HOW TO USE THIS MANUAL

1. Exploded views
In the exploded views, the component parls are separated bul so arranged 1o show their relationship to the

whole. Index numbering is used to identily the parts and lo indicale a sequence in which the parts arce w0 be

remaved for disassembly, or they are to be installed for asscmbly.

2. Symbols
The lollowing symbuols are used in this manual to emphasize important and critical instruchions.
| NOTE Indicates a condition that is essential to highlight.

E&CAU'I'IDH] Indicates a condition that can cause engine damage.

[_&WAHHINE] Indicales a condition that can cause personal injury or
death.

3. Definition of locational terms

The fan end is “front” and the Aywheel end is “rear.” The words “left” and “right” are as these dircclions

would appear from the flywheel end.

4, Dimensional or specification terms

Nominal Size --------—-—--————e--=====- |5 the named size which has no specificd limits of accuracy.

Standard «e-semmmmemmmoc e Is the dimension of a part to be attained at the time of
assembly, or the standard performance.

LAt =-cemmm e ot 15 the maximum or minimum permissible limit beyond

which a part must be repaired or replaced.

5. Tightening torques
Tighten boll, nuts, etc. in a wet condition (apply oil to threads) when specified as [WET]. Tighten them in a

dry condition unless so specified.  Use the general torgues unless othcrwise specificd.



INTRODUCTION

This service manual has instructions and procedures [or the subject on the front cover,
The inlormalion, specificalions and illustrations in this manwal are on the basis of the

Information that was current at the time this ssuc was wntten.

Correct servicing, test and repair procedures will give the engine a long service life.
Before starting a test, repair or rebuild job, the serviceman must read the respective

Sections of this manuval to know all the components he will work on.

Continving improvement of product design may have caused changes to your engine

Which are not included in this manual.

Whenever a question arises regarding your engine, or this manual, consult your

KUKIE dealer for the latest available information.



OVERHAUL INSTRUCTIONS

Problem 3: Overheating
(13 ltems to be checked for ahead

Overhealing might also be caused by abnormal operating conditions. 1f the engine is overheating but its cooling
syslem is not contributing to this trouble, it is necessary to check the difference between the ambient
temperature and coolant lemperature when the engine is in normal operation (with the thermostal fully open). If

the ambient temperature is higher than the normal coolant temperature by more than 60°C (108 T), investipate

other items than those related o the engine cooling system.
@  [psufficient coclant and exterior coolant leaks

®  Loosc fan bell

®  Radiator core openings plugged with dirt

(2) Inspection procedure

Are cooling system componenits (waler pump, water hoses,

radiator, thermostal and cylinder head gasket) normal?

Mo

ﬂ Yes

o)

Check the components.

No

IJ. Yes

Arc lubrication system components (oil [ilter, oil No

pump and oil screen) normal and oil level correct? |:>

.Il Yes

% infection timine correct? |:> Make adjusiment Lo the timing.

Check the components and oil level,

No

Is governor adjustment cormect? E:} Make adjustment Lo the governor

ﬂ Yes

Engine is in continuous full load operation,
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GEMERAL INFORMATION
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CGENERAL INFORMATION

SPECIFICATIONS
Engine model Unit 3T84L-ATC ATL-ATC 3T90LT-ATC
Type In line — 4 cycle, water cooled diesel engine
Combustion system Swirl — chamber
NO. of cylinder a
. B4 x 94 90 x 94
Bore and Stroke mmiin) (8.81x3.7) (354%3.7)
Displacement £ (cu.in) 1,562(95.36) 1.794{109.52)
Compression ratio 20.7 21
Asplration Maturally aspirated Turbo Charger
kg f/cad {€0
Injection pressure Ibof/in®
47
[kPa] {2133) [14709]
Fuel ASTM No. 2-D
Engine oil API Service classification CD
Direction of rotation Counterclockwise( viewed from flywheel )
Cooling system Radiator ( Forced cooling )
Lubricating system Forced |ubrication with trochoid pump
Starter V- kw 12-20
Alternator V-—A 12-50
{{US '
Lube. Qil | Max. gal ) 6.1(1.61) 7.5 (1.98)
Capacity | Effect ¢ (US 3.3(0.87) 4.5 (1.19)
- gal)
Cooling water
Capacity : ‘IUS 4.5(1.19)
{ excluding radiator ) gal)
Output hp/rpm 28/2600 35/2600 40/2600
Max revolution N '
speed at no road il 280050
Win revolution .
speed at no road Lt 1000150
g/kW-h =
sfc (b/KW-h) <292 (0.64)
Fuel injection timing bTDC 20A11 bTDC19A 1
Governor Mechanical centrifugal governer
| Starting system Electrical




B657.6+494.8 660.6<494.8 660.6x454.8
Dimension LXWxH | mmiin) x7088 <708.8 ®708.8
(25.89x19.48x27 91) | (26.01x19.48x27 91) | (26.01x19.48x27.91)
Dry weight kgf(1bAIN] 210(463) [2060.1] 295(496) [2207.25]
OVERHAUL INSTRUCTION

DETERMINING WHEN TO OVERHAUL THE ENGINE

TROUBLESHOOTING

1. General

2. Engine troubleshooting
Problem 1 : Hard starting
Problem 2 | Fuel knock
Problem 3 @ Overheating
Problem 4 : Black exhaust smoke
Problem 5 : Erratic idle speeds
Problem 6 ; Low power or loss of power

3. Starting system troubleshooting

BASIC PRECAUTIONS FOR DISASSEMBLY AND ASSEMBLY
1. Disassembly

2. Assembly



OYERHALUL INSTEUCTIONS

DETERMINING WHEN TO OVERHAUL THE ENGINE

Generally, when to overhaul the engine is 1o be determined by taking into account a drop in compression

pressure as well as an increase in lube oil consumption and excessive blow-by gases.

Lower puwer or loss of power, an increase in fuel consumption, a drop in lube oil pressure, hard slarting and
excessive abnormal noise are also lroubles. These troubles, however, are not always the result of low

compression pressure and give no valid reason for overhauling the engine.

The engine develops troubles of widely different varietics when the compression pressure drops in il. Following

arc the typical troubles caused by the compression pressure Failuee;
(1) Low power or loss of power

{2) Increase in fuel consumption
(3) Increase in lube oil consumption

(4) Excessive blow-by through breather due o worn cylinders, pistons, elc.

(5) Excessive blow-by due to poor sealing of wormn inlet and exhaust valves
{6) Hard starting or Failure 1o start

(T) Excessive engine noisc

In most cases, these troubles occur concurrently, Some of them are direclly caused by low compression
pressure, but others are nol. Among the troubles listed above, (2) and (6) are caused by a fucl injection pump
improperly adjusied with respect (o injection quantity or injection timing, wom injection pump plungers, faulty

injection nowzles, or poor care of the batiery, starter and alternator,

The trovhle to be taken into account as the most valid reason for overhauling the engine is (4): in actually
determining when o overhaul the engine, it is reasonable to take this trouble into account in conjunction with

the ather ones.



OVERHALUL INSTRUCTIONS

TROUBLESHOOTING

1. General

'The diagnosis of roubles, especially those caused by a faulty [uel injection pump or injection nozzles, or low
compression pressure, can be difficult. Tt requires a careful inspection 10 determmine aot which ilem is me
cause, but how may causes are contributing lo me trouble, someone of which is the primary cause. Several

causes may be contributing o a single troubile.

On the following papes, there are troubleshooting charls on which engine troubles can be traced to their

causes. Each charl has items 1o be verificd ahead and suggested inspection procedure.

Dicsel engines exhibit some marked characteristics during operation. Knowing thest characteristics will help
rminimize time lost in tracing engine troubles to Lheir source. Following are the characteristics of diesel

engines you should know about for diagnosis:
® Combustion knock  (diesel knock)
@ Some black exhaust smoke (when the engine picks up load)
®  Vibration (due to high compression pressure and high torgue)
® Hunting (when the cngine speed is quickly decreased)

® Some while exhaust smoke (when the engine is cold, or shortly after the cngine has been

started)



OVERHAUL INSTRUCTIONS

TROUBLESHOOTING

1. General

The diagnosis of troubles, especially those caused by a faulty fuel injection pump or injection nozzles, or low
compression pressure, can be difficult. Tt requires a careful inspection o determine not which ilem is me
cause, but how may causes arg contributing (o me trouble, someonc of which is the pnmary cause. Several

causes may be contributing o a single trouble.

On the following pages, there are troubleshooting charts on which engine troubles can be traced to their

causes. Each chart has items to be verified ahead and suggested inspection procedure.

Dicsel engines exhibit some marked characleristics during operation. Knowing thesc characteristics will help
minimize time lost in tracing engine troubles to their source. Following are the characteristics of diesel

engines you should know about for diagnosis:
® Combustion knock (diesel knock)
® Some black exhaust smoke (when the engine picks up load)
®  Vibration (due to high compression pressure and high torgue)
® Hunting (when the cngine speed is quickly decreased)

® Some white exhaust smoke (when the engine is cold, or shortly after the cngine has been

started)



OVERHAUL INSTEUCTIONS

2.Engine troubleshooting

Problem 1: Hard starting

(1) Tiems to be checked for ahead

® Clogged air cleaner

&  Wrong oil prade for weather conditions
®  Poor quality fuel
L

Low cranking speed

(2) Inspection procedure

Is healing system | No CGilow plups are energized shorily Mo

normal? E) alter starter switch is turned 1o ON, E:f Check control limer unil.

e

Are fuel lines {ree of restriction? (Is fuel pump operating properly Mo Check fuel filter, Tucl

when starter swilch in ON position?) |:> lines and fuel tank.
B Yes

Are fucl injection timing and | Ne Mike adjustment 1o the timing

valve clearance correct? E> and clearance.

ﬂ Yes

o} injection nozzle discharce patlern No
Ie Ml mipction: N022 L : Make adjustment (o the nozzles.

normal? Is injection pressure correel?

ﬂ Yes No

Is compression  pressure |:> Check walves, pision rings

comect?

ﬂ Yes

Fuel injection pump is faulty,

and cylinder head gasket.




OVERIAUL  INSTRUCTIONS

Problem 2: Fuel knock

More or less fuel knock occurs in diesel engines. This may be caused either by an excessively
large delay period or by a oo fast rate of [uel injection.

{13 Items 1o be checked [or ahead

® Clogged air cleaner

®  Poor quality Fucl

(2)Inspection procedure

No
Is injection Liming correct (not loo advanced)? ‘:} Make adjustment (o the timing,

ﬂ Yes
No

Is solenoid switch normal? l:} Check the switch.

[l

Is injection pressure (injection nowele valve Mo
E} Make adjustment to the pressure.

opening pressure) correct (not Loo low)?

\Il Yes No

Is compression pressure correct? l::) Check valves, piston rings, and cylinder head gasket.

u Yes

Fuel injection pump is faulty.




GENERAL TNFORMANTION

MODEL IDENTIFICATION AND SERIAL NUMBER LOCATION

1. Model identification Incation
{ a1 The label of model identification is located

on the cover of evlinder head

2. Senal Namber Location
The bar code of serial number is localed

the lefi hand side on the block,




DTS ASSEMBLY

4. Cylinder head assembly removal

Lift the cvlinder straight up with a hoist.

[ NOTL |
If the pasket is scized and the cylinder head
cannot be separated from the evlinder block,

tap around the thick side porion of the
oy linder head with a plastic hammer,

5. Valve and valve spring removal
(1) Compress the valve sprnng with a valve
lifter and remove the valve lock.

(2) Remove the retmner, spoog and valve

The valves, retainers, springs and valve locks
must be set aside separately in groups. each
tapped for cylinder number, for  correct

installiion,

6. Valve stem seal removal
Remove the valve stem seal with o pliers

| NOTE |

o ot rense the valve stem scals.

Removing valve spring

Removing valve stem



OVERHALL INSTRUCTIONS

Problem 5: Erratic idle speeds

{1) items to be checked for ahead

®  Maladjusied engine cantrol

® Wrong oil grade for weather conditions
®  Poor quality fuel

{2} Inspection procedure

Are valve clearance and injection timing correet? E> Make adjusiment to the clearance and timing.

1] ves

Is injection nozzle discharge pattern normal? No -
|:> Make adjusiment o the nozzles.

Is injection pressure constani?

.llY-:s
No Check valve, piston ring and cylinder head
Is compression pressure correct? E}

pgaskel

1L ves

Fuel injection pump is fauliy.




CYWERHAUL INSTRUCTIONS

Problem &: Low power or loss of power
{1) ltems to be checked for ahead

Stuck running parts

Wrong oil grade for weather conditions
Foor quality fuel

Clogged air cleancr

Restricted exhanst ling

Faulty power take—ofl

(2) Inspection procedure

Are valve clearance and injection timing correct? I:b Make adjustment Lo the clearance and liming.

HYES

Are fuel lines free from restriction? (Is fuel pump operating | No

Check fuel tank, fuel filter and fuel lines
Properly when starter switch is in ON position?) E}

J:L Yes No

Is povernor adjusiment comect? :> Make adjusiment to the nozzles

ve

Is injection nozzle discharge paltern normal? No "
E:} Make adjustment to the nozzles.

15 injection pressure constant?

ﬂ Yes
No

Is compression pressure correct? |::3 Check valve, piston ring and cylinder head gasket.

Llves



Fuel injection pump is faully.

OVERHAUL INSTRUCTIONS

3. Starting system troubleshooling
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OVERHALL INSTRUCTIONS
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OVERHAUL INSTRUCTION

BASIC PRECAUTIONS FOR DISASSEAIBLY AND ASSEMBLY

This scction outlines basic precautions
recommended by KUKIJE that should
always be observed.

1. Disassembly

(1) Always use tools that are in good condi-
tion and be sure you understand how to

use them belore performing any job.

(2) Use an overhaul stand or a work bench, if
necessary. Also, use bins to keep engine

parts in order of remowval.

(3) Parts must be resiored to their respective
componenis from which they were re-
moved at disassembly. This means that
all parts must be set aside scparately in
groups, cach marked for ils component, 5o
that the same combination or set can be

reproduced al assembly.

{4) Pay atiention 1o marks on assemblics,
components and parts for their positions
or directions. Put on marks, if necessary,
o aid assembly,

(5) Carefully check each pan or component

for any sign of faulty condition doring

removal or cleaning. The part will tell you
how it acted or what was abnormal about
it more accurately during removal or

cleaning.

(6) When lifting or carrying a parl oo heavy
or oo awkward for one person to handle,
get another person’s help and, il neces-

sary, use 4 jack or a hoist,

2. Assembly

(1) Wash all parts, except for il seals,
0-rings, rubber sheets, etc., with cleaning

solvent and dry them with pressure air.

(2) Always use wools that are in good condi-
tion and be sure you understand how to

use them before performing any job.

(3) Use only good-quality lubricants. Be sure
1o apply a coal of vil, grease or sealant lo

parts as specified.
{3)Be surc to use a lorque wrench Lo lighten
parts for which torques are specified.
{(#)Any time the engine is assembled, new

gaskets and O-rings must be installed.



~ DISASSEMBLY

PREPARATION FOR DISASSEMBLY
1. Engine oil draining
2. Coolant draining
ELECTRICAL SYSTEM
1. Starter
2. Alternator
COOLING SYSTEM
1.Cooling fan removal
2. Thermostal case removal
3.water pump assembly removal
FUEL SYSTEM
1.Fuel injection pipe remuval
2.Fuel injection nozzle removal
3.Governor assembly removal
4.Governor weight removal
5.Fuel injection pump removal
LUBRICATION SYSTEM
1. il filter removal
2 Pressure relief valve removal
3.0il pressure swilch removal
AIR INLET SYSTEM AND EXHAUST
SYSTEM
I. Exhaust manifold remowval

2. Air inlel cover remowval

CYLINDER HEAD AND VALVE
MECHANISM
1.Rocker shaft assembly removal
2.Rocker shaft disassembly
3. Cylinder head boll removal
4, Cylinder head assembly removal
S.wvalve and valve spring removal

Govalve stem seal removal

TIMING GEARS AND FLYWHEEL

1. Flywhee!l removal

2. Rear plate removal

3. 0il seal case removal

4. Crankshafl pulley removal

5. Timing gear case removal

6. Timing gear backlash measurement

7. Idler gear removal

&, Oil pan removal

9. 0il screen remowval
CRANKSHAFT, PISTONS AND
CONNECTING ROD

L. Thrust clearance measurement for

connecling rod hig end

2. Connecting rod cap removal

3. Piston removal

4, End play measurement for crankshaft

5. Main bearing cap remowvil

6. Crankshafl removal

7. Piston separation from connecling

rod

8. Removal cylinder liner
CAMSHALT, TAPPET AND OILL PUMP

1. Camshafl removal

2. Tappel removal

3. Oil pump removal{when required)



DISASSEMELY

PREPARATION FOR DISASSEMBLY

1. Engine oil draining

Remove the drain plug from the bottom of the

oil pan and allow the oil to drain.

Refill capacities |

| (high level excl

| 115 liter (0013
115 galy of oil
in ol filter. liter
(LS, gal)

ITRAL-ATC

G l{l.aly

FTYOL-ATC

ATUOLT-ATC

6.1 (161)

7.5 (1.98)

(A\ WARNING|

Draining engine Oil

| contact skim.

Hot oil and compuncnt can cawse personal
injury. Do not allow hot oil or componeins to

2. Coolant draining

Loose the drain plug on the gl side of the

cylinder bleck and allow the coolant to drain.

Refill capacitics,
Liter (L5, paly

ITRIL- | 4.5¢
ATC (1.1%)
3T90L- 4.5¢
ATC | (L1W
FTUOLT- | 4.5¢
[aTC |19y

| Excludin I

radiamor

Draining conlant




DISASSEMBLY

ELECTRICAL SYSTEM

1. Starter

1.1. Testing before disassembly

(1) Clearance between pinion and housing
{(pinion clearance)

(a) Connect the starter to a 12 volt battery
as shown in the illustration to cause the
pinion to shift into cranking position and
remain there.

/N\CAUTION

Due io the amount of current being passed
through the solenoid series winding, this test
must be made within 10 seconds

(b} Push the pinion loward the commutator
end by hand to measure its free move-
ment [ pinion clearance ).

{t) The pinion clearance must be 0.5 10 2.0
mm (0.020 to 0,079 in.). If the clearance
is out of this range, make an adjustment
to it by adding or removing the packings
on the magnetic switch. Adding the
packings will deerease the clearance.

(2} No-load characteristics
(1) Connect the starter 1o a 12 voll batlery
With an ammeter capable of indicating
several hundred amperes as shown in
the illustralion,

{b) Close the switch to make sure the punion
shifts into cranking position properly
and the starter runs at speeds higher than
is specified. 1f the current draw and/or
aperaling speed is out of the standard,
disassemble the starter [or inspection
and repairs.

Pashinpinion I

?ﬁ.in?n 10 007 in.) (2volts) St

Connections for measuring pinion clearance

Connections for testing no-load characteristics




DISASSEMBLY

/N CAUTION

a) The size of wires used for this test must be
as large as possible. Tighlen the lerminals
securely,

k) This starter has a reduction gear, Do ol
confuse pear noise with some abnormal noise
clse,

¢) When measuring the starter speed at the
end of the pinion, be ready for accident
| shifting of the pinion.

(3) Magnetic switch
(a) Disconnect Lthe connector from the M
terminal ol the magnetic switch.
{(b)Connect the magnetic swilch 1o a 12 volt
battery with a switch as shown in the
illustration to test the pull-in coil. Close
the switch to see if the pinion shifts. If
the piston fails 1o shift, the magnetic
switch s faulty.

(/A\cauTion)

Due to the amount of current being passed
Through the solenoid series winding, this test
_must be made within 10 seconds.

(c) Connect the magnetic switch toa 12 wolt
battery wilh a swilch as shown in the
illustration to 1es1 the hold-in coil. Close
the switch and pull the pinion away from
the commultator ¢nd by hand, Release
the pinion to see if it remains there, If
the pinion refurns, the magnetic swiich

is fauliy,
/N CAUTION]

True 1o the amount of current being passed
Through the solenoid serics winding, this test
_musl be made within 10 seconds.

Connections for testing hold-in cwil




DISASSEMBLY

(dy Connect the mzpnetic to o 12 voll batlery
with a switch az shown in the illustration
o make a pinmon reiumn test. Close the
switch and pull the pinion away from e
commutator cnd by hand. Release the
pinion to see i i relrns immedialely
when relcased. 11 the pinion fails o so
return. the magnetic switch is faulty,

Due 1o the amount of curren being passed
through the solenoid serics winding, (his test
must be made within 10 seconds,

1.2.Removal

{1) Disconnect the battery wires. Disconnect
the negative (=) wire firsL

{2y Disconnect wire (1) from the starier.

(3) Looscn bolis (2) (two) holding starier (3)
in position and remove the starler.

2. Alternator

1.1.Inspection before removal

The correct dingnosis of the charging system

requires a carclul inspection with the allernator

on the engine to determine whether or not i is

necessary 1o remove the alternator from the

enging for further inspection. The following .
chart, in which two tronbles are listed with Tfour

possible causes of each. will help locale the

cause of the trouble:

Voltage regulator seiting too high |

Ground return circuit defective

Wirng incorrect

Series resistor or winding open-

Adtemator
chuinge 1oo high

circuited )
Alternator drive belt looss

Moltage regulator setting 1oo low
Allernator outpul low

Brushes worn

Altemator giv
s shafpe

Conneclions for pinion refurn test

Removing starer

Alternator On engine
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2.2 Precautions for removal

Following is a list of basic precautions thal
should always he observed for removal;

(13 When installing the batlery, care must be
used the make sure the negative {-) terminal
is grounded,

(2) Do not use a megger (an instrument for
high resistance of electrical materials).

{(3) Disconncct the battery cables before
charging the battery.

{(4) Do not attempt to disconncel the lead from
the B terminal of the aliemalor when the
engine is running.

(5) Baltery vollage is being applied to the B
terminal of the alternator, Do not ground il.

{6) Do not short or ground the L terminal of the
altermator with a built-in 1C repulator,

{7) Do not blow a spray from the stecam cleaner

nozzle at the alternator.

2.3 Testing voltage setting

{1) Conncel the allernator 1o a 12 volt batlery
with an ammeler, a vollmeter and o swilch as
shown in the illustration,

(2) The voltmeter reading must be zero (0}
when the siarler switch is in OFF posilion, It
must be lower than the battery voltage when
the switch is in ON position (the engine will
not start).

{3) With one ammeter lead shorl-circwited, slart
the engine.

{4) Read the voltmeter when the ammeler
reading is below five amperes and the engine is
running at 1800 rpm and also at 2500 rpm with
all eleetrical Ioads turned off. The woltape
seiting  varics  with alernalor  temperature,
Generally, the higher the allemator lemperature,

the Tower the voltage selting.

_32_

Connections for wsting voltage selting

Item Standard
Voltage sctting
[at 20°C (68°F) | 145=03¥
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2.4 Testing output characteristics

{1) Disconnect the batery ground (negative)

cable.

{2) Connect one ammeter lead to the B terminal
of the altemnator and the other lead to the

positive terminal of the battery. Connect

one voltmeter lead to the B terminal and the

other lead 10 the ground.

{3) Connect the battery ground cable. Connections for testing output charcter
{4) Start the engine. istics (alternator with buil-in regulator)

{3) Turn on all electrical loads.

{6} Increase the engine speed. Measure the Guaruntee 120°C |64°F]
maximum output current at the specilied ﬂnlmge (]u.l.pllt Cum:ni_ | speed
alicrnator speed when the voltmeter reading | Hot Cold
. " 1A (174 | 1500mpm
i 13 valls, 13.5V A | (A0A) | 2500rpm.
| 454 (53A) | S00rpm |

2.5 Removal

{1} Disconnect the battery cables,

{1} Disconnect the lead from the B wrnunal of
the alternator.

(3} Digconnect (e conngoior from the allemi-
tor,

i4) Loosen the brace and support bolis, Move
the allemator toward the engine and

remove the drive belt.

{5y Remove the aliernater,

Removing alternator

Ay
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COOLING SYSTEM

1. Cooling fan removal
Hold the fan by one hand and remowve the four
Lolts that hold the fan in position. Remove the

G and spacers,

NOTE

Keep the spacers witl the fan for installation,

2. Thermostat case removal
Remeove the theanostnl case assembly contiu-

ning thermostat

3. Water pump assembly removal

Remove the water pump assembly,

oy
Fma AR A

it e i

Removing water pump assembly

e
e
-

'I&
e
I Qs
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FUEL SYSTEM

1. Fuel injection pipe removal

Dsconnect the fuel mjecuon pipe and fuel
leak-off pipe from the fuel injection
pump and nozzlcs.

Put plugs or caps on the opening of the
injection pump and nozzle connectors.

2. Fuel injection nozzle removal
Loosen the fuel injection nozzle with 3 wrench.
Remove the nozzles and gaskets (rom the
cylinder head.
| NOTE
Remove the gaskets from the cylinder head
with pa screwdriver or the like Discard
defective paskets.

3. Chamber Cover of fuel injection
pump removal

(1) Bemove the chamber cover of injection
pump.

(2) Remove the povernor spring.

Removing

chamber cover of fuel injection



DISASSEMBLY

4. Pin removal

Remove the pin engaged with fuel control rack

53 2 tan il

Removing the pin engaged with fuel contral
riack
5. Fuel injection pump removal

Remove the fuel injection pump.
[NOTE |

Keep a record of the thickness of shims for
installition

Removing rovernor assembly
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LUBRICATION SYSTEM

1. Qil filter removal

{1y Put container under the oil filter to catch the
oil.

{2 Remove the oil filter from the cylinder

block with a filter wrench,

2. Pressure relief valve removal
Remove the pressure relief valve from the

cylinder block.

3. Oil Pressure switch removal
Remove the oil pressure switch with Oal

Pressure Switch Socket Wrench.

Remaoving Oil Filter

Remaoving nil relief valve

Remuoving oil pressure switch
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AIR INLET SYSTEM AND EXHAUST SYSTEM

1. Exhaust manifold removal
Eemove the exhaust wmanifold from  the

cvlinder head.

2. Air inlet cover remaval
Remove the air inlet cover [rom the cvlinder

head.

Removing air inlet cover



DISASSEMBLY

CYLINDER HEAD AND VALVE MECHANISM

1. Rocker shaft assembly removal

{1) Remove the bolts that hold the rocker stays
in position and remove the rocker shafi
asscmbly,

{2y Remove the valve caps.

2. Rocker shaft disassembly
Pul identification on each rocker anm as (o its

location on rocker shafi.

3. Cylinder head bolt removal
Loosen the cylinder head bolis in two or three

steps in the sequence shown.

NOTE |

If any pans on the cylinder head are faulty,
check the cylinder head bolts for tightness

with a torque wrench before loosening them.

Disassembling rocker shaft assembly

Cylinder head bolt loosening sequence



OVERHAUL INSTRUCTIONS

Problem 4: Black exhaust smoke
{1}ltems Lo be checked for ahcad

® Clogped air cleaner

®  Poor quality fucl

{2)Inspection procedure

Are valve clearance and injection timing correet?

.D Yes

Mo

[s injection nowzele discharge pattern normal?

Is injection pressure correct ( not too high )7

B Yes

Make adjustment to the clearance and iming.

Make adjustment to the nozzles,

Is compression pressure correct? ‘:D Check valve, piston ring and cylinder head gasket.

Lves

Fuel injection pump is faully.
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(b)If the clearance still exceeds the limit
after new piston rings have been installed,

replace the piston.

(3) Clearance between ends of piston ring

Put the piston ring in a gauge or in the bore in a
new cylinder block and measure the clearance
between the ends of the ring with a fecler
gauge as shown in the illustration, If the
clearance excceds the limil, replace all the
rings.

Z
| O

Measuring clearance between ends

of piston ring

NOTE]
Put the pistom ring in the gauge or cylinder
sguarely with the piston.
Unit : mm {in.}
flem Standard Limit |
Clearance mg"“’“ (000787~ 0.0133)
Betwom  Tyeo s s |
Fads of p i A0 x
Compr 4
Fistan Ringp’mmu (0.016=0.022) (0.034)
% Ve 020
5 {0.0787~0016) ]

{4) Clearancc between piston pin and piston
Measure the diameter of the piston pin and the
bore in the piston for the pin as shown in the
illustration to {ind the clearance. If the
clearance exceeds the limiy, replace the piston
or pin whichever is badly worn.

Measuring piston pin and bore in

pizton for pin
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3. 0il seal case removal

Remove the bolts that hold the ol case in
position. Remove the case [rom the ovlinder

block with a screwdnver or the hke

Do not cause damage to the oil seal

Removing oil seal case

4. Crankshaft pulley removal

(13 Install two safcty bars (M12 5 1,25 ) into the
threaded holes in the rear end of the
crankshaft . Put a bar between the safety bars
to hold the crankshafi to prevent it from

rolatng.

{2} Remove the crankshaft pulley.

(/A WARNING )

Removing crankshaft pulley

When removing the cramkshaft pulley, be
preparcd o stop the job in casc the ba

slips off the crankshaft to prevent in jury

5. Timing gear case removal
Hemove the bolts that hold the tming pear case

in position aond remove the case

The front plate 15 bolied mside the nmimn

pear case. Do not attempt to remove tha

plate along with the (iming gear ciase by

tapping Removing timing mear case

—-49-
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6. Timing gear backlash measurement

Measure the bucklash of cach gear and keep a record of it
for correct installation. Replace the gears if the backlash
exceeds the limil,

Uit = oom (i)

Item Standard Limit

Crankshalt gear
And idler gear

Idler gear and 00410012

camshaft gear
0,00 16--0,0047
ldler gear and fuel ( )

injection pump .
camshaft gear 0.30
Fucl injection ~| (U011E)
pump camshafi 0,070 200 Mceasuring timing gear backlash
gear and oil (0.0028~1.0079)
prump gear
Camshail gear and | png-0.19

PTC) pear (0.0028-0.0075)

Timing pear hacklash

7. Idler gear removal
Remove the idler gear. rotate the gear in g direction of

the helix of the testh to pull it out of mesh

Removinge idle pear

8. (il pan removal
{13 Tumn thz enging upside down
{2)Tap the bottom comers of the oil pan with a plastic

hammer to remove the oil pan

Removing Oil pan.
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9. 0il screen removal
Loosen the nut that holds the oil screen in position and

remove the screen.

Remaoving Qil strainer
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CRANKAHFT, PISTON AND CONNECTING ROD

1. Thrust clearance measurement for
connecting rod big end

Measure the thrust clearance with a feeler gauge.

If the clsarance exceeds the limit, replace the

connscting rod.
Unit - mm (in)

liem Standard | Limil
Thrst I
clearamce  lor .1 1o .35 1).51)

commecting  rodd | (L0039 1o U 38) | (0.0197)

big cnd

2. Connecting rod cap removal

(1} Lay the cvlinder block on its side

(2} Put identification on each connecting rod and
cap combimalion as lo its location in the
cngine

(3) Remove the caps.

3. Piston remowal

(1) Tum the crankshalt until the piston s al lop
center

{2) Push the piston and connecling rod away
from the crankshafl with the handle of a
hammer or the like until the pision nngs are
above the cylinder. Remove the pision and
connecting rod. Do Steps (1) and {2) for the

removal of the other pistons.

Removing connecting md cap

_lm_

Removing piston
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4. End play measurement for crankshaft
Sct a dial indicator so that it will touch the end of the
crankshaft and measurc the end play. I the end play

gxceed the limit, replace No.3 flanged bearing

Unit : mm {in.)
End play for|  0.050 to 0.500 0500
crankshaft GO.00197 (o 00008 | { 0.01906Y)

end play

5.Main bearing cap removal

(1) Lay the cylinder block with its bottom (Ol
pan )side up

{2) Remove the bolis that hold the main beanng caps
in position. Remove the caps

{3) Remove the front and rear beanng caps with a

sliding hammer

6. Crankshaft remowval
Bemove the crankshaft

Do nol cause damage to the bearing J

[ NOTE |

Pui identification on cach main bearin

as o its location in the engine

7. Piston separation from connecting rod

Removing main bearing cap

Removing piston pin
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8.Removal cylinder liner
1) Install liner uninstaller o cylinder block
2) Remove cylinder liner

3) Remover Oil ring
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CAMSHAFT, TAPPET AND OIL PUMP

1. Camshaft removal
{1} Remove the bolts that hold the thrust plate.

{2) Pull the camshaft out of the cylinder block.

1. Tappet removal

Remove appeats.

3. Oil pump removal ( when required )
Remove the bolis that hold the oil pump to the

cylinder block and remove the pump,

Removing camshaft

Removing Ol pump
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CYLINDER HEAD AND VALVE MECHANISM
1. Cylinder head

2. Rocker arms and rocker shaft

3. Valve spring

4. Valve push rods

5. Valves, valve guide and valve scats

6. Combustion jel replacement

TIMING GEARS AND FLYWHEEL
1. Camshall

2. Fuel injection pump camshaflt

3. Tapputs

4, Idler gear

5. Flywheel and ring gear

CYLINDER BLOCK, CRANKSIIAFT, PISTONS AND OIL PAN
1. Pistons, Piston Rings and Piston Pins

2. Connecling rods

3. Crankshall

4, Cylinder block
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CYLINDER HEAD VALVE MECHAISM

1. Cylinder head

Using a heavy accurate straight cdge and a feeler gange. check
the bottom face for warpage in tree positions Lengthwase, two
crosswise and two widthwise as shown in the illusteation . 1F
warpage exceeds the limit | reface the bottom face with a

surface grinder,

Unit . mm {in,)
[ Ttem Standard | Limit |

Warpage of cylinder :
\\]il:.'lli WA i 00300, 2) .ﬂ_lﬁ (010039

Checking evlinder head bottom face fo

wilrpage

2. Rocker arms and rocker shaft

Measure the bore in the rocker arm for the rocker shaft and the
diameter of the rocker shaft 1o find the clearance between the
arm and shaft IF the clearance has reached the limi, replace the

rocker arm . I i1 excecds the limit, replace both arm and shall

Unit ; mm {in.)

ltem Standard Limit
Bore in rocker Lin2 TE ] _
arm for shall 17 0 { 20.67 i )

Dinmecter of A AN MG

A G7 ; -
shaftforarm | O aoss (POOT oy )
Clearance

DotG=00l14

between rocker u
arm and shan | (000063 —0.0021)

Measuring rocker arm and rocker shaft

3. Valve springs

Check the squareness and free lengih. 1 the squareness andlor free

lenigth exeeeds the limit, replace the spring,
Unit : mm (in.) Squareness
Tiem I Standard Limit
Free length L4015 -
Squarengss L5%mus | -
Length under test | Free length
o =z force: 33.25(73.3) | 13.235 (33.63)
= — ¥
3% [326.18] )
B Lengih under test
ot I forco:23.5(51.80) 3T 208221 .
I [2 30,54 TE._"H“’.{ valve spring

._5[':]...
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4. Valve push rods

Using V-blocks and a dial indicator, check for bend. If

the bend exceeds the limit, replace the push rod.

Unit : mm {in.)

ltem Limit
Bend (dial indicator reading )
Max (0,25 (00098
of valve push rod = - ( :

5. Valves, valve guides and valve seats

(1) Diameter of valve stem

Measure the diameter of the valve stem as shown in the

illustration. If the stem is wom beyond the limit |, or if it

is abnormally worn, replace the valve

Unil : mm {in.)

]

Checking bend of valve push rod

ltem Standard Limit
[
G Inlet 0,030 L0012
Bl valve D poa (P2 gome !
53
29l g 1030 0.0012
E ¥| Exhaust BT .
E 'E Valve DE 00 {¢rﬂ'32 U016 J

(2} Clearance between valve siem and valve guide

The valve guide wears more rapidly at its both ends than at

any other parts. Measure the bore in the guide for the stem at

its ends with an inside micromeler caliper (o find the clearance

between the stem and guide. If the clearance exceeds the limit,

replace the guide or valve whichever is badly worn.

Unit : mm (in.)

Item Standard Limit
Cleitunis Inlet 0,040 ~10.065 0.15 (0.0059)
BT valve {0.0006~0.0026)
valve slem R i I
and  wvalve | Exhaust | 0.045 - 0L070

; (115 (L0059
puide valve | (0.0015--0.0028) ( )

Measuring valve stem

Measuring valve guide
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(3) Valve guide replacement
{a) Remove the guide from the cylinder head by pushing it E E
: ; +H
with a tool and an arbor press from the bottom side of Valve guide Eﬁﬁ
2esy -
the head . £
Cylinder head o
{b) Install a new puide into the cylinder head by pushing it N
- : ; % 1§ =€
with an arbor press from the upper side of the head until
the specified height to the top of the guide is obtained. \
{c) Insert a new valve into the puide and make sure the valve
slides in the guide freely Height to top of valve guide

(d) Adfter the valve guide has been replaced. Cheek the valve

contact with its seat
(4) Valves
{a) Put 2 small amount of Prussian blue or read lead on the
valve face. Hold the wvalve with a valve lapping tool
{ commercially available ) and press it against the seat to

check its contact.

{b) The width of contact must be uniform all the way around

both seat valve . If the contact 15 bad, reface the valve

and seat

{c) Tf the valve margin (valve lip thickness)

Exceeds the limit, replace the valve
Unil : mm (in.)

Standard
[tem JTSAL- | JTOOL- | 3THL | Limit
AlC ATC | T-ATC
intet | 11 L1 | 1.3
Valve margin | | [1045) | @085 | 061) | 0.5
(lip thickness) | Exh- | 1.1 1.1 L0 | (0020
aust | (00433) | (0.0433) | (0.03%4)

(d) If the valve sinkape (the dimension from the top of a Valve and valve scat contact
closed wvalve w the lace of cylinder head) exceeds the

limit, recondition the valve scat or replace the cylinder

head assembly Vel & o .
Unit : mm {in.)
Standard x = 4
[tem 3T84L- | 3T90L- | 3T90LT- | Limit 7l
ATC ATC ATC
Valve sinkage | [, . 0.65 | 0.65 0.56
{dimension from {0.0256) | {0026y | 002y | 1.5
topof closed valve {0.03%)
to face of head) Exh- | 0.65 (.65 0.75
gust | {0.0236) | {0.0236) | {0.0205) Valve margin and sinkage

_52_
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(5) Valve refacing
(a) Set the valve refacer at an angle of 45° and grind the
valve
(1) The valve margin must be not less than the limit. 1f the
margin seems to be less than the limit when the valve is
refaced, replace the valve
(6) Valve seat refacing
{a) Before refcing the valve seat, check the clearance
between the valve and guide, and replace the guide
if necessary.
(b) Cut the valve scal with a valve scal culler
(commercially available), or grind it with a valve
seat grinder, and finish the width of valve seat and

angle of seat face to the correct values.

Unit: mm {in.}

Refucing valve face

Posi |— Standard =]
Item o 3TR4L- ITL- ATHLT-
M ATC ATC ATC
Angle Inlet A 45° 45 al”
of seat T & o
| face Exhaust B 45 45 4.5
Width Inlet C .12 212 1.73
of (0.084) | (0.084) | (0.068)
valve . 2.12 212 2.12
seat | st ] € ) ooz | 0os) | (0.084) |

(c) After refacing the valve scat, put lapping compound
on the valve  face and lap the valve in the valve seat.
(FyValve lapping
Be sure to lap the valves in the seats afler refacing or
replacing the valves or valve seats.
{a) Put a small amount of lapping compound on the valve

face

| NOTE

a) Do not put lapping compound on the valve

b) Use a lapping compound of 120 1o 150 mesh for
initial lapping and o compound of liner than 200
mesh for finish kipping-

c) Mixing the compound with a small amount of
engine oil will help put the compound on the valve

face unilormly

=h3=

Lapping valve in seat
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(h) Using a lapping tool, hold the valve aganst the seat
and rotate it only a part of a turn, then raise the valve off
its seal, rotating i tp a new position. Press the valve
against the scal [or another part of a turn. Repeat this
operation until the compound wears and loses its cutting
property.

{c) Wash the valve and wvalve scat with dry cleaning
solvenl

(d) Apply engine il to the valve and fap it in the seat.

(2) Check the valve face for contact.

6. Combustion jet replacement

Replace the combustion jets only when they are cracked or

defective.

(1) To remove the jet, insert a 6mm(0.24 in) diameter
round bar through the bore in the cylinder head for the
glow plug and tap around the jet.

(2) To install a new jet, put the jet in position in the head
with its tangential orifice in alignment with the center

of the main chamber and tap it with a plastic hammer.

Installing combustion jet
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I. Camshaft

(1) Clearance between journal and bushing
Measure the diameter of the journal and the
bore in the bushing for the shaft o find the
clearance as shown in the illustration. Il the
clearance  exceeds the limil, replace the
bushing.

Unit : mm (in.}

Ticm Standard S

Clearance between camshaft | 0.05~—-0.100
journal and bushing (0.002 - 0.004)

{2) Bushing replacement

Use Camshaft Bushing Installer (8T332340)

(special tool) for camshafl bushing replace-

ment.

(a) Remaowval

Remove the oil pan. Using a “remover”
end of the Installer, push out the bushing
into the cylinder block. Crush and lake
out the bushing from the block.

(b) Installation
Install & new bushing in posilion with ils
il holes in alignment with those of the oil

gallery.

Measuring camshaft journal

Fromt of cylmder Camchall
block

=

Carnshafi Bushing
Ensualler

Removing camshaft bushing

1 mm (&4 in.)

Installing camshaft bushing
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(3) Lobe lift

Measure the lobe height and base circle as
shown in the {lustration. Subtract the base
circle from the lobe height to find the lobe life.
If the lobe lift exceeds the limil, replace the

camnshaft.
Unit : mm (in.}
Ttem Standard Limil
Lobe heightof | 38.63
Camshaft {152) )

2. Fuel injection pump camshaft

Measure the lobe height and base circle as
shown in the illustration. Subiract the base
circle from the lobe height o find the lobe life.
If the lobe Iifl cxceeds the limil, replace the

camshafl
Unil : mm (in.)
ltem Standard | Limit |
Lobe height of fuel 15
Injection pump 3 -
Camshali (1.38)
3. Tappets

(1) Cam contact face
Check the cam contact face of cach tappet for
abnormal wear. Replace the tappet if the face

is defective.

(2) Clearance between tappet and cylinder
block

Mecasure the diameter of the tappet and the

bore in the cylinder block for the tappel o

lind the clearance. If the clearance exceeds

the limit, replace the tappet.

Unit : mm (in.)

Ttem __Standard
Clearance belween appet | 0,006~ 0035
And cylinder block (0.00024 ~ 0.0014)

Cam height

Mcasuring lobe height of camshaft and fuel injection

pump camshafi

Cam contact face of thppet

(Measuring the lappel outside diameter)

-bi-
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4. Idle gear

(1) Clearance between idler gear and shaft
Measure the bore in the idler gear for the shaft
and the diameter of the shafi to find the
clearance. If the clearance exceeds the limil

replace the gear or shaft whichever 13 badly

Measuring idler genr and shaft

worn.
Unil : mm (in.}
licm Standard Limit
Clearange between Os~0.16 0.3
Idler gear and sl_uﬁ (0.0032 ~ 0.0063) (n.01z)
{2} Idler shaft replacement

Install a new idler shaft to the eylinder block
so that its dimension from the face of the
block is 26.5=0.5 mm (1.043=0.020 in_).

5. Flywheel and ring gear
(1) Flamess (difference between lower and
higher measurements} of Mywheel

Put the flywheel on the surface plate. Set a
dial indicator at one side of the friction (clutch
contact) face and move il over to the opposite
side of the face as shown in the illustration o
find the Natness. If the flatness exceeds the

limiL grind the face.

Unit : mun (in.)

296 S+ S rerrrs
€104 30 02D 1)

Idler shaft dimension

Measuriog flywheel flntness

[ lem Standard Limit

Flatness of L1 (0.005 9) .50
Flywheel maximum (0.019 7
(2) Rinp gear replacement

Check the ring gear and replace it if ils teeth
are abnormally wom or chipped.
(a) Remowval
Heat the nng gear evenly with an
acetylene torch, Tap the ring gear all the
way around with a bar and a hammer as
shown in the illustration to remove it

from the Oywheel.

Removing ring gear
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(b} Installation
Heat & new ring gear up o 4 lemperature
of 150°C (302°F) with a piston heater
and install it to the (ywheel with its

unchamfered side foremost,
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CYLINDER BLOCK, CRANKSHAFT, PISTON AND OIL PAN

1. Pistons, Piston Rings and Piston Pins

(1) Diameter of piston
Measure the diameter of the piston ai its skirt

in a direction transverse to the piston pin with

a micrometer as shown in the illustration. IF
the diameter exceeds the limit, replace the
piston. Select a new piston so thal the
difference between average weight of all

pistons in one engine does not exceed the

standard.
Unit : mm {in.}
= Mcasuring diameter of piston
Item Standard Limit
IT8L | ©B3.915- GR3I005
-ATC (B3.3037 - $3.3033)
Diarneter ITHL T1.80
Of piston Alma. | ATC B0 035~ ME9.925 | (3.0630)
YI90LT- | (©35407~ 35403}
ATC
No. 1 compression ring clearance
- No. 7 compressico
{2) Clearance between piston ring and groove ring clearance

{a) Measure the clearance belween the -

groove and piston with a siraight edge

] -7- — 7—
and a [feeler pauge as shown in the / /
illustration. If the clearance exceeds the / /
limit, replace the ring. i / A

Unit : mm (in.)

N — Limit Measuring clearance between piston
No. | compression 007011 030 ring and groave
Ring (0.0028~ 0.0043) (0.011 8)
No. 2 COMpression 004008 020
Ring 0.0016~ 00031} {00007 9)
e D03~ 007 (.20
Oil ring (0.0012—-0.0028) (0.007 9)
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TIMING GEARS AND FLYWHEEL

1. Flywheel removal
{13 have someone hold the crankshaft pulley
with a wrench to prevent the flviwhesl from

rotating

(2) Remove ome of the bolis that held the

flywheel in position.

(/A WARNING |

Always sipnal each other to prevent

possible personal injury

(3) Install a safety bar (MI2 x 123 ) into the
treaded hole in the flywheel from which the
bolt was removed in Step(2). Remove the

remaining bolts.

{4} Hold the flywheel by hands and withdraw i
from the crankshaft, Jogeling the flywheel

back and forth will Geilitate removal

(/A WARNING |

When removing the fly wheel, wea

heavy gloves to avoid hand injury

2. Rear plate removal
The rear plate is doweled in position. Pull the

plate as straight as possible when removing it

o e o
el

i

Removing rear plate
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Unit : mm {i.n,_]l

[ ltem Standard Limit
Diameter of | 4
Piston pin 30 4,019 (PLIE o onss -
Clearance
Between 0.025—-0.047 1TH
Fiston pin and {0.00098 — .00 123) {0003
Fislon =

2. Connecting rods

Check the connecting rod for bend or twist as

follows:
(a) Measure “C” and 1" If “C” exceeds 0.05
miw1 (0.0020 in.)y per 100 mm (3.94 in.) of

“1,” straighten the connecting rod with a

press.
Unit : mm (in.}
Item Standard Limit
1 0057 KD ’
Bend or vwist of D15/ 1040
Conneeting rod ﬁﬁisﬁw} (00,0005 9/3.94)

{b) Generally, a connecling rod aligner is used
w check the connecting rod for bend or

sl

NOTE

Ta check the rod for bend, install the cap
the connecting rod and tighten the cap nuls o
the specified torque.

{¢) To check the connecting rod fittled Lo the
piston for bend, put the connecting rod and
piston on the surface plate as shown in the
illustration, inscrt & round bar having a
diameter equal Lo that of the crankpin into
the bore in the big end of the rod and
measure A" and “B" with a dial indicator,
Subtract “A"” rom “B" to find the bend

{("C7).

Unit: e (in)
C__ ons@oam)
T W0
c
3 [
. C 005 M0
Pisenpo § 5 < posn c#%
Towist
Bend

Checking connecting rod for bend or

twist

Checking connecting rod on a connecting

rod aligner

wrrt
v

W
)

Checking connecting rod for bend

with a dial Indicator
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3. Crankshaft

(1) Clearance between crankpin and connect-

ing rod bearing

{a) Install the bearing (upper and lower
halves) and cap to the hig cnd of the
connecting rod and tghlen the cap nots Lo
the specificd wrgue. Measure the bore in
the bearing for crankpin as shown in the

illustration.

Tightening torque

6.520.25 kgl'm
(47.01=1.811b[0)
[63.74=2 45M-m]|

{b) Measure the diameter of the crankpin as
illustration w find the

shown in the

clearance  belween
connecting rod bearing.

the crankpin  and

Unit : mm (in.)

Measuring bore in connecling rod bearing

Liem

Standard

Limit

Cameter of
crankpin hi2
{standard)

036
L4050

10014

(92.05 100197 )

Clearance

rankpin ard
comecting rod
Iseasing

between 0,036~ 0.095
(0.0014~0.00374)

.13
(0.005%)

{c) If the clearance exceeds the limit, install a
new bearing and check the clearance again.

Measuring diameter of ecrankpin
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{2} Clearance between journal and main bearing
{a) [nstall the main bearing (upper and lower halves) o .\\"\
and cap lo the cylinder block and tighten the cap ﬁf i
holts to the specified torque. Measure the bore in

the beating for the journal as shown in the

illustration.
. ™ —
- 16 = 1.0 kgl*m 1 i
Tightening lorque (115.7327.231bl-1Y) [ 1
[156.9129.81N-m] Craokpin filler radius

(byMeasure the diamcter of the journal as
shown in the illustration o find the
clearance between the jourmal and main
bearing.

Unit : mm {in.)
llem Standard Limit

Criameter of g

journal o0 ﬂ; (@27 ﬂ:; i —

{standard) -

Clearance

between 0.076~0.085 0.L0e

journal and (0.00249 - 0.00374) {0.003 54)

main bearing

(c) U the clearance exceeds the limit, install a

new bearing and check the clearance again,

Measuring diameter of journal

INSPRECTION



(2) Runout

Support the crankshall on its front and rear
journals in V-blocks or in a lathe and check
runoul at the center journal with a dial indicator
us shown in the illustration. Depending on the
gmount of runout, repair the crankshafl by
grinding or by straighlening with a press, If
runoul exceeds the limil, replace the crankshaft.

Unit : mm (in.)

- \ -

ut,

licm Standard Limit
Crankshaft runout 0025 (.05
(0.000 98) (0,002 (1)

(4) Crankshafl gear removal
Use a gear puller to remove the gear from the
crankshafit.

NOTE

Do not remove the gear unless the gear or
crankshall is delective.

Journal fillet radios

Bend

Defeclion
Dial gauge

(s
TLIL

T

=

W-block

Checking crankshaft runout

&
z

—

Removing crankshaft gear
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(5} Crankshall gear insiallation
{a) Install the key in posilion on the crankshaft.
{b}Install the gear in posilion with its keyway
in alipnment with the key as shown in the

illustration.

4. Cylinder block

(1) Bore {Liner)

Measure the bore al the lop, middle and bottom
poinls on axes A and B with a cylinder bore
gauge a5 shown in the illustration. If any onc of
the eylinders excceds the limil, hone out all the
bores for oversize pistons

Unil : mm (in.)

Piston and piston ring Bore
Size 5iZ¢ | giandard | Limit
code
MEL.020
IT84L | ~®84.010 | Standard:
-ATC (©3.308 :lﬂ]'%ms
S ~@3.307) | (+0.008)
3AT90L | @90.020
-ATC ~—$50.010
ITYOLT {P3.54
-ATC | —d3.543)
Taper and oul-of- 0.01 {0,000 4) .
Round MAXIIm
(2) Warpage of top face

Using a heavy accurate straight edge and a
feeler pauge, check the top face for warpage in
two positions lengthwise, wo crosswise and
two widthwise as shown in the illustration. If
warpage exceeds the limit, reface the wop face

with a surface grinder.

/N CAUTION

The maximum permissible amount of slock to
be removed [rom the cylinder head and block
by prinding is (.2 mm (0308 in.) in lotal.

Measuring bore in cylinder block

Checking cylinder block top face for warpage




ASSEMBLY

CRANKSHAFT, GEAR AND OIL PAN
1. Fromt plate installation

2. Muain bearing inslallation
3. Crankshaft installation

4, Main bearing cap installation

5. Cumshafl and tappet installation
6. Piston assembling toy connecting rod

7. Piston ring installation
8. Piston and connecting rod installation
9, Connecting rod cap installation

10. Idle gear and hydraulic oil pump gear
installation

11. Governor weight installation

12. Ol pump installation

13. Governor lever and sleeve installation

14. Timing gear case installation

15. Crankshall pulley nut tightening,

16. Oil screen installation

17. Ol pan installation

F4. Ol seal case installation

19. Rear plate (or mount flange) installation

200, Flywheel installation

CYLINDER HEAD, FUEL INIECTION
PUMP AND ACCESARRY
1. Cylinder head botom face cleaning

d

. Valve stem seal installation

3. Valve spring inslallation

4, Cylinder head gasket installation
5. Cylinder head installation

&, Cylinder head bolt tightening

7. Valve push rod installation
8, Rocker shalt assemhbling
9, Rocker shalt assembly instullation
1) Valve elearance adjustment
11. Cylinder head cover installation

AIR INLET SYSTEM AND EXHAUST
SYSTEM

1. Air inlet cover installation

2, Exhaust manifold installation

FUEL SYSTEM
1. Fuel injection nozzle installation

2. Fuel injection pump installation

3. High pressure pipe installalion

LIUBRICATION SYSTEM
l. Pressure relief valve inswallation

2. Ol filier installation

3. il pressure switch installation

COOLING SYSTEM

1, Water pump installation

Fed

. Thermostat mstallation

. Cooling [an installation

=

. Thermoswitch and thermounit
combination installation

ELECTRICAL SYSTEM
1. Glow plug installatinn

2. Alternator installation
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CRANKSHAFT, PISTON, GEAR CASE AND OIL PAN

1. Front plate installation

(1) Scrupe the gasket from the cylinder block
and fromt plae,

() Coat the gaskel contact surface of eylinder
block with adhesive and put a new gaskel
position, 1aking sure the holes in the gasket
are all in alipnmen with the holes i the
eylinder block.

(3) Put the [ront plate in position, Install four

bolts and tighlen them,

2. Main bearing installation

{1} lnstall the upper lalves of the  main
bearings in the eylinder block and the lower
halves in the main bearing caps so 1heir (abs
fit into the notches in the cylimder block and

the main beatring cips,

(23 Tt the Manged bearing in the No, 3

journal,

(33 Ligltlv lubricaie the mside surfaces ol the

bearings witl engine ml.

3. Crankshaft installation
(13 Clesn the crankshaft with cleaming solvent

and blow dry with compressed air

(21 Fasten a hoist 1o the crankshaft and hold o

in lhorizontal position. Carefully put the

crankshuaft in position in the cylinder block.

Installing crankshafl

(31 Liginly Jubricate the crnkshalt jowrnals

will cogine oil.

ST
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4. Main bearing cap installation

(1) Cosat the maling surlaces of the rear bearing
cap and eylinder block with Three Bond
1212,

{2) Install the main bearing caps in position,
Muke sure the number {arrow head) on the
erin bearing cap is oward the fronl of the

crping.

(3} Tighten the main bearing cap bolls (inger

tight only.

(/A cauTiON)

Install the front and rear thrst
bearing .

(4) Tighten the bolts holding the main bearing

caps in steps to the specificd torgue.

b1 kaf-m
Tightening torque (115.73=7.23 |hi-1)
[156.9129.81 N-m]

Imstalling main bearing caps

Main bearng rgtal -— —_@9
Thrust metal [fywheel zide) 77":\

bqun beanng cap (basic)

Main baaring bolt

Thirust metal (gear 54d\=_-]
Maan beaning c.ap

Installing with thrust metal

Tightening bolts holding main beanng cap
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(5) Make sure the crankshaft rotates freely

without binding or catching,

{(6) Mcasure the end play for the crankshaft.
Make reference to “End play measurement
for crankshaft™ (page 42). If the end play is
incorrect, loosen the bolts halding the main

bearing caps once and tighten them again.

5. Installation of Camshaft and tappet
{1}Lubricale the lappets with engine oil
{(2}Insert the tappets in cylinder

(3)Lubricate the lobes and journals with ¢ngine

oil.

{4)Pul the camshaft (with gear) in position in
the cylinder black

(/A\CAUTION)

Do not cause damage 1o the lobes and
journals when camshall is installed,

(3) Align the timing mark on the camshaft pear
and crankshaft gear

Meusuring the cnd play for the crankshafl

ing camshaft

Align thee timing mark on the year
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(6) Tighten the bolis that hold the thrust plate
to the specified torque.

1.1 = 0.1kgf-m
Tightening lorque | (7.96 = (1,72 Ibi-Rt)
[10.79 = 0.98N'm]

{7) Make surc the camshaft rotates frecly.

Check the end play for the camshaft.

6. Piston assembling to connecting rod

(1) Coat piston pin hole of piston and connec-
ting rod with Oil .

{2) Install piston pin through piston hole and
connecting rod.

(3) Install clip on groove of piston hole in both

side

7. Piston ring installation
(1) Using a piston ring pliers, install the piston

rings on the piston,

NOTE

a)The piston rings must be installed with
the side that has the mark “Y" toward the
top of Lhe piston,

b}The oil ring must he installed with the
ring end gap 1807 apart from the coil
spring joint.

¢)The rings may be installed with cach
other end gap 1207 .

Installing stopper

Installing piston pin

Mark 1o be up

No. 1 -
P
g il -

N

sion ring

[OICE

Installing piston ring
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Cgil spring joint

Assembling Oil ring

8. Piston and connecting rod installation

{1) Lubricate the piston and piston rings with
engine oil.

{2) Move the piston rings on the piston so thal
the cnd gaps are apart {rom a direction
parallel to, or transverse 1o, the piston pin.

{(3) Install the connecting rod bearing (upper
half) to the rod, making sure the tab in the
huck of the Bearing is in the notch of the
connecting red,

{4) Turn the crankshalt umil the crankpin for
the piston and connecting rod W be installed
is at the lop center.

{5y llold the piston and connccling rod with
SFRONT™ mark (arrow head) on the top of
the piston toward the front (timing peat
case side) of the engine.

(6) Using a piston  goide  (commercially
svailable), put the piston and connecting
rod into the cylinder from the wop of the

cylinder block.

Insialling rings with interval

PISTON ]

Cylind
Hood

Installing piston assembly to cylinder block

Moiwches

Cylinder number

Installing connecting rod cap
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(/A CAUTION)

o not hit the piston with a hammer Lo install
the piston and connecting rod. This will put
force on the piston and connecting rod and
cause damage (o the piston rings and
crankpin.

9. Connecting rod cap installation

(1} Push the piston into position until the big
end of the connecting rod is pul inw
position over the crankpin. Then twren the
crankshaft 180" while pushing on the top of

thi piston.

{2y Install the lower halfl of the connecting rod
bearing in the connecting rod cap, making
sure the tab in the back of the bearing is in

the notch of the cap.

{37 Install the bearing cap o the connecting rod,

f a) Make sure thal nummber on the cap is the

| same as the number on the connecting rod.

! b} In case of 8 new connecting rod having no
cylinder number, install the cap to the fod
with the notches on the same side.

{4) Tighten the connecting rod cap nuts in sleps
to the specified torque.

6.5 = (L. 25kgl-m
Tightening torquc (47.01 = 1B 1bi-I1)
[63.74 = 2.45 N-m]_

(3} Check the thrust clearance for the connccting

rod hig end.

Check the trust clearance
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10. ldler gear and hydraulic (il pump

gear installation

(1) Lubricate the idler gear with engine oil.

{2} Install the idler gear.

{3) Install the hydraulic Oil pump pear.

{4) Check - the backlash of the gears. Make
reference o “liming  pear  backlash

measurement.”

11. Governor weight installation

12. Oil pump installation

{1y Make sure the packing has been pul in
posilion on the oil pump.

(23 Put the oil pump in position an the cylinder
block. Insiall three bolis and tighlen them
evenly.

{3) Make sure the oil pump gear rotates freely.

Assemble Tdle pear

Installing oil pump

anid eear
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13. Governor lever and sleeve installation
1y Assemble governor lever, shaft and springs
2y Install povernor lever assembly Lo gear case.

3)  Install the sleeve of povernor Lo weight

14. Timing gear case installation
{1) Coan the gasket with adhcsive and put it in

position on the front plate.

(2) Tighwn the bolls that hold the timing gear

Case.

15. Crankshaft pulley nut tightening

(1) Install two bolts (M12x1.25) in the fywheel
balt holes in the crankshall and hold the
crankshall,

(2} Tighten the crunkshall pulley out Lo the

specified torgue.

6.5 =0. 25kpf-m
Tightening torque (47.01 = 1.81 1bf-ft)
[63.74 = 245 N-m]

I & WARNING | Installing crankshaft pulley

Check the strenpth of the bolis and bar used
for holding the crankshaft.
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L6. (il screen installation

(1) Lay the cylinder block with the hottom (il
pan side) up.

{2} Install the oil screen in position.

NOTE

The oil sereen must be installed in position so
that it is below the il level line and away
from the oil pan.

17. Oil pan installation

(1) Clean the mating surfaces of the il pan and
cylinder block and coat them with Three
Bond 1207C,

(2) Install the packing

(3} Tighten the bolis that hold the oil pan to the
cylinder block in a crisscross pattern Lo the

specilicd wrgue,

Cast oil pan:

2.8 = 0.3kpl'm

(20.25£2.17 Ibi-f1)

[27.46+2.94N-m]

Plate ol pan:

1.15 = (L15kgf-m

(H.32=1.08 Ibl-I1)
_[11.28=1.47N-m|

Tightening torgque

(4) Assemble Oil gange guide

18. Oil seal case installation

{1)Put a new gaskel in position on the oil seal
Cast.

{2) Lubricate the oil seal lip with enging oil and
install the il seal in position in the cylinder
bluck.

Assemble oil strainer

Installing Qil pan

Installing Oil scal case
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19. Rear plate (or mount flange ) installation

{13 Put the rear plate in position on the cylinder
block with its dowel holes in alignmenl
with the dowels. Tighten the bolts that hold

the rear plate to the specilied torque.

6.5 = Tkghm
Tightening torque (47 = 7 1hl-i1)
h [64= 10 N'm]

NOTE

Install the starter w the rear plale before
installing the plate to the cylinder block for
| convenience of rear plate installation

20. Flywheel installation
(1) Install a safety bar (M12x1.25) in the rear

end of the crankshaft.

{(2) Put the flywheel in position in alignment
with the safety bar.

{3} Install three of four bolts in the Oywheel
and tighten them finger tight only.

{4) Remove the safety bar, Inslall the last bolt
in the fywheel and tighten it finger tight

only.

(5)Have somceone hold the crankshaft pulley

Installing (1ywheel

with 1 wrench to prevent the flywheel from
rolating.
(6) Tighten the five bolts that hold the Nywheel

1o the specilicd torque,

10 = 0.5kgf-m
Tighicning torque {72.33 = 3.62 Ibl-1)
[98.07 + 4.90 N'm|

/I WARNING

Always signal each other 1o prevent possible
personal injury.
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CYLINDER HEAD, FUEL INJECTION PUMP AND ACCESARRY

1. Cylinder head bottom face cleaning
Scrape the gasket from the bottom face of the

cylinder head.

Afier scraping the paskel, rub off gasket |
rempants from the face with an oilstone
smeared with engine oil and thoroughly clsan
the Dace,

2. Valve stem seal installation
Using Box 12, install the valve stem scal in
position in the valve guide. After installation,

ke sure the seal is in its correct position,

NOTE |
Improper stem seal installation cim causc a |
failure 1o scal aganst downward How of ol
along the stem,

3. Valve spring installation
13 Install valve with coated cngine ol |
2y Put the valve spring and retamner
1 While pressing the valve sprng with
wol. insert  the colter befween spring

and refamer .

(A\cauTion]

valve spring. This can canse the retaner to hit
and damage the stem seil.

Removing cylinder head gasket

Egﬁ\ Valve stem seal

Valve guide

Cylinder head

Installing valve stem seal

Installing valve spring
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4. Cylinder head gasket installation

(13 ‘Thoroughly clean the top faces of the
cylinder block and pistons.

(2} Put a new cylinder head gasket in posilion

on the cylinder block,

(A\cauTiON)

Do nol wse any  gaskel adhesive or other
substances on the wop face of the cylinder
block.

5. Cylinder head installation

Put the cylinder head in position on the
cylinder block, making sure the guide balts ane
all in alignment with their respeclive bolt holes

in the head.

6. Cylinder head bolt tightening
(1) Tighten the bolts in number sequence in

twir o three steps to the specified lorque.

20 = 1.0kl m
1-8 | ({144.6627.231bf01)
[196.1329.81N-m]
8 = 0.5kgim
9-13 | (537.86+3.621bf )
[75.45 = 4.9 N-m|

Tighlening torque

7. Valve push rod installation

(1) Put the valve push rod into position through
the bore in the eylinder head,

i 2) Make sure the ball end of the push rod has
heen put inlo posilion over the Lop ol the

t:n]ﬁ]“!u_'t :

Installing push rod
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8. Rocker arm shafl assembling

(1) Install the rocker arms, brackels and sprinps
an the rocker shall. Secure the brackels o
the shaft by tightening e bolls,

{2) Make sure the rocker arms move frecly.

Y. Rocker shaft assembly installation

(1) Install the \;nivc cips in position on the top
of the valves.

(2) Put the rocker shafl assembly in position on
the cylinder head. Tighlen the bolis that
hold the rocker shall assembly o Lthe

specilied lorgue,

Normal

Abnormal

1.5 = (L5kgl'm
Tightening torque | (10.85 = 3.62 Ib[-[t)
|14.71 = 4.9 N-m|

10, Valve clearance adjustment
Adjust valve clearance..

mm {in}

(0.2 mm

Standard (0.00757)

12. Cylinder head cover installation

{1y Make surc the packing is pul on the rocker
cover,

(23 Tighten the bolis that hold the rocker cover

to the specified lorgue.

Imstalling valve cap

1.15 + 0.15kgfm
Tightening torgue (8.32 = 1.08 ]bf-fi)
[11.28 = 1.47 N'm]

Installing cylinder head cover
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AIR INLET SYSTEM AND EXHAUST SYSTEM

1. Air inlet cover installation
Tightening the bolts that hold the air inlet cover

to the specified lorgue.

1.85 = 0.35kgfm
Tightening lorque | (13.38 = 2.53 Ibf-ft)
[18.14 = 3.43 N-m|

2.Exhaust manifold installation

Tightening the bolts that hold the air inlet cover

o the specified torgue.

1.85 = 0.35kgf-m
Tightening torque (13.38 = 2.53 Ibf-fi)
[18.14 =343 N-m] |

Installing exhanst manifold



ELECTRICAL 5YSTEM

(4) Bearings
Replace the bearings if they are noisy or fail to
run freely.
{5) Overrunning clutch
Replace the overrunning cluich assembly if—
{a)The pinion is not locked when spun
counterclockwise, or il it does not rotale
freely when spun in the reverse direction
{clockwise).
{b)The pinion is worn or chipped.

[ é i \CAUTION I

Sl

Do nol wash the overrunning clulch with
cleaming solvent.

{#) Front bracket

Replace the front bracket assembly if the ball
bearing is noisy or fails to rotate freely.

(7) Reduction gears

Replace the reduction gears il they are worn or

damaged.

Testing over running clutch
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(3)Engage govemor spring to acceleration

lever

(4) Assemble the chamber cover.

3. High pressure pipe installation
{1yPul the [oel leak-off line in position and

connect it (o the fuel injection nozzles.

{2)Put the fuel injection lines in position and
connect them to the fuel injection pump.

install the clamps.

e

Installing governor spring

Installing the chamber cover

Connecting high pressure pipe to pump
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LUBRICATION SYSTEM

L. Pressure relief valve installation
Put the relief valve in position on the cylinder

block and tighten it to the specified lorgue,

5 = 0.5kglm
Tightening torgue {36.16 = 3.62 lbl-1)
[49.03 =49 N'm]

2. Oil filter installation

(1) Lightly Tubricate the gaskel with engine il

(2) Install the new filter element by hand.
When the gasket contiscts the base, lighten

ane Lurm more,

3. 0il pressure switch installation

Coat the threads of the swilch with thread
scalant (Three Bond 1102). Use Oil Pressure
Switch Socket Wrench (MDYYR054) (special

oo} tor install the of] pressure switch,

(A\cauTiON)

(a) Pul the sealant on the threads only.
(b} Do not over-tighlen the il pressure
switch when it is installed.

Installing pressure relief valve

Installing Oil filter

Installing (Wl pressure switch
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COOLING SYSTEM

1. Water pump installation
Pul a new gasket in position on the waler pump
flange. Install the water pump in position on

the cylinder block.

2. Thermostat installation

{1) Pul the thermostat in the thermosial case.

(2yPut a new pgaskel in position on ihe
thermostat  case.,  Install  the  thermostat

assembly in position on the eylinder head.

3. Cooling fan installation

{1y Install the spacers in position in the fan as
showin,

(2)Install the pulley in position on the water
pump. Install  the fan  and  spacer

combination in position on the pulley,

Installing  the water pump

Installing the thermaostat

Installing cooling fan
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4. Thermoswitch and thermounit T vicllitar
combination installation
(1).Coat the threads of the combination with Three
Bond 1104,
{2)Put the combination both side of in cover
thermosiat and tighten it to the specilicd

torque,

R -

From cylindsr tody
o

T hermo wwiteh
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ELECTRICAL SYSTEM

1. Glow plug installation
Install the glow plug in posiion in the
precombustion chamber and tighten it 10 the

specified torque.

1.75 = 0.25kgf-m
Tightening torque (12.66 = 1.81 Ihi[1)
[17.16 = 2.45 N-m]

2. Alternator installation

{1y Put the alternator in position. Install the
adjusling plate bolt in position to hald the
aliernatar in position.

{2) Put the belt in position on the pulley. Move
the alternator away [rom the engine lo
make an adjustment o the bell

(3) Tighten the bolis.

{4} Make sure the deflection (tension) of the

belt s correct,

Dellection under 10 kpf W12
(22.05 Ihf) [98.07 N| force | (0.4 10 0.5)
_— (0,39 10 0.47)

“
o %, 2 g

Adiabatic Packing L\ia m "“\ :

Hozzle Spacer

-

Installing the glow plugs

(Adjustiment of the V-ben tansion)

Installing generator

Unit : mum (in.)

Adjusting tension of belt



 ELECTRICAL SYSTEM

GENERAL
1. Schematic

2. Specifications (standard)

STARTER

1. Disassembly
2. Inspection
3. Assembly

AITERNATOR
1. Disassembly
2. Inspection

3. Assembly

KEY SHUTOFF 5YSTEM
1. Schematic

AUTOMATIC GLOW PLUG SYSTEM

1. General

2. Glow plug timer specifications (standard)
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FLECTRICAL 5YSTEM

GENERAL

1. Schematic
(1) Figure indicates a nominal size of automotive low-tension line (J15 C 3406).
(2) This schematic shows the electrical system of the standard cngine equipped with a key shul down

silenodd and glow plugs.
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Schematic of Electric System of (For Stop Solenoid)
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ELECTRICAL SYSTEM

2. Specifications (standard)
Engine model ITS4L-ATC / ITHL-ATC / ITHLT-ATC
Model o HALS010000A1
Starter Type Dic Solenoid Shifl
MNominal output, V-EW 12,20
Modecl B HM241 2000042
Alternator Regulator, type HIC genecator
Nominal output, V-A 12-50
Model o HE13170000A4
Type Sheathed
Glow pl
v P Rated volage, V 12
Current draw, A a0 .
Model ~ FTB9160000A3
Glow p]“g Rated \’Q]tﬂgﬂ, v BPC12
Relay Continuous rating
Resistance in coil, € 40
) Model NTG1300000A4
Cﬂn%c::t:]mﬂ Tnput voltage range, V 12
Load




ELECTRICAL SYSTEM

STARTER

1. Disassembly

1. Magnetic switch 6. cover 11. Stopper

2. Rear bracket 1. Center bracket 12. pinion
3.Brush holder 8. Gear 13 Spring

4. Yohe 9. Spring set 14.pinion shaft

5. Armature 10. Stopper ring 15, Front bracket



ELECTRICAL SYSTEM

Disassembly procedure
(1) Magnetic switch
{a) Loosen the nul that holds the connector 1o
the M terminal of the magnetic swilch and
disconnect the connector from the
magnelic switch.
(b) Remove the bolts (two) that hold the
magnetic switch in position and remove

the magnetic switch.

{2) Rear bracket removal
Remove the through bolts (two) and the bolis
{two) that hold the brush holder in position.
Remove the rear brackeL

NoTH

Keep the rear bracket with washer for
installation.

(3) Brush holder remonval
With the brushes (two) kept apart from the
commutator, remove the yoke and brush holder

assembly. Remove the armalure.

Removing magnetic swilch

Rear bracket

Remuoving rear bracket

Brush holder

Removing brush holder



ELECTRICAL SYSTEM

(4) Cover removal
Remove the cover and remove the snap ring

and washer

{(5) Cenler bracket removal

Remove the bolt and remove the center bracket.

Remove the washer for adjusting the ¢nd play

for the pinion shaft.

(6) Pinion removal
(a)Pul a pipe-shaped tooling on the pinion
stopper and hit the slopper with a hammer
lo expose the stopper ning,.
{b)Remove the stopper ring with a pliers and
remove the pimion.

NOTE
Aﬂy-tli.me the pinion is removed, a new
_stopper ring must be insialled.

Removing cover

Center bracker

Removing pinion




FLECTRICAL SYSTEM

{7) Piston shafl removal
Remove the spring, lever, reduction gear and

pinion shaft from the front bracket.

Do not mix the sequence of spring, lever and
reduction  gear when the pinion shaft is
removed,

(8) Bearing remowval

To remove the ball bearing from (he cnds of the
armature, use a bearing puller. The bearing
firted in the {romt bracket is nol replaceable.
Replace the front bracket assembly if this

hearing is defective.

Removing pinion shaft



ELECTRICAL SYSTEM

2. Inspection

Check magnetic switch for open
or thor arcuit

[ Check bearing for wea.
| Fough TURRINE OF ROTC.

Check reducnion pear for
’ Teu brushes and bruch
mmm“mm Teat ficld coils using | | holder using the
the procedure that procedure that follows.
Check bearing for wear, : - follows.
roigh runring o noise. l Test ovemunmng <luich using
the procedure that follows.
A [ TN e
Inspection procedure
(1) Brushes
(@) Wear

Replace the brushes if they are worn down
to the wear limit line which is the boltom
of the border for Mitsubishi mark_ Replace
the brush holder assembly if the brushes

arc worn: beyond the wear limit line.

Wear limit line

Checking brush




ELECTRICAL SY5TEM

{b)Brush spring lension
Test the spring tension using a new brush
as shown in the illustration, Read the load
when the spring just moves off the brush.
If ihe tension is below the limil, replace
the spring.
Unit: kgl (Ibf) [N]

Tlem Standard | Limit |
Brush spring 16 (3.52)
Tension 115.7) 1.8 {(4.0)[17.7]

{c) Brush holders
Test for no continuity belween the positive
brush holder and brush holder base as
shown in the illustration. If there is any
continuily between them, replace the brush
holder, Also, check the brush holder for

loose staking.

{2} Armature
(2) Commutator runout

Support the armature in V-blocks and
measure the commutator ranout with a dial
indicator. If runout exceeds the imit, turn
the commutator in a lathe. The cut should
be made within the limit of the

commutator diameter.

Unit : mm {in.)

ltem Standard Limit
Runout of Q.03 .10
commulalor {0.001 2) (L0039




ELECTRICAL SYSTEM

(b) Diameter of commutator

Measure the diameter of the commutator,

If it exceeds the limit, replace the armature.

Unit : mm (in.)

Item Standard Limit
Diameter of
commutator 32(1.26) H:'ilﬁ -221_

{c) Mica undereut

Measure the undercut of mica insulation

between the adjacent sepments. 17 undercut

exceeds the limit, recondition the mica, or

replace the armalure.

Unil : mm (in.)

Measuring commutator diameter

_ Item Standard Limit
Undercut of 0.5 02
mica {0.020) (0.008)

(d) Testing for short circuil

Place the armature on a growler and

slowly rolate it with a hacksaw blade held

above the armalure core. The hacksaw

blade vibrates against the core when it is

abowve a slot containing a shorted winding,

A shorted armature should be replace.

Undercut of mica

Tesling armature for short circuit




ELECTHRICAL SYSTEM

(e) Testing for grounded circuit
Test the armature for grounded circuil as
shown in the illustration. If there is any
continuity between commutator segmenl
and coil, the armatre is grounded and

should be replaced.

([} Testing for open circuil
Test the ammature for open circuil as
shown in the illestration. If there is no
continuity between the sepments, the

armature is open circuited and should be

replace.

{3) Field coils
Replace the yoke assembly if —
{a) There is any continuity between the brush

and yoke.

(h)There is no continuity between the hrushes,

{c) The pole picce or coil is loosen.

Testing armature for grovnded circuit

-\? o

=N
=

—0

Testing armature for open circoit

Testing field coils




ASSEMBLY

FUEL SYSTEM

1. Fuel injection nozzle installation

{13 Pul the pasket on the nowsele,

(2)Pul the nozele assembly in position in the
cylinder head and tighten it Lo the specified

torque,

5.5 = 0.5kgfm
Tightening torque (39.78 = 3.62 Ibf-ft)
[53.94 = 4.9 N-m]

{3} put the washer and return Oil pipe
{4) Tighten nuls

2. Fuel injection pump installation
{1} Put the pump and shims in position on the
eylinder block and tighten the bolts that hold

the pump 1o the speeificd torgue,

{2) Connect the fuel injeclion control rack and

governor link with pin

Installing injection nozzles

&

o

Fuel injection zozzle

D

Installing the pin




ELECTRIC 8% STEM

a) When power is on, the lever of stop motor 15 in
“ON" position as like above. Governor lever 15
not pushed by stop lever

by When power 15 off the lever of slop motor rotate 1o
“QFF" position and push govemor lever. Then
povernor lever pull rack of fugl injection pump to
reduce injecting fuel. So engine is slopped by Tack

af fuel,

C) When power is ON, the teriminal of NO and

COM in the stop motor is charged in positive. Installed stop sulennid
As kev 1z switched o negative by operalor (The
terminal of COM becoms negative), stop motor
rotate until that the tip of motor push the lever
that press the switch. As the switch is released,
terminal of NC is connected to the terminal of

COM(-). Then molor is stopped.

Installed stop motor



EILECTRICAL SYSTIM

{4) Lever installation

Install the lever in correct position.

(5} Pinion clearance adjustment

The pinion clearance must be (1.5 1o 2.0 mm
{0.020 to 0.079 in.). With the pinion held in
cranking position, lightly push il toward com-
mutator end to measure [Tec  movement
(cleatance). If the clearance is nol correct,
make adjustment to it Increase the amount of

packings if the clearance is too small.

Lever spring

Lover, <
o

Packing
Imstalling lever
Pinion |
H
Piniom clearance:
0.5 w 2.0 mm
(0.020 10 0.079 in.) -

Adjusting pinion clearance




ELECTRICAL SYSTEM

ALTERNATOR

1. Disassembly

Disassembly sequence

1. Through bolt 5. bearing retainer 9. brush holder
2. Pulley 6. Front bearing 10. Rectifier
3. Rotor 7. front bracket 11. rear bracket

4. Rear bearing 8. Stator core



ELECTRICAL SYS5THM

Disassembly procedure
(1} Stator core separation from (ront bracket
(a) Pry the stator core off the front bracket
with a scrowdriver as shown in the

illustration.

(A\cAuTION)

Be careful not to insert the screwdriver oo
deep. Damage to the stator core can be the
resull

i
Ll

{2) Pulley removal
{a) Hold the rotor assembly in a wvise by
using thick cloth as shown in the
illusiralion, Remove the nut that holds
the pulley in position, and remove the
pulley and spacer.
(b) Remowve the rolor assembly from the

front bracket.

(3) Stator core and rectifier removal
(a) Unsolder the leads From the rectifier
and remove the stor core from the

rectificr,

(/A\cauTioN)

Unsolder the leads as quickly as possible to
prevent damage to the diodes in the rectifier.

(b} Remove the screw that hold the rectifier

in position and remove the rectifier.

Removing pulley

Removing stator core




ELECTRICAL SYSTEM

2. Inspection
lonteds ot e
ATt unn,
procedure that follows, procedure lf.u Tollows.

Check for cracks
or olher defects.

Check for cracks
or other defects.

L )
I:!E:.-
Test for open or shon
circuit uning the
procedure thar fallows.

Inspection procedure
{1) Diodes
(a) Test the resistance beiween the diode and heat sink. First wuoch the positive (+) prod of an chmmeter 1o
the diode, then the negative (-) prod. [ the resistance is infinite in both cases, the diode is open. I it is
nearly xero in boih cases, the diode is shorted, Do the same siep for the remainder of the diodes. If any

diode is open or shorted, replace the rectifier.



FLECTRICAL 5 S5TEM

(2) Field coil
(a) Test for continuity between the slip

rings as shown in the illustration. No
continuity shows there is an open circuit

" in the field coil. Replace the field coil.

() Test for no continuity between the slip
ring and shafl {or core) as shown in the
illustration. Any continuity shows there
is a grounded circuit in the ficld coil.
Replace the field coil.

{3} Siator corne
{#) Test for continuity between the leads as
shown in the illustration. No continuily
shows there is an open circuil in the

stator core. Replace the stator core.

Testing stator core for apen circuit



ELECTRICAL SYSTEM

{b) Test for no continuily between cach lead
and stator core as shown in the illustration,
Any continuity shows there is @ grounded
circuit in the stator core. Replace the

slalor core.

{4) Brushes
(a) Make replacement of brushes thal have
been wom down to, or beyond, the wear

limin line.

(b} To remove the brushes from the hrush
holder for replacement, wnsolder the
leads from the brushes. This will permil

removal of the brushes and springs.

Testing stator core for grounded circuit

[ J

Wear limit line

Checking hrush for wear

Removing brushes for replacement




ELECTRICAL SYSTEM

(c) To install the new brushes, put them in

posilion in the brush holder and solder

the leads to the brushes

3. Assembly

Follow the reverse ol disassembly and use the

procedure that follows.

(a)

(b)

(c)

()

The rear bearing has a proove for lhe snap
ring. Install the snap ring in this groove,
making sure its tab is in the deep portion
of the groove.

When installing the new rear bearing, put
it in position with the side that has a

groove toward the slip rings of the rotor.

To inslall the rear bearing in the rear

brackel, heal the rear bracket.

Before installing the rotor in the rear
bracket, insert a3 wire-shaped tooling into
the hole in the rear bracket w lift the
brushes off the slip rings. Remove the
tooling aflier the rolor has been installed

in position,

[nstalling new brushes

Assembling alternator




ELECTRICAL 5YSTEM

1. SCHEMATIC

KEY SHUTOFF SYSTEM

Fuel injection
Pump

Stop motor

Poaition D (OFF )

Stop lever

Mecchanism of stopping Engine

© D

e

S—r )

®@ O © o® O

NC }!{) ,COM NC HO COM HC NO COM

~——
ON

NS2PAS AN

EEY OFF OFF

Mechanism of Stop Motor




ELECTRICAL SYSTEM

3. Assembly

Follow the reverse of disassembly and use the

procedure that follows,

Assembly procedure

(1} Lubrication

Lubricate the [ollowing starler components . jj-,
with pgrease after the starler has  been /

assembled: :jpplr grease io Mﬂ:ﬂw

(a) Armature shafl gear and reduction gear

(b) Bearings Lubrication points on starter

() Washer and stopper ring of pinion shaft

{d) Pinion

(2) Sliding surfaces of lever

| /A CAUTION]

Do not pul grease on the stirter mounling
face, brushes, commutator and other electncal
parls.

{2) Stoppur ring installation

Put the stopper ring on the pinion shafi. Using

a puller, pull the pinion stopper to {it the ring in

Installing stopper ring
the groove,
{3) Pinion shall end play adjustment
The maximum peemissible limit of the end play Adjusting Keneton ey
wazher

{thrust gap) lor the pinion shaft is 0.5 mm

{11020 in.). Washer

7]

(a) Put the pinion shall, redoclion gar washer Snap
ring

and snap ring in posilion in the center

brackeL End pley
(b)Move the pinion shafl in the axial direction ﬁ;{:‘.ﬂm in.)
to measure the end play. I the end play
exceeds 0.5 mm (0,020 in.), make adjust- Adjusting pinion shaft end play

ment 1o it by adding adjusting washer.,



LUBRICATION SYSTEM

3. Pressure relief valve

(a) Check the valve seat for contact, Check the

. Cap nut

spring for damage,

{b} Measure the ail pressure at which the relief
valve opens (the oil pressure with the
engine munning al the rated rpm). IF the

Shims

pressure is not cormect, remove the cap nut

and increase or decrease the amount of

shims. The*engine oil pressure tap is Checking pressure relief valve

located on the right side of the engine.

3.5%0.5 kgflem’
(49.78 + 7.11 1bflin®)
[343.23 + 49.03 kPa]

Relief valve opening
pressure




ELECTRICAL SYSTEM

3. Glow plug relay specifications (standard)

Model FTBY160000A3

Raled voltage DCizv

Continuous raling | minute 1
Coil resistance B

Operating temperature | -40°C 10 +100°C
range (-40°F 1o +212°F)

E‘:\F-lw

ar

CIRCUT DIAGRAM

4. Glow plug inspection

Test for continuity between the terminal and

body as shown in the illustration,

Item Standard
Resistance 0.822

= )
ST




COOLING SYSTEM

GENERAL
I. Schematic

2. Specifications (standard)

INSPECTION

1. Water pump

2. Thermostat {standard)

3. Thermoswiteh (standard)

4, Thermounit (standard)



COOLING 5YSTEM

1. Schematic

GENERAL

Thermostat

Radiator

= A
== 5
=4 ¢
=
Cooling [an

2. Specifications (standard)

Engine model

ITE4L-ATC / ATIL-ATC / ITHOLT-ATC

Fan belt (for farm or industrial engine)

38"

Temperature at  which valve
starts opening

85 + 1.5 °C (180 + 2.7 °F)

Thermoswitch

Thermostal Temperature at which valve lift 05 °C (203 °F
is 8 mm (0.3 in.} 3 °F)
Type Bimetal

Temperature at which switch is
turned ON

111£3.5°C{232£63 °F)

Temperature difference for ON-
OFF control

8+3.5°C (464 1 6.3 °F)




COOLING SYSTEM

INSPECTION

1. Water pump
Check the impeller and shaft for rotation. If
they do not rotate freely or have noise, replace

the water pump assembly.

2. Thermostat (standard)

Hang the thermostal in the pan of water as
shown in the illustration. The thermostat must
be away from the sides of the pan. Heat the
water uniformly in the pan and measure a
temperature at which the valve starts opening
and a temperalre at which the valve [ift
(distance} is # mm {03 in) Replace the

thermostat if defective.

Temperature at which valve | 85 1.3°C
Slarts opening {180 + 2.7°F)
Temperature st which valve

Checking water pump

Stir up the water 10 keep the temperature uniform,

95°C (203°F)

liftis 8 mm (0.3 in.)

(A WARNING

Water in the pan is hot. Any contact can
cause severe burns.

Testing thermostat
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3. Thermoswitch (standard)

Hang the thermoswitch in the pan of oil with its
temperature sensing ¢nd below the surface of
oil and measure the resistance while heating the
oil a5 shown in the illustration. If the resistance

is incortect, replace the thermo-switch

[ Resistance at 120°C
(248°F) | Dm0
Temperature at which 11 +3.5°C
switch is turmed ON (232 £ 6.3°F}
(A\ WARNING |

Oil in the pan is hot. Any contact can cause
severe burns.

4. Thermounit (standard)

Hang the thermounit in the pan of antifreceze
with its lemperature sensing end below the
surface of antifreeze and measure the resistance
while heating the antifrecze as shown in the
illustration. If the resistance is  incorrect,

replace the thermounit.,

Testing thermoswilch

50°C (122°F): 80 £ 10 L2
Standard BOCC (176°F) 2952250
120°C (248°F) - 10203 2

(/A WARNING )

Antifreeze in the pan is hot. Any contact
can cause severe burns.

Testing thermounit




LUBRICATION SYSTEM

GENERAL
1. Schematic

2. Specifications

INSPECTION
1. Oil pump

£

. Ojl pressure switch

. Pressure relief valve

(¥ 1]




LUBRICATION SYSTEM

GENERAL
1. Schematic
[ = 3]
+
1
|
|
Main oil gallery !
Chl pressure switch
Oif filter

Pressure reliefl valve

il pump

il sereen
Oil drain plug
2. Specifications
Engine model 3TEAL-ATC [ 3T9OL-ATC [ 3T90LT-ATC
Type Forced feed
oil API Service Classification CD
Capacity (high level excel. 0.5 liter (0.13 U5 B
gal) of oil in oil filter), liter (U.S. gal) et AL
; Type Trochoid
Ol purnp Driven by Crankshaft gear
Relief valve opening pressure 3,540 5kpliem(49.78+ 7. 111bfin"Y[343,23449.03kPa)
Pressure difference at which oil pressure P b
switch i closed (indicator lisht comes on) 0.520. 1k fiem®(7.11£1.421bHin*)[49.0319.8 1 kPa]
Oil filter Paper-element cartridge(fullflow) type




LUBRICATION 5Y:5TEM

INSPECTION

1. Oil pump

Visually check the pump for rough rotation or

other defects. Replace the pump assembly if

dafective.

2. Oil pressure switch

(1)

(2)

(3}

Test for continvity between  the
terminal and body with an chmmeter
as shown in the illustration. No
continuity is the cause for replacing

the switch.

Insert a small diameter bar into the ol
hole in the switch and lightly push it
in to test for no continuity as shown
in the illustration. Any continuity is
the cause for replacing the switch.

Apply a pressure air of 0.5 kgfiem® (7
psi) [49 kPa] to the switch through
the oil hole w test for no continuity.
Any continuity is the cause for
replacing the switch. Also, check for

air leaks. Any air leak is an indication

-of a ruptured diaphragm. In such a

case, replace the switch.

Checking (il

pump

Testing oil pressure switch

i

Small diameter bar

e s

3§ L

)

O

‘Testing oil pressure switch




ELFCTRICAL SYSTEM

AUTOMATIC GLOW PLUG SYSTEM

1. General
Turnaing the starter switch to ON position activates the glow Ezy ON
- p
plugs to heat the engine and causes the glow plug indicator Clarter cHe T
o come on.
g':“’ Pra Heal
Heating time 6 seconds lay Lamp
e ]
T
Y
Glow |
Pl
- Glow
Timer

2. Glow plug timer specifications (standard)

Madel K151 70000A4
Type Quick heating
Rated vollage pClzy
Operating voliage 710 15V
Tanjr

Operaling  lempera- | -30°Clo +70°C
ture rangc (-22°F to +158°F)
Storage  temperature | -40°C o +80°C
Tange {-40°F 1o +176°F)
{?lﬂw plug aclivating & sovonds
nme




FUEL 5YSTEM

(5) Delivery valve

(a)

(b)

(c}

If the suck-back collar or seat of the
delivery valve is found scratched ,dented,
womn, or other wise damaged, replace

the whole delivery valve assembly.

Stop up the hele in the bottom of the
delivery valve holder and keep the seat
as it is. Insert the delivery valve to the
holder. While releasing your upper
finger, check to see if the delivery valve

springs back. If so, it is acceptable

Likewise as described in (b}, stop up the
hole in the bottom of the delivery valve
holder and check to see if the delivery
valve perfectly falls by gravity, when the
finzer is releascd from the bottom hole.
If 50, the delivery valve is acceptable. If

not, replace it.

Seat

Suck-back collar




FUEL SYSTEM

GENERAL
L. Schematic
Fuel injection pipe
Fuel injeclion nozzle /
. | , L
uel leak-ofl pipe /
To fuel ank —es— S .

Fuel ﬁ]t:r

Fucl pump

Fuel lnjection pump

2. Specifications (standard)

Engine model ITBAL-ATC / 3TYL-ATC 7 ITHLT-ATC
Type DOO WON PRECISION
Maodel HEL1010000A2
FL!“] . Plunger diameter @7.5 (p0.295)
injection
pump MS retard (crank angle), deg 4]
Delivery valve, type Bosch
Adr vent screw Nao
Type Semi-Throttle
Model .
Fuel
{Bjeetian +3 1 (21335 e [bffint
Nozzle | Injection pressure 1507 pkeflem® (21333 4 ]
{valve opcning pressure)
(1470992 ™ kPa)
Fuel filter
(remots) Type Paper element
Type Electric (diaphragm)
Fuel pump e : inal vl .
(remote) D’gﬁ"& ::“:_It dt;EEg? 6 ; :’F,;d""t 2 400ce (24.4 cu in.Ymin minimum

=1Zl=-




FUEL SYSTEM

FUEL INJECTION NOZZLE

1. Inspection
(1) Injection pressure {valve opening pressurc)
test

{(a) Install the injection nozzle on the tester.
Slowly operate the tester handle to bleed
(remove) air from the tester.

{b) Operate the tester handle at a speed of one
stroke per second to make a slow increase
in pressure until the valve in the injection
nozzle starts o open. Read the maximum
gauge pressure al the instant fluid flows
from the tip

{c) If the injection pressure is incorrect,
disassemble the nozzle and change the

thickness of the washer.

150 3 kgflem'
Tnjection pressure
(valve opening (21335 %7 Ibfin’)
pressure)  Standard

(470997 M gl

Fuel injection nozzle ready for test

N

/

An increase or decrease of washer thickness
by 0.1 mm (0.004 in.} will vary the injection
pressure by 10 keliem? (142 Ibffin) [981 kPa),
10kinds of washer are available in thickness
from 1.25 mm (0.04% 2 in) to 1.70 mm
{0066 % in.) in increments of 0.05 mm {0,002

0.
| A\ WARNING |

When the injection nozzles are tested, be surc
to wear eye protection. Fuel comes from the
orifices in the nozele tip with high pressuere,
The fuel can pierce serious injury to the
opsrator, Keep the tip of the nozle pointed
away from the operator and into the fuel

collector,

Removing tip from injection nozzle




FUEL 5Y5TEM

{23 Orifice resiriction test

{a) Look at the orifice discharge pattern
{shape of discharge) when fluid begins to
flow through the injection noezzle. The
discharge must be straight. Any Change is
an indication of a bad nozzle.

{b)Operate the tester handle at a speed of one
stroke per second o make sure the

discharge is straight.

{3} Nozzle tip washing and replacement
(a) Loosen the retaining nut and remove the
tip from the injeclion nozzle. Wash the
needle valve and body in ¢lean diesel fusl,
After washing, put the needle valve in the
body in clean diesel fuel.

(/A\cauTioN]

A

Discharge parsern for arifice with a
[Uw l;m:.} resoriction (Recondition or replace.)

Orifice restriction test

Meedie valve

Body

Do not hit the tip when removing it from the
injection nozzle,

NOTE

Washing nozzle tip

Keep the need valves with their respective
bodies. Do not use needle valves or bodies
with other bodies or needle valves.

(b) After cleaning the tip, install it in the
Mozzle and tighten the retaining nut to the

specified torque.

3.7540.25 kgf-m
Tightening torque {27121 81 1bi-ft)
[36.77+2 45 N-m]

a) Do not touch the sliding surface of the needle
valve.

b) When installing the new nozele tip, remove
synthetic resin film from the tip and slide
the needle valve in the body in clean diesel

fuel to wash off inhibitor completely

(c) If the injection nozzle is still bad afier

the tip has been washed, replace the tip.
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2. Disassembly and assembly

Tightening torque
5.5+ 0.5 kgf-m
Nozzle holder | 39 7843 621bfft)
[53.94+4.9N-m]

Pressure adjusting shim

Check for wear

=)
=) —
%—‘ Nozzle spring Check test force and squareness

©—— Nozzle spring seat| Check for wear or damage

Valve stop spacer

07 Nozzle valve
Nozzle

Check for too much
carbon on tip of nozzle
or in nozzle orifice .

Tightening torgue
3.75 £ 0.25 kgf-m
(27.12+1.811bf ft)
[36.77£2.45N-m]
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FUEL INJECTION PUMP

1. Disassembly

Fuel control mck

Injection timing efusting shim

Fhmper

Fuel control pinian

Plunger spring upper retainer
Plunger spring

Plungor spang kewar notakner
Plunger pestioning shim

Plunger roller guide
Flunger guide roller pin

@— Plungar guide moller
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Disassembly procedure

(0 T emos fusiiinion|
{a} Remove plunger roller guide stopper pin

spring ————

P

WA WS

T ey e
Remove spring

(b} Remove stopper pin ﬁﬁ ﬁ

Remove plunger goide stopper

(c) Remove plunger roller guide. ﬁ [ﬁ) ﬁ
' [
[ A\ CAUTION)

Fh'eﬂtgpﬁer can be thrown from the housing

when the 1appet guide pin is removed. Hold
the tappet to prevent it from falling.

Removing plunger

-126-
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(2} Plunger removal

Remove the plunger position shim  and

plunger, spring , retainer..

(3)Delivery valve remowval

Remove the delivery valve, spring, holder.

(/A cAUTION)

The delivery valves are finely finished parts,
Keep them as clean as possible,

-

(4) Barrel removal

(a) Remove the barrels from the housing.

(A\cauTion]

a) The plungers and barrels are finely
finished parts. Keep them as clean as
possible,

b} Keep the plungers with their respective
barrels for installation. Do not use
plungers or barrels with other barrels or
plungers.

a) When replacing the plungers and barrels or
delivery valves, do not loosen the adjusting
plates berween the pumping elements.

by After these parts have been replaced, the
injection quantity must be measured. Pump
Tester Cam Box is needed for measurement
of injection quantity, + @ @ @ﬂ

chKeep the disassembled injection pump
parts in clean diesel fuel.

Removing plunger barrel
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2. Inspection
{1) Plunger guide roller and roller guide
Inspect for wear -and scratches with the

plunger guide roller and roller guide

{2) Fuel control rack and fuel contrel pinion
Inspect for bending of fuel control rack
and wear or deformation of engaged
surface of fuel contrel pinion and fuel

control rack.

{3} Plunger
Throughly clean the plunger. If any
plunger lead is scratched or discolored,
replace the plunger assembly with a new

OTE.

{4) Test the plunger
Hald the plunger barrel tilted approx 60° and
check to see if it slides down smoothly. If so,
the plunger is acceptable. While turning the
plunger repeat the test several times. If any
plunger slides down two quickly or slowly
and jams in the midway, correct it or replace

the whole plunger assembly.

Plunger roller guide

Plunger guide Plunger guide
roller pin rofler

{ Fuel control rack) (Fuel control plnlon)

TN

(Plunger)
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GEMERAL
1. Schematic

2. Specifications (standard}

FUEL INJECTION NOZZLE
1. Inspection

2. Disassembly and assembly

FUEL INJECTION PUMP

1. Test on engine

]

. Disassembly
. Inspection

3
4. Assembly

GOVERNOR

1. Disassembly

=

. Adjusting of max high idle speed
. The principal of government

. Betting of the torgue spring

FUEL PUMP

Inspection

FUEL FILTER




MAINTENANCE

VALVE CLEARANCE

Make an adjusiment to the valve clearance
when the engine is cold.

(1) Slightly loosen the cylinder head bolts and
retighten them to the specified torque in
numbier sequence.

20 £ 1 Okgfm
| —~& | (144.66 £ 7.2 [bi-fi)
Tightening [196.13+2.81N-m]

torgue 8 £ 05kef-m
9—13 | (57.86 £ 3.6lbL-0t)

{2) Find top dead center compression position
for Mo. 1 piston by using the procedure that
follows.

{a) Turn the crankshaft until TDC mark on
the flywheel is aligned with the mark on
the rear plate.

{b) With No. 1 piston at top dead center on
the compression stroke, the rocker amms
will not be moved when the crankshalt is
tumed approximaicly 20° in both
directions,

{a) If the rocker arms mowve, No. 1 piston is at
top dead center on the intake or exhaust
stroke. In such a case, tum the crankshaft
360° in the direction of engine totation
again. No. | piston is now at top dead
center on the compression stroke,

{3) Loosen the lock nut for the adjusting screw.
With a feeler gauge inserted berween the
rocker arm and valve cap, adjust the valve
clearance by wuming the adjusting screw.

Unit : mm (in.)

[78.45L4.9N-m]

ltem E:“t__anda:ri

Valve clearance (both inlet
and cxhaust valves) 0.2 (0.0079)

ACjusting scrow

-139-
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{6} Insert the plunger adjusting shim. Press the
plunger guide assembly by hand.  While
aligning the plunger guide stopper pin with the
matching hole of the stopper pin of the fuel
injection pump body, attach the plunger guide
stopper pin.

{7) Assemble plunger guide stopper pin spring.

Inspection after assembly
After the injection pump has been assembled,
check 1o see if the control rack moves. freely
without any binding or caiching.
{1y If the control rack fails to move freely, the
possible causes are:
{(a) Pumping particles lodged between conirol
rack and sleeves
{(b) Foreign particles lodged between control rack
and sleeves
{c) Owver-tightening of delivery valve holder(s)
(2) Disassemble and check the injection pump to
locate the cause of the trouble.
(3) Afier the injection pump has been finally

assembled, check the injection timing.

1© © ©

Insert  plunger guide assembly
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1. Disassembly

GOVERNOR

Fuel injaction pump

Goverpor Spring
Cover of chamber

Fusl control rack

QA

\

———

LY

)

e

Reguleta lavar

Woight
Sleeve
e
i:‘h{'
e Rt
el s
= '_"‘"_._1_2":
=7 Bt e | = v
; —B
b
Governor lovor
y e ——!
Gear case
% Torguo spring  Cover of
Governor link Aszomblry goar cote

a} Remove
b) BRemove
¢} Bemove

d}

e) Remove

Remove

f} Remove

g) Remove

the cover of chamber for fuel injection pump

the cover of gear case

the govemor spring,

the pin engaged with fuel control rack

the gear case

the torque spring assembly

the governor lever , sleeve and weight

2. Adjusting of max high idle speed

1f max speed of engine is out of the range of the

specification, adjust max speed stopper . If low

idle speed is out of the range of the specification,

adjust low speed stopper .

[tem Max speed Low idle speed
[ 3TBAL-ATC
IT9OL-ATC | 2800 +50rpm |  1000+30rpm
ITOOLT-ATC

~132-
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3. The principal of government

When Engine is run with no-load at max
speed after engine started , Pulling force of
acceleration lever equilibrate pushing force
due to centrifugal force of weight. and
torque spring is not pressed .

As Load of engine is increased slowly, speed
of engine and centrifugal force are
decreased. And governor lever push fuel
control rack and Iq:-rqur:.s;:rin g to increase the
injected  fuel wntil  pulling force of
acceleration lever equilibrate pushing force
due to cenirifugal force of weight and torque
spring . Then outpul of engine meet with

increased load.

4. Setting of the torque spring

The torque spring contral the characteristic of

torque rising for the load. If needed, set the

torque spring at 135 £ 5 g (0.2976 0.0551 1Ib).

Height and sleeve

Fuel control rack ro.\

Tque
and pinion gpring

Accelation Increasn
lever

\ Governor

™y Spring
e
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FUEL PUMP

Inspection

Look outside the pump for defects and test its

performance. Do not atternpt 1o disassemble the

pump.

FUEL FILTER

(1} Mormally, the fuel filter is not to be

disassembled. Only clement removal for

cleaning or replacement is recommended. (;::ﬁ
(2) When installing the valve lever after q::yh

washing, coat the O-ring for the lever with

silicone oil and the washer with grease,




MAINTENANCE

LUBRICATION AND MAINTENANCE CHART

ENGINE OIL AND OIL FILTER
. Engine oil specifications
2. Oil level check

wd

-

3.0il change -

4Ol filter change
VALVE CLEARANCE

FUEL INJECTION TIMING
1. Preparation

2, Inspection

3. Adjustment

FUEL INJECTION NOZZLE

1. Injection pressure (valve opening pressure) test
2. Orifice restriction test

3. Mozzle tip washing and replacement

4. Installation

FAN BELT




MAINTENANCE

LUBRICATION AND MAINTENANCE CHART

(1) Recommended service should be performed
at the specified intervals. Under extremely
savere, dusty or wet operating conditions,
more frequent lubrication than is specilied
in this chan may be necessary,

{2) Perform service on items at

Hours.

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

Service interval

Item

Remarks (specification )

Every 10
Service Hours

Walk- around inspection

| Pre-Start Inspection |

Check engine il level

Check fuel level

Check coolant level

Drain water and sediment

Hours of Newor
Reconditioned Engine

Every 350 from fuel tank
Service Hours Check battery electrolyte level
and specific gravity
First 50 Service Change engine oil Sce SPECIFICATIONS

Change oil filter

Retighten bolts and nuts

Every 100
Service Hours

Change engine oil

See SPECIFICATIONS

Change oil filter

Clean fuel filter clement

After cleaning ,prime

Clean radiator lins.

Every 500
Service Hours

Cheek  and valve

clearance

adjust

0.2mm (0.0079 in} for both
inlet and exhaust valves

Change fuel filter clement

After changing, prime

"Check and adjust injection
pressure

150 kefjem”
(2133.51bf/in") [14709.92kPa]

Check and adjust fan belt

Deflection: 13mmi0.5 in)

Check glow plugs

Every 1000
Service Hours

Retighten bolts and nuts

Check starter

Check alternator

!ir'.;n:-ry 2 years

Change caolant

See SPECIFICATIONS

When Required

Prime fuel system

Clean air cleaner element

Change air cleaner element

=136~
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ENGINE OIL AND OIL FILTER

1. Engine oil specifications

Use oils that meet the Engine Service
Classification CC.

2. Oil level check
(1} Check the crankcase oil level with a

dipstick with the engine kept level.

(2) If the oil level is at or below “L"” (low
level) mark on the dipstick, add oil to
“H"(high level) mark on the dipstick.

Tamp w25 o0 -18-10 -F O LD 3 40 d’
CIF) UL I R V- B - T - | - m F
i | | ] 1 | 1 L | L
SDARZOW
—
SARID
Enging - -
il SAERW-20
——————
SAEAD
—
SAE 15w-30

SAE 13wW-40

a) After adding oil, leave the engine standing
for one minute and check the oil level,

b} Avoid mixing different brands of cils. In
some cases, they are notl compatible with
each other and deteriorate when mixed.
Use the same brand al successive intervals.

¢) If the engine has been left standing for a
long period of time, check the oil for level
and contamination before starting the
engine. Start and run the engine for a few
minules. Then stop the engine and check
the oil level again.

3. Oil change
{1) Change the oil after the first 50 service

hours of operation of a new or
reconditioned engine and every 100 service
hours thereafter.

(2) Warm up the engine. Remove the drain
plug and allow the oil to drain in a
container. [nstall the drain plug, tightening
it 1o the specified torque, and refill the
engine with the new oil.

{3) Refill 10 the “H” mark on the dipstick.
Approximately 0.5 liter (0.5 qt} of oil is

required for the oil filter and oil lines.

Tighteping torgue
4 +0.5 kgf-m
{28.9343.62 Ibf-fi)
[39.23+4.9N-m]




