


FOREWORD

This operation and maintenance manual contains detailed operation, inspection and maintenance
infermation of the Mitsubishi Engines.

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

Failure to follow directions in this manual may resuit in serious accidents.”
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FOREWORD

Limited warranty

The manufacturer will repair or replace par!s' returned to the manufacturer when the manufacturer judges that the
parts are defective in matenial and/or workmanship after conducting inspection.

The manufacturer’s warranty is limited to the compensation work of repair or replacement of parts.

The coverage of the warranty is effective to the original purchaser only. Those who are transferred the ownership
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, merchantaﬁility, fitness for a
particular purpose or use, or against infringement of any patent.

» The manufacturer wilt not be liable for any damages or consequential damages, including, but
not limited to, damages or other costs resulting from any abuse, misuse, misapplication of the
engine and devices supplied by the manufaciurer.

» The manufacturer will not be liable for any damages or personal injuries resulting from any
modification, 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 and/ar long life coolant (LLC} that are not recommended by the manufacturer.
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Important information

» To avoid potentiat hazard, accident prevention activ- » This manual is copyrighted and all rights are

ities must be planned methodically and conducted
continually by considering all aspects of engine
operation, mainitenance and inspection.

Everyone including managers and supervisors
should actively participate, recognize one's role and
organize onese:lf and one's work to ensure a safe
gnvironment.

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

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

The manufacturer cannot foresee all potential dan-
ger of the engine, potential danger resulting from
human error and others, or danger caused by a spe-
cific environment in which the engine is used.
Since there are many aclions 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 whaose native language is not English,
the customer is requested to provide thorough
safety guidance to the operators. Also 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 danger and
also who have received risk aversion fraining.

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

* When the ownership of the engine is transferred, be
sure 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.

.

reserved. No part of this manual including illustra-
tions and technical reference 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 engine in this manual
may defer from those of your engines.

Please nole that, depending on specifications, items
described in this manual may differ from those on
your engine in shape, or may not be installed on
your engine.

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

If you lost or damaged this manual, obtain a new
copy at your Mitsubishi dealer as socn as possible.
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Warnings

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 an the engine

Warning statements

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

Indicates a highly hazardous situation which, if not avoided, will result in death or serious -
injury.

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

indicates a potentially hazardous situation which, if not avoided, may result in minor or
moderate injury.

A CAUTION

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

CAUTION ,
damage.

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 {Si), and they are converted to the metric system
units in this manual using the foltowing conversion rates.

« Pressure: 1 MPa = 10.197 kgf/cm?

» Torque: T N-m = 0.10197 kgf-m

. Force: 1N = 0.10197 kgf

» Horsepower: 1 kW = 1.341 HP = 1,3596 PS

* Meter of mercury: 1kPa=0.75¢cmHg

« Meler of water: 1 kPa = 10.197 cmHz20 {cmAg)-

= Engine speed: 1 min™ = 1 rpm

Abbreviations, standards and others

+ AP| = American Petroleum Institute

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

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

» SAE = Society of Automotive Engineers (1J.S.)

« LLC = Long Life Coolant
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Chapter 1 BASIC SAFETY PRECAUTIONS

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 not 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, oit and LLC immediately and
thoroughty. Spilled fuel, oil and LLC may ignite and
cause a fire.

Keep engine surrounding area
tidy and clean

Do not leave combustible or explosive materials, such
as fuel, enging 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-
oughly. Such materials can cause fire or the engine to
overheatl. 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 attempt to open the side cover of the crank-
case beiore the engine cools down. Wait at least 10
minutes after stopping the engine.

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

Care for fuel, oil and exhaust
gas leakage

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

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

Use explosion-proof lighting
apparatus

When inspecting fuel, engine oil, coolant, battery elec-
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. Otherwise,
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 resuiting in fire, may be
caused by a loose terminal or damaged cable/wire,
Inspect the terminals, cables and wires, and repair or
replace the faulty parts 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 atany time.

Establish response brocedures o

follow in the event of fire or accident. Provide an
emergency evacuation route and contact points and
means of communication in case of emergency.

1.1




Chapter 1 BASIC SAFETY PRECAUTIONS
———

e S

Stay "‘clear of all rotatmg andwhuiovmg parts

Install protective covers around
rotating parts

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

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

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

Never remove protective covers.

Check the work area for safety

Before starting the engine, make sure ne one is near

the engine and tools are not left on or near the engine. -

Verbally notify persons 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,

iKeep 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 result.

9;

1.9

Lockout and Tagout

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

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

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

" In the case of pneumalic starting type, ciose 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 paris while the
engine is running. Rotating parts such as belf can
entangle your body and cause serious ipjuries.

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. Rermember 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 lgad to not
dnly engine damage but also personal injuries.




Chapter 1 BASIC SAFETY PRECAUTIONS

Be careful of burns

Do not touch engine during or
immediately after operation

>y

Te aveoid burns, do not touch the
engine during or immediately after
operation.

A hot engine can cause burns. To iiimmmmi
conduct maintenarice and inspec-

tion work, wait until the engine has

cooled sufficiently by checking the temperature
gauge.

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

Never open the radiator filler cap while the engine is
running or immediately after the engine is stopped.
The engine coatant is hot during engine operation and
immediately after operation,

{f the radiator filler cap is opaned when the coolant is
al operating temperature, steam and hot coolant may
blow aut and result in burns,

When opening the cap, stop the engine and allow the
coolant temperature to fower sufficiently, Cover the
cap with a cloth or use thick rubber glove, and then
slowly open the cap. When cloasing the cap, be sure to
tighten securely.

Add coolant only after the cool-
ant temperature dropped

Do not add caclant immediately after the engine
stops. 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 shigelds. Do not remove these heat shields. [f any
of these heal shields have been removed owing o
unavoidable circumstances during the work, be sure
to restore them after the work is completed.

Be careful‘ c;f exhaust
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 anh
enclosed area, provide sufficient ventilation, and dis-
charge exhaust gas to the outside. Make sure the
exhaust gas is.not discharged directly to surrounding
buiidings, 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.

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.

1-3
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Be carefu to prevent the
engine from falling

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

During lifting 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 anglé exceeds this limit,
excessive load could be imposed on the hangers and
this could damage the hangers and result in a serious
accident.

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

Do not climb onto the engine

Do not climb onto the engine, nor step on any engine
parts located on the lateral sides.

To work on parts located on the upper section of '
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 decrapit stool or

parts box may result in personal

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

G

st T 4 CAUTION - st
Be careful when handling
fuel, engine oil and LLC

Use only specified fuel, engine
oil and long-iife coolant {LLC)

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

Use of any other fuel, oil or LLC, or improper handling
may Cause various enginé problems and maffunc-
tions. .

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

‘Handle LLC (long life coolant)

carefully

When handling LLC, always wear rubber gloves and a
profective 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, flush them immediately with
plenty of water and seek medical attention. If LLC
splashes onto your skin or cldthing, wash it away
immediately with ptenty 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 oy coolant into sew-
erage, river, [ake 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 taw and regulations, or consult a Mitsubishi dealer.
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BRI " 4A CAUTION

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 ievel of which is low-
ered below the lower limit line. Sustained use of the
battery could resuit in an explosion.

» Do not short the batlery terminals with a toct or
other 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 baltery terminals. A loose cable clamp can
cause sparks that may result in an expiosion,

» 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 (-) baftery 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 burns. Also, keep the
battery fluid off the mouth.

+ Wear protective goggles and rubber gloves when
working with the battery {when adding water, charg-
ing, etc.).

« If electrolyte is spilled onto the skin or clothing,
immedialely wash it away with lots of water, Use
soap to thoroughly clean.

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

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

A A CAUTION

When an abnormality
occurs

Do not add coolant immediately

after a sudden stop due to over-
heating

_Ifthe engine stops suddenly or if you have no choice

but to stap the engine suddenly due to overheating, da
not add coclant immediately,

Adding water while the engine is hot can damage
parts such as cylinder heads due to a sudden drop of
temperature. Add coolant 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,
¢heck and remedy the cause of the problem before
restarting. Sustainad 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 paris to seize.

If the fan beit 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.

1-5
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e T T T A CAUTION.

Other cautions

Never modify engine

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

Modification of the engine may not oniy'cause engine
damage but also produce personal injuries.

If there is a need to modify the engine, contact your
Mitsubishi dealer.

Never break the seals

To ensure proper engine operation, the fuel control

links are sealed to prevent accidental change of the

injection volume 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

’ Considerably increased consumption of fuel and
lubricating ofl

» Degradation of engine performance due to improper
balance between fuel injection volume and governor
aperation 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

Ta break in new engines or averhauled engines, aper-
ate the engine at a speed lower than the rated speed
in a 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.

1-6

Warm up the engine before 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 not
conduct warm-up operation for prolonged period of
time.

Prolonged warm-up operation causes carbon build-up
in the 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.
Overloading 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 altow rainwater, etc. to enter the engine
through the air inlet or exhaust openings.

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

Starting the engine with water inside the combustion
chambers can cause the water hammer action which
may resull 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 according to the following
instructions.

* Do not maintain the air cleaner/pre-cleaner while the
enginé is operating. Operating the engine without
the air cleaner/pre-cleaner allows foreign matters to
enter the turbacharger and couid result in serious
damage.

» Remove the air cleaner/pre-cleaner slowly to pre-

vent dust accumulated on the element from 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 element gets clogged. Service the

cleaner as soon as possible if an alarm is issued.

Observe safety rules at work
site

Observe the safety rules established at your work-
ptace when operating and maintaining the engine.
Do not operate the engine if you are feeling ifi, inform
your supervisor of your condition.

Cperation of the engine with reduced awareness may
cause improper operation that could result in acci-
denis.

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

Work clothing and protective
gear

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

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

Use of tools optimum for each

work .

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

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

Do not turn off the battery switch during engine opera-
tion.

If the battery switch is turned off, the power supply to
the engine shuts off and the engine stops suddenly,
The sudden engine stop during load operafion may
cause engine damage.

Cautionary instructions for
transporting the engine

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

Never change the ECM (Elec-

tronic Control Module) settings
Unauthorized modification of ECM settings may
results in engine damage and / or personal injuries.
Madification of the ECM settings will void the manu-
facturer's warranty.

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

1-7
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About warning Iabels
Maintenance of warning labels

Make sure all warning/caution labels are legible.
Clean or replace the warning/caution labels when the description and/or illustration are not clear to read.

For cleaning the warning/caution labels, use a cloth, water and soap. Do not use cleaning solvents, gasoline or

ather chemicals to prevent the letters from getting blurred or the adhesion from being weakened.

Replace damaged or fractured labels with

It any engine part on which a warning label is attached is replaced with a new one, attach a new identical warning

label ta theé new part.

new ones.

To obtain new warning labels, contact your local Mitsubishi dealer.

ROTATING PARTS.
CAN CAUSE SEVERE
PERSONAL INJURY.

* KEEP AWAY FROM ROTATING

FLYWHEEL.
« DO NOT OPERATE WITHOUT
FLYWHEEL COVER. -
L Asdn-s11n

; &
P S A W

ARQUND MOVING PARTS
BEFORE TURNING.

s KEEP TURNING DEVICE
OR BAR IN “OFF POSI-
TiON" WHEN NOT IN USE.

AN 45!.53-51200)

PRy~
PR 23 3ok E;% éﬁwﬁ"
TURNING CAN “ GIL MIST I8
CAUSE SEVERE Z,/ FLAMMABLE AND
PERSONAL INJURY. EXPLOSIVE.
e BE SURE NO DANGER DO NOT OPEN

INSPECTION COVER
WITHIN 10 MINUTES
AFTER ENGINE STOP.

ASMI3-51
\ o)

i

A CAUTION |

A CAUTION . |

HIGH PLACE MAY
CAUSE FALLING.

VOLTAGE MAY CAUSE
ELECTRIC SHOCK.

e BE CAREFUL WHERE YOU
STEP ON SCAFFOLD.

.00 NOT PUT ANY IMPROPER
MATERIALS ON ENGINE AND

* TURN OFF POWER BEFORE
CHECKING OR MAINTENANCE.

« [0 NOT TOUCH ANY ELECTRIC
EQUIPMENT WHEN POWER IS ON.

& D0 NOT OPERATE WITH DOOR

® BE CAREFLL OF ROTATING
FAN,

* 00 KT PUT FINGEFIS NEAR

SCAFFOLD. . AND PROTECTIVE COVER OPEN. B0 K1
W\ 15@‘!1‘59_} Al QEAD!-EIWD‘J \L ﬁ*ﬂ-ﬁﬂ?ﬂ!i
b
. « HOT WATER MAY
A | .8 | ERISEATRY

. - | b0 por sewove RaiaTon

CAUT | ON e @ RN SR
L AV 45A83-60800

L ‘CAUTION "

0
T

ERFORM SAFETY MAINTERANCE
(TH REFEHENCE 10 OPERATION
AFRTENANCE MANUAL.

AEAT-51800

480

| gl

A HOT SURFACES.
. A .| =l MAY CAUSE BURN
I

SHM

® BE CAREFUL OF ROTATING
BELT.

o D0 NOT PUT £INGERS NEAR
ROTATING BELT.
45A93-53800,

. . L
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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
Thermostats Exhaust pipe Turbochargers
: " Intercooler
] =\ :
V-belt
Compression\ﬂ' .
Cooling water
TDC sensor\ ' E drain cocks
st - o = ) ﬂmm -r
] i (flywheel)
. L5 oy
1L S=== llf 9 Fuel feed pump
Oil refief valve ] ' j\ Priming pump

. /I_I i =T — Mounting bracket
Ol filler / \ = {rear)
Mounting bracket . \ Starter
(front) E@:S S ,
/ V%
Oil fiter

Qil pan
Fuel outlet

Bypass oil filter
Fuel inlet

Dil level gauge

Fig. 2-1 Left view

Right view
Intercooler
Breather . .
-]
TDC sernsor | ’-
Engine speed i -
SEensor -

{flywheel) _—

o —‘_‘—'—"—-—._
) |_‘ I Water pump
—L (.
= g T intercoocler water pump

@l

Mcaunting bracket

(rear) -
Coghng water Starter Alternator
drain cock

= Mounting bracket

Qil drain7 / {front}
ECM (engine contrel module)

Fig. 2-2 Right view
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Equipment and instrument
ECM (engine control module)

~ CAUTION - ,
Do not change the setting of controller. The cantroller
is not user serviceable.

The engine operation is controlied with the contraller.
The controfler detects the engine speed and crank-
shaft phase to optimize the engine operation. And also
the controller starts and stops the engine by the sig-
nals from the start and stop switches.

Instruments

Fig. 2-3 Engine control module

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.

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

Fig. 2-4 Magnetic 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 locaf 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 oil 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
oil filter with a new filter. Also renew the engine oil.

Fig. 2-5 Oil filter alarm switch
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Using turning

el

el i
St ety

Before starting the engine, ma

with the turmning gear pushed in not only damages the ring gear but also may result in personal injury.

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

Bolt

2. Push in the shaft fully to engage it with the ring:
gear.

3. Using a socket wrench and a ratchet handle, turn
the shaft.

4, After turning, pull out the shatft, insert the piate in
the shaft groéve, and tighten the bolts.

4\ CAUTION
Make sure the plate is securely installed in the shaft
groove.

Ratchet handle’

Fig. 2-8 Turning gear position (turning shaft)




Chapter 2 NAME OF PARTS

Cautions regarding exhaust emission control

Do not modify any part of the engine. Alteration or adjustment of parts connacted with the exhaust emission control
performance not only adversely affects the engine performance but also results in non-compliance with the EPA
regulations. It also invalidates the manufacturer's warranty. The following parts in the engine are specially designed
to ensure propar exhaust emission control,

- Turbocharger

* Cylinder head

- Camshaft

- Piston

- Electronically comtrolled unit injector(ECUI)

- Tamper-proof equipment

If any of the above parts is removed and replaced with a nonconforming product, the engine will fail to comply with
the EPA regulations and provide poor emission control performance. The exhaust emission control systern 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 manuai.
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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

4\ CAUTION

When handling fuel, do not use open flames or heaters. Wipe off any spilled fuel completely. Spilled fuel is highly
flammable and can cause a fire.

CAUTION
Do not remove the strainer while filling the fuel tank. For fuel to be used, refer to "FUEL" (4-1),

Filling fuel tank

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

2. Fill the fuel tank with fuel.

3. Remove the fuel feed pipe and the drain plug from the fuel inlet of engine, and make sure that discharged fuel is
free from dust and foreign particles.

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

5. Fill the fuel tank with fuel to the “FULL" level on the gauge.
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Bleeding the fuel system
2 L e [Unlock] [Prime] [Lock]

TEF Bl P TR ot ot e e gl

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 cap, follow the procedure
described on the following page.

. " CAUTION
Do not close all air vent plugs before locking the prim-
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 return pipe.
Bleeding from upstream to downstream is effective for
this job.

Bleeding the fuel filter

‘CAUTION
If air vent plugs, the thread portion of the bracket, or
sealing washers are damaged, replace them with new
ones.

1. Loasen 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
unlock, 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 torgue.

4. Loosen the air vent plug on the fuel filter outlet for
the left bank gylinder about 1.5 turns, and bleed as
described above. '

5. Bleed the fuel filters for the right bank cylinders as
described above.

3.2

Turn [
counterclockwise.

Move the cap up
and down. Turn clockwise

while pressing.

Fig. 3-1 How to use priming pump

Air vent plug
7.81t0 2.8 N-m
{0.8 to 1.0 kgf-m}
[6.7 ta 7.2 Ibt-fi]

Fig. 3-2 Bleeding fuel filter .
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Fuel return pipe

1. Loosen the air vent cock on the fuel return pipe by \ /) f—
rotating about 1.5 turns. \

2. Move the priming pump cap up and down repeat-
edly. / /

3. When there are no air bubbles in the fuel flowing
from the air vent cock, press down the priming
pump cap and turn the cap clockwise. .

4. Tighten the air vent cock.

Note: There are fuel return pipe air vent cocks located
on either side of the engine.

Fig. 3-3 Fuel return pipe
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Preparation of lubrication system

Filling engine with engine oil

1. Remove the cap from the ail filler.

2. Fill engine with the specified engine oil to the spec-
ified level.

Note: For engine oil, 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.

t ubricate the valve mechanisms and fill the cam-
shaft oil bath with engine oil from the cylinder
head.

Qil capacity per cylinder: 800cm? [48.82 cu.in.]

4. Reinstail 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 il (evel gauge aif 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.

6. Check the oil pan and other parts for cil leaks.
Repair the oit leakage if any.

7. With battery disconnected, disconnect the ECM J4
connector to shut off the power supply to the ECM.
After disconnecting the connector, reconnect the
battery.

8. Shut off fuel and crank the engine with the starter
for 10 seconds te circulate oil throughout the
engine. After 1 minute of rest period, start cranking
again to circulate oil throughout the engine for
another 10 seconds.

9. Check the oii level with the oif fevel gauge again,
and add oil if necessary.

U
Oil filier

Qil level gauge

Fig. 3—4 Qil filler and oil level gauge

Cam chamber
oil bath section

CAUTION
To crank the enging, disconnect the ECM J4 connec-
tor, shut off the fuel supply to the engine and operate
the starters. When conducting the above cranking
aperation, aiso check the items to be inspected for the
cooling system by cranking. '

Fig. 3-5 Pouring engine oil on valve mechanisms
and chamber
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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 quantities of LLC based on the
coolant capacity and the LLC concentration
chart.

For the coolant, refer to "COQLANT 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 ort 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.

NV

Air vent plug

Fig. 3-8 Air vent plug - main cooling system

3.5
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Filling intercooler cooling system with

coolant

1. Make sure the drain cocks on the engine and

water pump are securely tightened.

2. Remave tht_a radiator cap, and fili the radiator tank

with undiluted LLC.

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

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

For the coolant capacity, refer to "MAIN SPECH-
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 water pipe when adding
water.

4. Check the radiator and cther 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 inler-

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 resi period, start cranking

again far ancther 10 seconds to bleed air from the
water pump.

Water drain cock Water drain cock

Fig. 3-10 Coolant drain cock - intercooler

CAUTION

—— T
Air vent cock

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.

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

CAUTION

AMlways use the coolant with the same LLC concentra-
tion for refilling.

Fig. 3-13 Air vent plug - intercooler cooling system
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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 shori-
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

. ) Ty
level gradually decreases. The correct fluid surface .
level is beiween the LOWER LEVEL and UPPER [= .10t 15 mm
LEVEL lines. For the battery without level lines, the / [0.394 10 0.591 in ]
correct fluid surface level is about 10 to 15 mm [0.394 E';':ge'
to 0.591 in.] above the top of the plates. If the fluid
level is low, remove the caps and add distifled water to
the proper ievel.
Note: When adding distilled water, pour in carefully.
electrolyte
Check the specific gravity of the electrolyte. if the spe- FoaT_s |
cific gravity measured at 20°C [68°F] is lower than
1.22, then charge the battery. (i’
Table 3-1 Specific gravity of e[ectrdlyte B
Specific gravity at o : ELECTRO%’
itic : LYTE
20°C [68°F] QondltIDlj 1 Remedy
GLASS TUBE
From 1.26 to 1.28 Fully charged -
From 1.22 to 1.26 Charged Charge
than 1. Discharged h . .
Less than 1.22 Stharg Charge Fig. 3-15 Checking specific gravity of electrolyte
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Test operation

To conduct a test operation, follow the procedures below.

Note: For engine aperation, refer to "MNormai éngine 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

1.

ahwb

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 ail 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 CAUTION -~ L

Remove the radiator cap only after the engine is coaled to the room temperature. Place a clath gver 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 level is low, add coolant to the specified level.

7. When a reserve tank is equipped, add coolant to the [FULL] level.

CAUTION

Always use the coolant with the same LLC concentration for refilling,
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Normal engine operation

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

4\ CAUTION
If any engine abnarmality is observed during cperation; stop the engine and correct the problem, or contact your
local Mitsubishi dealer. ’

Preparations for operation (pre-start inspection)

Before starting the engine, always conduct the following inspection.

External inspection

_ A\ CAUTION
Be sure to keep combustible materials away from the engine, especially from the hot engine 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 contact 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, ECM, sensor 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

2.0
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Checkmg the fuel tank oil level

When workmg around fuel make sure there are no open flames heaters or other fire hazards Wipe off any spllled
fuel completely. Spilled fuel can ignite and cause a fire.

. CAUTION
Do not remove the strainer when filling the fuel tank.
For fuel to be used, refer to "FUEL" (4-1).

Make sure the fuel-,tank is full. if the fuel level is low,
refill the tank to the "FULL" level.

Checking the engine oil level

' s CAUTION..
Far engine oil to be used, refer to “ENGINE OIL" {5-1).

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

2. Insert the oil 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 oil 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- A
/.
MUM levei. : = I ﬂ;ﬁ]ﬁ‘ FIEJUJ:

5. Refasten the oil filler cap after refilling. Ol fller Qil level gauge

6. Check the oil pan and other area for cil leaks. -
Fig. 3-16 Qil filler and oit level gauge .

Lo
<
~

h

QL G
0‘.
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Checking the coolant level

‘ ARNINGE
Removmradiator cap only after the engine has
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.
2. Ifthe coolant level is low, add coofant to the speci-
fied level.

CAUTION
Always use the coolant with the same LLC concentra-
tion.

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

For the coolant, refer to "COOLANT AND LLC"
(8-1). For the coolant capacity, refer to "MAIN
SPECIFICATIONS" (12-1).

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

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 ar replace the air cleaner ele-
ment when the signal turns red.
Note: For cleaning of the air cleaner element, refer to
"Cleaning, inspecting. and replacing the air
cleaner efement” (8-15).

Turn the cap about Stand the lever to
half a turn the upright position

Fig. 3-17 Radiator cap

Fig. 3-20 Checking air cleaner
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Starting

The starting method changes based on the application
and specifications. Start the engine according to the
specified procedure.

Before startlng the englne check to make sure no one
is near the engine and na tool is left on or near the
engine. In a loud voice, notify people in the area when
starting the engine.

CAUTION
A Iong 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 hefore ¢cranking again.

Warming-up operation

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

injury.

: - CAUTION , ‘
Do not conduct warm-up operation for a prolonged
period of time.
Prolenged 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 swiich while the engine is in warm-up opera-
tion not only stops the instrument operations but also
may deteriorate the alternator dicde and regulator.
Never turn the key to the START position during
warm-up operalion, as it damages starter.
During warming-up operation, do not operate the
engine in an overloaded condition (if overloaded,
black smoke is exhausted). Operating the engine in

‘an overloaded condition not only increases fuel con-

sumption but also generates excassive carbon depos-
its inside the engine which considerably shortens the
service life of the engine.

After the engine starts, operaie the engine in a no load
condition at low idling speed for 5 to 10 minutes to
warm up the engine. '

Checking engine oil pressure

During warming-up operation, check if the ail pressure

is in the range of standard value.

Also, make sure the cil pressure gauge is operating:

properly.

Note: The cil pressure gauge may indicate a higher
level than normal level immediately after the
engine siarts, 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.
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Operation

=

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

injury.

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

CAUTION
Always provide adequate ventilation in the engine
room. If air supply to the engine room is not sufficient,
the room temperature rises and can affect engine out-
put and performance.
For the first 50 hours, operate the engine under a light
load for break-in operation.
Operating the engine under heavy ioad 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.

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-

fier.

Note: For abnormal exhaust gas conditions, refer to
"Other problems and countermeasures” {(11-4).

Check the instruments and gauges for proper opera-

tion and make sure they indicates normal values.

Table 3-2 Standard values at rated speed
Standard value
0.49to 0.64 MPa

{5 to 6.5 kgficm?}
[71 to 92 psi]

70 to 90°C
[158 to 194°F]

= «ltem

Engine oil pressure
gauge

Coolant temperature

Note :(a} When the oil pressure drops below 0.22
MPa {3 kgflfcm?} [42.7 psi] in normal opera-
tion, or below 0.10 MPa {1 kgffcrm?} [14.2 psi]
al tow idling, siop the engine immediately.
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 for 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
- " A CAUTION o S N

Stopping the engine suddenly during high speed operation creates a iocal abnormal high temperature rise, and
shortens the service life of engine. Except in an emergency, be sure to conduct the coaling 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 immediately before shutting it down.

Do 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, comact your Mitsubishi dealer.

Generally, the engine will stop by pressing the stop switch (bottom) on the operating panel, however, the engine
stopping method changes depending on the specifications.
Follow the instructions according to-the specifications of the equipment that are installed.

Inspection after stopping
Inspect the engine for leaks of fuel, oil or coglant. If any leak is found, repair the leak or contact your Mitsubishi
dealer.
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Reconnnendedfue[

e

e A -¥=&myywvw;hmmb=" & o e et
o 4 WARNING

Use the recommended fuel_speciﬁ:;int is manual. Diese! fuel
Do not refill the fuel tank more than the specified level, ¢
as it could result in a fire. : In
Use fuel that meets the values specified in the table of ‘ Compliance
"Recommendead and imit values of fuel property” {4-2) with

‘ JIS K2204

Use a diesel oil that meets “JIS K2204, Diesel Qil" or .
its equivalent. '
Itis necessary to use fuel that has a pour paint suit-
able for the ambient temperature. Choose the fuel
type from the chart on the right.

Fig. 4-1 Recommended fuel

femeel -0 -2 -0 1 I
Table 4-1 Recommended fuel fg‘;":] E-T‘l f-ffll ITI I3|2i l5|01 Islal lé|161 l"'”i
S e . | i | | 1 { !
Standard Classification
JIS K2204 TYPE 1, TYPE 2, TYPE 3 =
a
ASTM DA75 No.1-D, No. 2-D E
BS 2869 CLASS-A1, CLASS A-2 [} m
DIN 51601 DIESEL-FUEL < Special No. 1
150 8217 DMX-CLASS

Fig. 4-2 Recommended fuel accordihg to ambient
temperature

Handling fuel

When using fuel stored in a storage tank, leave it to sit for more than 24 hours so that dust and water can settle at
the bottorn. 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 also 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
clean your hands and the hose before refuefing. When using a hand-operated pump, be careful not to pump water
or sediment accurmulated at the bottom of the storage tank.

Be sure to use a strainer when filling fuel tank. For a complete filtration, it is recommended to use a clean lint-free
tloth {ogether with the strainer.
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Table 4-2 Recommended and limit values of fuel property

Property*. :* * -\ - - Recommend value Limitvalue. ©- "~ Remarks *

JIS K2204

Flash point As stipulated by regulation | As stipulated by regulation | Diesel fuel : 50°C
[122°F] or higher

. g;'f';l boiling 170°C (338°F] or higher 17G°C [338°F] or higher
pistilas JIS K2254
en 90 % boiling 330 to 380°C 330 to 380°C .
point [626 to 716°F] [626 to 716°F)
Pour point 6°C [10.8°F] or lower degrees below a‘mb!ent tempera-
ture JIS K2269
Cloud point Ambient temperature or below
Carbon residue 0.4 weight percent or lower | 1.0 weight percent or lower | JIS K2270

(10 % resi_dual cil)

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 lower (40°C [104°F])
16.0 mm?fs [0.0248 in? or lower {30°C [86°F])

Sulfur content

0.2 weight percent or lower

1.0 weight percent or lower

JIS K2541
0.05 weight percent
(same as diesel fuel)is

recommended.
Water and sediment (.1 volume percent or 0.1 volume percent or JIS K2275
lower lower
Ash 0.03 weight percent or 0.03 weight percent or S K2272°
lower lower .
Copper plate corrasion No.3 or lower No 3. or lower ﬁgT}‘?ﬂEé%O-‘sDiscol ra
{100°C [212°F], 3 hrs.) : & : g ©
fion No.3
Specific gravity (15°C [59°F]) 0.83 to 0.87 0.80 to 0.87

Caoking test

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

Sheuld not be more than
55 % evaporated at 230°C
[446°F]

Should not turn to tar at
180°C [356°F]

Should not be 100 % car-
honized at 250°C [482°F]

Fed791B (U.S.A.}
250°C [482°F] * 24Hr
230°C [446°F] = 24Hr
180°C [356°F] x 48Hr

Aromatics content
(HPLC method)

38 weight percent cir lower

38 weight percent or lower

JIS K 2536 .
Total of aromatic content

Asphaltene

0.1 weight percent or l[ower

0.1 weight percent or lower

ICP analysis (U.K.)

Particulate contaminant

5.0 mg/ | or lower

50 mg/lor lower

JIS B9931

Including foreign sub-
stances in the fuel pipe
lines
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Properties of engine oil
and its influence on
engine performance

Engine cil lubricates the engine and greatly influences
the performance and durability of the engine.
Distinctive differences of engine oil from other oils are
that engine il 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 gils for diesel engines must

have capabilities not only to withstand severe lubricat-

irig conditions, but also to neutralize acid products to

prevent them from agglomerating and depositing.

The function of performance required for engine cils is

shown below:

» Sood detergent dispersability for high temperature

applications, for preventing contamination and dep-

asition of sludge and soot.

Excellent acid neutralizing capability to inhibit oxi-

dization due to sulfur content of fuel.

+ Good oxidation stabiiity that withstands long hours

at high temperature:

Appropriate viscosity to maintain lubricity and low-

temperature startability.

» Good rust and corrosion resistance to water.

* Goed foam resistance to prevent the lubricating
quality frorn 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 studge. 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 fransfer of the piston rings drastically. Dis-
persibility of engine oil is to disperse sludge and soot
in oil in order to prevent it from the depositing.

Acid neutralization ability
Compared to gascline fuel, diesel oil or A-fuel oil pro-
duces more sulfuric acid due to the high sulfur 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 diesel 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, Oils flow with difficulty at lower temperatures,
and flow smocthly at high temperatures. This property
of viscosity directly relates to low-temperature start-
ability, lubricity, fuel 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 anly 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
oil is high, it means the change of viscosity due to
temperature is small.

The viscosity index (V1)-100 of oil is generally applied
to diese! engine oil. Qils indicated by, for instance, VI-
100 are called single grade oil, which fall under one
range of viscosity. There are also ocils 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
oil has 15W grade, and at a higher temperature it has
a 40 grade. ("W" indicales the suitability of cil 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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Recommended engine oil

sl . SR U -CAUTION R
Use only the engine oils recommended in this manual. Never use other oils. The use of inappropriate or inferior oils
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 o determine the

quality of oil depending on the engines to which théy b
will be applied and on operating conditions. Among OIL OlL
those standards, SAE viscosity grades and API ¢
{American Petraleum Ins_lltute) .ser\n_ce ciassnﬁcatl_ons Class CF Class CD
are mostly used to classify engine oils. SAE specifies

_ the viscosity only, while the AP1 service classification . < AP Service AP Service
indicates the quality level of engine oil. Classification Classification

There are several categories of diesel engine cils. For
Mitsubishi diesel engine, CD ar CF graded vils are
recommended as they are suitable for supercharging Fig. 5-1 Recommended engine oil
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 oil 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.

R R
Excessively high oil viscosity causes power loss and o 13 R A GO N e KA it Pt A il
an abnormal rise of oil temperature, while excessively TSRETOW
low cil viscosity accelerates wear due to inadequate Engine oil : 5 * SAEB0 o
lubrication, and also causes a decrease in engine out- | viscosity

CCRBEN L IBAE WD T

put due o ieakage of combustion gas.

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

Genuine engine oil
Mitsubishi Heavy Industries, Lid. offers the best suited
oils, which yielded from many tests, to Mitsubishi die-
sel engines. We highly recommend the use of our ' E
genuine enging oil. For land use'engine. "JUKOIL

" Cojera 15W-40 or 30" and for marine engine, "JUKOIL
New Mariner 15W-40 or 30" are available.

S8, i

za=eyr

Fig. 53 JUKOIL Cojera, New Mariner
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Other brands of engine oil

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

Handlmg engine oil

?v‘%67%8§% o

SR de g

A WARNING ‘ =
Before f‘ illing the engine with eng:ne oil, stop the engine and make sure there are no open flames and other fire haz-
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.

CAUTION
Never mix different brands of engine oil. Mixing different brands of engine oil may cause a chemical reaction of
additives in the engine oil that could degrade the engine oil quality.

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

When removing il from the engine or oif can, use an oil purnp. Do not suck ail with the mauth to siphon it.

Be sure to close the cap an the il 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.

5-3
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Service limits of engine oil

Engine oil 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

Property = - : * . B o, Bervice dimit Test Mathaod
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 12 of new oil or more with perchloric acid (PCA) methad | 1> K280
Total acid number mgKOH/g Up to +3.0 of new oil JIS K2501
Water content Vol % 0.2 or less JIS K2275
Fiash point {open cup) C[°F] 180 [356] or more JIK K2265
. Comply with
iy
Pentane insofubles Wit % 0.5 arless ASTM D893
Pentane insolubles o . Comply with
coagulated Wt 3 3.0 0 less 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 ail by biow-by gas and deterioration
of oil by its natural 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 vil also degrade the performance of vis-
casity, which will cause insufficient lubrication and fric-
tion/wear of.engine parts.

Total base number

Tota! base number (TBN) shows the ability to neutral-
ize acids such as organic acid due to engine oil 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 axidation, or
sulfurous acid or sulfuric acid derived by the combus-
tion of sulfur content of fuel, or the oil becomes con-
taminated with imperfect combustion products. An

ingrease 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 {o sulfur content, and pis-
ton ring seizure due o 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.
Fiash point is measured to check the dilution of fuei.
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/contamination of gil.

Dispersant detergénl, 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-
lated 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 ocours.
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Engine oil analysis service

For a long term service life of engine, Mitsubishi Heavy Industries, Lid. offers an engine oil 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 oil due to abrasion, by which worn parts can be located.

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

- Engine oil 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 oil 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 systerm. The analysis fee is included in the price of the sam-
pling bottle. Therefore, if you sample the oil in other bottles, you will not receive our analysis service. Also, note that
optional analysis requires additional charge. '

Table 5-2 Engine oil sampling tool sets
Praduct
name Part no, . Remarks Oil sampling pump
Engine of Contains oil sam- . -
; 36291-19100 | pling pump, pipes , W
sampling set and bottles : i
1 Carton: 6 bottles
Qil sample Includes suction
bottle set 36291-00088 pipes and oil sample
data labels Oil sampling bottle
Oil sampling botle set: 1 carton: 6 botlles includes

suction pipes and analyzing data of sample oil - - -
Fig. 5-4 Engine oil sampling tool set
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Recommended water for 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 acceptable.
Table 6-1 Water quality standards

Chenical - Main adverse effect
ltem symbol Unit Recommended Limit Corrosion Scale
) : ) . and rust formation

pH (25°C [77°F]) - - 651080 B.5t08.5 O O
W | e | = e | o | o
Total hardness : CaCOs ppm <95 <100 - O
M alkalinity CaCQs ppm <70 - <150 . - O
Chiorine ion cr ppm <100 <100 O -
Sulfuric acid ion SO ppm <50 <100 O -
Total iron Fe ppm <1.0 <10 - O
Silica Si0: ppm - - <50 - Q
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 mg/liter.

Long life coolant (LLC)

4A CAUTION
Should coglant or LLC be accidentally swallowed, induce vomiting immediately and seek medical attention. If LLC
should enter eyes, flush immediately with plenty of water and seek medical attention.

Be sure 1o use long life coolart (LLC) as coolant, because it prevent not only freezing of coolant but also rusting of

the cooling system.
Use an all-season, non-amine type LLC.

Genuine LLC

Mitsubishi Heavy Industries, Ltd. recommends the use
of our genuine long life coolant "GLASSY”, which is
the most appropriate coolant for the Mitsubishi diesel
engine.

Fig. 6-1 GLASSY -LLC

6-1
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Maintenance of LL.C

4 CAUTION =
LLC is toxic. Never dispose of coclant containing LL.C
drained from engine into regular sewage. For disposal
of used coolant, consult your Mitsubishi dealer.

Replacement intervals of LLC

. CAUTION -
Be sure to renew LLC (coolant) at the intervals speci-
fied in this manual. Failure to renew LLC may cause
maifunctions due to cavitation

The coclant comtzining 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 [9°F] below the expected lowest tem-
perature in your region. Maintain the LLC concentra-
tian 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 lower than 30%, it may
accelerate corrosion. LLC of more than 60% concen-
tration can adversely affect its freezing protection
characteristic and cause the engine o overheat easily.
When adding coolant, do not add plain water. Always
use coolant with the same LLC concentration.

Table 6-2 Recommended LLC conc_:entration
(for reference only)

Lowest ambient |. upto up to upto | -upto -
Ctemperature - | <15 <247 [7--36 | .43
- {°C°F]D c 8] 1) | [32) |- [-45)

LLC concentra-
tion (%) 30 40 50 55

Nete: The concentration above is based on genuine
Mitsubishi GLASSY long life coolant. '
For determining the accurate LLC concentra-
tion, refer 10 the instructions for the LLC used.
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Importance of LLC

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

Conditions to which engine coolant is subjected,
tharefore, 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-
lem, and they are also subjected to the severe condi-
tions described above,

Those materials have different ionization characteris-
tics, and this difference accelecates corrasion through
the medium of engine coalant,

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 (ionization) 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 wefl proportioned to
match the metals used in the cooling system, certain
chemicals in the LLC become rapidly used up and
resuit in dissofution of metals instead of protecting
metals from corrosion.

Consequently, other corrosion preventing chemicals
react with dissolving metals and accelerate corrosion.
This condition generates more 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.

Dissolved copper {copper corrosion) in the cooling
system deposits on iron parts and the copper depoasits
cause corrosion and then pitting on iron parts that
have a high ionization characteristics due to galvanic
or lgcal-cell action.

Corrosion of aluminum parts

Silicate is highly 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 silicate is used up, the high alkalinity
causes chemical attacks on aluminum. To prevent this
problem, proper maintenance of the coolant is
required.

For case 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
consumed.

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 corrode faster than other
metals, and corrosion of these metals is said 10 cause
water feakage 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 inlervals. If you notice any abnormaiities 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 operating conditions as well as consumption
of fuel, oil and coclant. 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 multiples 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.

Items marked with * in the maintenance schedule require special tools or large equipment. Far the servicing of

those items, contact your Mitsubishi dealer.

Maintenance schedule

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

Maintenance schedule for-regular use
engine '
Far reguiar 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

For 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- l
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 ioad
(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 lpad).
If the engine cannat be operated under load every
month, aperate 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.
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Definition of regular use
engine, emergency engine and
general-use engine

Emergency engine

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

Regular use engine

An engine cperated 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 fluciuating
load throughout a day for éupplying rated electric
power in lieu of commercial power.
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Maintenance schedule for regular use engine

Table 7-1 Maintenance schedule for Regular Use Engine (1/2)

Service itermn . -

Page .

Every 50 service hours or
every month

Draining water from the fuel tank

8-4

First 50 service hours for
new or reconditioned
engine

Retightening the bolts and nuts

Changing engine oil, oil filters and bypass oil filter
{It is recommenced to analyze the engine oil properties at the same time)
(The oil filters must be changed when the filter alarm lights)

Every 250 service hours or
every year

Changing engine oil, oii fillers and bypass ofl filter
(!t is recommenced to analyze the engine oil properties at the same time)
(The qil filters must be changed when the filter atarm lights)

8-6

First 250 service hours for
new or reconditioned
engine

Inspecting and adjusting valve clearance
(Also inspect the valve mechanisms at the same time)

Every 1000 service hours

Inspecting belt and adjusting beli fension

Changing the fuel filter

Every 2000 service hours

| tnspecting belt

Inspecting and adjusting valve clearance
(Also check the valve mechanisms at the same time)

Changing fuel injection nozzle tips
(Check the spray condition and adjust the fue! injection pressure after
reptacement)

Replacing periodic replacement parts of ECUI {O-rings, shim, etc)

Visual inspection
Inspecting pipe clamps and pipe sheets of low pressure fuel and lubricat.
ing oil

81

Every 4000 service hours

Overhaul the top end of the engine

Remove the cylinder head, and inspect and service the combustion cham-
bers. . :

« Inspect the connecting rod

» Visually inspect top surfaces of each piston

« Inspect the cylinder liner surfaces

Checking damper

8-3

Inspecting turbocharger

8-14

Inspecting starters

8-16

Inspecting alternator

8-1%

Checking protective devices for proper operation

Replacing unit seals and oil seals in the water pump
(Both for jacket water / intercooler)

Checking LLC concentration in the coclant

Visual inspection
Inspecting pipe metal touch and pipe sheets wear of low pressure fuel and
lubricating cil

Replacing pipe assemblies of low pressure fuel and lubricating oil

Inspecting ECUI (refer to ECLII manual)

7-3
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Table 7-1 Maintenance schedule for Regular Use Engine (2 / 2}

L B

Lt R e B T Sarvice dtem B

oforrPager

Conduct a major overhaut

Disassemble engine-clean, check and change rnajor 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 holts
and washers, piston rings, connecting red bearings, damper, crankcase
thrust plate and consumable items (packing, cil seals, O-rings, etc)

[in second overhaul, replace the following parts in addition to the parts
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,

Every 8000 service hours rocker bushings, efc

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

Correction or replacement of protective devices high coolant temperature,
low oil pressure, overspeeding, starting. failure, water supply failure, und-
ervoltage, 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, cil priming pump, fuel-transfer pump, governor motor, etc

Maintenance of ECUI (refer to ECUI manual)

Visual inspection
Inspecting pipe metal touch and pipe sheets wear of Iow pressure fuel and
lubricating oil

Changing the coolant

Every 2 years -
Replacing pipe assemblies of low pressure fuel and lubricating oil

Bleeding the fuel system

3-2

Checking and cleaning the radiator fins

8-13

Cleaning, inspecting, and replacing the air cleaner element

8-1%

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)

Service item

Page

Every week

Exlernal inspection

3-9

Filling fuel tank

Checking the engine ol level

3-10

Checking the coolant level

3-11

Checking engine oil pressure

312

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

"(0il pressure gauge, coolant temperature gauge, oil temperature gauge, exhaust temper-
ature gauge, tachometer, stc)”

Every month

Checking engﬁne oif for mixing of fue! and water

8-8

Inspecting battery electroiyte level

8-17

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,
abnormal smell and gauge indication

(oil pressure gauge, coolant temperature gauge, oil temperature gauge, exhaust tempera-
ture gauge, tachometer, etc)

Inspecting electronically confrolled unit injector (ECUI} movement

Every 6
months

Checking LLC concentration in the coclant

Cleaning the inside of the coclant tank

Every year

Inspecting belt and adjusting belt tension

Checking externat 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

inspecting and adjusting fuel injection nozzle spray condition and spray

Fuel system
pressure

7-5
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Table 7-2 Maintenance schedule for Emergency Engine (2/3)

oot o DiSevice ftem . - s T LT e il L Page

£

Analyzing engine oil properties

Lubrication sys-
tem Inspection and adjustment of engine il pressure

{Maintenance operation)

Checking water pump

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

Cooling system | yhspection, disassembly and cleaning of strainer (including with/ball
tap) of cooling water

Anazlyzing coolant properties (when only soft water is used)
(Change cooiant accerding to the analysis results)

Every year Airinlet system | Cleaning, inspecting, and replacing the air cleaner element 8-15
. Inspecting starters 8-16
Electrical sys- Inspecting alternator 8-16
tem Inspecting specific gravity of battery electrolyte 8-17
. Checking air heater *
Inspecting protection devices for proper aperation
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
Checking auxiliary devices for proper operaticn
Engine control, fuel transfer pump, governor mator, room ventilating fan, solenoid, starage *
pump, water tank ball tap, water heater, oil heater, oil priming pump; etc
Changing the fue! filter "8-8
Changing engine oil, oil filters and bypass ail filter
(It is recommenced to analyze the engine oil properties at the same time) 3-6
{The-oil filters must be changed when the filter alarm lights)
Every 2 years | Changing the coclant .89
Inspecting turbocharger 8-14
Draining water from the exhaust muffler 8-14
Inspecting thermostat *
Drraining water from the fuel tank 8-4
Checking and cleaning the radiator fins 8-13
Cleaning. inspeciing, and replacing the air cleaner element 8-15
Checking oil cooler for soiling, clogging and leakage *
Every 4 years | Checking oil 'pump for discoloration and other external defects *

Inspecting and testing of electronically controlled unit injector (ECUI)
{Replace parts if necessary)

Changing the rubber hoses

Repair or repilacement of instruments
Gil pressure gauge, coolant temperature gauge, oil temperature gauge and tachometer
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Table 7-2 Maintenance schedule for Emergency Engine (3/ 3)

P : ; . Service item 7. o Page
Inspection and replacement of main engine parts (major overhaul)
Inlet and exhaust valves and valve seats {lapping), valve guides, pistons, piston rings,
connecting rod metals, connecting rod bushings, cylinderliners and crankshaft *
{If the parts for No.1 and No.2 cylinders are found defective, change the parts for all cylin-
ders.}
Replacerment of damper *
Repair or replacerment of il pump .
Replacement of fue! injection nozzle tips .
{Adjust the spray condition and spray pressure after replacement)
Replacement of rubber parts and O-rings b

Every 8 years

Replacement of unit seal, oil sea! of the water pump *
Disassembly and inspecting turbocharger *
Disassembly and cleaning of air cooler *
Repair or replacement of vibration-isclating rubber *
Repair or replacement of couplings *
Adjustment or replacement of air ventilation fan of the room *
Adjustment or replacement of ball ta;ﬂ of water tank *
Replacement of other consumables , *
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Chapter 8 PERIODIC INSPECTION AND
MAINTENANCE PROCEDURES |

Engine body periodic inspection and maintenance
Visual inspection

4\ CAUTION
Check the engine exterior carefully, especially around hatteries and hot engine parts such as exhaust manifold and
other exhaust gas passages for combustible materials, fuet 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. [f combustible materials or waste are faund near the engine or battery, remove them.

2. Check the electrical wiring to such components as starter and alternator 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 vaives, plugs and cocks are open or ciosed properly.
- Fuel feed vaive: Open
- Coolant drain cock (plug). Closed
- Oil drain valve: Closed

| Inspecting pipe

Inspecting and replacing low pressure
fuel pipe, oil pipe and clip

Visual inspection in every 2000 service

hours

Loosen cramp fixing bolt and check clip wear and pipe
metal contact with cramp.If defective, replage the pipe
assembly with a new one,

In every other major overhaul

Replace the pipe assembly with a new one. Fig. 8-1 Checking and replacing
low pressure fuel pipe
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Inspecting belt and adjusting belt tension

. - CAUTION . o B
If defects such as cuts or surface separations are found on belt during inspection, replace belt. Keep oil and grease
away from the belt, since they may cause the belt to slip and shorten the service life.
Excessive beit tension can cause rapid wear of the alternator bearing and shorten the service life of the belt. Adjust
belt tension accurately by following the procedures below.

Inspecting belt
1. Inspect helt for defects such as wear, cuts or surface separations. If defects are found, replace belt with a new
. belt.
. 2, Inspect belt tension as instructed below:
Push the belt downward with 495N [5+0.5kgf} force midway between pulleys. If the defection is
7+1mm [0.28+0.04in.} for new belt and 9+1mm [0.35+0.04in.] for retightening, the tension is comrect.
If the tension is out of the specified value, adjust belt tension,

Adjusting V-belt tension (fan side}

1. Loosen all the retaining bolts on the fan tension —
pulley bracket. T
2. Loosen the lock nuts on the adjusting bolt. =
3. Tumn the adjusting bolts to adjust the V-beit ten- _ ““—h\
sion. — Fan pulley

4. After the tension adjustment, tighten the lock nut
on the adjusting boit.
5. Tighten alf the retaining boits on the fan tension

i
pulley bracket. 7//

Fig. 8-2 Adjusting V-helt tension (fan side)

Fan balt
adjusting bolt

Adjusting belt tension

{alternator and intercooler water pump side)
1. Remave the beli cover.

2. Loosen ali retaining bolts securing the alternator

and adjusting plate. . :

Adjust belt tension propérly with the adjusting bolt.

od

4, Retighten all retaining bois securing the alterntor O e Fy Lock nut
and adjusting plate.
"~ 5. Install the belt cover.

Alternator”  Aqisting bolf

Fig. 8-3 Adjusting beft tension
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Checking damper

External inspection of damper

AL CAUTION
When installing a damper protective cover to the
enging, da not use a cover that encloses the damper.
Instaltation of a closed cover can cause damper dam-
age due lo heat.

Check the vibration damper for oil leakage, scratches,
deformation, discotoration and peeling of paint. Check
carefully for swelfing on the cover (use a scale), oil
leaks from the shim, discoloration and peeling of paint
due to heat.

) ] Fig. 8-4 Checking damper
Note: If the vibration damper is defective, contact your

Mitsubishi dealer.

Damper temperature management

For making damper function well, heat of damper must be dissipated from its surface to prevent excessive damper

heating. Befare the shipment of engines, Mitsubishi Heavy Industries, Lid. inspects each engine lo 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 ventilation for damper by considering factors
such as layout of equipment.

1. In the case of viscous damper of emergency
engine, make sure the temperature of the outside Thermo Label
damper surface does not exceed 100°C [212°F] JoET s RN
after the engine operation at the rated output for 1 la 1?5 a 95 1(2)0
haur. In the case of viscous rubber damper of
emergency engine, make sure the temperature
does not exceed 90°C [124°F]. Itis recommended
{0 use the therma label for the temperature man-
agement of damper in emergency engine.

2. When instalfing a safety cover to damper, check
ventilation carefully and make sure the damper
temperature remains below the temperature speci-
fied above, with the cover in place.

H—E 5~ <GE-752

QOO0 O |.

75 80 85 90 95

Y—x 7~ <SE-50

OC0O00O0

50 55 60 65 70

Fig. 8-5 Damper temperature management

Table 8-1 Thermo labei for temperature management

Parts name Paris No. Temperature measuring range
Thermo label 32522-04211 100 to 120°C
100-120 20 labels set : 32522-04200 {212 to 248°F]
Thermo label 32522-04111 75 to 95°C
7595 20 labels set : 32522-04100 [187 to 203°F}
Thermo label 32522-04311 50 to 70°C
50-70 20 fabels set . 32522-04300 [122 to 158°F)
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Fuel system periodic inspection and maintenance
Dralnmg water from the fuel tank

S L ;
When handiing fuel, make sure there are no open )en flames or other fire hazards near the engine. Wipe off any spilled
fuel completely. Spilled fuel can ignite and cause fire.

: : . . CAUTION.
Do not remove the stramer when filling lhe fuel tank.
Use fuel specified in "FUEL" {(4-1}.

if fuel gets mixed with particles of foreign mafter such

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

of output but alsp malfunctions 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 parllcles of foreign mat-
ter discharged with fuel. Close the drain cock.

Fig. 8-6 Draining water from fuel tank
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Changing the fuel fiiter

When handlmg fuel, make sure there are no open ﬂames or other f ire hazards -near the englne
Wipe off any spilled fuel completely. Spilled fuel could ignite and cause a fire.

1. Clean the area around the fuel fillers,

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 cartridge mounting
surface of the filter bracket with a cloth.

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

-n—u-—t— -
Do not use a filter that has dent on its case,

Dented filter could be damaged during operation and
leak fuel resulting in a fire.

Fiz. 8-7 Changing fuel filters
6. Apply clean fuel to the gasket on the new fuel filter.

1. Inste_lll the fuel filter.

CAUTION
Do not use a filer wrench to install the fuel fiter. Do

not dent or scratch the fuel filter surfaces. Apply fuel
to gasket

8. After installing the new fuel filter, bleed the fuel fil-
ter.
Note: For bleeding the fuel filter, refer 1o “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. 8-8 Fuel filter
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Lubricating system periodic inspection
and maintenance
Changing engine oil, oil filters and bypass oil filter
, , A CAUTION . R

To drain oil or change oil filter, wear gloves. Hot engine oil and parts can cause burns.

o b - . . CAUTION .
Disposal of discharged oil is legally restricted. Contact your Mitsubishi dealer for disposal of waste oil,
When changing engine ail, renew ail filters and bypass oil filter.
Also it is recommended to conduct an analysis of engine oil properties at the time of engine oifl change.
Never wash and reuse oil filters, as their elements are paper type. When replacing filters, always repiace gaskets
with new ones.

Draining engine oil

After the engine has stopped, drain engine oil from the
engine oil drain port.

Note: Draining by suction should be avoided.
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Changlng oil filters and bypass oil filter

Do not use the filter that has dént or on |ts case,

It may damage the filter, or may cause an oil leak,
which could result in a fire during operation.

" CAUTION
Do not use the filter wrench to install filters, Use hands
to prevent filters from damaging. '

1. Clean the area around the oil filters.

2. Prace a drip pan under the oil filters and a bypass
ail filter.

3. Using a filter wrench, remove oil filters and a
bypass oil filter.

Bypass oil filter Oil filter

Fig. 8-9 Oil filter and bypass ol filter

Apply engine oil

Note: Inspect the removed ofl filter and bypass oil filter to gasket

and check elements for metal particles. If metal
particles are found, contact your Mitsubishi
dealer. Change oil filters and a bypass oil filer
whenever the filter alarm turns on.
4. Wipe'off oil on the oil filter mounting surface of the
fiter bracket with a cloih.
5. Check new oil filters and a bypass filter for proper
seating of the gaskets.
6. Apply clean engine oil to the gaskets on new oil fil-
ters and a bypass oail 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.

Fig. 8-10 Qil filter
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Refilling engine oil

1. Make sure that the engine oil drain plug is closed.

2. Remove the oil filler cap.- .

3. Fill the engine oil pan with specified engine oil to
the specified level.

Note: For engine ofl, refer to "ENGINE OIL" (5-1). For
engine oil capacity, refer to "MAIN SPECIFICA~
THONS" {12-13.

4. Check the ail fevel in the oif pan as follows: Pull ' Oil filler

aut the oil level gauge, and wipe it with a cloth.

5. Insert the il level gauge fully into the ail level
gauge guide, then pull the gauge out again. The oil
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.

Oil level gauge

Fig. 8-11 Qil filler and oil level gauge

6. Check the oil pan and other parts for il 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,

CAUTION
To crank the engine, shut off the fuel supply to the
engine and operate the starters.

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

Checking engine oil for mixing of.fuel and water

, 4\ CAUTION ,
If the engine continues to operate with engine il mixed with fuel or water, the engine ail viscosily will decease and
this could cause serious accidents such as seizing of bearings.

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

If fuel is mixed with the engine oil, the oil smells like fuel.

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

If fuet andfor 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
Changing the coolant

A —

ro———

Do not remove the radiator cap until the engine has
cooled to the room temperature. When removing the
radiator cap, place a claoth over the cap, and loosen
the cap about a half-turn or place the iever in 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 could
result in serious 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.

CAUTION :
The service life of LLC is 2 years. Be sure {0 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. QOpen the radiator cap.

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

/6\

Water drain cock Water drain cock

Fig. 8-15 Coolant drain cock - intercooler

Coolant drain cock

Fig. 8-12 Coolant drain cock on the engine left side Fig. 8-18 Coolant drain cock - intercooler water pump

2 (]
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Cleaning the cooling system

1. Ciose drain cocks and plugs.

2. Pour in a cleaning solution {a solution that is non-
corrosive 1o rubber and metals) in the cooling sys-
tem, and operate the engine at 800 to 900 min™ for
about 15 minutes, then drain the cleaning solution.

3. Close drain cocks and plugs.

4. Pour in 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.
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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 undiluted LLC. .

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

For the coolant, refer to "COQLANT AND LELC"
(6-1).

For the coolant capacity, refer to "MAIN SFECI-
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.

Fig. 8-19 Coolant drain cock water pump

VAR

Air vent plug

Fig. 8-20 Air vent plug - main cooling system
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Filling intercooler 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 filf the radiator tank

with undiluted LLC. '

Note: Determine the quantities of LLC based on the
coolant capacity and the LLC congentration
chant, .

For the coolant, refer to "COOLANT AND LLC"

(6-1). '

For the caclant capacity, refer to "MAIN SPECH
. 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, toosen the-air vent an
the upper section of water pipe 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, siart cranking
again for another 10 seconds to bleed air from the
water pump.

Water drain cock Woater drain cock

Fig. 8-21 Coolant drain cock - intercaoler

" CAUTION

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 fo be
inspected for the lubricating system by cranking.

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.

. ‘CAUTION

Always use the coolant with the same LLC concentra-
- tion for refilling. !

Fig. 8-24 Air vent plug - intercooler cooling system
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Checking and cleaning the radi-
ator fins

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

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.

Fig. 8-25 Cleaning radiator fins

8-13



Chapter 8 PERIODIC INSPEGTION AND MAINTENANCE PROGEDURES

'

Inlet exhaust system periodic inspection

and maintenance.
Inspecting turboch'arger

" A CAUTION

Check the turbocharger when the engine is cold. Also,
make sure that the compressor wheel is not rotating
before inspecting the turbocharger,

CAUTION

If the 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 abnarmal noise, Replace the

bearings if looseness or abnormal noise is found.

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

Draining water from the
exhaust muffler

L-{®

Campressar
whee| nut

Fig. 8-26 Checking turbocharger

" Ak CAUTION

Never touch the exhaust muffler immediately after 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.

8.14

I

N

Drain piug

Fig 8-27 Draining water from exhaust muffler
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Cleaning, inspecting, and
replacing the air cleaner ele-
ment

A\ CAUTION
Never service the air cleaner while the engine is run-
ning. Servicing the air cleaner while the engine is in
operation ¢an cause particles of foreign matter to
enter the engine and result in rapid wear of parts,
leading to a shorter service life of the engine. Never
knock or hit the efement.
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.

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 kgficm®} [100
psi] or iower) onto 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 anto 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
illuminate the inside, to check for defects such as
cuts, pinholes or local wear,

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

7. Reinstall the air cleaner etement to the engine.

CAUTION
If defects such as cuts, pinholes or lacal wear are
found in the element, or if the air cleaner indicator
shows a red sign soon after the cleaned element is
installed, replace the filter element.

Element

Wing nut

Fig. 83-28 Removing air cleaner element

Fig. 8-30 Checking air cleaner element

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

Button

Fig. 8-31 Air cleaner indicator

8-15
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Electrical system periodic inspection and maintenance
Inspecting starters

Check the exterior of the starters for damage.

If the starters are dusty, blow dirt using compressed

air, .

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

Inspecting alternator

Visually check the alternator for damage.

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

pressed air.

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

sure that it rotates smoothly.

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

Alternator

Fig. 8-33 Inspecting alternator
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Inspecting the battery

4 0 mowirintioied 3 V“ BT 2 :
If hattery etectrolyte is sp|lled on your skm, ﬂush immediately with pienty of water H 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 battary, refer to "Service battery” {1-5).

Inspecting battery electrolyte level
Batiery electrolyte evaporates during use and ihe fluid

. A
level gradually decreases. The correct fluid surface
level is between the LOWER LEVEL and UPPER [= | 10t0 15 mm
LEVEL lines. For the battery without level lines, the < [0-394 10 0.591 in ]
correct fluid surface level is about 10 to 15 mm [0.394 E’:’eﬁer
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 tevel.
Note: When adding distilled water, pour in carefully.
Inspecting specific gravity of battery ' Fig. 8-34 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. d:
Table 8-2 Specific gravity of electrolyte
Specific gravity at . - ELECTRO
) S e iti LYTE
T 20°C[68°F] - QOH:QItIC?n ~ Remedy
: = GLASS TUBE
From 1.26 to 1.28 Fully charged -
From 1.22 to 1.26 Charged -Charge
Less than 1.2 Disch Ch
gss than 122 ischarged s Fig. 8-35 Checking specific gravity of electrolyte
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Long-term storage

The following describes how to store the engine in a
nen-operable condition for three months or mare 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 parts can rust,
and that may cause damage 1o the engine. When stor-
ing the engine for an extended period 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 oil (NP-9), and fill the fuel tank with it.

3. Operate the engine at a speed of 800 to 1000
min™" (idiing) 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.

5. 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 outlet, 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 alternator, and seal the openings.
Cover these sections with palyethylene sheet or
processed polyethylene paper, and place 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
battery in & cool and dry room.

11. Cover the entire engine.

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

(b) It is not necessary to drain coolant since it
contains 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 subsltitute for rust-pre-
ventive oil (NP-10-2).

Recommended rust-preventive oil and
corrosion inhibitor

Table 89-1 Recommended rust-preventive
ail and corrosion inhibitor

JSNo. Recgggnui’:ded Application
Prevention
R \ . of rust on
) Nippon Gil Corporation
NP-3 | Anti Rust P-1400 exposed
. machine
surfaces
) . . Prevention
K2246 NP-9 NIpPDI‘! Qil Corporation of rust in
Anti Rust P-2400
fuel system
Prevention
re Nippon Qil Corporation | of rust in
NP-10-2 Anti Rust P-230 lubricating
system
Ryoukou Kagaku Efr?::tnit:;r
Z1519 | - V.C.I. Diana volatile intake Svs-
corrosion inhibitor tora 4

Maintenance during storage
Charge the battery once a month.

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

O-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 altema-
tar.

4. Adjust the tension of V-belt,

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

"Adjusting V-belt tension. (fan side)” {8-2).

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

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

Note: For engine ail, refer to "ENGINE OIL" (5-1)

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

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

fuel system" (3-2).

8. Inspect the entire engine.

9. Rermove the rocker cuvers,'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.

. CAUTION
To crank the engine,.shut off the fuel supply to the
engine and operate the starter.

11. Make sure the engine oil pressure rises.

12. Start the engine

Note: For starting the engine, refer to "Starting” {3-12).

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

14. Apply load and increase the éngine speed to the
rated speed. ’

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

When the engine is not operated during starage 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 risk,
the engine must be operated periodically during stor-
age.

Operating the engine for main-
tenance

Operate the engine far maintenance at least once a

~ month as described below.

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

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

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

1).
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Lift the engine carefully
A WARNING &

To lit the engine, use wire ropes, shackles and slmgs"

capable of supporting the weight of the engine.
Attach slings to 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 degrees. ¥f the angle exceeds this limit,
excessive load could be applied on the hangers and
cause damage to 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, use
a cloth or other soft padding.

Fig. 10-1 Hangers for lifting
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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 procedures 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 troubleshodting, 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 most 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 matier are the most com-
mon cause of rapid wear of parts.

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

Cautions regarding parts han-
dling

Handle paris carefully.

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

Work safety

Be sure 1o use wrenches of the correct size. Using a
wrench of the wrong size not only damages nuls but
can also cause the personal injury.

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

Be sure to accurately estimate the weight of the part
being dismounted. If the removed partis much heavier

‘than you have estimated, it may fall down during lifting

and can result in the damage to the parts or personal
injury.

11-1
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How to troubleshoot

The starter does not crank or cranks slowly, resulting in start failure
Table 11-1 The starter does not crank or cranks slowly, resulting in start failure

o Cawse. . ] . o Remedy . ..

Blown fuse | Change fuse

Faulty wiring connection between bat-

tery and starter switch Connect wire comrectly

Faulty v\.:iring connection between bat-

tery, starter and starter switch Connect wire corractly

Electrical system Inspect and adjust V-belt tension.

Insufﬁciently charged battery ‘ Refer to "Inspecting belt and-adjusting heilt tensicn” {8-
j 2).

Speciﬁcfgravity of battery fiuid too low | Charge battery

Faulty battery - | Install new battery

Faulty starter or starter relay Consult a Mitsubishi dealer

Use appropriate engine oil. Refer to "TENGINE OIL" (5-
ik
Air in fuel system Bleed fuel system. Refer to "FUEL" {4-1)

Lubricating system | Qil viscosity too high

Low fuel level | Add fuel

Change fuel filters.

Fuef system Clogged fuef fiiters Refer to "Changing the fuel filter” {8-5)
Faulty fuel feed pump Consult a Mitsubishi dealer
Faulty mel injector 7 Consuit a Mitsubishi dealer

Faulty rmoving parts {interference
Engine mechanica! | between valves and pistons, or for- Consult a Mitsubishi dealer
eign matter in cylinders) . 4
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The starter cranks, but the engine does not start

Table 11-2 The starter cranks, but the engine does not start

Cause

Remedy

Fuel system

Empty fuel tank

Add fuel, and bieed fuel system. Refer to "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)

Dust ar water hixed in fuel

Remove dust or water fr_orn fuel tank,
Refer to "Draining water from the fuel tank" (8-4)

Clogaed fuel filters

Replace fuel filters, Refer to "Changing the fuel filter” (8-5)

Air in the fuel line

Bieed air

Faulty fuel feed pump

Consult a Mitsubishi dealer

Faulty fuel injector

Consult a Mitsubishi dealer

Air intake system

Clogged air cleaner

Clean pre-cleaner. Refer to "Cleaning, inspeciing. and repfac-
ing the air cleaner elermnent” (8-15)

Engine mechanical

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

Consuit a Mitsubishi dealer
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Other problems and countermeasures

Engine output is low

Cause -

Table 11-3 Engine Qutput is Low

>, Remedy

Engine oil viscosity too high

Use engine oil of appropriate viscosity according to 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 fo
*Cleaning, inspecting, and replacing the air cleaner element” (8-
15)

Engine overceooling

Cover the radiator or consult a Mitsubishi dealer

Clogged fuel filtar

] Replace fuel filters. Refer to "Changing the fuel filter” {8-5)

Insufficient cooling (overheatir'}g)

Consult a Mitsubishi dealer

Incorrect valve clearance

Consult a Mitsubishi dealer

Faulty fuel feed pump

Consuit a Mitsubishi dealer

Faulty fuel injector

Consult 2 Mitsubishi dealer

Faulty fuel injection nozzles

Consult a Mitsubishi dealer

Incorrect fuel injection timing

Consulta thsubishi 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

Cause ., *%x-0

. K

,“‘,Q‘g ‘0_‘ s . . Remedy - - . “ )1

Excessive amount of engine oil

Maintain correct oil level. Refer to "Fraparatian of lubrication sys-
tem” {3-4)

Engine oil viscosity too high

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

Overcooling

Cover the radiator or consult your Mitsubishi dealer

v

Faulty thermostat
(water temperature does notrise)

Consult a Mitsubishi dealer

Faulty fuel injection nozzles '
{uneven injection among cylinders)

Consult a Mitsubishi dealer

Incotrect fuel injection timing

Consult 8 Mitsubishi dealer

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

Consult a Mitsubishi dealer

improper fuel {low cetane number)

Use proper fuel. Refer to "FUEL" (4-1)
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Exhaust smoke is black or dark gray
Table 11-5 Exhaust Smcke is Black or Dark Gray

Cause ) Remedy
Improper fuel Use proper fuel. Refer to "FUEL" (4-1)
Incorrect valve clearance Cansult a Mitsubishi dealer
Faulty fuel feed pump . Consult a Mitsubishi dealer

Low compression pressure

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

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

i intake air o e X R R "
Insufficient inta Cleaning, inspecting, and replacing the air cleaner element” {B-

{(improper ventilation, clogged air cleaner)

15)
Incorrect fuel injection timing Consult a Mitsubishi deater
Faulty fuel injection nozzles Consult a Mitsubishi dealer
Faulty fuel injector Consult a Mitsubishi dealer
Incorrect ECM setting Consult a Mitsubishi dealer

Fuel consumption is high
) Table 11-6 Fuel Consumption is High

Cause . 7 . Remedy
Fauity fue! feed pump . Consult a Mitsubishi dealer
Faulty fuel injector Consult a Mitsubishi dealer
Incorrect fue! 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 2 Mitsubishi dealer

Clean air cleaner element, or replace if necessary. Refer to
"Cleaning, inspecting. and replacing the air ¢cleaner elemsnt" (8-
15)

Insufficient intake air
(improper ventilation, clogged air cleaner)

Engine oil consumption is high
Table 11-7 Engine Qil Consumption is High

Cause Remedy

Maintain correct oil level. Refer to "Preparation of lubrication sys-

. nt of . ]
Excessive amount of engine il fem” (3-4) 4

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

Engine oil leakage Consult.a Mitsubishi dealer
Worn cylinder liners, worn piston rings Consuli a Mitsubishi dealer
Worn valve stem seals . Consult a Mitsubishi dealer

11-5



Engine overheats

Table 11-8 Engine Overheats

it e o Cawse f ..o - f LT v o~ Remedy - - N
Radiator, heat exchanger leakage Consult a Mitsubishi dealer
Low coolant level ' Add coolant
Faulty water pump ‘ .1 Consulta Mitsubishi dealer
Faulty thermostat Consult a Mitsubishi dealer

Engine oil pressure is faulty
Table 11-9 Engine Qil Pressure is Faulty

“Cause 1.0 "o Lo o v L. Remedy

]

Maintain correct oil level. Refer to "Preparation of lubrication sys-

Insuffici ine oi
nsufficient amount of engine ?I| fem® (3-4)

Use engine oil of appropriate viscosity according to ambient tem-

Engine oil viscosity foo fow perature. Refer to "ENGINE OIL" (5-1)

Replace oil filters. Refer to "Changing engine oll, ofl filters and

Clogged oil filter ! bypass oit filter™ (8-6)

Faulty ail pump Consuit a Mitsubishi dealer
Faulty relief valve Consult a Mitsubishi dealer
Faulty oil pressure sensar | Consult a Mitsubishi dealer

Note: 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. Return the starter switch to the OFF position:,
2. Add fuel to the fuel tank.
For filling fuel tank, refer td "Draining water from the fuel tank™ {8-4}.
3. Bteed air from the fuel system.
For bleeding air from fuel system, refer to *Sleeding the fuel system” (3-2).
4. Restart the engine. .
For starting the engine, refer to "Preparations for operation (pre-start inspection)” (3-9}.




Chapter 12 MAIN SPECIFICATIONS

Main specifications

Table 12-1 Main specifications

ltem - = - ) ‘ - R Specification
Engine model S12H-YZ2PTAW
Type ' ) Water-cooled 4-stroke cycle, turbocharged diesel, .intercooler
Number of cylinders, arrangement  ~ 12-V
Bore * Stroke ] 150 = 175 mm [5.91 x 6.89in.]
Total displacement 37.11 liter [9.80 cu.in.]
Combustion type ) ) Direct injection
Compression ratio 145:1
Firing order 1-12-5-8-3-10-6-7-2-11-4-9
Rotation direction Counterclockwise as viewed from flywheel
Dimensions Approx. 2173 x 1673 * 1693 mm [B5 % 66 x 67 in.]
Dry weight Approx. 4387 kg [9672 Ibs]
Fuel - - Diesel fuel
Injector Mitsubishi Electronically Controlled Unit Injector (ECUI)
Fuel filter Cartridge-type paper element, spin-on type
Fuel injection nozzle Hole type
Initial fuel injection pressure 29.4 MPa {300 kg/cm?} [4267 psi]
Lubricating system Forced circulation type (pressure feed by oil pump)
Lubrication oi Class CD or CF oil (AP! service classification)
Engine ol capacity Whgg ﬁ;&‘ﬁ;’ékﬁoz"cfg rlﬁégtgg.gésﬁggl_léal]
Ol filter ‘ Paper element (equipped with bypass filter, spin-on type)
Qil gooler Water cooled multi-plate (equipped with crankcase)
Cooling system Farce water cooling
e s
Starting system Electrical start
Starter 24V - 7.5KW x 2
Alternator 24V - 30A
Turbocharger Mitsubishi TD13 x 2
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