Water outlet
; : [ 'J T 11 I R Rocker case)
Outlet <gm = ISSEERN /) /J =
Thermostat——2=£ 1 (| ’FLI'_A'L - I ‘-cl— e ! -TE—I-I L:/
Iy |
= b U
Outiet «fme - Qj\
?' o — -~ . 1 .
Thermostat .— 77T ¢ T 1T 1, ¥ 1, T ¥ I
o i/‘ = ,/d ,4 ,rl :\I 5 \ | Water outiet
Bypass pipes < T TAAAAAATAAN —> — "\J\ (Rocker case)
NI b

" Out let<mm e L E\\WWAJ\/\{\/\/\/ ,__"E—‘_a Water jacket

Qil copler Inter cooler
Thermostat

Cooling system - flow diagram
2.4 Inlet and exhaust system - flow diagram

Exhaust pipe

Turbocharger Turbocharger

. e |nlet

«==== Exhaust -

Inter cooler
Inter cooler

Inlet and exhaust system - flow diagram
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2.5 Electrical system - flow diagram-

Thermo switch

Oil filter
alarm switchs

H

Qil pressure switch

Fuel feed pump

— . S
N\

. {flywheel)
1Z4 i i
7 LN
Compression T
TDC sensor : ! { |‘: \Starter
. 24V-7 5kw

TDC sensor,_ .

Engine speed
g p ~

sensor \ \ g& ) ‘
o — f"—'ﬁ
- ;

(flywheel)

i

Alternator
24V-30A

Starter

24V—7.fjkw

Electrical system - flow diagram
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3. Engine serial number location
The engine serial number is stamped on the nameplate of

the lateral side of the engine.

The rated engine output and speed arc also stamped on the
nameplate.

The numbers shown in the illustration mean the cylinder

numbers,

1-6
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4. Main specifications

Table 1-1 Main specifications (1/ 3}

s e

3 ﬁ?@, o»eskvse-x >@-¢5

Endinetyps inoils

ok B 2k LT T 6

L
[RGB
I vErad

T » PrEt R
vande ““*“""““"“’“STEH-YZPTAWM .» ,HY?M o BB ED >0 M

nwww#»zﬁw» LT TE N : WEE A kel

Modcl

Water-cooled, 4-stroke cycle, rbocharged diesel

No. of cylinders - arrangcment

12-V

Combustion type

Direct injection

Valve mechanism

QOverhead

Cylinder bare x stroke

150 % 175 mm [5.91 % 6.89 in_]

Displacement 37.11 L [2264.45 cuin)]
Major Compression ratio 145:1
specifica-
tions Fuel Diesel fuel (ASTM, D975 No.]—D, No.2-D)
' Firing order 1-12-5-8-3-10-6-7-2-11-4-9
Rotation of direction Counterclockwise as viewed from fiywheel
Length 2174 mm [85.5% in.]
Dimensions ; -
(without fan) Width 1673 mm [65.87 in.]
Hcight 1694 mm {9672 in.|
Weight (Dry) 4387 kg [9672 1b]
Cylinder liner | Type Wet type
No. of pisten | Compression rings Compression rings : 2
Tings Oilnng Qil ring (w/expander) : 1
Open BTDC 55°
Basi Iniet valve
asic . Close ABDC 65°
engine Valve timing
Open BBDC 65°
Exhaust valve
; Close ATDC 55°
Engine support method 4-point support
Starting system Starter
Inlet and Type TDI13
exhaust Turbocharger
system No. of units 2
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Table 1-1 Main specﬁ' ications (2 / 3)

FCT IS 12HY2PTAW, 12

Lubnuatm g method

Forced circulation type (oil pump pressure feed type)

Standard API service classification class CD or CF oil
Engine oil ; 1:
Capacity El‘lgl.l'll': tofa 1200 L [33 U.S.gal.] approx.
Qil pan: 180 L (48 U.8.gal.] approx.
Type Gear pump
Delivery capacity 450 L {119 U.S.gal] /min (al engine speed of 1800 min™")
il pump Type Piston valve
Safety valve - :
: Valve apening 1.4+0.] MPa {14 % | kgfem?} [199 & 14 psi]
pressure ) ;
Type Main gallery pressure delection type
Lubric Reliefl valve
l'mea- Valve opening pressure 0.38 £0.05 MPa {59+ 0.5 kgffcm?} [84 + 7 psi]
ion sys- _
tem Qil cooler Type Water-cooled, multi-plate type
Qil filter Type Cartridge paper-element type, filtration rating 20un
tlzirpass oil il- Type Cariridge paper-clement type, Altration rating 2un
Type Piston valve type, built-in electric contact points
Qil filter - -
alam . alve opening pressure 003"
(difTerential pressure) 0.14 o MPa{ls s kgf/cmz} [21. 347y psl]
Oil cooler . .
44+ 0. 5205 kgtiem?} [64 £ 7.1
bypass valve Valve opening pressure (.44 + 0.05 MPa {4.5+ 0.5 kgffem?} [ 7.1 psi]
Piston cool.
ing nozzle Valve opening pressure 0.29 £ 0.03 MPa {3 + 0.3 kgf/lem®} [43 + 4.3 psi]
(oil jet) .
Cooling method Water-cooled, forced circulation
Coolant capacity {(enging) Approx. 100 L [26 U.S.gal]
Type Centrifugal type
Water pump - — -
. Delivery capacity 1600 L [383 U.S.gal}/min (at engine speed of 1300 min™)
2-way water | L¥Pe Centrifugal type
pump Delivery capacity 551 L. [146 U.S.gal)/min (al engine speed of 1800 min™)
Cooling Type Wax type
system Thermostat

(water puinp)

Temperature at which
valve starts opening

71 4 29C [ 160 + 3.6°F]

Thermastat Type Wax ype

(2-way water

pump) Temperature at which valve starts opening 35=2°C [95£3.6°F]
Type RIB 12PK
L]

}2“__:‘1?;: iltter Manufacturer Mitsuboshi Belung, Lid

Quiside circumference

976 mm [38.43 in.]
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Table 1-1 Main speCIf cations (3 ! 3)

rvvwc»swma;w

Y Engineitype™ iy s 1T AU

P BRI

PR m«e;,m gsgasx»»
TR R T

ST I LG 12HY2PTAW -

Model (abbreviation) PUE-H Eleclronlcally Controlled Unit Injector
Manufacturer Mitsubishi Heavy Industries, Ltd.
Unil injector | Plunger outside diameter 14 mm [0.55 in.]
Impressed voltage 12020V
Poppet valve outside diameter 13 mm [0.39 in.]
Model Trochoid type pump TOP-212HBMTGVE
Feed pump Manufacturer Nippan Ol Pump Co., Lid.
Theretical delivery capacty 12 em® [0.73 cu.in )/rev
Fuel . (Electromnic)
system Governor Controller model Woodward
: ECM3
Model TE
Manufacturer Basch Corporation
Injection No. of spray holes 10
nozzle Spray hole diameter a (.22 mem [0.0087 in.]
Spray angle 160°
Injection pressure 29.4 MPa {300 kgfifcm?®} [4268 psi]
Fuel filter Type {paper efement) Filtration accuracy of 3 pn
Check valve | Valve opening pressure 0.49 + 0.025 MPa {5 = 0.25 kgffem?} [71 £ 4 psi]
Vollage - polarity 24 V_ - Negative (-) ground
Manufacturer Nikko Electric Industry Co., Lid.
Starter Piston mesh type Pinion shift
Qutput 24V -T75kW
No. of units 2
Type 3-phase altemating-current generator, built-in IC regulator
Manufacturer Mitsubishi Eleciric Corporation
Alternator Output , 24V-30A
Rated output generating speed Hot 5000 min™' or less (a1 27 V, 30 A)
Electrical Regulated voltage 28505V
system Manufacturer Nikko Electric Industry Co., Lad.
Mominal voltage 24V
Magnetic Rating 30 sec.
;:jg starters QOperating voltage Bto24V
for parallcl Operating interval 1 ON-OFF cycle between S5 and SW
operation) (art24V) 2.510 3.0 sec.
Allowable temperature =30 to +80 °C [-54 to +176 °F]
Grounding system 2-wire system
Type ~ RiBI2PK
{llff AT Manufacturer Mitsuboshi Belting, Ltd

Qutside circumference

976 mm [38.43 in.}
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5. Tips on disassembling and reassem-
bling

This service manual specifies the recommended procedures
to be followed when scrvicing Mitsubishi engines. The
manual also specifies the special tools that are required for
the work, and the basic safety precautions to follow when
working.

Note that this manual does not exhaustively cover potential
hazards that could occur during maintenance, inspection and
service work of engine. . .
When working on an engine, follow the relevant directions
given in this manual and abserve the following instructions:

serEiet B " > rres
ISR

srrvES Ten el ot Lenin Al
SRR Ar MwMCAUTION‘MW‘n* RIS

Work related to the exhaust emission regulations can
be conducted only at our designated service factories.

5.2 Reassembling

(1) Wash all engine parts, except such parts as oil seals, O-
rings and rubber sheets, in cleaning oil and dry them
with compressed air.

{2) Use correct tools and instruments.

(3) Use only high-quality lubricating oils and greases of

appropriate types, Be sure to apply oil, grease or
adhesive to the part wherever specified.

{4) Use a torque wrench to tighten parts correctly when
their tightening torgues are specified.
Refer to "List of Tightening Torque.”

{5) Replace all gaskets and packings with new ones unless
specified otherwise. Apply adhesive if necessary. Use
only the proper amount of adhesive,

5.1 Disassembling
{1) Use correct tools ‘and instruments. Serious injury or

damage to the engine will result from using the wrong

tools and instruments,

(2) Use an overhaul stand or' work bench if necessary, and
follow the disassembling procedures described in this
manual.

(3) Keep the engine parts in order of removal to prevent
losing them.

{4) Pay attention to assembling marks. Put your marks on
the parts , if necessary, to cnsure correct reassembling.

(5) Carefully check each part for defects during
disassembling or cleaning. Do not miss symptoms
which can not be detected after disassembling .ot
cleaning.

(6) When lifting or carrying heavy parts, exercise utmost

caution to ensure safety. Pay attcntion to balance of

heavy parts when handling. {Get help, and use jacks,
chain blocks and guide bolts as necessary.)

I

i n o B s CAYTION S T b Tl
When changing parts, be sure to use our designated
parts. Unless our designated parts are used, the
exhaust emission regulations cannot be met.

* Work related to the exhaust emission regulations can
" be conducted only at our designated service factories.
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1. Maintenance service data

1.1 Ger!eral

Table 2-1 Maintenance service data table - General

Unit: mm [in.]

Inspection:point£{: t1::| 1 Nominal 77 eStienhimits o e S I L
Maximum speed o N .
(rated speed as reference valuc) 10510 110% 115 % Rated speed is stamped on the nameplate
Minimum speed 700 to 800 min™*
. 2.4 MPa [.9MPa When oil and water temperatures
Compres 5 .
@ 2"0 FSION pressure 124.4 kgfiem?) 119.3 kefien?} 2120 to 30°C
. min"} 1347.1 psi] [274.5 psi} [68 to 86 °F]
. Rated pros- 0.39 10 0.67 MPa :
Lubricating oil sure iimnm 0.39 MPa Oil temperature
pressure m at 60 to 70 °C
Idiing 0.2100.29 MPa 0.1 MPa (140 to 138 °F] .
Inlet valve BTDC 14°
opens
Injer valve e With 2 mm [0.08 m.] clearance on valve
. closed ABDC 23 o side, cold.
L. +2 . .
Vaive timing (crank anglc) Values are only for checking valve timing
Exhaust vaive BEDC 21° 2 and are different from actuul opening/clos-
open ing titme.
Exhaust valve ATDC 15°
closed
.Inlet 0.6 [0.024]
Valve ¢learance = Cold
Exhaust 0.8 [0.031]

1.2 Basic engine

Table 2-2 Maintenance service data table - Basic engine (1/5)

Unit: mm [in.]

nSpection Pant-LrT T | ENGmnal [ Standard S| B i Remark
. . e44 44,00 to 44.075 44,125
Rocker bushing inside diameter 11.73] {17323 to 1.7352] (1.7372]
Rocker
. o 44 43,9750 43.99] 43.030
Rocker shaft diameter [1.73) (17313 t0 1.7319] [L.6941]
Valve stem diameter o l0 _ 9.940 t0 9.960 9910 .
Valve [0.39] [0.3913 10 0.3921] . [0.3%02] Satne for inlet and exhaust
Valve guide inside diametor 10 10.000 to 10.015 10.060 valves.
ave gy [0.39] [0.3937 10 0.3943] (0.3961]
Valve seat angle . ’ 30°
. 0.1t00.1 1.0 Saal wigth
Valve sinkage 0 [0.0040 to 0.0040] (0.0394]
. 23 2.15t0 2.45 2.8
Val i .
alve | Seat widtn [0.091] (00846 t0 0.0965] [0.110] F
seat and Valve| Valve
valve Refacing permissi- Velvé sinkage margin
Bto 3.
Valve margin 03':]2] (0 12](8) tz 0 526] bleup to 2.5 seat angle
7 1o. ' : [0.098]
Clearance between cylinder head bore 855 -0.130 ta -0.070 Minus (-) value indicates
diameter and valve seat diameter [2.17] [-0.0051 ta 0.0028] interference.
735 74
Free length 12.776] 12.91]
§ =1.5%0r less . ;‘9—
= A
Valve Perpendicularity A =2.0(0.079) ﬁth:e-i 50.{]91] %—r
spring LE=75.5 [2.776] 5
61.8 [2433)/
Installation lengeh/load 403.3 N {41.13 kgf)}
[50.7 b{]
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Table 2-2 Mainlenance service data table - Basic engine (2 / 5) Unit: mm [in.]
daspectionipaint:+it1 1 vn et s ok | x Nominal i d st v Limit s
Valve . . 0.5
pushrod | RUnOUt (0.020] or less [0.020] TIR
. 73 1
Eree length [2.87] [2.80]
= [.5%r less ___B;
. A = N
Helper Perpendicularity A =1.910.075] a':thez“:id[o'os_”] LA
spring Lf=73[2.87] hy
r
69.6 [2.740)/
Installation length/load 242 N {24.7 kgf}
[54.5 1bf]
Ul helper 05 0.3
1R
push rod | Funout (0.020] ot less [0.020] T
Cylinder 0.03 0.50 ) o
head Flatness of gasket surface [0.0012] or less (0.0197) Slightly reface, if necessary.
Inside diamet » 150 150,000 to 150.040 150.140
{ e Gameter [5.91] [5.9055 to 5.9071] [5.9110]
0.02
Roundness [0.0008] or less
. 0.02
Cylindericity [0.0008] or Jess
Cylinder | o0 er et Yoginaing sen. s
liner i 4 & [0.0012] or less
Cylinder liner collar protrusion above 0.10w0.19
crankcase top surface 10.0039 to 0.0075]
. \ X 1515t 15,19
Thickness of cylinder Yiner ﬂf':mgt? [0.5965 to 0.5980] ¢
. . . . 0.16 to 0.24
Height cylinder liner top ridge {0.0063 to 0.0094]
Outside diameter (at piston skirt) B 150 149.78 to 14982 149.68 Measure diameter in direction
P [5.91] {5.8968 1o 5.8984] [5.8929] perpendicular to piston pin.
. . . . +3i0g
Weight difference in one engine [0.07 Ib.] or less
Piston
Pin bore diameter o 58 58.002 10 58.012 58.020
[2.28] [2.2835 to 2.2839] [2.2842]
Protrusion 0.38 w 0.89
[C.0150 to 0.0350)
Cylinder .
. . 1.3 E.77w 1.43 . v
]}::d gas- | Thickness when tightened (0.071] [0.0697 to 0.0720]
::;(:n lin- Clearance between piston top and cyl- 0.88 w0 1.45
derh;’ﬂ i | inder head ' [0.0346 to 0.0571]
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Table 2-2 Maintenance service data table - Basic engine (3/5) Unit: mm [in.]
“nspection paint :f 127+ Hi T syt s Nominal (3.2 4157 Standard 755 o Limits 0o Remarkiziiii
No.1 . 3.00 0.08 10 0.11 _ 0.20
L - | compression [0.1181] [0.0032 to 0.0043] [0.0079]
Piston ring side d
clearance No. 2 comnression 2.55 - 0.07to 010 0.15
(with new - < compres [0.1004] £0.0028 to 0.0039] 10.0059]
riags) o 5.00 0.05 10 0.09 0.15
Piston [0.1969] [0.0020 1o 0.0035] [0.0059]
ring No. | B 06008 2.0
0. | compression [0.024 t0 0.031] [0.079]
End gaps No. 2 compression 0.5100.7 0. ;;ﬁ:;f:rrl:l;o:;::i‘:%c
10.020 t0 0.028] [0-079] obtained at cylinder bore.
oil 051007 2.0
' [0.020 to 0.028] [0.079]
Piston oin | Outside di o 58 579871058000 |- 57.970
onpin ) Qutside diametet [2.28] {2.2829 t0 2.2835] 12.2823]
Bushine inside di 58 58,020 to 58.040 58.070-
ushing inside diameter [2.28] [2.2842 to 2.2850] [2.2862]
. 0.05/100
Bend and twist [0.0020/3.94] or less
Connect-
ing rod End play (clearance) 54 0.6t00.9 1.0
(rod and crankpin widths) [2.13] = 2 [0.024 to 0.035] [0.039]
ﬁcl)g;ni:azr:rgfiri?;binatiun with o 110 110.000 1o 110.022 119.647 ﬁﬁid“ii?n }
povy [4.33] [43307t04.3316] | | [4.3326] less than 0,100 [0.0039]
STD 3.000 2.987 to 3.000 . 2950
[0.1181] 11176 t0 0.1181] [0.1161]
.25 3.125 3.112t03.125 3.075
g , 0.1225 to 0.1230 1211 . .
Comneet . [-0.6098] [0.1230] L o I : [0 J Replace bearings before limit
in ““edc - | Thickness of | -0.50 3.250 3.237 t0 3.250 "3.200 is reached, regrind crankpins
ETO8 1 enter [-0.0197] [0.1280] [0.1274 to 0.1280] 0.1260] and use undersize bearings if
beating - limit is exceeded.
0,75 1375 336210 3.375 3325 .
{-0.0295] [0.1329] [0.1324 t0 0:1329) " [6.1310]
-1.00 3.500 3.487 10 3.500 3.450
[-0.0394] - [0.1378] [0.1373 to 0.1378] [0.1358] .
Face canout 0.28
ace runow [0.0110] or less
Flywheel o
Radial runout [0.0051] o less
- 0.5 L5
| ¥ace runout {0.020] or less [0.059] )
Darnper - Replace after mujor overhaul
. 0.5 1.5
Radial runout [0.020] or less [0.059]
o L @ 50 49.950 to 49.975 49.900
Froat idler shaft outside diameter 11.97) [1.9665 ta 1.9675] [1.9646]
Front idler gear bushing inside diamne- @50 - 50.000 to 50.025 50.060
ter ' [1.97} [1.9685 to 1,9695] {1.9709]
] 03005 0.7
Front Front idler pear end pluy [0.012 t0 0.020] [0.028]
acces-
sory drive From cr:irnks}.l:? 0.11 t0 0.28 . 0.50
:::r to front idler i © [0.0043 to 0.0110] | [0.0197] _
[‘ -
Backlash . - Replace gears.
\vatm idler g;a' ;" 0.12100.18 0.50
g;:’ pump hiea {0.6047 to 0.0071] {0.0197]
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Table 2-2 Mainlenance service data table - Basic engine {4 / 5)

Finsbection point: -+ 11t>:: [ Notinal i 1 SRGard | [11 -, Wmit i1,
. N o 50 49.950 t0 49.975 49.900
Rear idler shaft outside diameter (197) (19665 to 1.9675] (1.9646]
Rear idler gear bushing inside diame- 850 50.000 to 50.025 50.060 Samc for LH and RH idler
ter {1.97] |1.9685 to 1.9695] [£.9709] shafts,
. 0.3t 0.5 0.7
Rear idler gear end play [0.012 100.020] (0.023]
Timing Crunkshaft gear to 0.11100.26 0.50 Timing mark “1".
gear LH idler gear T [0.0043 to 0.0102} [0.0197] Replace gears.
LH idler gear to ' 0.10t0 0.24 0.50 Timing mark “27.
LH camshaft gear [6.0039 1o 0.0094] [0.01973 Replace gears.
Backlash
LH idler pear to 0.12 10 0.22 .50 Timing mark “3".
RH idler gear [6.0047 to 0.0087] [0.0197] Replace gears.
RH idler gear to 011 w025 0.50 Timing mark “4".
RH camshaft gear [6.0043 to 0.0098] [0.0197] Replace gears.
Feed pump drive gear bearing bore a 68 67.961 to 67.991.
dizmeter [2.68) |2.6756 to 2.6768]
Rore diameter a 40 39.988 10 40.000
1.57] [15743 to 1.5748]
Bearing
Rear Outside diamet o 68 67.987 to 68.00{
acces- | s diameter 12.68) [2.6766 to 2.6772]
sory drive Feed pump drive shafi vutside dizme- B 40 39.995 10 40.011
ter [1.57] [1.5746 to 1.5752]
Backish | goar o L am- 01210018 050 | g
& 10.0047 to 0.0071| [0.0197] eplace gears.
shaft gear
14.35 14.25 10 14.45 .
Inlet .
Cam lift ~ [0.5630] [0.5610 to 0.5689] B
{major axis - minor
i 9.25 1510935 A
axis) Zy
Exhaust [0.3642] [0.3602 to 0.3681] ¢
Runout 0.10 0.16 TIR
. [0.06039] or less [0.0063] Repair or replace.
Journal-outside diameter @ 100 99.920 10 99.940 99.860
[3.94] [3.9339 10 3.9346] [3.9315)
Camshaft | Camshaft bushing inside diameter @ 100 100.038 0 100.095 100.160
(as installed in crankcase) [3.94] [3.2385 10 3.9407] [3.9433]
15 0.2t00.4 0.55
End play [0.59] (0.0 t0 0.016] [0.0217] Replace thrust plate.
' . . 2 30 29.959 to 29.980 29930
t
Follower shaft outside diameter (18] [1.1795 to 1.1803] [1.1783)
: L . 230 30.000 to 30.075 30.125
Follower bushing inside diameter [118] (11811 t01.1841] [1.1860}
. . v 4] 40.95 to 41.05 40.94
Tappet roller autside diameter [1.61] 161221016161 [.6118]

2-5
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Ta;b!e 2-2 Maintenance service data table - Basic engine (5/5) Unit: mm {in.]

TnSpoeton PO T Noma T [ 2o Sandara T Remar
103.860
. @ 104 103.900 t0 103.920
Crankpin diameter [4.09] [4.0905 10 4.0913] [4.08501
(Repair limit) Replace with undersize bear-
i ing if worn beyond limit.
Crankpin iournal diamet ’ v 140 139.930 to 139.950 ]53232_;]1
Hin) rameter (5.51] {5.5000 10 5.5008) (33067}
s . (Repair limit)
Distance between centers of journal 87.5 ° 87410 87.6
and crankpin [3.44] [3.441 to 3.449)
0.01 0.03
Parallelism of joumals and crankpins [0.0004] or less [0.(!01?] .
(Repair limit)
. . : 0.03
Roundness of journals and crankpins ' 0.01 [0.0012]
(diameter difference) [(.0004) or less (Repair limit)
Crank- [(}Ijz;l;ndenc:ty of journals and crank- 0.01 {0068?2]
shaft (diameter difference) . [0.0004] erless (Repair limit)
. . L . ) 7 6810 7.0
Fillet radius of pins and journals 10.28) [0.268 to 0.276]
Hardness of journals and crankpins Hv> 620
Angular deviation between pins +0.3°
.20
Runout L) Oﬂ'iui?gnr les: [0.0079] ;IR ir or replace
e s (Repair limit) pa prace.
. Replate thrusk plate if worn
0.500 down to limit. Use oversize
End play . 58 0.200 to 0.400 [0.0197;| thrust bc:fmt}gs if worn
{clearance between thrust plate jour- (2.28) - [0.0079 10 6.0157] +1.18 [+0.0465) beyond FHimit.
nal width of crankshaft) ’ ' ' for crankshaft +0,25 [+H0.0098],
width +0.50{+0.0197),
+0.75 [+0.0295]
STD 3.500 3.467 to 3.480 3.425
[0.1378] |0.1365 t0 0.1370] (0.1348]
-0.25 3.625 - 3.592 to 3.603 3.550 .
[-0.0098] . [0.1427] [0.1414 10 0.1419)] 10.1398) Replace bearings if wom
Main Thickness of | 050 - 3,750 371710 3.730 3675 . Jd;:‘r‘!“utl‘: :r’:;“l'l::'lgn’;’:;;:“k
bearf B - 14 . s
caring center (-0.0197] _ [0.1476] [0.1463 m.ﬂ 14697 10.1447] bearings if worn beyond
-0.75 3.875 3.842 to 3.855 » 3.800 timit.
[-0.0295] [0.1526] [0.1313 to 0.1518] [0.1496]
-1.00 4.000 3.967 to 3.980 3.925
[-0.0394] [0.1575] [0.1562 w0 0.1567] [0.1545]
0.15 0.20
Flatness of gasket surface [0.0059] or less [0.907_9] . Slightly reface.
{Repair limit)
Crank- Main bearing bore diamet b 147 147.000 to 147.025 147,045
ase & TAmeLer . 5.79] [5.7874 t0 5.7884] [5.7892)
15.00w 15.05
Counterbore depth [0.5906 to 0.5925]
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1.3 Inlet and exhaust system

Table 2-3 Maintenance service data table - Inlet and exhaust system Unit: mm [in ]
L Vlnspection:point - 51 47t .| sNominal .1 I Standard £ S imit T 7 e T Remark 1125
Inside diameter of bearing-fitted section 8 30 29.994 1o 30.006 30,006
of kousing {1.18] 11.1800t0 1.1813] {1.1813]
Ohutside diameter 830 29.876 10 29.886 29.876
srle daam [1.18] [1.1762 to 1.1766] [1.1762)
Bearin Inside diamete al8 18.042 10 18.050 18.050 °
g mside dimeter [0.71] [0.7103 to 0.7106] [0.7106]
Length al7s 17.440 10 17.560 17.440
engt [0.689] [0.6866 to 0.6913] £0.6866]
' Journal diameter o618 17.9962 10 18.0038 17.996
| Shaft & wrbine 7] [0.7085 to 0.7088] 0.7085}
Turbocharger
wheel 0.030
Shaft runout [0.0012] TIR
Piston ring end gap 0.05100.25
: [0.0020 to 0.0098)
Clearance between turbine wheel and tur- 0.2% 0 0.91
bine housing [0.0114 to 0.0358]
- 0.075t¢ 0.135
Shaft & turbine wheel and play 10.0030 to 0.0053]
Clearance between turbine backplate and 0.55w1.15
back side of turbine wheel : {0.0217 to 0.0453]
1.4 Fuel system
; - Table 2-4 Maintenance service data table - Fuel system Unit; mm [in.]
tT.ziatz Inspection.point <:v: <l i Nominal <ot} Lo Standard it ULt Limite .t} i Remark-ion
. 29.4 MPa 28910 30.9 MPa
o Injection starting pressure 1300 kgficm?®} - {295 to 315 kgticm?}
Injection nozzle [4268 psi] [4196 to 4481 psi]
Spray cone angle 160° Nozzle tester
7 : 0.49 MPa . 0.47 10 0.51 MPa
Check valve Valve opening pressure {5 kgfiom?®) {4.75 10 5.25 kglfem?®}
[71 psi| [68 to 75 psi)
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SERVICE DATA

1.5 Lubrication system

Table 2-

5 Maintenance service data table - Lubrication system

g o mEEe RE g B
Rnd o

7, | Narmak.value;

i Standard:

T

Qil pump

Base tangent length of drive and drven

27.983 to 28.055

gears [1.1017 to 1.1045] [1.0996]
Clearance between drive and driven gear 0.095 10 0.140 0.19¢
tips and case [0.0037 to 0.0055} [0.0075]
Side clearance between drive and driven 97 0.095 10 0.155 0.290
wears widths and oil pump case {3.82] [0.0037 10 0.0061] [0.0114]
. . 39.984 10 40.0060 39930
Gear shaft diameter 40 (1574210 1.5748) | [L.5720]
- [1.57] 40.040 to 40.059 40,140
Gear bushing inside diameter [1.5764 10 1.5771] [1.5803]
Qil pump drive gear and crankshaft gear 0.11 to 0.28 0.50 Replace gears
backlash [0.0043 to 0.0110] [0.0197] place gears,
1.4+0.1 MPa
Valve opening pressure {14 + 1 kpffem®}
[199 + 14psi] L .
Change in oil pressure is
73.4 0.04 MPa {0.4 kgflcm?}
Safety valve Sct length [2.890) 5.7 psi] with 2 mm
Spring 971N 902 t0.1040 N AN | |C0Bin.)shim.
Set load 199.0 kef} 192 10 106 kef} 185 kgt
[218 1bf} (203 to 234 Ibf] [187 Ib)

Bypass valve

Valve opening pressure ’

0.44 + 0.05 MPa
{4.5= 0.5 kgfiony!
[64+ 7.1 psi]

Relief valve

Valve opening pressure

0.58 = (.05 MPa
{5.9 + 0.5 kgflem?}
[84 + 7 psi]

il filter alarm

Valve opening pressure
(differentiat pressure)

+)m

.14 o MPa
1.5 kgfiem¥)
[21.34 87 psi]

Piston cooling
nozzle
(oil jety

Valve opening pressure

0.29+0.03 MPa
{3 =03 kefiem?}

2-8
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1.6 Cooling system

" Table 2-6 Maintenance service data table - Cooling system {1/ 2)

SERVICE DATA

Unit: mm [in.]

P CEETER
‘,@‘?\‘\9‘9
$lha 0@

-+, Inspection point513.0

—
e
Regee

=< Nominal -~

P

100 Standard D

T tmit

Gighier cRemark iy

L ®

Water pump

Case bearine bore diameter w120 119.987 10 120,022
i a (4.72) [4.7239 to 4.7253]
. . alld 110.005 to 110.0401
Cover bearing bore diameter [4.33) (43309 t0 43323]
Inside a 50 49,988 to 50.000
diameter [1.97] [1.9680 10 1.9685]
Small
Outside ali0 109.985 to 110,000
diameter [4.33] [4.330) 10 4.3307}
Bearing
Inside 55 54,985 10 55.000
diameter [2.17] [2.1648 to 2,1654]
Lurge
Quside o 120 119.985 10 120.000
diameter [4.72] [4.7238 to 4.7244)
855 55.011 t0 55.024
Shaft bearing joumnal diame- [2.17] [2.1658 10 2.1663]
ter 8 50 50,011 10 50.024
[1.97] [1.9689 to 1.9694]
X 1.04 0.5% to 1.50
Valve front face clearance [0.0409] [0.0228 to 0.0591]

2-way
waler pump

Inside diameter of bearing
fitting bore in case

862 [2.44)

61.988 to 62.018
[2.4405 to 2.4420]

67.961 to 67.991

Case !Jeau'mg bore diameter o 68 [2.68) [2.6756 to 2.6768)
Inside 27.990 10 28.000
diameter | 7 281110] [1.1020 to 1.1024]
Bearing
Outside 67.987 10 68.000
| diameter | @ 88 268 [2.6766 to 2.6772)
Shaft bearing journal diame- 028 11.10] 28.002 to 28.015

ter

11.1024 1 1.1030}

Vane front fuce clearance

0.8 {0.031]

S5l
[0.020 ta 0.043]

Thermostat

] £29C

Temperature gt | Primary [12(; + 3.6(;F]

which valve

starts apening Second- 14£2C
ary [165% 3.6°F]

Check at atmospheric pres-
sure

Temperature at which valve
lift is 10 mm [0.39 in.| or
more

B5°C
[185°F]




SERVICE DATA
S

p——— — ——
Table 2-6 Maintenance service data table - Cooling system (2 / 2) Unit: mm [in ]
Ei - specion Bt FInA 17 Standard T T e Reak
o L0 109.987 t0 110.022
[4.33] [4.3301 10 4.3316]
Bearing borc diameter -
a 120 113987 to 120.022
{4721 - [4.7239 to 4.7253}
Inside a3 49.988 to 50.000
diameter 11.97) [1.9680 to 1.9685]
Small
Outside w1l 109.985 o 110.000
diameter” [4.33] [4.3301 0 4,3307]
Fan drive Bearing
Inside o 45 44.988 to 45.000
diameter [1.77] [1.7712 to 1.7720] ’
Large
Outside al2d 119.985 to 120.0600
diamerer [4.72] [4.7238 to 4.7244]
@ 50 50.002 10 50.013
Shaft beariog jourmal diame- |+ [197] [1.9686 to 1.9630]
ter ' a 45 45.002 to 45,013
[1.77] [L7717 to §.7722)
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L I e

1.7 Electrical system

Table 2-7 Maintenance service data table - Electrical system Unit: mm [in.]
§5.23 0o Inspection point+itii 31%5: ko Nominal” the ;- “Standard % [ s Limit - 5] - Remarks. s ¢
Dimet 643 842 I
nammeter [1.69] [1.65]
R . 0.06 0.10
Commutator | Y . {0.0024] less or [6.6039]
071009 0.2
NE
Mica depth ' [0.008)
5 [0.028 to 0.035) (Repaic limit)
. 22 13
Height of hrush [0.87) [051]
443N - 3923104903 N 39.23 N
Tension of brush springs . {4.5 kgf} £4.0 10 5.0 kgf} {4.0 kef}
110 1bf] [8.8to 11 Ibf) (8.8 1b1]
. . 20 20.002 w0 20011
Starter Diameter of shaft front side (0.79] [0.7815 to 0.7878]
. - Replace armature.
. o all 10.00110 10.007
Armature Diameter of shaft rear side (0.39] [0.3937 i 0.3940]
.10
Shaft runout (0.0039)
] . a 30 30.002 to 30.011
Shaft diameter un rear side [1.18] (1181210 1.1815] ,
Pinion shaft | Clearance between shaft 19 0.045 to 0,138 035
di : insid ' : -
I;?;ff; ::i?:.t;l inside [0.751 [0.0018 t0 0.0054] [0.0098]
021006
Ammature end play 10.008 t0 0.024]
' o 0.2t0 0.6
Measurement of pinion shaft end play [0.0080t0 0.024]
- o 633 12810332, 124
Siip ring outside diameter (1.30] [1.291 to 1.307] [1.276]
. 715 ' 8.0 Wear limit line indi-
Altornator | DTS height [0.846] (0.315] ° [ cated on brush.
37N 314N 18N
Brush spring tension £0.38 kef) 10.32 to 0.44 kef} 1018 kpf}
{084 Ibf] {07 to 1.0 1bf] [0.4 1]
13732 10N
‘New belt : {140 = 1.0 kgf}
Altermator ) ’ [309 £2 [bf)
Tension :
belt : 961 £5N
Retightening ] 198 £ 0.5 kgf)
I‘ {216 £ 1 1bf}
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2. Tightening torque table
2.1 Major bott tightening torque
2.1.1 Basic engine

Table 2-8 Tightening torque list - Basic engme

BB E W g wg f o qu?; ;"
?»w:?m-h "“R*xb<5’9a

ST
'v!smmo“, ot %1

b kit Tomue.

fenTm B 4P A Gode e s

‘ ‘; m EThreads*” 2

£ M Dlaax Pntchxm;m‘,“ﬁ T g *' T kbt
= P - S - -
Proesrniysin e FreNmrsr kgfi ﬁwibffthz,; s

T R
NS ‘Mmo&xwx [N CRC R P I b R el e o ade o

Cylinder head M22x235 539+ 27.5

398 + 203 | (Wet| 2-stcp tlghtemng method (Note a}

Mi12 % 1.25 108=54 11 (.55 80140
Raocker casc -

M1 = 125 50+£29 6.3 4322
Rocker shaft MI6x2 | 167+8%3 | 17085 | 123261
Rocker arm (lock nut} M12 %125 64+ 3.2 6.5+0.33 47+£2.4
Bridge (lock nut) MLGx 125 55427 5.6=028 41+20
Camshaft gear M14 = 1.5 177+ 88 18+£0.9 130£6.5
Camshaft thrust plate MI12 = 1.25 108+ 5.4 11+40.55 B0+ 4.0
Camfollower shuft M12x .25 88 +4.4 9+ 0.45 65+ 33
Adapter (for fan drive) M2 =125 TB+39 B=04 58+29
Main bearing cap - M22=25 490+ 245 S0+25 362 + 18.1

- - [Wet| (Note b}

Main bearing cap (side bolt) M6 = 1.5 14774 15+0.75 108+ 5.4 .
Rear hanger \ ' Mi6x 15 2555255 | 26=26 | 188188
Piston cooling nozzle (oil jet) M12x 1.75 34£18 35+0.18 25+1.3 (Noté c}

M12 = 125 9849 | 10£05 | 72=36 | Tighten the crankease
Timing gear case MI12 =125 6934 7£0.35 51+2.5 | Tighten the rear plate and muts.

Mg = L5 255+ 127 26+ 1.3 188+ 94

Rear plate Ml12 =125 108=54 11£0.55 80 + 4.0
(il pan . ’ MI10 % 1.25 3+39 4104 29429
Front mounting bracket . M20x 1.5 392392 4040 289 =28.9
Rear mounting bracket " MI18x25 294294 | 30+30 | 217217 )
Connecting rod bearing cap -MIS =15 M3z 177 35138 253 = 13.0 | [Wet] 2-step tig-htcning method (Note d)
Balance weight Mlé = L5 196+ 9.8 20+ 1.0 145+ 7.2 | (Wet|
Flywheel M22 x 1.5 588204 | 60£3.0 | 4341217 | [Wet]
Damper and crankshaft pulley - M22x 1.5 450 + 24.5 5025 362+ 18.1
Rear idier shaft M12 = 1.23 108 + 3.4 11 =0.55 80=4.0
Rear idler shaft thrust plate MI10 x 1.25 29 (.45 3+£015 22=1.1
Feed pump drive case M12 =125 108 £ 5.4 11 £0.55 80+ 4.0
Feed pump oil seal case MIiG % 1.25 60+ 3.0 6.1 +£0.31 44+2.2
MI12 % 1.25 98+ 0.8 10+ 1.0 72+7.2 | Tighten the crankcase
Front pear case MI12 = 1.25 69 +6.9 7407 SE=5.1 Tighten the front plate and nuts.

M16 = 1.5 255+25.5 2626 188 + 18.8

Front plate . ME2x 125 108 £10.8 11x1.1 80+ 8.0

Frant idler shaft M2 = 1.25 108+ 5.4 11+ 0.58 80+4.0 *

Front idler shaft thrust plate Mlé = 1.5 216+ 10.8 22+ 1.1 150 £ 8.0

UT gland stud Mle=x 24 12764 13+065 94 +4.7 | Apply Loctite 27t

Bridge guide M1 x 1.25 Bx20 4+0.2 29+ 1.4

SUS mbe : M24 15 127+6.4 13 +£0.65 94+4.7 | Apply Three Bond 1207C
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Note: (&) To tighten cylinder head bolts according to the angle method, follow the sequence described below.
- 1.Tighten to snug torque of 294 = 14.7 N'm {30 = 1.5 kgfm} [217 + 10.8 Ibfft].
2 Tighten by tumning 35 + 1.5°. '
3.Tighten by further turning 30 = 1.5°. (total of 65 = 3° tum)
4.Loosen all balts, and tighten again according to the angle method. (2-stcp tightening method)

(b) To tighten main bearing cap bolts and main bearing cap side bolts, observe the specified sequence.
I. Tighten the main bearing cap bolis to the specified torque.
2.Tighten the side bolts on the right side of the engine to the specified torque.

3.Tighten the side bolts on the left side of the engine to the specified torque.
(c) To tighten piston cooling nozzles to the specified torque, be sure to use a torque wrench. Tightening without the use

of a torque wrench can result in cxcessive tightening force, and this can cause check valve malfunctions and lead to

seizing of pistons due to insufficiert supply of lubricating oil during engine operation.
{d} To tighten connecting rod cap belts according to the angle method, follow the sequenée described below.
1. Tighten to snug torque of 147 £ 7.4 N-m {15+ 0.75 kgf'm} [108 £ 5.4 Ibf*ft].
2 Tighten by tuming 45 £ 3°.
3.Loosen all bolts. and tighten again according to the angle method. (2-step tightening method)
(e) When [Wet] is indicated, apply engine oil to the threads and bearing surfaces of the bolts and nuts.

2.1.2 Inlet and exhaust system
Table 2-9 Tightening torque list - Inlet and exhaust system
i teetThieads: o7 et el dIQUe Tl R f
DuaXPltch SR SRy T “" 17
- ggg;(mm) ?‘i"N"r'rjl 4 :i'*”“k:g‘fmwxv; RS |bfﬂ :‘t‘, <
Exhaust manifold M10 = 1.5 49+40 55+05 3636
Turbocharger compressor wheel {(nut} MLl = 1.0 - - Note lefi-handedthread
Compressor cover M8 x 1.25 2020 2002 1414
Turbine housing M10 % 1.5 4£10 24=01 17107

Notc: Tighten nut 9.8 N-m {1. Okgf m} [7.2 lbfft] and loosen it. Retighten to 9.8 N-m {1.0kgfm} [7.2 IbFR], and turn to the

angle 80 = 3°,

213 Fuel system

{ for ECUI torque information, refer to manual.)

Table 2-10 Tightening torque list - Fuel system

Bt o IR Y TOi'Clue i ".”3
y ’Descrlphon - et K
FAE R IR L. kgt <[ bt

EC unit injector p,l.md (nut) Ml6 =13 - - - [Wet| Note
Fuel pipe (eye bolt) M1 > £.25 15+ 1.3 1.5+0,15 IL+1.1

Priming pump and fuel filter (eye bolt) Mild = 1.5 22425 |2252025] 16418

H/P TN fuel pump and F/Q connector M6 % 1.5 1434 154045 25525

(eye bolt)

Feed pump (eye bolt} M20x 1.5 5959 6.0+0.6 43=43

Fuel filter air vent plug M8 = 1.25 9+ 1.0 09+0.1 707

Feed pump ME % 1.25 21410 | 2101 15207

Check valve jam nut Mi12x 1.25 5659 57106 4143

Note: Tightennut 177.= 8.8 N'm {1809 kgfm} [130+6.5 Ibf ft] and loosen it. Retighten to 127+ 6.9 N'm {13 + 0.7 kgf'm}

[94 5.1 ibffi].
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2.44 Lubrication system

Table 2-11 Tlghtenmg torque list - Lubrication system

MI10 % 1.25
Safety valve plug Ma0 % 2.0 196 £ 19.6 20+£20 145+ 14.5
Q4] pump cover ML= 1.25 54+ 19.6 55+20 40+ 145
Oil cooler pipe MI10x 1.5 3949 4003 29=x3.6
0il cooler element (nut) MI10 = 1,25 25£49 253+0.5 18£3.6
Turbocharger oil pipe MI10 % 1.5 5829 59+03 43£22
Turbocharger drain pipe MIO % L5 5§+29° 59+03 43£22

2.1.5 Cooling system

Table 2-12 Tightening torque list - Coolmg system -

~

s

Thneads o

mark:ﬁm

W S
4 & ik .Z&zwd4xs@¢ff,¢9 3;?322?1‘,;
Water pemp (nu:) MI12 % 1.25 108+ 10.3 TESH! 80+ 8.0
Water pump pulley (nut) M30x 1.5 392 £ 19.0 40 + 2;..0 289+ 14
2-way water pump pulley {nut) M20 > [.5 11349 11.5=05 83+36
Fan bolt M12x1.25 3320 34402 2514

2.1.6 Electrical system

Table 2-13 Tightening lorque list - Electrical system

FrAta s g S ARE S g

2Eeiips

B oy e
v ;«n v

Fat o RIS HE GGy g4
¢ 3

£ e xbMe P
Gk b g 4 o

M12x125

Starter (nut} 59£59 .
Starter B terminal M1 % 1.25 i8+2.0 1.B£0.2 1314
M20 = 1.5 147 £ 14.7 15+1.5 08+ 10.8

Altemator pulley (nut)
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2.2 Standard bolt and nut tightening torque
Table 2-14 Standard bolt and nut tightening torque

s Threads L Widthy, 515507 1%: 1 - Strength classification ;#7758 2i000
:Dia x.Piteh | across flats { e ST T et
3Q°~(mm)h (mmlnn]u el iﬂ:'f:l'ﬂ IR B AR 1{39

Dy X v ke r
b R cpe b
. e x v da = 0L

.3 -Deseription ;-
“ ﬁ- uf-;'.’d,;,,% :x::t ‘,: 'u“:»‘;'

N'm kgfm | Ibffi N-m kgfm | Thift

M8 * 1.25 12 [0.47) 17 1.7 i3 30 a1 22
(Mm x1.25| 14 [0.53] 33 34 24 60 6.1 44
2 ] 3 44 _
Meltric automabile screw thread M2 x1.25 17[0.67) 60 6l 108 1.0 80
Misx1.5 | 22[087) 97 9.9 72 176 [ 179 | 130

Ml6x15 | 24[094] 145 |- 148 | 107 | 262 | 267 | 193
MI8x [.5 [ 27(1.06] 200 | 214 | 155 | 378 | 383 | 279
M20x1.5 | 30[1.I8] 290 | 207 | 215 | s24 | s34 | 386
M2x15 | 32[1.26) 385 | 393 | 284 | 694 | 708 | s12
M24x15 | 36[1.42] 487 | 497 | 359 | 878 | 895 | 648
M27x1.5 | 41[1.61] 738 | 753 | s44 | 1328 | 1355 | 979

MI0 % 1.5 14 [0.55]' 32 33 24 58 5.9 43

MI2x 1,75 | 17[0.67) 57 5.8 42 102 | 104 75

Metric course screw thread Mi4x2 | 22[0.87] 93 9.5 69 | 167 [ 170 | 123

' M16 % 2 24 [0.94] 139 | 142 103 251 256 | 185

MiB x 2.5 27 [1.06] 194 19.8 143 350 357 258

M20x25 | 30([L18] 272 1 277 | 20 489 | 499 | 361

' : ' M22x25 | 32[1.26) 363 | 370 | 268 | 653 | 666 | 482
| M24 % 3 36 [1.42] 468 | 477 | 345 843 | 860 | 622
M27 % 3 41161 686 | 700 | s06 | 1236 | 1260 | 912

Note: (a) This table lists the tightening torque for standard bolts and nuts.
{(b) The numerical values in the table arc for fasteners with spring washers.
{c) Thc table shows the standard values with a maximum tolerance value of £10%.
(d) Use the tightening torque in this table unless otherwise specified.
(¢) Do not apply oil to threaded portions. (Dry)
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2.3 Standard eyebolt tightening torque

;&Wldth

b Bt dncnnfd 0

o wa,w»@”;\w e

Table 2-15 Standard eyebolt tightening torque

across flats: | i

' (mmJ [m]
M8 x 1.25 12 [o 47]
Mi0<125 14[0.55]
Mi2 x 1.25 17 [0.67]
Ml4 = 1.5 19 [0.75]
M16 % 1.5 22 [0.87]
Mi8% 1.5 " 24 [0.94)
M20x 1.5 27 [1.06] 98+ 10 10.0£1.0 72+74
M24 x 1.5 3211.26] 1474 15 15.0£ 1.5 108 11.1
M27 % 1.5 411.61] 226 20 23.0+2.0 167 = 148
(Dry)

2.4 Standard union nut tightening torque
Table 2-16 Standard union nut tightening torque

ﬂ‘ﬂ?f;wwwwmmy3§£§§ﬁ?f
S S iy s

63 Ml4 x 1,5 15 [0.75] 39

80 M16x 1,5 22[0.87] 49 ) 5 36
100 M20 = 1.5 27 [1.06] 78 8 58
120 M22 % 1.5 30 [1.18] 98 lh 72
150 M27x 1.5 32[1.26] 157 16 116
180 M30 % 1.5 36 [1.42] 196 20 145
200 M30x 1.5 36[1.42] 196 20 145
220 M33=x1.5 41 [1.61} 245 25 181
254 M36x 1.5 41 [1.61] 294 30 217

(Maximum tolerance value: +£10%, dry condition)

2.5 High-pressure fuel injection pipe tightening torque
Table 2-17 ngh pressure fuel mjectlon plpe tlghtenlng torque

2-16

53 Cap nutﬂ ;l;e* it

55 s

M]?.XI.S

29:!:3.6
Ml14 = 1.3 36::3.6
MIB x 1.5 4372

(Dry)
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SERVICE TOOLS

“

1. Special tools

L2042 Applicalion;: 147

£y & dbodhvs o

General

Adjustable wrench
F9611-15000

Max. open width:
20 mm {0.79 in.]

Torque wrench .

Range applicable:
010 539 N'm

32191-03100 {0 1o 55 kgl'm}
' [0 to 398 lbfft]
Ring pliers Snap ring

45191-08400

removal/installation

Set bolt
64362-68500

Flywhesl removed
Jack bolt

M12 * 1.25 - 95 mm
f3.74 in.]

Inspection for over-
haul need, and testing

Adapter assembly
35C91-12020

Compression pressure mea-
surement

Compression gauge
35A91-03100

1. Gauge adapter
35C91-12200.

2. Q-fing
05507-10460

3. O-ring
05507-10420

Spacer
35C91-02100

Cylinder head and
valve mechanism

Valve spring pusher
33591-0_4500

Inlet/exhaust valve spring
removal/installation Handle
plate

Length: 600 mm [23.6 .}

3-2




Table 3-1 Special tools list (2 / 6)

SERVICE TOOLS

S ]

[ Application 17!

a2 Tool name/Part No.aji: i[5 1 T iy

T e Wi Ses g b g
soseat LTUee g e

= b e

Cylinder head and

valve mechanism *

Rocker bushing instalter
35C91-01800

Rocker bushing replacement

Guide & seal installer
32591-10300

Valve guide and stern seal
installation ’

Valve lapper
30091-08800

Inlet/exhaust valve lapping

Valve seat pulier
32591-04200

Valve seat eemoval

Injector puller.
35C91-11400

EC unit injector removal

SUS tube tool
35C91-00600 |

EC unit injector SCS1 tube
remaval/installer

Valve guide remover
33591-04300

Valve guide remova)

1. Valve seat cutter shaft
37591-06400

2. Valve seat cutter
37591-06430

Valve seat correction
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- Tabte 3-1 Special tools list (3/6)

ey

;234 Shape«i

:3% Application z3iz:| <5 < Togkname/PartiNo. «: s o« 141113

L R R T O N R T e

wloed,wisdaild]
ol risre nbn it s,

RIS
€3t do sy »‘,f
A o,

-l

Cylinder head and
valve mechanism

OMiset ;vrench
353(91-00500

Valve clearance adjustment

Leak tester assy.

35C91-03010

1. A plate
35C91-03100

2. B plate
35C91-03200

3. O-ring
F3153-04000

4. O-ring
F3153-02600

5. Bolt
35C91-03300

6. Plain washer
F2500-14000

7. Nut

" F2300-14000

Cylinder head water pressure
testing

Eye nut
37591-02400

Cylinder head asscmbly
removal/instatlation

Follower bushing installer
35C91-01700

Follower bushing removal/

installation

Front cover, flywheel
and timing gear

Idler bushing puller
32591-02500

Front and rear idler bushing
removal/installation

Rear seal installer assembly
35B91-06010

Rear oil seal installation

Front seal installer assembly
37591-05010

Front oil seal installation

3-4
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Application ; 2177

. - TEEYRE
P i o R

Front cover, flywheel
and timing gear

Cam gear stop bolt
35B91-06500

Camshafl gear retaining

Crankcase

Cap remove adapter .
32591-04300

M10 = 1.25 mm

Main bearing cap removal

Nozzle remover
33591-10101

Main bearing cap removal

Cam bushing mstaller
35C91-11600

Camshaft bushing removal/
installation

Cylinder liner, piston
and connecting rod

Ring expander
37191-03200

Piston ring removal/instalta-
tion

Range ;e t01.6t0 177.8 mm
[4.000 10 7.000 in.]

Eye bolt
MM321420

‘| Piston remavab/installation

MI0 = 1.5 mm

Projection plate
37598-0920H

Crankcase counterbore depth
measurernent

Comnecting rod bushing insialler
32591-18010

Connecting rod bushing
removal/installation
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Table 3-1 Special tools list (5 / 6)

e “;\ P b N ‘.Q,WL --y:s'::jvf‘x\:“w‘&;&‘y‘-
c:Tool namelPart Noss - e iy

i b e
LI

23771 Application

Cylinder liner, piston
and connecting rod

Piston installer
37191-07100

Piston installation
Range : 2 88.9 10 177.8 mm
{3.500 to 7.000 in.]

Liner pusher
37591-06200

Cylinder liner collar protru-
SION measurement

Belt
37591-06300

Cylinder liner collar protru-
sion measurement

M22 > 25- 115 mm

[4.53 in.]

Crankcase grinder
32591-04050

Cylinder lirer support ridge
of crankcase adjustment

Cylinder liner remover
32591-04100

Cylinder liner removal -

Torque wrench
48493-0040¢

ECUI terminal to harness
tightening

Connecting rod gauge
32691-01500 (01600)

Connecting rod end play
measurement

Water pump

Water pump pliers
37591-03100

Water pump cover snap Ting
removal
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Table 3-1 Special tools list (6 / 6)

>
g R

* Application .~

<. Tool hame/Part No. ., b )

£ii3hiShape st iy

Twa E

Walter pump

Impciler remover
37591-03200

£

P
s

o

4

Water pump impeller
removal :
MI18 % 1.5 mm

Ring remover
37791-03400

@,

Water pump unit seal
removal

Ring installer
37791-03300

Water pump unit seal installa-
tion

Unit s;:al installer
37191-06300

Water pump unit seal ring
installation

Tutbocharger

Plier
49160-90101

Sunap ring (49162-23200}
installation/removal

Plier
49160-90201

Snap ring (49181-22300)
installation/removal

Vbelt

V-belt gauge
32591-09100

Raw edge cog belt deflection
measurement

EC unit injector

Height gauge
35C91-01900

Plunger tappet height mea-
surement

Note: Refer to the service manual of the ECUTI for the special tool servicing the ECUL
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DETERMINATION OF OVERHAUL
. I

1. Determining overhaul timing

o
b g w“ &wvus«w“&s
SrEomaEe ame 5

f el CAUTIONG T (i B R o
When changlng parts be sure to our designated parts. Unless our demgnated parts are used, the exhaust emission
regulations cannot be met.

Work refated to the exhaust emission regulations can be conducted only at our designated service factories.

In most cases, the engine should be overhauled when the compression pressure of the engine becomes low. An increase in

engine cil consumption and blow-by gas are also considered to evaluatc the engine condition. Besides, such symptoms as a

decrease in output, increase in fuel consumption, decrease in oil pressure, difficulty of engine starting and increase in noise are

also considered for ju@ging the overhaul timing, although those symptoms are often affected by other causes, and are not

ﬁtways effective to judge the overhaul timing. Decreased compression pressure shows a variety of symptoms and cngine.

conditions, thus making it difficult to accurately determine when the enginc needs an overhaul. The following shows typical

problems causcd by reduced compression pressure.

(1) Decreased output power

(2) Increased fuel consumption

(3) Incrcased engine oil consumption

{4) Increased blow-by gas through the breather due to wom cylinder liners and piston rings (Visually check the blow-by
amount)

(5) Increased gas lcakage due to poor seating of inlet and exhaust valves

(6) Difficulty in starting -

(7) Increased noise from engine parts

(8) Abnormal exhaust color after Warm-up operation

The engine can exhibit these conditions in various combinations. Some of these problems are directly caused by wom engine

parts, while others are not. Phenomena described in items (2) and (6) will tesult from improper fuel injection volume, fuel

injection timing, worn plunger, faulty nozzles and also faulty conditions of electrical devices such as battery and starter. The

most valid reason to overhaul an cngine 18 a decrease in compression pressure due to worn cylinder liners and pistons, as

described in item (4). In add:t:on to this item, it is reasonable to take other problems into consideration for making the total

Judgement.
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2. Testing compression pressure

Adapter assembly
P/N:35C91-12020

HIESIE e  ICAUTIONT il Tl s

{a) Be sure to measure the compression pressure for
all the cylinders. It is not a good praclice to mea-
sure the compression pressure for only one cylin-
der, and presume the compression pressure for
the remaining cylinders. _

(b} Also be sure to check engine speed when measur-
ing the compression pressure, as compression
pressure varies with engine speed.

(¢} Measuring the comprassion pressure at regular in-
tervals is important to obtain correct data. -

{d) The compression pressure will be slightly higher in
a new or overhauled engine due to new piston
rings, valve seals, etc. Pressure will drop gradually -
by the wear of these parts.

(e) When measuring the compression pressure for
cylinders one by one, do not remove other fuel
injection nozzles, except for the one being mea-
sured, from their positions.

Testing compression pressure

(1) Remove the unit injector from the cylinder head where
the compression pressurc is to be measurcd.

{2} Anach the adapter assembly to the injection nozzle

 mount and connect compression gauge.

(3) Crank the engine with the starter, then read the
compression gauge indication while the cngine is
running at the specified speed.

{4} 1f the compression pressure is lower than the limit,

overhaul the engine.

eoltem. ili. Standard | Lcncps e sbimite .

2.4 MPa : 1.9 MPa
{24.4 kgficm®} {193 kgliem?}
[347.1 psi] or mare | [274.5 psi] or more

Compression
pressure

Note: Mcasure the compression pressure with the engine

running at 120 min*.
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DISASSEMBLY OF BASIC ENGINE
L

1. Disa_ssembiing and inspecting cylinder head and valve mechanism

Crack, oil leakage
and fatigue

Wear and E E
clogging g 2§
=i 1
Crack, damage

and scale > [
deposit

Fatigue and
crack

Wear, leakage and damage |

Wear, corrosion, damage
and carbon deposit

Disassembling and inspecting cylinder head and vaive mechanism
" Disassembling sequence

1 Rocker cover 8 Hélper spring 15 Cylinder head - 21 EXH valve

2 Rocker shaft 9 Ul helper push rod (weight: approx. 33 kg [72751b)) 55 1 valve

3 EXH rocker " 10 Bridge, screw and nut 16 Cylinder head gasket 23 Valve seat

4 Ul rocker 11 Gland 17 Cotter 24 SUS tube

5 IN rocker 12 EC unit injector 18 Rotor

6 IN & EXH push rod 13 Rocker case 19 Valve spring

7 Spring upper seat 14 Cylinder head balt 20 Valve stem seal

AL e A e 2 CATION T L T i L T i

When changing parts, be sure to use our designated parts, |
Unless our designated parts are used, the exhaust emission regulations cannot be met.

-2
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1.1 Removing harness
{1) Be sure w turn the ECUI off.
{2) Remove the two harnesses from the ECUL

1.2 Removing rocker shaft assembly

(1) Loosen the adjusting screw and make cach rocker free.

{2} Removc each rokcer shaft assembly. Keep the rocker
shaft assembly and mounting bolts together.

{3} Plunger push rod may be attached with ECUI rocker. In
such a case, remove plunger push rod carcfully before
removing tocker shaft assembly.

1.3 Disassembling rocker shaft assembly

Be sure to ammange the parts of rocker shaft assembly in the
order of disassembly. Reassemble the rocker shaft assembly
in the reverse order of disassembly by making sure of the
original combination of rocker arm and shaft assembly so
that the same clearance between the rocker shaft and arms is
restored when reassembling.

14 Removing push rod

(1) Remove the IN & EXH push rod.

{2} Remove the spring upper seat.

(3) Remove the helper spring and Ul helper push rod.

1.5 Removing valve bridge

Remove the valve bridge and bridge cap.

Note: Be careful not to drop bridge caps into the crankcase
through the push rod holes.

Removing racker shaft assembly .

ﬁ\ Plunger push rod

Removing plunger push rod

Rocker bushing
Rocker shaft
¥ IN rocker

a

e

m Ul rocker

i

EXH rocker

Disassembling rocker shaft assembly
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1.6 Removing EC unit injector

FEEED

4 gran x Ty - R R
AN CAUTION: 8T
Feoi > 5 TIaIEYYI Eaa o bamu

P

Tiesitedii g}
Install the injector puller on the cylinder head before
removing the gland nut. Removing the giand nut with-
out the puller in place can cause the injector to eject

abruptly.

{1} Install the unit injector puller on the cylinder head using
bolts (rocker cover bolts or similar bolts). Put claws of
the unit injector puller into holes on the unit imjector.

. Tart nut by hand until the claws are securely inserted in

the holes. Turn bolt to remove the injector.
{2) Remove the gland.

{(3) Remove gasket from inside of the cylinder head using a

wire or other tools.

1.7 Removing rocker case
Unscrew-the rocker cover mounting bolts, and dismount the

rocker case.

1.8 Removing cylinder head bolt
Remove the cytinder head bolt.

1.9 Removing cylinder head assembly

T e S G AUTION oo SR
When removing the cylinder head gasket, be careful
not to damage the cylinder head or crankcase surface

with a screwdriver or other tools.

(1) Attach a sling to the SH gland stud of the cylinder head.

(2) Lift the cylinder head using eye bolt, as dowel pins are
used to hold the cylinder heads in position.

(3) Remove the cylinder head gasket.

Injector puiler
P/N:35C91-11400 Boit -

Removing EC unit infector

Cylinder head bolts

———y JIF -

CJo_ g

S0 P o C
&GN
LY R o)
1._/“’00 ' \ /‘fq‘\
L Of_ i \:{/ﬁ
__F\gf/\h\-—'_:

Sling
{(M16x1.5 mm)

Weight: approx.
33 kg [72.251b]

' Removing cylinder head assembly
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1.10 Removing valve and valve spring
Using a valvc spring pusher, compress the valve spring

Valve spring pusher

evenly and remove the valve cotters.

Note: If valves arc reusable, mark each valve seat and the

’ mating valve gpide for identifying their original
positions. Do not mix valve seats with other valve
guides.

. Remaoving valve and valve spring
1.11 Removing stud and guide
Do not remove the following parts from the cylinder head SH gland stud Bridge guide

it i 3 127 £ 6.4 N'm 39+x2.0Nm
unless it is neccssary. If any of these parts are Femovcd_. {13 2 0.65 kgf-m} {4+ 0.2 kg-m}
apply thread lock agent to the threads in the belt holes, and {94 + 4.7 Ibi-f] {29 + 1.4 IbifY]
install new parts. Apply Loclite 271

Note: Do not remove the bridge guide unless the valve
guide is replaced.

Removing stud and guide
1.12 Removing SUS tube

Using a SUS tube tool, remove the SUS tube.

SUS tube tool
P/N:35C91-00600

M
| & SUS tube
=

—_————

Removing SUS tube
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2. Disassembling and inspecting flywheel, timing gear and camshaft
Removing and inspecting oil pump

Removing and inspecting il pump
Removing sequence ‘ .
1 Qil pipe 4 0Oil pan (weight: approx. 70 kg [154 1b}) 7 Oil pump {weight: approx. 32.5 kg [72 b))
2 Connector 5 Strainer stay ' '
3 Connector 6 OQil strainer

5-6
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Disassembting'and inspecting flywheel and timing gear

Wear, damage
and deterioration

Flaking and

. l Damage

Crack, abriormality,
damage and wear

Ll

P

Flaking and weaﬂ - /

»°

S Fiaking and wear |

Disassembling and inspecting flywhee! and timing gear
Disassembling sequence

1 Pickup 5 Cover 9 RH idier shaft
2 Flywheel (weight: approx. 100 kg [220 Ib])- 6 Slinger 10 LH idier shaft
3 Timing gear case {weight: approx. 170 kg [375 1b]) 7 LHidler gear 11 Camshatt gear
4 Qil seal 8 RHidler gear 12 Rear plate
] CUCAUTION - - T o e

When changing parts, be sure to use our designated parts. )
Unless our designated parts are used, the exhaust emission regutations cannat be met.
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Disassembling and inspecting cam follower and camshaft

@mage and wear

23

Damage and
wear

10

Disassembling and inspecting cam follower and camshaft
. Disassembling sequence

1 Cam room cover 9 Set screw 17 Tam cover plate

2 Cam follower shaft .10 Roller pin 18 Spacer

3 Cam follower spacer 11 Tappet roller 19 Sensing blade

4 IN follower 12 Roller bushing 20 ECUI sensor case

5 Ul follower ' 13 Ul reller pin - 21. ECUI coupling

6 EXH follower 14 Ul tappet roller 22 Thrust plate ,
7 Follower bushing 15 Ul roller bushing - 23 Camshaft (weight: approx. 58.5 kg [129 b}
8 Ul follower bushing 16 Cam sensor 24 Camshaft bushing

&
o
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e

2.1 Removing flywheel

T TR T S/
o T e N CAUTION T et 1 S
Be careful not to drop or hit the fiywheel. Dropping or N \:ﬁ‘j\\;{%//
hitting the flywheel not only causes damage to the fly- Sling N \Lﬁ? )
wheel but also can result in personnel injury. \éﬁﬁ =y

CAUTION O Set bolt ﬁ \\%i\)‘
P Ut Py - L. et bo N
; A - ; i
Be sure to remove the pickups and slarter before P/N:64362-68500 / E/ j/
removing the flywheel. Flywheet ] J

- . Weight: approx. ’

(1} Attach a lifting sling to the flywheel to prevent from 100 kg {220 Ib)

falling off. Removing flvwhes!

emovin ec
(2) Unscrew the flywheel mounting boits. g Tyw
(3} Screw-two sct bolts evenly into bolt holes and remove

the flywheel.

2.2 Removing timing gear case

S v g CAUTION -t
Be careful not to drop or hit the timing gear case.
Dropping or hitting the timing gear case could ¢ause
not only damage to the gear case but also lead to per-
sonnel injuries. '

{1) Attach a lifting sling to the timing gear casc to prevent

it from falling out. Timing gear case

(2) Remove the timing gear case mounting bolts. | Weight: approx.

(3) While lifting and supporting the timing gear case, 170 kg [375 1]

remove the timing gear case by sliding it out until the Removing timing gear case
gear case is disengaged from the dowel pins. Be careful

not to damage the oil seal.

2.3 Measuring timing gear backlash and end
play

Measure the backlash and end play of each gear, and make a

note of them to determine for replacement.

RH camshaft gear

Measuring timing gear backlash end play

5-9
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24 Removing idler gear

(1) Remove the slinger of the crankshaft.

{2} Remove the thrust plate mounting bolts, and remove
the idler gear.

2.5 Removing idler shaft

yr—

e b

L s CAUTION: e f 20025 2
Use jack boits with convex and round end. Do not use
jack bolts with sharp edge, as they could cause dam-
age to the surface of crankcase.

® =;<?1; PR
S Ce ¥ B ke v
Hodee wms L s

Remove the idler shaft mounting bolts, Screw jack bolts
evenly in the bolt holes, and remove the idler shaft.
Note: Do not remove the idler shaft unless it is necessary.

2.6 Removing camshaft gear
Unscrew the camshaft gear mounting bolts, and remove the
camshaft gears by using gear puller.

2.7 Removing cam follower
Unscrew the cam follower shaft mounting bolts, and
remove the follower,

2-10

LH idier gear

RH idler gear
Slinger

Removing idler gear

S

(M10 x 1.25 mm)

LH idler shaft
RH idler shaft

Remaving idler shaft‘

Removing camshaft gear

Follower

Removing cam follower




2.8 Disassembling cam follower
(1) Remove the snap rings from both ends, and remove the
followers from the shaft.

{2) Pull out the follower bushing from each follower.
(3) Remove the sct screw, pull out the roller pin, and .
remove the tappet roller and roller bushing.

2.9 Removing camshaft

L . CAUTION - - L
When removing the camshaft, take care not to dam-
age the camshaft cam and bushing.

(1) Unscrew the thrust plate mounting bolts, and dismount
the thrust plate.

(2) Support the camshaft with a bar inserted through the
side cover mounting section, and remove the camshaft
from the crankcase.

DISASSEMBLY OF BASIC ENGINE
I — "

&@ @ E:(\H follower

L) follower

ek
IN follower

) @’\ Cam follower shaft

Cam follower spacer
Snap ring

Disassembling cam follower (1)

Set screw Foliower

N
@&*®

Follower bushing
Tappet raller '

Roller bushing
Roller pin

Disassembling cam follower (2)

Thrust plate

Remaoving thrust plate

‘\ Camshaft bushing

/\\

ﬂ Camshaft
Weight: approx.
=y 58.5 kg [129 Ib]

" Remaoving camshaft

5-11
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3. Disaésembling and inspecting damper and front accessory drive

Wear, damage,
deterioration

Cracks, oil leakage |

10

. Disassembling and inspecting damper and front accessory drive
Disassembling sequence

Pickup 6 Spacer . 12 Oil pipe
2 Crankshaft pulley 7 Relief valve 13 Front idler gear
3 Damper (front) 8§ Cover 14 Front idler shaft

(welight: approx. 53 kg [117 Ib]) 9 Frontgearcase - 15 Water pump bearing cover
4 Spacer {weight: approx. 54 kg [119 b)) 16 Oil seal

5 Damper (rear} 10 Qil seal 17 Front plate

(weight: approx. 56 kg [123 Ib]) 11 Slinger

5-12°
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T I e N e ]

3.1 Removing crankshaft pulley

N
LR ‘CAUTION ~:-* - .i: Crankshaft g7 &\\ \w
Use jack bolls with convex and round end Do not use pultey N .i B ANE %\-w’ﬂ %
jack bolts with sharp edge, as they could cause dam- | . n@/ﬁ/(/
age to the surface of damper. ' ; -:' Jiaﬂ »
Remove the crankshaft pulley mounting bolts. Screwing '\@/‘LJ%L‘Z
jack bolts evenly into the bolt holes, remove the crankshaft }’//ﬁ/{///ﬁ//
pulley. i s ”

3.2 Removing damper

Set bolts

S "CAUTION " .. - .. PIN: 64362-63500/1

Use jack bofts W|th convex and round end. Do not use f
jack bolts with sharp edge, as they could cause dam-
age to the surface of parts.

" {1) Install the damper suspénding stud bolts.

{2) Scrow the set bolts evenly in the damper (front) pullout Suspending
stud boits -

holes, and pull out the damper (front} to such a degree (M22 x 1.5 m)

that it does not come off the dowel pins. Damper (fromt)

(3) Pass the hanging strap through the center hole in the weight: approx. 53 kg [117 1b]

damper (front). Using the hanging strap, suspend the Removing damper (front)
damper (front) with a crane or the like. '
(4} Screw in the damper (front} jack bolts further and’

remove the damper (front) held in suspension.

Suspending ' o
stud bolts
{(M22 « 1.5 mm}

Removing sensing blade
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(5) Screw the set bolts evenly in the damper (rear) pullout
holes, and pull out the damper (rear) to such a degrec
that it docs not come off the dowel pins.

(6) Pass the hanging strap through the center hole in the - ‘r
damper (rear). Using the hanging strap, suspend the '@
damper (rear) with a crane or the like. I

(7) Screw in the damper {rcar) jack bolts further and
remove the datnper {rear) held in suspension,

Ve Y
RO
PIN:64362-6850011 N

Suspending

stud bolts

(M22 x 1.5 mm) pamper (rear) &
Weight: approx. 56 kg [123 Ib]

Removing damper (rear)
{B) Screw the set bolts evenly in the spacer puilout holes, .

and remove spacer. . Set bolts e ‘ \;\ﬁ’{"
(9) Remove the suspending stud bolts. P/N:64362-68500 = L St . il

Suspending ™
stud bolts
{M22 = 1.5 mm)

. Removing spacer
3.3 Removing relief valve

Unscrew the relief valve mounfing bolts, and dismount the ’ N
relicf valve. -

- el
) 3 Relief valve .
)

Removing relief valve
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3.4 Removing front gear case

(1) Attach a sling to the front gear case.

(2) Unscrew the front gear mounting bolts, and dismount
the front gear case by suspcnding and pulling it out
until the gear case is disengaged from the dwell pins.
When removing the gear case, be careful not to damage
the oil seal or bend the pointer by hitting. '

3.5 Measuring front idler gear backlash and
end play

Measure the backlash and the end play of the front idler

gear, and makc a note of them to usc as a reference for parts

replacement.

3.6 Removing front idler gear

(1) Remove the oil pipe.

{2} Unscrew the thrust plate mounting bolts, and dismount
the front idler gear and the thrust plate.

3.7 Removing front idler shaft

Do not remove the front idler shaft unless it is necessary.
When removing the front idler shaft, unscrew the mounting
bolts, and drive it out.

DISASSEMBLY OF BASIC ENGINE

Sling

Oil seal

Front gear case
Weight: approx. 54 kg [119 Ib]

Removing front gear case

Front idler shaft

)
@ﬁ,es

Removing front idler shaft
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3.8 Removing bearing cover for oil and water
pumps

Unscrew the bearing cover mounting bolts, and dismount

the bearing cover.

5-16
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4. Disassembling and inspecting cylinder liner, piston and connecting rod

[Wear, scratch and damageJ

Scratch, craék. damage,
wear and carbon deposit

Scraich, wear, rust
and abnormality |-

ik

12

Scratch, deposit
and flaking

rCrack and c!oggingJ

Scratch, deposit
and fiaking

Disassembling and inspecting cylinder liner, piston and connecling rod
Disassembling sequence - '

1 Bott : ’ 7 Oilring
2 Connecting rod cap 8 Snapring
3 Connecting rod bearing, lower 9 Piston pin
4 Connecting rod bearing, upper 10 Piston
5 No. 1 compression ring 11 Connecting rod
6 No. 2 compression ring 12 Connecting rod bushing
e et e T s T SGAUTION Y L e T

When changing parts, be sure to use our designated paris.
Unless our designated parts are used, the exhaust emission regulations cannot be met.
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4.1 Removing connecting rod cap

(1} Turn the crankshaft until each connecting rod bolt
comes to the position where it can be easily removed
“through the inspection window. '

{2) Slowly and alternately loosen the upper and lower
connecting rod bolts until they can be tumed by hand.

(3) Remove the upper connecting rod bolt first and then the
lower connecting rod bolt while holding the connecting
rod cap, and remove the connecting rod cap.

Note: {2} Do not damage the bearings by dropping them in

the oil pan.
(b) Mark thc connecting rod bearings for their
cylinder numbers and the upper or lower position.
(c) When removing the connecting rod cap, pay
attention to its mass, and take care not to drop it.

5-18
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Inspection
window

% Connecting rod bolt

Removing connecting rod cap (1)

Removing connecting rod cap (2)

Screw the upper
bolt previously —

Removing connecting rod cap (3)
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4.2 Removing carbon deposits from the upper
part of cylinder liner

it 0 CAUTION i
Be sure to remove carbon deposats from the upper part
of the cylinder liner before removing the piston, as they
could cause damage to the piston and piston ring.

.Remove carbon deposits from the upper part of cylinder
liner using a cloth or oil paper.
Note: Be cargtul not to damage the inner surface of the
cylinder liner.

Removing carbon deposits from the upper part of
cylinder liner
4.3 Pulling out piston

B

AT T e P AP ACAUT!ON RETELE LR ) 7"-" o
When holdmg the connectlng rod with your hand to prevent it from swmgmg, be very careful as you may suﬁer
hand injuries from accidental movement of the connecting rod.

ST CAUTION DI, D e e T T

(a) When pullmg out the plston be careful not to drop the upper connectmg rod bearing. Dropplng the upper con-
necting rod bearing will cause damage to the cylinder liner and the crankshatft.

(b} Use care not to damage the cylinder liner by the swing of the connecting rod when pulling out the piston and
connecting rod from the cylinder liner. .

{c} When only a few pistons are left in the cylinders, the crankshait tends to turn by itself. Be sure to hotd the crank-

shaft to prevent it from turning while remaving pistons.

PR

For the cylinders on the engine right bank
{1} Tum the crankshaft to bring the piston to the top-dead
center. ' ’

Stamped
cytinder No.
indication

Pointer

(As view from the front of engine)

Positioning piston in top dead center
(2) Turn the crankshaft in the reverse direction until the

bolt hole is visible through the inspection window on
the side of the crankcase, and separate the crank pin
from the connecting rod.

Cylinder liner : / \

Chin™~ U "
pre )
Crank pin L\ /

Removing crank pin
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{3) Wrap a cloth around the bar, and insert the tip of the bar
under the big end of the connecting rod. Then push the
bar downwards using the crank pin as a fulcrum to raise
the piston slightly.

Note: If the bar is inserted too deep, the bar may be caught
in the ¢ylinder liner and unable to raise the piston.
Carefully insett the bar so that it protrudes about 10 to
20 mm [(:39 to 0.79 in.] from the tip of the

connecting rod big cnd.

{4) Slowly tum the crankshaft in the normal ‘direction to
raise the crank pin (fulcrum). Push the bar downwards
to raise the piston,

it NCAUTION S ‘
Carefully raise the piston, making sure that the con-
necting rod does not interfere with the piston cooling

nozzle.

{5} When the oil ring of the piston comes out from the top
of the cylinder liner, carefully push the bar upwards to
lower the piston slightly, and place the il ring even
with the top end of the lincr.

R TG AUTION T

(a) Do not push the bar upwards suddenly, as it could
cause damage to the oil ring.

{b) Do not turn’the piston, as it could cause damage

to the piston cooling nozzle.

{6) Firmly hold the compression ring of the piston in your
hands, carefully pull up the piston to remove it from the
top of the cylinder liner, and put the skirt of the piston
in position on the top of the crankcasc.

(7} Hold the piston with both hands, and pull the piston out
of the cylinder liner.

PEETES

SITmOIIven 3n lur o gemewatn st 5535 000 000
i s CAUTIONS st tsn e miies . oo
When removing piston and connecting rod from the
cylinder liner, be careful not to damage the cylinder

liner by the swing of the connecting rod.

5-20
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For the cylinders on the engine left bank
Follow the removal procedure for-the pistons of the right

bank cylinders described above, and reverse the postion of
the crankpin and the turing direction of crankshaft.

+ @ Pointer |
! \
4 \

; Number
— Cylinder -

(As viewed from engine front)

—_

Crank pin

Pulling out piston {for the left bank cylinders)

4.4 Using piston remover
(1) Turm the crankshaft to bring the piston to approximately

50° after top dead center. Eye bolt o RN
{2) Attach the piston remover (special tool) to the top of the fi N:MM321420 S
piston.

(3) Slowly lift the piston and connecting rod out of the
cylinder liner.
MNote: {a) Do not put the pistons, piston pins, connecting
rods, and connecting rod caps on the ground
directly, but put them on an underlay such as a
pallet.

(b) The pistons, piston pins, connecting rods, and

connecting rod caps should be kept together for Removing piston (using piston remover)
their cylinders. Mark the parts for their cylinders.

Do not mix-up the parts for one cylinder to
another. When reusing parts, always reinstall into

the same cylinder as they were.

4.5 Removing piston ring

Ring expander

s AWCAUTION - PIN-37191-03200

When removing the piston ring, be careful not lb -get
caught your fingers between the piston and cylinder

wall by the swing of the piston.

e 0 . CAUTION -
If the piston is forcibly moved and interfered with the
connecting rod, the piston could be damaged.

Hold the piston and connecting rod in a vise, and remove

the piston ring using a ring expander. : - -
Removing piston ring
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4.6 Removing piston pin and piston
{1} Using ring pliers, removc the snap ring.

{2} Using a wooden block and mallet, remove the piston
pin, and separatc the piston from the connccting rod.
Note: (a) Do not tap the piston pin directly with a mailet.

(b) If the piston is stubborn, heat the piston with a

piston heater or in hot water.

{c} Place removed pistons, piston pins, connecting
rods, connecting rod bearings and connecting rod
caps, not on the ground dircctly but on pallets or
the like. '

{d) Keep removed pistons, piston pins, connecting
rods, connecting rod bearings and connecting rod
caps as a set according to cylinder numbers, and
mark the ‘cylinder number. When ‘the parts are
reassembled, bc sure to use them in the same

cylinders as before.

5-22
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DISASSEMBLY OF BASIC ENGINE
—

5. Disassembling and inspecting crankcase, crankshaft and main bearing

e AN

Scraching, cracks, i )
nicking and clogging 2 Y
TEY
Wear, chipping and / . 4

abnormal tooth contact

AN
g ‘Q

Scoring, pitting, flacking,
chipping, crack and corrosion

.| Scale deposit, damage |
crack and clogging

13

Scoring, pitting, flacking,
chipping, crack and corrosion

10

Woear, chipping and
abnormal tooth conta_ct

N

L T O 4 B G T

Main bearing cap bolt 6 Crankshaft

Side balt 7 Main bearing (upper)
Main bearing cap 8 Thrust plate

Main bearing (lower) 9 Crankshaft gear (6to 9

Thrust plate weight: Approx. 375 kg [827 Ib])

10
11
12
13

Disassembling and inspecting crankcase, crankshaft and main bearing
Disassembling sequence T

Crankshaft gear (rear)
Check valve
Pistan cooling nozzle

Crankcase (110 13
weight: Approx. 1300 kg [2866 Ib]}
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5.1 Inverting crankcase

Lay the crankcase on a turntable and invert the crankcase.
When the turntable is not available, use a sqaurc wooden
block or a cloth to lay the crankcase on it to prevent the
crankcase from damage, and using a crane and wire ropes,
hoist the crankcase and lay it on the wooden block with its
side faced downwards.

Then, change the positions of the wire ropes, and tum over
the crankcase.

5.2 Remov_ing main bearing cap

~4us

Wwhen removing the main bearing cap Wlth a nozzle
remover, take care nol to get caught your fingers
between the weight and the bar of the nozzle remover.

wop G A Rt 2 o P
LY TTTA 5,yK «, CAU"!ON ¥ LS SR I
I a-a®acoy - as n x,-h kmmr Al

‘ Corni s CAUTION
When Ilftlng ‘the main bearing cap away from the
crankcase, be careful nat to damage the lower main
bearing or the lower thrust plate that are ‘attached to
the cap. Afso be careful not to drop those parts, which
‘may damage the crankshaft.

When removing the No. 7 main bearing cap, take care
not to damage the thrust plate on both sides.

{1} Remove the main bearing cap bolt and the side bolt,
{2} Install the cap remover adapter to the main bearing cap.
(3) Instail the nozzle remover to the adapter.

{4) Move the nozzle remover up and down to remove each '

main bearing cap.

(5) Remove the main bearing lower from the main beanng.

~ cap while paying attention to the lug position, and
remove the thrust plate lower from the No. 7 main

bearing cap.

5.24

Crankcase and crankshaft
o Tatal weight:
approx. 1300 kg [2866 Ib]

Main bearing
cap bolt

Side bolt

Remaoving main bearing cap (1)

Nozzle remmover
P/N:33581-10101

Cap remover
adapter
PIN:32591-04300

Thrust plate
lower

Removing main bearing cap (2)




S UCAUTION e i e T
Remave the upper thrust plate on the front side first,
otherwise the front upper thrust ptate will fall off onto
the crankcase when removing the crankshaft.

When placing the crankshaft onto a pallet or other
stands, be careful not to damage the crankshaft. Once
placed on a pallet, the crankshaft should be locked in

place to prevent it from turning.

{1) Remove the front upper half of the thrust plate while

rotating the crankshaft slowly.

{2) Keeping the crankshaft in a horizontal position, slowly

raise the crankshalfl,

Nate: Do not attach a metal chain or other hoisting devices

directly onto the cragkshaft, as they could damage the

crankshaft. Place cloth belts or pads in position where

a chain or other hoists arc hooked beforc raising

crankshafi,

(3) Remove the upper main bearing from the crankcase,

paying attcntion to the lug position, and temnove the

upper thrust plate on the rear side.

5.4 Removing piston cooling nozzle

CAUTION * -

DISASSEMBLY OF BASIC ENGINE

e

Front upper
thrust bearing

o "Rear
O LY
Qrankshaft'
™ Crankcase

Removing crankshaft (1)

Crankshaft assembly
weight: approx.
o 375 kg [827 1b] -

Main bearing
upper
Thrust plate upper

When the piston cooling nozzle has been removed, be
sure to tighten it to the specified torque.

Do not remove the piston cooling nozzles unless oil holes

are clogged or the spray direction is faulty.

Note: Be sure to use a torgque wrench to tighten the piston
cooling nozzles to the specified torque. Tightening
without using a torque wrench could result in

cxeessive tightening force, which could cause the

check valve to malfunction, possibly leading to piston

seizure due (o insufficient lubricating oil supply

during engine operation.

341 1.8N'm
(3.5 + 0.18 kgf-m)
[25 + 1.3 Ibf-f)

Removing pision cooling nozzle
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1.1 Measuring rocker bushing inside diameter
and rocker shaft outside diameter
Measure the inside diameter of the rocker bushing and the

outside diameter of the rocker shaft. If the inside diameter

of rocker bushing cxceeds the limit, replace the bushing,

and if the outside diameter of shaft is less than the limit,

replace the shaft.

ios i ltem Lo |-Nomingl |, «Standard ;> | ;. Limit

44 mm |'44.000 to 44.075 mm | 44,125 mm
[1.73in] |11.7323t0 17352 in] | 107372 in]

Rocker bushing
inside diameter

1. Inspecting and repairing cylinder head and valve mechanism

-é}— Measuring.
direction

Measuring

@ Measuring

Rocker shaft
outside diameter

o 44 mm
[1.73in]

[1.7313 to 17319 in.) | 11.6941 in]

1.2 Replacing rocker bushing
(1) Remove the rocker bushing using the rocker bushing

puller.

(2) Install a new rocker bushing using the rocker bushing

puller from the chamfered side of rocker bore with the

rocker bushing positioning slit facing up.

{3) Afier installing the rocker bushing, measure the.

bushing inside diameter: If the measured value is out of

. the standard, ream the bore to the standard.

43.9751043.991 mm | 43.030 mm

Measuring rocker arm inside diameter and rocker shaft
diameter

Inlet,exhaust: 55°

Unit injector: 45°
Align holes Bushing joint mark
Bushing inside
diameter surface
roughness
2 44 2" mm
[1.73°3%in}
=(a) Ra08um
[0.631 uin)]

= _Racker bushing
"/lnstatler
P/N:35C91- 01800

Chamfered

Installatlcm Removal

Replacing rocker bushing
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1.3 Measuring valve stem outside diameter and
valve guide inside diameter

Measure the outside diameter of the valve stem and the

inside diameter of the valve guide at the respective top and

Measuring
direction

Measuring
position _

bettom ends in two crossing directions, since they are likely
to wear more rapidly at both ends. [f the measurement

exceeds the limit, replace the part.

srrraitemes o [-Nominal 555 o Standard; e 2 el Limit .

‘:i:;:t;;:me_ 2 10 mm 9.940 to 9.960 mm 9.910 mm
-— ::r [039in] | [03913t00.392] in] | [0.3902 in]

Valve puide | o 10mm | 10.000to [0.015 mm | 10.060 mm Measuring valve stem diameter

inside diameter | [0.39 in.] [ [0.3937 to 0.3943 in.] | [0.3961 in)]
Measuring
direction
Measuring
position

Measuring valve guide inside diameter

1.4 Replacing valve guide and stem seal

i et et ;;?;;CAUT’QN e g L.’?Qf;gg‘;ﬂ‘foifg%"”

{(a) The valve guide must be inserted to the specified
depth. Be sure to use the guide/stem sea! installer
when press-fitting the valve guide.

(b) Do not apply oil or liquid gasket to the stem seal in-
side that comes in contact with the valve guide.

(c) Always replace the stem seal with a new one once

it has been removed.

LR

{1) Drive out the valve guidc using the valve guide

TEmOVer. . . -
. . . Removing valve guide

(2) Using the guide & seal installer, press-fit a new valve .
guide slowly into position. Guide & seal installer

P/N: 32591-10300F

(3} Press-fit a new stem seal onta the valve guide using the
_ guide & seal installer.
Note: For initial lubrication of the stem seal lip, apply

€
engine oil to the valve stem before installing the P '
" valve. & Valve guide y Stem seal
el R éE
0 Cylinder head
5 N é
RSN AN NN

Installing valve guide and stem seal

,
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1.5 Inspecting valve face

Apply a thin coat of Shinmyoutan or equivalent lead-free
coloring paste on the valve face, and strike the valve face
against the valve scat using a valve lapper to check for
contact condition. If the contact is not cven, or any defects
are found, or if the limit is excceded, reface or replace the
valve.

Note: (a) Inspect the valve face after the valve guide is

repaired or replaced.

(b) Do not rotate the valve when pressing the valve
tace coated with Shinmyoutan or cquivalent lead-
free dye against the valve seat.

{c) Always lap the valvc and valve seat after the
valve has been rcfaced or replaced.

Valve lapper
P/N:30091-08800

Pos i Memetoy T Standard Lt 35T o Limit. ot

Valve seat 10° )
angle .
Yalve | valve 0.1w0.] mm 1.0 mm
seat sinkage [-0.0040 to 0.0040 in.} [0.0394 in.}
. 215t 245 mm ) 2.8 mm
Seat width | 14 4846 10 0.0965 in.] [0.110 in.]
Valve margin 28w32mm Refacing permissible

[0.110te 3126 in.] | upto 2.5 mm [0.098 in.]

Bad

Use a r:lepthA gauge to measure the valve sinkage. Use a slide
gauge to measure the seat width and the valve margin.

1.6 Refacing valve face
If the valve face is significantly worn out, reface the valve
face using a valve refacer.
Note: (a) Grind the valve face using the valve refacer at'the
specified angle.
(b) Sccure the valve margin width equal to or greater
than the limit. If the dimensions after refacing
does not meet the specified values, replace the

valve with a new one.

Contact condition between valve seat and valve

Seat width

Valve margin

Valve seat

— Valve sinkage
angle

Contact of valve seat and valve

Valve refacer

Set the valve face
angle at the specified

~I—— I
"= angle.
\%

Refacing valve face
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1.7 Refacing valve seat
(1) Use the valve seat cutter or valve seat grinder to reface
the valve seat. After refacing, sand the valve seat lightly
using 400 grit sandpaper, inserting it between the cutter
and valve seat. .
{(2) Lap the valve in the valve seat.
Note: (a) Valve seat refacing should be kept to an absolute
minimum.
(b) If the valve seat width exceedé the limit due to
wear or refacing, replace the valve seat with a
new one.
(c) If the valve sinkage exceeds the limit after
refacing, replace the valve seat with a new one.

1.8 Replacing valve seat

S ha e e3eEbEvEuy ve pmim A DD IR 4
T U GAUTION o0, rre o s
Ensure the proper interference. Improper interference
could cause the valve seat to fall off or the cylinder

head {o crack.

(1) Remove the valve seat insert using the valve seat puller.
Note: Be careful not to damage the machined surface of
cylinder head when removing the valve scat.

"{2) To remove the valve seat, weld 4 stud to the valve seat
-as illustrated. Then, insert a rod into the valve g.uide
hole from the fop of the cylinder head. and press out the

‘ valve scat with the rod. ]
Note: Be careful not to allow spatters to adhere to the

machined surface of the cylinder head during

welding.

Vaive seat cutter shaft
P/N:37591-06400
Valve seat cutter
P/N:37581-08430

Valve seat puller
P/N:32591-04200

Removing valve seat using valve seat puller

\

Valve seat /

Stud

" Removing valve seat
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(3) Before proceeding to valve seat fitting procedure,

measure the inside diameter of the valve seat fitting _ Unit: mm [in ]

bore in the cylinder head and the outside diameter of Cylinder head —_ ;Gc,:.\

the valve seat insert to confirm that the specified ' - o e 8

interfercnce is secured. N T A=

: © ‘E
: e . w8 Standard of
T tem o o | Mominat|, s, Standard - _ < Valve seat interference
= = = = = ' B0° bore |.D. 0.070 to 0,130
Clearance berween inside | o552 24797 | [0.0028 to 0.0051)
diameter of ¢cylinder hcad bore | @ 55 mm | -0.130 to -0.070 mm - —
and outside diameter of valve | [2.17in.] | [-0.0051 to -0.0028 in.] : Valve seat outside diameter (3TD}
seat Same in size on B55.5 10 [2-17+uou39
inlet and exhaust sides

Note: (a) Standard values prefixed with - (minus sign) . Valve seat bore

indicate the interference fit.
(b) Use a standard valve seat insert if the clearance
meets the standard.
{4) Cool the valve seat at least for four minutes in liquid

nitrogen before fitting it into the cylinder head that is
kept at. room temperature.
(5) Install the valve seat into the cylinder head using a
installer.

Striking the valve seat
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1.9 Lapping valve and valve seat
Always lap the valve against the valve scat after refacing the
valve seat or after replacling the valve,
(1) Apply a thin coat of lapping compound evenly to the
valve face. '
Note: (a) Do not allow the compound to adherc on the
valve stem. .
{b} Compound spreads. more ¢venly if it is mixed
with a small amount of engine oil.

(¢) Use medium-grain compound (120 to 150 mesh)

for initial lapping, then use fine-grain compound
(200 mesh or finer) for finishing.
{2) Use a valve lapper for lapping. Strike the valve against
the valve seat while rotating the valve little by little.
{3) Wash off the compound using dicsel fuel.
(4) Coat the contact surface of the valve with engine oil,
then lap the valve again.‘
(5) Check valve-to-seat contact,

1:10 Measuring perpendicularity and free length

of valve spring
Measure the perpendicularity and free length of the valve

si)ring. If the limit is exceeded, replace the valve spring with

Compound

Vaive lapper
P/N:30091-08800

h=al;

76

Spfing perpendicularity (gap)

Free length

Pl

a new one.
mo o Htars vo e | o ek e 2 eQtamdard ikl a  imi 2 sre
jotptMemsiy s jsacter Standard o eessbal s Limit 50
Free lenath 75.5 mm 74 mm
ree leng [2.776 in.] [2.91 in.]
, P =1.5%r less
-y . A A {gap)=2.0mm A =23
=
£ | P dicu- ;
5 I:rf;“ 1eu T [0.079injorless [0.091] .
4 Lf=755 mm at the end
& [2.776 in]
61.8 mm [2.433 in.)/
Set ;cng'h’ 403.3 N {41.13 kef} -
set 1orce - I907 ]bﬂ .
73 mm 71 mm
Free length (287 in] [2.80 in.]
0 =15%r l.ess
=]
£ . il A (gap)=1.9mm A =22
c | P dicu-
g | Sctpendicu T [0.075in] oc less [0.087)
v | larity i
2 Lf="73 mm at the end
K] [2.87 in]
_ 69.6 mm [2.740 in.}
Set fl""g‘h" 242N {24.7 kgf} -
set force, . [54.5 Ib]

6-8

Measuring valve spring perpendicularity and free

length
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1.11 Measuring valve and Ul helper push rod

runout
Measure the ranout of each push rod. Replace if the limit is
exceeded.
et oo lemy - f Standard L0 Lindit ;| Remark
Valve and UL helper 0.50 mm 0.50 mm TIR
push rad runout [0.020 in.] or less | [0.0201n.]

Note: With a dial gauge set on the push rod, rotate the push
rod on turn and read the gauge indication.

1.12 Measuring distortion of the bottom surface .

of the cylinder head

L0  CAUTION ¢ e T
Refacing of cylinder head should be kept to an abso-
lute minimum.

Excessive grinding of the cylinder head may result in
defects such as defective combustion and stamping
(contact between piston and valve).

With a straight edge placed on the bottom face of the
cylinder head, measure the bottom face distortion using a
fecler gauge. If the measurement exceeds the limit, grind the
bottom face using a surface grinder. '

bl cltem - T -Standard | Limit

0.03 mm 0.50 mm
[0.0012 in.] or less | [0.0197 in.]

Bottom surface distortion

N

Measuring distortion of the bottom surface of the
' cylinder head

6-9
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2. Inspecting and repairing flywheel, timing gear and camshaft
2.1 Measuring flywheel face and radial runouts
Measure the runouts of the flywheel in the installed

condition. If the measured value exceeds the standard,

check the bolt for loosencess as well as the accumulation of

orei ing face. . .
foreign matter on the mounting face measuring point

" EIE TR I «+7, Standard: - Radial runout
Face runout 028 mm [0.0110 in.] or less measuring point
Radial runocut 0.13 mm [(.0051 in.] or less

Measuring flywheel face and radial runouts

LH camshaft gear Q
_"’ ’_

2.2 Measuring timing gear backlash

Measure the backlash of the timing gears by using one of
the following two methods; measure the gear play with the
dial gauge plunger applied to a tooth flank on the pitch

circle at a right angle to the tooth axis, or measure the
clearance between gears by inserting a feeler gauge between
the gears at the tooth-to-tooth contacting area. Replace the

faulty gear pair if the limit is exceeded.
' RH idter gear

e ;i Standard 32

o o
TRk ed TS kg rdr ween o|id

Crankshaft gear

0.11 10 0.26 mm RH camshaft gear

[0.0043 t0 0.0162 in.]

Crankshaft gear to LH idler gear
Measuring timing gear backlash

.10 10 0.24 mm

LH idler pear to LH camshaft gear | . .
idler g £ 110.0039100.0094 in.] | .50 mm
01210022 mm | (06197 n]

[0.0047 1o 0.0087 in.]

LH idler gear to RH idler gear

0.11 to 0.25 mm

RH idler gear to RH camshaft gear [0.0043 to 0.0098 in.]

2.3 Measuring rear idler bushing inside dia.

and rear idler shaft outside diameter . Measuring
) " direction

Measuring s,
position
L 2=

Measure the rear idler bushing inside diameter and the rear
idler shaft outside diameter. If the inside diameter of rear
idler bushing exceeds the limit, replace the rear idler
- bushing with a new onc. If the outside diameter of rear idler
shaft is less than the limit, replace the front rear idler shaft

with a ncw one.

iStgl;n'da[q;,;é‘??%;" Lirr

# 5

c o b oo bebad & B |odve

Rear idler bushing g S0mm | 50.000 to 50,025 mm | 50.0660 mm
ingide diameter [1.97in.] | [1.9685 to £.9695 in.] | [1.9709 in.]

Measuring idler bushing inside dia. and shafi diameter
Rear idler shaft g 50 mm | 49.9501t049.975 mm | 49.900 mm ’ :
outside diameter [1.97in.] | [1.9665 to 1.9675in.] | [1.9646 in.]

6-10
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2.4 Measuring rear idler gear end play
Measurc the end play of the rear idler gear. Replace the

thrust platc with a new one if the limit is exceeded.

Srocdtem. o Lo Standard . b Limit. <
Rear idler gear end 0.3 t0 0.5 mm 0.7 mm ~
play [0.012 t0 0.020 in.] [0.028 in.]

Measuring idler gear end play
2.5 Replacing rear idler bushing
(1) Use thc idler bushing puiler to replace tear idler

idler bushing puller

s

bushing.

(2) After the bushing is fitted in the rear idler gear, use the
removing side of the idler puller to drive the bushing
farther until it sinks approx. 1 mm [0.04 in.] below the

end face of the gear boss.

{3} After driving the bushing in position, measure the

bushing inside diameter to ensure that it is within the

standard. If the measurcment is out of tolerance, ream Bushing bore surface roughness =]
the bore to the standard. : S 507™ mm [1.975"" in.] Ra0.8 4 m [0.031 gin]

Replacing idler bushing
2.6 Measuring camshaft end play

Measure the camshaft end play with the camshaft gear’ ‘

attached. If the limit is exceeded, replace the thrust plate i 4

with a new one. o '
Lk,

w, ctemich ) <o Standards: o |ioLimit,

0.2 to 0.4 mm 0.55 mm

Camshaflendplay | 14 408 0 0.016in] | [0.0217 in]

LH camshaft
gear

2.7 Measuring cam lift
Measure the minot and major axes of cam t¢ determine cam
lobe lify, 1f the lift is less than the limit, replace the camshaft

with a new one. O

cuaiitem o .1 Standard | | Limit:

Infet 14.25 10 14.45 mm Minor axis
Carn [ift {0.5610 to 0.5689 in.]

(major axis — minor axis) 9.15 to 9.35 mm
Exhaust |10 3602 10 0.3681 in] |

Measuring camshaft cam height
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2.8 Measuring camshaft runout

Measure the camshaft runout using a dial gauge. If the limit

is'exceeded, comrect the camshaft using a press, or replace

the camshaft with a new one.

Note: With a dial gauge set on the camshaft, rotate the
camshaft one turn and read the gauge indication.

LAk em SR E o Standard: 2 |a e Rimit 21
Camshaft runout 0.10 mm 0.16 mm
(TIR) [0.0039 in.] or less [0.0063 in.]

2.9 Measuring camshaft journal outside diame- .

ter
Measure the diameter of each camshaft journal in two
direction at right angles to each other If the limit is

exceeded, replace the camshaft with a new one.

=2:|.Nominal |5+ Standard:; *25 2 s Limit: #5:

mede ¢
R L R Y e BRIl

2 100 mm | 99.920 to 99.940 mm | 92.860 mm
outgide diameter | 13.94 in.] | [3.9339 to 3.9346in.] | [3.9315in.]

2.10 Inspecting camshaft bushing .

(1) Check the inside surface of each bushing for damage,
corrosion, delamination and other abnormalities. If any
defect is found, replace the camshaft bushing with a

- new one.

(2) Measure the camshaft bushing inside diameter with the
bushing installed in the crankcase. If the measurement
exceeds the limit, replace the bushing with a new one.

Note: When measuring the inside diameter of the camshaft '

bushing, be careful not to cause damage to the inside
surface of the bushing.

T Mem, 1~ | :Nominal |1+ Standard e s ibimitr:,

Camshaft bushing | @ 100 mm | 100.038 to 100.095 mm 10&;60
inside diameter [3.94 in.] [3.9385 t0 3.9407 1.} (3.9433 in,]

6-12
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Measuring camshaft journal diameter

Measuring
direction

Measuring camshaft bushing inside diameter
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' 2.1 Replacing camshaft bushing

2.11.1 Removing camshafi bushing

Using the cam bushing installer, remove the camshafl
bushing.

2.11.2 Installing camsﬁaﬁ‘. bushing

{1) Insert thc cam bushing installer into the camshafi
bushing and install the cam bushing sleeve.

(2) With the cut of camshatt bushing facing upward, align
the hole in the camshaft bushing with the hole in the
crankcase, and fit the camshaft bushing into the
camshaft fitting bore.

(3) Drive the cam bushing installer until the end face of
cam shaft bushing becomes flush with the crankcase
end face. -

Note: Camshaft bushings of Ne.7 on the left bank and No.t

and No.7 on the right bank should be driven from the
inner side of crankcasc. Oil holes will not align if they
are deiven in the wrong direction.

Cam bushing installer

T

P/H:35C81-11600
/

-

) Carﬁshaﬁ bushing

Removing camshaft bushing
) Flush
Cam bushing 9 -
Cam bushing installer
R ot e
sieeve RS P/H:35C91-11600
1“/
D h
Camshaft bushing
RES | L -

T~ Oil hole

Installing camshaft bushing {1}

Right

t
[N

Front

g |
o
wld [

o
!
SN

Rear

{
~ EE]

Left

1
001
.

Striking direction

Installing camshaft bushing (2)
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2.12 Measuring follower bushing inside diame-

ter and follower shaft diameter Measuring
direction

Measure the follower bushing inside diameter and follower

N

shaft diameter. If the limit is exceeded, replace the womn
parts.

b2 Measuring
*/5 ~— position,

T Ttem -] Nominab | 1 StnGard. £o¢]: s Limit

Follower bushing | &30 mm | 30,000 t0 30.075 mm | 30.125 mm
inside diameter (1.18in] | [1.1811to 1.1841in.] | [1.1860in.]

Follawer shaft a30mm | 29.959 t0 29,980 mm | 29.%30 mm
outside diameter | [1.18im] | [1.1795t0 11803 in] | [1.1783 in.]

Meésun‘ng follower bushing inside diameter and
follower shaft diameter

2.13 Replacing follower bushing

(1) To replace the bushing, use the follower bushing ) ﬁ Follower bushing installer -
installer. |~ P/N:35C91-01700

(2) Install the bushing with placing the bushing notch to '/‘
opposite angles of the punch mark {oil hole match mark l

for bushing) on the follower.
(3) After installing the bushing, make sure the bushing

inside diameter is within the standard. If it exceeds the - l l Fallower bushing

= Bushing bore surface

standard, ream the bushing. roughness

_
— B30 mm [1.1873%% in ]
N | Rat6um[0.063 in]

Replacing follower bushing

Punch mark

Alignment mark

Installing location of follower bushing

'6-14
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2.14 Measuring tappet roller diameter
Measure the tappet roller diameter.

Measuring

If the limit is exceeded, replace the tappet roller. direction

woriltem. **|'Nominal |- Standard.: - Limit:

Tapperroller | @41 mm 40.95 t0 41.05 mm 40.94mm
diameter [1.61in] | 1612210 16160 in] | [1.6118in.]

Measuring
position

“Zr

Measuring tappet rolier

2.15 Replacing tappet roller _
(1} When installing the tappet roller on the follower, watch

the pin of hole with the follower. For this purpose, drive Sat écrew
in the pin set screw to match with the follower set Follower
crew, i
SCTOW, . . [‘:ﬁl}—-— —
(2) Apply loctite to the set screw and tighten the screw,
then retighten it. ' — J S—
3 N 7

© Pin Tappet rolier

Replacing tappet roller

2.16 Inspecting tappet )
Inspect the cam contact surface of the tappets. Fit new

tappets if the surface is excessively worn or-damaged.

Contact surface of tappet and cam
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3. Inspecting and repairing damper and front gear

3.1 Inspecting damper

(1) Check the damper for cracks around the outer
periphery, swelling and/or cracks in the end piate,
silicone oil leakage and discoloration and separation of
coating duc to thermal effect.

If any defect is found, replace the damper with a new
one. '

(2) With the damper installed on the éngine, measure the
face and radial runouts of the damper in the following
manner: Attach the dial gauge plunger on the outcr
circumference of the damper to measure the radial
runout, or on the end face near the perimeter to measure
the face runout, and slowly tum the crankshaft. If the
limit is exceeded, replace the damper with a new one.

Sgagife ;i - StARddrd T Ee Tl Limits
Face runout O'? mm 1.5 mm
[0.020 in.] or less [0.059 in.]
. 0.5 mm 1.5 mm
Radial runout [0.020 in.] or less [0.059 in.]

‘3.2 Measuring front gear backlash -

Set a dial gauge squarely to the axial direction so that it is tn
contact with the pitch circle of the gear, and measure tlle
backlash between the gears, If a dial gauge is not available,
measure the backlash by inserting feeler gauges between the
teeth of the gear. If the limit is exceeded, replace the gear.

o e b lt@M e e selen o e Standard; s g |2 L Limit G

b - e

Front crankshall gear 0.11 to 0.28 mm
to front idler gear [0.0043 10 0.0110in.] | (.50 mm
Front idler gear 0.1210 0.18 mm [0.0197 in ]

to water pump gear [0.0047 to 0.0071 in.]

6-16
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Inspecting damper visually

-

iy
v

AL

7

Face runout @- 7

1 .
Radial runout

. Measuring damper face and radial runouts

Measuring front idler gear backlash -
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3.3 Measuring front idler bushing inside dia.
and front idler shaft outside diameter Measuring
Measure the front idler bushing inside diameter and idler direction

shaft diameter. If the limit is exceeded, replace the worn Measuring __ o

parts. position P :__
e
©ovdsltem oo+t | Nominal .. Standard’*:..|": Limit: -

Front idler bushing | ‘g'50 mm | 50.000 to 50.025 mm | 50.066 mm
inside diameter [1.97 in.] | [1.9685 10 1.9695 in.] | [1.9709 in.]

Front idler shaft 850 mm | 42,930 to 49.975 mm | 49.900 mm
outside diameter [1.97in] | [L.9665 to 1.9675 in.] | [1.9646 in.]

Méasuring front idler bushing inside dia. and shaft
diameter

' 3.4 Measuring front idler gear end play
Measure the end play of the front idler gear. Replace the

thrust plate with a new one if the limit is exceeded. Front idler gear

Sriachemset kv Standard - TH{ELimit b
Front idler gear end 0.3100.5mm 0.7 min
play [0.012 to 0.020 in.] [0.028 in.]

.

3.5 Replacing front idler bushing
(1) Use the idler bushing puller to replace front idler

Idier bushing puiler
P/N:32591-02500

bushing. )
{2} After the bushing is fitted in the front idler gear, use the

removing side of the idler puller to drive the bushing
farther until it sinks approx. 1 mm [0.04 in.] below the

- Front idler bushing B
-~
| S g | I
. /
bushing inside diamecter to ensure that it is within the 3 Front idler gear g
: Bushing bore surface roughness
standard. If the measurement is out of tolerance, ream ] 25075 mm [1.979%% in |
the bote to the standard. Ra0.8 4 m{0.031 kin.]
Replacing front idler bushing

end face of the gear boss.
{3} After driving the bushing in position, measure the

6-17
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4. Inspecting and repairing cylinder liner, piston and connecting rod
4.1 Measuring cylinder liner inside diameter
Measure the inside diameter of the cylinder liners at two
v levels each, i.e, vpper {with much stepped wear) and
middle levels, in both directions parallel to ' and

Cylinder liner

" perpendicular to the piston pin direction.
Replace the cylinder liner if the limit is exceeded.

gl Item a5t it Nominal |2 4: - iStahdard: : f-: 0 - iLimit 34
AR SAR WOl I Wi o e 3 | e G @ g e o T R BT
lnside diamet @ 150 mm | 150.000 0 150.040 mm | 150.140 mm
uside QMEIET | 1591 in.] | [5.9055te 5.9071 in.] | [5.9110in]
, - 0.02 mm
Roundness ; [0.0008 in.] or less - ) ) T
5 : Measuring cylinder liner inside diameter
B . .. 0.02 mm
5 | cylindericity . [0.0008 in.] or less .
L . - A . . - > .
e : ' Measuring locations  Measuring directions
& !’erp;r;ldlct.llar- 30 . . _
ity of flange [1.18] l Transverse to piston pin
bottom surface . 0.03 mm - Parallel to piston pin
to cylinder [0.0012 in.} or less . 100 ¥ ’:;" P P
liner longitudi- ’
nal centerline [2-94]

o

Unit: mm [in.]

Cylinder liner dimension measuring position

4.2 Measuring cylinder liner ﬂange.protrusion

faitieern s CAUTION ot hehid iy i
If the amount of protrusnon is |nsufF cient, the cylinder
head gasket will fail to seal the bores hermetlcally,

resulting in gas or water leakage.

Measure the cylinder liner flange protrusion at each
cylinder.

The method of measuring the cylinder liner flange
protrusion differs depending on whether the cylinder liner is
replaced or not.

g e e wltemsz o om e
i 5‘"“4}.@’; 2k gwwaw 3 <x

LEpap

Nl :Standard* ek

PP e

Cylinder liner collar protrusion 0.10 t0 0.19 mm
above crankcase top surface [0.0039 to (.0075 in.]

6-18 ]
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4.2.1 When cylinder liner is not replaced
{1) Make sure that the top surface of crankcase and the
" upper cnd of cylinder liner are clean before
measurement.

(2) Attach the tiner holders on eqﬁally spaced 4 locations

of the cylinder liner upper rim and tighten the boits of |

the holders evenly to press the cylinder liner against the

crankcase top surface, .

Note: When using cylinder head bolis to secure liner
holders, be sure to use a head belt spacer.

(3) Apply the dial gauge plunger to the top surface of the -

crankcase, and zero the dial gauge.
. {4} Measure the flange protrusion at four locations on the
top of the cylinder liner, and obtain the mean value.
(5) If the mean value of the protrusion is smaller than the
standard, inscrt a shim under the cylinder liner flange.

4.2.2 When cylinder liner is replaced

(1) Remove the old cylinder liner, and check the cylinder
liner seating surface on the crankcase.

(2) If there is any evidence of uneven contact, grind the
seating surface using the crankcase grinder such that
-the difference in depth at points A, B, C and D is less
than 0.05 mm [0.6020 in.]. '

(3) Measure the depth of the counterbore in the crankcase.
Because of the possibility of the crankcase top surface
distortion, usc a projection plate when measuring.

(4) Calculatc the mean value of the 4 measurements at
points A, B, C and D,

{5) Measure the thickness of the projection plate (standard:
15 mm [0.6 in.]} using a micrometer. Determine the
actual counterbore depth from the top surfacc of the
crankcase by subtracting the projection plate thickness
from the measured counterbore depth.

Bolt
P/N:37591-06300

Liner pusher
PIN:37591-0620

)

Measuring cylinder liner collar protrusion

Crankcase grinder }
PIN:32591-04050

y \/ /

A

Projection plate
P/N:37598-09201

Counterbore depth

P aani iem . e i L ) ool Standard,c

15.00 to 15.05 mm .
[0.5906 t0 0,5925 in.]

Crankcase counterbore depth

Measuring crankcase counterbore depth
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g

(6) Measure the thickness of the cylinder liner flange using

a micrometer

H ’Item‘,fi‘?:f,;i“;‘““:‘{;‘i’t:‘35;“:_;‘:;3:.Staﬁdard_§:=,*gg§

oo A BB ot s o Rt D Ao Y S

15.15 to 15.19 mm

Thickness of cylinder liner flange [0.5965-t0 0.5980 in ]

(7) Calculate the cylinder liner flange protrusion by
subtracting the counterbore depth from the thickness of
the cylinder liner flange. )

{8) If the calcurated value is smaller than the standard,

. place a shim of an appropriate thickness under the
cylinder liner flange. .

4.2.3 Measuring cylinder liner top ridge height

(1) Place the dial gauge plunger on the top surface of the
cylinder liner flange, and zcro the dial gauge.

{2} Measure the height of the annular top ridgelof the
cyliflder liner at four locations, and obtain the mean
value,

{(3) If the mean value is smaller than the standard, or the
ridge is fractured, replace the cylinder liner with a new
one.

vo#|yrer D Standaid

0.16 to 0.24 mm
[0.0063 to 0.0094 in.]

Height of cylinder liner top nidge

4.2.4 Inserting cylinder liner shim

Pull out the cylinder liner, and insert a shim between ‘the
cylinder liner and the crankcase.

" Note: Shims shown in the following table are avaiiable for
adjustment. Select a shim which makes the cylinder
liner flange projection the largest within the tolerance
of the standard.

2381 s niBhim Ahickness » e 3605 | whi s PArtNO L rtssn
0,05 mm [0.0020 in.] 35C07-09600
0.10 mm [0.0039 in.] 35C07-09200
0.15 mm [0.0059 in.] 35C07-09700
0.20 mm [0.0079 in.] 35C07-09300
0.25 mm [0.0098 in.] 35C07-09800
0.30 mm [0.0118 in.] 35C07-09400
0.35 mm [0.0138 in.] 35C07-09900
0.40 mm [0.0157 in.] 35C07-09500
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4.3 Replacing cylinder liner

ST RINET - CAUTION i Tt 0 <) Cylinder liner
Apply engine oil to the O-rings to prevent them from remover

twisting. . Hssk /PIN:32591-04100

(1) Using the cylinder liner remover, remove the cylinder

liner.

Removing gylinder liner

% 7
Q-ring—
\m”

Apply engine j O-ring _%

{2) Install new O-rings to the new cylinder liner,

U

SaSy

oil to | O-ring I

I g AT T TR

(3) Slowly insert the cylinder liner into the bore in the

crankcase. Using the installer, lightly tap the cylinder
liner until its flange rests snugly on the seating surface

of the crankcase. Then, give several light taps on the Installer
liner to settle.
Note: (a) After the installation, conduct a water-pressure
leak test to check for air-tightness. .
{b) Check the cylinder liner flange protrusion from
the crankease top surface.

4.4 Visual inspection of piston
Check the combustion surface of the piston and the piston

pin bore. If any defect is found, replacc the piston with a
new one.

Inspecting piston visually
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4.5 Measuring piston outside diameter

(1) Measure the piston outside diamcter of the piston skirt
at right angles to the piston pin. If it is less than the
limit, replace the piston with a ncw piston. When
replacing piston, be sure to select a piston so that the
piston weight difference in one engine is kept within
the permissible range.

{(2) The piston weight is stamped on the top of piston head.

s Eicptem s ie i Nominal 155 (3 Staridardss¢® o[ Zikimite
Pisten & 150 mm | 149,78 te 149.82 mm | 149.68 mm
outside diameter | [5.91in] | [5.8968 to 5.8984 in.]) | [5.8929 in.]

. in one engine
Weight difference - = 30 g[+ 0.07 1b] -
' - or less

4.6 Méasuring clearance between piston ring
~ groove and piston ring

ciued  we Bha.d wptanernonces gl
S EC R Kya. e CAUTIQN‘W”W wm shay wershd

5o b

Remove carbon depos:ts from pistons and check the
entire circumference of the piston.

(1) Remove deposits such as carbon from each ring groove.

(2) Check each ring groove for wear or damage. If it is
worn or damaged, replace the piston with a new one.

{3) Insert the piston ring into the piston ring groove. Apply
a straight edge and insert thickness gauges to measure
the clcarance between ring and nng grocn"c.
If the limit is exceeded, replace the piston ring with a
new one.

{4) When the piston ring has been replaced, measure the
clearance again, and if the himit is exceeded, then
replace the piston with a new one.

c T
£12
A | B
- N Measuring
LS u posmon

Measuring piston outside diameter

Piston weight mark

Engine front
direction mark
IFJ

Part number {last & digits)

Piston weiéht stamp location

7
No.1

i
Oil ring

GogEdRritemi e L Nominal L T Standard s sl FiLimit:
;[ | e [P0 o
5 - compression | [0.1181 in] 0.0043 in,) [0.0079 in.]
5% -
O -z . .

O [P T e
& ; compression | {0.1004 n‘f.] 0.003 in.| [0.0052 in.]
€2

=] o 5 5

27 o 5.00 mm 00?0t3(;)2([)}9t;nm 0.15 mm
& ' [0.1969 in.] 0‘6035 inl {0.0059 in.
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4.7 Measuring piston pin bore
Measure the piston pin bore diameter. If the limit is

exceeded, replace the piston with a new one.

friilems o 1 Nominal | :Standard:. L Limit -

58.002 to
Piston pin borc e58mm | 58.012mm | 58.020 mm
diameter [2.28 in.] {2.283510 [2.2842in.]
2.28391n.]

4.8 Measuring piston protrusion

v CAUTION i L

Plston protruswn must always meet the standard as
the amount of protrusion not only influences on the
engine performance, but also it is important to prevent
valve interference.

Measure the protrusion of each piston following the
instructions below. If the measured value docs not meet the
standard, inspect the clearances between various parts
involved,

(1) Bring the piston to the top dead center.

(2) Apply the dial gauge plunger to the top surface of the

crarikcase, and zero the dial gauge.

{3) Measure the protrusion at four points on the piston

head, and calculate the mean value.

Note: Subtract the mean value from the thickness of the
gasket compressed by tightening the cylinder head,
and the clearance between the piston top and cylinder
head will be detcrmined.

Measuring Meaéuring
position direction ,

PIStOI”I protru5|on

il

L1 ltem

‘E.

,vSﬁ?r}dard TR

0.38 to 0.89 mm

Piston protrusion [0.015 to 0.035 in.]

Thickness when tightencd . 1.77 10 1.83 mm
(cylinder bead gasket) [0.0697 to 0.0720 in.]
Clearance between pision and 0.88to 1.45 mm
cylinder head [6.0346 to 0.0571 in.]

Measuring piston protrusion
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4.9 Replacing standard of piston ring

I T CAUTION T g e
Replace the piston rings with new ones at every peri-
odical overhaul even if they are considered to be reus-
able. Sustained use of such piston rings can lead to
abnormal engine operation such as increased blow-by
combustion gas.

Piston rings should be replaced with new ones at every
overhaul unless otherwise specified.

However, at an engine disassembly made for some reason
before the next periodical overhaul, the piston ring
replacement is not required, provided that no abnormalities
are found when making the following inspections.
491 Visual inspection of piston-rring
Check sliding parts for injurious seizures, sticking,
abnormal wear and plating beeling due to carbon biting. If
any defect is found, replace piston rings with new ones.
4.9.2 Measuring piston ring end gap

Place the piston rings in a gauge or a new cylinder liner, and

measure the gap of each ring with feeler gauges. If the limit

is exceeded, replace all the rings as a set. Sickness gauge

Note: Using a piston, push the pJSton ring squarely into the

gauge or the cylinder liner.

;iﬁ;’h isatlltemiideisfossd Joe Standard < l?’? wsilEimit L35
o o s me e ond w o o B EG BB § @bt §fie KA E A R 5 GEU ediameter:
No.l 0.6 to 0.8 mm 150 ?_ 0 mm
compression | [0.024 to 0.031 in.] 5 91—i 0inj
Piston ring | No.2 0.5 t0 0.7 mm 2.0 mm
end gap compression | {0.020 to 0.028 in.] | [0.079 in.] Measuring piston ring end, gap
Oil in 0.5 to 0.7 mm . :
& [0.020 to 0.028 in.]

4.10 Measuring piston pin outside diameter
Measure the piston pin outside diameter.
If it is less than the limit, replace the piston pin with a new

|
/

one.
— . . ,/ Measuring
Item ' {'-"_;-chri"l,ih\a’la : S Staridard; - | %4 U Eimit £ \V, /  direction
57987 to
Piston pin @58mm | 58.000mm | 57.970 mm =TT
outside diameter | [2.28 in.] {2.2829to [2.2823 in.} L1
2.2835in.] Measuring
points
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4.11 Measuring connecting rod bushing inside
diameter

. . . - Measurin
Measure the inside diameter of the connecting rod bushing. direction 9
If the limit is exceeded, replace the connecting rod bushing )
with a new one. Meggurlng
. ~ position

“iltgmi. -0 |'Nominal | [/ ‘Standard . | Limit'

Conhecting
rod bushing
insidc diameter

e 58mm | 58.020to 58.040 mm | 58.070 mm
[2.28 in.] | [2.2842 10 2.28501in.) | [2.2862 in ]

Measuring connecting rod bushing inside diameter -

4.12 Replacing connecting rod bushing
(1) Use the connecting rod bushing installer to replace the {L

connecting rod bushings. (The usage of the connecting Connecting rod

IR . . bushing installer
rod bushing installer is described later.) ’ﬁ/ P/N:32591-18010 ™|
(2) Align the il hole in the bushing with that in the ’

connecting rod. ‘ : ’ F'"":
{3) After press-fitting the bushing, mcasure the bushing -~ j
_ )

inside diameter, If the measurement is out of tolerance, % b
: B Bushing bore
rcam the bore to the standard. Note that the out-of- Removal

i ; surface roughness  nstaltation
parallelism with respect to the big end bearing must be 28855 (22855 in ]

maintained within 0.05 mm {0.0020 in.]. Ra0.41m[0.016 gin ]
After press-fitting the bushing, insert the piston pin and Replacing connecting rod bushing
check that the connecting rod is allowed to swing

smoothly without any excessive play. Ry
Check for free
connecting rod rotation

Inspecting connecting rod movement



INSPECTION AND REPAIR OF BASIC ENGINE
I

4.12.1 Usage of connecting rod bushing installer

(1) Install the adapter on the base with the match marks
{red scribed lines) in alignment.

{2) Install the plate on the basc with the match marks (e ¢
mm [0.16 in.] red dots) in alignment.

{3) Assemble the connecting rod to the connecting rod cap
without fitting the connecting rod bearing.

(4} Install the connecting rod assembly on the basc while
aligning the oil hole in the connecting rod big end with
the match mark (¢ 4 mm [0.16 in.] red dot) for the plate
and the connecting rod small end with the adapter.

{5) Secure the connecting rod in place with the bracket.

4.12.2 Removing connecting rod bushing

(1) Lubricate the inside surface of the connecting rod '

bushing with engine oil.

| {2) Andch the collar A to the mandrel and insert the
assembly into the connecting rod bushing while
aligning the match mark (red scribed line) on the collar
A with that on the adapter.

{3) Using a press, apply pressure-slowly on the hecad of the
mandrel to force ‘out the connecting rod bushing.

6-26

N —
Mark on the base Mark on the base
(red stamp marks) ("Ed o4 mm [0.16 in })
| (—)
\\\h\‘ o
Adapter Plate
Mark on the adapter Base Mark on the plate
(red stamp marks) (red 24 mm [0.16 in.])

Conhecting rod bushing instaltation procedure (1)

Connecting rod cap
Connecting red Plate

1.
[« 153

Adapter Bracket . Mark on the plate
: Oil hole of connecting rod

Connecting rod bushing installation procedure (2)

—

Mark on coltar A 1 _——Mandrel
(red stamp mark)

]

1_—— Collar A

~& . Connecting rod

' % bushing
Mark on adapter

Adapter-f-"*

Base —T

Connecting rod bushing installaticn proceduré (3)
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4.12.3 Press fitting of connecting rod bushing

IR P BEE

Duiarnne CCAUTION G v bl o0
(a) Be sure to conﬁrm that the match marks (red
scribed lines) on collars A and B are in alignment.
(b} Be sure to confirm that the oil hole in the connect-
ing rod bushing is in alignment with the match
mark {@ 4 mm [0.16 in.] red dot) on collar A.

{1) Install a new connecting rod bushing onto the collar A

while aligning the oil hole in the connecting rod

dot) on the collar A.

{(2) Install collars A and B to the mandrel and secure them
with the nut.

{3) Apply engine oil to the outer periphery of the

-connecting rod bushing. Align the oil hole.in the
connecting rod bushing with the match mark (red
scribed line) ont the collar, then press the bushing into

the connecting rod.

N

bushing with the match mark (¢ 4 mm [0.16 in.] red

Oil hole of
connecting rod bushing

Mark on collar A
(red p4 mm [0.16 in.}).

Connecting rod bushing installation procedure (4)

v

: |_——Mandrel
Mark on collar Aand B
(red stamp marks)

¥ . Collar B
Et ,,'_Ah:rﬁ
|

: _,_Conﬁecting rod
# bushing

Nut

-_,.——-——CollarA

|
I
(BIH
1
\\I—
X
Mark on adapter
(red stamp marks)

s
1
Adapter—-f"ﬂ:’
I =
|t

Base «-—”‘

Connecting rod bushing installation procedure (5)

Mark on the collar A (red a4 mm [0.16 in.])
‘ Qil hole of connecting rod

Oil hole of connecting rod

Connecting rod bushing installation procedure (6)
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4.13 Inspecting connecting rod bend and twist

(1) Measure the dimensions of C and L. in the illustration to
check bend and twist of the connecting rod. Straighten
the connecting rod with a press to meet the standard.

If the standard is exceeded after correction, repiace the
connecting rod with a new one.

{2) In general, a connecting rod aligner is used to check
bend and twist.

Note: Before checking bend, tighten the connecting rod cap

to the specificd torque.

(3} To inspect the connecting rod with the piston installed,
turn the piston upside down and place it on a surface
plate. Insert a round bar having the same diameter as
the crankpin into the big-cnd bore, and measure the
height of the bar using a dial gauge. )

ST Pn AR NP T . oy i e
sringvaEiisiyiBem tridsrsrrye i srkerStandardsy el
e N R R R Y R T LT

0.05/100 mm
Caonnecting rod bend and twist (C/D) [0.0020/3.94 in.}
. or less

4.14 Inspecting connecting rod bearing
Inspect the connecting rod bearings. If any defect is found,
replace it with a new one.

4.15 Measuring connecting rod end play
{1) Install the connecting rods onto the respective

crankpins and tighten the connecting rod cap bolts to

the specified torque.
(2) Measure the clearance to the crank arm (end play) at
' two positions {above and below the crankpin).
(3) Ifthe limit is exceeded, replace the connecting rod with

a new one.,

c 0.05 (0.0020 |

L - 100 384
0.05 [0.0020
100 = 3.94

ok
f
Connecting rod bend

343+ 17.7 N'm .
{35 + 1.8 kgf-m} [253 £ 13.0 |bf-fi] Unit: mm [in.]

Caonngcting rod twist

Inspecting connecting rod bend and twist

N

v

S
Lo

4 -

7;/’//1 /-:/// o Unit: mm [in.]

Measuring connecting rod bend (using dial gauge)

Scratches

Flaking Fusi
usion

v

SLSL i tem 5 345 Nominal |2 s Standard: 221 - Limit
e e Sl R T R T A R R e R

End play 7 54 mm
(Cennecting rod width | |2.13 in.|
and crankpin width) x2

0.6 10 0.9 mm 1.0 mm
[0.024 to 0.035 in.] | [0.039 in.]
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Feeler gauges

343+ 17.7 N-m
{35 £ 1.8 kgf-m}
[253 £ 13.0 Iofi]

. Measuring connecting rod end play (2)
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4.16 Weight difference of connecting rod
assembly in one engine

When replacing a connecting rod, be sure to check the

weight rank of the connecting rod. In one engine, all the

connecting rods must be of the same weight rank.

_ L2 Weightrankdabler:ir v o2l T

|77 Weight .zt Tolerance

A 7100 g [251 0z.]

B 7200 g [254 0z.] -

C 7300 g [258 0z.]

D 7400 g [261 oz.)

E 7500 g [265 oz.] +20e(0.71 0z]

F 7600 g [268 0.

G 7700 g [272 oz.]

H 7800 g (275 oz.]

Note: The weight rank of the connecting rod assembly is
also stamped on the caution plate.

4,17 Measuring connecting rod big end bore
diameter and roundness

Measure the connecting rod bore diameter at the front and
rear ends respectively in the directions A, B and C as shown
in the illustration. The out-of-roundness is determined by
subtracting the minimum value from the maximum value
among the measurements of A, B and C.

If the limit is exceeded-, replace the connecting rod with a

Weight rank mark location

Connecting rod weight rank mark position

new one.
om0 e ) Outeof

. Standard |.:3 Limit - | roundness

S [ D] limike ey
Connecting 110,000 to
rod big-end | e 110 mm | 110.022 mm | 110.047 mm | (100 mm
bore diame- | [4.33in] | [4.33071t0 | [4.3326in] | [0.0039 in.]
ter 43316 in.] '

¢ Froni Rear

Measuring
position

~Measuring
direction

4.18 Inspecting serrated portidn of

connecting rod big end
Inspect the serrated portion of the connecting rod big end
with magnetic particle method. If any defect is found,
replace the connecting rod assembly.

Measuring connecting rod big-end bore diameter

- 6-29
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4.19 Measuring connecting rod bearing thick-
ness
Measure the thickness of ¢ach bearing shell at its center.
If thc measurement exceeds the limit, replace both upper
and lower bearing shells as a set.
Note: Replacement  bearings  are  available in  four
undersizes:
-0.25, -0.50, -0.75 mm and -1.00 mm

Pt CHEM ier i .| NOMInal i |;Starndard .iz; Limit §2.
G S e nBw |y gn " BB B s | e T B Ky then b b mee W e

PR B o e

2,987 to
1.000 mm 3.000 mm 2,950 mm -
STD -V ostin] | [0.117610 | [0.1161 in]
0.1181 in,]
112ta
025mm | 3125mm | 3125mm | 3.075 mm
[-0.01 in| | [0.1230in] | [0.1225% | [0.1211 in.)
0.1230 in.]
i 31237to
fﬂ‘;“;‘:‘agzg - 050wm | 3250mm | 3250 mm | 3.200 mm
s 8| [002in] |[0-1280in] | [0.1274t0 | [0.1260in]
0.1280 in.)
3.362 to .
-0.75 mm 3.375 mm 3.375 mm 3.325 mm
[-0.03in] | [0.1329in] | [01324t0 | [0.1309in]
0.1329 in.]
. 3487 to
-1.00 mm 3.500 mm 3.500 mm | 3.450 mm
[0.04in] |[01378in] | [0.1373t0 | [0.1358 in.]
01378 in]
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Measure at
the center of bearing

Measuring connecting rod bearing thickness
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5.1 Measuring crankshaft crankpin and journal
cutside diameters
(1) Measure the outside diameter of the crankpins and

crank journals. If the limit is exceeded, grind the pin or

journal to fit the diameter of the next undersize bearing.

(2) Determine the out-of-roundness and the out-oft

cylindericity (taper) based on the outside diameters that

have been measured.

{3) 1f the limit is exceeded on a crankshaft in which -1.00
mm {-0.0394 in.] undersize bearings are used, replace
the crankshaft with a new one.

5. Inspecting and repairing crankcase, crankshaft, and main bearing

Méasuring
position

Measuring
direction

;;tflh\ehﬁ;}';:, ‘Nominal ‘,';'iStand*a&eri-x-:’g;T‘;:jLimit‘j5;
103.90010 103 920
. o 104 mm mnm 103.860 mm
Crankpin diameter | 0y 000 1 | [4.0005 0 40913 | [4.0890 in.]
in.J

139.93010 139,950
Crunk journal a 140 mm mm 139.870 mm
diameter [5.51in.] | [5.5090t0 5.5098 | [5.5067 n.]
in.]

Measuring crankpin diameter

Distance between
centers of journal
and crankpin

87.5 mm
[344in]

" §7.41087.6 mm

[3.441t0 3.449 in]

Measuring
direction

Measuring
position

{ Deviation of 0.01
mim [0.0004 in.] or 0.03 mm
Parallefism - ) L [0.0012 in.]
lcss over enfire pin. {repair limit)
leagth pa
Diameter differ- 0.03 mm
Pi Roundness ence 0.01 mm [0.0012 in]
n . L
0.0004 in,] or less | (repair limit
and . f ] (repair limit)
Journal Cylinderic- Diameter differ- 0.03 mm
ny wmden . ence 0.81 mm (0.0012 i
Y [0.004 in.] orless | (repair limit)
Hardness - Hyv>620 -
Surface Ra 0.2 ym
aceuracy [0.008 pin.]

Fillet radius of
crank pin

. R7
£0.28 in.]

6.8 to 7.0 mm
[0.268100.276 in.]

Fiilet radius of
journat

R7 .
(028 in.]

6.8 to 7.0 mm
[0.268 to 0.276 in.]

Angufar deviation
between pins

=03

Measuring crankshaft joumnal diameter
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5.2 Grinding crankshaft

"Induction hardening

Grind the crankshaft journal (or pin) in the diameter that fit Hardness of
. . _ . 620 Ra0.2 ¢ m [0.008 ¢ in.]
the inside diameter of the next undersize main (or or more
. . . . « | (vickers Hardness
connecting) bearing. By doing so, the fitness check with an Number)
Crankshaft pin

actual bearing can be omitted.

o o : o o
When grinding, be careful not to change the fillet radius and ”] Crankshaft
width. If the surface hardness is cansidered to have heen : o journal

» 0

reduced considerably, re-harden the crankshaft and check
for flaws by means of magnetic particle inspection.
- . ; Fillet radius Fillef radius .
Ensure that the surface finish accuracy of the crankpins and Ra0.4 g m Ra0.4 tm [0.016 4 in ]
journals is kept within the standard even after the correction [0.016xin]  Fillet radius Ra0.4 g m [0.016 4 in.] .
by grinding. ' : Grinding crankshaft

R Gnndmg dlmensmns for undersnze crankshaft ‘,;;i‘,:ij Ly

e
ko wopdd f R

t$nw‘2\z«2\
oK Wi b 0wl R OB P &< L

#Grinz|:

FREAEE G

dlng 2 Undersnze ;

»mk :vgxwﬂw\nwm:,v%»»; k
" 13 B s s
§~pa s;-'vpﬁ ‘DF?‘(‘vﬁ"

0.25 mm 103.65 to 103.67 mm
[0.6098 in.] | [4.0807 to 4.0815 in.]

0.50 mm 103.40 t0 103.42 mm
[0.0197 in.] | [4.0709to 4.0716 in.]

0.75mm | 103.15 to 103.17 mm
[0.0295 in.] | [4.0610 to 4.0618 in.|

Crankpin diameter

100 mm | 102.90 to 102.92 mm
[0.0394 in] | [4.0512 to 4.0520 in.]

025mm | 139.68 (o 139.70 mm
[0.0098 in.] | [5.4992 to 5.500 in.]

0.50 mm 13943 to 13945 mm
[0.0197 in.] | [5.4894 to 5.4901 in.]

0.75 mm 139,18 e 139.20 mim
[0.0295 in.] | [5.4795 to 54803 in.}

0.01 mm [0.0004 in.] or less in diameter difference
0.07 mm [(.0004 in.] or less in diameter difference

1.00mm | 138.93 to 138.95 mm
[0.0394 in.] | [5.4697 to 5.4705 in|

Crankshaft journal outside diameter
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5.3 Measuring crankshaft end play

{1) Measure the crankshaft end play (clearance between the R7 58 2™ Unit: mm fin]
[0.28) (2.28 3™

crank arm at the thrust force receiving joumnal and the
bearing cap with thrust plate attached). If the limit is _ //” }
!

exceeded, replace the thrust plate with a ncw one.

(2} If the limit is still exceeded after a new thrust plate has

been installed, use an oversize thrust plate. O

‘Note: In general, the rear- thrust bearing wears faster than

the front thrust bearing. Therefore, in most cases, the
correction is achieved by replacing the rear thrust - — LIy 4
plate with a next oversize one. R7 {0.28]

Width of crankshaft thrust bearing surface

hrvistemto S D Standard s | e Limit e

wa R .
ik w ¥

0.200 to 0.400 mm 0500 mm
[0.0079 10 0.0157 in.] | [0.0197 in.]

Crankshaft end play

Usedon :|.tUsedon, i ol
.~one'side: . {” both:sides:"[: 70

EEEE

Oversizs - .
+0.25 mm O.8. 58.25 mm 38.50 mm
[0.0098 in.] [2.2933 in.] -| [2.3031in.] .

+i.23

+0.50 mm O.5. 58.50 mm 59,00 mm 0

[0.0197 in.] {23031 in.] | [2.3228in] | [""‘[’,—0‘”2 in.]

+0.75mm 0.8, | 58.75 mm 39.50 mm
[0.0295 in.] [2.3130in.] | [2.3425in.]

Measuring crankshaft end_ptay

5.4 Measuring crankshaft runout
Support the crankshaft at the front and rear journals with V-

blocks, and measure the crankshaft runout at the center

journal using a dial gauge. If the runout deviates from the

standard only slightly, grind the crankshaft to repair. If the |

runout exceeds the standard considerably, straighten the

crankshaft using a press.

If the limit 15 exceeded, replace the crankshaft. [ |

If the crankshaft has been repaired by grinding or pressing, 172 1/2
inspect the crankshaft for cracks and other harmful damage
using a magnetic particle method.

: : — Measuring crankshaft runout
tor e cdtem s o, Standard oo [ Limit :

@

Crankshalt runout 0.08 mm 0.20 mm
(TIR) [0.0032 in.]orless | [0.0079 in.]
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5.5 Replacing oil seal slinger
_ Inspecting the oil slinger visually. If any such abnormalities

that can lead to oil lcakage are found, replace the slinger

with a new one as follows.

5.5.1 Removing oil seal slinger

Pull out the sliﬁger from the crankshaft using a gear puller
while warming it with a burner. )

Note: Do not heat the slinger for longer than necessary.

. 5.5.2 Installing oil seal slinger
Identify the front ‘slinger and the rear slinger, and pay
attention to the installation directions.

(1) Front end, rear end
Heat the slinger to a temperature- of 110°C [230°F] or

higher. Using the slinger installer, strike the slinger into A

the crankshaft until it seats on the crankshaft gear.

6-34

! Front cover | TIMing gear casel

/ -
‘l Qil seat Qil seal slinger
slinger \\y
/ . ¢

/ Ol seal Qil sealﬂ;%

Front Rear

Replacing oil seal slinger

Gear puller

Removing slinger

Identification mark ‘ |dentification mark
(37425-08201) (41020-01500})
Close contact Close contact
with gear with gear
Front end Rear end

Installing oil seal slinger (1)

Slinger

Installer

Installing oil seal slinger (2)
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5.6 Replacing crankshaft gear
5.6.1 Removing crankshaft gear
Using a gear puller, remove the gear from the crankshaft.

Note: Do not strike the gear with a hammer,

5.6.2 Installing crankshaft gear

St CAUTION 08" s

(&) Install the crankshaft gear until it comes into con-
tact with the crankshaft flange.

(b) Be sure to install the gear in the correct orienta-

tion.

(1) Before installing the crankshaft gear, measure the
crankshaft diameter and the bore diameter of the

crankshaft gear to confirm that the specificd amount of

interference is assured.

(2) Heat the crankshaft gear to a temperature of 180 to
200°C [356 to 392°F]. Position the crankshaft gear such
that its notch is aligned with the dowel pin on the

crankshaft, and tap the end face of the gear lightly with

a copper hammer 1o fit the gear into position.

5.7 Inspecting main bearing surface
Check the inside surface of each main bearing shell for

abnormal contact, scratches, corrosion and peeling from

foreign material. Also check the outside surface of each

bearing sheil which comes into contact with the crankcase

or main bearing cap for abnormal seating.

Crankshaft gear

Renﬁoving crankshaft gear

Align them

'Installing crankshaft gear

Fitting direction Fitting direction

> <=

Front end Rear end

Fitting direction of crankcase

Scratch an the inner
and outer circumference,
comosion, and detachment

Inspecting main bearing surface
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5.8 Measuring thickness of main bearing shell
Measure the thickness of each main bearing shell at its
center. If the measurement exceeds the limit, replace both

upper and lower main bearing shelis as a set.

T em: ] Nominal | Stendard |- Limit
. 3467 to0
STD 3.500 mm 31480 mm 3425 mm
(01378 in] | [0.1365t0 | (0134810
0.1370 in.]
3.592 to
-0.25 mm 3.625 mm 3.605 mm 3.550 mm
[-0.0098 in] | [0.1427in.] | [0.141410 | [0.1398in]
. 0.1419 in.)
Thickness [~ 17170
g;“]:l"g‘ -050mm | 3.750mm | 3.730mm | 3.675mm
{-0.0197 in] | [0.1476 in.] | [0.1463t0 | [0.1447 in]
shell at 0.1469 in.]
center
3184210 |-
075mm | 3875mm | 3855mm | 3.800 mm
[-0.0295 in] | [0.1526in] | [0.1513t0 | [0.£496 in.]
0.1518 in.]
3967 to .
-§.00 mm 4.000 mm 3.980 mm 3.925 mm
[0.0394in] | [0.1575in) | [0.1562t0 | [0.1545 in]
0.1567 in.]

Note: Replacement shells for main bearing are available in
four undersizes: -0.25, -0.50, -0.75 and -1.00 mm [-
0.0098, -0.0197, -0.0295 and -0.0394 in.].

5.9 Replacing main bearing
If the bearing clearance exceeds the limit, replace the main

bearings or re-grind the crankshaft joumnals to thc next

undersize and use corresponding undersize bearings. If cach ©

crankshaft journal is ground correctly to the next undersize,
every replacement main bearing can be used readily without
performing any polishing to match it to the bore.

- 6-36
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"Measuring main_bearing thickness
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5.10 Measuring crankcase top surface distor-
tion

wetn e 0 CAUTIONS -5 7
Refacing of cylinder head should be kept to an abso-
lute minimum.

Excessive grinding of the cylinder head may result in
defects such as defective combustion and stamping
{contact between piston and valve).

Apply a straight edge to the top surface of the crankcase and

measure its distortion using a feeler gauge. If the distortion

excecds the limit, grind the cylinder head using a surface

grinder.

Note: Do not overgrind the cylinder head, as the piston
protrusion deviates from the standard value,

. Standard .5 [ Limit -

wp v

AR |11 TR
R L

0.20 mm
{00079 in.}
(repair limit)

Distortion of crankcase 0.15 mm
top surface {0.0059 in.] or less

5.11 Measuring main bearing fitting bore
{1} Secure the end bearing cap to the specificd torque.
(2) Measure the housing diameter in vertical and two

diagonal directions.

Measuring crankcase top surface distortion

;5 jtem - | Nominal |, Standard. | :° Limit i1
Measuring inside 147.000 to
diameter Ef main e 147mm | 147.025mm | 147.045 mm
bearing housin [5.79in] [5.787a to [5.7892 in.]
£ owsme 5.7884 in]

490 + 24.5 N-m (50 & 2.5 kgf-m)
[362 & 18.1 Ibf-ft] [Wet]

147 £ 7.4 N-m

(16 £ 0.75 kgf-m) -
[108 + 5.4 [bf-fi] [Wet]

Measuring main bearing fitting bore
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1. Reassembling crankcase, crankshaft and main bearing
1.1 Installing main bearing upper shells

R R T T T N R b n L TIENE IR S b N GG BB gy o
IS RN e STE S5 4p R PR c UT‘O M‘ o G G0 2 Gon W 55 AN 9“'1&'“%“@&@» e
& Akwbs:?wg& e Rl EEr ey SR .Mffzkm(hmé‘” > A B EERS s o g any e fond od e s o RET o Gt o pR o ny g M@"Mb

(a) When installing the main bearlng shells, do not apply engme oil to the outer penphery of the shells and main
bearing fitting bores in the crankcase. Install the main bearings after cleaning off foreign matters as well as oil
and grease from these surfaces using cleaning solvent and shop towels.

{b) Install the main bearings correctly. Do not confuse upper shells with lower shells. The upper shelis are identified
by a machined oil groove. The lower shells have no oil groove and are finished flat. The main bearings are in-
stallable even if the upper shell is confused with lower shell, but such instaliation could cause the crankshaft to
get severely damaged. Be very careful not to confuse the upper shell with the lower shell.

(c) Be careful not to damage the main bearing when installing.

(1) Lay the crankcase upside down on a work bench.

(2) Clean the main bearing fitting bores and main bearing
cap seating surface using cleaning solvent and shop
towel, and make sure that these surfaces are free from

any turelgn matter,

{3) Make sure that the main bearing upper and lower shells
are neither damaged nor contaminated.

{4} Fit the main bearing upper shells in the crankcase bores
while aligning their lugs with the corresponding

notches in the crankcase. Q 1 ™ ) B
Note: (a) Make the main bearing end protrusion from the - - \[ | | Main bearing upper
crankcase bore even at both ends. . Installing main bearing upper

{b) The oil hole in the upper main bearing shell will
be aligned with the oil hole in the crankcase by
fitting the lug of the upper shell into the notch in-
the crankcase.

{5) Apply an even coat of engine oil to the inside surface of

each main bearing upper shell.
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1.2 Installing thrust plates

©& S g

N R e I R T
nrtit ey o CAUTION. e s it il
Be careful not to damage the thrust plates when
installing.

{1} With the grooves of thrust plates facing outward, install

the thrust plates to the crankcase outside face of
rearmost bearing, and to the main bearing cap.

(2} After installing the crankshaft, install the thrust plate to
the crankcase inside face with the groove of thrust plate

facing inward.

1.3 Installing crankshaft

(1} Make sure that the main bearing upper shells that are
installed in the crankcasc bores have their inmer
periphery (the sutface comes infto contact with the
journal) tubricated with an even coat of fresh engine
oil.

{2) Wash the crankshaft thoroughly with cleaning oil and
dry it compictely by blowing compressed air. Then,
apply an even coat of fresh engine oil to the crankshaft
journals, ’

Note: When cleaning the crankshaft, pay special attention to
the oil holes in the crank journals and crankpins, and
make sure that they arc free from any foreign matter.

{3) Sling up the crankshaft horizontally, then move it above
the crankcasc and lower it slowly into position.

Note: When lifting the crankshaft with a chain block, do not
attach a metal hook or similar fitting directly onto the
crankshaft. Such metal ﬁnings can damage . the
crankshaft easily. Always lift the crankshaft using
cloth belts or pads on the supperting points.

il
grooves

Installing thrust plate

After washing, apply a small amout of engine oil to
the crankshaft journals.

Crankshaft assembly
Weight:
approx. 375 kg [827 b]

Assembling crankshaft
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1.4 Installing upper thrust plates

fgraBongegoreEia?

LIRS s s CAUTION ;e i
Be careful not 1o cause damage to thrust pltates when
installing.

Instal]l the upper thrust plates onto the front and back of

rearmost joumnal through the clearances between the

crankcase and crankshaft. '

Note: Be sure to install both thrust plates with. the oil
grooves facing outward (away from the journal)
respectively. '

1.5 Installing lower main bearing and lower
thrust plate '
(1) Instail the lower main bearing, aligning with the {ug
groove of the main bearing cap.
Note: Make a protrusion amount of bearings even.
{2) Evenly apply a small quantity of engine oil to the inner
peripheral surface of each lower main bearing.
(3} Install the lower thrust. plate, aligning with the dwell
. pin on the rearmost main bearing cap.
Note: Install the lower thrust plate so that its oil groove
faces outward.’ '

1.6 [Installing main bearing caps

{1) Make sure that the inner periphcry (the surface comes
into contact with the journal) of the main bearing lower
shells fitted in the main bearing caps and the outside
surface of the thrust plates are lubricated with an even
coat of fresh engine oil.

{(2) Install the main bearing caps in numerical order from

the front end of enginc toward the rear end so that the
cmbossed bearing number faces toward the rear end (all
lug grooves are aligned in the same side).

(3} Apply enginc oil to the thread of bearing cap bolts and
screw them in the bearing cap slightly, then fit the caps
in the crankcase using the bolts as a guide.

(4) Tap each bearing cap with a soft-head hammer to drive
it into position,

Note: The No.l bearing cap should be installed so that its
" end face is flush with the crankcase surface. .

{5) Through the respective side bolt holes, make sure that
the main bearing caps are firmly in position, and then
remove the main bearing cap bolis that has been used as
a guide.

Thrust plate
Oil groove upper P
o
Q
Installing thrust plate upper
Main bearing
lower

Thrust plate
low

Lug groove

Thrust plate
lower

ain bearing cap

Oil groove

Installing lower main bearing
and lower thrust plate

Installing main bearing cap
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1.7 Installing main béaring cap bolts

e ARRAET g

LT CAUTIONE Y e
Be sure 1o observe the specified tightening sequence
when installing the main bearing cap bolts and side
bolts.

{1) Apply engine oil to the threads of the main bearing cap
bolts and their washers. Then, screw them in the
bearing caps and tighten the caps loosely.

(2) Tighten the main bearing cap bolts as follows:

(a) Tighten the main bearing cap bolts altcrmately to the
specified torque. l

(b) Tighten the side bolts on the right side of the engine
to the specified torque.

{c) Tighten the side bolts on the lefi side of the engine
to the specified torque,

Note: Replace the O-rings with new ones.

Make sure that the camshaft tums freely.

{3} Tighten the main bearing cap bolt and side bolts to the
specified torque, Then, tighten the rearmost bearing cap
bolts and both side bolts [oosely.

Measure the crankshaft end play in this condition.

1.8 Measuring crankshaft end play

{1) Attach the dial gauge plunger to thc rear end face of the
crankshaft. - :

{2) Move the crankshaft longitadinally with a suitable bar
and read the difference between when the crankshaft is
fully pushed forward and when it is fully pushed
rearward to check that it is in agreement with the end
play standard value.

(3

—

Tighten the rearmost bearing cap bolts and side bolts to

the specified tor;]uc, then measure the end play again to

verify that it is correct.

(4} Revalidate that all of the bearing cap bolts and side
bolts are tightened correctly. ;

(5) Once again, make sure that the crankshaft turns frecty.

TLi T fem . %, Standard. - - }.. Limit..

0.200 to 0.395 mm 0.500 mm

Crankshaftend play | 10 5099 15 0.0156 in.] | [0.0197 in.)

{50 ¢ 2.5 kgf-m}
362 + 18.11bf-fi}
[Wet] '

[Wet]

Installing main bearing cap boit

Measuring crankshaft end play
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1.9 Inverting crankcase
Using a chain block and shackle or similar tool, turn the
.crankeasc to lay it on its side. Then, fasten wire ropes to the

crankcase and turn it over.”

7-6

Inverting crankcase
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2. Reassembling cylinder liner, piston and connecting rod

2.1 Reassembling piston and connecting rod

(1) Apply engine oil to the pistan pin, and reassemble the
piston and the connecting rod by inscrting the piston
Pin, observing the orientation of piston and connecting
rod shown in the illustration.

Note: The pistons and piston pins are assembled to each
other in clearance fit. However, the piston pins are
more easily inserted into the pistons if the pistons are
warmed up with a heater or in hot water.

(2) Using ring pliers, install the snap ring. Check the snap
ring for its tension, and make sure the ring fits snugly in
the roove.

Note: Install all the snap rings so that their end gap faces

toward the bottom of the piston.

2.2 Reassembling piston

o i+ CAUTION: . &

Every piston ring has a top mark such as “R” near the
end gap. Install all piston rings with this mark facing
upward. '

If the rings are installed_upside down, it could cause

malfunctions such as excessive oil consumption or an
engine seizing.

(1) Install the piston rings to the piston with a ring
cxpander.

Part No.

Piston weight § A

Camshaft s
Offset View A

Engine front

side mark |

Camshaft
Offset

Matching
o mark

fatching
mark

Engine right sid ¥ Engine left side
{As viewed from the front of engine)

Assembling direction of piston and connecting rod

Ring pliers
P/N:45191-08400

Reassembling piston and connecting rod

Ring expander
P/N:37191-03200

N Cff
UP mark

No.1 compression ring

No.2 compression ring

Qi ring
Coil spring

Piston/piston ring orientation
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{2) Install the oil ring with its end gap 180° away from the
joint of the coil spring, as shown in the illustration.

2.3 Preparation for installing pistons

{1} For the right bank
To facilitate piston installation, temporarily install the
damper and the pointer..Turn the crankshaft in the
normal tumning direction to bring the stamped mark of
the installing cylinder number to the position
approximately 50° before top dead center.

{2) For the left bank
Tumn the crankshaft in the normal turning direction to

bring the stamped mark of the installing cylinder

—

number to the position approximately 50° after top
dead center.

{3} Clean the cylinder liner inner surface and the crankpin

with a shop towel, and apply engine oil to the cylinder

liner. -

7-8

Coil spring joint

QOil ring end gap

Qil ring end gap/
coil spring joint orientation

Stamped cylinder number

Preparation for installing piston to right-bank cylinder

Stamped cylinder number

Applying engine oit to cylinder
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2.4 Installing upper connecting rod bearing

TS

ST L CAUTION Y AT
Do not apply olt to the bearing outer surface as the oil
could cause the bearing seizure.

Fit the connecting rod bearing upper shell into the

connecting rod big end while aligning its lug with the lug

groove, and apply engine oil to the inner surface of the shell.

Make sure that the lubrication hole of the bearing and the

lubrication hole of the connecting rod are aligned.

2.5 |Installing piston

ST M CAUTION i
Take utmost care to insure that your fingers are not
caught between the oil ring and cylinder liner.

Connetting rod
pearing upper

Lug groove

s ‘CAUTION & "

{a) Make sure that the "CAM arrow” on the piston top
points the camshaft side.

' {b) Checking through the inspection window on the
side of ¢crankcase, make sure that the-connecting
rod daes not come into contact with the piston cool-
ing nozzle when installing piston.

(c) Do notturn the piston, as it could cause damage to
the piston éooling nozzle.

{d) To protect the oil ring from damage due to shock,
gently insert the piston.

{1) Insert the connecting rod into the cylinder liner, taking

care not to damage the cylinder liner, and stowly lower

the pxston to the upper surface of the crankcase

(2) Apply engine oil to the piston rings. Then place the.end

gaps cqually spaced cach other, avoiding thrust and

anti-thrust direction, and pin direction.

Right side cylinder

Installing piston (1)

Coil spring joint Top ring end gap

Piston pin

Second ring end gap Oil ring-end gap

Installing piston (2)
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(3) Hold the piston with your hands on the compression
rings, and carefully insert the piston skirt into the
cylinder liner.

(4) Revalidate that the piston ring end gaps are positioned
correctly, Apply engine oil to the piston rings.
Lubricate the inside surface of the piston installer with
engine oil. Clamp the piston rings with the piston
installer.

(5} Insert piston into cylinder liner and tap the piston head
with a soft-head hammer to install.
If the piston is stubbomn, move the connecting rod big
cnd back and forth through the inspection window on

the side face of crankcase.

7-10

Compression rings

Piston Installer
PIN:37191-07100

Installing piston (5)
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(6) Insert vour hand through the inspection window on the
side face of the crankcase o check that the connecting

rod bearing upper shell is positioned in place. If it is

not, push the bearing upward with your hand to adjust.

2.6 Installing connecting rod cap

o L CAUTION: - .

(a) Make sure that the mating mark on the connecting
rad bearing cap and the mating mark on the con-
necting rod are on the same side and in alignment.

. (b) When fitting the connecting rod caps, make sure
that dust, metal particles, etc. are not caught inn the
serrations in the cap, between bolt seating sur-
faces and in the balt threads.

it Parts. .0 .1 .. 5 Position; t v

Connecting rod bearing lower | Inside surface

Bolt seat surface on the

Connecting rod cup serration area

Connecting rod bolt Threads

By inserting your hand through the |
connecting rod bearing
/

'\

Conriecting rod

bearing
. Installing piston (6)
Serration
Lug groove
Threads
N,
Bolt seating
surface

{1) Fit the connecting rod bearing lower shell in the bearing

cap while aligning its lug with the notch in the bearing
. LY

cap.

{2) Apply engine oil to the bearing cap bolt threads and

seating surface, and the inside surface of the connecting

rod bearing lower shell.
{3) Check that the match mark on the bearing cap and the

match mark on the connecting rod are on the same side

and in alignment, then install thc connecting rod

bearing cap to the connecting rod.

(4} With your finger, touch the joint between the

connecting rod and cap to check for misalignment.
Tighten the bolts after validating that they are flush

with each other.
Note: Lightly hold the upper part of the cap by hand, and
looscly tighten the lower bolt first to prevent the cap

from falling into the oil pan.
{5) Check that the match mark on the bearing cap and the

match mark on the connecting rod are on the same side

and in alignment, then install the conneccting rod

bearing cap to the connecting rod.

-

Tighten the lower
connacting rod bolt
first.

Installing connecting rodocap (2)
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{6) With the bolts tightened loosely, measure the end play
of the connecting rod to verify that the clearance is even
at above and below the crankpin.

{7) With the bolts tightened loosely, measure the end play

of the connecting rod to verify that the clearance is even .

at above and below the crankpin.

(8) Tighten the connccting rod cap bolts to the specified
torque. Then, loosen the bolts completely and tighten
them again to the specified torque.

Measure the end play again.

Note: When tightening the connecting rod cap bolts -
according to the angle method, follow the sequence '

described betow.
(2)Tighten the bolts with a snug torque of

147+7.4 N'm {152£0.75 kgfm} [108£5.4 Ibffi].
(b} Further tighten them by turning 45°+3°.
{c) Looscn all bolts, and’then tighten them again in
the same manner as above. (2-lime tightening
method)

* e k@ §6«

e om o « . o oot o wewor
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Before installing the cyllnder head, measure the piston

protrusion at all cylinders to verify that they are normal.

2.7 Measuring piston protrusion

¥ o oe
o

JAERiher D CAUTION g
" Before installing the cyhnder head, measure the plston
protrusion on all cylinders to verify that they are nor-
mal. '

o
EEe

(1) Bring the piston to the top dead center.
(2) Attach the dial gauge plunger to the top surface of the
" crankcase, and zero the dial gauge.
(3) Measure the profrusion at four points on the piston
head, and calculate the mean value.

7-12

Check the end piay
(0.6 10 0.9 mm)
[0.024 to 0.035in ]

343 £ 17.7 N'-m {35 £ 1.8 kgf-m}
[253 £ 13.0 Ibf-ft] [Wet]
2 times tightening method

Installing connecting rod cap (4)

End play measurement )
(0.6 to 0.9 mm}
N [0 024 t0 0.035 in}

e s s e

Fiston protrusion

L)

v
o AR

Measuring piston protrusion




REASSEMBLY OF BASIC ENGINE

3.1 Installing front plate
(1) Apply scatant (Heldite) 1o the fromt plate mounting

surface of the crankcase, then attach the packing in

place. Apply the same sealant to the packing and install

the front plate.

(2) Replace the dowel pins if they are worn or the front

plate is replaced.
{3} Check that the lower end of the front plate is flush with
the bottom surface of the crankcase. Cut off any excess

packing ncatly.

3.2 Installing water pump bearing cover
Insert the water pump bearing cover into the front plate,

then tighten the cover mounting bolts.

3.3 Installing front idler shaft
{1) Drive the idler shaft into position ysing a guide bolt.

(2) Tighten the idler shaft mounting bolts to the specified

torque.

3.4 Installing front idler gear
{1) Install the idler gear onto the shaft and fit the thrust
plate to the idler gear.

{2) Tightening the thrust plate bolts to the specified torque.

3. Reassembling damper and front accessory drive

108 + 10.8 N'm
(11 £ 1.1 kgf-m}
[80 + 8.0 Ibf-f]

Water pumnp
bearing cover

108 + 5.4 N-m
{11 £ 0.55 kgf-m}
W’ (80 + 4.0 Ibf-f]

Installing front idler shaft

Thrust plate (

‘@)\ e

-

% [
& 216108 N-m {22 £ 1.1 kgfm) |
\\

[159 8.0 Ibf-t]

installing front idler gear
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3.5 Installing front gear case and pointer

(1) Apply sealant (Heldite) to the surface of the crankcase
to which each front gear case packing is fitted, then fit
the packing in place. Appty the same sealant to each
‘packing and install the front gear case,

(2) Replace the dowel pins if they are worn out or the cover
is replaced. '

{3) Tighten the case mounting bolts evenly to the specified
torque. _

(4) Check that the lower end of the front gear case is flush
with the bottom of the crankcase. Cut off any cxcess
packing neatly.

(5) Install the oil seal in the front gear casc.

- {8) Apply engine oil to the lip of the oil seal.

(7} Using the front seal installer assembly, install the oil

" seal into the illustrated position relative to the skinger.

(8) When the pointer has been removed, or if the pomter
has been accidentally moved from its position, the
pointer must be placed in the correct position by finding
top dead center of the compression stroke in the
following manner: (for No.l cylinder as an example)
Tumn the flywheel so that its punch mark is positioned
at the same distance from the two punch marks stamped
on the timing gear case. This position is considered to

be the top dead center of the compression stroke of

No.I cylinder piston (also No.6).
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. o \A“\ 3
M12: 98 + 2.8 N-m {10 £ 1.0 kgPm} St
[72 + 7.2 Ibf-ft] (tighten crankcase)
M12: 68 + 6.9 N-m {7 + 0.7 kgf-m}
[61 5.1 bffi] (tighten front case)
M16: 255 + 25.5 N-m {26 £ 2.6 kgf-m} g
[188 £ 18.8 Ibf-fi] Repace

Installing front gear case

16 £ 0.3 mm

. Front gear case
[0.63£0.012in.]

Qil seal

|-

Slinger

) Front seal
V7 instalier assembly

P/MN:37591-05010

installing oil seal and slinger

Timing gear

case. Tl

Flywheel-——

When pointer was removed or dislocated accidentally
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3.6 Installing relief valve
Install the relief valve using the mounting bolts.

Relief valves

3.7 Installing damper and ¢rankshaft pulley
{1) Instal) the spacer, damper (rear), spacer, damper (front)

and crankshaft pulley.

(2) Tighten the crankshaft mounting bolts to the specitied
torque.

(3) Check face and radial runouts of the damper.

3 ;Standard 25| Limit ;- @i |
: P Crankshaft pulley

Gy ow med s . AN
LIRSl tem
B T ek .-

0.5 mm 1.5 mm

Face runout [0020in]orless | [0.059 in.] 490 £ 24.5 N'm {50 £ 2.5 kgf-m}
[362 £ 18.1 IbF-fi]
Radial runout 0.5 mm 1.5 mm
. . [0.020 in.] or less [0.05%in.] installing damper and crankshaft pulley
N/
—N
o i
Face runout ‘®- 7 ‘\\

|
Radial runout

Measuring damper face and radial runput
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4. Reassembling flywheel, timing gear and camshaft

4.1 Installing rear plate

(1) Apply seatant (ThreeBond 1211} to the rear plate
attaching portion of the crankcase, and install the
packing on that portion.

(2} Apply the same sealant {ThreeBond 1211) to the
packing, and then install the rear plate.

Note: If the dowel pins are worn or when the plate is

replaced, replace the dowel pins with new ones,

{3) Make sure that the rear plate bottom is flush with the
crankcase bottom. If the packing is protruding, cut off
the cxcess neatly. '

4.2 Rotating crankshaft ‘

(1) Install two bolts in the flywheel mounting holes of the
crankshaft.

(2) Rotate the crankshaft with a bar using the bolts to bring
the No.1 cylinder at the top dead center.

4.3 Installing front idler shaft

(1} Drive the front idler shaft into position using a guide
bolt.

(2) Tighten‘the front idler shaft mounting bolts to the

specified torque.

7-16

108 £ 5.4 Nm
{11 £ 0.55 kgf-m}
[80 * 4.0 Ibf-]

Rear plate

Installing rear plate

M22 x 1.5mm

Hl-’ ) ‘ Crankshaft

Rotating crankshaft

> Guidebolt”
(M12 x 1.25 mm)

o3

LH idter shaft
RH idler shaft
108 £ 5.4 N-m {11 £ 0.55 kgf-m} [80 t 4.0 Ibf-ft

Installing idler shaft




4.4 Installing camshaft

LEI. . “CAUTION - RS EERY
When mstallmg the camshatts, support them with a
protector such as a pad from the crankcase window to
prevent damage to their cam lobes and bushings.

{1) Apply engine oil to the inside surface of the camshaft
bushing.

{2) While supporting the camshaft with a bar, insert it into
the crankcasc.

(3) Install the thrust plate.

(4} Tighten the thrust plate mounting bolts to the specified
torque.

{5) Make sure that the camshaft rotates freely.

4.5 Installing camshaft gear

(1) Install each camshaft gear by aligning its hole with the
dowel pin on the camshaft.

{2) Tighten the camshaft gear mounting bolts io the
specificd torque.

(3) After installing the camshaft géar, make sure. the

camshaft rotates freely.

REASSEMBLY OF BASIC ENGINE

108+ 54 Nm

{11 £ 0.55 kgf-m}

[80 £ 4.0 Ibf-fi]

Thrust plate

installing camshaft (1)

Camshaft bushing

177 + 8.8 N'm
{18 £ 0.9 kgf-m}
[130 6.5 Ibi-fi}

RH camshaft gear

Installing camshaft gear
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4.6 Installing rear idler gear

{1) Install the rear idler gear with its match marks aligned
with the marks on the crankshaft gear and camshafi
gear, and then install the thrust plate. .

{2} Tighten the thrust plate mounting bolts to the specified
rorque.

(3) Insert the slinger into the crankshaft.

(4) Ensure that the match marks on the timing gears arc

aligned as shown in the illustration.

7-18

I.H idler gear

60 £ 3.0 N'm
{6.1 £ 0.31 kgf-m}
[49 + 2.2 |bf-ft]

Installing idler gear

LH camshaft gear RH camshaft gear

I

LH idler gear RH idier gear

Crankshaft gear

Timing gear train (viewed from flywheel) [Timing gear
engagement when No.1 piston is at compression top
dead center]
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4.7 Measuring timing gear backlash
Te measure backlash, apply a dial gauge to the 7 LH camshaft gear Q

circumference of gear shaft at the right angle to the shaft, or
insert feeler gauges into the meshing between two gears.
Replace the gear if the limit is exceeded.

T ff‘ltem <+ | standard: -, | <Limit

phe o~ em

0.11 © 0.26 mm

Crankshaft gear to LH idler gea.nj [0.0043 10 0.0102 in. | RH idler gear

0.10 to 0.24 mm

LH idler gear to LH camshaft pear . ’
E9T ] [0.0039100.0094 0] | 50 mm Crankshaft gear

RH camshaft gear

0.1210022 mm | (00197 in]

al o RH
LH idler gear to RH idler gear (0.0047 to 0.0087 in.]

" Measuring timing gear backlash

0.11 10 0.25 mm

i 1
RH idler gear to RH camshaft gear [0.0043 to 0.0098 in.]

4.8 Measuring idler gear end play
Using a feeler gange or dial gauge, measure the end play of

idler gear.
If the measured valuc cxceeds the limit, replace the thrust
. platc with 2 new one. ’

spetoscltem o ek Staddard oeoof-Limit

LH idler gear

0.3t0 0.5 mm 0.7 mm

Endplay ofidler gear | 0 019 100020 in] | [0.028in.]

RH idler gear

4.9 Measuring camshaft end play
Measure the camshaft end play with the camshaft gecar
attached. If the end play exceeds the limit, replace the thrust”

plate with a new ong.

saiptonitem,: po o f 0, Standard, G| G Limit

s
G ap w0 d

0.2 to 0.4 mm 0.55 mm

Camshaft endplay | 1o 008 10 0.016 in.] | [0.0217in.]

LH camshaft
gear

Measuring camshaft end ptay

7-19
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4.10 Reassembling follower
(1) For reassembling follower, refer to inspection and
repair section. .
(2} When installing the followers to the cam follower shaft,
be sure to arrange the [N, Ul and EX followers fram the
side in that order, as shown in the diagram.

4.11 Installing follower
Tighten the cam followers shaft mounting bolts to the
specfied torque for secure installation of followers.

4.12 Installing timing gear case

. . ; ¥ g L g B EGRG s Gewt By b o F

rwpve o s ie b el e A ITHON B Eer

i I A . [ R
EoE aEee v il Mol AT ..

» ot G om

Be careful not to drop or bump the timing gear case
against a rigid object, as it can cause damage to the
timing gear case, but also can cause personal injury.

(1Y Apply sealant (ThreeBond 1211) to the timing gear
case mounting surface of the rear plate, then place the
packing in position.

Apply the same sealant to the packing.

{2} Attach a sling to the timing gear case, align it with the
dowel pin. .

{3} Tighten the timing gear case mounting bolts to the
spéciﬁed torque.

7-20

Reassembling follower

e

Cam follower shaft mounting bott
88 + 4.4 N-m {9 2 0.45 kgf-m} [65 £ 3.3 Ibf-fi]

Installing follower

M12: 38 £+ 4.3 N-m {10 £ 0.5 kgf Y
{72 £ 3.6 ibf-ft] (tighten the crankcase} | ||
M12: 69 £ 3.4 N-m {7 £ 0.35 kgf-rm} N

{51 £ 2.5 Ibf-f] (tighten the rear plate] ™~

M16: 255  12.7 N'm {26 £ 1.3 kgf-m}

{185 + 9.4 1bi-H]

Timing gear case

Installing tining gear case




4.13 Installing rear oil seal

Use the rear oil seal fnstalier assembly to install the rear oil

seal.

(1) Install the guide to the crankshafi rear end, and secure it
with the insert bolts.

{2} Fit the oil scal to the installer and install the installer to
the guide.

{3} Tighten the bolt mounted on the instatler to install the
oil seal into the timing gear case.

{4} Loosen the socket bolt and push the swing washer out
of the bolt, then pull out the installer.

{5) Remove the insert bolts and remove thic guide from the

crankshaft.

REASSEMB

LY OF BASIC ENGIN

Oil seal
Siinger —E‘ I

Guide flange

Rear seal installer assembly

)
i

,

P/N:35B91-06010

nsert bolt

Insert
Swing washer
Bolt

—— Socket bolt

Installing rear oil seal (1)

Rear seal installer assembly ~=2L

P/N:35B91-06010

Installing rear oil seal (2)

Slinger

N

—

-]

Qil seal

ﬂ

Timing gear case

1810.3 mm [0.1710.012 in ]

Installing rear oil seal (3)
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4.14 Installing flywheel

St AN CAUTION fh i foh

Be careful not to drop or hit the flywheel s 1t could not _

only cause damage to the flywheel, but it could_ result
in personal injuries.

(1) Check the mounting surfaces of flywheel and
crapnkshaft for foreign matter or damage.

{2) Attach a lifting device to the flywheel.

{3) Install the flywheel by aligning its holes with the dowel
pins on the crankshaft.

{4) Coat the threads and bolt seat surfaces of the flywhee]
meunting bolts with engine oil, then tighten the bolts to
the specified torque.

(5) Check the face and radial runouts of the flywheel,

4.15 Measuring flywheel face and radial runouts
Measure the runouts of the flywheel in the installed
condition. If the measured value exceeds the standard,

check the bolt for looseness as well as the accumulation of -

foreign matter on the mounting face.

ﬂltgma FREPLIt Mg PeD i““" »“Standard 3w:_

_ 98 xdup ¥ . i

0.28 tim [0.0110 in.] or less

Flywheel face runout

Flywheel radial runout

0.13 mm [0.0051 in.] or less

4.16 Installing pickup
(1) Tum the crankshaft to position the center of the pickup

mounting hole to the flywheel circumference avoiding

the speed defecting holes.

{2} lnsert the pickup into the hole slowly and carefully by
hand. _

(3) When the tip of pickup comes into contact with the
flywheel circumference, loosen the pickup so that the
clearance to the ring gear meets the standard.

(4) Secure the pickup with the locknut.

4.17 Installing oil pump and oil strainer

{1} Fit a new Q-ring in the oil pipe and install the oil pump,

oil strainer and oil pipe as a sct to the crankcase.

{2) Check the backlash between the oil pump idler gear and
crankshaft gear. If the backlash is less than the standard,
adjust it by placing an appropriaie shim on the

mounting surface.

,P@A?“KM IEETERE T
:!Eeg‘\kke‘&‘9

i iStandards i
e e e g & 4

0.11 to 0.28 mm 0.50 mm
[0.0043 10 0.0110in] | [0.0197 in]

Oil pumyp drive gearand
crankshaft gear backlash

7-22

‘\\\-\\:g/(r/
Sling \IL@ \
et
S \Q\ ! \\G}){ Y"
588 £ 29.4 Nem g A 1\/\ B
{60 + 3.0 kgfm} __ lea\ N
[434 + 217 IbFf] S y s
et =

Flywheel

Installing flywheel

\ Face runout

measuring point

Radial runout
measuring peint

Measuring iywheel face and radial runouts

Speed
detectlng hole

Flheel

Timing gear case
Speed
Lock nut detecting hole

Flywheet

Screw back by 4 7 /4
1/2 turn '
f . .
after contact. » void the holes
When adjusting the gap
installing pickup
Shim
t=0.1mm
[0.004 in]

Qi pump

“59.4 5.0 m
{6 £ 0.6 kgf-m}
[43 £ 4.3 IbFR]

Installing cil- pump and strainer
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4.18 Installing oil pan

{1} Apply Heldite to the lower mating surfaces of the front
cover and the crankcase. -

(2) Apply Heldite to the lower mating surfaces of the

crankcasc, rear plate and timing gear case.

(3) Apply sealant (Heldite) to the each joint (4 locations) of
the oil pan gasket, and install the éasket onto the oil
pan.

{4) Tighten the oil pan mounting boelts to the specified

torque.

4.1% Installing cam sensor
(1) Attach the coupling to the front of the camshaft.

{2) Attach the oil seal and oil seal case to the coupling.

{3) Attach the sensing blade to the coupling.

(4) Turn the crankshaft to set the prong of sensing blade to
the cam scnsor installation hole of the oil seal case.

{5} Install the compression cam sensor.

{(6) Adjust the gap between the sensor and the sensing
blade.

(¥} Install the cam cover plate.

(8) Turn the crankshaft to No.1 cylinder compression top
dead ccnter.

Heldite Apply Heldite Rear plate
2 2 Timing gear
P case

D ™~ Crankcase

Front ) Rear

Packing - .

i
Crankcase

Front cover

instatling oit pan (1}

Apply Heldite 2
to jointed portion. LS

39+£39Nm
8 {4 + 0.4 kgf-m}
[29 + 2.9 Ibf-f]

installing oil pan (1)

Coupling

ECUi sensor case

Cam serisor

Gﬁ% Cam cover plate /JCam sensor

Installing cam sensor
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5. Reassembling cylinder head and valve mechanism

5.1 Reassembling cylinder head assembly

51.1 Installing SUS tube

(1) Insert O-ring into the cylinder head, and apply grease to ' L/
the inner periphery of Q-ring. s

{2} Apply liquid packing (ThreeBond 1207C) to the thread ' ’
about 10 mm [0.39 in] in height from the bottom of
cylinder head thread.

Apply Three

“/ Bond 1207C

e 10 mm [0.38 |n}

Note: When applying liquid packing, be careful not tﬁ allow
the liquid gasket to get on no other portion.
~ (3) Install the gasket to the cylinder, and insert the SUS

tube,
{4) Tighten the SUS tube to the specified torque using a , Installing SUS tube (1)
SUS tube tool. :
Note: Completely wipe off protuding liquid packing which . . SUS tube tool
will extrude between cylinder head and SUS twbe, P/N:35C91-00600

/12716.‘4N-m

{13 + 0.65 kgf-m}

|

—-; E: 5=~ [94 £ 4.7 Ibf-fi]
! 'g][ Q-rings

\qr sus tube
Remove leaked |
liquid and packing T i Gasket

1!
b

Installing SUS tube (2}
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5.1.2 Reassembling valve and valve spring

BTN s e AUTION Sf e oy g Coat the lip surface
Be careful when inserting the valve through the ste with engine ol
seal, as the edge of valve can cause damage to the lip Stem seal
of the stem seal.
{1) Lubricate the valve stem with engine oil, then fit the Valve guide
valve onto the valive guide.
{2) Insert the stem seal through the valve guide using a J:
guide and seal installer. :

\/-
, Coat the valve stems

{3) Install the valve spring and rotator on the valve guide. i with engine oil

Fit the valve cotters into position using the valve spring

Reassembling cylinder head assembly {1)
pusher.

Uv Valve spring pusher
P/N:33591-04500

Valve

gl spring
l T~ Valve

Reassembling cylinder head assembly (2)

Valve rotator

{4) Tap the top of the valve stem lightly several times with

a sofi-head hammer to make sure that the valve spring
and valve cotters are properly’ installed and seated Valve cofter

firmly. Top of valve stem-

Valve spring

Reassembling cylinder head assembly (3)
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5.2 Applying liquid gasket

s e SO ATION 252

(a) Do not apply liquid gasket more than necessary.
Excess liquid gasket could come into contact with
O-rings, and cause deformation of O-rings. When
applying gasket to portions A and B, in particular,
take utmost care since there is little clearance to
the O-rings.

(b) Keep the perimeter of the bores clear of liquid gas-
ket. Liquid gasket on such areas could cause gas

leakage.

S atodwe ay; mko

{1) Wipe off oil, grcase and dirt thoroughly from the
cylinder head gasket.

{2) Apply a thin coat of liquid gasket to both sides of the
cylinder head gasket around the tappet holes and oil
passa‘ges. Beads of liquid gasket should be 5 to 8 mm
[0.20 to 0.31 in.] from the cylinder head gasket outer
edge with a thickness of 0.2 to 0.5 mm [0.008 to 0.020
in.]. The particular applying ranges are as illustrated at

right.

Note: After applying liquid gasket, install the cylinder head -

as soon as possible, as the gasket will be dried up
readily.

5.3 Installing cylinder head gasket

(1) Wipe off oil, grease and other stains from the cylinder .

head bottom surface and the crankcase upper surfacc
with a shop towel.

{2) Install the cylinder head gasket that has been coated
with liquid gaskect onto the crankcasc with the dowel
pin and the hole in alignment. '

7-26

10 mm
[0.39in]
“ Keep this area clear
of liquid gasket.

A .
Liguid gasket:

Three Bond 1211
PIN:37584-01300

5to §mm|§
[0.20to
0.31in]

Liquid gasket application range

l Liguid gasket coating area {head side)

Keep this area clear
of liquid gasket.
Liguid gasket: .
Three Bond 1211
P/N:37594-01300

10mm .’
[0.39in]

5to 8 mm
[0.20 10 0.31 in]

Liquid gasket application range

Liquid gasket coating area'(crankcase side)

Dowel pins )

Installing cylinder head-gasket
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5.4 Installing cylinder head assembly

SRR s S CAUTIONE e
(a) Before installing the cylinder head, measure the
piston protrusion at all cylinders to verify that they

. are normal.
{b) Afier applying engine oil to the cylinder head bolts,

remove excess oil before installation.

(1) Attach a sling to the SH gland stud, connect a shackle
and wire ropc, then §ift the cylinder head assembly.

(2} Apply engine oil to the threads and seat surfaces of the
head bolts, then tighten the hcad bolts.

(3) Position the head properly by aligning the holes with
the dowel pins, and temporarily tighten the cylinder
head holts while keeping the head slightly lifted.

5.5 Installing cylinder head boit

The tightening of cylinder head bolts can be accomplished

in two ways, i.e, 2-time tightening method and angle

tightening method.

-5.5.1 2-time tightening method i

(1) Tighten the cylinder head bolts to the specified torque
in the illustrated order.

{2) Loosen all the tightened bolts, then retighten them as
deé\cribed above.

5.5.2 Angle tightening method

{1) Tighten the cylinder head bolts to snug torque (initial
torque) in the indicated sequence. '

{(2) Tighten each holt in the indicated sequence by turning
35+ 1.5°

(3) Then, tighten an additional 30 £ 1.5° (total of 65 £ 3°)
in the indicated sequence.

(4} Loosen all bolts, and retighten as described above (2-

time tightening)

Apply engine
oil here.

Installing cylinder head assembly

Tightening torque for 2-step tightening method
539 + 27.5 N-m {85 + 2.8 kgf-m}

{398 £ 20.3 Ibf:t] '
{Wet] Snug torque for
angle tightening i
method

294 + 14.7 N'm
{30 % 1.5 kgf-m}
[217 ¢ 10.8 ibf-fi]

Head bolt tightening sequence
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5.6 Installing rocker case

{1) Align hole of rocker case with dowen pin, install the
rocker case. .

(2) Tighten the rocker case mounting bolts to the specified

torque.

5.7 Installing bridges and bridge cap

(1} Apply engine oil to the bridge guide.

(2) Install the bridge onto the bridge guide so that the
screw-fitted end of the bridge is positioned on the
exhaust manifold side.

(3) Using the set screw, adjust the height of valve so that it
is flush with the top of the otlicr valve, and tighten the
lock nut to the specified torque.

{4) Fit the bridge cap onto the bridge after applying a thin
coat of engine oil to the seating surface, At this time,
take care not to drop the cap inside the crankcase
through the push rod hole.

7-28

M10: 59 £ 2.9 N'm {6 £ 0.3 kgfm} [43 £ 2.2 Ibf]

installing bridge and bridge c;ap '
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5.8 Installing electronically controlled unit
injector

B

T o D CAUTIONT T e T

{a) Handle the injection nozzle with utmost care t
prevent contamination by dust, or O-ring damage.

{b) Make sure the old gasket is completely removed
from the bottom section of the stainless tube. The
injecior may be damaged if a new gasket is
installed con top of the previous gasket. .

{1) Apply grease to the gasket, and attach the gasket to the
_ unit injector.

(2) Thoroughly ctean the area where the copper tube is
instalted in the cyl—inder head so that no forcign particles
such as dust may not remain. Dust in the hole may
result in gas leakage or fuel leakage.

{3) Completely remove the gasket from the bottom inner
surface of the stainless tube using a wire or other tool.

(4) Apply grease, silicone oil or lubricant to the outer
surface of Q-rings. )

{5) Aligning the injector dowel pin with the dowel hole of
cylinder head, insert the unit injector into the cylinder
head.

(6) Insert the gland, and tighten the fixing nut by hand.
Make sure that the unit injector is fully inserted, that
the dowel pin is in the dowel hole, and that the gland is
positioned properly.

(7} Tighten the fixing nut to the specified torque.

M

O-ring

Apply engine oil
Gasket
Apply grease

Dowel pin

Elecironically oy P
controlled unit injector ;7

Installing electronically controlled unit injector

Gland
Tighten the nut to
177 £8.8Nm
{18+ 0.9 kgfim}
==, [130 £ 6.5 Ibf-ft ]

] and loosen it.
Retighten the nut to
127 £ 6.9 N'm
{13 £ 0.7 kgf-m}
—_— (84 £ 5.1 Ibft].

Qa0

Dyoo

Installing gland-
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5.9 Installing rocker shaft assembly

SR i (CAUTION s T

(a) After assembly, move the rocker arm up and down
to make sure the rocker arm moves freely.

{b) When tightening the rocker shaft mounting bolts,
tighten the boit that also secures the rocker case

first,

(1} Align the pin hole of the rocker shaft with the’

positioning pin, and install the rocker shaft assembly to
' the Tocker case.
(2) Tighten the rocker shaft assembly mounting bolts to the
specified torque.
{3) Tighten the rocker arm adjusting screw firmly so that

there is no looseness of the rocker arm.

(4) Adjust the plunger tappet height between the spring
seat of plunger housing and the tappet end, to the
standard value when the plunger is positioncd its
compression top dead center, (Cam profile is base

circle.)

7-30

167 £ 83 N-m Rocker shaft

{17 £ 0.85 kgf-m} < Qil passage

Rocker
case
Installing rocker shaft.assembly
Plunger tappet Rocker arm adjusting screw

Rocker arm

Adjusting rocker arm adjusting screw

Height gauge
PIN:35C91-01900
- Plunger tappet
¥
81+ 0.05mm e Plunger spring
[3.189 £ 0.0020 in.] %
e Plunger housing
-

Measuring plunger tappet height
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5.10 Inspecting valve timing

The valve timing will be set in the specified range if each

gear is asscmbled according to the match marks. For

verification, however, inspect the valve timing as follows:

(1) Make sure that the No.1 piston is at the top dead center
on compression stroke.

{2} Using a 2 mm [0.08 in.] thick feeler gauge, adjust the
valve clearance of both inlet and exhaust valves of the
No.1 cylinder to 2 mm [0.08 in.].

(3) With a 0.05 mm [0.0020 in.] thick feeler gauge inserted
between the bridge cap and the rocker, slowly rotate the
crankshaft to determine the position where the feeler
gauge becomes hard to move (i.c., the valve bégins to
open) and the position where the gauge becomes easy
to move {i.e.. the valve is closed). Check to see if these
positions agree with the angular positions shown in the
valvc timing diagram with a 2 mm [0.08 in.] clearance
held on each valve,

Top dead center

9o 9o Inlet valve
Exhaust valve .
opening

closing >
Turning \l .
direction
~
Exhaust valve Inlet. valve
closing

opnin i o
P g ) 6‘6‘0 6@

Bottom dead center

Valve timing diagram
(when valve clearance is standard value)

/ﬂﬁ' 2 mm (0.08 in)

L

Bridge cap

Valve clearance
{with 2 mm [0.08 in.] clearance added.io valve)

—\ Feeler gauge
A Rocker .
: v 0.05 mm

\ 0.0020in]

R
\Bridge cap

Valve clearance
{with 0.05 mm [0.0020 in.] clearance added to valve)

Top dead center

150 140
Exhaust valve K' 7 Inlet valve
closes
Turning
direction

Exnaust valve
cpen

ba—®  closes
21° 23°

Valve timing diagram
(with 2 mm [0.08 in.] clearanae added to the vaive)

7-31




REASSEMBLY OF BASIC ENGINE ~

5.11 Adjusting valve clearance
Adjust the valve clearance.
For adjusting procedures, refer to “Adjustment and

Operation.”
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FUEL SYSTEM

1. Removing fuel system
1.1 Removing and inspecting fuel filter and fuel pipe

i

1

Q’-% &
R
FUEL INLET

Remaving and inspecting fuel filier and fuel pipe
Removing sequence

1 Inlet pipe . : 7 Fuel pipg (R.H) 13 Priming pump
2 Fuel pipe 8 Fuel pipe (LH) ) 14 Fuel filier

3 Fuel pipe _ : 9 Fuel filter (R.H) 15 Bracket

4 Fuel pipe 10 Fuel filter (L H) 16 Bracket

5 Fuel pipe (rear) 11 Connector

6

Fuel pipe (front) 12 Priming pump bracket

8_2 . . ’




FUEL SYSTEM

1.2 Removing and inspecting fuel pipe and fuel return pipe

Replace

FUEL RETURN

Remaving and inspecting fuel pipe and fuel return pipe
Removing sequence

1 Drain pipe 5 Check valve 9 Air valve {R.H)
2 Return pipe (R.H) ' 6 Return pipe (L.H) 10 Air valve (L.H)
3 Check valve 7 Fuel pipe (R.H)
4 Return pipe (R.H) 8 Fuel pipe (L.H)




FUEL SYSTEM
I

1.3 Removing fuel feed pump and accessory drive

Removing fuel feed pump and accessory drive
Removing sequence '

1 Plug 2 Set screw 3 Fuel feed pumb ! 4 Accessory drive




FUEL SYSTEM

2. Disassembling, inspecting and reassembling fuel system
2.1 Disassembling and inspecting fuel filter

Air vent plug

| Crack and damage

Fuel filter bracket

Fuel filter,

Filter wrench:

. Use the filter wrench to
Replace : dismount the fuel filter.
Every 1,000 hours :

Disassembling and inspecting fuel filter

2.2 Reassembling fuel filter

A WARNING.

RESEMYEE T :

Make sure that there is no flame when handling fuel. Wipe off any spilled fuel to prevent a fire.

LT B R 6

et s CAUTION TRl e T

(a) Hand tighten the fuet filter. Do not use the filter Air vent plug
wrench. . : ) 8+1.0Nm

(b} Be careful not to dent or scratch the surface of the . {0.9£0.1 kgf-m}

[7 £ 0.7 Ibf-f]

fuel filter.

(1) Prepare a new fuel filter and make sure that the gasket
is securely set on the groove.

(2) Apply clean fuel oil on the gasket.

(3} Mount the fuel filter on the filter bracket. When the
gasket of the fuel filter comes into contact with the
mounting surface of the filter bracket, tighten the fuet _ Reassembling fuel filter

filter by 3/4 to | turn.

{4) When the fuet filter has been installed, bleed the air
from the fuel filter.

{5) Start the engine and idle for a few minutes.

(6) Make surc that no fuel is leaking from the fuel filter Apply fuel oil
mounting surface. If a leak is found, loosen the filter, on the gasket
and tighten the filter again after verifying that the -
gasket is not damaged.

Fuel filter
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L I I I R I

2.3 Disassembling and inspecting accessory drive

Disassembling and inspecling accessory drive
Disassembling sequence .

1 Oil seal case 6. Snap ring 11 Feed pump drive gear
2 Adapter shaft 7 Ball bearing - 12 Rubber

3 Oilseal 8 Feed pump drive case 13 Ball bearing

4 Snapring 9 Snapring

5 Feed pump drive shaft 10 Washer
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2.4 Inspecting accessory drive

Qutside and inside diameters of bearing-fitted sections
Rotate each bearing, and if it docs not rotate smoothly,
replace the bearing.

Inspect the bearing journals of the drive shaft, and replace
the drive shaft if womn.

Inspect the bearing housing of the drive casc, and replace
the drive case if worn.

Inspect the drive shaft and oil seal, and replace if any
abnormality is found. '

Srii.dltem - o] Nominaldt. i "Standard o>

Feed pump drive gear @ 68 mm 67.961 to 67.991 mm

bearing bore diameter [2.68 in.] [2.6756 t0 2.6768 in.]
Rore diameter 240 mm 39,988 1o 40.000 mm

&0 [1.57in) | [1.5743 t0 1.5748 in]

£

o

L

& . . 2 68 mm 67,987 to 68.000 mm
Outside diameter [2.68in] | [2.6766t02.6772 in.]

Feed pump drive shaft o 40 mm 39.995 10 40.011 mm

bearing joural diameter [1.57in.] [1.5746 to 1.5752 0.}
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2.5 Reassembling accessory drive

60 + 3.0 N-m
{6.1 £ Q.31 kgf-m}
{44 £ 2.2 Ibf-fi]

Reassembling accessory drive

2.6 Disassembling, inspecting and reassembling check vaive

i

56 £ 59 Nm
{5.7 £ 0.6 kgf-m}
[41 £ 4.3 Ibfft]

Disassembling, inspecting and reassembiing check valve
Disassembling sequence '

1 Jam nut 3 Valve spring 5 Valve body
2 Screw 4 Ball




FUEL SYSTEM

3. Installing fuel system
3.1 installing fuel pipe and fuel return pipe

15+ 1.5N'm

{1.5 £0.15 kgf-m}
[11 £ 1.1 1bf-] \@m

»

Replace

15+ 1.5 N'm
{1.5+0.15 kgf-m}
[11 £ 1.1 Ibf-ft])

Installing fuel pipe and fuel return pipe
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L

3.2 Installing fuel filter and fuel pipe

59 £ 5.9 N'm '
_‘ {6.0 £ 0.6 kgf-m} o .59 59Nm

(43 £ 4.3 ibfHf] {6.0 £ 0.6 kgf-m}
P [43 £ 4.3 IbfY]

221+ 2.2Nm
{2.25 £ 0.25 kgf-m}
[16 = 1.8 Ibf]

{6.0 £ 0.6 kgf-m}
43 4.3 Ibf)

‘h ' l
I

Replace

Rep

(2.25 + 0.25 kgf-m}
" [16+1.8 Ibf-f)

lace

{6.0 + 0.6 kgf-m} A

T [4314.31bf]

3434 Nm
{3.5 £ 0.35 kgf-m}
[25 £ 2.5 Ibf /i)

e
o {2.25 £ 0.25 kgf-m}
[16 £ 1.8 Wbf-ft]

34+ 34 Nm
22+ 22Nm 34 + 3.4 N {35 1 0.35 kgf-m}
{2.25+025kgtm} 13 54 0.35 kgf-my [25# 2.5 IbffY

[16 £ 1.8 Ibf-fi] [25 ¢ 2.5 Ibf-ft]

UEL INLET

Installing fuel filter and fuel pipe
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LUBRICATION SYSTEM

1. Removing and inspecting lubrication system
1.1 Removing and inspecting oil filter, oil bypass filter and breather

& B '
‘*%:r% '

"~

“ ﬁ?\"’ \

3 Crack and

6
_ deformaticn

Removing and inspecting oil filter, oil bypass filter and breather
Removing sequence

i Oilfilter 3 Spacer ) 5 Qilfiller
2 Bypass filter 4 Braather 86 Cover




LUBRICATION SYSTEM

1.2 Removing and inspecting oil pipe (1)

7
' ]
S

e /ﬁﬁ
o
Crank ?
ran ?
) =5 '7 )

-
-~

Oil cooler

Replace f/, 16 ’

\QQ -
ﬁ&@
>
- g N
ol Y e s
7 S
1?1 Q‘;:__ -_”_L>’"‘ 4
Pt T +—— Crankcase mounting
FOOATaAT 0 surface
; A
-~

Timing gear. case

Removing and inspecting oil pipe (1)
Removing sequence

1 Cil pipe 7 Connector ' 13 Qil strainer

2 Connector 8 Stay 14 Qil pan (weight: approx. 70kg [154 |b])
3 Relief valve 9 Qii pipe _ 15 Oil pump {weight: approx. 33kg [73 Ib])
4 Connector : 10 Connector 16 Shim

5 Connector . 11 Connector

6 Qil pipe - 12 Strainer stay




LUBRICATION SYSTEM

1.3 Removing and inspecting oil pipe (2}

|
P
3

P
I
i

-
/’/
7

G"
A%
@ﬁ

Crankcase

J

7 W
//
Crankcase

e

i

c- 11
Front gear case
Removing and inspecting oil pipe (2)
Removing sequence o

1 Oil pipe 5 Drain pipe 9 Fan pipe

2 Qil pipe 6 Drain pipe 10 Flexible pipe
3 Oil pipe 7 Drain pipe 11 Flexible pipe
4 Drain pipe 8 Qil pipe

9-4




LUBRICATION SYSTEM

1.4 Removing and inspecting ail cooler

Removing and inspecting oil cooler

Removing sequence

1 Bolt

2 Oil cooler

0
o




LUBRICATION SYSTEM . :
.

2. Disassembling, inspecting and reassembling lubrication system
2.1 Disassemblig and inspecting oil pump and safety valve .

lBamage and wear] .

LDamage and wear 10 g

Crack and damage

Wear (safety valve
seat) and sliding

lEamage and weﬂ

E:rack and damage |

[Fatigue and breakage‘

Disassemblig and inspecting oil pump and safety vaive
Disassembling sequence

1 Driven gear 5 Bushing 9 Safétyva!ve
2 Pump cover 8 .Safetyvaive 10 OQil pump case
3 Driven gear 7 Shim ]

4 Driven gear o 8 Spring
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N

2.2 Inspecting oil pump and safety valve

2.21 Measuring base tangent length of drive and
driven gears

Measure the basc tangent length of drive and driven gears.

If the measured value exceeds the limit, replacc the gear. -

.

*oltem; <0 o | .- Standard - o[ cLimit s

Base tangent length of | 27.983 to 28.055 mm | 27.93 mm
drive and driven gears | [1.1017 to 1.1045 in.] | [1.0996 in.]

2.2.2 Measuring end clearance between gears
“and case
Measure the end clearance between gear width and case

depth. If the limit is excecded, replace gears/case with a new Driven gear

One.

Do tem T o stndga [ tmi

~~~~~~

Clearance between 0.095 to 0.140 mm 0.190 mm
gears tips and case [0.0037 to 0.0055 in.] | [0.0075 in]
Drive gear
2.2.3 Measuring side clearance between gears Measuring end clearance between gears and case
and case :

Measure the side clearance between gear teeth and case
bore. If the limit is excceded. replace gears or case with a

new one.

e temt

'\5 d:b qxd M s s

%, Standardi. oL o bimit,

Mcasuring side clear-
ance between drive
and driven gear
widths and oil pump
case

0.095 to 0.155 mm 0.290 mm
[0.0037 to 0.0061 in.] | [0.0114 in.]

Measuring side clearance between gears and case
2.24 Measuring drive and driven gear shaft out-

side diameters and bushing inside diameter

{1) Inspect the gear tecth. If any defects are found, replace
the gear with a new one.

(2} Measure the drive and driven gear shaft outside
diameters and the bushing inside diameter. 1f any of the
gear and bushing combination exceeds the limit,
replace it with the new set of such parts.

siyiltern;: |-Nominal | o, .. Standard "« & T oLimit .

ﬁ;‘i{ 39.984 t0 40.000 mm | 39.930 mm

) [1.5742 to 1.5764 in.] | [1.5720 in.]
diameter | 4 40 mm

: [1.57 in.] .

Eltf:;ng 40.000 to 40.05% mm | 40.140 mm

N {1.5764 t0 1.3771 in.] { [1.5803 in.]
diameter




LUBRICATION SYSTEM

2,25 Inspecting oil pump safety valve spring
[nspect oil pump safety valve spring for seftling and

damage. If significant settling, wear, or damage is found,
replace the salety valve spring.

J,

5 o oy~ L pma Tt N
iTRemes| 3 ss  Standard, s st o PLAMIE Ne e i >
5’:;5?’ " 73.4 mm [2.890 in. ) 73.4 mm [2.890 in.)/ i
insta”jllt’i”mg 9020 1040 N {92 to 106 keft | 834 N {85 kgf} :
ngthioad | (204 to0 234 Ibf] [187 Ib)
Safety valve spnng

Inspecting safety valve

2.3 Reassembling oil pump and safety valve

|
|

7|

& 54+ 19.7 N-m

{5.5 + 2.0 kgf-m}
[40 + 14.5 Ibf-f) :

I

i,

196 + 19.6 N-m
L {20 + 2.0 kgf-m}

_—— QLI__ [145 £ 14.5 tbf-ft]

Reassembling oil pump and safety valve

Note: Lubricate individual parts with engine oil during
rcassembly. Apply a thick coat of engine oil to the
threads and seating surfaces of the nuts and bolts
before tightening them.

-




LUBRICATION SYSTEM
.

2.4 Disassembling and inspecting refief valve '

Replace

1 [Etigue and deforrhationTl

. Disassemnbling and inspecting relief valve
Disassembling sequence )

1 Piug 3 Relief valve . 5 Case
2 Spring 4 Sleeve

2.5 Measuring relief valve pressure
{1} Remove the taper plug (PT1/8) on the upper surface of

the oil filter bracket, and set a pressure gauge. )

(2) Conduct a warm-up operation until the oil temperature
reaches 70 to 90°C [158 to 194°F].

(3) Measure the oil pressurc at idle and maximum speed

" respectively.

{(4) If the measured oil pressure is diffcrent from the .
standard pressure, remove the oil pipe, and adjust the
pressure by inserting a shim between thé spring and
plug.

A shim with a thickness of 2 mm [0.08 in.] changes the Pressure measurement point

relief valve pressure by approximately 0.04 MPa {0.4

kegflem?} [5.8 psil. . Shim for pressure
Note: When the oil temperature is low, the oil pressure may / adjustment
7
P—

rise above the set pressure, but it retums to the set
pressure as the oil ternperature rises.
(5) If the pressure does not change even after installing the E:

0

adjusting shim, replace the telief valve and spring.

par dilidtem. s |0 -.. .0 Standard Do L

Pt s o

Set pressure 0.39 to 0.67 MPa {4 to 7 kgfiem?} O O
(at max, speed) [56.89 to 99.56 psi]

Relief valve opening 0.58 = 0.05 MPa {5.9 + 0.5 kgfiem?} !nstal!ing shim for relief vaive adjustment’
pressure [84 = 7 psi]
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(R N i N I I e —

2.6 Disassembling and inspecting oil cooler -

39+ 4.9 N'm {4.0 £ 0.5 kgf-m}
[29-% 3.6 Ibf-f]

25+ 4.9 N'm {252 0.5 kghm}
& g s 36 1F 1]

Clogging, blowout and crack

Reace

5

Disassembling and inspecting oil cooler
Disassembling sequence :

1 Pipe . 3 Bypass valve 5 FElement
2 Plug | 4 Cover

2.7 Inspecting il cooler
Check oil passages in the element by blowing through them Check for leak,
with compressed air of 1.47 MPa {15 kgffem?} [213 psi] for damage, crack.
damage and cracks. If any leakage or damage is found,
replace the element with new one.

) Inspecting oil cocler
2.8 Reassembling oil cooler
To reassemble, follow the disassembly sequence in reverse,

and obsecrve the followings:

(1) Use new gaskets and O-rings during reasserably.

{2} Thoroughly clearn oil passages using a wash oil, and

dry them with compressed air.




LUBRICATION SYSTEM
A —

2.9 Disassembling and inspecting oil filter, oil bypass filter and oil filter alarm

Erack and deformation

3
gk———Z
SN T

S
i N
_.',.
"-,"

3

/,

Clogging, crack and

Clogging, crack and 1 |replace every 250 service hours

replace every 250 service hours

Remove using oli filter w}ench

DR\

When installing, coat the packing with
engine oil, then screw until it contacts
the seal surface of the bracket, and

further rotate 3/4 to turn by hand. : Qi fitter wrench

Disassembling and inspecting oil filter, oil bypass fiiter and oil filter atarm
Disassembling sequence

1 Qil filter element 3 Qi filter bracket 5 Bypass filter bracket
2 oilfilteralarm - "4 Bypass filter element

2.10 Inspecting oil filter

When replacing the oil filter, sample the 0il (500 m}

[30.5 cu.in.]) and check for metal and other particles. If
metal or other particles are found, cut and unfold the
element, and inspect the color and shape of metal particles

trapped in the element to identify the cause.

Inspecting oil filter
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L

2.1 Inspecting oil filter alarm
. {1} Use a tester to check the alarm for insulation and

continuity. If the alarm is found to be defective,
disassemble and repair. If the bakelitc or tubber

insulations are deteriorated or damaged, replace the
alarm.

{2) If the filter alarm lamp lighting pressure exceeds the
standard, replacc the alarm with a new one.

Shim Q

ziptemes Thage ey il Standard 3t

s | w e

+0.03

0.15 ¢ MPa
Oil filter alarm lightening pressure 1.5 e kgfiem?}

(21.34 o7 psi

Inspecting cil filter alarm

2.12 Reassembling oil filter, oil bypass filter and
oil filter alarm

I CAUTION® 2attnd i
After compieting reassembly, start the engine and
check for oil leaks.

To reassemble, follow the disassembly sequence in reversc.

(1) Use new packings and O-rings during rcassembly.

(2) Mount the bracket prior to installing the cartridge oil
filter. )

{3) Before installing the cartridge, ciean its fitting surface
and apply fresh fuel oil to the gasket. When the gasket
contacts the sealing surface of tﬁe bracket, tighten the
cartridge by 3/4 to 1 wm by hand. (Do not use a filter
wrench, as the filter may be damaged/dented. Never use
any damaged/dented filter) )
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ion system

3. Installing lubricat

Installing oil cooler

3.1

Installing oil cooler
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A _

3.2 Installing ail pipe (1)

—— i

58 £+ 2.9 N'm
{5.9 £ 0.3 kgf-m}
[43 + 2.2 Ibf-]

f‘

.
/// '
58+ 2.9Nm

S {5.9 + 0.3 kghm} V7

2 (43 + 2.2 Ibf-f] -
Crankcase

Crankcase’ . ]
o

{59103 kgfmj ~
[43 + 2.2 Ibf-ft]

/@R\ 58 + 2.8 N'm

-
Timing gear case

RN ﬁ B : ' .
el Repley &4
58+ 2.9 N-m /W
{6.9 £ 0.3 kgf-m} / ) Crankcase
: ! 4

[43 + 2.2 Ibf-ft] -
: ///

' Front igler shaft

instafiing oil pipe (1)
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3.3 Installing oil pipe {2)

Replace

- oy
i f,//-\ v
PR N
€ NS
Aol /]’ ~a e
T e R
T PR * surface
<t 2

¥
@
_

Crankcase

N

@Q

39+ 3.9Nm
{4 £ 0.4 kgf-m}
[29 + 2 9 ibf-t)

© 5912H9Nm
{6 % 0.6 kgi-m}
[43 £ 4.3 Ibfi]

Timing geat case

| Replace |

Installing oil pipe (2)
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3.3.1 Installing ail pump and strainer

Measure the backlash between oil pump gear and crankshaft
gear. 1f the backlash is 1o small, adjust it by fitting a shim
to the pump gear mounting face.

T P P A T YT EE S T
Lateti sedtem fiiriic. st Standard s okimit g
R X Rl T Y et L T o L e 3 W

PR

Qil pump drive gear and (11 to 0.28 mm 0.50 mm
crankshaft gear backlash [0.0043 t0 0.0110 in.] } [0.0197 in.]

3.3.2 Installing oil pan

{1) Apply Heldite to the lower mating surfaces between the
front cover and the crankcase.

(2} Apply Heldite to the lower ‘mating surfaces of the
crankcase, rear plate and timing gear case.

(3) Apply sealant (Heldite) to the joint surfaces of
separated portions (4 loc;lations) of the oil pan packing,
and install the packing to the oil pan.

{4) Tighten the oil pan mounting bolts to the specified

- torque.

9-16

Shim t = 0.1mm
[0.004 in}

Qil strainar Qil pump gear

Installing oil pump and strainer

Heldite Rear plate
Timing gear

Case

™ Crankcase

Front {° Rear

Packing

Front cover \Crankcase

Installing oil pan M

39+ 3.9Nm
E {4 £ 0.4 kgf-m}
[29 £ 2.9 IbFfi]

installing cil pan (2}
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3.4 Installing oil pipe (2)

deformation

Installing oil filter, oil bypass fiter and breather

M~
b
(@)
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COOLING SYSTEM

1. Removing and inspecting cooling system
1.1 Removing'and inspecting fan and fan drive

Untighten the bolt to be able
to move up and down until
the bracket is removed.

@ack. wear and damagﬂ _

Removing and inspecting fan and fan drive
Removing sequence

1 Fan drive V-belt . 2 Spacer 3 Fan Pulley and fan drive
' (weight: approx. 45 kg [99 Ib])
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1.2 Removing and inspecting water pump and water outlet pipe

Replace

o0
M )

'

A N

e
. Front gear case

Removing and inspecting water purhp and water outlet pipe

Removing sequence

1 Bypass pipe (L.H) 5 Thermostat assembly 9 Water pipe
.2 Bypass pipe {R.H) 6 Water outlet pipe (L.H) - 10 Connector

3 Bypass pipe (R.H) ] 7 Water outlet pipe (R.H) 11 Stay

4 Thermostat assembly 8 Water pump (weight: Approx. 40 kg [88 1))
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1.3 Removing and inspecting 2-way water pump and intercooler water pipe

?\5

53

2-way water pump

Removing and inspecling 2-way water pumip and intercocler water pipe.
Removing seguence

1 Coupling 9 Coupling ‘ .17 Intercooler pipe

2 Intercooler pipe 10 Water pipe 18 Water pipe

3 Coupling 11 2-way water pump 19 Thermostat assembly
4 Intercooler pipe + 12 Coupling " 20 Bracket

5 Coupling , 13 Water pipe 21 Pipe stay .

6 Water pipe 14 Coupling .22 Pipe stay

7 Rubber hose . 15 Intercooler pipe 23 Pipe stay

8 Water pipe . . 16 Coupling 24 Water pipe stay
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1.4 Removing and inspecting intercooler

Removing and inspecting intercooler
Removing sequence -

1 Joint . 2 Inlet duct 3 Intercocler assembly

10-5




COOLING SYSTEM

2. Disassembling, inspecting.and reassembling cooling system
2.1 Disassembling and inspecting fan pulley and fan drive

Disassembling and inspecting fan pulley and fan drive

Disassembling sequence
.

1 Capnut 5 Oil seal © 9 Spacer
2 Fan pulley } € Snap ring 10 Ball bearing
3 Sleeve 7 Shaft

4 Bracket 8 Ball bearing
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2.2 Inspecting fan drive

Measure the diameter of bearing fitting sections of the shaft
and case. [f they are out of the standard range, damaged or
worfl excessively, replace the bearing and shaft or case.

oo dem L) Nominal ; Standard:
8 110 mm [ 109987 to 110.022 mm
Bracket bearing [433in] | [43301104.3316 in)
bore diameter -2 120 mm | 119.987 to 120.022 mm
4.72in] | [4.7239 10 4.7253 in]
' Bore o 50 mm 49.988 to 50,000 mm
diameter | [1.97in] | [1.9680to 1.9685 in.]
Small
Outside | & 110 mm | 102885 to 110.000 mum
diameter | [4.33in] | [4.3262104.3307 in.]
Bearing
Bore ¥ 45 mm 44 985 to 45.000 mm
diameter | [1.77in] | [1.7712t0 1.7720 in ]
Large
Qutside @ 120 mm | 119.985 to 120.000 mm
diameter | [4.72in] | [4.7238 10 47244 in]
a50mm | 50.002to 50.013 mm
Shaft bearing [1.97in] | [1.9686 to 1.9690 in.]
journal diameter ) e45mm | 45.002 0 45.013 mm

[E77in] | [1.7717t0 1.7722 0.}

2.3 Reassembling fan pulley and fan drive

sesonm” ) il
{11.5 + 0.5 kgF-m)

83 x 3.6 ibf-t] [ ]

Reassembling fan pulley and fan drive
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2.4 " Disassembling and inspecting water pump

[Rotation|. 15
- > .
|
; &
N : )
11 1 rWear, degradation
e
) /,/
7
/ 1
| 2 @
| Corrosion, scratches]
Disassembling and inspecting water pump
Disassembling sequence
1 Snap ring 7 Oding 13 Unit seal
2 Cover 8 Water pump gear 14 Qii seal
3 O-ring : 9 Bearing 15 Snap ring
4 Water pump impelter 10 Snap ring 16 Bearing
5 Nut 11" Water pump shaft 17 Pump case (weight: approx. 28 kg [62 Ib])
& Oil seal sleeve 12 Ring 18 O-ring

10-8 _ .
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]

2.4.1 Inspecting water pump mounted on engine
With fingers, touch the drain port at the center of the pump
case bottom.

if it is wet with water, check the unit seal conditions.

H oil is present, the oil seal is defective.

Replace the oil seal.

2.4.2 Removing impeller

To - CAUTION
Be careful not to damage the water pump shaft, impel-
ler, etc. when removing impeller from the shaft,

(1) Using the water pump pliers, remove the snap ring that
holds the cover in position, then dismount the cover.

(2) Using the impeller remover, pull out the impeller.

Water pump
pliers
P/N:37591-03100

Snap ring

Remaoving water pump cover

Impeller remover P/N:37591-03200
(Remover plate) ﬁ_-'\/ Impelier

(Jack-bolt)
sy - Shaft

- tir.' A
.Hmmulini 4 d
Y 7 p)

=l

=

Remaving water pump impeller
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2.4.3 Removing water pump gear

{1} Remove the oil seal sleeve.

(2) Remove the gear and ball bearing together using the
gear puller.

(3) Remove the snap ring from the impeller side ball
bearing.

{4} Install two ring halves of the ring remover between the
unit seal and pump case as shown in the illustration.

{5} Install the outer ring over the ring halves to secure the
ring halves.

(6) Hold the pump case and push out the shaft by pressing

the impeller side of the shail in the direction of arrow
_ using a hand press.

Gear puller

Removing water pump gear

Ring remover

P/N:37791-03400 G Press
{Ring)
{Outer ring) S

- -

4 -
- |+

m

Removing water pump shaft
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2.5 lnspecting water pump

Mcasure the water pump case bore and the shaft diameter at
the bearing fitting portions as well as the inside and outside
diameters of the bearings. If any of thc measurements is out

of the standard, replace with a new one.

s idtem . ol Nominal |- - ° Standard
Pump case bearing a 120 mm 9987 10 120.022 mm
bore mside diameter 14.72 in.] [4.7239 t0 47253 in.)
Caover bearing ¢ HO mm 110.005 to 110.040 mm
bore inside diameter 14.33 in.] [4.3309 10 4.3323 in.]

Qutside a 120 mm 119.985 to 120.000 mm
diameter [4.721n] [4.7238 t0 4.7244 in.}
Large
Inside @35 mm 54.985 to 55.000 mm
‘Eﬂ diameter | [2.17 in.] [2.1648 to 2.1654 in.]
SJ Outside 2 110 mm 109.985 to 110,000 mm
diameter [4.33in.} [4.330] t0 4.3307 in.|
Small
1nside o 50 mm 49.988 to 50.000 mm
diameter [1.97 in.] {1.9680 to 1.9685 in.]
] # 55 mm 55.011 to 55,024 mm
\ Shaft bearing [2.17 in] [2.1658 to 2.1663 in.}
fitting section outer
diameter @50 mm 50.011 to 50.024 mm
[1.97 in.] [1.9689 to 1.9694 in.]
Clearance at the frontof | 1.04 mm - 0.58 to 1.50 mm
impeller [0.0409 in.) |0.0228 to 0.0591 in.]
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I I N
2.6 Reassembling water pump
)
Iy . 392 £ 19.0 N'm
—— {40 £ 2.0 kgf-m}
] [ IL"WWMWWI 282 + 14 |bfH]
!
S
- IR
{ \/ 1
.I ] ! p
( | .
p
~
Apply sealant Apply engine oil| | when pressing in the floating
(ThreeBond 1102)| |10 cil seal lip. seat of the unit seal into the ring,
to the periphery apply LLC at two positions on
of unit seal. the floating section.

Reassembling water pump

Instail new O-rings, oil scals and unit seals in reassembly.

10-12
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]

2.6.1 Installing water pump oil seal
{1} Using unit seal installer, press-fit the oil scal, making
surc that oil seal surface is flush with the case face.

{(2) Be sure to coat the oil seal lip with engine oil.

2.6.2 Installing unit seal
(1) Apply sealant (ThreeBond 1102) to the circumference
of the unit seal.
{2) Drive the unit seal into the case using a unit seal
instalter.
Note: Always replace the unit scal with a new one once it
has been removed from the pump case.

2.6.3 Installing ball bearing on the impeller side
Press the pump shaft with ball bearing at the impeller side
into the case using a press.

Install the snap ring into the case with its ends facing
downward.

2.6.4 Installing unit seal ring

Press in the unit seal ring with unit scal floating seat slowly

to the specified position using the ring instalter and a press.

Note: When pressing in the floating seat of the unit seal into
the ring, apply LL.C at two positions on the floating
section.

Unit seal installer
PIN:37191-06300

Apply sealant

Installing unit seal

& Pump shaft
with ball

bearing

Snap ring
opening

Installing ball bearing faor irﬁpeller—side

I 0 Press:in

Shaft

I

=—Ring installer

80+ 0.15 mm P/N:37791-03300

[3.154 0.0059 in}

INEP
A .
N ~
1 u
Floating seat f%’// . Z)— Unit seal ring
ol

Reassembling unit seal ring
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2.6.5 Installing ball bearing on the nut side

Install the gear into the shaft while aligning its key with
keyway. Press in the ball bearing at the nut end using a
PICSS.

2.6.6 Press-fitting water pump impeller
Press in the impeller using a press. Make the end of the
impeller boss flush with the end of pump shaft.

2.6.7 Installing water pump pulley

After instailing the water pump assembily, install the water
pump puiley at the back of the pump shaft and tighten the
nut to the specified torque.

10-14

-
oK
[E—:l\_[g _L(—:_’\E”_r]ess-in

1 T

Installing bail bearing for nut-side

Impeller
Press-in

Shaft

Press-fitting water pump impeller

Water pump

392+ 19.0N'm
{40 £ 2.0 kgf-m} |

[289 + 14 Ibf-t]

Installing water pump pulley
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— . A

2.7 Disassembling and inspecting 2-way water pump

Corrosion, cracks, damage

'V—belt groove wear, damage I

Disassembling and inspecting 2-way water pump
Disassembling sequence

1 Pulley * 5 Snapring 9 Ball bearing

2 Snap ring 6 Shaft 10 Unit seal
3 Cover 7 Ball bearing - 11 Case
4 Impeller 8 Spacer

10-15
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2.7.1 Inspecting water pump mounted on engine
With fingers, touch the drain port at the center of the pump

casc bottom.
If it is wet with water, check the unit seal conditions.

If oil is present, the oil seal is defective.

Replace the oil scal.

2.7.2 Removing impeller

x - CEENE A S - M
. et R 5 seaegdt 2 TR Laset
- P : Lhea-ar o e ®
P * - e PR R
o kw0 dwo a2 - A PR RN . o

Be careful not to damage the water pump shaft, impei-
ler, etc. when removing impeller from the shaft.

{1} Using the water pump pliers, remove the snap ring that
holds the cover in position, then dismount the cover.

Removing water pump impeller
(2) Using the impelier remover, pull out the impeller. : .

2.7.3 Removing water pump shaft

Remove the snap ring from the front bearing, carefully drive .
out the pump shaft complcte with the bearing toward the
gear side by using a press or soft-head mallet.
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2.8 Inspecting 2-way water pump

Measure the water pump case bore and the shalt diameter at

the beariﬁg fitting portions as well as the inside and outside . .
diameters of the bearings. If any of the measurements is out )

of the standard, replace the part with a new onc.

-1 item” .01 Nominal f - - /Standard -

Inside diameter of bear- | & 62 mm 61.988 10 62.018 mm
ing fitting bore in case 1244 in.) [2.4405 to 2.4420 in.}
' Case bearing bore 8 68 mm 67.961 0 67.991 mm
' diameter [2.68 m] [2.6756 to 2.6768 in.]
loside di t 9 28 mm 27.990 to 28.000 mm
g | fside dameter [1.10in.] [1.1020 to 1.1024 in.]
‘E
.3
2 N o 68 mm 67.987 to 68.000 mm
Guiside diameter | 1 6gin] | [2.6766 1026772 in,)
Shaft bearing journal 2 28 mm 28.002 t0 28.015 mm
diameter [1.10 in.] [1.1024 to 1.1030 in.]
Clearance at the fromt 0.8 mm 0.5t 1.1 mm
of impeller : [0.031 ia.] [0.020 to 0.043 in.]
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2.9 Reassembling 2-way water pump

Reassembling 2-way water pump

Install new O-rings and unit sea) in rcéssemb]y.

2.9.1 Installing unit seal
{1) Apply sealant (ThreeBond 1102} to the circumference
of the unit seal. '
(2) Drive the unit seal into the case using a unit seal
installer.
Note: Always replace the unit seal with a new one once it
has been removed from the pump case.

2.9.2 |Installing shaft
(1) Drive the bali bearing into the shaft.

Note: The ball bearing should be installed so that the shicld

plate is positioned on the unit seal side.
(2) Fill the ball bearing rolling section with WPH greasc.
{3) Drive the shaft into the case.
{4) Install the spacer into the shaft, and fill the case with 31
£[1.09 oz.] of WPH grease.

Apply
Three Bond 1102
to periphery

Unit seal installer

Unit seal

Installing unit seal

|1t Shaft

1 .1 _.~-WPH grease fill
W/\/ case
?_.--———Spacer

L _ Case
)

Ball bearing

{Apply WPH
grease to sliding
surface)

— |

Installing shaft




COOLING SYSTEM

L R . N
293 Installing ball bearing
(1) Fill the ball bearing rolling section with WPH greasc, .
- . Snap ring
and drive the ball bearing.

Noté: The ball bearing with shield plate should be installed ~;D/ _

s0 that shield plate is positioned on the pullcy side. 4‘.}\/ Shietd Plate
"(2) Secure the bal.l 'bearing. using a snap ring. @ 675;{\];;33;&5

grease to sliding
Q , e surface)

2.9.4 Installing floating seat and impeller

(1) Drive the floating scat of unit seal to the mounting
length specified. ‘

{2) Install the impeller to the shaft, making sure that end
faces are flush with each other.

Note: Apply LLC solution to two locations on the float seat
. before installation.

Installing ball bearing

tmpeller  shaft Flush

Installing floating seat and imppelier
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2.10 Disassembling and inspecting intercooler

Replace

Seal abnormality
and flaking {both sides)

Disassembling and inspecting intercooler
Disassembling sequence -

1 Connector 4 Pipe 7 Inlet manifold
2 Pipe 5 Intercooler cover
3 Connector 6 Intercoaler element

10-20
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2.11 Inspecting intercooler:
2.11.1 Cleaning intercoocler

it s gk CAUTION =0 el
When handiing sodium hydroxide (caustic soda) or
soda lime, always use a hand protection such as rub-
ber gloves.

(1} To remove the accurnulation of dust and dirt, blow
compressed air (at a pressure of 0.29 to .49 MPa {3 to
5 kgficm?} [43 to 71 psi]) through the intercooler in the
opposite direction to the normal air flow. Then, inspect

for corrosion and cracks.

{2} Flush the coolant pipes thoroughly with water holding

sodium hydroxide “(caustic soda) or soda lime in

solution to remove scales.

- 2.11.2 Inspecting intercooler for leakage

Immerse the intercooler in water. In this condition, biow
* compressed air (at a pressure of 0.39 MPa {4 kgflem?} [57
psi]) through the coolant passage and check for air leak.

2.12 Reassembling air cooler )
To reasscmbly, follow the disassembling scquence in

reverse.

Inlet side ‘

1 High pressure air

Cleaning intercooler

Inspecting intercooler for leakage
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2.13 Disassembling and inspecting thermostat assembly

for Jacket water i ' for Air cooling water

Disassembling and inspecting thermostat assembly
Disassembling sequence

1 Thermostat cover 4 Cover ' 7 Thermostat case
2 Thermostat 5 Water pipe
3 Cover . 8 Thermo_stat case bracket

10-22
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2.14 Inspecting water thermostat

RS B8y

ol AT CAUTIONT e
Be careful of burns or a fire when measuring terpera-
ture, as it involves a higjh-temperature and open flame.

To test the thermostat operation, immerse the thermostat in a

container filled with water. Heat the water, while measuring

the water temperature. Record the -temperature at the

conditions shown in the table below. If the temperatures arc

not within the standard range, replace the thermostat.

Note: (a} Stir the water in the container with a stick to

ensure uniform temperature distribution. ‘

(b) Prior to installing the thermestat, be surc to check

the valve opening temperature stamped on the

thermostat valve end face.

rtincnele foem oot | - Standard CT
Primary valve ing { tur: 71+£2°C
mary - opening femperature [160 + 3.6°F]
Secondary valve opening t rature 4L 2°C
Loncary pening lempe [165 + 3.6°F]
Temperaturc at which valve lift is . o o
10 mm [0.39 in.] or more §3°C [185°F]

2.15 Reassembling thermostat assembly
To reassembly, follow the disassembling sequence in

reverse. -

Inspecting thermostat

10
[0.39]

Valve laft mm [in.]

85°C [t85°F]

L 74+ 2°C {1685 £ 3.6°F]
Secondary valve opening
temperature

71+ 2°C[160 £ 3.6°F]
Primary valve opening temperature

Themostat performance curve
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3. Installing cooling system
3.1 Installing intercooler

installing intercooler
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L i _ ]

3.2 Installing 2-way water pump and intercooler water pipe

er cooler (R.H)

g
Inter cooler (L.H) ,//,ﬂ%
-

ﬂ;’

______________

Installing 2-way water pump and inlercooler water pipe
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3.3 Installing water pump and water outlet pipe

P
e

P %@Adapter

-5 Lk
~8 i
108 + 10.8 N-m - .
{11 £ 1.1 kgf-m} s %j§
{80 & 8.0 fof-] ﬁ) 2

LY 5
Front gear case

- i

installing water pump and water outlet pipe
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3.4 Installing fan and fan drive

\<Aéapter }
t

Untighten the push bolt

\ind rermove the fan bt_)lt.

. Untighten the bait to be able
to move up and down until
the bracket is removed.

33+20Nm

4 £ 0.2 kgf K o
25451 4 1bf9ft]m} N | Cracks, wear and damage

Installing fan and fan drive
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1. Removing and inspecting infet and exhaust system
1.1 Removing and inspecting turbocharger and exhaust pipe

Exhaust manifold {R.H)

Removing and inspecting turbocharger and exhaust pip(_e
Removing sequence '

1 Bolt - 6 Seal outlet ring

2 Spacer ' 7 Seal inner ring

3 Turbocharger (weight: approx. 29 kg [64 Ib]) 8 Exhaust pipe {(weight: approx. 25 kg [55 Ib]}
4 Heat insulator 9 Stay '

5 Joint




INLET AND EXHAUST SYSTEMS
N

1.2 Removing and inspecting exhaust manifold and insulator

Removing and inspecting exhaust manifold and insulator
Removing seguence

1 Insulator _ 4 Coupling 7 Exhaust manifold -
2 insulator 5 Flexible joint 8 Exhaust manifold
3 Insulator €& Joint gasket '
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2. Disassembling and inspecting inlet and exhaust system

2.1 Disassembling and inspecting turbocharger

[Check for any wear on the thrust bearing surface

Check for any bent, demage,
interference on the rear surface,
or corrosion from on the vanes.

Check for any
contact with

the compressor
wheel

14

and damage

Rubhing contact
with turbine wheel

Check far any contact
with the turbine wheal,
crack, or deform

17

Check for any bent, damage, interference
on the rear surface, corrosion from gas on
the vanes, or damage in the recess for ring.

Damage to bearing bore,gas erosion
and distortion of turbine side flange

‘Disassembling sequence

Disassembling and inspecting turbocharger

1 Lock piate 11 Piston ring 21 Piston ring
2 Compressor cover 12 O-ring . 22 Turbine backplate
3 Diffuser . 13 Qil deflector 23 Bearing {compressor side)
4 'O-ring 14 Thrust ring {compressor side) 24 Snap ring {(compressor side)
5 0-ring 15 Thrust bearing 25 Snap ring (turbine side)
6 Lock nut 16 Thrust ring (turbine side) 26 -Bearing (turﬁine side)
7 Compressor wheel “17- Bolt 27 Snap ring (turbine side)
8 Snap ring 18 Clamp plate 28 Bearing housing
9 Insert 19 Turbine housing
10 Fiinger sleeve 20 Shaft & turbine wheel
P DT CAUTION 5l R e e CCAUTION L e

When changing parts, be sure to use our designated
parts. Unless our designated parts are used, the
exhaust emission regulations cannot be met,

Carefully handle the compressor wheei and turbine
wheel during disassembly and assembly, since vanes
can easily bend when dropped or hit.
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2.1.1 Preparing for disassembly

e . A\ CAUTION ": & "™
Firmly hold the turbine housing with the vise so as not
to alfow it to move or become loose during operation.
However, exercise care so as not to damage the
flange surface by attaching jigs on the vise.

Hold the flange of the turbine housing in a vise.

2.1.2 Removing compressor cover

4\ CAUTION = ©

{(a) Be sure to make the relationship of the compres-
sor cover, bearing housing and turbine housing
with a punch or a marker at disassembly.

(b) Be careful not to hit the compressor wheel against
the compressor cover. -

(1) Remove the lock plates.
{2) Lightly tap around the compressor cover with a soft-
. faced hammer to loosen the cover, and remove the

COVEr.

2.1.3 Removing diffuser
(1) Lightly tap around the diffuser with a soft-faced
hammer to remove the diffuser.

(2) Remove O-rings from the bearing ho.using‘

Turbine housing

Vise

Bearing housing

Removing diffuser
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2.1.4 Removing compressor wheel

T oiarie idmaroerTorar P ‘,M(:,;x PR
Fobed qa 3 a- | ooy 9 writ, Tk
R LT, L

- (a) Be careful not to hit the oompressor wheel against
- the compressor cover.
(b) Note that lock nut has left-handed threads.

(1) Hold the boss.of the shaft & turbine wheel and unscrew
the lock nut that holds the compressor wheel.

{2) Hold the trbine wheel by one hand, and remove the
compressor wheel by lightly turning it.

21.5 Removing snap ring -

113N e VG AUTION ™ 1574 sl
Put a thumb on the snap ring to prevent it from flying
out in case pliers lose grip.

Using the ring pliers, remove the snap ring.

2.1.6 Removing insert and oil deflector

(1) Using two screwdrivers, gently pry out the insert from
the bearing housing.

{2) Scparate the flinger sleeve together with the piston ring
from the insert.

(3) Remove the following parts from the bearing housing.
O-ring
Oil deflector
Thrust ring {compressor side)
Thrust bearing
Thrust ring (turbine side)

11-6

Ring pliers
P/N:49160-90101

Snap ring

Removing snap ring

Q‘/Flinger sleeve
Piston ring
Bearing housi /Insert
earing housing
9 9 ‘ . =4 a—0-ring

_a—0il deflector
S Thrust ring
Thrust bearing
& --—Thrust ring

Removing insert and oil deflector
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2.1.7 Removing shaft & turbine wheel

{1) Remove the bolts and clamp plates.

(2) While gripping the shaft of the shaft & turbine wheel
with one hand, hold the bearing housing with the other
hand and slowiy remove the shaft & wrbine wheel from

the turbine housing.

{3) Turn over the bearing housing (so the turbine wheel
faces up), and place it on the compressor cover. Then,
remove the following parts. .

Shaft & turbine wheel
Piston ring
Turbine backplate

Bearing (compressor side) .

2.1.8 Removing snap ring and- bearing

Fekel et '\ ‘CAUTION'
(a) Use the pilers to remove the snap ring.
{b) Carefully remove the snap ring, making sure not to

damage the inside surface of the bearing housing’

or the seal (turbine side) of the piston ring.

Place the bearing housing on a workbench with the
compressor side facing up. Then, remove the following
parts.

Snap ring (compressor side)

Bearing (turbine side)

Snap ring (turbine side)

Shaft & /\

Bearing housing turbine wheel

Removing shaft & turbine wheel (1)

Shaft &
Turbine wheel

Bearing E\\
housing -~ S \
2.

= Plston ring
== Turhine

@ L ./backplate
I

Bearing

Removing shaft & turbine wheel (2)

=—— Snapring

Ring pliers C‘)q_—Snap ring (turbine side)
P/N:49160-90201 ]
@.—Bearing (turbine side)
0— Snap ring (turbine side)

Bearing housing

Removing snap ring and bearing
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2.2 Cleaning turbocharger

SEARUEINe R DU HCAUTION S BT L

{a) If any commercial neutral detergent needs to be
used, it must not have a corrosive nature,

(b} Exercise care not to damage any part.

(c} Where shot-blasting is necessary, cover the both
end surfaces of the compressor wheel, and
screws, shafts, and groove for ring of the turbine
shaft & turbine wheel to pfotect their surfaces from
being rugged ar sore before the cleaning opera-
tion. :

In maintenance workshops dedicated for turbocharger, it is
popular to use a blasting equipment for cleaning the target
parts. The alternative of this method is as follows:

Note: On this shot blast, do not blast over such parts as
included in the section marked with an * in the figure,
both cnd surfaces of the compressor wheel, and shaft
scction of the shaft & turbine wheel.

(1) Visually check the part tonditions before cleaning to
note any bums and abrasions, which may not be
observable afier cleaning. )

(2) Soak the disassembled parts in the inflammable solvent
{eg. Die Cleaner T-30 manufactured by Daido
Chemical Industry Corp.) to remove oil contaminants
and carbon attachments. However, do not soak the O-
ring, thrust bearing, and other bearings. _

(3) Blow a compressed air over the either inside and
outside surfaces.

(4) Pick off the attachments using a plastic lever ot bristle
brush.

11-8

Compressor
wheel

Shaft & turbine whee)

Cleaning procedure turbocharger

Combined use with an ultrasonic cleaning unit can
help to remove the contaminants easily.

Cleaning carbon deposité thorughly
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(5) Blow a ciean compressed air over the inside and outside
surfaces again.

Coat a clean engine oil over the surfaces of each sliding .
component, Should the screw, shaft, or ring-receiving
groove be rusty, remove it with a puff, ctc. Never use a
file to abrade the surfaces.

Apply engine ail

11-9
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2.3 Inspecting turbocharger

gl e (;;;;’ P
n.g;ﬁﬁspvi: a g v Jo',o'x‘(
E e Ta e by

When changmg parts be sure to use our designated
parts. Unless our designated parts are used, the
exhaust emission regutations cannot be met.

V% e o o R R 8T

2.3.1 Bearing housing

Measuring inside diameter of bearing-fitted section
If the measured diameter exceeds the service limit, replace
the bearing housing.

1 itemty
- 5»5(‘:5{ oMWQ‘RW{-&

. B R H T
S e hmit i

k2
- cibv%& S o

Inslde diameter of bearing-fitted

housing section 30.006 mm {1.1813 in.]

2.3.2 Bearing
(1) Measuring bearing outside diameter

If thc measured diameter is less than the service limit, .

replace the bearing.

g W ¥ B 9 S0 %oy, 80

Mleatii Y

Beanng outs:de diameter 29.876 mm {1.1762 in.]

{2} Measuring bearing inside diameter
If the measured diameter exceeds the service limit, replace
the bearing.

o BT

L s © o g g] o memag am e i
?;,,nf,‘;,“m::,hem CLAT TS made i

Bearing inside diametcr

{3) Measuring bearing length
If the measured length is less than the service limit, replace
the bearing.

Bﬂanng length 17, 440 mm [0.6866 in.]

11-10

Measuring inside diameter of bearing-fitted section

Measuring bearing outside diameter

Measuring bearing inside diameter

Measuring bearing length
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2.3.3 Shaft & turbine wheel
(1) Measuring journal diameter of the shaft & tur-
bine wheel

If the measured diameter is less than the service limit,
replace the shafi & mrbine wheel.
Replace the piston ring with new one,

Pod o TRUbw by S B -SRI Y sy 0
§'w”j?f«;‘3!tem A ",f’?il”i,‘ﬁL:"E't«. SR .

§odn P

Shaft journal diameter 17.996 mm [0.7085 in.]

{2) Measuring shaft runout

A CAUTION;‘: i e
If the shaft is bent, replace. Do not attempt to correct
the bend.

Sct a dial gauge at a tocation next to the threaded section of
the shaft, and measure shaft runout.

If the deviation indicated by the dial gauge exceeds the
scrvice limit, replace the shaft & turbine wheel.

If the surfacc of the shaft journal is rough, mount the shaft

on a lathe, and gently polish the surface using #400

. - : : | .
sandpaper and engine oil while rotating at 300 to 600 min™'. Measuring shaft runout

R e e e L tLimi o o
ey BT L e e imit peE e s

Shaft runout 0.015 mm [0.0006 in.}

2.3.4 Inspecting insert and
measuring piston ring end gap
Install a new piston ring squarely in the insert, then measurc

Insert

. . End gap
the piston ring end gap. Piston ring -
If the end gap deviates from the assembly standard, replace

the insert.

Trosiet. ccMemy’o ool L e Standards e <t

N

0.05100.25 mm

Ring end gap [0.0020 to 0.0098 in.]

Measuring piston ring end gap

- | 11-11



INLET AND EXHAUST SYSTEMS
———— . i—

2.4 Reassembling turbocharger

Tighten nut 9.8 N-m {1.0 kgf-m} [7.2 Ibf-f]
and lcosen it. Retighten to 9.8 N'm
{1.0 kgf-m} [7.2 Ibfft]} and turn to the
angte 80 £ 3°,

=5

\

Detailed view A

20 + 2.0 N'm
{2.0 £ 0.2 kgf-m}
[14 + 1.4 Ibft]

24+1.0Nm
{2.4 £ 0.1 kgf-m}
[17 = 0.7 Ibf-t]

Reassembling turbocharger

oGee ot PYTTS a0 i
B g 0§ T v " ] A
pom oo wE e e SR TERINLL e

adn s

S N [ S PR
T E TR TR RSO ad MY s P .o

k3

When changing parts, be sure to use our designaled.

parts. Unless our designated parts are used, the
exhaust emission regulations cannot be met.

I

Era 3 P e

DS R wae = C UT'ON wee vxRSEean . e
« st L z. # A L aer e v ¥ .
CAENLY s e tceRRY o IR

5 u

(a) If vanes are damaged or cracked, do not reuse the
part.

{b) If only cne vane is slightly bent or scratched, the
part can reused. However, do not attempt to cor-
rect the bend. - '

Replace the following parts once disassembled.
Piston ring

O-ring

After installing the overhauled turbocharger on the
engine, crank the engine with the starter to send lubri-
cating oil to the moving pans in the turbocharger.

11-12
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241 |Installing shaft & turbine wheel and bearing

ST L CAUTION. e T

{a) Use the ring pliers to install the snap ring. After
installing the snap ring, rotate the ring with a finger
to make sure it rotates smoothly.

{b) Apply engine oil to the outside and inside surfaces
of the bearing beforga instailation.

{c) Do not expand the piston ring excessively or twist
the ends when installing on the shaft & turbine
wheel.

{d) After installing the piston ring in the ring groove, ap-

ply Malykote to the ring before assembly.

- {e} The piston rings on the turbine side and compres-
sor side are identical.

(f) Do not apply excessive force without centering the
shaft properly during the installation of the shaft &
urbine wheel.

(1)} Install the following parts.
Bearing housing
Snap ring (turbine side)
Bearing (turbine side)
Snap ring_(comprcssor side)

{2) Place the bearing housing on the compressor cover, and
install the turbinte backplate.

(3) Imsert the piston ring into the groove on the shaft &
turbine wheel. '

{4) When installing the shaft & turbine wheel mounted
with the piston ring in the bearing housing, position the
ring ot the shaft as shown in the illustration, and insert
the shaft & turbinc wheel while rotating.

—
%]
—

end and turn over the assembly so the cmﬁpréssor side
faces up.

Then, install the bearing on the compressor side.

After the asscmbly was completed, mount the bearing
housing on the turbine housing and tighten the bolts and
clamp plates temporarily.

I

C>a——Snap ring
qu_Snap ring {turbine side}

&L}_Bearing (turbine side)

Cl)q—— Snap ring (turbine side)

Ring pliers
P/N:49160-90201

Turbine
backplate

Large space

Small space

Ring end gap
Shatft & turbine wheel

After installing the shaft & turbine wheel, hold the shaft

turbine wheel
Bolt——-@

Bearing housing
Shaft & ) -

Bearing

Turbine housing

Installing shaft & turbine wheel and bearing (3)

11-13
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2.4.2 Installing thrust bearing

Apply engine oil to both sides of the thrust ring and thrust
bearing.

To install the thrust bearing, align the notch to the groove
pin.

2.4.3 Installing O-ring
Apply grease to O-ring, and install.

2.4.4 Installing oil deflector
Apply enginc oil to both sides of the thrust ring and install.
Then, install the oil deflector with the baffle facing down.

11-14

Thrust bearing

Thrust ring

Oil deflector

Installing oil deflector




2.4.5 Reassembling insert sub-assembly

INLET AND EXHAUST SYSTEMS

P e G CATIONT

(a} Do not expand the piston ring excesswely or twist
the ends when installing on the finger sleeve.

(b} Apply specified sealant to the piston ring installed
on the flinger. sleeve, then install on the insert
carefully so as to avoid piston ring damage.

{1) Install the following parts to the insert.
Fiinger sleeve
~ Piston ring
Inscrt
(2) After installing the above parts, install the sub-

assembly in the bearing housing.

246 Installing snap ring

b a

G NCAUTION L
{a} Be sure to mstall the snap ring in the correct direc-
tion.

(b} Lightly drive both ends of the snap ring using a
screwdriver and hammer to securely insert the ring
into the groove on the bearing housing.

{c) Make sure the screwdriver does not hit the bearing
housing when driving the snap ring with the screw-
driver and hammer.

With the tapered face facing up, install the snap nng in the
bearing housing using the pliers. ’

Insert

Piston nng

FI|nger sleeve

Reassembling insert sub-assembly

Ring pliers
P/N:49160-20101

o]

Snap ring

Installing snap ring (1)

Beanng housing .

? Snap ring ' .

Installing snap ring (2)
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24.7 Measuring clearance between shaft & tur-
bine wheel and turbine housing

Set dial gauge on the end face of the shaft & turbine wheel.

Read the dial gauge indication while moving the shaft &

turbine wheel in the axial direction.

If the dial gauge indication deviates from the assembly

standard, disassemble and locate the cause of the problem.

ﬁ‘,‘.mxaanemgna
R Sataen I
NS o w by ® xS

T Sendar

LB

Clearance between shaft &
turbine wheel and turbine
housing

0.29 to 0.91 mm
[0.0114 to 0.0358 in.]

2.4.8 Installing compressor wheel

Install the compressor whecl. Apply specified sealant to the
threads of the lock nut, and tighten the nut to the specified
torque,

- Lock nut tightening method

Tighten nut to 9.8 N'm {1.0 kgf-m} [7.2 Ibfft] and loosen it.

Retighten to 9.8 N-m {1.0 kgfm} [7.2 Ibf-ft] and tum to the,

angle 80 + 3°,

24.9 Measuring play of shaft & turbine wheel in
axial direction . '

Set a dial gauge on the end face of the shaft & turbinc

wheel.

Mcasure the amount of play while moving the compr.essor

whee! in the axial direction. _

If the measured amount of play deviates from the standard

value, disassemble and locate the cause of the problem.

k “}‘W*’Standa *:‘5? e

0.0751t0 0.135 mm
[0.0030 to 0.0053 in.]

Shaft & turbine wheel end play

11-16

Shaft & .
turbine wheel

Measuring clearance between turbine wheel and
turbine housing

Lock nut (L.H. thread)
Apply Locklite

Cylindrical Lock nut
section

3
Compressor wheel
side

Shaft &
turbine wheel

Measuring play of shaft & turbine wheel in axial
direction




INLET AND EXHAUST SYSTEMS

2.4.10 Measuring clearance between turbine back-
plate and back side of turbine wheel

oo CAUTION ¢ . s

Be sure to use two feeler gauges, and take the mea-
surement at vane tips.

Remove the turbine housing from the bearing housing.
Install the compressor cover, and conduct the following
measurement.

Using feeler gauges, measure clearance between the turbine
backplate and the back side of the turbine wheel.

If the measured clearance deviates from the assembly
standard, disassemble and locate the cause of the problem.

Shaft &
turbine wheel

Turbine Bearing

backplate housfng
Compressor
cover

Clearance between turbine
backplate and back side of
turbine wheel

0.55to [.15mm
[0.0217 to 0.0453 in.]

5

toritesedtem oo ol nsiniiSlandand e

2.4.11 Installing turbine hrousing
(1) Check the mounting direction of the turbine housing,
then install on the bearing housing.
{2) Apply Moly Disulfide to the threads of the bolt, install
clamp plate and tighten the bolt.

2.4.12 'Installing diffuser

(1) Apply grease to the O-ring and install the O-ring to the
bearing housing.

(2) Install the diffuser.

Measuring clearance between turbine backplate and
back side of turbine whesl

24+ 1.0 N'm
{2.4 + 0.1 kgf-m)
[17 + 0.7 IbFf]

Bearing housing

Turbine
housing

Diffuser

O-ring
O-ring

Bearing housing

installing diffuser

C11-17
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2.4.13 Installing compressor cover
Check the mounting direction of the compressor cover, then

install.

2.4.14 Installing lock plate
Install the lock plate and tighten the bolts to the specified

torque.

11-18

Compressor
cover

Lock piate RS T {2.0 £ 0.2 kgf-m}

Installing look plate
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3. Installing inlet and exhaust system
3.1 Installing exhaust manifoid and insulator

g € =P

49+ 49 Nm
{55+ 0.5 kgf-m}

Replace [36 £ 3.6 Ibf]

49+ 4.9Nm
{5.5 + 0.5 kgf-in}
[36 + 3.6 IbFf

Installing exhaust manifold and insulator

Siborr T s CAUTION

(a) Position the gasket so that the folded section Mariifold side
faces the manifold, as shown in the iitustration on 6——5\\ 2% mm t :
the right. [6.08 """ in.] .

(b) When installing the gasket, replace all other gas- IR A
kets Wlth new pal‘ts. T * @

A A
: Section A-A
O O

installing exhaust manifold gasket

11-19



INLET AND EXHAUST SYSTEMS

3.2 Installing turbocharger and exhaust pipe

. <
Exhaust manifold (RH) &

Installing turbocharger and exhaust pipe
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ELECTRICAL SYSTEM
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1. Removing and inspecting electrical system
1.1 Removing starter

Removing starter
Removing sequence

1 Nut 2 Starter
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1.2 Removing and inspecting alternator

2-way water pumnp

Removing and inspecting alternator
Removing sequence

1 Belt cover 4 Tension boss 7 Adjusting plate
2 Tension bolt 5 Alternator belt 8 Altemator bracket
3 Tension boss ’ 6 Alternator
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2. Disassembling and inspecting electrical system
2.1 Disassembling and inspecting starter

Presence of brush dust,
uneven wear and brush
movement in holder

Wear and
damage

Rotation] | Wear and damge]

) Disassembling and inspecting starter
Disassembling sequence

1 Safety switch 5 Yoke assembly . 9 Front bracket
2 Magnetic switch assembly 6 Armature assembly 10 Pinion case
3 Rear bracket 7 Center bracket 11 Pinion clutch assembly

4 Brush holder assembly 8 Lever assembly
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21.1 Removing safety switch and' magnetic
switch :
{1} Remove the safety switch.
{2} Disconnect the lead wire, then dismount the magnctic
switch.

2.1.2 Removing rear bracket
Remove the through bolts and screws of the brush holder,
and then remove the rear bracket.

2.1.3 Removing armature and yoke assembly

{1} Remove the brushes from the brush holder assembly,

then remove the yoke.

{2} Pull ouf the armature assembly.

Lead wire

Yoke assembly

\ B

Removing yoke assembly

Armature
assembly

‘Removing armature assembly
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21.4 Removing center bracket
Remove the center bracket using a hexagonal wrench.

2.1.5 Removing pinion set
(1) Remove the lever pin, inner housing and shift lever

from the pinion case.

(2} Using a jig, remove the pinion stopper, then remove the’

overrunning clutch from the pinion shaft. Measurc the
outside diameter of the pinion shaft where the bearing
is fitted. If the measured value is out of the standard
range, replace the pinion shaft with a new one.

Loivhssiteman e i Nominal f Standérd )| ‘Remarks |
30,002 to
Shaft diameter 830mm | 30.0llmm | Replace
on tear side [1.18in] | [1.1812¢to | pinion shatt.
1.1820 in.]
Pinion | (learance
shaft between shaft 0.045 to
diameter and a19mm | 0.138 mm | Replace
metal inside {075 in.] [0.002 tw | pinion shaft.
metal on front 0.005 in.]
side

 Note: To remove the shaft bearing for replacement, use a
bearing puller as shown in the itlustration.
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Hexagonal wrench

Center bracket

Removing center bracket

bolt and nut

Lever assembly mounting

Removing lever assembly

Overrunning
cluich

Unit: mm fin.]
Pipe

p24 |
110.94]

@19.1 [
[0.752]

N

Remaoving overrunning clutch

Unit: mm [in.]

Press M5 = 0.8 - 40

Bolt

[0.2 x 0.03 - 1.57]
/ .
10 |

[0.39]

079l

20

=7
[0.28)
4

M5 x 0.8
[0.2 x 0.03]
tapped hole

A— Y

37 [1.46]

120 [4.72}

Pinion shaft bearing puller
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2.2 Inspecting starter

2.21 Inspecting continuity of magnetic switch
{between M terminal and case)

Check that there is continuity between M terminal and case,

If no continuity is observed, replace the magnetic switch

with a new one,

2.2.2 Inspecting magnetic switch function

Apply a voltage between M terminal and the case of
magnetic switch. Using the other hand, push the plunger in,
then release the plunger. The magnetic switch is normal if
the plunger is not be attracted when the plunger is released.

2.2.3 Inspecting magnetic switch contact point

Coriielle T CAUTION D s
Never conduct an operation test with a dismounted
magnetic switch unit..

Measure the load current flowing through the starter. If the
voltage drop between terminals B and M exceeds service
limit, grind or replace the contact points.

Note: If the starter switch is turned to OFF during voltage
measurement, the battery voltage-is directly applied
to the voltmeter, and damages the voltmeter. Always
tum the starter switch to ON before measuring the
voltage, then turn it to OFF after measuring.

Bhait prelne oo ltem R Limit
Voltage drop between terminals B and M 03V
(per 100 A) i

I T e

———|
lt_lgi_ Terminzal M
Q]

(Resistance:
Approx. 1.14 Q)

Checking pressure coil and
holding coit for open-circuit

Plunger aftraction test Terminal M

Testing magnetic switch plunger

Contact points

Measure voitage drop between terminais B and M.

Testing magnetic switch contact point
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2.2.4 Measuring armature shaft runout
Using a dial gauge, measure the shaft runout. If the runout
exceeds the standard, repair or replace the armature.

::Standard:: o1

Ere

Armalure runout

0.10 mm [0.0039 in.]

2.2.5 Measuring commutator radial runout

(1) Inspect the commutator surface. If the surface is rough,
polish it using a 400 to 600 grit sandpaper.

{(2) Measure the commutator radial runout with a dial
gauge. I the measured value exceeds the limit, replace
the armature with a new one.

Commutator 0.0¢ mm 0.10 mm
rurtout [0.0024 in.] or Icss [0.0039 in.]

2.2.6 Measuring undercut depth

Measure the depth of undercutiing between the commutator
segments. _

If the measured value is less than the limil, repair or replace
with a new part.

sio ot Staridard.sigs 4.0 - Limit s

3 i @ gt o

0.2 mm
[0.008 in.]

0.7t0 0.9 mm

Undercutting depth [0.028 to 0.035 in.| :

2.2.7 Measuring commutator outside diameter
Measure the commutator outside diameter.

If the measured value is less than the limit, replace the
armature with a new one.

T Nomnal::

¢ 42 mm
{1.651n]

243 mm

Commutator oulside diametcr [1.69 in]

Armature shaft

Paolishing using
400 - 600 grid sandpaper

Polishing commutator surface

Insufficient recutling
Defective

- Good
(need recutting}

0.7 0 0.9 mm
[0.028 10 0.035in.]

Measuring commutator undercut depth

Measuring commutator outside diameter
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2.2.8 Testing armature coil

(1} Inspect the armature coil using a growler.
Hold a piece of iron pl‘late against the armature core. If
the iron plate vibrates, replace the armature with a new
one.

—

(2) Check that therc is continuity between segmenis in
various combinations.
If poor or no continuity is observed, replace the

armature with a new one.

(3) Check that there is no continuity between the’

commutator and the shaft (core).
If any continuity is observed, replace the armature with
A New one.

2.2.9 Inspecting continuity of yoke assembly
Check that there is continuity between M terminal of field
coil and the lead wire for the brush. If no continuity is
observed, replace the yoke assembly with a new one.

2.2.10 Inspecting overrunning clutch

... - . . CAUTION: :

Do not clean the overrunning clutch in wash oil.

Make sure that, when attempting to turn the overrunning
clutch, it locks in one direction and rotates smoothly in the
opposite direction.

Checking continuity between
commutator and shaft

Testing armature coil

1. Checking continuity {open-circuit) between
field coil terminal M and brush-side lead wire

2. Checking continuity (short-circuit)
between field coil and yoke

Check that pinion
{reely rotates.

Inspecting overrunning clutch
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2.2.11 Inspecting brushes for wear

Measure the length of the brushes. If the measured value is
less than the limit, replace both the brush holder assembly
and the brush assembly with new ones,

L
,;ua
o b

TWem ] L Sandard L

Taas ) ﬁga&&k'“;-;
he Lm0

22 mm 13 mm

Brush height [0.87 in] {0.51 in.]

2.2.12 Measuring brush spring load

Using a new brush, measure the spring load at which the
spring lifts from the brush. If the measured value is less than
the limtt, replace the spring with a new one.

e &“lelt 3-

& e ¥ bapreaiis

Less than

Spring load 392310 49.03 N 39.23N

14.0 to 5.0 kgf}

[8.8 to 11.0 Ibf] {[;'2 ll‘ff?

{when brush is mslalled)

2.2.13 Inspecting safety switch

B

TP CAUTION G T
When connecting the battery, be sure to connect the
battery in correct polarity.

Connect the components as shown and check the operat:on

of starter and safety switch.

(1) Connect the terminal R to the battery negative terminal.

{2) Turn on the switch and check if the starter operates
(rotates).

(3) While operating the starter, disconnect the terminal R
from the battery necgative terminal and connect the
tcrminal R to the battery positive terminal. Check if the
starter stops.

Note: On some specifications, starter stops operation when

the connection to the battery negative terminal is
disconnected.

Unit: mm [in.]

Wear limit

inspecting brushes for wear

Terminal for safety
relay earth (E)

Switch1

Sa——

t—t

Constant-
voltage
battery

ER)

Connected 1o the
starler body

Inspecting safety switch
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2.3 Reassembling starter

_ N R —

S

Apply grease

Reassembling starter

2.31  Installing pinion shaft

Install the center bracket, overrunning clutch and pinion
stopper to the pinion shaft, and insert the shaft into position
by tapping it with a soft-head mallet.

2.3.2 Installing lever and pinion shaft

(1) Install the shift lever and pinion shaft to the front
bracket while aligning the mark on the shift lever with
the mark on the bracket,

{2) Coat the internal gear of the pinion shaft with a liberal
amount of Nikko Grease R.

Installing shift lever and pinion shaft
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2.3.3 Installing armature, yoke, brush holder and
brush
{1} Align the knock pin with the center bracket and
reassemble the armaturc to the yoke.

(2) Reassemble the brush holder and brushes.

2.3.4 Installing rear bracket
Install the rear bracket to the yoke by aligning the alignment
marks, secure the brush holder with the boits, then tighten
the through bolts.

12-12

Armature

Yoke assembly

Positive (+) brush Megative (:) brusﬁ

Installing positive (+) and negative (-) brush

Rear bracket

I

-Installing rear bracket
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2.3.5 Measuring armature end play _
Measure the armature end play. If the measured value is out

of tolerance, adjust the end play at the rear.

o doMems o) o) Standard

0.2 10 0.6 mm
[0.008 to 0.024 in.]

Armature end play

Measuring armature end play
2.3.6 Installing pinion shaft )

Coat the internal gear of the pinion shaft with a fiberal

amount of Nikko Grease R, and assemble the pinion shaft
into position.

2.3.7 MWeasuring pinion shaft end play
Measure the pinjon shaft end play. If the measurement is out

of tolerance, adjust the end play at the internal gear side.

Lt Mem ol T wiad . Standard -

0.2 t0 0.6 mm
(0.008 10 0.024 in.]

Pinion shafi end play

2.3.8 Measuring pinion gear retraction length
Apply a voltage of 24 V between terminals C and E.

Connect the lcad wire and supply a current between
terminals M and E (for less than 1 second). After the pinion
‘is moved, push the pinion gear and measure the pinion gear
retraction length. 1f the measured value is not within the
standard range, adjust the length vsing the adjust screw of
the magnetic switch.

Measuring pinion gear retraction length

12-13
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2.3.9 Installing magnetic switch

(1) Install the magnetic switch and tighten the screws.

{2) Connect the lead to the terminal M and secure it with
the fixing nut.

2.3.10 Installing safety switch

(1) Tighten the lead wire.
(2) Install the safety switch.

12-14

Installing magnetic switch
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2.4 Disassembling and inspecting alternator

Dirt, damage and seizure of
slip ring and coil resistance 4

8

12

[Crack and damage | ) [Crack and damage

Deformation
and damage

1%

Short circuit and
open circuit

[Sliding state and wear of brushes

! Broken wire and ground or ¢oil |

Disassembling and inspecting alternator
Disassembling sequence .

1 Through bolt ' 5 Rear bearing 9 Stator

2 Nut 6 Bearing retainer 10 Regulator assembly
3 Pulley, spacer | 7 Front bearing 11 Rectifier assembly
4 Rotor 8 Front bracket - 12 Rear bracket

12-15
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241 Separating frent bracket from stator

Fais B @ mmmo e VLD Ll oo g
:rf.g\sfxfbmwxw 28 CAUT'ON» S e T IO
Do not disassemble the altemator unless the repair is
necessary.

Do not insert the screwdrivers too deep, as it can dam-
age the stator.

{1} Remove the through bolts.
{2) With two flat-head screwdrivers inserted between the
front bracket and stawor, pry them apart.

2.4.2 Removing pulley

£

Siy T L CAUTION B :
When setting the rotor in a vise, be sure to hoid the

" base of the rotor claw. Do not hold the rotor claw, as it
causes damage fto the claw.

{1) Apply a cloth to the rotor and set it in a vise.
(2) Remove the pulley nut and then pull out the pulley.

2.4.3 Removing rear bearing
Remove the rear bearmg from the rotor using a bearing

pulfer.

2.4.4 Removing front bearing -
Remove the screw, and then remove the bearing retainer and
front bearing from the front bracket.

12-16

Rear bracket

Stator core Front bracket

Separating front bracket from stator

Pulley

Front bracket

Rear bearing

\

+
11
+

Removing rear bearing

Front bearing Front

Screw bracket

Bearing retainer

Removing front bearing
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24.5 Removing stator

Cre T CAUTION ¢ i Bl
unsoldering must be finished as quickly as possible.
Extended heating will damage the diodes.

Cut off the joint of the stator and removc the stator from the
rectifier,

Soldering

Renﬁoving stator
2.4.6 Removing regulator assembly

Remove the screws of the regulator assembly and then Screws

remove the regulator assembly.

Regulator
assembly

Removing regulator assembly
24.7 Removing rectifier assembly

" {1} Remove the scrcw and nut from the rectifier. Nut

{(2) Remove the rectifier assembly.

Screw

Rear bracket

Rectifier assembly

Removing rectifier assembly
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2.5 Inspecting and repairing alternator

251 Inspecting rectifier

Check that diodes in a rectifier function properly. To check,

measure both negative (-) and positive (+) resistance

alternatcly twice. If both infinite negative and infinite
positive resistances ar¢ observed, the diode is open-
circuited. If mecasured value is close to 0 Q, the diede is

short-circuited. In either case, replace the rectifier with a

new one.

Note: Use a wide measuring range as much as possible, The
current flow during test is significantiy lower than the
curient that notmally flows in the rectifier, by which
the accurate resistance may not be measured using a
tester, and this tendency is noticeable if the measuring

range is small.

2.5.2 Iﬁspecting armature )

(1) Check that there is continuity between slip rings. If no
continuity is ebscrved, replace the armature with a new
one.

(2) Check that there is no continuity between the slip ring
' and the shaft {or the core). If continuity is observed,’
replace the armature with a new one. )

12-18

inspecting field coil for grounding
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2.5.3 Inspecting stator

(1} Checking continuity between lead wires
Check that there is continuity between a pair of lcad
wires.
Also check that there is no continuity between a pair of
lead wires and other pair of lead wires. '
If defective, replace the stator,

{2) Checking insulation between lead wire and core

Check that there is no continuity between each lead
wire and the stator core, If continuity is observed,
replace the stator.

Note: The core cannot be replaced as a single item.

Checking grounding between the lead and the core
2.54 Inspecting brushes for wear

Measure the length of the brushes. If'the measured value is
less than the limit, replace both the brush holder assembly
and the brush assembly with new ones.

¢
"

oI Ty A 1)
NAAAAANANN]

v Memt e[t Norminal.o | Limit o

FaTa A YA a aTaTava s

21.5 mm 8 mm

Brush height [0.85 in.] [0.311in.]

[/

Wear limit line

Inspecting brushes
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25.5 Replacing brushes
{1} To remove the brush and the spring, unsolder the brush
lead.

{2} To install a new brush, push the brush inte the brush
holder as shown in the illustration, and then solder the
lead to the brush.

12-20)

Soldering

Brush holder

Installing brushes
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2.6 Reassembling alternator

= il
= /s
b e
147 £ 147 N'-m
{15 £ 1.5 kgf-m}
— [108  10.8 Ibf-f]

Reassembiling alternator
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2.6.1 Installing rectifier assembly and regulator
assembly

Instal] the rectifier assembly and regulator assembly on-the

rear bracket.

2.6.2 Installing stator

s LR canth Cpe e P
a2 ETE AT EE 2 EEE R i R S
& . v g 7 P .o R =
[P 3 3 ot & CAU |0N s BEF PR
RS S A PR R g | paant TUT g Een sl

3 - o

Soldering must be finished as quickly as possible.
Extended heating will damage the diodes.

Install the stator and solder the leads of the stator to the
rectifier.

2.6.3 Installing front bearing
Drive the front bearing into the front bracket and secure the

bearing retainer with a screw.

R — R ——————— A I

Regulator

assembly’

installing rectifier assembly and
regulator assembly

Installing stator

Screw

Front bearing Front
. bracket

Bearing retainer

Installing front bearing
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2.6.4 Installing rear bearing
Press-fit the rear bearing to the rotor.

2.6.5 |Installing pulley
{1) Insert the rotor into the front bracket.
Apply a cloth to thé rotor and set it in a vise.

(2) Install the spacer and pulley, and secure the pulley with

a nut.

2.6.6 Assembling stator and front bracket

(1) When installing the rotor into the rear bracket, lift the
brushes with a piece of wire inserted through the small
hole in the bracket. After installation, remove the wire.

{2) Asscmble the front bracket, stator and rear bracket and
secure them with through bolts.

=
TAT 1Y

147 + 147 N'm Pulley

{15 £ 1.5 kgf-m}

ket
[108  10.8 Ibf] |8 Front bracke

Installing pulley

Rear bracket B

Brush
Wire

Through
bolt

Joining stator and front bracket
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3. Installing electrical system
3.1 Installing alternator

Crack and damage l

2-way water pump

Installing aiternator
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3.2 Installing starter

58+59Nm
{6 = 0.6 kgf-m}
143 £ 4.3 iy

Installing starter
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1. Adjusting engine

1.1 Inspecting and adjusting valve clearanca

Inspect and adjust the valve clearance.

The valve clearance should be inspected and adjusted when

the engine is cold.

Neote: (a) The inlet values are on the left side and the
exhaust values arc on the right side when the
cylinder head is viewed from the camshaft gear
side.

{b) The valve clearance standard values are indicated
on the caution plate on the No.1 cylinder rocker

COVer.
T Sngar
0.6 mm A
t .
fnte [0.024 in.]
Valve clearance
0.8 mm
Exhaust [0.051 in]

1.1.1 Inspecting clearance between bridge and
vaive rotator

The clearance between the bridge and the valve rotator

should meet to the standard after attaining the standard

height of both valves using the valve bridge.

If the clearance is not within the standard, attain the

standard value by grinding the bridge bottom on the screw

side.

13-2

VALVE CLEARANCE (COLD)
INLET 0, 6 EXHAUST 0. Bmm
FIRING DRDER

o 1-12-5-8-3-10-6-7-2-11-4-
FUEL IMJECTION Tiuing [ Jetoe
con-ron Russ [

EIBE(I%!EEJ
EOREEE

Valve clearance indication position

Valve clearance {

b=

Bridge

Clearance between
bridge and valve rotator

1.5 mm {0.059 in.]
or more

Inspecting clearance between bridge and valve rotator.




" ADJUSTMENT AND OPERATION

e ———————————— . S— A —

1.1.2 Using turning gear

Make sure that the tuming gear is at the original positi engine is started. If the engine is started while
the turning gear is depressed, it will cause not only damage the gear but could result in personal injuries.

{1) Loosen the bolts, and remove the plate from the slot of
the shaft. '

Plate

Bolt

. Using turning gear (during driving}
{(2) Then push in the shaft until it engages with the ring

gear.

: ‘ Using turning gear {when pushed)
(3) Using the socket and ratchet handle, turn the shaft.

Pushing the ratchet down turns the shaft in the normal
direction, Socket

{4) After completing the turn, pull out the shaft, insert the

plate into the slot of the shaft, then tighten the bolts.

L0 4k -CAUTION ‘
Check to make sure the plate is inserted securely into
‘the slot of the shatft.

Ratchet handle

Using turning géar {when turning)
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1.1.3 Inspecting valve clearance

(1) Inspect the valve clearance in the firing order by
tuming the crankshaft in the normal direction to bring
cach piston to-the top dead center on compression
stroke.

{(2) A piston is at the top dead center on compression stroke
when its number that stamped on the vibration damper
aligns with the pointer, and the push rods are not
pushing the inlet or exhaust vaives off their seats.

(3} Using feeler gauges, measure the clearance between
each rocker arm and bridge cap.

1.1.4 Adjusting both inlet and both exhaust valve
heights by valve bridge

GG CAUTION it e i
If there is no clearance between the bridge-and valve
rotator, the interference between them could cause the
valve cotters to fall out. Be sure to provide the speci-

fied clearance.

When adjusting the both inlet and both exhaust valve
heights with the valve bridge, bring the piston at the top
dead center on the compression stroke.

(1) Prior to the valve clearance adjustment, it is necessary -

to adjust the both inlet and both exhaust valve heights
with the valve bridge (bringing the bridge into contact

with the both inlet and both cxhaust valves). If the both -

intet and both exhaust valve heights are not the same,
which can oceur due to such conditions as valve seat

wear, a clearance will be generated between the top of

valve stem and the either side of bridge. resulting in the -

change of valve clearance.

Note: When adjusting both inlet and both exhaust valve

_ heights using a valve bridge, be sure to bring cach
piston to the top dead center on the compression
stroke.

(2) To adjust the valve height, loosen the rock nut and
unscrew the adjusting screw.

(3) Hold the rocker arm with a finger, and slowly turn the
adjusting screw until the screw contacts the top of valve
stern, Then, tum the screw further, at apgle of 10
deprees from the position, and tighten the rock nut.

TN
Firing order
Cylinder No.1-12-5-8-3-10-6-7-2-11-4-9

Inspecting valve clearance

Screwing far 10°

Oor more

Inspection window

Adjusting valve height using valve bridge
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1.1.5 Adjusting valve clearances

(1} Insert the feeler gauge of the specified thickness
between the rocker arm and bridge cap, then adjust the
clearance by turning the screw in either direction so that
the gauge is gripped softly between the rocker arm and
bridge cap. ‘ .

(2} After adjusting the clearance, tighten the lock nut
firmly, and inspect the clearance again:

1.2 Bleeding air from fuel system

ia W

(a) Wipe off any fuel spilled from the air vent plug
thoroughly with a cloth. Spilled fuel could cause
fire.

(b) After bleeding air, be sure to lock priming pump
cap. If the lock is not insufficient, it could cause
damage to the pump and result in fire due fuel
leaks. The priming pump cap must be locked in
accordance with the procedure in the next page.

coe o T CAUTION - 7

If all the air vent plugs are tightened before the priming
pump cap is locked, fuel pressure acts an the priming
pump, making it impossible to return the cap to the
original posiion.

To bleed air from the fugl system, start at the place nearest
to the fuel tank as follows: water separator ~ fuel filter —
injection pump. '

1.21 Bleeding air from fuel filter

g _ CAUTION .
If the air vent plug, bracket threads or sealing washer
is damaged, replace with a new one.

{1) Loocsen the air vent plugs of the fuel filters.
{approx. 1.5 turns)

(2) Unlock the priming pump cap by  tuming it
counterclockwise, then move the cap up and down
repeatedly.

(3) When fuel flowing from the vent holes no longer

contains air bubbles, tighten the air vent plugs.

7 ~64£32Nm -
6.5 £ 0.33 kgt-m}
[47 + 2.4 Ibft

Adjusting valve clearance

[Unlock] [Prime] [Lock]

Turn

Move the cap up

and down, Turn clockwise

while pressing.

How to use priming pump

Ajr vert plugs
9+ 1.0Nm
"7 §0.9 £ 0.1 kgf-m}
- [7 £ 0.7 tbf-i]

Bleeding air from fuel filter
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1.2.2 Bleeding air from fuel injection pump

(1) Loosen the air vent plug and cock for the injection

pump (approx. 1.3 turns).

{2) Move the priming pump cap up and down repeatedly.

(3) When fuel flowing from the vent holes no longer

contains air bubbles, tighten the air vent plug and cock.
Before tightening the last air *vent .plug, lock the
priming pump cap by-tuming it clockwise while
pushing it down.

Note: {(a} If al! the vent plug and cock are tlghtened betore
the priming pump cap is locked, fucl pressure
acts on the feed pump, making it impossible to
return the cap to the original position.

(b) Wipe off fuel spilled from the vent holes

thoroughly with a cloth,
{4) Turn the stay to the original position, and tighten the
mounting bolt.

13-6
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1.3 Inspecting and adjusting fuel injectidn timing
1.3.1  Fuel injection timing and its indication loca-

tion ) VALVE CLEARAMCE (COLD)
. e . . JRLET O, Gmn EXHAUST 0. Bom
Since the fuel injection timing varies depending on the A FIRG ORDER
R . 1-12-5-3-3-10-6-1-2-11-4-%
engine output as well as cngine speed and other e
specifications, be sure to check the caution plate on the No. 1 con-rop s ]

rocker cover.

1.3.2 Determining top dead center of No.1 cylin-
der compression stroke

v

st 4N CAUTION © 7 .
Be sure to check that #1 cylinder is on top dead center
{TDC) of compression stroke, not on the TDC of the
exhaust stroke.

(1) Using a ratchet handle, rotate the turning gear in the

normal direction (clockwise when viewed from the
front of the engine). '

{2) Stop turning when the cylinder number "1" stamped on

the damper is aligned with the pointer. Determining top dead center of No.1 cylinder
(3} Move the rocker arms of the inlet and exhaust valves compression stroke

for the No. 1 cylinder up and down, and make sure that '

‘the push rods are not pushing the inlet and exhaust

valves off their scats.

13-7
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1.3.3 Inspecting fuel injection timing
{1} Rotate the engine about 60 degrees in reverse direction,

then slowly rotate the engine in the forward direction
until the pointer is aligned with the fue! injection timing
mark (number stamped on the caution plate) on the
circumference of the damper.

Damper  Pointer

_ Fuel injection timing location
(2) Tighten the rocker arm adjusting screw firmiy so that

there is no loosencss of the rocker arm. Plunger tappet Rocker arm adjusting screw

Rocker arm

£L0A

_ Adjusting rocker and adjust screw
{3) Adjust the plunger tappet height between the spring

seat of plunger housing and the tappet end, to the

standard value when the plunger is positioned its Height gauge
compression top dead center.’ (Cam profile is base P/N-48498-13210 '
. Plunger tappet
circle.) ‘ g
81 + 0.05 mm Plunger spring
. ' © ] [3.188 1 0.0020in.] g
D Piunger housing

9

Measuring plunger tappet height
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1.4 Inspecting ribbed belt and adjusting belt tension

: : b T SCAUTION Cooni e

(a) If defects such as cuts or surface separatlons are found on nbbed belt durlng |nspect|on replace nbbed belt
Keep the belt free from oil and grease, since they can cause the belt to slip and shorten the service life.

(b) Excessive ribbed beit tension can cause rapid wear of the alternator bearing and shorten the service life of the
belt. Adjust belt tension accurately by following the procedures below.

1.41 Inspecting and adjustmg ribbed belt

(1) Inspect ribbed belt for defects such as wear, cuts or surface qeparat:ons If a defect is found, replace ribbed belt with a
HCW One.

{2}, Measure the belt tension. The correct tension of new belt is 1373 £ 10 N {140 + 1.0 kef} [309 + 2 Ibf]. The correct ten-
sion when retightening is 961 + 5 N {98 0.5 kgf} [216 +'1 Ibf], -

14.2 Adjusting ribbed belt tension (Alternator

side)
-wa ter
(1} Remove alternator front cover and ribbed belt cover, 2-way wate
.(2) Loosen all the retaining bolts on the alternator and Ribbed beit
adjusting rod. Tension boss B
(3) Loosen the upper and lower lock nuts on the adjusting ension boss £ Alternator
rod. Lock nut
Note: The lower nut on the adjusting rod has left-hand Tension bolt
threads. "Tension boss A
{4} Turn the adjusting rod to adjust ribbed belt tension. ension bass
(5} After having adjusted belt tension, tighten the upper Retaining bolts

and Jower lock nuts, - Inspecting V-belt and adjusting belt tension
{6) Tighten all the retaining bolts on the alternator and :

adjusting rod.
{7) Reinstail belt cover and alternator front cover.
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2. Break-in operation
After the engine is overhauled, couple the engine to the

dynamomncier, and run the engine for break-in operation and
mspection,

2.1 Starting up

{1) Before starting the engine, check the levels of coolant,
engine oil and fuel.

Blecd air from the fuel and cooling systems.

{2) Step the fuel supply, and crank the engine with the
starter for about 10 seconds to lubricate the engine.

(3) Move the control lever slightly in the fuel increase

. direction {(but not to the "full injection" position), and
then turn the starter switch key to the [START] position
to start the enginc. ]

{4) After the engine s started, adjust the control lever to lct
the cngine operatc at a minimum no-load speed (low
idle speed).

(5) Tum the starter switch key to the [OFF] position and
make sure that the engine is stopped.

2.2 Inspecting engine condition after starting
up o
During the break-in operation, check the followings.
If any abnormality is found, stop the engine, investigate the
cause, and take appropriate measures.
(1) The oil pressure must be within the specified value.
(2) The coolant temperature must be within the specificd
value.
(3) The engine must be free from any leakages such as oil,
coolant and fuel. Pay special attention to oil leakage
" from the fitting face of turbocharger lube oil pipe.
(4) Check for an abnormal noise.
Note: Knocking mnoise will disappear as the coolant
temperature rises. .
(5) Check for the color of smoke and odors.

2.3 Break-in operation time
The relationship between the load in break-in operation and
the operation time is as shown below.

54

Low |
1| rotation 600 to 900 No-load 5
speed
Medium .
2 | rotation 1000 to 1200 No-load 5.
speed
High
3 | rotation 1400 to rated speed | No-load 10
speed
4 25% 19
5 : 50 % 10
— Rated speed
6 75% 30
Kl 100 % 20

Note: The table above is provided solely for reference
purpose. Run the engine at appropriate speed and
load for the break-in operation of your enginc. Be
sure to perform break-in operation after overhaul or
installation. .

2.4 Inspection and 'ac_ljustment after break-in
operation

{1} Valve clearance adjustment

{2) Ignition timing inspection

(3) Exterior bolt and nut tightness check
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3. Performance test (JIS standard)

The following describes the procedures specified in “Earth
moving machinery - Engines - Part 1: Test code of net
power (JIS DO006-1)" and "Earth moving machinery -
Engines - Part 2; Standard format of specifications and
testing methods of diesel engines (JIS D0006-2)."

Other test items may be required in some applications, All
test results should be evaluated comprehensively in order to
determine the engine performance.

3.1 Engine equipment condition
The engine must be equipped with standard auxiliary
devices such as cooling fan, air cleaner and alternator.

3.2 Testitems and purposes

3.21 Operation load test

Conduct this test to evaluate the engine output, torque, fuel
consumption rate and governor performance under various
load conditions.

3.22 Continuous load test

'Opcrate the engine continuously for 10 hours at 50%. load
(continuous load application) of nominal net brake power
while the enginc speed is maintained at- revolutions
corresponding to the nominal brake power. In this test,
evaluate the fuel consumption rate and operating condition,
and confirm that the enging is capable of continuous
operation. ’

3.23 Low idie test .

Conduct this test to confirm that the engine can operate
stably at the specified low idle speed,

3.3 Other inspections
Check for gas, coolant and oil leaks; abnormal odors; and
hunting, Make adjustment as needed.

34 Engine output adjustment
Diesel cngine output is affccted by atmospheric pressure,
temperature  and  humidity.  Therefore, correction
calculations must be performed to obtain the value of engine
output under the standard atmospheric conditions.
3.41 Standard atmospheric conditions:
Base temperature: 298 K (25°C) [77°F]

“Total pressure: 100 kPa (750 mmtig)
Dry pressure: 99 kPa [743 mmHg]

13-11




ADJUSTMENT AND OPERATION
S

3.4.2 Calculation of corrected power

Multiply the measured brake power or torque by the
calculated diesel engine correction factor to obtain a
carrected value.

If the applicable range of the correction formula is
exceeded, indicate the corrected values and record the test
conditions on the test record.

+ Atmospheric conditions during test

Qe=(fa)'™ fa:Atmospheric factor Jin: Engine factor

- Range of correction egquation use
The range of correction tactor{ tc)is as follows:
09= (e=1.1.

— Calculation of correction factor( fa } —

- Nalural aspiration engine and engine with
mechanically driven air charger
99 T .o
fa = (T,;“ }- ('_"?"9@ )
- Turbocharged engine without air cooler
or with air-to-air cooler
9% o7 T L2
fa —(ﬁ ). (m )
- Turbocharged engine with air-to-liguid
cooier
99 L0 T .oz
Sa= (—.ﬁ }oo- fﬁ

Colculation output = Correction factor { (v} X Measured brake powerJ

Termperature(T}:283K (10°C) [50°F] = T £ 813K (40°C) [104°F]
Dry atmospheric pressure(Pa):80kPa {500mmilg) = Pa = 110kP'a (825mntlg)

r— Calculation of engine factor (S

Sm=0.036g,— 1.14
g Corrected fuul supply volume
q

4=
B {z) X (Fuel flow rate gfs)
9% [Stroke volume ) X (Engine speed mim)
£=§20000 (4-cycle engine) ‘
r:Ratio between pressure at turbocharger or
air cocler outlet and atmospheric pressure
(r=1 for natural aspiration engine)
» Applicable range of engine factor ( f)
372=g,263mg/ (F-cycle)
g, =37.2mg/ (I~cyele) : fm=0. 2 (constant)
-65mg/ {I~cvele) g, : fw=1. 2 (constant)
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