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INTR ODUCTION

This service manual has instructions and procedures for the suhjcct on thc front cover.

The information, specifications and illustrations in this manual are on thc basis of the
mformauon that was current at the time this issue was written,

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 manual to know all the components he will work on.

: Contmumg improvement of product désign may have caused changes to your engme
which are not included in this manual.

Whencvcr a qucstlon arises regarding your cngmc, or this manual, consult your
" Mitsubishi dealer for the latest available information.

Pub. No, 99619-12120



GENERAL INFORMATION

. N
T Yo N

PERFORMANCE CURVES (ONE-HOUR RATING, WITH FAN)

s4L2
S4L 19 3
L — J 8 |
a0 53L2 : . %.
[~ SIL I
. . 6 =
£
}
]
s
5
5
§ ,
1ot
1500 2 000 2 sbo
- Engine speed — rpm
: PRIME POWER OUTPUT C_HART _
, ' ’ Unit: PS
Engine model S3L S3L2 S4L‘. S4L2
Rating_ "RPM With [an With fan With fan - With fan
1500 12.0 14.5 17.0 20.5
1 800 15.0 18.0 21.0 250
One-hour B
(n0 overioad) 2 000 17.0 20.0 23.5 275
2200 . 190 22.0 26.0 30.0
2 500 215 4.5 290 335
1500 | 11.4 13.8 16.2 19.5
1800 143 17.1 200 238
Continuoys 2 000 16.2 19.0 23 26.1
2200 18.1 209 24.7 28.5
2 500 204 233 216 - s
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GENERAL INFORMATION
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GENERAL INFORMATION

MODEL IDENTIFICATION AND:SERIAL NUMBER LOCATION

1 Model ldentlﬁcatlon location

"(a) The model 1dcnnﬁcanon is embossed on -
the right side of the cylinder block, near
the fuel injection pump mount.

(b) The model identifications and dls-
placements of the engines in current
production are as listed below:

i Displacement
SIL-61A 1.125 liters (68.7 cu in.}
S3L2-61A 1.318 liters (804 cu in) Model identificarion location
S4L-61A } 1.500 liters (915 cuin} | o '
S4L2-61A | 1.758 liters (1073 cu in.)

(¢) A scheme of coding used for identify-
ing the engines in current production 1s

as follows:

Example: Coded designation

S4L@-61A
TT

e
g

L— Spcciﬁcation cbdc

L'— Expon codc

Suokecodc(Nocodc 785mm(309m),2 92 mm (352111)

‘——‘———'— Series code

[Bore: 78 mm'(3 07 in.)]

Number-of-cylinders code {“4” stands for four cyiipdcrs} ‘

2. Serial Number Location

The serial number is punched on thc cylmdcr
block, near the fuel injection pump mount.

Identification of “Sagamihara Machinery Works™

' Serial number location




" GENERAL INFORMATION

" COMPONENT LOCATION
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GENERAL INFORMATION

SPECIFICATIONS

Model SIL-61A | S3L2-6lA | S4L-61A S4L2-61A
Type - : ‘Water-cooled, 4-stroke cycle, in-line diesel engine
Firing order {injection sequencs) 1-3-2 l i-3-4-2
Compression ratio ‘ ‘ ] : 2
Combustion chamber, type Swinl
Weight, kg (Ib) 125 (276) 150 (331)
No. of cylinders : 3 4
Bare x Stéoke, mm (n.) a0x3t | cxien | aorastw | ciiaie
Displacement, liter (cu in.) 1.125 (68.7) 1.318 (80.4) 1.500 (91.5) 1.758 (107.3)
Injection pump, type o Rosch M
g '} Injection nozzle, type ’ ' Throttle
5 Govemor, type . Centrifugal flyweight
& | Fuet - . - : ASTM No. 2-D
g | Type = - Force feed (by rochoid pump)
> | Engine oil : . : " API Service Classification CC
8 | Oilfiler - . * Paper-clement (full-flow)
2 | Capacity (high level excl. 0.5 | - o " ~ : -
£ el phonin | 703 0mEmden., | HEDTR
e Type : SR : o Forced cooling _
|8 8| Sapaciypprosimate), |1 1508) A 2507
Starter, V - kW. _ 12-16 o 12-20
Aliernator, V- A ' ’ ’ . 12-50




.- HOW TO USE THIS MANUAL

1. Exploded views ‘ .

In the exploded views, the component parts are scparaied but so arfanged to show
their relationship to the whole. Index numbering is used to identify the parts and to

indicate a sequence in which the parts are t0 be removed for disassembly, or thcy
are to be installed for asscmbly

2. Symbols

The followmg syrnbols are used in this manual to emphas1zc important and critical
mstrucnons .

INOTE] - - - i lndicatcs a condition that is csscmia] 0 highlight.
&CAUTION ...... Indjcatcs a condition that can cause engine damage.

AWAFINING ...... Indicates a condmon that can causc personal injury or

death.

3. Definition of locational terms

The fan end is “front” and the flywheel end is “rear.” The words "lcft” and “nght"
are as these directions would appear from the ﬂywheel end.

4. Dimensicnal or spcczﬁcanon tcrms

Nominal size ....... Is the named size which has no Specxﬁed limits of
‘ accuracy. .

Standard ...... e Is the dimension of a part to bc attained at the time of
: © assembly, or the standard pe:rformance

'_Limit e Is the maximum or minimum permissible limit beyond
which a part must be repaired or replaced.

5. T:ghtcmng torques

' Tighten bolts, nuts, etc. in a wet condition (appIy oil to thrcads) when specified as
[WET]. Tighten them in a dry condition unless so specified. Use the gencral
torques unless otherwise specified. ‘ :
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OVERHAUL INSTRUGTIONS

- DETERMINING VWEN TO OVERHAUL THE ENGINE

Generally, when to overhaul the engine is to
be determined by taking into account a drop
in compression pressure as well as an increase
in lube oil consumption and excessive blowby
gascs. :

Lower power or loss of power, an increase in
fuel consumption, a drop in lube oil pressure,
_ hard starting and excessive abnormal noise are
also troubles. These troubles, however, are not
always the result of low compression pressure
and give no valid rcason for overhauling the
engine. A . S

The engine develops roubles of widely dif-
ferent varieties when the compression pressure
drops in it. Following are the typical troubles

caused by the compression pressure failure:

(1) Low power or loss of power
(2) Increase in fuel consumption
(3) Increase in lube oil consumption

4 Bxccss{ve blowby through breather due 10
. worn cylinders, pistons, etc.

(5) Excessive blowby due to poor seating of '
' worn inlet and exhaust valves

(6) Hard starting or failure to start
(7) Excessive engine noise |

In most cases, these troubles occur concur-
rently. Some of them are directly caused by
low compression pressure, but others are not.
Among the troubles listed above, (2) and (6)
are caused by a fuel injection pump improp-
erly adjusted with respect to injection quantity
or injection timing, worn injection pump
plungers, faulty injection nozzies, or poor care
of the battery, starter and alternator.

The trouble to be taken into account as the
most valid reason for overhauling the engine
i (4): in actually determining when 1o overhaul
the engine, it is reasonable to take this trouble

into account in conjunction with the other ones.




OVERHAUL INSTRUCTIONS

COMPRESSION PRESSURE MEASUREMENT -

1.- Inspection
- Check to make sure —

(1) The crankcase oil level is correct, and the
air cleaner, starter and battery are all in
~ normal condition. _
{2) The engine is at the normal operating
" temperature. . o ’ a

2. Méasﬁrement

h (1) Move the control lever to a position for. : . ST
. shutting off fuel supply. - : _ Compression gauge and adaptor
(2) Remove all glow plugs from the engine. o '
Install the compression gauge and adaptor
* (§T332270) combination to a cyhndcr on
which the cornpresswn pressure is to be K
* .measured. :

*(3) Tum the engine with the starter and read
the gauge pressure at the instant the gauge.
pointer comes to stop. :

(4) If the gauge reading is below the limit,
overhaul the engine.

~(Bcaumion)

: a) Be sure to measure the compression |
: pressure on all cylinders. )

. b) The compression pressure varies with

change of engine rpm. This makes it
: necessary to check engine rpm at the . — :
; time of measuring the compression - Measuring COmpression pressure
:‘ pressure. . . . LT '
: < — a) It is important t0 measure the com-
liem | Siandard Limit ) prcssmnp;ressum at regular intervals
E“g‘“ speed, rpm { 290 - to obtain the data on the gradual
Compronsion . sL [ ( 439%%] .[ 532%3;%] | | change of the ?omprcssmn pressure.
prEssure, i _ b) The compression pressure would be
kgf/em? (psi) [kPa) SL2 (43525) : (32556) slightly higher than the standard in a
; (3138] | (2452} ncw or overhauled engine owing 1o
r#;guw,: issibic [ ;. breaking-in of the piston n;}::gs, va!ve .
i Iween Sverage . 1
cmmepmddl | @2D |~ components we down,
keffc? (psi) [kPa) L _/




OVERHAUL INSTRUCTIONS

TROUBLESHOOTING
1. General ' ‘

The diagnosis of woubles, ¢specially those
caused by a faulty fuel injection pump or
injection nozzies, or low compression pressure,
can be difficult. It requires a careful inspec-
tion to determine not which item is the cause,
but how may causes are contributing to the
trouble, someone of whick is the primary
cause. Several causes may be contributing to
a single wouble.

On the following pages, there are ‘troubie-
shooting charts on which engine troubles can
be traced 1o their causes. Each chart has items
_to be verified ahead and suggested i mspccnon
procedure.

Diesel engines exhibit some markcd charac-
teristics during operation. Knowing these
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:

- Combusnon knock (dlcscl knock)

. Some black exhaust ‘smoke (when the
engine picks up load)
+ Vibration (due to high compression pressure
~and 1_1igh torque) _
~ « Hunting (when the engine spec&'-is quickly
decreased) :
* Some white exhanst smoke (when the

engine is cold, or shortly after the engine
has been started) :

10




OVERHAUL INSTFIUCTDNS

2, Engine troublesiwoting
. Problem 1: Hard starting
(1) Items to be ch'eckéd for ahead
. Clogged air cleaner _
. Wrong oil grade for weather conditions -
» Poor quality fuel
* Low cr.é_nking.spped

- (2) lﬁspccﬁon procedure

Is heating system No | Glow plugs are energized shortly after | No : o
normal? - o o | suarter switch is turned 1o ON. = Check control timer unit. .
& Yes - .
Arc fuel lines free of restriction? (Is fucl pump operating properly No | Check fuel filter, fuel lum
when starter swiich in ON position?) : Py and fucl tank,
o Yes |
Are fuel injection timing and valve Ne | Make adjustment 1o the ummg
clearance correct? 7 = | and clcarance. :
-3 Yes
. s fuel injection nozzle discharge No ;
patiern normal? Is injection pressure = Make adjustment to the nozzles.
comect? - : .
U Yes
Is compression No Check ‘valves, piston rings and
pressure correct? 2 | cylinder head gasket.
Ry Yes
Fuel injection pump
is faulty.

1




OVERHAUL INSTRUCTIONS

Problem 2: Fuel knock

More or less fuel knock occurs in diesel engines. This may be caused either by an exccsswely
large delay period or by a too fast rate of fuel injection. '

(1) Items to be checked for ahead
» Clogged air cleaner

= Poor quality fuel

(2) Inspection procéduré

i Is injection timing correct (not o advanced)? | Péo { Make adjustment to the timing. J

O Yes

1s solencid switch normal? _! Iﬂ;’ r Check the switch. J

0 qu

| Isinjection pressure (injection nozzle valve L No Make adjustment io the pressure. l
1 opening pressure) correct (not too low)? o=

3 Yes

is compression pressure correclﬂ rg rCheck valves, piston rings, and cylinder head gasket. ] .

& Yes

Fuel injection pump is faulty. |

12




OVERHAUL INSTRUCTIONS

| Problem 3: Overheating
- (1) Items to be checked for ahcad

Overheating might also be caused by abnormal operating conditions. If the engine is overheating
but its cooling system is not contributing to this trouble, it is necessary to check the difference
between the ambient temperature and coolant temperature when the engine is in nonnal operation
(with the thermostat fully open). If the ambient temperature is higher than the normal coolant
temperature by more than 60°C (108°C), mvesngate other items than thosc related to the engine
cooling system.

+ Insufficient coolant and exterior coolant leaks
» Loose fan belt. _
~» Radiator core openings plugged with dirt -

(2) Inspection procedure

T : ' - - . .
1 Are cooling system components (water pump, water hoses, No
| radiator, thermostat and cylinder head gasket) normal? =) L Check the components.

& Yes

I Is injection timing correct? ‘] Ig’ [ Make adjusiment to the timing, l

& Yes

Are lubrication system components (oil filter, oil No :
| pump and oil screen) normal and oil leve! correct? o> | Check the components and oil level.

O Yes

1 Is governor adjustment correct? ] lg’ | Make adjustment 1o the governo?] :

B T Yesr

.~ | Engine is in continuous full-
. uoad operation.

13




OVERHAUL INSTRUCTIONS

Problem 4: Black exhaust Smdke
(1) Ttems to be checked for ahead
» Clogged air cleaner
« Poor quality fuel

(2) inspcétion procedure

{ Are valve clearance and injection timing correct? } 'i.f [ Make adjustment 1o the clearance and timing..

& Yes

Is injection nozzle discharge patiern normal? ‘ No — :
[s injection pressure correct {not 100 high)? = , Make adjustment 10 the nmle&j

& Yes

Is compression pressure comect? I ’g’ | Check valves, piston rings and cylinder head gasket ]
& Yes ' ' '

;I Fuel injection pump is faulcy. I :

Problem 5: Erratic idle speeds .
(1). Irems to be checked for ahead
* Maladjusted engine control
= Wrong oil grade for weather conditions

* Poor quality fuel

(2) Inspection procedure

i Are valve clearance and injection timing cormect? _} :‘." I Make adjustment to the clearance and timinﬂ

3 Yes

Is injection nozzle discharge pattern normal? Is ! No | —

injection pressure constant? _i 2 | Make adjustment to the nozzles.—l
& Yes

Is compression pressure correct (no difference | No | Check valves, piston rings and
in compression pressure between cylinders)? = ! cylinder head gasket,

<4 Yes

Fuel injection pump is faulty. |

14




OVERHAUL INSTRUCTIONS

Problem 6: Low power or loss of power
(1) Items-to be cheéke_'d for ahead

« ' Stuck running pants

+ Wrong oil grade for weather conditions

. Poor quality fuel

« Clogged air cleaner

« Restricted exhaust line

. Faulty power take-off

(2) Inspection procedure

[Are valve clearance and injection timing correct? | NO [ Make adjustment to the clearsnce and timing. |

.&Y&s'

Are fue! lines free from restriction? (Is fuel pump operat- | No ; ' :
ing properly when starter swiich is in ON position?) %y | Check fuel tank, fuel filter and fuel lines. |

0 Yes
[Is governor adjustment correct? | hg» r Make adjustment 10 the governor.
4 Yes |
Is injection nozzle discharge pattern normal? | No Make adiusm '
‘ Is injection pressure correct? = ¢ adjustment to the nozzlcs. |

G- Ye;’

I_Is compression pressure correct? J Ig) ,7.‘!1&1: valves, piston rings and cylinder head gaskets. l
o Yos . . _ . .

r Fuel injection pump is faulty. |

15




OVERHAUL INSTRUCTIONS

3. Starting system troubleshooting

— Overruns at low speed — Make reference to “Overrun.”

— Burned conlact points in swilch Bumned motar coil or switch coil
: — Layer shorted or grounded field coil — Bumned field coil
I Faulty ——4— .Layer shorted or grounded armature coil ~~—--—-————— Bumned ¢oil in armaturc
starter .. Mechanical problems -— Misaligned armature :
— | —E Machining fault of parts L Bumed motor coil (evidence of rubbing)
I, ' Wom bearings ' '
K L Pinion gap too large. Switch will not tum off only when engine fails
, g | to fire, resulting in damage to motor.
13 — Hard starting ai Wrong starting system ' '
E : low tempcrateres High resistance in main circuit
& | |- Prolonged - Poor quality fue]
cranking Mechanical problems in engine
Very low ambient temperature
— Troubles in engine ‘
- No fuel : i~ Bumned motor coil
Engine directy coupled-to load

load

—
-
Pinion fails 1o —
shift |

— Pinion shifts
but will not
spin ‘

No crenking

11

T

— Pinion butts
Ting gear
insicad of
meshing

16

" Excessive Reverse torque due to incorrect injection Eming
E Mechameal problems in engine
Starter abused (for moving equipment}

Battery run-down '

Loose battery terminals

Defective key swiich

Poor S connestor contact

S connector missing

Open circuit in engine switch caoil

Worm starier brushes

Defective contact points in auxiliary switch

Open circuit in auxiliary switch eoil ’ ) .

High rcsistance in S circuit This trouble is hikely 1o ocenr during heating
Voltage applied to starter too high : :
Contact points defective in starter switch

Pinion and ring gear improperly chamfered

Battery rating too high '

Pinion chamfered insufficiently or wrong

Ring gear chamfered insufficiently or wrong

Rin, end face badly worn (ri

hargc ﬁ::fwopeﬂy) y {ring gear not

Pinion will not shift —— Pinion metal jammed with dirt
’ — Qverrunning clutch jammed with
foreign matter ]
~ Shift lever jammed — Pinion tooth wornround ~ Wear
—— Solcnoid switch plunger jammed G\ _
: “— Shift lever broken . .
Contact points close —— Shift lever spring weak g’lf‘g goarlocally -
too early -~ Pinion gap toc large F N .
. . . our or five leeth
. — Pinion shifted excessively . /_’ chipped

Pinion is forced into mesh with ring gear again when starier is Overrunning clutch shell peeied
coasting -
Starter is tumed on while engine is Tunning Pinion is chipped %‘__




OVERHAUL INSTRUCTIONS

[~ Broken retueni apring

— Key not returning —{ S'imfis T Starter is energized for honrs. resulting in ~—
completely — Machining fault of parts (1) Bumed hald-in coil ‘
— Key switch faulty —’ . " Ez':n‘“;’“‘hed to close - (2) Burned armature and ficld coils .

‘ ) I~ Extcmal obsiacle

— Rust due (o moisture —
L Defective contact poinis '
— Problems in switch —— Pull-in and hold-in coils T (1) Burned motor coil

(3) Burncd subswitch (if 50 equipped)

l— Starter laulty )
unbalance in number of (2) Bumed pull-in and hold-in coils {minar
| . windings o defect) . .
[~ Pull-in or hold-in coil layer {3) Plunger fails 10 retmmn when voltage is

' : : : shorted applied to circuit between M and (-}
P : : terminals and plunger is pushed in with
) - . . switch off swarter )
— Contact points defective —— Switch will not turn off only when engine

fﬂi‘ to fire, resulting in berning of motor

= P{ungérjanmd {1) Bumned matar cail

ie {2) Bumed pull-in and hold-in coils
i E - - Machining Tault of parts .
!i : o ' Lever pivot jammed . Doncd lines indicate failure of con
- — Shift lever faulty —-[ . Points 1o close . .
: ) Machining fault ' ’
‘ Sliding part jammed Sticking pinion meml
— Overrunning chuich —E Stiding surface dirty .
jammed Machining fault of lead
— Subswitch faulty —r— Bumed contact paints ” . ]
L Assembly fault resulting } Bumed hald-in coil a.nd motor coil

1
i A . -in failure to return

~ External load connected 1o § circuit ————————— Make reference to “Puli-in #ud hald-in coil

- ‘Incorredt wining —— ) ' unbalance™
- L— § and B circuits shoned Mazke reference to “Key not returnin
pai: y B
compictely

[Other possibility is sticking pinion metal in casc of overrun ltoubl;.]




OVERHAUL INSTRUCTIONS

This

BASIC PRECAUTIONS FORDISASSEMBLY AND ASSEMBLY

section outlines basic precautions

recommended by Mitsubishi that should
always be obscrved. '

1. Disassembly

(1)
@

(3)

(4)

Always use tools that are-in good condi-
tion and be sure you understand how to
use them before performing any job.

Use an overhaul stand or 2 work bench, if

" necessary. Also, use bins 10 keep engine

parts in order of removal.

Parts must be restored to their respective
components from which they were re-
moved at disassembly. This means that
all parts must be set aside separately in
groups, cach marked for its component, so
that the same combination or set can be
reproduced at asscmbly

Pay attention to marks on asscmbhcs.
components and parts for their positions
or directions. Put on marks, if necessary,

- to aid assembly.

®

(6

Carefully check each part or component
for any sign of fauity condition during
removal or cleaning. The part will tell you
how it acted or what was abnormal about
it more accurately during removal or
cleaning. : :

When lifting or carrying a part too heavy
or too awkward for one person to handle,

get another person’s help and, if neces- -

. sary, use a jack or a hoist.

18

2. Assembly

| M

2)

(3)

@

(5)

Wash all parts, except for oil seals,
O-rings, rubber sheets, ¢ic., with clcanmg

. solvent and dry them with pressure air.

Always use tools that are in good condi-
tion and be sure you understand how to
use them before performing any job.

Use only good-quality lubricants. Be sure
10 apply a coat of oil, grease or sealant to
parts as specified.

Be sure 10 use a torque wrench to tighten
parts for which torques are specified.

Any time the engine is assembled, new

gaskets and O-rings must be installed.




DISASSEMBLY |

PREPARATION FOR DISASSEMBLY

_ 4. Gove:mor wexghtremoval B ..
5. Fucl mjccuon pump rcmoval ..... . 28
LUBR]CATION SYSTEM
1. Oil fiterremoval ............... 29
2. Pressure relief valve removal ...... 29
3. Oil pressure switch removal ... cer. 29

AIR INLET SYSTEM AND EXHAUST
SYSTEM -

2 All’ inlet cover rcmoval ....... .. 30
CYLINDER HEAD AND VALVE
MECHANISM . ... ............... 31

1. Rocker shaft assembly removal cee. 32

6. Valve stem sealremoval .......... 33

1. Engine oil draining ...... 20
2. Coolant draining ............ -
ELECTRICAL SYSTEM '
1. Starter . ........ e 21
2. Aternator  .......... .00l 23
~ COOLING SYSTEM
1. Cooling fan removal .. ...... P 26
2. Thermostat case removal ......... 26
o 3 Water pump asscmbly removal ..... 26 -
- FUEL SYSTEM |
1. Fuel mjectmn plpe removal eeeeens 210
2. Fuel injection nozzle removal . . .. .. 27

3. Govemnor assembly rém0val B 2'7"."'_

1. Exhaust mamfold removal ........ 30

2. Rocker shaft disassembly ... ... 0320
3. Cylinder head bolt removal ....... 32
4. Cylinder head assembly removal ... 33
5. Valve and valve spring removal . ... 33

O 00~ N th B oW

—
-

12.
13.
14.

. TIMING GEARS AND FLYWHEEL . ..
. Flywheel removal . . .. e ‘
.Rearplateremoval . .............
. Oil seal case removal . .. .. e '
. Tappetremoval ................
. Spccdbmetcr driven- gear removal . . .
. Crankshaft pulley removal ........
. Timing gear case removal .........
. Timing gear backlash measurement. .
.Idlcrgcarremdval
. Camshafi removal e
. Fuel injection pump camshaft |

removal ..........00hnn e
Gear rcrnoval {when rcquu‘cd) .....
Oil pump removal .....eeen.... .
Front plate removal ..... feranans

CYLINDER BLOCK, CRANKSHAFT,
PISTONS AND OIL PAN ......... .-

1.
2.

3.
- connecting rod bigend ..........

Oilpanremoval ...............
Qilscreenremoval .............
Thrust clearance measurement for

4, Connecting rod cap removal ......

5. Pistonremoval ........covinnnn..
. End play me¢asurement for

crankshaft ....................

. Main bearing cap removal ........
. Crankshaftremoval ........... ..
. Piston separation from connecting
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PREPARATION FOR DISASSEMBLY

"L ‘Engine oil draining
Remove the drain plug from the botom of the
oil pan and allow the oil to drain.

Refill capacities | S3L/S3LZ.
(high level excl. | 3.7 (1.5) (with geep oil pan)
0.5 liter (0.13 3.7 {1.0) {with standard pil pan)

US. gah of oil | S4L/34L2:
in oil filter, liter | 7,7 (2.0) (with deep oil pan)
(U.S. gal) 5.4 {1.4) (with standard oil pan)

T

. Hot oil and components can cause per- ‘ . Draining f:nginc oil
I sonal injury. Do not allow hot ml or ' '
.\ components to contact skin,

J

2 Coolant drammg

Loose the drain plug on the nght side. of the
“cylinder block and allow the coolant to drain.

-

Refill capacities, | $3L/S3L2: 1.8 (0.5)
fiter (U.S. gal) S4LfS4L2: 2.5 (0.7

Draining coolant
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ELECTRICAL SYSTEM

1. Starter
1.1, Testing before disassembly
(1) Clearance between pinion and housing
(pinion clcarance)
(a) Connect the starter t0 a 12 volt battery
as shown in the illustration to cause the

pmmn to shift into cranking position and
nemam there

Puc to the amount of current being passed

through the solenoid series winding, this test
must be made within 10 seconds.

(b)l Push‘ th; pinion toward the commutator
. end by hand to measure its free move- .

ment (pinion clearance).

(E) The pinion clearance must be 0.5 to 2.0
mm (0.020 to 0.079 in.). If the clearance

is our'of this range, make ari adjustment -

to it by adding or removing the packings
on the magnetic switch. Adding the
packings will decrease the clearance.

(2) No-load charactensncs

(a) Connect thc starter 1o a 12 voh battery

with an ammeter capable of indicating
several hundred amperes as shown in the
1llusu'anon

(b) Close the switch to make sure the pinion

shifts into cranking position properly
and the starter runs at speeds higher than
is specified. If the current draw and/or

* operating speed is out of the standard,
disassemble the starter for inspection

and repairs.

05w?20mm L. Bax .
(0020 10 0.079 in.) (12vols) ~ Starter

404512

Connections for measuring pinion clearance .

Tachometer l:

404513

Connections for testing no-load characteristics

21
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/N CAUTION ~. L liem © . Standard

a) The size of wires used for this test must . Model MZT56272 | MZT50381
} be as large as possible. Tighten the Nominal output, V - kW 12-20 | 12-16
! werminals securely. _ | Terminal voliage, V 11 15
.1 b) This starter has a reduction gear. Do Eg Current draw, A | 130, maximom | 100, maximom
‘ not confuse gear nois¢ with some 22| Speed, rpm 3850, 300,

abnormal noise else.

¢) When measuring the starter speed at the
end of the pinion, be ready for accxden-
L tal shifting of the pinion. )

(3) Magnetic switch ]
(a) Disconnect the connector from the M
terminal of the magnetic switch.

(b) Connect the magnetic switch toa 12 volt
battery with a switch as shown in the

iltustration to test the pull-in coil. Close

the switch to see if the pinion shifts. If

the piston fails to shift, the magnetic
switch is faulty.

- |- 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 to a 12 volt

battery with a switch as shown in the

illustration to test the hold-in coil. Close
the switch and pull the pinion away from
the commurator end by hand. Release
the pinion to see if it remains there. If

the pinion returns, the magnenc swuch

is faulty

/N CAUTION

| Due 10-the amount of current being passed
through the solenoid series winding, this test !
@ust be made within 10 seconds. . D

. 22

Battery
{12 volts)

Connector disconnected
T 404514

Connections for testing pull-in coil

Connector disconnected

@ ©
Battery
{12 volis)

404515

Connections for testing hold-in coil




(d) Connect the magnetic switch to a 12 volt
battery with a switch as shown in the

" illustration to make a pinion return test.
Ciose the switch and pull the pinion
away from the commutator end by hand.
Release the pinion to see if it returns
immediately when released. If the

pinion fails 1o so return, the magncnc'

swltch is faulty.

Due to the amount of current being passed

through the solenoid series winding, this test
must be made within 10 seconds.

‘ 1.2. Removal

(D Dlsconncct the bancry wires. Disconnect

the negative (—) wm: f rst.

@) 'Dlsconncct wire (1) from the starter.

(3) Loosen bolts (2) (two) holding starter (3)

_ in position and remove the starter.

2 Alternator
2.1 lnspechon before removal _
The correct diagnosis of the charging sysiem

requires a carcful inspection with the alternator: -

on the engine to determine whether or not it is
necessary to remove the alternator from the
engine for further inspection. The following
chart, in which two troubles are listed with four
- possible causes of each, will help locate the
causc of the trouble:

Voltage regulator setting too high
- Ground return circuit defective

 DISASSEMBLY

tery
(12 volts)

404516

Connections for pinion return test

Wiring incorrect

charge too high

Series resigtor or winding open-circuited

Alternator dnve belt loose
Voltage regulator setting 0o low

Alternator output low

Alemator gives | Alkermator

no charge

Brushes wom

Alternator on engine
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2.2,

Precautions for removal s

Following is a list of basic precautions that
should always be observed for removal:

(1)

@
3)

(4)

When installing the battery, care must be

uscd to make sure the negative (—) termi-’

nal is grounded..

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

Disconnect the battery cables before
charging the barttery.

Do not attempt to disconnect the lead from
the B terminal of the alternator when the

engmc is runnmg

(5)

(6)

(7}

2.3.

(1)

(2)

(3)

%)

Battery voltage is being applied to the B
terminal of the altenator. Do not ground

Tt

Do not short or ground the L terrhinal of
the alternator with a built-in 1C regulator.

Do not biow a spray from the steam
cleaner nozzle at the alternator.
Testing voltage setting

Connect the alternator to a 12 volt battery
with an ammeicr, a voltmeter and a swiich
as shown in the illustration.

The voltmeter reading must be zero (0)
when the starter switch is in OFF position.

It must be lower than the battery voltage.

when the switch is in ON posmon (the
engine will not start).

With one ammeter lead short cm:ulted
start the engine.

Read the voltmeter when the ammeter |

reading is below five amperes and the
engine is running at 1800 rpm and also at
2500 rpm with all electrical loads turned
off. The voltage setting varies with
alternator temperature. Generally, the
higher the alternator temperature, the
lower the voltage setting.

24

404308

404538

Connections for testing voltage setting

Item

Swandard

Voltage setting
[at 20°C (68°F)]

147403V
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2.4, Testing output characteristics
{1) Disconnect the battery gmund (neganve) ) Ammeter
cable. _ ~(=r- '
{2) Connect one ammeter lead to the B Bl t& Qﬁf&’ﬁ;ﬁ” + _l_ =~
 terminal of the alternator and the other h light -
lead 10 the positive terminal of the battery. F'; o) -T2
Connect one voltmeter lead to the B Switch
~ terminal and the other lead to the ground. ' '
(3) Connect the battery ground cable. = = =
(4) Start the engine. ’ c . 404912
onnections for testing output characteristics
(5) Turn on all electrical loads. : (alternator with built-in regulator)
(6) Increase the engine speed. Measure thc ' . '
maximum output current at the specified - Swndards
alternator speed wh_en the voltmeter read-_ Item | Model Torminal vola ge/
ingis 13 5 volts . current Speed
' 'H 2 500 rpm,
= 135VA3A | 2o T
EE | A7TO2071
TE : 5 000 rpm,
gg 13.5VATA | 0 imom

2.5, Rémqval-
' (D Disconncct the battery cablcs

(2) D:sconnect the lead from the B termmal
. of the alternator. :

(3) Disconnect the connector from the
alternator. :

‘(4) Loosen the brace and suﬁport bolts. Move
the alternator toward the engme and .
remove the drive belt. s

(5) Remove the altgm_atqr, o Removing alternator
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COBEING SYSTEM

1. Cooling fan.removal

Hold the fan by one hand and remove the four .
bolts that hold the fan in position. Remove the -
fan and spacers.

—— (NOTE}
" Keep the spacers with the fan for installa-
; Hom.

“ : o

2. Thermostz'lt case removal

- Remove the thermostat case assembly
containing thermostart.

AT

) "'.' E = -~
RO a3 x4

406554

" Removing thermostat assembly
3 Water pump assembly removal

Remove the water pump assembly.

| . . . o
" Removing water pump assembly

26
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” FUEL SYSTEM
1. Fnel injection pipe removal '

Disconnect the fucl mjocuon pipes and fucl_ ’
leak-off pipe from the fuel injection pump and
nozzles '

i -
— _ '. NOTE } .
Pu i he

t plugs or caps on the openings of t
Linjcction pump and nozzle connectors.

2. Fuel injectibn nozzle removal
Loosen the fuel injc.ction nozzles with a

wrench. Remove the nozzles and gaskets from
the cylinder head.

I(_Rembve the gaskets from the cylinder head|
with a screwdriver or the like. Discard de- |
fective gaskets. '

3. Governor assembly removal
~(1). Remove.the tie rod cover.

(2) Remove the spring from the tie rod with a
pliers to disconnect the tic rod from the:
fucl injection pump.

| 3 Rcmove the governor éssembly. o

Removing governor assembly

27
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4. Governor Weight removal oA
(1) Remove the shdmg sleeve.

(2) Rcmovc the sliding sleeve shaft and
govemor weights.

5. Fuel injectibp pump removal .
{1) Remove the tie rod cover.

(2) Remove the spring from the tie rod with a
pliers to disconnect the tie rod from the
fuel injection pump.

-{3) Remove the fuel injection pump.

lx | NOTEJ Y
: Keep a record of the tl'uckncss of shims for |
\mstallanon . _ _/é

Removing fuel injection pump

28
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LUBRICATION SYSTEM

1. Oil filter removal

(1) Put a container under the oil filter to catch
the oil.

" (2) Remove the oif filter from the cylinder
_block with a filter wrench.

2. Pressure relief valve removal

Remove the pressure relief valve from the.
‘ cyllndcr bIOCK.

Removing pressure relief valve

3. Qil pressure switch removal

Remove the oil pressure switch with Oil ‘
Pressure Switch Socket Wrench (MD998054) - Z
{special tool). :

¥D908054

YA AL A
////////4 l
¥

Removing oil pressure switch

404483

29
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~ AIR INLET SYSTEM AND EXHAUST SYSTEM
1. Exhaust manifold removal )

Remove the -Iexhaust manifold from the
cylinder head. :

2. Air inlet cover removal

Remove the air inlet cover from the cylinder
head. :

Removing air inlet cover

30
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" CYLINDER HEAD AND VALVE MECHANISM

@ Rocker cover ° ' ® Cylinder head ® Valve spring

@ Rocker shaft assembly "~ (® Cylinderhead gasket ® Valve
@ Valve push rod - @ Valve lock @ Valve stem scal

" @ Cylinder head bolt , Valve retainer ' (2 Valve cap

31
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1. Rocker shaft assembly removal e .

(1) Remove the bolts that hold the rocker
stays in position and remove the rocker

shaft assembly.

(2) Remove the valve caps.

2. Rocker shaft disassembly

Put identification on each rocker arm as to its -

location on the rocker shaft.

3. Cylinder head bolt removal

Loosen the cylinder head bolts in two or three
steps in the sequence shown. '

== N
If any parts on the cylinder head are faulty, |
check the cylinder head bolts for tightess |

| with a torque wrench before loosening them. |

\

32
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Disassembling rocker shaft assembly

4071054 .

Cylinder head bolt loosening sequence




4. Cylinder head assembly removal

Lift the cylinder head straight up with a hoist.

NOTE} -

‘ L h
| If the gasket is seized and the cylinder head

: cannot be separated from the cylinder block,
- tap around the thick side portion of the’
_ cylinder head with a plastic hammer. - J

'8, “Valve and valve spring removal

-{1) Compress the valve spring with a valve

lifter and remove the valve lock. -
?(2) Remove the retainer, spring and valve.

NOTE}-

Y | NOTE} : ~

The valves, retainers, springs and valve’
. locks must be set aside separately in groups, |

. each tagged for cylinder number, for correct |.

* instaliation.
A .

6. Valve stem seal removal
Remove the valve stem seals with a pliers.

- ——————{NOTE}—

- . Do not reuse the valve stem seals.
-

SA

DISASSEMBLY

R 3.

} 406589

Removing c;;_ri;lder head assembly

- - -
( R 7
. 3 3

Removing valve springs

Removing valve stem seals

33
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" . TIMING GMWitS AND FLYWHEEL

Measure the backlash before |
removing the gears.

406572

© Flywheel E . (@ Crankshafi puiley (Remove ® th‘@ as an assémhly.)

@ Rear plaie | Timing gear case ' ' @ Fuel injection pump camshaft gear
@ Oil seal case; oil seal =~ (@ Idier gear ® Bearing =~ .

@ Tappel (Remove @ thru (@ as an assembly.) @ Fuel injection pump camshaft

® Speedometer driven gear (@ Camshaft gear - @ Oil pump

® P.T.O. gear @ Thrust plate ' - @ Front plate

. _ Co @ Camshaft '

34
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1. Flywheel removal

(1) Have someone hold the crankshaft pulley
" with a wrench to prevent the ﬂywhccl
from rotating.

(2) Remove one of the bolts that hold [hc
flywheel in position.

Always signal each other to prevent
possible personal injury.

- {3) Install a safety bar (M12 x 1.25) into the

~ threaded 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
' it from the crankshaft. Joggling the

flywheel back and forr.h will fac1htatc
rremoval

AWARNING

" When removmg the flywheel, wear 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.

- Removing rear plate

35




DISASSEMBLY

3. Oil seal case removal 't

Remove the boits that hold the oil seal case in
position. Remove the case from the cylinder
block with a screwdriver or the like.

| /A CAUTION
kDO not cause damage 1o the oil scal. )

4. Tappet removal

Remove the tappets from the cylinder‘ block
with a valve push rod.

- -— NOTE ' ~,

. The tappers will fall into the oil pan if the :
" camshaft is removed before the tappets are .

. removed.
\_

5. Speedometer driven gear removal

Remove the lock plate and spccdomctcr driven .

gear in that order.
N

P j' NOTE ',
. Unless the speedometer driven gear is

‘:\removed, the camshaft cannot be removed.

I

.

36

Rcmovmg speedometer dnven gear
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6. Crankshaft pulley removal -

(1) Install two safety bars (M12 x 1.25) into
the threaded holes in the rear end of the
crankshaft. Put a bar between the safety
bars to hold the crankshaft to prevent it
from rotating.

(2) Remove the crankshaft pulley.”

& warNING

When removing the crankshaft pulley, be | |
| prepared to stop the job in case the bar
,leips off the crankshaft to prevent injury.

7. Timing gear.mse removal .
| Remove the bolts that hold the iming gear case.
in position and remove the case.

i The front plate is bolied inside the timing
. gear case. Do not atiempt to remove this
' plate along with the timing gear case by |
. tapping.- ' o -
—

8. Timing gear backlash measurement |

Measure the backlash of each gear and keep a
record of it for correct installation. Replace the
pears if the backlash exceeds the limit.

, Unii: mm (in.)
Iiem Standard | Limit

Crankshaft gear | :

and idier gear

Idler gear and
g camshaft gear © 08102 o g(l)%a
K 1 610 0.004 7) '

1 : -

E’, }ge‘fr iggguzr;‘d Measuring timing gear backiash
5 | pump camshalt C 030 | .
S| gear . " {0.011 &)
2| Camshafi gear 0.08 10 0.19 ' '
E | and P.T.Q. gear {(0.003 1 10 0.007 5)
& [ Fuel injection

pump camshaft 0.07 10 0.20

gear and 0il {0.002 810 0.007 9)

pump.gear
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9. Idler gear removal |

To remove the idler gear, rotate the gear in a

direction of the helix of the teeth to pull it out
of mesh.’

10. lCamshaft removal

(1) Remove the bolts that hold the thrust

(2) Pull- the camshaft out of the cylinder <

block. ©

+ —{ A\ CAUTION ——
* Do not cause damage to the lobes or bear- |
'\ing journals when removing the camshaft.

!

11 Fuyel injectioﬁ pump camslhaft |
removal :

(1) Remove the stopper bolt.

38

Removing camshaft stopper bolt




(2) Tap the rear end of the camshaft withea
copper bar to push it out of the front side
of the cylinder block,

12. Gear removal (when required)

-To remove the gears from the camshafi and

fuel injection pump camshaft use an arbor.

press.

13. Oil pun’ih removal

Remove the botts that hold the oil pumpto the

cyhnder hlock and remove the pump.

14, Front plate removal

Rcmove four bolts that hold the from plate in
-position. Tap the plate lightly wuh a plastic
hammer to separate the gasket.

" DISASSEMBLY

Rernovmg fuel mjectmn pump ca.mshaf:

o Rcmovmg fromt plau:
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CYLINDER BLOCK, CRANKSHAF'I‘;P[STONS AND OIL PAN

|
! - @:SE'
i .
S
—B
@
:'
I
|
1
@
|
E O
B
|
® Oil pan CoC ® Piston ﬁin' i Connecting rod bearing (upper half)
® Oil screen ‘ _ @ No. 1 ring @ Main bearing cap
@ Connecting rod cap No. 2 ring @@ Main bearing (lower half)
@ Connecting rod bearing (lower half) @ Oil ring {® Crankshaft
(Remove @ thru @@ as an asscmbly.) @ Piston ' @ Main bearing (upper half)

® Connecting rod @ Cylinder block

NOTE: When the cylinder block is to be discarded, remove the components (pressure relief
40 valve, etc.) from the block for reuse. .




L. Oil pan removal s o

(1) Turn the cngme upside down.

2) Tap the bottom comners of the oil pan w:th
a plastic hammer to remove the oil pan.-

Do not attempt to pry off -the oil pan by

. inserting a screwdriver or a chisel between
~ the oil pan and cylinder block. Damagc o
the oil pan can he the regult.

2. Oil screen removal
Loosen the nut that holds the cil screen in
- position and remove the screen.

-3, Thrust clearance measﬁrement for
connecti:_lg rod big end

' Install the connecting rod to its crankpin and
tighten the cap nuts to the specified torque.

Measure the thrust clearance with a feeler.
gauge. If the clearance exceeds the 11rmt,'

replace the connectmg rod.

Unit: mm (in.)
Tiem ' Standard " Limit
Thrust clearance 0.10 to 0.35 0.50
{’?; conecting rod | 0.003 9 10 0.013 8) | (0.019 7)-

DISASSEMBLY

§70429

Measuring thrust clcarancc for connecung

rod big end

.41
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‘4. Connecting rod cap removal
(1) Lay the cylinder block on its side.
() Pm identification on each connecting rod

and cap combination as to its location in

the engine.

(3) Remove the caps.

5. Piston removal

(1) Tum the crankshaft until the pistori is at -

top center.

(2) Push the piston and connecting rod away

from the crankshaft with the handle of a
hammer or the like until the piston rings
are above the cylinder. Remove the piston

and connecting rod. Do Steps (1) and (2) .

for the removal of the other pistons.

6. End p_laj;' measurement for _cr;ankshaft

Set a dial indicator so that it will touch the end

- of the crankshaft and measure the end play. If
the end play exceeds the limit, replace No. 3
flanged bearing. S

Unit: mm (in.)

Item - Standard Limit

End play for 0.050 10 0.175 0.500

;{:;ks*'a“ end | 0,001 97 10 0.006 89) | (0.019 69)

.42-_ '

]

401769

- Removing piston

404826 -

Measuring end play for crankshaft




7. Mam bearlng cap removal I

{1) Laythe cyhndcr block with i ns bonom {oil
_pan) side up. - ‘

(2) Remove the bolis that hold the main
bearing caps in position. Remove the
caps.

(3) Remove the front and rear bearing caps
with a sliding hammer. :

- 8, Crankshaﬁ _removx;l

Remove the crankshaft. ._

Do not-cause damage to the bearings.

- Donore _ 4
p —(NOTE) —

| Put identification on each main bearing as'|
i e its location in the engine. :

9. Piston separation from connecfing rod

(1) Use Piston Pin Setting Tool - (31A91-
00100) (special tool) to scparate the
piston from the connecting rod.

* - DISASSEMBLY

SN

Removing crankshaft B

- Piston pin setting tool
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(2) Insert the push rod of the tool into the bore

in the piston for the piston pin and, using
an arbor press, remove the piston pin.

(3) Use this Piston Pin Setting Tool to instalt
the connecting rod to the piston.

tapping. Replace a piston pin which needs
a greater force for removal. : ' _)

44
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|
!
r
|
|

Do not attempt to remove the piston pin by |

Push rod (tool)
Connecting rod

Arrow mark
............

Piston

Removing piston lpin (2)
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INSPECTION

CYLINDEﬁ HEAD AND YALVE

MECHANISM

rrmm——

| wear or damage.

for stripping.

Check threads [ Check ol hole for clogging.
/ . j .

. } Check end | Cheek bore :
for wear. : for wear, g %

- | Check vaive scats
@ Check for damage | forimproper - |

406594

[ Check valve guides for

and test. | CONacl Or Wear,
] ~

. Check for

wear or damage.

3

¢

/ Check for ridges |
or damage.

/ / Check for galling |
O7 Wear, i

Check for
wear or
improper

i

1
| Check ends for

Check for bend.

Check for cracks, oil or coolant leaks. Remove

gasket, scale and carbon deposits.

408595

Inspection points




1. Cylinder head

Using a heavy accurate straight edge and a
feeler gauge, check the bottom face for
warpage in three positions lengthwise, two

crosswise and two widthwise as shown in the .~

_ illustration. If warpage exceeds the limit,
. reface the bortom face with a surface grinder.
’ ' " Unit: mm (in.)

" 2. Rocker gﬁns and rocker shaft
Measure the bore in the rocker arm for the

rocker shaft and the diameter of the rocker -

shaft to find the clearance between the arm and

shaft. If the clearance has reached the limit,. .

replace the rocker arm. If it exceeds the limit,
replace both arm and shaft. ' :

3. . Valve springs _ .
Check the squareness and free length. If the

squareness and/or free length exceeds the timit, -

replace the spring.

[tem . Swandard Lirmie
| Free length 47 (1.85) 46 (1.81)
Squarcness 1.5° maximum :
.| Length under 139+07
- | test force: (30.6+1.5)
8= 391154 (1361 7) -15%
2 :
2| Lenghunder | 2912 |
& & lest force; 64+44)
~|305(1.20) | [284%20]

INSPECTION

[0 &

Item Standard Limit
.| Warpage of cylinder | 0.03 (0.002 0) a1 I
* | head botiom face - maximum (0.0039)

Checking cylinder head bottom face for

warpage

401331

Unit: mm (in.)
© | Nominal T
Item 3 size | Standard | Limit
.1 1821010
Bore in rocker | 18.9 18.930 _
arm for shafl (0.744) | (0.744 4910
: o 0.74527)
18.8380 10
Diameter of 18.9 18.898
shaft forarm | (0.744) | (0.74331 10 .
. d .0.744 01)
0.012 10 '
[vervnmroctar| | G0 o028, |
arm and shaft 0.001 97) :

Measuring rocker arm and rocker shaft

Unit: mm (in.)

Free length

2

(e

‘4
/

daideuar——

AT

=

401335

- Testing valve spring
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4. Valve push rods
. Using V-blocks and 2 dial indicator, check for

bend. If the bend exceeds the limit, replace the .-

push rod. . , :
Unit: mm (in.)
Item Limit
Bend (dial indicator reading} 0.3 (0.012)
of valve push rod maximum

5. Valves, \{alve guidés and valve seats
(1) Diameter of valve stem

Measure the diameter of the valve stem as
shown in the illustration. If the stem is womn
beyond the limit, or if it is abnormally worn,

replace the valve.
. Umt mm {in.}

(2) Clearance beiween valve stern 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 micrometer caliper to find the clearance
between the stem and guide. If the clearance
exceeds the limit, replace the guide or valve
whichever is badly WOTT.

48

.
| 400069

Checkmg bcnd of valve push rod

-Measuring
diagram

: T
ltem t“";{;‘e’“‘, Standard | Limit
o 6.565 o
Ikt | 6.6 [6.580
_ valve | (0.260) [(0.258 46 to
Dflamlcwr | 0.259 05) 6.500 -
O valve
| stem 6.530 1o 5{0:25591) :
"Exhaust; 6.6 [6.550 i
valve | (0.260) |(0.257 09 10
. 025781 -

Measuring valve stem -

Tnside micrometer
caliper

406597

Measuring valve guide




Uﬁit: mm {in.) - -

Nominal ..
Item size Swandard Limit
Po- 0.02 10 :
Clear- Inlet . 0.05 0.10
ance valve (0.000 8 to| (0.003 9
| between- | 0.002 0)
valve - |—
stem and . 0.05 wo
valve Exhaust| 0.085 0.15
guide valve (0.002 0 10| (0.005 9} |-
0.003 35)
. ) ‘ 9510 10.5
.| Height to top of 10 .
" | valve guide . (0.39) 6043173‘; o
{NOTE)

Before measuring the valve guides, clear the
| guides of lacquer and carbon. :

(3) Valve guide réplaccmcm

(a) Remove the guide from the cylmder .
’ . head by pushing it with a tool and an
 arbor press from the bottom side of the .

hcad.

(b) Install a new guide into the cyhndcr'

head by pushing it with an arbor press

"

_from the upper side of the head until the

specified height to the top of thc guide

is obtamcd.

(c) Inscrt a new valve into thc guldc and

make sure the valve slides in the guide -

freely.

(d) After the valve guide has been replaced, .

check the valve contact with its seat.

(4) Valves

(a) Put a small amount of Prussian blue or
read lead on the valve face. Hold the

valve with a valve lapping tool (com-
. mercially available) and press it against -

the seat to check its contact.

INSPECTION

Valve guide =H 2

. 2EaSy ~

Cylinder head : E g

N el

S F <
406568

Height to top of valve guide

406599

. Checking valve contact with seat




INSPECTION

(b) The width of contact must be uniform all
the way around both scat and valve. If
-the contact is bad reface the valve and
seat.

Contact must be uniform
around the somplete
. 'circu.mfcrmce.

.g - - 404725
" Valve and valve scat contact

(c) If the valve margin (valve lip thickness) :_ ‘
exceeds the limit, replace the valve. - ! Valve sinkage Valve margi

Unu mm {in.)

Ttem Standard Limit ‘ % . S

Valve margin (lip
thickness) . 1.0(0.039) 0.5 (0._020)

(d) If the valve sinkage (the dimension from
. the top of a closed valve to the face of .
-cylinder head) exceeds the limit, recon- ~ _ . _ 204727
dition thc valve secat or replace the
cylinder head assembly.

Valve margin and sinkage

Unit: mm' (in.) .

Ticm Standard | Limit
Valve sinkage '
{dimension from 3025

1.5
top of closed valve | (0. 0 D+0.0098) 1 (0.059
10 face of head) i .

(5) Valve refacing o |

(2) Set the valve refacer at an angle of 45°
and grind the valve. '

(b) The valve margin must be not less than .
the limit. If the margin seems 10 be less
than the limit when the valvc is rcfaccd
replace the valve.

Refacing valve face

50




(6) Valve seat mfaciﬁg
(a) Before refacing the valve seat, check the

. clearance between the valve and guide,
and replace the guide if necessary.

(b) Cut the valve scat with a valve sear
cutter (commercially available), or grind.
it with a valve seat grinder, and finish

the width of valve seat and the angie of -

seat face to the correct values,

Unit: mm (in.) -

Lem | Standard Limit
Angle of scat ; 45° . L
face it
Widhof valve | = 131018 2.5
seat - | (0.05110007) | (0.098)

(c) Afterrefacing the valve seat, putlapping

. compound on the valve face and lap the

valve in the valve seat.

(7) Valve lapping
Be sure to lap the valves in the seats after
refacing or replacing the valves or valve scats.

(a) Put a small amount of lapping com-

pound on the valve face.
NOTE}

/ ——(NOTE} —

i a)y Do not put lapping compound on the -

valve stem.

f
| o .
| b) Use a lapping compound of 120 to 150

! mesh for initial lapping and a compound

; of finer than 200 mesh for finish
| - lapping. L

| ¢) Mixing the compound with a small
| amount of engine oil will help put the
I\ compound on the valve face uniformly_./

{b) Using a lapping tool, hold the valve
against the seat and rotate it only -a part
of a turn, then raise the valve off its seal,

INSPECTION

Rcfacing valve scat

- Width of velve seat
1.3 10 1.8 mm ‘
(0.051 10 0.071 in.)

[/

404432

406501

Lapping valve in scat

91
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rotating it t0 a new position. Press the-

valve against the seal for another part of
a turn. Repeat this operation until the
compound wears and loses its curting
property. .

(c) Wash the valve and valvc seat with dry
_cleaning solvent.

(d) Apply engine oil to the valve and lap it -

in the seat.

: "(¢) Check the valve face for contact.

6. Combustion jet replacement

Replace the combustlon jets only when they -

are crackod or defective.

(1) Toremove the jet, insert a 6 mm (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 2 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 3 plastic hammer.

52

‘ Round bar-

Combustion jet

406502

Removing combustion jet

Combustion jet ,Y’-

14 +3p°

T

O

U
0

@

)

Q0O

Installing combustion jet _
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- TIMING GEARS AND FLYWHEEL

ii.
: Check for damage (o Iobes
. -and bearing journais.
' ‘ Check for wear or abnormal
. ! noise (when spun).
; [ Check teeth for wear, nicks,
| burrs or chips. ) -
; LCheek specdometer driven gear for da.ma,gcj
! S [ .
. (C‘I’mckforhendordlm:gstold:erl
I Check for eracks or distortion. f' .
k . A 406572
1 t Cheek bel groove far wear. j
A
B
!
1 Check clnu;ch contact face for scores
| or ridges. Check ring gears for
i damage or wear.
'E _:n 1 ¢
) 4
| W
i - @
‘ ‘ {_Chcck-ior weay, damage or aging:] E
[
’ 406573

Inspection points

- S3




INSPECTION

1, Camshaft
(1) Clearance between journal and bushing

Measure the diameter of the journal and the
bore in the bushing for the shaft to find the
clearance as shown in the illustration. - If the

clearance exceeds the. limit, replace the
~ bushing. :

Unit: mm (in.)

Item |+ Standard

Clearance between camshaft -
journal and bushing 0.15 (0.005 9)

(2) Bushing replacement o
Use Camshaft Bushing Installer (ST332340)
(special tool) for camshaft bushing replace-
ment. :

(a) Removal

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

- 54

404767

Front of cylinder
block

> g_
_ 1_/...
" Camshaft Bushing
Instalier

406508

Removing camshaft bushing




INSPECTION

" (b) Installation

I o s - ! mm (0.04 in.)
Install a new bushing in position with its r
oil holes in alignment with thosc of the : +- _ Nochin
oil gallery. _ 0 L] pusning

(3) Lobe hft

‘Measure the lobe hc:ght and base circle as

. .shown in the illustration. Subtract the base
circle from the lobe height o find the lobe life.
If the Iobc lift cxcccds the limit; replace thc_.

camshaft ,
UniL' mm (in.) .
| Item - Standard Limit
I Lobe height of 35.72 U7 |
camshaft - (1.406 3) {1.3669) |

2. Fuel inje_ction pump camshaft

Measure the lobe height and base circle as
shown in the illustration. Subtract the base

" circle from the lobe height to find the lobe life. .
1f the lobe lift exceeds the hn'ut rcplacc the. =
camshaft
Uml: mm (m.) .
Item * Standard Limit
Lobe height of fuel 44 . 43
vt 7y | a6

Measuring lobe helght of fuel mjectxon
- pump camshaft
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INSPECTION ©

3. Tappets
(1) Cam contact ffcice

Check the cam contact face of each tappet for

abnormal wear. Replace the tappet if the face
is defective. ' '

(2) Clearance between tappet and cylinder -

block

Measure the diameter of the tappet and the bore.

in the cylinder block for the tappet o find the
clearance. If the clearance exceeds the limit,
_replace the tappet. T ‘

' : Unit: mm {in.)

Clearance between Lappel 0.15 (0.005 9)
and cylinder block : T

4, ldler gear
(1) Clearance between idler gear and shaft

‘Measure the bore in the idler gear for the shaft
and the diameter of the shaft to find the

" clearance. If the clearance exceeds the limit,.

replace the gear or shaft whichever is badly
worn. -

Unit: mm (in.)
Item : Standard Limit

Clearance between 0.03100.07 0.20
idler gear and shaft (0.001 2 t0 0.002 8)| (0.007 %)

- 56

Good Bad Bad

400068

Cam contact_fécc of tappet

Measuring idler gear and shaft




(2) Idler shaft réplaccmcht

_Install a new idler shaft to the cylinder block
~ so that its dimension from the face of the block
is 26.5+0.5 mm (1.04330.020 in.).

5. .Flywhgel and fing gear

~ {1) Flatness (difference between fower and

. higher measuremens) of flywheel

* Put the flywheel on the surface plate. Set a dial’
indicator at one side of the fricdon (clotch-

‘contact) face and move it over to the opposite
side of the face as shown in the illustration 1o

find the flatness. If the ﬂatness exceeds [he.- .

lmut. gnnd thc face.

Unir.: mm {in.)

Ttem - Standard Limit
Flainess of . 0.15 (0.005 9) 0.50
flywheel maximum (0.0197)

~(2) Ring ggar fgpla&emem

‘Check the ring gear and replace it if _its'tc'ctii _

are abnormally worn or chipped.
' (a) Removal

Heat the ring gear cvcnly 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 flywheel.

~ (b) Installation

. Heat a new ring gear up to a temperature -

of 150°C (302°F) with a piston heater

" and install it to the flywheel with its
" unchamfered side foremost.

INSPECTION

26.530.5 mm
(1.04340.020 in.}

Idler shafp dimension

401758

Measuring flywheel flatness

Removing ring gear
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CYLINDER BLOCK, CRANKSHAFT, PISTONS AND OIL PAN

L]

Chzck for cracks, scores ot |- ‘ ;
ridges at top of ring ravel. Check for wear or damags.
o . Check clearance between
ends. _
D
Check top face for | P 2~ ' _
warpage. L o & ‘ .
' (=) = 2 Check for wear, scores,
= S ' | cracks, overheadng or
| g excessive widened ring
- grooves.
> I . ’ \ -
N
o Ls
) 5 .
- 406594
| "Check for damage ///: . A .
Ltoplugs or dowels. |- 48 § . Check far bend or twist
Check big end thrust
% " . clearance. ’

F——————————f

&
Cheock for plugged 7
' or plugged | e
! oil holes. . %

! Check for damage
{ 10 gear teeth.

Check journals and crankpins
for abnormal wear, cracks, bend
ot plugged oil holes.

Do not reuse crankshaf if it shows
evidence of overheating.

Loss of “ /Smn:hcs \RY
N

overlay hay)
» Defect duc
to poor
instaliaton 400112
406588

Inspection points




INSPECTION

1. Pistons, Piston Rings and Piston Pins RERT S T Direction mvem'w
- Co I piston pin

(1) Diameter of piston

Measure the diameter of the p:ston at lts 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 that the differ-
ence between average weight of all pistons in
one engine does not exceed the standard.

Unit: mm (in.) Bk ) 406607

Item Nc;l_:lzi:al Standard | Limit . Measuring diameter of piston
- ' 78.00 ;;gg 5 77.80
Standard 1 (3.0709) | (3.068 110 | (3.063 0)
, 3.068 9) :
N - 025 . 78.18 10
ey 100098y | o | 0| 0798 |
ton | R . i o R
O PIER | oversize 130787
. 78.43 1o .
?ﬁlg,) 78.50 | 78.45 78.30
oversize. | B-0905) 96%8375"’ 0827 -
[ Maximum permissible differ-

| ence between average weight of S(D.18) : —_
all pistons in one engine, g {0z}

(2) Clearance between piston ring and groove o
No. 1 compression ring clearance

(a) Mcasurc the clearance between the . ‘ -
groove and piston with a straight edge o T
and a feeler gauge as shown in the
illustration. If the clearance exceeds the
limnit, Teplace the ring. '

No. 2 compression

7

Unit: mm (in_)-

o/
N

hem Standard Limit D\
No. 1 compres- 0.06 0 0.10 0.20 / // /’
§iOn ring {0.0024100.0039) | (0.0118) : 407141
No. 2 compres- 0.05 10 0.09 0.20
sion Ting pres ©.002 0100003 5) | ©:0079) | ;\‘;I:cziasurmvgc clearance between pision ring
Oil rin ’ 0.03 10 0.07 0.20

6 (0.001 2 10 0.002 8) | (0.0079)

(b) If the clearance still exceeds the limit
after new piston "rings have been
installed, replace the piston.
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INSPECTION

(3) Cleararice between ends of piston ring

Put the piston ring in a gauge or in the bore in

a new cylinder block and measure the clear- -

ance between the ends of the ring with a feeler
gauge as shown in the illustration. If the
clearance exceeds the limit, replace all the
rings. '

Inside diameter of gauge

Standard: 78*5% mm (3.07°8%! 2 in.),

0.25 mm (0.0098 in.) oversize: _
78.25°0% mm (3.08*0%'? in)
. 0.50 mm (0.0197. in.) oversize:
78.50*0® mm (3. 09°3% % in)
. —————{NOTE}———— —
; Put the plston ring’in the gauge or cylmder 1

. squarcly with the piston. 7 ,/'
_ Unit: mm (in.)
Item " Standard Limit
: No. 1 .
e 0.15 10 0.30-
Clearance | rmg 0 |(0.0039 100011 8)
between
endsof (No-2 i gisppas oo
piston | SOPPTESSION | 0605 9 10 0.013 8) ©059 1)
ring Ting )
o 0.20 to 0.40
Oitring 10,0079 100015 7)

(4) Clearance between ,;')ist'on pin and pisté_n

Measure the diameter of the piston pin and the
bore -in the piston for the pin as shown in the
illustration to find the clearance. If the clear-

ance exceeds the limit, replace the piston or pm C.

whlchcvcr is badly worn.
Unit: mm (in.),

: Nominal .
Item size i Standard Limit
22.994 10
Diameter of 23 23.000
piston pin (091) | (09052710
0.905 51}
Clearance 0.006 1o
between _ 0.018 - 0.050
piston pin and (0.000 24 w | (0.001 97)
pision 1 0.000 71)

Mf:asurmg clearance bcrween ends of
p:ston rmg

404153

Measuring piston pin and bore in plSIDI‘l
for pin




INSPECTION

2. Connecting rods
Unit: mm {in.}

Check the connecting rod for bcnd or twist as - C 005 00020

follows: - —pn L 100(394)

(a) Mcasure “C” and “£." If “C” exceeds !

0.05 mm (0.0020 in.) per 100 mm (3.94 € 005 o0y #@
1000394 C

" in.)of “L,” straighten the connecting rod

with a press. : :
) : Unit: mm (in.) Towist 7
TIiem Standard ~ °| Limit _ ) _ B
, 0.05/100 0.15/100 ‘ ' : 400110
Bend or twist of
- : (0.0020/3.94) | (0.005 9/ : " :
connecting rod - maximum 3.94) Checking connecting rod fnr bend or nwst

. (b) Generally, a connecting rod aligner is
- used to check thc connccnng rod for
bend or twist. . :

i To check the rod for bend, install the cap to
" the connecting rod and tighten the cap nuts- o
'; to the specified torque. ) )'

| 401780

Check connecting rod ona connectmg
rod aligner .

(c) To check the connectmg rod fitted to the
.piston for bend, put the connecting rod
and piston on the surface plate as shown _ c
in the illustration, insert a round bar
" having a diameter equal to that of the’
crankpin into the bore in the big end of
. the rod and measure “A” and “B” with
adial indicator. Subtract “A” from “B”
to find the bend (“C"). '

401781

Checking connecting rod for bend
with a dial indicator
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3. Crankshaft- o v

(1) Clearance between crankpin and connect-
ing rod bearing .

(a) Install the bearing (upper and lower
halves) and cap to.:the big end of the

connecting rod and tighten the cap nuts

to the specified torque. Measure the
bore in the bearing for crankpin as
shown in the illustration.

355+ 0.25 kgfm
| Tightening torque (25.

(b) Measure the diameter of the crankpin as
shown in the illustration to find the
_clearance- between the crankpin and
connecting rod bearing.

Unit: mm (in.)

Item ”‘;?;Z‘“‘L Standard Limic

e | 2 |
‘| (standar (189) | (18877910 —
(siandard) 1.888 38)
Clearance
0.02510-

22::;,’:1 and — 0[')0(3’30 8 00.15(; 1
by "8 100 bo02 gy - |7
bearing .

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

(d) If the clearance still exceeds the limit,
grind the crankpin to 0.25 mm (0.0098
in.), 0.50 mm (0.0197 in.) or 0.75 mm

(0.0295 in.) undersize and use undersizc -

connecting rod bearing. -

_ Crankpin undersizes
Unit: mm (in.)

Item .' Undersize Finish
1 200 g | 477500 (1879900 T
Cranipin | §300 1 4750208 1 g70130 3,
o5y | 472550 (1860 2725 3%

62

3.5540.25 kgf'm
(25741 8 1bER)
[34.8£2.5 N-m]

Measunng diagram

D

401778

Measuring bore in connectin_g rod bearing.

Measuring diagram

' f)
. I
[ |

t

870113

Measuring diameter of crankpin
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- ' a) Grind all the crankpins of one crank-
1 . shaft to the same undersize.

" | by Finish the crankpin fillets to a radius of
{ 2.5mm (0.098in).

404814

(@) Clearance between journal and main
- bcaring-_ , :

-(a) Install the main bearing (upper and .
* -lower halves) and cap to the cylinder
block and tighten the cap bolts to the
specified torque. Measure the. bore in-

the bearing for the journal as shown in

the illustration.. S .

L -+, | 525%0.25kgfm
‘| Tighiening worgue (38 £ 1.8 Ibi-ft)
- (51,5225 N'-m]

(b) Measure the diameter of the journal as
shown in the illustration to find the
clearance between the journal and main
- bearing. ' S
e Unit:.mm {(in.) -
tem | Nemimall  qungard | Limit
SIze
Diameter of IR E
Journ | 05 | (20466510 |
{standard) ( 5.047 24)
g:;earance 833? 10
tween - _ . 0.100 . . .
journal and ©.001 18 10 |(0.003 94)| - Measuring diameter of journal
main bearing 0.003 03) . .

(c) If the clearance exceeds the limit, install
~ a new bearing and check the clearance .
again. : :
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INSPECTION . -

{d) If the clearance still exceeds thelirhit,
grind the journal to 0.25 mm (0.009 8
in.), 0.50 mm (0.019 7 in.) or 0.75 mm
(0.029 5 in.) undersize and use undersize Lo
main bearing. o . . | . .
Journal undersizes
‘ * Unit: mm {in.)

lem | Undersize | Finish
0.25 ' 0 o :
(0.009 8) S51.75.0ms (2.037 4 p00059) .
Toumal ?@?819 7y | 51:508015 (2.027 6 Gaoo ss) 2 mm (0.08 i\n\-) _/ . \lzl_m (0.08 in.)
o295y | 5125805 20177 Somss) |

. 2) Grind all the journals of one crankshaft

. tothe same undersize. o L

| b) Finish the journal fillets to a radius of 2 ] I ' | 404814
5\ mm (0.08 in.). ’ : : /} : * Journal fillet radius

{3) Runout

- Support the crankshaft on its front ‘and rear
journals in V-blocks or-in a lathe and check
runout at the center journal with a dial indica-
tor as shown in the illustration. Depending on
the amount of runout, repair the crankshaft by
grinding or by straightening with a press. If
runout exceeds the limit, replace the crank-

shaft.
Unit: mm (in.) 870111
Item Standard Limit
f 0.025 0.05
_ C_ranksha L runout (0.000 98) (0.002 0)

4) | Crankshaft gear removal

Use a gear puller to remove the gear from the

crankshaft.
: .
; J1 NOTE ',

. Do not remove the gear unless the gear or
. crankshaft is defective. - -
\

v

404813
Removing crankshaft gear.




(5) -Crankshaft gear instanation

(a) Install the key in position on the crank-
shaft. '

(b) Install the 'gcar in position with its
keyway in alignment with the kcy as
shown in the 1Ilust:rat10n

4 Cylmder block
" (1) Bore
Measure the bore at the top, middle and bot-

tom points on axes A and B with a cylinder.

bore gauge as shown in the illustration. If any

one of the cylinders exceeds the limit, hone out -

all the bores for oversize pistons.

Pision and piston ring | Bore

| - - (30787 %)

0.25(0.0098)| 35
oversize N

782579 | Standard:

(3.0807"0%'%) (+0.008)

0.50(0.0197)| 4 78.50'0%

oversize : (3.090 5+9o01 z)

Taper and oul-ot'— 0.01 (0.000 4) _
round maximum

| (2) Warpage of mp face -

Using a heavy accurate sn-axght cdgc and 2
feeler gauge, check the top face for warpage

in two positions lengthwise, two crosswise and

tWo wxdthwmc as shown in the illustration, If

warpage exceeds the limit, reface the top face

- with a surface grinder.

© The maximum permissible amount of stock |-

. 10 be removed from the cylinder head and
1 block by grinding is 0.2 mm (0.008 in.) in
-|\ total..

Unit: mm (in:) |

sizz "~ | S\ sandard | Limit |
: code
’ ; <003
. Standard i STD- 780

INSPECTION

407246

Measuring bore in cylinder block

- Checking cylinder block top face for warpage

Unit: mm (in.)

ltem Standard Limit
Warpage of
: 0.05 (0.002 0) 0.10
?::Lnder block top maxim (0.003 9)
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* " CYLINDER BLOCK, CRANKSHAFT, PISTONS AND OIL PAN

- Lubricatc the endre surface
! with engine oil,

i Lubricate the bearing (inside) !
. surface with engine oil. J

i Coat the front and rear bearing cap
| contact surfaces with Three Bond

i | 1212 _
; ~| Lubricate the bearing (inside)
! // | surface with engine oil.
f B
Coat with Three
Bond 1212. .
Tightening torque:
i - 3.55£0.25 kgf-m
! (25.7 * 1.8 1bi-f1)
[34.8 125 N-m]

@ \"‘ T ) : Tightening lmque-:
7 — 5.2510.25 kgf-m
= / - ! (38 + 1.8 IbY) -

. I Coat the entire surface wilth ’ {5152 25 N-m)

| | Three Bond 1207C. -

Tighiening torque
‘Cast oil pan: :
2.8+ 0.3 kpf-m (203 £ 2.2 1bf-f1)

[27.5 £3 N-m)
; Flate cil pan:

i 1152015 kgfm (83 = 1.1 1bl1)
© . N132 L5 N-m)

405588

Inspection points -

68 -
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. 1. Main bearing installation T il g
(1) Install the upper halves of the main
bearings in the cylinder block and the
lower halves in the main bearing caps so
their tabs fit into the notches in the ' -
cylinder block and the main bearing caps.

(2) Tnstall the ﬂangc.d bcanng in the No. 3
journal. :

(3) Lightly lubricate the inside surfa.ccs of thc '
beanngs with engme oil.

C2. Crankshaﬂ installation ' -
{1) Clean the crankshaft with cleaning'solveni
_ . and blow dry with compressed air. - -
© '(2) Fasten a hoist to the crankshaft and hold
- " itin horizontal position. Carefully put the

- crankshaft in posmon in the cylmdcr
block. ' .

(3) nght]y lubncate the crankshaft Journa]s
© . with engmc oil. '

3. Main beai'ing cap installation

' “(l) Coat the mating surfaces of the rear bear-
ing cap and cyhnder block w:th Three
Bond 1212. '

(2) Install the main béaring caps in position.’
- Make sure the number {arrow head) on the

main bearing cap is toward the front of the
engine.

(35. Tighten the main bearing cap bolts ﬁngcr'
tight only. ' .

Main bearing caps installed

.89
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! ]
: Install the front and rear bearing caps in [
l position so their end faces are even with the |
|
/

cnd faces of the cylinder block.

(4) Tighten the bolts holding the main
bearing caps in steps to the specified

orque.
] R 5.25+ 025 kgf-m
Tightening torque (38 + 2 1bf-fr)
T [51.5+£25)

(5) Make sure the crankshaft rotates freely
-without bmdmg or catching.

(6) Measure 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 holding the

main bearing caps once and tighten them

again.

Checking crankshaft for rotation -




4. Side seal installation - oA
(1) Coat the side seals with Three Bond 1212.
(2) Insert the side seals between the cylinder

in them by hand as far as possible, with

their rounded side toward the outside of _

the cylinder block.

(3) Using 2 flat plate, push the scals into

position, taking care not to bend them.

5. Piston assembling to connecting rod

(1) Set Piston Setting Tool (31A91-00100)

(special tool) in a hydrauljc press.
(2) Put the connecting rod on the Tool and

- lubricate the bore in the rod for the pxston .

pin with engine oil.

: ASSEMBLY

block and the front and rear caps and push

Stde seals
Rounded side / i N\ Rounded side
406817
Slde seals

“Connecting rod on Piston Seting Tool
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(3) Put the piston in position on the connedt-
-ing rod, making sure the model identifi-
cation on the rod is on the same side as
the ‘arrow head on the top of the piston.
Put the piston pin in position.

(4) Insert the push rod of the Tool into the

bore in the piston for the piston pin and

press the pin with the press.

| Observe the indicator of the press when |
. pressing the piston pin. If the force of the |
. press is ready to exceed 50 kgf (110 1bf) |
- [490 NI, swop pressing the pin and check the ;

. bores in the piston and connecnng rod for
allgnmenL '

(5) Aftcf assembling the piston énd connect-
ing rod, make sure the conncctmg rod
~ moves freely :

* Checking piston.and connecting rod
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6. Piston ring installation ' E

Using a piston ring pliers, msta]l the pision
rings on the piston. :

: |_Mark to be up
’ . No. 1 compres-
; . | NOTE} ~ 77 “‘z] si:n ri?xog F .

! ) The piston rings must be installed with No 2 compres-
; the side that has the mark “T" toward sum ring

L the top of the piston.

i

! b) The oil ring must be installed with the °" g

;' ring end gap 180° apan from the coil |

{___ Spring joint. _ " Pistonrings

Coil spring joint

7. Piston and connecting rod installation

(1) Lubricate the piston and piston rings with
' engme oil. :

(2) Move the p:ston rings on the pxston so that o I

" the end gaps are apart from a direction !
‘parallel to, or transverse to, the piston pin:

J

(3) Install the connecting rod bearing (upper D .
" half) to the rod, making sure the tab in_ :ff,’;\lﬂff;mpm'_ A E:gi;;?‘;‘;"f‘m’:"“
the back of the bearing is in the notch of . ' : coil stins.if’ino‘GSz
’ 4

the connecting rod.

(4) Turn the crankshaft until thé crankpin for Relative location of piston ring end giaps

the piston and connecting rod to be
instalied is at the-top center.

" (5) Hold the piston and connecting rod with .
: “FRONT” mark (arrow head) on the top
of the piston toward the front (timing gear
case side) of the engine.
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(6) Using a piston guide (commercially
' available), put the piston and connecting
rod into the cylinder from the top of the

- cylinder block.

Do not hit the piston with a hammer to
* install the piston and connecting rod. This
| will put force on the piston and connecting

é rod and cause damage to the piston rings andj' :

| crankpin,

8. Connecting rod cap installation

(1) Push the piston into position until the big
end of the connecting rod is put into
position over the crankpin. Then turn the

crankshaft 180° while pushmg on the top
~ of the piston.

(2) Install the lower half of the connecting rod _

bearing in the connecting rod cap, making
sure the tab in the back of the bcann gis
in the notch of the cap.

(3) Install the bearing cap to the cdnnec:ing '

rod.

- (NOTE)

: == A
. a) Make sure the number on the cap is the i
‘ same as the number on the connecting E
rod. - . !J

|

" b) Incase of a new connecnng rod havmg ;

no cylinder number, install the cap to |

the rod with the notchcs on thc same
side.

{4) Tighten the connecting rod cap nuts in-

" steps to the specified torque.

o 3.55 £ 0.25 kgf-m
Tighiening torque (25.7 £ 2 lbf-[1)
_ (34.8+ 2.5 N-m)

- (8} Check the thrust c]carance for the
connecnng rod big end.

74
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Cylinder number
404465

Installing connecting rod cap

* Tightening connecting rod cap nuts




9. Oil screen installation . e

(1) Lay the cylinder block with the bottom
~ (o1l pan side) up. '

(2) Insiall the 0il screen in position.

, " —(NOTEN
. The oil screen must be installed in position
' 50 that it is below the oil level line and away

[ from the oil pan.
M

WE A
~ Installing oil screen

10. Oil pan installation 7
(1) Clean the mating surfaces of the oil pan

. and cylinder block and coat them with
“Threc Bond 1207C. ‘

— NOTE}
Squeeze out a 4 mm (0.2 in.) thick bar of

I sealing compound (Three Bond) from the

|‘ tube and put it on the flange-of the oil pan

| as shown. ' R

407247
Oil pan for S4L and S4L.2 engines

4
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To squeezclout' a4 mm (0.2 in.) thick bar,
cut the nozzle of the tube as shown.

(2) Tighten the bolts that hold the oil pan to
the cylinder block in a crisscross pattern
10 the specified torque.

2.8
Tightening torque
. I

-
LV
I+
—
Ln
4
3

76

Oil pan for S3L and S3L2 engines

" Cut nozzle here.

L

'

407107

Cutting sealing compound tube nozzle

Tightening il pan bolts
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TIMING GEARS AND FLYWHEEL

Tightemin, uc:
1785 t 2.55 k'gll'-qm
(127 + 18 lbf-fr)
(172125 N-m]

Lubricae joumnals and
lobes with engine oil.

406572,

Lubrieate lip with
engine oil.

Tighiening torgue:
6511 kgfm
(47 £ 7 Ib{-f)
[64 £ 10 N-m]

Lubricate lip with
engine oil.

Tightening torque:
1351 0.5 kpf-m
{98 + 4 Ibf-ft)

-| 13245 N-m]

Use a new gasket.

406573

Inspection points
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1. Front plate installation Aibaa)

(1) Scrape the gasket from the cylinder block
‘ and front plate. '

(2) Coat the gasket contact surface of
cylinder block with adhesive and put a

new gasket in position, making sure the

holes in the gasket are all in alignment
with the holes in the cylinder block.

(3) Put the front plate in pbsi‘t'ion. Install four
' bolts and tighten them. -~ .

2. Oil bump installation .
(1) Make sure the packing has been put in
position on the oil pump. '

(2} Put the oil pump in positioh on the
cvlinder block. Install three bolts and
tighten them evenly. '

(3) Makc sure the oil pur_np' gear rotates
freely. ‘

3. Engine turniﬁg

. (1) Install two bolts (M12 x 1.25) in the

- flywheel bolt holes in the crankshaft.

(2) Put a bar between the bolts and turn the
crankshaft to bring No. 1 piston to the top
center as shown in the illustration.

. 78

404775

Tuming engine




4, Fuel lmect:on pump camshaft .
installation

.(1) Put the camshaft (with bearing and éear)
in position in the cyhnder block

(2) Hit the gear with a plastic hammer to fit
- the bearing in position.

(3} Make sure the camshaf: rotates fn:cly
4) T1ghten the stopper bolt.

5. Camshaft installaﬁon

(1) Lubricate the lobes and Joumals wnh
-engine oil.

. | (2) Put the camshaft (w1th gear) in posmon in-
) lhc cylmdcr block. . '

- [ﬁcaunou
[Do not cause damage to the lobes and jour-

nals when the camshaft is installed. - - )

(3) T:ghten the bolts that hold the thrust plate
to the specified torque.

S ' 1.1+0.1 kgf
Tightening torque (8 +0.71b ft)
. . [108+ 1 N-m]

| (4) Make sure the camshaft rmatcs“freely.'
Check the end play for the camshaft.

. ASSEMBLY

Installing thrust plate
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6. Idler gear installation o

(1) Lubricate the idier gear with engine oil.

(2) Install the idler gear in position with its

“3,”“2” and “11” marks in alignment with

the *33™ mark on the fuel injection pump
camshaft gear, the “22” mark on the
camshaft gear and the “1” mark on the
crankshaft gear respectively.

(3) Check the backlash of the gears. Make -

reference t0 “Timing gear backlash
measurement” (page 37).

7. Timing gear case installation

(1) Coar the gasket with adhesive and ﬁut it
in position on the front plate.

(2) ‘Lubricate the oil seal lip with cn gine oil.

(3) Tighten the bolts that hold thc ummg gcar

case.

8. Crankshaft pulley nut tlghtemng

(1) Install two bolts (M12 x 1.25) in the
flywheel bolt holes in the crankshaft and
hold the crankshaft.

(2) Tighten the crankshaft pullcy nut to the
specified torquc

) ) 175+ 25 kpi-m
Ti ght.enmg torque (127 18 Ibf-f1)
‘ Co [172 £ 25 N-m]

. Check the strength of the bolts and bar |

Lus:ed for holding the crankshaft. /

Tightening crankshaft pullcy nut
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9. P.T.O. gear installation
Install the P.T.Q. gear in position in the

timing gear casc with the side that has no oil

hole toward the rear of the engine.

10 Speedometer driven gear installation .

(1) Install the O-ring in the groove in the

dnven gear sleeve.

(2) Install the spccdomctcr driven gear in

position in the cylinder block while rotat-.

_ing it or the camshaft.

11. Tappet installation
- Lubricate the tappets with engine oil and put
* them in position in the cylinder block.

Installing tappets

ASSEMBLY
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12. Oil seal case mstallntlon i

(1) Putanew gasket in position on thc oil scal
case.

(2) Lubricato the oil scal lip with engine oil

and install the oil seal in posmon in the

cylinder block.

13. Rear plate mstalla tion

(1) Put a new gaskct in posmon on thc Tcar
plate.

(2) Put the vear plate in position on the
cylinder block with its dowel -holes in
alignment with the dowels. Tighten the

bolts that hold the rear platc 1o the

speclﬁed torquc

Tightening torque

;f \NOTE] D
i Install the starter to the rear plate before |

installing the plate to the cylinder block for’ | '
'kconvcnicnce of rear plate-installation. J .

14. Flywheel installation

(1) Install a safety bar Ml12x 1 25) in thc rear
end of the ¢rankshafr,

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

(3) Install three of four bolts in the flywheel
and tighten them finger tight only.

(4) Remove the safety bar. Install the last bolt

in the flywheel and tighten it ﬁngcr tight

only.

82

" Installing rear plate -

Safety bar




(.5) Have someone hold the crankshaft pulléfy®
- with 2 wrench 1o prevent the ﬂywheel
from rotating.

(6) Tlghten the four bolts that hold the
flywheel to the specified torque.

: 13.5% 0.5 kgf-m
Tightening torque (98 + 4 1bf-f1)
[132 5 Nom)
&\ WARNING

Tightening flywheel bolts

' Always signal each other to prevent
ossible personal injur -
L p P jury. t

83
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CYLINDER HEA®*4ND VALVE MECHANISM

Tightening torque:
-1 .15+ 0.15 kef-m
(8.3 £ 1.1 IbLft}
[11.32 1.5 N-m)

Tightening torque:
1.5+ 0.5 kgf-m
(11 £ 4 1bf-f1)
[14.7 £5 N-m]

Tightening torque:
9+ 0.5 kgl-m
(65 +41blf1)
[88 5 N-m] .

Lubricate stem with
engine oil.

Inspection points




1. Cylinde_r head bottom face cleaning

Scrape the gasket from the bottom face of the
cylinder head.

I — X —r_‘j_|NOTE f
| After scraping the gasket, rub off gasket

.| remnants from the face with an oilstone
| smeared with engine oil and thoroughly

{ clean the face. = . }’

2 Valve stem seal installation

Using Box 12, install the valve stem scal in

~ position in the valve guide. After installation,

make sure the seal is in its correct position.

- (Impmpr;r stem seal installation can cause a

—(NOTE)}— |
failure to seal against downward flow of oil

Ka]::mg the stem. ' J

3. Vﬁlve sbrilig installation '
Install the valve spring with the white
enameled end up.

ASSEMBLY

Installing valve spring
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" 4. Valve block installation Nesani

Put compression on the valve spring with a-

valve lifter and install the block in position on

_ the valve top.
/N\CAUTION

.Do not put excessive compression on the |
_ valve spring. This can cause the retainer 10 |
_ hit and damage the stem seal. '

§. Cylinder head gasket installation

(1) Thoroughly clean the top faces of the
cylinder block and pistons.

(2) Install two guide bolts (M10 x 1.25) in the
bolt holes in the cylinder block:

(3) Putanew cylinder head gasket in position
on the cylinder block, making surc the
guide bolts are all in alignment with their
respective holes in the gasket.

-

- Do not use any gasket adhesive or other !
'~ substances on the top face of the cylinder |
% block. . : . :

6. Cylinder head installation

Put the cylinder head in position on the
cylinder block, making sure the guide bolts are

all in alignment with their respective bolt holes

in the head.

86.

J

v

Putting cylinder

head gasket




7.- Cylinder head bolt tightening
(1) Remove the guide bolts and.install the

bolts that hold the cylinder head to the
cylmdcr block.

(2) Ttghten the bolts in number sequence in
two or three steps to the specified torque.

‘ T i
Tightening lorque <At
g [88 + S N-m]

8. Valve push rod msta!latmn

(1) Put the valve push rod into posmon
. through the bore in the cylinder head.

(2) Make sure the ball end of the push rod has
been put into position over the top of the

wappet.

9. Rocker'SHaﬂ assembling
(1) Install the rocker arms, brackets and
springs on the rocker shaft. Secure the

brackets to the shaft by tightening the

bolts.

(2) Make sure the roclcer arms move freely. :

" ASSEMBLY

< From

407105

Assembling rocker arms
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10. Rocker shaft assembly installation

(1)

(2)

Instali the va]ve caps 1n position on the top
of the valves.

Put the rocker shaft assembly in position
on the cylinder head. Tighten the bolis
that hold the rocker shaft asscmbly to the
specified torque.

| L3x05kglm
Tightcning torque | (11 =4 Iblf1)
| [14.7%5N-m)

11. Valve clearance adjustment

Make reference to "VALVE CLEARANCE“
(page 159).

- 12. Rocker covei' insta]lation

(1)

(2)

88

Make sure thc gasket 13 put on thc rocker
cover.

Tighten the bolts that hold the rocker
cover to the specified torgue.

15+ 0.15 kgf-m
Tightening torque | (8 3 £ 1.1 1bf-fr)
1 M3LSNm)

IR

Lo e
Lol I

Installing rocker cover
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ATR INLET SYSTEM AND EXHAUST SYSTEM

- i Use a new gasket,

Use a now gaskel

Tightzning torgue:
1.55 x oss'f;m
{134 + 2.5 Ibf.6r)
[1B £ 3.4 N.m)

Tighterning torque:
1.851 0.35 kgf-m
{13.4 + 2.5 IbEf)
{18 £3.4 N.m]

1. Air inlet cover installation
- Tighten the bolts that hold the air inlet cover

to the specified torque.
. | G3irismm
Tightening to 4t ft
IEhEning forque [18+3.4 N-m]

' 2. Exhaust manifold installation
Tighten ‘the bolts that hold the exhaust
manifold to the specified torque. :

1.
Tightening torque (1[?84
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FUEL SYSTEM

1. Fuel injectioﬁ nozzle installation
(1) Put the gasket on the nozzle.

(2) Put the nozzle assembly in position in the

cylinder head and tighten it to the-speci-

fied torque.

t 55205kgfm
Tightening torque’ | (40 % 4 Ibf-[1)
i [543 Nm]

2. Fuel injection pump installation

Put the pump in position on the cylihdcr block

and tighten the bolts that hold the pump to the
specified torque. :

3. Flyweight assembly installation

Put the ﬂyweight assembly.in position on the

rear end of the fuel injection pump camshaft

and tighten the sliding sleeve shaft to the
specified. torque. B

: i 36+06kgfm
Tightening torque (26 + 4.3 Ibf-f1)
D [35E6Nm)

20

Installing fuel injection pump

Installing flyweight assembly




4. Sliding sleeve installation P

Install the sliding slecve on the sliding sleeve
- shaft and make sure the sleeve moves freely.

5. Governor_'ass'embly Vinstallation

(1) insiall the govcrnqr assembly in position

while putting the tie rod and spring into

- position in the injection pump.

(2) Install the tie rod to the pin of the control

rack and secure it with the nc rod spnng
‘(3) Insta]l thc tie rod cover in position.

6. Fuel injection line installation
(1) Put the fuel leak-off line in position and
-connect it 1o the fuel injection nozzles..

(2) Put the fuel injection lines in position and

connect them to the fuel injection pump.:

7 * Install the clamps.

=

~

- ASSEMBLY

Installing fuel injection lines
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LUBMATION SYSTEM

1. Pressure rellef valve installation

Put the relief valve in position on thc_cylmticr '

block and tighten it to the specified torque.

: 5+05kgfm .
Tightening torque |  (36= 4 1bl-fy)
{49+ 5 N-m)

2. Oil filter installation _
(1) Lightly lubricate the gasket - w1th cngmc
oil.

- (2} Install the new filter clemem by hand
When the gasket contacts the base, nghten
one tum more..

‘3. Oil pressure switch instaliation’

Coat the threads of the switch with thread
sealant (Three Bond 1102). Use Qil Pressure
Switch Socket Wrench (MD998054) (special
tool) 1o install the oil pressure switch.

a) Put the scalant on the'threads only.

i
b) Do not 0ver-nghten the oil pressure :
\ switch when it is installed. !

}

g2

** Installing oil filter -

MD338054

To be coated IWiT.h
thread sealant

404483

Installing ol pressure switch
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COOLING SYSTEM
- '1. Water pump instailation . -

Put 2 new gasket in position on the water pump
_flange. Install the water pump in position on
the cylinder block.

2 Thermostat installation - _
(1), Putthe thermustat in the thcrmosmt case.

(2) Put. a new gasket in posmon on the
thermostat case. Install the thermostat-
dssembly in position on the cylinder head.

3. Cooling fan lnstallatmn

(N Install the spacers in posmon in the fan as
shown

(2) InstaIl the pullcy in posmon on the water
pump. Install the fan and spacer combi-
nation in position on the pulley. -

Installing cooling fan-

a3
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4. Thermoswitch and thermounit - st de ] 7

combination installation
'Coat the threads of the combination with Three
Bond 1104. Put the combination in position
and tighten it 1o the specified torque. '

To be coated with thread
sealant (Three Bond 1-104)

Tightening (orque:
lf £04kgfm
(16.6 £ 3 Ibf-f1)

1 [22.6 24 N-m]

404862

Installing thermoswitch and thermounit
combination :
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ELECTRICAL SYSTEM ..
1. Glow plug installation -

Install the glow plug in position in the .
precombustion chamber and tighten it 10 the
specified rorque.

_ 1.75 + 0.25 kgf'm
Tighiening torque (12.7 £ 1.8 Ibf-ft)
: {172+ 2.5 N°'m}

.2 Alterriator installation

(1) Put the alternator in position. Install the
-adjusting plate bolt in position to hold the
alternator in position. " |
(2) Put the belt in position on the pulley.
Move the alternator away from the engine
" to make an adjustment to the belt.,

)(3) Tighten the bolts. | .
{4) Make sure the deflection (1ension) of the -
belt is correct. .

Unit: mm (in.)

Deflection under 10 kgf | 1010 12

(22 1b0) [98 N] force (0.4 10 0.5) - | Installing alternator’
f. Adjusting plate bolt
(=
L /7
Apply 10 (22 1bf)
[QIS,PIG',] fortegf midweay
. berween
pulley and alternator
pulley.
404850

Adjusting alternator and fan belt

g5




ELECTRICAL SYSTEM

GENERAL | _

1. Schematic ....... A e
2. Specifications (standard) ......... S e S

STARTER _ |

1. Disassembly .................. s I

2. Inspection .............. e, e

3. Assembly .......... ..................................

. ALTERNATOR | '

1. Disassembly ...... P e et ety ..
2. Inspection - .....an..... e i, e O
3. Assembly  ......... S B S

KEY SHUTOFF SYSTEM o
1. General . ..... e, ...... e A

2. Cord color (standard) ... .. . e AU

" 3. Shutoff solenoid installation - .. e B e

4. Inspection after assembly .......... e e
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ELECTRICAL SYSTEM

GENERAL

1. Schematic
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ELECTRICAL SYSTEM

e

Schematic .
(1) Figure indicates a nominal size of
automotive low-tension line (JIS C 3406)

(2) This schematic shows the electrical
system of the standard engine equipped
with a key shut down solenoid and glow

plugs.
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ELECTRICAL SYSTEM

2. Sbeciﬁ(:ati_ons (standard)

range, °C (°F)

Engine model S3L/83L2 S41/841L.2
Model j M2T50381 M2T56272
Starter Type J DC solenoid shified (with reduction gear)
{ Nominal output, V-kW | 12-16 | 12-2.0
Model ATT02071
Allernalor Reguiator, type ; IC
-Nominal outpuat, V-A 12 -50
Model 008816-4C
Glow plup Type Sheathed
Rated voltage, V . 10.5
Current draw, A 0.7 + 1.0 (30 seconds at rated voliage)
Model G715P
Glow plug Rated voltage, V DC 12
relay Continuous rating 1 minute
Resistance in coil, 2 - 13
i Model ' YM-1C
S&?HOI Limer ¢ Input-voliage range, V DC %1015
Load 1 Solencid (resistance in coil: 1.7 £2 minimum)
| Model | YMS-1
Key shut Type i : Solenoid
down Resistance in coil, Q | 1.8 £ 10% at 20°C (68°F)
solenoid - ’
_ Suroke, mm (in.) 13.5 £ 0.5 (0.53+0.02)
Operating voliage, V DC 10t 15
| Modcl ' QGS
| Rated voltage, V . DC 12
%__Operating vollage range, V I' 71015
omolice Operating tlemperature 3010 +70 {~22 10 158)

i Storage temperature
! range, °C (°F} -

—40 10 +80 (=40 to 176)

Pre-glow time, second

62+07




' ELECTRIGAL SYSTEM

| STARTER -
1. Disassembly

|
f

_ " Disassembly sequence _
® Magnetic switch o ® Cover @ Stopper

@ Rear bracket : (D Cenlcr bracket @ Pinion
@ Brush holdcr assembly Gear , @ Spring
@ Yoke h @ Springset - @ Pinion shaft

® Armature 4@ Stopper ring @ Front bracket

101




ELECTRICAL SYSTEM

Disassembly procedure
(1) Magnctic switch

(a) Loosen the nut that holds the connector
to the M terminal of the magnetic switch
and disconnect the connector from the
magnetic switch. '

{b) Remove the bolts (two) that hold the
magnetic switch in position and remove
the magnetic switch.

(2) Rcar bracket removal

Remove the through bolts (two) and the bolts
(two) that hold the brush helder in position.
Remove the rear bracket.

P : (NOTE) ' ~

: Keep the rear bracket with washer for !
\;installation. '

i

D Brﬁsh holder removal

With the brushes (two) kept apart from the
commutator, remove the yoke and brush
holder assembly. Remove the armature.

102

404517

a E ‘ﬁuough bolts - Brush holder bolts

Washer .
' 404518

". Removing rear bracket

Erush holder

404519

Removing brush holder




-

(4;) Cover removal

- Remove the cover and remove the snap ring
and washer.

(3 Center bracket removal

Remove the bolt and remove the center

bracket. Remove the washer for ad_msnng the

end piay for the pmlon shaft

(6). Pinion re_n&oval

. (a) Puta p;ipc—shapcd ‘tooling on the pinion

stopper and hit the stopper with a -

hammer to €Xpose the stopper ring.

(b) Remove the stopper ring with a phers '-

"and remove the pmmn

' NOTE —
| Any time the pinion is removed, a newJ

| stopper ring must be installed.

N

ELECTRICAL SYSTEM

. sgap ring /‘Qj@%g

Cover

Removing cover

Center bracket

S\
" 3
Adjustmg wa.sher 4 M

404521

Removing center bracket

Pinion siopper

Stopper ring

Removing pinion
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ELECTRICAL.SYSTEM

(7) Pinion shaft removal

Remove the spring, lever, reduction gear and
pinion shaft from the froni bracket.

s — | NOTE; .
' Do not mix the sequence of spring, lever and
i reduction gear when the pinion shaft is

\krcmovcd

ﬁ_"___/

A

(%) Bearing removal

To remove the ball bearings from the ends of .
the armature, use a bearing puller. The
bearing fitted in the front bracket is not re-

placeable. Replace the front bracket asscmbly
if thlS bearing is defect:ve ,

104

Front bracket

Reduction gear

404523

Removing pinion shaft




ELECTRICAL SYSTEM

2. Inspection

| Check bearing for wear,
i- Tough renning or noise.

[ Check magnetic switch for open
| or short circuit

Test armutere using the
procedure that follows.

i+ Check pinion for worn,
: chippe;

or broken teeth.

Check reduction gear for ey ey

wom, chipped or broken :
teeth ¥ Test field coils using holder using the
\ the procedure that procedure thar follows.
: . Check beering for wear, | . — follows.
E " yough running or noise. Test overrunming clutch using
e - the procedure that follows. l
1
406552
Inspection points

Inspection procedure

(a) Wear
Replace the brushes if they are worn
down to the wear limit line which is the :
bottom of the border for Mitsubishi . : m Wear limit line
mark. Replace the brush holder assem- =
bly if the brushes are worn bcyond the
wear 11m1t line. -

404525

- Checking brush
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ELECTRICAL SYSTEM

{b) Brush sin‘ing tension

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 the tension is below the

limit, replace the spring. 7
Univ: kgf (Ibf) [N]

Item Standard o Limit

Brush spring . .
{ension 3.0(6.6) [29.4]'| 1.8 (4.0) [17.7]

(c) Brush holders

Test for no continuity between the. posi-
tive brush holder and brush holder base

.as shown in the illusration. If there is
- any continuity between them, replace

the brush holder. Also, check the brush
holder for loose staking. '

(2) Armature

(a) Commurator runout

Support the armature in V- blocks and
measure the commutator runout with a

dial indicator. If runcut exceeds the

limit, turn the commutator in a lathe.
The cut should be made within the Iimit

- of the commutator diameter.

Unit: mm (in.) '

Item | Standard Limit

| Runout of | 0.03 010
commutator L0001 (0.003 9)

106

Commutator

404527

Checking commutator runout




ELECTRICAL SYSTEM

(b) Diameter of commutator
Measure the diameter of the commuta-
tor. If it exceeds the limit, replace the

armature. .
' Unit: mm (in)
" Item Standard Limit 1\\\ ;
" Digmeter of . N
commutator 32(1.26) 31 (1.22)

il

Measuring commuzator diameter

404526

(© Mica undercut _
Measure the undercut of mica 1nsulanon : .
between the adjacent segments. If . Undercut
undercut exceeds the limit, recondition’ Segment
the mica, or replace the armawre.

Unit: mm (in.)
_Item ! - Siandard Limit

Undercut of - 0.5 02
mica {0.020) (0.008)

Mica

. 404529

.- Undercut of‘mica

(d) Testing for short circuit )
Place the armature on a growler and
slowly rotate it with a hacksaw blade
held above the armature core. The
-hacksaw blade vibrates against the core
when it is above a slot containing a-

. shorted winding. A shorted armature
should be replace.

Testing armature for short circuit

) ‘ i . e _ -107 N




ELECTRICAL SYSTEM -

{e} Testing for grounded circuit

0

Test the armature for grounded circuit as
shown in the illustration. If there is any
continuity between commutator segment
and coil, .the armature is grounded and
should be replaced. ' '

Testing for 6pcn circuit

Test the armature for open .circuit as

* shown in the illustration. If there is no

continuily berween the scgments, the
armature is open circuited and should be
replace.

3) Fieldcoits "
~ Replace the yoke assembly if — -

(a)

(b) There is no continuity between the

(c)

There is any éontinuity between the
brush and yoke.

"brushes.

The pole piece or coil is loosen.

Testing armature for grounded circuit

T ——

|

404532

Testing armature for open circuit

Testing field coils




(4) ‘Bearings

Replace the bcanngs if they are noisy or fail
to Tun freely.

(5} Overrunning clutch
Replace the overrunning clutch assembly if —

(a) The pinion is not locked when spun
counterclockwise, or if it does not rolate

" freely when spun in the reverse direction

(clockwise).

| (b) The pinion is worn or chipped.

'

| Do not wash the overmnmng clutch with
\clcamng solvent.

(6) Front bracket

Replace the front bracket assembly if the ball
beanng i nmsy or fails to rotate freely

N Reducnon gears

RCplacc the reduction gears if they are worn
or damaged

ELECTRICAL SYSTEM

Testing overrunning clutch

109 -
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3. Assembly . .
Follow the reverse of disassembly and use the
procedure that follows.

Assembly procedure

(1) Lubrication

Lubricate the following starter components’
with grease after the starter has been assem-
~ bled:

(a) Armature shaft gear and reduction gear
{b) Bearings -

{¢c) Washer and stopper ring of pinion shaft
(d) Pinion . C
(e) Sliding surt‘accs of lcvcr

~

. Do not put grease on the starter mounting :
i face, brushes, commutalor and other elec- |

frical parts. )

e

(Z) Stopper ring installation

Put the stopper ring on the pinion shaft.
Using a puller, pull the pinion stopper to fit the
ring in the groove.

(3) Pinion shaft end play adjustment

The maximum permissible limit of the end play
(thrust gap) for the pinion shaft is 0. 5 mm
(0 020 in.).

(a) Put the pinion shaft, reduction gear
washer and snap ring in position in the
center bracket. =

{b) Move the pinion' shaft in the axial
direction 1o measure the end play. If the
end play exceeds 0.5 mm (0.020 in.),

- make adjustment to it by adding adjust-
ing washer.
110

"

Apply grease to contact surfaces
of overrunning clutch and lever

H

406531

Lubrication points on starter

|
! Pinion stopper
i .

404905

. Installing stopper.ring

I A'djus:ing

washer

Washer

Snap
ring

Reduction gear

2

maximum

e E T
End play L
OSmm(OOZOm)

" 404533

Adjusting pinion shaft end piay
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(4) Lever installation . ' .
. .. ' ' Front brackes
Install the lever in correct position.
' ) . Lever -
Lever spring '
=
Packing
404534
Installing lever ‘
(5) Pinion clearance adjustment
. o _ . . Pinion |
The pinion clearance must be 0.5 10 2.0 mm
(0.020 to 0.079 in.). With the pinion held in . _
cranking position, lightly push it toward com- . &
mutator end to measure free movement _ ' o
{clearance). If the clearance is not correct, _ -
make adjustment to it. Increase the amount of . ' =
packings if the clearance is too large; decrease ' '
: Pinicn clearance; -
- lt if the clcarancc is 00 small . 0516 2.0 mm
. ' . (0.020 10 0.079 in.) ™~ :
404535

-Adjusting pinion clearance
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1. Disassembly

ALTERNATOR

406653

@ Through bolt
@ Pulley
® Rotor
@ Rear bearing

112

Disassembly sequence

® Bearing retainer Brush holder .

® Front bearing @ Reciifier
@ Front bracket 1) 'Rear bracket

Stator core




Diséssembly procedure _
(1) Stator core separation from front bracket

(2) Pry the stator core off the front bracket
with a screwdriver as shown in the

illustration.

'

| Be careful not to insert the screwdriver 100

| decp. Damage 1o the stator core can be the

- chsult.

2) Pkul_lcy removal
" (a) Hold the rotor assembly in a vise by

- using thick cloth as shown in the illus--

" tration. Remove the nut that holds the

puliey in position, and remove the

" p_ullcy and spacer. :

(b) Remove the rotor assembly from the |

frcim bracket.

(3) Stator core and rectifier removal

(a) Unsolder the leads from the rectifier and
remove the stator core from the rectifier.

'

| Unsolder the leads as quickly as possible to
| prevent damage to the diodes in the reciifier.
| A

- (b) Remove the screws that hold the
_ rectifier in position and remove the
~ rectifier. - ‘ :

ELECTRICAL SYSTEM

Removing stator core
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2. Inspection

Test for open or short ' ' :
circuit using the : ! zc'::lwu;zn l:: hen
procedure that follows. | procedurc that follows,

Check for cracks
or ather defects.

Chetk for cracks
or other defects.

; Test for.open or short
I circuit using the

| procedure that follows.

406653

Inspection procedure
{1) Diodes

{a) Test the resistance between the diode
and heat sink. First touch the positive
(+) prod of an chmmeter to the diode,
then the negative (-} prod. If the
resistance is infinite in both cases, the
diode 1s open. Ifit s nearly zero in both
cases, the diode is shorted. Do the same
step for the remainder of the diodes. If
any diode is open or shorted, replace the

rectifier. ‘ , i
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(2) Field coil’ ‘ i

(a) Test for continuity between the slip rings
as shown in the illustration. No conti- -
nuity shows there is an open circuit in
the field coil. Replace the field coil.

- (b) Test for no continuity between the slip

' ring and shaft (or core) as shown in the

. illustration. Any continuity shows there

is a grounded circuit in the field coil.’
Replace the field coil.

(3) Stator core

(a) Test for continuity between the leads as @tl
* shown in the illustration. No continuity ‘.__iﬂ‘j(l_ﬂlllk X
shows there is an open circuit in the | — X
stator core. Repl P r$: ﬁﬁﬁ
- Replace the stator core. \[,"llllljllllll‘

. l ‘ ) 404545

Testing stator core for open circuit
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(b) Test for no continuity between cach lead
and stator core as shown in the illustra-

tion. Any continuity shows there is a

grounded circuit in the swator core.
Replace the stator core.

4) Brushes

(a) Make replacement of brushes that have
been worn down to, or beyond, the waar
limit line.

(b) To remove the brushcs from the brush
holder for replacement, unsolder the
leads from the brushes. This will

permit removal of the brushes and

spnngs

116
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404546

Tesnng stator core for grounded circuit

j;i/'o S

Wear limit line

Checking brush for wear

Brush holder

404548

Removing brushes for replacement




{c) To install the new brushes, put them i
position in the brush holder and solder
* the leads 1o the brushes.

" 3. Assembly | |
Follow the reverse of disassem bly and use the
- procedure that follows.

" (a) The rear bearing has a groove for the

snap ring. Install the snap ring in this -
groove, making sure its tab is in the deep

~ portion of the groove. _
(b) When installing the new rear bearing,"

put it in position with the side that has a -

groove toward the slip rings of the
rotor.

(c) To install the fear bearing in the rear
. bracket, heat the rear bracket.
(d) Before ins-talling the rotor in the rear

bracket, insert a wire-shaped tooling into
the hole in the rear bracket to lift the

‘brushes off the slip rings. Remove the '-

+ tooling after the rotor has been installed
in position. _ B

' ELECTRIGAL SYSTEM

Q .
i ('!lm ’

J

404550

‘Assembling alternator
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. ELECTRICAL SYSTEM

KEY SHUTOFF SYSTEM

1. General

This system, consisting of a switch, a control
timer and a solenoid, permits the operator to
shut off the engine by turning the starter switch
key to OFF position. Another function of this
system is to shut off the engine automatically
when the oil pressure is too low, or when
coolant temperature is too high.

2. Cord color (§tandafd) .

No. Cord color | Connecled to
Blue : Solenoid
2 | Blee ; Solenoid
' Baitery (starter swilch B
3 | Red lerminal)
4 Green Starter switch ON terminal
. Starter (starter switch and

3 i Red/white starter) .

& ; Yellow Qil pressure switch

7 { Black Ground

3. Shutoff solenoid installation
(a) Remove the tié_ rod cover.
{b) Coat the threads of the stop solenoid

with thread sealant (Three Bond 1212). .

:
—————{NoTE————
t Coat the length of the threads to be turned .

| in the governor case. _ )

(¢) Temporarily install the shutoff solenoid
and nut in the governor case.

~ (d) Move the injection pump control rack all

the way to the non-injection (shutoff)
position. ' '

118

Control timer

am— Solenoid |-
Qil pressure switch

404923

Key shutoff system

Control timer connection




(e) Tum the shutoff” solenoid
governor case while pushing the plungcr
toward the control rack until the shaft 1s
in touch with the tie rod. At this time,
clearance C must be 0 mm. (Under this
condition, the plunger will be rotated by

(f) Back off the shutoff solenoid 30° 10 45°
. turn (the clearance between the control

the nut to the specified :orque

engine stops when the plunger i is pushed
all thc way.

" (h) x;is:au the rubber cap in position with the

has a water drain hole down) as shown
m thc zllustranon

Do not allow cleaning solvent to contact any
solenoid parts. . -

4. Inspection after assembly

(a) For the ‘schematic of the key shutoff
system, scc page 98.

is turned to OFF position,

(c) Start the engine and make sure the
engine stops when the oil pressure
switch terminal 1s shorted to the switch
body.

in the!

the shutoff solenoid being tumed in.) -
rack and plunger will be 0.15 10 0.20

mm (0.0059 to 0.0079 in.)) and tighten

(g) Start thc cngine and make sure the B

. aITOW head toward up (with the side that .

(b) Start the engine and make sure the g
~ engine stops when the starter switch key

ELECTRICAL SYSTEM

Tightering torque: 4.530.5 kgfm
(32.543.6 1bf-t) {4445 N.m)

Threads: To be coated with
thread sealant

NOTE: Do not allow l.hread sealant to contact
(A)-
Do not allow cleaning solvent ip enter
the selencid through (B).

406654

Installing shutoff solenoid

Rubber cap

Waler drain hole

404926

' Ina".talliqg rubber cap

It will take about 5 minutes to restart an
engine which was shut down by the key
shutoff device.
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AUTOMATIC GLOW PLUG SYSTEM

1. General . - :
Tuming the starter switch 10 ON position | Starter switch
activates the glow plugs to heat the engine and L © Fuse
causes the glow plug indicator to come on. : ‘ - : S\ —
. . : . _ g e Y
Fucl
Heating time 1 6.2£0.7 seconds pump
Glow plug
indicator

Glow relay ’"@

, Giow plugs
L Battery switch @

407250

Automatic glow plug system

2. Glow plug timer specifications (standard)

Model . ' QGS

| Type _ Quick heating
Rarted voliage DC12V
Operating veltage E :
range , TwlsV
Operating tempera- =30°C 10 +70°C -

| ture range (<22°F 10 +158°F)
Storage temperature -40°C to +80°C
range (—40°F 10 +176°F)
Glow plug activating - :
time _IL 6.2 + 0.7 seconds




ELEGTRICAL SYSTEM

3. Glow plug relay specifications (standard) '

Model ) G715P

[ Rated voltage | ‘DCI12V
Continuous rating " 1 minute
Coil resistance ’ 13Q
Induciance 24 mH (at 1 kHz)}
Qperating temperawre -40°C to +100°C
range (—40°F w0 +212°F) | .

on———

404929

Glow plug relay

3. Glow plug inspection

Test for continuity between the terminal and
- body as shown in the illustration. No continu-

‘ liem Standard -
| Resistance . 0.55Q

404018

Testing glow plug
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1. Schematic" ................ e [ e, 124
2. Speciﬁcations (stan&ard) ............ e et ieeaeaaeeeeeiaeaaas 124
INSPECTION ...... U e © 125
I. Waterpump ..........ooiiiiiniana.. e ... 126
2. Thermostat (standard) ............. s AR 126
© 3. Thermoswitch (SIANAANd) ... ... .o.oevunnnneslneereirirnriinnnen. eeenle. 127
" 4. Thermounit (standard) .............. T [T S ¥




COOLING SYSTEM

1. Schematic

GENERAL

TR

] T

il

1 ‘,la"l
HEE P .".I

I

Water bypass hose -
\ Thermostat

‘ :-_"_: Water pump - . .
| _ /
© Radiawor’
‘Cooling {an
. 404885
Schematic
2, Specifications (standard)
Engine model S3L/S3L2 | $4L/541.2
Fan belt {for farm or industrial engine) tl;llldte(:'r cﬂg‘ﬂg&;ﬁlg ;g(])ol:mmgs(gff)‘“) V angle = 382,
. . No. of biades = 5, No. of blades = 5,
Cooling fan | Suction type diameter = 320 mm (12.6in.) | diameter = 360 mm (14.2 in.)
Water pump X ) Centrifugal type
Temperature at which
: . 82 + 1.5°C (180 + 2.7°F)
Thermostat ;alvc slarts opcm:.g h
emperature at whic
valve lift is 8 mm (0.3 in.) - 95°C (203°F)
Type Bimetal
. T i o o
Thermoswitch | swiih 1o torant O 111 £ 3.5°C (232 £ 6.3°F)
Temperature differcnce for o o
ON-OFF control 8 +£3.5°C (46.4 * 6.3 ﬂ
| . 50°C (122°F): 802 10 Q
Resistance in thermounit 80°C (176°F): 29.5x 2.5
120°C (248°F):. 1003 Q2
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COOLING SYSTEM

INSBECTION

t
@
; / ' Test thermosiat using the
i A procedure that follows.
!
| . Test thermoswitch |
- and thermounit
_ using the proces
* dures that follow. ©
\
Check for aging
OF darnage,
i.
! . .
! - 406655
i ‘
i -
i
|
Sd
j
i . Cheek for cracks
! for distortion.
5 | Use new gaskets. ]
i .
|
|
i
i
1. Check for tlongaton, !
! .| aging or wear. |
] )
!
( 406656

Inspection points
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COOLING SYSTEM

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 thermostat in the pan of water as
shown in the illustration. The thermostat must

be below the surface of the water and its must -

bc 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 temperature at which the valve lift =~

LB

(distance) is 8 mm (0.3 in.). Replace the

thermostat if defective.

Temperature at which valve | §5+1.5°C
starts opening _ T (180 2.7°F)
Temperature at which

valve lift is 8 mm (0.3 in.) 95°C (203°F)

(-

| Water in the pan is hot. Any contact can
Lcause severe burns. D

126

Checking ivater pump

| Stir up the water to keep the temperature uniform.

AR

e

0006060

404508

Testing thermostat




3. Thermoswitch (standard)

Hang the thermoswitch in the pan of oil with

its temperature sensing end below the surface
of oil and measure the resistance while
heating the oil as shown in the illustration, If
the resistance is mcorrect, replace the thermo—
switch.

Resistance at 120°C .
(248°F) . - 30m0
Temperature at which 111 £3.5°C
switch is tamed ON (232+6.3°F)

Qil in the pan is hot. Any contact can

3. Thermoumt (standard)

Hang the thermounit in the pan of annfmzc :
with its temperature sensing end below the:
surface -of antifreeze and measure the. resist-"
‘an¢e while heating the antifreeze as shown in’
the illustration. If the resistance is mcorrect d

" replace the therrnoumt

) 50°C (122°F): 80+ 102
Stangard 80°C (176°F): 295+ 25 Q
. 120°C (248°F): 102 0.3 Q

AWARNWG

can cause severe burns.
o

COOLING SYSTEM

O

cause severe burns, J
e : .

Testing thermoswitch

Antiffeéze in the panis hot. Any contact | |
o

404507

Testing thermounit
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LUBRICATION SYSTEM

“GENERAL,

1. _'Schema.tic
- ’, _

|
}

. 3
= |

v—— .

' (i pressure switch

Main oil gallery

. Qil filter ™

Pressure relief vaive

Oil pump

' | Ol screen
' . . - Oil drain plug . o .
i : ; . . 406657
' _ Schematic
2. Specifications |
Engine model : ‘ $3L/83L2 ‘ S4L/84L2
Type Co : - Force feed
0il , API Service Classification CC or better
Capacity (high level excl. 0.5 liter (0.13 U.S. | 5.7 (1.5) (with deep oil pan} ~ | 7.7 (2.0) (with deep oil pan)
gal) of oil in oil filter), liter (U.S. gal) 3.7 (1.0 (with standard oil pan) | 5.4 (1.4) (with standard oil pan}
Typs ' - : "~ Trochoid '
0il pump Lot :
* Driven by . - Camshaft gear
Relief valve opening pressure i 3.5+ 0.5 kgffcm® (50 + 7 psi) [343 = 49 kPa]
Prescure difference at which oil pressure - .
switch is closed (indicator light comes on) 0.5 +0.1 kgffem?® (7 + 1.4 psi) [49 .10 kPa)
Oil filter . . l Paper-clement cartridge (full flow) type

130




LUBRICATION SYSTEM

1. Oll pump

szually check the pump far rough rotation or
other defects. Replace the pump assembly if
defectwc

2. OW pi‘essure switch

(1) Test for continuity between the terminal _ -
. and body with an ohmmeter as shown in the - —
‘illustration. “No continuity is the cause for —4

‘ replacmg the switch.
==
1O
404484
Testing 0il pressure switch (1)

(2) Insert a small diameter bar into the oil hole
in the.switch and lightly push it in to test _ ‘
for no continuity as shown in the illustra- : —
tion. Any continuvity is thc cause for'_ -
replacing the swuch

1 Small diameter bar

(3) Applya pressurc air of 0.5 kgf/c:m (7 psi)

[49 kPa] to the switch through the oil hole

~ 1o 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.

404435

Testing oil pressure switch (2)
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_ LUBRICATION SYSTEM

3. Pressure relief valve ' el L

(1) Check the valve seat for contact. Check
the spring for damage.

(2) Measure the oil pressure at which the
" relief valve opens (the oil pressure with.

the engine running at the rated rpm). If |

the pressure is not correct, remove the cap
nut and increase or decrease the amount

of shims. The engine oil pressure tap is

located on the right side of the engine.

Relief valve opening 3-55001-57"35‘{;“"
pressure [343 £ 49 kPal

132

A\

0007

Ve

Cap nut .

Shims

406659

Checking pressure relicf valve
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FUEL SYSTEM

" GENERAL

L. Schematic

!
i Fuel injection nozzie
| | - S
To fuecl tank ~=— il ./
Fuel filter 2
overflow pipe ——
f g )

Fuel pump Opmw,

l Fuel filter 1

Fuel leak-off pipe

Fuel injecﬁon pipe Fuel injection pump ‘

!

' From fuel tank

407224

2 Speciﬁcatio-ns‘ (standard)

Engine model S3L/S3L2 S S4L/S4L2
E' Type . Bosch M .
£ | Model ND-PFR3IM - ND-PFR4M
._E Plunger diameter 5.5 mm (0.217 in.)
§~ MS retard (crank angle), deg . 8
'T;,' Delivery valve, type Silto or Bosch
- Air vent screw ' Ym

& Type " Throtile

2 , | Model _ DN15PD6
% & | Injection pressure (valve opening .- + WL

T | iecrion prossure (valve opening 1405 kgiom® (1991°F" psi) 113 729°% kPa)

‘-;: 2| Type Paper element
52 . :

l S
g-,g Type Electric (diaphragm)
= .

,E' :Ei Capacity (at terminal voltage of DC 300 cc (18,3 cu jn.)/min minimpm or
e 12 V and 20°C {(68°F)) 400 cc {24.4 cu in.)/min minimum

134




- 1. Inspection
(1) Injection pressure (valve opening
pressure) test '

- (a) Install thc'injcction"nozzlc on the tester.
Slowly operate the tester handle to bleed
(rcmovc) air from the tester.

(b) Opcratc the tester handle at a specd of

one stroke per second to make a slow:

increase in pressore until the valve in the

injection nozzle starts to open. Read the

maximum gauge pressure at the instant
fluid f]ows from the tip.

(c) If the m_]ecnon ‘pressure is incorrect,

disassemble the nozzle and change the

thickncss of the washer.

Injection pressure (valve 140 kgticm’®

opening pressurc) (1 991! psi}

Siandard 113729 kpa)
o \NOTE, ™

Z An increase or decrease of washer thickness

by 0.1 mm (0.004 in.) will vary the injec- |

[ tion pressure by 10 kgf/em? (142 psi) [981
| kPal. 10 kinds of washer are available in
» thicknesses from 1.25 mm (0.04% 2 in.) 10
! 1.70 mm (0.066 9 in.) in mcrcments of 0.05

\Bnm (000201n)

| When the in jection nozzles are tested, be
| sure to wear eye protection. Fuel comes
‘from the orifices in the nozzle tip with
high pressure. The fuel can pierce (go
through) the skin and cause serious

nozzle pointed away from the operator

FUEL SYSTEM

FUEL INJECTION NOZZLE

300542

Fuel injection nozzle ready for test

A

| injury to the operator. Keep the tip of the |.

\ind into the fuel collector. J .

Removing tip from injection nozzle
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FUEL SYSTEM

(2} Orifice restriction 1est

(a) Look at the orifice dlschargc pattcm

(shape of discharge) when fluid begins -

to flow through the injection nozzle.
The discharge must be straight. Any
change is an indication of a bad nozzle.

(b) QOperate the tester handle at a speed of
one stroke per second to make sure the
discharge is straight.

(3) Nozzle tip washing and rep]‘acei'nhent

() Loosen the retaining nut and remove the

tip from the injection nozzle. Wash the

needle valve and body in clean diesel -

fuel. After washing, put the needle
valve in the body in clean diesel fuel.

,

. Do not hit the tip when removing it from the
mjccnon nozzle.

L - i
l,ﬁ - Il NOTE !,

. Keep the need valves with their respective ;

! bochcs Do not use needle valves or bodies | i

© with other bodies or needle valves. ,)

(b)" After cleaning the up, install it in the
- nozzle and tighten the retaining nut to
the specified torque.

3752025k
(27118 lblE 1) -

Tightening torque
[(3683£25N-m]

(c) If the injcctibn nozzle is still bad after
the tip has been washed, replace the tip.

136

LRy

Good nozzle Discharge pattern for orifice with a
(Use again.) restriction (Recoadition or replace.)
401818

Orifice resmriction test

Meedle valve .

i Body
1 : .
.{ 402912
Washing nozzle tip
{ NOTE }— ~
needle valve.

| b) When installing the new nozzle tip,
remove synthetic resin film from the tip
and slide the needle valve in the body in
\ clean diesel fuel to wash off inhibitor
I completely.

(a) Do not touch the sliding surface of the
!
:
|
I




FUEL SYSTEM

2. Disassembly and assembly ‘

i —
' Tighteni :
| 5.340.5 kgbm
(404 IbE1)
; [54%5 N-m]
i :
i .
! @
|
' ®
! ®
{ - — @
& Tightenin : -
! Check for wear - ® 3.'?511:1:?255&:{'2“&
E ar damage. ) @ (27x1.8 16f-fr)
; : _ [36.842 5 Nom)
=! Check for we much . ! /
5 Fubonon tp of nozzie @ - . @
; or in nozzle orifice. - o )
; 405834
: . Disassembly sequence and inspection points
© () Relaining nut ) @ Pin Washer
® Nozzle tip assembly ® Spring @ Body

® Piece
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FUEL SYSTEM

1. Test on engine '

FUEL MNJECTION PUMP

Check the injection pump for items listed in the
chart below and replace it if defective. Do not
auempt to make repairs by disassembling.

Test item

Test method

Criteria

Low idle specd

Use a tachometer.

+30

Standard farm engine:

patler

outside of cngine. Look at discharge patiern by cranking the

cngine with starter,

2800 rpm
Exhaust smoke 1} Check by quickly increasing engine speed under no-load No 100 much black or
.. : condition. ) : gray smoke .
2) Check by starting 1ad. ' T
Orifice discharge Remove injection nozzie and reinstall it with orifice toward Good discharge pattern

2. Disassembly

(D Tappet guide pin
@ Lock plate
@ Tappet

@& Lower spring seat
® Plunger

@ Plunger spring
Upper spring seat
@ Control sleeve -
@ Control rack

® O-ring
® Dclivery valve

® Plunger barrel
@ Pump housing

@ Tappet adjusting shim

@ Delivery valve holder

1 Delivery valve spring
@ Dclivery valve gasket

407225

Disassembly sequence




Disés_sembly brbcedure
(1) Tappet removal
(a) Hold the injection pump in a vise with
the side that has tappets up.

(b} Straighl.cn the lock plate away from the
tappet guide pin with a screwdriver.

(c) Rotate the tappet guide pin 180° to
unlock it from the housing.

(d) Remove the tappct guide pin with a
necdle-nose pliers while pushing down
on the tappet. Remove the tappet.

(e) Do Stcp;s (b) through (d) again for
- remainder of the tappets.

' Thc tappc: can be thrown from the housing -
© when the tappet guide pin is removed. Hold -

J

 the tappet to prevent it from falling. |

(2) Plunger.rémoval 3 _
. (@) Remove the tappet adjusting shim'

(b) Remove the lower spring seat and
plungcr with a tweezers.

(c) Rem0vc the plunger spring.

(d) Remove the upper spring scat and .

- control sleeve.

(¢) Do Steps (a) through (d) again for

remainder of the plungers.
(f} Remove the control rack.

FUEL SYSTEM

Removing plungers
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'FUEL SYSTEM

~(3) Delivery valve removal ‘ Ve

(a) Turn the injection pump uf)sidc down
"and hold it in 2 vise. ‘ ‘

(b). Remove the delivery valve holder.
(c) Remove the delivery.valve spring. .
(d) Remoy'c the delivery valve gasket.

{¢) Remove the dehvery valve. with a
twWeezers.

() Do Steps (b) through (c) again for '
remamdcr of delivery valves. '

The delivery valves are fincly finished parts.
. Keep them as clean as possible.

(4) Barrel removal ,
(a) Remove the barrels from the housing.

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

| b) Keep the plungers with their respective |

i barrels for installation. Do not use

. plungers or barrels with other barrels or
plungers. :

s

140

' Removing delivery valve holders

- Removing delivery valves

Removing barrels




FUEL SYSTEM

= o

; @EJ ) " .7 . ..u. Adjusting plates
‘a) When replacing the plungers and Lt A :

E barrels or delivery valves, do not loosen

the adjusting plates between the pump-

ing elements.

I
b

' b) Afier these parns have been replaced;
the injection quantity must be measured.
Pump Tester Cam Box is needed for
measurement of injection quantity.

: ¢) Keep the disassembled injection pump. 404851
. . pars in clean diesel fuel.
N : o
* 3. Inspection
-
i ‘ . ~
: Check delivery valve | .
for wear or damage. ! :
Check plunger for wear,
Tusting or scoring,
Chezk control rack
@ ; for movement
[Chu:k tapper for wear. ]\8
407225 |

Inspection points
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FUEL SYSTEM

4. Assembly ' _ - ' ‘ - -,_'

Tighteming torque: 4.530.5 kgf-m
G Si:“hf fi) (445 N-m]

Use new O-ring.

o
®
o
®
®
o
®-

406680

Assem bly scqucnce

Follow the reverse of disassem bly and use thc proccdurc that fol}uws

Assembly procedure - T B o
(1) Barrel installation - ‘ ' ' m
Put'each barrel in position in the housing with - I [ ocating dowel

its slot in alignment with the dowel of the
housing and put it straight down into the bore.

- : {NOTE} \
. If the slot in the barrel is not aligned with |
' the dowel of the housing, the O-ring will not | . .
seat correctly (still visible) afier the delivery _ . 404862

valve holder has been installed, - . Installing barrels
: /

142




(2 Delivcry valve installation
Install the delivery valve, gasket, spring and
O-ring on the barrel and tghien the delivery

valve holder finger tight. Do this step for
remamder of the delivery vatves.

a) Any time the injection pump is disas-
sembled, a new O-ring must be installed.

| b) Make sure the threads of the delivery |
- valve holder do not cause damage to the
O-rings.

3) ‘ C;:ntml sleeve installation

(2) Install each control sleeve with the .

center tooth in ahgnmcm with the linc
mark of the control rack.

(b) Put the plungers in posmon in the
barrels.

‘/___

FUEL SYSTEM

P

Make sure the notch in the plunger is toward |

the adjusting plate. . )

Installing delivery valves

Center tooth '(visi.ble when seen
from the lower side) - _

Installing plungers
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FUEL SYSTEM

(4) Tappet mstallanon

Move the control rack back and’ forth whlle
pushing down on ¢ach tappet o align the slot
in the tappet with the hole in the housing for
the tappet guide pin. Install the lock plates and
tappet guide pins in position.

. Any time the injection pump is disassem- J
* bled, new lock plates must be used. _j

(5) Delivery valve holder installation .

Put the delivery valve holders in position and
tighten them to the specified torque.

Do not over tighten the delivery valve
; holders. This can put end force on the
: barrels, resulting in a failure of the plungers

" to move freely. If the holders are not tight- |
i

" encd to the specified torque, engine oil |
t would leak in the'injection pump.

(6) Inspection after assembly

(a) After the injection pump has been

- assembled, check to see if the control
rack moves freely without any blndmg
or catching.

(b) If the control rack fails to move freely. "

the possnble causes are: _
‘1) Pumping element(s) stlckmg

2) Forclgn particles lodgcd between
.control rack and sleeves

3) Ovcr-[ightcning of delivery valve
hold:r(s) '

Disassemble and check the injection
pump to locate the cause of the trouble.

(c) After the injection pmﬁp has been'ﬁnally.
assembled, check the injection timing.

144

Position tappet guide
pins iR coreact position.
Lock plate I ppet
F guiic
pin .

4.5+0.5 kgf-m
(32.544 1bf-fi)
[445 N.m)

406681

Checking control rack movement




FUEL SYSTEM

BOVERNOR

1. Disassembly and inspection

Make sure levers
move freely.

Check sliding sleave for wear or damage.
Make sure it moves freely.

D) @

%

)

Cheek sliding sleeve |
contact face for wear,

407226 |
_ Disassembly sequence and inspection points L
@ Tie rod spring ® Govemor shaft . @ Govemor spring
@ Tie rod ' (Remove @ thru ) as an assembly.) @ Govemor spring lever
@ Speed control iever @ Govemnor lever @ Governor case
@ Spring pin ' Start spring - ' '

- ® Grooved pin - @ Tension Jever
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FUEL SYSTEM_

2. AsSembly

(D

(5}

148

Install the levers in position.

Put O-ring on the governor shaft.

Put the governor shaft in position in the
governor case and put the levers on the
govemnor shaft.

Install the grooved pin and spring pin in
position with a hammer.

Install the tie rod and tie rod spring in
position.

Installing governor levers |

‘ Grooved pin - ' Tie red

spring

" Assembling governor




Wi,

3. Torque spring set installation

The tarque spring set is to be installed and -
adjusted after an adjustment is made to the low -

~ idle speed and high idle speed, with the engine
~ at a standstill. .-

" (1) Remove the tic rod cover.

{2) Move the speed conirol lever to the high
idle position and hold it there.

(3) Pull the tie rod in the direction of arrow. '

head to the point where a slight resistance
is encountered.

- - {NOTE!} .
i L il B . N
 In this position, the tie rod does not pull on |

! the gove spring. .
 the governor spring. J

- (4) Turn in the torque spring set while lightly -

pulling the tie rod until the line mark on

- the control rack is aligned with the line

- mark on the pump body.

(5) With these line marks aligned, lock the

torque spring set in position by tightening
the special nut. '

6) Install the scaling cap over the torque

spring set and stake the cap in position.

FUEL SYSTEM

Speed contral
lever :
Covernor
spring

7

o]

rd
Lihe mark on
. control rack

406667
Installing worque spring sei
. Special nut
Sealing cap
Govermnor lever
406668

Sealing cap for torgue spring set
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FUEL SYSTEM

Lo FUEL PUMP

Inspection
Look outside the pump for defects and test its

" performance. Do not attempt to disassemble

the pump.

FUEL FILTER °

(1) Normally, the fuel filter is not 10 bc
disassembied. Only element removal for
cleaning or replacement is recommended.

(2). When installing the valve lever after

washing, coat the O-ring for the lever with
silicone oil and the washer with grease.

148 .

404877

404876

. Fuel pump (diaphragm type)

| Conwit.h:iliconeuil.]

Q@Couwhhmj

service hours.

Wash in diesel fuel every 100

Replace every 500 service hours.

I Check for water and sedimeant.

404873

Fuel filter
@ Valve lever .

@ Ring nut
® Cup

® OQ-ring

. @ Element
® Lever plate
{8 Washer

O-ring
: Packing

4® Valve seat
@ Filter body




Do not attempt to disassemble the cartridge .

type fuel filter. Check the filter for contami-
-nation or damage and replace it as an assem-
_ bly if necessary

FUEL SYSTEM

Do not remove, -

service hours. -

Wash in diesel fuel every 100 7
Replace every 400 service hours.

¢ Check for water and sediment
. accummiation.
404874
Fuel filter
@ Ring nut ’ Valve lever
@ Cuwp @ O-ring -
O-ring . Spring
@ Element @ Valve
® O-ring @ Filier body
o _ Air vent screws
Priming sequence
» To pump'
: Replace every 400
. service hours.
From fuclr_ /Chectf water and
L or and -
tank m — - sedirnent accumula-
ton
SO
404871

Fuel filter (carmridge type)
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AIR INLET SYSTEM AND EXHAUST SYSTEM
.. GENERAL

E Schematic

Air breather pipe (for rccirculalio_n of blowby gases) Blowby gases

Air (from air ¢cleaner) To exhaust mulTler

v

' Air intet cover

Exhaust manifold

406671
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AIR INLET SYSTEM AND EXHAUST SYSTEM

INSPECTFION

, | Use a new packing.

I

Check for cracks.

Use a new gasker, ‘

- Inspection procedure

i Us'ing'a straight edge and a feeler gax}ge, check .
the flange faces of the manifold for
warpage. If warpage exceeds the limit,
recondition or replace the manifold. -

Inspection points

Unit: mm (in.)

Item

Standard

Warpage of manifold

0.15 (0.005 9)

Checking manifold for warpage
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. MAINTENANCE

(D Recommended

LUBRICATION ANP MAINTENANCE CHART

service should be 2)

performed at the specified intervals.
Under extremely severe, dusty or wet
operating conditions, more frequent

lubrication than is specified in this chart

may be necessary.

Perform service on items at multiples of
the original requirement. For example, at

Every 500 Service Hours, also service

those items listed under Every 100

. Service Hours, Every 50 Service Hours

and Every 10 Service Hours,

Check coolant level.

Sexvice intervals Item. Remarke (service data)
Every 10 service Walk-around inspection
hours Check engine oil level.
Check the amount of fuel.

Every 50 service
hours

Check battery elecuolyle level and
specific gravily.
Drain waicr and sediment from fucl tank.

First 50 service
hours of a new of
reconditioned engine

Change engine oil.
Change oil filter. -
Rerighten bolis and nuts.

- Capacity: See SPECIFICATIONS.

Every 100 service
hours

Change engine oil.
Change oil filter.
Wash [uel filier.

Clean radiator fins

c:ipacny:_ See SPECIFICATIONS.

After fuel filter has been washed prime fuel
| System (page 165)

Every 500 service
hours

Check and adjust valve clearance.

‘Change fuel filter element.
Check and adjust fuel injection nozzles.

Check fan belt.

0.25 mm (0.00% 8 in. ) for inlet and exhaust
valves

InJectlon pressure: 140 kgf/cm2 {1 991 psi)

[13 726 kPa] -

T%nsm)n (deflection): 1010 15 mm (0 4 1o
n .

Check glow plugs.
Every 1000 service | Relighten bolts and nuts.
hours Check starter.

Check alternator. .

Every 2 years

Change coolant.

Capacity: See SPECIFICATIONS.

When required

Prime fuel system.

Clean air cleaner elcment.
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MAINTENANCE

ENGINE QIL AND OIL FILTER

1. Engine oil specnficatlons . Recommended engine oil viscosities
T -30 - ~15 10 -§
‘ Use oils that meet the Engine Serv1ce |COF) [ BT B anahad 69 6n @8 1o
" Classification CC. } PR T S (N Y T S DU N N B
: ‘ . o : SAEZOW -
2. Oit level check . . ' _ L saew
: oo . ] E_I;gmc SAESW.20 -
(1) Check the crankcase oil level with a o I .
dipstick with the engine kept level. . B e
ST . : SAEI0W-30
(2) If the oil level is at or below “L” (low
© SAE!SW-4D

level) mark on the dipstick. add oil to “H”
* (high level) mark on the dipstick,

r (NOTE] ~N
| a) After adding oil, leave the engine | Dipstick
{  -standing for one minute and chcck the : _

: oil level.

' b) Avoid mixing d:ffcrcnt brands of oils.
'In some cases, they are not compatible | -
with each other and deteriorate when {.°

- mixed. Use the same brand at succes- | . ,
sive intervals. ' . |1 “L™ mark

: ¢) If the éngine has been left standing for a
i long period of time, check the oil for
i level and contamination before starting
| the engine. Start and run the engine for
{  a few minutes. Then stop the engine

and check the oil level again.
. S/

“H"™ mark

Checking oil level

3. Oil chaﬁge :
(1) Change the oil after the first 50 service

hours of -operation of a new or recondi-
tioned engine and every 100 scrv:cc hours

thereafter. .
' (2) Warm up the engine. Remove the drain : 2205
- plug and allow the oil to drain in a’ - | Tightening torque (29 £ 4 1bf-ft)
container. Install the drain plug, tighten- [39+5N-m]

ing it to the specified torque, and rcﬁl] the -
engine with thc new il

(3) Refill to the “H” mark on the dipstick._
Approximately 0.5 liter (0.5 qt) of oil is
required for the oil filter and oil lines.
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MAINTENANCE

- 4. Oil filter change

(1) Change the oil filier cvcry 100 scrwcc
' hours.”

(2) Remove the used filter with a filier
wrench Discard the filter.

(3) Remove all of the old filter gaskct from
the filter base and apply a thin coat of

. engine il to the gasket.on the new filter.
Install the filier by hand until its gasket
contacts the base. Tighten 3/4 turn more.

Do not cause damage to the O- nng when |
mstallmg the filter. :

;

(4) Add 0.5 liter (0.5 qu) of oil.

(5) Start the engine and check for leaks .

. around the filter.

(6) Stop the engine. Check the oil level and
add oil if necessary.

158

Installing new oil filter




MAINTENANCE

VALVE CLEARANCE

' Make an adjustment to the valve clearance

!\ when the engine is cold.

(1) Slighty loosen the cylinder head bolts and
retighten them to the specified torque in

number sequence.
9+ 0.5 kgf-m
Tightening torque (65 £ 4 Ibf )
. [88 £ 5 Nem}

(2) Find top dead center compression-position
for No. 1. piston by usmg the procedure.

that follows:

(a) Tum the crankshaft until TDC mark on
“the crankshaft pulley is aligned with the

mark on the timing gear case.

(b) With No. 1 piston at top dead centeron

the compression stroke, the rocker arms

will not be moved when the crankshaft

is turned approxxmatc]y 20° in both
_ directions.

() If the rocker arm.s move, No. | piston is

at top dead center on the intake or -

exhaust stroke. In such a case, trmn the

crankshaft 360° in the direction of -
engine rotation again. No. 1 piston is-

now at top dead center on the compres-
sion stroke. - :

3 ‘Loosen the lock nut for the adjusﬁng '

screw. With a feeler gauge inserted
between the rocker arm and valve cap,
adjust the valve clearance by turning the
adjusting screw.

Item ! Swundard
Yalve clearance (both inlet | -
and exhaust valves) ] 0.25 (0.0098)

407105

~ Cylinder head bolt tightening sequence.

TDC (1op dead center)
mark for No. 1 and
No. 4 pistons

Mark on liming
goar cese

IT (injection
tirning) mark

TDC mark for No. 2
and No. 3 pitons

404678

Unit: mm {n)

Timing mark
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(4) Hold the adjusting screw and tighten-thé
lock nut. -

(5) After the valve clearance on the valves for
No. 1 cylinder has been adjusted, turn the
crankshaft 180° in the direction of enginc
rotation and adjust the valve clearance on
the valves for the remainder of the
cylinders in firing order (injection

sequence)
Firing order (injection Crankshall rotation
sequence) angle
S3L 1-3-2 240°
S4L 1-3-4-2 180°

— /N CAUTION -————-~

. After the valve clearance on the valves for
i all eylinders has been adjusted, turn the |
- crankshaft two or three times and make sure !

; the valve clearance is correct. S i
i -
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" FUEL INJECTION TIMING

L. Preparatlon _
(1) Close the fue) filter valve

. (2) Disconnect the No. 1 fuel injection plpe'

“from the cylmder head and injection
pump.
(3) Remove No. 1 délivery valve holder from

the injection pump. Remove the delivery
valve and spring from the holder. Restore
the delivery valve holder only to the

1njecnon pump.

{4) Connect the fuel injection pxpe to the
mjccnon pump.

(5) Hold the speed control lever in thc low:

speed posntmn

2. Inspectlon
2.2 Fuel flow method

(1) Opcn the fuel filter valve. Turn the stancr'

sw:tch key to ON posmon

e : : - |' NOTE ,l
FucI wﬂ] come from the injection pipe with
high pressure when the starter switch key is ’
turned to ON position if the engine is
cquipped with an electric fucl pump Direct

quel flow into the container.

© (2) Slowly turn the crankshaft clockwise,

i looking at the free end of the injection

pipe. The instans fuel stops cornmg out is

the fuel 1 mJectmn nmmg

o —(NOTE} :

| Turn the crankshaft in reverse direction just
: a litle and do Step (2) again to verify the
| injection timing. ,

S

406673

- Rcmowng delwery valvc and spring

Fuel stops coming from injection pipe

161




MAINTENANCE

- (3)

2.2

The fuel injection timing is correct if IT
mark on the crankshaft pulley is aligned

with the mark on the timing gear case

when fuel stops from the injection pipe.

}:Bue.l injection timing | 17° {standard)

Alternate method

In the fuel flow method, the delivery valve has
to be removed. As a result, there is a good

chance for dirt particles to get inside the fuel - |

injection pump. In this alternate method,
however, it is not necessary 10 remove the
delivery valve.

(1)

(2)
(3)

Disconnect No. 1 fuel injection pipe at the

fuel injection nozzle (cyhndcr head).

Prime the fuel system.

VSlowa turn the crankshaﬁ clockwise

until fuel just swells at the free end of the
injection pipe and, at that instant, check

the position of the IT mark with respect

to the mark on the gear case. This timing
is approximately 1° retarded. Take this
1° retardation into account when making
a shim adjustment.

182
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3. Adjustment i ‘ C eyl
(1) If the fuel injection timing is incorrect,
- change the thickness of shims under the
fuel injection pump. An increase or
decrease of the shims by 0.1 mm (0.004

in.) will vary the timing by 1°.

(2) Increase the thickness of the shims to
retard the iming or decrease it to advance

the timing.
Adjustment range Standard +1.5°
~ Four kinds of shims arc available in- 7

thicknesses 0.2 mm (0.007 9 in.), 0.3 mm
(0.011 8in.),0.4 mm (0.015 7 in.) and 0.8
'mm (0.031 5 in.). These shims have no -
identification; measure the thickness of .?,?325.?:’#22 f;“l .
each shim with a calipers before using it. - -7\ Markon ™

Apply sealant 10 both faces of cach shxm to
prcvcnt oil lca.ks

Angle by which fuel| -
injection um‘mg is -

| -

- ’ . | . increase shim Decrease shim
- (3) After the nmmg has been adjusted makc-- ' thickness. thickness.
© . sureitiscorrect. . . ' L—E _
(4). Close the fuel filter valve and restore the . |
delivery valve and injection pipe to the ; | ‘
“original state. ' - 1
o [. ki
T THES

Retarded: " Advanced oL
- ' 404872
Adjusting fuel injection tdming
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~ FUEL FILTER

. Fuel filter with [AIR] vaive
Close the fuel filter valve. Loosen the ring nut

and take out the element for cleaning or
replacement. ' ' '

Valve lever

406677
Cartridge (air vent Screw) type fuel filter
Replace the filter as an assembly if water and
sediment have been accumulated in it. '
i 404873

Cartridge type fuel filter
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FUEL SYSTEM PRIMING

 Engine with fuel filter with [AIR] valve

(1) Move the fucl filter valve lever to AIR
position.

(2) Move the lever to ON position when the
fuel flows free of bubbles from the over-
flow pipe..

'(3) To prime the fuel pipe and fue,l injection

pump, loosen the air vent screw of the:

injection pump.

(4) The injectibn pij)es and nozzles can be’

primed by cranking the engine.

— (NOTE -
NOTE

The fuel s;'éiem of the engine with an elec-

tric fuel pump can be primed by turning the
starter switch key 10 ON position.

Engme wnth cartndge (air vent screw) type :

fuel filter

(1} Loosen air vent screw (1). Tighten screw
(1) when the fuel flows free of bubbles
from this vent.

fZJJ_ Loosen air vent screw (2). Tightén screw
(2) when the fuel flows free of bubbies
from this vent. _

' (3) The injection pipes and nozzles can be -

primed by cranking engine engine.
—{NOTE}

equipped) beforc loosening any air vent
| SCTEew.

The fuel system of the engine with an clec-

kstartcr switch key to ON position. P,

Overflow pipe

406678

Priming fuel filter with [AIR] valve

d . =) C w
'| Turn the valve lever to OPEN position af |

* | tric fuel pump can be primed by turning the |

404874

Priming cartridge (air vent screw)
typc fuel filter
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- IDLE RPM SETTING
' (NOTE}— - -
- = r High idle position

\ Make surc that the valve clearance and

Low idle position
| injection timing are correct and that the fuelJ '
| : .

Linjection nozzles have no defect.

(1) Start and run the engine ai low idle uniil
the coolant temperature is above .60°C

(140°F)..

(2) To set the low idle rpm, loosen the lock
nut for the idling set bolt and turn the set
bolt to make the engine run at the
specified rpm. Tighten the lock nut '

(3) To set the high idle rpm, loosen the lock
nut for the high-idle set bolt and turn the
set bolt 10 make the engine run at the
specified rpm. Tighten the lock nut. '

" Idling sct bolt

" Lock nuts High-idle set bolt

406679

Idle rpm setting

166 - .




MAINTENANCE

FUEL INJECTION NOZZLES

1. Injection pressure (valve opening
pressure) test

. Make reference to FUEL INJECTION
NOZZLE (page 135).

2. Orifice re;trictioﬁ 'test

Make reference to FUEL INJECTION
NOZZLE (page 136).

3. Nozzle tip_washing and replacement

Make reference to .FUEL INJECTION -

' NOZZLE (pagc 136)

kd. ‘ ‘Installation.

" (1) Put the gasket on the injection nozzle.

(2) Put the nozzle in position in the cylinder
head and tighten it to the specified torque.

. - 1. 55+05 k;;
| Tightening torque | (404 1bfdL) -
. - ' . [54+5N-m]

Installing fuel injection nozzles
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*EARDELT -

- (1) Measure the deflection of the belt. Apply

.10 kgf (22 1b) [98 N] force midway’
between the alternator pulley and the
crankshaft pulley. '

(2) Adjust the belt if the deflection is not

- correct. Loosen the adjusting bolt and
move the aliernator to obtain the required
belt deflection. '

Adjusting bolt

Deflection: 10 to 12 mm
(0.4 10 0.5 in.) under
10 kgf (22 1bf) [98 N] force

404880

Unit: mm (in.)
ftem Standard

. B i 1010 12
Deflection l 0.4 100.5)

Adjusting fan belt
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SERVICE DATA

SPECIRSGATFIONS
1. Basic engine components Unit: mm (in)
Itiem Standard Limit Correction-Remarks
Compession pressure 30 kgffiem? 27 kgficm® Repair or replace.
(427 psi) * {384 psi) :
i *[2 942 kPaj [2 648 kPa]
Maximum permissible difference : 3 kglfem? ) Repair or replace.
between average compression pressure {42.7 psi} -
of all cylinders in one engine ( [294 kPa)
Fuel injection Liming (BTDC) | 17°
Clearance between rocker arm and shaft 0012 10 0.050 0.200 Replace rocker arm.,
(oi] clearance) ; 1 (0.00047 10 0.00197) (0.007 87) '
Valve clearance 0.25 (0.009 8) Adjust. -
: - 0.02100.05 : 0.10 , .
Clearance between | Inlct valve (0.000 & to 0.002 0) {0.003 9) Replace valve and
valve sicm an ! - Ive guide.
- l 0.05 to 0.085 0.15 valve gu
valve guide j Exhaustvalve 0 607010000335) | (0.0059)
Valve margin {valve lip thickness) ! 1.0{0.039) 0.5 (0.020) Replace vaive.
. 0.5+0.25 - L5 Recondition valve seat or
Valve sinkage (0.020 % 0.009 8) (0.059) replace cylinder head.
Angle 450 — '
Yalve seai | Width 12018 25 Recondition.
towidt i (0.051 10 0.071) (0.098) :
Free length 47 (1.85) 46 (1.81)
Length under 1est 3%.1 30.5 _
Valve spring i force (1.54) (1.20} Replace.
| -
: (06215 | (K244 -15%
kgf (1bD) [N} (136 £7] | (284220} |
Warpage of cylinder head botiom face 0.05 (0.0020) maximum | 0.10 (0.0039) | Repair.
Bend (dial indicator reading) of valve ' ‘ '
push rod : — 0.3 (0.012) Replace.
Crankshaft gear and
idlcr gear
Idler gear and camshaft 0.04 10 0.12
_ \ gear - (0.001 6 t0 0.004 7) _
Timing gear | Idier gear and fuel injec-
backlach tion pump camshalt pear ; 0.30 (0.011 8) . Replace.
Camshafs gear and ! 0.08100.19 |
- P.T.O. gear 0,002 1100007 5)
Fuel injection pump cam- 0.07 10 0.20
shaft gear and oil pump gear | (0.002 8 w0 0.007 9)
Lobe height of camshaft ' 35.72 (1.406 3) 34.72 (1.3669) | Replace.
l;:rgzhlchatght of fuel injection 'pi:lmp i 44 (1.73) 43 (1.69) Replace.
Flaincss of flywheel 0.15 (0.005 9) maximum| 0.50 (0.0197) | Recondition.
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SERVICE DATA

1 i ' ' Unit: rom (in.)
liem ,' Standard Limit - Correction-Remarks
Cl be @ dcylindes | -
blogk e Eppet ARG EYTnEe E — 0.15 (0.0059) | Replace tappet.
Cl be haft journal i .
Sachine ~ cvween camshalt jourma and | - 0.15 (0.0059) | Replace bushing.
. . i 0.03 10 0.07 0.20 Replace id]
Clearance between idler gear and shaft ‘. (0.001 2 10 0,002 8) 0.007 9) p ha’}L ldler gear or
Warpage of cylinder block top face 10.05 (0.002 0) maximum| 0.10 (0.003 9) Repair.
N ' 0.0 00012 ' Hone out bore for oversize
Bore in cylinder block - . 78070 3077 ) | 78.23.07T9) g;slol? or replace cykinder
. : : ‘| block.
Taper and out-of-round of cylinder 0.01 (0.000 4) maximam —
L ' 7193107795 77.80
Standard (3.068 1 10 3.068 9) (3.063 0)
. - 0.25 (0.0098) | 78.18 10 78.20 78.05
Diameter of piston - | 4 Versize | (3.0779103.0787) (3.0728)
0.50 (0.0197) | 784310 78.45 - 78.30
oversize i (3.0878 10 3.0886) (3.0827)
§ . o ; 0.006 10 0.018 0.050
Clcaranc;: between piston pin and piston (0.000 24 10 0.000 71) (0.001 57)
' No. 1 compres- ; =~ 0.06100.10 0.30
.. ! sionring I {0002 4100.0039) (0.011 8)
Clearance between No.2compres- | . 0.051w00.00 o 0.20 . A
piston ring and groove | sion ring {0.002 0 o 0.003 5) (0.007 9) Replac_‘.e PISIOn nRg.
‘ . oo 10,03 10 0.07 0.20
; Ol ring (0.001 2 10 0.002 8) (0.007 9)
Ne. 1 compres- 2.1510 0.30
A _ “sion ring (0.0059100.011 8)
Clearance between | No. 2 compres- 0.15 10 0.35 150 e
ends of piston ring | sion ring (0.005 9 10 0.013 8) (0.059) Replace piston ring.
' o I 02010 0.40 . ' ‘
Oil ring (0.007 9 10 0.015 7) R
: . ; . Hone out bore for oversize
Clearance between piston and cylinder © oglogg '{g g%g 39) © %i’ ?%1) E}mé or replace cylinder
. . v . b hd . ! M
Clearance between crankpin and 0025100072 | - 0.150 Replace connecting rod
connecting rod bearing . (0.000 98 1o 0.002 83) (0.005 91) bearing.
Thrust clearance for connecting rod ’ 0.10 t0 0.35 0.50 :
big cnd a . (0.003 9 10 0,013 8) ©.0197 | Replace connecting rod.
] : , 51.985 10 52.000
! Diameater of joumnal (2.046 65 10 2.047 24) —
. : 47.950 10 47.965
D 1c . o . —_—
| Diameter of crankpin | ) 28570 17 1 888 38)
Runout 0.025 (0.000 98) 0.05 (0.0020) | Repair or replace.
Crankshaft [ Cicarance between journal 0.030 10 0 - -
journa : 10 0.077. 0.100
. and main bearing (0.001 18 100.00303) | (0.00394) | Fepiace main bearing.
Clearance between crankpin 0.025 10 0.072 0.150 Replace connecting rod
anid commecting rod bearing {0.000 98 10 0.002 83) (0.005 91) bearing.
End play 0.050 10 0.175 0.500 Replace No. 3 flanged
| Enep (0.00197 10 0.00689) | (0.01969) | bearing.
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2. Lubrication system

s o

Unit mm (in.)

Item Standard Limit Correction-Remarks
' 3.5 % 0.5 kgficm?
Pressure relief valve setting (50 + 7 psi) — Replace. -
: : {343 + 49 KPa]
Pressure differcnce at which oil pressure 0.5 + 0.1 kgffem?
switch is closed (indicator light comes (7214 psi) — Repiace.
on) : {49 + 10 kPal .
3. Fuel System_ ) Unit: mm (in.)
Irem Siandard Limit Correction-Remarks
Lo ; 140°3 kgffem’® .
lnjﬁCl.lDl'l pressure (\f&]Vt‘. opening (1 9914»31 psi) — Adjust with washer.
pressure} 490
[13 7295 kPa}
4, Air inlet system and exhaust system y Unit: mm Gin)
ftem - Suandard Limit jon-Remarks
Paper-element type aif cleaner element % gffi'; :;:'Er_sl.m gﬁ?‘fﬁg 500 L
- Warpage of mounting faces of manifolds | . — 0.15(0.0059) | Repaif or replace.
5. Cooling system (standard) i ﬁnJ,
Jtem | Standard Limit Correction-Remarks
| Temperature at which | 82+ 1.5°C _
) valve starts opening (180 2.7°F)
Thermostat Temperature at which Replace.
valve liftis more than 8 © © 95°C (203°F) -
mm (0.3 in.) 1
Temp:rar.urc at gﬁ:h 111 % 3.§°C
switch is tumed 2321£6.3° -
Thermoswitch ,—Rwl_ " 5 . (23 B Replace.
esistance at oil lemper- , _
ature of 120°C (284°F) 30 m&} maximum —_— ‘
AL S0°C (122°F) 80+100 —
Resistance in
thérmounit At 80°C (176°F) 205+250 — Replace.
At 120°C (248°F) ! 10030 —
Deflection of fan belt under 10 kgf [ :
(22 1bf) [98 N] force applicd midway 10w 12 Replace.
between altemator pulley and crank- (0.4 o 0.5} - epiace.

shait pulley
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6. Electrical system ERN Unit: mm (in.)

Swandard

Ttem Limit Correction-Remarks
Pinion clearance 0.5 o 5079) ~ Adjust with packing.
S3L/S3L2 | SAL/S4L2 |
Lo Terminal voltage | 115V 11V -
No-load charac- f Test. -
1eristics Current draw | .Loiam rlr.lsaoxi?num — '
- 3000 3850
2 Rpm -\ minimum | minimum —
2 Brum length ! - Wear limit line | Replace.
. _ | 30 kel 1.8 kef
Brush spring tension | ~ (6.6 1bf) (4.0 1bh) Replace,
ST : {29.4 N] {t7.7N] .
Runout of commutator 0.03 (0.001 2) 0.10 (0.0039) | Repair or replace.
Diameter of commutator ' 32 (1.26) 31(1.22) Replace.
Undercut of mica | 0.5 (0.020)° 0.2 (0.008) | Repair.
| Regulated voltage at 20°C (68°F) 147203V —_
. .. |. Terminal
Output * - | Below voltage 1.3'5 M -
& | characteris- | 2500 rpm _
g [ics (at. : Current ! 33 A — Test.
g Opcrating ' i Terminal I 135V
< | lempera- Below *  yoliage | ) -
turc) 1 5000 rpm :
! i Corrent | 4T A —_
{ Brush length i — | Wear limit line | Replace.
Resistance in glow plug ! 0.55Q { — Replace.
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SERVICE DATA

TIGHTENING TORQUES
1. Major bolts and nuts '

) . " Thread, mm ’ -
Bolt or nut \ ’ . Width Clamp Torque, kgf-m (bf.ft) (N-m]
Diameter | Pitch [ ocsnats| length | - - . '

Cylinder head bolt MI0O | 125 14 87 9£0.5(65+4)[8815]
Rocker cover bolt M8 1.25 12 40 1152015832 1.1) 113+ 1.5)
Rocker shaft bracketboli | = M8 1.25 12 58 1.5£0.5(1114)[14.7£ 5]
Thermoswitch Mi16 1.5 17 315 23+04(16613)[22.614]
Crankshaft pulley nut M18 1.5 21 — . |175+25(127£18)[172+289)
Main bearing cap bolt . M10 . 1.25 17 81 525+4025(38+2)[51.5225)
Connecting rodd cap nut - ‘MY 10 14 — I55+0.25(25.7+2) (348 £ 2.5]
gfga{ngg““’ bolt (for wactor M2 | 125 17 28 951 (69 7) [93+10)
Rear plate bolt (standard) M12 1258 17 28 65+1@7+£7[64110)
Rear plate bolt (stamping) - M8 1.25 12° 16 1.15£0.15 (832 1:1) [11.3 £ 1.5]
Flywhee! bolt MI2 1.25 19 29 1350598 +4)[132+ 5]
Oil pan bolt (for tractor ; : . '
cogne) M8 . | 125 12 25" | 28+03(203422)[27.5%3)
Oil pan drain plug _ Mi4 1.5 22 10 4+05(29+4)[39%5)
Pressure relief valve M22 1.5 22 . 33 5£05(36+4)(49<5)
Oil filter : M20 1.5 - i = 12201 8707122 1)
Qil pressure switch PTI1/8 - 26 . 11 1+02(72114)[10+2)
Fuel injection pipe nut MI2 1.5 — —_ 3+0.5(22+4)[29+ 5]
Fuel leak-off pipe nut Mi12 1.5 R | —_ 275x025(20x2) 272 2.5
Delivery valve holder — —_ 19 — .45+05(32514)[4415]
Fuel injection nozzie holder | M20 1.5 21 —_ 55+05(@0+4)[54£5]
Retaining nut for delive ‘
valve holder body M16 0.7 19 | — | 375£025(Q27£2)[37+25)
Siiding sleeve shaft M10 125 14 29.5 36206(2614)[35+6)
Special nut for torque spring | gy 1.0 17 — | 2+050424)[2025]
Glow plug . Mi10 1.25 | A 60 1252025 (127 £2)[17.2 £ 2.5]
Glow plug connection plaie M4 07 8 — 0.125 +0.025 (0.9 £0.2) [1.220.2)
Stop solenoid nut M30 1.5 36 —_ 4505 (325+4)[4413]
Starter B terminal ‘M3 1.25 12 — 1.1+0.1 (810.7)[10.81 1)
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‘2. Torques for bolts and nuts with standard:threhds *

Unit: kgf-m (Ibf-ft) [N-m]

Thread Identification on head
diameter 4 7
g 0401 0.9+0.]
Mé 3 £0.7) b 65£0.7)
(39+1] | 8.8+ 1]
. 1.1+£0.1 1.85+0.35
M8 8+07) (13.4 £2.5)
: [10.8 £ 1] [18+3]
2.15+£0.35 36206
M10 (15.622.5) (261 4.3)
: [21+3) (3531 6)
g 3606 6541
M1z (2614.3) @77
[353+6] - [63.7+ 10)
61l 9.5t15
Mi4 - (4317 . (69+11)
[59 £ 10] [93.2+15)

2

3. Torques for plugs with taperlock threads

. Unit: kgf-m {Ibf-ft) [N-m])
Size For aluminum materials For farroue materials
) 0.6510.15 - 1+02
NPTF1/16 4.7£1) 12+ 1)
(64 £1] (10 + 2]
‘ 1202 1.85+0.35
PTi/8 (72£1) {13.4+25)
[(10£2} [18£3)
. 25+£05 4£05
PT1/8. NPTF1/4- (181 4) (29+4)
: [25%5] 139 % 5}
S 6511
PT3/8 — 477
! [64.+10)

SERVICE DATA
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SERVIGE DATA

SEALANTS
Component Sealant Maling pari Remarks
i Siop solenoid Three Bond 1212 | Governor case
“ .
E_ Water drain joint ; s ‘ ;
) = Three Bond 1102 | Cylinder block Apply 10 effective thread part
2 | Oil pressure swilch 1 )
= -
Torque spring sct Three Bond 1212 | Govemor case
{ Cylinder block
ﬁ Sealing cap Cylinder head Apply 10 holes in cylindcr
= Three Bond 1102 | Cylinder head and head and cylinder block.
g ‘ . ¢ylinder block '
! .
3 l Expansion plug Cylinder block -
| Dipstick guide ’
. Side seal _i . ' S&tﬁ%ﬁ;ﬁ?;gaﬁd Apply 10 external surface,
g ! ] }
2 | st vearingcaps fom | P B 1212 Aoyl staces G come
£ and rear) ' . Cylinder block block. . :
~ Oil pan Three Bond 1207C [ Apply 10 sealing surface.




" SERVICE DATA

SPECIAL TOOLS
Tool No. - : Tool Name _ Styte Usage
31A91-00100 Piston Pin Seuing Tool l _ Piston pin removal and
' installation
] 406808
ST332340 - Camshafi Bushing Insaller | Camshaft front bushing
' S o : removal and installation
.
?
; 404704
ST332270 i Compression Gauge Adaptor h Compression pressure
: g ' measurement
;
404931
_ i
MD998054 Qil Pressure Swiich Socket ' Qil pressure switch removal
. . Wrench (26) ‘ ] and nstallation
404_840

Note: In addition these special tools, commercially available tools such as bearing puller, valve seat cutling
1ool, vaive guide installing tool, valve spring compressing tool, oil filter wrench, etc. are necessary.
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MITSUBISHI DIESEL ENGINES

Pub. No. 99619-12120

Manufactured by
AMITUSB!SHI HEAVY INDUSTRIES, LTD.
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