


INTRODUCTION

This service manual describes the specifications of the Mitsubishi Diesel Engine
and the maintenance and adjustment procedures.

To maintain the performance of the engine for many years and to ensure safe
operation, it is important to use the engine correctly and conduct regular inspection
and maintenance, and also to take necessary measures which- involves the
disassembly, inspection, repair and reassembly of the engine and engine parts.

Read this manual carefully and understand the work procedures fully before
reassembling, inspecting, repairing or reassembling the engine.

The contents of the manual are based on the engine models that are being produced
at the time of publication. -

Due to improvements made thereafter, the actual engine that you work on may
differ partially from the one described in this manual.

Pub.No.99269-03110



How to Use This Manual

In this service manual, the Mitsubishi Diesel Engine (standard model for land use) 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. )

There are separate manuals for the fuel injection pump, governor and turbocharger.

A short summary of each Group is given in the General Contents, and there is also a iable 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 service parts, refer to the Parts Catalogue. Structure and function of the engine are
described in various training manuals.

—
i}

Methods of indication

~

1) Parts shown in illustrations and described in text are numbered to correspond with the éequence of disassembly.

(2) Inspections to be conducted during disassembly are indicated in a box l:lin disassembled views.

~

3) Maintenance standards for inspection and repair are described in text where they are relevant, are also listed in
Group 1 in the General Contents. :

(4) The sequence in which parts are to be assembled is summarized below each assembled view.

Such as: B—@—-3—-2-,

(5} The following marks are used in this manual to emphasize important safety cautions.

BEREE I;ldic;ates .a highly hazardous situation which, if not avoided, can result in death or
A DANGER serious injury. '

-+~ Indicates a potentially hazardous situation which, if not avoided, can result in death or

WARN ING ~ ' serious injury. ’ :
A CAUTION -+« + Indicaies 2-1 [.Jotcntially hazaidous situation which, if not avoided, can result in minor or

moderate injury.
_ cAaUTION B ie .; zrl_dlq?.tes fi potentially ha_zardqus situation which, if not lavmd'cd, can result in property
amage. . e L ) .
* Note: - - *+++ Indicates impoftant information or'information which’is useful for engine 6peration or
) : maintenance.

{(6) Tightening torque under wet conditions is indicated as "[Wet]." When so indicated, apply engine oil to the
threaded portion of the fastener. Unless indicated as such, the tightening torque is to be assumed in the dry
condition.




2. Terms Used in This Manual

Nominal value «+ »+ Indicates the standard dimension of a part to be measured.

Standard +<e-c--- Indicates the dimension of a part, the clearance between parts, or the standard performance. Since
the value is indicated in a range needed for inspection, it is different from the design value.

Limit ++»<++e++«- A part must be repaired or replaced with a new part when it reaches the limit value.

3. Abbreviations, Standards, Etc.

+ BTDC = Before Top Dead Center

- ATDC = Afier Top Dead Center

- BBDC = Before Bottom Dead Center

- ABDC = After Bottom Dead Center

* TIR = Total Indicated Reading

- 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.)
* MSDS = Material Safety Data Sheet

* SAE = Society of Automotive Engineers (U.S.)

4. Units of Measurement.

Measurements are based on the International System of Units (SI), \:ind their. converted metric values are indicated in
parentheses ( ). For metric conversion, the following rates arc used.

-Pressure: 1 MPa = 10.197 kgf/cm?

‘Torque: | N-m = 0.10197 kgf'm

-Force: 1 N=0.10197 kgf

*Horsepower: 1 kW = 1.341 HP = 1.3596 PS
“Meter of mercury: 1 kPa = 0.7 cmHg

sMeter of water: 1 kPa'= 10.197 cmH,0 (cmAq)
-Rotational speed: 1 min"' = 1'tpm
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SAFETY CAUTIONS

/\ WARNING Danger of Fire and Explosion

® Keep flames away

Do not use flames or smoke at a site

where fuel or engine oil is handled or

cleaning solvent is used for washing

parts.

Flames can ignite such materials and

result in a dangerous situation.

Spilled fuel and oil should be wiped immediately and
thoroughly. Spilled fuel and oil can ignite and cause
fire.

When storing fuel or engine oil, make sure that the
storage area is well ventilated and the caps of
containers are tightly closed.

® Keep surrounding area neat and clean
Do not leave combustible or explosive materials, such
as fuel and engine oil, near the engine. They can cause
fire or explosion.

Remove dust, dirt and other foreign materials
accumulated on or near the engine. They can cause
fire or engine overheating. Be sure to remove dust
from the top side of the battery after maintenance.
Dust can cause a short-circuit.

The engine must be positioned at least 1 m [3.28 fi]

away from buildings and other equipment to prevent

,possibie_: fire caused by engine heat.

®bo not open crankcase until engme

cools _
After the engine stops operation, let the engine cool

for. at least 10 minutes before opening the side cover .

of the crankecase. ,
Inflow of fresh air into the crankcase of a hot engine
can cause oil mist to ignite and explode. '

® Check for fuel and oil leaks

When fuel or oil leaks are found, repair the leakage
immediately.

Fuel or engine oil spilled on a hot surface of the
engine can cause fire and result in personal injury or
equipment damage.

@ Use shatterproof light

Use a shatterproof light when inspecting the fuel
system, lubrication system, cooling system or battery
fluid level.

A non-shatterproof light may catch fire and explode.

® Do not short-circuit electrical wires

Do not inspect or repair the electrical system with the
battery cables connected to the battery, since it can
cause accidental short-circuiting and lead to fire. Be
sure to disconnect the negative (-) battery cable from
the battery before conducting work. ‘

Loose terminals and damaged cables/wires can result
in a short-circuit and cause fire. Inspect the terminals,
cables and wires before servicing, and repair or
replace when damage is found.

® Keep fire. extlngmshers and flrst aid kit -

nearby : '
Always keép fire extinguishers
nearby, and be f‘amlharlzed with their
usage.

Keep a first aid klt at a desxgnated

place, and make sure it:is easﬂy‘f'

accessible whenever needed.

Also, establish emergency response procedures to
follow in the event of a fire or accident,.and post
emergency contact locations and contact methods.;-




SAFETY CAUTIONS

/\ WARNING Danger of Entanglement

®install protective covers on rotating
parts

Make sure the protective covers of
the engine are installed correctly at
rotating parts.

If protective covers are loose or
damaged, repair.

Never remove the covers guarding
rotating parts, such as the camshaft cover and rocker
covers, when the engine is operating.

When the engine is coupled to other equipment or
connected to a radiator, be sure to install covers on the
exposed connecting belt and coupling.

Never remove protective covers.

®Check surrounding area for safety

before starting engine
Before starting the engine, check to make sure no one
is near the generator and tools are not left on or near
the engine. Always verbally notify people -within the
immediate area when starting the engine.
When the starter switch is posted with a sign that
prohibits startup opcration, do not operate the engine.

® Stay clear of rotatmg paris whlle engine.

is in operation
Do not approach rotating parts wh]le'
the.engine is in operation,
Keep items that can be easily entangled
away from rotating parts.
Rotating parts can entangle a persons’
body or tools to cause serious.

® | ock out and tag out

Be sure to lock out and tag out before starting
inspection and maintenance,

Lockout and tagout are effective methods of cutting
off machines and equipment from energy sources.
To lock out and tag out, pull out the key from the
starter switch, turn off the battery switch, and post a
"Do Not Operate” tag or-a snmllar sign on the starter
switch. -

The starter switch key should be kept by the person
performing the inspection and maintenance.

If the engine is installed with an air starter system,
close the main valve of the air tank, and post a "Do
Not Open” tag on the main valve.

® Always stop engine before inspection

and maintenance
Before inspection-and maintenance, be sure to stop the
engine. Never attempt to adjust the belt tension while
the engine is operating. Operating belt' can entangle
your body and result in serious injury.

® Always return turning tools to original
position after use

Be sure to remove all turning tools used in inspection
and maintenance. Return the tuming gear in -the
original position before starting the engine,

Starting ‘the engine with the turning tools inserted or
turning gears engaged may not only cause engine
damage but personal injury as well.




SAFETY CAUTIONS

/N\ WARNING Danger of
Burns

® Do not touch engine in operation or
immediately after operation

Do not touch any part of the engine

while the engine is operating or a
immediately after it stops operation.

Touching the éngine in operation or W
immediately after operation can cause burns.

When conducting inspection and maintenance, check

the water temperature gage to make sure the enging
has cooled sufficiently.

® Open radiator filler cap carefully
Never open the radiator filler cap while the engine is
operating or immediately after it stops operation.

Open the cap only after the engine stops  and the’

coolant temperature drops sufficiently.

When opening the cap, slowly turn the cap to release
internal pressure, To prevent burns caused by spurting
steam, wear thick rubber gloves or cover the cap w1th
a cloth.

When closing the cap, make sure to t1ghten it sccurely

If the radiator filler cap is opened when the coolant is
at operating temperature, steam and hot coolant may
blow out, causing skin burns as a result.

® Add coolant after coolant temperature
drops sufficiently
Do not add coolant immediately after the engine stops

wait until the coolant temperature drops sufficiently.

Otherwise, it will result 1o burns.

® Do not remove heat shields
The exhaust system, which becomes extremely hot
while the engine is operating, is installed with heat

shields. Never remove these heat shields. If they must -

be removed for inspection and maintenance, be sure to
reinstall the heat shields after inspection. and
matntenance. :

_Always wear ear plugs when entering
" the machiine room (engine room).

A WARNING Beware of
Exhaust Gas
Poisoning

® Operate engine in well-ventilated area
If the engine is installed in an o
enclosed area and an exhaust duct is
used to discharge the exhaust gas to
the outside, inspect the duct joints to
make sure there is no- exhaust gas
leak from duct joints.

When the engine is used as a movable generator, do
not use the engine in an enclosed area (inside a
warchouse, tunnel, etc.) or at a site where all sides are
blocked for poor ventilation. If the engine must be
operated in an enclosed area, discharge the exhaust
gas to the outside and provide adequate ventilation.
Make sure the exhaust gas does not blow in the
direction of plants or animals,

Exhaust gas from the engine contains carbon
monoxide and other harmful substances. Operating the
engine  in an - ill-ventilated area can cause gas
poisbning .

A WARNING Danger of
- Hearing

.- s Problems
® Wear é«':_'l_fwblu:gs =

Comibustion sound "and mechanical
noise generated by” the” engine can
cause hearmg problems.




SAFETY CAUTIONS

& WARNING Beware of
Falling
Equipment

e Lift engine carefully

When lifting the engine, use wire ropes “
capable of supporting the entire weight of

the engine.

Attach appropriate slings to the hangers

provided on the engine to lift the engine.

Keep the engine balanced during lifting by
considering center of gravity of the engine.

Keep the angle formed by wire ropes within 60°. If the
angle exceeds this limit, excessive load is applied on
the hangers and may damage the hangers.

If wire ropes contact the engine directly, place a cloth
or other soft padding to prevent damage to the engine
and wire ropes.

® Do not climb onto engine

Do not climb onto the engine, or set a foot on any part
located on the side of the engine.

To work on parts located on the upper section, use a
ladder, stand, etc., and be careful not to fall.

Climbing on the engine can damage engine parts, and
a person may fall and get injured.

®Watch footing when conducting
maintenance

When working on the upper part

of the engine and other hard-to-

reach places, ‘use a stable work

platform.

Standing on a decrepit stand or

parts box may result in personal injury.

Do not place any item on a work platform.

[\ CAUTION Cautions
Regarding
Engine
Oiland LLC

® Use only specified fuel, engine oil and

coolant

Use fuel, engine oil and coolant specified in this

manual, and handle them-carefully.

Use of other fucl, oil or coolant, and improper

handling may cause various engine problems and

malfunctions.

Obtain the MSDSs (Material Safety Data Sheets)

issued by the fuel, oil and coolant manufacturers, and

follow the directions on the MSDSs for proper
handling.

@ Handle LLC (long life coolant) carefully
LLC contains strong alkali. Do not swallow or allow it
to contact cyes.

Since drained coolant (containing L.LC) is harmful, do
not dispose of it into conventional sewage. Abide by
the applicable law and regulations when discarding
drained coolant.

® Properly disposed of dramed 0|I and. L

coolant :

Do not disposed of drained engine. oil or coo]ant into
conventional sewage. ' '
Laws and regulations prohibit disposal of oit and
coolant into ordinary sewage systems.

When disposing o0il waste, coolant. and other
environmentally hazardous waste, abide by the Taw '
and regulations.




SAFETY CAUTIONS

/\ CAUTION Cautions
Regarding
Battery

® Handle battery carefully

-Never use flames or allow sparks
near the battery. The battefy
releases flammable hydrogen gas &
and oxygen gas. These gases can be ——
ignited by flames and cause an
explosion.

- Do not use the battery when the fluid surface is lower
than the minimum level. Using a battery with a low
electrolytic ievel can result in an explosion.

Do not short the battery terminals with a tool or other
metal object.

*When disconnecting battery cables, always remove
the cable from the negative (-) terminal first. When
reconnecting cables, attach the cable to the positive
(+) terminal first.

-Charge the battery in a well- ventllated area, wtth all
filling hole plugs removed.

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

+Before servicing electrical components or conducting

electric welding, set thé battery switch. to the

[Open/OFF] position or disconnect the cable from
the. negative (-) battery tennmal to cut off thc'

electrical current.

- Electrolyte (battery fluid) contams dllutc sulfunc
acid. Careless handling of the battery can lead to-the
loss of sight and/or skin burns. Also do not swallow
electrolyte.

* Wear prolective goggles and rubber gloves when :
maintaining and inspecting the battery (when addmg

waier, charging; etc.). -
-If electrolyte is spilled onto the skin or clothcs

immediately wash with lots: of water. and thoroughiy..

clean with soap.
-If.electrolyte gets into eyes, 1rnmed|ate1y ﬂush with

lots of clean fresh water, and seek immediate medical .

attention.
-Should accidentally swallow electro!yte gargle with
plenty of water, then drink lots of water, and seck
immediate medical attention.

. ®|f. oil pressure - drops,

& CAUTION Response to
Abnormalities

®If engine overheats, conduct heating

operation before stopping engine

If the engine overheats, do not stop the engine
immediately. Abruptly stopping an overheated engine
may cause the coolant temperature to rise, resulting in
seizing of the engine. If the engine overheats, .operate
the engine at low idling speed (cooling operation), and
stop the engine after the coolant temperature lowers
sufficiently.

Do not add coolant immediately after stopping the
engine. Adding coolant to a hot engine may cause
damage to the cylinder heads due to sudden change in
temperature. Add coolant after the engine cools to
room temperature. ’

@if engine stops due to abnormality,

exercise caution when restarting
If the engine stops due to an abnormality, do not
restart the engine immediately. If the engine stops with
an alarm, check and correct the cause of the preblem
before restarting. Operating the engine without
correcting the problem may result in serious engine

_ problems.

stop engine
immediately
If the engine oil pressure decreases, Stop the’ engine

_immediately, and inspect the lubrication system.

Operating the engine with low oil pressure may cause

., seizing of the bearings and other parts.

®|f fan belt
immediately
If the fan_ belt breaks," stop the engine Jimmediately.
Continued operation of the engine without the fan belt
causes coolant to change into steam and blow out from

breaks, stop engine

the reservoir and radiator, thus resulting in burns.

e —




SAFETY CAUTIONS

/\ CAUTION Other Cautlons

@ Never modify engine

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

Modification of the engine may not only cause engine
damage but also result in personal injury.

® Never break seals
To ensure proper engine operation, the fuel control
link is attached with seals that prevent change of the
fuel injection volume and rotation speed settings.
Operating the engine without these seals in place can
result in the following problems, and also invalidates
the warranty.
*Rapid wear of: movmg and rotating parts
-Engine malfunctions including engine damage and
seizing of engine parts
- Increased consumption of fuel and lubricating oil
« Degradation of engine performance duc to improper
balance between fuel injection volume and governor
operation

® Always perform specified pre-operation

inspections and periodic inspections
Conduct the pre-operation inspections and periodic
inspections as described in this manual. }
Failure to conduct the specified pre-operation
‘inspections or periodic inspections may cause various,
engine problems and damage to parts, as well as
serious accidents.

® Break in new engine

Break in a new engine by operating it with a light load
during the first 50 hours of operation. Operating a new
engine under high load or severe condition during the
break-in period can shorten the service life of the
.engine, ' :

¢ Conduct warm-up operation

After the engine starts, let it idle at low speed for 5 to
10 minutes before using the engine for work.

Warm-up operation circulates lubricants in the engine,
thus prolonging the service life and contributing to
high-performance and economical operation.

Do not conduct warm-up operation for an extended
period of time. Prolonged warm-up operation causes
carbon build-up in - the cylmders that leads to
mcomplete combustion.

® Never operate engine under overioad
condition
Do not operate the engine if the exhaust smoke is
black.
Overloading the engine (indicated by black smoke)
causes not only high fuel consumption but also
excessive carbon deposits inside the engine that leads
to engine problems and shortens the service life of the
engine.

@ Conduct cooling operation before
stopping engine

Before stopping the engine, conduct cooling operation

(operating at low speed) for 5 to 6 minutes.

Abruptly stopping the engine immediately afier high-

load operation can' cause -partial overheating and

shorten the service life of the engine.

During cooling operanon, check the engmc for

abnormalities.

® Do not splash water on engine -

Do not allow rain water to enter thc engine through
the air inlet or exhaust openings:

De not wash the engine while it is operatmg Clcanmg .
fluid (water) can be sucked into the engine. . .
If water enters the combustion chambers of thc engine,
starting the engine can cause water hammer action, .
and may result in internal engine damage and serious
accidents.




SAFETY CAUTIONS

® Conduct proper maintenance of air

cleaner
The major cause of abnormal wear on engine parts is
dust entering with intake air. Worn parts result in
many problems such as an increase of oil consumption,
decrease of output, and starting difficulties. For
effective removal of dust from intake air, conduct
maintenance of the air cleaner according to the
followmg directions.
Do not conduct maintenance of the air cleaner while
the engine is operating.

- When removing the- air cleaner, do not allow dust
attached on the air clear to fall into the outlet side of
the air cleaner. . :

* If equipped .with a dust indicator, conduct
maintenance only when the clog warning sign
appears. Unnecessary maintenance may cause dust
to enter the engine when removing. the filter
clement, or result in element damage or
deformation.

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

When feeling ill, do not operate the engine, and
inform supervisor of condition.

Operatmn of the- englnc with reduced awareness may
cause opcratlon errors ‘that may result in accidents.
When working in a gioup, use specified hand signals
to communicate among the workers. '

®Wear . proper work clothes and
protectlve gear .

Wear_a hardhat, face shield, safety shoes, dust mask

and other.protective gear, as needed.

- When handling compressed air, wear safety goggles

_hardhat, gloves, and ‘Gther necessary protective gear. .

Conducting work without proper protectlve gear may
- result in serious injury. .

® tise appropriate tools for maintenance
work

To conduct maintenance work, use tools appropriate

for the type of work to be performed, and use them

correctly.

If tools are damaged, replace with new tools.

® Do not operate starter for prolonged

time
Do not operate the starter for more than 10 seconds at
a time if the engine does not start and wait for at least
30 seconds before cranking again. -
Continuous operation of the starter will drain the
battery power and cause seizing of the starter.

®Do not turn off battery switch while
engine is operating
Do not turn off the batter switch while the engine is in
operation.
Turning . off the battery switch while the engine is in
operation not only stops the instrument operations but
also damages the diodes and transistors inside the
alternator.

® Cautions in transporting engine
When transporting the engine on a truck, consider the

‘generator weight, width and height to ensure safety,

and also abide by the traffic law, road trucking vehicle
law, vehicle restriction ordinance and other pertinent
laws.
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GENERAL

.

1. Outline
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GENERAL

1.2 OQutline of Fuel System
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1.4 Outline of Cooling System
(1) Qutline of cooling system of engine with radiator
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(2) Outline of cooling system of engine with external cooling water system
Dual-cooling system (parallel piping) PTK- ~ e
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1.5 OQutline of Inlet and Exhaust Systems
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16 Outline of Air Starter System
‘ (1) Outline of air moter system

” J"LJIR““f _—

' Strainer {

'_-mj}- T |

Air compressor

.

Adir tank

Outline of air motor system




GENERAL

1.7 Engine Serial Number
The engine serial number is ‘stamped on the
nameplate attached on the right rear side of the

engine.
{Example>
Model Engine serial number
S12H 30012

The nameplate is stamped with the engine serial
number, rated cutput, and rated speed.
Numbers in the illustration indicate cylinder numbers. -

HEAWY INDUSTRIES. LTD.
SAQAWIHARA. JAPAN

Nameplate location

1.8 Engine Model and Application Code

s @ @8-00

{TA """ Equipped with aﬁer—cooler and turbocharger
TK - e Equipped with intercooler and turbocharger
rrBlanlt; - - - For construction equipment
| EEEEERE For generator. .
Appiication code (L - -+ For railroad train )
TMP o For marine generator and general power source for ship
\M """ For ship engine .

Series code

Number of cylinders

Manufactured at Sagamihara Machinery Works
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2. Specifications

Engine type

S12H

TA | TK

Type

Water-cooled, 4-cycle diesel engine with turbocharger

With after-cooler [ With intercooler

No. of cylinders - cylinder arrangement 12-V
Combustion type Direct injection
o | Valve mechanism Overhead
.2 | Cylinder bore * stroke mm [in.] 150 x 175 [5.91%6.9]
8 | Displacement ¢ [U.S. gall 37.11 [9.80]
= - -
‘5 | Compression ratio l 14.0:1
§ " Diesel fuel {JIS K2204 Special No. 1 to No. 3) or
Fuel .
= Class-A heavy oil
< | Firing order [-12-5-8-3-10-6-7-2-11-4-9
Rotating direction " Counterclockwise as viewed from flywheel side
: Overall length min f[in.] 1954 [76.9]
Dimensions Overall width mm [in.] 1472 [58]
) Overall height mm [in.] 1694 [66.7}
Dry weight kg [Ib.] 4190 [9237]
Cylinder liner Type Wet type
. . . Compression ring: 2
@ Piston ring Quantity Oil ring (with expander): 1
& Inlet valve Open BTDC 55°
£ | valve timing — Close ABDC 65:
E Exhaust valve Open BBDC 65
» Close ATDC 55°
gﬂ Valve clearance (when cold) Inlet 0.6 [0.024]
= mm [in.] | Exhaust 0.8 [0.031] .
Engine support method - 4-point support system .
‘Starting system Electric starier or air motor system
Model Mitsubishi Unit Injector
Injector Manufacturer . Mitsubishi Heavy Industry
Plunger diameter mm {in.] 14 [0.55]
Model . Trochoid type pump TOP-2HAMTVB
Feed pump Manufacturer Japan Qil Pump
Theoretical delivery capacity 12.0 em’ [0.73 cu. in)/rev.
= _ ‘ < Hydraulic > < Electric >
.2 | Governor, Speed control system - PSG < SG4030
. E . . i “"DYNAB200 |
é | Type o Hole type
’ Manufacturer Bosch Automotive Systems Corporation
No. of spray holes i0

Injection nozzle Spray hole diameter

- spray angle mm [in.]

$0.28 [0.0110], $0.29 [0.0114], ¢0.31 [0.0122]-160°"

Injection pressure
MPa (kgf/iem?) [psi]

29.4 (300) [4267.5]

Fuel filter Type

Spin-on type with paper element
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Enci S12H
ngine type :
giie typ TA T CTK
Lubricating type Forced circulation type {oil pump pressure feed type)
Standard Class CD or CF (API service classification)
: : Capacity
Engine oil . . . . Approx. 200 [54.82]
(oil filter including engine) t " '
; O : 47,
¢ [U: S. pal] (Oil pan: 180 [47.55])
Type Gear pump
Reduction ratio - 1.125 (Z=64)
Theoretical delivery capacity | 370 [98] (at engine speed of 1500 min™')
£{U. S. gal)min 450 [119] (at engine speed of 1800 min™)
Type Piston valve type
Oil pump . Valve
opening
Safety valve | pressure 1.420.1 (14£1) {199£14]
MPa
5 (kgflcm?)
& [psi]
£ N Type Main gallery pressure detection type
® | Relief valve Valve opening pressire g : ‘
. + +
E MPa (kgflem) [psi] 0.58+0.05 (5.9+0.5) [84x7]
= " -
ot Type : Water-cooled, multi-plate type
Qil cooler -
Element 15 stages (100x558 mm [3.94x21.97 in.])
Qil filter Type Spin-on tybe with paper element .
Bypass oil filter Type Spin-on type with paper ele;ﬁent _
- ' " | Type ‘ - Piston.valve type, built-in electric'contact points - -
Gil filter alarm Lamp lighting and valve - .
T opening presstre 0.15 (l;5w3) [21.347(]

MPa (kgf/cm?) [psi]

Qil cooler bypass
valve -

Lamp lighting and valve
_opening pressure
MPa (kgticm?®) [psi]

0.44+0.05 (4,540.5) [64£7.2] 3 -

Type

Check valve type

Piston cooling
tiozzle

Valve opening pressure

0.2920.03 (340.3) [43+4.3}

Cooling type

__MPa (kgffem?) [psi]

Water-cooléd, forced circulation

.| Coolant capacity (engi

ne) £ [U. S. gal]

CApprox. 100 [26.4]

Type

Centrifugal type

Reduction ratic

.1.829 (75/41)

Water pump Delivery capacity 1600 [422.7] (at engine speed of 1800 min™),
£[U. 8. gal]/min 1330 [351.3] (at engine speed of 1500 min™")
E) Type ' Wax type (2 stage opening/closing)
% Thermostat | Valve opening temperature Primary valve: 7142 [159.8435.6), secondary valve:
o °C{°F} 7442 [165435.6], fully opened: 85 [185]
E Radiator Type Plate-and-fin type or corrugated fin type
© . Aluminum plate, arc blades
| Cooling fan Type (No. of blades: 8, diameter: ¢1524 [60])
Type Low-edge C type Cog belt ‘
) . 0.55 - 1300 min"' 0.66 --- 1500 min™*
Fan belt Pulley ratto (248/448) (248/373)
Outer circumference . 2085 [82.09) 1955 77}
mm [in.]
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Engine type S12H
TA TK
% Air cleaner Type Paper element type or pre-cleaner type
=
.;-Z g Turbocharger :l)c?if units TI;B
E i Alr cooler Type Multilayer fin-and-plate type

Voltage — polarity

24 V - Negative (-) ground

Type

0-23000-6901

Manufacturer

Nikko Electric Industry .

Starter Piston mesh type Pinion shift
i Qutput V-kW 24-7.5%2
- Pinion/ring gear ratio 16.545 (182/11)
Type 3-phase alternating-current generator, built-in IC regulator
Manufacturer Mitsubishi Electric
& Output . V-A 24-30
o .
% Alternator Rated output
= generating speed 5000 (at 27 V, 30 A)
.2 min’
g
% Regulated voltage V 28.510.5
Manufactarer Nikko Electric Industry
Nominal voltage .= V 24
Rating . sec. 30
Safety relay (for Operating voltage  V 2 to 24
starter chattering Operation interval .
prevention) (at 24 V) 1 ON-OFF cycle between SS and SW
2510 3.0
- 8€C. .
Allowable tempgran;re " 230 to +80[-86 to 176]
C [°F]
Grounding system 2-wire system
E- Type ' Turbine type”
v . G " N
2 Manufacturer T.D.L(U.S)
wl
E Air motor Pinion mesh type " . Pinion shift o
g - Nominal output . 14.71 [20] (at 0.93 MPa (9.5 kgflcm?) [135 psil)
_'<,= kW [PS]

Pinion/ring gear ratio

13 (182/14)
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3. Tips on Disassembly and Reassembly
This service manual describes service procedures
recommended by Mitsubishi Heavy Industry, and also
contains information of special tools and basic safety
precautions. It should be noted that the manual cannot
cover all potential dangers in maintaining, inspecting and
servicing an engine.

When working on the engine, follow the directions in this
manual and pay close attention to the following cautions.

3.1 Disassembly

(1). Use correct tools and instruments.

(2) Arrange a work bench and boxes for placing removed
parts, if necessary, and follow the specified
disassembly sequence.

(3) Lay down disassembled parts neatly and in order to
prevent losing them.

{4) During disassembly, pay attention to alignment marks
to ensure proper reassembly and if necessary, place
alignment marks on parts before disassembly.

(5) Carefully check each part' for abnormalities before |

disassembly and also during removal and cleaning in o

order to discover any signs of abnormalities or defects
that may not be found after cleaning.
{6) Exercise utmost caution to ensure safety, pamcularly
* for balancing removed parts and transporting heavy
parts. (Use jacks and chain blocks when necessary.)

3.2 Reassembly

{1} Wash all engine parts, except for oil seals,. O—rmgs
tubber seals, etc., in cleaning solvent and dry them
with compressed air.

{2) Use correct tools-and instruments.

(3) Use only high-quality lubricating cils and. greases
Be sure to apply a coat of oil, grease or sealant to

_ parts as spcclﬁed
(4) Use a torque wrench to tighten parts to specified

tightening torque when tightening torque is indicated. .. . e

(5) Replace all gaskets packings and O-rings with new
one. - - Lo

1-10
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MAINTENANCE STANDARDS

1. Maintenance Standards Table

Unit mm [in.]

j =" R
§ Inspection point Nominal Standard Limit Remark
3 value
) Rated speed is
?f;’é:l“;‘;‘:e;p;"‘fe ference value) 105 to 110% 115% stamped on the .
nameplate
Minimum speed 600 to 650min™
Faulty if 1.9 .
_ 2.4 MPa MPa (19.3 . gﬂ]a:fa;a‘“t 2
Compression pressure (at 120 min™) (24.4 kgf/em?) keflem?) o BB“C [ 623;‘)
. [347.1 psi} or more [274.5 psi] or R6°F ]
less
0.39 to 0.67 MPa Fa“'lfg;l‘,go'”
Rated pressure (4 to 7 kgfiem’) . (4 keflem®)
[56.89 to 99.56 psi] [56.89 psi] .
Lubricating oil ormore or less g(;ltf)er;loazraturc at
pressure Faulty if 0.10 o
0.20 t0 0.29 MPa MPa [140 o 158°F]
= . (2 10 3 kgfiem?) 2 :
5 Idling 12845 104268 psi) | U0 40O
3 " or more =P
) . or less
Inl 4
0[;’::1 vatve BTDC 14° Vzlues are only for
Valve timi Inlet valve checking valve
alve timing ABDC 23° timing and are
(with 2 mm [0.08 in:] | closed . different from
clearance on valve Exhaust valve - BBDC 21° actual
side, cold) . Open. opening/closing
© Exhaust valve |- CBTDC 1 50 time
-closed B S
. : Tnlet valve 0.6 [0.024]
Valve clearance —— - - ] Cold
. ' Exhaust valve. 0.3 [0.031 o
- Varies depending
: on specifications,
Fuel injection start timing (BTDC) . +1° (crank angle) refer to caution
e 7 E . plate on No. 1
- T - s S . .rocker cover.
-| Rocker bushing ¢44 - | - 44.000t044.075 " | ,, | '
Roak inside diameter 1.734] | (173410 17357 [ 441250737
oeket [ Rocker shaft o4 | IS | 0T o
' diameter [1.734] [1.731 to 1.733] ] -
. $10 9.940 to 9.960 9.910
val Valve stom diameter {15391 | 1039134 10 0.39213] | [0.39016] | Same for intet and
alve Valve guide inside 910 10.000 to 10.015 10.060 exhaust valves.
= diameter [0.39] | [0.39370 t0 0.39429] |  [0.39606]
; Valve seat angle 1t
o L 0.1t00.1
E : .
2 Valve sinkage [-0.004 to 0.004] 1.0 [0:039] J‘& /
& Seat width 2.3 2.15 10243 2.8 [0.110]
s [0.091] | [0.0846 to 0.0965} : 20 i
Valve seat and Refacing Vaive L alve sickege
. 3.0 28032 L seat angle
valve Valve margin [0.118] (0.110 to 0.126] permissible up
AR : e to 2.5 [0.098]
Clearance between Minus (-) value
cylinder head bore $353 _0'?_ 300?2;% ]tio indicates
diameter and valve [2.165] 0 '00 512] interference in
seat diameter - ’ diameter.

1-12




MAINTENANCE STANDARDS

Unit mm [in.]

= ; .
E Inspection point Nominal Standard Limit Remark
3 value
Free length 70.5[2.781 69 [2.72]
. . A 8=1.5° NDN=272
Valve Perpendicularity A-185(0.0731 | [0.087] over
spring e Lr-70.5(278] | entire length
Set length/load 61.8 [2.431 /254 1o 281
| e [ /N (kgD [1bf] (25.94 10°28.67 kef)
HN S [57.2 10 63.2 Ibf]
Pushrod | Deflection Less than 0.5 [0.020] 0.5[0.020] | TIR
Cylinder | Distortion of bottom 0.03[0.0012] orless | 0.50 [0.0197] | Reface slightly.
Bore diamete $150 150.000 to 150.040 150.140
r [5.906] [5.906 to 5.907] [5.911]
Circularity 0.02 [0.0008] or Icss
Cylindricity 0.02 [0.0008] or less
Perpendicularity of , R
Cylinder bottorp ﬂange surface 0.0_3 [0.0012] or less
liner to cylinder liner
Cylinder liner collar 0.10t0 0.19
protrusion [0.004 to 0.0075] -
Thickness of cylinder 1555
8 linet collar 10.59 ‘ams -
By Height of protrusion 0.2+0.04- -
' 5 of cylinder liner [0.008+0.002]
E ‘ ' : Measure diameter
& Outside diameter T 9150 - 149.78 to 149.92 149.68 in direction
2o (at piston skirt) [5.906] [5.897t05.898]) .. [ . .[5.893] perpendicular to
= L L _piston pin
xee—fi;?.fmm in +30g [£0.07 Ib.]
. - 958 |  58.002t058.012- o (O
.. |Pnbore diameter [2283] | [22852102.2856) | 3802012291 -}
Piston ' 0380089 o
Protrusion [0.015 to 0.035) _
3.00 0.08 to 0.11° ; -
Top [0.118] {0.003 1o 0.004] 0.20 {0.008]
2.55 0.07 to 0.10 Measure using
Endgap | Second | 5, [0.0275 10 0.0039] | 13 [0006) | o rings.
. 5.00 0.05 to 0.09
0il [0.197] [0.0197 10 0.0035] 0.13 {0.006]
Ej’;&“dﬁr Thickness when 1.8 1.77 to 1.83 -
| gasket tightened [0.071] [0.0697 to 0.0720]
Pist
cylinder | piston and cylmder el
head head St
0.6t0 0.8 20 i
Top [0.02 to 0.03] [0.08] If gage is not
Pi available,
1ston End ga Second 051007 2.0 approximate value
ring gap [0.0197 t0 0.0275] (0.08) .- | 2PP ¢
can be obtained at
Qil 051007 2.0 cylinder bore.
[0.0197 to 0.0275] [0.08]
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MAINTENANCE STANDARDS

Unit mm {in.

a .
§ Inspection point Norrluna] Standard Limit Remark
G value
Pist . Diameter $58 57.987 to 58.000 57.970
iston pi [2.283] | [2-2847 to 2.2852] [2.28]
Bushing inside H58 58.02 to 58.04 58.070
diameter [2.283) | [2.2843 10 2.2868) [2.29]
. 0.05/100
Bend and twist [0.0020/3.94) ot less
. End play (clearance) 54 . . .
Connecting . 0.41t0.0.6 0.8
rod -E:f;g;d crankpin [2:23] [0.016 to 0.024] [0:03]
_ | Big-end bore diameter : Roundness
(To be measured in H110 110.000 to 110.022 110.047 (Max. - Min.) less
combination with [4.3307] | [4.3307t04.3316] [4.3326] than 0.1 mm
caps.) (0.004 in.]
STD 3.000 2.987 to 3.000 2.950
' i0.118] [ [0.1176t0 0.1181] [0.116] Repl ,
0.25 3.125 3112 t0 3.125 3.075 . eplace bearings
. before limit is
[-0.01] [ [0.123] | [0.1225100.1230]" 10.121] ;
. . . . - reached, regrind
Connecting Thickness -0:50 3.250 3.237103.250 3.200 crankeins and use
| rod bearing at center [-0.02] [0.128] [0.127 to 0.128] [0.126] underl;i:e bearings
: -0.75 3.375 3.362103.375 .3.325 i it is g
[-0.037 | [0.133] [0.132 t0 0.133] [0.131] exceeded
a -1.00 3.500 3.487 to 3.500 3.450 )
] [-0.04] { [0.138] | [0.137 to 0.138] [0.136]
= Perpendicularity ' - . 0.28[0.011] - '
-1 . g
El runout or less
(g | Flywheel Porioh 0.13 [0.005]
R=) eriphéry runout
20 . . . or less
i P -| Periphery runout 0.5 [0.0197] or less 1.5 [0.0591} Replace after 300 0
Damper : - i .
1 Perpendicularity. 0.5[0.0197] orless | 1.5[0.0591] . | service hours.
runout ) N . R
Drive case bearing $O8 67.988 to 63.018
R bore diameter [2.679] [2.6787 to 2.6799]
_{ Fuel feed. * . | Bore 340 39.988 to 40.000
pump | oo | diameter | (1.576) | [1.5743 to 1.5748]
. | accessory . g Outside ~ |  ¢68 67.985 to 68.000
| drive ( .. | diameter [2.679] | [2.6766 t0 2.6771]
. Drive shaft journal’ $40 39.995 to 40.011 -
diameter [1.576] {1.5758 to 1.5764]
Right side camshaft 0.11to 0.25
| gear to idler gear [0.0043 10 0.009] | 939 [0:0197]
. 0.12 to 0.22 _
Idler gear to idler gear [0.0047 10 0.0086] 0.50[0.0197]
T, Crankshaft gear to 0.11 10 0.26 ; '
Timing gear | ;410 sear {0.0043 10 0.0102] | 030 [0-0197]
|| backlash 2
Left side camshaft 0.10to (.24 0.50 [0.0197]
| gear to idler gear [0.0039 to 0.0095] ’ '
Left side camshaft '
0.12t0 0.18
gear to fuel feed pump [0.0047 to 0.007] 0.50 [9.0197]
drive gear




MAINTENANCE STANDARDS

Unit mm [in.]

j=H ..
§ Inspection point Nominal Standard Limit Remark
5 value
Idier bushing inside $50 50.000 to 50.025 50.060
diameter : (1.97] | [1.96850 to 1.96948] |  {1.97086]
.. . 650 49.950 to 49.975 49.900
Timing gear | Idler shaft diameter (1.97] | [1.96653 to 1.96752] [1.96456]
031005 0.7
ldler gear end play [0.012 to 0.020] '[0.028]
Crankshaft gear to 01210 0.18 -
idler gear [0.005 t0 0.007) | @20 [0-0197]
Front gear
backlash Water pump gear to 0.12 10 0.18
idler gear [0.005 to 0.007] 0.50[0.0197)
Idler bushing inside $350 50.000 to 50.025 50.060
diameter [1.97] | [1.96850to 1.96948] | [1.97086]
. 450 49,950 to 49.975 49 900
Front gear 1dler shaft diameter [1.97] [1.96653 to 1.96752] [1.96456]
; SR ) ‘03t00.5 0.7 -
o Idier gear end play [0.012 to 0.020] [0.028]
=1 . 14.525 to 14.625 B
& Camlie | ot [0.572t00.576) | 13-7810:543]
k= (A-B) 9.425 to 9.525 A
g Exhaust |, (0371 t00.375] | 5:6810.342]
= Deflection ]
) & (1/2 value of nunout ) ]
measured at center ' T et o 0.08 o :
journal when camshaft 0.05'{0.0020} or less [0.0031] Repair or replace.
is supported at both
Camshaft ~ | end journals)
- 1. ¢100 | - 9992109994,
Jqumal ‘c_lrfu‘ng_ter,\ 1. 3941 | - (3937 to 3.938) 99.86 [3.934]
Camshaft bushing .
inside diameter $100 . | . 100.000 to 100,115 100.160
| (as installed in [3.94]. {3.94 t0 3.945] [3.946]
crankcase) e - Co .
: " 0.2t00.4 e i mmar | Replace thrust
End play (clearance) N {0.008 0 0.016] 055 [0.022] plate.
| Follower bushing $30 30:000 to 30.075
inside diameter 1.182] | [is2tw1.1sey | 30125011871
Cam Cam follower shaft 530 29.959 to 29.980
follower | diameter (L182] | [1.180t01.181) | 2%-93011.179]
. 041 40.995 to 41.050 40.985
Tappet roller diameter | [} 61401 | [1.614 to 1.617] [1.6148]
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MAINTENANCE STANDARDS

Unit mm {in.]

o, .
E Inspection point Nomina Standard Limit Remark
&5} ’ 1 value
N $104 | 103.900 t0 103.920 103.960 | Replace with
Crankpin diameter (4.098] | [4.0905 to 4.0913] (4.0929] | undersize bearing
Crankpin iournal diameter $140 | 139.930 to 139.950 139,970 | if worn beyond
pinJ [5.516] | [5.5091 to 5.5098] [s.5106) | limit
Center to center distance between 87.5 87.4 to 87.6 T
journal and crankpin [3.45] {3.4409 to 3-4488].
Parallelism between joumnals and o . 0.03 .
crankpiné 0.01 [00004} or less [0'0012] Repau’_
Roundness of journals and 0.03 .
crankpins (diameter difference) 0.01 [0.0004] or less [0.0012] Repair.
Cylindricity of journals and 0.03
crankpins (diameter difference) 0.02 [0.0008] or less [0.0012]
. ; . 7 6.8t07.0
- Fillet radius of crankpins [0.276] [0.268 to 0.276]
= . . . 7 ‘ 6.8t07.0
=
3‘; Fillet radius of journals [0.276] [0.268 10 0.276]
B ) . 3 (. .. ,
5 Hdrdnqss of journals and Hv>620
crankpins .
Angular deviation between pins +).3°
- Deflection ’ )
5 {1/2 value of runout measured at 0.10 .
E‘ center journal when crankshaft is 0.04 [0.0016] or less. [0.0039] Repair or replace.
"g supported at both end journals) ) -
W ' : Replace thrust
& o bearings if worn
& End play A - _ 0.50 [0.0197] | down to limit. Use
. G + . i
(Clearance between thrust 58 0.20 to 0.40 (+0 031'6158] for E:;::?:lzz ti];.rvl:itm
.bearing journal width of . [2.29] [0.0079 to 0.0157] cr;mkshaft beyong limit
crankshaft) E ' width +0.25[+0.01},
+0.50 [+0.02],
. +0.75 [+0.03]
STD 3.500 | 3.467t03.480 . 3425 _
N ' [0.138] | 10.136610.0.1371] | - [0.135] :
- -0.25 3.625 | 3592163605 |7 3.550 E‘iﬁ:}f d‘ﬁ;":(gf '
£ . [-001] | [0.143] | [0.1415t00.1420] | - [0.140] it Rearind -
E "Thickness at’ -0.50 ° 3.750 3717w 3730 '} 3.675 .cranl‘{ 'ougmals and
= | center [-0.02] [0.148] [0.146't6 0.147] [0:145] e nJ e
£ 0.75 3.875 3.842 to 3.855 3.800 bourings i worm
[-0.03] [0.153] [0.15 to 0.152] [0.150] be Ong ot
-1.00 4.000° 3.967 to 3.980 3.925 Y ’
[-0.04] [0.158] | [0.156 t0 0.157] {0.155]
g L 0.05 [0.002] 0.20. .
E’, Gasket surface distortion or loss (0.008] Slightly reface.
= : :
5 . . N 0147 | 147.000 to 147.025 147.045
3 | Main bearing bore diameter (5.792] [5.792 to 5.793] [5.79]
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Unit mm [in.]}

= .
‘ § Tnspection point Norrlnnal Standard Limit Remark
1G] va uE_
Stopper spring wire diameter [ (;1) gI‘tS] [3(3)??:}! ;g g?ggg] 0.25 [0.0099]
Stopper protrusion diameter [0. ?;7 6] 0. 135;?2 :3 g?g 56] 3.50.1378]
Wear on needle valve cotnact area 0 0] - =02
of distance piece [-0.0079]
Free length 27.6 [1.0874] 27.2 [1.0709]
Needle valve T Less than 0.5 [0.0197]
spring Perpendicularity 0.5 [0.0197] of more’
5 Spring cage inside diameter [0¢51;2} [0 154 Sg(]) :2 (]}45(5)5 4] 14.6 [0.5752]
2 ) . .
L
-2 - . G418 17.966 to 17.984 17.959
£ [ Plunger tappet diameter [0.710] | [0.7079 to 0.7086] [0.7076]
5 Free length 84[3.310] | 84+2[3.310+0.08] 81.5 [3.21]
Pl i
UNGErSPINE | b mendicularity Less than 1.5 [0.060] ":r[&gfe‘)]
.| Plunger pushrod dcfieg:tion 0.15 [0.006]
Sliding
resistance 0‘;)9 1(15 ]0 )
Control rack N (gf) [tbf] :
" | Deflection 0.03 [0.0012]
i B ) Shim thickness
sl 2|y . . 29.42 28.93 10 30.89 should be less than
S | ® | Valve opening pressure (300) (295 to 315) 0.8 mm {0.032
=1 ¢ MPa (keflem’)psi) | 5 cos [4196 t0,4481] in.]. If it exceeds
‘£ - Co- : the limit, replace
ol I the spring.
&
£ | Spray cone angle 160° ii:::elgand-opcrated
- .| Drive shaft bearing housing $52 51.988 to 52.018 .
diameter of case - ) [2.05] [2.04677 to 2.04795]
L 1 Avreide diameier | 052 7| '51.987 to 52.000
Drive shaft | OvtSide diameter | 1051 | [2.04673 10 2.04724]
bearing e 925 24.990 to 25.000
Inside diameter [0.98] | [0.98386 to 0.98425]
» | Bearing journal diameter of drive 925 25.002 to 25.011
.2 [ shaft [0.98] {0.98433 to 0.98469]
g Idler shaft bearing housing $52 51.988 to 52.018
E diameter of case. [2.05] [2.04677 to 2.04795]
-
&, T $52 - 51.987 t0 52.000
G | idler shage | Ctside diameter T 12104673 10 2.04724]
bearing . . 025 24.990 to 25.000
Inside diameter (098] | [0.98386 to 0.98425]
Bearing journal diameter of idler $25 25.002 to 25.011
shaft [0.98] | [0.98433 to 0.98469]

Drive gear end play

0.24 to 0.96

[0.0095 to 0.038]

1-17




MAINTENANCE STANDARDS

Unit mm [in.

5 Nominal
e Inspection point Standard Limit Remark
S value
Drive and driven gear base tangent 27.983 to0 28.055 27.93
length [1.1025 10 1.1054] [1.1004]
' Tip
Clearance between drive or driven 0.095to 0.140 clearance
gears and case [0.004 to 0.006] - 0190
] [0.007] -
. o 0.095 to 0.155 0.29
Gear end side clearance in case [0.004 to 0.006] [0.0114]
£ | Drive and-driven gears shaft $40 39.986 to 40.000 39.930
& | diameter [1.576] [1.575 to 1.576] [1.573]
S . 340 40.040 10 40.059 | 40.140
Bushing inside diameter [1.576] [1.577 to 1.578] [1.582]
: . 1.4+0.1 MP
g Valve opening (141 kefic nfz} .| Change in oil
& pressure 199 15+ . pressure is 0.04
2 [199.15+14.23 psi] MPa (0.4 kgfiem?)
o Safety valve 73.4 [2.89Y 3 5.8 nsil with
£ Spring set 971469 N 834 N | [5-8psi] witha .
= pring set : = (85.0 kgf) | low 2 mm [0.08
.2 length/lcad (99.0+7 kgf) . .
F= > [187 Ibf] | in.} shim.
< [21845.16 Ibf]
= Change in oil
pressure is 0.04
. Valve opening 0.580.05 MPal MPa (04 kgficm?)
Relief valve (5.940.5 kegffcm?) 5.8 psil with
. pressire “[83.93+7.12 psi] [5.8 psi] witha
5 R R : low 2 mm [0.08
. © in.] shim.
- 0.44+0.05 MP '
Qil cooler bypass Valve opening (4.540.5 kgf/crr?z)
valve pressure : [63.8247.12 psi]
C Change in oil
: Laimp hght} ng and 0.15%% pressure is 0.007
0il filter alarm ;?e‘s’:u‘;ge“‘“g (154 MPa (0.07
oy kgf/ 1.00 psi
(bypass) (differential 213 ] vﬁih‘"‘:ﬁg&.l mis']
pressurc) ' [0.039.in.] shim.
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Unit mm [in:]

£ .
Czé Inspection poinl Nﬁ:r:;al Standard Limit Remark
S
Bearing bore diameter of pump $120 119.987 to 120.022
case [4.72] [4.72389 to 4.72527]
Bearing bore diameter of cover o110 110.005 to 110.040 ;l;htehzat:;r?gphcs
g [4.33] | [4.33090 to 4.33227] - g
Outside $120 119.985 to 120.000
Large diameter [4.72] [4.72382 10 4.72441]
o & Bore diarmet 655 54.985 to 55.000
E | pears ore drameter [217] | [2.16476 t0 2.16535]
B. | Bearing Outside o110 109.985 to 110.000
3 Small |dizmeter [4.331 | [4.33012 10 4.33071)
= Boro damo 50 49.988 to 50.000
[1.97] | [1.96803 to 1.96850)
55 55.011 to 55.024
: 2.16758 to 2.1662
Shaft bearing journal diameter [:'(;Slg] L 50.011 tz 300 249]
- [1.97] | (2.16758 t0 2.16629)
;§ Vane front face clearance [()I i?:]'] [Oo(igi :g (1){5)29]
3 . . .
N . 7142 °C
%” % Valve opening temperature [159.843.6 °F] Check at
g — t heri
& | E [Temperature at which valve iift is 85 °C ::;:;i‘::"c
‘&= | 10 mm [0.394 in.] or more [185 °F] ‘
T 9120 119.987 to 120.022 | .
. 4.72389 to 4.72527
Bearing bore diameter of case . [:;17126] [l 09987 tz o 022]
' [433] | [4.3335 t04.3349]
Outside $120 119.985 to 120.000
Large | dizmeter [4.72] | [4.72382 t0 4.72441]
e % | Bore diamet %45 44.988 t0 45.000
E | Bearin oredEmeer 1 nn [1.7725 to 1.773]
= £ Outside o110 109.985 to 110.000
. ety | dizmeter [433] | [4:33012 t0 4.33071]
T Sore diamet ¢50 49.988 to 50.000
FIEET | (1 97) [1.9694 to 1.970]
o [Outside 945 45.002 to 45.013
fol‘:rf::l’ea““g diameter [1.77] {1.7731 to 1.7735] .
e
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Unit mm [in.]

Nominal

=
§ Inspection point Standard Limit 'Remark
&5 value
3 . . $43 42
§ QOutside diameter [1.69] [1.65]
5 ] 0.06 [0.00236] 0.10
E | Deflection o less [0.00394]
o
© | Mica depth in commutator [0 (?2;; :g 333 5) [d%(z)g]
. . 222 13
Height of brush [0.827 t0 0.866] [0.512]
Tension of brush spring 44.13 39.23 10 49.03 39.23 When brush is
, N (kgh (of] | ) (4.0 10 5.0) (4.0) cstalied
. [64.10] [8.82 to 11.02] (8.82]
Shaft deflection
(1/2 valve of
measurement at
center journal 0.05 [0.00197]
shaft when shaft :
. | Armature is supported at
3 both ends) ‘
g Diameter of shaft 14 13941 t0 13.968 |
’ Tear side [0.55] {0.54886 to 0.54992] |
Diameter of shaft H25 25.002 to 25.011
front side [0.98] | [0.98433 to 0.98469]
§ ‘ ﬁg?ﬁt:gagrear $30 30.002 to 30.011
= . : fide : [1.18] {[l.18118 to 1.18153]
S | Piniof shaft "Diameter of - -
B 2 pinion shaft front | 819 '18.900 to 18.940
8 e [0.748] | [0:74409 to 0.74567]
25
’ Front bearin' 019 19.000 to 19.033 0.25
Beariia’ & [0.748] | [0:74803 10 0.74933] | . [0.0098] |-Clearance between
Fanne pinion 919 | 19.000t0 19033 0.25 shaft and bearing
[0.748] | [0.74803 to 0.74933] [0.0093] ’
03t00.7
|| Armature [0.012 to 0.028]
Endplay =+ /= ‘ 021008
A - Pinion shaft 70.008 l6'0.0315] )
s s o Y 33 328to 332 - 324
- Slip ring outside diameter | 3o [1.291 to 1.307] 11.276]
£ . o 21.5 8.0 _
E. Height of brush [0.846] . [0.31] Up to wear litnit
= . . 37 3tt043 20
<
Tension of brush sprmgN (&b (b1 (380) (320 to 440) (200)
g [0.84] [0.70 to 0.97] [0.45]

V-belt tension (deflection when

pressed with thumb as shown in the
right diagram. 98 to 147 N (10 to 13
kgf) [22 to 33 Ibf])

Approx. 10to 15
[0.394 to 0.591]
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2. Tightening Torque Table
2.1 Important Bolts and Nuts

(1) Engine main parts

Threads Torque
. Diameter X
Description Pitch Nem' kefm Ibf-fi Remark
min
Cylinder head M22x25 | 539427 | 554275 | 39820 gfﬁli'ﬁggléli?‘e"‘“g
Rocker case M12x1.25 108+5.4 _l 1+0.55 80+4.0
M10x1.25 60+3.0 60,3 44122
Rocker shaft M16x2.0 167+£8.4 17+0.85 123462
Rocker arm lock nuts MI12x1.25 64132 6.5+0.33 4742 36
Bridge lock nuts M10x1.25 554£2.8 5.6+0.28 4242 .07
Camshaft gear M14x1.5 176+8.8 1840.9 130£6.5
Camshaft thrust plate M12x1.25 108%5 .4 11+0.55 80+4.0
Cam follower shaft M12x1.25 RR+4.4 9+0.45 658312
Adapter Mi2x1.25 78+3.9 84+0.4 58429
Main bearing cap M22x2.5 490+24.5 50£2.5 362+18.1 | [Wet] (Note b)
Main bearing cap side bolt MI6x1.5 147£7.4 151£0.75 [08+5.4 [Wet] (Note b}
Rear hanger Ml16x1.5 245+24.5 26426 181+1.9
Piston cooling nozzle M12x1.75 34+1.7 3.540.18 25+£1.3 (Note ¢)
M12x1.25 98+4 9 10+0.5 . 72%3.6 Tighten the crankcase.
Timing gear case M12x1.25 69435 7+0.35 51+2.6 Tighten the rear plate
. and the nut.
. MIl6x1.5 245%12.3 2613 181491
‘| Rear plate . Mi2x1.25 | 108+54 114055, 80140
Front mounting bracket M20x1.5 3924392 40%4.0 . 2891289
Rear mounting bracket M18x2.5 294479 4 3043.0 217+21.7
Connecting rod bearing cap Migxrs | 343217 | 3se1s |-2s3xizs DV g'(f‘;fgt:ﬁ;“e"‘“g
Balance weight - M16x1.5 196498 20+1.0 145272 | [Wet]
Flywheel ) M22x1.5 588+29.4 6013.0 434+21.7 | [Wet]
Damper "TM22x1.5 4903424 5 50+2.5 362+18.1
Rear idler shaft M12x1.25 108+5.4 " 1140.55 BOE4.0
Rear idler shaft thrust plate M10xi:25 | - 29+145 3+0.15 - 22%1.1 . T
- M12x1.25 98+9.8 L10£1.0 72472 Tighten the crankcase.
i : oL " | Tight front plate
Front gear case M12x1.25 | 6969 0.7 sigsq | IERen thediontp
M16x1.5 25542 .55 26426 188+1.9
Front plate Mi2x1.25 108+10.8 11£3.1 80+8.0
Front idler shaft MI12x1.25 108£5.4 11£0.55 3014.0
Front idler shaft-thrust plate Ml6x1.5 216+10.8 22+1.1 159+8.0
Cancel rod M10x1.25 33x1.67 3.440.17 2441.2
Cancel rod control lever reamer bolt | MBx1.25 30+1.52 3.140.16 22%1.1
Cam follower shaft MI12x1.25 8844 .41 9+0.45 6533
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Note:

() Tighten to snug torque of 284£14.7 N-m (30<1.5 kgfim) [217£10.8 Ibf-ft].
(@ Tighten by turning 30+1.5°
(3 Tighten by further turing 30+1.5° (total of 60=3° turn)
(4) Loosen all bolts, and tighten again according to the angle method. (2-step tightening method)
(b) To tighten main bearing cap bolts and main bearing cap side bolts, observe the specified sequence.

Tightening sequence

(1) Tighten the main bearing cap bolts 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 (o the specified torque.

(a) To tighten cylinder head bolts according to the angle method, follow the sequence described below,

(¢) To tighten piston cooling nozzles (check valves} to the specified torque, be sure to use a torque wrench.
Tightening without the use of a torque wrench can result in excessive tightening force, and this can cause
check valve malfunctions and lead to seizing of pistons due to insufficient supply of lubricating oil during
engine operation.

(d) To tighten connecting rod caps according to the angle method, tfollow the sequence described below.

(1) Tighten to snug torque of 147+7.4 N-m (15+0.75 kgf-m) [108+14.5 Ibf-fi].

{2) Tighten by turning 45+3°,

@Loosen all bolts, and tighten again according to the angle method. (2-step tightening method)
{¢) When [Wet] is indicated, apply engine oil to the threads and bearing surfaces of the bolts and nuts.

(2) Fuel system

Threads Torque
. - Diameter x .
Description Pitch Nt kgfm bf-fi Remark

mm _ - o . ,

Unit injector gland nut CMI6x1S || (Note ) (Note ) | Note fy | [Wetl 2-step tightening
. - . ~% - | method
Unit injector gland .sltud ' ' ; T ) L
: : : + - ‘
(screw-in side) M16x2.0 1274635 13+ 065 9444 68 | Apply Locktite
Unit injector gage stand M8x1.25 78t09.8 | 08t0l1.0 | 581072V
Unit injector retaining nut M45x1.5 314%£10 21 232474
Unit injector nozzle retaining nut M30x1.5 | - 216%5 2240.5 159437
Fuel pipe eyebolt CMI0x1.25 | 15£15 1.5+0.15 | 11£11.7
Priming pump and fuel filter eyebolt Ml4xl.5 2010 25 20t02.5 1510 18
B . ) ‘ —
p;‘rrt';‘“g pump and.its neighboring Mi6x1.5 | - 34834 3.520.35 25435
Fuel feed pump cyebolt M20x1.5 59+5.9 6.0£0.6 43+4 .4
Fuel feed pump bolt M8x1.25 20 to 22 20t02.2 15t0 16
Fuel rack control lever M8x125 | 25%2.5 | 25%025 | 18121 |ZSteptightening
method
Fuel filter air vent plug MEx1.25 8to 10 0810 1.0 | 5.8t072- |1tisnotused innormal
: pnmmg procedure.

Governor drive case M12x1.25 108+10.8 11%1.1 80438

Note:

{f) To tighten cylinder head bolts according to the angle method, follow the sequence described below
(D Tighten to snug torque of 17629 N-m (18+0.9 kgf'm) [130£6.6 Tbf fi].
(2) Loosen all bolts, and retighten to 1274£6.4 N-m (1310.7 kgf-m) [9424.7 Ibf fi].
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{3) Lubrication system

Threads Totque
Description Dlan_u:ter X Remark
Pitch N-m kef-m Ibf ft
min - .
Oil pump M10x1.25 59+5.9 6.0+0.6 -43+4.4
Ol pump cover MI10x1.25 J4to 74 35175 251054
Safety valve plug M40x2.0 196120 2042 ‘144415
Qil cooler element nut M10x1.25 24.5%5 2.5%05 18+3.7
Oil cooler pipe M10x1.5 39.2+3 4.040.5 20437
Turbocharaer hubrication Evebolt [ MI10x1.5 29+1.45 330.15 22%1.1
Y 8 Flange M10x1.5 59+3.0 5.930.30 42.742.2
t4) Cooling system
Threads Torque
Description Dlarqeter x Remark
Pitch N-m kgf-m {Ibf ft
eatey]
Water pump ] M12x1.25 108+10.8 1111 80+8.0
Water pump shaft pulley nut , M30x1.5 392420 40420 | 280140 | Foraltemator
: . : ) - .| coupling
Fan pulley cap nut M30x1.5 3924139 40+4.0 289+29
Fan - M10x1.5 3318 3.4+0.2 24113
(5) Inlet and exhaust systems
Threads Torque
- Diameter X
Description . . Remark
Pitch N-m kgf-m bfft -
mm
Exhaust manifold coupling nut M6x1.0 *'| 7.8t088 | 081009 | 58t06.5
Exhaust manifold mounting bolt 1- M1ox1.5 49 to 59 5to6 36t0 43
(6) Electrical system
Threads Torque
Description D|ameter x Remark
Pitch N-m kgfm Ibf-ft
min -
Starter mounting bolt M12x1.25 59+5.88 6+0.6 4444 4
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2.2 Standard Bolts and Nuts

Width Strength ¢lassification
Threads across
Diameter x flats
Pitch (mm) | (mm) T t0.9
{in.]
(DD D
g -\
E .
> N-m kgfm " Ibfft N'm kgfm Ibfft
8 8x1.25 12 [0.47] 17 1.7 13 30 3.1 22
@ 10x1.25 14 [0.55] 33 3.4 24 60 6.1 44
3 12x1.25 17 [0.67] 60 6.1 44 108 1.0 80
£ 14x1.5 22 [0.87] 97 99 72 176 17.9 130
3 16x1.5 .24 [0.94] 145 14.8 107 262 26.7 193
@ 18x1.5 27 [1.06] 210- 21.4 155 378 38.5 279
3 20%1.5 30 [1.18] 201 29.7 215 524 53.4 386
= 22x1.5 32 [1.26] 385 39.3 284 694 70.8 512
24x1.5 36[1.42] | 487 49.7 359, | 878 89.5 648
27x1.5 - " 738 ~75.3 544 1328 135.5 979
S ' LN\
2
; Q) Oy
o . .
3 _ . N-m kgf-m Ibfh N-m kgf-m Ibf-fi
g 10x1.5 14[0.55] | . 32w |0 33 . 24 - | 58 59 43
z 12x1.75 . | 17[0.67] . 57 58 427 102 104 75
g 14x2 22 [0.87] 93 95 - 69.. 167 17.0 123
3 16x2 24 [0.94] 139 142 - i03 - 251 25.6 185
£ 18%2.5 27 [1.06] 194 198 i .0 143 . 350 35.7 258
X 20x2.5 30[.18] | 272 ' 277 o) 200 - 489 499 361
22%2.5 32[1.26] 3637 | . 37.0° 268 653 66.6 482
24x3 36 [1.42] 468 47.7 345 843 £6.0 622
27x3 — 686 70.0 - 506" 1236 . 126.0 912

Note: (@) This table lists the tightening torque for standard bolts and nuts.

b The,nﬁrh_efical values in the table are for faﬁtéfi_ets'with s;iring wééhéfé.
(€) The 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 sections. (Dry)
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2.3 Standard Eyebolts

Threads Width across Strength classification
D.lameter x flats (mm) [in.] 4T
Pitch (mm) - N-m kgf-m Ibfft
Bx1.25 12 [0.47] ' i | 0.810:1 593074
10x1.25 14 [0.55] 1542 1.530.2 [1.1£1.48
12x1.25 17 [(0.67] 2543 2.5+0.3 18.4%2.21
14x1.5 19 [0.75] 34+4 3.510.4 25.142.95
16x1.5 22 [0.87] 4415 4.54+05 -~ . 32.543.69
18x1.5 - 7445 ) 7.520.5 54.24+3.69
20x1.5 27 [1.06] 98+10 - 10.0£1.0 72.3+7.38
22x1.5 32 [1.26] ‘ 147115 15.0£1.5 108.4+11.1
. 24x1.5 — 226120 - 23.0£2.0 166.7+14.8
(Dry)

2.4 Standard Union Nuts

Nominal Cap nut size Width -
diameter "M (mm) across ﬂam Nem. kgf'm bfft
: (mm) {in.] ;
63 14x1.5 17 [0.67] 39 4 29
80 16x1.5 19 [0.75] 49 5 36
100 20x1.5 22 [0.87] 78 8 58
120 22%1.5 24 [0.94] 98 10 72
150 - 27%1.5 - - 30[1.18] 157 6 |. 116
180 - 30%1.5 32 [1.26] 196 20 S48
200 30x1.5 32 [1.26] 196 20 C- 145
220 : 33%1.5 36 {1.42] 245 25 ‘ 181 °
254 36x1.5 41 {1.61] 204 30 217
(Maximum tolerance value: £10%, dry) : ' ' )
" . 2.5 High-Pressure Fuel Injection Pipes
C"‘l‘& ‘(‘r‘::;;“ N-m kefm Ibfft
12x1.5 3045 © o 430.5 2643.7
14x1.5 4945 540.5 36%3.7
18x1.5 59+1 620.1 . 44407

(Dry)
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3. Sealants and Lubricants Table
- -
= Application point Sealant or lubricant How to use
o
. . Coat holes in crankcase
Cylinder head sealing cap Hermeseal 8-2 Note (1)
Cylinder head copper tube ThreeBond 1207C Apply to the end joint.
Cylinder liners Engine oil Grease O-ring joint
Front plate, gear case, crankcase and oil pan Herdite . Coat three-face-mating
portions )
Rear plate, gear case, crankcase and oil pan Herdite_ S:rag;nh;ee—face—matmg
£ : ,
& | Crankcase taper plugs ~ Seal-lock or Loctite 271 Apply to tapered threads
‘£ | Crankcase sealing cap ThreeBond 1121 Coat holes in crankcase
E - _ — -
w | Oil pan and crankcase - Herdite Coat_]_omt portions onty on
= both sides of packing
i Engine oil Coat lip face

Front and rear oil seal

Mounting Paste

Coat outer casing or holes in
crankcase. Note (2)

Rear plate, timing gear case and crankcase

ThreeBond 1211

Coat both sides of packing

ThreeBond 1211

Coat both sides of packing

Front plate, front gear case and crankcase

Cylinder head gasket

ThreeBond 1211

Apply to areas around tappet
chambers and oil passage
areas. Note (3}

= E o Grease Nozzle gasket

3 | Unit injector ; : T - n
o~ _ : - ‘ Engine 01l - O-ring installation location
ca 1 . | Oil seal- - . Engine oil Coat lip face
.5 5‘ Water pump Unit . I LLC solution (antlfreezc) 1 Coat floating seat

° @ nit'sea
S & - ThreeBond 1102 Coat outer ring
Fan drive Qil seal Engine oil - Coat lip face
5 & .. R .-Between the- element and ‘the both Shln-Etsu-Chermcal Co., Ltd. Fill the gap between the
= i Air cooler KE45-W or equivalent -
= S side of plate. . element and the-plate.
@ sealant or lubricant '

Tapered threads of tapere_d plugs and cocks not

‘ coatcd wn‘.h Seal lock

-.j Valcanized seal tape

Wrap threads with two rounds
of tape Note (4) ,

(no film on high-temperature
exhaust sections)

Prevention of selzmg of rnetal Jomts and sliding

sections

Moly Disulfide (G paste)

Apply to surfaces

Others -

Prevention of rust on machine finished metal
surfaces of flywheel and timing gear case

NOX-RUST 366-20 rust-
preventive oil or equivalent
{manufactured by Parker
Industries, Inc.)

Apply with brush

Note: (1) When the use of Hermeseal S-2 is specified, be sure to use the designated liquid sealant manufactured by

Japan Hermetic Co., Ltd. -

(2) Lubricant for smoothly pressing the seals using an instalfer and Mounting Paste manufactured by Tip Top

Japan Inc.

(3) For the method of applying a sealer to cylmder gasket, refer to REASSEMBLY OF ENGINE MAIN

PARTS pages.

(4) Seal-lock is a coating sealer with sealing and locking functions. (manufacturer: ThreeBond)
(5) ThreeBond 1121 may be used to hold O-rings in place (fall prevention).
{6) . The grease is industrial grease. Sunlight Grease 1 manufactured by Showa Shell Sekiyu K.K. or equivalent.
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BASIC AND SPECIAL TOOLS

1. Basic Tools
868860
1 8 9. 10 1 12 13
14 15 18
@ @
19 20 1
No. Tool name Part No.’ Lo Remark
— | Tool set 32591-00012 Includes parts No.1 through 23 _
I |'Open-end wrench F9600-07008 Width across flats: 7x8 mm [0.28x0.31 in.]
2. | Open-end wrench °. Fo600-10012 Width across flats: 10x12 mm {0.39x0.47 in.]
3 | Open-end wrench F9600-14017 Width across flats: 1417 mm [0.55x0.67 in.]
E_4‘ "Open-end-wrench Fo600-19022 Width across flats: 1922 mm {0.75x0.87 in.]
5 | Open-end wrench F9600-24027 Width across flats: 24x27 mm [0.9x1.06 in:]
6 | Open-end wrench F9600-30032 Width across flats: 30x32 mm [1.18x1.26 in.] .
.7 | Open-end wrench F9600-36041 Width across flats: 36x41 mm [1.42x1.61 in.]
8 |'Socket . o F9614-17000° | Width across flats: 17 mm {0.67 in.]
9 | Socket - ¥9614-22000 | Width across flats: 22 mm [0.87 in.]
10 | Socket ¥09614-24000 . | Width across flats: 24 mm [0.95 in.]
11 | Socket F9614-27000 Width across flats: 27 mm [1.06 in.]
12 | Socket F9614-30000 Width across flats: 30 mm [1.18 in.]
13 | Socket F9614-32000 Width across flats: 32 mm {1.26 in.]
14 | Extension bar F96135-25000 12.7 mm [0.50 in.]-square drive, L=250 mm [9.84 in.]
15 | Universal joint F9617-10000 12.7mm [0.50 in.}-square drive, L=75 mm [2.95 in.}
16 | Slide handle F9618-30000 12.7 mm [(.50 in.]-square drive, =300 mm [11.81 in.]
17 -| Pliers F9630-15000 L=150 mm [5.91 in.] .
18 | Feeler gages 30091-06501 Set of 9 gages, MIN 0.04 [0.002 in.] to MAX 0.30 mm [1.18 in.]
19 | Socket 33491-13500 Width across flats: 36 mm [1.42 in.]
20 | Grease pump 64309-15300 Capacity: 0.08 £[0.0211 U.S.gal]
21 | Adapter 33491-03600 19.15x12.7 mm [0.75x0.500 in.]-square drive
22" | Screwdriver 91267-00201 () (-) Slotted and Phillips ends
23 | Tool box MC420083 L352xW146xHE2, [13.9x5.57x3.23 in.] B

weight capacity: 7 kg [15.4 1b.] or less
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BASIC AND SPECIAL TOOLS

Tool name

Part No.

Use

Filter wrench

32591-22100

Removal of various oil
filters and fuel filters

Rachet handle

37191-03300

. For socket

1-29




BASIC AND SPECIAL TOOLS

2. Special Tools

Application Tool name/part no. Shape Use
Adjustable wrench Maximum opening width:
F9611-15000 20 mm [0.79 in.]
Torque wrench | Measuring range:
32191-03100 0 to 539 N-m
(0 to 55 kgfm)
[0 to 398 1bFfi]
=
&
3 Offset wrench Valve clearance adjustment

35C81-00500

Ring pliers
45191-08400

Snap ring
removal/installation

Inspection for overhaul need and testing

Adapter assembly
35C91-12020

Compression pressure
imé¢asurement

A | Compression gage
35A91-03100

B | Gage adapter

(D 35C91-12200
@.05507-10460
(@ 05507-10420

C | Spacer
35C91-02100

Inspection

V-belt gage
32591-09100

V-belt tension inspection




BASIC AND SPECIAL TOOLS

Application

Tool name/part no.

Use

‘Engitie main parts

Unit injector puller
35C91-11400

Unit injector removal

Eye nut
37591-02400

Cylinder head assembly
removal/instailation

| Valve spring pusher

Inlet/exhaust valve spring

35B91-06600

"1 3359104500 removal/installation
Handile plate
Length: 600 mm {23.6 in.]
Copper tube pusher Unit injector copper tube

removal

Rocker bushing installer

35C91-01800

Rocker bushing replacement

. Cylinder head and valve mechantsm

Seal installer
32591-10300

Valve guide and stem seal
installation

Valve lapper
30091-08800

Inlev/exhaust valve lapping '

Tube tool
35C91-21010

Unit injector copper tube
installation




BASIC AND SPECIAL TOOLS

Application Tool name/part no. Shape iUse
Cam gear stop bolt Camshaft gearretaining
35B91-06500 ﬂ
Valve guide remover 4 Valve guide removal
33591-04300 / .

E Valve seat cutter Valve seat correction
§ | @ 37591-06400
=
- g | @ 37591-06430
= g
& g
5 =
g | =
o g
&0 2 | Valve seat puller Valve seat removal
& 2 | 32591-04200 '
2
E
=
o
Leak tester assembly Cylinder head water pressure
35C91-03010. testing
@ 35C91-03100
@ 35C91-03200
@ F3153-04000
@ F3153-02600
(® 35C91-03300
® F2500-14000
@ F2300-14000

1-32




BASIC AND SPECIAL TOOLS

Application Tool name/part no. Shape Use
Idier bushing puller Idler bushing
32591-02500 removal/instailation

Cam bushing installer

] Camshaft bushing installation
35C91-11600

Follower bushing installer Follower bushing
35C91-01700 replacement

Rear seal installer . ) Rear oil seal installation
35B91-06010 . R T

Flywheel, timing gear and camshaft

Z
@5
o

Engine main parts

Jack-bolt MI12x1.25-95 mm [3.74 in.] Flywheel removal
64362-68500

Idler bushing puller
32591-02300

- Idler bushing replacement

FIO}II seal installer assembly
37591-05010

Front oil seal installation

Damper and front gear




BASIC AND SPECIAL TOOLS

Application Tool name/part no. Shape Use
Eye bolt Piston removal:
MM321420 M10x1.5 mm

Engine main parts
‘Cylinder liner, piston and connecting rod

Ring expander
37191-03200

| Piston ring

removal/installation
Range: ¢101.6 to 177.8 mm
[4 to 7in.]

Liner pusher
37591-06200

Cylinder liner collar
protrusion measurement

Bolt
31759106300

Cylinder liner collar
protrusion measurement:
M22x2.5 mm :

* Cylinder head bolt spacer

37598-09100 :

Cylinder liner collar .-
protrusion measurement” '

Projection plate
37598-09201

Crankcase counterbore depth’
measurement

Crankcase grinder
32591-04050

Crankcase counterbore depth-
cotrection




BASIC AND SPECIAL TOOLS

Application Tool name/part no. ‘ Shape Use
' Cylinder liner remover Cylinder liner removal
32591-04100
E
=)
E
2 ,
§ Connecting rod bushing Connecting rod bushing
° installer removal/installation
s | 32591-18010
g
o
L
or
|z -% - - ¥ . "
E == -| Piston installer Piston installation
= % 37191-07100
= £ .
3 =
E | &
[*]
£
af
=
&3] .
Cap remove adapter Main bearing cap removal
= 32591-04300 '
=]
o
g
=1
s § Nozzle remover - Main bearing cap removal
S © 1 36291-00900 S
L)
3
)
=
5
]
Clamp - Unit injector disassembly and
48749-01000 reassembly
= Connector Unit injector adjustment
2 5 | 48749-00100
ol 5]
© o
T | E
[ x
=
Gage stand Unit injector pre-stroke
48749-03080 adjustment
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Application

Tool name/part no.

Use

Fuel system
Unit injector

Gage
48749-02010

® Plug
48749-00201
(2@ O-ring
F3150-01010

Pre-stroke test stand

48749-05000

Flow sensor
48749-05600

Control indicator
48749-05700

Injection gage
48749-04000

Unit injector pre-stroke
adjustment

| Nozzle tester

04239-00050

—

Mildx1.5°
{Mozzle mounting side)

Nozzle opening pressure
measurement and spray
pattern inspection




BASIC AND SPECIAL TOOLS

Tool name/part no.

Use

Water pump pliers
37591-03100

Water pump cover snap ring

removal

Impelter remover
37591-03200

Water pump impeller

removal:
M18x1.5 mm

Cooling system
Water pump

Ring remover
1 37791-03400

Water pump unit seal

removal

Ring installer

1-37791-03300

Water pump unit seal

installation

Umit sej.al installer
37191-06300

‘Water pump unit seal ring

instailation

Engine
ustment,
break-in
operation and
" performance
tests

‘adj

Height gage
35C91-01100

injection timing adjustment
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OVERHAUL INSTRUCTIONS

1. Determination of Overhaul Timing

In most cases, the engine should be overhauled when the compression pressure of the engine is low and decreased
compression pressure results in a noticeable increase in engine oil consumptlon and blow-by gas and these symptoms
can be used to evaluate the engine condition,

Reduced power output, increased fuel consumption, low oil pressure, difficulty in starting, and increased operating
noise are also signs that suggest the need for an overhaul, however, since these problems can be caused by various
factors, they do not serve as refiable sources for assessing the need for an overhaul.

Reduced compression pressure manifests a variety of symptoms and engine conditions, thus making it difficult to
accurately determine when the engine needs an overhaul. The foIIowmg shows typical problems caused by reduced
compression pressure. :

(a)
(b)
(<)
(d)
(e
®
(8
()

Decreased output power

Increased fuel consumption

Increased engine oil consumption

Increased blow-by gas through the breather due to worn cylinder liners and piston rings
Increase gas leakage due to poor seating of inlet and exhaust valves

Difficulty in starting

Increased noise from engine parts

Abnormal exhaust color after warm-up operation

The engine can exhibit these conditions in various combinations.
Some of these problems are directly caused by worn engine parts, while others are not.
Phenomena described in items (b) and (f) can result from improper fuel injection volume and timing of the fuel
“injection pump, worn plunger, faulty nozzles and also faulty conditions of electrical devices such as battery and starter,
The most valid reason to overhau!l an engine is a decrease in compression pressure due to wom cylinder liners and
pistons, as described in itemn (d), and once this is determined, it is reasonable to take other problems into consideration
for making the final judgment.




OVERHAUL INSTRUCTIONS

2. Testing the Compression Pressure

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

(2} Install the adapter assembly in place of the injection
nozzle, then connect the compression gage to the

adapter.
Name of special tool Part No.
Adapter assembly 35C91-12020

(3) Crank the engine with the starter, and read the
compression gage indication while the engine is
running at the specified speed.

Note: Measure the compression pressure with the engine ) :

running at 120 min™'. Testing the compression pressure

(4) If the compression pressure is lower than the Mmit, '
overhaul the engine.

~ /A CAUTION

{a) Measure the compression pressure in all cylinders,
since it is not a good practice to measure the
compression pressure in only a few cylinders and
assume the compression pressure to be the same in
other cylinders. .

(b) As compression pressure varies with the engine
speed, check the . engine spccd when measurmg
COMPression pressure,

Standard Limit

24 MPg - 1.9 MPa .
Compression (24.4 kgfiecm?) (19.3 kgf/em?) -
pressure [347.1 psi] [274.5 psi] '

Oof moie or less .

Note Measure the compressnon pressure w1th the engine
running at 120 min™

| A\ CAUTION -

" Méasure the compiession pressure“at régular intervals -
and keep the record of changes of compression pressure.
- Compression pressure will be slightly higher in a new
or overhauled engine.
- After piston rings, valve seats, etc. break-in,
compression pressure decreases to the standard.
- When parts wear, compression pressure decreases.
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PREPARATION FOR DISASSEMBLY

1. Preparation
1.1 Cutting off Fuel Supply

' N\ CAUTION

Before disassembling the engine, close the main fuel
supply valve, and drain fue! from the pipe completely.

If fuel is remaining in the pipe, serious accidents such as
an explosion and fire may result.

1.2 Removing Electrical Wiring
Disconnect harnesses and wires from the following |
devices. i Starter
Before disconnecting, attach tags or other indications
on the terminals to facilitate reconnection.
-Starter -
+Switches
- Pickup, etc.

Hamess

Hamess ﬁf
) e

. .Removal of clectrical wiring

1.3 Draining Coolant : ‘ . (SRR
Loosen the drain cocks at the following locations to- O~ Q@
drain coolant. ' - = ! ] —
*Both sides of crankcase at the rear side . L - To = —
»Right side of oil cooler-at the rear side oo 19 ' il
« Water pump T - Lot |
+ Both sides of air cooler pipe at the rear side 7] N \\:}:\ A d{ﬁ\\ @ @ B

T
P

— - Drain cock

" Coolant drain cocks of crankcase (left side)

(

@%’:& &

M d 2

~— Drain cock

Coolant drain cocks of crankcase (right side)

1 .44




PREPARATION FOR DISASSEMBLY

1.4 Draining Engine Oil
Remove the cover from the bottom of oil pan o drain
engine oil,
(Oil pan capacity: 180 £ |47.55 U. S. gal])

N\ CAUTION

Be careful not to touch hot drained engine oil since it
can cause burns.

SRS

Drain cack

hY .
_ Drain cock

Air cooler coolant drain cock

Eﬁ\

Cover

Qil pan drain plug
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1. Cylinder Heads and Valve

Mechanisms -« ------rereaeenn 2-2
1.1 Removal of Rocker Shaft
ASSGmbheS ....................... 2 - 3
1.2 Disassembly of Rocker Shaft
Assemblieg -~ ---- - reere e 2-3
1.3 Removal of Valve Bridges +--+------ 2-3
1.4 Removal of Unit Injector--------+--- 2-4
1.5 Removal of Cylinder Head
Assemb“es ....................... 2 - 4
1.6 Removal of Valves and Valve
Springs -t 2.5
1.7 Removal of Studs and Guides------- 2-5
1.8 -Removal of Copper Tubes ---+-+---- 2-5
2. Cylinder Liners, Pistons and
ConnectingRods --------o-v-oeeeiee 2 -
2.1 Removal of Connecting Rod Caps -+ 2 -
2.2 Preparation for Removal of Pistons -+ 2 -
2.3 Removal of Pistons from Right Bank
Cylinders -« - -r- v 2.7
2.4 Remaoval of Pistons from Left Bank
Cylinders ......................... 2.9
2.5 Removal of Pistons Using Piston
REmover ......................... 2 - g
2.6 Removal of Piston Ringg ----+-----+ 2:8°
‘2.7 Removal of Piston Ping «--:----- - 2-10
3. Damper and Front Gears ----------- 2 -1
3.1 Removal of Damper -------++---- s 2412
3.2 Removal of Relief Valve ------- - 2-12
3.3 Removal of Front Gear Case - - - P 212
3.4 Measurement of ldler Gear Backlash
and End p|ay .................... 212
3.5 Removal of ldler Gears ----------- 2-13
.36 Removal of Idler Shafts ----- AR s 2-13
3.7 Removal of Water. Pump Bearing

Cover ................ s 2 -13 -

~ -~ N

4. Flywheel, Timing Gears, Camshafts

NOZZIES s s+ v smr s e e naa e s

and UI Control ....................... 2 _.14
4.1 Removal of Flywheel- - --»-r+-c2 - 2-16
4.2 Removal of Timing Gear Case -+ 2-16
4.3 Measurement of Backlash and

End Play ---+-rrorrrermrrneeis 2 .18
4.4 Removal of Governor Drive (PSG) -+ 2 -17
4.5 Removalof ldler Gears------------ 2-17
4.6. Removal of Idler Shafts ----------- 2-17
4.7 Removal of Camshaft Gears =-«-- - 217
4.8 Removal of Followers «------<----- 2-18
4.9 Disassembly of Followers ---------- 2-18
4.10 Removal of Cancel Rod

Assembhes ....................... 2 _1 8
4.11 Disassembly of Cancel Rod
’ Assemblieg s ccareraranii e 2.19
4.12 Removal of Control Shafts -~ -~~~ -~ 2-19
4.13 Removal of Camshafts ------------ 2-19

. Crankcase, Crankshaft and Main
Bearings --:--- oo 2-20
5.1 Reversal of Crankcasg -----------"- 2-21
5.2 Removal of Main Bearing Caps -+ 2-21
5.3 Removal of Crankshaft--««-------- 2-21
54 Removal of Piston Cooling -
2-21



DISASSEMBLY OF ENGINE MAIN PARTS

1. Cylinder Heads and Valve Mechanisms

[Cracks, oi! leaks, fatigue|

Cracks, damage, -
water scale deposits

Replace gasket

@-
‘Worn stem and face, corrosion,
dam: bon its
Weéar of pushrod both ends, age, carbon depost
gasket leakage,
damaged O-ring

_ _ Disassembly and inspection of cylinder heads and valve mechanisms
< Disassembly sequence > o _ . S L
‘ (® Bracket” = * 7 - - @ Cotter

“(D Rocker cover
@. Rocker shaft - {0 Rack lever - - ) (8 Rotor
@ EXH rocker _ 0 Gland = "9 Valve spring
@ UI rocker "2 Unit injector assembly @0 Valve stem seal
& IN rocker (3 Rocker case : @D EXH valve
® IN&EXH pushrod (¥ Cylinder head bolt @2 IN valve
@ ui pushrod {9 Cylinder head (weight: approx. 33 kg [72.75 Ib.]) @ Valve seat
(@ Bridge, screw and nut a9 Gasket @4 Copper tube




" DISASSEMBLY OF ENGINE MAIN PARTS

1.1 Removal of Rocker Shaft Assemblies

(1) Loosen the adjusting screw on each rocker.
(2) Remove the rocker shaft assembly with mounting
bolts together as a set and store.

Plunger pushrods

Removal of rocker shaft assembly

{(3) The rocker shaft assembly may have plunger pushrod.
In this case, carefully remove the plunger pushrod.
- - Plunger pushrod

Removal of plunger pushrod

1.2 Disassembly of Rockér Shaft Assemblies Rocker bushing

Arrange the disassembled rockers in the order of a ®/
removal, and reassemble them in the same order

during reassembly. This will ensure the same rocker Rocker shaft s ;ﬁ
shatt clearances as before. : &

$ ol IN rocker
- , : : 8
1.3 Removal of Valve Bridges . a ) : ’
Remove the valve bridge and bridge cap. :
Note: Be careful not to drop the bridge caps and-other f . .
parts into the crankcase through the pushrod holes. EXH rocker

Disassembly of rocker shaft assembly



DISASSEMBLY OF ENGINE MAIN PARTS

1.4 Removal of Unit Injector
(1) Remove the bracket and rack lever.
-{2) Remove the gland.

(3) Install the unit injector puller on the rocker cover

using bolts. '

(Use rocker cover bolts or similar holts.)
Name of special tool Part No.
Unit injector puller 35C91-11400

{(4) Put claws of the unit injector puller into holes on the
unit injector. Turn the nut by hand until the claws are
securety inserted in the holes. Turn the bolt to remove

the injector.

(5) Remove the gasket from inside of the cylinder head
using the wire or other tools.

N\ CAUTION

Instal] the unit-injector puller on the cylinder head
before removing the gland nut. Removing the gland nut
without the puller in place can cause the injector to egject

abrupily.

1.5 Removal of Cylinder Head Assemblies
(1} Each cylinder head is positioned properly by dowel

pins, so the cylinder head must be lified avan angle By ~

using the eye nut.

Name of special tool Part No.

Eve nut 37591-02400

(Cylinder head weight: approx. 33 kg [72.75 bl

(2) Reniove the cylinder head gasket:

A\ CAUTION ) S

When removing the cylinder head gasket. be careful not-
to damage the cylinder head or crankcase surface with -

the screwdriver or ather tool.

. Threa
Unit injector Nut
puller
1t
Bo ~
Cancel rod Claw

Removal of cylinder head assembly

"Ré{nq'\_{ai of c-)}liﬁd_'cf head assembly




DISASSEMBLY OF ENGINE MAIN PARTS

1.6 Removal of Valves and Valve Springs

Using the valve spring pusher, compress the valve
spring squarely, then remove the valve cotter.

Name of special tool Part No.

Valve spring pusher 33591-04500

(1)

(2)

Note: If the valves are to be reused, mark them to indicate

their original installation positions, and install them
with the original combination of valve seat and
valve guide during reassembly.

1.7 Removal of Studs and Guides

Do not remove the nozzle gland mounting stud or
bridge guide from the cylinder head unless absolutely
necessary.

If any of these parts are removed, apply thread lock
agent to the threads in the bolt holes and install new
parts. '

_ 1.8 " Removal.of Copper Tubes

Place the copper tube pusher on the lower end surface
.of the copper tube from undemeath the cylinder head
_and use a hammer to remove the copper tube.

Name of special tool Part No.

Copper tube pusher 35B91-06600

“Note: Remove the copper tube gradually. Do not attempt

to remove it by a single strike of a hammer.

Valve spring pusher

Removal of valve and valve spring

Gland mounting stud
127+6.35 N-m
(13£0 65 kgf-m)
[93.67£4.68
Ibf- ft]

Removal of stud and guide.

1=

Copper tube pusher

/

N

Removal of copper tube



DISASSEMBLY OF ENGINE MAIN PARTS

2. Cylinder Liners, Pistons and Connecting Rods

Scratches, cracks, damage, wear
carbon deposits-on outside surface

Scratches, wear on
inside surface,
abnormality, rust on
outside surface

Scratches, deposits,
flaking on both sides

Cracks, clogged oil hole|

Scratches, deposits,
flaking on both sides

.“_ ]:_ii‘sasé'_.cr_n_bl_)},qi)d inspection of cy_li'nd‘gr‘_l‘i'nq;s; pistons and connecting rods.

< Disassembly sequence >

(D Bolt - . e & .0il ring - . . . @) Connecting rod bushing

@ Connecting rod cap (@ Snap ring - . 2 Connecting rod bearing, upper
(3 Connecting rod bearing, lower Piston pin : (3 Cylinder liner

@) Top compression ring ® Piston dd O-ring

® Second compression ring @® Connecting rod 49 O-ring




DISASSEMBLY OF ENGINE MAIN PARTS

2.1 Removal of Connecting Rod Caps

Unscrew the connecting rod bolt from the inspection

window on the side of the crankcase, and remaove the

cap.

Note: {a) Do not damage the bearings by dropping them
in the oil pan.
{b) Mark the removed connecting rod bearings for

identification of cylinder numbers and for
upper or lower position.

2.2 Preparation for Removal of Pistons

If carbon deposits are present at the upper section of
the cylinder liner, the piston may be difficult to lift up
for removal. In that case, remove the carbon deposits
with a cloth or ail paper.

23 Hemo&al_of Pistons from Right Bank Cylinders

(1) Turn the crankshaft to bring the piston assembly {tom
which the connection rod cap has been removed to the
top dead center.

Stamped cylincicr
’\\ No.indication

Pointer

(2) Turn the crankshafl in reverse direction until the
crankpin is discngaged from the connccling rod and
the bolt hole ol the connecting rod hecomes visible
through the inspection window on the side of the
crankcase.

Removal of piston from right bank cylinder (2)

2-7




DISASSEMBLY OF ENGINE MAIN PARTS

(3} Cover a bar with a cloth for protection, and position
the tip of the bar under the bottom of the big-end of
the connecting rod, then pry up using the crankpin as
a fulcrum. This raises the piston slightly.

Note: If the bar is inserted too far, it contacts the cylinder

liner and disallows the removal of the piston, then
insert the bar so that it extends about 10 to.20 mm
[0.39 to 0.79 in.] from the bottom end of the
connecting rod big-end.

{4) Tumn the crankshaft in the normal direction a little at a
time to raise the crankpin (fulecrum) while pushing
down on the outer end of the bar to raise the piston.

Nota: Raise the piston carefully so that the connecting rod

will not ¢contact the piston cooling nozzle.

"(5) When the oil ring. of the piston comes out of the
"cylinder liner, raise the outer end of the bar slightly
and gently-rest the oil ring on the edge of the cylinder
lmer

A CAUTION

Sudden llﬁmg of the bar can darnage the oil rmg Also
..do not rotate the p1stnn -

{6) Hold the compression ring with both hands, gently lift
the piston from the cylinder liner, and rest the piston
skirt section on the top surface of the crankcase.

(7). Hold the piston pin with both hands, and pul! the
piston out of the cylinder liner..

Remaval of piston from right bank cylinder (6)




DISASSEMBLY OF ENGINE MAIN PARTS

2.4 Removal of Pistons from Left Bank Cylinders

The removal procedure is the same as that for
removing pistons from right bank cylinders, but the
crankpin position and the crankshafl rotating —_

direction are reversed.
Pointer ':>
+ wq

Z‘ \Cylindcr No.

— _,/ indication

Removal of piston from left bank cylinder

25 Removél of Pistons Using Piston Remover

(1} Turn the crankshaft to bring the piston to be removed -
to approximately 50° after top dead center, if the
piston is in the right bank.

(2) Attach the piston remover to the top of the piston, and
slowly 1ift the piston and connecting rod out of the
cylinder liner at an angle. ' o

Name of special tool Part No:. *
Eye bolt . MM321420

/N CAUTION

(a) Because the piston swings suddenly as’it comes out
of the cylinder liner, support the piston to prevent
the piston skirt from hitting the connecting rod.”

{b) Support the comnecting rod to prevent it from
scratching the inside wall of the cylinder liner.

. Removal of piston using piston remover

2.6 Removal of Piston Rings

Using the ring expander, remove the piston rings.
Name of special tool " Part No.
" Ring expander s 37191-03200 -~

Removal of piston ring




DISASSEMBLY OF ENGINE MAIN PARTS

2.7 Removal of Piston Pins
(1) Using the ring pliers, remave the snap ring.
(2) Remove the piston pin, and separate the piston from

the connecting rod.
(3) If it is difficult to puli out the piston pin, heat the

piston with a piston heater or in hot water.

Name of special tool Part No.

Ring pliers 45191-08400

2-10

Removal of piston pin
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3. Damper and Front Gears

Replace O-rings

[Worn lip, damage, deterioration |

"+ [Cracks, ol leakage| - -

| Worn Vobelt groove | -

Disassembly and inspection of damper and front gears
< Disassembly sequence >

(D Crank pulley (@ Cover {2 Idler gear

{Z) Damper (weight: approx. 53 kg [117 1b.]) Front gear case * -03 1dler shaft .

(3 Viscous spacer {weight: approx. 54 kg [119 1b.]) {#% Water pump bearing cover
(@ Damper (weight: approx. 56 kg [123 1b.]) (@ Slinger (3 Oil seal

(&) Spacer 6 Oil seal {8 Front plate

(& Relief valve @ Oil pipe
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31
(1)

(2)

3.2

3.3

(1)
(2)

34

Removal of Damper

Attach a sling to the damper, and unscrew the damper
mounting bolts.

Screw two jack-bolts (M12x1.25-50 mm [1.97 in.])
evenly into bolt holes, and remove the damper by
lifting.

(Weight: approx. 53 kg {117 lb.] for front piece,
approx. 56 kg [123 1b.] for rear piece)

Removal of Relief Valve

Disconnect ' the relief valve mounting bolt, then
remove the relief valve.

Removal of Front Gear Case L -

Attach a sling to the front gear case. -~ Coe

Unscrew the front gear case mounting bolts, and

remove the suspended gear case by .sliding it out until

the gear case is disengaged from the dowel pins.

When ‘removing the gear case; be careful not to
damage the oil seal or bend the pointer by hitting. .-
(Weight: approx. 54 kg [{19 1b.])

Measurement of Idler Gear Backlash and End
Play

Measure the backlash and end play of the idler gear to
obtain the data for parts replacement.

2-12

Relief valve

- Front gear case

Removal of front gear case .

T

\ Idler gear

Measurement of idler gear backlash and end play
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3.5 Remaoval of Idler Gears

Unscrew the thrust plate mounting bolts, and remove
the idler gear.

3.6 Removal of Idler Shafts

Do not remove the idler shaft unless absolutely
necessary. To remove the shaft for repair or
replacement, unscrew the mounting bolts, and screw
in two jack-bolts (M10x1.25 mm) evenly and remove
shaft.

-..'3.7 - 'Removal of Water Pump Bearing Cover
Unscrew the bearing cover mounting, bolts, and
dismount the bearing cover. )

Removal of water pump bearing cover

2-13
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4. Flywheel, Timing Gears, Camshafts and Ul Control

IETacks, dowe] pin hole abnormalitics | ny

‘Worn lip, damage,
deterioration . f’

Disassembly and inspection of flywhee! and timing gears

< Disassembly sequence > . ’
D Pickup ' (& Governor drive (PSG) (@ Idler shaft

(@ Flywheel (weight: approx. 100 kg [220 Ib.]} (® Slinger {9 Idler shaft
(@ Timing gear case (weight: approx. 170 kg [375 1b.]) (7 Idler gear ~ {) Camshaft gear

. (& Oil seal _ - Idler gear {2 Rear plate
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Disassembly and inspection of camshaft and UI control®

< Disassembly sequence >

i3 Cam follower shaft . @ Roller bushing 33 Cancel link

(4 Cam follower spacer @ Ul roller pin "@ Cancel rod

4% IN follower &5 Ul tappet roller @9 Flange

(8 UI follower ' @ Ul roller bushing (38 Washer

@ EXH follower @) Reamer bolt @) Control shaft

@9 Follower bushing @ Control lever 39 Needle gage

(9 UI follower bushing @3 Spacer @ Control bracket

@0 Set screw G0 Pin @ Thrust plate

@) Roller pin @) Spring case @D Camshaft (weight: approx. 58 kg [128 1b.])
@ Tappet roller @2 Cancel spring @ Camshaft bushing

2-15
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4.1 Removal of Flywheel

(1} Attach a sling to the flywheel.

{2} Unscrew the flywheel mounting bolis.

(3} Screw. two jack-boits evenly into the (flywheel
] removing holes, and dismount the flywheel.

Mame of special tool Part No.
’~ Jack-bolt 64362-68500
{Flywhee! weight: approx. 100 kg {220 1b.])

N\ CAUTION '

(a) Carefully remove the flywheel 10 avoid dropping or
scratching the part. ’

(b) The ring gear i1s bolted to the flywheel. Do not
remove-the ring gear unless it has to be replaced.

4.2 Removal of Timing Gear Case

{1} Auach slings to the timing gear casc.

(2) Unscrew the timing.gear case mounting bolts.

(3) Remove the timing gear case by sliding it out until the
gear case is disengaged from the dowel pins. Conduct
this removal proccdure while suspending the timing
gear case, and be careful not to damage the oil seal.
(Timing gear case weight: approx. 170 kg [375 1b.])

4.3 Measurement of Backlash and End Play

Measure the backlash and end play of each gecar 10
abtain the data for parts replacement.

Mecasurement of timing gear backlash and cnd play

2_1R
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4.4

45
(1)

2)

4.6

4.7

Removal of Governor Drive (PSG)

Unscrew the mounting bolts of the injection pump
drive case, and dismount the governor drive. Be

careful not to damage the gear teeth.
(See the "Fuel System" section for disassembly,

inspection and reassembly.)

Remoaval of Idler Gears

Remove.the slinger from the crankshaft.
Remove the idler gears (tight and lefi).

Removal of Idler Shafts
Do not remove the idler shafts unless they have to be

repaired or replaced. .

To remove the shaft for repair or replacement, screw
two jack-bolts (M10x1.25 mm) in the idler’ shaft
mounting-bolts in €venly and remove shaft.

Remaoval of Camshaft Gears

Unscrew the camshaft gear mounting bolts, and
remove the camshaft gear.

a Idler gear.

Shinger

Removal of camshaft gear
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4.8 Removal of Followers

Remove the cam follower shaft mounting bolts and
dismount the follower.

4.9 Disassembly of Followers

(1) Remove tﬁt; snap rings from both ends, and remove
the followers from the shaft.

(2) Pull out the follower bushing from each follbwérl

(3) Remove the set screw; pull out the roller pinyand | ' ot screw

remove the tappet roller and roller bushing.

4.10 Removal of Cancel Rod Assemblies

(1} Unscrew the reamer bolt, and remove the control lever
from the control shaft. In this process, be careful not
to drop the washer into the crankcase. '

(2) Pull out the cancel rod assembly from the crankcase.

v

Foltower

Removal of cam follower

.

EXH follower

UT follower

. ,‘(.:. . .
]ZNfolluwer :

@ Cam shaft follower
R Cam follower spacer
Snap ring

Disassémbly of follower (1)

_ Follower
Follower bushing

N

_ Tappet roller
- \+  Roller bushing ., -

Rollet pin

Disassembly of follower (2) ..

Cancel rod assembly

—
L
©er

7

Control lever
Reamer bolt

Control shaft ‘Washer

Removal of cancel rod assembly




DISASSEMBLY OF ENGINE MAIN PARTS

4.11 Disassembly of Cancel Rod Assemblies

(1) Remove the snap ring, and dismount the control lever
and needle cage.

(2) Remove the nut, and dismount the spacer and pin.

(3) Separate the spring case and-cancel rod, and remove
the cancel spring and cancel link.

4.12 Removal of Contro! Shafts

(1) Remove the flange from the front side of the
crankcase.

(2) Pull cut the control shaft from the front side of the
crankcase, and remove the needle cage at the same
time:

Note: (a) Be sure to pull cut the control shaft from the
front side of the crankcase since an oil seal is
installed on the rear side of the crankcase.

(b} When removing the control shaft, do not drop
.the needle cage in the crankcase. The needle
cage is shaped like a compound of two half-
“round objects. Co

4.13 Removal of Camshafts
Unscrew the thrust plate mounting bolts, and remove

. the camshaft from the crankcase.
(Camshaft weight: approx. 58 kg [128 [b.])

/A CAUTION |

To prevent damage to the cam surfaces and bushings of

the camshaft, support the camshaft with a bar inserted

through ‘the side cover mounting section when removing
. the camshaft. ;

Control lever
Spring case
Pin Needle cage \G
mu?m P57
Nut . Cancel spring
Spacer Cancel rod
Snap ring
Disassembly of cancel rod assembly
Qil seal
—
Rear
side
Needle Contraol J—
cage shaft

Removal of control shaft

Removal of camshaft
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5. Crankcase, Crankshaft and Main Bearings

‘Water scale deposits, damage,
cracks, clogged oil hole

Disassembly and inspection of crankcase, crankshaft and main bearings

< Disassembly sequence >

(@ Main bearing cap bolt &) Thrust plate @ Crankshaft gear (front)
(2 Side bolt (&) Crankshaft (weight: 375 kg [827 1b.]) (@ Crankshaft gear (rear)
(@ Main bearing cap (@ Main bearing, upper @) Check valve

(® Main bearing, lower Thrust plate : @@ Piston cooling nozzle

2-20
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5.1

5.2
(D

(2)

53
(1)
(2)
(3)

Reversal of Crankcase

Using a chain block and shackles, lay the crankcase
on its side, hook a wire rope to the crankcase, then
turn the crankcase upside down.

(Crankcase and crankshaft weight: approx. 1850 kg
{4079 1b.1) '

Removal of Main Bearing Caps

Unscrew ‘the main bearing cap bolts and side bolts,
and remove the main bearing cap by using the cap
remover of crane (eye bolt: M12x1.25 mm).

Conduct the removal procedure carefully to prevent
damage to the thrust plate attached to the No. 7
bearing cap.

Removal of Crankéhaft

Remove the front upper halves of the thrust plates by
rotating them slowly.

Carefully lift the crankshaft from the crankcase,
keeping it horizontal. T
Remove the rear upper halves of the thrust bearings

from the crankcase.

54

(Crankshaft assembly weight: 375 kg [827 lb:])

Removal of Piston Cooling Nozzles

Do not remove the piston cooling nozzles unless oil
holes are clogged or the spray direction is faulty.

Note: (a) Be-sure to use new nozzles when the piston

cooling nozzles are removed. o
When the piston cooling nozzles are replaced,
use a torque wrench to tighten the check valve
to the specified torque,

Tightening without the use of a torque wrench
can result in excessive tightening force, and
this can cause check valve malfunctions and
lead to seizing of pistons due to insufficient
supply of lubricating oil during engine
operation.

(b}

Y
=/

Main bearing
cap bolt

- Side bolt

. Rc_m_o,va[of main bearing cap

34£1.7N-m
(3.5+0.18 kgf-m)
[25+1.25 Ibf-R]

Check valve

Removal of ﬁiston cz)oling nozzle
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INSPECTION AND REPAIR OF ENGINE MAIN PARTS

1. Cylinder Heads and Valve

Mechanisms

1. 1 Measurement of Rocker Bushing

1. 2 Replacement of Rocker Bushings -+ 2 -24
1.3 Measurement of Valve Stem Diameter

and Valve Guide Inside Diameter --- 2 -24
1.4 Replacement of Vaive Guides and Stem

SealS ........................... 2 _25
1.5 Inspection of Valve Faces ~-------- 2-26
1.6 Refacing Valve Faces--------- rene 2-26
1.7 Repair of Valve Seats -+ +------«++- 2-27
1. 8 Replacement of Valve Seats ------- 2-27
1.9 Lapping of Valves against Valve

Seats ........................... 2 .28
1.10 Measurement of Valve Spring

Perpendicularity and Free Length -- 2 -29
1.11 Inspection of Clearance between Valve

Bridge with Valve Cotter and Valve

Rotator.......--.-........ ....... 229
1.12 Measurement of Pushrod Deflection 2 -29
1.13 Measurement of Distortion of Cylinder

Head Bottom Surfaceg = +=--------- 2-29

2. Cylinder Liners, Pistons and

Connecting ROAS ~r+rrrrrinnnnn 2-30
2.1 Measurement of Cyhnder Lmer Bore

Diameter -
2.2 Measurement of Cyllnder Lmer Collar

PfOthSlon L I I P 2 _30
2. 3 Replacement of Cyilnder Liners - 2-33
2.4 Inspection of Piston Exterior ------- 2-33
2.5 Measurement of Piston Qutside .

Diameter ........................ 2 _34
2.6 Inspection of Piston Ring Side ‘

Clearanee -+ -« e mrarnenesnn - .‘.’ .34 _
2.7 Measurement of Psston Pln Bore o

Dlameter R ST A 235
2.8 Measurement of Piston Protru51on 2-35
2.9 Measurement of Piston Ring o

EndGaps-'--~-------------- ..... 2.386
2.10 Measurement of Piston Pin Diameter 2 -386
2.11 Measurement of Connecting Rod

Bushing Inside Diameter «-------- - 2-36
2.12 Replacement of Connecting Rod

Bu_shings ........................ 2 .37
2.13 Inspection of Connecting Rod Bend and

TWiSt ........................... 2 -37
2.14 Inspection of Connecting Rod

Bearings «~---- s ais 2 _38
2.15 Measurement of Connecting Rod End

p]ay ............................ 2 .38
2.16 Weight Difference of Connecting Rods in

One Enging «-«c:-c-riercnnn 2 _38
2.17 Measurement of Connecting Rod Blg—

End Bore Diameter and

Gircularity -« == - i 2°.39
2.18 Inspection of Connecting Rod Blg -End

Inside Diameter and Rocker Shaft
Diameter------- - c--ceoaaon 2 .24

Bore Serration

230 °

2.19 Measurement of Connecting Rod
Bearing Thickness - «+----+- R 2-39
. Damper and Front Gears ------- 2-40
3. 1 Inspection of Damper » -« -« v+ 2-40
3.2 Measurement of Gear Backlash ---- 2 -40
3.3 Measurement of |dler Bushing Inside
Diameter and Idler Shaft Diameter - - 2 40
3.4 Measurement of idler Gear
End Play ««@oemremieneeenas eeeas 2 -41
3.5 Replacement of Idler Bushing * <+« - - 2 -41
Flywheel, Timing Gears and
ACamShaftS .................... 2 _42
- 4.1 Measurement of Flywheel

Runout .......................... 2 _42
4.2 Measurement of Timing Gear
Backlash ........................ 2 _42
4.3 Measurement of Idler Bushing Inside
Diameter and Shaft Diameter ---- - 2-42
4.4 Measurement of dier Gear
EndPlay »--roorrrrreerrrannnnnn. 243
4.5 Replacement of Idler Bushings - - - - 2-43
4.6 Measurement of Cam Lift---------- 2-43
4.7 Measurement of Camshaft
. Deflection «----crr-rieaeiiiiae s 2 .43
4.8 Measurement of Camshaft Journal o
Diameter .................. R 2 _44
4.9 Measurement of Camshaft Bushmg
|nS|de D[ameter .................. 2 _44
4.10 Measurement of Camshaft :
N End Play ««--mrrreee e 2-44
. 4.11 Measurement of Follower Bushing Inside
Diameter and Shaft Diameter ---- - - 2-44
4.12 Replacement of Follower Bushings - - 2 -45
4.13 Measurement of Tappet Roller )
. D‘ameter ........ _.............‘.A..2,45
4.14 Replacement ‘of Tappet Roller -+ - - - 2 .45
5. Crankcase, Crankshaft and Main ' -
Bearings +-- o 2 46
5.1 Measurement of Crankshaft, Crankpin
and Journal Diameters - - -- -+ -+ 2 -46
.2 Grinding of Crankshaft ------------ 2-46
5.3 CrankshaftEndPlay -----»--------- 2-47
.4 Measurement of Crankshaft
Deflection = - +----rvereernrmnenes 2-47
5.5 Replacement of Oil Seal Slingers -+ 2 -47
5.6 Replacement of Crankshaft Gear --- 2 -48
5.7 Inspection of Main Bearing Surfaces 2-49
5.8 Measurement of Main Bearing
TthknESS ....................... 2 .50
5.9 Replacement of Main Bearings - - - - - 2-50
5.10 Measurement of Crankcase Gasket
Surface Distortion - ~=------------- 2-50
5.11 Measurement of Main Bearing Bore
Diameter ..................... e 2 _51

Perpendicularity Runout and Periphery
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1. Cylinder Heads and Valve Mechanisms -
1.1 Measurement of Rocker Bushing Inside Measuring {‘dca*(’.“mg Measuring
Diameter and Rocker Shaft Diameter directions ocations  directions
Unit mm [in.]
Nominall o gard | Limit
value
44.000 )
Rocker bushing inside $44 to 44.075 | 44.125
diameter [1.734] | [L734t0 | [1.737]
1.735]
43975
. 044 t0 43991 43.030 i
Rocker shaft diameter | 11734] | [1.73110 | [1.694] |  Measurement of rocker bushing inside diameter and
1.733] rocker shaft diameter

1.2 Replacement of Rocker Bushings

To replace the rocker bushings, use the rocker g Bushing
bushing tool. -joint
Name of special tool Part No. :
Rocker bushing tool 35C91-01300 ' Align oil holes
Note: (a) Insert the bushl_ng from the chamfered side of “Charmfered || Rocker bushing
the rocker bushing hole. : ] . :-,
. . . . side installer
{b) Align the oil holes in the bushing and rocker. ‘
Rocker 68 (°)
IN, EXH 55° )
Ur 45° .
(c) After installing the bushing, measure the inside - _ Installation ) Removal -

diameter to make sure it is ¢44°2"* mm [1.734°"

in.]. If the measured diameter is not within this
tolerance, refinish by reaming to $44.5% mm

[1.734 5% in.] 0.8 Ra. ‘

‘Replacement of rocker bushing

1.3 Measurement of Valve Stem Diameter and Valve
Guide Inside Diameter :
Because the valve guide wears more rapidly at the
upper and lower ends, measure the diameter at both
ends in two cressing directions.

If the limiit is eéxceeded, replace worn parts.
Uit mm [in.]

Measuring
directions

Nominal | g\ dard | * Limit
value
9.940
Valve stem G10 to 9.960 9910
diameter [0.39] [0.39134 to | [0.39016]
0.39213]

. : 10.000 )
Valve guide $10 [ to10.015 | . 10.060
inside diameter {0.39] [0.39370to | [0.39606]

0.39429]

Measurement of valve guide inside diameter
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1.4 Replacement of Valve Guides and Stem Seals Valve guide remover
(1) To remove the valve guides, use the valve guide
[eMOVEL
Name of speciai tool Part No.
Valve guide remover 33591-04300

Removal of valve guide

(2) To press-fit the valve guides, use the seal installer and”

operate the press gently. 8 N
Name of special tool Part No N y ) N
am P - 3 Seal installer
Seal installer _ 32591-10300 N X

-

Valve guide

Stem seal

| /N CAUTION

(a) Because the valve guide must be inserted to the
specified depth, be sure to use the seal installer.

(b) Do not apply oil or liquid sealant to the contact \\
surfaces of the stem seal and valve guide, To ensure
initial-lubrication of the stem seal lip, apply engine _ installation of valve guide and stern seal

. oil'to the valve stem before installing the stem seal. .

(c) 'Use new stem seals during reassembly.

Cylinder head

N

[108in]

27.5mm

b /////,y///
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1.5 Inspection of Valve Faces

Coat the valve face lightly with red lead, and use the
valve lapper to inspect the valve contact with its seat.
If the contact is not uniform and the valve is defective,
ot if the limit is exceeded, replace the valve and valve
seat. -
Name of special tool Part No.
Valve lapper 30091-08800

Red lead

Inspection of valve face

Note: (a) Inspect the valve face after the valve guide is
inspected or replaced.
(b} When pressing the valve coated with red lead
against the valve seat, do not rotate the valve.

Bad

Va_lye contact with seat
Unit mm {in.} |
* Standard 1. Limit

Val t angl - ‘ . V
alve seat angle 30 - Seat width.

Valve | Valve sinkage [-0.0%;;2 81(1)04]
seat 2.15t02.45

Seat width [0.0846 to 2.8 [0.110]
0.0965]

1.0 [0.039]

4
.1\ :
. = Valve margin
L vatve sinkage

: . Refacing
Valve margin - | 2.8t03.2{0.110 *| permissible-
- : to 0.126] . upto 2.5 |.

' C - {0.098] -

1.6 Refacing Valve Faces
If the valve face is excessively worn, reface it with a
valve refacer. '
Note: (a) Reface the valve face to an angle of 30°.
(b) Be sure to ensure the valve margin limit. [f the
grinding results in nonconformity of the
dimension, replace the valve.

Refacing valve face
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1.7 Repair of Valve Seats
(1) Use the valve seat cutter or valve seat grinder to

reface the valve seat.
After refacing, grind the seat lightly using #400-grade
sandpaper inserted between the cuter and valve seat.

Name of special teol Part No.
Vai 37591-06400
alve seat cutter 3759 1-06430

(2) Lap the valve in the valve seat.

Note: (a) Grind the valve seat as little as possible,
(b) If the seat width exceeds the limit as a result of Repair of valve seat
grinding, replace the valve seat.
{c) [fthe valve sinkage exceeds the limitas a
result of grinding, replace the valve seat.

1.8 Replacement of Valve Seats

(1) (a) Weld a stud to the valve seat, and insert a shaft

' into the valve guide hole from the top of the
cylinder head, and drive the seat off the cylinder
head. T

Stud, etc.

MNote: When welding the stud, do not aEl(')w spatter to
adhere on the machined surfaces of the cylinder

ﬁead._ '
(b) Use the valve seat puller.
Name of special tool Part No.
Valve seat puller 32591-04200

Removal of valve seat (uéing valve seat puller)

(2) Before inserting a new valve seal, measure the
cylinder head bore diameter and valve seat outside
diameter to make sure the clearance is within the

clearance standard. ‘ -
8 [0.315
Unit mm [in.] )\ L !
Nomi 1.6[0.142 11.601[0.457 00014
on‘lunal Standard L 1 Lyl 37
value 557 c0* Cylinder head bore diameter
Clearance between cylinder 055 tc; _b 130 ?;55*3»030 [2.165 +3mu;]
head bore diameter and valve (2.165] | [-0.0 Oé,] 6 to Valve seat outside diameter
seat outside diameter U : ¢55 51 [2.165 8585
-0.00512} (Same dimension for infet and exhaust) Unit; mm [in.]

Note: Minus (-) value indicates interference. ' _
Valve seat dimensions
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(3) With the cylinder head kept at room temperature, cool
the valve seat in liquid nitrogen (approx. -170 °C [-
274 °F)) for more than 4 minutes. Or heat the cylinder
head to 80 to 100 °C [176 w 212 °F], and keep the
valve seat chilled in either ether or alcohol containing
dry ice.

(4) Using the installer, install the valve seat.

Valve seat

Installing valve seat

1.9 Lapping of Valves against Valve Seats

Be sure to lap the valves in the valve seats after the
seats have been refaced or replaced.
(1) Coat the seat contact surface of the valve face lightly
and evenly with a lapping compound.
Note: (a) Do not allow the compound to adhere on the
valve stem. . e
{b) Use a compound of medium coarseness (120 to
150 mesh) for initial lapping, and use a finer
compound (200 mesh or finer) for finishing.
(c) Mix a small amount of engine oil with the
compound for smooth and even application. )
{2) Use the valve lapper to lap the valve in the seat. To : Coating valve with lapping compound
lap, strike the valve against the valve seat while : \ S :
rotating the valve a little ata time.
Name of special tool ' "~ - Part No.
Valve lapper - _ 30091-08800
(3) Wash off the compound with diesel fuel.
(4) Coat the seat contact surface of the valve face with
engine oil, then lap the valve again.
(5) Inspect the valve face for contact.

Lapping valve in valve seat
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1.10 Measurement of Valve Spring Perpendicularity

and Free Length
Measure the free perpendicularity and free length of

(&)

each w:llve spring and if the limit is exceeded, replace Perpendicularity (gap) -\g
the spring. £
Unit mm {in. 3
Standard Limit
69 Free length
Free length 70.5 [2.78) [2.72]
=2,
0=1.5° or less % 0872
. . A A(gap)=1.285 [0.087]
Perpendicularity & [0.073] :l:fiie Measurement of valve spring perpendicularity and free
+  L{=70.5[2.78] length
. length
Set length/load 61.812.43)/254 to 281
(mm [in. VN . (25.94 10 28.67)
(kgh) [1b£]) [57.2 to 63.2]

Valve bridge

1.11 Inspection of Clearance between Valve Bridge

with Valve Cotter and Valve Rotator . L.5mm Vﬂ:’:l iztfz:a or
(1) If the clearance is 1.5 mm [0.0591 in] or less, check | [0:05%1n]
" the valve stem top for cupping. When the stem top is | *' 7"

badly cupped, replace the valve to obtain a clearance j__ : A

of 1.5 mm [0.0591 in.] or more. T ; f.“_—%

1.5 mm [0.0591 in.]

(2) Check the bridge cap. If it is excessively wom,
- or more

replace the bridge cap.

Inspection of clearance between valve bridge with
valve cotter and valve rotator

1.12 Measurement of Pushrod Deflection
If the deflection exceeds the standard, réplace‘ the

pushrods,
Unit  min [in.]
— [S‘tanctl;rd | Lli)n;it Remarks ) ) Pushrod
’ . ess than .
Pushrod deflection 0.5 [0.020] | [0.020] TR ) . . / .
: E : 172 JIJI 12 tﬁ

Measurement of pushrod deflection

1.13 Measurement of Distortion of Cylinder Head
Bottom Surfaces
Using a straight edge and feeler gages, measure the
amount of surface distortion. If the warping exceeds
the limit, reface the bottom surface with a surface

grinder.
Unit  mm [in.]
Standard Limit
Distortion of bottom 0.03{0.0012) 1§ . 5, [0.0197]
surface : or less

‘Measurement of distortion of cylinder head botiom
surface

2-29
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2. Cylinder Liners, Pistons and Connecting Rods

2.1 Measurement of Cylinder Liner Bore Diameter

Measure the bore diameter of each cylinder liner in
two directions, parallel and traverse to the piston pin,
at two positions, the upper section (most wom
section) and middle section.
If the measurements exceed the limit, replace the
cylinder liner.

Unit mm [in.

Nominal| o dard | Limit
value
: 150.000
Bore diameter 4150 to 150.040 150.140
. {5.906]} [5.906 to [5.911]
5 5.907]
=
= | Circularity 0.02 [0.0008]
3 or less
é Cylindricity 0.02 [0.0008]
&) or jess
Perpendicularity
of bottom flange 0.03 [0.0012]
surface to - ’ or less
cylinder liner

2.2 Measurement of Cylinder Liner Coliar Protrusion
Measure the protrusion of each cylinder liner in the
following method.

Note: The method of measuring the protrusion of a new.
cylinder liner is different from the method of
measuring the protrusion of a liner which is not
pulied out for replacement. R )

- Unit mm [in.]
Standard
0.10t0 0.19
Cylinder liner collar protrusion [0.004 to
; : 0.0075]

2\ CAUTION

If the amount of protrusion is insufficient, the gasket
will fail to seal the bore, causing gas leakage.

Measurement of cylinder liner bore diameter

Measuring Measuring
30mm locations directions
[1.18 in.] , .
i Traverse to piston pin
{00mm . Paralle) to piston pin .
[3.94in.]
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- When cylinder head has just been removed

(1) Make sure the gasket surface of the crankcase and the
top of the cylinder liner arc clean,

{2) Using the liner pushers and bolts, tighten the top of
the cylinder liner uniformly at four places to apply

Liner pusher

even force.
Name of special tool Pari No.
Liner pusher 37591-06200
Boit 37591-06300

Mote: When using cylinder head bolts to tighten the [iner
pushers, be sure to use the head bolt spacers.
Name of special tool . Part No.
Head bolt spacer 37598-09100
(3) Set up the dial gage at the top face of the crankcase
and sel the gage point to 0 (zero).
(4) Measure the protrusion at four top surface sections of
the cylinder liner, and obtain the avcrage value.
(5 Ifthe average value is less than the assembly standard,
insert 4 shim under the collar of the cylinder liner.

- When cylinder liner is to be replaced (See section ",
@3y - ' ‘ -

{1} Remove the cylinder liner, and observe the cylinder
liner contacting surface of the crankcase. '

(2) If the cylinder liner contacls the crankcase only on
one side, use the crankcase “grinder to grinder the
surface to keep the differences of depth in four
directions A, B, C, and D within 0.05 mm [0.0020

ln.]. . 3 =
Name of special tool * Part No. \@ c é )
Crankcase grinder. | . = 32591-04050 B e
] ] ) .&?kcase griﬁder
(3} Measure the crankcase counterbore depth. Since the - Ok , -~
top surface of the crankcase may be slightly distorted. Correction of crankcase counterbore depth
use the projection plate. ’
Name of special ool Part No.
Projection plate 37598-09201
-(4) Measure at locations A, B, C, and I3, then obtain the
' average, value,
{5) Measure the thickness (standard: 15 mm [0.59 in.]) of Projccti
the projection plate with a micrometer, and subtract rojection plate
the projection plate thickness from the measured
crankcase counterbore depth to obtain the actual Counterbore depth
counterbore depth {rom the top surface of the ) '
crankcase. ] / I
) Unit mm [in. \\ ! \\
Standard _ = l\\
155"
Crankcase counterbore depth __ {0,597 ) .

Measurement of crankcase counterbare depth

2 - 31
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{6) Measure the thickness of the cylinder liner collar with

a micrometer.
Unit mm [in.]

Standard
Thickness of cylinder liner collar [5'31% [0.59:c00% |

Cylinder liner

TH

Thickness of cylinder liner collar

{7} Subtract the crankcase counterbore depth from the
cylinder liner collar thickness.
This value is the cylinder liner.collar protrusion.

(8) If the value is less than the standard, insert a shim
under the collar of the cylinder liner collar.

- Measurement of height of protrusion of cylinder liner collar

(1) Placea dial_ gage on the rim of the cylinder liner collar, Height of protrusion of
and set the mdlcr-ator to 0 (zero). ) R\ cylinder liner
(2) Measure the cylinder liner step at four locations, and
obtain the average value. S ) \
Unit tnm [in. o NN
Cylinder liner tim ™~

Standard
o 0.‘21:0.04
0.005+0.002]

Height'of protrusion of cylinder liner

(3) If the average value is less than the standard or if the
step has sectional chipping, replace the cylinder liner.
(See section (2:3)) - " .. . . Measurement of height of protrusion of cylinder liner
: B A collar

- Insertion of cylinder liner shim -

(1} Remove the cylinder liner, and insert-a shim between -

the cylinder liner and crankcase. .~ -~ | |
Note: From the table below, select the appropriate shim -

thickness that achieves the largest protrusion ™ -/~

within the standard range for cylinder liner collar

protrusion. . !
Thickness of shim . Part No. )
0.05 mm 0.0019in] | = 35C07:09600. . - ' Shim -
(.10 mm {0.0039 in.] 35C07-09200
0.15 mam {0.0059 in.] . 35C07-09700. .
0.20 mim [0.0079 in.] . 35CG7-09300
0.25 mm {0.0099 in.] 35C07-09800 - -
0.30 mm {001 18 ll'l-i 35C07-09400 Insertion of Cyl inder liner shim
(.35 mm [0.0138 in ] 35C07-09900
0.40 mm [0.0157 in.] 35C07-09500
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2.3 Replacement of Cylinder Liners @
(1) Using the cylinder liner remover, remove the cylinder — . .
liner. o~ — > Cylinder liner
remo
Name of special tool Part No. / ver
Cylinder Tiner remover 32591-04100 |
:
: :

Remeoval of cylinder liner

(2) Attach O-rings to the new cylinder liner, and then &
slowly insert the cylinder liner into the bore of the 2 Py
crankcase.

Apply | O-ring (black). =)
A\ CAUTION engine oil| O-ring (red) —{ _
~ Apply engine oil to the O-rings to prevent them from i ‘
twisting. .

Installation of O-rings to cylinder liner .

(3) Using the installer, lightly tap the new cylinder liner
until the collar rests firmly on the crankcase. Then, tap
several times to ensure proper scating, Installer

Note: (a) After installing the cylinder liner, conduct a

water-pressure leak test to check the cylinder
- liner sealing. ]
(b} Check the protrusion of the ¢cylinder liner from
the crankcase.

Cylinder linet .

x4

T

2.4 Inspection of Piston Exterior Installation of cylinder liner -

Check the combustion surfaces and pin bore surfaces,
replace the piston if any defects are found.
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2.5 Measurement of Piston Qutside Diameter

{1} Using a micrometer, measure the diameter of each
piston in a direction perpendicular to the piston pin.
If the limit is exceeded, replace the piston. When any
of the pistons have to be replaced, select new pistons
so that the weight difference in the engine is within
the standard.

Unit mm [in.
Nominal i ¢\ dard Limit
value o

149.78

Piston outside G150 10 149,82 - 149.68

diameter [5.9061 {5.897 10 15.893]
5.898]
_ ) +30g

Weight diflterence ||| . — {+0.07 1b.]
in one engine

(2) The piston weight is stamped on the top-face of each
piston. . g .

26 Inspection of F'lStOI"I thg Stde Clearance

Put new plston rings into the ring grooves in the piston,

.and measure with the. 1eelcrzgagcs ) -
To measure “the clearance on'the top and second rings,
'press in the ring “with a stramhledwe unti! its face is
fiush with the piston. : .
I the fimit is exceedecl replace wnh new parls

Il ACAUTlON B

Rcmove calhon and’ 1n~;pecl the stde clearance ail the
way around the piston.

Unit mm {in.}

I ‘E
] a‘b "—{Measunng

direction

Measurement of piston outside diameter

Pist ht .
iston weig] indication mark F,

lﬁ &7”0 front
W"
Part No.

Piston weight stamp location’

Straight edge

Top and
second ring

f///

. i
Qil ring

Nominal Standard Limit
viluc. | .
3.00 0.08 to 0.1 0.20
Top o.t1g) | 00030, g0g
Piston ring. s 0.004) '
side 0.07 10 010 ‘
clearance Second 120515] [0.0275 to [(;)3()56]
{with new i 0.0039] )
L P P e
[0-1971 1 7 go3sy [0.006]

Measurcment of piston ring side clearance
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2.7 Measurement of Piston Pin Bore Diameter

Using calipers or a cylinder gage. measure the piston
pin bore diameter. If the limit is cxcceded. replace the

piston.
Unit mm {in.]
Nominal L
Standard Limit
value

P}Slon 58 58.002 10 58.012 $8.020
pin bore [2.2852 10 R Measuring  Measurin

.. 1 [2.283) 39 [2.29] £ g
diameter | 2.2856] ! directions  locations

Measurement of piston ring end gap

2.8 Measurement of Piston Protrusion
Measure- the protrusion of each piston in the
following method. If the measurcd value is not within
the standard, inspect the clearance of the parts.

{1} Using a dial gage, bring the piston to the top dead

| Piston protrusion

cenier. .

(2) Set the dial gage at the top of the crankcase, and set
the gage indicator to O (zero).

'(3) Measure the protrusion at four locations on the piston
head, and oblain theaverage value. Subtract the piston
protrusion from the thickness of the cylinder head
gasket as installed 1o determine the clearance between
the piston top and cylinder head.

Measurement of piston protrusion

_ Unit mm [in.]

Standard”
Piston protrusion 0.38 10 0.89

[0.015 10 0.035]

Thickness when tightened 1.77 to 1.83
{cylinder head gasket) [0.0697 10 0.0720] X )
Clearance between piston 0.88 10:1.45 : - T ‘ )
and cylinder head [0.035 to 0.057] ’

/N CAUTION -

Keep the piston protrusion within the standard range 10
maintain high engine performance and to prevent the
valves from contacting the piston.
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2.9 Measurement of Piston Ring End Gaps
Place the piston rings in a gage or new cylinder liner,
and measure the gap of each ring with feeler gages.
If the limit is exceeded, replace all the rings as a set. ]
Inside diameter of gage: 15040 mm {59060 in.] Feeler gage
Note: Using a piston, push the piston ring squarely into : 7 O 2
the gage. I ——
Unit mum [in. — ==
Standard Limit - ) I Z
Top 0.6t00.8 1 EI;I'!‘;;;
[0.024 to 0.03]
Piston ring Second ' 0.5t0 0.7 2.0 . .
end gap [6.0197 to 0.0275] {0.078] ~ Measurement of piston ring end gap
oil- 0.5t0 0.7
~ [0.0197 to 0.0275]

2.10 Measurement of Piston Pin Diameter

Using a micrometer, measure the diameter of each
piston. If the limit is exceeded, replace the pin.

) Unit mm [in. z'leasunng
Nominall " gondard | Limit _i octions
value ) .
57.987 Measuring
Piston pin diameter 58 1o 58.000 57.970 — 'lofzatmns
: [2.283] [2.2847 0 | [2.28]
: - '2.2852] )

Measurement of piston pin diameter

2.11 Measurement of Connecting Rod Bushing Inside

Diameter ) Measuring
Measure the inside diameter of each connecting rod directions

bushing with feeler gages. If the limit is exceeded, .
‘ A Measurin,
replace the connecting rod bushing. N B. / | @ locations g

. Unit mm [in.]
[Nominal e | Limi
- value .
Conx}ecu_ng_rocll 058 58.02 to 58.04 58.070
bushing inside [2.283] [2.2843 to [2.29]
diameter ) 2.2868] )

Measurement of connecting rod bushing inside diameter
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2.12 Reptacement of Connecting Rod Bushings

(1)

Use the connecting rod bushing installer as shown in
the diagram to replace the connecting rod bushing.

Name of special tool Part No.

Connecting rod bushing installer

32591-18010

(2)

(3)

Sy

Align the oil holes of the bushing and connecting rod.

After installing the bushing, ream its inside diameter
to ¢58s% mm [2.2833%% in] 0.4 Ra and its
parallelism to the big-end bearing to 0.05 mm [0.002
in.].

Insert the piston pin, and make sure the pin rotates
freely without rattling.

2.13 Inspection of Connécling Rod Bend and Twist

(1)

Measure C and £ as shown in' the diagram, if
measurement C is more than 0.05 mm {0.0020 in.] per
100 mm [3.94 in.] of £, straighten the connecting rod
with a press. -

Note Before inspecting bend, mstall the cap to the - -

@)

connecting rod, then tighten the cap bolts t0 the
spemﬁed torque.

To inspect the connecting rod assembled with the
piston, place the piston on a surface plate, insert a
round bar having the.same diameter as the crankpin
into the big-end bore, then measure the height of the
bar with a dial gage.

Unit mm [in.]

Standard

Connecting rod bend and twist (C/D)

0.05/100
[0.020/3.94]
or less

Y

Connecting rod
bushmg installer

Installation

Removal

Replacement of connecting rod bushing

B2 Check connecting rod
for smooth rotation

Checking connecting rod bushing

C < 005 [0.0020]
? 100 [3.94]
2

0.05 [0.0020]
100 [3.94]

e

Connecting rod twist

. e
. Connecting rod bend ™" °

- Unit: mm [in.]

Inspection of connecting rod bend and twist

VI

—i
ot

4
P

L o
LS

]

Measurement of connecting rod bend (using dial gage)
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2.14 Inspection of Connecting Rod Bearings

Inspect each connecting rod bearing, if defects such
as dents and scratches are found, replace the bearing.

215 Measuref'nent of Connecting Rod End Play

Tnstall the connecting rod to its. mating crankpin, and
tighten the cap bolts to the specified torque, using
feeler gages, measure the end play If the limit is
exceeded, replace the connecting rod.

Unit mm [in. ]
Nﬁ:&‘l‘;al Standard | Limit
Eonnecting rod end
play 54 [2.13] ([’(']4(;‘1’ 6°t'§ 0.8
{rod and crankpin x2 0 024] - {0.031
widths) : .

216 Weight Difference of Connecting Rods in One
" Engine .
When replacing connecting rods, install new
connecting rods of the same weight rank.

Weight rank table
Weight rank | Weight (g [0z.])
7100 [250]
7200 [254]
7300 [257.5]
7400 [261]
7500 [265]
7600 [268]
7700 [271]
7800 [275]

||| m|o|o|w|>

Flaking Scratches '\
Seizure
- >

Inspection of connecting rod bearing

Wei glﬁ rank stamp lt;cation

Weight rank stamp location on connecting rod
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217 Measurement of Connecting Rod Btg End Bore
Diameter and Circularity
Measure the connecting rod big-end bore diameter in
directions A, B, and C and at front and rear positions
(D and (2, as shown in the diagram.
To obtain the circularity value, subtract the smallest
measured value among A, B and C from the largest
measured value.
If the limit is exceeded, replace the connecting rod.

Unit mm [in.]

Nominal Standard Limit Roupdp ess
value limit

110.000
Connecting to Mgasurement of connecting rod big-end bore diameter
rod big-end | ~ ¢110 110.022 110.047
bore [4.3307] | [4.3307 | [4.3326] 0-1[0-004]
diameter ] to

5.15845]

2.18 Inspection of Connecting Rod Big-End Bore
Serration .

Inspect the serration on each connecting rod blg end
by conducting a Magnaflux {magnetic particle) test, if
cracking or damage is found, replace the connecting
rod.

2.19 Measurement of Connecting Rod Bearing
Thickness
Usmg a micrometer {ball-point type) measure the
thickness at the center of each bearing.
If the limit is exceeded, replace both upper and lower
- .bearings as a set.

Measure bearing
thickness at center

Unit min [in.]

Nominal| o ard | * Limit
. value
2987
3.000 | 03.000 | 2950
[0.118]:| [0.1176 to | . [0.116]:
] onisy |-

'STD .

ENTE Measurement of connecting rod bearing thickness

0.25 3.125 |° t03.125 | "3.075 -
[-0.01] | [0.123] | [0.1225t0 | [0.121]

0.123]
Connecting : 3.237
rod bearing - -0.50 3.250 to 3.250 3.200
thickness [-0.02] | [0.128] | [0.127 to [0.126]
0.128]
3.362

075 | 3375 | t03.375 3.325
[-0.03] | [0.133] | [0.132t0 | [0.131]
0.133]
3.487
-1.00 | 3.500 | t03.500 | 3.450
[-0.04] | [0.138] | [0.137t0 | [0.136]
' 0.138)

Note: Four undersizes are available: -0.25 [-0.01 in.], : -
<0.50 [-0.02 in.], 075 {-0.03 in.] and -1.00 mm
[-0.04 in.].
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3. Damper and Front Gears

3.1 Inspection of Damper

Check the damper for cracks, swelling and cracking
in the mirror plate, silicone oil leakage, discoloration
due to excessive heating, and flaking.

Replace them with new parts after 8000 service hours,
even when no defect is observed.

Measure the perpendicularity runout and periphery
runout with a dial gage, if the measured values exceed

the limits, replace the damper. plz;teor
Unit mm [in.]
Standard Eimit Remarks -
Inspection of damper
. . 05 .
Perpendicularity [0.0197] 1.5
runout ' [0.0591] | Replace after % | 1
or less . :
8000 service — .
05 1.5 hours %
Periphery runout | [0.0197] [0.0591] .
or less w
T
- L. Periphery runout / ‘ ‘ |

Q-
Perpendicularity runout

3.2 Measurement of Gear Backlash A
Set a dial gage squarely to the axial direction so that it
is in contact with the pitch circle of the gear, and
measure the backlash between the gears, if a dial gage
is not available, measure the backlash by inserting
feeler gages between the teeth of the gear. If the limit
is exceeded; replace the gear. )

' ' Unit mm [in.]

Standard ) Limit -

0.12to 0.18 -
J0.0047 10 0.0071) 0.50 [0.0197]

Backlash .

Measurement of gear backlash

3.3 Measurement of Idler Bushing Inside ‘Diameter
and Idier Shaft Diameter , . Measuring 5¢
Measure the idler bushing inside diameter and idler directions 1
shaft diameter. If the [lrmt is exceeded, replace the Measuring -
WOITL parts. locations 7
Unit mm {in.]. %
Nominall o \dard { Limit
value
50.000
Idler bushing inside 450 to 530.025 50.060
diameter [1.97] | [1.96850t0 | [1.97086]
1.96948]
49.950 ) L . .
ldler shaft diameter 50 to 49 975 49.900 Measurement of ldle;:;fi};;i:;if? diameter and idler
[1.97] | [1.96653 w0 | [1.96456] !
1.96752] '
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3.4 Measurement of Idler Gear End Play ~a——
Using feeler gages or a dial gage, measure the idler
gear end play, if the limit is exceeded, replace the \
thrust plate for the idler gear, or the idler shaft for the
fan drive idler gear.
Unit mm [in.
Standard Limit

0.7

Idler gear end play | 0.3 to 0.5 [0.012 to 0.020] [0.028]

Measurement of idler gear end play

3.5 Replacement of ldler Bushings

(1) _To replace the bushing, use the idler bushing pulier.
Name of special tool Part No.
Idler bushing puller N 32591-02500

(2) Press-fit the bushing into the gear until the end face of
the bushing is 1 mm [0.0394 in.] recessed from the
end face of the gear boss. After installing the bushing,
make sure the bushing inside diameter is within the
standard. If it is less than the standard, ream the
bushing to achieve the inside diameter of ¢507%" " mm
[1.577°%%in.] 0.4 Ra.

[0.03941m)

Replacement of idler bushing '
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4. Flywhee!|, Timing Gears and Camshafts
4.1 Measurement of Flywheel Perpendicularity
Runout and Periphery Runout
Measure the runouts of the flywheel in the installed
condition. If the runouts exceed the standard, check
for loose bolts and adhesion of foreign particles on
the flywheel mounting face.

Perpendicutarity runout

Unit mum (in.] measuring location

Standard Perioh
eriphery munout
Perpendicularity runout 028 [0.011) measuring location
or less
. 0.13 [0.005]
Periphery runout or less

Measurement of flywheel perpendicularity runout and
periphery runout

4.2 Measurement of Timing Gear Backlash

Set a dial gage squarely to'the axial direction so that it
is in contact with the pitch circle of the gear, and
measure the backlash between the gears, if a dial gage
is not available, measure the backlash by inserting
feeler gages between the teeth of the gear. If the limit
is exceeded, replace the gear,

Unit mm [in.]

_insp‘zzfgss;;im Standard | Limit

géififﬁ;afca?a&' [0.36?3?0%.20599]' | 0:5010.0157] . Craskshafigear Right camshaft gear " |"
‘gll:rr.‘gear to idler .[0: O%g :2 3:3386] 0.50 [0.0197] _ Measurement of timing gear backlas!?
Comioattgesrio || O11io0zs Tosowow o
| pea i tler gear | (00039 10 00095] | 30001971 | .

4.3 Measurement of .idler Bushing Inside Diameter
© .and Shaft Diameter . i o
Measure the idler bushing inside diameter and idler
shaft diameter. If the limit is exceeded, réplace the
worn paris.
Unit mm [in.
Nominal| = o dard Limit
value
| 50.000 to
Idler bushing - $30 50.025 50.060
inside diameter [1.97] | [1.96850t0 | [1.97086]
1.96948] : : :
49.950 10 Measurement of idler bushing inside diameter and shaft
Idler shaft $50 49975 49 900 diameter
diameter’ : [1.971 | [1.96653tc | [1.96456]
1.96752)
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4.4 Measurement of {dler Gear End Play

Using feeler gages or'a dial gage, measure the idler
gear end play. If the limit is exceeded, replace the

thrust collar.
Unit mm {in.]
Standard Limit
03t00.5 0.7
Idler gear end play [0.012 to [0 0‘2 8]
0.020] )

Measurement of idler gear end play

4.5 Replacement of Idler Bushings

(1) To replace the bushing, use the idler bushing puller. Idler bushing puller
" Name of special tool Part No.
Idler bushing puller 32591-02500

{2) Press-fit the bushing into the gear until the end face of
the bushing is | mm [0.0394 in.] recessed from the
end face of the gear boss.

{3) After installing the bushing, make sure the bushing.
inside diameter is within the standard. If it is less than
the standard, ream the bushing to achieve the inside

diameter of § 500 mm [1.977"* in.] 0.4 Ra.

4.6 Measurement of Cam Lift

Using a micrometer, -ieasure the major axis and
minor axis of each cam, if the limit 15 exceeded,
replace the camshaft.

Lnit mm [in.]
‘Standard Limit

Cam lift Inlet 14,525 to 14.625 | 13.78

| (major axis - [0.572 t0 0.576] | [0.543]
minor axis) Exhaist 9.425 to 9.525 8'6-8

. [0.371 to 0.375] | [0.342]

Measurement of cam lift

4.7 Measurement of Camshaft Deflection

Measure the camshaft deflection, if the limit is
exceeded, correct with a press, or replace the
camshaft.

/N CAUTION

With a dial gage set on the camshaft, rotate the camshafi
one turn and read the gage indication. One half of the
gage indication is the amount of deflection.

M, 1 12 1

Unit mm [in.]
Standard Limit

Camshaft deflection (172 value Measurement of camshaft deflection

of runout measured at center [ 00033 0] 0.08 ' )
journal when camshaft is o-r Jess [0.0031]

supported at both end journals)




INSPECTION AND REPAIR OF ENGINE MAIN PARTS

4.8 Measurement of Camshaft Journal Diameter
Using a micrometer, measure the diameter of each
journal in two directions at right angle to each other,
if the limik is exceeded, replace the camshaft.

Unit mm [in.
Nominal | = g dard Limit
value
Camshaft $100 99.92 to 99.94 99.86
journal diameter | [3.94] | [3.937 to 3.938] | [3.934]
4.9 Measurement of Camshaft Bushing Inside

Diameter
With the camshaft bushings installed in the crankcase,

measure the inside diameters with a cylinder gage, if
the limit is exceeded, replace the bushing.

Unit tnm {in.
N:;T;‘;al Standard Limit
Camshaft bushing | $100 1?83)?(1);0 100.160
inside diameter [3.94] [3.94 tc; 3.945] |. [3.946]

4.10 Measurement of Camshaft End Play .
With the gear installed to the camshaft, measure the
end play with a dial gage, if the limit is exceeded,
replace the thrust plate.

Unit mm fin,
Standard Limit -
0Z2to 04
Camshaft end play | [0.008 0 0.016] 0.55[0.022]
4.11 Measurement of Follower Bushing Inside

Diameter and Shaft Diameter
Measure the follower bushing inside diameter and
idler shaft diameter. If the limit is exceeded, replace

the worn parts. )
Unit mm [in. ]

Measuring
directions

. Measurement of camshaft journal diameter

Measuring

‘Measurement of camshaft end play

Measuting
directions

(.

" Measuring
locations

Nominal| o ndard Limit
value
30.000 to
Follower bushing $30 30.075 30.125
inside diameter {1.182] [1.182 to [1.187]
1.184]
29.959 to
Cam follower $30 29.980 29.930
shaft diameter [1.182] [1.180 to [1.179]
i.181]

2 - 44

Measurement of follower bushing inside diameter and
shaft diameter
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4.12 Replacement of Follower Bushings
(1) Using the follower bushing installer, replace the ' E
bushing. - Follower bushing
Name of special tool Part No. ) - L installer
Follower bushing installer 35C91-01700 .
== 1 Followes bushing

Replacement of follower bushing

(2) Install the bushing so that the punch mark (oil hole
alignment mark for bushing) on the follower may

align with the bushing notch at the opposite side.
(3) After installing the bushing, make sure that its inside
diameter is within the standard. If it is less than the
assembly standard, ream the bushing to its inside ’
diameter of ¢ 30°3°" mm [1.1973*" in.] 1.6 Ra. .

Punch mark

Alignment mark

installation location of follower bushing

4.13 Measurement of Tappet Roller Diameter

. o Measuring

Measure’ the outside diameter of the tappet roller and | directions

if the diameter exceeds the limit, replace it with a new

one.

Unit mm [in.
Nominal Standard Limit
- value

Tappet roller | $41 40.995 10 41.050 | 40.985 Measuring
diameter | (1.6142] | [1.614t0 1.617] | [1.6148] location

v

4.14 Replacement of Tappet Roller .
(1) When installing the tappet roller on the follower, align Set screw

the pin oil hole with the follower. For this purpose, / Follower
drive in the pin set screw to align with the follower set /
screw.

(2) Apply Locktite to the set screw and tighten the screw,
then retighten it.

Pin Tappet rotler

Replacement of tappet roller
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5. Crankcase, Crankshaft and Main Bearings
51 Measurement of Crankshaft, Crankpin and
Journal Diameters
{1} Using a micrometer, measure the crankpin and journal
diameters. If the limit is exceeded, grind them
according to the next undersize bearing (-0.25, -0.50, -
0,75 or -1.00 mm) {-0.01, -0.02, -0.03, -0.04 in.}.
(2) Based on the outside diameter measurements,
determine the circularity and cylindricity.
(3) If the -1.00 mm [-0.04 in.] undersize journals and
crankpins exceed the limit, replace the crankshaft.
' Unit mm [in.]
Nominall ' g jard | Limit
value
103.900 to
s ) 104 103.920 103.960
Crankpin diameter [2},093] [4.0905 to | [4.0929)
) 4.0913] .
1 139.930 10
Crank journal $140 139.950 139.970
diameter [5.516]1{ [5.5091 to | [5.5106]
5.5098] - ' )
S 001 el
Parallelism [0.0004]_ - [0‘33)1313]
or less
Diameter
difference
Roundness of 0.01 - [0 3&318] ‘
[6.0004] .| ' -
_orless e
" |- Didmeter. | ~ . =
Pin and ' . difference 0.03
journal | Cylindricity of0.02 . V[O 0-0'118] X
' [0.0008] |00
- orless | . -
| 7 681070 "_‘:E.". .
g|rn || G2
2| journal | ] '?(')Sztgsm
= | Journa . to -|.
1= 02761 | o096y
Hardness T ] Hv36200

5.2 Grinding of Crankshaft

Refinish the crankshaft according to the dimensions
of the undersize main bearing and connecting rod
bearing. . '

When grinding the crankshaft, do not change the fillet
radius or width and if the surface hardness is
suspected to be significantly, re-harden the crankshatft,
and conduct a Magnaflux (magnetic particie) test.
The crankpins and journals should have a hardness of
620 or more (Vickers hardness number). After
grinding, make sure the finishing accuracy of the
crankpins and journals is 0.2 Ra.

Measuring
directions

Measurning
locations

Measurement of crankpin diameter

Measuring
directions

Measuring
locations

Measurement of crank journal diameter

- ""Qrinding dimensions for undersize crankshaft  Unit mum [in.]

Under- Finishing Circu- | Cylin-
size dimension larity | dricity
- 103.65 to
: [g‘gf] 103.67 [4.083
' ‘to 4.084]
) 103.40 to
1 . [g'gg] 103.42 [4.073
‘Crankpin | P to 4.07471
.| diameter 075 .. 103.15t0
[0.03] 103.17 [4.0641
ST 0 104.0648] . -,
) 102.90 to Dhame- |[Diame-
1.00 . ter ter
.04 | 127000 |ditfer-  idiffer
139-68 o ence of [ence of
0.25 139 7(') [5.503 0.01 0.02
[0.01] tc; 5 50"4] [0.0004] [0.0008]
— or less or less
0.50 ° 13943 to
[0 -02] 139.45 [5.493
Journal ) to 5.494]
diameter 0.75 139.18 to
[0.03] 139.20 [5.483
' to 5.484]
13893 to
[(1)'32] 138.95 [5.473
’ to5.450]~
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5.3 Crankshaft End Piay TRmm 587%™ mm
(1) If the crankshaft end play (clearance between thrust [0.276in.] {2297 in]

bearing journal width of crankshaft and width of ‘—"“—'—’\

thrust caps installed to bearing caps) exceeds the

standard, replace the thrust plates with new parts. ) —
(2) If the end play still exceeds the standard afrer new

thrust plates arc installed. use oversize thrust plates.

There are three oversizes: +0.25, +0.50 and +0.75 mm

[+0.01, +0.02 and +0.03 in.].

Generally. the rear journal wears quicker than the ) : _'IRmm

front journals, therefore, replacement of the rear . [0.276 in.]

thrust plates will be sufficient in most cases. —
Measurement of thrust bearing journal length

Unit mm [in.]
Standard Limit
0.20
: to 0.40 0.50
Crankshaft end play [0.0079 to | [0.0197]
0.0157]

Crankshaft journal grinding dimensions for oversize

thrust plates
Unit mm [in.]

. Oversizes for
Oversizes for i
. hoth journals |,
journals or and thrust folerance
thrust plates ’
N plates |
5055 (0011 58.25[2.295] | 58.50 [2.305])

. ESLIGEY
HO3000:021 | 550123087 | s0.00 (2325 |
Q. S ’ n ]
go.;/s [0.031 5 75 12.315) | 59.50 (2.344] '

5.4 Measurement of Crankshaft Deflection

Support the crankshaft on its journals in V-blocks,

then measure the facc runout at the center journal

. with a dial gage. Compare the amount of runout with - J
the standard and if the runout is small, correct by ! L B )

grinding. If the runout is large straighten with a press. 1/2 12

If it exceeds the limit, replace the crankshaft. '

Linit mm [in.]

Standard Limit |
Crankshaft deflection (1/2 valuc of 0.04 - Measurement of crankshall deflection
runoul measured at center journal 10 dOIb] 010
when crankshall is supported at ’ [0.0039] " Front :
. or less ront egver
both end journals) t . .
) Timing gear
‘ 6'1 { sk case’

5.5 Replacement of Oil Seal Slingers |~ Oil seal slinger

'__._-___,__-——'— 4

If the slingers are dented, scraiched or distorted
enough to cause oil leaks, replace according to the —-0il seal Oil seal
following directions.

Replacement of oil seal slinger
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(1

(2

Removal of slinger
Using a gear puller, remove the slinger from the
crankshafl.

Installation of slinger
Identity the front slinger and the rear slinger, and pay
attention 1o the installation directions.

T

Heat the slinger to’a temperature of 110 °C [230 °F]
or higher, and .install the s]@nggr with the slinger
instalier uritil it firmly contacts the gear. . .

If the slinger stops before it contacts the gear, lap the
._cér'llt.‘_er-.i or :shoulder of the installer with a copper
“hammer.’ o '

5.6 Replacement of Crankshalft Gear

()

Removal of gear

Using the gcar puller, remove the gear lrom the
crankshaft.

Do not remove the gear by hilting it with a hammer.

Remaoval of slinger

Identifying mark
(37425-08201)

=

Contacts gear

Front view

[dentifying mark
(41020-01500)

Contacts gear

Rear view

Installation of slinger (1}

Instatlation of slinger (2}

Crankshaft gear

Removal of cr.anksha_fl gear
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(2) Installation of crankshaft gear
Before installing the crankshaft gear, measure the
crankshaft diameter and the inside diameter of the
crankshaft gear, and make sure the interference
confirms with the standard (front side: 0.106 to 0.171
mm [0.00417 to 0.00673 in], rear side: 0.140 to
0.209 mum {0.00551 to 0.00823 in.])
Heat the gear to a temperature of 180 to 200 °C [356
to 392 °F]. :
(Do not heat the gear to a temperature above 200 °C
[392 °F).)
When installing the rear crankshaft gear, make sure :
the crankshaft dowel pin is aligned with the notch in ' Installation of crankshaft gear
the gear, then tap the gear face with a copper hammer
to install. . .
There is no positioning notch in the front crankshaft dirh-settltlii:ou {:_\djc‘:?altlizt;ou
gear, and it can be installed in any rotational position.

/N CAUTION

(a) Install the gear to the crankshaft until it contacts
the collar. ‘ '

(b) Make sure not to mistake the direction of gear
during installation.

Align dowel
pin and notch

Front side Rear side

Crankshaft gear installation directions

5.7 Inspection of Main Bearing Surfaces

Inspect each bearing surface for abnormal contact
marks, scratches by foreign particles and other
abnormalities. Also check for sighs of poor seating in
the bore of the crankcase, main bearing cap-or bearing
back metal.

Chock entire surface for scratches,

/ corrosion, flaking, etc.

Inspection of main bearing surface
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5.8 WMeasurement of Main Bearing Thickness
Use a ball point micrometer to measure the center of

each bearing shell. ‘
If the limit is exceeded, replace the upper and lower
bearings as a seL.
Unit mm [in.]
Nomi o Measure thickness
S;T:;al Standard Limit at center
3.467 A
s 20| o el
- T 0.1371] T
bearin [-0.01] | [0.143) O 1420} 10.140] .

£ - Measurement of main bearing thickness

thickness | -0.50 3.750 37117 to 3.730 3.675
atcenter | [-0.02] |. [0.148] | [(.146100.147] | [0.145]
-0.75 3.875 3.842 10 3.855 3.800
| [-0.03] | [0.153] | [0.151t00.152] | [0.150]
-1.00 4.000 3.967 to 3.980 3925
[-0.04] | [0.158] | [0.156100.157] | [0.155]
'Note: Four bearing undersizes are available: -0.25

{-0.01 in.], -0.50 [-0.02 in.], -0.75 {-0.03 in.] and

-1.00 mm 1-0.04 in.]. '

5.9 Replacement of Main Bearings

If the main bearing thickness is léss than the limit,
replace the main bearing, or refinish the crankshaft
and use undersize bearings. When the crankshaft is
refinished to 1he specified bore dimenston, the main
bearing does not need W be ground after installation.

-5.10 Measurement of Crankcase Gasket Surface
Distortion )

Measure the amount of distortion by plactag a straight

“edge and using feeler gages, If . the standard s

" exceeded, reface the gasket surface with a surface

arinder.” .
Unit mm [in.]
Standard Limit
Crankcase gasket surface 0.05 [0.002] 0.20
distartion or less [(1.O0K]

Note; Limit the amount of crankcase grinding 10 prevent
the piston protrustons (rom exceeding the standard.

Measurement of crankease gaskel surface distortion
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490£24.5N-m (502 Skgfm)
[362+18.1 Ibf-ft) [Wet]

5.11 Measurement of Main Bearing Bore Diameter

(1) Tighten the main bearing cap to the specified torque.
Be sure to observe the following tightening sequence
when installing the main bearing cap bolts and side
bolts.

{a) Tighten the cap bolts to the specified torque.
(b) Tighten the side bolt on the right side of the

engine. 147+7.4N-m
{c) Tighten the side bolt on the left side of the engine. (150.75kgf'm)
(2) Measure the main bearing bare diameter in three "~ [108£14.5 Ibf-ft]
direction: vertically and diagonally. [Wet] -

Unit mm {in.]

- Measurement of main bearing bore diameter

Nominal \* o dard Limit
value
147.000 to
Main bearing bore $147 ) 147.025 147.045
diameter : (57921 | 15.792to [5.79]
- 5.793)
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1. Crankcase, Crankshaft and Main Bearings

To reassemble, follow the disassembly sequence in
reverse,

1.1 Installation of Main Bearings

(1) Fit the main bearings (upper halves) into the lug
grooves in the crankcase.

(2) The oil holes in the bearings and crankcase are
aligned when the bearings are installed as described

above.
(3) Apply a small amount of engine oil to each bearing.

1.2 Installation of Thrust Plates :

(1) Install the thrust plate to the crankcase outside face of
the No. 7 bearing, making sure that the oil groove side
of the thrust plate is facing toward the outside.

(2) After installing the crankshaft, install the thrust plate
to the crankcase inside face, making sure that the oil
groove side of the thrust plate is facing toward the
inside.

1.3 Installation of Crankshaft
(1) Wash the crankshaft thoroughly with ¢leaner, and dry
it with compressed air. o
Note: When washing the crankshaft, be sure to clean the -
oil holes and make sure they are not clogged by dust
or foreign particles. )
(2) Hold the crankshaft horizontally with a hoist, then
carefully place it into the crankcase. .
(3) Apply a small amount of engine oil to the crankshaft
journals. . ~ . S

Installation of thrust pl_z{te‘

After washing,

apply a small amount
of engine oil to

the journal

After washing, apply
a small‘amount of engine
oil to the journal

= AL, dry with compressed

air-.

Installation of crankshaft
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1.4 Installation of Main Bearing Caps "ERONT" mark

(1) Fit the mam bearings (lower halves) to each main
bearing cap.

{(2) Install the thrust plate to the No. 7 bearing cap,
making sure that the oil groove side is facing toward
the outside of the cap. . - .

(3) From the front of the engine toward the back, bearing
numbers 1 to 7 are stamped on the bearing caps.
Install the caps according ‘to the numbers, and the
"FRONT" mark on each cap facing to the front of the
engine.

(4) Coat the threads of the bearing cap bolts with engine
oil, and tighten the bolts temporatily.

(5) Use a soft-head mallet to drive in the bearing caps
evenly,

1.5 Instaliation of Main Bearing Cap Bolts i

(1} Be sure to observe the following tightening sequence ]
when installing the main bearing cap bolts and side I~

.~ bolts. =2

(a) Tighten the cap bolts to the specified torque.
(b) Tighten the side bolt on the right side of the

cngine. 147+7.4 N-m
() Tigl.iten the left bolt on the right side of the E:gﬁggﬁ;ﬁ;’;‘t}] ggjgi bt{::)
engine. T : [Wed (36121 s.og? Ibft]
(2) Make sure the crankshaft rotates smoothly.

{Wet]

1.6 Measurement of Crankshaft End Play

(1) Tighten No. 1 through No. ¢ bearing cap bolts and
side bolts to the specified torque and with the No. 7
bearing cap bolts temporarily tightened, measure the -
end play. )

(2) After tightening the No. 7 bearing cap bolts, measure

... . the end play again to check. ' .
+(3). .Make sure all cap bolts and side bolts are tightened. -

Measurement of crankshaft end play
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2. Flywheel, Timing Gears and Camshafts

2.1 Instaliation of Rear Plates

(1) Apply sealant (Herdite) to the rear plate mounting
surface of the crank case, then place the packing in
position. Apply the same sealant to the packing, then
install the rear plate,

(2) Replace the dowel pins if they are worn or if the cover
is replaced.

{(3) Check to make sure the lower end of the plate is flush
with the bottom surface of the crankcase. Cut off any
excess packing neatly.

2.2 Turning the Engine
(1) Install bolts (M22x1.5 mm) to the flywheel mounting

holes.
(2) Using these bolts and a bar, turn the crankshaft to

. bring the No. ! cylinder piston to the top dead center.

2.3 [(nstaliation of idier Shafts

(1) Using the guide bolt, drive in the idler gedr shaft.

(2) Tighten the idler gear shaft mounting bolts to the
specified torque.

2.4 Instailation of Camshafts (Right and Left)

(1) Insert the camshaft into the crankcase, then install the
thrust plate.

(2} Tighten the thrust plate mounting bolts to the
specified torque.

(3) Make sure the camshaft rotates smoothly.

Note: Be sure install the right and left camshafts in their

comresponding positions.

. 108+5.4 N'm
(11£0.55 kgfm)

[79.66+3.98 Ibf-fi]

Installation of rear plate

*10845.4 N-m (11 kgfim)

[79.66+3 .98 Ibf ]
' Idler shafts ™~

108+5.4 N'm
(1120.55 kgfm)
[79.66+3 98 Ibf-fi}

Instailation of camshaft
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25
(1)

(2)
(3

26
(1)

(2)

(3)
(4)

2.7

Instaflation of Camshaft Gears

Install each camshaft gear by aligning the hole with
the dowel pin on the camshaft.

Tighten the camshaft gear mounting bolts to the
specified torque.

After installing the camshaft gear, make sure the
camshaft rotates smoothly.

Installation of Idler Gears

install each idler gear by aligning its alignment mark
with the marks on the crankshaft gear and camshaft
gear, tighten the idler gear mounting bolts to the
specified torque.

Insert the slinger to the crankshaft.

Confirm that the alignment marks of the ﬁming-gears
are as shown in the right diagram.
Install the governor drive (PSG).’

inspection and Adjustment of Timing Gear After

Instaliation _

Make sure to perform inspection and adjustment after
disassembling and reassembling the timing gear.
{Inspection of backlash and end play)

Afiter installing the timing gears, be sure to inspect
and adjust the backlash and end play between each
gear.

176+8.8 N'm
(18+0.9 kgf-m)
{13046.5 [bf-ft]

Camshaft gears

Installation of camshaft gear

29+1.45 N'm
(320.15 kgf'm)
[22+1.11bf-ft]

Installation of idler gear

Measurement of timin‘g gear backlash and end play

2-57
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()

2.8

n
(2)

2.9
(h

2)

(3)

Inspection ol valve liming

It is not necessary to inspect the valve timing.
provided that all alignment marks on the gears are
aligned properly. However, it is recommended to
check the valve timing.

To check the valve timing, use a 2 mm {0.08 in.] thick
feeler gage. add 2 mm [(.O8 in.] clearance to the inlet
and exhaust valves of the No. | cylinder. Then, insert
a 0.05 mm [0.002 in.] feeler gage between the bridge
cap and rocker, and slowly turn the crankshaft to find
the position where the teeler gage is firmly clamped
{the valve starts opening) and the position where the
fecler gage is released (the valve starts closing).

Check 1g-make sure that these positions coincide with .

the angular positions shown in the valve timing
diagram with 2 mm [0.08 in.] clearance added to the

valves.

Installation of Control Shaft

Install the control bracket into the crankcasc.
Insert the needle gage with control shaft into the rear

side of crankcase so that the needle cage may not fall -~

off.

Reassembly of Cancel Rod Assemblies

Insert the cancel spring and cancel link into the spring
case, apply Loctite to the threads of the cancel rod,
and then tighten the cancel rod to the specified torque.

Install the pin to the cancel link, ensuring that the
installation dimension is as spectfied in the diagram
on the right, and then secure it in place with the spacer
and nut.

Install the needle cage to the contro! lever and secure
the cancel rod in place.

Top dead center

R.Ota“_ﬂg ) (Dilnlet valve opens
direction Dinlet valve closes
_— - (Exhaust valve opens
= @¥Exhaust valve closes

" ;\@

€3y 2 2

Bottom dead center

\-fa]'ve timing diagram {(crank angle) (warm engine)

Top dead center

Rotating direction

@773 @

Bottom dead center

- Valve timing ‘diagram w_ifh 2 mm [0.08 in.] clearance -

added 1o vgl_ves"(ér_énk anglé) (cold engine)

Needle cages

I JHEEL

Cancel rod
33£1.67 N'm
(3.410.17 kgf-m)
[24+1.2 Ibf £t}

Reassembly of cancel rod assembly
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2.10 Installation of Cancel Rod Assemblies
Mount the control lever and washer on the control

shaft, and tighten the reamer bolt to the specified
torque.

2.11 Reassembly of Followers

(1) For the method of reassembly of the followers, refer
to inspection and repair section.

(2) When installing the followers on the cam follower
shaft, be sure to arrange the IN, Ul and EX followers
from the left side in that order, as shown in the
diagram. ‘

‘ 2.12 Installation of Followers;

Tighten the cam follower shaft mounting bolts to the
specified torque for secure installation of followers.

304152 N'm _
| (3.120.16 kgfm)
[22:1.1 IbfR]

Control lever
' Reamer bolt
Control shaft Washer

Installation of cancel rod assembly

" Cam follower mounting bolt - *

88+4.41 N-m (9+0.45 kgFm) [65+3.2 IbfR]

Installation of follower
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2.13 Installation of Timing Gear Case

(1) Apply sealant (ThreeBond 1211) to the timing gear
case mounting surface of the rear plate, then place the
packing in position. Install the packing, apply the
same sealant to the packing, then install the gear case.
Carefully cut off any excess packing extendmg from
the crankcase bottom surface.

(2) Replace the dowel pins if they are worn or if the case
is replaced.

(3) Tighten the case mounting bolts evenly to the
specified torque.

Tightening torque of timing gear case mounting bolt

Tightening

Description torque (N-m

(kgf-m) [Ibf ft])

. 98+4.9

Tighten the crankcase (1010.5)

(7243 6]
69+3.5

» - (7%0.35)

. [51%2.6]

) 2454123

Mi6x1.5 Whole (26%1.3)
[18149.1]

Thread Installation of timing gear case

(mm)

M12x1.25
Tighten the rear plate
and nut -

4} Apply cngme oil to the llp of the 011 seal and mstall o
the oil seal to the tlmmg gear case.: Lo
(5) Using the rear seal installer, insert thc oil seal to the "
slinger, making sure that their dlmensmnal relatlon is -
as shown in the diagram.
Name of special tool i Part No.
Rear seal installer 4 - 35B91-06010 -

Installation of oil seal
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2}

sInstall the guide at the rear end of the crankshaft
with the insert bolt.

=Set the oil seal on the installer and insert it into the
shaft of the guide

sAfter insertion, tighten the bolt on the installer.
Install the oil seal on the gear case.

sl.oosen the socket bolt and remove the swing washer
from the bolt. Pull out the installer.

sl oosen-the insert bolt and remove the guide from the
crankshaft.

2.14 Installation of Flywheel
).

Install the flywheel by aligning the holes with the
dowel pfns.

Coat the threads and bolt seat surfaces of the flywheel
mounting bolts with engine oil, then tighten the bolts
to the specified torque,

Check the perpendicularity and penphery runouts of
the flywheel.

Rear seal installer

Timing gear case 18+0.3 mm [0.7+0.01 in.]

~_

Slinger

N

Ipstglla_ti_on of oil seal slinger .

5884294 N-m
(60+3.0 kgfm)
[4342217 1bf-RY

[Wet]

Installation of flywheel
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3. Damper and Front Gears

To reassemble, foltow the disassembly sequence in reverse.

3.1 Installation of Front Plates 108+10.8 N'm

(1) Apply scalant (Herdite) to the front plate’ mot_mlir?g %:ﬁ;;%gg?
surface of the crankcase, then place the packing in
position. Apply the same sealant to the packing. then &

install the front plate.
(2) Replace the dowel pins if they are worn or if the plate

is replaced.
(3) Check to make sure the lower end of the plate is flush
with the bottom surface of the crankcase. Cut off any . Front plate

excess packing neatly.

3.2 |Installation of Water Pump Bearing Cover
Insert the water pump bearing cover into the front
plate, then tighten the cover mounting bolts to the
specified torgue.

3.3 Installation of Idier Shafts

© (1) -Insertthe idler shaft with guide boits. -
(2) Tighten the shaft mounting bolts to the specified
) _lorque, ' )

108+5.4 N-m
(110.55 kef-m)
(80::4.0 Iof ]

o e o R " Instalation of idler shaft

3.4 " Installation of Idler Gears

{1y Install the idler gear to the shatt, and mount the thrust
plate.

(2) Tighten the thrust plaie mounting bolts to the
specified torque.

A

@
& 216+10.8 N-m (2241.1 kgfm)
[15948.0 1bf-]

Instatlation of idler gear
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35
(1

(2)
(3

installation of Front Gear Case and Pointer

Apply sealant (Herdite) to the front gear case packing -
mounting surface of the crankcase, then place the
packing in position. Apply the same sealant to the

packing, then install the front gear case.

Replace the dowel pins if they are worn or if the plate
is replaced. .
Tighten the case mounting bolts evenly o the
specified torque. )

Tightening torque of timing gear case mounting bolt

Thread

Tightening
torque (N-m
(kgfm) [Ibf-fi])

Description
{mm)

MI

9810 8
(10£1.0)
[72+7.2)
69+6.9
(7+0.7)
[51£5.1]

‘Tighten the crankcase

2x1.25

Tighten the rear plate
and nut

Mi

2554255
(2620.26)
[188+1.9]

6x1.5 Whole

Gy

(3)
(6)
(7

Check to make sure the lower end of the front gear
case is flush with the bottom surface of the crankcase:
Cut off any excess packing neatly.

Install the oil seal to the front gear case.
Apply engine oil to the lip of the oil seal.

"

Using the front seal installer‘é;sembly, insert the oil -
seal to the slinger, making sure that their dimensional -

relation is as shown in the diagram:

(When pointer is removed or out of place)

To determine the top dead center of No. | piston in
compression stroke, bring the mark on the flywheel to
the position where it is at the equal distance from the
two marks punched on the timing gear case. When
these three marks are positioned at the equal distance
from one another, No. 1 and No. 6 pistons are at the
top dead center.

[nstallation of front gear case

[0.63+0.01 in.]

. /I/ Front gear case

1l seal

1620.3 mm

Stinger

LT

. Instaltation of oil seal and slinger

Timing gear case

Flywheel

Confirmation of top dead center using punched marks
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3.6 Iinstallation of Relief Valve
[nstall the relief valve using the mounting bolt.

3.7 Installation of Damper

Tighten the damper mounting bolts to the specified
torque. ' -

| 1362:£18.1 Ibif)

490424 .5 N'm
(50+2.5 kgf-m)

Damper

~ Installation of damper

]
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4. Cylinder Liners, Pistons and Connecting Rods
To reassemble, follow the disassembly sequence in reverse.

4.1
(1)

(2)
(3)

4)

Reassembly of Pistons and Connecting Rods
The piston pin is clearance-fitted to the piston. To

facilitate pin insertion, heat the piston with a piston

heater or in hot water.

Coat the piston pin with engine oil, then insert it into
the piston and through the connecting rod.

Install the connecting rod so that the alignment marks
on the big-end face the camshaft side.

Using the ring pliers, install the snap rings into the
grooves of the-piston. Check the snap rings for tension
and proper fitting in the grooves.

Name of special tool Part No.

Ring pliers 45191-08400

MNote: Position the end gap of cach snap ring toward the

bottom of the piston.

4.2 Instaliation of Piston Rings
. (1) Using the ring expander, install the piston rings to the

piston. ) ‘
Name of special tool . . - Part No.-
- Ring expander = 37191-03200

- /N CAUTION :

The top piston nng is marked “R” %ind second ring is

marked “R2” near the end gap, and thé oil ring is
marked “R*. Install the rings with these marks facirg up.
If the rings are faced in the wrong direction, excessive
oil consumption and engine seizing will result.

Alignment Indication mark
~s 10 engiiie front

Engine right side ¥

Alignment marks on connecting rod

Top compression ring
. Second compression ring

Oil ring
~ Coil spting

Piston and piston ring arrangement
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(2} Install the oil ring with its end gap positioned at 180°

4.3
(1)

(2)

(3)

N
I

to the coil spring joint, as shown in the diagram.

Preparation for Installation of Pistons

Pistons for right bank cylinders

Tum the crankshaft in the normal direction until the
stamped number mark of the cylinder to which the
piston is to be installed is at the position
approximately 50° before top dead center.

Pistons for left bank cylinders .

Turn the crankshaft in the normal direction until the
stamped number mark of the cylinder to which the
piston is fo be installed is
approximately -50° after top dead center. -

Clean the cylinder liner bore surface and crankpin
with a cloth, then apply engine oil.

66

Coil spring joint

"™ Oil ring end gap

Installation of cil ring and coil spring

Starnped cylinder no.

Preparation before installing piston in right bank
‘ " cylinder .

at - the position .

Preparation before installing piston
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4.4 Installation of Connecting Rod Bearing Upper
Halves
Install the rod bearing upper half in the lug groove of
the connecting rod big-end, and apply engine oil to
the inside surface of the bearing. Make sure the oil
holes in the rod and bearing are aligned.

4.5 Instaliation of Pistons

{1) Place lhev‘connecting rod in the cylinder liner, and
carefully rest the piston on top of the crankcase.

A\ CAUTION

. Make sure the F mark on the piston top points toward
the front side of the engine. )
Since ‘the connecting rod can contact and damage the
piston cocling nozzle during the installation of the piston,
observe the connecting rod from the inspection window

- on the side of the crankcase.

-Do not rotate the piston during installation.

Installation of piston (1)

(2} Apply engine oil to the piston rings, then move the

piston rings so that the end gaps do not align with the Joint of coil spring ends “Top ring end gap
. pin _direction, thrust direction or counter-thrust ‘
" direction. > %
fof Bt V)
\ !
NI / <
o e S . Second ring end gap - o Qil ring cn;i.gafs a|

Installation of piston (2)

(3) Hold the compression ring with both hands, and
carefully insert the piston into the cylinder liner.
Note: (a) Do not pinch finger between the oil ring and
cylinder liner.
(b) .Slowly insert the piston to avoid damaging the
oil ring.
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(4} After making sure that the piston ring gaps are

positioned properly, coat the rings with engine oil,

then clamp the piston rings firmly with the piston
installer.

Be sure io apply engine oil to the inside surface of the
piston installer.

Name of special 100l Part No.

Piston installer 37191-07100

(5) Lightly tap the piston head with a soft-head mallet to
insert the piston into the cylinder liner.
1t the piston does not go into the cylinder liner, move
the big-end of the connecting rod back and forth
through the crankcase inspection window. '

(6) Insert hand-through the crankcasé inspection window,
and check to make sure that the connecting  rod |
bearing upper hall is properly positioned in the big-
end of- the connecting rod. If it'is displaced slighty,
push up the bearing by hand and adjust.

+1f the upper half of the bearing is off the conneccting rod
big-end. wurn the crankshaft, then allow clearance between
the connecling rod hig-end and. the crankshait pin.
Contact the rod metal closely with the crankpin and insert
it by shiding.

Piston installer

Installation of piston (4)

Piston head

_'_"_—.__-_ "“"——"—/y" i

Installation of piston (7}
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4.6 Installation of Connecting Rod Caps

N\ CAUTION

When installing connecting rod caps, make sure that
dust or bearing chips does not enter the cap serration, the
seat surface and the bolt threads.

(1) [Insert the connecting rod bearing lower half into the
lug groove of the connecting rod cap.
(2)  Apply engine oil to the following positions

Parts - Position -

Connccling rod bearing

Inside surface
lower

Bolt seat surface on the

Connecting rod cap serration area

Connecting rod bolt Threads
Note: Apply engine oil evenly with a clean cloth or a clean
finger.

(3} Install the connecting rod cap. By holding the upper

' section. of the ¢cap with hand and tightening the bolt at

_ the lower end first, the cap can be installed without

accidentally dropping into the oil pan. Apply engine

oil to the thrcads and seat surfaces of the bolts, then
tighten the bolis temporarily.

(4) Touch the joint between the connecting rod and cap.
and make sure there 15 no ridge. When the surfaces are
flush with each other, tighten the bolis to the specified
torque.

/N CAUTION
Make sure the alignment marks on the cap and
connecling rods arc on the same side.

(5) Temporarily tighten the cap bolts of the connecting
rod installed later, then press the connecling rod
installed first toward the other conneciing rod by
tapping evenly. Move the big-end of this connecting
rod in the thrust direction, and check the end play
(make sure there is a clearance of 0.4 to 0.6 mm

[0.016 10 0.024 in.]).

Serration

Bolt bearing surface

Installation of connecting rod cap (n

‘Cbnner.;tinlg rod cap bearring surface

Bolt bearing
surface

Connecting rod
cap serration

Tighten'lower
bolt first

“Installation oi'connecling.réd cap (3)

Check end piay
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(6) After tightening the connecting rod cap mounting
‘bolts to the specified torque, loosen the bolts and
retighten them.

MNote: (a) Be sure to tighten the two connecting rod bolts

evenly.

(b) Tighten in two or three steps before tightening to

"the specified torque (example: to achieve
tightening torque of 343 N-m (35 kgfm) [253
Ibf-ft], tighten the bolt in three separate steps to
98, 196 and 343 N-m (10, 20 and 35 kgf'm) [72,
144 and 253 Ibf ft]). Then loosen the bolt, and re-
tighten to 343 N-m (35 kgfm) [253 Ibfft] in the
same three-step method. (2-step tightening
method)

(c) To tighten cylinder head bolis according to the
angle method, follow the sequence described
below. ) ) ’

(D Tighten to snug torque of 147t7.4 Nm
(1540.75 kgf-m) {108+5 4 Ibf fi].

(@ Tighten by turning 45+3°,

(3 After tightening all bolts, retighten according
to angle method. (2-step tightening method)

{7) Using feeler gages, measure the end play of the
connecting rod, and make sure the clearance is equal
on the top and bottom sides of the crankpin.

| /A CAUTION |

Before installing the cylinder head, measure the
protrusion of the piston, and make sure the measurement
is correct.

343+17 N'm (35%1.8 kgf'm)
[253112.5 Ibf 1] T
[Wet] 2-step tightening method

Installation of connecting rod cap (5)

Measure end play
. with fecler gages
/

Installation of connecting rod cap (6),
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5.

Cylinder Heads and Valve Mechanisms

To reassemble, follow the reassembly sequence in reverse.

5.1
(h

Installation of Copper Tubes
Install O-ring inside the cylinder. Apply liquid gasket
(ThreeBond 1207C) to the inside wall $22.6 mmn [0.89

in.] of the cylinder head. Make sure that liquid gasket

" does not extend to the side indicated by ¥ in the

diagram.

Insert copper tube into the cylinder head.

Wipe off any excess liquid gasket on the bottom
surface of the cylinder head.

Instail the nozzie tube tool flange of the tube tool on
the top surface of the cylinder head using tightening
torque.

34.3 N-m
(3.5 kgfm)
[25.3 Ibf-ft}

Nozzle tube bolt

Y

Nozzle tube stamp
E Nozzle tube

U

O-ring

Copper tube

[T

U,

—=— ¢22.6 mm [0.89 in.]

Name of special tool

Part No.

Tube tool 35C91-21010

4)

)

(6)

5.2
()

(2)

Apply engine oil o the nozzle tube stamp of the tube
tool. Insert the copper tube. During this step, make
sure that the stamp tip protrudes from the bouom side
of the cylinder head.

Press the nozzle tube bolt of the tube tool until the
stamp can be putled out from the bottom side of the
cylinder head. )
Remove the tube tool, and inspect the copper tube for
abnormalities.

Installation of Cylinder Head Gaskets

Clean the gasket surfaces of the cylinder hcad and
crankcase with a cloth to remove oil and grease
thoroughly from the surfaces,

Apply liquid gasket -around “holes and oil passage
holes on the head gaskel to prevent oozing (oil
bubbles) of oil through the gasket.

Installation of copper tube

Dowel pins

_

Instaltation ol cylinder head gasket

M
1

71
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- Application of liquid gasket

Apply a thin coat of liquid gasket (37594-01300)
around the tappet holes and oil passage holes on both
sides of the head gasket, and install the gasket before
the liquid gasket dries.

Do not apply an excessive amount of liquid gasket,
since it can Impair the head gasket O-ring and cause
deformation. Do not allow liquid gasket to adhere
around the bore; otherwise, gas leakage can occur.
Before installation, be sure to wipe off oil and grease
from the bottom surface of the cylinder head, the top
face of the crankcase and the head gasket, and make
sure they are clean.

The drawing on the rtight shows the areas and
amounts of liguid gasket application.

Note: (a) Apply liquid gasket (37594-01300) to areas 5

3)

5.3
()

(2}

to 8 mm [0.197 to 0.315 in.] from the
periphery of the head gasket.
(b). Liquid gasket should be applied to the areas
indicated in the diagram on the right: -
(c) Apply liquid gasket to both sides of the head
gasket, and spread it with a finger to a
thickness of 0.2 to 0.5 mm [0.008 to 0.020 in.].

(d) Since sections (A) and (B) are very close to O~

rings, do not apply a large amount of llqmd
gaskel to these sections. ’

Install the cylinder head gasket by ahgrung holes w1th'

the dowel pins.

Reassembly of Cylinder Head Assemblies

Coat the valve stems with engine oil, then insert them]' ‘

into the valve guides.
Install the valve springs and rotators to the valve

guides, and install the valve cotters by usmg the valve -

spring pusher.

Name of special tool Part No.

Valve spring pusher 33591-04500

(3}

Lightly tap the top of each valve stem with a soft-head
mallet several times to make sure the valve sprmg and
colter are properly installed.

The areas of liquid gasket application

rsws mm [0.197t00.315 in.]
10 mm [0.394 in.]

Do not allow liquid
gasket in this area.

lApplication of liguid gasket (head-facing side)

The areas of liquid gasket application

Do not allow liquid
gasket ini this area.

Sto8 mm [0 197tc0315in ]

* Application of liquid gasket (crankcase side)

" :Yal\.‘re“sp;—ihg pusher

Apply engine oil

Reassembly of cylinder head assembly (1)

>
(-
=2
[T =2 ‘Top of
E = = valve system
o4 T .
OQ ] - L 0

Reassembly of cylinder head assembly (2)
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5.4 Installation of Cylinder Head Assemblies

A\ CAUTION

Before installing the cylinder head assemblies, measure
the protrusion of each piston to make sure the protrusion
is correct.

(1) Install the eye nut to the stud bolt, connect a shackle
and wire rope, then lift the cylinder head assembly.
Position the head properly by aligning the holes with
the dowel pins, and keep the head slightly lifted.
Apply engine oil to the threads and seat surfaces of
the head bolis, then tighten the head bolts.
Name of special tool Part No.

Eve nut 37591-02400

/N CAUTION

After applying engine oil to the cylinder head bolts,
remove excess oil before installing.

(2) Tighten the cylinder head bolts with the specified

Installation of cylinder head assembly

torque in the sequence shown in the drawing. 539:27 N'm
[55+2.8 kgfm] (-t
- Tightening cylinder head bolts according to the angle [398+20 Ibf-fY] D = )2 -
method 2-step tightening method \
(a) Tighten the cylinder head bolts to snug torque | [Wet]
. (initial torque) of 294+14.7 N-m (30£1.5 kgf'm) Ca

‘ [22%1.1 Ibf ft]in the indicated sequence.

(b) Tighten each bolt in the indicated sequence by |
turning 30£i.5°. Then, tighten again in the
indicated sequence by turning 30+1.5° {iotal of
60+3° turn).

(c) After tightening all bolts, tighten by further
turning 30+1.5°. (2-step tightening method)

Cylinder head bolt tightening sequéncf:" '

A
[

73
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5.5 Installation of Unit Injector

(1) Apply grease to the gasket and attach the gasket to the
unit injector. .

(2} Clean the area where copper tube is installed in the
cylinder head so that no foreign matter such as dust
may not remain. Dust .in the hole may resilt in gas
leakage or fuel leakage. _

(3) Make sure to check that the old gasket is completely
removed from the bottom inner surface of the copper
tube by using a wire or other toal. . -

(4) Apply grease, silicon oil or lubricant to the O-ring -
outside the injection nozzle. -

. Instatlation of unit injector (1)
A CAUTION :
Linkage

Handle the injection nozzle carefully 1o prevent dust, or
do not damage the O-ring..

Make sure that the old gaskel is completely removed
from the bottom section of the copper tube. If a new
gasket is installed on top of the previous gasket, damage
can occur in the injector. '

Gasket

Dowel pin hole

Rack

Installation. of unit injector {2)

(5) Insert the unit.injéctor into the cylinder: head. Insert it
completely so that the dowel pin hole, the rack. and
the linkage are alignad. ;

{6) Install the gland and fighten the fixing nut mdnually

. Make sure that the unit mjecmr is fully inserted, thal.;, h ) . n
the dowel pin’is mserted that lhc gland i5 not'on the . ! O
unit injector, and that the control racks cngaoed with ' : Dowel o
the link bearing. . - . ) owel pin

__l

Installation of unit injector (3}

BN

1

(7} Tighten the fixing nut (o the specified lorque.

Retaining nut . _
: [Wet] '
- Tightening sequence of retaining nuts | G
- {a) Tighten the retaining nut 0 {76+% N-m (l8+09
kgf-m) | 13046.6 Ibi-ft]. - g

\“‘--_
r
(b) Loosen the nut and retighten it 10 127+64 N-m / f
©(1340.7 kgf-m) [9424.7 b, - : _ / .
) ' Gland [~

Installation of unit injector {(4)

!
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(8)
(9)

5.6
)

(2)

5.7
(1)

(2)

Connect the bracket and rack lever to the cancel rod
assembly.

Adjust the linkage of the cancel rod assembly.

(Refer to INSTALLATION OF FUEL SYSYEM.)

Installation of Rocker Cases

Install the rocker case by aligning the holes with the

dowel pins.
Tighten the rocker case mounting bolts to the
specified torque.

Installation of Bridges and Bridge Caps

Apply engine oil to the bridge guides, then install the
bridges to the guides with the screws positioned on
the exhaust manifold side.

Apply engine oil to the bridge contact face of the
bridge caps, and install the caps in position carefully
to prevent them from falling into the crankcase

.through the pushrod holes.

M0 : 60+3.0 N'm (620.3 kefm) [4422.2 Ibff]

' 'I_ns_talliitiqr‘n-df Br‘idge‘.and‘ bridge cap
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5.8 Installation of Rocker Shaft Assemblies 167+8.4 N-m (17+0.85 kgf-m) [123+6.2 Ibffi]

(1) Install the rocker shaft assembly to the rocker case /
with the locating pin entering its hole. '

2\ CAUTION |

(a) Move the rocker arm up and down to.make sure the il ]_ h
arm moves freely. . d
{b) While tightening the rocker shaft rnountmg bolts “—""I‘-——-"L*—-—
temporarily, position the rocker shaft so that the )
rocker tip contacts the bridge top evenly.
Make sure that the adjusting screw of each rocker
arm match to the pushrod.

.

Installation of rocker shaft assembly

5.9 Adjustmént of Valve Clearances

Refer to the "Engine Adjustment (1.1} Inspection dl‘ld
Adjustment of Valve Clearances.”




REMOVAL OF FUEL SYSTEM

6.

7.

8.

9.

Fuel Filters and Fuel Pipes (Part 1)« -« =x s srsreirreasansnan RERRRES 3-2
Fuel Filters and Fuel Pipes (Part 2) - c-srrrermrmmrrrrvvmrermren ey 3-3
Fuel Feed Pump and Accessory Drive «--rmrrenrsrroe eurrrrirerreeenes 3-3
Fuel Control Links r--srrreecserees e . .............................. 3-4
Gove!'nor (PSG) ..................... s ...... e e 3.5
Actuator (DYNABQOO) ........ R R R AT 3-6
eA'ctuator (SG4630) ......... ek b e e e 3-6
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9.1 Removal of Stop Solenoids (RUN-OR) LRy DU PO e g7
9.2 Removal of Stop S_Dlenoiaé (RUN-OFF) v rronsrmrnserreaaanies R 3.7




REMOVAL OF FUEL SYSTEM

1. Fuel Filters and Fuel Pipes (Part 1)

/%‘Replacc sealing washers
A}
N

o)

Replace sealing washersl

2 A 4
Q . Replace sealing <,

washers

Replace sealing
washicrs

Replace sealing
washers

[Replace sealing washers|

® !
B R S |
i Bl ¢ - |Replace sealing washers | | A !
| Cup P 3 £ | A j
! > 7] ! S !
: w ) | I ;
- | : ' |
| \ i | |
| RN | ‘ l ' |
i » & L i
) ! Replace sealing washers _I | : . ' I
L.l Rmayfiter o ' | " Switchover filter ]
. . Removal of fuel filters.and fuel pipes (—p-z;_l-)_.‘—.--t_n_"-v T
< Removal sequénce > ) C S . -
(D Drain pipe (D Fuel pipe @D Fuel pipe
@ Fuel leak pipe (2 Fuel pipe @ Fuel pipe
@ Left side check valve (3 Fuel pipe @3 Fuel pipe :
(@ Fuel pipe (left hand) (3 Priming pump @4 Fuel filter assembly (switchover)
® Right side check valve (% Bracket @5 lnlet pipe .
(8) Fuel pipe (right hand) 38 Fuel pipe @ Fuel pipe
@ Inlet pipe . {9 Fuel pipe @D Fuel pipe
Fuel pipe 48 Fuel filter @9 Fuel filter assembly (primary)
(@ Fuel pipe {9 Bracket 9 Bracket
(0 Fuel pipe @0 Fuel pipe .

/A CAUTION

To prevent dust from entering the fuel system, cover all
the openings in the injection pump, nozzle inlet
connectors and injection pipes. )

3-2
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2. Fuel Filters and Fuel Pipes (Part 2)

|chlace sealing washers

Removal of fuel filters and fuel pipes (part 2)

< Removal sequence > _
(D Air valve (right and left) (@ Fuel pipe (3 Fuel pipe

'3. Fuel Feed Pump and Accessory Drive

Replace seating
washers

Replace sealing
washers

, . Removal of fuel feéd pump and accessory-drive
< Removal sequence >

- {1 Plug @ Screw . (@ Fuelpipe ~ - @ Feedpump ® Accessory drive .
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4. Fuel Control Links

Hydraulic
“~.. governor PSG;
= 7

~ .
. /
R

N

*®

Governor

H)

‘(L-
\'ém

.\/‘.

Removal of fuel control link

< Removal sequence >

O Control link =~ . “ (8 Control lever o * I Control shaft
(@) Stop lever . @ Control link _ L (12 Timing case pipe
{3 Control lever Control lever . : : (3 Cancel lever A
@ Control link " @ Control lever " (9 Cancel lever B

(& Control lever {9 Bearing cover
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5. Governor (PSG)

. " Removal of govemor (P5G) -

< Removal sequernice > -

{1 Drain pipe - , (&) Packing
(2) Rod assembly o ' ® Bolt
3 Nut (@ Governor drive

@ Governor assembly
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6. Actuator (DYNA8200)

Removal of actuator (DY;NA8200}_

< Removal sequence >

(I Rod (&) Cable @ Actvator
(2 Connector cable (&) Controtler Nut
(3} Cable {® Bolt ) (@ Actuator bracket

7. Actuator (SG4030)

Removal of actuator (3G4030)

< Removal sequence >

@ Rod ® Bolt o .
@ Connector (&) Actuator

(3) Connector cable (7) Nut

(@ Speed controller Actuator bracket

3-6
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8. Unit Injector
For unit injector removal procedure, refer to the section on REMOVAL OF ENGINE MAIN PARTS.

9. Stop Solenocids
9.1 Removal of Stop Solenoids (RUN-ON)

Removal of stop solenoids (RUN-ON)

< Removal sequence >
(D Rod assembly @ Stop solenoid (@ Stop solenoid bracket

9.2 Removal of Stop Solenoids (RUN-OFF)

Removal of stop solenoids (RUN-OFF)
< Removal sequence >

(@ Rod assembly (2 Stop solenoid €) Stop solenoid bracket




REMOVAL OF FUEL SYSTEM




DISASSEMBLY, INSPECTION AND REASSEMBLY

OF FUEL SYSTEM
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DISASSEMBLY, INSPECTION AND REASSEMBLY OF FUEL SYSTEM

1. Fuel Filters (Wire Eilement Type for Class A Heavy Oil)
1.1 Disassembly and Inspection of Fuel Filters (Wire Element Type for Class A Heavy Qil)

Turn once or twice
daily or every 10 service hours

Replace packing

Wash every 1000 %
service hours

|Drain water every 50 service hours|

Replace Q-ting

Disassembly and mspectmn of fuel ﬁltcrs (w1rc clcmcnt type for class A heavy oil)

< Removal sequence >

(@ Drain plug and packing © (® Element

(2 Bolt, spring washer and washer . @ Rod and O-ring

3 Lower case, flange and packing L ® Snap ring, ‘washer and handle
@ Nut : S @& Bolt ‘

®. Plate, scraper, collar and (_)‘—'rinE S e ) (0 Cover’

1.2 Reassembly of Fuel Filters (Wnre Element Type for Class A Heavy O|I)
To reassemble, follow the dlsasscmb]y sequence in reverse. .




DISASSEMBLY, INSPECTION AND REASSEMBLY OF FUEL SYSTEM

2. Fuel Filters
| 2.1 Disassembly and Inspection of Fuel Filters

[Cracks, damaged threads]|

Replace every 1000 Oil filter wrench
iservice hours-

Disassembly and inspection of fuel filters
< Disassembly sequence =~

(D Element - . (@) Fuel filter bracket
Name of basic tool | Part No. )
Oil filter wrench i 32591-22100

22 Reassembly of Fuel Filters

Air vent plug
8t0o 10Nm

(0.8 to 1.0 kgf-m)
[5.9 to 7.4 1bf fi]

/Apply fuel oil

Reasserﬁbly of fuel filters

~ f PR . . R

< Reassernbly'sequence >

@O

/AN CAUTION

After reassembly, start the engine and check for fuel
leaks.

Before installing the cartridge, clean the mounting surface
of the cartridge, coat the gasket with clean fuel oil. Screw
in the cartridge until the gasket contacts the seal surface of
the bracket, then further rotate 3/4 to 1 turn by hand. (Do
not use a filter wrench for installation. Do not use a filter
that has dents or scratches, since damaged filter can break
during engine operation.)
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3. Switchover Fuel Filters
3.1 Disassembiy and. Inspection of Switchover Fuel Filters

@ tReplace sealing washer |

Remaove with oil filter wrench

Qil filter wrench

Replace every 10006
service hours

Apply fuel‘ at reaséembly '

Disassembly and inspection of switchover fuel filters

Name of basic tool

Part No._-

. Qilfiltef wrench - .-

32591-22100

< Disassembly’sequence >

(D Element o
-® Bolt .

3 -Pin

@ Cover {7) Gasket

L . (8 O-ring Pin ]
© .. - (& Cock . (B Fuel filter bracket
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3.2 Reassembly of Switchover Fuel Filters

Air vent plug
Tightening torque
2to lON-m

(0.8 to 1.0 kgf-m)
[5.9 to 7.4 Ibf-ft]

D—

Apply fuel oil

Reassembly of switchover fuel filters

< Reassembly sequence >

@—-@—-D-E®—-0—-@->@—-0—~®

Before installing the cartridge, clean the mounting, surface” -
of the cartridge, coat the gasket with clean fuel oil. Screw
in the cartridge until the gasket contacts the seal surface of -
the bracket, then further rotate 3/4 to | turn by hand. (Do
not use a filter wrench for installation. Do not use a filter
that has dents or scratches, since damaged filter can break -
during engine operation.) ’ o

A\ CAUTION

‘After installation, start the engine and check to make~ * = =
-sure there is no fuel leak.
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DISASSEMBLY, INSPECTION AND HEASSEMBLY OF FUEL SYSTEM

4. Unit Injector
4.1 Disassembly and inspection of Unit Injectar

@ = Worn ends, bend

Replace O-rings

l

Fatigue, damage

Wear of needle valve,
' &) contact surface
' ! Carbon depasits,
®———————%— clogged injection holes
() —2
\Imal,
Disassembly and inspection of unit injcclor.
<Disassembly sequence> ] : . . ‘
_. (O Plunger pushrod - @ Stand gage i Stopper -
@ Nozzle retaining nut 9 Body retaining nut (8 Stopper spring -
3@ Nozzle tip @D Spring gage : . 49 Plunger lappet
(@) Distance piece . {2 Spill deflector @ Plunger - ’
® Lower. retainer ’ (3 Plunger barrel ‘ @D Plunger spring
(®).Needle valve spring - ® Adjusting plate ~~ o @ Body :
@ Spring seat @3 Conirol rack ) @ O-ring
Needle valve shim @® Pinion @ O-ring

) _ &3 O-ring
. /A CAUTION : _
(a) Use -lhe’ clé.!_‘npblo {ix the u'nit'injécu:}r on the vice s
stand for disassembly. ' '
{p) Arrange the disassembled unit injector for each
cylinder. Make sure that the parts are not mixed with
other cylinder parts.

Clamp

Vice stand

Name of special 1ool " Parl-No.

Clamp 48749-¢G1000

Fixing unit injector

2-14




DISASSEMBLY, INSPECTION AND REASSEMBLY OF FUEL SYSTEM

(1Y Rcmoval of plunger pushrod
Remove the plunger pushrod from the plunger tappet,

(2) Removal of nozzle tip _ Nozzle tip
Remove carbon deposits thoroughly from the nozzle .
. . Lower retainer
using a wire brush. Remove the copper gasket. Mozzle retaining nut
If the copper gaskel is not on the unit injector, it is o .
still attached to the engine cylinder head. In that case. . ' Distance piece
be sure to remove it from the cylinder head. ) '
Loosen the nozzle retaining nut, and remove the Needle valve ——— 3 [* |
nozzle tip, the distance piece, the lower retainer, the spring Spring seat
needle valve spring, the spring seat and the needle ; FE/
valve shim, ]
- : Needle valve
A CAUTION shim D

Remove carbon and dust from the nozz]e tip contact area Removal of nozzle tip
of the nozzle retaining nut.
. If dust and carbon remains between the nozzle tip and
the nozzle. retaining nut, combustion gas can enter the
unit injector insertion section. This can cause the injector
'to eject due to a pressure buildup of gas that entered
during disassembly, thusleading to injuries and accident.

Note Make sure that the ncedle valve shlm is not left
* inside sprmg cage.

(3) Removal of-the plunger barrel -
Loosen the body retaining nut and remove the spring Spring cage -
cage, the spill deflector and the plunger barrel. :

_Remove G- nngs then |nstall new Q- rlngs Body retaining nut o

: Co ’ O-rings ‘

Spill deftector

Plunger barrel __|

R T A - - —O-ting

Reinoval of plunger barrel
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{4) Removal of control rack

Remove the stand gage and the shim. Remowve the
screw, then remove the adjusting plate and the shim.

Slowly pull out the control rack according to the
pinion rotation.

(5) Removal of pinion
Remove the pinion from the plunger

(6) - Removal of stopper

Gage stand ——@
and shim @
= Socket bolt

(Whdth accross flats:

4 mm [0.16 in.])
Adjusting plate

Zll

..Removal of pinion

(7) Disassembly of tappet sub assembly

Rémoval of stopper

Remove the plunger spring, then take out the stopper

and the stopper spring. Separate the plunger tappet
from the plunger.

Plunger tappet '

Plunger spring

Stopper spring
Stopper

Plunger

Disassembly of tappet sub assembly
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4.2 Inspection of Unit Injector

(1) Measurement of wire diameter of stopper spring
Measure the wire diameter of the stopper spring. If
the measured diameter is smaller than the service

-

limit, replace with a new part.
Unit mm [in. ] 3
Nominal Standard Limit Wire
value diameter
0.3992 to 0.4008 ]

Etopper spring 0.4 0.25 .

wire diameter | [0.016] [%012552;0 [0.0099] .

Measurement of wire diameter of stopper spring

(2) Measurement of diameter protruded section of stopper -
diameter Measuring

Measure.the diameter of the protruded section of the directions
stopper. If the measured diameter is smaller than the
limit, replace with a2 new part,
) Unit mm {in.]
- M .
Nominal Standard Limit eas,u!t';ng
value
B : . A 5
Stopper protrusion 4 3[3 5] ;3 f:) 3.3
diameter [0.1576] 0 1556] [0.1378]

Measurement of diameter protruded section of stopper
diameter ‘

-

3) Measuremen_trof wear on needle valve co_ntaét area of

distance piece
Measure the amount of wear on the needle valve §
.. contact area of the distance piece. If the measured Needle valve width: =
¢ 7 value exceeds the service limit, replace with a new $6 mm [0.24 in.] - H
part. - &
) Unit mm [in. i l 5
_ — ' _Standard | Limit - T
Wear-on needle vglve ) R A on _ . -)AK\\\,
c?;:t:c_:t area of dlst?ncc 0 [0] ‘ [-0.0079)] : .

Measurement of wear on needle valve contact area of
distance piece

(4) Measurement of needle valve spring perpendicularity
and free length
Inspect the amount of necedle valve spring
perpendicularity and the decrease of free length. If the ) .
measured value exceeds the service limit, replace Petpendicularity

with a new part. ‘[

Unit mm [in.]

ey W/
e — ' »

Standard Limit Free length IH.%
[:Prec length 27.6 [1.0874] 27.2 [1.0709] =
. . Less than 0.5[0.0197] \/
Perpendicularity | o 570 g197] or more

Measurement of needle valve spring perpendicularity
and free length

3-17



DISASSEMBLY, INSPECTICON AND REASSEMBLY OF FUEL SYSTEM '

{5) Measurement of spring cage inside diameter

Measure the inside diameter of the spring cage. If the
measured diameter exceeds the service limit, replace
with a new part.

Diameter measured at groove caused by wear must
not exceed the service limit.

Unit mm {in.)

Nominal | g gaed | Limit
value
. 14.01 to
Spring cage ¢14 402105520 | 146
inside diameter [0.552] 10 0.5524] [0.5752]

(6) Measurement of plunger tappet diameter

Measure the diameter of the plunger tappet.
If the measured diameter is smaller than the limit,
replace with a new part.

Unit mm [in.]

Measuring directions

. Measurement of spring cage inside diameter

Nemival [ g dard | Limit
valug U : :
’ 17.966'10
Plunger tappet ®18 17.984 17.959
diameter [0.710] [0.7079 to [0.7076]
(.7086]

" (7) Measurement of plunger 'sﬁrih'g"'iigrpéndicularity and

Measuring points

Wk

free length . S
Inspect the amount of needle valve spring
perpendicularity and the decrease of free length. If the o
measured value exceeds the limit, replace with new Pmd‘f_“l‘mty FE
parts. - S ‘[ =3
Unit mm [in.] ‘I_!
Stg:ia;d Limit Free length “%',
Free length [3.31040.08] 81.5[3.21].
St ‘Less than 1.5 - 1.5 {0.060] - aia
Perpendicularity [0.060] . .| .. or more

(8} Measurement of plunger pushrod deflection
+ Measure the deflection of plunger pushrod. If the limit
is exceeded, replace with new parts.

Unit mm [in.

- Limit-

Plunger pushrod deflection

0.15 [0.006]

3-18

"Measurement of plunger spring perpendicularity and

free length

Measurement of plunger pushrod deflection




DISASSEMBLY, INSFECTION AND REASSEMBLY OF FUEL SYSTEM

{9y Measurement of control rack deflection
Measure the deflection of plunger pushrod. I the
limit is exceeded, replace with new parts.
If the shiding resistance exceeds the fimit, replace
with the new parts.
Unit mm fin.]

Limit
Deﬂection_ 0.03[0.0012]
Control rack o | 0.49 N (50 ai
Shding resistance {0.11 Ibf]

(10) Inspection of nozzle tip
(a) Spray paltern of nozzle tip
Refer to the “3.3 Adjustment’ section.
{b) Check the needie valve movement, injection hole
clogging and carbon deposits. If any abnormalities
are found, clean or replace the nozzle tip.

(11) Cleaning nozzie tip
(a) Clean the needic valve and body in cleaning
solution.

/A CAUTION

" Be sure to usc cléan solution.

_{b} After washing, assemble the needle valve and
-body in clean diesel fuel.

Note: The needle valve and body are precision parts.
Therctore, handle them with care, and never
change the combination of the original needle

valve and body setl. ) .

(¢) 1 the spray pattern is still bad aller the nazzle has
been adjusted and cleaned, replace the nozzle Lip.

Note: Ncw nozzle tips are pre-coated with Vaseline and a
rust-preventive agent. Be sure to wash off these
coatings with cleaning solution, then clean again
with diesel fuel before assembling.

Measurement of control rack deflection

Cleaning selution

Cleaning nozzle tip (1)

Diesel fuel”

Cleaning nozzle tip (2)




- DISASSEMBLY, INSPECTION AND REASSEMBLY OF FUEL SYSTEM

(12} Inspection of unit injector fuel leakage
Inspect the entire surface of the body for marks lelt
by leaked fuel. If fuel leakage is suspected, inspect
the O-ring on the plunger barel, and tighten the
nozzle retaining nut or body retaining nut to the
specified torque.

4.3 Adjustment of Unit Injector

A\ CAUTION

(a } Special equipment is required for the adjustment of
unit injectors. Therefore, unit injectors must be
adjusted by.a service shop equipped with proper
tools. '

(b) Adjustment items differ depending on parts 1o be
replaced. Make necessary adjustments according to
the following table. If unit injectors are overhauled
cas specilied, il is -necessary 1o perform  all

_ designated adjustments.

ltems tb be adjusted when pards are replaced

Vulve N
opening. Injection | iroke
Replaced part = volume . -
. pressure . adjustiment
adjustment adjustment
Nozzle tip O
| Distance piece - 5
Lower retatner i e
Spring cage . 3
‘| Needle valve spring 2
Spring seat b2
Shim . ®o T
Plunger agsembly R S O
Pinion PO
Control rack O ]
Body O @)
Plunger tappel : O
O : Adjustment is necessary even when another part is
replaced. .
¥ : Adjustment is necessary only when another part is also
replaced: .
Adjusiment is nol necessary when no other part is
teplaced.

3-20

Nozzle retaining nut
Tightening torque -

21645 N'm

- (2240.5 kgfm)
[159+3.7 Ibf-ft]

Body retaining nut
Tightening torque
314x10 N'm
(32+1 kgf-m)
[232+7.4 Ibf-f1]

Inspection of unit injector fuel leakage

) . Control rack

Spring seat

Needle valve
spring

Distance piece

] Plungc-r tappet

_Body
Pinion

Plunger
assemblies

ﬂj Shim

Spring cage

 Retainer

- Nozzle tip

Adjustment of unit injector
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Replacement and inspection tirming

I O Replace A I[pspect
' Every 2000 Every 6000 Every 12000 Every 24000
No. Name of part Part No. scrvic)t; hours servic); hours servic):’e hours serv:ze hours
@ | Plunger pushrod 48745-10100 A O
@ | Plunger spring 48745-10500 O @
(3@ | Plunger tappet 48745-10200 Jay O
4) | Stopper 4874500301 Fa) O
(S | Stopper spring 48745-00401 O O
(& | Gage stang 48743-10400 ' iy
(2 | Shim 43743-00300 Ja)
® | Control rack 48742-00202 A o
@ | Plunger 48741-03020 | Replace as a set A Ay Py
@@ | Pinion 48742-00102 Jay O
) | Body 48743-20100 N O
(2 | Plunger barrel 48741-03010 | Replace as a set ay AN PaN
(3 | Spill deflector 48744-00302 JAN AN N
(4 | Body retaining nut 48744-00201 Ay
(9 | Spring gage 48746-10100 JAN Ay @)
8 | Needle valve shim | 48742-00301 O O O O
#) : Spring seat 48746-00601 A AN 0O
i® | Needle valve spring | 48746-00401 O @) O
9 | Retainer 48746-10501 AN Q O
@0 | Distance piece 48746-10201 AN O O
@) | Mozzle retaining nut | 48744-00101 AN
@ | Nozzle tip. 37561-07800 . O O O O
@ | O-ring 05507-10340 O O O O
@ | O-ring "05507-10400 O O O O
@ | O-ring 05507-10420 O O © O
- @ | Dowel pin F8001-40014 ' A
@) | Shim 48722-00300 FaY
€8 | Bolt F1210-05010 PN
29 | Adjusting plate 48722-00400 Pay




DISASSEMBLY, INSPECTION AND REASSEMBLY OF FUEL SYSTEM

(1) Adjustinent of valve opening pressure
(a) Insert the dowel pin into the spring cage, then
install the connector.
Name of special tool Part No.
Connector 48749-00100

{b) Tighten the body retaining nut to the specified
torque by 2-step tightening method.

Note: Before tightening the body retaining nut, apply
engine il

(c) Insert the dowel pin into the spring cage. Install
the needle valve shim, the spring seat, the needle
valve spring and the lower retainer, then place the
distance piecé in position.

Note: Be sure to install the ncedle valve shim and the
spring seat in proper order.

(d) Tnsert the dowel pin into the distance piece. Install
the nozzie tip, then tighten the nozzle retaining nut
to the specified torque by 2-siep tightening
method. ' _

Note: Before tightening the nozzle retaining nut, apply
engine oil to the threads and the shoulder section of
the nozzle tip.

(e} Connect the nozzle tester. Press the handle at a
rate of once every 1 second and read the pressure
level at which fu€l injection begins. Also, visually
check the spray pattern for abnormalities. If the -
measured value deviates from the assembly

_standard, replace the shim.

Name of special tool . PartNo.
Nozzle tester " 04239-00050 .
Unit MPa (kgficm?®) [psi] -
Nominal ¢ Standard " Remedy .
value
_ Shim thickness
Vatve 2042 | 28.93 to 30.80 |Shoutd be less than
A . © 0.8 mm [0.032.
opening _ (300)_“ (295 to 3.15) in]. If it exceeds.
presswie | [4268] | [4196 to 4481] || h, b SECE:
N the spring:

D CAUTION
Do not touch the fuel spray. Fuel is sprayed from the

nozzle under high pressure, and it can penetrate the skin,
thus causing serious health problems.

Note: If the specified valve opening pressure cannot be
achieved with a 0.80 mm [0.032 in.] shim, replace -
the needle valve spring.

Shim typ_es_;_' . o N .
. P==29.42" " MPa (300", kgflcm?) [4267 7’ psi]

Connector.

Body retaining out
-314+10 N-m
(321 kgFm)

[232£7.4 IbfR]

- Dowel pin

Spring cage
Needle valve spring

Dowel pin —___{
Lower retainer —— B # Nozzle retaining nut
S . 2165 N'm
Dowel pin : (22£0.5 kef-m)
{159+3.7 Ibf1i]
Apply engine oil Distance piece
- Nozzle tip

* Inspection of unit injecior valve opening pressure (1)

Valve

“ Nozzle tester

Pressure g;age .

Lever operating direction

- Lever =

- 049

. Inspection of unit.injector valve opening pressure (2)

Shim thickness | Valve opening pressure
Part No. mm [in.] (MPa (kgf/cfnz) psi]) |
1 48742-00311 0.40 {0.016] -3.20 (-32.6) [-463.7]
48742-00321 | 0.50[0.020] | -1.60 (-16.3) [-231.9]
48742-00331 0.60 [0.024] | 0.0 {0.0) [0.0] standard
48742-00341 (.70 [0.028] 1.60{16.3)[231.9]
43742-00351 | 0.80[0.032] 3.20 (32.6) [463.7]
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(f) Spray pattern

When adjusting the injection pressure with the
nozzle tester, also check the nozzie for clogs,
spray pattern and fuel leaks, if the spray pattern is
faulty, clean or replace the nozzle tip.

When the handle of the nozzle tester is pressed
hard, the nozzle should spray fuel from its ten
holes at the same time to form a clean cone-
shaped spray pattern with a spray angle of 160°.
The spray should consist of finely atomized fuel
particles without any large droplets and spray
should terminate with no dripping.

(g) After adjusting the valve opening pressure,
disassemble to prepare for final reassembly.

R

Spray angle -

too large

7

Fuel

dribble.

5

T

Intermittent
spray

A

Whirling
spray

Nozzle spray pattern
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A\ CAUTION

Subsequent adjustments require special equipment. Do
not attempt to make adjustments at a maintenance or
repair site. To make a fuel injection adjustment, it is
necessary to measure the injection volume at the
operation adjustment point.

(2) Adjustment of pre-stroke - .
{a) Set the gage and the gage stand as shown in the

diagram. .
Name of special tool Part No.
Gage 48749-02010
Gagestand | 48749-03080

(b) Remove the gage stand.

(c) Install the unit injector on the pre-stroke test
stand.

Name of special tool Part No.
Pre-stroke test stand 48749-05000

(d) Connect pipes to the air compressor, filter, with .
drain dische_lrger, regulator valve, pressure gage, . Adjustment of pre-stroke (1)
lubricator, air flow meter, and test stand screw
hole (Re 1/8), as shown in the diagram.

(e} Install the plug attached with the ‘O-ring on the
spring cage to cover the leak-off hole.

Name of special toel - |° . PartNo.” . .
" Plug |~ 4874900201 .

Oxing - - - - - F3150-01010 -

- Alr flow meter Regulator valve
| ' Pressure gage

]
i
L] -
H s Air.
RE ‘.,’L“,-_-I—_ _ 1 compressor
e FESL H
: :
. . I YRy Sy PR 4
Spring cage._ - ) B -
Co L ’ Lubricator
Controf rack o
Filter with drain discharger

Plug (with O-ring)

Pre-stroke test stand

A

Plunger [ / /

Gage stand and shim  Plunger tappet

Adjustment of pre-stroke (2) . _
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()

[Test conditions]

Ordinary temperature

0.10 MPa (1 kgficm?)

[14.23 psi] or more

+ Adjust the regulator valve so that air flows at a
rate of approximately 850 cm? [51.87 cu. in]/min
when the control rack is pressed in (rack 0).
{Gage pressure: approx. 0. 01 MPa
(0.1 kgf/om?) [1.42 psi]y

* Alir temperature
* Air supply pressure
|

Pull the control rack fully (maximum injection
volume).

{g) Rotate the handie of the test stand while ensuring

that the plunger is pressed at all times to prevent
backlash. Stop turning the handle when the air
flow meter indicates 200+10 cm®
[12.240.61cu.inl/min.

(h) Measure the distance between the plunger tappet

and the stand gage using the gage stand. Using a
shim, adjust the height gage to a length of 80+0.05
mm [3.1530.0002 in.], then tighten to the

‘specified torgue. .

{Tightening torque: 7.8 t0 9.8 N'm
(0.8 to 1.0 kef-m [5.8 to 7.2 Ibf-fi])
After adjusting the height gage length, mark the
body with paint from the side of the stand gage.

7.8t0 9.8 N'm
0.8 to 1.0 kgfm)
5.8 to 7.2 Ibffi]
Stand gage
Height gage length
80+0.05 mm
[3.1520.0002 in.]

This paint mark also serves as an indication of
adjustment completion.

(3) Adjustment of injection volume
injection volume adjustment and check poinis

Adjustmen'g of pre-stroke (3)

) . . . Imjection
Part No. L Cam rotating | Engine rotation Rack - :
Identification Unl{tﬂ{tnﬁgtor N::IZZI?-W?C speed speed position vo[lcl’xzm]? Remedy
code P : m jn. min’! min™ mm fin7] -_g400 S -
- i 18t022 | )
’ Operation .
. 8.5[033]) [%%38;0 . | adjustment point
[b(pgizi?:]-' 730 1300 e o[ 14710 163 | 1 etion volume:
48740-130101 0 1900741 | (5:19t0 | F0 o
Ut . ST vl gsy - o cheok
10 hotes s 1410 32 Injection volume
300 600 11[043] | [049 0 | MocHOn Ol
1.13]  |“"¢C
' 1510 19 :
Operation
g[o31] - [%5637;0 adjustment point
[0¢gi312]- 700 1890 14710 163 [njection volume |-
48740-13020 .160° 19 [0.75] [5.19 10 cl’i’eck
5.75] ;
10 holes -
: 8to 26 T
300 600 11[043] | (02810 |Mnicction volume
N 092] chec
18 t0 22 .
Operation
8.5[0.33} [%g?;ﬂto adjustment point
[0¢(())i%g]— 700 1800 14710 163 Injection volume
48740-12030 'l 60° 19{0.74] [5.19t0 cli]eck
5.75]
10 boles ; 1410 32 Injection volume
300 600 . 11 [0.43] -| [0.49to hJ k
113) |chec
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{a) Use a shim to adjust the rack installation position
at the operation adjustment point to the specified
value, / = [Place paint mark as seat |

. Rack position

'){-_\\’ Bolt

Body™ ghim Adjusting plate

s,

Unit injector rack position

(b) Install the unit injector to the injection volume measurement lester.
Fuel inlet

M14x1.5)

- Lubricating oil supply
R 1/2)

Fuel outlet
{M14x1.5}
Hole ¢48+%%} 189000 ] - el
(Shaft $487) ) [1.89,00000s] Lubricating Tichteni
- oil inlet 1'1.752:1: t;:n;}.ng torque
e R 3/4) B
. (17.540.5 kgfm)
;;ism ‘;tl“;lg torque Power lock mounting standard . [12743.7 IbfR]
o "MBx]11 . .
(10:&0 5 kgf m) [72:b3 7 Ibf ﬁ] L Tightening torque . ;‘;ilgteb?:lg torque
40Nm(4lkgfm) [29.5 Ibf i) 1-- (1020 5 kgfm)
[7243.7 Ibf ]

Unit injector

‘M45x1.5 —]
_Fucl injection outlet
R 1/4) _
Tightening torque Eﬁ?-:;:—tlung
88 N-m (9 kgf-m) [65 Ibfft] (R 3/4)
Lubricating oil drain
{R 3/4 normally-ciosed)

Injection volume measurement tester
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Reassembly and operating conditions]

Nazzle gland tightening torgue

9845 N-m (1020.5kgf-m) [72.33+3 62Ibfft]

Racker shaft tightening torque

98+5 N-m (10+0.5kgf m) [72.33+3.62Ibf ]

Height gage length

8340.05 mm [3.270+0.002in.]

Height gage length adjustment timing

30° B T D C (to be set during cam base circle)
Note: The height gage used for this adjustment is different from
the height gage used for engine reassembly.

[ Fuel supply pressure

0.39+0.05 MPa (420.5kgfcm?) [56.9+7.11 psil

Lubricating oil supply pressure .

0.59+0.05 MPa (620.5kgflcm’) [85 627. 1 Lpsi]

Fuel temperature

3525°C [9549°F]

Nate: The indicated tightcning torque for nozzle gland and rocker shaft is for mounting them on the injection volume
measuring instrument, and it is different from the torque used for installation on the engine.

{c) Measure the volume of fuel injected at the operation adjustment point by 400 strokes. Check to see if the fuel
volume is within the specified range. If the measured value is not within the specified range, adjust by varying

the shim thickness.

Shim thickness "+ Part No. - Shim thickness Part No.
0.40 mm [0.016 in.] 48722-00310 0.90 mm [0.035 in.] 48722-00360
0.50 mm [0.020 in.] 48722-00320 1.00 mm [0.039 in.] 48722-00370
0.60 mm [0.024 in.] 48722-00330 1.10 mm [0.043 in.] 48722-00380
(.70 mm {0.028 in.] 48722-00340 1.20 mm [0.047 in.] 48722-00390
0.80 mm [0.032 in.] 48722-00350 - —

Note: In the SH series, when a thicker' shim is installed, the injection volume increases.

(d) When the injection volume is within the specified
range at the operation adjustment point, check to
see if the injection volume is within the spec1ﬁcd
range at the injection volume check point. -

(e) After adjusting the injection volume, securé the
adjusting plate in place using the bolt, then mark . :
the bolt, plate and body. with paint to indicate the . ) 7= <R - lp|ace pamt mark as seal|
completion of adjustment. , - . . .

Rack posmon

) Bolt

Body™ shim Adjusting plate

Unit injector rack position
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4.4 Reassembly of Unit Injector

(1) I[ostallation of plunger tappet ‘ ) Plunger tappet
(a) Install the plunger, the stoper spring, and the Pin ‘ g Plunger spring
stopper in the plunger tappet, and place the ) Q]
plunger spring in position. % Stopper spring
{b) Push in the stopper using the pin, and insert the .
plunger and plunger tappet into the body. Position Stopper Plunger
the stopper into the vertical groove on the body. Vertical groove _ ; Body
(¢) Check to make sure the stoppers firmly positioned _ B o

£

in the vertical groove on the body.

Installation of plunger tappet

(2) Mounting on vice stand
Use the clamp to secure the unit injector in the vice
stand. : ’ Clamp

Name of special tool Part No.
Clamp 48749-01000

"Mounting on vice stand

(3) Installation of control rack .

‘(a) Install the pinion in the plunger, making sire that
the teeth of the pinion faces up (fuel injection
side). ' '

(b} Align the mark on the pinion with the dowel pin
hole. —_—

‘(¢) With the parts in the above condition, insert the
control rack in the body, making sure that the
teeth of the control rack faces the pinion.

Pinion alignment mark
: Dovwrel pin hole
-, Control rack

jection side

] /Pl@nger :

Installation of control rack
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(4) Checking pinion and control rack teeth engagement
(a) Press the control rack down to check that the
alighment mark on the conirol rack aligns with the
mark on the pinion,
Note: Repeat section (3) until the teeth are properly
engaged.

(b) Install the shim, and ternporarily install the
adjusting plate.

{c) Press the control rack down to check that the
angle formed by the vertical groove on the
plunger and the dowel pin hole is approximately

"105°. If the groove position deviated significantly,
repeat from "above step (a).

(3 Installatlon of plunger barrel
{a) Insert the dowel pin into the bodt. Insert the
plunger barrel into the plunger, making sure that
there is no interference between the plunger barrel
and the plunger

Note: ‘If the plunger is not properly engaged to the pinion,
a gap (approx. 2 mm [0.08 in_]} is produced at the
E section. To prevent this gap, check to make sure
the end faces contact each other. If a gap is '
’ observed repeat the procedures startmg from "
~ section (3). _

{b) Install the new O-ring on the plunger barrel, and -
apply engine oil.

(c) Install the spill deflector, then check to make sure

" it rotates smoothly.

(d) Insert the dowel pin into the plunger barrel, the n
install the spring cage.

(e) Tighten the body retaining nut to the specified
torque by 2-step tightening method. (Loosen the
nut until it can be turned by hand before
tightening second time to the specified torque.)}

Note: Before tightening the body retaining nut, apply
engine oil 1o the threads, the shoulder section of the
spring cage, and the O-ring. Be sure 1o tighten to
the specified torque. Excessive tightening force can
result in plunger sticking, while insufficient
tightening force can cause fuel leaks.

(f) Ensure smooth rack operation. (Sliding
resistance: 0.49 N (50 gf) {0.11 1bf] or less)

Control rack

Vertical groove of
plunger Dowel pin hole

Control rack

Shim
Adjusting plate

Checking pinion and control rack teeth engagement (2}

Body retaining nut
314+10 N'm
(32x1 kgf'm)

y [232+7.4 Ibf {i]

Spring cage

Plunger

¢ E section
(check the end

faces contact

each other)

Apply engine oil Body Control rack

Pinion

Installation of plunger barrel
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(6) Adjustment of pre-stroke

{(a) Install the shim, and temporarily tighten the gage 7810 9.8N'm
stand. (D.8 to 1.0kgfm) [5.8 to 7.2 1bfi] !

(b) Adjust the pre-stroke.

{c) After adjustment, tighten the gage stand to the
specified torque.

{d) After tightening, mark the side of the bolt with
paint.

After tightening to sﬁeciﬁed io'rque,
‘mark the side of the bolt with paint

: : Adjustment of pre-strok:
(7) Installation of nozzle tip j| n ° pre-stroke

(a) Insert pre-adjusted needle vaive shim in the
spring cage. Install  the spring seat, the ncedle

Apply engine oil

valve spring and the lower retainer. Distance piece Nozzle retaining nut
(b} install the dowel pin into the spring cage. Install * Retainer 216+5 N'm
distance piece. (22:£0.5 kgf'm)
(c) Install the dowel pin into the dlStﬂl‘lCE piece. Apply engine ail [159+3.7 Ibf ]
Install the nozzle tip. , : Needle valve Dowel pins
(d) Tighten the nozzle retaining to the specified spring Spring cage
torque using the 2-step tightening method. O'Hf‘gs Spring seat
(Loosen the nut until it can be turned by hand © ©O-ring Needle valve shim
before tightening second time to the specified Apply engine oil
torque.) ]

Note: Before tightening the nozzlé' retalmng nut, apply ' Insl;all.atlon ‘_"f'mz'e tip

engine il to the threads and the shoulder section of -
the nozzle tip. Be sure to tighten to the specified -
torque. Excessive tightening force can result in
nozzle needle valve sticking, while insufficient
tightening force can cause fuel leaks.

(e) Install new O—ripgs, and apply engine oil.

(8) Installation of plunger pushrod
[nstall the plunger pushrod to the plunger tappet. o _
Note (a) Apply engine oil to sliding surfaces of the . . - Apply engin;.a oil
plunger tappet and the conitrol rack. T :
(b) Unit m_]cctors can be stored safely for up to six.
months when they. are’ left in the packaged :
condition. After six months of storage, unit
injectors must be operated in order to prevent
rust generation and parts sticking due to
degraded oil.

i~ Plunger pushrod

]

=

|

Installation of plunger pushrod
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5. Fuel Control Links
Inspection of Fuel C/o/n,t,QI‘Llnks

~.

<j< ™. X S 1
~ ' t

|

!
!
!

N

Looseness, wear
Control shaft

~— o
~

~ < ~ -
S P
> &« ~
o ° .
@ . Control shaft ( iy

7
/
/
/

o0 ==0

(L-H.)
A

ok

Inspection of fuel control link

~ 6. Governor Control Links (PSG)
Inspection of Governor Control Links {PSG)

Inspection of governor control link (PSG)
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7. Actuator Control Links (DYNA8200)
inspection of Actuator Control Links (DYNAS200)

Pe
| '»,,
)P

Inspectibn of actuator control link (DYINAS200)- -

8. Actuator Control Links (SG4030)
Inspection of Actuator Control Links (SG40$O)

Inspection of actuator control link (8G4030)
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9. Fuel Pipe Check Valve
9.1 "Disassembly and Inspection of Fuel Pipe Check Valve

dkdim

[Fatigue, deformation|

Replace O-ring

Disassembly and inspection of fuel pipe check valve

<Disassembly sequence> . . ’
{1) Jam nut @ O-ring ' T (%) Ball
3 Screw _ (@) Valve spring : . (& Valve body

9.2 Reassembly of Fuel Pipe Check Valve

|
- :
I e Y LASEE S
o \\Tightcm'.ng torqu::-—
344 N'm (3.5+0.4 kgfm) ™

(11.7 mm [0.461 in.]) 2542 5 IbEf

Reassembly of fuel pipe check valve
< Reassembly sequence > T

®&-@—-@—-0—-2-0
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10. Fuel Feed Pump
10.1 Disassembly and Inspection of Fuel Feed Pump

@

Replace O-ring

) Diasassembly and inspection of fuel feed pump
<Disassembly sequence>

@ Key ‘ Bearing {9 Shaft

2 Bolt ® Body 8 Gil seal -
(3 Top cover @@ O-ring .- @ Backupring
@ Picking @D Outer rotor , ® Oil seal

&) Bolt (2 Ianerrotor . © {(9'Bearing

(6) Pipe knock (3 Inner key - &0 Housing

@ Housing (% Snap ring @ Bushing

10.2 Reassembly of Fuel Feed Pump

Reassembly of fuel feed phmp
<Reassembly sequence>

G-B—-P-BF—-Q—-B—B-B-B-Z—-0—-V—-F-B—-D—E—E—-D-D-D-1




DISASSEMBLY, INSPECTION AND REASSEMBLY OF FUEL SYSTEM

11. Stop Solencids
11.1 Disassembiy and Inspection of Stop Solenoids (RUN-ON)

Replace
tubber cushion

Replace ) \%

rubber cushion

Disassembly and inspection of stop solenoid (RUN-ON}

<Disassembly sequence> . .
@ Bolt @) End play (3 Ball bearing (@) Stop lever

11.2 Reassembly of Stop Solenoids (RUN-ON)
' To reassemble, follow the disassembly sequence in reverse.

11.3 Disassembly and Inspection of Stop Solenoids (RUN-GFF)

Looseness, wear

Disassembly and inspection of stop solenoid (RUN-OFF)

<Disassembly sequence>
D Bolt () End play (3 Ball bearing @ Stop lever

11.4 Reassembly of Stop Solenoids (RUN-OFF)
To reassemble, follow the disassembly sequence in reverse.
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12. Governor Drive (PSG)

12.1 Disassembly and Inspection of Governor Drive

< Disassembly sequence >
@ Bolt

(& Packing

@ O-ring

() Snap ring -

(&) Idter shaft

(® Idler gear

(Z) Ball bearing

_(® Snap ring

Replace packing

(9 Washer
(% Drive gear

@D Needle bearing .

" 2 Rubber -
" @3 Snapring
. 44 Drive shaft

Disassétﬁﬁ]y and inspeciion of governor drive

£ (® Snap ring

& Washer

@@ Plate
. (8 Ball bearing
"+ (9 Drive case
" @ Seal'cap
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12.2 Reassembly of Governor Drive

B

®— |

/

Tightening torque
108+10.8 N'm, -
(11x1.1 kgfm)

[80+8 Ibf:f]

Reassembly of gov;:morldrive
" < Reassembly sequencé >
Ve E g @9@._,@_,@_,@_,._,@..,@_.@_,@_,@#@_,@
- @
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1.

Procedures After Installation

To reinstall the fuel system, follow the removal sequence in
reverse, and conduct the following procedures after
installation. '

)
2)
(3
“)
(%)

Add engine oil to the specified level.

Add coolant.

Check all connections for oil and water leaks.

Bleed the fuel system. ’

The fuel injection pump instaltation procedure is
shown below. After installing the fuel injection pumps,
be sure to check and adjust the fuel injection timing.

Stop Solenoids
Installation of Stop Solencids {RUN-ON)

-

Instaliation of stop solenoids (RUN-ON)

< Installation sequence >

)

. 2.2 lnstallation of Stop Solenoids (RUN-OFF)

Installation of stop solenoids (RUN-ON)

< Installation sequence >

@—-@-0
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3. Unit Injector
For the method of installing the unit injector, refer to REASSEMBLY OF ENGINE MAIN PARTS pages.

4. Governor (PSG)

~ Tightening torque
25+2.5 N-m .
(2.5+0.25 kgf'm) [18.1£1.8 |bfi]
, (2-step tightening method)

R,

a Tightening torque

108+10.8 N'm -7
(1121 kghm) - " -
-[80+8 Ibfft] -~

o //
~

Installation of governor (I;SG)

| < Installation sequence >

@-®—->0—-@—->@—-2-D
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5. Actuator (DYNA8200)

Tightening torque

254£2. 5 N'm

(2.5+0.25 kgfm) [18.1+1.8 Ibffi]
(2-step tightening method}

Installation of actuator (DYNASZ00)

< Installation sequence >

@—@—@D—®->@>@->@—-C—-0

6. Actuator (SG4030) .

- Tigh.teningrtorque‘
2542.5 N'm o
{2.52£0.25 kegf'm) [18.1+1.8 Ibf'ft]

(2-step tightening n;hy

Installation of actuator (SG4030)

< Installation sequence >

®—@—-E®—-0-@>0—-2-0

3-42
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7. Fuel Control Links

Tightening torque
%25§2.5 N'm

5+0.25 kgf-m} ightenin
[18.1+1.8 Ibf 1] g;gihzs N-%nmrque

(2-step tightening method) (2.5+0.25 kgf-m)
[18.1£1.8 Ibf-ft}
(2-step tightening method)

\ﬂ Contrel shaft (R_H.)

-

Hydaulic!
~. grl:n.ren'u:n‘,1
~.P5G /
~
Tightening torque
25%2.5 N-m (2.5+0.25 kgf-m)
[18.1£1.8 1bf-ft]

. (2-step % method)
"~
S B
g
. ]
>

i

, h './.'/ !

< i

ﬁﬁb i
g ‘@

e% /\

]
Tightening torque ~
2542 5N-m’ .~
(2.5+0.25 kgfm)
[18.1+1.8 Ibf-ft]

(2-step tightening method)

) Governor
7

py

Mote: Be sure to seal the belts and nuts that are
specified to sea) after ingtallation.
Tightening torque :

2525 N'm -
(2.540.25 kgfm)
[18.1£1.8 1bfft]
(2-step tghtening method)

_ . Installation of fuel control links
<Installation sequence> '
S o , $G4030, DYNAg200)@— :
(Rl R DO GR G ORI ORI ®.
S : PSGY@—1

8. ‘Fu.el Feed Pump and Accessory Drive
Tightening torque -

59459 N-m

{6.0:0.6 kgfm)

[4324.4 Ibff]
(3

Tightening torque M
T 20t0 22 Nom

(2.0 to 2.2 kgfm)

{15 to 16 IbLA

59+£59 N'm
(6.0+0.6 kgf'm)
[4324.4 Ibf-f)
Installation of fuel feed pump and accessory drive

<Installation sequence>

&-@-@->@—-0
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9. ' Fuel Filters and Fuel Pipes (Part 1)

Tightening torque
20025 N'm

(2.0 to 2.5 kgf'm)
[15to 18 Ibfft]

Tightening torque
34+34Nm .
(3.540.35 kpf'm)
[2542.5 IbffE] -

20to 25 N'm
(2.0 to 2.5 kgf*'m)
[15 to 18 Ibffi]

oy

©

Switchover filter

Instatlation of fuel filters and fuel pipes (part 1)
<Installation sequence>

- (Primary filter) @—@—E)—H >

(Switchover type)23—@3—@—E)— :
@—I: @*@“’@‘“’@*@*@“‘*@"’@“’@—]

B DB 20

—@—-@-0-20~1
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. 10. Fuel Filters and Fuel Pipes (Part 2}

i

i Tightening torque I
' 15+1.5N'-m .

(1.5£0.15kgfm)
g [1£L11bER]

Ja

Tightening torque -
- 15&1.5N'm
(1.5+0.15kgf-m)
[11%1.1 Ibf-f}

Installation of fuel filters and fuel pipes (part 2)
<Installation sequence>

@—2—-

11. Adjustment of Fuel Control Links

11.1 Adjustment in Normal Condition Place white paint after adjustment

(1) With the unit injector rack pressed fully against the
adjusting plate (no-injection position), adjust the
cancel rod of the cancel rod assembly by turning the

_ pin unti] there is no play in each control link. T Cancel rod assembly,

| Note: (a) Set the protruded thread section (dimension £) ’ . Rack lever

' - to the following range. a

I . Unit  mm [in.
y ‘ Adjustment ange of 7+1.5 [0.280.06)

dimension £

{b) Dimension £ is set within the above range for

proper adjustment before shipment, but if it

!  deviates significantly from the above range, Adjustment of fuel controi link (i)

follow the directions in "11.2 Adjustment in :
" Case of Nonconformance of Dimension £ " on
" the following page. -

Cancel rod
Lock nut

Unit injector

Adjusting plate and shim

(2) Make sure that there is no looseness in the right and
left links after adjustment, and lock the links securely.
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(3) Move the control link by hand to make sure it moves

smoothly.
(Hook a spring scale in the hole linking the govemor Cancel lever o Cancellever B
and actuator, and measure the operating load.)
Unit N (kgf) [Ibf] (\H% - Opersting oad
i t
| Qperating load | 19.6(2.0) [14.46] or less W i 9‘;’;'?23 Ookgf) [14.46 bf]

! or less

Opérating load
19.6 N (2.0 kgf) [14.46 Ibf]

“ or less

. . - * Adjustment of fuel control link:(_Z).
_11.2 Adjustment. in. Case of Nonconformance of . | . (DYNAS200, SG4030). .-

- 'Dimension £ ) :
Note: The following adjustment is required only when
parts other than the lock nut of the cancel rod are
removed. Otherwise it is not necessary to perform
this adjustment.

(1) Remove the control link adjustinent turnbuckle on the
right side only.
(2) Check again to make sure that the unit injector racks
for all cylinders are pressed against the rack stoppers
-(no-injection ‘position). If the rack is not pressed
against the stopper, for any of the cylinders, adjust the
.ﬁght and left links to eliminate any looseness and lock
the links. .
Note: The adjustment must be made with all unit injector
tacks pressed against the rack stoppers.
{The links move to the no-injection position due to .
their own weight.) Control fevers (R. H.)

. Adjustment of fuel control link (3}
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(3) Make sure that the angle formed by the governor lever
of the hydraulic governor and the link is 125° (in
contact with the stopper).

{4) Make sure that the angle formed by the actuator lever
of the electronic governor and the link is 110° (in
contact with the stopper).

- . Adjustment of fuel control link (4) (DYNARB200}
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{(5) Move the linkage by hand to make sure it moves
smoothly. _
{Hook a spring scale in the hole linked to the govemnor,
and measure the operating load.)

Unit N (kgf) [Ibf]
| 19.6 (2.0} [14.46] or less

1 Operating load

Cancel lever o Cancel lever B
(\5%9 Operating load
A" 19.6 N (2.0 kgf) [14.46 Ibf]

ot less

Operating foad
19.6 W (2.0 kgf) [14.46 1bf]
1

. Adjustment of fuel control link (5)
. - -(DYNAB200, SG4030)
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REMOVAL OF LUBRICATION SYSTEM

‘Qil Filters, Oil Bypass Filters and Breather

1.

Removal of oil filter, oil bypass filter and breather
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REMOVAL OF LUBRICATION SYSTEM

2. Oil Pipes (Part 1)

L

Timing gear case

Replace O-ring

Removal of oil pipes (1)

< Removal sequence > ’
(D Oil pipe (&) Connector @ Oil pipe (3 Strainer stay

| @ Connector (€ Oil pipe (% Connactor (% Oil strainer’
(D Relief valve assembly (7) Connector D Connector (% Oil pan (weight: approx. 70 kg [Ib.])
(® Connector Stay (? Packing @@ Oil pump (weight: approx. 33 kg [ib.])




REMOVAL OF LUBRICATION SYSTEM

3. Qil Pipes (Part 2)

Fan drive bracket

Idler shaft @ |
@ @\}Q’

. [Replace sealing washersl' '

T Front gear case

Removal of oil pipe (2)
(@ Flexible pipe

< Removal sequence >

(® Oil pipe (&) Drain pipe

(@ 0Oil pipe ' (® Drain pipe - _ (D Flexible pipe
@ Drain pipe @ Oil pipe D Oil pipe

(@ Drain pipe . : Fan pipe




REMOVAL OF LUBRICATION SYSTEM

4. Oil Cooler
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Removal of oil cooler.

S

" @) Oil cooler -

<Removal sequence>

(D Bolt




REMOVAL OF LUBRICATION SYSTEM




DISASSEMBLY, INSPECTION AND REASSEMBLY
OF LUBRICATION SYSTEM

1. Oil PumpandSafetyValve W n e n e e aaaasaeae et e e et 4-8
1.1 Disassembly and Inspection of Qil Pump and Safety Valve - ---- - veeermmvaaiiiaan, 4-8
1.2 Inspection of Oil Pump and Safety Valve - --ocrerarrrrrrarrmmrs e oo 4-9
1.3 Reassembly of Oil Pump and Safety Valve ««--------mroerearermeion e 4 -10

2. Relief Valve ...... T IR b
2.1 Disassembly and Inspection of Relief Valve - <+« - - R LR EEERETEP R PR LR PR 4 -1
2.2 Inspection of Relief Valve - -+« v x crrermraai i i 4 -11
2.3 Reassembly of Relief Valve -+ - --coerrmeeaee. T 4 -11

3. OQil Cooler e e r i aaaear e S e e e eiae e e aaan 4 -12
3.1 Disaséeml:_:ly and Inspection of Ol Cogler -+« - xrr s rrrmaae i 4-12
3.2  Inspection Of__QiI Cooler - -+« - [EREEETREEEE et eEEa e e caaae it 4-12
33 Reassemblyof -Q“ OO “+ ++ v n v v o e taeaa e e 4-12

4. Qil Filters, Oil Bypass Filter and Oil Filter Alarm - - -+ ----r-rreercrvreann. 4-13 -
4.1 Diéassembly and Inspection of Oil Filters, Qil Bypass Filter and Oil Filter Alarm <+« +-- 4 -13
4.2 ;_;lnls_;pe;:tion of Oil Fitters, Oil Bypass Filter and. Oil Filter Alarm -+« xxxvreene EERERY oo 413
43 Reassembly of.Qi.I Filiers, ol Bypass Filter and Qil Filter Alarm - coccrre e 4-14




DISASSEMBLY, INSPECTION AND REASSEMBLY OF LUBRICATION SYSTEM

1. Qil Pump and Safety Valve
1.1 Disassembly and Inspection of Oil Pump and Safety Valve

o

Damage, wear

- S

L)

@

2 .

|Fatigue, breakage, wmr|

Disassembly and inspection of oil pump and safety valve

< Disassembly sequence >
(D Driving gear
(@ Pump cover

- Shim -
-(8) Spring
(@ Safety valve

@ Drive gear
@ Driven gear (9- Qil pump case
(8 Bushing . (D Shim_

(® Safety plug

Cracks, damage

I
|
® Tightening torque
~ @/59&5.9 N'm
‘] ) (60.6 kgf*m) [43+4.4 Ibf-fi]

Wear
{safety valve seat, sliding surface)




DISASSEMBLY, INSPECTION AND REASSEMBLY OF LUBRICATION SYSTEM

1.2 Inspection of Oil Pump and Safety Valve

{1) Inspection of gear backlash
(a) Inspect the drive gear and driven gear backlash.
(b) If the limit is exceeded, replace the gears.

Unit mm [in.]

Standard Limit

Drive gear and driven gear | 27.983 to 28.053 27.93
backlash [1.1025 to 1.1054] {[1.1004

' —— Standard Limit
- Gear end side 0.095 to 0.155 0.29
clearance in case . [0.004 to 0.006] [0.0114]

(2) Measurement of clearance between gears and case
(a) Using feeler gages, measure the clearance
between drive ot driven gears and case
(b) If the limit is exceeded, replace the gears or body.

" Unit mm [in.]
Standard Limit
Clearance between 0.095 to 0.140

Tip clearance

drive or driven [0.004 t0 0.006] | 0.190 [0.007]
gears and case

{3) Measurement of side clearance of gears in case
(a) Using dial gage; measure the clearance of gears in
case.
{b) If the limit is exceeded, replace the gears or case.
: Unit. mm [in.]

Measurement of clearance between drive or driven
gears and case

(4) ‘Measurement of drive and driven gear shaft diameters
_ and bushing inside diameter

" . (a). Inspect the gear teeth. If abnormalmes are found N

replace the defective gear. :
(b} Measure the gear shaft and bushing diameters.
T {cY If. the limit is exceeded, replace with new parts.

Unit mm {in.]
Nominal Standard Limit
value
. . 39986 10
gﬁ";’:sﬁdﬁd’“’e“ 40.000 39.930
diameter [1.575 to {1.5731
$40 1.576]
[1.576] 40.040 to
Bushing inside 40.059 40¢.140
diameter [1.577 to [1.582]
- 1.578] )

Mceasurement of side clearance of drive and driven
gears in case




DISASSEMBLY, INSPECTION AND REASSEMBLY OF LUBRICATION SYSTEM

(5) Inspection of safety valve Shim
(a} Check the following locations. If abnormalities
are found, replace.

«Excessive wear of seat ] %) NT YV )
+Excessive fatigue and breakage of valve spring . ’ P f > |
(b) If valve springs in the oil pump safety valve for 1 U} j[

fatigue. If ‘excessive fatigue, wear or damage is
observed, replace the springs.

==

(c) Measure the safety valve opening pressure. If the Safety plug * -
measured value is not within the standard range, - . Tightening torque
adjust the pressure by inserting shims between the " 19620 N-m (2042 kgf-m)
spring and plug. [144:£15 Ibf i)
A shim with a thickness of 1 mm [0.04 in.] results o Inspection of safety valve

in a pressure difference of approximately 0.10
MPa (1 kgfiem?) [14.2 psil.

Standard Limit Remedy
. . 1.4+0.1 MPa Change in oil
Safety valve (141 kgficm®) _ pressure is
Of:;;ﬁ'rge [199.15+14.23 "~ {004 MPa (04
p psi] : | kgfiem?) [5.8
_ 73.4 [2.89)/ . si] witha
Safety valve 971469 N (8?3(;‘1?[ 0 ?0‘3, 2 mm
spring set (99047 k Lkg i
0 f) {0.08 in.)
length/load | 5184516 1b) | (5711 | " shim.

1.3 Reassembly of Oil'Pump and Safety Valve

——

1 @ 341074 N'm
(3.5 t0 7.5 kgfm)
[25 to 54 IbfR)

—

i

= I -° =g
J_.) 196+20 N-m
/ (20£2 kpf-m)
QI_|_ [144x£15 1bfi)
() - 5
Reassembly of oil pump and safety valve
Note: During reassembly, apply engine oil to each part of <Reassembly sequence>

components. @—~0—~0—~—6—@—6-—@~D~D

4-10




DISASSEMBLY, INSPECTION AND REASSEMBLY OF LUBRICATION SYSTEM

{. - -[0:08.in.] thickness of shim

2. Relief Valve

2.1 Disassembly and Inspection of Relief Valve

Replace O-rings |

Disassembly and inspection of relief valve -

< Disassembly sequence > :
(@ Plug and O-ring 3 Relicf valve & Case
@ Spring @ ‘Sleeve

2.2 Inspection of Relief Valve

(1} Measurement of relief valve pressure
(a) Remove the taper plug, and set a pressure gage.
(b) Conduct a warm-up operation untii the oil
temperature reaches 70 to 90 °C [158 to _194 °F].
{c). Measure the oil pressure at idling and at

maximum speed. )
Standard
Valve opening 0.58£0.05 MPa (5.9+0.5 kgficm?)
pressire [83.93+£7.12 psij.

(d) If the measured oil pressure is lower than the .
standard, adjust by inserting washers between the
spring and valve.

Unit MPa (kgf/cm?) [psi] Measurement of relief valve pressure

Pressure difference every 2 mm 0.04 (0.4) [5:8]

2.3 Reassembly of Relief Valve

<Reassembly sequence>

G—-@—Q@-@>D

Shim for
pressure adjustment

Reassembly of relief valve




DISASSEMBLY, INSPECTION AND REASSEMBLY OF LUBRICATION SYSTEM

3. Oil Cooler

3.1 Disassembly and Inspection of Qil Cooler .

Replace O-ring

24.5+5 N'm (2.5%0.5 kgfim) [18+3.7 Ibf-fi]

39.2+5 N-m (4.0+0.5 kgf'm)
[2943.7 Ibf 1)

.| Replace packing
Replace O-rings

Replace O-rings

&)
Disassembly and inspection of oil cooler .

<Disassembly sequence> . .
@ Pipe {3} Bypass valve ® Element
@ Plug - @ Cover e

3.2 Inspection of Oil Cooler
(1) Test the “oil passages of the elemc_nt'with'spéciﬁed
-~ pressure to check for damage and cracks—in the
element, . .
1M thete is any leakage, réplace the clement.
' ' 1.47-MPa (15 kgffem®)
1213 psi]

Compressed air pressure

- {2)  Check the bypass valve opening pressure, if it cxceeds
the standard, replace.

] Standaid
Bypass valve
opening pressure 0.4440.05 MPa (4.5+0.5 kgticm®)
(differential [63.82+7.12 psi}
pressure)

3.3 Reassembly of Gil Coaler
To reassemble, follow the disassembly sequence in reverse.

4.12




DISASSEMBLY, INSPECTION AND REASSEMBLY OF LUBRICATION SYSTEM

4. Oil Filters, Qil Bypass Filter and Oi! Filter Alarm
Lo 4.1 Disassembly and Inspection of Qil Filters, Qil Bypass Filters and Oil Filter Alarm

Replace O-ring
Cracks, defomation g
D - -

-4 [R.epla.ce sealing washer |

Replace O-rings

Cracks, defomation|

When installing, caot the packing with
engine oil, then screw until it contacts
the seal surface of the brancket, and
further rotate 3/4 to 1 tum by hand.

Clogged, cracks,
replace every 230 service hours

Clogged, cracks,

. Remove using oil filter wrench
replace every 250 service hours :

Oil filter wrench

‘ Disassembly and’inspection of oil filters, oil bypass filter and oil filter alarm
<Disassembly sequence>

! .
\ @ 0l filter element @ Oil filter bracket (® Bypass filter bracket
\ @ oil filter alarm @) Bypass filter clement & Spacer
| :
‘ * . Name of basic tool ) Part No:
I Oil filter wrench 3259122100

4.2 Inspection of Oil Filters, Qil Bypass Filters and
' ~ Qil Filter Atarm .
{1} When replacing the oil filter; sample the oil (500 cm’
" [30.5 cu. in]) and check for metal and other particles.
. . If metal or other particles are found, cut and unfold
the element, and check the color and shape of metal
particles trapped in the element to identify the cause,

Inspection of oil filter




DISASSEMBELY, INSPECTION AND REASSEMBLY OF LUBRICATION SYSTEM

(2)

Inspection of oil filter alarm
(a) Use a tester to check the alarm for insulation and

continuity, If the alarm is found to be defective,
disassemble and repair.
If the bakelite or rubber insulations are
deteriorated or damaged, replace the alarm.

(b} Inspect the pressure when electricity is turned on.

Standard

Oil filter alarm (bypass) lamp 0.15%" MPa
lighting pressure . (L5 keflem?)
(differential pressure) [21.3%7 psi]

- Shim Q

{¢) If the filter alarm lamp lighting pressure exceeds
the standard, adjust by inserting shims.

Pressure difference every 1 mm (.007 MPa (0.07

[0.04 in.] thickness of shim kgficm?®) [1.00 psi]

43 Reassembly of Oil Fitters, Oil Bypass-Filter and Oil Filte Alarm

(1)
(2)

(3)
(4)

A CAUTION

After reassembly, start the engine and check for- oil
leaks.

To reassemble, follow the disassembly sequence in

reverse.
Install new packings and O-rings in reassembly.
Thoroughly wash the oil passages in the oil filter

brackets and other parts with cleaner, and clean w1th

compressed air before reassembly.

Mount the bracket before installing the oil filter

element.
Before installing the cartridge, clean the mountmg

surface of the cartridge, coat the gasket with clean

fuel oil. Screw in the cartridge until the gasket
contacts the seal surface, then further rotate 3/4 to 1

turn by hand. (Do not use a filter wrench for’

installation.. Do not use a filter that has dents or

scratches, since damaged fi Iter can bre:ak durmg- :

engine operation.)

Inspection of oil filter alarm




INSTALLATION OF LUBRICATION SYSTEM

1. O GO0 Er * =t v r e s e 4-16

2_ Oil Pipes (Part 1) ...................................................... .. 4 - 17
3_ Oil Pipes (Part 2) ..................................... ‘. .: ................ 4 - 18

4. Oil Filters, Oil Bypass Filter and Breather - - - - - EEEE PR R PP PR 4-19
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. Installation: of oil cooler

INSTALLATION OF LUBRICATION SYSTEM
Qil Cooler
:\

< Installation sequence >~

@-0

1.

4 -16



. INSTALLATION OF LUBRICATION SYSTEM

' 2. Oil Pipes (Part 1)

| i [ Tightening torque
B Tightening torque I\ 59+3.0 Nm
5923.0 Nem FoaN (5.940.30 kgfrm)

?f (5.9+0.30 kgfm) f:;/_@-é‘:\\\_ \~\ {42.742.2 Ibf ft}

Kl ooty
| 42. Zﬂ_ 2 1bf i) ,\l?j' \Q\‘\ A ?il\- | "~
' TEETS SNHEETY TN
- SRRy 4 .:;_ i
ST —(‘%(\v\\\“’ s
B L8
P
o) Sy -
s %.: =, \E@j s Tightening torque/&
SRR \‘1} 59+3.0 N'm
/l(\\\\ + i 1/ (5.940.30 kgf'm)
\&\ \n g [42.742.2 Ibfft]
= ol
| -
] o
N g .
. o
@ Tightening torque 5943.0 N-m
(5.9£0.30 kgfm) [42.7+2.2 Ibffi] AW
Crankcase @
Crankcase

Front gear case

Installation of oil pipes (part 1)
< Installation sequence >

| o-@—-0-8-0—-E—-0-+-0-0-0-0




INSTALLATION OF LUBRICATION SYSTEM

3. Oil Pipes (Part 2)

Tightening torque
59g=l=59N§n 4

(£200 kptm)

Tim'in_g gear caseln

* Ti hteninﬁ torque
404 kot
(3520 2ty -

Installation of 0il pipes (part 2)
< Installation sequence >

Q-0—-0-0-—-0—-0-0-@--0-0




INSTALLATION OF LUBRICATION SYSTEM

4. OQil Filters, Qil Bypass Filters and Breather

filters, oil bypass filter and breather

Installation of oil

B DB @ Bs D s O @@ BB D

<Installation sequence>

4-19
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REMOVAL OF COOLING SYSTEM

1. Fan and Fan Drive ........................................................ 5 - 2
2_ Water pump and Thermostat ............................................... 5 - 3
3. Air Cooler Pipes -~ - -~ 7'. .................................................... 5-4

4. Right and Left Side Air Cooler (Left Side)- -« -- ERRTEE O LR ETRPPPRY 5-5




REMOVAL OF COOLING SYSTEM

1.

Fan and Fan Drive

Removal of fan-and fan drive

< R.emo'val sequence > : o
(D Fan-drive V-belt ' (3 Spacer’ "

(2 Fan (weight: approx. 82 kg {181 1b:]) (@& Fan pulley assembly and bracket (weight : approx. 45 kg [99.21 Ib.])

Untighten the push bolt

=-— - —_ _ __ and remove the fan bolt

_—

Untighten the bolt to

Il . be able to move up and

down until the bracket
is removed




REMOVAL OF COOLING SYSTEM

Replace O-ring

< Removal sequence >
(¥ Air cooler pipe (L. H.)
(@ Air cooler pipe

(3 Air cooler pipe (R. H.}
(@) Air cooler pipe

(8 Bypass pipe (L. H.)
(® Bypass pipe (R. H)
(Z) Bypass pipe (R. H.)

Water Pufnp and Thermostat

Air.cooler (L.H)

o
el

Remaoval of water pump and thermostat

Thermostat assembly

(@ Thermostat assembly

{0 Water pump (weight: approx. 39 kg [85.98 Ib.])
{1 Water pipe

@2 Qutlet water pipe (L. H.)

43 Qutlet water pipe (R. H.)

{9 Stay - '




REMOVAL OF COOLING SYSTEM

3. Air Cooler Pipes

Air cooler (R.H)
' Replace O-ring

{ Replace O-rings ﬂ -
(Ve

Timing gear case

Replace O-ring

Air cooler (L.H) %

Removal of air cooler
< Removal sequence > )
(1) Air cooler pipe (L. H.) ] (3) Air cooler pipe (L. H.)
@ Air cooler pipe (R. H.} @ Air cooler pipe (R. H.)




REMOVAL OF COOLING SYSTEM

4. Right and Left Side Air Cooler (l.eft Side)

(Follow the same inspection procedure as that for the right side units.)

Front

Cylinder head

Removal of air cooler

< Removal sequence > ) :
@ Joint 3 Gasket _ . . {8 Connector

@ Inlet duct (@ Drain pipe (& Air cooler (L. H.) (weight: approx. 71 kg [156.5 1b.})

(@ Packing




REMOVAL OF COOLING SYSTEM




DISASSEMBLY, INSPECTION AND REASSEIVIBLY
OF COOLING SYSTEM

1. FEAM DIVE =+ = v+ s e tmrr e eannenmsstanae et iat o 5.8
1.1 Disassembly and Inspection of Fan Drive ------ror-rrerrmerrmsrsrvnmrceie e 5-8
1.2 INSPECHION Of Fan DFive =~ -+ xxrxrrrrssssrrasssssnoccennn B P ERERTEPE 5.9
1.3 Reassembly of Fan Drive --------- R R e e et 5-10
2. Water PUMP -+ <t - csrrrrreer s, e e 5 -11
2.1 Disassembly and Inspection of Water Pump -« - ----r----- PRI, 5-11
| 2.2 Inspection of Water PUmp - --««----sereseerenns LR R R ERERRERREEEEE 5-13
| 23 Roassembly of Water PUMp < <+« ««« e emmsammsmint ettt 514
3. Right and Left Side Air Cooler (Left Side)-« <« -t orrrerreerererrerereneaece.. 5-17
3.1 Disassembly and Inspection of Air Cooler (Left Side): -« c-xcmrrrrrrarerereens R 5-17
3.2 Reassembly of Air Cooter-(Left Side) «=-r=r-rrrrrrerrrmrsr i 517
3.3 Inspection of Air Cooler (Left Side) -+~ P ERTRTRIPREPRPER SRR e 5-18
4. TREIMMOSHAL* =+ = s = v v s s e ms s iaatenas ettt aesetatannararsaanns 5-19
. 41 Disassembly and Inspection of TRermostat -« - =« - - errrrar oo 5-19
4.2 |ns'pecﬁon of Thermostat------- RERE .. ....... e e w e ea e ana s [P v e mm e 5 _19
| 5. Radiator -=+--«--- e i e et cmeantecsedaeaet et ei e s reereans 5_,20
! Inspection of RAAtor « =« + s« s« r e 520




DISASSEMBLY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

1. Fan Drive
1.1 Disassembly and Inspection of Fan Drive

l Rotation

Disassembly and inspection of fan drive

< Disassembly sequence > S
. Bracket

(D Adjust bolt and nut : L ) ket
@ Fan T o T T @) Ol seal
(@ Fan spacer | -~ .40 Shap ring
(@) Cap nut : . a S 1) Shaft

(8 Fan pulley ' . {2 Ball bearing
® Sleeve : 3 Spacer

7 Vobelt (9 Ball bearing




DISASSEMELY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

1.2 Inspection of Fan Drive

{1) Measure the diameter of bearing fitting sections of the
shaft and case. .

(2) If they are damaged or worn excessively, replace the
bearing and shaft or case.

Unit mm [in.]

Nominal | g\ dard
value
109.987 to
$110 110.022
[ [4.33] [4.3335 10 ]
‘ . 4.3349]
: Case bearing bor.e diameter 119.987 to
¢120 120.022
[4.72] [4.7238% 10
4.72527]
119.985 to
Qutside $120 120.000
diameter [4.72] [4.72382 to
Large 4.72441)
, 44.938 to
. Bore G45 45.000
‘ diameter [1.77} [1.7725to
. 1.773]
Bearing 109.985 to
Outside o110 110.000
diameter [4.33] [4.33012 to
Semall 4.33071] . _
49988 to S 5 Lo
Bore 950 50.000 o
diameter | [1.97] [1.9694 to ‘ ) co .
1.970] . : :
45.002 to
$45 45.013
‘ : [1.77] [1.7731 1o
Shaft bearing journal 1.7735]
diameter .
I ‘ - T 50.002 10
i $50 . | . 50.013 .
[1.97] [1.9701 to
1.9705]




DISASSEMBLY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

1.3 Reassembly of Fan Drive

@—_|

——————————

T
— b - ,
@Junu;—#I - - 2 K
Tightening torque E )
392439 N'm F{ . @] @1l
(40+4.0 kgfm) T —F—_ -
[289429 Ibf-f]
@ L_

)

itk

Reasscmbly of fan drive

< Reassembly sequence >

e U @a@*@—@—»@

5-10
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DISASSEMBLY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

2. Water Pump
2.1 Disassembly and Inspection of Water Pump

Waorm lip,
deterioration
|
\
) Disassembly and inspection of water pump
< Disassembly sequence > . S
(D Snap ring @ O-ring @3 Unit seal
& Cover Water pump gear . - {3 Oil'seal
@ O-ring (@} Bearing - 45 Snap ring
&) Water pump impeller (% Snap ring 48 Bearing . .
{(®) Nut : @D Water pump shafi (7. Pump case (weight: approx. 28 kg [61.7 1b.])
. ® oil seal sleeve @@ Ring . . L @"O-ging ' L Do S

{1) Inspection of pump mounted on engine .
‘ ' With fingers, touch the drain port located on the
bottom surface of the pump case near the center.
I it is wet with water, the unit seal is defective.
if it is wet with oil, the oil seal is defective.

Inspection of pump mounted on engine




DISASSEMBLY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

{2} Removal of impeller
{a) Using the water pump pliers, remove the snap
ring that holds the cover in position, then
dismount the cover.
Name of special tool Part No.
Water pump pliers ' 37591-03100

(b) Using the impeller remover, pull out the impeller.
Name of special tool Part MNo.
Lmpeller remover 37591-03200

(3 Removal of water pump gear
(a) Remove the oil seal sleeve.
"{b) Using the gear puller, remove the gear and ball
.bearing together. ’
(c)’ Remove the snap ring from the impeller-side ball
bearing. '

(d) Insert the two half ring picces of the ring remover
between the unit seal and pump case, as shown in

the diagram.
Name of special tool Part No,
Ring remover 37591-03400

{€) 'Fit the outer ring on the outside, making sure that
the half ring picces will not be dislodged.

(f) While-holding the pump case, press the impeller
end face with a hand-operated press in the

direction of the arrow indicated in the diagram to -

remove the gear.

Removal of water pump cover

ZZ //
E]]Im@nmmun _ 4

Remover plate _j/ Impeiler
Jack bolt E;zz _]

Ly Shaft

=

-
Lo

Removal of water pump impeller

Removai of water pump gear

Quter ring

& Press

Ring ——— Ring

VI

N\ EE\\

Removal of water pump shaft




DISASSEMBLY, INSPECTION AND REASSEMBLY OF COCLING SYSTEM

2.2 Inspection of Water Pump
Measure the bearing fitting sections of the water
pump case, bearing cover and shaft. If they are
damaged or worn excessively, replace the bearing and

case or shaft.
: Unit mm [in.]
Nominal Standard
value
119.987 to
Bearing bore diameter of $120 - 120.022
pumnp case [4.72] [4.72389 to
4.72527]
. 110.005 to
Bearing bore diameter of o110 116.040
cover [4.33] [4.33090 t0
: 4.33227]
119.985 to
| Outside 9120 120.000
diameter | [4.72] | [4.7238210
Large 472441}
54985 to
Bore $55 55.000
| diameter [2.17] [2.16476 to
Bearing - : 2.16535]
T 109.985 to
Outside $110 110.000
diameter {4.33] [4.33012 to0
' C - ' 4.33071]
Small [ 49.988 10
~Bore’ . |- ¢50 .} - 50.000
didmeter . | {1.97] | [1.96803 to
' - 1.96850]
55.01F to
955 55.024
. [2.17] [2.16578 to
Shaft bearing journal ) T 2.16629]:
diameter . 55.011 to
930 . 50,024
11.97] | [2.16578 to
T 2.16629]
R '1—'04" "0.58t0°1.50
Vane front face clearance [0 0 41] {0.023 to
: ) - 0:059]

5-13



DISASSEMBLY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

2.3 Reassembly of Water Pump

/__—ﬁ\h

[/

o~

392420 N'm
(40:£2.0 kgfm)
[289+:14.75 1bft]

11T

Apply sealant (ThreeBond
1102} to unit seal outer
cylinder

< Reassembly sequence >

Coat engine oil
to oil seal lip

Apply anti-freeze to floating
parts (2 locations) before =
installing unit seal floating
seattoring .. - -

Reassembly of watér pump

O @-Bp @O0~ B-0-F-0-D>B .

—49—

/N CAUTION

Install new Q-rings,

reassembly.

oil seals and unit seals in




DISASSEMBLY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

L (1) Using unit seal installer, press-fit the oil seal. Be sure
: to coat the oil seal lip with engine oil.

Apply engine oil

Installation of oil seal

{2} Using the unit seaf installer, press-fit the unit seal into
thc pump case. Unit seal installer
Note: When the unit seal has been removed from the
: pump case, be sure install a new unit seal.
= T v, S
L

Coat the periphery of the unit seal with sealant
{ThrezBond 1102) before installation.
Name of special tool Part No.
- - Unit seal installer- 37591-03400

Apply sealant

T . Installation of unit seal

(3) -Osiﬁg a:];ress, instalf the pump shaft mounted with the
. mmpeller-side ball bearing to the case. . @ :

: Instal] the snap ring with the gap facing downward. . (ﬁ"

. . . - T Pump shaft @
| S . ‘ g /mountcd with ‘i ”'éi‘-J‘

T oo _ ball bearing (R4S

2

Snap ring
with gap

Instatlation of ball bearing

(4) Using a press and the ring installer, gently install the .
unit seal ring mounted with the unit seal floating seat Shaft Floating seat
to the specified dimension.

Note:  Apply LLC solution (anti-freeze) to two locations

on the float seat before installation.
Name of special tool - Part No.
Ring installer 37791-03300

80+0.15 mm l Unit seal ring

; I [3.15:£0.00591 in.] |

Assembly of unit-seal ring




DISASSEMBLY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

(5) Install the gear 1o the shaft by aligning the key, then
use a press to insert the nut-side ball bearing.

(6) Using a press. press-fit the impeller. Make sure the
boss end surface of the impeller is ﬂush with the
pump shaft end face.

(7 After the water pump assémbly is installed, inount the’

alternator pulley on the rear end of the pump shaft,
“and tighten the nut to the specrﬁcd torque.

k.18

N Insert

=

Installation of ball bearing

[mpeller

Shaft

&

|

=

=\

Installation of water pump impeller

T

192420 N'm
(4022.0 kgfm) U

| 389.32414. 47 lbf n]

lnstallalmn of alternator pulley




| DISASSEMBLY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

P 3. Right and Left Side Air Cooler (Left Side)
. (Follow the same inspection procedure as that for the right side units.)
‘ 3.1 Disassembiy and Inspection of Air Cooler {Left Side) '

ol

ISeal abnormality, flaking (both sidcs)]D

Disassembly and inspection of air cooler (left side)

< Disassembly sequence > cee
(1) Air cooler cover (& Inket manifold
(&) Connector ' (&) Comnector

N6 Flange . i @ Cover

@ Air cooler element o '

' ‘ 32 Reassembly of Air Cooler (Left Side)
To reassembly, follow the disassembly sequence in
‘ reverse.

5-17




DISASSEMBLY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

3.3 Inspection of Air Cooler
(1) Cleaning air cooler )
(a) Blow compressed air in the direction opposite to
the normal air flow to remove dust and other
materials, and inspect the air cooler for corrosion
and cracks.

0.29 t0 0.49 MPa
Compressed air pressure (3 to 5 kgficm®)
[42.06 to 71.07 psi] or less

{b) Wash the fresh water or salt water pipes caustic
soda in water or soda lime, then remove scale
deposits.

& CAUTION : - Cleaning air cooler

Protect your hands with rubber gloves when handling
caustic soda or soda lime.

{2) Inspection of air cooler for leakage
-Immerse the air cooler in a tank filled with water, and
supply compressed air to the air cooler to check for
air leaks.

. : 0.39 MPa (4 kgf/em?)
Compressed air pressure (5656 psi]

d A CAUTION

Note that the_structure and material of the air cooler for
fresh water are different from those for sea water.

Inspection of air cooler for leakage




DISASSEMBLY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

4. Thermostat
! 4.1 Disassembly and Inspection of Thermostat

,- .

Disassembly and inspection of thermostat

< Disassembly sequence >
O Case cover (3) Thermostat
@ Packing (@) Thermostat case

4.2 Inspection of Thermostat

(1) Testing thermostat operation _
. " (a) Immerse the thermostat in a container filled with
| water. o
: (b) Heat the water, while measuring the water
| temperature. Record the temperature at which the
valve opens and the temperature at which the
valve lift becomes 10 mm [0.394 in.] or more.
Cl {c) If the temperatures are not within the standard
range, replace the thermostat.
Unit C°[F?]

| ; Standard -
o Vil ] T Inspection of water theljmostgt .
. alve ope.mng temperature [159.8435.6] .
- | Temperature at which valve liftis 10 | -~ 85 .
. mm {0.394 in.] or more ' [185]
' N CAUTION 10
s  Stir the water in the container with bar to ensure (0394 in]
uniform temperature distribution.
«  When installing the thermostat, be sure to check the
valve opening temperature stamped on the &
thermostat valve end face. é
" Tempareture | 85°C [185 °F]
71£2°C [159.8+35.6 'F]
Temperature at which
. valve starts opening
[

I - ' Thermostat performance curve




DISASSEMELY, INSPECTION AND REASSEMBLY OF COOLING SYSTEM

5. Radiator
Inspection of Radiator

Fins dirty, scale orrust” . |-
-collected in water passage

Inspection of radiator




INSTALLATION OF COOLING SYSTEM

1. Right and Left Side Air Cooler (Left Side)------- D R TETETrS 5-22
2 Air Cooler Pipes .................................................... X ‘. - 5.22
3. Water Pump and Thermostat == ----c-rrreermmrmmsrmrrecrernscmracncneec 5-23

'4- FanandFanDrive-.----.....: .............. R I R A R R Y R R 5_24




INSTALLATION OF COOLING SYSTEM

1. Right and Left Side Air Cooler (Left Side)

(Follow the same inspection procedure as that for the right side units.)

- C@@é@

Turbocharger

Front
Cylinder head
. ;
@ g
.—/ ' '
~
‘ [-4

- Inétaﬂaﬁori p'\f right and 1sft air cooler (left side) -
< Installation sequence > ‘ S .

D—®O-E—@—@-@—D -

2. Air Cooler Pipes. -

Air cooler (RH)

@ R
Air cooler (L.H) %a

Installation of air cooler pipes

< Installation sequence >

@—@—-@-®

5-22




INSTALLATION OF COOLING SYSTEM

3. Water Pump and Thermostat

! Air cooler (R.H)
1 @" 0’ a

L4

) = .o;:'
S
Tightening torque +' I
108+10.8 N-m el
(11£1.1 kgf'm) ’ - S S
[80+8 IbIR] .. o oo T L e s

x . Installation of water pump and thermostat
< Installation sequence >

BB @O~ 0->@-@~DO-E~@—DD~D




e

INSTALLATION OF COOLING SYSTEM

4. Fan a_nd‘ Fan Drive

Tightening corque
392439 N'm
(40+4.0 kgf-m)
[289+28.8 IbFQt]

Move the push bolt up and down
and adjust the fan belt.

I/ Untighten the bolt so that the

I/ bracket can move up and down
- f{ until the fan belt adjustment

Tightening torque 55 is finished.

33+1.8 N'm-

{3.4+0.2 kgf'm)

[24+1:33 1df R]

Installation of fan and fan drive

<ly[nstalla't'ion sequence >

@B D—®




"REMOVAL OF INLET AND EXHAUST SYSTEMS

1. Turbocharger and Exhaust Pipes - ----rrerrrrmrsrrrerrorrrrecresnncnee 6-2
2. Exhaust Manifolds and Insulatorg == ------v-ercoreeremenc-s S 6-3
B A PIDES =+ # vt vttt e 6-3
4. AT HEALEr - - v = v oo reernrrnaesasinnananeeseteeeoneeestaeananaaaanannnnonn 6-4




REMOWVAL OF INLET AND EXHAUST SYSTEMS

1. Turbocharger and Exhaust Pipes

< Removal sequence >
(1) Bolt and nut
{Z) Spacer
(D Turbacharger
@ Gasket

- Removal of mrbochai'gcr-and c.xhau_st pipes )

(5) Heat insulator
® Joint

(@) Seal outer ring
Seal inner ring

(@ Bolt and nut
{0 Exhaust pipe
{7 Bolt and nut
{2 Bracket




REMOVAL OF INLET AND EXHAUST SYSTEMS

Removal of exhaust manifolds and insulators

< Removal sequence >

@ Insulator (A) - ' (3 Coupling assembly &) Exhauét manifold
@ Insulator (B) @ Flexible joint (® Exhaust manifold

3. AirPipes

Replace packing

Removal of air pipes

< Removal sequence >
(1 Coupling @ Air pipe (L. H.) (&) Pipe stay (L. H.)
@ Bolt and nut @ Air pipe (R. H)) (® Pipe stay (R. H.)




REMOVAL OF INLET AND EXHAUST SYSTEMS

4. Air Heater

NN T
\ ,/6/,/ \ ﬂ,f
A -y . ¢
N MWWM/ S
Vvl
@/ﬁm\ g X
N
Nl E
..r.ﬁ; @.\m\m

Removal of air heater

< Removal sequence >

(T Bolt

@) Air heater

@ Insulator




DISASSEMBLY, INSPECTION AND REASSEMBLY
OF INLET AND EXHAUST SYSTEMS

1. Air C‘eaner .............................................................. 6 _ 6

1.1 Disassembly and INSpection of Air Cle@n@r =<« « <« -« «x st rrars e, -6

1.2 ReasSEmMbly Of Aif CIBEINEE <+ -« <<« s e e s rsrmmta e et ettt ettt 6-6

2 Exhaust Manifolds v« trrrreremrorcmaaae e ia ettt iaaa e 6-7

. 2.1 Disassembly and Inspection of Exhaust Manifolds - - R ERERES B TP TP 6-7
! 2.2 Reassembly of Exhaust Manifoldg - -+« -+ " e T 6-7
| ) B_A:irHeater ................................. '..........................:,...6_8
' 3.1 Disassembly and Inspection of Air Heater «- -« -+ «or- s 6-8
. 3.2 INSPECHON OFf AiT HEALEr -~ =+ + v === - - assasresss s taa e et F TP 6-8
; 3.3 Reassembly of A HEAtEr = -+ xr e rrerr oo 6-9




DISASSEMBLY, INSPECTION AND REASSEMBLY OF INLET AND EXHAUST: SYSTEMS

1. Air Cleaner
1.1 Disassembly and Inspection of Air Cleaner

—

- Y S —
[Defgmation, damage | @Z @! " Iﬁj

Disassembly and inspection of air cleaner

@& Air cleaner body

< Disassembly sequéncg: > )
(1) Wing nut (3) Wing nut
2 Cover : (&) Flement (&) Dust indicator

/A CAUTION ‘

When removing the air cleaner, be sure to stop the
engine and cover the air inlet port completely. to prevent
dust and other particles from entering the engine. :

1.2 Reassembly of Air Cleaner-
To reassernb]:, follow :the ]’easéembly sequence in

reverse.




DISASSEMBLY, INSPECTION AND REASSEMBLY OF INLET AND EXHAUST SYSfEMS

2. Exhaust Manifolds
2.1 Disassembly and Inspection of Exhaust Manifolds

Replace gaskets Replace gasket

Repiace gaskets

LCracks, damage, deformatioEl

Replace gaskets I

[Eracks, damage, dcforrnation]

Disassembly and inspection of exhaust manifolds

< Disassembly sequence > .
(O Coupling assembly (3 Exhaust manifold
@ Flexible joint ' (3) Exhaust gasket

Note: (a) Position the gasket so that the folded section
faces the manifold, as shown in the diagram on
the right.

(b) When installing the gasket, replace all other
gaskets with new parts.

Manifolds side

29 mm [0.08 t*in.]

i i 1
v =
A

Section A-A

2.2 Reassembly of Exhaust Manifolds ' Instailation of exhaust manifold gasket

To reassemble, follow the disassembly sequence in
TCVErse.




DISASSEMBLY, INSPECTION AND REASSEMBLY OF INLET AND EXHAUST SYSTEMS

3. Air Heater
3.1 Disassembly and inspection of Air Heater

Replace packing

- Installation

Split, cracks

Replace O-ring

< Disgssémbly sequence >

(D Terminal cap - - (&) Washer
@ Flange nut @ U-put

(@ Shortplate - ' Wire

@ Nut - (@ Nut

(8 Spring washer {© Short plate

3.2 Inspection of Air Heater '

(1) Using an ammeter or inspection lamp, check to see if
an clectric current flows through the indicator, relay
switch and air heater when the starter switch is set to
the “HEAT” position. Also, check that the current flow
stops when the starter switch is moved to the “ON”
or “OFF" position.

(2) Move the starter switch to “HEAT”, and make sure
that the indictor glows in 50 to 60 seconds. If the
indicator does not glow, check the indicator and air
heater for short-circuit and open-circuit with a tester.

6-8

B -

Split, cracks

Disassembly and inspection of air heater

@ Washer - - - - (@ Insulator -

2 Insulator . () Washer
(3 O-ring o (% Heater
¥ Plate - . @9 Insulator
49 Bushing 20 Packing




DISASSEMBLY, INSPECTION AND REASSEMBLY OF INLET AND EXHAUST SYSTEMS

3.3 Reassembly of Air Heater

Tightening torque Tightening torque
24.5 N'm (2.5 kgfm) [18 lbfﬂ:]/ 11.8 N-m (1.2 kgfm) [8.7 1bf-f]

Tightening torque

' o i

T Tightening torque

. —H ~ 1.5 N-m (0.15 kgfm)
Installation ' {1.1 IbFR]

B = i

Reassembly of air heater

‘ : <Reassembly sequence> .
| @q@_,@4@9@_,@4@)4@4.%@%@4@@@_,@@@4@%@
| o-a-a] o




DISASSEMBLY, INSPECTION AND REASSEMBLY OF INLET AND EXHAUST SYSTEMS




INSTALLATION OF INLET AND EXHAUST

SYSTEMS
1. Air Heater---+-++-- R R R T R R R TR E PP PR 6-12
D, AIE PIPES + =+ v mm e e 6-12
3. Exhaust Manifoids and Insulators - =+ -=- - -2 - T R 6-13
4, Turbocharger and Exhaust Pipes AR T ARARREER R 6-14




INSTALLATION OF INLET AND EXHAUST SYSTEMS

1. Air Heater

e

 Installation of air heater .

< Installation sequence >

@-@—-®

2. Air Pipes

Thermostar /-
case assembly

Qﬂ\og__:——"\

g@%

ooler

- n “
Thermostat " ~.
case assembly

Installation of air pipes
" < Installation sequence >

©—->0-@-3—2-0




INSTALLATION OF INLET AND EXHAUST SYSTEMS

3. Exhaust Manifolds and Insulators

| Tightening torque
‘ 49 to 59 N'm
& (5 to 6 kgf'm) [36 to 43 Ibf fi]

Tightening torque
781088 Nm
(0.8 to 0.9 kgf'm)
[5.8 to 6.5 Ibfft]

Installation of exhaust manifolds and insulators

' < Installation sequence >

. ©—-6-@—>3-0—~0




INSTALLATION OF INLET AND EXHAUST SYSTEMS

4. Turbocharger and Exhaust Pipes

Installation of turbocharger and exhaust pipes

"< Installation sequence >

@D B @D OB —@ @O —D -




REMOVAL OF ELECTRICAL SYSTEM

1_ Starters .......... L ? - 2

2O Alternator « - cerrer e araaaes e esetaeanaat et At e ran 7-2




REMOVAL OF ELECTRICAL SYSTEM

1. Starters
Removal of starter-
< Removal sequence >
(1) Nut . (2) Starter

2. Alternator

Removal of alternator

< Removal sequence >

(D Beltcover & Bolt

) Belt cover ' @ Alternator

(3 Adjusting rod Alternator bracket

(@ Alternator. mounting bolt (@ Bracket ,
(&) V-belt . ’




DISASSEMBLY, INSPECTION AND REASSEMBLY
OF ELECTRICAL SYSTEM

1. Starters .................................................................. 7 . 4
1.t Disassembly and Inspectic;n of Starfers --- - e 7-4
1.2 Inspection and Repair of Startars «« - ==« s s rrerrriaarra it cr e 7-7
1.3 Reassembly e 1 T T R R 7 -10

2 AIBEINALOT = * # === s e s e m s et 7 -14
2.1 Disassembly and Inspection of Alternator - - <<« s rr-rresreree sttt e 7-14
22 Inspection and Repair Of AEINAatOr » - - c-mcr e it it a s 7 _.1 4

............................................................ 7 -16

2.3 Reassembly of Alternator




DISASSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

1. Starters _
1.1 Disassembly and Inspection of Starters

Brush build-up of dust, irregular wear,
brush movement in holder

Surface roughness, seizure,
- step wear, teeth wear and damage
[Rotation|

Disassembly and inspection of starter

< Disassembly sequence >

(D Safety switch (2 Center bracket

@ Magnetic switch assembly - _ Lever assembly

(3) Rear bracket . : — @ Front bracket

@ Brush holder assembly ‘ . - (D Pinion case .
® Yokeassembly = - P ‘(D Pinion clutch assembly

(8) Armature assembly




DISASSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

(1} After removing the safety switch, disconnect the lead
wire, then dismount the magnetic switch.

(2} Unscrew the through bolts and brush holder mounting
screws, then remove the rear brackel.

(3) -Remove the brushes from the brush holder assembly,
then remove the yoke.

{4} Pull out the armature assembly.

Removal of armature assembly



DISASSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

(5) Remove the center bracket.

(6) Remove the lever pin, the inner housing and the shift
lever from-the pinion case.

(7) Using. a jig, remove the pinion.stopper, then remove
the overrunning clutch from the binipn shaft.
Measure the bearing fitting section of the pinion shaft
If the measured value is not within the standard range,

replace the pinion shaft.

Nominal Standard Remarks
value
’ 30.002 -
Diameter : to 30.011
of rear '[?31,?3] -] [1.18118
side . . - to Replace
Pinion - | - ~1.18153] [- 70 o
shaft R 18900 | A0
‘Diameter ¢19 to 18.940
of front | [0.74409
side [0.748] . to
| 0.74567]

Note: For easier removal of bearing from the pinion shaft,

use a bearing puller as shown in the diagram.

Nominal } o dard | Limit Remarks
value . -
30.002
o | wo |93080 | 4o
i’ bearing | [1.18] to [0.00984] Clearance’
g 1.18153) between
2 18.900 | bearing
o4 d shaf
Pinion $19 t[%l;izog 922 e
[0.748] 0T | [0-00984]
0.74567]

Center bracket

Lever assembly mounting
bolt nat

Removal of lever assembly

Unit: mm [in.)

Pipe
u| 29
= Pinion shaft [0.54]
= . /Iy
]~ Overrunning clutch /] $19.1
£ Freasapy -
- Sl .
—Y -
Removal of everrunning clutch
Unit mm [in.]}
Push  .yis 40 20{0.787]
[0.197-1.57] ] l =7 [0.276]

L& 3

|
10[0.39} | ! §
I5E
~
e | &
“,l? “%
Support 5 1
[0.197] tap

E.-

ot

7-6

Pinion shaft bearing puller




DISASSEMBLY, INSPECTION AND REASSEMIBLY OF ELECTRICAL SYSTEM

! 1.2 Inspection and Repair of Starters

Magnetic switch

' (1) Testing magnetic switch coil

' (a} Using a tester, check the pressure coil and
holding coil for open-circuit. The coils are open-
circuited if there is no continuity between terminal
M and the case of the magnetic switch.
(Resistance: approx. 1.16 €})

Open-circuit test for the pressure
coil and holding coil

(b) Apply a voltage of 24 V between terminal M and
the case -of the magnetic switch. Under this
condition, push in the plunger by hand. When you
‘release your hand, the plunger should not be
attracted.

| . ) " Test for plunger depressing

' ‘ . : ' " Testing magnetic switch plunger operation -

' (2) Testing magnetic switch contact points
Measure the load current flowing through the starter.
If the voltage drop between terminals B and M
exceeds 0.3 V per 100 A, grind or replace the contact

points.

Mote: If the starter switch is tumed to OFF during voltage
measurement, the battery voltage is directly applied
. to the voltmeter, and this can damage the voltmeter.
" Always turn the starter switch to ON before
. . measuring the voltage, then turn it to OFF after Measure the voltage drop
’ ’ measunng . ) ' . between terminals B and M

& CAUTION. Testing magnetic switch contact points

Never conduct an operation test with a dismounted
magnetic switch unit.
L




1

DISASSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

Armature
(1) Measurement of armature shaft deflection and bearing
journal diameters
(a) Using a dial gage, measure the shaft deflection. If
the deflection exceeds the standard, repair or
replace the armature.

Unit mm [in.]
Standard Remarks

Armature shaft deflection

(1/2 value of measurement at 0.05 1/2 value of
center journal when shaft is [0.00197] runout
supported at both ends)

(b) Measure the bearing jourmal diameters of the
armature shaft. If the measured values are not
within the standard ranges, replace the armature.

Nominal| g 3:rd | Remarks
value
. 13.941
Ef'zgf‘fr $14 | to13.968
e side | [0:551 | [0.54886 to
| Armature R 0.54992] | Replace
Diameter . 25.002 armature
of shaft 925 to 25.011 -
ont side | (098] | [0.98433 to
(.98468]

(2) Inspection of commutator
(a) .Check the condition of the commutator surface. I

it is rough, polish it with #400 to #600 sandpaper.,

Also, check the commutator deflection with a dial ; : .

gage. If the deflection exceeds the standard, X . .

replace the commutator. - '

Unit mm [in.]

Standard Limit ) - ‘ T
Commiuztator deflection 0.06 [0.00236] 0.10 Ce o
(runout) . or less [0.00394] Iy o

(b) Measurement of commiutator mica depth
Measure the dépth.of each mica undercut with-a
depth gage. If the depth exceeds the limit,
recondition the mica. .

. Unit mm {in.]

Standard - Limit

Commutator mica depth {0.028 to [0 608]
0.035] )

- (¢} Measure the commutator outside diameter. If the
measured value is less than the {imit. replace the

armature.
Unit mun {in.
Nominal Limit
value
— 343 $42
Commutator mica diameter [1.69] [1.65]

Measurement of commutator outside diameter




DISASSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

(3) Testing armature coil
' (a) Use a glowler to test the armature. Position an
iron piece on the armature core. If the iron piece
vibrates, replace the armature.
(b) Use a tester to check continuity between the
commutator and shaft. [t there is continuity,
replace the armature,

Field coil -

{1) Testing field coil for open-circuit
If there is no continuity between terminal M of the
field coil and the lead wire on the brush side, replace
the field. coil. If there is continuity between the field
coil and yoke, replace the field coil.

Overrunning clutch

The clutch is in good condition if it rotates freely only in -

one direction when turned by hand.
Check the pinion teeth. -If they are’ worn or damaged,
replace the pinion. :

_ /A CAUTION

Do not immerse .the. overrunning clutch in a cleaning
solvent for cleaning. Immersion in a cleaning solvent
will cause the. grease. inside the clutch to flow out and
result in seizing of cluich parts,

Brushes
(1) Inspection of brushes for wear
Unit mm [in.
Standard Limit
21 to 22 13
Height of brush {0.827 to [0.512]
0.8661 i
1f brushes are unevenly worn, repair.
(2) Testing brush spring tension
Unit N (kgf) [1bf]
| Standard Limit
Tension of brush spring 39.23 10 49.03 39.23
(when brush is installed) (40105.0) “0
[8.82 to 11.02] [8.82]

Testing continuity (short-circuit)
between the commutator and shaft

Testing armature coil for open-circuit

(D Testing continuity (open-circuit)
between terminal M of field coil
and lead wire on the brush.

@ Testing continuity (short-
circuit) between field coil
and the yoke.

Testing field coil for open-circuit

Make sure
the pinion ratates frecly

Inspection of overrunming clutch

| e W

f._qf@'

NNW

LT

S 28

2

o

/3=

Limit

Unit: mm [in.}

Inspection of brush for wear




blSASSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

Safety switch

Connect the wires as shown in the diagram, and check the

starter and safety switch operations.

(1) Connect terminal R to the battery negative (-) side.

(2) Tum on the swilch, and check that the starter operates
(rotates).

(3) After step (2), make sure the starter stops operating
when the connection between terminal R and the
battery negative (-) side is disconnected or when it is ¢ )
_disconnected and thefn terminal R is connected to the ::fi?d:;l;fermmal (E) ) d E:;;W“"“ to starter
battery positive () side.

& CAUTION Checking safety switch operation

Check the battery's polarity (+) (-) carefully when
connecting wires.

1.3 Reassembly of Starters

Apply oil N
Apply grease

Reassembly of startcr

< Reassembly sequence >

@)_,@_,@_,._,@,_,@_,@_,@.4@_,@_,@




DISASSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

{1 Insiall the center bracket. overrunning cluich and
pinion stopper to the pinion shaft, and insert the shaft
into position by tapping it with a soft-hcad mallet.

(2) Install the shiftlever and pinion shatt to the pinion
case by aligning the alignment mark on the shift lever.

(3) Install the armature and yoke to the center bracket,
making sure that the dowel pin enters the hole.

(4) Insialt the brush holder and brushes.

C

Installation of brush holder and brushes

7-11




DISASSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

Note: Install the positive (+} and negative (-} brushes as
shown in the diagram on the right.

(5) Install the rear bracket fo the yoke by aligning the
alignment marks, secure the brush holder with the
bolts, then tighten the through bolts.

(6) Measure the end play of the.armature. If the end- play
exceeds the standard ‘'adjust it on the rear side.-

Test the motor-unit, and makc sure the test. fesults

show 24 V. 90 Aor lowcr T

Unit T [in.:

Standard

: D 03007
Armatre endplay " . ] 19012 10 0.028)°

(7) Coat the internal gear of the pinion shaft a liberal
amount of Nikko Grease R, then install the pinion
shaft.

@EBrush

Installation of paositive () and negative (-} brushes

Measurement of armature end play

Application of grease to pinion shaft internal gear




DISASSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

(8) Measure the end play of the pinion shaft. If the end
play exceeds the standard, adjust it on the intemal

gear side,
Unit mm [in.
Standard
.. 0.2t 038
Pinion shaft end play [0.008 to 0.0315] O

(9) Install the magnetic switch. Apply a voltage of 24 V
between terminals C and E, and connect the lead wire
and supply a current between terminals M and E (for

| less than 1 second), After the pinion moves, measure

' the pinion gear retraction fength. If the measured

value is not between 1.5 mm [0.0591 in.] and 5 mm

‘ ' [0.197 in], use the magnetic switch adjusting screw

[ for adjustment.

D

Q)

' Measurement of pinion gedr retraction length

(10) Install the magnetic switch, and connect the lead wire! - Magnetic switch

{11) Install the safety switch.

{nstallation of magnetic switch




DISAéSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

2. Aiternator
21 Disassembly and Inspection of Alternator

Slip ring dirty, damage, seizure, Rotation
wort: oil seal, contact surface of

. Disassembly and inspection of alternator
< Disassembly sequence > -

(D Nut and washér E - ® Stator

@ Pulley ) . - (@ Rear bracket

(3 Screw . ) ' ‘ Regulator assembly
(@ Front bracket assembly (@ Rectifier assembly
® Rotor assembly ' 0 Nut set

2.2 Inspection and Repair of Alfternator
() Stator o o
o _(a) " Testing coil for open-circuit .,

SHEENT-N
NI
(g ‘

. - oL ) . LA
- ¥f there is no ‘continuity: among the four coil lead - fh ‘ﬁ"ﬁ!"iﬁ
wires, replace the stator. 'lﬁ%ﬁhﬁh‘lﬁt—"}“ﬂ} N
" ‘(b) - Testing coil for grounding '\'!h ‘Llll&“‘\d'

If there is continuity between the coil and core,
replace the stator.

[nspection of stator coil




DISASSEMBLY, iINSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

(2)

Rotor -

(a) Testing coil for open-circuit
If there is no continuity between the slip rings,
replace the rotor.

{b) Testing coil for grounding.
If there is continuity between the slip ring and
shaft (or core), replace the rotor,

(¢) Measuring slip ring outside diameter
Using calipers, measure the outside diameter of
each slip ring. If the limit is exceeded, replace the

diameter

slip ring,
Unit mm [in.]
Standard Limit
Slip ring outside 32810332 - 324

[1.291 to 1.307] [1.276]

(3)

Brushes and springs
{a) Brush wear )
Unit mm [in.}

‘Nominal value. | Limit

' _ 215777717 80
Height of brush [0.846] - [0.315]

(h} Spring tension .
UnitcN (gf) [1bf]

{4)

Nol‘ninai T o s
value Sle_mdgrd_ Limit
] '37 311043 '8
Tension of brush e (32010 440) - ;
spring (380) 070w (130)

Inspection of rectifier .

" To check individual diodes; measure the resistance

between the diode lead wire and heat sink, Connect

~the positive (+) test lead wire to the diode and

measure resistance. Then, connect the negative (-) test
lead wire to the diode and measure resistance again, If
hoth measured values are nfinity. the diode circuit is
open-circuited. It both measured values are ctose to 0,
the circuil is short-circuited.

1f there is an open-circuit or shori-circuit, the diode is
defective, and the rectifier must be replaced.

Testiag field coil for open-circuit

E B.0mm-
[0.315 in.]

—

' Wear limit

21.5mm (0.846 in.]

i K

Checking brush. for wear

L ) Trio-diodes -
" Heat sink () = .
i nAngai{I00
i ®
vl
O
Heat sink (+) Diode lead wires

Inspection of rectifier

7 -15




DISASSEMBLY, INSPECTION AND REASSEMBLY OF ELECTRICAL SYSTEM

2.3 Reassembly of Alternator

+
+
+
+
7 . @
f - 132t0162 N-m

(13.5t016.5 kgf-m)
[97.36 to 119.48 Ibf fi]

Reassembly of alternator
< Reassembly sequence > o :

(1) Installation of brushes o '
As shown in the diagram on the right, insert the
brushes into the brush holder, and secure them in

. - , Brushes
place using a wire. Then, install the rotor. -

After the rotor is installed in place, be sure to rémove L - \

the wire. Wire

N

"'Installation of brushes




INSTALLATION OF ELECTRICAL SY‘STEM

1 . A!ternator ................................ PRI R R R L

_2. starters ................................................................. 7 -




INSTALLATION OF ELECTRICAL SYSTEM

1.  Alternator

Installation of alternator -

< Installation sequence >

@@= DB =B @B B

2. Starters

Tightening torque
59+5.88 N'm

C M® N (6.0+0.6 kgfm)

Installation of starter

< Installation sequence >

@0




REMOVAL OF AIR STARTER SYSTEM

1. AITIMOUOE "« = st e rer s st s e ea sttt st 8-2




REMOVAL OF AIR STARTER SYSTEM

1. Air Motor

Removal of air motor

< Removal sequence >
(D Cable @ Nut
@ Air pipe @ Air motor




DISASSEMBLY, INSPECTION AND REASSEMBLY
OF AIR STARTER SYSTEM -

|
\ )
[ 1. Air MOth ................................................................. 8-4
‘ 1.1 .Disassembly and Reassembly OF AP MOLOE = - s s m et i et e st i 8 -4
} 1.2 Inspection OF ATE MO =+ s m v m vt e m e e e s 8-4
‘ .

2. Air Tank (for Air Motor System) =« cxresrereeanmaana. e e et aee s 8-4

InSpection of A"— Tank (fOl' Air Motor System) ......... e e e e eae et 8 - 4




DISASSEMBLY, INSPECTION AND REASSEMBLY OF AIR STARTER SYSTEM

1. Air Motor
1.1 Disassembly and Reassembly of Air Motor

e b
—HE=] s - D —

7
I

=

Disassembly and reassembly of air motor

< Disassembly sequence >
() Hexagon bolt @ Pinion case (3 Clutch assembly

< Reassembiy sequence >

@-@-0

1.2 Inspection of Air Motor
Clean the parts of the air motor and check thcm for

wear. Replace all worn parts.
The clutch assembly.and pinion assembly must be
replaced as a set if one of them is clamaged or worn_

excesswely

2. Air Tank (for Air Motor System)
Inspection of Air Tank (for Air Motor System)

" Drain water: ’ . Inspection of air
Every 50 service hours pressure: Daily or

. ‘| every 10 service hours
.|3.0 MPa (30.6 kgflcm?)| .
[435 pai}

Safety valve performance
inspection:
Every 250 service hours

AIr pressure ;
@ 1.1 MPa (112 kficm?) @
[159.5 psi]

Inspection of air tank (for air motor system)




INSTALLATION OF AIR STARTER SYSTEM

1' Air Motor ----------------------- R I T T R L I RN A BRI R R 8 _ 6




INSTALLATION OF AIR STARTER SYSTEM

1. Air Motor

Installation of air motor

< Installation sequence >

@—-@-2@—-0
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INSPECTION, ADJUSTMENT, BREAK-IN OPERATION AND PERFORMANCE TESTS

1. Engine Inspection and Adjustment

1.1 Inspection and Adjustment of Valve Clearances '
Valve clearances should be inspected and adjusted Valve clearance -t—
when the engine is cold. _ _ Bridge -]
- Unit mm [in.] =)
Standard '
Inlet . X
Valve clearance (20ld) | Eifn G0 03T | | bridge snd vavs soatr

Note: (a) The bridge-to-valve-rotator clearance should
be 1.5 mm [0.0591 in.] or more (standard) after
the front and rear valve heights have been
adjusted. If the clearance is less than the
standard, grind the bridge to ensure a ciearance
of 1.5 mm [0.0591 in.] or more. Inspection of valve clearance

(b) Facing the cylinder head, the inlet valves are o
on the left, and the exhaust valves are the right.

(c) The wvalve clearance standards are also
indicated on the caution plate on the No. 1
cylinder rocker cover. -

VALVE CLEARKNCE (CDLD)
iicero 6 EXST g
FIRING ORDER

o X W
1-12-5-8-3- W0-6-7-2-11-4-9
FUEL INJECTION TIHINED‘

| % 5 & 8 0 8 L ling

(1) Inspection of valve clearances .
(a) Inspect the valve clearances in the fir iring order by
turning thé crankshaft 607 in the normal direction
to bring cach piston to top dead center in
compression stroke.
Firing order
Cylinder No. . 1-12-5-8-3- 10~6 7-2-11-4-9.

- Using-turning gear -’ R

(a) Loosen the’ bolts, remove- the platc from the slot of
the shaft, then push in the shaft until it stops.

(b) ' Using the socket and ratchet handle, turn the shaft.
Push down the ratchet handle to turn the
crankshaft in the normal direction. "

"(c) "After completing the turn, pull out the shaft
insert the plate into the slot of the shaft, then
tighten the bolts. Check to make sure the plate is
mserted securely into the slot of the shaft

| /N CAUTION '

Make sure the tummg gear is at the _running pos1t10n
before starting the engine.

Racket handie

Using turning gear




INSPECTION, ADJUSTMENT, BREAK-IN OPERATION AND PERFORMANCE TESTS

{b) A cylinder is at the top dead center in compression
stroke when its No. stamped on the vibration
damper aligns with the pointer and the pushrods
are not pushing the inlet or exhaust valves off
their seats. '

{¢) Using feeler gages, measure the clearance
between each rocker arm and bridge cap.

Checking No. | cylinder top dead center in compression
: stroke

(2) Adjustment of front and rear valve heights by valve
bridge

(a) Before adjusting the valve clearances, adjust the

front and rear valve heights with the valve bridge

(bring the bridge into contact with the front and

rear valves). .

If the valve seats are worn, the front and rear Screwing for 10°

valve heights will differ, resulting in a gap . -
between the wvalve stem top and bndge. This ‘ : % :
causes a change in the valve clearance. .

(b) To adjust valve height, loosen the lock nut, and A

slack off the adjusting screw.

(¢) Push down the rocker arm with a finger, and . . . EE g
slowly screw in the adjusting screw until it | 5522.8Mm = S o & E
touches the valve stem top. Then, further turn'the: | (5.650.28kgfm) ~&5
screw 10°, and tighten the lock nut. [42+2.07IbEAR] /

N\ CAUTION

If there is no clearance between the bridge and valve

' rotator, they can interfere with each other, causing the
valve cotters to fall off. Be sure to provide the specified
clearance ar mq;re.

¢ Inspection window

Adjustment of front and rear valve heights by vaive
;-1 bridge

‘ (3) Adjustment of valve clearances
: (a) Insert the feeler gage. 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 gage is gripped softly
between the rocker arm and bridge cap.
(b) After adjusting the clearance, tighten the lock nut,
and inspect the clearance again.

' ' 64+3.2N-m
: ' (6.5+0.33kgfm)’
| : Y [4722.36 Ibf-R]

‘ Adjustment of valve clearance




INSPECTION, ADJUSTMENT, BREAK-IN OPERATION AND PERFORMANCE TESTS

1.2 Bleeding of Fuel System

D WARNING

(a) When fuel overflows from the air vent plug, wipe
thoroughly with a cloth. Spilled fuel is a fire hazard.

(b) After bleeding, lock the priming pump cap securely.
If the cap is not locked tightly, the priming pump can

be damaged, causing fuel leakage that may lead to a Move the cap up
fire. To lock the priming pump cap, use your hand, If and down Turt clockwise
it is tightened with tools, excessive force may Priming pump .- ‘ while pressing
damage the pump. :

Start from the location closest to the fuel tank, and . Using the priming pump

move toward the engine in order: fuel filter — fuel
injection pump.

(1) Fuel filter

(a) Loosen the air vent plugs for the fuel filters
(approx. 1.5 turns).

(b) Unlock the priming pump cap by turning it
counterclockwise, then move the cap up and down
_repeatedly.

(¢} When fuel flowing from the vent ho]es no longer
contains air bubbles, tighten the air vent plugs.

{d) Follow the same procedure for both right and left
fuel injection pumps.

Note: To bleed air from the switch over fuel filter, follow
the instruction from caution plate.

5 (3) Fuel plpe (return side) Bleeding fuel filters .

(a) Toosen the air vent cock on the fuel pipe by
rotating about 1.5 turns.
(b) Move the priming pump cap back and forth
repeatedly.
(c)’ 'When there are no air bubbles in the fuel flowing
*from the air vent cock, press the priming pump
cap and turn the cap clockwise.
(d) Tighten the air vent cock.
‘Note: Closing all air vent plugs before lockmg the priming

Air vent plug

5
T

Bleeding fuel return pipe

-pump cap disallows the primifig pump cap from . - ' ; , o
returning to the orlgmal p051t10n due 10 feed pump ' ‘ l
pressure. - . L
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‘ 1.3 Inspection and Adjustment of Fuel Injection Timing

(1) Injection timing and its indication location p————
‘ . .. - . . . VALVE CLEARANCE (CCILD;
‘ Since the fuel injection timing varies depending on RS TuRnis (ridvRe
the engine output, rated speed and other specifications, ol 7F I E%F;:BH-EE% 08~ o
1 be sure to check the caution plate on the No. 1 rocker 1- 12+5-8-3-10-6~7-2-11-4-0
) FUEL INJECTION TINIMCI'
[ COVer E 5 K 8 H® g

I (2) Checking No. 1 cylinder top dead center in ,
compression stroke Running
(a} Using a ratchet handle, rotate the turning gear in j
the normal direction (clockwise when "viewed Shaf
from the front of the engine): : Bolt
Pushing the ratchet down tums the shaft in the
normal direction.
Bolt
Plate Rachet handle

Using turning gear

(b) Stop turning when the stamped No. I, 6 on the
damper aligns with the pointer.

‘ {c) Move the rocker arms for the No. 1 cylinder up

[ and down to make' swré' the pushrods are not .ol

| pushing the inlet and . exhaust valves off their, | . .

‘ seats. '

\

|

Conduct the above check to make sure the piston in the
No. 1 cylinder is at the top dead center, not the piston in
the No. 6 cylinder.

Checking No. | cylinder top dead center in compression
stroke
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(3) Inspection of fuel injection timing

Turn the engine ahout 60 degrees in reverse direction,
then slowly tum the engine in the forward direction
until the pointer is aligned with the fuel injection
timing mark (number stamped on the caution plate)
on the circumference of the damper.

Then, insert the height gage into the gage stand of the
injector, and confirm that the gage protrusion is
aligned with the top surface of the tappet. Conduct
this inspection for all cylinders.

If the protrusion of the height gage does not align

with the top- surface of the tappet, follow the Damper Pointer
adjustment procedure described below. Fuel injection timing location
Name of special tool Part No. )

Height gage 35C91-01100

(4) Adjustment of fuel injection timing

& CAUTION Gage protrusion Adjusting screw

For adjustment of the fuel injection timing of unit

injectors, start with cylinder No. 1, and perform the | o g Lock nut
adjustment for all cylinders. : O .

(a) Bring the piston in No. | cylinder to the top dead Tappet

center in compression siroke, and make sure that ]
the pointer is properly ‘aligned with the fuel L = - Gage stand
injection timing mark (number stamped on the : :
caution plate) on the circumference of the damper. )
{b} Loosen the lock nut on the adjusting screw. L - - =
(c} Insert the height gage into the gage stand of the Inspection and adjustment of fuel injection timing
unit injector body, and adjust the adjusting screw :
so that the protrusion of the height gage is aligned
with the tappet surface. ‘ '
Name of special tool - Part No.
Height gage - 35C91-01100
~ (d) When the height gage is properly aligned, secure -
~ - the adjusting scréw in place by tightening the lock
nut. ) . )
(¢) Repeat the same adjusting procedure for No. 2 -
and all other cylinders. o ' :
{f) To reconfirm proper adjustment, rotate the engine
again (two turns), and check the fuel injection
timing.

a Height gage




INSPECTION, ADJUSTMENT, BREAK-IN OPERATION AND PERFORMANCE TESTS

1.4 Inspection and Adjustment of No-Load Minimum {ldling} Speed and Maximum Speed

/N CAUTION

{8} The no-load minimum (idling) speed and maximum
speed are set for each engine on the test bench at the
factory and the set bolts are sealed. These settings
must be checked and adjusted at our designated
service shop.

(b) After the governor parts are adjusted, all exiernal
stoppers must be sealed.

I . (¢) Whether the seals are intact or not has important
bearing on the validity of claims under warranty. Be
sure to seal all the specified sections.

(d) When inspecting adjusting, be ready to operate the

‘ engine stop lever manually in case the engine

overruns {engine operation at extremely high
| speed),

‘ Note: Prior to inspection and adjustment, conduct a warm-
‘ up operation-until the coolant and oil temperatures
‘ . rise above 70°C [158°F}.




INSPECTION, ADJUSTMENT, BREAK-IN OPERATION AND PERFORMANCE TESTS

1.5
(0

(2)

(3)

Inspection and Adjustment of Governor Control (PSG)

Inspection and adjustment of no-load minimum

engine speed (idling)

(a) After checking that the speed control lever is at
the idling position, measure the engine speed.

(b} If the idling speed is not within the specified
range, adjust by tuming the adjusting screw.

Inspection and adjustment of no-load maximuam

engine speed

(a) After setting the speed control lever to the
maximum speed position, measure the engine
speed.

(b) If the maximum engine speed is not within the
specified range, adjust by turning the govemor set
bolt.

(¢} Vary the engine speed manually to check the
engine response. Also, check to make sure the
engine quickly return to stable operating speed.

Stopping engine hunting -
{a) If engine hunting occurs, adjust the needle valve,

Turn the needle valve counterclockwise until the .

engine produces huntmg (2 to.3 turns). Let the
engine operate in this condition for about 30
- seconds to rélease air from the governor.

(b) Tum the needle valve clockw1sc slowly until
hunting stops.

{c} If the needle valve is closed too far, the engine
respohd to change in load becomes slow. Be sure
to open the needle valve more than 1/4 mrn from
the fully closed position. :

(d) Seai all the set bolts.

Adjusting screw

Needie valve

Govemor set bolt

PSG governor




INSPECTION, ADJUSTMENT, BREAK-IN OPERATION AND PERFORMANCE TESTS

1.6

(1}

(@)

(&)

Inspection and Adjustment of Actuator

Control (DYN1)

{For DYNAB200 actuator)

Adjustment of speed setting

{a) Set the power switch to OFF to stop the engine.

(b) Check the initial adjustment of each
potentiometer.
i SAEE R Set the I potentiometer to 1.
“GAIN™ ... Set the GAIN potentiometer to 3.
“DROOP” +++ Turn the DROOP potentiometer
fully in the counterclockwise
direction in  the case of

isochronous operation (constant-
speed operation).
For droop operation, set it to a
desired position. (Max. 12 % of
operation at 35°)

(¢} Tum the power switch and starter switch to ON to
start the engine.

(d) Adjust the SPEED potentiometer to set a desired
engine speed. Note that the SPEED potentiometer
can rotate 20 turns and has no stopper in the
clockwise (acceleration) or counterclockwise
{deceleration) directions.

(e) Set the engine to run at idling speed. (temporary
adjustment)

(f) Tum off the power switch of the governor, and
make sure the engine stops.

Adjustment of hunting
(a) If the actuator does not stabilize (hunting '
does mnot stop), slowly wrn the GAIN

poientiometer counterclockwise.
When the actuator stabilizes, operate the
actuator lever in a quick motion by hand. The
engine should return immediately to the
initial speéd without hunting,

(b) If the actuator lever is stable, siowly turn the
GAIN potentiometer clockwise until hunting

" starts, then slowly.turn it counterclockwise
- until -hunting stops -When the actuator

stabilizes, operate the actuator lever.in a
-quick motion by hand. The engine should
return  immediately to the initial speed
without hunting,

Overshoot adjustment

(a) After setting the engine speed to the specified
pm, turn off the power switch of the
governor {o stop the engine.

(b) Restart the engine, if the engine speed
exceeds the set rpm, turn the [ polentiometer
counterclockwise,

o/ C ﬁo

& ' %]
ROGFORD. ILLU. 5. A REMOTE o @
SPEBD POT

[
f B EEHH%E =

(4)

. governor may become unstable.

Electronic control device

(¢) If it takes too long for the engine to Teach the
set pm, Slowly turn the I potentiometer
clockwise. T .

(d) Since adjustment of the A, D, DROOP and
GAIN potentiometers changes the speed
setting slightly, use the SPEED potentiometer
to accurately set the engine speed.

Change of droop setting

If the DROOP potentiometer is turned clockwise

from the previous setting after the GAIN

potentiometer is adjusted with-the controller, the
~When this
happens, urn-the GAIN potentiometer slightly in
the clockwise direction to improve the condition.




INSPECTION, ADJUSTMENT, BREAK-IN OPERATION AND PERFORMANCE TESTS

1.7 Inspection and Adjustment of Actuator Control {Controfler X$-400B)

{For $3G4030 actuator)
(1) WNames and functions of controls

= = )
® &
. O
_ SPEED CONTROLLER
‘ﬁnﬂ DR oP &
=jean Lo 55 0450&3%03 8
ERcol ﬂ 10 &5
Awu 1|25 _
[ Sp s

TOHO SEISAKUSHO £O..LTD

s

A —J

Names and functions of controls

@DDPR trimmer (droop adjustment trimmer)
This trimmer is used when droop operation is .
necessary. “After setting the specified frequency
under 100% load .condition, reduce the load to 0%
(no- load condition). Using the- difference of the
engine spéeds in the two operating conditions,
select a droop rate. When the trimmer is turned to
the right, the droop rate increases. (In a standalone

- gperation, the DR trimmer can be set at 0%, an it
does not require adjustiment.}

@ GAIN trimmer (variable amplification output

' gain adjustment trimmer)

This trimmer is used to amplify the difference
between-actual engine speed and set speed.” When
the trimmer is turned w the nght the amphﬁcauon
rate increases.”

@) trimmer (integral adjustment trimmer) _
This trimmer is used to adjust the controller's
response speed when there is a deviation between
the  set engine speed and actual speed. When the
grimmer is turned-to the right, the response time
becomes shorter.

(2) “Initial trimmer settings

@O0 trimmer (differential adjustment trimmer)

. This function makes a prediction of the difference
between the set engine speed and actual speed.
.When the trimmer is turned to the nght thc
prediction time increases.

®SP trimmer (engine speed setting tnmmer)

Unilike other trimmers, this trimmer uses a multi‘
turn dial (18 turns). When the trimmer is turned to
the right, the set engine speed increases.

®OP indicator (red LED)

This indicator lights when the controller is supphcd
with power and the input signal from the magnetic
mput exceeds 10 Hz. When the indicator is not Ilt .
the controller is not in operatlon :

The tnitial setting positions of the trimmers are as shown below. (Settings at the factory)

Trimmer PR GAIN I

D SP

Position 0% 20% 60%.

30% Approx. 700 min’', with 182-tooth link gear’

Note 1. The above table shows trimmer positions in percentage terms. One gradation line on the trimmer equals 10%.
Note 2. The DR trimmer is set at 0%, and this results in isochronous (constant speed) operation.
Note 3. The initial settings are adjusted and changed in the engine performance test.

9-10




‘ INSPECTION, ADJUSTMENT, BREAK-IN OPERATION AND .PERFORMANCE TESTS

; A CAUTION

‘ (a) During inspection and adjustment, always be ready
to operate the engine stop lever manually in the

| -event of an unexpected engine overrun (excessive

‘ speed increase).

| {b) Reversal of the power supply polarities can result in

‘ permanent damage to the controller.

\

: (3) Supply power
! . Before starting the engine, supply power to the

controtler, and check the voltage between terminals 8
and 10 with a voltmeter (tester). If the voltage is less
than 8 VDC, the controller may be inappropriate.

' ~ A\ CAUTION

| (a) Be sure to cut off the power before connecting
| wires.
‘ (b} Use shiclded wires for input signal cables.

(c) Because the input signal wires can be affected by
| induced noise, keep them away from instrument
‘ lines, power lines and load lines.

‘ (4) Starting engine Applying electric current
Except when the engine runs beyond the rated speed,

‘ . slowly mrn the SP trimmer to the right and set the
engine to the rated speed (or rated generating

‘ frequency).

|

|

|

|

|

N

If the engine generates excessive hunting or. does not
start, inspect and correct the problem by referring fo the
trqubleshooting section.

(5) Ad_| ustment of controller lm-uts (rough tumng)

| (a) GATIN trimnrer

| . Slowly turn the GAIN trimmer to the right. When

. . ' the engine starts to produce hunting, slowly turn

! the trimmer to the left uniil hunting stops, then .
further turn the trimmer 35 1o 10% to the ieft. Q

g
. . . ) Stable range
If the engine does not generate hunting with the SN Generate offsct

\

1 trimmer turned fully to the right, move the actuator

‘ lever by hand to cause hunting. It is recommended

| to set the GAIN trimmer within a range of 20 to

' 40%.

| Note: When a droop rate (DR trimmer) is set, turning the

‘ GAIN trimmer to the left increases the droop rate, - : GAIN trimmer
and turning it to the right decreases the droop rate,
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(&)

M

(8)

{b) D trimmer
Adjust the D trimmer by following the same
procedure as for the GAIN tritnmer.

(¢) SP trimmer
Since the engine speed setting changes when the
GAIN and D trimmers are adjusted, set the rated
engine speed again by using the SP trimmer.

Checking engine operation under load

Slowly increase the load to the rated load (or 110%
load in some cases), and make sure no hunting occurs
and the engine operates properly under rated load.

If the engine does not operate under rated load,
readjust the linkage to set the fuel volume properly.
Adjustment of governor performance (fine tuning)
-Apply about 25% load and shut it off while.
measuring with a frequency meter or electromagnetic
oscilloscope. Conduct fine tuning according to the
resuit of the measurement. If there is no problem in
the measurement, increase the load by 1/4 at a time
and check.

‘Reducing. momentary speed variation

(a) ‘Turn the GAIN trimmer to the right as littie
{(approx. 5 degree) as the screwdriver recess width
on the trimmer at a time, and repeat the load

. charge {exceeding the specified charge rate) and
shut-off procedure (until the -fluctuation rate falls
within the specified range).

A CAUTION

If adjusted very close to the .hunting'limit',‘ external
disturbance can cause hunting afterward.

)

(b) If the adjustment of the GAIN trimmer does not
result in an imprevement, turn the D trimmer to

the right as little as haif the graduation interval at .

a time, and repeat the load charge (exceeding the
specified charge rate) and shut-off procedure
{until the fluctuation rate falls within the specified
range). '
Reducing stabilization time
Tumn the [ trimmer to the right as little as one
graduation interval at a time, and repeat the load
charge (exceeding the specified charge rate) and shut-
off procedure.

N\ CAUTION

If the I trimmer is turned excessively to the right for the
purpose of shortening the stabilization time, the engine
can overshoot significantly during a startup.

g -

12

t

 Generate hunting

D trimmer

Clockwise: increase
Counterclockwise: decrease

_Actuator movement
becomes slow

I trimmer
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{10) Adjustment of droop operation
In a standalone operation, set the DR trimmer at 0%,
and no adjustment is needed. If an adjustment is
required, follow the procedure below.
(a) Start the engine, and let it run under no load.
(b) Slowly turn the DR trimmer to the right. This
normally increases the engine speed.
While adjusting the SP trimmer to maintain the
target no-load maximum engine speed ({rated
speed + droop), set the DR trimmer to the third
graduation line (30%). If the actuator load is
heavy, the engine speed may drop when the DR
trimmer is slowly turned to the right.
{c) Slowly increase the load to the 100% rating, and
make sure that the rated engine speed is achieved.
If the droop rate is insufficient, tum the DR
frimmer to the right with the engine operating
under no load, and repeat steps (a) through {c) to
set a desired droop rate. '
Note: (a) Since the controller regulates the droop using
the signal representing the amount of power
consumed by the actuator, the control function
is affected by the actuator's hysteresis. If the
lever on the engine side becomes heavy, the
actuator increases the torque output, and the
resulting current increase can cause a deviation
of the control value..

(b) When the GAIN trimmer is turned, the droop
ratc changes. (Turning the GAIN trimmer o
the right increases the droop rate, and vice

" versa.) '

DR trimmer
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(11) Imspection and adjustment of no-load minimum

engine speed (idling)

(a) Supply power to the controller.

(b) Disconnect the wire from input terminal No. [ of
the controller.

{c) Tum the SP trimmer (engine speed setting
trimmer) fully to the left.

(d) While operating the starter to crank the engine,
slowly turn the SP trimmer to the right. When the
engine starts, set the engine idling speed. -

(e) Check that the engine pressure and temperature ’
increase. Also, check for oil and water leaks,
abnormal notse, odor and vibrations.

(12) Inspection and adjustment of no-load maximum
engine speed
(a) With the engine idling, slowly turn the SP
trimmer to the right to set the engine speed to the
rated speed. .
(b} Conduct the same inspection as described in
above (e). . o 7

1
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1.8 Troubleshooting of Actuator Control (Controller XS-4008)
(1) Troubleshooting

FSupply power: START j

. 4
Engine does not start when it is cranked. ﬂ.’ Refer to Problem A.
i -
B _ Nol
‘ .
| YES |
Actuator does not operate at all, t———» Refer to Problem B.
\ . YES
Engine cannot be set to rated speed. t————» Refer to Problem C.

NOl

Excessive overshool results in overspeed and| YES Refer to Problem D
. . f————
stops engme operation. clerto Froblem L),

Nol

Engine produces hunting and controller cannot
maintain steady operation. ’

NOl

Ex;ginc does not operate with rated load (load| YES o
cannot be applied) —— Refer to Problem F.

‘ C _ : Setting complete: END |

YES )
-———» Refer to Problem E.

9-15
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Problem

Suspected cause

Check method

Remedy

A. Engine dogs not start
when it is cranked.
{Every time engine is
cranked, actuator lever
moves to maximum fuel
supply position.)

Fuel is not supplied to the
engine.

Manually control the
engine.

Check the fuel system.
Check the safety devices.

B. Actator does not
operate at all.

Reversed connections at

Check the wire connections

Connect the connections

terminals S+ and S—, or at terminals $+ and S—. properly.

loose terminal screws. replace the controller.
The power supply voltage Disconnect wires from Supply the specified
does not conform to the terminals S+ and S—, and | voltage.

specification.

measure power supply
voltage with a DC voltage
tester.

Use a.thicker power supply
lead cable.

There is an open-circuit in

‘the harness.

Disconnect wires from
controller ferminals 4 and

5, and check resistance.

The tester should indicate
approximately 3 €. If it
indicates infinity (=), there
is an open-circuit.

Replace the harness.

The linkage is stuck.

‘| Move the linkage by hand

‘to see if it moves smoothly.

Make an adjustment so the
linkage moves smoothly.

‘| There is no signal sent from

the magnetic pickup to the

. |.controlier.

Check to make sure the OP
lamp is lit. Crank the
engine and check voltage
between terminals 6 and 7.

If the measured voltage is
less than 1| VAC, reset or
replace the pickup.

The actuator is

* | malfunctioning.

Install a different actuator,
and test. ‘

Replace the actuator.

| Remove the receptacle .

from the actuator, and

-measure resistance between’

the actuator terminal and
body. The tester should

indicate infinity (==).

If there is a short-circuit or
the tester indicates
resistance, replace the
actuator.
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Problam

Suspected cause

Check method

Remedy

B. Actuator does not
operate at all.

The actuator is
malfunctioning.

Measure resistance between
pins A and b. If the tester
indicates infinity (e¢), there is
an open-circuit in the coil.

Replace the actuator.

The controller 1s
malfunctioning.

The battery capacity is
too low.

If the above inspections do not
find any abnormality, measure
voltage between terminals 8°
and 10. The tester should
indicate approximately 8
VDC. If the voltage deviaies
from 8 VDC, there is an
abnormality.

Short-circuit terminals 8 and
12 using a wire. Check the
actuator operation, and also -
measure voltage between
terminals S+ and S—. If the
tester indicates less than 16
VDC, the battery capacity is
too low. . -

Replace the controller.
Replace the battery.

- Reference Information
Lengths and diameters of W
wires between battery and
controller, and between
controller and actuator

1.25 mm® [0.0019 in'] for a
length of up to 10m

3.5 mm? [0.0054 in’] for a
fength of up to 20 m [66 ft]
5.5 mm® (0.0085 in?] for a

Qength of up to 30 m [98 ft] y

C. Engine cannot be set
to rated speed.

The trinmer or circuit
beard is faulty.

Make sure there is a margin in
the actuator's movement in the
direction toward the fully open
position. -

Turn the SP trimmer o the
right. If the engine speed
does not increase, the
trimmer or circuit board is
faulty.

D. Excessive overshoot
results in overspeed
and stops engine
operation.

The I trimmer is turned
too far to the right.

-Tumn the 1.tritnmer to the left

‘and set it at 40%; then
recheck.

Reset the trimmer for proper

,adjustment of stabilization

time. .

If the | trimmer must be
turned to the right, turn the
GAIN trimmer slightly to
the right first. ‘

The SP trimmer setting is
too high.

Tun the SP trimmer fally to
the left, then recheck.

If overspeed results, replace
the controller.
If the engine speed

| decreases, slowly turn the
[ 8P trimmer-to the right. -

E. Engine produces
hunting and controller
cannot maintain steady
operation.’

The GAIN setting is too

high.

.Hunting occurs when the
actuator lever is at 2 to' 3 Hz.

Slowly turn the GAIN _
trimmer to-the left-to stop -
hunting.

If this does not make any
change, check the D
tnmmet.

The D setting is too high.

Hunting occurs when the
actuator lever is at 4 to 5§ Hz.

Slowly turn the D trimmer to
the left to stop hunting,

. The I trimmter is tumed

too far to the right.

The actuator vibrates in small
amplitude at.about 1 kHz and
the rack position change is
slow.

Slowly turn the ! trimmer to
the left to stop hunting.

F. Engine does not
operate with rated
speed.

There is not enough fuel
supply.

Check the degree of the
actuator opening.

Increase the amount of fuel
supply.
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1.9 Inspection and Adjustment of V- Belt Tension

D\ CAUTION

{a) If damage or surface separation is found on the V-
belt during inspection, replace the V-belt.

{b) Keep oil and grease away from the belt, since they
may cause the belt to slip and.shorten the service life.

{c) Make sure the belt is not taut.

With your thumb, apply pressure (approx. 98 to 147
N (10 to 15 kgf) [22 to 33 Ibf]) to the belt at the
midway between the pulleys to inspect the belt

I tensiof. N e
- - © Unit mm {in.] ppPIox. o 15 mm
‘ 0.39 , .
‘ Standard [0.394 to 0.591 in.]
Belt tension (deflection} 10 to 15 {0.394 to 0.591]

If it is not within the standard, adjust by following the
procedures below. :

| (Alternator side)

| 1. Remove the belt cover of the alternator,

2. Loosen the alternator and their mounting bolts.
3. Turn the adjusting rod to adjust the belt tension’
4. Then, tighten all bolts mounting the aliemator. |

Bracket mounting bolts

/3y

Lock nut Fan PUH°Y

" Adjusting bolt

(Fan side)
1. Loosen fan pulley bracket mounting bolts.
2. Loosen lock nuts adjusting bolts, tighten the bolt 0
adjust the belt. el N
3. Then, fix the Belt with the lock nut and tighten the
bracket mounting bolt.

| - oL L e e o ) . - "Adju;.ting‘rod.‘ o . ounting bolts

‘ ) , " Inspection and adjustment of V-belt tension

g-19
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2. Engine Break-In Operation
When the engine is overhauled, it should be mounted
on a dynamometer and operated for break-in and

2.3 Break-In Period
The following shows the relationship between the
load in break-in operation and the operation time.

inspection.
21 Starting Up Break-in operation time
(1} Before starting the engine, check the levels of coolant, Engine speed Load Ti .
engine oil and fuel, and bleed the fuel and.cooling (min) (kW [PS]) ime (min)
systems. 1 idling speed . { - No ioad 5
(2) With the fuel supply cut off, operate the starter and | 2 . 1000 No load 5
cmr}k the engine for about 10 seconds to circulate | 3 1200 ~ No load 10
engine oil. . _ o 4 Rated speed 259% 10
(3) Move the control lever slightly in the direction for ( Varies
increased fuel {do not move it to "full injection” " depending on
position), then turn the starter switch key to the } 3 pen ing 50% 10
[START] positif)n to start the en.gine. speci ﬁcga tions)
(4) Afier the engine starts, let it operate at no-load 6 759 30
minimum speed (idling). - 100% 5
2.2 Inspection After Starting Up 2.4 Inspection and Adjustment After Break-in
During the break-in operation, check the followmg If Operation ’ _
an abnormality is found, stop- the engine, then (&) ‘Adjustment of valve clearances
_ investigate the cause and take appropriate measures. (P} Adjustment of injection timing
(1) Lubricating oil pressure should be 0.39 to 0.67 MPa (¢} Re-tightening external bolts and nuts
{4 to 7 kgffem?®) [56.89 to 99.56 psi] (at rated engine ‘
speed), and more than 0.20 to 0.29 MPa (2 to 3
kegficm?) [28.45 to 42.68 psi] (at idling)- .
(2} Coolant temperature should be 65 to 85°C [149 to
185°F].
(3) Lubricating oil temperature should be 70 o llO"C
[158 to 230°F].
(4) Check for leakage of oil, coolant and fuel, espcc:al]y_
oil leakage from turbocharger lubncatmg oil plpc_
connections.
(5) Knocking should stop when the coolant temperature
rises. The engine should not produce any other
- abnormal noise.
(6) Check for exhaust color and abnortnal odors.
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3. Performance Tests

There are various performance test procedures. The
following describes the procedures specified in "Earth
moving machinery - Engines - Part 1: Test code of net
power (JIS DO0006-1)" and "Earth moving machinery -
Engines - Part 2: Standard format of specifications and
testing methods of diesel engines (JIS D0O006-2)."

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 Test Items and Purposes

(1) Operation load test
Conduct this test to evaluate the engine output,
torque, fuel consumption rate and governor
performance under various load conditions.

(2). Continuous load test

Operate the engine continuously for 10 hours at
90% load (continuous load application) of nominal
net brake power while the engine 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 engine is capable of continuous
operation.

(3) No-load minimum engine speed test’

" Conduct this test to confirm that the engine can
“operate stably at the specified no-load minimum
speed.

"33 Other Inspectlons

“Check for leakage of gases cool'ant and od
abnormal odors and huntmg Makc adjustmcnt as
needed

3.4 Engine Output Adjustment

Diesel engine output is affected by atmospheric
pressure, temperature and humidity. Therefore,
correction calculations must be performed to obtain
the value of engine output under the standard
atmospheric conditions.

(1) Standard atmospheric conditions:
Base temperature: 298 K (25°C) [77°F]
Atmospheric pressure: 100 kPa {7350 mmHg]
Dry atmospheric pressure: 99 kPa [743 mmHg)

(2) Caleutation of corrected power
Multiply the measured brake power or torque by
the calculated diesel engine correction factor to
obtain a corrected value.

E)rrccted output=Correction factor ( o y* Measured brake power]

- Atmospheric conditions during test
Temperature (T): 283 K (10°C)[50°F] & F= 313 K (40°C) [104°F]

Dry atmospheric pressurc(P): 80 kPa (600 mmHg)= P 110 kPa (825 mmHg)

(3) Calculation of correction factor (ac)

A Ja: Ammespheric factor i Engine factor
(a) Calculation of atmospheric factor (fa) '
(D Natural aspiration engine and engine with

mechanically driven air charger

fa= (). ()

(@Turbocharged engine without air cooler or with
air-to-air cooler'
07 s T 1_2
(®Turbocharged engine with air-to-liquid cooler
. 07 ¢ T \o7
ALY
(b) Calculation of engine factor (fn)
Fn=0.036 gc-1.14
gc: Corrected fuel supply volume
_ 9 ' :
Dgc = v
_ {2) X (Fuel flow rate g/s)
(Stroke volume £) X (Engine speed min’')

= 120000(4—cycle engme)

r: Ratio between pressure at turbocharger or air cooler
outlet and atmospheric pressure

{r=1 for natural aspiration engine)

@ Applicable range of engine factor (fin)
37.2<qc=65 mg/({-cycle)

[- gc=37.2 mg/(¢-cycle) ; fim=0.2 (constant) ]
_-65 mg/(£-cycle)<gc - fm=1.2 (constant)
(¢} Range of correction equation use

The range of correction factor ( o) is as follows:

0.9 a.=1.1.

If this range is exceeded, indicate the corrected
valued and record the test conditions on the test
record.
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Disassembly and Reassembly of General Parts

1.1 Oil Seals

When installing oil seals, observe the following.

Installation of oil seals to housings

(a) Check the seal lip for scratches and damage, and be
sure to position the lip correctly.

(b} Apply a small amount of grease to the periphery
(housing contact surface) of the oil seal before

installation.

(c) Use an oil seal driver that guides the seal lip and }
presses the seal periphery, as shown in the diagram on . .
the right. Striking the oil seal directly with a hammer E @
causes seal damage and results in oil leaks. - /l

Oil seal driver

Installation of oll seals to shafts
(a) Apply grease to the oil seal lip.
{b) Use an oil seal guide similar to the one shown in the
diagram when installing an oil seal over the stepped
portion, splines, threads or key grooves. ’

Oil seal guide

" 1.2 O-rings - .

Use an-O-ring guide similar to the one shown in the ,

diagram when installing an O-ring over the stepped . o - g

portion, splines, threads or key grooves. _£Z A

Be sure to apply a small amount of grease to the O-

ring before installation. " ‘H ‘H‘Hﬁ T -

O-ring guide

10
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1.3 Bearings

(1) When installing a bearing, be sure to push the inner or
outer race that fits into the installation position.
(When an inner race is fitted to the part, press the
inner race. When an outer race is fitted to the par,

\E
i

shown in the diagram.

&

Bearing driver

press the outer face.)
Be sure to use a bearing driver similar to the one ~

{2) Use of a press minimizes the impact on the bearing
and ensures proper installation.

h_;ﬂ

Using press for bearing installation

1.4 Lock Plates

Be sure to bend lock plates. : . s .
The diagram on the right shows the methods of EE] !

bending representative lock plates.

1.5 Split Pins and Spring Pins

Generally, new split pins should be instalied Bad
~whenever split pins are removed. i
Be sure to bend split pins.
Be sure to check spring pins for secure installation.
Good Bad
Good

Bending lock plate

]
W
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ENGINE INSPECTION RECORD SHEET (SH SERIES)

1. Measurement of Cylinder Liner Bore Diameter
2. Measurement of Cylinder Liner Collar Protrusion
3. Measurement of Valve Guide Inside Diameter and Vaive Stem Diameter
4. Measurement of Valve Sinkage, Seat Width and Valve Ma.rgin
5. Measurement of Distortion of Cylinder Head Bottom Surfaces -
6. Measurement of Connecting Rod Bushing Inside Diameter and Connecting Rod
Big-End Bore Diameter .
7. Measurement of Rocker Bushing Inside Diameter and Rocker Shaft Diameter
8. Measurement of Piston Pin Bore Diameter and Pistan Pin Diameter
9. Measurement of Valve Clearance _
10. Measurement of Injection Pressure of Unit Injector Nozzle
1. Measurement of Camshaft Bushing Inside Diameter and Camshaft Journal
Oiameter (Right Side)
12. Measurement of Camshaft Bushing Inside Diameter and Camshaft Journal
Diameter (Left Side)

Measurement of Crankshaft End Piay



No. 1

INSPECTION RECORD SHEET

S H
Company Engine Model DATE
Serial No.
Inspecion | Measurement of Cylinder Liner Bore Diameter UNIT | mm [in]
Measuring Locations Standard
Traverse to Piston Pin
i e Y Norminal Standard Limit
N ) 150.000 to
ml= Cylinder i R
| S8 B X tiner Bore | 9150 (591) | 5o0scte | iseti0]
| _ % Diameter 5.90708]
| 1 Paralle! to Piston Pin
‘ Measured Value -
‘ Part's Name Cylinder Liner Bore Diameter Part's Name Cylinder Liner Bore Diameter
No. | Directon A B No. | Direction - A , B
| X _ X '
1 7
Y Y
X X
\ 2 8
| Y Y
|
| 1 ox X
3 9
Y Y
| X X
| 4 10
| Y Y
| X X - :
‘ 5 : 11 .
; 4 Y Y
| x x
| 6 12
‘ Y Y
|
REMARK Approved | Checked | Fersen
' By By Charge




No.2

INSPECTION RECORD SHEET

S H
Company Enginfa Model DATE
Serial No.
'"Sl_f,’gi(r"ttion Measurement of Cylinder Liner Collar Profrusion ol uNit mm fin.]
Measuring Locations Standard
Standard -
Cotnger Liner otar | oo’
0.0075]
Measured Value
- :22;89 S . : Cylinder Liner Collar Proﬁusion.f
" No. A . B c D Average Value
1
2
| 3
4
5
6
7
8
9
10 |
11
12
REMARI; Appé‘;’("ed Ch%‘;ke" Pelrr'snon
- Charge |




No.3(1/2)

S H
Engine Model
DATE
Company Serial No.
Inspection | Measurement of Valve Guide Inside Diameter and Valve | | .. v ]
Point Stem Diameter {(1/2) )
Measuring Locations Standard
X Y Nominal Value Standard Lienit -
)
‘%)’X ) Valve Guide Inside 1?3’83;0 10.080
A D'am?atr?:j (ES:;:ZE str Inlet $10 [0.39] _[0.33370 to [0.39606]
H A ] 0.39429]
B Valve Stem Diamater . 9.940 to 9.960 8.910
N {Same for Inket and ¢10[0.39] [0.39134 to :
B < Exhaust) 0.39213] [0.39016]
Measured Value
Part's Name Valve Guide Inside Diamaster Valve Stem Diameter Clearance
y A B A B A B
e | Direcion
X Y X Y X Y X Y X Y X Y
Inlet o
niel
1 @
Ex- @
haust #3)
Inlet @
nilel
9 @
. Ex- @ -
haust ) .
Inlet @
nle
3 @
B | @
haus{ @
intet @
niel
4 @
. Ex- @
haust @ B
@
. inlet @
9 @
Ex-
haust @
©
infet &
6 0]
Ex-,
haust &
REMARK Approved Checked Pe;r?on
By By

Charge




No.3(2/2)

INSPECTION RECORD SHEET

S H
o Engine Modei DATE
ampan
pany Serial No.
Inspection | Measurement of Valve Guide Inside Diameter and Valve UNIT men fin
Point Stem Diameter (2/2) )
Measuring L.ocations Standard
X Y Nominal Value Standard Lirnit
#—){ Valve Guide Inside 19600 tq
. 10.015 10.060
Diameter (Same for Inlet $10 [0.39]
. [0.39370 to {0.396086]
g A g and Exhaust) * "6.39429]
A
B Valve Stem Diameter 9.940 to 9.960 9.910
i (Same for inlet and ¢10 [0.39] [0.3%134 to "
B AN Exhaust) 0.39213] 0.39018)
Measured Value
Part's Name | Valve Guide Inside Diameter Valve Stem Diameter Clearance
. A B A 8 A B
M | Direction
X Y X Y X Y X Y . X Y X Y
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. No.4(1/2)
INSPECTION RECORD SHEET

S H
Company Engm_e Model DATE
Serial No.
Inspecton | Measurement of Valve Sinkage, Seat Width and Valve UNIT mm fin]
Point Margin (1/2) . '
) Standard
Measuring Locations .
Standard Limit
Seat Width Valve Seat Angle 30°
| g . 011001 10
= - Valve Sinkage {-0.004 to .
! ¥ =5 ‘ 0.004] {0.039]
I To.
| 3 ) o :E 2.15t0 2.45
. L Valve Margin ZE Saeat Width [0.0846 to 2.8 [0.110]
Valve Sinkage = w 0.0965]
Valve Seat Angle P -
9 & 281032 | Refachng
Inlet Exhaust 2 Valve Margin [0.110to pﬁp o2 5e
i 0.128] 10.008]
! Measured Value
| — . -
‘ Parts Name | \ialve Seat Valve . Part's Name | Valve Seat |  Valve o
| M| Vave Angle Sinkage Seat Width wl| Vave Angle Sinkage Seat Width
@|- 0]
| Inlet infet
@] . @
11— 5 -
Ex- @ - ’ Ex- @
| . R haust @ haust @
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| o | ®
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\
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[ REMARK Approved Checked n
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No.4(2/2)

INSPECTION RECORD SHEET

S H
Company Engine Model DATE
Serial No.
Inspection | Measurement of Valve Sinkage, Seat Width and Valve )
. UNIT mm {in.]
Point Margin (2/2)
Measuring Locat.ions Standard
Standard Limit
Seat Width . Valve Seat Angle 30
E © 0.1t0 0.1 -
= Valve Sinkage [-0.004 to :
n =9 0.004] [0.039)
- 25
i o g 21510 2.45
Valve Margin ZE Seat Width [0.0846 to 2.8 [0.110]
Vaive Seat An le‘Vaive Sinkage - 8 0.0965]
alve Sea ;
° Bl L 26r032 | oo,
Inlet Exhaust @ ~ Valve Margin {0.110 {0 up 1o 2.5
. 0.126] [0.008]
Measured Value
Part's Name | Valve Seat Valve . Part's Name | Valve Seat Valve ,
o . eat Width .
o Vahe Angle Sinkage | ° N[ vahe Angle | Sinkage | SSAtWidh
@ 0
Iniet inlet
@ L @
9 1_3» — —
Ex- @ o | Ex-. @
haust F) , | haust .@
@ @
Inlet Inlet
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- Y Y Charge




No.5

INSPECTION @) SHEET
S H
Engine Model
DATE
Company Serial No.
Inspection | Measurement of Distortion of Cylinder Head Bottom UNIT mm [in]
Point Surfaces '
Measuring Locations Standard
i B ¢ e
/);’\/ b Standard Limit .
D Distortion of 0.03
| Cylinder Head [0.0012] 0.50
| Botlom Surfaces or less [0.0197]
e L
} Measured Value
rarts Distortion of Cylinder Head Bottom Surfaces
“No. A B C D E F G
1
-] 2
3
4.
"5
5
7
' 8
‘ 9
\
| 10
! 11
‘ : 12
| Person
. REMARK Appéoved Ch%cked in
i Y y Charge
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|
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No.6(1/2)
INSPECT RECORD SHE

Engine Model
Serial No.
_ Measurement of Connecting Rod Bushing Inside
'"S,:‘,’;ﬁt“’" Diameter and Connecting Rod Big-End Bore Diameter | UNIT mm [in.]

(1/2) '

Company DATE

Measuring Locations

L}

X Y X
@
2
R Nominal Value Standard Limit
Connecting Rod Bushing Inside 958 [2.28) 58.020 to 58.040 58.070 [2.28622]

Diameter {2.28425 to 2.28503)

110.000 to 110.022
[4.33070 to 4.33157]

Connecting Rod Big-End Bore Diameter $110 (4.33]

110.047 [4.33255]

Measured Value

Part's Name Connecting ROd Bushing Inside ing Rod Big-End
Diarnetar Connecti Bore Diameter
M | Direction X Y X Y . >
1.
@
. © -
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@
@
3 -
@
. ® . |
4 - .
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@
5
@
@
6
@
Person
REMARK Appg;(ved Chgirked o
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No.6(2/2)
INSPECTION RECOR HEE

S H
Engine Model
DATE
Company Sarial No.
_ Measurement of Connecting Rod Bushing Inside
'"Sﬁgﬁ{"“ Diameter and Connecting Rod Big-End Bore Diameter | UNIT mm fin.]
(2/2)
Measuring Locations
Standard
. Nominal Value Standard Limit
' Connecting Rod Bushing Inside 58.020 to 58.040
Diameter $58 {2.28] [2.28425 10 2.28503] | 0B-07012.28622)
| Gonnecting Rod Big-End Boro Diameter | 4110 [4.33] [;faoéggg:g;_‘%??n 110.047 [4 33255
| .
‘ Measured Value
| pats Name | OMecting Rod Bushing Inside Connediing Rod Big-End Bore Diameter
Diameter .
b | Direction X Y X _ S Y 4
_ @
7
2.
@
\ 8
| @
@
| 9
| @
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- @
@D
‘ 11
| @
\' )
i2
@
! - REMARK Approved Checked Pe'r:on
: By By Charge




No.7(1/2)
INS TiO ECO SHEE

S H
Engine Model
Company ) . DATE
) Serial No.
inspection | Measurement of Rocker Bushing Inside Diameter and Rocker ,
, . UNIT mm {in.}
Point Shaft Diameter (1/2) : -
Measuring Locations . Standard
Nominal .
vValue Standard Limit
Rocker Bushing 44000 te 44.075
Yy . Inside Diameter | “'734_] [1.734 to 1.735} 4412510737
Racker Shait ' 43,975 10 43.991
X Diameter $dd [1.734] (1731 10 1.733] 43.030{1.694)
Measured Value
. Rocker Bushing Inside i . :
. Part's Name Diareter Rocker Shaft _I:)tameter‘ [ K Clearafncg
No. | Direction X ' Y X Y . Max. © Min.
@
1
@
0 _
2 b =
® .
@
3
@
@
4
@
@
5
@
) @
G
@
REMARK Approved Checked Pelrrs;;on
By By Charge




No.7(2/2)

S H
Engine Madel
DATE
Company Serial No. .
Inspection | Measurement of Rocker Bushing Inside Diameter and Rocker UNIT mm fin]
Point Shaft Diameter (2/2) )
Measuring Locations Standard
NS;TLTI Standard Limit
EX iN | A4D00to
Y Rocker Bushing 044 44 075 44.125
m ‘ Inside Diameter  ~ [1.734] {1.734 to [1.737]
£ 3 C. 1.735]
) ' @ X 43975 10
L L Rocker Shaft 44 43.991 43.030
M Diameter . [1.734] [t.731to [1.694]
. 1.733]

Measured Value

PartsName | [iocker Bushing Inside Rocker Shaft Diameter | -~ Clearance
Diameter
No. | Direction X Y X . Max. _ Min.
0
i .
@
@
8
1)
‘ @
9
@
@
10
@
@
11
@
@
12
| @
Person
REMARK AppBroved Ch%cked In
Y y Charge |




No.8(1/2)

INSPE ON SHEET
C S. H
Engine Model
Company - DATE
Serial No.
Inspection | Measurement of Piston Pin Bore Diameter and Piston Pin UNIT i [in]
Point Diameter (1/2) '
Measuring Locations Standard
NS;?L"]T' Standard Limit
Y - 58.002t0
. Piston Pin Bore . 58.012 58.020
«@.x Diameter - $58 [2.28] | (5 9839310 {2.28425}
: % 2.28354]
Y 57987 to
A4 ; i 58.000 57.970
@x A g [ | Piston Pin Diameter | ¢58 [2.28) (2820510 | [298008]
2.28346}
B
Measured Value
. Piston Pin Bore . s '
Part's Name Diameter P|§ton Pin Diameter Clearance
No. ; Direction X Y X Y Max. - Min.
A -
1
B
A
2
B
A
3
B
) A
4
A
5
B
A
6
B
: Person
REMARK Apmeved Ch%cked In
Y y Charge -




No.8(2/2)

' S H
Engine Model
DATE
Company Serial No.
inspection | Measurement of Piston Pin Bore Diameter and Piston Pin
; . UNIT mm [in.]
Point Diameter (2/2)
Measuring Locations Standard
Nominal -
Value Standard Limit
Y | . 58002t0
Piston Pin Bore 58.012 58.020
x | Diemeter - | 9981228 | bogagate | (2.28425)
; . 2.28354] '
57.987 to
| . I 58.000 57.970
\ [ ] A Piston Pin Diameter | $58 [2.28] {2.28295 to [2.28228]
| 2.28346]
| 1B
I Measured Value
i Part's Name P:stgil;iggore Piston Pin Diameter’ Clearance
| No. | Dhrection X Y X Y  Max. Min.
. A
7
| oo B
' A
| 8 -
| B
‘ | | A
9
8
A
10
B
.1 A
\ 11 .
| 1B
‘ A
| 12
. B
|
|
‘ REMARK Approved | Checked Pe:’:on‘
| l By By Charge
‘




No.9

INSPECTION RECORD SHEET

S H
Engine Maodel
Company - DATE
Serial No.
Inspection | Measurement of Vaive Clearance UNIT | mmin]
Measuring Locations . Standard
Standard
Valve Clearance Inlet 0.6 [0.024]

{A)
{When Cold) Exhaust 0.8 [0.031]

Measured Value

Valve Clearance Valve Clearance
No. ~ | "” ,I‘nlet o Exhaust No. Inlet Exhaust
Befora Before
] Adjustment 7 Adjustment
After . After |
Before Before
o Adiustment | y § Adjustment
Adjustment Adiustment
Before Before
’ 3 Adjustment . 9 1 Adjustment
! Ater )i s : Afler
| Adjustment” ‘ Adjustrent
Before . Before
Adjustment - Adjustment
4 . — — A0
5 Adjustment | 11 Adjustment
After : . After
Adjustment | - : ] Adjustment
Before ) | Before
Adfjustment _ AdjLstment
6 . 12
After After
Adjustment . Adiustment
Approved Checked Person
REMARK . By By In

Charge




INSPECTION RECORD SHEET

S H
Engine Model
DATE
Company Serial No.
Inspection | Measurement of Injection Pressure of Unit -Injector UNIT | MPa (kgffom?)
Foint Nozzle (psi]
Measuring Locations Standard
Standard

Nominal Value

) 29.42 28.93 1o 30.89
Injection Pressure (300) {295 to 315)
: {4268} [4196 to 4481]
Measured Value
Injection Injection Injection Injection
No Pressure Service Pressure No Pressure Service Pressure
) Before Hours (h) After ) Befare - Hours (h)_ After
Adjustment Adjustment Adjustment - | Adjustment
1 7
2 g -
3 9
4 10
5. 11
6 12
Person
Approved Checked
REMARK By By In




No.11

NSPE

[ ON RECORD S ET
' S H
Engine Model
Company . DATE
: Serial No.
Inspection | Measurement of Camshaft Bushing Inside Diameter and UNIT I
Point Camshaft Journal Diameter (Right Side) "
Measuring Locations’ Standard
Y Nomnal Standard Limit
Y
@X X Camshaft Bushing Inside”™ | 100 10000052 100.160
_ Diameter - {3.94] [3.94 tc; 3.946] [3.946]
¥ ¥
7
@ $100 99,92 to 99.94 99,86
v | Camshaft Journal Diameter Sl .
DD [3.94] | [3.937 t0 3.938] | [3.934]
Measured Value
| Camshaft Bushing Inside )
Parl’s Name Diameter . . Camshaft Jou.mal Diarneter Clearance
No. | Direction X Y X Y Max. Min.
. O]
@
2
. @
5
3 ,
, R
. .
: 4 .
: @
L@
5 Lo
@
— > -
b
. @
7 9
@
) Person
Approved Checked
REMARK By By In




|
INSP T RECO H T
‘ S H !
| Engine Model :
‘ DATE
| Company Serial No.
| Inspection | Measurement of Camshaft Bushing Inside Diameter and UNIT o fin ]
| Point Camshaft Journal Diameter (Left Side)
‘| Measuwring Locations Standard
‘ Nonal Standard Limit
¥
Y . Camshaft Bushing Inside $100 1000040 100.160
" Diamet 3.94 X 3.946

| @X X lameter o | {3.94] [3.94 1o 3.945) [3.946]
‘ . 10 99.92 10 99.94 99,86
| i % Camshaft Joumal QuametEr ?392] (3.937 ‘g 3.938} (3.934]
| oo

L
| DD - !
|
‘ Measured Value

Part's Name Camshaﬂ_Bushmg_lnSIde_ Camshaft Joumal Diameter . Clearance
Diameter

' No. | Direction X LY : X Y Max. Min.
| o

@
| 2 ©
| Q- -
| 3 O
| @
| ®
‘ 4
| : @
[ g 0]
|
| ' @

- o 1
| 6
| ) @
| 10
‘ 7
! @
|
|
|
l ’ Person
REMARK _ Appéoved Ch<—:'Bcked In
y Y Charge
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No.13

INSPECTION RECORD SHEE

S H
R Engine Mode! DATE '
ompany Serial No.
Inspection | Measurement of Crankshaft End Play UNIT'[  mm in]

Measuring Locations

f\nftchngfe}

Matching Marks

Standard
Standard 3 Limit
Measurement of 0.20 to 0.40 : ..
Crankshaft End Play [0.0079 to 0.0157] 0.50 [0.0197]

_ Measured Value

During-Disassembly | After Reassembly

’ Person
REMARK Approved .[ Checked

By By
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