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INTRODUCTION

This manual contains operation instructions, and lubrication and maintenance informa-
tion.

OPERATION section is a reference for the new operator and a refresher for the
experienced one. Read — study — and keep it handy. Illustrations guide the operator
through correct procedures of checking, starting, operating and stopping the engine,
Operating techniques outlined in this manual are basic. Skill and techniques develops
as the operator gains knowledge of the engine.

MAINTENANCE section is a guide to engine care. The illustrated, step-by-step
instructions are grouped by service intervals. Items without specific intervals are listed
under “When Required.” Items in the Lubrication and Maintenance Chart are referred
to the detailed instructions which follow.

Pub. No. 8961012130




INTRODUCTION

Warning Signs
The following safety related signs are used in this manual to emphasize important and critical
instructions:

' Indicates the most serious specific potential hazard resulting in serious bodily
A DANGER injury or death.

[& WABN!NGJ Indicates a specific potential hazard resulting in bodily injury.

Indicates operating procedures, practices, etc. resulting in personal injury or
[&CAUTIO“] damage to or destruction of engine.

Some of CAUTION also indicate a specific potential hazard resulting in serious bodily injury or death.

Symbols
v Indicates a proper action or “DO.”
® -------- Indicates a prohibited action or “DON'T."”

Recommendation of Daily Operation
Records

It is obvious to every engine user and operator that
an engine should not be run to destruction. Daily
recording is & preventive maintenance program
and will serve as a guide for:

« Effective troubleshooting (1o help a serviceman
of your Mitsubishi dealer pin-point a trouble).

» Quick servicing and less downtime (1o help a
serviceman of your Mitsubishi dealer save time
{cost) for servicing)

» Grasp of operating conditions (t0 help you
recognize conditions, signs or indications of
approaching trouble)

Ftems to be Recorded

The following iterns are recommended to be
recorded:

1. Operating hours (service hour meter reading)

2. The amount of oil, fuel and coolant (soft water)
required for refilling

3. Qil and coolant change intervals

4. Engine oil pressure, exhaust temperature,
coolant temperature and inlet air temperature

5, Parts serviced, kinds of service {adjustment,
repairs or replacement) and resuits of service

6. Changes in operating conditions (for example,
“Exhaust smoke turned black,” etc.)
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SAFETY

A\ DANGER m Prevention of Fire and Explosion

A\Fire hazards!

Do not smoke while refueling, or when
handling fuel containers. Do not use gasoline
or diesel fuel for cleaning parts. Good quality
commercial, non-flammabie and non-toxic
solvents are recommended. Do not spill fuel
on hot surfaces. Clean up any spillage
immediately.

A\Do not filt fuel tank while engine is running!
Shut off the engine when fueling, and use
extra caution if the engine is hot.

A\Do not bring close to flammabie materials!
Do not put flammable materials on hot parts of
the exhaust pipe. Keep them away from the
pipe. In addition, do not operate the engine in
areas where flammable materials are present.

A\Connect the battery earth cable carefuliy!
When starting the engine using another
battery, connect the earth cable (negative
terminal) last to the engine block. If it is
accidentally connected to the negative
terminal of the mounted battery, a spark may
occur, igniting the explosive gas produced by
the battery. After starting the engine,
disconnect the earth cabie first.

A\Always watch out for fuel or oil leaks!

If your checks uncover any leaks, take
corrective measures immediately. If fuel or oil
spills on the hot the engine, fire may occur,
resulting in personal injury or damage to
equipment.

A\Keep the engine and its compartment clean!
Remove all flammable materials such as fuel,
oil, and other debris, before they accumulate
on the engine.

v
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SAFETY

/N DANGER Jdidl:  Burn Prevention

A\Remove the radiator filler cap carefully!

At operating temperatures, the engine coolant
is hot and under pressure. Steam can cause
personal injury. Check the coolant level only
after the engine has been stopped and the
filler cap is cool enough to touch with the bare
hands. Grip the cap with a cloth and remove it
slowly to relieve the pressure gradually.

A\Do not touch hot components!

At operating temperature, the engine
components become very hot. Avoid any
contact during operation. Service the engine
only after it has been stopped and
components are cool enough to touch with the
bare hand.

MAvoid bums!

Do not change oil or coolant immediately after
completing operations. Hot oil or coolant may
bumn the skin. Allow the engine to cool to room
temperature before replacement.

A Turn off the battery switch before servicing!
Be sure to turn OFF the battery switch before
servicing.

if electrical equipment, including the starter or
alternator, is serviced with the battery switch
turned ON, it may be shortcircuited by current
from the battery's positive terminal, resulting in
burns or fire.




SAFETY

A\ DANGER é‘: Lifting Precautions

ALift the engine carefully!

Never aliow anyone to walk or stand
underneath a suspended engine.

Operate the hoist carefully without jerking it.
Remember, sudden impact of loads can cause
serious accidents.

S
A WARNING 0 Exhaust Fumes

AExhaust Fumes

Operate the engine only in safe areas!
Operate the engine in a well ventilated area.
Never operate it in an enclosed area. In
particular, do not operate it near an exhaust
port on the downwind side.




SAFETY

\‘(_(6__

AwARNING IQ Y Prevention of Cuts and Other Injuries

-y

A\Stay clear of all rotating and moving parts!
The rotating parts of the engine are dangerous.
Always stay clear of them during operation.

A\Use care during checking and servicing!
Before performing maintenance, remove the
starter switch key and turmn OFF the battery
switch. Attach a "DO NOT OPERATE" or
similar warning tag to the starter switch.

AEnsure that everything is in order before
restarting the engine!

Clear all personnel from the engine and area.
Remove all foreign material from the engine,
such as debris, oil, tools and other items which
are not part of the engine.

A\Install the protective covers!

Make sure all protective covers and guards are
installed over rotating parts to prevent
personal injury.

Lock the turning gear in the disengaged
position properly when not in use. Failure to
follow this recommendation can cause
personal injury and engine damage.

MKeep the tuming gear disengaged when not in use! Lw e
- K
£
f//




SAFETY

A warNING (w' Maintenance Precautions

A\Stop the engine before servicing it!

Always stop the engine before adding or
changing oil, coolant, or fuel. Check the
coolant tevel only after the engine has been
stopped and the radiator filler cap is cool
enough to remove with the bare hands. Never
attempt to adjust the fan belt while the engine
is running.

A\Handie battery electrolyte carefully!

If battery electrolyte contacts the eyes or skin,
wash clean immediately using plenty of water.
If it contacts the eyes, wash immediately and
then see a doctor.

AHandle antifreeze carefully!

If you accidentally drink antifreeze, make
yourself vomit and see a doctor immediately. if
antifreeze contacts the eyes, wash clean
immediately using plenty of water, and then
see a doctor.

AM\Dress properly for the job!

You may need any number of special items -
hard hat, face shield, safety shoes, goggles,
heavy gloves, ear protectors, etc. - for your
own protection.

&




SAFETY

A\ cauTion :‘ Operating Precaution

A\Be sure to break in the engine!

During the first 50 hours of operation, break in
the engine by using lighter loads and lower
speeds than normal. Proper break-in
contributes to the maximum service life of the
engine.

AWarm up the engine before operation!

After starting the engine, warm it up at low idle

for 5 to 10 minutes before operating under full

load, for maximum engine life.

NOTE: Long periods of warming up the
engine are not recommended. This
can deposit carbon in cylinders and
cause incomplete fuel consumption.

/\Stop the engine only after cooling it down!
Stopping the engine immediately afier it has
been working under load can result in
overheating and accelerated wear of engine
components. Before stopping the engine, run it
at low idle for 5 to 10 minutes. This allows the
hot areas in the engine to cool gradually,
extending engine life. With the engine running,
make a walk-around inspection, checking for
any abnormality.

A\Use the starting motor correctly!

When the starting the engine, do not crank it
for more than 10 seconds at a time. After each
30 seconds of engine cranking, allow 30
seconds for the starting motor to cool before
cranking again.




SAFETY

A cauTioN :i Operating Precaution

A\Do not break seals for settings!
Never attempt to break the seals of the fuel
injection pumps (governors) controlling
injection quantity and minimum and maximum
speed settings. Breaking these seals and
varylng settings could resuit in:
Accelerated wear of engine components
* Seizure of or damage to the engine
components
* Increase in fuel and oil consumption
* Maladjusted injection quantity and poor
engine performance

A\Do not tur OFF battery switch during
operation!

Do not tum OFF battery switch when the
engine is running to avoid damage to
alternator diodes and transistors. This couid
also resuli in failure of instruments to work

properly.

AAlways keep the engine compartment well
ventilated!

Unless the engine compartment is properly
ventilated, the air supply will be inadequate,
resulting in shortage of air for fuel combustion
and loss of power.

MAvoid overloading!

This can cause incomplete combustion, often
indicated by black smoke, high fuel
consumption and carbon deposits in the
combustion chambers, adversely affecting
engine life.




SAFETY

A CAUTION W- Maintenance Precautions

\4
A\Use the recommended fuel, oil, and coolant!
Use of any other fuel, oil or coolant can cause = J)
engine damage and reduce the engine service D ﬁ;\” /
iife. 7 | ~
Brand A Brand B ASEHH B85

APerform all recommended inspections!
Perform pre-start inspection and periodic
inspection on items listed in this manual.
Failure to follow this recommendation can
cause engine damage, injury, or death.

A\Keep water out of the engine!

When washing the engine, cover the air inlet
and exhaust opening with tape to prevent
water or cleaning agent from getting inside the
engine. Do not wash the engine while it is
running. If water or cleaning agent get inside
the combustion chambers, the hammering
action of water can damage the engine.

AKeep grit-laden air out of the engine!

Dust and dirt entering the engine will cause

early wear of moving parts with a resuitant joss

of power, high oil consumption, problems
starting and other failures. Service the air filter
as instructed.

1. Do not service the air filter while the engine
is running.

2. When removing the air filter element for
servicing, prevent dust from entering the air
intake to the cylinders.

3. For air filters equipped with a dust indicator,
service the part only when the indicator
shows red. Over-frequent servicing can
cause damage.




SAFETY

A caUTION ==  |f Any Trouble Should Occur

A\l the engine stops unexpectedly:

Do not restart the engine immediately after it
has stopped unexpectedly. Check for the
cause and make needed repairs before
restarting. Failure to follow this precaution can
cause serious engine problems.

ABNORMAL STOP

A\l engine oil pressure is low;

Stop the engine immediately and check the
lubrication system. Operating the engine with
low oil pressure can cause seizure of bearings
and other parts.

A\lf the engine overheats:

If the engine overheats, do not stop it suddenly.

Stopping an overheated the engine suddenly
can result in steep rise in coolant temperature
and seizure of running pars. First operate the
engine at low idie to allow the hot areas in the
engine to cool slowly, then gradually add
coolant. Remember, adding coolant to an
overheated engine can cause cylinder head
damage.

Alf fan belt is broken:

Stop the engine immediately. Operating the
engine with a broken fan belt can cause
coolant fo burst out of the reserve tank and
radiator (condenser), resuiting in engine
overheating.




IMPORTANT INFORMATION

Operating Engine Properly

10

1.

2%

Never altempt to break the secals of the
injection pump governor for maximum
speed and maximum injection quantity
settings. Breaking these seals and vary-
ing the settings could result in —

Accelerated wear of engine components
Increase in fuel and oil consumption

Maladjusted injection quantity and poor
engine performance

. Always keep the engine room well

ventilated. Unless it is properly venti-
lated, the air supply will be inadequate,
resulting in lack of air for fuel combus-
tion and loss of power.

. Star( the engine properly. Afterevery 10

seconds of engine cranking, allow 30
seconds for the slarting motor 1o cool
before cranking again,

. After starting the engine, warm it at siow

idle for five to 10 minutes before operal-
ing under full load, for maximum engine
life.

NOTE)—————

Long periods of warming up-the engine
is not recommended. This can resuli in
carbon deposits in the combustion cham-
bers and incomplete fuel combustion.

5.

. Avoid overloading.

Do not turn OFF the battery swilch when
the engine is running to avoid damage 10
aliernator.

This can causc
incomplete combustion often indicaled by
black exhaust, high fuel consumption and
carbon deposits in the combustion cham-
bers, affecting engine life.

. During the first 50 hours of opcration,

break-in the engine under a hghter load
and lower speeds than normal. Proper
break-in contributes [0 maximum scrvice
life of the engine.

8. Stopping the engine immediately after it

has been working under load can result
in accelerated wear of the engine com-
ponents. Before stopping, operate the
engine at low idle for five minutes. This
allows hot areas in the engine to cool
gradually, extending engine life. With the
engine so running, make a walk-around
inspection, checking for oil, fuel or
coolant leaks.




IMPORTANT INFORMATION

Servicing Engine Properly

1.

Use the recommended fuel, oil and cool-
ant listed in this manual. Use of any other
fuel, oil or coolant can result in higher
mainicnance costs and reduced cngine
service life.

Be sure 1o perform pre-start inspection
and periodic service on items specified in
this manual. Improper performance of
inspection or service is dangerous and
could result in damage to the engine, or
injury or dealh.

Al the end of cach day of operation, check
the engine for broken, defective or
missing parts. If your daily check
uncovers any item that needs attention —
repair, replacement or adjustment, reporl
it soon. Remember, the most minor defect
could resull in more serious trouble.

When washing the engine, cover the air
infet and exhaust openings with tape 1o
prevent water or cleaning agent from
getting inside the engine. Do not atiempt
to wash the cngine when it is running. 1f
waler or cleaning agent gets inside the
combustion chambers, hammering action
ol water can cause damage (o the enginc.

(1)

(2)

(3)

(4)

Service the air cleaner properly to keep
dust and grit-laden air out of the engine
because clean air is esscntial 1o satisfac-
tory engine operation and long engine life.
Dust and dirt entering the engine will
causc rapid wear of piston rings, cylinders
and pistons with a resultant loss of power
and high oil consumption. Also, dust and
dirt allowed to build-up in the air cleaner
passages will eventually restrict the air
supply to the engine and result in heavy
carbon deposits on the pisions and valves
due to incomplete combustion.

Do not service the air cleaner element
when the engine is running,

When removing the air cleaner from the
engine for servicing, prevent dust from
entering the air passage 1o the cylinders.

Service the air cleaner element at
reasonable intervals, or when the signal
of the indicator is visible (if equipped).

Do not use the element if any tears, rips
or damage is evident.

If Any Trouble Should Occur

1.

If the engine stops abnormally, try 1o find
a problem and its source, then make the
necessary repair, before starting the
engine again.

If the engine overheats, the warning light
comes on and, at the same time, the
engine will stop. When this happens,
never add coolant to an overheated
engine; allow the engine cool [irst, then
add coolant gradually.

If the enginc oil pressure becomes low,
stop the engine and check for the cause.
Operaling the engine with low oil pressure
can cause seizure of the bearings and
oiher parts,

11



SPECIFICATIONS

Enginc modcl S3L S3L2 S4L S41.2

Type o Water-cooled, 4-stroke cycle, in-line diesel engine
Firing order (injeclion sequence) 1-3-2 1-3-4-2
Compression ratio 22
Combustion chamber, type Swirl
Weight, kg (ib) 125 {276} 150 (331)
No. of cylinders 3 4
Bore x Stroke, mm (in.) (3?372738.'39) (3.(7)§f ; 2.262) (3?87’?3%‘39) (3-.3'81 X 3.262)
Displacement, liter (cu in.) 1.125 (68.7) | 1.318 (80.4) | 1.500 (91.5) |1.758 (107.3)
£ Injection pump, type Bosch M
% | Injection nozzle, type Throttle
El Governor, Lype R Centrifugal flyweight
B Fuel ASTM No. 2-D
£ Type Force feed (by trochoid pump)
. | Enginc oil API Service Classification CC
§ Oil filter Paper-ciement (full-flow)
E Caﬁacily (high level excl. 0.5 | 5.7 (1.5) (with deep oil pan)| 7.7 (2.0) (with decp oil pan)
S | titer (0.13 U.S. gal) of oil in | 3.7 (1.0) (with standard oil |5.4 (1.4) (with standard oil
~ | oil filter), liter (U.S. gal) pan) pan)

2 Type | Forced cooling

8 “§1 ﬁgf;a("a‘_)’sf%gfl’)’OXima‘°)- 1.8 (0.5) 2.5 (0.7)
Starter, V - kW 12-1.6 12 -2.0
Alternator, V ~ A I 12 - 50

12




NOMENCLATURE

S3L/S3L2

Thermostal —

i C )
O Exhaust manifold
Hanger — R
A B Starter
Alernator — | -]
Front Rear
Fan d
1 Oil pan
V-belt

Fuel injection Oil filler

nozzle
Fuel injection
Air inlet cover pump

| Waier pump

Coolant drain

plug \
3

| Oil filler

181
F

Front

1 E,,/ Crankshaft puliey

AN

Flywheel —

Dipstick

Qi filter

Qil drain plug

Right side
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NOMENCLATURE

S4L/84L2

Thermostal —____

Exhaust manifold

Hanger —

_— Starter
Aliernator —
From] /[ J Rear
AN
Fan -.-.74 Flywheel
- ’ B
V-belt / ) At — e B
- LE Oil pan
e )
. | ] J |
Left side
Oit filler
Fuel injection r—?l///
nozzle : faes Water pump

e

Air inlet cover 4
171  Euel injection
/

pump
Coolant drain = "

plug \ 1 Lo}

!

O== o> ")

Rear Front
8 @

g

- Ot filler

"
p——ry

§i ]
v
w9

H
] I O, '
. _—1 Crankshaft
Oil filter L puliey

O} — L

#ig L S }\ Dipstick

Oil drain piug
Right side
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OPERATION

PRE-START INSPECTION

Walk-Around Inspection

Look around for such items as loose bolts,
debris build-up, oil, fuel or coolant leaks,
broken or worn parts.

300008

Check Engine Oil Level
Maintain the engine oil level between MAX

and MIN marks on the dipstick. Add oil if

nccessary. {(See page 28)

To check the oil level, the dipstick should

be wilhdrawn, wiped clean, reinserted,

and again withdrawn so thal the oil icvel
on the dipstick can be seen.

- S

\i
I
300457

Check Fuel Level

Make sure the fuel level is at FULL mark in
the sight gauge.

300456

Check Coolant Level

Maintain the coolant level to FULL mark on.
the reserve tank (when the engine is cold).
Add coolant if necessary.

| NOTE |

When adding coolant, maintain the rec-
ommended concentration of Long Life
Coolant.- (Sce page 31.) Do not add wa-
ter only. This dilutes Long Life Coolant
and adversely affects freeze protection.

——{ /N CAUTION }————

Check the coolant level only when ihe
\enginc is cold.

302833
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OPERATION

1.

STARTING THE ENGINE

[Engine with anlomatic glow plugs]

Turn the starter switch key to ON posi-
tion, and make sure the oil pressure,
coolant temperature and glow plug indi-
cators come on. See Starting Aid Chart
for heating time.

Starting Aild Chart

Coolant temperature Heating time
Quick- Below 5°C {(41°F) | About 3 seconds
heating

type Above 5°C {(41°F) | About | second
lSyL;gdard Normally About 6 seconds

{Engine with manual glow plugs]

I

16

Turn the starler swilch key 1o HEAT
position and continue 1o hold it there for
about 20 scconds. Do not use the glow
plugs for more than 1 minute al a time.

When the glow plug indicator goes off,
move the speed control lever to FULL
THROTTLE position and turn the key to
START position. The glow plug indica-
tor will also come on when the key is in
START position.

Release the key when the engine starts.
The key will return to ON position when
released.

————{/A\WARNING ] - ———

Make sure no one is working on, or
close 1o, the engine before starting it.
Keep the engine free of foreign mate-
rial, such as debris, oil, tools and other

items which are not parts of the engine.
s

Engine with automatic  Engine with manual

glow plugs glow plugs
o N _~0
o HEAT o
START START
302834
S
Full throtte p:)c;?ﬁon .\
position je—
_ START
[—
301457
ON \
301458

———— /N CAUTION}——

+ After every 10 seconds of engine
cranking, allow 30 seconds for the
starting motor to cool before cranking
again.

« Do not turn the starter swilch key 1o
START position when the engine is
running to avoid damage to the starter.

» Do not apply the load to the engine
(disengage the clutch if equipped) when
cranking the engine for starling.




OPERATION

WARMING UP THE ENGINE

Allow the engine to warm up at low idle for
five to 10 minutes, Proper warm-up is abso-
lutely essential 10 maximum service lile,
performance and economy of the cngine.

Long periods of warming up the engine
1$ not recommended. This can result in
carbon deposits in the combustion cham-
bers and incomplete fuel combustion.

300029

STARTING THE LOAD

When the engine has run long enough to warm
up, apply the load. During operation, check
1o be sure —

1. All indicators are OFF.

2. The engine is free from abnormal noise
and vibration.

3. Exhaust smoke 1s normal.

== [ A\ WARNING |

« Stay clear of all rotating and moving
parts during operation.

- Atoperating temperature, the engine
is hot. Any contact can cause severe

burns.

~—— [ — fmm s e e e

e em e

e ————( AN CAUTION -

« Always keep the engine room well
ventilated.  Unless it is properly
ventilated, the air supply will be inad-
equate, resuiting in lack of air for fucl
combustion and loss of power,

» During the first 50 hours of operation,
operale the engine under a lighter load
and lower speeds than normal. Proper
break-in contributes (¢ maximum

" service life of the engine.

+ Avoid overloading. This can cause

~— SR

incompleie combustion often indicated
by black exhaust smoke, high fuel
consumplion and carbon deposils in the
combustion chambers, affecting engine
life.

Do not turn OFF the batlery switch
when the engine is running to avoid
damage to aliernator.

Do not turn the starter swiltch key to
START position when the engine is
running 10 avoid damage o the starter.

17




OPERATION

STOPPING THE ENGINE

[Engine with Keystop Device]

Turn the starter switch key 1o OFF position.
The engine will take about 5 seconds Lo S1op
after the key has been turned to OFF position,

————{ /N CAUTION |

- Operate the engine at low idle for five
minutes. This allows hot areas in the
engine to cool gradually, extending

OFF <\

301459

engine life. With the engine so running,
make a walk-around inspection,
checking for oil, fuel or coolant leaks.

« If the engine stops abnormally, try Lo
find a problem and its source, then
make the neccssary repair, before
starting it again. After stacting the
engine, cheek 10 be sure the engine has
no probiem,

+ Remove the key from the starter switch.
Leaving it in ON position after the
engine has stopped can cause the
batlery to discharge.

J
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MAINTENANCE

Service the engine in accordance with the
“Lubrication and Maintenance Chart.”
Under extremely severe or dusty operat-
ing conditions, scrvice it more frequently
than is specified in the “Lubrication and
Maintenance Chart.”

Perform service on items at multiples of
the original requirement. For example,
at Every 500 Service Hours, also service

those items listed under Every 100
Service Hours, Every 50 Service Hours
and Every 10 Service Hours [pre-start
inspection].

For special items with asterisk (*), rely
on the expert knowledge of the service-
men, and the service facilities at your
Miisubishi dealer.

LUBRICATION AND MAINTENANCE CHART

ftem Remarks {specifications) Page
Walk-around inspection 15
10 ;

g:::?w Hours Check engine oil level. i5
{Pre-Start Check fuel level. 15
Inspection]

Check coolant level. 15

Drain water and sediment from 20
Every 50 fuel tank.
Service Hours Check battery electrolyte level

and specific gravity. 20
First 50 Service | Change engine oil. See SPECIFICATIONS. 21
H of New .
oro}‘%z:scandi- Change oil filter. . 21
tioned Engine Retighten bolls and nuts. *

Change engine oil. Sce SPECIFICATIONS. 21
Every 100 Change oil filter. 21
Service Hours -

Clean fuel filier element. Afler cleaning, prime (page 26). 22

Clean radiator fins.

Check and adjust valve clearance.

(.25 mm (0.0098 in.) for both inlet and .

exhaust valves

Every 500 Change fuel filier element. Afier changing, prime (page 26'). 23
Service Hours Check and adjust injection pressure. | 140 kgf/fem?® (1 991 psi} [13 729 kPa] *
Check and adjust fan belt. Deflection: 13 mm (0.5 in.) 23
Check glow plugs. *
o B Retighien bolts and nuts. B *
E;f:i)::; (I)-?c?urs Check starter. 24
Check alternator. 24
Every 2 Years Chagge coolant, See SPECIFICATIONS. 25
Prime fuel system. . 26
When Required | Clean air cleaner element. 28
26

Change air cleaner element.

19




MAINTENANCE

EVERY 50 SERVICE HOURS

Drain Water and Sediment from Fuel
Tank

Remove the drain plug and allow water and
sediment to drain. Drain al least one to two
liters (0.3 to 0.5 U.S. gal) of fuel to remove
water and scdiment.

It is evident that invisible particles of dirt in
sediment which might pass through the filter
can damage the fincly finished parts of the
fuel injection sysiem.

Y [, »cr I

Do not smoke while draining off water
and sediment. Keep flames and spark-
ing devices away. Clean up any spillage
before starting the engine, -

\. - P,

I

300041

20

Check Battery Electrolyte Level and

Specific Gravity

1. Maintain the electrolyle level betwcen
UPPER and LOWER marks on the case.
In a battery without level marks, mainlain
the level 10 to 15 mm (0.4 to 0.6 in.)
above the cells. Remove the filler caps
and add distilled water if necessary.

2. Test the specific gravity of battery
electrolyte with a battery hydrometer.
The following chart of specific-gravity
reading gives a general idea of battery
condition.

gggész ggg;a}vuy at Battery condition
1.26 10 1.28 Fully charged
Three-fourths charged
12210 1.26 (To be recharged)
One-fourth charged
Below 1.22 (To be recharged)

————(/A\ WARNING ] ————

« Baitery gives off flammable fumes
that can explode.

« Do not smoke when observing the
battery electrolyte level.

« Electrolyte is an acid and can cause
personal injury if it contacts skin or
eyes.

+ Always wear protective glasses when
working with battery.

H
N

300080




MAINTENANGCE

EVERY 100 SERVICE HOURS

Change Engine Oil and Oil Filter
Draining oil
Immediately afler shutting down the engine

(when the oil is hot), remove the oil pan drain
plug. Allow the oil 1o drain in a container.

Hot oil and components can cause per-
sonal injury. Do not allow hot oil or
components to contact skin.

3. Check the new oil filter to be sure the
packing is fitted in the groove.

4. Apply a thin coat of engine oil to the
packing on the new filter.

5. [Install the filter by hand until its packing
contacts the base. Tighten 3/4 1o 1 turn
more.

Packing

302785

300046

Changing oil filter

1. Remove the used oil filter with a filter
wrench.

Check particles collected in the used ol
filter. If they are metallic particles,
consull your Mitsubishi dealer.

2. Make sure ail of the old filter packing is
removed from the filter base and clean the
base with a clean cloth

&/

S,

Filling with oil

1. Install the drain plug and tighten it to the
specified lorque.

. 4.5 £ 0.5 kgf-m
Taorque {33 + 4 Ibf-f)
{44 £ 5 N-m]
2. Fill the crankcase with oil.
Refill capacity | See SPECIFICATIONS.
APl Service
Classification cC

~7 302835

3. Start the engine and run it at low idle for
a few minutes, and check for leaks.
Retighten the filter if leakage is noticed.

4. Stop the engine and leave it standing for
about 30 minutes. Check the oil level.
Maintain the oil level between MAX and
MIN marks on the dipstick. Add oil if
necessary.
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MAINTENANCE

EVERY 100 SERVICE HOURS — Continued

Ciean Fuel Filter Element
1. Turn the valve to OFF position.
2. Loosen the ring nut and remove the cup.

3. Wash the element in kerosene or diesel
fuel.

4. Put the cleaned element in the cup and
install the cup, making sure the O-ring is
properly fitted in place. Tighten the ring
nut.

5. ‘Turn the valve 1o ON position and prime
the fuel system.
(Sec page 20).

Valve

OFF
” R Element

O-ring

Ring nul

406677
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MAINTENANCE

EVERY 500 SERVICE HOURS

Change Fuel Filter Element

[Fuel filter with shutoff valve]

1. Turn the shutoff valve to OFF position.
2. Loosen the ring nut and remove the cup.
3. Remove and discard the filier clement,
4

Put the new filier element in the cup and
install the cup, making sure the O-ring is
properly fitted in place. Tighten the ring
nut.

5. ‘Turn the shutoff valve to ON position and
prime the fucl sysiem.
(See page 20 for priming).

Check and Adjust Fan Belt

Checking

Correct adjustment exists when the belt can
be pushed inward about 13 mm (0.5 in.) with
10 kg (22 Ib) thumb pressure exerted midway
between the alternator and crankshaft pulley
as shown.

Adjusting plate bolt

Mounting bolt

Correct adjustment
13 mm (0.5 in.) slack
at this point

406677

[Cartridge type fuel filter]

1. Change the filter if waler and sediment
have been collected in the [ilter.

2. Afer changing the filier, prime the {ucl
system. (See page 20 for priming.)

I

BfS)
Z
Water and

sediment

Adjusting
1. Loosen the adjusting plate bolt and
mounting boll.

Insert a pry bar between the alternator and
cylinder block, 10 move the aliernator to
obtained the required belt deflection.

3. Tighten the mounting bolt and adjusting

f»—bo—“'———[&cx\unon}»—ﬂ

» If the fan belt is too tight, excessive stresses
are placed upon the fan bearings and belt,
which might shorten the life of both. If it
is too loose, it will slap against the pulleys,
causing unnecessary wear to the belt and
possibly slipping to the extent that the
engine will overheat.

+ Keep the belt free from oil or grease. J

[

.

302836
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MAINTENANCE

EVERY 1000 SERVICE HOURS
Check Alternator

Check Starter

1.
2.

Visually check for defects.

Check 10 see if the pinion is shiftcd into
mesh with the flywheel ring gear when
the starter is encrgized. If the pinion docs
not shift properly, consult your Mitsubishi
dealer.

1.

Visually check for defects.

2. Remove Lhe belt from the alternator. Tum

the pulley by hand to check the allernator
for smooth rotation. If the alternator fails
to rotate smoothly, consult your
Mitsubishi dealer.

24
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MAINTENANCE

EVERY 2 YEARS
Refilling

Change Coolant

Long Life Coolant (LLC) used in your engine
retains its efficacy for two years. Be sure 10
change the coolant every two years.

Draining

1.

Start and operate the engine until the
coolant lemperature is 70°C 1o 80°C
(158°F 1o 176°F). Stop the engine.

Remove the filler cap only after the
engine has been sitopped and the cap is
cool enough to remove with your bare
hand.

Open the radiator drain valve and
remove the engine drain plug and allow
the coolant 10 drain into containers.

302837

1.

Tighten the radiator drain valve and
engine drain plug.

Pour pure, undiluted LLC into the radia-
tor. Recommended concentration of LLC
is shown in the chart below:

Recommended LLC Concentrations (reference)

Ambient
. -10 ~20 -~30 —45
ﬁ«am(e%r)amm. (14) 4y | (~22) | (-49)

LLC concen-| 55 | 49 | 50 | 60
tration, %

302838

Flushing

1.

2

Close the radiator drain valve and install
the engine drain plug.

Fill the cooling system with a cleaning
solution which does not chemically attack
rubber and metal surfaces. Siart and
operale the engine at 800 1o 900 rpm for
15 minutes. Stop the engine and drain the
cleaning solution.

Fill the systemm with clean water and
operate the engine at 800 to 800 rpm for
10 minutes. Continue to flush the system
until the draining water is clear.

Add water to the radiator slowly to help
avoid air pockets in the system, See
COOLANT AND  ANTIFREEZE
SPECIFICATIONS.

-1

302839

Start and operate the engine until the
coolant temperature is 70°C to 80°C
(158°F to 176°F). Siop the engine.

Check the coolant level in the reserve
1ank. Add water if the level is low.
Maintain the coolant level to FULL line
on the tank when the engine is cold.
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MAINTENANGE

WHEN REQUIRED

Prime Fuel System

Air in the lines may cause the fuel system 10
become air bound, resulting in inability to
start the engine or misfiring of one or more
cylinders. Primc the fuel system —

1. After the engine has been fucled for the
first time afler insiallation.

2. After the engine has been refueled after
running out of fuel.

3. After the fuel filier element has been
cleaned or replaced.

Procedure
IFuel filter with air valve]

1. Turn the valve lever 1o AIR position and
feed fuel, ’

2. 'Turn the valve lever 1o ON position when
fuel flows free of bubbles from the over-
fiow pipe.

[Fuel filter with air vent screws]

1. Loosen air vent screw (1). Tighten the
screw when f{uel {lows free of bubbles.

2. Loosen air vent screw (2). Tighten the
screw when fuel flows {ree of bubbles.

The injection pipes and nozzles can be
primed by cranking the engine. The fucl
system of the engine equipped with an
clectric fuel pump can be primed by
turning the starter switch key to ON
position. .

FFuel filer with
air vent screws

FFuel filter with
air valve

Clean/Change Air Cleaner Element

Service the air cleaner only as necessary, or
when the dust indicator shows RED.

Cleaning

1. Direct air — 7 kgffcm?* (100 psi) [686
kPa] maximum — inside the element
along the length of pleats.

2. Insert alight inside the clean clement and
check. Discard the element if rips or tcars
are found.

,”'l"l_‘]_:f_‘_ -s

[LA R,

300104

- (NOTE)

Discard the element i it is excessively
dirty. '

\

A\ CAUTION |

» Never service the air cleaner when the
engine is running. Without the air
cleaner, dust and dirt enler the engine
and can cause rapid wear of engine
parts with a resultant loss of power and
high oil consumption.

» Do not clean the element by bumping
or lapping it.

( A\ WARNING

When using pressure air for cleaning.
Wear a protective face shield, protec-
tive clothing and protective shoes.
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FUEL SPECIFICATIONS

1. Recommended types of fuels

The quality of fuel is a very important factor
in obtaining satisfactory engine performance,
long engine life, and acceptable exhaust
emission levels,

This engine is designed to burn fuels marketed
to meet ASTM Designation D 975 (grade No.
2-D).

2. Care of diesel fuel tank

Fill the diesel fuel tank at the end of the day,
because the incoming fuel will drive out the

moisture-laden air and prevent condensation. vman
Every 50 service hours before starting the PN
engine, remove the drain plug and drain off
any sediment or water which may have iﬁ
accumulaled. -

Gozlal
3. Care of fuel supply

c— 0 7

clean. Natural scttling is an effective method
of cleaning fuel. Allow the fuel to siand at
lcast for 10 days in the fuel storage tank after ~
the tank has been f{illed before the fuel is
transferred to the diesel fuel tank. Be sure to
drain all water and scdiment that has seitled
to the bottom of the tank before the tank is [ -
refilicd. Occasionally, drain all of the fuel
and clean the tank thoroughly.

It is important to buy clean fuel, and keep it :—_—W—;——j

302841
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LUBRICANT SPECIFICATIONS

1. Recommended types of engine oils

Use oils that meet the Engine Service Classi-
fication CC (MIL-L-2104C). Proper oil
selection assures cranking ability by main-
taining an oil film on cylinder walls and
bearing surfaces in a condition which
provides low friction, and therefore, less
cranking effort to achieve cranking speceds
necessary for reliable starting. Improper oil
selection may result in congealed oil film on
cylinder walls and bearing surfaces, which
result in high f{riction loads and morc
cranking effort, thus preventing sufficient
cranking speeds for rcliable starting and
affecting engine life.

2. Recommended oil viscosities

Two important considerations related to
satisfactory engine operation under ambient
temperature conditions — (1) the ability to
crank the engine fast cnough lo assure
starting, and (2) adequate lubrication of
internal wearing surfaces during starting and
warm-up. These considerations can be
‘adequately met through proper grade selec-
tion. Recommended oil viscosities are shown
in the chart below:

302842

300047

Recommended Qil Viscosities

<31k ]

>

Slarting 230 25 20 15 -10 -5 0 10 20 30 40
lemperature, 2-13) (=4} (5) (14) (23) (3D) (50) (68) (86) (md)
— (' ( [ ) . i i i { | H % DU |
(SAEGW 20>< SAE30>
Ol
viscosilies ek —
<, SAETQW- 30

SAEI6W=40 ]

<

Mitsubishi recommends ali-scason type engine oil of SAE 10W-30.

28




LUBRICANT SPECGIFICATIONS

—— A\ CAUTION}|————

Avoid mixing oils of different brands. In
most cases, different brands are nol
compatible with each other and, when
mixed, can Sseize parts such as pision
rings, cylinders, etc. or abnormally wear
moving parts. It is best 1o stick with one
and the same brand of oil al successive

service intervals.

300045
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LUBRICANT SPECIFICATIONS

3, Limiting requirements for engine oils

If a used oil analysis program is conducted in
order to determine the condition of the oil,
consult the chart below. Change the oil if any
of these requirements is not met.

s \ ) \

« Oil change intervals depend to a great
extent on fuel properties. Be sure to
use only recommended fuels.

+ The limit of total base number is 1/2 of
that of a new oil in case of a perchloric-

acid analysis method.

J

Limiting Requirements for Engine Qils

Praperty Test Limit
cS1 @
Viscosity 100°C KJgSS +30% , max. of new oil
(212°F)
Total basc number .
(Hel) mgKOH/g IS 2.0, min.
- K 2501
Total acid number mgKOH/g +3.0, max. of new oil
Water conlent Vol% Kjég‘;l' 5 0.2, max.
Flash point (coc) 'C(F J1s 180 (356), min.
K 2265
Pertane insolubles Wi% 0.5, max.
P insolubl Deos
entan insolubles D893
coagulatcd Wi% 3.0, max.
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COOLANT AND ANTIFREEZE SPECIFICATIONS

Coolant specifications

Waler used in the engine cooling system must
be soft, or as free from scale forming miner-
als as possible and meet the requirements
shown in the “Coolant Specifications” chart.

{NOTE]}

Basically, harmful chemical properties
and substances contained in water (as
coolant) must not exceed the Mitsubishi
limits but they are tolerable up to the

=

limits shown in the chart below:

Coolant Specifications

Chemical . Recom- Main malign effect
liem symbol Unit ?er;ded Corrosion | Scale
tmit and rust formation

rasears | T @RS | o | o

Electrical

conductivity, - ul¥ecm (‘i %%%) O ®)

25°C T

Total hardness CaC0s; PPM (<<1g§) - )]

M alkalinity CaCO3 | PPM (<<‘75(§’) - o

Chiorine ion - PPM (‘i 11%00) -

Sulfuric acid ion | SOF PPM 50 o -

Total iron Fe PPM (i 11%) - ®]

Silica Sio; | PPM D - o

Residue from <400

evaporation B PPM (< 250) - ©

The values indicated in () are the limits set forth by Mitsubishi. In addition
to the items specified above, turbidity is specified to be above <15 deg.
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COOLANT AND ANTIFREEZE SPECIFICATIONS

2. Recommended types of LLC’s

For Mitsubishi diesel engines, all-season,
non-amine type LLC’s or cquivalent are
recommended.

Features of recommended brands

» None of amines (methyl amines, ethyl
amines, n-propyl amines, etc., all being
derivatives of ammonia, NHs) are
contained.

« Silicate and borale are not contained.

» Close to neutral on the pH scale, and hence,
slightly basic (alkaline).

« Balanced additive ingredients. some being
substitutes for amines.

« Long life. (The coolant with 30% concen-
tration, for example, retains its efficacy for
long, not less than 2 years.)

(@7
o,
=5
&2
@
g

E
@
=
©
&

02843

———{ A\ WARNING | —

LLC is toxic and can cause personal
injury if it contacts skin or eyes. IFLLC
gets in your eyes, flush them immedi-
ately with water and see a doctor at

\ODCE. ‘ .

3. How to use non-amine type LLC

(1) The engine coolant with any of the rec-
ommended additives should be changed
every two years.

% NOTE ‘;—
When using any other LLC, refer 10 the
coolant mixture chart on the container,

)

/D WARNING |

For disposal of a used coolant contain-
ing LLC, consult your Mitsubishi
dealer.

(2) Proper concentration of LLC is from
30% to 60% year-round. Aim at a tem-
perature level lower by 5°C (9°F) than
the expected lowest temperature, LLC
of less than 30% concentration does not
provide sufficient corrosion protection.
Concentrations over 60% adversely
affect freeze protection and heat transfer
rates. When adding coolant, use LLC
of the same concentration.

Recommended LLC Concentrations

(Reference)
Ambient

~-10 -20 -30 -45
eom | asy | ) | 2 | 49)
LLC
concentira- 30 40 50 60
tion, %

30~60
%

302838
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COOLANT AND ANTIFREEZE SPECGHICATIONS

4. Why LLC?

Today’s full-blown trend i1s toward smaller
and more lightweight engines, greater output,
lower fuel consumption and lower exhaust
emission levels. Engine application has also
been expanded. In most applications, the
engine coolant is compelled 1o withsiand
severe conditions, namely, continuous high-
power operation with higher coolant
temperature and higher speed of coolant
recirculation in the cooling circuit. Many
materials involved in the circuit (such as steel,
aluminum, copper, solder and rubber) are also
subjected 10 severe service. These malerials
differ in ionizing tendency and this differcnce
promotes cavitation and deterioration through
the medium of engine coolant. The job of
breaking the link between cause and effect 1o
preserve the circuit is undertaken by LLC.

5. How LLC works

LLC contains several chemicals (ingredients)
in such proportions as to produce chemical
reactions that suppress corrosion of engine
parts in contact with coolant. “Corrosion™ is
the result of a phenomenon called “ioniza-
tion.”

The power of LLC 10 defeat the ionic reac-
tion is generally subject to wear and, in the
engine coolant, becomes increasingly weak in
lime,

Moreover, i ils chemicals are not well
proportioned to maich the circuil metals
which they are mean (o protect, they become
rapidly used up due to aging and allow some
metals to precipitate into the coolant or to
form new compounds which turn to rusty
surface deposits. Some chemicals, calculated
to inhibit this ionic rcaction, might accelerate
the reaction of those metals that have already
begun reacling.

For worse, the process of ionic reaction or
corrosion will go on faster than when the
coolant is straight water having no additives,
if there is no good match between the
chemical proportions and the circuit metals.

6. Typical reported cases of circuit
trouble for which additive is blamed

Case 1.

Amines are generally effective in suppress-
ing the rusting of ferrous metals but are said
to be problematic for copper and cupric metals
because of copper involvement in pitlings
reported on Fe metals. The mechanism of
Fe-surface pitting may be explained as that
of galvanic or local-cell action. Suppose a
cluster of copper molecules precipitates out
and deposit itself on a surface of Fe, a base
metal relative to copper; the copper deposit
introduces a localized galvanic cell which, by
ils ionic action, rapidly eats into the Fe surface
to result in a pit.

Case 2:

A silicate (there are several types of silicate)
is highly effective in protecting aluminum
against rusting. This compound of silicon is
unstable in a solution whose pH is 9 or under:
it is prone to turn to gel and settle down in
the solution. For this reason, the pH is
usually specified 10 be 10 or so. This means
that the silicate has to be used in a high-
alkalinity coolant, When the silicate is used
up, the high alkalinity starts chemically
atlacking aluminum.

(Example}

The mechanical seal of the water pump may
rapidly wear down as the secondary effect of
silicate gel in the above context.

Case 3:

As the additive as a whole deteriorates or
when its concentration in the coolant is too
low, its anti-corrosion performance falls and
consequently the circuit metals begin to
corrode than when the additive was active. Of
those metals badly affected in such a condi-
tion, brass and solder, the materials used in
the cores of radiator, become particularly
victimized. The cause of coolant leakage
from and clogging of the coolant circuil in
the radiator are usually traceable to such a
malcondition of the coolant.
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STORAGE

Storage of Engine in Non-Operational Condition

Preparation

I.

34

Drain the engine oil and put a preserva-
tive in the engine.

. Make up a mixture of preservative and

fuel oil in 50-t0-50 ratio, and put the
mixture in the fuel tank.

. Start and operate the engine at low idle

for five to 10 minutes.

. Stop the engine and spray volalile pre-

servative (VCI) in the air inlel opening.

. Drain the preservative-fuel mixture.
. Apply a coat of preservative 1o the

exposed machined surfaces of the engine.

. Cover the air inlet and exhaust openings

and the breather with taping..-

. Loosen the fan belL.
. Tape the starter and alternator terminals.

Cover the starter and alternator with
polyethylene sheet and put a desiccant
inside.

10. Disconnect the cables from the batiery

11

and charge the battery. Flush the top of
the battery with clean water, and coat the
parts with grease to retard further corro-
sion. Keep the battery in a cool, dry place.

Cover the engine to protect il against
weather.

) N
Store the engine in a well-ventilated
room.

1t is not necessary to drain the coolant
if it contains LLC.

Attach “DO NOT OPERATE”™ or
stmilar waming tag 1o the starter switch
or any control.

New engine oil may be used instead of
preservative.

Y




STORAGE

Service during storage
Charge the battery al leasl once a month.

Remove the engine from storage
1. Remove covering from the engine.

2. Connect a well-charged batlery to the

engine,

3. Remove covering from the starter and

aliernator.
4. Adjust the fan belt.

5. Remove covering and laping from the

various porls.

6. Drain preservative and fill with recom-

mended engine oil.

7. Fill the fuel tank and prime the fucl

system.

8. Check under and around the engine for
such items as loose or missing bolts, oil,

fuel or coolant leaks.

9. Remove the rocker cover and lubricate the

valve mechanism.

10.

11

12.
13.
14.

Crank the engine three times, 10 seconds
each time, at intervals of one minute, with
the fuel supply shut off.

Make sure the engine oil pressure rises
property.

Start the engine.

Allow the engine to warm up at low idle.

When the engine has run long enough to
warm up, apply the load and bring it to
operating speed.

Storage of Engine in Operational Condition

Do Steps 1 through 3 below once a
month:

1. Crank the cngine two times, for 10
seconds each time, with the starler at
intervals of 30 seconds, with the fuel

supply shut off.

2. Start and operate the engine at 800 rpm
under no-load condition for five minutes.

3. Increase the engine speed to 1000 10 1200
rpm and operale the engine under no-load

condition for 10 minutes.

35




TROUBLESHOOTING

For special servicing jobs on your engine, rely on the expert knowledge of the servicemen, and
the service facilities at your Mitsubishi dealer.

Problem

Cause

Correction

%

Engine will not start.

302844

Fuse off

Replace.

Defective starter switch

Repair or replace.

Slow cranking speed

Recharge battery.  Check
and replace starier.

Wrong viscosity grade of oil Change oil.
Seized running parts Repair.
Air in fuel systcm Prime.
No fuel in tank Refuel.

Bad quality fuel

Change fuel.

Clogged fuel filter

Clean or replace.

Defective fuel injection pump

Repair or replace.

Defective control timer unit

Replace.

Clogged air cleancr element

Clean or replace.

Not enough power

500040

Wrong viscosity grade of oil

Change oil.

Clogged air cleaner element

Clean or replace.

Clogged fuel filter

Clean or replace.

Defective fucl injection pump

Repair or replace.

Defective fuel injection nozzles

Repair or replace.

Wrong injection timing

Adjust.

Bad quality fuel

Change fuel.

Overheating

Flush cooling system and
replace parts.

Wrong valve clearance

Adjust.

Poor compression (cylinders, piston
rings, elc. worn)

Repair or replace.
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TROUBLESHOOTING

Problem

Cause

Correction

Overheating

500047

Not enough coolant in system

Add coolant.

Leaks in cooling system

Retighten or repair.

Loose fan belt

Adjust.

Restriction to air flow through radiator

Remove restrictions.

Defective water pump Replace.
Deflective thermostat Replace.
Defective fan Replace.

High LLC conccnlr;iion

Adjust LLC concentra-
tion.

‘Too much while or

blue smoke

500041

Too much oil in engine

Fill only to correct level.

Oil viscosity (00 low

Change oil.

Defective thermostat {coolant tempera-
wure 100 low)

Replace.

Defective fuel injection nozzles

Repair or replace.

Wrong injection timing

Adjust.

Wrong fuel cetane number

Change fuel.

Poor compression (cylinders, piston
rings, etc. worn)

Repair or replace.

Too much black or

gray smoke

500042

Bad quality fuel

Change fuel.

Defective fuel injection pump

Repair or replace.

Defective fuel injection nozzles

Repair or replace.

Wrong injection Liming Adjust.
Clogged air cleaner element Clean or replace.
Wrong valve clearance Adjust.

Poor compression (cylinders, piston
rings, elc. worn)

Repair or replace.

37



TROUBLESHOOTING

Probiem

Cause

Correction

Fuel consumption

oo high

-

Fual
fank

&

500043

Bad quality fuel

Change fuel.

Defective fuel injection pump

Repair or replace.

Defective fuel injection nozzles

Repair or replace.

Wrong injection timing

Adjust.

Clogged air cleaner element

Clean or replace.

Poor compression (cylinders, piston
rings, etc. womn)

Repair or replace.

Oil consumption

100 high

Too much oil in engine

Fill only to correct level.

Oil viscosity too low

Change oil.

Leaks in iubrication system

Repair or replace.

Worn cylinders and piston rings

Repair or replace.

so0044 | Worn valve siem seals Replace.
Oil pressure too low | Not enoﬁgh oil in engine Add oil.
Oil viscosity too low Change oil.
0,0 Clogged oil filter Replace.
O "Q Delective oil pump Repair or replace.

A I

500045

Defective relief valve

Adjust or replace.

Defective pressure switch

Replace.
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MITSUBISHI DIESEL ENGINE

Pub. No, 99610-12130
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MITSUBISHI HEAVY INDUSTRIES, LTD.
Tokyo, Japan

Prnted in Japan



