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FOREWORD

This operation and maintenance manual contains detailed operation, inspection and maintenance
information for Mitsubishi engines.

Please read this manual thoroughly before praceeding with operation, inspection, and maintenance
work for comrect use and servicing.

Failure to follow directions in this manual may result in serious accidents.
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Limited warranty

The manufacturer will repair or replace parts returned to the manufacturer when the manufacturer judges after
inspection that the parts are defective in material and/or workmanship.

The manufacturer's warranty is limited to the repair work or replacement of parts for the defective parts only.

The warranty coverage is effective for the original purchaser only. Those to whom ownership is later transferred are
not provided with the warranty.

» The manufacturer makes no warranties, either expressed or implied, except as provided in this
manual, including, but not limited to, warranties as to marketability, merchantébility, fitness for a
particular purpose or use, or against infringement of any patent.

+ The manufacturer will not be liable for any damages or conseguential démages, including, but
‘not limited to, damages or other costs resulting from any abuse, misuse, misapplication of the
engine and devices supplied by the manufacturer.

+ The manufacturer will not be liable for any damages or personal injuries resulting from any
maodification, without the manufacturer's written permission, of the engine and devices supplied
by the manufacturer.

+ The manufacturer will not be liable for any damages or production losses caused by the use of
fuel, engine oil andfor long life coolant {LLC) that are not recommended by the manufacturer.
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Important information

-

To avoid potential hazard, accident prevention activ-
ities must be planned methodically and conducted
continually by considering all aspects of engine
operation, maintenance and inspection.

All related personnel, including managers and
supervisors, should actively participate, recognize
their roles and organize themselves and their work
to ensure a safe environment.

The foremost safety objective is to prevent acci-
dents that may result in injury or death, or equip-
ment damage.

Always observe laws or regulations of the local or
federal/national government.

The manufacturer cannot foresee all potential dan-
gers of the engine, potential danger resulting from
human error and other causes, or danger caused by
a specific environment in which the engine is used.
Since there are many actions that cannot be per-
formed or must not be performed, it is impossible to
indicate every caution in this manual or on warning
labels. As such, it is extremely important to follow
directions in this manual and also to take general
safety measures when operating, maintaining and
inspecting the engine.

This manual has been prepared for people whose
native language is English. When the engine is used
by individuals whose native language is not English,
the customer is requested to provide thorough
safety guidance to the operators. Alsa.add safety,
caution and operating signs that describe the origi-
nal warning label statements in the native language
of the operators.

The engine must be operated, maintained and
inspected only by qualified persons who have thor-
ough knowledge of engines and their dangers and
who also have received risk avoidance training.

To prevent an accident, do not attempt to carry out
any operation other than those deseribed in this
manual, and do not use the engine for any unap-
proved purpose.

When the ownership of the engine is transferred, be
suré to provide this manual with the engine to the
new owner. Also inform the manufacturer of the
name and address of the new owner of the engine.

This manual is copyrighted and all rights are
reserved. No part of this manual, including illustra-
tions and technical references, may be reproduced,
photocopied; translated, or reproduced in any elec-
tronic medium or machine readable form without
prior written consent from the manufacturer.

The contents in this manual are subject to change at
any time without notice, for improvement of the
engine. '

Pictures or illustrations of the product in this manual
may differ fram those of product you have.

Please note that, depending on specifications, items
described in this manual may differ in shape, or may
not be installed on the product you have.

Please contact your Mitsubishi dealer if you need
more information or if you have any questions.

i you lose or damage this manual, obtain a new
copy at your Mitsubishi dealer as soon as possible.
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Warning Indication

The following two means are used to call the attention of the operators and maintenance personnel to potential dan-
gers of the engine.

+ Warning statements in the manual

+ Warning labels affixed on the engine

Warning statements

The warning statements in this manual describe potential danger in operating, inspecting or maintaining the engine,
using the following five classifications to indicate the degree of potential hazard. Failure to follow these directions
could lead to serious accidents which could result in personal injury, or death in the worst case.

A; DANGER . Indicates an imminently hazardous situation which, if not avoided, will result in death or
e serious injury. '

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

ZAEWARNINGE

Indicates a potentially hazardous situation which, if not avoided, may resuit in minor or

'r—-——————.'ﬁA’ECA UTION = moderate injury.

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

- CAUTION 3 mage.

Note: Indicates important information or information which is useful for engine operation.
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Units of measurement

Measurements are based on the International System of Units (S1), and they are converted to the metric system
units in this manual using the following conversion rates.
= Pressure: 1 MPa = 10,197 kgffem?
+ Torque: 1 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 = 0.75 cmHg
+ Meter of water: 1 kPa = 10.197 cmH20 (cmAg)
» Engine speed: 1 min =1 rpm

Abbreviations, standards and others

APl = American Petraleum Institute

ASTM = American Society for Testing and Materials
JIS = Japanese Industrial Standards

MIL = Military Specifications and Standards {U.S.A.)
MSDS = Material Safety Data Sheet

+ SAE = Society of Automotive Engineers (U.5.A.)
LLC = Long Life Coolant
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Chapter 1 BASIC SAFETY PRECAUTIONS

Fire a
Keep flames away

Store fuel and engine oil in a well

ventilated designated area.

Make sure that the caps of fuel and

engine oil containers are tightly

closed.

Do nat use flames, do not smoke,

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

Wipe off spilled fuel, cil and LLC immediately and
thoroughly. Spilled fuel, oil and LLC may ignite and
cause a fire.

Keep engine surrounding area
tidy and clean

Bo not leave combustible or explosive materials, such
as fuel, engine oil and LLC, near the engine. Such
substances can cause fire or explosion.

Remove dust, dirt and other foreign materials accu-
mulated on the engine and sorrounding parts thor-
oughty. Such materials can cause fire or the engine to
overheat. In particular, clean the top surface of the
battery thoroughly. Dust can cause a short-circuit.
Always operate the engine at a position at least 1 m
[3.28 ft.] away from buildings and other equipment to
prevent possible fire caused by engine heat.

Avoid accessing crankcase

until engine cools

Do not attemnpt to open the side cover of the crank-
case before the engine cools down, Wait at least 10
minutes after stopping the engine.

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

Care for fuel, 6i| and exhaust
gas leakage

If any fuel, cil or exhaust gas leakage is found, imme-
diately take corrective measures to stop it.

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

Use explosion-proof lighting

apparatus

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

Prevent electrical wires from
short-circuiting

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

Keep fire extinguishers and a
first-aid kit handy

Keep fire extinguishers handy, and

become familiar with their usage.

Keep a first-aid kit at the desig-

nated place where it is easily

accessible by anyone at any time.

Establish response procedures to

follow in the event of fire or accident. Provide an
emergency evacuation route and contact points and
means of communication in ¢ase of emergency.
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Chapter 1 BASIC SAFETY PRECAUTIONS

i

-Stay clear of all rotatlng and ovmg parts

Install protective covers around
rotating parts

Make sure the protective covers of
the engine are correctly instalied.
Repair any damaged or loose cov-
ers.

Never remove the protective cov-
ers of rotating parts during opera-
tion.

* When the engine is coupled to the radiator or other
equipment, install protective covers around the
exposed connecting belt and coupling.

Never remove protective covers.

Check the work area for safety
Before starting the engine, check to make sure no one
is near the engine and_fools are not left on or near the
engine. Verbally notify persens within the immediate
area when starting the engine.

When the starter device is posted with a sign that pro-
hibits startup operation, do not operate the engine.

Stay clear of moving parts dur-
ing engine running
Do not approach rotating or sliding
parts of the engine when the
engine is in operation.

Keep objects likely to be caught by
rotating parts away from such
parts.

If any part of the clothing or outfit-
ting is caught by a rotating part, serious bodily injuries
could resuit.

{¥

Lockout and Tagout

Be sure to lackout and tagout before starting inspec-
tion and maintenance.

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

To accomplish the lockoutftagout, remove the starter
swilch key, set the battery switch to OFF and attach a
"Do Not Run” or similar caution tag to the starter
switch. The starter switch key must be kept by the per-
son who performs inspection and maintenance during
the work.

In the case of pneumatic starting type, close the main
valve of the air tank and post a tag saying "Do Not
Open the Valve" or the like.

Keep engine stopped during
servicing

Be sure to stop the engine before proceeding to
inspection and service procedure. Never attempt to
make adjustments on the engine parts while the
engine is running. Rotating parts such as belt can
entangle your body and cause serious injuries.

Always restore engine turning
tools after use

Do not forget to remove the tools which have been
used for turning the engine during inspection or ser-
vicing, after the procedure is finished. Remember also
that the turning gear must be returned to the operating
condition before starting the engine.

Starting the engine with the turning tools inserted or
with the turning gear in engagement can lead to not
only engine damage but also personal injuries.
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A WARNING S

Be careful of burns

Do not touch the engine during
or immediately after operation

To avoid burns, do not touch the i

engine during or immediately after

operation.

To conduct maintenance and
inspection work, wait until the
engine has cooled sufficiently by
checking the temperature gauge.

Do not open the radiator filler
cap when the engine is hot

Never open the radiator filier cap while the engine is
running or immediately after the engine is stopped.
The engine coolant is hot during engine operation and
immediately after operation.

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

When opening the cap, stop the engine and ailow the
coolant temperature 1o lower sufficiently. Cover the
cap with a cloth pr use thick rubber glove, and then
slowly open the cap. When closing the cap, be sure to
tighten securely.

Add coolant only after the cool-

ant temperature dropped

Do not add coolant immediately after the engine
staps. Wait until the coolant temperature lowers suffi-
ciently to avoid a risk of burns.

Never remove heat shields

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

of exhaus
fume poisoning

Operate the engine in a well-

ventilated area

If the engine is installed in an
enclosed area, and the exhaust
gas is ducted outside, ensure that
there is no exhaust gas leak from
duct joints.

When the engine is used for a
mobile generator set, never run the engine in an
enclosed area (such as a warehouse and tunnel), or
near the wall, structure, or equipment where the venti-
lation is bad. When the engine must be operated in an
enclosed area, provide sufficient ventilation, and dis-
charge exhaust gas to the outside. Make sure the
exhaust gas is not discharged directly to surrounding
buildings, plants or living passersby.

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

A WARNING IR s S
Protect ears from noise
Wear ear plugs

Always wear ear plugs when enter-
ing the machine room {engine
room}. Combustion sound and
mechanical noise generated by the
engine can cause hearing prob-
lems.
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Be careful to prevent the
engine from falling

Lift engine carefully
To lift the engine, always use a
correct wire rope capable of with-
standing the engine weight.
Attach the wire rope to the lifling
hangers provided on the engine
using a correct sling.

During liting process, keep the
engine in a well-balanced position by taking the center
of gravity of the engine into consideration.

Keep the angle formed by slings attached to hangers
within 60 degrees. If the angle exceeds this limit,
excessive load is imposed on the hangers and this
may damage the hangers and result in a serious acci-
dent.

if the wire rope contacts the engine directly, place a
cloth or other soft padding to avoid damage to the
‘engine and wire rope.

Do not climb onto the engine
Do not climb onto the engine, nor step on any enging
parts located on the |ateral sides.

To work on parts located on the upper section of
engine, use a ladder, stool, etc., that was firmly
secured.

Climbing on the engine may not only damage engine
parts but also cause parts to fall off and result in per-
sonal injuries.

Always prepare stable scaffold
When working on the upper part

of the engine and other hard-to-

reach places, use a stable work

platform. )

Standing on a decrepit stool or

parts box may result in personal

injury. Do not place any unnecessary objects on a
work platform.

1-4

B i b oo ARCCAUTION. 7. & 3400
Be careful when handling
fuel, engine oil and LLC

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

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

'Use of any other fuel, il or LLC, or impreper handling

may cause various engine problems and malfunc-
tions. ‘

Obtain the Material Safety Data Sheet (MSDS) issued
by the fuel, oil and LLC suppliers, and follow the direc-
tions in the MSDSs for proper handling.

Handle LLC (long life coolant)

carefully

When handling LLC, always wear rubber gioves and a
protective face mask. If LLC or cooling water contain-
ing LLC comes into contact with your skin or eyes, or if
it is swallowed, you would suffer from inflammation,
irritation or poisoning.

Should LLC be accidentally swallowed, induce vomit-
ing immediately and seek medical attention. Should
LLC enter your eyes, fiush them immédiately with
plenty of water and seek medical attention. If LLC
splashes onto your skin or clothing, wash it away
immediately with plenty of water.

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

Proper disposal of waste oil
and coolant (LLC)

Do not discharge waste engine oil or coclant into sew-
erage, river, lake or other similar places. Such a way
of disposal is strictly prohibited by laws and regula-

tions.

Dispose of waste oil, coolant and other environmen-
tally hazardous waste in accordance with the applica-
ble law and regulations, or consult a Mitsubishi dealer.
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Serwce battery
Handle the battery correctly

+ Never use flames or allow

sparks to generate near the bat-

tery. The battery releases flam-

mable hydrogen gas and

oxygen gas. Any flames or

sparks in the vicinity could

cause an explosion.

Do not use the battery the fluid level of which is low-

ered below the lower limit line, Sustained use of the

battery could result in an explosion.

« Do not short the battery terminals with a tool or *
cther metal object.

» When disconnecting battery cables, always remove

the cable from the negative {-) terminal first. When

reconnecting the cables, attach the cable to the pos-

itive (+) terminal first.

Charge the battery in a well-ventilated area, with all

filling hole plugs removed.

Make sure the cable clamps are securely installed

on the battery terminals. A loose cable clamp can

cause sparks that may result in an explosion.

Before servicing electrical components or conduct-

ing electric welding, set the battery switch to the

[Open/OFF] position or disconnect the cable from

the negative (-} battery terminal to cut off the electri-

cal current.

Electrolyte (battery fluid) contains dilute sulfuric

acid. Careless handling of the battery ¢can lead to

the loss of sight and/or skin bums. Also, keep the

battery fluid off the mouth.

Wear protective goggles and rubber gloves when

working with the battery (when adding water, charg-

ing, etc.).

If electrolyte is spilled onto the skin or clothing,

immediately wash it away with lots of water. Use

soap to thoroughly clean.

The battery fluid can cause blindness if splashing

into the eyes. If it gets into the eyes, immediately

flush it away with pienty of clean frash water, and

seek immediate medical attention.

« [f the baitery fluid is accidertally swallowed, garglé
with plenty of water, then drink iots of water, and
seek immediate medical attention.

-

e

‘i HeSiAh CAUTION it
When an abnormality
occurs

Do not add coolantimmediately
after a sudden stop due to over-
heating

If the engine stops suddenly or if you have no choice
but to stop the engine suddenly due to overheating, do .
not add coolant immediately. -

Adding water while the engine is hot can damage
parts such as cylinder heads due to a sudden drop of
temperature. Add coclant gradually after the engine
has completely cooled.

Avoid immediate restart after

abnormal stop

If the engine stops abnormally, do not restart the
engine immediately. If the engine stops with an alarm,
check and remedy the cause of the problem before
restarting. Sustained use of the engine without any

remedy could result in serious engine problems.

Avoid continuous engine oper-
ation at low oil pressure -

If an abnormal engine oil pressure drop is indicated,
stop the engine immediately, and inspect the lubrica-
tion system to locate the cause. Continuous engine
operation with low oil pressure could cause bearings
and other parts to seize.

If the fan belt breaks, stop the
engine immediately

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

-
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Other cautions
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 produce personal injuries.

Never break the seals

To ensure proper engine operation, the fuel controi

links are sealed to prevent accidental change of the

injection vofume and rotation speed settings. Operat-

ing the engine without these seals in place can cause

the problems described below, and also invalidates

the warranty.

= Rapid wear of sliding and rotating parts

« Engine damage such as seizing of engine parts

* Cansiderably increased consumption of fuel and
lubricating cil

» Degradation of engine performance due to improper
balance between fuel injection volume and governor
operation or overrunning of the engine which could
result in a serious accident.

Perform all specified pre-opera-
tion inspections and periodic

inspections

Conduct the pre-operation inspections and periodic
inspections as described in this manual.

Failure to conduct the specified inspections may
cause various engine problems, damage to parts, and
serious accidents.

Break-in the engine

To break in new engines or overhauled engines, oper-
ate the engine at a speed lower than the rated speed
in & light load condition during the first 50 hours of
operation.

Operating new engines or overhualed engines in a
severe condition during the break-in period shortens
the service life of the engine.

Warm up the engine hefore use
When starting auxiliary devices, such as a water
heater and an engine oil priming pump, are not
installed, let the engine idle for 5 to 10 minutes before
operating the engine for work. Warm-up operation cir-
culates lubricants in the engine and contributes to a .
longer service life and economical operation. Do nat
conduct warm-up operation for prolonged period of
time. '

Prolonged warm-up operation causes carbon build-up
in th’e cylinders that leads to incomplete combustion.

Never operate the engine in an

overloaded condition

If the engine shows an overloaded condition such as
black exhaust smoke, reduce the load immediately to
operate the engine at an appropriate output and load.
Querloading causes not only high fuel consumption
but also excessive carbon deposits inside the engine.
Carbon deposits cause various problems and will
shorten the service life of the engine.

Conduct cooling operation

before stopping the engine

Before stopping the engine, let it idle at low speed for
5 to 6 minutes to cool down.

Stopping the engine immediately after high-load oper-
ation will cause engine parts to heat up and shorten
the service life of the engine.

During cooling operation, check the engine for abnor-
malities.

Protection of the engine against
water entry

Do not allow rainwater, ete. to enter the engine
through the air inlet or exhaust openings_

Do not wash the engine whilg itis operating. Cleaning
fluid (water) can be sucked inta the engine.

Starting the engine with water inside the combustion
chambers can cause the water hammer action which
may result in internal engine damage and serious
accidents.
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Properly maintain the air

cleaner and pre-cleaner

The major cause of abnormal wear on engine paris is

dust from intake air. Worn parts produce many prob-

lems such as an increase of oil consumption,
decrease of output, and starting difficulties. For effec-
tive removal of dust from intake air, maintain the air
cleaner or pre-cleaner actording to the following
instructions.

» Do not maintain the air ¢cleaner/pre-cleaner while the
engine is operating. Operating the engine without
the air cleaner/pre-cleaner allows foreign matters to
enter the turbocharger and could result in serious
damage.

« Rerove the air cleaner/pre-cleaner slowly to pre-

vent dust accurmulated on the element fram falling

off. After removing the air cleaner or pre-cleaner,
immediately cover the opening (inlet port of air
cleaner; port in body for pre-cleaner} with plastic
sheet or similar means to prevent dust from entering
the engine. “

Air cleaners equipped with a dust indicator will issue

an alarm if the efement gets clogged. Service the

cleaner as soon as possibie if an alarm is issued.

Observe safety rules at work
site

Observe the safety rules established at your work-
place when operating and maintaining the engine.
Do not operate the engine if you are feeling ill.
Operation of the engine with reduced awareness may
cause improper operation that could result in acci-
dents. In such a case, inform your supervisor of your
condition.

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

Work clothing and protective

gear

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

When handling compressed air, wear safaty goggles,
a hardhat, gloves and other necessary protective
gear. Works without wearing proper protective gear
could result in sericus injuries, '

Use of tools optimum for each

work

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

Do not operate the starter for a

prolonged time

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

Do not turn off the battery

switch during operation

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

Cautionary instructions for

transporting the engine

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

1-7
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About warning labels
Maintenance of warning labels

Make sure all warning/caution labels are iegible.
Clean or replace the warning/caution labels the description and/or illustration of which cannot be seen clearly,
For cleaning the warning/caution fabels, use a cloth, water and soap. Do not use cleaning solvents, gasoline or
ather chermicals to prevent the letters from getting biurred or the adhesion from being weakened.
Replace damaged or fractured labels with new cnes. -
If any engine part on which a warning label is attached is replaced with a new one, attach a new identical warning
label to the new part.

- To obtain replacement warning labels, contact a Mitsubishi dealer.

2
TURNING CAN OIL MIST 1§
ROTATING PARTS. O CAUSE SEVERE “J;///’ FLAMMABLE AND

CAN CAUSE SEVERE PERSONAL INJURY. EXPLOSIVE,
PERSONAL IMJURY.
* BE SURE NO DANGER
AROUND MOVING PARTS DO NOT OPEN
« KEEP AWAY FROM ROTATING BEFORE TURNING. . INSPECTION COVER
FLYWHEEL. » KEEP TURNING DEVICE WITHIN 10 MINUTES
o DO NOT OPERATE WITHOUT OR BAR IN “OFF POSI- AFTER ENGINE STOP.
FLYWHEEL COVER. TION® WHEN NOT IN USE. )
k Qm-ﬁ“ﬁy \L 45}53-51290_/ L 45493-51300
T y“
ARNINGH
v HIGH PLACE MAY VOLTAGE MAY CAUSE v
CAUSE FALLING. ELECTRIC SHOCK. L
£ ® TURN OFF POWER BEFORE &
* EEE%ASEF%A‘E’F'UEE. You CHECKING DR MATENANCE.
® 00 NOT TCUCH ANY ELECTRIC
o DD NOT PUT ANY IMPROPER EQUIPMENT WHEN POWER 1S ON. o B ARERUL OF ROTATNG
MATERIALS ON ENGINE AND @ DO HOT OPERATE WITH DOOR
SCAFFOLD. AND PROTECTIVE GOVER OPEN. ® 00 NOT PUT THGERS NEAR
e 213%)) L 4543331600, ) {3 ___ssaz-sor)

* HOT WATER MAY
CAUSE BURNS.
® 00 NOT REMOVE RADIATOR

CAP UNDER HOT CONDITIONS,
4549350000

.. PEAFORN SAFETY WAINTEAANCE

| | WITH REFERAZNCE oup:mnnu AND

L === WAIRTERANCE WAKURL. SN . EE CAREFLL OF ROTATING
. ELT.

& B0 NOT P FWAERS NEAR
HOT SURFACES. L ROTATING BELT.

MAY CAUSE BURN.

® K0T SURFACE MAY CAUSE BURNS,
» [0 NOT TOQUCH HOT SURFACE.

A5AR1-50RO0,

@3- 60A0D. )

Fig. 1-1 Warning labels
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Engine external view
The external views shown below are the standard type of engine.
The external view changes based on the type and attachments.

Left view
Oil cooler Fuel filters Fue! injection pump
Hanger Hanger
Turbochargers
Thermostat cases
Breather
_H
o Actuator

Inter cooler water pump

Fal 2 O e

Coolant drain cock

a

Starters

Dampers

Bypass oii filter Fuel outlet pipe joint

4‘
Gi

Fuel feed pump
Qil filters Qil filler

Oil level gauge Fuel inlet pipe joint

Fig. 2-1 Left view

Right view

Hanger | .
Exhaust pipe 9 Qil cooler

Hanger

Turbochargers

Thermostat case

Alternator

Run-on stop solenoid

o
Fuel injection purip /ﬁrﬁjﬂ

-
-

Water pump

Coolant drain cock

Qil pump

Breather Fue! filters

Fig. 2-2 Right view
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Equipment and instrument

Manual stop lever

tse the manual stop lever to shut down the engine in
the event of an emergéncy. If the starter switch fails to
stop engine operation, use the manual stop lever.
When the manual step lever, which is located in the
fuel contral link, is moved in the [STQP] direction, the
engine stops.

If the engine continues to operate even after the man-
ual stop lever is moved in the STOP position, cut off
the fuel supply to stop the engine.

Stop solenoid

The stop solenoid operates for normal shutdown of
engine operation. The stop solencid moves the rack of
the fuel injection pump to stop fuel injection, thus shut-
ting down the engine operation.

The "RUN-ON" type solenoid sets the starter switch to
the "OFF" position by de-energizing the stop solenoid
and pushing the rod out by internal spring power
which makes the rack of the fuel injection plmp move
to the non-injection direction.

Instruments

Stop solencid
(RUN-ON type)

Figj 2-4 Stop solenoid

This section describes the devices which transmit signals to the instruments that are necessary for operation.
Be sure to understand the function of each device before proceeding with operation.

Revolution pickup
The revolution pickup is installed in the timing gear
case to detect the engine speed.

Fig. 2-5 Revolution pickup
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Engine protection devices

The engine protection devices activate an alarm when an abnormality occurs in the engine to protect the engine
against serious problems and accidents. When a protection device is activated, stop the engine, inspect the cause
of abnormality, and take corrective measures.

If the cause is unidentified, contact your local Mitsubishi dealer.

Protection devices on the engine, their types (set value) and shapes vary depending on the specifications. The
functions of typical protection devices are described below:

Qil filter alarm switch

The oil filter alarm switch activates the alarm system
when the il filter is clogged.

The switch is activated when the difference of pres-
sures measured at before and after oil filter reaches
the specified value.

When the alarm sign is given, immediately replace the
ail filter with a new fiiter. Also renew the engine ail.

Fig. 2-6 Oil filter alarm switch

Air cleaner indicator

When the air cleaner element is clogged and the def-
erence of pressures measured at before and after air
cleaner becomes abnormally high, the air ¢leaner indi-
cator shows a red sign.

Immediately clean the element or replace with a new
element when the red sign appears.

After cleaning or replacing the air cleaner, press the
button on the top of the indicator fo reset the alarm
signal. When serving the air cleaner, use care to pre-
vent dust from entering the air cleaner. Also do not
damage nor distort the element. Fig. 2-7 Air cleaner indicator

2-3
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Using turning gear
T O A T R TR AT

Before starting the engine, make sure tat the turning
with the turning gear pushed in not only damages the ring gear but also may result in personal injury.

B,

1. Loosen the two bolts, and remove the plate from
the shaft groove.

Bolt

Fig. 2-8 Tuming gear position (engine in operation)
2. Push in the shaft fully to engage it with the ring
gear.

Y

. Fig. 2-9 Turning gear position (shaft pushed in)
3. Using a socket wrench and a ratchet handle, turn

the shaft.
4. After turning, pull out the shaft, insert the plate in
the shaft groove, and tighten the bolts.

Lo % L AN CAUTION: Jetire 10 7
Make sure the plate is securely installed in the shaft
groove.

Ratchet

Fig. 2-10 Turning gear position (turning shaft)
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Cautions regarding exhaust emission control

Do not modify any part of the engine. Alteration or adjustment of parts connected with the exhaust emission control
performance not only adversely affects the engine performance but also results in non-compliance with the EPA
requlations. It also invalidates the manufacturer's warranty. The following parts in the engine and the fuel injection
timing are specially designed to ensure proper exhiaust emission control.

+ Turbocharger '

- Cylinder head

- Camshaft

- Piston

- Fuel injection nozzie

+ Fuel injection pump

- Tamper-proof equipment

- Inter cooler

+ Engine controller

- Inter cooler water pump ‘

Use proper radiator for inter cooler which satisfies the service condition specified in the specification.

if any of the above parts is removed and replaced with a nonconforming produci, the engine will fail to comply with
the EPA regulations and provide podr emission contro! performance. The exhaust emission control system of the
engine should be serviced only by an authorized Mitsubishi dealer.

To maintain the exhaust emission control performance, be sure to conduct maintenance according to the direction
in this manual. :

| [V
I iy AN

/@/@\ I H

Fig. 2-11 Tamper-proof equipment
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Preparation for operating new or overhauled engine

Before proceeding with operation of a new or overhauled engine, conduct the inspections described in this section.
For second operation onward, follow the instructions described in the "Normal engine operation” (3-9).

Preparation of fuel system

AN CAUTION “#isfuissi

When handhng fuel do not use open ﬂames or heaters. Wipe off any spilled fuel completeiy Spllled Tuel is highly
flammable and can cause a fire.

Do not remove the stramer-when filling the fuel tank Use the fuel specified in "FUEL" (4- 1)

Filling fuel tank

1. Make sure the insides of the fue! tank and fuel pipes are thoroughly clean.

2. Fill fue! tank with fue!,

3. Remove the fuel feed pipe and the drain plug from the fuel intet of engine, and check the discharged fuel for for-
eign particles such as dust.

4. Reinstall the drain plug and the fuel feed pipe.

5. Reiill fuel tank until fuel leve! gauge indicates "FULL".
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Bleedmg the fuel system

When fuel overﬂow from the air vent plug wipe thor—
oughly with a cloth, Spilled fuel is a fire hazard.

After bleeding, lock the priming pump cap securely. If
the cap is not locked tightly, the priming pump can be
damaged, causing a fuel leak that could lead to a fire.
To lock the priming pump ¢ap, follow the procedure
described on the following page.

briat L Gy CAUTION el )
Do not close all air vent plugs before focking the prlm-
ing pump cap, as the priming pump cap will not return
to the original position due to internal pressure.

Bleed air at fuel filters and then at the fuel injection
pump. Bleeding from upstream to downstream is
effective for this job.

Bleedmg the fuel filter

v e s CAUTION & iy bl
If air vent plugs the thread pomon of the bracket, or
sealing washers are damaged, replace them with new
ones.

1. Loosen the air vent plug on the fuel filter intake for
the left bank cylinder about 1.5 turns.

2. Turn the priming pump cap counterclockwise to
untock, and prime the fuel filter.

3. When the fuel from the air vent plug becomes free
from air bubbles, stop priming and tighten the air
vent plug to the specified torque.

4. Logsen the air vent plug on the fuel filter outiet for
the left bank cylinder about 1.5 turns, and bleed as
described above.

5. Bleed the fuel fitters for the right bank cylinders as

described above.

[Unlock] [Prime] [Lock]
Tum clockwise
while pressing

Tum counterclockwise

Move cap up
and down

Fig. 3-1 How to use priming pump

Air vent plug
7809.8Nm
(0.8 to 1.0 kgf-m)
{5.7 to 7.2 Ibt-ft}

Fig. 3-2 Bleeding fuel filter
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Fuel injection pump

1. Locsen the air vent plug on the fuel injection pump
about 1.5 tums.

2, Move the priming pump cap up and down until the
fuel flow from the air vent plug is free from air bub-
bles. Push and turn the priming pump cap clock-
wise to lock in the original position when the fuel
flows is free from bubbles.

3. Tighten the air vent plug on the fuel injection pump.

4. Repeat the same procedure to fuel injection pump
on the other side.

Priming pump cap tightening method

SAESRRE L CAUTION i .. ik
Never fail to tighten the priming pump cap to the spec-
ified angle {90 £ 10°). If the priming pump cap is not
firmly tightened, internal thread will be worn due to
engine vibration, resulting in sudden ejection of the
cap to cause fuel flow-out. Or if the priming pump cap
is excessively tightened (turned 120° or more), the
head of the priming pump can be damaged.

1. Finger tighten the priming pump cap.
Note: Mark this position on the cap to facilitate the fol-
lowing steps:

2. Tighten the cap further by 90 + 10° with a wrench.
Note: Note that the cap will be tightened by 70 to 90°
with full force of hand at the above step 1.

3. Make sure the head packing is not protruding.
Note: If the head packing is protruding, loosen the
priming pump cap. Check the packing for dam-
age and retighten the cap.
If the packing is damaged, consult your Mitsub-
ishi dealer, as the priming pump needs to be
changed.

Air vent plug

Fig. 3-3 Fuel injection pump

Position where 90 £10°
hand-tightening
becomes suddenly
heavy

Priming pump

Head section can be
damaged when
overtightened

| (8=1200r more)

Fig. 3-4 Priming pump cap tigﬁtening method

Head packing

M

Fig. 3~5 Priming pump cap packing
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Preparation of lubrication system

Filling engine with engine oil
1. Remove the cap from the oil filler.

)
2. Fill engine with the specified engine oil to the spec- j‘b
ified level. : i
Note: For engine cil, refer to "ENGINE OIL" (5-1).
<

For engine oil capacity, refer to "MAIN SPECIFI-
CATIONS" (12-1).
3. Remove the rocker covers of all the cylinders.

Lubricate the valve mechanisms and fill the cam- ) / \ | L:
shaft oil bath with engine oil from the cylinder Qil filler Oil level gauge
head.

Oil capacity per cylinder: 800cm? Fig. 3-6 Qil filler and oil level gauge

4, Reinstall the rocker covers.

5. Check the oil level of oil pan as described below:
- Pull out the oil level gauge and wipe it clean with_
a cloth.
- Reinsert the oil [evel gauge all the way in the oil
level guide and then pull it out again.
- The oil level is correct if it is between maximum
and minimum level marks.
- Add the specified engine oil if it is lower than min-
imum level mark.

Camshaft]| &

6. Check the oil pan and other parts for oil leaks. oil bath
Repair the oil leakage if any. Fig. 3~7 Pouring engine oil on valve mechanisms and
7. Shut off fuel and crank the engine with the starter chamber

for 10 seconds to circulate oil throughout the
engine. After 1 minute of rest period, start cranking
again to circulate oil throughout the engine for
another 10 seconds.

8. Check the oil level with the oil level gauge again,
and add oil if necessary.

§

Loy e e CCAUTION Loy 1
To crank the engine, shut off the fuel supply to the
engine and operate the starters. When conducting the
above cranking operation, also check the items to be
inspected for the cooling system by cranking.
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Preparation of cooling system

Filling main cooling system with cool-

ant

1. Make sure the drain cocks on the engine and

water pump are securely tightened.

2. Remove the radiator cap, and fill the radiator tank

with undiluted LLC.

Note: Determine the guantities of LLC based on the
coolant capacity and the LLC concentration
chart.

For the coclant, refer to "COOLANT AND LLC"
(6-1).

For the coolant capacity, refer to "MAIN SPECI-
FICATIONS" (12-1).

3. Pourin water (soft water with minimal impurities,

such as tap water) slowly to the full level.

Note: For absolute air bleeding, loosen the air vent
plug on the upper section of thermostat when
adding water.

4. Check the radiator and other parts for coolant

leaks. Repair leakage if found.

5. Install the radiator cap securely.

Left side Right side

Fig. 3-8 Coolant drain cock - engine body

Coolant drain cock
{water pump)

Fig. 3-10 Air vent plug - main cooling system

Fig. 3-11 Radiator coolant level
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Filling inter cooler cooling system with

" coolant

1. Make sure the drain cocks on the engine and

water pump are securely tightened.

2. Remove the radiator cap, and fill the radiator tank

with undiluted LLC.

Note: Determine the quantities of LLC based on the
coolant capacity and the LLC concentration
chart.

For the coolant, refer to "COOLANT AND LLC"
(6-1).

For the coolant capacity, refer to "MAIN SPECI-
FICATIONS" (12-1).

3. Pour in water (soft water with minimal impurities,

such as tap water) slowly to the full level.

Note: For absolute air bleeding, loosen the air vent on
the upper section of thermostat when adding
walter.

4, Check the radiator and other parts for coolant

leaks. Repair leakage if found.

5. install the radiator cap securely.

Cranking the engine after filling cooling

system

Be sure to fill both main cooling system and inter

cooler cooling system with coolant before cranking the

engine.

1. Shut off fuel and crank the engine with the starter
for 10 seconds.

2. After about 1 minute of rest period, start cranking
again for another 10 seconds to bleed air from the
water pump.

B e e o CAUTIONCTE Ll b Zen
To crank the engine, shut off the fuel supply to the
engine and operate the starters. When conducting the
above cranking operation, also check the items to be

inspected for the lubricating system by cranking.

™ Coolant drain cack -~ Z7Z5-¥
on the inter coaler 4 F

- SO
. JGR. limie—)

Fig. 3-12 Coolant drain cock - inter cooler

Coolant drain cock

Fig. 3-13 Coolant drain cock - inter cooler water pump

Air vent cocks

Fig. 3-14 Air vent cock and plug - inter cooler cooling
system

3. Check the coolant level in the radiator.
4. When a reserve tank is equipped, fill the reserve
tank with the coolant to the [FULL] level.

bermoos v o CAUTION™ g o |
Always use the coolant with the same LLC concentra-
tion for refilling.

3-6

Fig. 3-15 Radiator coolant level




Chapter 3 OPERATION

Inspectmg the battery

|f balteryelctrolyte is spllled on our skm flush |mmedlately with plenty of water. If battery electrolyte enters the

eyes, flush them immediately with lots of fresh water and seek medical attention at once. Do not use open flames or
other fire hazards near the battery. When handling the battery, be careful of sparks generated by accidental short-
ing. For other cautions in handling the battery, refer to "Service battery” (1-5).

inspecting battery electrolyte level
Battery electrolyte evaporates during use and the fluid
tevel gradually decreases. The correct fluid surface
level is between the LOWER LEVEL and UPPER
LEVEL lines, For the battery without level lines, the

correct fluid surface level is about 10 to 15 mm [0.394

to 0.891 in.] above the top of the plates. If the fluid
level is low, remove the caps and add distilled water to
the proper level.

Note: When adding distilled water, pour in carefully.

" Inspecting specific gravity of battery
electrolyte

Check the spemt‘ c gravity of the electrolyte. If the spe-
cific gravity measured at 20°C [68°F] is lower than
1.22, then charge the battery.

Table 3-1 Specﬂ' i gravity of electrolyte

From 12610 1.28
From 1,22 to 1.26
Less than 1.22

Fully charged -

Charged Charge

Discharged Charge

D: /10 to 15 mm
[0.394 to 0.591 in.]

—_—

ELECTRO. ™5
LYTE

GLASS TUBE

Fig. 3-17 Checking specific gravity of electrolyte
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Test operation
To conduct a test operation, follow the procedures below.
Note: For engine operation, refer to "Normal engine operation” (3-9).

Starting and stopping

1. Start the engine.

2. Operate the engine at low idling speed under no load for 5 to 10 minutes for a warm-up operation.
3. Stop the engine.

Inspection

Leave the engine be stopped for about 30 minutes.

During this period, check the engine and surrounding area for leaks of fuel, engine oil or coolant.

At 30 minutes after the engine stop, check the oil level with the oil level gauge.

If the oil level is low, add engine oil from the oil filler. Be sure to use the engine oil of the same brand and type.
Open the radiator cap, and check the coolant level. :

Al ol o

: i E EREORRAY ' ¢ CAUTION % Pl A s
Remove the radiator cap oniy after the englne is cooled to the room temperature Place a cloth over the cap, and
loosen the cap about a half-turn to release internal pressure. Opening the radiator cap while the engine is hot
causes steam and hot coolant to splash out that may result in skin burns.

6. If the coolant ievel is low, add coolant to the specified level.
7. When a reserve tank is equipped, add coolant to the [FULL] level.

N N A T T
- u S, .' . R
Rl » ST

i; i :
Always use the coolant with the same LLC concentratlon for reﬁllmg
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Normal engine operation

This section of the manual covers the procedures for the engine operation in normal condition.

AEER YK CAUTION

If any engine abnormallty is observed during operation, stop the engine and correct the problem or contact your
Mitsubishi dealer.

Preparations for operation (pre-start inspection)
Before starting the engine, always conduct the following inspection.

External tnspection

il ACAUTION £: .o o o me gl
Be sure to keep combustible mateﬂals away from the engine, espematty from the hot engme parts such as exhaust
manifolds, or the battery. Check for fuel and oil leaks. Clean the top of the battery with a wet cloth before starting the
engine, as dust on the battery can easily ignite. If any abnormality is found, be sure to repair it or cantact your Mit-
subishi dealer.

Inspect the engine exterior as described below.

1. Make sure there is no combustible material near the engine or battery. Also, check to make sure that the engine
and battery are clean. If combustible materials or dust are found near the engine or battery, remove them.

2. Check the electrical wiring for such components as the starter and alternator for looseness.

3. Check the entire engine for leaks of fuel, engine oil or coolant. If a leak is found, repair the leak, or contact your
Mitsubishi dealer.

4. Make sure the following valves, plugs and cocks are open or closed properly:
- Fuel feed valve: Open

+ Coolant drain cock (plug). Closed

- Qil drain valve: Closed

3-9
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Checklng the fuel tank oil level

4 ; AﬁﬁRNINGmmm%a%%
When working around fuel, make sure there are no apen flames, heaters or other fire hazards Wpe off any sptlled
fuel completely. Spilled fuel can ignite and cause a fire.

Do not remove the stralner when f Iimg the fuel tank
Use fuel specified in "FUEL" {(4-1).

Make sure the fuel tank is full. If the fuel leve! is low,
refill the tank to the “FULL” level.

Checking the engine oil level

1. Pull out the oil level gauge and wipe it clean using
a cloth.

2. Insert the cil level gauge fully into the oil level
gauge guide, then pull out the gauge again.

3. The correct oil level is between the MAXIMUM and
MINIMUM marks on the il level gauge.

4. If the oil level is low, remove the oil filler cap and

add engine oil of the specified type to the MAXI-

MUM level. - Oilfiller Oil level gauge

5. Refasten the oil filler cap after refilling.
6. Check the oil pan and other parts for oil leaks. - Fig. 3-18 OQil filler and oil level gauge
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Checking the coolant level

AT A BT S g o e,
T WARNINGE H _Turn the cap about  Stand the lever to
half a turn the upright position

cooled to room temperature. Place a cloth over the
cap, and loosen the cap about a half-turn or stand the
lever to the upright position to release internal pres-
sure. Opening the radiator cap while the engine is hot
causes steam and hot coolant to spray out and may

result in skin burns.

1. Open the radiator cap and check the coolant level
for both main cooling system and inter cooler cool-
ing system.

2. [f the coolant tevel is low, add coolant to the speci-

fied level. V ®

| ... - . CAUTION: . ... . —gF—
Always use the coolant with the same LLC concentra- IR SR e R T PO
tion. '

Fig. 3-1¢ Radiator cap

Note: Determine the quantities of LLC based on the
coolant capacity and the LLC concentration =
chant. -
For the coolant, refer to "COOLANT AND LLC”
(6-1). For the coolant capacity, refer to "MAIN
SPECIFICATIONS" (12-1).

I

Fig. 3-20 Radiator coolant level

3. If a reserve tank is equipped, fill the reserve tank
with coolant up to the [FULL] line level.

Checking the fuel control link
Check fuel control link for smooth movement.
Alsp check poll joint for loose and play.

Fig. 3-22 Checking fuel control link

3-11




Chapter 3 OPERATION

Checking the air cleaner
1. Check the air cleaner indicator for the element
~ clog.
2. if the element is clogged, the red signal mark is
visible.
3. Immediately clean or replace the air cleaner ele-
ment when the signal turns red.
MNeote: For cleaning of the air cleaner element, refer to
"Cleaning, inspecting, and replacing the air
cleaner element” (8-17).

3-12

Fig. 3-23 Checking air cleaner




Chapter 3 OPERATION

Starting
The starting method changes based on the application

and specifications. Start the engine according to the
specified procedure.

Before starting the engine, check to make sure no one
is near the engine and that tools are not left on or near
the engine. In a loud voice, notify people in the area
when starting the engine.

b - CAUTION . g ,
A long and continuous operation of the starter drains
the battery power, and it can also burn the starter. Do
not apply a load to the engine at starting.(Disengage
the clutch if installed.)

Do not use the starter for more than 10 seconds at a
time.When the engine does not start, wait for more
than 30 seconds before cranking again.

Warming-up operation

Do not approach rotating parts during operatlon
Entanglement by rotating parts can cause serious
injury.

" . . CAUTION- .
Do not conduct warm-up operation for a prolonged
period of time.

Pralonged warm-up operation causes carbon buildup
in the cylinders that leads to incomplete combustion.
Do not turn the battery switch to OFF. Turning off the
battery switch while the engine is in warm-up opera-
tion not only stops the instrument operations but also
may deteriorate the afternator diode and regulator.
Never turn the key to the START position during

‘warm-up operation, as it damages starter.

During warming-up operation, do not operate the
engine in an overioaded condition (if overloaded,
black smoke is exhausted). Operating the engine in
an overloaded condition not only increases fuel con-
sumption but also generates excessive carbon depos-
its inside the engine which considerably shortens the
service life of the engine.

After the engine starts, operate the enging in a no load
condition at high idling speed for 5 to 10 minutes to
warm up the engine.

Checking engine oil pressure

During warming-up operation, check if the oil pressure

is in the range of standard value.

Also, make sure the oil pressure gauge is operating

properly.

Note: The oil pressure gauge may indicate a higher
level than normal level immediately after the
engine starts, due to the low oil temperature.
The pressure gradually lowers to the normal
level as the oil temperature rises.

External inspection during warm-up
Visually check the external view of the engine for
leaks of fuel, engine oil and coolant, or leaks of
exhaust gas from joints.

3-13
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Operation

e R TR, g L“,,.;\L. % i i
et VACWARNING S s

Do not approach rotating parts during operation.
Entanglement by rotating parts can cause serious

injury.

bordeheld - 4N CAUTION SRR
Do not touch any hot part of the englne such as
exhaust pipes during operation or immediately after
shut down. A hot engine can cause burns.

[ LI ) - .7..!- L

PN e 2o TCAUTION 375700 0 v

Inspection during operation

Carefully check the exterior of engine such as piping

joints for leaks.

Check for abnormal engine noises or vibrations such

as knocking.

Check the color of exhaust gas from the exhaust muf-

fler.

Note: For abnormal exhaust gas conditions, refer to
"Other problems and countermeasures” (11-3).

Check the instruments and gauges for proper opera-

tion and make sure they indicates normal values. -
Table 3-2 Standard values at rated speed

Always prowde adequate ventﬂatlon in the engtne
room. If air supply to the engine room is not sufficient,
the room temperature rises and can affect engine out-
put and performance.

Far the first 50 hours, operate the engine under a light
load for break-in operation.

Operating the engine under heavy load or severe con-
ditions during the break-in period can shorten the ser-
vice life of the engine.

Do not turn the battery switch to OFF when the engine
is in operation. Turning off the battery switch during
operation not only stops the battery charge but also
causes malfunctioning of instruments and deteriorates
the alternator diode and regulator.

Never turn the key to the START position during oper-
ation. The starter may be damaged.

After the warm-up operation, start applying load to the
engine.

3-14

Pt il tem g 50T St o Standard value

0.49 to 0.64 MPa
{5 to 6.5 kgffem?}
[71 to 92 psi]

Engine oil pressure gauge’

Main cooling 70 to 80°C
Coolant system {158 t0 194°F)
temperature | |nter cooler 40 to 70°C

cooling system {104 to 158°F)

Note :{a} When the oil pressure drops below 0.29
MPa {3 kgflcm?} [42.7 psi] in normal opera-
tion, or below 0.10 MPa {1 kgflcm?} [14.2 psi]
at low idling, stop the engine immediatély.
Be sure to locate the cause of problem and
correct it before restarting the engine.

(b) When the high temperature alarm switch is
activated in normal operation, change the
engine operation immediately to low idling
operation until the engine temperature
decreases to the normal operating level.
Then, operate the engine for another 5 or 6
minutes far cooling before stopping the
engine. Be sure to locate the cause of prob-
lem and correct it before restarting the
engine.
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Stopping

2 i e : ﬂuﬁ;’;’! e
Stopping the engine suddenly dmlgh speed operatlon creates a Iocal abnormal h:gh temperalure ris and
shortens the service life of enging. Except in an emergency, be sure to conduct the cooling operation for 5 to 6 min-
utes at low idling speed before stopping the engine. During the cooling operation, check the engine for abnormali-
ties. Never accelerate the engine right before shutting it down.
Co not restart the engine immediately after abnormal shut down.
When the engine stops with alarms, be sure to locate the cause of the problem and correct the problem before
restarting the engine. After restarting the operation, check the engine for abnormalities again. If abnormalities still
exist, contact your Mitsubishi dealer.

The engine stopping method changes depending on the specifications.
Follow the instructicns according to the specifications of the equipment.

Emergency stop
st L CAUTION 1

When stoppmg lhe engine by pulling the manual stop
lever, continue to pull the lever until the engine stops

completely. If not, the engine may start again.

To stop the engine in an emergency, pull the manual

lever fully in the direction of arrow and continue to pull

the lever until the engine stops completely.

Note: When the engine does not stop with the manual
lever, cut the fuel supply.

Fig. 3-24 Manual stop lever

Inspection after stopping

Inspect the engine for leaks of fuel, oil or coolant. If any leak is found, repair the leak or contact your Mitsubishi
dealer.
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Chapter 4 FUEL

Recommended fuel

TITOELL

Use the recommended fuel specified in this manual.
Do not refill the fuel tank more than the specified leve,
as it may result in a fire.

HLART L AN G e S T il T e ST T ) ol TR St ] e Yy PP
R AN WARNING B B i

Use fuel that meets the values specified in the table of
"Recommended and limit values of fuel properiy” (4-2)

Use a diesel oil that meets “JIS K2204, Diesel Oif" or
its equivalent.

It is necessary to use fuel that has a pour point suit-
able for the ambient temperature. Choose the fuel

type from the chart on the right.
) Table 4-1 Recommended fuel

Diesel fuel
In
Compliance

with
JIS K2204

Fig. -1 Recommended fuel

.. -Standard ... Classmicanon
JIS K2204 TYPE 1, TYPE 2, TYPE 3
ASTM D975 No. 1-D, No. 2-D
BS 2869 CLASS-A1, CLASS A-2
DiN 51601 DIESEL-FUEL
150 8217 DMX-CLASS

Handling fuel

fompe-| -30 20 -1 W w4
mire | [31) 4 D4 @pn B0 (68 (s8] 104
el I R IR I R I T
- Special No. 3.
3
3
@ =
A
+ SpecialNo. 1+

Fig. 4-2 Recommended fuel according to ambient
temperature

When using fuel stored in a storage tank, leave it to sit for more than 24 hours $0 that dust and water can seitle at

the bottom. Then, use the upper clean fuel.

Fill up the fuel tank or service tank at the end of each day of operation. This prevents water from mixing with fuel in
the tank and aiso gives time for dust and water to separate and settle at the bottom of the tank.

Before refilling, clean the areas around the caps thoroughly and remove the caps from the drum and tank. Also
¢lean your hands and the hose before refueling. When using a hand-operated pump, be careful not to pump water

or sediment accumulated at the bottom of the storage tank.

Be sure to uge a strainer when filling fuel tank. For a complete filtration, it is recommended to use a clean lint-free

cloth together with the strainer.
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Table 4-2 Recommended and limit values of fuel property

it RIOPEMY s

[ER.

:Recomimend valug s i ¢

As stipulated by regu-

Flash point Ag stipulated by regulation lation Diese! fuel- 50°C or higher
Inlyal boiling 170°C [338°F] or higher 1_?0 C [338°F) or
Distilla- point higher
fion — JIS K2254
90% boiling 330 to 380°C 330 to 380°C
point [626 1o 716°F] [626 to 716°F]
Pour point 6°C [10.8°F] or lower degrees below ambient tem-
perature JIS K2269
Cloud point Ambient temperature or below
Carbon residue (10% residual oil) | 0.4 weight % or lower 1.0 weight % or lower JIS K2270
Cetane number 45 or higher 45 or higher °
Cetane index (new) 45 or higher 45 or higher JIS K2280-1996

Kinetic viscosity

2.0 mm#s [0.0031 in? or higher (30°C [86°F])
8.0 mm?¥s [0.0124 in?] or lower (50°C [122°F])
10.5 mm?s [0.0163 in“ or fower (40°C [104°F])
16.0 mm?/s [0.0248 in?) or tower (30°C [86°F))

JISK25410.05 weight %
Sulfur content 0.2 weight % or lower 1.0 weight % or lower (same as diesel fuel) is
. : recormmended.
0,

Water and sediment 0.01 volume % or lower %&L:mume % of JIS K2275
Ash 0.03 weight % or lower 0.03 weight % or lower | JIS K2272
Copper plate comosion ASTM - No.3

. JIS K2513 - Di i
(100°C [212°F], 3 hrs.) Mo.3 or lower No.3 or lower e Discoloration

0.831t0 0.87 0.80t0 0.87

Specific gravity (15°C [59°F])

Should not be more than
75% carbonized at 250°C
[482°F]

Should not be 100%

Fed7918 (U.S.A)

: Shoutd not be more than . o 250°C {482°F]=<24Hr
COkan test 5507 eVapOrated al 230°C [C:Brg?:]lzed at 250°C 230“0 [446“F]’<24Hr
[446°F] 180°C [356°F]=48Hr
Should not tum to tar at
180°C [356°F]
Aromalics content JIS K 2536

{HPLC method)

38 weight % or lower

38 weigﬁt % or lower

Total of aromatic content

Asphaltene

0.1 weight % or lower

0.1 weight % or lower

ICP analysis (U.K.)

Particulate contaminant

18/15/6

1811546

IS0 4406

Including foreign sub-
stances in the fuel pipe
lines
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Chapter 5 ENGINE OIL

Properties of engine oil
and its influence on
engine performance

Engine oil lubricates the engine and greatly influences
the performance and durability of the engine.
Distinctive differences of engine oil from other oils are
that engine oil lubricates hot sections adjacent to the
combustion chamber and is strongly affected by the
combustion products. Engine oils, therefore, are
required to have cooling, sealing, deterging, and neu-
tralizing abilities in addition to the lubricating function.
Because diesel engines especially produce acid prod-
ucts such as sulfuric acid due to the sulfur content of
the fuel and soot due to imperfect combustion that
contaminates oils, engine oils for diesel engines must
have capabilities not only to withstand severe lubricat-
ing conditions, but also to neutralize acid products to
prevent them from aggiomerating and depositing.
The function of performance required for engine ails is
shown below: ) .

+ Good detergent dispersability for high temperature
applications, for preventing contamination and dep-
osition of sludge and soot. '

« Excetlent acid neutralizing capability to inhibit oxi-
dization due to sulfur content of fuel.

+ Good oxidation stability that withstands long hours
at high temperature.

« Appropriate viscosity to maintain lubricity and low-
temperature startability.

» (ood rust and cormosion resistance to water.

= Good foam resistance to prevent the lubricating
quality from lowering due to oxidation.

Main properties of engine
oil

Dispersibility

Engine oil performance degrades through oxidation
and also by external causes. Acid products such as
sulfuric acid due to sulfur content of fuel become insol-
uble sludge. Incomplete combustion of fuel creates
soot in oil.

This sludge and soot in oil are accumulated in the
groove or on the inner surface of piston rings and will
result in seizure or wear of the piston rings, or it will
lower heat transfer of the piston rings drastically. Dis-
persibility of engine il is to disperse sludge and soot
in oil in order to prevent it from the depositing.

Acid neutralization ability
Compared to gasoline fuel, diesel oil or A-fuel oil pro-
duces more sulfuric acid due to the high sutfur content
in the fuel during combustion, and the sulfuric acid
contaminates the oil. To neutralize the sulfuric acid,
engine oils are required to have excellent neutralizing
ability. Engine oils for dieset engines usually contain a
detergent metal agent that has high neutralization
ability.

Viscosity

Viscosity is the measure of oil's resistance to flow. In
general, Gils flow with difficulty at lower temperatures,
and flow smoothly at high temperatures. This property
of viscosity directly relates to low-temperature start-
ability, lubricity, fuej consumption by friction loss, and
oil consumption.

For identification of an oil's viscosity, SAE (Society
Automotive Engineers) numbers are widely used.
{The viscosity of engine oil identified by the number of
SAE shows the thickness or thinness of viscosity at
particular temperature ) ’

The property of engine oils is identified not only by vis-
cosity number that shows the thickness or thinness of
viscosity at particular temperature, but also by viscos-
ity index that shows the changes in oil viscosity with
changes in temperature. When the viscosity index of
ail is high, it means the change of viscosity due to
temperature is small.

The viscosity index (VI)-100 of oil is generally applied
to diesel engine oil. Qils indicated by, for instance, VI-
100 are called single grade oil, which fall under one
range of viscosity. There are also oils called "multi-
grade oil" for which viscosity falls under two ranges of
viscosity and they are indicated by, for instance, SAE
15W-40, which means that at a lower temperature, the
cil has 15W grade, and at a higher temperature it has
a 40 grade. ("W" indicates the suitability of ail for
colder temperature). In other words, 15W-40 indicated
on oil demonstrates SAW15 grade of viscosity at a
lower temperature and 40 grade viscosity at higher
temperature.
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N

Recommended engine oil

T

e ity

o

Use only the engine oils recommended in this manual. Neveru

se other cils. The use of inappropriate or inferior pils

will result in sticking of piston rings, seizure between piston and cylinder, or premature wear of bearings and moving

parts, and significantly shortens the service life of the engine.

Many oil standards, which are established through
special engine tests, are available to determine the
quality of oil depending on the engines to which they
will be applied and on operating conditions. Among
those standards, SAE viscosity grades and API
{American Petroleum Institute) service classifications
are mostly used to classify engine oils. SAE specifies
the viscosity only, while the APl service classification
indicates the quality level of engine oil. '

There are several categories of diesel engine oils. For
Mitsubishi diesel engine, CD or CF graded oils are
recommended as they are suitable for supercharging
and high load application.

In addition, CE grade oil is established for the use with
the fuel of 0.5 % sulfur content or less and CF-4 for
the use of the fuel of 0.2% sulfur content or less. Thus
when using the fuel il A, do not use CE or CF-4
graded oil. '

Selection of oil viscosity
Use the following chart to select the appropriate oil
viscosity according to the ambient temperature.
Excessively high oil viscosity causes power loss and
an abnormal rise of oil temperature, while excessively
low oil viscosity accelerates wear due tg inadequate
lubrication, and also causes a decrease in engine out-
put due to leakage of combustion gas.

Genuine engine oil

Mitsubishi Heavy Industries, Ltd. offers the best suited
oils, which yielded from many tests, to Mitsubishi die-
sel engines. We highly recommend the use of our
genuine engine oil. For land use engine, "JUKCIL
Cojera 15W-40 or 30" and far marine engine, "JUKOIL
New Mariner 15W-40 or 30" are available.

2-2

OIL OIL
4
Class CF Class CD
{ —
APl Service APl Service
Ciassiﬁca_tion Ctassification

Fig. 5-1 Recommended engine il

30 20 10 0 10 20 30 40 50
femperature 530 T4 Q4] 1321 (501 681 b6l (104] (23]
C [°F] [ A Rl T T N T Tl M

Engine oil
- viscosity

<7 E 43 BAETSN-40 Rnese>

Fig. 5-2 Recommended oil viscosity according to
ambient temperature

Fig. 5-3 JUKOQIL Cojera, New Mariner
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Other brands of engine oil

Mitsubishi Heavy Industries, Ltd. does not warrant the engine if other brands of oil are used.

The gquality and performance of commercially available oils as well as their components variations are the responsi-
bility of engine oil suppliers. Before purchasing commercial cils, be sure to discuss the suitability of the engine oil
with the oil supplier.

Handlmg engme oil

Before f Ilmg the englne = with englne 0|I stop the eng:ne and make sure there are no apen ﬂames and other fire ha_z-
ards near the engine. Leaked or spilled oil on hot surfaces or electrical components can cause a fire. Wipe off any
spilled oil immediately and thoroughly. After filling, securely close the filler cap.

b R "CAUTION' Sl 1
Never mix drfferent brands of engine oil. Mlxlng dlﬁerent brands of engine oil may cause a chemlcal reachon of
additives in the engine oil that could degrade the engine oil quality.

When handling oil in greater than the legally specified quantities, be sure to have the work performed by a service
station in compliance with the law.

When removing oil from the engine or oil can, use an oii pump. Do not suck oil with the mouth to siphon it.

Be sure to close the cap on the cil can after use.

Keep oil in a well-ventilated place and out of direct sunlight.

Be sure to obtain the MSDS (material safety data sheet) of the engine oil used and follow the instructions of the
MSDS. : '
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Chapter 5 ENGINE OIL

Service limits of engine oil

Engine oit degrades through the use and by lapse of time.

Be sure to renew the engine oil if any of the properties below exceeds the limit.

- Table 5-1 Service limit for engine oil properties

. % ~‘,;*?1P!'0pe|'ty_"‘7—"u*a::}., ¥ * ; u:.“‘.a‘..,q..".ll _SENICEHmIt','}q". “ ,‘ . ="IiestMethod *
Viscosity cst@100°C [212 °F] | Within +30 and -15% of new oil JIS K2283
2.0 or more with hydrochloric acid {HCL) method

Total base number mgKOH/g 172 of new oil or more with perchloric acid (PCA) method | 'S K2301
Total acid number mgKQOH/g Up to +3.0 of new oil JIS K2501
Water content Vol % 0.2 or less JIS K2275
Flash point (open cup) ‘CI°F] 180[356] or more JIK K2265

. Comply with

9,

Pentane insolubles M % 0.5 or less ASTM D893
Pentane insolubles o Comply with
coagulated W% 30orless ASTM D893

Definition of properties of engine oil

Viscosity

Viscosity is a basic physical property of engine oil and
is considered as the most important aspect when eval-
uating oil. )
Contamination of oil by blow-by gas and deterioration
of oil by its naturai aging degrade the performance of
viscosity, which will cause the deposition of sludge
inside the engine and oil filter clogging. Contamination
of oil by fuel and sheared molecules of viscosity index
improver in oil also degrade the performance of vis-
cosity, which will cause insufficient lubrication and fric-
tion/wear of engine parts.

Total base number

Total base number (TBN) shows the ability o neutral-
ize acids such as organic acid due fo engine il oxida-
tion, or sulfurous or sulfuric acid due to the sutfur
content of fuel.

Because TBN indicates the amount of dispersant
detergent in oil, it can be used to estimate consump-
tion of basic dispersant detergent. The ability to dis-
perse sludge declines as dispersant detergent is used

up.

Total acid number

The total acid number in oil increases as the organic
acid is being derived by the engine oil oxidation, or
sulfurous acid or sulfuric acid derived by the combus-
tion of sulfur content of fuel, or the cil becomes con-
taminated with imperfect combustion products. An

5.4

increase in the total acid number will result in corro-
sion or wear of the inner parts of the engine (such as
cylinder liners or metal) due to sulfur content, and pis-
ton ring seizure due to sludge. :

Water

Water in oil promotes corrosion/wear, and decreases
lubricity in sliding parts.

Flash point

The flash point is lowered by contamination with fuels.
Flash paint is measured to check the dilution of fuel.
The dilution of fuel reduces oil film, and causes insuffi-
cient lubrication that will cause friction or wear of
engine parts.

Insolubles

Insolubles include acid products of engine oil, imper-
fect combustion products, sludge or soot, metal abra-
sive particles and dust. Insolubles are an indication of
degradation/contarnination of oil.

Dispersant detergent, which is an additive in engine
oil, absorbs sludge particles, and disperses them as
fine particles in oil.

Total insolubles density and remaining dispersibility
can be obtained by measuring insolubles and coagu-
tated insolubles (using chemical specialities to stop
action of disperse detergent and to collect the sludge
dispersed in oil) by which piston ring seizure or pre-
mature wear can be prevented before it occurs.




Chapter 5 ENGINE QIL

Engine oil analysis service

For a long term service life of engine, Mitsubishi Heavy Industries, Ltd. offers an engine cil analysis service. The

service includes special oil sampling tools, the sample oil analysis and the result data.

The engine oil analysis service provides the followings: )

- The quantity of fine metal powder in engine il due to abrasion, by which worn parts can be located.

- Water, LLC, or salt that should not be in engine cil can be detected.

- Engine qil deteriorating conditions, by which appropriate engine oil renewal intervals, operating conditions, proper
inspection and maintenance schedule can be planned.

The engine oil analysis service can diagnose the internal condition of the engine, which is necessary when disas-

sembling the engine. It is highly recommended to take advantage of our engine oil analysis service so that you can

learn the engine condition before any malfunction occurs to the engine.

How to order engine oil sampling tool set

The gil sampling pump is reusable, but oil sampling bottle and suction pipe must be replaced each time. For replac-
ing tools, order them through the regular part supply system. The analysis fee is included in the price of the sam-
pling bottle. Therefore, if you sample the il in other bottles, you will not receive our analysis ‘service. Also, note that
opticnal analysis requires additional charge.

Table 5-2 Engine oil sampling toaol sets

- G SEAT ot . .
: Qil sampling pump
Engine ol Contains oil sam-
gine 36291-19100 | pling pump, pipes
sampling set and bottles
1 Carton: 6 bottles
Oil sample includes suction
bottle set 36251-00098 pipes and oil sample
data labels

Qil sampling boltle set: 1 carton: 6 bottles includes
suction pipes and analyzing data of sampie oil

Fig. 5-4 Engine oil sampling tocl set




Chapter 6 COOLANT AND LLC

Recommended coolant

Use soft water for the engine cooling system. The water quality must meet the requirements in the Table below.

Basically, the water quality should be within the recommended value, however, up to the limit is accepiable.
Table 6-1 Water quality standards

pH (25°C [T7°F]) - - 651080 . 6.5t085 O O
(E_,_'gfgi‘[’?;?,%?d”c“"iw - | msm <25 <0 e ®
Total hardness CaCOa ppm <95 <100 - ]
M alkalinity CaCQs ppm <70 <150 - O
Chiorine ion o ppm <100 <100 o :

Sulfuric acid ion SOy ppm <50 <100 O -

Total iron : Fe ppm <1.0 <1.0 - ’ O
Silica - Si0: ppm .- <50 - O
Residue from evaporation - ppm <250 <400 - O

Note: Figures in parentheses are the standard value. In addition to the items specified above, turbidity is specified
to be below 15 mglliter.

Long life coolant (LLC)

LR

Should LLC be accidéntal!y swallowed, induce vomitin immediately and seek medical attention. —
If LLC should enter the eyes, flush immediately with plenty of water and seek medical attention.

Be sure to use long life coolant {LLC) as coolant, because it prevents not only freezing of coolant but also rusting of
the cooling system. .
Use an all-season, non-amine type LLC.

Genuine LLC

Mitsubishi Heavy Industfries, Lid. recommends the use = =
of our genuine long life coolant “GLASSY", which is

the most appropriate coolant for the Mitsubishi diesel @MS\I

engine.

Fig. 6-1 GLASSY -LLC

= WS
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Other brands of LLC

Maintenanée of LLC

oty g gt T
£A8 f}f‘* - B “eg

gy c‘RUTlou §

RGN A, P .—K‘."
l ’ Py,

el e CAUTION T U id [

Never mix genume Mltsub|sht LLC with other brands
of LLC. Mixing with other brands of LLC degrades the
performance of the genuine Mitsubishi LLC

LLC is toxic. Never dispose of coolant containing LLC
drained from engine into regular sewage. For disposal
of used coolant, consult your Mitsubishi dealer.

Mitsubishi Heavy Industries, Ltd. does not warrant the
engine if LLC of another brand is used.

The quality and performance of commercially avail-
able LLCs as well as their component variations are
the responsibility of LLC suppliers.

Before purchasing commercial LLC, be sure to dis-
cuss the suitability of LLC with the LLC supplier.

Use only all-season LLC (non-amine type). Do not use
antifreeze alone instead of LLC.

6-2

" Replacement intervals of LLC

o
SRR

e . Wt ‘_“ e

Jx:?i_ i CAUTION Tl R .'..,_;z,;;f
Be sure to renew LLC {coolant) at the intervals speci-
fied in this manual. Failure to renew LLC may cause
malfunctions due to cavitation

The coolant containing LLC recommended in this
manual should be renewed every 8000 hours or 2
years, whichever comes first, for a regular-use or gen-
eral-purpose engine.

LLC concentration

When determining the LLC concentration, provide a
margin of 5°C [2°F] below the expected lowest tem-
perature in your region. Maintain the LLC concentra-
tion between 30 and 60% throughout the year.

LLC of less than 30% concentration does not provide
sufficient corrosion protection. If the LLC concentra-
tion is a few percentage points iower than 30%, it may
accelerate corrosion. LLC of more than 60% concen-
tration can adversely affect its freezing protection
characteristic and cause the engine to overheat easily.
When adding coolant, do not add plain water. Always

use coolant with the same LLC concentration.
Table 6-2 Recommended LLC concentration

{for reference only)

ﬁ‘ Lowest ambient: MK up to* ~upto. !
I em”ﬁéi'alur'e | 38| 43
IRTR 2 i i it L) I O G O O )
LLC concentra-
tion (%) 30 a0 50 55

Note: The concentration above is based on genuine
Mitsubishi GLASSY long life coolant.
For determining the accurate LLC concentra-
tion, refer to the instructions for the LLC used.
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Importance of LLC

Today's trend is toward smaller and lighter engines
offering greater output, lower fuel consumption and
lower exhaust emission levels.

Conditions to which engine coolant is subjected,
therefore, are becoming severer due to longer operat-
ing hours, higher coolant temperature and higher cool-
ant circulating speed.

Many different materials such as steel, aluminum,
copper, solder and rubber are used in the cooling sys-
temn, and they are aiso subjected to the severe condi-
tions described above.

Those matenals have different ionization characteris-
tics, and this difference accelerates corrosion through
the medium of engine coolant.

To prevent such a problem, the use of LLC {long life
coolant) is very important.

Characteristics of LLC additive
and important notes

LLC contains several chemicals in such proportions
as to produce chemical reactions that suppress corro-
sion (ienization) of engine parts in contact with the
coolant.

LLC loses its effectiveness by hours of use as well as
lapse of time.

Moreover, if the chemicals are not well proportioned to
match the metals used in the cooling system, certain
chemicals in the LLC become rapidly used up and
result in dissolution of metals instead of protecting
metals from corrosion.

Consequently, other corrosion preventing chemicals
react with dissclving metals and accelerate corrgsion.
This condition generates mare severe corrosion than
when plain soft water is used. This is a typical problem
caused by the use of inappropriate LLC.

Examples of abnormalities
caused by LLC

Pitting of iron parts

Amines are generally effective in suppressing the rust-
ing of ferrous metals, but they are said to cause prob-
lems for copper parts.

Dissclved copper (copper corrosion) in the cooling
system deposits on iron paris and the copper deposits
cause corrosion and then pitting on iron parts that
have a high ionization chiaracteristics due to galvanic
or local-cell action.

Corrosion of aluminum parts

Silicate is very effective in protecting aluminum
against rusting. However, it is unstable in a solution in
which the pH is 9 or lower, and can turn to gel and pre-
cipitate in the solution. For this reason, the pH is usu-
ally specified to be about 10 to ensure a high alkaline
level.

This means, after sificate is used up, the high alkalinity
causes chemical attacks on aluminum. To prevent this
problem, proper maintenance of the coolant is
required.

Example; .
Rapid wear of mechanical seals in the water pump
due to secondary effects of silicate gel formed.
Corrosion of aluminum parts after silicate is con-
sumed.

Pitting and clogging of the radiator
When LLC deteriorates or when its concentration in
the coolant is too low, the anti-corrosion performance
of LLC lowers and results in the corrosion of metals.
Brass and solder tend to correde faster than other
metals, and corrosion of these metals is said to cause
water leakage and clogs.

Example:

Holes and clogs in radiator




Chapter 7 MAINTENANCE SCHEDULE

How to use the maintenance schedule

Periodic inspection not only extends the service life of the engine but also serves to ensure safe operation. Be sure
to conduct inspections and maintenance according to the maintenance schedule. The maintenance schedule
shows the standard service intervals. If you notice any abnomalities such as abnormal noise, black exhaust smoke,
white exhaust smoke, extremely high temperature of exhaust gas, abnormal vibration, and fuel, oil or exhaust gas
leakage, make sure to conduct the inspection and maintenance work, regardless of recommended service intervals
in the "Maintenance schedule”.

Note: Appropriate service intervals vary depending on the usage and gperating conditions as well as consumption
of fuel, oil and coolant. Check the operating record of the engine to determine the most appropriate service
intervals. {Feel free to consult your Mitsubishi dealer regarding service intervals.)

Service the items at multipies of the original requirement. For example, at 1000 service hours, also service those

items listed under every 250 service hours and every 50 service hours.

- ltems marked with * in the maintenance schedule require special tools or large equipment. For the servicing of

those items, contact your Mitsubishi dealer.

Maintenance schedule

Appropriate service intervals vary depending on the
engine sspeciﬁcatidns. Perform all the daily inspection
and maintenance work in accordance with one of the
following maintenance schedules, depending on the
engine application; regular-use, emergency, or gen-
eral-purpose engine.

Maintenance schedule for regular use
engine

For regular use engines, perform the periodic inspec-
tion and maintenance work in accordance with the
"Maintenance schedule for engine in regular use".

Maintenance schedule for emergency
engine

Far emergency engines, perform the periodic inspec-
tion and maintenance work in accordance with the
"Maintenance schedule for emergency engine”. Due
to the nature of application, an emergency engine is
subject to demanding operating conditions such as a
quick startup and immediate supply of power, not to
mention reliable operation in the event of an emer-
gency. Therefore, be sure to perform not only-the daily
inspection work but also the following operations for
maintenance purposes.

Once every week : Operate the engine under no load
{for 3 to 5 minutes). {(When operating the engine for
the adjustment of peripheral devices, limit the operat-
ing time to 10 minutes.)

Once every month : Operate the engine under load
(for 15 to 30 minutes with more than 1/2 of rated load).
If the engine cannot be operated under load every
monith, operate the engine under load (more than 1/2
of rated load) for more than 2 hours once a year. Dur-
ing the engine maintenance operation, check startup
conditions such as oil pressure, exhaust color, and
vibration.

Maintenance schedule for general-use
engine

If the engine is used for general purpose power sup-
ply, other than the above usage, perform maintenance
work in accordance with the "Maintenance schedule
for general-use engine". ‘
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Definition of regular use
engine, emergency engine and
general-use engine

Regular use engine

An engine operated with a constant base load for the
purpose of generating electric power, which is used
independently or in combination with commercial
power supply. An engine operated under a fluctuating
load throughout a day for supplying rated electric
power in lieu of commercial power.

Emergency engine

An engine used for emergency power generation at
the time of such as failure of main power or commer-
cial power supply.

General-use engine

An engine used for applications other than power gen-
erators, for example, pumping engines, marine
engines, and industrial vehicle engines that are oper-
ated varying load and speed.

7-2




Chapter 7 MAINTENANCE SCHEDULE

Maintenance schedule for regular use engine

Table 7-1 Maintenance schedule for regular use engine (1/2)

sService;item;gis

{Pagey

Every 50 service hours

or every month Draining water from the'fuel tank 8-5
. Retightening the bolts and nuts .
First 50 service hours -
for new or reconditioned | Changing engine oil, oil filters and bypass oil filter
engine {It is recommenced to analyze the engine oil properties at the same time) 8-7
{The oil filters must be changed when the filter alarm lights)
. Changing engine oil, oil filters and bypass oil filter
E: :%250:;mce hours (it is recommenced to analyze the engine oil properties at the same time}) 8-7
vy {The oil filters must be changed when the filter alarm lights}
Fi i -
f;:aéfjgf;gﬁxgif d Inspecting and adjusting valve clearance "
engine (Also inspect the valve mechanisms at the same time)
Every 1000 service inspecting V-belt and adjusting belt tension 8-3
hours Changing the fuel fitter 8-6
Inspecting V-belt 8-3
Inspecting fuel control linkage balf joint 8-5
inspecting and adjusting valve clearance .
{Also check the valve mechanisms at the same time)
Every 2000 service Inspecting and adjusting fuel injection timing *
hours Changing fuel injection nozzle tips
(Check the spray condition and adjust the furel injection pressure after replace- *
ment)
Checking movement of rack .
{During operation of the fuel injection pump (including the govemor))
Inspecting pipe 8-2
Overhaul the top end of the engine
Remove the cylinder head, and inspect and service the combustion chambers.
* Inspect the connecting rod *
* Visually inspect top surfaces of each piston
*» Inspect the cylinder liner surfaces
Checking damper 8-4
E;Eg 4000 service Inspecting turbocharger 8-15
Inspecting starters 8-18
Inspecting alternator B-18

Checking protective devices for proper operation

Replacing unit seals and oil seals in the water pump

Checking LLC concentration in the coolant
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Table 7-1 Maintenance schedule for regular use engine (2 / 2)

———
-u-‘-’vn

oot fiServrce item&:y

S

,zi

Conduct a major overhaul

Disassemble engine-clean, check and change major parts

[Parts to be changed]

Inlet and exhaust valve seats, inlet and exhaust valves, valve rotators, valve
cotters, rocker arm adjusting screws, valve push rods, bridge caps, camshaft
bushings, main bearings, cylinder liners, main bearing cap bolts and washers,
piston rings, connecting rod bearings, damper, crankcase thrust plate and con-
sumabile items {gaskets, oil seals, O-rings, etc) *
[In second overhaul, replace the following parts in addition to the paris listed
above]

Cylinder head bolts, valve guides, valve bridge guides, valve bridges, valve
springs, tappets, camshaft thrust plates, rocker bushings, thrust plates, pistons,
piston pins, connecting rod bolts, connecting rod bushings, rocker bushings,
Cclamp seat, high pressure fue! injection pipe, low pressure fuel pipe assembly,
oil pipe assembly, il pipe, elc

Every 8000 service
hours

Inspecting and testing fuel injection pump (Replace parts, if necessary) *

Inspecting and testing govemnor (Replace parts, if necessary)

Correction or replacement of protective devices high coolant temperature, low
oil pressure, overspeeding, starting failure, water supply failure, undervoltage, .
overvoltage, overcurrent. low coclant level in tank, low fuel level-in tank, low air .
pressure in tank, etc

Inspecting the auxiliary devices for proper operation water heater, oil heater, oil .
priming pump, fuel transfer pump, governor motor, etc

Every 2 years Changing the coolant 8-10

Bleeding the fuel system : 3-2

Checking and cdeaning the radiator fins 8-14

Cleaning, inspecting and replacing pre-cleaner 8-16

Cleaning, inspecting, and replacing the air cleaner element 8-17

When required
Cleaning the inside of the engine breathers

Inspecting or replacing the stop solenoid

Inspecting or replacing the couplings

Inspecting the vibration-isolating rubber
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Maintenance schedule for emergency engine

Table 7-2 Maintenance schedule for emergency engine {1/ 3)

e asece e

Ly G

P Ly 0T LD LA

Every week

Externat inspection

3-8

Filling fuel tank

31

Checking the engine oil ievel

3-10

Checking the coolant level

3-11

Check air cooler for water leaks

Conducting an engine maintenance operation
(Operate the engine under no load for 5 to 10 minutes)
Check for ease of starting, color of exhaust smoke, abnormal vibration, abnormal noise,

-abnormal smell and gauge indication

" (oil pressure gauge, coolant temperature gauge, oil temperature gauge, exhaust temper-
ature gauge, tachometer, etc}”
Bleeding fuel system

Every month

Inspecting fuel control linkage ball joint

8-5

Clean fuel filter (wire element type) - tum handle one or two times

Checking engine oil for mixing of fuet and water

8-9

Inspecting battery electrolyte level (checking voltage)

8-19

Conducting engine maintenance operation

{Operate the engine with more than 1/2 load for 15 to 30 minutes)

Check for ease of starting, color of exhaust smoke, abnormal vibration, abnormal noise,
abnomal smell and gauge indication

{oil pressure gauge, coolant temperature gauge, il temperature gauge, exhaust tempera-
fure gauge, tachometer, etc)

Inspecting fuel injection pump and hydraulic and electronic governor rack movement”

Every 6§
months

Checking LLC concentration in the coolant

Cleaning the inside of the coolant tank

Every year

Inspecting V-belt and adjusting belt tension

Checking external bolts and nuts for tightness, and retighten if neces-
sary

Checking damper

Basic block Inspecting and adjusting valve clearance
(Inspect the parts related to valve mechanism at the same time)

Checking vibration-isolating rubber

Checking foundation bolts

inspection or replacement of couplings

Drain water and sediment from fuel tank

Drain water from fuel filter (wire element type)

Inspecting and adjusting fuel injection nozzle spray condition and spray
Fuel system pressure

Inspecting and adjusting fuel injection timing

Inspecting high pressure fue! injection pipe ciamp seat, low pressure
fuel pipe clip
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Table 7-2 Maintenance schedule for emergency engine (2 / 3)

R TR
St oL ga LTRA .

R e g

ieeaService temin LT R
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Analyzing engine oil properties

Lubrication sys- | Inspection and adjustment of engine oil pressure
tem {(Maintenance operation}

Inspecting low pressure oil pipe clip

Checking water pump

Inspection, disassembly and cleaning of electromagnetic valve and
pressure reducing valve of the cooling system

Cooling system Inspection, disassembly and cleaning of strainer (including with/ball
tap) of cocling water

Analyzing coolant properties {when only soft water is used) (Change
coolant according to the analysis results)

) Cleaning. inspecting, and replacing the air cleaner element 8-17
Every year Air inlet system
Cleaning, inspecting and replacing pre-cleaner 8-16
Inspecting starters 8-18
Electrical sys- Inspecting alternator ‘ 8-18
tem Inspecting specific gravity of battery electrolyte B-19
Checking air heater *
Ingpecting protection devices for proper operation
High coolant temperature, low oil pressure, overspeeding, starting failure, water supply .
failure, undervoltage, overvoliage, overcurrent, low coolant level in tank, low fuel level in
1ank, low air pressure in tank, etc
Checking auxiliary devices for proper operation
Engine control, fuel transfer pump, governor motor, room ventilating fan, solengid, storage *
pump, water tank ball tap, water heater, oil heater, oil priming pump, etc )
Changing the fuel filter 8-6
Changing engine oil, oil filters and bypass oil filter
(It is recommenced to analyze the engine oil properties at the same time) 8-7
(The oil filters must be changed when the filter alarm lights}
Changing the coolant 8-10
In i h 8-15
Every 2 years specting turbocharger
Draining water from the exhaust muffler 8-15
Inspecting thermostat *
Clean fuel filter (wire element type) *
8-5

Draining water from the fuel tank

Cleaning the inside of the engine breathers
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Table 7-2 Maintenance schedule for emergency engine (3 / 3)

Hlupader Gal e i s Service jtem ; <Page. .
Checking and cleaning the radiator fins 8-14
Cleaning, inspecting, and replacing the air cleaner element 8-17

Every 4 years

Checking oil cooler for soiling, clogging and leakage

Checking oil pump for discoloration and other extemal defects

Inspecting and testing fuel injection pump (Replace parts if necessary)

Inspecting and testing governor (Replace parts if necessary)

Changing the rubber hoses

Repair or replacement of instruments
Qil pressure gauge, coolant temperature gauge, oil temperature gavge and tachometer

Every 8 years

Ingpection and replacement of main engine parts (major overhaul)

Inlet and exhaust valves and valve seats (lapping), valve guides, pistons, piston rings,
cennecting rod metals, connecting red bushings, cylinderliners and crankshaft

(If the paris for No.1 and No.2 cyfinders are found defective, change the parts for all cylin-
ders.)

Replacement of damper

Repair or reptacement of oil pump

Replacement of fuel injection nozzle tips
{Adjust the spray condition and spray pressure after replacement)

Replacement of rubber parts and O-rings

Replacement of unit seal, oil seal of the water pump

Disassembly and inspecting turbocharger

Disassembly and cleaning of air cooler

Repair or replacement of vibration-isolating rubber

Repair or replacemeni of couplings

Adjusting or replacing governor motor

Adjustment or replacement of air ventilation fan of the room

Inspection or replacement of stop solenoid

Adjustment or replacement of ball tap of water tank

Replacement of other consumables

Inspecting high pressure fuel injection pipe
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Maintenance schedule for general-use engine

Table 7-3 Maintenance schedule for general-use engine (1 12)
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Every 50 service hours or

every month Draining water from the fuel tank 8-5
Retightening external bolts and nuts for looseness *
After first 50 service Changing engine oil, oil filters and bypass oil filter
hours for new engine (It is recommended to analyze engine oil properties at the same time) 8-7
{Change the cil filters whenever the filter alarm tums on)
Changing engine oil, oil filters and bypass oil filter
(It is recommended to analyze engine cil properties at the same tlme) 8-7
{Change the oil filters whenever the filter alarm turns on.)
Every 250 service hours - — -
or every year Inspecting V-belt and adjusting belt tension 8-3
Checking and cleaning the radiator fins 8-14
Draining water from the exhaust muffler 8-16
First 250 service hours for | Inspecting and adjusting valve clearance N
new enging {Check the valve mechanism and parts at the same time)
Every 1000 service hours )
or every 2 years Changing the fuel filter 8-6
Retightening external belts and nuts *
Inspecting and adjusting valve clearance .
{Check the valve mechanism and parts at the same time)
Inspecting and adjusting fuel injection timing *
Every 2000 service hours
or every 3 years Replacement of fuel injection nozzle tips
{Inspect and adjust spray condition and fuel injection pressure after replace- *
ment}
Inspecting operation of protection devices *
Inspecting pipe 8-2
Overhaul the top end of the engine
Remove the cylinder head, and inspect and service the combustion chambers
= Disassemble, inspect and service the cylinder head
* Inspect the intake and exhaust valves, and lap the vaives against seats
Every 4000 service hours | * Visually inspect the top surface of each piston
or every § years * Inspect the cylinder liner surfaces
Inspecting fuel control linkage ball joint 8-5
Visual checking of damper 3-4

Cleaning air cooler

Every 8000 service hours

Conduct a major overhaul
Disassemble engine-clean, check and change major parts

Inspecting and testing fuel injection pump (Replace parts, if necessary)

Inspecting and testing governor (Replace parts, if necessary)

Correction or replacement of protective devices

High coolant temperature, low oil pressure, overspeeding, starting failure,water
supply failure, undervoltage, overvoltage,overcurrent. low coolant level in tank,
low fuel level in tank, low air pressure in tank, etc

Inspecting the auxiliary devices for proper operation
Water heater, oil heater, oil primimg pump, fuel transfer pump, governor motor,
etc . .
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Table 7-3 Maintenance schedule for general-use engine (2 / 2)

v
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Every 2 years

Changing the cootant

Bleeding the fuel system 3-2
When required Cleaning, inspecting and replacing pre-cleaner 8-16
Cleaning, inspecting, and replacing the air cleaner element 8-17




Chapter 8 PERIODIC INSPECTION AND
MAINTENANCE PROCEDURES

Engine body periodic inspection and maintenance
\(isual inspection

. b EEI CAUTION ity 4 .
Check the engine > exterior carefully, especially around batteries and hot engme parts such as exhaust marufold and

other exhaust gas passages for combustible materials, fuel leaks, or oil leaks, as they can ignite and cause a fire,
Before starting the engine, clean the top surface of the battery with a wet cloth, as the dust on the battery can easily
ignite and cause explosion. If an abnormality is found, be sure to repair it or contact your Mitsubishi dealer.

Inspect the engine exterior as described below. .

1. Make sure there is no combustible material near the engine or battery. Also, check to make sure the engine and
battery are clean. If combustible materials or waste are found near the engine or battery, remove them.

2. Check the electrical wiring to such camponents as starter and altemator for loose.

3. Check the entire engine for leakage of fuel, engine oil or coolant. If leaks are found, repair the leakage or contact
your Mitsubishi dealer.

4, . Make sure the following valves, plugs and cocks are open or closed praperly.
- Fuel feed vaive: Open
- Coolant drain cock (plug): Closed

- Qil drain valve: Closed
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Inspecting pipe

Inspecting and replacing high pressure . @e._
fuel injection pipe and clamp seat Clamp plate
Check clamp seat cracks and high pressure fuel injec-
tion pipe metal contact with clamp plate. if defective,
replace the clamp seat with a new one. Replace the

72 o
high pressure fuel injection pipe with a new one as /) 7 i!
needed. x

. . Clamp seat
Inspecting and replacing low pressure
fuel pipe, oil pipe and clip
Loosen cramp fixing bolt and check clip wear and pipe Fig. 8-1 Inspecting and replacing high pressure
metal contact with cramp.If defective, replace the pipe fuel injecion pipe and ail pipe
assembly with 8 new one.

Fig. 8-2 Inspecting and replacing low pressure
fuel pipe

8-2
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Inspecting V-belt and adjusting belt tension

If defects such as cuts or surface separations are found on V-belt during inspection, replace V-belt. Keep cil an

grease away from the belt, since they may cause the belt to slip and shorten the service life.
.Excessive \-belt tension can cause rapid wear of the alternator bearing and shorten the service life of the belt.
Adjust belt tension accurately by following the procedures below. :

Inspecting V-belt

1. Inspect V-belt for defects such as wear, cuts or surface separations. If defects are found, replace V-belt with a

new belt.
2. Inspect belt tension as instructed below:

Push the belt downward with 49 + 5 N [5 £ 0.5 kgf] force midway between pulleys. If the defection is
711 mm[0.28 +£0.04 in] for new belt and 9 + 1 mm [0.35 % 0.04 in.] for retightening, the tension is correct.
If the tension is out of the specified value, adjust belt tension.

Adjusting V-belt tension

(Alternator side)

1. Remove alternator front cover and V-belt cover.

2. Loosen all the retaining bolts on the alternator and
adjusting rod.

3. Loosen the upper and lower lock nuts on the
adjusting rod.

Note: The lower nut on the adjusting rod has left-hand

threads.

4. Turn the adjusting rod to adjust \-belt tension.

§. After the tension adjustment, tighten the upper and
lower lock nuts.

6. Tighten all the retaining bolts on the alternator and
adjusting rod.

7. Reinstall belt cover and atternator front cover.

Adjusting V-belt tension

(Inter cooler water pump side)

1. Loosen all the retaining bolts on the tension pulley

sliding plate.

2. Loosen the lock nuts on the adjusting bolt.

3. Turn the adjusting bolt to adjust V-belt tension.

4. Retighten all the retaining bolts on the tension pul-
ley sliding plate.

. Retighten the lock nuts on the adjusting boit.

Adjusting rad

<F

Approx.
10 mm
[0.39in.]

Tension pulley

Lock nut
Adjusting boft

Fig. -4 Adjusting \-belt tension
(inter cooler water pump side)
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Checking damper

Visual checking of damper

¥ TR A TS CAUTION
When mstallmg a protectlve cover to damper do not
use a cover that encloses the damper.

The closed cover can cause damper deterioration due
to heat.

Check damper for oil leakage and defects such as

scraiches, deformation, discoloration and peeling of
“paint. Check carefully for swelling on the cover (use a

scale), oil leaks from the shim, discoloration and peel-

ing of paint due to heat.
Note: If defect is found on damper, contact your Mit-
subishi dealer.

Fig. 8-5 Checking damper

Damper temperature management
For making damper function well, heat of damper must be dissipated from ifs surface to prevent excessive damper
heating. Befare the shipment of engines, Mitsubishi Heavy Industries, Ltd. inspects each engine to ensure proper
operating temperature of damper. However, since damper temperature changes with the ambient conditions, it is
important to observe the following instructions and provide sufficient ventitation for damper by considering factors
such as layout of equipment.

1. Inthe case of viscous damper of emergency

engine, make sure the temperature of the outside Therma Label
damper surface does not exceed 100°C [212°F] L

. ) COO0O0O
after the engine operation at the rated output for 1 100 105 110 115 120
hour. In the case of viscous rubber damper of
emergency engine, make sure the temperature
does not exceed 90°C [194°F]. It is recommended
to use the thermo label for the temperature man-
agement of damper in emergency engine.

2. When installing a safety cover to damper, check

ventilation carefully and make sure the damper

H—EF L <BE-75>

COoOO00O0

15 80 85 90 85

H—EZ AL <BE-50

o000

30 55 €0 &5 70

 temperature remains below the temperature speci- Fig. 8-6 Damper temperature management
fied above, with the cover in place. :

Table 8~1 Thermo label for temperature management

iaz o JvPartsame s, o[l ita L S Sc Pats Nos 8 T ., < |+ Temperature measuringrange .
Thermo |abel 3252204211 100 to 120°C
100-120 20 labels set : 32522-04200 [212 to 248°F]
Thermo label | 32522-04111 7510 95°C
75-95 20 labels set : 32522-04100 [167 1o 203°F)
Thermo label 32522-0431 50to 70°C
50-70 20 labels set : 32522-04300 [122 to 158°F)]
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Fuel system periodic inspection and maintenance
Drammg water from the fuel tank

- Lon A CAUTIONS

Do not remove the strainer when filling the fuel tank.
Use fuel specified in "FUEL" (4-1) .

if fuel gets mixed with particles of fareign matter such

as dust, dirt, or water, it can cause not only decrease

of output but also defect of the fuel system. To avoid

such a problem, drain fuel tank as described below.

1. Prepare a oil pan (capacity of 2 liters or more)
under the drain cock of fuel tank.

2. Open the drain cock of fuel tank and drain fuel at
least 1 to 2 liters.

3. Make sure that water and particles of foreign mat-
ter discharged with fuel. Close the drain cock.

Inspecting fuel control linkage
ball joint
Check ball joints in the fuel control linkage for play. If

the amount of play is 0.1 mm [0.004 in.] or more,
replace the ball joint with the new one.

If the sealed ball jomts found Ioosened contact your
Mitsubishi dealer. If the seal on the ball joint is broken,
the warranty is invalidated.

If the ball joints are integrated in the control linkage,
replace the control linkage when the ball joints have
loosened. When installing ball joints, be sure to tighten
the nuts firmiy.

Drain cock

oy

Fig. 8-7 Draining water from fuel tank '

0.1 mm "
Ball joint
{0.004 in] 1o
0.1 mm
[0.004 in]

I_%] \ Rod

Lever

Fig. 8-8 Inspecting fuel control linkage for looseness

Ball joint

Fig. 8-9 Removing fuel control linkage
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paeT Tt

AN WARNINGE

ki e & ek

_ Wipe off any spilled fuel completely. Spilled fuel could ignite and cause a fire.

1. Clean the area around the fuel filters.

2. Place a drip pan under the fuel filters.

3. Using a filter wrench, remove the fuel filters.

4, Wipe off fuel on the fuel filter carlridge mounting
surface of the filter bracket with a cloth.

5. Check new fuel filters for proper seating of the gas-
ket.

LWARNING i

It may damage the filter, or may cause a fuel leak,
which could resul in a fire during operation.

- Fig. 8-10 Changing fuel filters
6. Apply clean fuel to the gasket on the new fuel filter.

7. Install the fuel filter.

CAUTION:: i
Do not use a filter wrench to instalt the fuel filter. Do

not dent or scratch the fuel filter surfaces. Apply fuel
1o gasket

% T
LA N ey
E gt R

8. After installing the new fuel filter, bleed the fue! fil-
ter. .
Note: For bleeding the fuel filter, refer to "Bleeding the
fuel filter" (3-2).
9. Start the engine and let it idle for several minutes.
10.Make sure that there is no fuel leak during the
engine operation.

Fig. 811 Fuel filter
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Lubricating system periodic inspection
and maintenance
Changing engme oil, oil filters and bypass oil filter

3 NCAUTION =0btffiie] ool N Ve RO
D|sposal of duscharged o|| is Iegally restricted. Contact your Mitsubishi deaier for the dlsposal of waste oul
When changing engine oil, renew oil filters and bypass ail filter. Also it is recommended to conduct an analysis of
engine oil properties at the time of engine oil change.
Never wash and reuse oil filters, as their elements are paper type.
When replacing filters, always replace gasket with new anes.

Draining engine oil

After the engine has stopped, drain engine cil from the
engine cil drain port,

Note: Draining by suction should be avoided.

8-7
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Changmg oil filter and bypass oil filter

RIS SR 3-‘1"-* o T BEGAIEErLE G

G ZWARNING ﬂggﬂs Phfzagure—y

Do not use the filter that has dent on its case.
It may damage the filter, or may cause an oil leak,
which could result in a fire during operation.

b e i e SACAUTION b
Do not use the filter wrench to install ﬂlters. Use hands
to prevent filters from damaging.

1. Clean the area around the oil filters.
2. Place a drip pan under oil filters and a bypass oil
filter.
3. Using a filter wrench, remove oil filters and a
bypass oil fiiter.
Note: Disassemble the removed il filter and bypass
oil filter and check elements for metal particles.
If metal particles are found,.contact your Mitsub-
ishi dealer. Change oil filters and a bypass oil fil-
ter whenever the filter alarm turns on.
4. Wipe off oil on the il filter mounting surface of the
filter bracket with a cloth.
5. Check new oil filters and a bypass filter for proper
seating of the gasket,
6. Apply clean engine oil to the gasket on new ol fil-
ters and a bypass oil filter.
7. Install oil filters and a bypass oil filter. When the
gasket contacts the mounting surface of the filter
bracket, further rotate 3/4 to a full turn.

8-8

oil filter Oil flter

Qil filter

Fig. 8-12 Qil filters and bypass oit filter

Apply engine oil
to gasket

Fig. 8-13 Qil filter
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Refilling engine oil
1. Make sure that the engine cil drain plug is closed. 3
2. Remove the oil filler cap. 5
3. Fillthe engine oil pan with specified engine oii to
the specified level.
Note: For engine oil, refer to "ENGINE OIL" (5-1). For
engine oil capacity, refer to "MAIN SPECIFICA-

TIONS" (12-1).
4. Check the oil level in the oil pan as follows:  Pull / T E
out the oil level gauge, and wipe it with a cloth. Oil filler Qil level gauge
5. Insert the oil level gauge fully into the il level -
gauge guide, then pull the gauge out again. The oil Fig. 8-14 Qil filler and oil level gauge

level should be between the MAXIMUM and MINI-
MUM marks on the oil level gauge. If the oil level is
low, add engine oil of the specified type.

6. Check the ail pan and other parts for oil leakage.
Repair any oil leakage found.

7. Shut off the fuel supply and crank the engine for
about 10 seconds or less using the starters, and
wait for about 1 minute.

8. Perform the above cranking operation again to cir-
culate oil in the engine.

L«CAUTION AR RN
To crank the engine, shut off the fuel supply to the
engine and operate the starters.

9. Check the oil level with the oil level gauge again,
and add oil to the specified level.

Checking englne oil for mixing of fuel and water
EEa e A CAUTION S&

If the englne contlnues to operate W|th engine oil with mixed with fuel or water the englne cul wscos:ty deceases and .
this can cause serious accidents such as seizing of bearings.

Sample 1 to 2 liter [0.26 to 0.53 U.5.gal] of engine oil, and check for abnormal odor and disceloration to determine
the: mixing of fuel and water.

If fuel is mixed with the engine ail, the cil smells like fuel.

If water is mixed with the engine oil, the color of oil tums to milky white.

If fuel and/or water is mixed with the engine oil, locate and correct the cause of it, or if correction of the cause is dif-
ficult, contact your Mitsubishi dealer.
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Cooling system periodic inspection and maintenance

cooled to the room temperature. When removing the
radiator cap, place a ctoth over the cap, and [oosen
the cap about a half-tum or stand the lever to the
upright position to release internal pressure. Never
open the radiator cap while the engine is hot, as it
causes steam and hot coolant to blow out and can
result in sericus burns. Coolant (containing LLC)
drained from the engine is toxic. Do not dispose of
coolant into regular sewage. For disposal of used
coolant, consult your Mitsubishi dealer,

P e U CAUTIONA i aedy - - L
The service life of LLC is 2 years. Be sure to change
coolant at least once every 2 years.

Draining the coolant

1. When draining coolant immediately after engine
operation, let the engine idle at low idling speed for
5 to 6 minutes to lower the coolant temperature to
70 to 80°C [158 to 176°F).

2. Open the radiator cap.

3. Place coolant receiving cans under the drain cocks
on the engine, and opeh the drain cocks to drain
the coolant.

™ Coolant drain cock oy A

on the inter cooler 7y G :
" N ) ,
s Q/@@L Vil e

Fig. 815 Coolant drain cock - inter cooler

8-10

Tumn the cap about Stand the lever to
half a turn the upright positicn

Left side Right side

Fig. 8-17 Coolant drain cock - engine body

Cootant drain cock
(water pump)

Coolant drain cock

fFig. 8-19 Coolant drain cock - inter cooler water pump
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Cleaning the cooling system
1. Close drain cocks and plugs.
2. Pour in a cleaning solution (a solution that is non-
corrosive to rubber and metals) in the cooling sys-
tem, and operate the engine at 800 to 500 min™ for
about 15 minutes, then drain the cleaning solution.
. Close drain cocks and plugs. ‘ .
4. Pourin fresh water, and operate the engine at 800

(=]

to 900 min™' for about 10 minutes. Repeat rinsing
until the draining water becomes clear and clean.

8-11
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Filling main cooling system

with coolant

1. Make sure the drain cocks on the engine and

water pump are securely tightened.

2, Remove the radiator cap, and fill the radiator tank

with undiiuted LLC.

Note: Determine the quantities of LLC based on the
caalant capacity and the LLC concentration
chart.

For the coolant, refer to "COOLANT AND LLC"
(6-1). .

For the coolant capacity, refer to "MAIN SPECI-
FICATIONS" (12-1).

3. Pour in water (soft water with minimal impurities,

such as tap water) slowly to the full level.

Note: For absolute air bleeding, loosen the air vent
plug on the upper section of thermostat when
adding water.

4. Check the radiator and other parts for coolant

leaks. Repair leakage if found.

5. Install the radiator cap securely.

8-12

Left side

Right side

Fig. 8-20 Coolant drain cock - engine body

Coolant drain cock
(water pump)

Fig. 8-21 Coolant drain cock - water pump

( Air vent plu\g //T

o

i

Fig. 8-23 Radiator coolant fevel
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Filling inter cooler cooling sys-

tem with coolant

1. Make sure the drain cocks on the engine and

water pump are securely tightened.

2. Remove the radiator cap, and fill the radiator tank

with undiluted LLC.

Note: Determine the quantities of LLC based on the

- coolant capacity and the LLC concentration
chart. .
For the coolant, refer to "COOLANT AND LLC"
(6-1).
For the coolant cabacity, refer to "MAIN SPECI-
FICATIONS" (12-1).

3. Pour in water (soft water with minimal impurities,

such as tap water) slowly to the full level.

Note: For absolute air bleeding, loosen the air vent on
the upper section of thermostat when adding
water.

4. Check the radiator and other parts for coolant

leaks. Repair leakage if found.

5. Install the radiator cap securely.

Cranking the engine after filling

cooling system

Be sure to fill both main cooling system and inter

cooler cooling system with coolant before cranking the

engine.

1. Shut off fuel and crank the engine with the starter
for 10 seconds.

2. After about 1 minute of rest period, start cranking
again for another 10 seconds to bleed air from the
water pump.

ik Y CAUTION Sk e
To crank the engine, shut off the fuel supply to the
engine and operate the starters. When conducting the
above cranking operation, also check the items to be
inspected for the lubricating system by cranking.

.. Coolant drain cock %"*b__ B
i

RS

on the&cog 07

o) 8 /(-

Fig. 8-24 Coolant drain cock - inter cooler .

Ceolant drain cock

Fig. 8-25 Coolant drain cock - inter cooler water pump

Air vent cocks

Air vent plug

Fig. 8-26 Air vent cock and plug - inter cooler cooling
system

3. Check the cootant level in the radiator.
4. When a reserve tank is equipped, fill the reserve
tank with the coolant to the [FULL] level.

prey™y ~ e B TSRy e Sy YT
RS A C AUTION sisia fiis)

R

Always use the coolant with the same LLC concentré—
tion for refilling.

v

S ]

.|

.

TN

Fig. 8-27 Radiator coolant level
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Checking and cleaning the radi-

ator fins

Check the radiator fins for holes and cracks.

To clean the radiator fins, blow compressed air from
the opposite direction of the normal air flow.

i

I
11T
%}\

IR I [TRTRNEN]

Fig. 8-28 Cleaning radiator fins
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Inlet exhaust system periodic inspection

and maintenance
Inspecting turbocharger

Check the turbocharger when the engme is cold. Also
make sure that the compressor wheel is not rotating
when checking the turbocharger.

ifthe color of the exhaust gas is abnormal also
inspect the turbocharger.

Disconnect the pipe from the air inlet side. Hold the

compressor wheel nut by hand and turn the wheel to

check for looseness or abnormal noise. Replace the

bearings if lo0seness or abnormal noise is found.

Note: For replacement of the bearing, consult your
Mitsubishi dealer.

Draining water from the
exhaust muffler

w2 ST CAUTION 2 it
Never touch the exhaust muffler immediately afier the
engine stops, as it is extremely hot. To drain water,
wait until the exhaust muffler cools.

Remove the drain plug and allow water to drain from
the exhaust muffler.

/| O

Compressor
wheel nut

Fig. 8-20 Checking turbocharger

I

/1
-

Drain plug

Fig. 8-30 Draining water from exhaust muffler
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Cleaning, inspecting and
replacing pre-cleaner

FF s A CAUTION v ine. |
Never service the pre-cleaner while the engine is run-
ning. Servicing the pre-cleaner while the engine is in
operation ¢an cause foreign particies to enter the
engine and result in rapid wear of parts which leads a
shorter service life of engine.

The pre-cleaner is equipped to the sitencer of the tur-

bocharger to remove dust from intake air and keep the

engine clean for optimum performance. Be sure to

clean the pre-cleaner as described below.

1. Remove the pre-cleaner from the silencer, and
hand-wash the pre-cieaner with a mild detergent.

2. Rinse the pre-cleaner with fresh water.

3. After drying thoroughly, inspect the pre-cleaner for

defects. If defects are found, replace the pre-

cleaner with new one.

" (Wash) v2 (Rinse)

L
'n.\ s

i | install

{Dry)

Fig. 8-31 Cleaning pre-cleaner
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Cleaning, inspecting, and
replacing the air cleaner ele-
ment

& H4K"CAUTION 33
Never service the air cleaner while the engine is run-
ning. Servicing the air cleaner while the engine is in
operation can cause particles of foreign matter to
enter the engine and resuit in rapid wear of parts lead-
ing to a shorter service life of the engine. Never knock
or hit the element.

When using compressed air, wear protective gear
such as safety glasses, a hard hat and gloves. Work-
ing without protective gear can result in a severe per-
sonal injury.

Element

Wing nut

Fig. 8-32 Removing air cleaner element

1. Remove the air cleaner cap and wing nut.

2. Remove the air cleaner element from the body.

3. Blow compressed air (0.69 MPa {7 kgffcm?} [100
psi] or lower) anta the inside surface of the ele-
ment to remove dust and other contaminants.

4. To remove dust stuck on the element, blow dry
compressed air onto the outside surface from a
distance. Blow compressed air on the inside sur-

- face toward the outside along the pleats. Then,
blow compressed air on the outside and inside sur-
face again.

5. After cleaning, hold the element near a light bulb to
iluminate the inside, to check for defects such as
cuts, pinholes or local wear.

6. If any defect is found, replace the air cleansr ele-
mernt with a new one.

7. Reinstall the air cleaner element to the engine.

N

f
k-‘

AW
N

Fig. 8-34 Checking air cleaner element

ocal wear are Button
found in the element, or if the air cleaner indicator
shows a red sign soon after the cleanad element is . ; \ Signal

installed, replace the filter element with new element.

Reset the indicator by pressing the reset button to .‘ 4 ,
erase a red sign after installing the clean or new ele- L
ment.

Fig. 8-35 Air cleaner indicator
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Electrical system periodic inspection and maintenance

Inspecting starters

Check the exterior of the starters for damage.

If the starfers are dusty, blow dirt using compressed

air.

Note: If the starters are defective, consult a Mitsubishi
dealer.

Inspecting alternator

Visually check the alternator for damage.

If the alternator is dusty, biow off dust using com-

pressed air.

Remeove the belt, and turn the pulley by hand to make

sure that it rotates smoothly.

Note: If defects are fouﬁd in the alternator, contact
your Mitsubishi dealer.

8-18

Fig. 8-36' Checking starter

Alternator

Fig. 8-37 Inspecting alternator
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Inspectlng the battery
T L0 )

If battery electrolyte is spilled on your skln ﬂush immediately with plenty of water. If battery electrolyte enters the
eyes, flush them immediately with lots of fresh water and seek medical attention at once. Do not use open flames or
other fire hazards near the battery. When handling the battery, be careful of sparks generated by accidental short-
ing. For other cautions in handling the battery, refer to "Service battery” (1-5).

Inspecting battery electrolyte level

Baltery electrolyte evaporates during use and the fluid
~ level gradually decreases. The correct fluid surface

level is between the LOWER LEVEL and UPPER ? |10 to 15 mm

[0.394 10 0.581 in.]

LEVEL lines. For the battery without level lines, the
correct fluid surface level is about 10 to 15 mm [0.394
to 0.591 in.] above the top of the plates. if the fluid
level is low, remove the caps and add distilled water to
the proper level.

Note: When adding distilled water, pour in carefully.

Proper
level

Inspecting specific gravity of battery Fig. 8-38 Checking battery electrolyte level
electrolyte
Check the specific gravity of the electrolyte. If the spe- FLOAT.
cific gravity measured at 20°C [68°F] is lower than
1.22, then charge the battery.

Table 8-2 Specific gravity of electrolyte

.
pecificigravity at-; E#;Eg TRO:
~CII6B 1 i
GLASS TUBE
From 1.26 to 1.28 Fully charged -
From 1.22 to 1.26 Charged Charge
22 i . .

Less than 1 Discharged Charge Fig. 8-39 Checking specific gravity of electrolyte
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Long-term storage

The following describes how to store the engine in a
non-operable condition for three months or more and
in an operable condition for three months or more.

If the engine has been left unattended for three
months or more, the internal engine paris can rust,
and that may cause damage to the engine. When stor-
ing the engine for an extended pericd of time, be sure
to follow the directions below.

Storing the engine in a
non-operable condition
for 3 months or more

Preparation for storage

1. Drain engine oil, and pour-rust-preventive oil (NP-
10-2} into the engine. '

2. Prepare a fuel mixture containing 50% rust-pre-
ventive oit (NP-8), and fill the fuel tank with it.

3. Operate the engine at a speed of 800 to 1000
min™ {idling) for 5 to 10 minutes under no load.

4. Immediately before stopping the engine, spray vol-
atile corrosion inhibitor (V.C.1.) through the inlet

. port to prevent rust on the air intake system.

§. With the engine stopped, drain the fuel mixture
from the fuel tank.

6. Apply rust-preventive oil (NP-3) liberally on the
exposed sections of the machining.

7. Seal the air inlet, exhaust cutlet, breather and
other openings with an adhesive cloth tape.

8. Loosen the V-belt.

9. Wrap adhesive cloth tape on the terminals of the
starters and altemator, and seal the openings.
Cover these sections with polyethylene sheet or
processed polyethylene paper, and ptace desic-
cants in the polyethylene covers.

10. Disconnect the cables from the battery terminals,
and charge the battery. Clean the terminals, apply
a thin coat of grease to the terminals, and store the
batiery in a cool and dry room.

11. Cover the entire engine.

Note :(a) Stere the engine in a well-ventilated indoor
area.

(b) It is not necessary to drain coolant since it
containg LLC. (Add LLC to increase the con-
centration to between 30 and 60%.)

(c) Post a sign at an easily noticeable place to
warn that the rust-preventive oil in the
engine must be replaced with engine oil, and
the fuel tank must be filled with fuel before
operating the engine for the first time after
storage.

(d) New engine oil can substitute for rust-pre-
ventive oil (NP-10-2),

Recommended rust-preventive oil and

corrosion inhibitor
Table 9-1 Recommended rust-preventive

oil and corrosion inhibitor

g Recommer ed =
i roducts B FEP T
Prevention
. . . of rust on
Nippon Qil Corporation
NP3 | Anti Rust P-1400 exposed
machine
surfaces
K2246 NP-9 Nippon OQil Corporation E{i’g{‘ .'tr'fn
Anti Rust P-2400
‘ fuel system
. Prevention
NP-10-2 Nippon Qil Corporation | of rustin
Anti Rust P-230 lubricating
system
Prevention
Ryoukou Kagaku of rust in air
Z1519 | - V.C.1. Diana volatile intake Svs-
corrosion inhibitor tem 4

Maintenance during storage
Charge the battery once a month.

First, check the battery electrolyte for correct level and
then charge the battery.

9-1
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Using the engine after storage

1. Remove the cover from the engine.

2. Connect a fully charged battery.

3. Remove the covers from the starters and alterna-
tor.

4. Adjust the tension of V-belt. _

Note: For the adjustment of V-belt tension, refer fo

"Adjusting V-belt tension (Alternator side}” (8-3).

5. Remove sealing tapes from the openings of the
engine. '

6. Drain rust-preventive oil, and pour in appropriate
engine oil.

Note: For engine oil, refer to "ENGINE QIL" (5-1)

7. Fill the fuel tank with fuel, and bleed the fuel sys-
tem. ' :

Note: For bleeding fuel system, refer to "Bleeding the

fuel system" (3-2).

8. Inspect the entire engine.

9. Remove the rocker covers, and lubricate the valve
mechanisms.

10. Shut off the fuel supply and crank the engine for
about 10 seconds. Then repeat this cranking 3
times at intervals of about 1 minute.

.

B L CAUTION G e b e
To crank the engine, shut off the fuel supply to the
engine and operate the starter.

11. Make sure the engine cil pressure rises.

12. Start the engine

Note: For starting the engine, refer to "Starting” {3-13).

13. Conduct a warm-up operation for a sufficient dura-
tion.

14. Apply load and increase the engine speed to the
rated speed.

9-2

Storing the engine in an
operable condition for 3
months or more

When the engine is not operated during storage of
three months or more, internal engine parts can rust
and lose oil film. As a result, the engine can seize
when it is started after storage. To prevent such a rigk,
the engine must be operated periodically during stor-
age.

Operating the engine for main-

tenance -

Operate the engine for maintenance at least once a

month as described below.

1. With the fuel shut off (press the engine stop button
to shut off the fuel injection), operate the starter
twice at intervals of about 15 seconds and check to
see if the engine oil pressure increases.

2. After the engine starts, operate under no load for 5
to'10 minutes. _

Nate: For engine operation, refer to "OPERATION" (3-

1)




Chapter 10 TRANSPORTATION

Lift the engine carefully

To Ilﬂ the engine, use w1re ropes shackies and sllngs
capable of supporting the weight of the engine.
Attach slings o the hangers provided on the engine to
lift the engine.

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

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

Attach wire ropes to the hanger after removing the
pipe cover and the insulator near the hanger for lifting.
To prevent wire ropes from contacting the engine,
place a cloth or other soft padding to prevent damage
to the engine and wire ropes.

Front hanger Rear hanger

ey

d ;
ad il =

-

Fig. 10-1 Hangers for lifting

70 mm

I 220 mm

B N

The center of gravity

Fig. 10-2 The center of gravity for the engine
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Chapter 11 TROUBLESHOOTING

General precautions

Contact your Mitsubishi dealer

for repair service

Repairing a malfunctioning engine may require special
equipment or involve potentially dangerous work,
except for relatively simple praocedures such as the
change and addition of fuel, engine oil and coolant. In
the event of the engine failure, contact your Mitsubishi
dealer.

Considerations before work
Before troubleshooting, consider possible causes of
the problem and try to find out if the same problem
has occurred in the past.

Check the parts that may be causing the problem in
the maost efficient order.

When disassembling a component, pay close atten-
tion to the disassembly sequence so that you can
reassemble the component in reverse order of disas-
sembly.

Cautions against contamination
Dust and particles of foreign matter are the most com-
mon cause of rapid wear of parts.

When disassembiing a component, take measures to
prevent dust and foreign particles from entering the
component being disassembled.

Cautions regarding parts han-
dling

Handle parts carefully.

When replacing parts, use only genuine parts by refer-
ring to the parts catalog.

Work safety

Be sure 10 use wrenches of the correct size. Using a
wrench of the wrong size not only damages nuts but
can also cause the personal injury.

Use correct toals and perform work with utmost cau-
tion.

Be sure to accurately estimate the weight of the part
being dismounted. If the removed part is much heavier
than you have estimated, it may fall down during lifting
and can result in the damage to the parts or personal

injury.
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Chapter 11 TROUBLESHOOTING

How to troubleshoot

The starter does not crank or cranks slowly, resultmg in start failure
Table 11-1 The Starter Does Not Crank or Cranks Slowly Resulting in Start Failure

Blown fuse Change fuse

Faulty wiring connection between

battery and starter swilch Connect wire correctly

Faulty wiring connection between

battery, starter and starter switch Connect wire correctly

lnsped and adjust V-belt tension.
Refer to "Inspecting V-belt and adjusting belt tension" (8-3).

Electrical system Insufficiently charged battery

Specific gravity of battery fluid toc Charge battery

low
Faulty battery Install new battery
Faulty starter or starter relay Consult a Mitsubishi dealer

Lubricating system | Oil viscosity too high Use appropriate engine oil. Refer to "ENGINE OIL" (5-1).
Air in fuel system g;eed fuel system. Refer to "Bleeding the fuel system” (3-
Low fuel level Add fue!

Fuel system Change fusl filters.
Clogged fuel filters Refer to "Changing the fuel filter” (8-6).
Faulty fuel feed pump Consult 2 Mitsubishi dealer
Faulty fuel injection pump Consult a Mitsubishi dealer

Faulty moving parts (interference
Engine mechanical | between valves and pistons, or Consult a Mitsubishi deaier
foreign matter in cylinders)

The starter cranks, but the engine does not start
Table 11-2 The Starter Cranks, But the Englne Does Not Start

CGause Ly L L v TN ol i e REmedy. 4
Empty fuel tank Add fuel, and bleed fuel system. Refer 1o "FUEL" (4-1).
Damaged fuel pipe Consult a Mitsubishi dealer
Loose fuel pipe connection Tighten connection. Consult a Mitsubishi dealer
Improper fuel Use proper fuel. Refer to "FUEL" (4-1).
ruetersiem Dust o water mixed in fuel ﬁz?éflf ﬁ?ﬁﬁgﬁgﬁgﬁf}ieﬁ fﬂ’; tank" (8-5).
Clogged fuel filters - Replace fuel filters. Refer to "Changing the fuel filter" (8-8).
Faulty fuel feed pump Consult a Mitsubishi dealer
Faulty fuel injection pump Consult a Mitsubishi dealer

Clean air cleaner or pre-cleaner. Refer to "Cleaning,

Air intake system Clogged air cleaner or pre-cleaner inspecting and replacing pre-cleaner” (8-16).

Compression pressure low
(damaged cylinder liner, piston or
piston ring, or faulty valve seat or
nozzle packing seal)

Engine mechanical Consult a Mitsubishi dealer

11-2




Chapter 11 TROUBLESHOOTING

Other problems and countermeasures

Engine output is low

Table 11-3 Engine Output is Low

e ———————

T

—
g S TRR SRR R B gl St o e e SRR R 4

T i Pk b e O,

Engine oil viscosity too high

Use engine oil of appropriate viscosity according fo ambient tem-
perature. Refer to "ENGINE OIL" (5-1).

Improper fuel

Use proper fuel. Refer to "FUEL" (4-1).

insufficient air intake (clogged air cleaner)

Clean air cleaner element, or replace if necessary. Refer to
"Cleaning, inspecting, and replacing the air cleaner elernent” (8-
17). :

Engine avercaoling

Cover the radiator or consult a Mitsubishi dealer

Ciogged fuel filter

Reptace fuel filters. Refer to "Changing the fuel filter" (8-6).

Insufficient cooling {overheating)

Consult a Mitsubishi dealer

Incorrect valve clearance

Consult a Mitsubishi dealer

Faulty fuel feed pump

Caonsult a Mitsubishi dealer

Faulty fuel injection pump

Consult a Mitsubishi dealer

Faulty fuel injection nozzles

Consult a Mitsubishi deaier

Incarrect fuel injection timing

Consult 2 Mitsubishi dealer

Low compression pressure
(worn cylinder liners, worn piston rings, etc.)

Consult a Mitsubishi dealer

Exhaust smoke is white or blue

Table 11-4 Exhaust Smoke is White or Blue

e iR ke

b fteN

iR CRuse,

Excessive armount ¢of engine oil

Maintain correct oil level. Refer to "Draining engine oil" (8-7).

Engine cil viscosity too high

Use engine oll of appropriate viscosity according to ambient tem-
perature. Refer to "ENGINE OIL" (5-1).

Overcooling

Cover the radiator or consult your Mitsubishi dealer

Faulty thermostat(water temperature does not rise)

Consult a Mitsubishi dealer

Faulty fuel injection nozzles
(uneven injection among cylinders})

Consult a Mitsubishi dealer

Incorrect fuel injection timing

Consult a Mitsubishi dealer

Low compression pressure
{worn piston liners, worn piston rings, etc.)

Consult a Mitsubishi dealer -

Improper fuel {low cetane number)

Use proper fuel. Refer fo "FUEL" (4-1).
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Chapter 11 TROUBLESHOOTING

Exhaust smoke is black or dark gray
Table 11-5 Exhaust Smoke is Black or Dark Gray

—

o el M e Cause | gkt ﬁit&i”uwm%@gfﬁﬁgfﬁﬁﬂwmw%
Improper fuel Use proper fuel. Refer to "FUEL" (4-1).
Incorrect valve clearance Consult a Mitsubishi dealer
Faulty fuel feed pump Consult a Mitsubishi dealer

Low compression pressure

. ; ; . Consult a Mitsubishi dealer
{warn piston liners, worn piston rings, etc.)

Clean air cleaner element, or replace if necessary. Refer to

Insufficient intake air "Cleaning, inspecting, and replaclng the air cleaner element” (8-

{improper ventilation, clogged air cleaner)

17).
Incorrect fuel injection timing ) - | Consult a Mitsubishi dealer
Faulty fuel injection nozzies Consult a Mitsubishi dealer

Faulty fuel injection pump

,Consult a Mitsubishi dealer

Fuel consumptlon is high ,
Tahle 11-6 Fuel Consumptaon is ngh

P
Fhod ol e

Fauity fuel feed pump Consult a Mltsublshl dealer
Faulty fuel injection pump Consult a Mitsubishi dealer
Incorrect fuel injection timing Consult a Mitsubishi dealer
improper fuel Use proper fuel. Refer to "FUEL" {4-1).

Low compression pressure

(worn piston liners, worn piston rings, etc)) Consult & Mitsubishi dealer

Insufficient intake air Clean air cleaner element, or replace if necessary. "Cleaning,
(improper ventilation, clogged air cleaner) inspecting, and replacing the air cleaner element” (8-17)

Engine oil consumption is high .
Table 11-7 Engine Qil Consumptlon is High

: ‘ i o ;"': mE Fat Cause ’u’ b |ihe = ] lk = \,.' o, ";;Zi R mRemedy AT ::Z?:'.fl'-"- Tﬂ' e, Ve ;.‘: e

IR I P

Excessive amount of engine oil Maintain correct onl level. Refer to "Draining engine oil” {8-7).

Use engine oil of appropriate viscosity according to ambient tem-
Engine ail viscosity too low perature.
Refer to "ENGINE QIL” (5-1).

Engine oil leakage Consuli 3 Mitsubishi dealer
Worn cylinder liners, worn piston nngs Consult a Mitsubishi dealer
Wom valve stem seals Consult a Mitsubishi dealer
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Chapter 11 TROUBLESHOOTING

Engine overheats

i : Causeityl, e
Radiator, heat exchanger leakage Consult a Mitsubishi dealer
Low coolant level Add coolant

Faulty water pump

Consult a Mitsubishi dealer

Faulty thermostal

Consult 2 Mitsubishi dealer

Engine oil pressure is faulty

Table 11-9 Engine Oil Pressure is Faulty

Rt ety

ST LT e s e

Insufficient arnount of engine oil

Maintain correct oil level. Refer to “Draining engine oil* (8-7).

Engine oil viscosity too low

Use engine oil of appropriate viscosity according to ambient tem-
perature. Refer to "ENGINE OIL" (5-1).

Clogged oil filter

Replace oil filters. Refer to "Changing engine oil, oil filters and
bypass oil filter” (8-7).

Faulty oil pump

Consult a Mitsubishi dealer

Faulty relief valve

Consult a Mitsubishi dealer

Faulty oil pressure sensor

Consult a Mitsubishi dealer

Nete: If the problem cannot be corrected easily or when a problem other than those listed above occurs, consult a

Mitsubishi dealer.

When ordering replacement parts, provide the engine serial number. When requesting repair, provide the
engine serial number and service hour meter reading.

When fuel has run out

When fuel runs out during engine operation and the engine has stopped, restart the engine as described below.

1.
2.

Return the starter switch to the OFF position.
Add fuel to the fuel tank.

For filling fuel tank, refer to "Draining water from the fuel tank™ (8-5),

3. Bleed the fuel system.
For bleeding fuel system, refer to "Bleeding the

Restart the engine.

fuel system" (3-2).

For'staning the engine, refer to "Preparations for operation {pre-start inspection)” (3-9).
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Chapter 12 MAIN SPECIFICATIONS

Table 12-1 Main specifications

. Specificalion LA Vil

Engine model

S16R-Y2PTAW

Type

Water-cooled 4-stroke cycle, turbocharged diesel, air cooler

Number of cylinders, arrangement

18-V

Bore = Stroke (mm [in.])

170 x 180 [6.70 x 7.10]

Total displacement {L [cu.in.D

66.37 [3985]

Combustion type

Direct injection

Compression ratio

14.5:1

Firing order 1-9-6-14-2-10-4-12-8-16-3-11-7-15-5-13
Ratation direction Counterclockwise as viewed from flywheel
Dimensions

(L x W x H (mm) [in.) Approx. 3045.5 x 1467 = 1810 [120 = 58 x 71]
Dry weight (kg [Ib.]) Approx. 6530 [14396]

Fuel Diesel fuel

Fuel injection pump

Mitsubishi PS8 type

Fuel fitter

Cartridge-type paper element, spin-on type

Fuel injection nozzle

Hole type

Initial fuel injection pressure
{MPa {kgflem?) [psi))

34.3 (350) [4979]

Lubricating system

Forced circulation type (pressure feed by oil pump)

Lubrication oil

Class CD or CF qil (API service classification)

Engine oil capacity
(liter {U.S.gallon))

Qil pan: Approx. 200 [52.83]
Whole engine:Approx. 230 [60.76]

Qil filter

Paper element (equipped with bypass filter, spin-on type)

Qil cooler

Water cooled multi-plate (equipped with crankcase)

Cooling system

Forced couling type

Cooling water capacity
(liter [U.S.gallon))

Main cooling system : Approx. 142 [37.5] (in engine only)
Inter cooler cooling system : Approx. 28 [7.4] (in engine only)

Starting system Electrical start

Starter 24V -75kWw=x2
 Alternator 24V-30A

Turbocharger Mitsubishi TD10 =< 4
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