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FOREWORD

This shop manual contains the specification,
construction, operation, adjustment and service pro-
cedures of the Model 6D2. 8DC diesel engine for ser-
vice mechanics engaged in servicing of the Mitsubishi
diesel engines.

Please make the most of this shop manual to perform
correct servicing and wasteless operations.

Naote that some ofthe contents of thisshop manual are
subject to change owing to improvements, etc. that
may be introduced after publication of this shop
manual.

JULY 1985

Applicable Engine Models

6D22

6D22-T

£§D22-TC

6D24-T

6D24-TC

8DC9

8DCO-T

8DCS-TC
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COMPILATION OF THIS MANUAL - GROUP CLASSIFICATION

1. GROUP CLASSIFICATION

This manual is organized into several groups classified according to the engine basic elements.

Na. Group name Description
oG General External view, major specifications, engine outputs classified by application, engine num-
bers, caution piate, general precautions for servicing, general bolts and nuts tightening
torque table
114 Engine <602> Engine proper (cylinder head, valve mechanism, camshaft, piston, crankshaft, timing
gear, flywheel), specifications, service standards, special tools, troubleshooting
11B Engine <80C»>
12 Lubrication Lubrication system {oil pump, oil filter, oil cooler), specifications, service standards, spe-
cial tools, troubleshooting
13 Fuel and engine control Fuel system (injection pump, injection nozzle, fuel filter, pump drive case, water separa-
tor), specifications, service standards, special tecls, troubleshooting
14 Cooling Cooling system {water pump, thermostat, radiator, cooling system cleaning procedures,
fan), specifications, service standards, special tools, troublashooting
15 Intake and exhaust Air cleaner, turbocharger, aftercooler, specifications, service standards, speciai tools,
troubleshooting
16 Engine electrical Starter, alternator, preheating system, refays, automatic stop device, specifications, ser-
vice standards, special tools, troubleshooting
21 Clutch QEutch proper, bearing case, specifications, service standards, special tools, troubleshoot-
ing
61 Speciai equipment Air compressor, pressure governor, specifications, service standards, special tools
NOTE:

Page number begins with 1 for each guoup.



COMPILATION OF THIS MANUAL - TERMS AND UNITS

2.

TERMS AND UNITS

The following terms and units are used throughout the
entire texts of this manual.

{1

Front and rear

The terms “front” is the fan side and “rear” the fly-
wheel side of the engine.

Right and left

The terms “right” and “left” shall be used to indi-
cate the side as viewed from the flywheel side of
the engine.

Service standard terms

Nominal value

Shows the nominal dimensions, dimension of an
individual part, standard clearance between parts
in an assembly, or the standard performance of an
assembly.

Limit

Shows the value of a part at which the part is no
longer serviceable from the performance as weli as
strength viewpoints, requiring replacement or
repair.

(4}

Tightening torque

‘Over- orundertightening of bolts and nuts has criti-

cal effects on performance and functions. Tighten-
ing torque is therefore specified for some tighten-
ing points.

Alitightening torque specifications may be consid-
ered as “dry” unless “wet" is specified.

Where no tightening torque is specified, use a
torgque value specified in the General Bolts and
Nuts Tightening Torgue Table.

Units

Length, weight, surface area and capacity are
given in International Systems of Units with metric
units indicated in { ).

Temperatures are given in degrees Celsius.

For the conversion into the foot-pound system,
refer to the following conversion table.
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INTO FOOT-POUND UNITS

3. CONVERSION TABLE FOR S! UNITS INTO FOOT-POUND UNITS

A system of units used in this manual is Sl {international System of Units). When the units are converted to those

used in the foot-pound system, use the foliowing conversion table.

Unit Sign of Sl unit Sign of foot-pound unit Conversion rate
Mass quantity of matter kg b 1kg=2.20461b
g o2 ig=0.0358274 02
Dimension m ft. 1m = 3.2808 ft,
: mm in. 1mm = §.03937 in.
Capacity L gal. 1L =0.2642 gal, {15}
1L =0.220gal {imp.)
o3 oz 1cem? = 0.033814 0z (U.S.)
1 em? = 0.035195 oz {imp.)
em? cu.in. 1em? = 0.061023 cw.in.
Force N {Newton) Ibf TN =0.2248 Ibf
Pressure kPa (kilopascal) Ibffin2 1 kPa = 0.145 lbf/in2
1 kPa = 0.2953 in.Hg
Stress Nfecmé tbffin 2 1 N/em? = 1.45 Ibffin 2
Moment of force N-m Iht.ft 1 N-m=0.7375 Ibf.ft
Output kW (kilowatt) HP 1kW = 1.34 HP
Temperature °C °F 1°C = {1.8t°C + 32)°F
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4. READING THE ILLUSTRATION |

{(Ex. 1: Disassembly and Inspection)

*Protrusion from
crankcase to surface

4
NV 0.10 to 0.50

5 ¢ Breakage, damage

Damage, 6
discoloration Q

. . 7 3
;‘;g;";;fésme service Q 3 Carbon deposits, scratches
: on outer surfaces, cracks,
discoloration

8§ Cracks, oil hole clogging

*Connecting rod end play
NV 0.15 to 0.45
L 06

* indicates inspection to
be made before disassembly.

2

Damage on outer and inner
surfaces, corrosion, fiaking [2F

Damage on outer and inner
surfaces, corrosion, flaking 2

i
Numbers assigned indicate a typical disassembly sequence.

® 2nd compression ring

\ Indicates that the disassembly

procedures is explained in the text.

Indicates visual checks.

Disassembly sequeance ® NV Nominal Value
1 Connecting rod cap @ 0" ring' L..... Lirnit
2 Connecting rod bearing 7 erap ring
3 Piston 8 Piston pin

1st compression ring 9 Connecting rod

AQD14A
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{Ex. 2: Reassembiy)

Gives instruction for jobs to

be done at reassembly. \

Apply engine oil.
3

s

LY.

| Piston projection
NV 04810 0.74

\

0

Specifies the tightening torgue; )

Indicates a typical assembly sequence.

Assemnbly sequence

38585758 -EwE 521

\

Indicates that the assembly procedure is
expiained in the text.

98 N.-m
{10 kgf-m}
{Wet}

{(Wet} means the part must be tightened in wet state.

Face the oil groove
toward the crankshaft

End play
NV 0.10t00.25
L 04

indicates the service standards.

NV .. Nominal Value
Lo, Lirnit

ADD13A

illustrations {exploded views and assembly drawings) among various types of available systems and uniis.

shows a typical service procedures if it is identical

8
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GENERAL - EXTERNAL VIEW

1. EXTERNAL VIEW

<6D2>
Natural-aspirated engine

Turbocharged engine

AD243A

ADZ44A

00-2




GENERAL - EXTERNAL VIEW

<8DC>
Natural-aspirated engine

Turbocharged engine AD245A

AQ2468

00-3



GENERAL - MAJCR SPECIFICATIONS

2. MAJOR SPECIFICATIONS

2.1 Major Specifications

Engine model 6D22 6D22-T 6022-1C 6D24-T 6D24-TC 8DC3 8DCe-T 8DCS-TC | 8DCe-TL
ftem . (2-turbo)
Type Diesel, 4-cycle, water-cooled
Combustion method Direct injection
No. and arrangement 6, in-line 8-90°V
of cylinder
Cylinder bore x stroke 130 x 140 130 x 150 135 x 140
mm
Total displacement 11149 11845 16031
cm3
Engine dimension
{(with fan}
Qverall length mm 1473 1473 1473 1473 1473 1238 1518 1525 1598
Overall width mm 866 881 881 B31 821 1028 1140 1140 1160
Overali height mm 1058 1169 1209 1169 1209 1126 1165 1232 1177
Empty weight kg® 895 920 950 930 960 1120 1300 1350 1255

* Empty weight as measured according to Mitsubishi Motors Corporation standard.

2.2 Engine Outputs Classified by Application

Engine mods! 6D22 6D22-7 6D22-TC 8DCe-T 8DCS-TC
Turbocharged Turbocharged Twin Twin Turbo-
o Engine with Aftercooler Turbocharged charged with
AppHcation speed rpm Aftercoocier
Intermittent rated 1500 109 (148} 161 (216} 179 (240) 212 (284) 247 {331)
output kW (HP)
1800 129 {173) 186 {249) 207 {277 242 {325} 291 {350}
2000 141 {189} 195 (261} 219 (284) 257 (345) 306 {410)
2200 149 (200) 201 {269 227 {304) 265 {355) 314 (421}
Continuous rated 1500 99 {132} 146 {196} 163 (218} 183 (259) 225 {302}
output kW (HP)
1800 17 {157} 169 {226} 188 (252} 220 (295) 265 {355}
2000 128 (171) 178 {238} 198 (267) 234 (314} 278 {373}
2200 136 {181) 183 {245} 206 (27€) 241(323) 285 {382}
NOTE:

1. The output {SAE, gross) is corrected to standard
ambient conditions based on SAE J1349,

2. The continuous rated output allows 10% {one
hour} overioad operation.

00-4



GENERAL — ENGINE NUMBER AND CAUTION PLATE

3. ENGINE NUMBER AND CAUTION PLATE

{1} Engine number

(2} Caution plate

<8D2>
6022012345
7 EQ143
<BDC>
8DCY-012345
EQ186

The engine number is stamped on the following posi-
tions.

6D2: Left front of the crankcase
8DC: Right center of the crankcase

Example: §D22 — 012345

T ' T—— Engine number

Engine model

The engine number is important in knowing the history
of the engine.

<6D2>

<8DCoY>

<8DCY9-T>

<8DC9-TC>

<8DCY-TL>

EQ178

AQ248B

AD248C

A0248D

ADZATA

00-5



GENERAL - ENGINE NUMBER AND CAUTION PLATE

The caution plate is attached to the portion shown in

the illustration. The caution plate indicates the follow-
ing items.

VALVE CLEARANCE {COLD)
INLET U.4mm(0.015in)*ﬁ-——?
EXHAUST o.smm(n.ouin)—-l—w%
FIRING ORDER 1-5-3-6-2-45—
FUEL INJECTION TIMING [ _[°BTDC;—3

1 Valve clearance
2 Firing order
1-5-3-6-2-4 <6D2>
1-2-7-3-4-5-6-8 <8DC>
3 Fuel injection timing

AL1668

00-8



GENERAL - GENERAL PRECAUTIONS FOR SERVICING

4. GENERAL PRECAUTIONS FOR SERVIC-
ING

Before starting the service procedures, check the vehi-
cle for total time driven, use conditions, and uset’s
complaints and requests to know exactly the engine
conditions. Record information where necessary.

To ensure you are doing correct and efficient service
iobs, chserve the following precautions:

ADO1ZA

(1) Before performing the service procedures given in
this manual, know the trouble spots and isolate the
possible cause to determine whether the removal
or disassembly procedure is required.

{2} Select a flat surface for the service job.

(3} When servicing the electrical system, be sure to
disconnect the negative cable from the battery.

{4) Carefully check parts for oil leaks before cleaning.
After cleaning, it may become difficult to spot
defective areas.

(5} Ready and make the most of the special tools
required for servicing. Use the right tools {speci-
fied special tools) in the right place to prevent dam-
ages to parts and personal injury.

(6) Make alignment marks and keep disassembled
parts neatly arranged to ensure that they are reas-
sembiled into the right positions.

e Special care must be taken for assemblies involv-
ing a number of parts, similar parts, or parts identi-
cal at right- and left-hand sides to ensure correct
reassembly.

e For alignment and punching markings, select a
position that would not mar the appearance and
function,

s Clearly distinguish parts to be replaced from those
reused.

MITSUBISHI MOTORS

GENUINE PARTS

AGROGA

{7} The oil seals, packings, O-rings, and other rubber
parts, gaskets, and split pins must be replaced with
a new one whenever they are removed. For
replacement, use Mitsubishi Genuine parts.

AD0OTA

(8) Apply the specified grease to U-packings, oil seals,
dust seals, and bearings before installation.

(9) When work requires an assistant or two, always
make sure of the safety each other. Never play with
switches and levers.

(10)Make sure that your shoes are free from grease and
oil especially when working on a heavy item.
{11}When checking or changing iubricants, wipe off
grease and oil from parts immediately with a

waste.

(12)Special care must be taken in handling sensors and
retays which are suspectible to shocks and heat.

{13)Uise care so that hands and fingers are not injured
by sharp edges or corners of the parts.

{14)Wear safety goggles whenever handling a grinder
or welding machine. Wear gloves as required to
ensure utmost safety.

00-7



" 00 | GENERAL - GENERAL BOLTS AND NUTS TIGHTENING TORQUE TABLE

5. GENERAL BOLTS AND NUTS TIGHTENING TORQUE TABLE

e Use specified bolts and nuts and tighten them with the applicable torques according to the following table,

unless otherwise specified.

s Threads and contact seats shall be dry.
Where there is difference in strength ciassification between nut and boit (or stud bolt}, the torgue specified for

bolt shall apply.
Hex-head Bolt and Stud Bolt

Unit: N-m {kgf-m}

Strength 4T 7T 8T
classification
Repre-
sentation
Biame- O @ @
ter sym-
bol {Stud} {Stud) {Stud)
M5 2103{0.210 0.3} - 4106 {0.4 to 0.6} - 5t07{05t0 0.7} -
Ms 4 to 6{0.4 10 0.6} - 7t011{0.7t0 1.1} - 8t0 12{0.8t0 1.2} -
M8 910 14{0.9t0 1.4} - 17 t0 26 {1.7 to 2.6} - 20 10 29 {2.0to 3.0} -
M10 19tc 28 {1910 2.8} 18to 26 361052{351055} 331049 45 to 80 {4.5 t0 6.0} 411to B9
{1.8t0 2.7} {3.5t0 5.0} {4310 6.9
M2 351050 {3.4 to 5.0} 31to 46 70 t0 95 {7.0 t0 8.5} 65 to 85 8510 110{8.51t0 11} 75 to 100
{3.1t0 4.7} {6.51t0 8.5} {7510 10}
M14 60 to 85 {6.0 t0 8.5} 55 to 75 120 to 160 {12 to 16} 110 to 140 130 to 180 {13 t0 18} 120 to 160
{6.5t07.5) {1110 14} {1210 17}
M16 90 to 130 {8.5 to 13} 90 to 120 180 to 240 {18 to 24} 160 to 220 20010 270 {20 to 27} 190 to 260
{9.010 12} {1610 22} {19 1o 26}
Mg 140 to 190 {14 to 19} 120 to 160 260 to 340 {25 to 25} 220 to 290 230 to 390 {30 to 40} 260 to 340
{12 10 16} {22 10 30} {26 to 35}
M20 180 to 260 {19 to 26} 170 to 230 350 to 470 {36 to 48} 320 to 420 410 to 550 {41 to 56} 3700 490
{17 t0 23 {32 to 43} {37 to 50}
M22 260 to 340 {26 to 35} 230 to 300 470 to 640 {48 to 65} 430 to 570 550 to 740 {56 to 75} 490 to 670
{2310 31} {43 to 58} {50 to 68}
M24 340 to 450 {34 to 46} 290 to 380 630 to 840 {63 to 86} 540 ta 730 730 10 980 630 to 840
{29 1o 40} {55 ta 74} {74 to 100} {64 to 86}
Hex-head Flange Bolt
Unit: N-m {kgf-m}
Strength 4T 7 8T
classification
Repre-
sentation
Diame-
ter sym-
bol
Mg 410 6 {0.4t0 0.6} - 8t012{0.8t0 1.2} - 910 14109 t0 1.4} -
Ms 10t0 15 - 19 t0 28 - 22 to 32 -
{1.010 1.5} {1.9 10 2.8} {2.210 3.3}
M10 211030 201028 3% 10 58 37 t0 53 50 to 65 45 to0 65
{2110 3.1} {1910 2.9} {3.9 t0 6.0} {3.610 5.4} {5.0 t0 6.5} {4.5 t0 6.5}
M12 3810 B4 35 to 51 80 to 110 70t0 95 90 to 120 85 to 110
{3.810 5.5} {3.4105.2} {8.0tc 11} {7.010 8.5} {9.0 1o 12} {8510 1%}

00-8



GENERAL - GENERAL BOLTS AND NUTS TIGHTENING TORQUE TABLE

Hex-head Nut

Unit: N-m {kgf-m}

Strength AT 5T
classification
Repre-
\ sentation
Diameter
symbol Standard screw Coarse screw Standard screw Coarse screw
M5 2t03{0.2tc 0.3} - 410 6 {0.4 to 0.6} -
M8 4106 {0.410 0.6} - 7t011{0.7t0 1.1} -
M8 910 14{0.5t0 1.4} - 17 to 26 {1.7 to 2.6} -
M10 1910 28{1.9t0 2.8} | 18Bt026{1.81t0 2.7} 3610 52 {3.5 10 5.5} 3310 49 {3.5 10 5.0}
M12 35t050{3.4t05.0} | 31t046{3.110 4.7} 7010 95{7.0 to 9.5} 85 to 85 {6.5 to B.5}
M14 60to 85{6.0to B.5} | 5510 75{b.510 7.5} 120 to 160 {12 to 16} 110 to 140 {11 to 14}
M16 90 to 130 {8.5t0 13} | 9010 120 {3.01t0 12} 180 to 240 {18 to 24} 160 to 220 {16 to 22}
M18 140 to 190 120 to 160 260 1o 340 {25 to 35} 220 to 290 {22 to 30}
{14 10 19} {12 to 16}
M26 190 to 260 17010 230 350 to 470 {36 to 48} 320 to 420 {32 to 43}
{18 to 26} {17 to 23}
M22 260 to0 340 230 to 300 470 to 640 {48 to 65} 430 to 570 {43 t0 58}
{26 to 35} {2310 31}
M24 340 to 450 290 to 390 630 to 840 {63 to 86} 540 to 730 {55 to 74}
{34 10 46} {29 to 40}

Hex-head Flange Nut

Unit: N-m {kgf-m}

Strength
classification

4T

ﬂepre-_
sentation

Diameter

symboi

Standard screw

Coarse screw

Mé

410 6 {0.4 to 0.6}

M8

10to 15 {1.0to 1.5}

M10

2110 30{2.1t0 3.1}

20t 28{1.910c 2.9}

M12

38 to 54 {3.8 10 5.5}

35t0511{3.4t0 5.2}

_ 00-9
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ENGINE <6D2> — GENERAL

1. GENERAL

{1} Combustion chamber

- Injection nozzle

-

,/’ .
- Cylinder head

o

" O-ring
_—— Naozzle tube

Cytlinder head
gasket

Combustion
| e @mber
: l{/ Piston

IS

BO375C

The combustion chambers are formed by the cylinder
head and pistons. The injection nozzles, sheathed by
the nozzle tubes, are mounted on the cylinder head.
The nozzle tubes hold the nozzles and protect them
from cooling water. Since the nozzles are exposed to
the water in the water jacket, they are sealed by O-rings
at the top and by staking at the bottom. Combustion is
effected by compression of fuel injected directly into
the combustion chambers.

11A-2

BO376A

Water directors pressed into the bottom of the cylinder
tead optimize cooling of the combustion chambers by
directing the flow of coolant.



ENGINE <6D2> - GENERAL

(2} Valve mechanism

Rocker cover

Adjusting screw

lock nut—___

Rocker shaft bracket

Valve stem seal

Valve guide

o
Push rod S

O
48
o A

{
X2

Vaive cap
Valve cotter
i — Upper retainer
- Valve spring outer
_———Valve spring inner

S
W‘.yl = Lower retainer

T Valve

Qil passage Rocker

B5040A

BG375D

The vaive mechanism is of an overhead-valve (OHV)
type and is constructed as shown in the diagram.

{a) Valve stern seals are fitted to the iniet and exhaust
valve stems to control the amount of lubricant
flowing onto the sliding surfaces of the valves and
vaive guides.

{b} The inlet and exhaust valve springs are unevenly
pitched. Two springs are mounted for each vaive,
and the inner and outer springs are wound in oppo-
site directions.

{¢) The rocker and rocker shaft are supported by the
rocker shaft bracket and are installed indepen-
dently for each cylinder. The same type of rocker is
used for both intet and exhaust vaives, and the cen-
ter of each rocker forms an oii passage.

The rocker shaft is a holiow rod sealed by a thrust
plate at each end. The inside of the rocker shaft
forms an cil passage.

{d) A steel ball is welded to the bottom end of each
push rod, and a spherical concave piece is welded
to the top end.

{e) The tappets are cylindrical. To help prevent local-
ized wear, the areas that make contact with the
camshaft are curved. The overall design enables
the tappets to be removed via the side of the crank-
case.

{fi Thecamshaftis held by camshaft bushingsthatare
pressed into the crankcase. The cam profiles are
specially curved to achieve smooth acceleration.

11A-3



ENGINE <6D2> - GENERAL

{3) Crankcase and cylinder liner

B4205A

{a) Sevencamshaftbushings arefitted inthe camshaft
bearing section of the crankcase. To facilitate
removal and reinstaliation of the camshaft, the
diameter of each bearing is smalier toward the
front.

{b} Coolant is fed in from the water pump (located at
the front left of the crankcase}. After cooling the oil
cooler, it flows through the water jacket holes and
around the cylinders, then reaches the cylinder
head.

g throttling

5% ; sheif

O-ring
Cylinder
liner

i

Crankcase

O-ring BO378A

{c} The cylinder liner is a removable wet type. it is
press-fitted into the crankcase, with its top held by
the top of the crankcase and its bottom held by the
water jacket.

Rubber rings and O-rings are provided at the top
and bottom of the cylinder liner to prevent the
ingress of cooiant.

The water jacket has a water throttling shelf to opti-
mize cooling performance.

11A-4

(4} Piston and piston rings

(a} Pistons
<6022, 22-TC>
«8D22-T Size mark Weight mark
24-T, 24.TC>~ (A B,C d Part No.
s /}/?-
Weight J entification \ . :
mark (6022-T Piston ring
mark 5 only} ! , insert
|
Size ma|{{9mt ‘
A, B8, C No. | /

Front indicated by
“F” and arrow ™ Looling cavity
<6D22-TC, 24-T,

24-TC>

B0319K

The piston is an aluminum casting, and a combustion
space is recessed into its crown. A piston ring insert is
cast into the 1st piston ring groove to improve durabil-
ity.

Stamped on top of the piston are a size mark, a piston
weight mark, the piston’s part number, an identifica-
tion mark, plus an “F” and arrow, which indicate the
piston instaliation direction. The size mark is provided
to enable selection of the correct cylinder liner size. In
the case of an oversize piston, the size mark shows the
degree of oversize.

The piston pin is fully floating and is held in position by
a snap ring at either end.

{b} Piston rings

1st compression ring
4 {full keystone type)
2nd compression ring
ij {typer faced inner cut
type)
Qi ring
@}a (dual type with an
/> expander spring)

<Except 6022-T>

<6022-T only>
BO374C

Two compression rings and one oil ring are fitted to
each piston. They are shaped as shown in the illustra-
tion.



ENGINE <6D2> — GENERAL

(6) Connecting rod and connecting rod bearing

(6) Crankshaft and crankshaft main bearings

<6D22-TC, 24-T, 24-TC>
Qil hole

|

/J,/ Connecting rod

K /'J bushing

Connacting rod

_~Qil passage

Connecting rod

bearing {upper) —- Connecting rod

bolt

Cylinder number,
waight mark

Conneet- Mating mark
ing rod Nt

baaring H
\jower} Connecting rod cap
“—Qil hole

The connecting rod is a highly rigid I-section forging. A
bushing is pressed into the smali end, and a spiit-type
plain bearing is used at the big end.

Since itis a split-type bearing, the connecting rod bear-
ing has an upper half and a lower half. The upper half
has an oil hole. This oil hole is in line with the oil pas-
sage inside the connecting rod. Engine oil for lubrica-
tion of the small end bushing is supplied via the oil hole
and oil passage. Inthe 6D22-TC, 24-T, 24-TC, an oil hole
is provided at the top of the connecting rod to help cool
the piston.

The connecting rod and connecting rod cap are held
together by four connecting rod bolts.

B0O378K

Qil hole
Journal

Balance weight

B4206A

(a) The crankshaft is highly rigid and is cast in one
piece with its balance.
Between each journal and pin is an oil hole. Some
of the main bearing oil is fed through this hoie to
lubricate the connecting rod bearing.

<Axisl lip type>

Fiywheel housing O-ring

Crankshaft gear
Crankshaft

<Radial lip type> Rear oil seal slinger BO351A
Filywhee! housing
Q-ring
Crankshaft gear %
=
Crankshaft - Rear oil seal
Retainer
BO35IE

{b) The crankshaft gear that drives the timing gears is
press-fitted onto the rear of the crankshaft. Note
that a radial- or axial-lip-type oil seal is fitted to the
front and rear ends of the crankshaft.
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{d) Main bearings

<Rubber type> Torsional damper
- Single mass /
- Crankshaft pulley
Upper main
bearing
Crankshaft
* Double mass Tarsional damper
Lower main ——J
‘L _~Crankshaft putley bearing .
thoy s ™
A0 ‘ Wi
. Crankshaft ;
<Viscous type> 2y
Tarsional damper el o
j/{:rankshaﬁ puliey @ @ <
- '\ Upper main Lower main  Thrust plate
Crankshaft B4489A bearing bearing P
B0382A
{c} The front end of the crankshaft is flanged, and the
crankshaft puliey is bolted to the flange. A torsional Each main bearing is a split-type plain bearing made of
damper is mounted on the crankshaft pulley to special alloy-plated kelmet metal with backing mate-
absorb the crankshaft's torsional vibration. rial.

Since they are split-type bearings, the main bearings
have upper halves and lower halves. Each upper half
has an oil groove on its inside surface, plus an cil hole.
The oil hole lines up with an oil hole in the crankcase.
There are 7 main bearing pairs. A split-type thrust plate
is fitted to the rearmost bearing.
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{7} Timing gears

idier gear B
Z=68

Camshaft
gear A
Z=63

Z=63
ldler gear A
Z=33
[
e Crankshaft gear
w Z=63
idler gear C
Z=68

Qi pétmp gear
2=53

BO283L

The timing gears are located in the flywheel housing at
the rear of the engine. The geartrain is as shown in the
illustration.

The timing gears are helical, and each is stamped with
a timing mark. The timing marks ensure that the gears
mesh correctly when reassembled.

idiler gear “B" |
s H

. ,Bushi:tg Flywheel
- Oil hote [ |1 ™ housing
@N | Boit T\ : -Idler gear “A”
Idler shaft /7 7/ S
Oil hole } —~ Collar
Crankshaft
Bushing <7/
Idlgr gear ~ "
Thrust plate
BO384A

The crankshaft gear is press-fitted onto the crankshaft
and held in place by a dowel pin. The crankshaft gear
drives the other gears.

Each icler gear is mounted onto the crankcase with an
idier shaft bolt and is supported at the other end by the
flywheel housing.

The idier gears turn on the idler shafts by means of
pressed-in bushings. The bushings are lubricated by
oil that fiows through the inside of the idier shafts via
the crankcase oil holes.

(8} Flywheel

Angle scale, cylinder number

EEEERINNENNNREERE!
T Hnifisin i

Flywheel
Cylinder No.

T
I
/

Ring gear ¢

Pilot bearin

Cylinder No. / s
T Valve timing
2|5 check mark

I W_::_

The flywheel is made of cast iron, and at its center is a
pilot bearing for the clutch shaft. The outer ring gear
that meshes with the starter pinion is shrink-fitted.
The ring gear teeth are chamfered on one side to
ensure that the starter pinion fits easily.

Cylinder numbers, an angle scale, and valve timing
check marks are stamped on the outside of the fly-
wheel, as shown in the iHustration.

10355
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2. SPECIFICATIONS

itemn Specification
Engine model 6D22 §D22-T 6D22-TC
Type 6-cylinder, in-line, water-cooled, 4-cycle diesel — —
Combustion chamber type Direct injection o —
Valve mechanism Overhead valve — —
Cylinder bore x stroke {mm) 130 x 140 - —
Total displacement {cm3) 11149 — -
Compression ratio 17 16 5.5
Fueti injection sequence 1-5-3-6-2-4 L —
Cylinder liner type Wet L -
Piston type Trunk-type slipper skirt e —
(with cooling cavity)
No. of piston rings Compression ring; 2 — —
Qil ring: 1
ten Specification
Engine model 6D24-T 6D24-TC
Type G-cylinder, in-line, water-cooled, 4-cycie diese! —
Combustion chamber type Direct injection —
Valve mechanism Overhead vaive “
Cylinder bore x stroke {mm) 130 x 150 —
Total displacement (cm3) 11945 —
Compression ratio 16.5 -
Fuel injection sequence 1-5-3-6-2-4 -
Cylinder liner type Wet -
Piston type Trunk-type slipper skirt {with cooling cavity) -
No. of piston rings Compression ring: 2 —

Qil ring: 1
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3. SERVICE STANDARDS
3.1 Service Standards Table

Unit: mm
Maintenance item Nominai value {imit Remedy and remarks
{Basic diameter in{])
Compression pressure {at 200 rpm} 2.75 MPa 1.96 MPa {20 kgf/em?} | Difference between cylin-
{28 kgflem?} ders: 380 KPa {4 kgf/lcm?}
or less
Rocker bushing-to-rocker shaft clearance [28] 0.03 10 0.08 0.2 Replace bushing
Quter valve spring | Free length £89.38 85 Replace
Installed load/finstalled length 450 N 380 N
{46.1 kgf) /58.35 {39 kgfl / 58.3%
Inner valve spring Free length 65.04 62 Replace
tnstalled load/installed iength 115N 100N
{12 kgf} / 50.35 {10.2 kgf} / 50.35
Squareness - 25
Tappet-to-crankcase clearance {351 0.06 t0 0.10 0.2 Replace
Push rod runout - 0.5 Replace
Cylinder head bottorn surface distortion 0.07 or tess 0.08 Correct or replace
Height of cylinder head from top to bottom surface 130 129.8 Replace
Valve stem outside | inlet 11.9510 11.96 11.85 Replace
diameter
| Exhaust 11.971t0 11.83
Valve stem-to- inlet 1121 0.05 t0 0.09 0.2 Raplace valve guide
valve guide
clearance Exhaust £1210.09 10 0.12
Valve margin Inlet 2.2 1.7 Reface or replace
Exhaust 2.5 2.0
Valve seat angle 45° -~
Valve sinkage inlet 0.25t00.75 1.0 Repiace valve seat insert
from cylinder {— shows projection}
head bottom
surface Exhaust —0.05100.45 0.7
Valve seat insert seat width 2.691t0 2586 35 Correct or replace
Timing gear Betwean crankshaft gear and idier 0.08100.20 0.4 Inspect
backlash gearB
Between idler gear A and 0.07t0 0.18 G4 inspect
camshaft gear i
Between idier gear A and idler 0.07 10 0.18 0.4 Inspect
gear C
Between injection pump gear and 0.081t0 0.20 0.4 Inspect
idler gear C
idier gear end play 0.05t0 0.15 0.4 Replace thrust plate
Camshaft gear end play 0.05t00.22 G4
Flywheel! Friction surface distortion 0.1 or jess 0.2 Caorrect or replace
Distence from clutch cover mount- 47.8tc 48.2 485 Replace
ing surface to friction surface
Friction surface runout {when - 0.2 Correct or raplace
fitted)
~ Idler gear A-to-idier shaft A clearance 1401 0.03 10 0.06 0.2 Replace bushing
idler gear C-to-idler shaft C clearance {46]0.03 to 0.-05 0.2 Replace bushing
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Unit: mam

Nominat value Limnit
{Basic diameterin{ }

Maintenance itermn Remedy and remarks

Cam profile {difference Inlet 8.83 8.3 Replace | Lobe height:
between lobe height and base 56.167
circle diameter) Base circle

diameter: 47.334

Exhaust 8.82 8.3 Repiace | Lobe height:
56.036
Base circle

diameter: 47.216

Camshaft journal-to-camshaft | No. 1 [65.0010.03100.08 0.25 Replace bushing
bushing clearance
No. 2 [65.25] 0.03 t0 0.08
No. 3, 4 [65.50]0.03 10 0.08
No.5, 6 [66.7510.03 10 0.08
No.7 [66.0010.03 to 0.08
Camshaft bend 0.05 or tess 0.08 Replace
Camshaft gear-to-camshaft interference {4010.0210 0.05 - Can be reassembled up to
3 times
Flywheel housing eccentricity - 0.2 Correct
Connecting rod end play 0.2t0 0.5 1.0 Replace
Projection of piston from top surface of crankcase 06.87 to 1.33 - inspect
Crankshaft end play 0.091t0 0.23 0.4 Replace thrust plate
Flatness of cylinder liner supporting flange - 0.1 Replace crankcase
Crankcase top surface distortion 0.07 or less 0.2 Correct
Cylinder liner Inside gdiameter 130.014 10 130.054 130.25 Replace or grind to oversize
Flange projection 0.011tc0.08 -
Cylindricity 0.02 or less -
Piston-to-cylinder liner clear- 6022 [130}0.178 to 0.204 - Correct or replace cylinder
ance liner, or replace piston
6D22-T [13010.173 t0 G.199 -~
8D22-TC [13010.1881t0 0.214 -
6D24-T, 24-TC [1301 0.193 t0 0.219 -
Piston 1st compression | 6D22 0.05t0 0.12 0.25 Repiace piston ring or piston
ring ring
groove-to- 6D22-T 0.03 10 0.10
giston
ring 6022-TC 0.0110 0.09
clearance
6D24-T, 24-TC 0.02t0 0.10
2nd compression | 6§D22 0.05 to 0.08 0.25 Replace piston ring or piston
ring
8D22-T, 22-TC, 24-T, 24-TC 0.07 10 0.10
Qil ring 0.0310 0.06 Q.15
Piston 1st compression 8022, 22-T, 22-TC 0.4100.6 1.5 Replace
ring end ring
gap 6D24-T, 24-TC 0.4t0 0.55
2nd compression | 6D22, 22-T, 22-TC 0.4t0 0.6 15
ring
6D24-1, 24-TC 0.5t00.65
Qilring 04t0 08 1.5
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Unit: mm

Maintenance item Nominal value Limit Remedy and remarks
{Basic diameter in [ }}
Piston pin-to-piston pin hole clearance {60] 0.0% 10 0.02 0.1 Replace piston or piston pin
Piston pin-to-connecting rod small end bushing clearance 160§ 0.02 10 0.05 0.1 Replace bushing
Cennecting rod hend and torsion S 0.05 or less Correct or replace

Connecting rod bearing span when free

Less than 90.%

Repiace

Connecting rod bearing-to-crankshaft pin clearance [B410.07 10 0.33 0.25 Replace bearing

Main bearing-to-crankshaft journal clearance [100] 0.08 to 0.15 0.25 Replace bearing

Main bearing span when free - fess than 106.5 Replace

Crankshaft pin and journal Roundness 0.01 or less 0.08 Correct

Cylindricity 0.006 or less -
Crankshaft bend 0.04 or less 0.1 Correct or replace
Valve clearance (when cold} Inlet 0.4 - Adiust

Exhaust 0.6 -

3.2 Tightening Torque Table
Location tightened Screw size Tightening torgue Remarks
0. D. x pitch N-m tkgf-m}
{mm)

Cylinder head bolt M14x2 - Wet, See item {6} of
section 5.2.3 for
tightening
procedure.

Racker shaft bracket mounting bolt M10x 1.5 34 {3.5}

Rocker cover boit M8 x 1.25 4.9 {0.5}

Rocker adjusting screw jock nut M10x1.25 58 {6}

Flywheel mounting bolt Mi6x 15 315 {32} Wet

idler shaft boit A M1Ex 2 155 {16}

ldler shaft bolt C Mibx2 155 {186}

tdier shaft nut {for mounting collar} M16x 1.5 98 {10}

Flywheel housing bolt Mi2x 175 89 {7}

OH jet check vaive M12x 1.75 34 {3.5} Cannot be reused

Connecting rod cap nut M13x1.25 115 {12} Wet

Main bearing cap bolt M1B8x 2.5 - Wet. See item {7} of
section 5.4.3 for
tightening
procedure.

Crankshaft puliey mounting bolt M14x 1.5 175 {18}

Front cover mounting bolt M12x1.75 33{3.4}
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4. SPECIAL TOOLS

Unit: mm Unit: mm
Tool name Shape Tool name Shape

Compression Gauge Adapter Cautking Tool Body

MHO061461 9 MHMH061350

Measuring compreassion pres- Installing and caulking valve

sure seat inserts

16W x 18 threads Caulking Tool

Caulking Ring {inlet) Body
MHO061650 Cautking Bi
Instatling and caulking vaive auiking Hing
seat inserts For inlet: ¢ 59

Center
distance 46
01942
Valve Lifter
MHO081668 Valve Lifter
Removing and installing vaive
cotters
Vaive Lifter Hook
MH061679
Removing and installing valve
cotters =
1.D. 42 Hook
01956

Caulking Ring {(Exhaust)
MHO081651

Installing and caulking valve
seat inserts

For exhaust: ¢ 54

612
B5202A

Valve Lapper
30091-075060

Valve lapping

Nozzle Tube Remover
MH061232

Removing nozzie tubes

13597

Rocker Bushing Puller
MH061236

Replacing rocker bushings

10583

Nozzle Tube Stamp
MH061229

installing nozzie tubes

Nozzle Tube Instailer Flange
MH061418

Installing nozzie tubes

MNozzle Tube Instaiier Bolt
MHO061231

installing nozzle tubes

Instatler Bolt

to-center

Vaive Guide Pulier
30091-08100

Repiacing valve guides

B5111A

distance:
46
Nozzia Tube Nozzie Tube
Instatier Stamp
Flange
B5181A
Valve Stermn Seal Instatler
ME067431
Installing valve stem seals
B5i91A
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Unit: mm Unit: mm

idler Gear Bushing Puller Camshaft Bushing Extractor
MHO061228 Bar
MHO062118

Replacing idler gear bushing
{for idler gear A) Removing camshaft bushings
Nos. 1106

$39.5 03532

Idler Gear Bushing Puller
MH062046 B486TA

Replacing idler gear bushing
{for idler gear C)

Camsheaft Bushing Extractor

; Guide
S MH062119
| B Removing camshaft bushings
) Nos. 1106
»45.5
BA384A \‘

Gear Puller ‘
MHQE1061 $28
Removing gears and pulleys ol

B4868A

Camshaft Bushing Extractor
Adapter

MHO062120

MH062121

MHO052122

MHO52123

Maximum pulling outside . .
dia. 200 BEOT1A :i%r;qlv:ggacamshaﬂ bushings

it v i |

Socket Wrench
MH061540

Tightening cylinder head bolts

Part No. ¢ A $B Applicable

bushing
MHO62720| 68.75 85 No.1
MHO82121! 70 6525 | No2

MHOE2122 | 70.2% 85.5 No.3. 4
MHO821231 7075 | 857 No.5, 8

B4869A
Socket Wrench Carmnshaft Bushing Extractor
MHO0E63365 MHO62124
Tightening main bearing cap Removing camshaft bushing
bolts No.7
13204 B4870A
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Unit: mm

Unit: mm

Camshaft Bushing instailer
Bar

- MH082125

installing camshaft bushings
Nos. 21086

Camshaft Bushing Instatier
MH062131
MH062143

installing camshaft bushings
Nos. 1 and 7

B4871A

Camshaft Bushing Installer
Guide

MH082127

installing camshaft bushings
Nos. 2106

Part Ko,

b A

&8

Applicable !

Camshaft Bushing Installer
Adapter

MH062133

MH062134

MH062135

MH062136

MH062137

Installing camshaft bushings
Nos. 206

bushing
MH0§2131] 70.75 | 65 No.i
MHOSZ143| 7225 | 66 Ne?
B4875A
(it Seal Slinger Installer
MH0616562
Installing rear oil seal slinger
$123
B51618

Piston Ring Tool
31191-02900

Removing piston rings

Camshaft Bushing Installer
Nut
MHO062130

installing camshaft bushings
Nos. 2106

For¢102 to 178

02013

Part Na. b A L] & Applicable
bushing
MHEOE2133 | 71 §5.25 | 27 No.2
MHOG2134 [ 71.25 | 655 35 [ ]
MMH082135 | 715 5.5 43 No.d4
MHOG21368 | T1.75 | 85.75 | 51 Kas
MHOS13T | 72 575 | 59 No.6
B4BT3A
Crankcase Table
MH061889
Measuring flatness of cylin-
der-liner-supporting flanges
on crankcase
M24 x 1.5
B4874A

B1480A
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Unit: mm Unit: mm
Cylinder Liner Extractor Qil Seal Steeve instalier
MH061490 31191-07100
Removing cylinder liners Installing rear oil seai sleeve
$120
PE7264

Cyiinder Liner Installer
MH0B1759

installing cylinder liners

B5141A

Guide Plate Assembly
MH0B3388

Removing connecting rod
bushings

Mandrel

31281-75200

Removing connecting rod
bushings

Cotlar A

MHO083370

Removing connecting rod
bushings

Collar B

MHO62189

Removing connecting rod
bushings

Nut
31291-75500

Removing connecting rod
bushings

Guide Plate
Assembly

0il Seal Slinger Installer
MH061817

{nstalling front oil seal slinger

& 95.065 10
& 95.165

BO585A

Piston Guide Clamp
MHG61666

Installing pistons

Piston Guide Lever
MHO51858

installing pistons

Piston Guide Clamp

Piston Guide Lever

B5171B

BG151A
Qil Seal Installer
31191-04300
Installing rear oil seal {radial
lip type}
4165
PE7263

Thickness Gauge
MH061359

Measuring valve clearances

11805
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5. SERVICE PROCEDURES

5.1 Measuring Compression Pressure

Compression pressure should be measured prior to
disassembly of the engine. Take measurements regu-
larly and keep track of changes. During the engine’s
running-in period or after parts have been replaced,
the compression pressure will increase slightly as the
piston rings and valve seats fit snugly in position. The
pressure will come down as parts wear.

Measurement procedure

Sy’

BEGE4A

{1} Warm up the engine untii the coolant temperature
reaches 75 to 85°C, then turn off the ignition.

BE560A

{2) Remove all injection nozzles from the cylinder
head,

NOTE:
Cover all mounting holes and injection pipes to pre-
vent the entry of dust and dirt.

11A-18

Compression pressure

{at 200 rpm)
NV 2.75 MPa {28 kaf/ern?}
L 1.96 MPa {20 kgf/ern?}

Difference between cylinders
390 kPa {4 kgflem? maximum

é
i
I
i

NV .. Nominal Value
L. Limit

Compression Gauge
Adapter
MHO81461

B5561A

{3) Mount the Compression Gauge Adapter {special
tool} onto an injection nozzle hole together with a
gasket. Connect the compression gauge.

{4) To prevent fuel from being pumped into the cvlin-
der by the injection pump, pull the injection pump
governor's stop lever fully in the “stop” direction.

(8} Turn the engine over with the starter and measure
the compression pressure at 200 rpm.

NOTE:

1. Be sure to measure at the correct engine speed
since changes in engine speed cause changes in
compression prassure.

2. Since wear and other factors vary from one cylin-
der to another, measure the compression pressure
in every cylinder,
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5.2 Cylinder Head and Valve Mechanism
5.2.1 Disassembly

<6D22, 22-T, 22-TC>

6 2
5 8
7 Wear
4 Qii hole
clogging
g ' O,.
> a = =] Wear
S— 10 Wear © Woear, damaged
ey B 44 < threads
12 )
- Water leaks,
Wear, damage 9 — H“"?;“’ea" 19 gas |ea§: °

4

Carbon deposition,
cracks, scale depaosition,
darmage 22

Carbon deposition,
burn, cracks, damage,
ridge wear

e
Water leaks,
oil leaks,
gas leaks

Disassembly sequence

1 Rocker cover 9 Push rod 17 Inlet valve

2 Rocker shaft bracket 10 Valve cap 18 Exhaust valve
mounting bolt @ Valve cotter *20 Nozzle tube

3 Cylinder head boit 12 Upper retainer *220 Water director

4 Thrust plate 13 Quter valve spring %221 Sealing cap

5 Rocker 14 Inner valve spring @ Cylinder head

& Set screw 15 Lower retainer 23 Crankcase side cover

7 Rocker shaft ' *116 Valve stem seal 24 Tappet

Rocker shaft bracket

For parts wit circled numbers, refer to the following section, “Disassembly Procedure”.
Parts marked with “*1” should be replaced and not reused, even if only the valve is removed.
Parts marked with “*2” should not be removed unless defects are evident,

C1542A
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<6D24-T, 24-TC>

2
5 © /
4 \ - 0il hole
: clogging
: oy B
e ! g =
- - (=)
E g"’ 8 Wear ® Wear, damaged
®:‘9 =) threads
10
17 Water leaks,
Wear, damage 7 —] 1 gas leaks
Ridge wear
%,, 12
Ridge
@/ 13 year &

Carbon deposition,
cracks, scale deposition,

damage e

Carbon deposition,
cracks, damage,
ridge wear

Water leaks, oif leaks,
gas leaks

Disassembly sequence

1 Rocker cover 8 Valve cap 16 Exhaust valve
2 Rocker shaft bracket ® Valve cotter *2 @) Nozzie tube
mounting bolt 10 Upper retainer *218 Water director
3 Cylinder head bolt 11 Outer valve spring #219 Sealing cap
4 Thrust plate 12 Inner valve spring @ Cylinder head
5 Rocker 13 Lower retainer 21 Crankecase side cover
® Rocker shaft bracket *114 Valve stem seal
22 Tappet
7 Push rod 15 inlet valve

For parts with circied numbers, refer to the following section, “Disassemnbly Procedure.”
Parts marked with “*1” shouid be replaced and not reused, even if only the valve is removed.
Parts marked with “*2” shouid not be removed unless defects are evident.

13208
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Disassembly Procedure

Rocker cover

Rocker shaft bracket
mounting bolt

Cylinder head

baolt
Adjusting
Scraw

C15438

(1) Before removing the bolts, loosen the adjusting
screw on every rocker that is being pushed up by
its push rod.

{2} Removing rocker shaft bracket assembly

Rocker shaft bracket
assembly

Spring pin

C1544B

The rocker shaft bracket assembly is held in place inthe
cylinder head by a spring pin. Toremove the assembly,
lift it straight upward.

{3} Removing cylinder head assembly

Cylinder head

Cylinder head
gasket

Knock pin

B8014B

The cylinder head is located on the top surface of the
crankcase by dowel pins. To remove the cylinder head,
lift it straight upward.

NOTE:

1. Remove the injection nozzles before taking off the
cylinder head. {(Refer to Group 13, Fuel and Engine
Control.) if the cylinder head is placed on a work
bench with the nozzles still mounted, the ends of
the nozzies projecting from the bottom of the cyl-
inder head will be damaged.

2. When removing the cylinder head gasket, take
care not to scratch or dent the cylinder head and
crankcase mounting surfaces.

(4) Removing valve cotters

Valve Lifter
Hook
MHO61679

Valve Lifter
MHO0E81668

Valve cotter

B5282B

To remove the valve cotters, use the Valve Lifter and
Valve Lifter Hook {special tools) to evenly compress the
valve springs. -

{5) Removing nozzle tubes

’\Ei Nozzle Tube Remover
MH061232

Nozzle tube

C1627A

MNOTE:
Whenever a nozzie tube is removed, it must be
replaced with a new one.
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5.2.2 Inspection

ftem NV L
Free length Outer valve spring 89.38 85
Rocker bushing- Inner valve spring 65.04 62
to-rocker shaft -
clearance Installed loadfinstalled length | Outer valve spring | 450 N {46.1 kgf}/68.35 380 N {39 kgf}/58.35
D 0008 Inner valve spring | 115 N{12 kg/50.35 | 100 N {10.2 kgf}/50.35
L 02 Inner valve spring squareness - 25
80D .. Basic Diameter
¢H ® NV .. Nominat Value
b §e L..... Limit
o
a
B e © )
A e S
<
Rul?ouot 5 Tappet-to-crankcase
. ciearance
BD 35
% NV 0.06 10 0.10
E ﬁ L 02
a
& =3
< o, |
L. R,

Cylinder head bottom
surface distortion

NV 0.07 or less

L 0.08

Height of cylinder
head from top to
bottorn surface
NV 130
L 129.8

tern BD NV L
Vaive stem Q. D, Iniet valve - 11.85t0 11.96 11.85
Exhaust valve - 119110 11.93
Valve stem-to-vaive guide iniet valve 12 0.05 t0 0.08 0.2
ciearance
Exhaust valve 12 0.0910 0.12
Vaive seat insert seat width Iniet vaive - 2.69102.96 35
Exhaust vaive
Valve sinkage from cylinder inlet vaive - 0.25 o0 0.75 1.0
head bottom surface
Exhaust vaive - -0.05 10 0.45 0.7
Valve margin Inlet vaive - 2.2 1.7
Exhaust valve - 2.5 20
Valve seat angle - ’ 45° -

C27578
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Inspection Procedure
{1} Rocker bushing-to-rocker shaft clearance

Measuring |
position |

Measuring position C2734A

if the clearance exceeds the specified limit, replace the
rocker bushing.

(2} Replacing rocker bushing

To install

To remove
: -

Rocker
Bushing
Puller
MH061236

' Bush- Seam
iNg ol hole — N
Bushing —

=
(@) i

b=t

Adjusting screw side Ca7628

Rocker oil hote

When installing a bushing, face the bushing’s seam
toward the rocker adjusting screw and align the bush-
ing and rocker oil holes.

{3} Inspecting valve springs

Squareness
{inner spring only}

Measure the free length and installed load of each
valve spring. Replace any spring thatis notup to speci-
fication. With inner springs, check also for squareness.

{4) Tappet-to-crankcase tappet hole clearance

<Tappet measurement> Measuring position

C2745A
<Crankcase measurement>

Measuring
posatlon

]-@GI

" C2763A

If the clearance exceeds the specified limit, replace the
tappet.

(5} Push rod runout

01948

Check for runout and replace the push rod if the dial
reading exceeds the specified limit.
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{6) Cylinder head bottom surface distortion

{8} Valve stem-to-valve guide clearance

C3125A

10 to 15 mm

Vaive guide

C3126B

If distortion exceeds the specified limit, correct it using
a surface grinder.

NOTE:

Replace the cylinder head if grinding causes the height

from its top surface to bottom surface to fall below
129.8 mm.

{7} Valve stem outside diameter

Measuring position

C3102A

Replace the valve if its stem’s outside diameter is
below specification or if it is severely worn.

11A-22

Insertthe valve inthe valve guide and measure the play
at the specified distance from the valve guide’s top (as
ilustrated). if the amount of play exceeds the specified
limit, replace the valve guide.

{9} Replacing valve guide

Valve Guide
Puller
30091-08100

Vaive guide

=] Seat the collar—___J |
S8 of valve guide .om

securely on

cylinder head

To install

Ta remove

C3T13A

To install a valve guide, insert it with the Valve Guide
Puller {special tool) until its flange sits securely on the
cylinder head.
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{10)Contact between valve and valve seat insert

{11}Rectifying valve face

Valve Lapper
30081-07500

B2024B

Valve seat
angle

Valve margin /,\

Vaive

C2708A C2710B

(a) Apply an even coat of minium to the valve seat
insert surface that comes into contact with the
valve.

(b} Using the Valve Lapper (special tool), strike the
valve against the valve seat insert once.

NOTE:

1. Do not turn the valve when striking it against the
valve seat insert.

2. The contact pattern should be checked whenever
a valve guide is inspacted or replaced.

Good Bad Bad

CZ707A

If the minium indicates a poor contact pattern, rectify it
as follows: )

Minor defect: Lapping

Serious defect: Rectify valve and valve seat

With a valve refacer, grind the valve face to achieve the
specified valve seat angle.

NOTE:

1. Keep grinding to a minimum.

2. If the valve margin is below specification after
grinding, repiace the valve.

3. After grinding, be sure to lap the valve and valve
seat insert. [See item (14) for detalis].

{12)Rectifying valve seat insert

C3127A
Valve Valve
sinkage margin Valve seat
angle
Seat width
Valve seat
Valve C2710A

11A-23
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{a} WUsing a valve seaf cutter, cut the insert to achieve
the specified valve seat angle and seat width. Use a
15° or 757 cutter first, followed by a 45° cutter.

NCTE:

1. Keep cutting to a minimum.

2. K the valve sinkage exceeds the specified limit
after cutting, replace the valve seat insert.

{b) After cutting, put some sandpaper of around #400
grade between the cutter and valve seat insert and
grind the valve seat insert lightly.

NOTE:

After rectification, be sure to lap the valve and valve
seat insert. [Refer to item {14} for details.]
{13)Replacing valve seat insert

Valve seats are installed by expansion fitting and
should therefore be replaced according to the follow-
ing procedure.

QRN

/ 05t0 1.0

Cut off.

|

01873

{a) Grind the inside surface of the valve seat insert to
reduce its thickness. Remove the valve seat insert
at room temperature.

11A-24

Cylinder head 1.D.
+0.03
57 o

Cylinder head [L.D.
52 +0.03
0

<iniet> <Exhaust>

C31288B

instah Caulking

Caulking
Tool Body
MH081360

Caulking Ring
inlet
MH061650
Exhaust
MHO61651

B11118

{b} Check that there is sufficient interference between
the cylinder head and valve seat insert.

{c} Cool the valve seat insert by immersing it in liquid
nitrogen. Heat the cylinder head.

{d) Install the valve seat insert using the Caulking Tool
Body and Caulking Ring {special tools), and caulk
the periphery of the valve seat insert.

NOTE:

When installing the valve seat insert, ensure that the

chamfered side of the Caulking Ring faces the valve
seat insert.

{e) Refacethevalve seatinsertto achievethespecified
seat width and valve sinkage. [See item (12} for
details.]
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{14)Lapping valve and valve seat insert

Contact between the valve and valve seat insert must
be even over the entire contact area. Lapping should be
carried out whenever the valve or valve seat insert has
been rectified or replaced.

Valve

Valve stem

Compound

01970

{a) Apply athin, even coat of lapping compound to the
seating surface of the vaive.

NOTE:
1. Ensure that no compound adheres to the valve
stem.

2. Start with intermediate-mesh compound {120 to
150 mesh), and finish with fine-mesh compound
{200 mesh or more}.

2. The addition of 2 smatl amount of engine oil makes
lapping compound easier to apply.

Valve Lapper
30081-07500

C3130A

{b) Using the Valve Lapper (special tool), lightly strike
the valve againstthe valve seat insert while turning
it little by little,

{c) Wash away the compound with gas oil or a similar
fiuid. .

(d) Apply engine oil to the contact surfaces and rub it
in so that the contact surfaces are lubricated and
mate together snugly.

{e)} Check that the valve is properly seated. [Refer to
item {10} for details.]
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5.2.3 Reassembiy

<6D22, 22-T, 22-TC>

Close-coiled end on the
cylinder helad side

s 1 14 10 1M 42
59 N-m 16
{6 kgf-m} ’
= \ 13 Close-coiled and on the
@ cylinder head side
15
/
t j 4 Leak test:
9 | — No leaks are allowed with
195 kPa {2 kgffcm?}
hydraulic pressure
. ¥ T
| —19 Apply sealant
{HERMESEAL S-2 or equivaient}
1Ty i'
Apply sealant to nozzle tube. 6 koo -
{THREEBOND 1211 or equivatent) | 2
20 21
4.9 N-m
{0.5 kgf-m} 34 Nm
3 Gskgtm 22
2 /

Cylinder head bolt tightening
17 18 sequence [refer to item {6).]

Assembily sequence

@58 -8B 151421 3—)‘12-—)@410};—)
18—>17-T 24523 ———
38573654821

For parts with circled numbers, refer to the following section, “Reassembiy Procedure.”

CBB641E
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<6D24-T, 24-TC>

Tightly wound end toward
cylinder head

14
58 Nm

i6 kgf-m} —_{ E'F;“‘BL§

< .5:-7 L7
i 1 o L?’ (. | feak test; No leaks are ailowed
o1 0 =) with 195 kPa {2 kgfiem?} |
Q ' ! hydraulic pressure
Ny | |
-U 17

—RT RN

11 Tightly wound end
toward cylinder head
)

s

i

1
Apply seaiant to nozzle tube. E \
{THREEBOND 1211 or equivalent} i

N ?

Appt sealant !
(HERMESEAL S-2 or equivaient} 1

3 {3.5 kgf—m} 20

(L%
E:Q._Z_JEEELI
TC
‘ )
1
0
'C,‘h
mf-ﬂ
e
a3
3
-h
-
[+ -]
-
W
] 1

15 16

Cytinder head bolt tightening
sequence [refer to item (6}.]

Assembly sequence

@—)@—)4@—)@@—\)‘23—>12—3@—)8;+7—>6—>5—>4—+3—>2—->1
16515 22321

For parts with circied numbers, refer to the following section, “Reassembly Procedure

10368
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Reassembly Procedure {3) Valve stem seal installation
{1) Water director and sealing cap installation

Water director
Sealing cap

Align notch with this line, oy
Cylinder head

Vaive

Valve Stemn Seal Installer
MED67431

L= O Apply sealant
o. O {HERMESEAL §-2
) ® or equivalent)
Cr™

10363

Vaive Stem Seal
Align each water director with the notch provided, as

shown in the illustration.

Cylinder head
{2} Nozzle tube installation yincernea

Nozzie Tube
installer Bolt
MHC61231

1510 20 N-m
{1.5 to 2.0 kgf-m} 09179

Nozzle Tube Flange
MH0614156

Nozzle Tube Stamp

MH061229 M8 x 1.25 To install a valve stem seal, first apply engine oil to the
_ - seal lip. Then, push in the seal using the Valve Stem
orne — Seal Instalier (special tool), striking the tool until it

Nozzle tube Apply engine qil.

touches the cylinder head.
Apply sealant

{THREEBOND 1211 NOTE:
or equivalent).

1. When installing a valve, apply a small amount of
engine oil to its stem,

2. After installing & valve stem seal, check that its
spring has not been deformed or damaged.

09178

{a) Clean the cylinder head nozzle tube holes. Take
care to remove dirt, oil, water and carbon deposits
from the seating surfaces.

{b) Applysealanttothe new nozzletube, andinsertthe
nozzie tube into the cylinder head.

{c} Using the Nozzle Tube Instalier Flange (special
tool}, press the nozzie tube into the cylinder head.

{d} Apply engine oii to the Nozzle Tube Stamp (special
tool} and insert it into the nozzle tube.

(e} Screw in the Nozzle Tube Installer Bolt {special

" tool) until the Nozzle Tube Stamp can be puiled out
of the bottom of the cylinder head.

{f) Afterinstalling the nozzle tube, carry out a leak test
to verify air-tightness.
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{4} Valve cotter instatlation

Valve Lifter
Hook
MH061679

Valve Liftar
MH061668

Valve cotter

B52828

Install the valve cotter while evenly compressing the
spring using the Valve Lifter and Valve Lifter Hook (spe-

cial tools).

NOTE:
Valve springs must be instalied with their tightly

wound portions toward the cylinder head.

(5) Mounting rocker shaft bracket and cylinder head

Rocker shaft
bracket boit
34 N-m

{3.5 kgf-m}

Rocker shaft
bracket

Cytinder
head bolt

Cylinder
head

Cylinder
gasket

Knock
pin

B9014C

install the rocker shaft bracket by positioning it onthe
spring pin in the cylinder head. Mount the cylinder
head by positioning it on the dowel pins in the crank-
case.

{6} Tightening cylinder head bolts

CB648A

Tighten the cylinder head boits to 175 N-m {18 kgf-m}
{wet) in the order shown.

After confirming thatthe bolts aretightenedto 1776 N-m
{18 kgf-m}, give each one an extra turn in accordance
with the following procadure.

Socket Wrench
MHO61540

Rod {for extension}

BOG54A

{a) Before fitting the Socket Wrench (special tool) over
a cylinder head bolt, turn the holder counter-clock-
wise to tension the buiit-in socket spring.
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Socket Wrench
MH061540

09182

{b} Fitthe socket over the cylinder head bolt and set it
such that the built-in spring forces the rod against
the rocker shaft bracket, an injection pipe, or
another nearby part.

Scale inscribed
on socket

Lines inscribed
on holder

BOESEA

{¢) Observing the inscribed lines on the holder and
socket, turn the socket clockwise by 90 to 110° (1
pitch = 10°) to fully tighten the bolt.
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5.3 Flywheel, Timing Gears, and Camshaft
5.3.1 Disassembly

<With  axial-lip-type <With mechanical  <With electric
oil seal> fochometer drive>  spect sensor>|

§

|
"
i

N

o N - A

&3 Dl
pEER

Damage/abnarmally
worn gear teeth

\ i
5 Wear/ 7 Oil leaks
deterioration

3
Streaksfcracks/stepped wear
on friction surface

<With radial-lip-type

oil seal> <With mechanical tachometer

drive> 10
)
- HB
7N
Damage/abnormaily
worn gear teeth
2
V]
s\ A 5 Wear/deterioration
1
Disassembly sequence 3},’?3*;?{;;3;&9;{;;2""3" wear
1 Flywheel mounting bolt 7 Flywheel housing *B Ring gear
*2 Pilot bearing *8 Rear oil seal slinger 10 Tachometer drive
@ Flywheel <maodels with axial-lip- *10A Speed sensor
@ Oil seal retainer type oil seal only> 10B Cover
5 Qil seal Sieeve <models with
® Coliar wet type clutch only>

For parts with circled numbers, refer to the following section, “Disassembly Procedure.”
Parts marked with “*“ should not be removed unless defects are evident.

C1926F

C1926L
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# Timing gear backiash

itern NV L
Between crankshaft gear and idier gear B 0.08100.20 0.4
Between idier gear A and camshaft gear 0.07 10 0.18 0.4
Between idler gear A and idier gear C 0.07 10 0.18 0.4
Between injection pump gear and idler gear C 0.08100.20 0.4

Injection pump gear
{Refer to Group 61, Special Equipment)

NV .. Nominal Vaiue
L..... Limit

21 Oil leaks

Qil hole clogging

# ldier gear end play
NV 0.05 t0 0.15
L 0.4

Wean'damage

14
Wear
% Camshaft gear end play
NV 0.05 to 0.22
L 04
Disassembly sequence
@ Camshaft assembly 15 idler shaft bolt 19 Idler gear B
*® Camshaft 16 Thrust plate 20 lidler shaft A
*® Camshaft gear 17 Idler gearC 20A lidlershaft C
18 idler gear A *21 Rear plate

14 Thrust plate

For parts with circled numbers, refer to the following section, “Disassembly Procedure.”
Parts marked with “¥” should be inspected prior to disassembiy.
Parts marked with “*” should not be removed unless defects are evident.

C1927D
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Disassembly Procedure

{1} Removing flywheel

Threaded hole
for removal

Flywheet

C1928B

To remove the flywheel, screw its mounting bolts into
the threaded removal hole.

(2) Removing collar and oil seal retainer

Threaded hole A

for removal
(M4 x0.7)
Collar
0
[
Threaded hole
for removal

Oil seal retainer

Qil seal

C1928D

s To remove the collar, screw M4 x 0.7 bolts into the
threaded removal holes.

» To remove the oil seal retainer, screw its mounting
bolts into the threaded removal holes. Remove the
oil seal retainer with the oil seal attached.

{3) Removing ring gear

Ring gear

B2356C

To remove the ring gear, heat it evenly with an acety-
lene torch, then tap around its entire periphery with a
hammer and rod.

{4} Measuring gear backiash

C1830A

If backlash exceeds the specified limit, inspect the idier
gear bushings and gears, and replace parts as
required.

NOTE:

For any pair of gears, measure backlash at more than 3
points to determine whether it is acceptablie.
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(5} Measuring idler gear and camshaft gear end play

{7} Removing camshaft gear

idier gear Camshaft gear

[

j

11824

¥

I

7

/)

i the end play exceeds the specified limit, replace the
thrust plate.

{6) Removing camshaft

Thrust plate

Camshaft gear

Camshaft—

10D

TN

Remaove bolts through
these holes

Thrust plate mounting boh

10891

Removethe thrust plate mounting bolts via the holes in
the camshaft gear. Remove the camshaft together with
the camshaft gear and thrust plate.

T1A-34

To remove the camshaft gear, push out the camshaft
using a press.

NOTE:

Do not attempt to remove the gear by striking it with a
hammer. Be sure to use a press.
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5.3.2 Inspection

Item NV
Friction surface distortion 0.1 or less
Distance from clutch cover 47.810 48.2
mounting surface to fric-
tion surface

Ciearance
BD 40
NV 0.03 10 0.06
L 0.2

| Clearance
BD 46

NV 0.03 t0 0.06

L o0z

BD .. Basic Diameter
NV .. Nominal Value

1

9 L..... Limit
termn L

Cam profiie {difference iniet - 8.83 83
between base circle diameter
and iobe height} Exhaust - 8.82 8.3
Camshaft bend - 0.05 or lgss 0.08
Camshaft journal-to-camshaft | No. 1 65.00 0.0310 0.08 0.25
bushing clearance

No. 2 65.25

No.3, 4 65.50

No. 5, & 65,75

No.7 66.00
Camshaft gear-to-camshaft interference 40 0.02 to .05 Can be reassembled

up to 3times

C2758F

C2758D

11A-35



ENGINE <6D2> -~ SERVICE PROCEDURES

inspection Procedure

{1} Friction surface distortion

Surface plate

C3506A

Place the flywheel on a surface plate. To measure dis-
tortion, pass a dial indicator over the fiywheel from its
periphery toward its center.

If distortion exceeds the specified limit, grind the fric-
tion surface as necessary.

NOTE:

If the ring gear appears abnormal in any way, replace it
before measuring distortion. {For details, refer to item
{3} of section 5.3.1.1

{2) Rectifying flywheel friction surface

—3 Clutch cover
S L\.x:‘__/ mounting surface
| Friction surface
=
Dimension B
v
_—
(=
Surface A an

C3509B

Grind the friction surface such that dimension B {the
distance from the clutch cover mounting surface to the
friction surface) is below the specified limit. The fric-
tion surface must be paraliel with surface A to within
0.1 mm.

if dimension B exceeds the specified limit, replace the
flywheel. '

11A-36

{3) ldler gear-to-idier shaft clearance

Measuring position

Measuring position

&
Ve

38078

If the clearance exceeds the specified limit, replace the
bushing in the idler gear.

(4} Replacing idler gear bushing

Press

Press

ldier Gear
Bushing Puller
MHOB1228

{for idler gear “A”
& MHOE2048 b
g2 {for idler gear “C") ¥

Bushing _

/ idler gear

Rernoval

instailation

C3808A

install the bushing from the side of the idler gear
whose internal diameter is chamfered.

After installation, confirm that the bushing-to-idier
shaft clearance is within the nominal value, ifthe clear-
ance is smaller than the nominal value, ream the bush-

ing.
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(5} Cam profile {difference between base circle diame-
ter and lobe height)

Measuring
position
N
Lobe
- height
Forward

9.5 95 Base
cirgle

diameter

C4101A

Measure the lobe heights and base circle diameters.
Replace the camshaft if the difference between them s
below the limit.

NOTE:
Since the cams are tapered, they must be measured at
the points shown in the illustration.

{6) Camshaft journal-to-crankcase camshaft bushing
clearance

09166

If the clearance exceeds the specified limit, replace the
camshaft bushing. [Refer to item {7} for details.]

{7) Replacing camshaft bushings

{a) Removal
Remove the camshaft bushings in the following
order: No.6 - No.5 = No.4 — No.3 - No.2 - No.1
—-» No.7. Remove them in accordance with the fol-
jowing instructions.

1) Removing camshaft bushings Nos. 6to 1

No. 7 camshaft bushing

Carmshaft Bushing
Extractor Bar
MHMO62118

= =
e 1

Camshaft Bushing amshaft Bushing Extractor Guide

Extractor Adapter MH062119
MH062123

No. § camshaft bushing
Crankcase

=

©

B4859A

Engine
front

Camshaft | Camshaft Bushing
bushing | Extractor Adapter
No.1 MH062120
No.2 MH062121
No.3, 4 MHO062122
No5, 6 MH062123

B4BEOA

a) Mount the Camshaft Bushing Extractor Adapter
and Camshaft Bushing Extractor Guide (special
tools) onto the Camshaft Bushing Extractor Bar
{special tool). Insert this assembly into the crank-
case. When doing this, fit the Guide onto the No. 7
camshaft bushing to support the Bar.

b) Hold the Camshaft Bushing Extractor Adapter
against the No. 6 camshaft bushing. As shown in
the illustration, remove the No. € bushing by strik-
ing the Bar with a hammer.
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¢ After removing the No. 6 bushing, remove bush-
ings Nos. 5to 1 in that order using the appropriate
Camshaft Bushing Extractor Adapter for each one.

2} Removing camshaft bushing No. 7

No. 7 camshaft bushing
Camshaft Bushing

Extractor
MH062124

e

B4861A

{b} Instaliation

in accordance with the following instructions, install
camshaft bushings Nos. 2, 3, and 4 simultaneously,
then bushings Nos. 5 and 8 simultaneously, then bush-
ings Nos. 1 and 7 in that order.

1} Simultaneous installation of bushings Nos. 2, 3,
and 4

No. 2 camshaft bushing No. 3 camshaft bushing
; ;?:aling f,r Locating pin

T e
Camnshaft Bushing
installer Adapter
MH062133

'

ey
Camshaft Bushing
installer Adapter
MH062134

e ™ L

Camshaft Bushing
No. 4 camshaft bushing Instailer Bar

Locating MH062125
e View A
Camshaft Bushing @\Ciinch
installer Adapter Qil hole
MH062135
View A
Ciinch

Engraved line
{on camshaft bushing
installer adaptor}

B4862D

11A-38

a) Mount the Camshaft Bushing Installer Adapters
{special tool) and bushings Nos. 2 to 4 on the Cam-
shaft Bushing Installer Bar (special tool}. When
doing this, align the inscribed lines on the Adapters
with the clinches (seams) on the bushings and
position the oil holes as shown in the illustration.

Camshaft Bushing .
installer Guide ‘
MHOB2127

Camshaft Bushing Arrow
installer Bar mark
MHC62125

03171

b) Fit the Camshaft Bushing Installer Guide (special
tool) inthe place where the No. 1 camshaft bushing
is to be installed so that the Camshaft Bushing
Installer Bar (special tool) may be supported by it.
Then, insert the Camshaft Bushing Installer Bar
into the crankcase, making sure thatthe arrowon it
points toward the top of the crankcase.

Camshaft Bushing
Installer Nut \ g
MH062130

No. 2 camshaft

bushing
No. 3
]
7 |
= ¢ Camshaft Bushing instatier Bar
- MHO62125
" " Tighten to

contact

09172

¢} Confirm that the clinches (seams) on the bushings
are aligned with the inscribed lines on the Cam-
shaft Bushing Installer Adapters {refer to item {a)
for details]. Then, screw the Camshaft Bushing
Installer Nut (special tool) onto the end of the Cam-
shaft Bushing Instalier Bar, and tighten the Nut to
press-fit the bushings. Continue turning the Nut
until the Bar's flange touches the crankcase.
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d) Afterinstalling the bushings, remove the Camshaft
Bushing Installer Nut and gently withdraw the
Camshaft Bushing Instalier Bar.

NOTE:

When removing the Camshaft Bushing Installer Bar,
take care not to damage the inside surfaces of the
bushings.

2} Simultaneous instailation of bushings Nos.5and 6

instalier Guide
MH0B2127

P
No. B camshaft bushing

Camshaft Bushing No. 6 camshaft

installer Bar bushing Arrow
MH062125 mark
Camshaft Bushing -~
instalier Adaptor
MH062136 Camshaft Bushing
Installer Adaptor
MH062137
B4865A

Follow the procedure in section 1} using the appropri-
ate Camshaft Bushing Installer Adapters (special tool)
for bushings Nos. 5 and 6.

3) Installation of bushings Nos. 1 and 7

No. 1 camshaft bushing
Oit nole

LA Clinch

fnscribed
line  Drive in until seated

Camshaft
Bushing
tnstaller
MH062143

Camshaft Bushin
instatier MH062131

iiNo. 7 camshaft '
ﬁifbtiushing

h Inscribed

ol fine
Drive in
until seated

848660

install bushings Nos. 1 and 7 as foliows: Align the
inscribed lines on the Camshaft Bushing installer (spe-
cial tool) with the clinches {seams} on the bushing and
position the oil holes as shown in the illustration. Face
the arrow on the Installer toward the top of the crank-
case. Drive in the Installer untit its flange touches the
crankcase.
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{8) Camshaft bend

{9} Camshaft-to-camshaft gear interference

10895

Camshaft
gear 4

11834

Measure the extent of bending in the crankshaft. If it
exceeds the specified limit, replace the crankshaft,

NOTE:

Apply a diat indicator to the camshaft and turn the
camshaft through one revolution. One-half of the dial
indicator reading represents the amount of bending.

11A-40

i the interference is below the specified nominal value,
replace the camshaft or camshaft gear.

NOTE:

Even if the interference is up to specification, reas-
sembly should be carried out no more than 3 times.
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5.3.3 Reassembly

BD .. Basic Diameter

{ Flywheel housing NV .. Nominal Valu
| eccentricity L..... Limit
| L o2
l idier gear end play
Bend lock washer | ?V ggﬁ 10 0.15
Camshaft gear-to-camshaft i -
interference
BD 40
1 NV 0.021t0 0.05
L Reassermnble max. 3 times 10
. ~12 Camshaft d pl
<Radial-lip-type ot} seal> ~13+11 ;}nvsa?%gtga&gg pay l 20A
7 ~14- L 04 1 Locating pin
.2 45 155 N-m {16 kgf-m}
1 315 Nem {32 kgf-m} (wet} 98 N-m {10 kgf
4
. 5 - - 18
f Apply engine oif or 98 N.m {10 kgf-m}
8 fithium-base grease 15 155 N-m {18 kgf-m}
— 4 ] to oil seal lip
- 16
L ) 9 20
3 s
8 Flywheel friction Backlash | Backlash
BEG13A surface runout NV 0.07 to 0.18 NV 0.07t0 0.18
L 0.2 L 04 1 L 04
*10A l
Backlash

NV 0.08 to 0.20
Lt 04 ]

69 N-m {7 kgf-m} Backlash

NV 0.08 to 0.20

Assembly sequence L 04
. 10B—10A
@-520-20A-B B D -16-1 !
236353432231
' 1
@ (12148 10

For parts with circled numbers, refer to the following section, “Reassembly Procedure.”
For parts marked with “*" refer to Group 61, Special Equipment.

e

B1302E
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Heassembly Procedure

{1} Mounting rear plate

Gasket

Rear plate

Ca8230C

Mount the rear plate and gasket, ensuring that they are
aligned with the locating pins on the crankcase.

After the gasket is fitted, its bottom {oil pan mounting
surface) will protrude. Cut off the protruding part of the
gasket after fitting the flywheel! housing.

{2} Installing idler gears

Crankshaft gear

Idier gear B
idler gear A

155 N-m
{16 kgf-m}

155 N-m
{186 kgf-m}

€6231D

Fitidler gear B and the crankshaft gear such that their
“1” alignment marks are aligned with each other.
Then, fit idler gears A and C such that their “2" align-
ment marks are aligned with each other. Tighten the
idler shaft boits to the specified torques.

NOTE:

1. Align the “1” marks with pistons Nos. 1 and 6 at
top dead center.

2. Ensurethatthe “1” marks are aligned before align-
ing the 2" marks.
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(3} Fitting camshaft gear

Camshaft gear

I ‘j“—n/ Thrust piate
L

/Camshafz

] [ 10980

Fit the camshaft gear using a press, ensuring that the
side stamped with "4" marks is facing away from the
thrust plate.

NOTE:

1. When fitting the camsha#t gear, press down on its
central section using a tube. Do not press downon
the gear's periphery.

2. Reassembiy should be carried out no more than 3
times,

{4} Installing camshaft

Camshaft gear )%
P
i

C6231C

install the camshaft such that the “4" alignment marks
on the camshaft gear and idler gear A are aligned with
each other.

NOTE:

1. When inserting the camshaft, take care not to
damage the camshaft bushings.

2. Ensure that the “1” marks on the crankshaft gear
and idier gear B are aligned before aligning the “4”
marks.
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(5) Check the end play in the camshaft gear and idler
gears. [Refer to item (5) of section 5.3.1 for details.]

{6) Check the backlash in the gears. [Refer to item (4)
of section 5.3.1 for details.]

{7} Installing rear oil seal slinger <With axial-lip-type
oil seal>

Rear cil seat slinger

il Seal Installer
MH0616562

/ ﬂ \
Seat this surface -

tightly all around
Threaded groove

55298

Face the threaded groove toward the flywheel. Using
the Oil Seal Slinger Installer {special tool), evenly press
the oil seal slinger until it is seated tightly on the crank-
shaft gear.

{8} Fitting oil seal sleeve <With radial-lip-type oil seai>

Correct sleeve
position

Qil seal sleave
~ﬁl—-4——‘) Dowel pin

/

! l | D le—strike

Oil Seal Sleeve installer
T 31151-07100

Crankshaft

B5774A

Apply engine oil to the crankshaft and to the inside
diameter of the sleeve. Using the Oil Seal Sleeve
Instailer {(special tool), press the sleeve into positionon
the crankshafi.

NOTE:

1. The sieeve’s inside diameter is chamfered on one
side. When fitting the sleeve, face the chamfered
side toward the crankshaft.

2. Since the sleeve must be pushed into the correct
position (shown in the illustration), you must use

the Qil Seal Sleeve Instailer. The sleeve is in the
correct position when the Installer can be driven in
no further.

{9) Fitting ring gear

Ring gear

Chamiered

Fiywheel B2357C

Using a piston heater, heat the ring gear to approxi-
mately 100°C for 3 minutes. Fit the ring gear with the
non-chamfered side of its teeth toward the flywheel.

{10}Fitting flywheel housing

Apply ¢ 2 mm
sealant head
{THREEBOND
1207C)

B4857D

(a) Apply a bead of sealant to the flywheel housing as
shown in the illustration. Fit the flywheel housing
within 3 minutes of applying the sealant.

NOTE:

1. Apply 2 new bead of sealant whenever the fiy-
wheel housing mounting bolits have been locos-
ened.

2. Keep the flywheel housing sealing surface free of
dirt and oil.

3. Apply the sealant evenly and without breaks.

4. When fitting the fiywheel housing, hold itfirmly in
position to prevent spreading the sealant.

5. After fitting the flywheel housing, wait at least 1

hour before starting the engine.
11A-43
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{oecating pin

C6230F

{b) Fitthe flywheel housing such that it is aligned with
the locating pins in the crankcase.

{11)Checking flywheel housing eccentricity

Crankshaft

Flywheel housing

(62338

Tighten the flywheel housing mounting bolts to the
specified torgue. Then, rotate the flywheel and check
for eccentricity at the flywhee! housing joint. If eccen-
tricity exceeds the specified limit, remove the flywhee!

housing, refit it according to the instructions in item

{10), and measure the eccentricity again.

if the eccentricity exceeds the specified limit even after
remedial measures have been taken, replace the fly-
wheel housing.
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{12}instailing oil seal

<Axial-lip-type oil seal>

Qil seal

Seat oil seal end on
the retainer positively
ail around.

EEARRRNRRARAAN
N\

Y

Qil seal retainer

N
/1T 7777777777

10362

Tofitthe oil seal onto its retainer, apply pressure evenly
to its entire periphery until it is seated tightly in the
retainer,

<Radial-lip-type oil seal>

Qil Seal Installer
/ 31191-04300

/ Qil seal retainer
e V Step
A
1
i

0077,

C6208C

{a) To install the oil seal, apply pressure evenly 1o its
gntire periphery using the Qil Seal Installer {special
tool} until it reaches the step in the oil seal retainer.
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Qil Seal instalier
31191-04300

N

0il seal retainer

Qil seal
——r‘] |

AT

/ /// C6208D

{b) Turn the oil seal retainer over, then apply the Oil
Seal Installer (special tool} to the oil seal from the
opposite direction until the oil seal reaches the
retainer's outer surface.

NOTE:

Different oil seals have different instaliation direc-

tions. Be sure to install the oil seal in the correct direc-

tion.

{13)Checking fiywheel runout

Fiywheel

CE2368

After tightening the flywhee! mounting bolts to the
specified torque, rotate the flywheel and check for run-
out. If runout exceeds the specified limit, check the
bolts’ tightness and/or check the mounting surface.

{14)Checking valve timing

if you need to recheck the valve timing after reassem-
bling the engine, do so according to the following pro-
cedure.

Rocker arm

Valve cap

B5714C

(a) Bring cylinder No.1 to its compression-stroke top
dead center position.

{b) Insert a 3 mm shim between cylinder No.1's
exhaust valve rocker arm and valve cap. Make any
adjustments necessary using the adjusting screw,
then tighten the lock nut,

Confirmation marks

10408

{c) Crankthe engine in its normal direction of rotation
{clockwise when viewed from the front). When cyi-
inder No.1's exhaust vaive begins to lift, confirm
thatthe pointer on the flywheel housing is between
the valve timing confirmation marks on the fly-
wheel’s outer periphery. if the timing marks are in
the wrong position, refer to items (2) and (4), and
check the timing marks again.
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5.4 Crankcase and Main Moving Parts
5.4.1 Disassembly

NV .. Nominal Value
L..... Limit

Damage/
abnormal wear

Oamage/discoioration .

g Scratches on outer periphery/
cracks on top/

8 discoloration/melting

# Projection of piston from
top surface of crankcase
NV 0.87 t0 1.33

0

Cracks §

# Connecting rod end play |
NV 0.2t005 !
L 1.0

3 Scratches/corrosion/
ﬂ/ peeling on inner and
cuter peripheries

Repair kit
liner and Piston Kit

Scratches/corrosion/
2 peeling on inner and
outer peripheries

Disassembly sequence

1 Connecting rod cap ® Oil ring
2 Lower connecting rod bearing 7 Piston pin
3 Upper connecting rod bearing ® Piston
@& 1st compression ring @ Connecting rod
® 2nd compression ring *10 Connecting rod bolt

For parts with circled numbers, refer to the following section, “Disassembly Procedure.”
Parts marked with "#" should be inspected prior to disassembty.
Parts marked with "*” shouid not be removed unless defects are evident.

C2337G
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NV .. Nomina! Value
L..... Limit

25 Clogged oil hole

17

Rear oil seal slinger
{Referto 5.3.)

pesting on inner and
. outer paripheries

Scratches/ %
corrogion/
peeling on 16
tnner and

outar

19 peripheries
Scratches, cracks, dents, seisure, @

clogged oil hole, corrosion

=]

Q.
a
L]
=y

t0 0.23

reurm
<

oo

o
@

Disassembly seguence

11 Torsional damper
12 Crankshaft pulley
*113 Front oil seal
- 14 Frontcover

17 Thrust plate

18 Lower main bearing
19 Crankshaft

20 Upper main bearing

#1@ Crankshaft gear

*122 Cylinder liner
*223 Check valve
24 Qil jet
25 Qil spray plug
26 Crankcase

*115 Front oil seal slinger
16 Main bearing cap

For parts with circled numbers, refer to the following section, “Disassembly Procedure.”

Parts marked with *3” should be inspected prior to disassembly.

Parts marked with “*1” should not be removed unless defects are evident.

Parts marked with “*2” must not be reused since they are heid in place by thread-lock cernent and may be deformed
during disassembly. ’

B0599G
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Disassembly Procedure
{1} Piston projection

The piston projection measurements must conform
with specifications, partly since they affect engine per-
formance, and partly since the pistons must not inter-
fere with the valves.

(a} Attach a dial indicator to the top surface of the
crankcase and adjust it to zero.

(b} Using the dial indicator, find the piston’s top dead
center position.

{c} Take measurements at 4 points on the piston’s top
surface and determine their average.

{d) If the piston projection does not conform with
specifications, check the clearances between pis-
ton/connecting rod and neighboring parts.

{2} Connecting rod end play

C2340A

Measure each connecting rod’s end play. If any mea-
surement exceeds the specified limit, replace the con-
necting rod.
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(3) Removing pistons

C2341A

Withdraw the piston from the crankcase together with
its connecting rod, working from the top surface of the
crankcase.

NOTE:
When removing a piston, take care not to damage the
cytinder liner.

(4) Separating piston from connecting rod

Piston pin

B2428C

Remove the snap rings, then use a rod and hammer o
tap the piston pin out. if the piston pin is hard to
remove, heat the piston in hot water or with a piston
heater.
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{5} Removing piston rings

{7) Removing main bearing caps

Piston Ring Tool
31191-02900

C2321A

M1Ox1i15

B01838

B0181C

Before removing the main bearing caps, measure the
end play in the crankshaft. If it exceeds the specified
limit, replace the thrust plate with an oversized one.
[Refer to item (3) of section 5.4.3 for details.}

The rearmost main bearing cap is located on dowel
pins and must therefore be removed with a slide ham-
mer.

{8) Removing crankshaft gear

Rear oil seal slinger

Crankshaft gear

Gear Puller ]
MHO061061 &8

C55288

{a) Split the rear oil seal slinger with a chisel and
remove it from the crankshaft.

{b) Remove the crankshaft gear from the crankshaft
using the Gear Pullier (special tool).

NOTE:
Do not attempt to remove the crankshaft gear by strik-
ing it.
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5.4.2 Inspection

| Clearance

E BD 50

; NV 0.01 10 0.02
i L 0.1

Clearance

BD 50
NV 0.02 10 6.05
L a1

Bend and torsion
L GO050riess

| Crankcase top surface
distortion

NV 0.07 or less

L 0.2

Flatness of cylinder liner
sugpo&ting flange
1

Projection of cylinder liner from
top surface of crankcase
NV 0.0110 0.08

Inside diameter
NV 130.014 to 130.054
L 13028

Cylindricity
NV 0.02 or less

End gap

Itern NV L
1stcom- | 8D22, 22.T, 0.4100.6 1.6
pression | 22-TC
ring

8D24-T, 24-TC 0.4t0 0.55
2nd com- | 6D22, 22-T, 0.4t00.6 1.5
pression | 22-TC
ring

6D24-7, 24-7TC 0.5 to 0.65
Oil ring | 041006 15
Piston ring groove-to-piston ring clearance

ltem ‘ NV L
istcom-  6D22 0.051t0 0.12 0.25
pression
ring 6D22-T 0.03100.10

6022-TC 0.07 t0 0.09

6D24-T, 24-TC 0.02100.10
2nd com-
pression 6D22 0.05100.08 0.25
rng 8D22-T,22-7C, | 0.07t00.10

24-T, 24-TC
Oil ring 003100.06 | 0.15 |

Clearance

item BD NV

6D22 130

0.17810 0.204

8D22-T 0.17310 0.189

6D22-TC

0.188t0 0.214

6D24-T, 24.TC

0.192100.219

BD .. Basic Diameter
NV .. Nominal Value
L. Lirnit

Connecting rod bearing-to-crankshaft
pin clearance

BD 84

NV 0.07 t0 0.13

L 025

Sonnectiﬂg rod bearing span when
ree
L lessthan80.5

C2760C
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BD .. Basic Diameter
NV .. Nominat Value
b..... Limit

Bend !
NV 0.04 or iess
L B4

Roundness
NV 0.01 or less
L 008

Cylindricity - SUE
NV 0.006 or less i i-?{c LA e

Main bearing-to-crankshaft %

journai clearance
8D 100
NV 0.08 to 0.15 E

L 025

Main bearing span when
free
L Lessthan 1065

BO599H

inspection Procedure
{1} Flatness of cylinder-liner-supporting flange on
crankcase

4 cf\fk/ Tabl
rankcase tabie
- 7 \>)~ MHO061889

If the measured value is out of specification, replace
the crankcase.

B1478A

11A-61



ENGINE <6D2> - SERVICE PROCEDURES

{2} Distortion of crankcase top surface

{4) Cylinder liner flange projection

-\_ /
= ~
- ~~

Measurement points

e

02114

C4425A

If distortion of the crankcase top surface exceeds the
specified limit, correct it with a surface grinder.

NOTE:

When grinding the crankcase, take care that the piston
projection does not exceed the specified nominal
value. [Refer to item {1} of section 5.4.1 for details.]

{3} Cylinder liner inside diameter

Size mark
30
or more :7,7 /
/
A
’y
Z
4
70 “ A: Direction of
ar more ﬁ .é crankshaft axis

8: Direction of right
angle to crank-
shaft axis

C4424A

Measure each cylinder liner's inside diameter at 6
points, as shown in the illustration. f the inside diame-
ter exceeds the specified limit, replace the cylinder
liner or bore it to oversize. [Refer to item (5) for details
of cylinder liner replacement.]
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if any cylinder liner projection does not conform with
its specified nominal value, replace the cylinder liner or
crankcase. [Refer 1o itemn (5) for details of cylinder liner
replacement.}

{5} Replacing cylinder liner

(a) Removal
Cyiinder Liner Extractor
MHO81480
—
-
2 o
%.‘ /{b <
~— 11T
L
C4414B
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{b) Installation

Cylinder liner

C4813C

1) Make sure the new cylinder liner bears the same
size mark as that of the piston.

Piston size mark Cylinder liner size mark

A A
B B
C c
&
O-ring
Rubber Soap suds to
packing be applied
O-ring
Soap suds to
be applied
44288

2) Fit new O-rings and rubber packing to the cylinder
liner, and apply soap suds to the crankcase and cyl-
inder liner at the points where they will touch each
other.

Strike in.
Cylinder Liner installer
MHD81759
Cylinder finer
0
\d
3 [
P | N C44278

3) Using the Cylinder Liner Installer (special tool),
gently tap the cylinder liner down until its flange is
securely seated on the crankcase.

NOTE:

1. Do notstretch O-rings more than is necessary, and
be careful not to damage them.

2. Contact with gas oil, kerosene, anti-corrosion oil,
and similar fiuids causes O-rings to sweil. Immedi-
ately wipe off any such fluids that come into con-
tact with the O-rings.

3. After installing a cylinder liner, carry out a jeak test
to check for air-tightness. Apply thrust force to the
cylinder liner flange.
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{6} Selection of pistons and cylinder liners

A piston may be either standard or oversized. Cylinder
liners are selected accordingly.

{a) Standard piston

<6022, 22-TC>

Size mark  Weight
{A, B, C} I
<B6D322-T, 24-T, 24-TC> \D
Weight Part number
“T" mark
<§E)22 -T only>

/ Part number

Size mark (A, B, C}

Size mark {A, B, C)

=

e

Cylinder liner Piston

842210

1) The piston must bear the same size mark as that
stamped on the gylinder liner.

2} The weight of all 6 of an engine’s pistons must be
within 10 g of the weight that is stamped on each
piston’s crown.

NOTE:
Whenever a piston is replaced, the piston rings must
also be replaced. Never use old piston rings.
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{b) Oversized piston

In accordance with the foliowing instructions, bore the
cylinder liner to suit the oversized piston to be used
{+0.5, +0.75, or +1.00 mm).

Cylinder liner 1.D.

Size mark stamped
30 >
or more s r
Z
“
///
7
70 Caer R .
or more /¢ -‘/é A.ls\:;?tl direction of crank-

B:Direction at right angles
to crankshaft

C4424A
Qversiza piston 0.D.
102
<6022, 22-T,
22-TC>
a7
<6D24-T,
24-TC>
e
0.D. measuring position
N

1) Determine the amount of metal to bore out. To do
this, measure the inside diameter of every cylinder
liner and find the most worn point.

2} Bore and hone-finish the cylinder liner to achieve
the specified nominal clearance between the over-
sized piston and cyiinder liner.

NOTE:

1. Even if only one cylinder requires boring, bore
every cylinder to the same oversized inside diame-
ter.

2. Replace the piston rings with oversized piston
rings that correspond to the increased cylinder
liner dimension.
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{7) Piston-to-cylinder liner clearance

If the clearance is out of specification, replace the pis-
ton or cylinder liner. [Refer to item (6} for details.]

(8) Piston-to-piston ring clearance

C4806B

If the clearance exceeds the specified limit, replace the
piston or piston rings.

NOTE:

1. After removing any carbon deposits, measure the
clearance around the piston’s entire periphery.

2. Always repiace piston rings as a set, never individ-
ualiy.

Thickness gauge

1st . .
compression ring !

Piston

Straight
edge

48100

Measure the 1st compression ring ciearance while
pressing the ring against the piston with a straight
edge.

(9) Pistonring gap

e A @

Piston \\‘ O

== >

A

Piston ring Cylinder liner

ve

N

£48078B

Measure the piston ring gaps with the piston rings hor-
izontally pushed into a standard cylinder liner, eitherin
or out of the crankcase.

Replace the rings if any gap exceeds the specified limit.
Standard cylinder liner inside diameter: 130 £ 0 mm

NOTE:
Use a piston to push the piston rings into the cylinder
jiner for measurement.

(10)Piston pin-to-piston pin hole clearance

—
D

Piston

Piston pin

C4811A

If the clearance exceeds the specified limit, replace the
piston pin or piston.

NOTE:

Whenever a piston is replaced, the piston rings must
aiso be repiaced. Never use old piston rings.
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{11)}Piston pin-to-connecting rod small end bushing

clearance
Connecting
rod bushing
Piston pin
48128

If the clearance exceeds the specified limit, replace the

connecting rod bushing.

{12)}Replacing connecting rod bushing

10876

Replace the bushing using the Connecting Rod Bush-

ing Puller {special tool).
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{a}

Removing bushing

Coilar A Guide Plate

MH063370

Fixing
bracket/ Larger dimension

facing downward

e
Press bench

C5203A

1)

2)

(b)

Remove the hearing from the connecting rod's big
end, then mount the connecting rod on the Base
(special tool). '

Fit the Mandrel and Collar A (special tools} onto the
connecting rod’s smal end as shown in the illustra-
tion. Slowly apply pressure with a press that has a
capacity of at least 48 kN {5,000 kgf}.

Press-fitting bushing

Approx. 48 kN {5,000 kgfi

Guide Plate Assembiy
Collar B MH063368

MHO62189
Bushing

Collar A
MH063370—__}

.| Larger dimension
facing downward

=

7y

z Press bench

0977

1

2)

3}

4)

Set up the Mandrel, Collar B, Coliar A, and the Nut
(special toois) on the bushing as shown in the
illustration.

Apply engine oil to the connecting rod’s smali end
and to the bushing.

Using the press, apply pressure of approximately
49 kN {5,000 kgf} such that the bushing is pressed
into the connecting rod’s small end.

After press-fitting the bushing, remove the special
toocis. Then, ream the bushing to achieve the speci-
fied nominal clearance between the bushing and
piston pin.
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NOTE:

1. When press-fitting the bushing, align the cil hole
in the bushing with the oil hole in the connecting
rod.

2. When the piston pin is inserted, ensure that it
turns easily and without play.

(13)Connecting rod bend and twist

Bend

',/// €=100

é Connecting

Z i
p % / rod aligner

r
f Piston pin
C5205A C5206A
Twist £ =100

MIHRNNINR

Piston pin

Connecting
rod aligner

C5207A

C5208A

Measure the amount of bend and twist in the connect-
ing rod using a special connecting rod aligner. If the
measurements exceed the specified limits, replace the
connecting rod or rectify it using a press.

NOTE:

1. Measurements must be made with the connecting
rod bushing and upper and lower connecting rod
bearings fitted in their respective positions.

2. Measurements must be made with the connecting
rod cap mounting nuts tightened to their specified
torque.

{14)Span of connecting rod bearings and main bear-
ings when free

C5209A

If the span is less than the specified requirement,
replace the upper and lower bearings as a set.

NOTE:

Do not attempt to manually expand a bearing if its
span is insufficient.

{15)Connecting rod bearing-to-crankshaft pin clear-
ance

Connecting rod bearing inside diameter

Measuring direction Measuring position

W1 iu

Crankshaft pin outside diameter
Measuring position

—
Measuring direction

/\\"

L~ ..
C5223A

01896

i the clearance exceeds the specified limit, replace the
upper and lower bearings as a set.

NOTE:

Measurements must be made with the connecting rod
cap mounting nuts tightened to their specified torque.
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{16)Main bearing-to-crankshaft journatl clearance

{18)Crankshaft bend

Main bearing inside diameter

==L R

o ° e \
) e ""D
) g n
=]
et ° = A
CGoB24A
Crankshaft journal outside diameter 5
Measuring direction Measuring position
<\ =T AN -
e jf—b
Ch523A

If the clearance exceeds the specified limit, replace the
upper and lower bearings as a set.

{17)Roundness and cylindricity of crankshaft pin and
journal

Roundness Cylindricity

Measuring direction

I
N

If roundness and cylindricity do not conform with the
specified limits, grind to undersize. [Refer to item (19)
for details.]

Measuring position

|
\
7

 —

C5523A
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55264

Measure the extend of bending in the crankshaft at the
middie journal. if the measurement exceeds the speci-
fied limit, grind to undersize or replace the crankshaft,
NOTE:

With the dial indicator applied to the middie journal,
turn the crankshaft through one revolution. One-half
of the dial indicator reading represents the extent of
bending in the crankshaft,

(19)Grinding crankshaft to undersize

420 540 +g'2
1 170204
<6D22, 22-T, 22-7C>
5 N -1 75+ 0.07
— ___g RS } <BD24-T, 24-TC>
RS A2 [

-_’—-—d

e —

CEB27A

Any damaged or scorched journal or pin must be
ground in accordance with the following instructions.
if grinding is carried out, the main bearing must be
replaced with an undersized one.

{a} Grind such that the center distance between the
journal and pin does not change.

(b} Grind such that the width of the journal and pin
does not change, ,

(¢} Finish the corner fillet smoothly and to the speci-
fied radius.
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(d) Use magnetic flaw detection to check for ground
cracks. Also, check that the Shore hardness of the
surface has not dropped below Hs 75.

Grinding

Finishing

{e} When grinding, turn the crankshaft counter-clock-
wise as viewed from its front end. The grinder
shouid also rotate counter-clockwise as viewed
from the crankshaft's front end.

{fi When finishing the crankshaft with sandpaperora
whetstone, turn the crankshaft clockwise,

Whetstone
Grinder or sand paper
Crankshaft
CB509A

Amount of Journal Q. D. Pin O, D. finished Roundness Cylindricity
undersize finished dimension dimension

—0.25 99.75 ﬁgg 83.75 jgg 0.01 or less .006 or less

050 99.50 998 8350 900

078 99.25 338 8325 o900

-1.00 gs.00 998 83.00 999
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5.4.3 Reassembly

Assembly sequence

@t
-Bo14-0s12-11

“Reassembly Procedure.”

26528, BB -H BB
e (@D
Bo857 368 m@m@

For parts with circied numbers, refer to the following section,

Expander
spring ends

pression
ring gap

190

NV .. Nomina! Value

L..... Limit

Cylinder iiner ]
flange projection §
NV 0.01100.08 |

1st _
campression
ring gap

{wet}

13
L

Align lug
directions

20

L

Piston projection
NV 0.87 to 1.33 8
4
5—
6
33 N-m 7
{2.4 kgf-m}
T4
Locating pin !
175 N-m
{18 kgf-m} :
1
12
13
Apply fithium-base
grease to lip

18

Connecting rod

end play
NV3.2t005
L 1.0

}5// 1\5 19

Locating pin
34 N-m

{3.5 kgf-m}
23

24
Lug direction

A 115 N-
Gitringgap (12 kg;-?ni +680° 115 N-m {12 xgf-m}

{wet}

Rear oil seal slinger
[Refsr to item (7} of
section 5.3.3}

Qil seal sleeve
[Refer to item (8) of
section 5.3.3]

17 Side with oil groove
faces sliding surface

Crankshaft end

play
NV 0,09 to 0.23
L 04

C5835F
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Reassembly Procedtre

{1} Installing oil spray plug

@

Oll spray pi ug

install the oil spray plug such that the arrow stamped
on it points toward the top of the engine.

{2} instatling oil jet and check valve

Check valve
34 N-m
{3.5 kgf-m}

=]

C5836C

Insertthe oil jet’s locating pin into the hole onthe crank-
case, and tighten the check valve to the specified
torque.

NOTE:
Check valves cannot be reused. Be sure 1o use a new
one.

{3} Installing upper main bearing and thrust plate

Upper main bearing

% - Thrust plate
& mounting pin

Q‘ y Thrus? plate
' \JOH groove

C5837A

install the upper main bearing such thatthe bearing lug
is aligned with the iug groove on the crankcase.
Install the rearmost thrust plate with its grooveless
side facing the crankcase.

NOTE:

1. The main bearing’s upper part has an oil groove.
The lower part does not have a groove. Take care
not to confuse the upper and lower parts.

2. Oversized thrust plates are available for adjust-
ment of crankshaft end play Irefer to item (6) of
section 5.4.1 for details]. The oversized thrust
plates available are +0.15, +0.30, and +0.45 mm. if
any of these is used, ensure that the correct size
thrust plate is fitted to the bearing cap [refer to
item (7) for details].

{4} Instaliing crankshaft gear

Dowel pin
“‘\“/e
Crankshaft Crankshaft gear
B4202A

{a) Heat the gear to approximately 100°C using a pis-
ton heater.
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{b) Locate the gear such that the dowel pin on the
crankshaft will fit into the notch in the gear. Fit the
gear by lightly striking it with a soft hammer.

{c} Fit the rear oil seal slinger (refer to item (7) of sec-
tion 5.3.3) or oil seal sleeve (refer to item (8) of sec-
tion 5.3.3).

{5) Fitting front oil seal slinger <Axial-lip-type oii seal>

Front oil seatl slinger

Crankshaft
QOil Seal Slinger Installer
MHO61817

BN -

S —

BO596A

Fit the front oil seal slinger using the Qil Seal Slinger
Installer (special tooi).

{6) Installing crankshaft

C5833A

Lift the crankshaft with a hoist. Keeping it herizontal,
gently lower it into the crankcase.

11A-62

{7} instailing lower main bearings and main bearing
caps

install the lower main bearings and main bearing caps
in accordance with the following procedure.

Front
&2 o3 $
Crankshaft
axial
@ direction
Dowet pin
13192

{a} Drive the locating dowel pins into the rearmost
main bearing cap in the direction shown in the
illustration.

Thrust plate . .
Main bearing cap

7
P - Thrust plate
Lug groove o | - mounting pin
\\gﬁ\ _~Qil groove
\\ ' ﬂﬂamﬂ
AN ﬁ plate
i ; {j L

ower main bearing
T—
i e T Lug

€5838G

Embossed main bearing
cap number

Front of

engine <;:

B4222E

{b} Mate each main bearing with its main bearing cap,
ensuring that the lugs on the bearings are aligned
with the lug grooves in the caps.
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{c) Only to the rearmost main bearing cap. install a
thrust plate on each side, with the thrust plates’
grooveless sides facing the main bearing cap.

NOTE:

Thrust plate for front
side of the bearing cap

Thrust plate for rear
side of the bearing cap

Should be the
same size.

Thrust piate for rear side of the crankcase  C583BH

If an oversized thrust plate is used, ensure that the
bearing cap rear thrust plate and the rearmost thrust
plate in the crankcase {refer to item (3)] are the same
size. Note, however, that the bearing cap front and
rear thrust plates may be of different sizes.

(d) Fit the main bearing caps in the order of the num-
bers that are embossed on them, working from the
front of the engine. Fit them such that the sides
with lug grooves are toward the right of the engine.

{e} Press down the main bearing caps until they touch
the crankcase. Tighten the main bearing cap
mounting bolts to 115 N-m {12 kgf-m} (wet}.

After confirming that the boits are tightened to the
specified torque, give each one an extra turn in
accordance with the following procedure.

Socket Wrench
MHO083365

Rod

13205

1) Before fitting the Socket Wrench (special tool) over
a main bearing cap mounting bolt, turn the holder

counter-clockwise to tension the built-in socket
spring.

10506

2} Fit the socket over the main bearing cap mounting
head boit. Set it such that the built-in spring forces
the rod against the side of the crankcase.

Scale inseribed
an socket

Lines inscribed
on holder

08183

3} Observing the inscribed lines on the hoider and
socket, turn the socket 60° clockwise (1 pitch = 10°)
to fully tighten the bolt. After assembly, check that
the crankshaft can be turned easily by hand. Also,
check that the crankshaft’s end play conforms with
the specified nominal value. [Refer to item (6) of
section 5.4.1 for details.]
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{8} Installing connecting rod bolts

Fiattened side toward connecting rod

Press fir with
max. 5.9 kN {600 kgf}

Appiy engine oil

Check for damage/burrs
890078

Checkthatthere are no burrs or damage in the connect-
ing rod’s bolt holes. Apply engine oil to the connecting
rod bolts, then press fit the bolts such that the flattened
side of their heads face inward.

{9} Reassembling piston and connecting rod

Arrow Piston
indicating front
onnecting

[of
rod

Snap Piston
ring pin

Lug groove mark

C5840C

Connect the piston to the connecting rod with the pis-
ton pin such that the piston’s front mark is on the same
side as the connecting rod's lug groove mark.

If the piston pin is difficult to insert, heat the piston in
hot water or with a piston heater.

11A-64

NOTE:
All the connecting rods in an engine must have the
same weight mark. Weight marks are as follows:

Heavy « > Light
A B C D E F G H J X

{10)Fitting piston rings

Piston Ring Tool
31191-02900
Manufacturer
mark
stamped
{Compression
ring only}

C5841B

st compression ring
ends

Expander spring ends

2nd compressionX

ring ends

OH ring ends
C5B43A

Using the Piston Ring Tool {special tool}, fit the piston
rings in the positions shown in the illustration. Ensure
that the manufacturer's marks on the compression
rings face upward. Fit the rings in the folowing order:

1. Oilring
2. 2nd compression ring
3. 1st compression ring
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(11)Instaiting upper and lower connecting rod bear-
ings

Lower connecting .
rod bearing Align these.

Align these.

Upper connecti
rod bearing

Connecting rod cap

Connecting rod }
B4223A

Install the upper connecting rod bearing such that its
lug is aligned with the connecting rod’s lug groove.

Install the lower connecting rod bearing such that its
lug is aligned with the connecting rod cap’s iug groove.

NOTE:

The upper connecting rod bearing has an oil hole. The
lower bearing does not have an oil hole. Take care not
to confuse the upper and lower parts.

(12)installing piston and connecting rod

Piston Guide
Clamp
MH061666

Piston Guide
Lever
MHO61658

58348

Using the Piston Guide Clamp and Piston Guide Lever
(special tools), install the piston and connecting rod
such that the front mark on the piston’s crown faces the
front of the engine.

NOTE:

1. Check that the size mark on the piston matches
the size mark on the cylinder liner.

2. Ensure that the piston ring ends stay in their cor-
rect positions.

3. Slip some plastic tube over the connecting rod
boits to prevent them from damaging the cyiinder
liner and crankshaft pin.

<Using the Piston Guide Clamp and Piston Guide Lever
{special tools)>

Piston Guide Clamp

Adjusting
boit

B5291C

Align the Piston Guide with the piston skirt and set the
Piston Guide Lever in position. Turn the adjusting bolt
such that the Clamp’s inside diameter matches the pis-
ton's outside diameter. Next, remove the Clamp from
the piston and apply engine oil to the outside of the pis-
ton, to the inside of the Clamp, and to the inside of the
cylinder liner.

Fit the Clamp over the piston such that it is flush with
the piston’s crown. Using a wooden mailet or biock, tap
the piston into the cylinder, taking care not to damage
it.
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{13)Fitting connecting rod caps

Ccnnec}ing rod cap

Front of
engine

Alignment mark

Lug groove mark
C5844B

Ensure that the alignment marks and tug groove marks
on the connecting rod caps and connecting rods are
aligned with each other.

(14}Check the connecting rod’s end play. [Refer to item
{2) of section 5.4,1 for details.]

{16}Check that the piston projections conform with
specifications. [Refer to item (1) of section 5.4.1 for
details.]

(16}Fitting front oil seal

Front oil seal Prass-fit

@ Cil seal flange

Front cover

B4187A

Press evenly around the oil seal’s entire periphery until
its flange is seated securely on the front cover.

11A-66

5.5 Inspecting and Adjusting Valve Clearances

Valve clearances should be checked and adjusted
when the engine is cold.

10404

{1) Crank the engine until the inscribed “1.6" mark on
the flywheel! is aligned with the pointer in the fly-
wheel! housing inspection window. When this hap-
pens, the pistons whose push rods are not pushing
up their rockers are at the top-dead-center (TDC)
position of their compression stroke.
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(2) When piston No. 1is atthe TDC position of its com-
pression stroke, check and adjust the clearances of
the valves marked “0” in the following tabie.
When piston No. 6 is at the TDC position of its com-

pression stroke, check and adjust the clearances of
the valves marked “x" in the table. Be sure to
check and adjust every valve.

Cylinder No. 1 ; 2 3 4 % 5 6
W\'/a%ve arrangement in. Ex. tn. Ex. in Ex in Ex. in. | Ex In Ex
No. 1 at TDC of compression stroke O O O O @] O
" No. 6 at TDC of compression stroke x x X X X x
(3} Using the Thickness Gauge (special tool), check
Valve clearance that the rocker arm-to-valve cap clearance con-
: (:Vhen cold) forms to specifications. To measure the clearance,
E mgitv 0.4 insert a gauge of the same thickness as the speci-
?é’k";{”m} [Exhaust | fied nominal clearance between the rocker arm
NV 0. and valve cap. The gauge should be able to move
in the gap, but not loosely.
if the clearance is incorrect, loosen the lock nut and
El';igggess , turn the adjusting screw as required. When the
MH061359 v clearance is correct, tighten the lock nut to the spe-
/ cified torque to secure the adjusting screw.
NV .. Nominal Value B57148 NOTE:

After tightening the lock nut, confirm that the clear-
ance is stili correct.
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6. TROUBLESHOOTING

Symptom Probable cause Remedy Reference
Engine will not Incorrect oil viscosity Replace Group 12
start
Incarrect/defective fuel Group 13

Low compression pressure
* [ncorrect valve clearance(s) Adjust

* Defective cylinder head gasket Replace

* Worn valve and vailve seat/carbon deposits

* Weakened valve spring

* Worn/damaged piston ring{s}

» Worn/damaged piston ring groovels)

* Worn piston{s)/cylinder liner{s} Change to oversize

Defective preheater
¢ Defective starter switch Repair or replace Group 16

» Defective heater relay

Incorrect injection timing Adjust Group 13

Insufficient fuel injection volume
* Defective injection pump Repair or replace Group 13

* [ncorrect fuel injection volume

Defective cooling system Repair or replace Group 14
Rough idiing incorrect oil viscosity 7 Replace Group 12
Incorrect/defective fuei Group 13
Defective cooling system Repair or replace Group 14

Low compression pressure {see “Engine will not start”}

Incorrect injection timing Adjust Group 13

Defective fuel system
* Defactive injection pump Repair or replace Group 13

+ Defective injection nozzie

¢ Air trapped in fuel system

Abnormal Incorrect/defective fuel Replace Group 13
exhaust gas
color Cooling system malfunctioning Repair or repiace Group 14

intake/exhaust systern matfunctioning
* Clogged air cleaner Repair or replace Group 15

¢ Clogged muffler

* Oit teaking into intake/exhaust pipes

Low compression pressure {see “Engine will not start”}

Defective fuel system
* MaHunctioning injection pump Repair or replace Group 13

* Defective injection nozzie

Incorrect injection timing Adjust
Excessive engine oil Adjust Group 12
Seizure of major moving parts Repair or replace
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Symptom Probable cause Remedy Reference
Low power tncorrect oil viscosity Replace Group 12
output

Incorrect/defective fuel Group 13
Cooling system malfunctioning Repair or replace Group 14
intake/exhaust system malfunctioning
* Clogged air cleaner Repair or replace Group 15
* Clogged muffler
Low compression pressure {see “Engine will not start”)
Fuel system malfunctioning
* Malfunctioning injection pump Repair or replace Group 13
s Defective injection nozzle
@ Air trapped in fuel system
Incorrect injection timing Adjust
Excessive oil Qil leaking from lubrication systemn Inspect and/or repair Group 12

consumption

Qil leaking from engine and retated parts
» Defective gasket/oil seal

Replace

Oil entering combustion chamber past piston
* Worn cylinder liner(s)/piston{s}

Rectify or replace

e Piston ring(s) worn, damaged, or seized

Replace whole set

* Clogged piston/oil ring oil holels) Clean
Qil entering combustion chamber via vaives
» Worn valve stemnis)ivaive guide(s) Replace
* Worn valve stemn seal{s}
Abnormal Noise emanating from outside parts of engine
engine noise = L pose piping/hose connectionds) inspect

* injection pump, alternator, other auxiliary unitis) incorrectly

inspect and/or adjust

Groups 13 and 16

mounted
* Loose/damaged V-belt Replace Group 14
* incorrectly mounted crankshaft pulley Inspect and/or adjust
* Malfunctioning air cleaner and/or muffier Repair or replace Group 15

Noise ernanating from vicinity of rocker cover
® incorrect valve clearance(s)

Adjust

» Defective valve springls)

Replace

¢ Defective rocker shaft/bracket

Inspect and/or repair

* improper lubrication of rocker shaft

inspect
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Symptom Probabie cause Remedy Reference
Abnormai Noise emanating from vicinity of flywheel housing

' engine noise * Incorrect timing gear backlash Replace

* Incorrect lubrication of timing gears and idler shaft Inspect
{ Noise emanating from cylinder head/crankcase
* L ow compression pressure (see “Engine will not start”)
& incorrect injection timing Adjust Group 13
® [ncorrect spray of injection nozzles Repair or replace
s \Worn connecting rod small end bushingis) and piston pinis} Replace
= Worn/damaged crankshaft pin{s} and connecting rod big end
bearing(s)
* Worn/damaged crankshaft journal{s} and main bearing(s)
* Excessive crankshaft/camshaft end piay Repiace thrust platels)
* Worn tappet{s)/camshaft Replace worn partis)
Turbocharger malfunctioning Group 15

11A-70
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1. GENERAL

{1} Combustion chamber

Piston Combustion chamber

BO344E

The combustion chambers are formed by the cylinder
head and piston. The injection nozzles, sheathed by the
nozzie tubes, are mounted on the cylinder head. The
nozzle tubes hold the nozzles and protect them from
cooling water. Since the nozzle tubes are exposed to
the water in the water jacket, they are sealed by O-rings
at the top and by staking at the bottom. Combustion is
effected by compression of fuel injected directly into
the combustion chamber.

Cis11C

Water directors pressed into the bottom of the cylinder
head optimize cooling of the combustion chamber by
directing the flow of coolant.

11B-2

(2) Valve mechanism

Rocker Rocker shaft
bracket

Rocker shaft

Tappet

Exhaust valve

Outer valve spring

Inner vaive spring
Valve stem sesl

Valve guide

BO345C

Gil passage Rockar

B5007A

The valve mechanism is of an overhead-vaive (OHV)
type and is constructed as shown in the diagram.

{a) Valve stem seals are fitted to the inlet and exhaust
valve stems 1o control the amount of lubricant
flowing onto the sliding surfaces of the valves and
vaive guides.

{b) The inlet and exhaust valve springs are unevenly
pitched. There are inner and outer springs, and
these are wound in opposite directions.

{c) The rocker and rocker shaft are supported by the
rocker shaft bracket. The rocker shaft is a holiow
cylinder sealed with an expansion plug at each
end. The inside ofthe shaft forms an engine oil pas-
sage. '

{d} A steel ball is welded to the bottom end of each
push rod, and a spherical concave piece is welded
to the top end.
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{e) The tappets are cylindrical. To help prevent local-
ized wear, the areas that make contact with the
camshaft are large-diameter spherical surfaces. If
the side cover is removed, the tappets can be re-
moved and reinstalled easily without removing the
camshaft,

(f) The camshaftis held by camshaft bushings which,
inturn, are located in the “V” of the crankcase. The
camshaft actuates the valves in both the left bank
and right bank. The cam profiles are specially
curved to achieve smaoth acceleration.

{3} Crankcase and cylinder liner

Camshaft bushing

B4205B

{a) Five camshaft bushings are inserted in the cam-
shaft journal sections (i.e., bearing sections} of the
crankcase. To facilitate removal and reinstaliation
of the camshaft from the rear end of the case, the
diameter of each bushing is smaller toward the
front.

{b} Cylinder liner

Size ciassification

Crankcase mark (A, B, Q)

O-ring
Rubber packing
Water throttling
Cylinder liner sheif

BO346A

The cylinder liner is fitted into the crankcase and held
by it at the top and bottom. At the bottom of the cylin-
der liner, O-rings and rubber packing are provided to

seal off oil and coolant. They also minimize the clear-
ance between the cylinder and crankcase, thus pre-
venting cavitation which would otherwise be caused
by vibration of the wall surface. The rubber is particu-
farly effective in preventing the ingress of coolant
through the cylinder liner’s fitting points. If coolant en-
tered, it would cause pitting of the crankcase.

(4} Piston and piston rings

“UP" mark and arrow

Size mark ¥
(A B,C} o Part number
Piston ring
D insert

B0313C

(a) The piston is an aluminum alloy casting, and its
crown is shaped to form a combustion chamber. A
piston ring insert is cast into the 1st piston ring
groove to improve durability.

To ensure the best possible fit between the piston
and cylinder liner, a size mark is stamped on the
piston head. An “UP” mark and arrow are also
stamped to indicate the piston instailation direc-
tion.

The piston pin is fully floating and heid in position
with a snap ring at each end.

{b} Piston rings

ist compressicn ring

Barre! face full
keystone type
2nd compression ring

Taper face inner
cut type

3rd compression ring
Taper face
undercut type
Qii ring

Dual type with
coil expander

<BDCY, 5-T>

E <BDCY-TL, §-TC>

Three compression rings and one oil ring are fitted to
each piston. They are shaped as showninthe diagram.
11B-3

B4261C
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{5} Connecting rod and connecting rod bearings

{8) Crankshaft and main bearings

Connecting
rod bushing

Left/right side
identification

{pper
connecting
rod bearing

rod cap

Lower connecting
rod bearing

Qil hole

Bo3s2C

The connecting rod is a highly rigid I-section forging. A
bushing is pressed into the smali end, and a split-type
plain bearing is used at the big end. Since it is a spiit-
type bearing, the connecting rod bearing has an upper
haif and lower half. The upper half has an oil hole.
This oil hole is in line with the oil passage inside the
connecting rod. Engineg oil for lubrication of the small
end bushing is supplied via the hole.

The connecting rod and connecting rod cap are held to-
gether by two connecting rod bolts.

11B-4

Front balance
weight

Balance weight

B4206B

{a) The crankshaft is a highiy rigid forging.
Between each journal and pin is an oil hole via
which oil passes to lubricate the journal and pin.
To keep the crankshaft well balanced during opera-
tion, it has six balance weights on its webs plus a
front balance weight at the front,

Flywheel housing Q-ring

Crankshaft gear

Crankshaft Rear oil seal

/ Retainer

Rear oil seal slinger

B0351A

{b} The crankshaft gear that drives the timing gears is
fitted on the rear of the crankshaft, Also, a rear oil
seal on the rear of the crankshaft prevents oil leaks.
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Balance weight

Front cil seal L
Crankshaft
putiey i
o
Front cover

Front balance weight
B18B1C

Torsional damper

{c} The crankshaft pulley is mounted on the front of
the crankshaft. In certain 8DC engines, a torsional
damper is mounted on the crankshaft puliey to ab-
sorb the crankshaft’s torsional vibration.

An oil seal is fitted to the front cover to prevent oil
leaks.

Main bearing, Main bearing,
upper lower Thru

BO352A

{d) Main bearings

The main bearings are split-type plain bearings with
upper and lower haives. The inside surface of each up-
per half has an oi! groove plus an oil hole that lines up
with the oil hole of the crankcase.

The rearmost bearing cap is fitted with a split-type
thrust plate to support the thrust of the crankshaft.

Main bearing cap bolt

Main bearing cap side bokt B0347A

The main bearing is secured to the crankcase with side
bolts.

{7) Timing gears

Injection pump gear
=63

Z=39 B0383K

The timing gears are located in the flywheel housing at
the rear of the engine. The geartrain is as shown in the
diagram.

The timing gears are helical, and each is stamped with
a timing mark. The timing marks ensure that the gears
mesh correctly when reassembled.

11B-5
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Bushing
/ tdier shaft

Collar

=

5%
Le A daD
B ey

Qit hole

Fiywheel

housing Idler gear A

Idier gear B

Crankshaft gear po3gap

The crankshaft gear is pressed onto the crankshaft and
held in place with dowel pins. The crankshaft gear
drives the other gears.

The idler gears turn on the idler shaft which is sup-
ported at one end by the crankcase at the other end by
the flywheel housing by means of the idler shaft bolt.
The idler gears A, B have bushings press-fitted in their
center holes and turn on the idier shaft.

The bushings are lubricated by oil that flows through
the inside of the idler shaft from the crankcase oil hole.

11B-6

{8) Flywheel!

Cylinder No.

Valve timing

check mark Flywhee!

Ring gear

08879

The flywhee! has a pilot bearing at its center as a sup-
port for the clutch shaft. The outer ring gear that
rmeshes with the starter pinion is shrink-fitted on the
flywheel,

The ring gear teeth are chamfered on one side to en-
sure that the starter pinion engages easily.

Cylinder numbers, an angle scale, and valve timing
marks {check marks) are stamped on the outside edge
of the flywheel.
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2. SPECIFICATIONS

tem

Specification

Engine modet

8DCY

8DCe-T

8DCs-TL, 9-TC

Type

V8 {90°) water-cooled, 4-cycle
diesel

VB (90°) water-cooled, 4-cycie
diesel

V8 (90°) water-cooled, 4-cycle
diesel

Combustion chamber type

Direct injection

Direct injection

Direct injection

Valve mechanism

Overhead valve

Overhead valve

Overhead vaive

Cylinder bore x stroke mm 135 x 140 135 x 140 135 x 140
Tota! dispiacement cm? 16031 16031 16831
Compression ratio 17 16 155

Fuel injection sequence

122732455368

1522734568

1325723455658

Cyiinder liner type

Wet

Wet

Wet

Piston type

Trunk-type slipper skirt

Trunk-type slipper skirt

Trunk-type slipper skirt

No. of piston rings

Compression ring: 3, Gii ring: 1

Compression ring: 3, Qil ring: 1

Compression ring: 3, Qi ring: 1

11B-7
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3. SERVICE STANDARDS
3.1 Service Standards Table

Unit: mm
Maintenance item Nominal value Limit Remedy and remarks
{Basic diameter in[ I}
Compression pressure {at 200 rpm) 2.75 MPa 1.96 MPa Adjust until difference be-
{28 kgficm?} {20 kgfiemn?} tween cylinders is 380 kPa
{4 kgficm?} or less
Rocker-to-rocker shaft clearance 128} 0.03100.08 0.2 Replace bushing.
Clearance in engine not to
exceed 0.08.
Outer valve Free length 89.38 85 Replace
spring
Installed load N {kgf} (installed length: 470 {48.0} 400 {(41.03
58.35)
Inner vaive free length 65.04 62 Replace
spring -
installed load N lkgf} (installed iength; 190 {19.5} 160 {16.6}
50.35)
Squareness - 2.5
Tappet-to-crankcase tappet hole clearance [35]0.06 10 0.10 0.2 Replace
Runout of push rod - 0.5 Replace
Cylinder head bottom surface distortion 0.07 or less 0.2 Correct or replace
Cylinder head height {from top to bottom surface) 1149 to 115.1 114.6 Replace
Valve stem Inlet valve 119510 11.96 11.8% Replace
cutside di-
ameter Exhaust valve 1191101193
Valve guide- | inlet valve [12}10.05 to 0.09 0.2 Replace vaive guide
to-vaive
S emance | Exhaustvalve (1210.09t0 0.12
Valve margin | Inlet valve 2.2 1.7 Reface or replace
Exhaust valve 2.5 2.0
Valve seat angle 45° -
Valve sin- {niet valve 0.2510 0.75 1.0 Replace valve seat insert
kage from {- shows projection}
cylinder
head bottom | Exhaust valve -0.05 10 0.45 0.7
surface
Valve seat in- | Inlet vaive 2.69 10 2.97 35 Correct or replace
sert seat
width Exhaust vaive
Em'i(:l';g gear Between crankshaft gear and idler gear 0.08100.20 0.4 Inspect
acklas
Between idler gear and camshaft gear 0.07 10 0.18
Between injection pump gear and cam- 0.081t00.20

shaft gear

118-8



ENGINE <8DC> — SERVICE STANDARDS

Unitt mm
Maintenance item Nominal value Limit Remedy and remarks
) {Basic diameter in{ ]}
|dler gear end play 0.05t0 0,15 0.4 Replace thrust plate
Camshaft gear end play 0.17t0 0.2 0.4
Flywheel Friction surface distortion 0.1 or less 0.2 Correct or repiace
Depth from clutch cover mounting sur- 48 49.5 Replace
face to friction surface
Friction surface runout (when fitted) - 0.2 Correct or replace
Clearance between idier gear and idier shaft {40} 0.03 10 0.08 0.2 Replace bushing
Cam profile {difference between lobe ! inlet 8.86 8.36 Replace | Lobe height:
height and base circie diameter) 56.138
Base circie diame-
ter: 47.282
Exhaust 8.78 8.36 Replace | Lobe height:
58.017
Base circle diame-
ter: 47.239
Camshaft journal-to-camshaft bushing No.1 [65.25] 0.07 t0 0.10 0.25 Replace bushing
clearance
- Na.2 [66.2510.07 to 0.10
No.3 £65.501 0.07 t0 6.10
No.4 {65.7510.07 t0 0.10
No.b [66.00] 007 10 0.10
Camshaft bend 0.05 or less 0.08 Replace
Interference between camshaft and camshaft gear 140] 0.02 10 0.05 - Reassembly must be limited
to three times
Flywheel housing eccentricity - 4.2 Correct
Connecting rod end play 041008 1.0 Replace
Projection of piston from top surface of 8DCs 075t0 1.25 - inspect
crankcase
8DCS-T, 0.65t0 1.16 -
8-TL, 9-TC
Crankshaft end play 0.1510 0.29 0.4 Replace thrust plate
Crankcase top surface distortion (.07 or less G.2 Correct or replace
Cylinder liner Bore 135 to 135.04 135.25 Replace or regrind to an
oversize
Flange projec- 0.081t0 0.1/ -
tion
Cylindricity 0.02 or iess -
Ciearance between piston and cylinder | 8DC8 [13510.163 10 0.188 - Correct or replace cylinder,
liner or replace piston
aDCs-T {1351 0.193t0 0.218 -
8DCS-TL, 9-TC {1351 0.183 10 0.202 -
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Unit: mm
Maintenance item Nominal value Limit Remedy and remarks
(Basic diameterin [ })
Clearance 1st compression ring 0.02t00.1C 0.25 Repiace pisten ring or piston
between pis-
ton ring 2nd compression ring 8DCo 0.05 10 0.08 0.25
grooves and
piston rings 80CS-T, 0.07100.10
8-TL, 8-7C
3rd compression ring aDCe 0.05t0 0.08 .15
aDCs-T, 0.07t00.10
9-TL, 9-TC
Qil ring 0.03to 0.06 .15
Piston ring end gap 1st ring, Qil 0.4100.6 1.5 Replace
ring, 3rd ring
2nd ring 0.4100.55
Clearance between piston pin and piston pin hole [50] 0.01 t0 0.02 o1 Replace piston or piston pin
Clearance between piston pin and connecting rod small [50] 0.01 t0 0.05 0.1 Replace bushing
end bushing
Connecting rod bend and torsion - 0.05 or less Correct or replace

Connecting rod bearing span when free

Less than 956.5

Replace

Connecting rod bearing-to-crankshaft pin clearance {901 0.65t0 0.11 0.25 Replace bearing
Main bearing-to-crankshaft journal clearance {1001 0.06 10 0.12 0.25 Replace bearing
Main bearing span when free - {ess than 106.5 | Replace
Crankshaft pin and journal Roundness 0.01 or less 0.08 Grind to undersize
Cylindricity 0.006 or less -
Crankshaft bend Q.03 or less 0.1 Correct or replace
Vaive clearance {when coid) Inlet 0.4 - Adjust
Exhaust 0.6 -
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3.2 Tightening Torque Table

{ ocation tightened Screw size Tightening torgue Remarks
0. D. x pitch N-mr {kgf-m}
mm
Cyiinder head beolt M14x 2 175 {18} Wet
M16x 2 285 {28} Wet

Rocker shaft bracket mounting bolt M12x 1.75 49 {5}

Crankcase side cover bolt M10x 1.5 2.9{0.3}

Rocker cover boit M8 x1.25 3.9{0.4}

Rocker adjusting screw jock nut M10x 1.25 59 {6}

Fiywhee! mounting bolt M16x 1.5 315 {32} Wet

Idier shaft bolt M16x 2 155 {186}

tdier shaft nat MiEx15 98 {10}

Flywhee! housing bolt Mi12x1.75 69 {7}

Connecting rod cap bolt M16x 1.5 225 {23} Wet

Main bearing cap bolt M18 x 2.5 - Wet. See item {6} in

. section 5.4.3 for
tightening method.

Main bearing cap side bolt M14x2 175 {18} Wet

Crankshaft putiey bolt Midx 15 175 {18}

Front cover bolt : M10x 1.5 29 {3}

Balance weight mounting bolt M16x 1.5 - Wet. See item {18)
in section 5.4.2 for
tightening method.

Torsional damper mounting bolt M12x1.75 98 {10}
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4. SPECIAL TOOLS

Unit: mm

Unrit: mm

Tool name

Fool name

Shape

Compression Pressure Gauge
Adapter
MHOB1461

Measuring compression pres-
sure

Center
distance 46

t9

01842

Vaive Lapper
30081-07500

Valve lapping

Socket Wrench
MEDB7973

Removing and installing con-
necting rad cap, fiywheel, and
cylinder head bolts

Width across flats 22

e

§r—)

B5OB1A

Valve Lifter
MH061668

Removing and installing vaive
cotters

Valve Lifter Stud

MH061678

Remaving and installing vaive
cotters

Valve Lifter

Valve Lifter
Seat

Cautking Tool Body
MH061360

Installing and caulking vaive
seat inserts

Caulking Ring {nlet}
MHO061680

Installing and caulking valve
seat inserts

Caulking Ring {Exhausi)
MH081681

Installing and caulking valve
seat inserts

Caulking Tool Body
Caulking Ring

Far inlet: ¢63
Far exhaust: $57

B5202A

Nozzie Tube Remover
MH061232

Removing nozzie tubes

Rocker Bushing Puller
MHDE1236

Replacing rocker bhushings

10593

Nozzle Tube Installer Flange
MHO061416

Nozzle tube instaiiation

Nozzle Tube Stamp
MH061229

Nozzle tube instaliation

Nozzle Tube instailer Boit
MH081231

Nozzle tube installation

Nozzle Tube

Instailer Bol D
LT

P

=
fﬁ‘ .'
==
.‘ Center-to-

Nozzle Tube
Instatler
Flange

canter: 46

Valve Guide Puller
30091-68100

Replacing valve guides

B5111A

BS181A
Valve Stem Seal installer
ME067431
Valve stem seal installation $12
st
d24
B5191A
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Unit: mm Unit: mm
Tooi name Tool name Shape

Socket Wrench Piston Ring Too!

MH0B3365 31191-02900 Far 102 to $378

Attaching main bearing caps Removing and fitting piston
rings
Socket Wrench Width across flats
31191-13500 24

Removing and installing main
13204 bearing cap bolts

Gear Puller
MHO61061

Removing gears BBOG1A

Cylinder Liner Extractor
MHO61490

Plate
MHOB1494
{MH061490 component part)

Removing cylinder liners

A Ty

Maximum pulling outside
dia. 200 BS071A

idler Gear Bushing Puller
MH061228

Replacing idler gear bushings

Camshaft Bushing Extractor

Bar
MHO62118 i .
Removing camshaft bushings )

Nos. 1t0 4

03532 ( 1240

Qil Seal Slinger Installer ¢80

MHOE1652

: . : B486TA
Installing rear oif seal slinger

Camshaft Bushing Extractor
Guide
MH062119

Removing camshaft bushings
Nos. Tto &
$123

B5161B
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B4870A

Unit: mm Unit: mm
Tool name Shape Tool narme : Shape
Camshaft Bushing Extractor Camshaft Bushing Instalier ;
- Adapter Adapter
MH062121 MH062314
MH0562122 MH062315
MH062123 MH062137
Removing camshaft bushings installing camshaft bushings
Nos. 1to 4 Nos. 2to 4 \\ b
AN
Part No. & A & B | Applicable
bushing Patho. | @A | ¢8 | &C | Apelicabls |
MHO6212Y | 70 65.25 | No.1,2 e
MH062314 | 715 6525 § 27 No .z
MH062122 | 70.25 | 655 | Noad MHO6ZNS | 7175 | 655 | 43 | No3
MHO62123) 70.75 | 657 | Nod MHOB21IT | T2 16575 | 59 | Nod
B4BBYA B4873A
Camshaft Bushing Extractor Camshaft Bushing Installer
MH062124 Nut
Removing camshaft bushing MH062130
No. 5 installing camshaft bushings
Nos. 2t0 4 @
M24x 15
B4874A

Camshaft Bushing Installer

ar
MH062312

Instatling camshaft bushings
Nos. 210 4

M24x15

B4871B

Camshaft Bushing Installer
Guide

MH082311

Installing camshaft bushings
Nos. 2to 4

B4B72A

Camshaft Bushing Installer
MH062313
MHE62316

Installing camshaft bushings
Nos.1and5

Part No. b A B Applicable
bushing
MHOB823131 71.25 65.25 | No.l
MH062316; 72.25 56 No.5
B48758

Cylinder Liner installer
MHO0617539

installing cylinder liners

B5141A
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Unit: mm Unit: mm

Tool name Shape Tool name ; Shape

Connecting Rod Bushing Pull- Piston Guide Clamp
er Kit MHOG1667 Piston Guide Clamp
MH081370 tnstalling pistons
Replacing connecting rod ) )
bushings Piston Guide Lever
MHO61658

instalfing pistons

BE151A

: Piston Guide Lever
Qil Seal Slinger Installer 851718
MH061818

instaling front oil seal slinger

Thickness Gauge
MHO0B1355

Measuring valve clearances

BOSE5A B5011A
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5. SERVICE PROCEDURES
5.1 Measuring Compression Pressure

Compression pressure should be measured prior to
disassembly of the engine. Take measurements regu-
iarly and keep track of changes. During the engine's
run-in period or after parts have been replaced, the
compression pressure will increase slightly as the pis-
ton rings and valve seats fit snugly in position. The
pressure will then come down as parts wear,

Measurement Procedure

Sq?

'8 >\

)

yi

B55548

{1} Warm up the engine untif the coclant temperature
reaches 75 to 85°C, then turn off the engine.

B5552A

{2} Remove ail injection nozzies from the cylinder
head.

NOTE:
Cover the mounting holes and injectien pipes to pre-
vent the entry of dust and dirt.

118-16

NV .. Nominal Value
L..... Limit

Compression
gauge

Compression pressure
{at 200 rpm)}
NV 2.75 MPa {28 kgf/em?}
L 1.96 MPa {20 kgf/lcm?
Difference between cylinders
390 kPa {4 kgflcm?} maxi-
mum

Pressure Gauge Adapter

MH061461 BESEBA

{3} Mount the Compression Pressure Gauge Adapter
{special tool} onto an injection nozzie hole together
with a gasket. Connect the compression pressure
gauge.

(4} To prevent fuel from being pumped into the cylin-
der by the injection pump, pull the injection
pump’s stop lever fully in the “stop” direction.

{b} Turn the engine over with the starter and measure
the compression pressure at 200 rpm.

NOTE:

1. Be sure to measure the engine speed whiie taking
compression pressure measurements since
changes in engine speed cause changes in com-
pressich pressure.

2. Since wear and other factors vary from cne cylin-

der to ancther, measure the compression pressure
in every cylinder.
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5.2 Cylinder Head and Valve Mechanism
5.2.1 Disassembly

Cracks, damage

Clogging oil hole,

contact surface worn,

thread damaged 7
~,

o
Ridge wear 5\ﬂ 08 <
15 AR

Wi
Ridge wear 19‘>‘g W 14 VY80 wear
ear ol

Wear, damage Water leaks,
12 oil leaks,

/ gas leaks

25

Disassembly sequence

1 Rocker cover 10 Rocker shaft spring 19
2 Rocker case 11 Rocker shaft 20
@ Cylinder head bolt 12 Push rod 21
@ Rocker shaft bracket bolt 13 Valve cap 22
5 Snap ring Valve cotter *223
6 Washer 15 Upper retainer 24
7 Rocker 16 Outer valve spring 25
8 Setscrew 17 Inner valve spring 26
9 Rocker shaft bracket *118 Valve stem seal

For parts with an encircled number, refer to Disassembly Procedure that follows.
Parts marked with *1 should not be reused, but replaced. ’
It must be replaced when the valve only is removed.

Parts marked with *2 should not be removed unless defects are gvidant.

Carbon deposits, cracks,

Cracks 7™ 16 \6 g 1 10 24 scele deposits, damage
17 Cracked contact
Damage 18 % 13 surface, ridg: S~ &
e

Water leaks,
22 gas leaks

} Carbon deposits, burns,
1t eracks, damage, ridge wear

26 Wear, damage

Lower retainer

Inlet valve

Exhaust valve

Nozzle tube

Water director
Cylinder head
Crankcase side cover
Tappet

C15298

11B-17



ENGINE <8DC> - SERVICE PROCEDURES

Disassembly Procedure

{3) Removing vaive cotters

Rocker shaft bracket
mounting hoit

Adjusting screw /

C15358

Vaive Lifter
MHG61668

Vaive Lifter Stud
MHO61678

Valve cotter

B5281C

{1) Before removing the bolts, loosen the adjusting
screw on every rocker that is being pushed up by
its push rod.

{2) Removing cylinder head assembly

To remove the valve cotters, use the Valve Lifter and
Valve Lifter Stud {special tools} to evenly compress
each spring.

{4) Removing nozzie tubes

Socket Wrench
MEOD67973

C1530A

Q‘; ) Nozzie Tuhe Remover
MH061232

Nozzie tube

C15827A

Loosen the cylinder head bolts in the opposite order to
their tightening seguence, beginning with the Mi4
bolts. Use Socket Wrench (special tool) 1o remove the
M186 cvlinder head bolts and rocker bracket bolts.

MNOTE:

1. Remove the injection nozzies before taking off the
cylinder head (refer to Group 13, Fuel and Engine
Control). ¥ the cylinder head is placed on a work
surface with the nozzies still mounted, the ends of
the nozzles projecting from the bottom of the cyi-
inder head will be damaged.

2. When removing the cylinder head gasket, take
care not to scratch or dent the cylinder head and
crankcase gasket surfaces.

11B-18

NOTE: .
Whenever a nozzie tube is removed, it must be re-
placed with a new one.
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11B’

5.2.2 Inspection

item NV | L
Free length Quter valve spring 89.38 85
inner valve spring 65.04 62

Installed load/length

Quter valve spring

470 N {48.0 kgf}l/58.35

400 N {41.0 kgf}/58.36

inner valve spring

190 N {19.5 kgf}/50.35

160 N {16.6 kgf}/50.35

Inner valve

SPring sGuUareness

2.5

ltem NV L
Valve seat insert seat width | Inlet vaive 2.69t0 2.97 35
Exhaust vaive
Cylinder head bottom surface distortion 0.07 or less 0.2
Cylinder head height (from top to bottom | 114.9to0 115.1 114.6
surface}

: Runout

L 05

E
i

ﬁappet’to-crankcase
{ tappet hole clearance
BD 35

NV 0.06 to 0.10
L 0.2

BD .. Basic Diameter
NV .. Nominal Value
L..... Limit

shaft clearance
BD 28 i
NV 0.03100.08
L 02

Rocker-to-rocker I

itern BD NV L
Valve stem 0.D. inlet valve - 11.9510 11.96 11.85
Exhaust valve - 11.911t0 11.83
Vaive guide-to-valve stem fnlet valve 12 (.05 to 0.08 0.2
clearance
Exhaust valve 12 0.09tc 0.12
Valve sinkage from cyiinder Inlet valve - 0.26t0 0.75 1.0
head bottom surface
: Exhaust vaive - —0.05 t0 0.45 0.7
Valve margin inlet valve - 2.2 1.7
Exhaust valve - 25 2.0
Valve seat angie - 45° -

C1528E
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Inspection Procedure

{1) Rocker bushing-to-rocker shaft clearance

Measuring
position

Measuring

C2734A

position

If the clearance exceeds the prescribed limit, replace
the rocker bushing.

{2) Replacing rocker bushing

To remove To install

Rocker Bushing
Puller MH061236

N\

Bushing notch

' d Clinch
Bus?'tmg oil hole Tssde (| Rocker chamfer
Bushing Rocker oil Rocker

oil hole
@ ] O

C2753B8

To install a bushing, proceed as follows:

Face the chamfered side of the rocker up and position
the notch in the bushing on the same side as the oil pas-
sage in the rocker. Using the Rocker Bushing Puiler
(special tool), press-fit the bushing into the rocker,
making sure that bushing oil hole, rocker oil hole, and
rocker oil passage are aligned correctly.

11B-20

{3} Valve spring inspection

Squareness
{inner spring only}

Free length

08815

Measure the free length and instalied load of each
spring and replace the spring if these are below the
specified limits. With inner springs, check also for
squareness.

{4) Tappet-to-crankcase tappet hole clearance

<Tappet O.D. mesurement> Measuring position

<Crankcase tappet hole diameter> C2745A

Measuring position)

C2746B

If the clearance exceeds the specified limit, replace the
tappet.
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{5} Push rod runout (7} Valve stem outside diameter

Measuring position

ey

N PN
= 7 B
/ U
01948 01965
Check for runout and replace the push rod if the read- Replace the valve if its outside diameter is below the
ing on the dial indicator exceeds the specified limit. specified diameter or if it is severely worn.
(6} Distortion of cylinder head bottom surface (8) Valve stem-to-valve guide clearance

Measuring position
i~

&

P O=

C2739A c2748C

If distortion exceeds the specified limit, correctit using Insert the valve into the valve guide and measure the
play at the specified distance from the valve guide’stop

{as illustrated). If the measured amount exceeds the
specified fimit, replace the valve guide,

a surface grinder.

NOTE:
Replace the cylinder head if grinding causes the height
from its top surface to bottom surface to fall below the

specified nominal value.
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{9) Valve guide replacement

Valve Guide Puller e

-~ 306091-08100 i
Valve guide\ 1

Seat the cotliar of
valvg guide securely
on cylinder head.

Replacement Press fit

C3113A

To install a2 valve guide, insert it with the Valve Guide
Puller (special tool) until its collar sits securely on the
cylinder head.

{10)Contact between valve and valve seat insert

Minium

Valve Lapper
30091-07500

L ST J==
B2024C

{a) Apply an even coat of minium to the vaive seatin-
sert surface that comes into contact with the valve.

(b} Using the Valve Lapper {special tool}, hit the vaive
against the valve seat insert once.

NOTE:

1. Do not turn the valve when hitting it against the
valve seat insert. '

2. The contact pattern should be checked whenever
a valve guide is inspected or replaced.

11B-22

Good Bad Bad

C2707A

If the minion indicates a poor contact pattern, rectify it
as follows:

Minor defect: Lapping

Serious defect: Rectify valve and valve seat

{11)Valve face rectification

Valve seat
angle

Valve margin
| o

Valve

C2708A

C27108B

With a valve refacer, grind the valve face to achieve the
specified valve seat angle.

NOTE:

1. Keep grinding to a minimum.

2. Hthevalve marginisbelow the prescribed jeve! af-
ter grinding, replace the valve,

3. After grinding, be sure to lap the vaive and valve
seat insert. See item (14) for details.
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{12}Valve seat insert rectification

C3118A
Vaive Valve
sinkage | O in f Valve seat angle
k .
Seat width
Valve seat insert
| Valve C2710A

{a) With avalve seat cutter, cutthe insertto achieve the
specified valve seat angle and seat width. Use a 15°
or 75° cutter first, followed by a 45° cutter.

NOTE:

1. Keep cutting to 2 minimum.

2. lithe valve sinkage exceeds the prescribed limit af-
ter cutting, replace the valve seat insert.

{b} After cuttihg, put some sandpaper of around #400
between the cutter and valve seat insert and grind
the valve seat insert lightly.

NOTE:
After rectification, be sure to lap the valve and valve
seat insert. Refer to item (14} for details.

{13)Replacing valve seat insert

Valve seat inserts are installed by expansion fitting and
should therefore be replaced as follows:

01973

{a) Grind the inside surface of the vaive seat insert to
reduce its thickness, and remove the valve seat in-
sert at room temperature,

i

Cylinder head 1.D. Cylinder head 1.D.
{exhaust} (intet}

.03
55 * 203 61% 8

Driving in

Caulking

C3119A

Caulking

Tooi Body
MH081360
Caulking Ring
Inlet
MH061680
Exhaust
MH{E1681

C3120A

(b} Check that there is sufficient interference between
the cylinder head and valve seat insert.

(c} Cool the valve seat insert in liquid nitrogen and
heat the cylinder head.
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{d) Install the valve seat insert using the Caulking Teol
Body and Caulking Ring {special tools}, and caulk
the periphery of the valve seat insert,

NOTE:

When installing the vailve seat insert, ensure that the
chamfered side of the Caulking Ring faces the valve
seat insert.

(e} Reface the valve seat insert to achieve the pre-
scribed seat width and valve sinkage. Ses item (12)
for details.

(14)Lapping valves and valve seat inserts

Contact between the valve and valve seat insert must
be even over the entire contact area. The valve and
valve seat insert must be lapped whenever the valve or
valve seat insert has been rectified or replaced.

Vaive

Valve stem

Compound

01870

{a) Applyathin, even coat of lapping compound to the
seating surface of the vaive.

NOTE:
1. Ensure that no compound adheres to the valve
stem.

2. Startwith intermediate size compound {120 to 150
mesh}, and finish with fine compound {200 mesh
or more).

3. The addition of a small amount of engine oil makes
lapping compound easier to apply.

11B-24

Valve Lapper
30091-67500

C3122B

(b} Using the Valve Lapper {special tool), lightly sirike
the valve againstthe valve seatinsert while turning
it little by little.

{c} Wash away the compound with gas oil or a similar
fluid.

{d} Apply engine oil {0 the contact surfaces and rub it
in.

(e} Check that the vaive is properly seated. Refer to
item (10) for details.



ENGINE <8DC> — SERVICE PROCEDURES

5.2.3 Reassembiy

59 N.m {6 kgf.m}
3.9 Nm 49 N.m {5 kgf-m}
0.4 kgfm} | 7 4 11

9

lLocating pin

13

14

15
18
19

Leak test {water passage):
Apply 145 kPa {1.5 kg¥lerm?}
air pressure. Leak should be
22 | less than 10 cm3/min.

Apply sealant to nozzie tube
{THREEBOND 1211 or equivalent). |

24

Cylinder head gasket

Face coated side of engine
mode] identification mark
toward cylinder head.

23
{29 kgf-m} Ensure water director notch
{wet) is correctly aligned.
% ¢ 3 10

3

M14: 175 N-m {18 kgf-m} (wet}
M16: 285 N.m {29 kgi-m} (wet

16
tnstall with closely wound portion
of spring at bottom. 17

Assembly sequence

BB B 215201950 -517516—

155513 12— 45321

26—)25J T

i
1 1——)‘E(Jw)@—:r8—)@—46—»5*j

For parts with an encircled number, refer to Reassembly Procedure that follows.
B18348
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Reassembly Procedure

{1 Water director instaliation

) AO\,"" Water /O O\>/’ Water r's s
Water hole  ofe . A V}\}ater hole \,A B
direction direction hole direction direction ",,’.'h-'

o { ¥
() i Wat
Water_@ _ @ hoateer
direction / direction
A N

O: — 0.0

(oW 1o

[&7el]!

Crive in water direction
1 mm from cylinder
head bottom surface Cl I
Portion B Portion C
{4 places} {4 places}
C15118

Push the water directors into the cylinder head so that
they point in the directions shown in the diagram and
are sunk 1 mm below the cylinder head's bottom sur-
face.

{2) Nozzle tube installation

Nozzle Tube
Instaiier Bolt
MH0B61231

Nozzle Tube 15 to 20 Nern
Flange
MHO61416 {1.5 to 2 kgf-m}

Nozzle Tube
Stamp
MH061229

O-ring
Nozzie tube

MBx1.25

§ Apply engine oil. f

Apply seaiant
(THREEBOND 1211
or equivalent).

09178

(a} Apply sealant to the nozzle tube and insert it into
the cylinder head.

{b}) Using the Nozzle Tube Installer Flange (special
tool), press the nozzle tube against the cylinder.

11B-26

{c} Apply engine oil to the Nozzle Tube Stamp {special
tool) and insert it into the nozzie tube.

(d) Screw in the Nozzle Tube Instalier Bolt (special
toot) until the Nozzie Tube Stamp can be pulied out
of the bottom of the cylinder head.

{e} Afterinstalling the nozzle tube, carry out a leak test
to verify water-tightness.

{3} Valve stem seal instaliation

Valve

Valve Stem
Seal Instailer
MEQS7421

Valve stem seal

Cylinder head

08178

To install a valve stem seal, first apply engine oii to the
lip. Then, push in the vaive stem seal using the Valve
Stem Seal installer (special tool), striking the tool until
it touches the cylinder head.

NOTE:

1. When installing a valve, apply a small amount of
engine oil to its stem.

2. After installing a valve stem seal, check that the
valve stem seal's spring has not been deformed or
damaged.
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{4) Valve cotter installation

{6} Mounting cylinder head

Vaive Lifter
MHQ61668

Valve Lifter Stud
MHGB1678

B5281C

identification mark

Cylinder coatad

head

Cylinder head
gasket

T Knock pin

CB6338

install the valve cotter while evenly depressing the
spring with the Valve Lifter and Valve Lifter Stud {(spe-
cial toois).

NOTE:
Valve springs must be instalied with their tightly
wound portions toward the cylinder head.

(5} Rocker and rocker shaft installation

Adjusting screw

Rocker shaft bracket

Qil hole

(@ 5)
Set screw

hole {¢ 8)

View A
Rocker shaft

Set screw

Rocker

C8616B

{a) Install the rocker such that the adjusting screws
lean toward the rocker shaft bracket.

{b) Align the rocker shaft oil holes at the front and rear
shaft bracket ends, then lock the rocker shaft into
position with the set screw (front only}.

When mounting the cylinder head, align it with the
dowel pins in the crankcase.

Fit the cylinder head gasket such that the side with the
identification mark is facing upward.

{7} Tightening cylinder head bolts

Bolts marked with * also tighten rocker brackets,
110 18 Boit tM18) 2858 N-m {29 kgf-m} (wet)
19 to 23 Bolt {M14) 175 Nem {18 kgf-m} (wet)

® @ 0 @ & @ @
® D]
o,
@\ @/\ 3
C66078B

Socket Wrench
MEQB7973

CB6617A

Tighten the cylinder head bolts in the order shown.
Tighten the bolts little by little pbefore tightenmg them
to the specified torque.

Use the Socket Wrench {special tool) to tighten the M16
bolts to their specified torgue.
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5.3 Flywheel, Timing Gear, and Camshaft
5.3.1 Disassembly

#Timing gear backlash

| Between crankshaft gear and idler gear
NV 0.08t00.20
. 0.4

Between idler gear and camshaft gear
NV 0.07 10 0.18
. 04

Between camshaft gear and injection pump gear
NV 0.0810 0.20
L 04

. . #Camsbhaft end play |
<With electric NV0.11100.2 !

L 04

Cil leaks
13
Wear, . |
damage %
15 Wear

<With mechanical
tachometer

Streaks, ridge wear, cracks,
damaged or abnormaily
worn gear teeth

Oil hole clogging

18 1?

#ldler gear end play
NV 0.0510 0.15

L 04
Oif teaks NV .. Nominal Value
Lo Limit
Disassembly sequence
1 Flywheel mounting 8 Fiywheel housing 10 Cover {models 14 Camshaft gear
bolt *9 Speed sensor with electric speed 15 Thrust plate
*2  Pilot bearing {models with elec- sensor} 16 Idler shaft bolt
@ Flywheel tric speed sensor) *11 Rear oil seal slinger 17 Thrust plate
*@ Ring gear *gA Tachometer drive @ Camshaft assem- 18 Idler gear
® OQil seal retainer {models with me- bly 19 Idler shaft
6 Oil seal chanical tachome- 13 Camshaft *20 Rear plate
@ Collar ter drive)

For parts with an encircled number, refer to Disassembiy Procedure that follows.
Service items marked with # should be checked before disassembly.

Parts marked with * should not be removed unless defects are evident. B1832J
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Disassembly Procedure

{1} Removing flywheel

Threaded hole
for removal
Socket Wrench
MEQE7973
C1914B

To remove the flywheel, screw the mounting bolts into
the removal holes.

{2} Removing ring gear

Ring géar

B2356C

To remove the ring gear, heat it evenly with an acety-
lene torch or the like, then tap around its entire periph-
ery with a hammer and bar,

{3} Removing collar and oil seal retainer

Threaded hole for

RN removal (M4 x $.7}
@}x

Collar

C19158

* To remove the collar, screw M4 x 0.7 bolts into the
threaded removal holes.

s Toremove the oil seal retainer, screw the mounting
boits into the threaded removal holes. Remove the
oil seal retainer with the oil seal attached.

(4) Measuring gear backlash

C1916C

If backlash exceeds the specified limit, inspect the idler
gear bushing and gears, and replace parts as required.

NOTE:

1. Secure the air compressor to the rear plate before
measuring the injection pump gear’s backlash.

2. For any gear pair, measure backlash at more than
three points to determine whether it is acceptable.
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{5} Measuring idler gear and camshaft gear end play

(7} Removing camshaft gear

Camshaft gear

idier gear

C1919C

Camshaft

o/
=T T=

Camshaft gear

N

if end play exceeds the specified limit, replace the
thrust plate.

{6) Removing camshaft

Remove holts through
these holes

Camshaft

C1917C

Loosen the thrust piate mounting bolts via the holesin
the camshaft gear. Remove the camshaft together with
the camshaft gear and thrust plate.

118-30

Remove the camshaft first with a press, and then re-
move the camshaft gear from the shaft.
NOTE:

Never strike the gear with 2 hammer. Always use a
press for removed.
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5.3.2 Inspection

f

Friction surface distortion
NV 0.1 or less
L. 02

|
|

Depth from clutch cover mounting

surface to friction surface
NV 48
i 495

|
§

[ ftem BD NV L
Cam profiie {difference Inlet - 8.86 8.36
between lobe height and
base circle diameter) Exhaust - 8.78 8.36
Camshaft bend - 0.05 or less 0.08
Camshaftjournal-to- | No.1,2 65.25 £.07 10 0.10 0.25
camshaft bushing
clearance No.3 65.50

No.4 65.75
; No.5 66.00

BD .. Basic Diameter
NV .. Nominal Value
Lo Limit

%
i
|

Clearance %

BD 40 |
NV 0.03t0 0.06 |
L 02 ;

C3504A

C38O4E
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Inspection Procedure

{1} Distortion of friction surface

Surface plate

C3606A

Place the flywhee! on a surface plate. To measure dis-
tortion, pass a dial indicator over the flywheel from its
periphery toward its center.

If distortion exceeds the specified limit, grind the fric-
tion surface as necessary.

NOTE:

if the ring gear appears abnormal in any way, replace it
before measuring distortion. For details, refer to item
{2} of section 5.3.1 and item (8) of section 5.3.3.

{2} Rectifying flywheel friction surface

| Clutch cover
= \ /moummg surface

| Friction surface

Dimension B

Surface A L~

C35098

Grind the friction surface so that dimension B (the
height from the clutch cover mounting surface to the
friction surface) is below the prescribed limit. The fric-
tion surface must also be parallel with surface Awith a
tclerance of 0.1 mm. :

Ifdimension B exceeds the prescribed limit, replace the
fiywheel. '

11B-32

(3} Idler gear-to-idler shaft clearance

Measuring position

Measuring position

38078

if the clearance exceeds the prescribed limii, replace
the bushing in the idler gear,

(4} Replacing idier gear bushing

Press Press

1 idler Gear
Bushing Puller 1
MHO061228 g

/Bushing
/idiergear ]

o, =1 f=

Removai

Instaltation C38068A

Install the bushing from the side of the idler gear
whose internal diameter is chamfered. ,
After installation, confirm that the bushing-to-idler
shaftclearance is within the nominal vaiue range. Ifitis
below the acceptable value, ream the bushing.
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{5} Cam profiles

. . Base
Measuring position circle

diameter

Lohe haight

(Ol

C4113C

Measure the lobe heights and base circle diameters,
and replace the camshaft if the difference between
them is below the specified amount.

NOTE:
Since the cams are tapered, they must be measured at
the points shown in the diagram.

(8} Camshaft journal-to-camshaft bushing clearance

41088

If the ciearance exceeds the prescribed limit, replace
the camshaft bushing. Refer to item (7) for details.

{7} Replacing camshaft bushings

{a) Removal
Remove the camshaft bushingsin the following or-
der: No. 4—=>No. 3 No. 2> No. T—No. 5. Remove
them in accordance with the following instruc-
tions.

1} Removing camshaft bushings Nos. 4to 1

1 Camshaft Bushing Extractor

No. 8 camshaft
hushing

No. 4 camshaft bushing
i Crankcase

Camshaft Bushing
Extractor bar MH062118

R W I
e
o g

Camshaft Bushing Extractor

Adaptor MH062123 Guide MH062119

B4853C

Camshaft | Camshaft Bushing
bushing | Extractor Adapter
No.1,2 MHO82121
No.3 MHOB2122
No.4 MH062123

B4360C

a} Mount the Camshaft Bushing Extractor Adapter
and Camshaft Bushing Extractor Guide {(special
tools) on the Camshaft Bushing Extractor Bar {spe-
cial tool). Insert the Bar into the crankcase. When
doing this, mount the Guide onto the No. 5 crank-
case bushing and supportthe Bar while inserting it.

b} Hold the Camshaft Bushing Extractor Adapter
{special tool} against the No. 4 camshaft bushing.
As shown inthe diagram remove the No. 4 bushing
by striking the Extractor Bar with a hammer.
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¢} After removing the No. 4 bushing, remove bush-
ings Nos. 3 to 1 using the appropriate Camshaft
Bushing Extractor Adapter (special toolj for each
one.

2} Removing camshaft bushing No. 5

No.5 camshaft bushing Camshaft Bushing Extractor

{ MH0B2124

B84861C

{b) Instaliation

in accordance with the following instructions, install
camshaft bushings Nos. 2, 3, and 4 simultaneously, fol-
lowed by bushings Nos. 1 and 5, in that order.

1) Simultaneocus installation of bushings Nos. 2, 3,
and 4

MNo. 3 camshaft bushing

—Eocating pin
-

Camshaft Bushing Instalier
Adapter MH0O62315

No. 2 camshaft bushing
focating pin

""'W]:

Camshaft Bushing Installer
Adapter MH062314

No. 4 camshaft bushing
Lfcatlng pin Camshaft Bushing Installer
Bar MiH062312

View A Ol hole

Camshaft Bushing Installer
Adapter MH062317 .
- Clinch
Qil hole

View A 1 h
— kbl 3] WU

s{_ ¢

Clinch {joint}

Scribed ne {on camshaft
bushing installer adapter}

B4862E

11B-34

a}

Mount the Camshaft Bushing Installer Adapters
{special tools} and camshaft bushings Nos. 2 to 4
on the Camshaft Bushing Installer Bar (special
tool}. When doing this, align the scribed lines on
the Camshaft Bushing Instalier Adapter (special
tool) with the clinch joints on the bushings so that
the oil holes will aiso be aligned.

T
Camshaft g’i'%;\
Bushing

installer {Q\ ! ‘/f“\\?'@.\.

A

MHOE2311 jf\‘@ ;
A
RS

Camshaft Bushing
Installer Bar
MH082312

B4863C

b}

Mount the Camshaft Bushing installer Guide (spe-
cial tool} on where the No. 1 camshaft bushingisto
be instailed such thatthe Camshaft Bushing Install-
er Bar {special tool) can be supported by the Guide.
Then, insert the installer Bar into the crankcase.
When doing this, ensure that the arrow on the In-
staller Bar points toward the “V” of the crankcase.

Camshaft Bushing installer
Nut MH062130

- aut i until it

Camshaft Bushing Instalier
Bar MH062312

Thread the installer

touches this surface. B48sAC|

c}

Confirm that the clinch joints on the bushings and
the scribed lines on the Camshaft Bushing installer
Adapters {special tools} are aligned with each oth-
erirefer to item (a) for detaiis]. Screw the Camshaft
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Bushing Instalter Nut {special tool} onto the end of
the Installer Bar, and tighten the Nut to press-fit all
the bushings. Continue turning the Nut until the In-
staller Bar's flange touches the crankcase.

d} Afterinstalling the bushings, remove the Camshaft
Bushing instalier Nut and gently withdraw the In-
staller Bar.

NOTE:
When withdrawing the Installer Bar, take care not to
damage the inside surfaces of the bushings.

2) installing camshaft bushings Nos. 1 and b

Camshaft bushing  No. 1 camshaft
installer MH062313  bushing

{il hol

=~ Qit hole
rrow Strike the installer

\ until these surfaces

come in contact.

Ne. 5 caw 1 Camshaft
bushing i

T

==

—

Strike the installer unti
these surfaces come in contact.

B4B866F

(8} Camshaft bend

C4111A

Measure the extent of bend in the crankshaft. If it ex-
ceeds the specified limit, replace the crankshaft.

NOTE:

Apply a dial indicator to the camshaft and turn the
camshaft through one revolution. One-half of the dial
indicator reading represents the camshaft’s bend.

{9) Camshaft-to-camshaft gear fit

11834

Install the bushings as follows: Align the nick line on
the Camshaft Bushing Installer (special tool) with the
clinch joints on the bushings so that the oil holes will
also be aligned. Face the arrow on the Camshaft Bush-
ing Installer toward the “V" of the crankcase. Strike the
installer until its flange touches the crankcase.

NOTE:

if the amount of interference between the camshaft
and its gear is below the nominal value, replace the
camshaft or camshaft gear whichever appropriate.

Even if the interference is up to specification, reas-
sembiy should be carried out no more than 3 times.
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5.3.3 Reassembly

Backiash
NV0.08100.2 |{

Assembly sequenbe
B->19-+8-17->16— 9—

W

— 37363321

o
®113-+15-14) J J i
9A or 10 ®1@-

For parts with an encircled number, refer to Reassemnbly Procedure that follows.

Section A-A
Camshaft gear end play
NV 0.11t0 0.2 17 Locating pin
L 04 20 . End play
NV 0.06t0 0.15
L 04 155 N-m {16 kaf-m}
12 Locking key 98 N-m {10 kgf-m}
.—1315 7
interference
BD 40 16
NV 0.02 t0 0.05 19
| L May be reassembled 18
up to 3 times.
.—“‘1
318 N.m {32 kgf-m} {Wet)

\2
Apply engine oil or | 115
lithiurm grease to lip

Frictio rfac
Flywheel housing rt?nc:utn surisce
eccentricity L 0.2
I
10 Backlash

?V 0.07100.18

0.4

Backiash
?V 00810 0.2

0.4

8D .. Basic Diameter .
NV .. Nominal Vaiue
L..... Limit

C6201P
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Reassembly Procedure

(1) Mounting rear plate

Locating pin
Gasket

C62038

Mountthe rear plate and gasket, ensuring that they are
aligned with the locating pin on the crankcase.

After the gasket is fitted, its bottom (in front of the oil
pan mounting surface) will protrude. Cut off the pro-
truding part of the gasket after fitting the flywheel
housing.

{2} Installing idler gear

idler shaft

idter gear
Thrust plate

:" ]
Idler shaft bolt p‘% :
155 N-m X i /%
{16 kgf-m} YD de
¥ ¢ ‘.;{ d
Lgcating£

pin

|
| £6204C

install the idler shaft, ensuring that it is aligned with the
locating pin on the crankcase. Then fit the idier gear,
ensuring thatthe “1” alignment marks on the idler gear
and crankshaft gear are aligned with each other. Final-
ly, tighten the idler shaft bolt to the specified torque.

{3) Installing camshaft gear

Camshaft gear

== =
u

Thrust plate

/Camshaft

11798

Press the camshaft gear onto the camshaft with the
side having maks “2” faced toward the side opposite to
the thrust plate side.

NOTE:

1. Use a cylinder to press the camshaft gear at its
central portion. Never press a gear teeth area.

2. The camshaft gear and camshaft may be reas-
sembied at a8 maximum of 3 times.
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{4) Installing camshaft

r

Camshaft

C6206C

Install the camshaft such that the “2” alignment marks
on the camshaft gear and idler gear are aligned with
each other.

NOTE:

When installing the camshaft, take care not to damage
the camshaft bushings.

{5} Check the end play in the camshaft gear and idler
gear. Refer to item (4) of section 5.3.1 for details.

{8} Check each gear's backlash. Refertoitem (3) of sec-
tion 5.3.1 for details.

{7) Installing rear oil slinger

Rear oil seal slinger

Qil Seal Skinger
instatier
MHGE1652

Threaded groove

C55298B

11B-38

Face the threaded groove toward the flywheel. Using
the Qil Seal Slinger Installer {special tool), evenly press
the oil seal slinger untii it is seated tightly in position.

{8} Fitting rear gear

Ring gear

Chamfered

Flywheel

B2357C

Using a piston heater, heat the ring gear to approxi-
mately 100°C for 3 minutes. Fit the ring gear with the
non-chamfered side of its teeth {oward the flywheel.

(9) Fitting fiywhee! housing

<lising preformed gasket>

69 N-m
{7 kgf-m}

Elywheel >’ |

housing

C6207C

Mount the flywheel housing and gasket such that they
are aligned with the locating pin on the crankcase.
After the gasket is fitted, its bottom part {in front of the
oil pan mounting surface) will protrude. Cut off the ex-
cess portion.

Also cut off the protruding portion of the gasket be-
iween the rear plate and crankcase.
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<bsing sealant>

Apply ¢ 2 mm
0@ sealant bead
/ (sealant: THREEBCND

JQD o 1207C or equivaient)

oF
N

B5689A

(a) Apply a bead of sealant as shown in the diagram.
Fit the flywheel housing within 3 minutes of apply-
ing the sealant.

NOTE:

1. Apply a new bead of sealant whenever the fly-
wheel housing mounting bolts have been loos-
ened.

2. Keep the fiywheel's sealing surface free of dirt and
oil.

3. Apply the sealant evenly and without breaks.

4. When fitting the flywheel housing, hold it firmiy in
its correct position to prevent spreading the seai-
ant.

5. After fitting the flywheel housing, wait at least 1
hour before moving the engine.

69 N-m {7 kgf-m}
Flywhesl
housing

{7 kgf-m}

C62070

{b} Fitthe flywheel housing, ensuring thatitis aligned
with the locating pin on the crankcase.

{10)}Checking flywhee! housing eccentricity

Crankshaft

) e

'r:—r//housmg
"
/‘3{/// i & oty

C62088

&)

Tighten the flywheel housing mounting bolts to the
specified torque. Then check for eccentricity at the fly-
whee! housing L.D. {joint section). If eccentricity ex-
ceeds the specified limit, loosen the mounting bolts
and lightly strike the housing to rectify its position.

11B-39



ENGINE «8DC> - SERVICE PROCEDURES

{11)instaliing oil seal {13)Valve timing check

After the engine has been reassembled, the vaive tim-
Al seal ing must be rechecked. A simple valve timing check

method is shown below.
Seat oil seai end on the retainer

\\\\\\\\\\\\\\\\\ positively all around.

— T Qil seal retainer

\

%

h
YT 77777

10362

When fitting an oil seal onto its retainer, apply pressure
evenly to its entire periphery until it is seated tightly in
position.

B5705E

{12)Checking flywheel runout {a} Bring the No.1 cylinder piston to the TDC on its
compression stroke.

{b) Inserta 3 mm thick shim between the No.2 cylinder
exhaust valve's rocker arm and the valve cap. Turn
the adjusting screw until the shim is held firmly
and then lock the screw with the lock nut.

A Socket Wrench
MECB7973

315 Nm
{32 xgf-m} (Wet}

Flyvwheel CE210C

After tightening the flywheel mounting boits to the
specified torque, turn the flywheel and check for run-
out. If runout exceeds the specified limit, check the

. . . ) Valve timing
bolts’ tightness and/or inspect the mounting surface. reference marks B5713D

{c} Crank the engine in the normal direction {crock-
wise as viewed from the front), and make sure that
just atthe moment the No.1 cyiinder exhaust vaive
starts lifting, the pointer on the flywheel housing is
between the valve timing reference marks on the
flywheel.  otherwise, recheck the timing mark
alignment of each gear pair according to items (2)
1o (4).
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5.4 Crankcase and Main Moving Parts
5.4.1 Disassembly

#Projection of piston from
top surface of crankcase

8DCg Damagas, wear 5
NV 0.75to 1.25
Scratches of
8DC9-T, 8-TL, 9-TC outer surface,
NV 0.656 10 1.15 cracks, fusion
and discoloration
of head
10

Damage, discoioration

9

31 Cracks

3 Scratches, corrosion, pesling
of inner and outer surfaces

#Connecting rod end piay
NV 0.41t00.8
L 1.0

Repair kit:
Cylinder liner and piston kit
2 Scratches, corrosion, pesling
of inner and outer surfaces
!

NV .. Nominal Value

E..... Limit
Disassembly sequence
@ Connecting rod cap @ Oilring
2 Lower connecting rod bearing 8 Snap ring
3 Upper connecting rod bearing 9 Piston pin
@ 1st compression ring Piston
& 2nd compression ring @ cConnecting rod
® 3rd compression ring *12 Connecting rod bolt
For parts with an encircled number, refer to Disassembly Procedure that foliows.
Service items marked with ¥ should be checked before disassembly.
Part marked with * should not be removed unless defects are evident,
- C23154A
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25 27

Wear, aging, leaks ] KK‘ ® ﬁ
TR g
iq! 1
iz ¥ 26
TE9N L8 U ) *g Oil hole
%" @

=

v ol
clogging
: Inner and I
i outer >
r N peripheries: } ]
‘ scratches,
i corrosion,
; ' peeling
23-@& H Rear oil
= slinger
i 18 3 ! . {refer to
} ’ section
15 f m 5.3)
22
Scratches, corrosion, cracks, dents,
seorching, oil hole clogging

Inner and outer peripheries:

scratches, corrosion, peeling 20 Wear
21\Q:7
19
#Crankshaft end play ]
NV 0.15 to 0.28
L 04
Disassembly sequence
13 Crankshaft pulley 21 Lower main bearing
14 Torsional damper 22 Crankshaft _
15 Front balance weight 23 Upper main bearing
16 Front cover *@ Crankshaft gear
*17 Front oil seal *25 Cylinder liner
*18 Front oil seal slinger 26 Oil spray plug
® Main bearing cap 27 Crankcase
20 Thrust plate
For parts witn an encircled number, refer to Disassembly Procedure that foliows.
Service iterns marked with # should be checked before disassembly.
Parts marked with * should not be removed unless defects are evident. 84488A
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Disassembily Procedure
{1} Piston projection

The piston projection measurements must conform
with specifications, partly since they affect engine per-
formance, and partiy since the pistons must not inter-
fere with the vaives.

Fr.
d—

Measuring point

23188

{a) Attach a dial indicator to the top surface of the
crankcase and adjust it to zero.

{b} Using the dial indicator, find the piston’s top dead
center position.

(c) Take measurements at 4 points on the piston’s top
surface and determine their average.

(d) If the piston projection does not conform with
specifications, inspect the connecting rod and
check the clearances between neighboring com-
ponents.

{2} Connecting rod end play

C2317A

Replace a connecting rod if its end play exceeds the

specified limit.

{3} Removing connecting rod cap

Socket Wrench

MEDB7973 C2318B

(4) Removing piston

C2320A

Withdraw the piston from above the crankcase togeth-
er with its connecting rod.

NOTE:
When withdrawing the piston, take care not to scratch
the cylinder liner.
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{6} Separating piston from connecting rod

{7} Crankshaft end ptay

Piston

Pisten pin

Metal rod

Connecting rod

B2428B

C2323A

Remove the snap ring, then use a rod and hammer to

tap the piston pin out.
Ifthe piston pinis hard to remove, heatthe pistonin hot
water or with a piston heater.

{6} Removing piston rings

Before removing the main bearing caps, measure the
end play in the crankshaft. If end play exceeds the spe-
cified limit, replace the thrust plate with an oversize
one. Refer to item (8) of section 5.4.2 for details.

{8) Bemoving crankshaft gear

Piston Ring Tool
31191-02900

C2321A

Rear oil seal
slinger

55108

11B-44

(a} Spiit the rear oil seal slinger with a chisel and re-
move it from the crankshaft. '

{b} Remove the crankshaft gear from the crankshaft
using the Gear Puller (special tool}.

NOTE:
Do not attempt to remove the crankshaft by striking it.
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{8} Removing main bearing cap

Siide hammer

Main bearing
cap side bolt

Main bearing
cap bolt

Main bearing
cap

Sacket Wrench
31191-13500

C2326A

C2325A

{b} Remove the main bearing cap using a slide ham-
{a} Remove the main bearing cap side bolts, then re- mer.

imove the main bearing cap bolts. For the main
bearing cap bolts, use the Socket Wrench {special
tool).

NOTE:
Do not attempt to pry off main bearing caps with a
screwdriver.

2. The main bearing caps are positioned on the
crankcase with dowel pins and should therefore
be puiled straight upward.
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5.4.2 inspection

BD .. Basic Diameter

: ltem 8D ! NV L NV . Nominal Value
| Lo Limit
| Clearance st ring - 0.02100.10 0.25
| betweean
piston ring 8DC3 - 0.05 to 0.08 0.25
grooves 2nd rin
and piston 8 | 8DCY-T, _
rings 3.TL 9-TC 0.07 to 0.10 0.25
‘ gDCY - 0.05 10 0.08 0.15 End gap
3rd rin
. P are - 0.07 10 0.10 0.15 NV L | Remarks
: ' 0.4t0 (.6 Ist ring
Qil ring - 0.03 to 0.06 0.15 1.5 | 3rdring
Oil ring
Clearance 8DCe 135 0.163t0 £.189 - -
between 0.4100.55 2nd ring
piston and 8DCY-T 135 ¢.193t0 £0.219 -
cylinder
liner gDCe-Tl., 9-TC 135 0.183 to 0.209 -
Clearance between piston pin and piston
! pin hole 50 0.01t0 0.02 .1
8§

Top surface distortion
NV 0.07 or less
L 02

Clearance
BD 50
NV 0.01100.05
L 01

i Bend and torsion
i L 0.05o0rless

Connecting rod bearing-to-
crankshaft pin clearance
8D 50
NV 0.05to 0.1
L 025

Flange projection from
crankcase top surface
NV 0.08t0 0.17

Span when free
L Lessthan 855

Cylinder liner bore
NV 135 {c 135.04
L 13525

Cylindricity
NV 0.02 or less

C4804A
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NV 0.03 or less
L 01

Roundness
NV 0.01 or less
L 0.08

Cylindricity

NV 0.006 or less - % %

Main bearing-to-crankshaft % E
journal clearance

BRD 100
NV 0.06 to 0.12
L 025 El?l . l%Easic_ Di?{?eiter
Span when free - nominal vaiue
I Lessthan 1065 i b Limit
% B059TH
Inspection Procedure NOTE:
{1) Distortion of crankcase top surface : 1. When grinding the crankcase, take care that the

piston projection does not exceed its nominal lev-
el. Refer to item {1) of section 5.4.1 for details.

I o —

S 2. Remove the cylinder liners before measuring dis-
= tortion. Refer to item (4) for cylinder liner repiace-
Measurement points ment.

if distortion of the crankcase top surface exceeds the
specified limit, correct it with a surface grinder.
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{2} Cylinder liner bore

25
or more
7
7
80 A: Direction of
or more //¥ ‘4 crankshaft axis.
B: Direction of right

angle to crankshaft
axis.

Ca424A

Measure the cylinder liner's bore diameter at 6 points,
as shown in the diagram. |f the diameter exceeds the
prescribed limit, replace the cylinder liner or bore it 1o
an gversize. Refer to item {4} for details of cylinder liner
replacement.

{3) Cylinder liner flange projection

o

a\r@

C4413A

—

If any cylinder liner flange projection does not conform
with its specified nominal value, replace the cylinder
liner or crankcase. Refer to item (4) for details of cylin-
der liner replacement.

11B-48

{4) Replacing cylinder liner

{a) Removal

Cylinder Liner Extractor
HOB1480

{MHO61490 component part}

C4414B

{b} Installation

Size mark

Size mark
(A, B, O

Cylinder liner

48068

1} Make sure the new cylinder liner bears the same
size mark as that of the piston.

Piston size mark Cylinder liner size mark

A A
B B
Cc c
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Rubber packing Aool
PPy

O-ring soapsuds.

C44156A

2) Fit new rubber packing and a new O-ring onto the
cylinder liner. Apply soap suds to the crankcase
and cylinder liner at the points where they will
touch each other.

Drive in Cylinder Liner installer

MH061759

Cylinder liner

C441BA

3) Using the Cylinder Liner Instalier (special tool},
gently tap the cylinder liner down until its flange is
securely seated on the crankcase.

NOTE:

1. Do not stretch O-rings more than necessary, and
be careful not to damage them.

2. Contact with gas oil, kerosene, anti-corrosion oif,
and similar fluids causes O-rings to swell. immedi-
ately wipe off any such fluids that come into con-
tact with the O-rings.

3. Afterinstalling a cylinder liner, carry out a leak test
to check for air-tightness. Apply thrust force to the
cylinder liner flange during the leak test.

{5} Selection of pistons and cylinder liners

A piston may be either standard or oversize. Cylinder
liners are selected accordingly.

{a) Standard piston

Size mark
{A, B C)

Size mark
{A, B, C)

Piston

Cylinder liner
C48058

The piston must bear the same size mark as that
stamped on the cylinder liner.

NOTE:

Whenever a piston is replaced, the piston rings must
aiso be replaced. Never use old piston rings.

{b) Oversize piston

In accordance with the following instructions, bore the
cylinder liner to suit the type of oversize piston to be
used {+0.5, +0.75, or +1.00 mm).
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Size mark

25
or more E 4
60 . 4 A Direction of

or more crankshaft axis.

8: Direction of right
angle to crankshaft
axis.

\\\ PR

Oversize piston G.0. Cad24A

100

Measuring point
| {Direction at right
1 angles with pin}

CA4418A

1} Determine the amount of metal to bore out. To do
this, measure the bore diameter of every cylinder
liner and find the most worn point.

2} Beore and hone-finish the cylinder liner such that
the clearance between the oversize piston and cyl-
inder liner is up to specification.

NOTE:

1. Even if only one cylinder requires boring, bore av-
ery cylinder to the same oversize diameter.

2. Replace the piston rings with rings corresponding
to the degree of oversize.

11B-50

{6) Piston-to-cylinder liner clearance

if the clearance is out of specification, replace the pis-
ton or cylinder liner. Refer to item {5) for details.

{7) Piston-to-piston ring clearance

C4806B

If the clearance exceeds the specified limit, replace the

piston or piston rings.

NOTE:

1. Afer removing any carbon deposits, measure the
clearance around the piston's entire circumfer-
ence.

2. Alwaysreplace pistonrings as a set, never individ-
uafly.

Thickness gauge

1st compression
ring A

c4810C

Measure the 1st compression ring clearance whiie
pressing the ring against the piston with a straight
edge.
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11B.

{8) Piston ring end gaps

{10)Piston pin-to-connecting rod bushing clearance

Piston

~d O —

VN 2

Piston ring Cylinder liner

C48078

Connecting rod bushing
[aR 1t

Piston pin

®
¢

C5201A

Piston ring end gaps can be measured with the piston
rings either horizontally pushed into a standard cylin-
der liner or actually fitted to a piston in the crankcase.
Replace the rings if any gap exceeds the specified limit.

Standard cylinder liner bore diameter: 13520 mm

NOTE:
Use a piston to push the piston rings into the cylinder
liner for measurement.

{9} Piston-to-piston pin clearance

Piston

Piston pin

| C4811A

if the clearance exceeds the specified limit, replace the
piston pin or piston.

NOTE:

Whenever a piston is replaced, the piston rings must
also be replaced. Never use old piston rings.

If the clearance exceeds the specified limit, replace the
connecting rod bushing.

{11}Replacing connecting rod bushing

Connecting Rod Bushing
Puiler Kit
MH061370

€52028

To replace the bushing, use the Connecting Rod Bush-
ing Pulier Kit (special tool) in accordance with the fol-
towing instructions.
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{a} Removing bushing

Mandrel

R Collar A
Bushing
Fixing bracket
Face the larger
Ragse dimension downward
/

d X
NI =E / )

- A -7 - s
é g Press bench

C5203A

1) Remove the bearing from the connecting rod’s big
end and mount the connecting rod on the Base
{special tool).

2} Setthe Mandrel and Coliar A (special tools) on the
connecting rod’'s small end, as shown in the dia-
gram. Slowly apply pressure with a pressthathasa
capacity of at least 49 kN {5000 kgf}.

{b} Press-fitting bushing

Approx. 48 kN {5000 kgf}

Collar B
Bushin
/ o

Base
Collar A | Face the larger dimension
L Nut [ downward

E Press bench
CB5204A

1) Place the bushing in the position shown in the dia-
gram retative to the Mandrel, Coilar 8, Coliar A, and
Nut {special tools).

2} Apply engine oil to the connecting rod’s small end.
3} Apply pressure from above such that the bushing
is pressed into the connecting rod’s small end.

4} After press-fitting the bushing, remove the special
toois. Then, ream the bushing such that the clear-
ance between the bushing and piston pin is up to
the specified nominal value.

11B-B2

NOTE:

1. When press-fitting the bushing, align the oil hole
in the bushing with the oil hole in the connecting
rod,

2. When the piston pin is inserted, ensure that it

turns easily and without play.

{12)Connecting rod bend and torsion

Bend
f.=100

Connecting
rod aligner

C5208A CB5208A
Twist
L=100
o
’f&‘g
AE oS
7 E@: \j
Piston pin
Connecting
rod aligner
C5207A “=€£5208A

Measure the connecting rod’s bend and torsion using a
special connecting rod aligner. if the measurements
exceed the specified limits, replace the connecting rod
or correct it using a press.

NOTE:

1. Measurements must be made with the connecting
rod bushing and upper and lower connecting rod
bearings fitted in their respective positions.

2. Measurements must be made with the connecting
rod cap mounting nuts tightened to their specified
torques.



ENGINE <8DC> — SERVICE PROCEDURES

{13)Tension in connecting rod bearing and main bear-
ing when free

C5209A

if the tension is less than the specified requirement, re-
place the upper and lower bearings as a set.

NOTE:
Do neot attempt to manually expand the bearing if the
tension is insufficient.

(14)Connecting rod bearing-to-crankshaft pin ciear-

ance
Connecting rod Measuring Measuring
internat diameter direction position

z
Ve

\

we

or more
10 \
or more ’
i r—
——
Crankshaft pin diameter M in
Measuring direction p:s?ﬁ‘c’,r,: 9 C5210A

1

A
o -

. —

— Ch211A

! \\’

If the clearance exceeds the specified limits, replace
the upper and lower bearings as a set.

NOTE:
The cennecting rod cap nuts must be tightened to the
specified torque when measurements are made.

{15)Main bearing-to-crankshaft journal clearance

Main bearing
internat diameter

Measuring
positicn

Measuring
direction

Crankshaft journal A Cs5038
diameter .
Measuring Moesézgtégng
direction p
N
P
- : g

\ é

S~ -

C55024A

If the clearance exceeds the specified limits, repiace
the upper and lower bearings as a set.

(16)Roundness and cylindricity of crankshaft pin and

journal
Roundness Cylindricity
1
— r—
L
CB211A

if roundness and cylindricity exceed the specified lim-
its, grind to undersize. Refer to item (18) for details.
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{17)Crankshaft bend

C5506A

Measure the extent of bending in the crankshaft at the
center journal, If the measurement exceeds the speci-
fied limit, grind to undersize or replace the crankshaft.

NOTE:

With the dial indicator applied to the center journai,
turn the crankshaft through one revolution. One-half
of the dial indicator reading represents the extent of
bending.

{18)Grinding crankshaft to undersize

Any damaged or scorched journal or pin must be
ground in accordance with the following instructions.
If grinding is carried out, the main bearing must be re-
placed with an undersized one.

Balance weight

Balance weight
mounting bolt

08991

{a} Remove the balance weight(s} from the crankshaft
as necessary. Take care not to damage the dowel
pins when reinstalling them. Tighten the balance
weight bolts to a torgue of 38 N-m {10 kgf-m}, then
turn them by a further 120° +10°.

11B-54

NOTE:

Before removing any balance weight, scribe a mating
mark on it so that you can refit it in the original posi-
tion.

Pin
+0.2 Journal
8 7y 42
RE
/ \ RS
AN
H
i / R
. -
- T B
S— N—
Shore hardness Hs 75 or more C5508A

{b) Grind such that the center-to-center distance be-
tween the journal and pin does not change.

(c) Grind such that the width of the journal and pin
does not change.

{d) Finish the corner fillet to the specified radius.

{e} Use a magnetic partick method to check for cracks
caused by grinding. Also, check that the Shore
hardness of the surface has not dropped below Hs
75.

Grinding Finishing

Wet stone or
sand paper

Grinder

Crankshaft

C5509A

(f} When grinding, turn the crankshaft counter-cltock-
wise as viewed from its front end. The grinder
should rotate in the same direction.

{g) When finishing the crankshaft with sandpaperora
whetstone, turn the crankshaft clockwise.
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Undersize Finished journal diameter Finished pin diameter Roundness Cylingricity
-0.25 99.75 328 BY 75 :ggg 0.01 or less 0.006 or less
630 99.50 938 89.50 93
075 99.25 :8?8 89.25 :ggg
100 99.00 “o08 8g.00 o007
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5.4.3 Reassembly

Projection of piston from
top surface of crankcase

8DCe
NV 0.7510 1.25

8DCs-T, 8-TL, 9-TC
NV 0.656t0 1.15

25

Flange projection
NV 0.08 to 0.17

27

Piston ring end gap directions

3rd ring gap 1st ring gap
2nd ring gap Qit ring gap
Connectingrodendplay |11 8 9 10
NV 0.4t0 0.8 \
L 1o
!\LA\) .
A=
Apply engine
oil to lips 29 N-m
17 Brgtm Y4
178 N-m b
fekgtm N8N M
[e)
/ [~ (=]
<
- 4 - =
13 / e ] i
14 / 15 /19 21 i 2
22
NV 0.15t0 0.29
L 0.4

225 N-m
{23 kgf-m} (Wet)

Install with arrow_
pointing upward Y

175 Nm
{18 kgf-m} (Wet}

115 N-m {12 kgf-m}+60°
{Wet}

Assernbly sequence

275258 5B 2 B DB -
® -7 (D
BB 858858 @ FI@ -t

B
SB0160 01514513

For parts with an encircled number, refer to
Reassembiy Procedure that follows.

286

With rubber damper

Rear oii seal
slinger
See 5.3.3 (8).

24

Install with oil
groove facing
crankshaft

B0594G

11B-56



ENGINE <8DC> - SERVICE PROCEDURES

Reassembly Procedure

{1} Installing oi! spray plug

@ Qil spray piug

-~ ‘l C58028

install the oil spray plug such that the arrow stamped
on it peints toward the top of the engine.

(2) Installing upper main bearing and thrust plate

Upper main Lug
bearing

Cil hole

Thrust plate

Lug groove

Qil groove
side

C5803A

install the upper main bearing such that the bearing lug
fits in the lug groove on the crankcase. Install the rear-
most thrust plate with its grooveless side facing the
crankcase.

NOTE:

1. The main bearing’s upper half has an oil groove.
The lower haif does not have a groove. Take care
not to confuse the upper and lower halves.

2. Oversize thrust plates are available in 3 sizes to ad-
just crankshaft end play [refer to item (7) of section
5.4.1 for details]. The oversize thrust plates avail-
able are +0.15 mm, +0.30 mm, and +0.45 mm. i any
of these is used, ensure that the correct size thrust
piates are fitted to the bearing caps. Refer to item
{6) for details.

(3} tnstalling crankshaft gear

Dowel pin
Notch

—ﬁ;@\/@

(| <=

—Aam LN

Crankshaft Crankshaft gear

B4202A

{a)} Heat the gear to approximately 100°C using a pis-
ton heater.

{b) Locate the gear such that the dowel pin in the
crankshaft fits into the notch in the gear. Fit the
gear by lightly striking it with a soft hammer.

{ci Fit the rear oil seal slinger.

{4) Fitting front oil seal slinger

Front oil seal slinger

Crankshaft
Ol Seal Slinger installer
MHO061818

>

=
ey

BOB96A

Press the front oil seal siinger into place using the Oil
Seal Slinger Installer {special tool}. Refer to item {7} of
section 5.3.3 for details.
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(5} Installing crankshaft

Crankshaft

C5804A

Lift the crankshaft with a hoist. Keeping it horizontal,
gently lower it into the crankcase.

{8} Installing lower main bearings and main bearing
caps

Install the parts as follows.

Front

O Q, 1

2]

Crankshaft axial
direction

®

Dowse! pin

818978

{a} Drive dowel locating pins into the rearmost main
bearing cap in the direction shown in the diagram,

Front of engine

Thrust plate
- locating pin

e Thrust
K’ bearing
Qil groove
Lower main
bearing

58058

{b} Fiteach lower main bearing into the relevant main
bearing cap, ensuring that the lugs on the bearings
are aligned with the lug grooves in the caps.

{c) Install a thrust plate on each side of the rearmost
main bearing cap, ensuring that the grooveiess
sides of the thrust plates face toward the cap.

NOTE:

Bearing cap
front thrust plate

Main bearing cap

Bearing cap rear
thrust piate

Use the same size.

Crankcase rearend

11B-58

thrust plate C5838C

if oversize thrust plates are used, ensure that the bear-
ing cap rear thrust plate and the rearmost thrust piate
in the crankcase are the same size [refer to item (2} for
details]. Note, however, that the bearing cap front and
rear thrust plates may be of different sizes.

Number embossed on
main bearing cap

o

-

Front of engine %

lie[xo_{of]
RIRE

842228

{d} Fit the main bearing caps in the order of the num-
bers that are embossed on them and such that the
sides with fug grooves are toward the right of the
engine.
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Lug {as viewed
from front}

instatting direction
of washer

Crankcase side

Main bearing
cap side bolt

Main bearing cap boit Eﬁesm {18 kgf-m}
115 N-m {12 kgf.m} + 60°
{Wet) C5806C

e

13306

(e) Strike the bearing cap until it comes in contact with
the crankcase and tighten its bolts to 115 N-m {12
kgf-m} (wet). After checking the tightening torque
of each boit, additionally tighten it as follows:

Socket section Socket Wrench

MH063365

Holder section

13205

1) Turnthe holder section of the Socket Wrench {spe-
cial tool) counter-clockwise to give the inside
spring a tension before fitting the tool on a main
bearing cap bolt.

2)

Fit the Socket Wrench on the main bearing cap bolt
such that the tool's rod is held pressed against the
crankcase flank by the inside spring force.

Angle scale
on socket

Reference line on holder

09183

3)

Using a line on the holder as reference, turn the
socket clockwise through 60° {one graduation of
the scale on the socket represent 10°} to additional-
ly tighten the main bearing cap bolt.

After tightening both the main bearing cap bolts,
tighten the main bearing side bolts to the specified
torque.

After tightening the bolts, confirm that the crank-
shaft can stili be rotated freely by hand.

Also, check that the crankshaft's end play is up to
the indicated nominal value,

Refer to itern (7) of section 5.4.1 for details.
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{7) Instailing connecting rod bolts

Install with flat side toward
connecting rod center,

‘ Prass-fit with a press.
Max. 9.8 kN {1000 kgf}

Apply engine oil.

~

Damage, peeling

C5808A

Check that there are no burrs or damage inthe connect-
ing rod’s bolt holes. Apply engine oil to the connecting
rod bolts, then press-fitthe bolts such that the flat sides
on their heads face inward.

(8} Reassembling piston and connecting rod

"UPT mark

S

Piston

Cannecting rod

Piston pin

Lug grove

C5840C

11B-80

Connect the piston to the connecting rod with the pis-
tan pin such that the “UP” mark on the piston and the
lug groove on the connecting rod are on the same side.
If it is difficult to insert the piston pin, heat the piston in
hot water or with a piston heater.

{9y Fitting piston rings

Piston Ring Teol

Ring Manufacturer
31191-02900

ends Mark stamped
{Compression
ring only}

58418

18t compression
ring ends

<)

N\

Using the Piston Ring Tool (special tooi}, fit the rings in
the positions shown in the diagram. Ensure that the
manufacturer’'s marks on the compression rings face
upward. Fit the rings in the following order: '
1. Oilring

2. 3rd compression ring

3. 2nd compression ring

4. 1st compression ring

Expander spring ends

3rd compression
ring ends

2nd compression

Qil ring ends
ring ends

C58438
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{10}installing upper and lower connecting rod bear-
ings

Upper cannecting

Lower connectin
g rod bearing

rod bearing

Align oil
holes.

B42238

Connécting
rod cap

Install the upper connecting rod bearing such that its
lug is aligned with the connecting rod’s lug groove and
such that the oil holes in the bearing and connecting
hole are aligned with each other.

install the lower connecting rod bearing such that its
lug is aligned with the lug groove on the connecting
rod cap.

NOTE:

The connecting rod bearing’s upper half has an oil
hole, and the lower half does not have a hole. Beaware
also that different parts are used in the left and right
banks of the engine.

(11)Installing piston and connecting rod

Piston Guide Lever
MHO61658

Piston Guide Clamp
MHOB61667

B5301B

Using the Piston Guide Clamp and Piston Guide Lever
(special tools), install the piston such that the "UP”
mark on its crown faces toward the “V” of the engine.

NOTE:

1. Different connecting rods are used in the left and
right banks of the engine. ldentification markings
{“LH” and “RH") are embossed on the connecting
rods to prevent erroneous instailation.

2 Ensure that the size mark on the piston matches
the size mark on the cylinder liner.

3. Ensure that the piston ring end gaps stay in their
correct positions.

4. Slip some viny] hose over the connecting rod bolts
tc prevent them from damaging the cylinder liner
and crankshaft pin.

<Using Piston Guide Clamp and Piston Guide Lever
{special tools)>

Piston Guide Clamp

Adjusting
bolt

B85291C

Align the Piston Guide with the piston skirt and set the
jever in position. Turn the adjusting bolt such that the
Clamp's internal diameter matches the piston’s gutside
diameter. Next, remove the Guide from the piston and
apply engine oil to the outside of the piston, to the in-
side of the Guide, and to the inside of the cylinder liner.
Fit the Guide back onto the piston such that it is flush
with the piston’s crown. Using a wooden mailet or
block, tap the piston into position, taking care not to
damage it.
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{12}Fitting connecting rod caps

225 N-m
{23 kgf-m}
{Wet)
o Connecting rod cap
” Connecting rod bearing

Alignment
mark

Socket Wrench
MEQ67973

Connecting rod ChB10D

Fitthe connecting rod cap such that its alignment mark
meets the alignment mark on the connecting rod. Us-
ing the Socket Wrench (special tool}, tighten the nuts to
the specified torque.

{13)Check the connecting rod’s end play. Refer to item
{2) of section 5.4.1 for details.

{14)Check that the pistons project by the specified
amount. Refer to item (1) of section 5.4.1 for de-
tails.

{15}Fitting front oil seal

Front oil seal
Press-fit

@ Oil seal flange

Front cover

B4187A

Press the oil seal evenly around its entire periphery un-
til its flange fits tightly against the front cover.

118-62

5.5 Inspecting and Adjusting Valve Clearances

Valve clearances should be checked and adjusted
when the engine is cold.

el

AN

5

B5703A

1OOOOF

B5704A

(1) Crankthe engine until the No. 1 or No. 4 pistonis at
top dead center on compression stroke.

{2) Confirmthatthe pointer in the flywheei housing in-
spection window is aligned with the “1,4” markon
the flywheel.
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{3} If the No. 1 piston is at top dead center, check and
adjust the clearances of the valves marked O in the
table below. f the No. 4 piston is at top dead center,

check and adjust the clearances of the valves
marked X . Be sure to check and adjust every valve.

Cylinder No. 1|2 4 5 6 1 7 8
Valve In. | Ex. | Ex. | In. | In | Ex | Ex |In |l | Ex [Ex. | In e | Ex | Bx. L n,
No. 1 piston at TDC OO0 0 ? o) O e O O
No. 4 piston at TDC X X X X x X X | X
(4) Using the Thickness Gauge (special tool), check
NV .. Nominal Value 59 N.m that the clearance between the rocker arm and
{6 kgf-m} valve cap is in line with specifications. To check the
clearance, insert a gauge of the same thickness as
the nominally acceptable clearance between the
rocker arm and valve cap. The gauge should be
able to move in the gap, albeit not ioosely.
Value Clearance ween if the clearance is incorrect, loosen the lock nutand
exhaust} : turn the adjusting screw as required.
m;ﬁtv 0.4 Thickness Gauge When the clearance is correct, tighten the lock nut
— MH051359 to secure the adjusting screw.
NV 06 B5705C NOTE:

After tightening the lock nut, confirm that the clear-
ance is stili correct.
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6. TROUBLESHOOTING

Symptom Probable cause Remedy Reference
Engine will not Ingorrect oil viscosity Replace Group 12
start Incorrect/defective fuel Group 13

Low compression pressure
® {ncorrect valve clearance Adjust
» Defective head gasket Replace
* Worn valve and valve seat/carbon deposits
* Weakened vaive spring
* Worn/damaged piston ring(s)
* Worn/damaged piston ring groove(s)
* Worn pistonis)/eylinder liner(s) Change to oversize
Defective preheater
* Defective starter switch Repair or replace Group 16
» Defective heater relay
Incorrect injection timing Adjust Group 13
Insufficient fuel injection volume
e Defective injection pump Repair or replace Group 13
» Incorrect fuel injection volume
Defective cooling system Repair or replace Group 14
Rough idling Incorrect oil viscosity Replace Group 12
incorrect/defective fuel Group 13
Defective cooling system Repair or replace Group 14
L.ow compression pressure (see “Engine will not start”}
Incorrect injection timing Adjust Group 13
Defective fuel system
» Defective injection pump Repair or replace Group 13
® Defective injection nozzle
s Air trapped in fuel system
Abnormal ex- Incorrect/defective fuel Replace Group 13
haust gas color
Cooling system malfunctioning Repair or replace Group 14
intake/exhaust systern maifunctioning
* Clogged air cleaner Repair or replace Group 15
* Clogged muffler
* (il leaking into intake/exhaust pipes
Low compression pressure {see “Engine will not start™}
Defective fuel system
* Malfunctioning injection pump Repair or replace Group 13
¢ Defective injection nozzle
Incorrect injection timing Adijust
Excessive engine oil Adjust Group 12

Seizure of major moving parts

Repair or replace
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Symptomn Probable cause Remedy Reference
Low power out- 1 incorrect oil viscosity Replace Group 12
put Incorrect/defective fuel Group 13

Cooiing system malfunctioning Repair ot replace Group 1¢

{intake/exhaust system malfunctioning
* Clogged air cteaner Repair or replace Group 15
* Clogged mufiler

Low compression pressure {see “Engine will not start”}

Fuel system malfunctioning
« Malfunctioning injection pump Repair or replace Group 13
* Defective injection nozzle
» Air trapped in fuel system

incorrect injection timing Adjust

Excessive oil Oil leaking from lubrication system inspect and/or repair Group 12

consumption

Qil leaking from engine and related parts
* Defective gasket/oil seal

Replace

Oil entering combustion chamber past piston
* Worn cylinder liner{s}/piston(s)

Rectify or repiace

* Piston ring{s} worn, damaged, or seized

Replace whole set

s Ciogged piston/oit ring oil hole(s) Clean
0il entering combustion chamber via valves
= Worn valve stemis)/ivaive guidels) Replace
* Worn vaive stem sealis)
Abnormai en- Noise emnanating from outside parts of engine
gine noise » L oose piping/hose connection(s} Inspect

s [njection pump, alternator, other auxiliary unit{s) incorrectly

inspect and/or adjust

Groups 13 and 16

mounted
® Loose/damaged V-belt Replace Group 14
e incorrectiy mounted crankshaft puliey Inspect and/or adjust
* Malfunctioning air cleaner and/or muffler Repair or repiace Group 15
= Turbocharger malfunctioning Inspect/rectify
Noise emanating from vicinity of rocker cover
* [ncorrect vaive clearance(s) Adjust
» Defective valve spring(s) Replace

» Defective rocker shaft/bracket

Inspect and/or repair

* Improper jubrication of rocker shaft

Inspect

* Worn, damaged, or carbon-deposited valve/valve seat

Replace
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Symptom Probable cause Remedy Reference
Abnormal en- Noise emanating from vicinity of flywheel housing
gine noise * incorrect timing gear backlash Replace
® incorrect iubrication of timing gears and idler shaft inspect
MNoise emanating from cylinder head/crankcase
* | ow compression pressure (see “Engine will not start”)
* {ncorrect injection timing Adiust Group 13

* {ncorrect spray of injection nozzles

Repair o7 replace

* Waorn connecting rod small end bushing(s) and piston pin{s}

. Wotm) crankshaft pinis} and connecting rod big end bear-
ingis

* Worn/damaged crankshaft journal(s) and main bearingls)

Repiace

* Excessive crankshaft/camshaft end play

Replace thrust plate(s)

* Worn tappet({s}/camshaft

Repiace worn partis)

* Warn/damaged piston ring(s}

* Worn/damaged piston ring groove(s)

Replace
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LUBRICATION - GENERAL

1. GENERAL
<B6D2>
Qil pressure
gauge
Warning lamp @ @ 1
1 Oit pressure Oil pressure
N switch gauge unit
1
[ ! Main oil gallery I—
I o Qil jet Regutator
[E}B cooler _} ey valve T k4
il i i O 7
— . Crankshatt Camshaft i
3 baaring bushing
Water ﬂ‘;ﬁ'
pump o 0“1 itor . ‘_—
E?;I:fn" — ‘ rxi,'}"dm Git spray tgyiinder
Bypass bushing plug ead
oil fitter t
Relief|Cil Connacting Rocker
vaive Jpump Sushing shaft
| : i | i |
\ —— il strainer ——  Gilpen e T /
<BDC>
B1539H
Cil pressure gauge Warning lamp
——0 @
Qil pressure gauge unit e
- P
Qit pressure switch L. 1
| Main oil gallery : |
i
e i i Bypass valve 1 Ol bypass alarm
e (] W S
At Bl’tﬂg [$33 1ng
7 i ol
1 {—'——‘ Tfli'm'ng gea%r
Water [« ity =3 Injection . - oii spray plug
water | | Canpaeing | [ocker ) [ lnect or Fullflow gt
[Air A
Connecting COmpPressol Turbo-
ved bushing Push rod charger
L
[
E@ Regulator
valve
| ‘ , - |
\ — Oit pan — Qil strainer __/
* Models with turbocharger B1551K
Engine lubrication is accomplished by forced fubrica- and force-fed to the cil filter and oil cooler to lubricate

tion system using gear pump. The engine oil in the oil all parts.

pan is drawn up through the oil strainer by the oil pump
12-2 '



LUBRICATION

- GENERAL

(1) Gil pump

<6D2>

Qil pump
idler gear

Qi pump
{with built-in
retief valvel

Ol strainer

<8DC>

Crankshaft gear

Qil pipe

Qil strainer

B1540A B1504A

The oil pump, of a gear pump type, is mounted in the

rear bottom portion of the crankcase, driven by the

crankshaft gear.

. . . Drive gear

The oil strainer at the suction port prevents entry of for-

eign matter in the oil pan and air. The engine oil is

routed to the crankcase by the oil pipe connected to the Delivery _ Suction side

side {oil strainer side}

delivery port.

\ .
Drive gear

To oil filter l
i
From oil strainer

Driven gear

B1b41A

The crankshaft gear drives the oil pump idler gear and
oil pump gearto transmit rotation to the oil pump drive
gear.

Driven gear

Oil pump case

B15056A

inside the oil pump case, there are oil pump drive gear
and driven gear which are in mesh with each other.
When the drive gear is driven, the driven gear is caused
to turn in an opposite direction.

As the gears rotate with the gear teeth sliding on the
inner surfaces of pump case, the resultant negative
pressure causes the engine oil to enter the oit pump
and the oil trapped in the space formed by the teeth
and gear case inner wall is forced out through the deliv-
ery port. ‘
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<6D22, 22-T, 22-TC>

Relief vaive

B1542A

Relief valve

fit pi
Split pin To oit pan

Valve spring
Bali valva B5693A
<8DC>
Relisf vaive
Steel bali Split pin
Valve spring
To oil filter
Qil pump
B1506A

The ¢il pump is driven at a speed proportionate to the
engine speed. Therefore, it is provided with a relief
valve that prevents excessive pressure from being
applied to the lubrication system when the engine is
started in cold weather involving a surge in oil pump
delivery pressure.
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(2} Oil filter
{a) 6D2

Element

Drain plug = 3_&_ g X case

Center boit
(Bypass fiiter) Center bolt
{Full-flow filter)

The oil filter assembly consists of a full-flow filterand a
bypass filter. Paper elements are used.

Engine oil fed under pressure from the oil pump passes
through the oil hole in the crankcase and enters the fuli-
flow and bypass filters via the oil filter head. Engine oil
that passes through the full-flow filter is routed from
the oil filter head to the oil cooler via the crankcase oil
hole. Engine oil that passes through the bypass filter
returns to the oil pan.
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{b) 8DC

Cooling water inlet Bypass valve

il hole £ Qif hole D

Cooling water outlet

Oil cooler

QOilhole C

Qithole B

Bypass alarm

Qi hole A

Regulator valve

Water drain cock

il pipe

Bypass oil filter

Drain plug

e

Full-flow oil filter

Drain plug

B1507B

The oil cooler and fuli-fiow oil filter are constructed as
an integral unit and the bypass oil filter is connected by
an oil pipe to oil cooler to keep oil in good condition.

Qil hole A From crankcase oil passage to inside

fuli-flow oil filter

QitholeB ..... From fuli-flow oil fiter to oil cooler
cover oil passage

Qithole C ..... From oil cooler cover oil passage 10 oil
cooler element

CilholeD ..... From oil cooler element to oil cooler
cover oil passage

QitholeE ..... From oil cooler cover oil passage to

crankcase main gallery

1} Full-flow oit filter

To i cooler
cover oil passage

From crankcase —»
oil passage

B1508A

The oil filter element is filter paper element. Oil sup-
plied by the oil pump is fed into the oil filterthroughthe
crankcase oil passage. Then, oil filtered by element is
fed into the oil passage of the oil cooler cover.
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2} Bypass oil filter

From oil cooler
cover oil passage

B1510A

{c} Oil bypass alarm

The oitfilter element is afilter paper. This unit servesto
keep oil in good condition through circulation of a part
of the oil from the oil pan to the full-flow oil filter, oil
cooler, bypass oil filter and then to oil pan.

<6D2>

Qil filter
" head

Qil bypass
alarm

B1544B

<8DC>

p—

. .-
To oil cooler wes= — - ™

v
Cif bypass alarm 1 !

4

I
|
|
A
+
ILI_

+
s
.,

crankcase

.?- e = i FTOTR

-

Q00000
000000

000000
000000
000000
0000 0@
00000

0000007
00 00O
000 00!
0000 «TDTi

B1563C

When the cil filter element is plugged resulting in the
difference in pressures between before and after the
slement exceeding a predetermined level, the valve
overcomes the spring tension to move. As a result,
unfiltered oil flows directly to the oil cooler.

The oil bypass alarm has electric contacts that are
closed to turn on the pilot famp, warning the driver of
clogged element when the valve is opened.
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(3) Oil cooler
(a} 6D2

/ﬁj.‘
Coolant = i / /i
i

To main
oil gallery

Qil cooler element

Bypass valve

B1545C

The oil cooler is of the shell-and-plate {(multi-plate}
type. It is mounted in the coolant path on the left of the
crankcase.

Engine oil that has been forced through the oil filter
flows through the inside of the oil cooler element. At

Bypass valve

Bypass valve

To main
oit gallery

815308

When the oil's viscosity is high at low temperatures or
when the element is clogged and resists the 0il’s flow,
the oil cooler’s bypass valive opens, thus allowing oil to
flow to the main gallery without passing through the
cooler.

the same time, coolant from the water pump flows
aroundthe outside of the element. The engine oilinthe
element is thus cooled or heated before flowing to the
main oil galiery.

Regulator valve

Main oil gallery

Regulator valve

B1528A

The regulator valve is fitted to the main oil galiery in the
crankcase. Hf the oil pressure in the main gallery
exceeds a specified level, the regulator valve allows
the oil to escape to the oil pan, thereby protecting the

tubrication system from excessive pressure.
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(b} 8DC

Bypass vailve

Cooling water inlet

Reguiator valve

Cooling water outiet

B1511A

The oil cooler is of the shell and plate type {multi-plate
type} and introduces coolant from the crankcase water
jacket by means of a water pipe,

Engine oil that has been forced through the oil filter
flows through the inside of the oil ccoler element. At
the same time, coolant from the water pump flows
around the outside of the element. The engine oil inthe
element is thus cooled or heated before flowing to the
main oil gallery. A bypass vaive and a regulator valve
are fitted in the oil cooler cover’s oil passage.

12-8

Bypass valve

Bypass valve

B1512A

When the oil viscosity is high because of a low oil tem-
perature or when the flow resistance is high because of
a clogged element, the bypass valve opens, allowing
the oil to flow into the crankcase main gallery without
heat exchange.

For detaiis of the regulator valve, refer to the corre-
sponding section in item {a) 6D2.
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{(4) Lubrication of components
{a} 6D2

Engine oil routed to the main oil gallery lubricates the
engine’s various components as follows:

1} Main bearings, connecting rod bearings, and con-
necting rod bushings

Piston

6D22-7C,
24-T, 24-TC
"\ only
Connecting rod
bushing
Connecting
rod
e
\ Connecting
: rod
e bearing
Crankshaft

main bearing

Crankshaft

11920

An oil passage extends from the main oil gallery to the
crankshaft main bearing and lubricates the main bear-
ing. Part of the oil that has lubricated the main bearing
passes through the hole in the crankshaft and lubri-
cates the connecting rod bearing. It then goes through
an oilway inside the connecting rod and lubricates the
connecting rod small end bushing.

Inthe 6D22-TC, 24-T and 24-TC, there is also an oil hole
in the top of the connecting rod. Oil spurts out of this
hole onto the inside of the piston,

2} Camshaft

Crankshaft main
bearing

B1647A

The camshaft bushings are lubricated via the crank-
case oil holes that extend to them from the periphery of
the crankshaft main bearings.

3) Valve mechanism

Rocker shaft bracket

- B154BA

Engine oil that has lubricated the No. 7 camshaft bush-
ing flows to the cylinder heads via an oilway and holes
in the top of the crankcase. Engine oii that is bound for
the cylinder heads flows through cil holes in the rocker
shafts and lubricates the rocker bushings. it then spurts
out of a hole in the top of each rocker to lubricate the
sliding surfaces of the valve caps, the valve stems, and
the contact points of the valve stems, push rods, and
adjusting screws. The oil then flows through the push
rod holes in the cylinder head and crankcase to tubri-
cate the tappets and camshaft cams. Finally, the oil
returns to the oil pan.

12-8



LUBRICATION ~ GENERAL

4) Timing gears

5) Cooling of pistons (oil jet}

Qil spray
Idter shaft plug
installation
section Camsghaft
bushing
sectian
Main oil
gallery 27 &ye
Crankshaft main

bearing section

B1545A

As shown in the illustration, the timing gear idler shaft
bushings are lubricated via oil holes that extend from
the main oil gallery and from the rearmaost crankshaft
main bearing. The gears are lubricated by the oil spray
plug.

12-10

6D22-TC, 24-T,
24-TC anty

11921

An oil jetis fitted under the main oil gallery for each cyl-
inder. These oil jets spray engine oil onto the inside sur-
faces of the pistons to help cool the pistons.

Each oil jet has a check valve that opens and closes at
specified oil pressures, thus preventing decreases in
oil volume and the loss of oil pressure when the pres-
sure is already fow.

Inthe 6D22-TC, 24-T and 24-TC, each piston has a cool-
ing cavity. Oil sprayed out of the oil jets enters these
cavities to further cool the pistons.
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(b} 8DC

0if supplied to the crankcase main galiery returns to
the oil pan after iubricating each part.

1) Main bearing, connecting rod bearing and piston

Main bearing

Connecting rod bearing

B1514D

0il fed from the oil main gallery through the ocil pas-
sage in crankcase lubricates the main bearing. Then, it
tubricates connecting rod bearing through the oil pas-
sage in the crankshaft and, finally, it lubricates the con-
necting rod bushing through the oil passage inthe con-
necting rod.

2) Camshaft

Set screw .,
’

Camshaft bushing

Crankcase

Main bearing

B1515A

il fed through the crankcase oil passage from the oil
main gallery lubricates camshaft bushing.
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3) Valve mechanism

Cylinder head bolt
Rocker shaft

Rocker bracket

Oil pipe

Set screw . 5
A Qil passage >/

Camshaft bushing -

Camshaft

Ot main gallery

= |
L

B1516A

01, which has lubricated the camshaft bushing No. 1,
flows through an oil pipe into the oil passage atthe top
of the crankcase. The oil passage is connected to the
hole for the cylinder head bolt and oil flows into the
rocker shaft through the cylinder head bolt from the
rocker bracket.

Rocker shaft
Rocker bracket

Cylinder head bolt

B1517A

Qil fed into the rocker shaft lubricates the rocker bush-
ing through the oil hole and then fiows into an oil
groove in the rocker bushing. Furthermore, oil spurts
out from the top of the rocker to lubricate the surfaces
in contact with the vaive cap and the valve stem. Qil

12-12

coming out of the oil hole in the side of the rocker lubri-
cates the adjusting screws and the surfaces in contact
with the push rod.

Side cover

Camshaft

B1518A

Oil flows into the tappet along the push rod. Oil coming
out of the oil hole of the tappet lubricates the sliding
portion of tappet and the contact area of camshaft and
returns to the oil pan.

4} Timing gear

Qil spray plug

Oif hole

Oil main gallery

B15198

Qil flows from the oil main gallery through the crank-
case oil passage to the oil spray plug area and then to
the oil hole. Qil that has splashed from the oil hole
lubricates the meshing surfaces of each gear.
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(8} Injection pump and air compressor

— <6D2>

Bushing \
‘ / @:@ E
From crankcase AN T %‘L Y Y
E ! To timing

From oii cooier\

To oil pan |
gear train
Camshaft side
idler gi?{
‘ assembly
Fiywheel housing
B43648
15378 <BDC>
Oil, which has reached the oil hole through the crank- Te timing
gear train

case oil passage, lubricates the bushing through the
gap between the bolt and idler shaft.

(8} Lubrication of turbocharger

Bearing Piston ring
Bearing housing

Fram camshaft bushing

To oil pan
B4365A
Air in = a—— | o | . . .
K =ar ‘_ The injection pump and air compressor are lubricated
as follows:
<6D2>
. . ]
Piston ring t Main oil gallery T
Exhaust B4363A

EE injection pump I [ il cooler J

Part of the engine oil is directed through the oil pipe

from the crankcase into the turbocharger. The engine I -
. . . Crankcase 1 i Air compressor J
oil passes through the oil hole in the turbocharger ?
bearing housing to lubricate the bearings. It is then .
returned through the oil outlet at the bottom of the 1 Gear train l
bearing housing back to the crankcase and to the oil
pan. A piston ring is installed on the outside of each i 0il pan ;
bearing, serving as an oil seal.
<8DC>
[ Camshaft bushing ‘r
r Injection pump 35 ] Air compressor }
|
[ Crankcase J !_ Gear train 1
E_ Qil pan 1

. C 12413
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{7} Lubrication of water pump

7 <6D2>

Section A-A

From oil main gallery
<8DC> DOOS2ZA

t-=To 0il pan

Section B-B

- From oil

Section A-A main gallery

DOOG1A

The engine oil drawn by the pump is routed through the oit hole of the water pump and lubricates the bear-
= the crankcase oil passage to the water pump. The ings.
engine oil delivered to the water pump flows through The engine oil is then forced back from the drain port to

the crankcase and returns to the cil pan.
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2. SPECIFICATIONS

iftern Specification
D2 ; 8DC
Engine oit Quality AP! classification class CC or better (without turbocharger)
APi classification ciass CD or better {with turbocharger)
Capacity Qil pan Approx. 27 L Approx. 30 L
(for general use}
Approx. 25 L
tfor construction machinery)
Qil filter Approx. 4to 451 Approx. 4to 45 L
Lubrication method Forced lubrication hy oil pump
Qi pump Type Foreced lubrication by gear pump
{integral relief vaivel}

Relief valve Type Ball valve
Cil filter Full-flow filter elernent Type Fitter paper type

Bypass filter element Type Filter paper type
O3 bypass alarm Type Piston valve type {integral electric contact)
Qil cooler Type Shell and plate type (multi-plate type)
Qi} bypass valve Type Piston valve type
Reguiator valve Type Piston valve type
Ot jet check valve Type Piston valve type | -
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3. SERVICE STANDARDS
3.1 Service Standards Table

Unit: mm
Maintenance tern Nominal value Limnit Remedy and
{Basic diameterin [ I} remarks
Oil pres- At idle 145 kPa {1.5 kgf/cm?} or more 48 kPa Inspection
sure (O {0.5 kgfiem?}
tempera-
ture 70°C | At maximum speed 295 to 490 kPa {3 to 5 kgfiem?} 195 kPa
to 90°C) {2 kgifem2}
Qil pump | Backlash between crankshaft gear 6D22, 22-T, 0.15 10 6.27 0.4 Replace
and oil pump idler gear 22-TC
60241, 0.08t0 0.2
24-TC
8DC 0.08tc 0.19
Backlash between oil pump idler 6D22, 22-T, 0.16 t0 0.27 0.4 Replace
gear and oil pump gear 22-TC
6D24-T, 0.081tc 0.2
24-TC
8DC 0.081t0 0.19
Difference between pump case 6D22, 22-1, 0.05t00.11 0.15 Replace
depth and gear height 22-TC, 8DC
6D24-T, 0.05t0 0.12
24-TC
Gear tooth tip 1o pump case clear- 6D22, 22-T, 0.11t00.18 0.2 Replace
ance 22-TC, 8DC
6D24-T, 0.20t0 0.29 0.35
24-7C
Drive gear shaft to cover clearance {2010.04 to 0.07 0.15 Replace
Driven gear shaft to driven gear bushing clearance {201 0.04 to 0.07 0.15 Repiace
Idier gear shaft to idler gear bush- 6D2 [22]0.031t0 0.05 Q.15 Repiace bushing
ing clearance
8bC {201 0.03 10 0.05
Relief valve opening pressure 6D22, 22-7, 1080 t0 1270 kPa - Repiace spring
22-FC, {11 to 13 kgf/em?}
24-T, 24-TC
8DC 1570 to 1860 kPa -
{16 to 19 kaficm?}
Relief Installed length: 46.3 6D22, 22-T1, 150 to 160 N {15.3 to 16.9 kgf} -
valve 22-TC
spring .
load installed length: 47.7 6D24-T, 180 to 200 N {18.3 t0 20.5 kgft -
24-TC
installed length: 56.6 BDC 255 to 270 N {26 10 27.6 kgf} -
Ol bypass alarm vaive opening pressure (on start pressure) 340 to 390 kPa {3.5 to 4 kgf/em?} - Repiace
Oil cooler | Vaive opening pressure 6D2 175 to 215 kPa - Repiace
bypass {1.810 2.2 kgf/cm?}
valve
8bC 390 to 490 kPa {4 to 5 kgficm?} -
Regulator | Valve opening pressure 360 to 420 kPa - Repiace
valve {3.7 to 4.3 kgfcm?}

Spring load {installed length: 48.3)

7610 B0 N {7.810 8.2 kgf}
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3.2 Tightening Torque Table

Location tightened Screw size Tightening torgue Rermarks
Q. D. x pitch N-m {kgf-m}
mm
Oil pump idler shaft nut M12 x 1.25 59to 78 {6 to 8} Appiy LOCTITE
No. 262

Oil pump cover mounting bolt 6D24 M10x 1.28 38 to 49 {4 to 5} Wet

80C M10x15
Qil bypass alarm M20x 1.5 44 to 54 (4.5 to 5.5}
Qi} filter center bolt M16x 1.5 58t0 6% (6to7)
il fitter drain plug M0 x 1.25 20 + 49{2 + 0.5}
Qil cooier Bypass valve plug (6D2) M20x15 15to 20{1.5%0 2.0

Bypass valve M27 x 1.5
Regutlator vaive M27x 1.5 9810 115 {10 to 12}

M18x 15 89 {7}

Qil pan drain plug
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4. SERVICE PROCEDURE

Oil Pressure Measurement

BS016A

At idle
NV 145 kPa
{1.5 kgf/cm?} or more
L 49 kPa {0.5 kgffem?}

At maximum speed
NV 295 to 490 kPa

{3 to 5 kgficm?}

L 195 kPa

{2 kgflem?2}

NV .. Nominal Value
L..... Limnit

B2016B

{1} With the oil pressure switch removed and pressure
gauge installed, warm up the engine until the oil
temperature reaches 70°C to 90°C.

{2) Measure the gil pressure at idle and maximum
speeds. If the measurement is below the limit,
overhaul the lubricating system.
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4.1 Oil Pump

4.1.1 Removal and instaliation

<6D2> 69 N-m {7 kaf m}
{Tkg NV .. Nominal Value
L. Limit
1 Oil pan
[ #%Backlash from *2 Qil strainer
crankshaft gear * -
<6D22, 22-T, 22.7C> 3 Qil pipe
NV 0.15t00.27 :
E L 0.4 4 Qil pump
<6D24-T, 24-TC> .
NV 0.08t0 0.2 5 Drain DEUQ
|t 0.4
Bolt tightening sequence
D23
After installation, check that the oil pump
gear can be turned smoothly by hand.
Pour engine

oil into pump |
OV — |

8DC Cc1i60C
< >

1 Oil pan
*2 Qi strainer
*3 Qil pipe
4 Flange
5 Relief valve
#Backlash f i
craﬁ?csl’?asftgr:ar:} 6 Oil ?ump
NV 0.081t0 0.18 7 Drain plug
| L 04

Boit tightening sequence
QRN N

After instaliation, check that the oil pump
gear can be turned smoothly by hand.

Service items marked with % should be
checked before and after the removal.
Part marked with * shouid not be
removed uniess defects are evident.
{Removae it with the oil pump as an
assembly.}

| Pour engine 6

! oit into pump |
O

€1155E
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{1} Inspection of relief valve <8DC>

Instaliation load/finstal- 1
lation length (66.6} Yield
NV255t0270N | 9

{26 to 27.6 kgf}
3

Valve opening pressure
NV 1570 to 1860 kPa
{16 to 19 kgflem?}

———

1 Spring seat
2 Valve spring
3 Ball valve

. NV .. Nominal Value
4 Relief valve case

C9851B
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4.1.2 Disassembly and inspection

<6D22, 22-T, 22-TC>

BD .. Basic Diameter
NV .. Nominal Value
L..... Limit

Relief vaive opening pressure
NV 1080 to 1270 kPa {11 to 13 kgf/lem?}

Spring installed load {installed length: 46.3}
NV 150 to 165 N {15.3 to 16.9 kg%

1 Oil strainer

3 Driven gear

that foliow.

Disassembly sequence

@ Oil pump cover

*4 Driven gear shaft
5 ldler gear shaft

#Backlash
NV 0.1516 0.27
L 0.4
Wear on teeth/damage
Shaft to cover ciearance 10
20
NV 0.04 to 0.07
L 015 %\

-
3
(-S'J
3
Wear and
damage on teeth,

idier shaft to idler gear clearance
22

NV 0.03 to 0.05 ;

L 0.15 i
)

5 Ciogged

Qil hole

Wear on bushing, wear

and damage on teeth

=

wear on bushing

Wear on bushing

Cliearance
BD 20
NV 0.04 t0 0.07
L 015

#Gear tooth tip to oil pump case clearance

NV 3.11100.18
L 02

#Difference between oil pump case depth
and gear height

NV §.05t0 0.11

L 0.5

6 idler gear

7 Seat
8 Spring
9 Ball

10 Case and gear assembly

For parts with an encircled number, refer to Disassembly and inspection Procedures

Parts marked with * should not be removed unless defects are evident,
Service items rarked with % should be checked before disassembly. C9518D
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<6D24-T, 24-TC>

*Backlash
NV 0.08t0 0.2
L 04

| Relief valve opening pressure
i NV 1080 to0 1270 kPa
{11 to 13 kgf/cm?}

| Spring installed foad

| {instailed iength: 47.7}
E NV 180 tc 200 N

| {18.3 to 20.5 kgf}

[=)

Clearance
BD 20
NV 0.04 10 0.07
L 018

Wear on bushing %

Wear on bushing
4

Dy 8\

5

(]
|
) & :
7
& >
3
2 Ll
vl
Or5g
2 @ 2
[a) Wear and damage on teeth,
wear on bushing
Clearance
BD 20
NV .04 to 0.07
L 015

Disassembiy sequence

@ 0Qil pump cover

2 Driven gear assembly
3 Idier shaft

4 |dler gear

5 Spring seat
6 Valve spring
7 Ball valve

3 Clogged oil hole

Clearance
BD 22

L 0.15

!

NV 0.03 t0 0.05 |

Wear on bushing,

wear and damage on tegth

L 015

*Difference between oil pump
case depth and gear height
NV 0.05100.12

case clearance

*Gear tooth tip to oil pump

NV 0.2t00.29

L 035
8D .. Basic Diameter
NV .. Nominal Value
L. Limit

8 Case and gear assembly

For parts with an engircled number, refer to Disassembly and Inspection Procedures
that follow.
Service items marked with * shouid be checked before disassembly,

10374
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| <8DC>

\ 1 Clogging, cracks

Wear on bushing,
wear and damage
an tooth surface

o 5 Clogged oil hote

NV 0.08t0 0.18

#Backlash I
WaGoors

| Ciearance
BD 20 % =
NV 0.0¢ 0 0.07 Q\ <
0.15 =g >
N '3\

L) =
3 Wear and A
damage on z -
tooth surface, @ -
wear on 0
bushing

4 | Clearance
BD 20
NV 0.04 to 0.07 %

L 015 i

2

Wear on bushing

Disassembly sequence
5 |dler gear shaft

1 Oil strainer
6 Idler gear

@ Oil pump cover
3 Driven gear
*4 Driven gear shaft

For parts with an encircied number, refer to Disassembly and Inspection Procedures

that follow.
Pants marked with * should not be removed unless defects are evident,

Service items marked with # should be checked before disassembtly.

! Clearance
BD 20
NV 0.03t00.05
. 0.15

7 Wear on bushing,
wear and damage
on tooth surface

#Difference between
pump case depth and
gear height

NV 0.05t0 0.11

L 015

#Clearance between
gear tip and purmp
case

NV 0.11t0 0.18

L 0.2 ]

7 Case and gear assembly

BD .. Basic Diameter
NV .. Nominal Value
| I Limit

€3501C
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Disassembly and Inspection Procedures {2} Difference between oil pump case depth and gear

{1} Rermoval of il pump cover height

<6D22, 22-T, 22-TC>

Dowel pin

Qil pump cover C8520A,
C9519A

6D24-T. 24-TC If the measurement exceeds the limit, replace the gear.
<6D24-T, 24-TC> Note, however, that the drive gear must be replaced
with a case and gear assembly.

{3) Gear tooth end to oil pump case clearance

Gil pump cover

@ (S Dowel pin

10375
<8DC>

C8521A

If the measurement exceeds the limit, replace the gear.
Note, however, that the drive gear must be replaced
with & case and gear assembly.

C9502A

The oil pump cover is positioned with the dowel pin of
the oil pump case.

To remove the oil pump cover, tap on it with a plastic
hammer or the like.
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(4) Gear shaft to case, cover, and driven gear clear-

ance

i
B

1|
=

C9506A

if the measurement exceeds the limit, replace the part
to which bushing is instalied.
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4.1.3 Reassembly

<6022, 22-T, 22-TC>

! Apply thread-lock cement |
[ (LOCTITE 262) to threads
| after degreasing

. Backlash . ° ‘
i Shaft oil hole 59to 78 N-m

i ?V 315 w0027 must be in this range {6 to 8 kgf-mi} 6\
] . l

5 | Apply MOLYKOTE i
to portion that will |
/ fit in bushing
- Arrow and "UP" mark
i i I must face upward and
align oil hotes

= _- ) Shaft end surface
E:““ il & must be flush with case

L74)
o

Assembly sequence

10283857 -6—524—932>51

Ces25C
<6D24-T, 24-TC>
? Apply thread-lock cement
| (LOCTITE 262) to threads |
39 to 49 N.m {4 to 5 kgf-m} | after degreasing |
Backlash 59 to 78 N-m
NV 0.08 to 0.2 6to8kgfmi 4
L 0.4
] _ Arrow and "UP* mark must
f-a Section 88 g face upward and align oil holes
(i
vl
3
=aFB j . \
Saction A-A
1 2
Shaft end surface
must be flush with case
it
Section C-C Section D-D

Assembly sequence
B-27 5695545321
NCTE:
Hold the oil strainer 1 in position temporarily for subsequent attachment
to the crankcase. 11924
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<8DC>

Backlash
NV 0.08 to 0.18 §

E i 0.4 i

39t049NmM
{4 tc b kgf-m}

install so that oil hole

in shaft may be located

within this range.
Assembly sequence
7563524321

NOTE:

|

Apply thread-lock cement g
{LOCTITE 262) to threads |

after degreasing

5910 78 N-m
{6 to 8 kgf-m}

Hold the oil strainer 1 in position temperarily for subsequent attachment

to the crankcase.

5 Assemble so that
oil holes may be
upward.

[ Apply MOLYKOTE |

] to portion that will |
{ fit in bushing

Shaft end surface should be
fiush with case end surface.

C85178
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4.2 Oil Filter and Oil Cooler

4.2.1 Removal and instatlation

<6D2>

1 Qil filter

2 Oil cooler

3 Gasket
<BDC>

1 O pipe

2 Bypass oil filter
3 Qil cooler and oil fiiter

NOTE:

2 . oil cooler's water inist and outiet.
2

possibis oil and water leak.

C1188E

1. Do not apply oil or grease to the O-rings at the

After installation, run the engine and check for

C11518
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4.2.2 Oil filter

NOTE:
The ejements in the bypass and fuli-flow oil filters replaced. For specific replacement intervals, refer to
should be replaced every other time the engine oil is the Owner’'s Handbook.

{1) Disassembly and reassembly

<6D2>
Cracks 7__ W 83— @%-8 4410 54 N-om
) {4.5 to0 5.5 kgf-m}
1 Drain plug
g Ciogging, deformation 2 Center bolt
Clogging, deformation § 3 Washer
E  Harden " 4 Qi filter case
ty .
. o arcening spiiting 5 Element retainer
Hardening splitting 5 —
& Oil filter element
Cracks, deformation 4 4 Cracks, deformation 7 Oil fiiter head
8 OQOil bypass alarm
- 3 ‘y—-—‘t 20 £ 49 N-m {2 = 0.5 kgf-m}
20+ 49 N-m{2 = ¢5kgfmi 1—4& & 3
3 2
2 59 to 69 N-m
59 to 69 N-m {610 7 kgf-m}
{610 7 kgf-m}
C9705C
<8DC> Bypass oil filter Full-flow oft filter
8
4410 54 N-m
{4.5to 5.5 kgf-m} 1 Drain plug
. 2 Center bolt
y logging,
Socmec deformation 3 Washer
%—“‘—5 6 4 Oil filter case
Hardening, .
cracks Hardening, . 5 Element retainer
Crack, cracks g Hardening, cracks & Oil filter element
deformation o g
4 7 Oil filter head
Crack, 4 8 Oil bypass alarm
deformation 1 20+ 49 Nm
20+ 49Nm 1 = 05 kaf
@ + 0.5 kgtm) 3 3 {205 kgtm)
2 2
59 to 69 N-m 5910 63 N-m
{6 to 7 kgf-m} {610 7 kgf-m}
87010
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inspection of oil bypass alarm

Pressure gauge

Valve opening pressure |

NV 340 to 390 kPa |
{3.5 to 4 kgficm?} j

Ug700C

With no air pressure applied, check for continuity
across the terminals as shown and replace the oil
bypass alarm if there is continuity.

Next, with the air pressure applied and gradually
increasing, measure the air pressure when there is
continuity.

If the measurement is out of specification, replace the
oil bypass alarm.
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4.2.3 Qil cooler

{1) Disassembly and reassembly

<6D2>

1 Scale, damage, cracks, oil leaks

2 Scale, cracks

&) Valve opening pressure 3
s NV 175 to 215 kPa
= {1.810 2.2 kgf/cm?) |

2 1510 20 N-m
{1510 2.0 kgf-m}

1 Oil cooler element

2 Bypass valve

<O
@ 3 Qil cooler cover
<8DC>

C9B04E

Qil cooler cover
Bypass valve

Qil cooler element
Regulator valve
Iniet pipe

Qutlet pipe

Oil cooler case

Scale, damage,
cracks, oil leaks

NS R W=

Valve opening pressure
NV 380 to 490 kPa
{4 to 5 kgfiem?)

15 to 20 N-m {1.5 to 2.0 kgf-m}

\ 98 to 115 N-m
5 {1010 12 kgf-m}

<8DCO-TC only>

Scale, cracks

- C8803E
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{2) Cleaning NOTE:

{a} Checkforcarbon orsludge deposited inthe oil pas- Never attempt to apply pressure exceeding the speci-
sage of the oil cooler element and bypass valve. If fied test pressure.
contamination is evident, wash in a cleaning oil. Check for possible leak by applying a 1470 kPa {15 kgf/

(b} If there is a lot of scaie on the element and cover,
wash it away with tap water (preferably hot).

cm?} air pressure to the element. Replace the element if
air or il leak or any other faulty condition is evident as
{3} Pressure resistance test a result of the test.

Conduct the pressure resistance test to check for oil
leak caused by damaged or cracked element.

4.3 Regulator Valve

98 to 115 Nem
{10 to 12 kgf-m}

Set load (set length: 48.3}
NV 7610 80 N
{7.8 to B.2 kgf}

Lost tension 3

Vaive opening pressure
NV 360 to 420 kPa
{3.7t043
kgfem?)
L 2

7 Snapring
2 Valve
3 Spring
4 Body C9902A

Regulator valve installation position:
6D2: Left side of crankcase
gDC: Oil cooler case
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5. TROUBLESHOOTING

Symptom

Probable cause

Remedy

Ref. group

Overheating

Abnormat oil level
* (il leaks into coolant

Correct and fill to specified

levei
s (il leaks
Incorrect oif viscosity
» (i out of life Repiace

» Fuel in oil Change oil after repair of
fauity parts

QOil pressure Qil pressure switch not functioning properly Replace
does not -
increase Loaded oil filter elerment Replace eiement

Loaded oil strainer, loose oil pump joint, cracked pipe Correct or replace

Relief valve, bypass valve not functioning preperly

Worn or damaged oil pump proper Replace
Excessive oil Cil leaks from engine Correct or replace Group 11 Aand B

consumption

O leaks from crankshaft front or rear oil seal

Correct or replace

Leaks to cooling system
s Defective oil cooler water jacket

Correct or replace

Abnormal compression pressure

Check

Group 1t Aand B
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FUEL AND ENGINE CONTROL - GENERAL

1. GENERAL

Fuel

ieak-off ——"

pipe

injection nozzle

Governor

Overflow pipe ——*1

|

|

ey

=)

T Injection pump

EEEE

iCL

L — Injection pipe

- g o=

M

Fuel feed pipe

Automatic timer

ﬁ Coupling

!

(¢

/

wi

ir

/

Feed pump

@
.

Fuel return pipe

L]

Fuei tank

1ggodj

el

| o Fuel feed pipe

i S@pArator

Fuel
filter

Water

{option)

B2115A

The fuel system consists of the injection pump general
assembly (injection pump proper, governor, autornatic
timer, feed pump and coupling), fuel filter, water sepa-

rator, injection nozzle, fuel leak-off pipe, etc.

13-2

The injection pump is connected with the air compres-

sor or pump drive case by a coupling and driven at one-
half the engine speed.
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{1) Injection pump proper

{a) injection pump

<AD type injection pump> <P type injection pump>
Delivery valve holder
Delivery valve spring
Stopper Delivery valve
Delivery valve holder Delivery valve seat
Stopper Delivery valve spring
- . Pl barrei
‘0}’/} ST Delivery valve seat ungerarret. | Deflector
Z AL i Delivery valve Qil sump
Piunger harre} 1_I|"_ - Plunger Control rod
Pinion i’:'w: Control rack Leak hole — Control
e sl AN _ sleeve
ontrot sleeve — g 8 Upper spring seat Upper
Piunger spring — spring seat
i Housing Plunger
Lower spring spring
seat Shi Lower
. m spring seat
"ty Tappet Tappet
Cam
chamber
Camshaft
Camshaft
Screw plug
B9082A B9083C
The camshaft driven at half the engine speed is sup- 1) The pump housing is a totally enclosed type.
ported by taper roller bearings at both ends. The cam- 2) The plunger barrel has an oblique hole made to
shaft has a cam for operating the plunger and a cam for return the fuel that has leaked to the oil sump to
operating the feed pump. minimize the leakage of the fuel into the cam cham-
Atappet operating with the pump housing as the guide ber.
is in contact with the camshaft. The tappet changes the 3) Topreventthe fuelintheoil sump from leaking into
rotary motion of the cam to up-and-down motion the cam chamber, an O-ring is provided on the
which is transmitted to the plunger. outer circumference of the plunger barrel, thereby
The P type injection pump offers the foliowing fea- maintaining its tightness.
tures 4) A deflector is provided on the outer circumference

of the plunger barrel to prevent erosion of the
pump housing that may be caused by counter fiow
of fuel at the end of an injection.
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{b) Plunger and plunger barrel

The piunger has an obliquely cut groove (lead) and a
vertical groove as illustrated. The plunger barrel has
two fuel suction/discharge ports.

Fuel fed into the injection pump is sent under pressure
by the camshaft rotation, or the reciprocating motion
of the plunger as follows.

Fuel Beginning of

When the plunger moves down from the top dead cen-
ter and opens the suction/discharge ports in the
plunger barrel, fuel is not only drawn into the barrel by
a vacuum created during the plunger’s downward
stroke but alsc sent into the barrel under pressure by
the feed pump.

On the upward stroke, the plunger begins to compress
fuel as it completely closes the suctional discharge
ports in the plunger barrel.

With the plunger further going up and with the fuel
pressure increasing, the plunger overcomes the force
of delivery valve spring, pushing up the delivery valve.
This causes fuel to be sent under pressure through the
injection pipe to the injection nozzie.

Control rack

Prassure
drawn in pressure feed feed pressure
feed
B2204A
<AD type injection pump> <P type injection pump>
Control rod
Plunger barrel Plunger

B2224A

Control sleeve

Driving face

B2206A

The amount of fuel injected will be changed according
to the engine operating loads by turning the plunger a
given angle to increase or decrease the effective
stroke. To be more precise, operation of the control
lever or governar moves the control rack {or control
rod) to the right or left, which resuits in the control
sleeve being turned. The bottom end of the control

13-4

sleeve meshes with the driving face of the plunger;
thus, as the control sleeve rotates, the plunger also
rotates to vary the effective stroke, thereby increasing
or decreasing the amount of fuel injected.
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Effective stroke

B2205A

As the plunger rises and its oblique groove (the reed)
meets the inlet/outlet hole, fuel flows into the plunger’s
vertical groove and is expelled from the inlet/outiet
hole. No pressure feed takes place thereafter, regard-
less of how much the plunger rises.

The stroke length during which pressure feed takes
place {from when the plunger closes the plunger bar-
rel’s inlet/outlet hole until the plunger's obligue groove
opens them) is known as the effective stroke.

{c} Deiivery valve

Suction stroke

Beginning of injection

End of End of
injection injection injection

{beginning

of suction)

01827

The fuel highly pressurized by the plunger pushes the
delivery valve up and gushes out. When delivery ofthe
fuel under pressure by the plunger is completed, the
delivery valve is pushed back by the delivery valve
spring and closes the fuel passage to prevent counter
flow of the fuel,

The delivery vaive is further brought down until it is
held against the seat surface tightly. The amount of
fuel corresponding to the stroke during the period is
drawn back from above to instantly lower the residual
pressure in the line between the delivery valve and
nozzle. The draw-back effect improves the cutting of
fuel from the nozzie and prevents after-injection drip-
ping.

A detivery valve stopper, provided on the top of the
delivery valve spring, limits the lift of the delivery vaive
fo prevent the surging of the valve during high speed
operation. It also reduces the dead volume between
the delivery valve and nozzle and stabilizes the injec-
tion rate.

{d} Overfiow valve

Spring

Spring seat

Ta overflow
pipe {
Steel ball

B2208BA

When the fuel pressure in the injection pump exceeds a
predetermined pressure, the steel ball in the overflow
valve is pushed up to let the fuel flow outfrom the injec-
tion pump and return to the fuel tank, thereby stabiliz-
ing the fuel temperature and temperature distribution
in the injection pump and maintaining the injection
rate into each cylinder constant.
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{2) Governor

The construction and operation of the governor are the
same regardiess of the applicable model of the injec-
tion pump. This section describes the governor based
on the AD type injection pump.

{a) RSV type governor

Supporting lever shaft
Guide iever [

Tension lever

Start spring

Shackle

Control lever

Governor housing

Adjusting lever

Governor spring

Idling sub spring

Ungleich spring or
idling spring

Stop lever

Full-lcad stopper bolt

ek
‘\ Camshaft

B26578

The RSV type governor is a centrifugal type all-speed
governor coupled to the camshaft of the injection
pump. The governor not only controls the maximum
and minimum speeds but also automatically controls
the engine speed at any intermediate speed position.
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Ball bearing Slider

Camshaft

Fiyweight
supporting shaft
B2658C

Shifter Governor

sleeve

Fiyweight

The governor, as shown, consists of flyweights
mounted to the injection pump camshaft. When the
flyweights turning on the flyweight supporting shaft
open outward, the slider mounted to the end of fly-
weight arm pushes the end of the sleeve in the axial
direction. The governor sleeve, being made integral
with the shifter through a bearing, moves only in the
axial direction. The shifter is fixed to the end of the
guide lever with a pin to prevent its rotation.

Start spring

Controd rack

Control
lever

Pregsure
spring

Governor o WS
shaft _—

Supporting Pin
fever spring lever

Return  Stop

B2659A

The control lever is mounted to the middle of the guide
jever by the shaft with the bottom end as the fulcrum,

whereas the top of the lever is coupled through the
shackle to the controi rack.

The start spring, attached to the top end of the control
tever, always pulls the control rack in the direction that
fuel is increased.

lidjusting lever

Tension lever

Governor spring Swivel lever

Ungieich spring
or idiing spring

Full-load stopper bolt
B3970A

The turning shaft of the swivel lever is fitted into the
bushing of the governor cover and its center is eccen-
tric with respect to the mounting position of the gover-
nor spring instalied to the tension lever. The governor
spring is installed to the end of the swivel lever.
When the governor spring receives tension, the bot-
tom end of the tension lever touches the adjustable
full-load stopper bolt.

When the angle of the adjusting lever is changed, the
angle of the swivel lever is also changed and the ten-
sion of the governor spring changed. This is because
the turning center of the swivel lever and the mounting
position of the governor spring installed to the tension
lever are eccentric to each other as mentioned above.
An adjusting screw is also mounted to the swivel lever.
Adjustment of the screw changes the tension of the
governor spring, thereby making it possible to adjust
the speed regulation,

An Ungleich spring {or idling spring) is provided inthe
bottom portion of the tension lever. Adjustthe tension
of the spring by adding or removing shims.

An idling sub spring adjustable from outside is pro-

'vided in the middie of the governor cover. During
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idling, the spring always keeps in contact with the ten-
sion lever to maintain a constant idling speed.

The stop iever, mounted through the supporting lever
to the bottom end of the control tever, returns the con-
trol rack to the stop position with a slight pressure irre-
spective of the adjusting lever position.

1) Start of engine

Adjusting lever

Starting Start spring

Stopper /,; Stop

.

7

| L= Control lever
Controi rack

Gaovernor spring

Swivel lever

—— Tension lever

Guide lever

Governor sleeve

Fuli-load
. stopper bolt
Flyweight

B2660A

When the adjusting lever is moved to the start position
(until it touches the maximum speed stopper), the
swivel lever which moves with the adjusting lever pulls
the governor spring and moves the tension lever until
it touches the full-load stopper bolt.

Atthattime, the flyweights are stationary, and the start
spring with weak tension pulls the controi lever in the
direction that fuel is increased.

At the same time, the shifter and governor sleeve push
the flyweight slider to the left.

As the resuit, the tension lever and shifter are spaced
that much apart, and the corresponding amount of fuel
is supercharged to facilitate starting.

13-8

2} ldling controd

Start spring

Adjusting lever

I Governor spring

"/

| Tension lever

Idling sub spring

Controi rack

Shifter

B2661A

Once the engine is started and the adjusting lever
returnedto the idling position, the tension of the gover-
nor spring is drastically reduced.

Now the flyweights can move outward even at a iow
speed, so the tension lever is pushed back until it
touches the idling sub spring and places the control
rack at the idling position. In this state, the centrifugal
force of the flyweights and the weak-state governor
spring and idling sub spring achieve balance and main-
tain smooth idling.

When the speed falls, the centrifugal force decreases,
the flyweights move inward, and the idling sub spring
pushes the tension lever to the left and moves the con-
trol rack in the direction that fuel is increased.

If the speed falls radically, the start spring with weak
tension acts and moves the controt rack in the direction
that fuel is increased to maintain the idling speed.
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3} Maximum speed control

No-load  Adjusting lever
{ldling)

i

Control rack

Governor
spring

Flyweight

Shifter Fuil-load stopper boit

B2662A

When the adjusting lever is moved to the full-load posi-
tion, the tension of the governor spring is increased
and pulls the tension lever until it touches the full-load
stopper boit.

When the engine exceeds the specified speed, the cen-
trifugal force of flyweights becomes larger than the
force of the governor spring pulling the tension lever.
So the tension lever is moved to the right and moves
the control rack in the direction that fuel is reduced,
thereby preventing the engine from exceeding the spe-
cified speed.

If the speed further increases, the centrifugal force of
flyweight increases and pushes the tension leverto the
right and also compresses the idling sub spring to pull
the control rack back to the no-load maximum speed

position, thereby preventing over-speed operation of
the engine.

The RSV type governor controls the entire speed range
from idling to maximum speed. If load increases or
decreases at a certain speed determined by the posi-
tion of the adjusting lever, the governor automatically
functions and maintains the engine speed constant at
all times.

4) Ungleich operation

A When max. injection is set
at low-speed operation

Injection matched
with air intake rate
g — -

it
e

A()-—-:'

== md,
injection/ . — ——
stroke AQ—
When max. injection is set
at high-speed cperation

-

B2663A

Engine speed

The air intake rate of the engine falis as the engine
speed increases. The injection pump, on the other
hand, increases the per-stroke injection as the speed
increases, even with the control rack at the same posi-
tion.

Therefore, if full-load is set at point Ato derive enough
output at low speeds, the injection will reach B as the
speed increases, and the engine will produce black
smoke.

If full-load is set at point B to prevent black smoke, the
low speed injection will come down to A, allowing
combustion of more fuel,

So the Ungleich device accomplishes the function of
setting full-load at point Ato derive the largest possible
torgue in the low speed range, and changing it to
adjust the injection to point B’ in the high speed range.
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Hack position {mm) __p.

N2 N1
Pump speed (rpm) —e=

Ungleich effect

- "t’
Without
Ungleich effect

Torque {(N-m {kgf m}} -

N2 N1
Engine speed {rpm} ~—™

B2664A

When the engine speed is low and the centrifugal force
of flyweight smaller than the pressure of the Ungleich
spring, the shifter is moved as much as the Ungleich
stroke to the left, so the control rack moves in the direc-
tion that fuel is increased to increase the torque of the
engine at low speeds.

Fuli-load

AT
7

| Tension iever
Control rack

: Lingleich spring
rim == S

Shifter

Flyweight

B2665A
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As the engine speed increases, the centrifugal force of
flyweight increases. If it becomes largerthan the pres-
sure of the Ungleich spring, the Ungleich spring is
slowly compressed before the start of high speed con-
trol, and the control rack moves in the direction that
fuel is reduced. The Ungleich stroke is completed at
the position where the shifter directly touches the ten-
sion lever,

5) Stopping of engine

Stop Adiusting tever
position

Stop f
=

THT=S:

Control rack

ﬂ

Stop lever

B2666A

When the stop lever is moved to the stop position, the
control rack is moved to the stop position to stop the
engine regardiess of the position of the adjusting lever.
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B) Operation of torque spring

Rack position [mm) ———ae
w
Qutput kW {PS) ————=

Governor operating range

P1

Pump speed {rpm) —am

P2 Engine speed {rpm) P2

P1

B2667A

Construction machinery engines are often subjected to
a large load during operation, and reduced speeds
often lead to stalls. To prevent this, a torque spring is
provided,

When the adjusting lever is fixed in the lever set posi-
tion, a sudden increase of load, if no torque spring is
provided, will move the control rack along the B-D
curve as the speed falls. The rotational displacement at
the time may be expressed as Pq.

Torque spring

Torgue control
iever

Pin A"

Fuii-load stopper

B2568A

If a torque spring is provided, the control rack moves
along B-C, and the rotational displacement at the time
may be expressed as P;. Therefore, large changes
occur in P, and engine speed, and because of
increased fuel injection, the engine torque increases,
and large combustion noise warns the operator of the
increased load, enabling him to take proper action to
prevent stopping the engine.

in an abrupt increase of load occurs when the engine is
running at continuous rating, the engine speed falls.
So the fltyweights are moved inward and the tension
lever pulled to left by the control spring, causing the
control rack to move in the direction that fuel is
increased.

At the time, the tension lever pin pushes the bottom of
the torgue control lever, and the lever moves with the
pin “A” as the fulcrum, whereas the portion “B” is
pushed to right. As the result, the torque spring per-
forms the function of reducing movement of the ten-
sion lever.
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{b) RFD type governor

Stop lever

Governor cover

Guide lever

Tension iever

Floating
lever link

Start spring

Damper spring

ldiing spring

Stroke adjusting boit

Floating lever

Sleeve

Shiding tever

Governor housing

Governor spring

Control rack

Swivel iever

Camshaft

Speed
control
tever

Load control
lever

Flyweight

B2682B

The RFD type governor is a minimum-maximum gov-
ernor which controls only the minimum and maximum
speeds.

The RFD type governor make it possible to increase or
reduce fuel by the load control lever which operates
the control rod. Any desired speed can be set as a dis-
placement of the speed controi lever changes the ten-
sion of the governor spring.

Because of the construction described above, the RFD
governor can be operated as an all-speed governor by
hoiding the ioad control lever in the full position and
operating the speed control lever.

Fiyweights are mounted on the injection pump cam-
shaft, Each of the flyweights pivots about a pin press-
fitted in the flyweight holder. When the flyweights
move out, the slider fitted to the end of the flyweight
arms pushes the sleeve end face axially. The sleeve
which contacts the fiyweight slider is coupled to the
shifter by a snap ring. The guide lever suspended from
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the tension lever shaft holds the shifter, preventing it
from turning.

The guide fever has an intermediate shaft, on each side
of which there is a floating lever mounted.

A block is press-fitted in the bottom end of one floating
lever and this block is fitted in the bottom of the sliding
lever. The load control lever is fitted to this sliding lever
through an eccentric shaft. The floating lever can be
moved by operating the load control lever. Atthe upper
end of the floating lever placed on the other side viaa
shaft, there is an injection pump control rack fitted via a
floating lever link. A start spring is hooked at the lower
end of the floating lever and the other end of the start
spring is hooked at the spring eye on the governor
housing side.

The tensicn iever is suspended from the tension lever
shaft from which the guide tever is suspended. A gov-
ernor spring is fitted across this tension lever and the
swive! lever. lts tension is determined by the speed
control lever mounted on the swivel lever shaft. Within
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normal speed ranges, therefore, the lower end of the
tension lever is always in contact with the stroke
adjusting bolt.

A pin is press-fitted in the side of the lower end of the
tension lever. It fits into the groove in the upper part of
the sliding lever. During high speed control, therefore,
a greater lever ratio is obtained from the linkage
formed by the pin, sliding lever, and floating lever. Built
into the lower end of the tension lever is the idling
spring that provides low speed control.

1) Control of engine start and idling

The engine stop lever is fitted to the top of the gover-
nor, that moves the control rack to the non-injection
position to stop the engine. The cancel spring is
installed to prevent excessive force from being applied
to the control rack at this time.

Mounted on top of the governor cover is the smoke set
assembly. It functions to ensure good starting by
increasing the amount of fuel injected at starting and
improve smoke condition in the practical full-ioad low
speed range.

Start spring
Controtl rack

Swivel lever

Govarnor spring

Flyweight ——

O"“o

Shifter

Speed control lever
Maximum speed position

Guide lever

)/ Tension lever

Floating fever

Load control lever
Full position

idling position

Sliding lever

idling spring

B2670A

When the engine is not running, the flyweights are in
the closed position, pushed by the governor spring,
idling spring, and start spring. If, in this condition, the
load control lever is moved all the way to the full posi-
tion {in the direction of greater fuel delivery), the start

spring and idling spring cause the control rack o move

to a point which is beyond the full-load position and
provides the maximum amount of fuel injected, thus
making it easier to start the engine.

When the ioad control lever is returned to the idling
position after the engine has started, the fiyweights
increase or decrease their centrifugal force as the
engine speed changes. In the idle speed range, thecen-
trifugal force is such that it just compresses the idiing
spring. The centrifugal force of the flyweights balances
the combined force of the idling spring and start

spring, which keeps the control rack at a given position.
This results in the engine running at smooth idle
speed.

If the engine speed increases at this time, the centrifu-
gal force of the flyweights increases causing the fly-
weights to move out to push the shifter to the right. As
a result, the guide lever and floating lever are moved,
which in turn moves the control rack in the direction of
smaller fuel delivery (to the right). If the engine speed
decreases, on the other hand, the control rack is moved
in the direction of greater fuel delivery. The governor
controls the amount of fuel injected in this way to stabi-
lize the engine at idle speed.
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2) Normal speed operation

3} Controf of maximum speed

Speed control lever
Maximum speed position

Tension lever

Floating lever

Load controf lever

£ccentric shaft

X J

Sliding lever

B2671A

If the load control lever is moved in the full direction
{for greater fuel delivery), the eccentric shaft coupled
to the load control lever causes the sliding lever 1o
pivot about pin D fitted in the bottom of the tension
lever. At the same time, the floating lever pivots about
point B to push the control rack in the directicn of
greater fuel delivery, which results in the engine speed
increasing.

When the engine speed reaches a point over the idling
control range, the idiing spring is completely com-
pressed in the tension lever, causing the shifterto be in
direct contact with the tension lever. The tension lever,
however, is in contact with the stroke adjusting bolt by
the tension of the governor spring which is tightened
by the speed control lever. Since the centrifugal force
of the flyweights is small in the normal speed range,
the tension lever is unable to move. This means that
point B can not move either, and the operation of the
ioad control lever is directly transmitied through the
eccentric shaft, sliding lever, and floating lever to the
control rack, thereby increasing and decreasing the
amount of fuel injected.

13-14
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B2672A

As the engine load varies and engine speed reaches a
predetermined maximum speed, the centrifugal force
of the flyweights overcomes the governor spring ten-
sion, causing the flyweights to start moving out. This
motion results in the shifter and tension lever being
moved to the right. Then, point B is moved to B’ and
point D in terision lever to D', which prevents the
engine speed from exceeding the predetermined max-
imum level.

i this governor is used as an all-speed governor, the
engine speed is varied by operating the speed control
lever with the load control lever fixed at the full posi-
tion. That is, a given engine speed is maintained as the
speed control lever is tilted; if load changes, however,
the governor automatically controls to keep the given
speed. For example, suppose the speed controlleveris
tilted to a position which provides the maximum out-
put (where it contacts the maximum speed stopper
bolt). When the engine speed increases in this condi-
tion, the centrifugal force of the flyweights becomes
greater.
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As the force becomes greater than the force of the gov-
ernor spring which pulls the tension lever, the fly-
weights start moving out. This motion of the fiy-
weights causes the shifter and tension lever to be
moved to the right. At the same time, point B is moved
to B’, point Dto D', and point C to C. This results inthe
control rack being pulled in the direction of smaller fuel
delivery, thus reducing the engine speed.

i load increases to cause the speed to decrease, the
centrifugal force of the flyweights becomes smalier
than the governor spring tension. Then, point B’ is
moved to B, point D’ to D, and point C’ to C. This resuits
in the control rack being moved in the direction of
greater fuel delivery.

The governor automatically activates as toad changes
to maintain a given speed at all times.

4) Start booster {(smoke set assembly)

Sliding lever

B2673A

The smoke set assembly installed to the rear of the
governor has a spring with setting force and a stopper
as functional parts. It also has sleeve, stroke adjusting
nut, spring adjusting nut and cap.

With smoke set
assembly
Without smoke set
- assembly
S
S
-
~
N
Rs \\ Re
AN
!f \
Ra
f [
Rack
position
(mm}
Nz N1
Pump speed (rpm} sl
B26748

As indicated by the governor characteristics shown
above, when without the smoke set assembly, the
shifter and floating lever are pushed back by the idling
spring force, moving the control rack toward fuel
increasing direction when pump speed reaches Ni.
Namely, N4 is the smoke limit in this case.

When with the smoke set assembly, the spring force of
the smoke set assembly overcomes that of the idling
spring so that the floating lever motion is inhibited
until the speed reaches Ny. Thus, the smoke limit
decreases from Nqto Na.

It is also possible to secure rack position Rs needed at
time of start.
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5} Engine stop lever

(3) Feed purnp

Normal
position

Floating lever link  Controt rack

B82675A

To stop the engine, the stop lever on top of the gover-
nor must be operated to cut off the fuel.

The stop lever is cable-connected to the engine stop
button on the driver's seat. The stop lever is operated
by pulling the button. When the stop lever is rotated,
the internal lever pushes the tab on the floating iever
link, forcing the controi rack te the non-injection posi-
tion to stop the engine. The stop lever returns to the
normal position by the reaction of a built-in spring.
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Priming pumgp
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Spring

Feed pump housing
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Qutlet

check valve inlet check valve

Gauze filter

To fuel filter From fuel tank
B3006A
<B8DC>
Priming pump
QOutlet
check valvi
lnlet check valve
Check valve
spring

Gauze filter
From fuei tank

12186

Supply of fuel to the injection pump proper is accom-
plished by the feed pump mounted {o the side of the
injection pump proper and driven by the cam of the
injection pump camshaft provided for the purpose.
The priming pump mounted to the feed pump makes it
possible to Iift fuel manually when the engine is sta-
tionary.
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{a) Suction stroke

{c} Stop

Suction
chamber
Cutlet check

Pressure
valve

chamber

+ Camshaft
Push rod —

01835

Pressure
chamber

01837

When the camshaft of the injection pump forces the
push rod up, the fuel in the suction chamber is com-
pressed and opens the outlet check vaive. Most of the
fuel forced out is drawn into the pressure chamber
above the position.

{b} Pressure feed stroke

Suction chamber

Inlet check
valve

Piston spring

Qutlet check Piston

valve

Pressure
chamber

" 01836

When the cam, moved away by rotation of the cam-
shaft, ceases to push up, the piston is pushed back by
the pressure of the piston spring and forces out the fuel
from the pressure chamber and forces it into the fuel
filter.

At the time, the outlet check valve closes, and the inlet
check valve opens, so the fuel is drawn into the suction
chamber.

When the pressure in the pressure chamber axceeds
specification, the piston cannot be brought back by the
pressure of the piston spring and stops the pump func-
tion. So the pressure in the fue! filter is adjusted not to
rise more than necessary.
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{4) Automatic timer

The interval between fuel injection into the cylinder
and its ignition is called the ignition delay interval. The
ignition delay interval is constant regardless of the
engine speed. Ifthe ignition timing is always constant,
changes in the engine speed will vary the reiation
between the piston position and ignition timing, mak-
ing it impossible to obtain the best engine perfor-

{a) SA-type automatic timer <6D22>

mance. To maintain the relation between the piston
position and ignition timing constant at all times, the
injection timing must be changed to match the engine
speed.

The automatic timer is a device which automatically
changes the injection timing according to the engine
speed.

Fiange

Tirmer case

Timer spring

Flyweight

Flyweight holder

B3210A

Each of the two flyweights has a hole in one side. The
flyweight holder pins fit into these holes. The flange
legs touch the flyweights’ curved surfaces. Timer
springs are fitted to the flyweight pins and flange legs.

13-18

Engine rotation is transmitted by the flange to the
flange legs, fiyweights, flyweight holder, and injection
pump camshaft.
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Fiange leg

Fiyweight

Fiyweight
hoider pin

At low speeds

B3211A

Advance
angie

At high speeds

B3212A

At low engine speeds, no centrifugal force acts on the
fiyweights, so the timer springs have their maximum
installed length.

At high engine speeds, centrifugal force acts onthe fly-
weights. The flyweights thus open outward, pivoting
on the flyweight holder pins. When this happens, the
flange legs are pushed by the curved surfaces of the
flyweights in the timer springs’ compression direction
but cannot move since they are coupled to the drive
side.

While compressing the timer springs, the fiyweight
holder pins are thus drawn in the direction of rotation,
which moves the pump camshaft in the direction of
rotation and advances the injection timing.

if the engine slows from a high speed to a low speed,
the flyweights' centrifugal force diminishes. The fiy-
weights thus return to their original positions and the
flyweight holder pins are pushed back by the timer
Springs.
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(b) SPtype automatic timer <6D22-T, TC, 24-T, 24-TC, 8D(8, g, 9-T, 8-TC>

Q-ring

\ Fiyweight
Timer housing

Timer spring

injection

Qil seal pump side

Sbring seat

B3201A

Two flyweights are fitted on the pins of the timer hous-
ing and are held in the timer housing. On the other
hand, the injection pump connection side flange has a
curved surface, and the rolier fitted on the pin installed
in the flyweight touches the curved surface. Timer

pin Fiyweight

B3202A
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springs are held between the spring seats fitted on the
timer housing pins which extend through the flange
and flyweight. These parts are housed in the timer
housing and are totally enclosed with a cover, O-ring
and oil seal.

When the engine is running at a low speed, the timer
spring pressure is stronger than the centrifugal force of
flyweight, so the rolier of flyweight is held down by the
flange, creating no advance state.

When the engine reaches a high speed, the centrifugal
force of flyweight becomes stronger, the roller of fly-
weight pushes the curved surface of flange with the
timer housing pin as the fulcrum, and the flyweight

~ opens outward, while compressing the timer springs.

in this manner, the roller installed on the flyweight
moves the flange in the turning direction and advances
the injection timing.
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{c} SPG type automatic timer <BDCS-TL>

L
A%

Timer holder

Timer housing

Eccentric cam {smalier)

i
Flyweight
Eccentric cam {larger}

Cover

Pilot pin

BOO23A
Timer holder
h Flyweight
B2,
Fiyweight pin po Flyweight
/ ] Eccentric cam (larger}
Timer holder = .
Eccentric cam {smaller}
@ Timer housing
Housing pin————=t.| Pilet pi
Hot pin
Timer spring
BGOZ4A BO025A

The timer housing receives rotating motion of the
engine through a coupling. The timer holder is directly
connected to the injection pump camshaft. Two oppos-
ing pins are press-fitted in the timer housing. A small
eccentric cam is mounted on each of the pins and a
large eccentric cam is slid over the periphery of the
small cam. The two holes in the timer holder fit over the
large eccentric cams.

Pins are pressed into the undersides of the ﬂyweights
These flyweight pins fit into holes in the larger eccen-
{ric cams.

When the timer housing is rotated, the timer holder is
rotated at the same time driving the injection pump.

The two flyweights have the timer holder in between
and are provided with timer springs having the same
set tension to keep the flyweights evenly in position.
When the engine is not running or running at iow
speeds, the flyweights are pressed against the timer
holder by the set tension of the springs.
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Timer housing pin
{Point C)

Eccentric cam (smaller}
-)g}\/ Point B

Timer housing

Eccentric cam (larger)

Flyweight pin

Point A Advance angle

Reotating direction

Flyweight  Timer spring

Fiyweight in maximuk
lifted state

When the engine is not running, the flyweights are
pressed against the timer holder by the timer spring set
tension.

When the engine is started, a centrifugal force is pro-
duced by the flyweights; however, it is less than the
timer spring set tension keeping the flyweights
remaining the criginal positions, without lifting.

As the engine speed increases, the centrifugal force of
the flyweights also increases and will be balanced with
the spring tension. When the engine speed further
increases, the centrifugal force overcomes the timer
spring set tension, causing the flyweights to lift out-
ward. This causes the center {point B} of the large
eccentric cam pivot about the center {point A} of the
timer, moved in the rotating direction, by the small
eccentric cam pivoting about the timer housing pin
{point C). Since the large eccentric cam is fitted to the
timer holder, that motion of the large eccentric cam is
imparted to the timer holder. The maximum advance is
obtained when the backs of the fiyweights are against
the inner wail of the timer housing.

B0026A
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{5} Boost compensator

Boost
pressure

Inlet manifoid

B6012A

The boost compensators increase the engine’s power
output by increasing the rate of fuel injection to match
increases in air intake caused by the turbocharger. To
increase the amount of fuel injected, the boost com-
pensators utilize the boost pressure in the inlet man-
ifoid.

There are two boost compensators, One is fitted to the
governor, and the other is fitted to the drive side of the
injection pump.
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{a) Governor-side boost compensator

{b) Drive-side boost compensator

Connection pipe

Boost compensator
Boost compensator spring

.. 

tncreage‘-r*‘: inlet manifold

Control rod

.
(=)
Fioating lev

| B2693C

Diaphragm
Push rod

Compensator iever

A

As the boost pressure overcomes the compensator
spring, the diaphragm and push rod are pushed to the
left. Movement of the diaphragm is pivoted on point
“A" of the compensator lever and moves the compen-
sator lever in the direction shown by the dotted lines.
As the diaphragm and compensator lever move, the
fioating lever pivots counter-clockwise about point
“B,” thereby pushing the control rod in the fuel-in-
crease direction. The system is thus able to increase
the fuel quantity irrespective of the governor.

Boost compensator set spring

Diaphragm

Pressurization
chamber

F<— Boost

pressure
Push rod
Arm
Start fuel
increase stroke
B2691A

Floating lever
Cance! spring Floating lever link
Load control lever full position {turbocharger off)

Control rod

ger on)

Load control lever full position {turbochar

B2693A

When the boost pressure rises above the boost com-
pensator spring set pressure by the action ofthe turbo-
charger, the diaphragm forces out the push rod. The
cancel spring installed between the control rod and
floating lever on the governor side is set so that it
pushes, at ali times, the control rod in the direction of
greater fuel supply. This means that, when the push
rod moves in the direction shown by the arrow, the
controi rod moves in the direction of greater fuel sup-
ply.

This boost compensator also has a spring that
increases fuel supply at engine start.
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Control rod

B2692A

Before the engine is started, the idling spring in the
governor, forcing the control rod in the direction of
more fuel supply overcomes the force of the smoke set
spring and therefore the control rod moves 1o the start
fuel increase position while forcing the arm. When the
engine is started, the idling spring is compressed by
the shifter and as a result, it loses the force to push out
the control rod. Then, the smoke set spring forces the
control rod back to the normal position.

(6} Pump drive case

Pump drive shaft

e —

Pumyp drive gear

Injection
pump side

il

Fiywheel
housing side

B4191A

The pump drive case, installed at the left of the fly-
wheel housing, is driven by the timing gear of the
engine at half the engine speed. The pump drive shaft,
with its end connected to the coupling of the injection
pump, drives the injection pump.
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{7) Injection nozzle

{a) Hole type {1-spring nozzie)

Adjusting scraw mg- To leak-off pipe
From injection
pump
-
Nozzle holder
Nozzle spring —
Needle valve ) N
Nozzie /
04538

The fuel delivered from the injection pump enters the
nozzie holder and has a pressure higher than the speci-
fied pressure. So the fuel overcomes the nozzle spring
and pushes the needie valve up.

The high pressure fuet which has forced the needle
valve up is injected from the orifice at the end of the
nozzle into the engine combustion chamber.

Some of the high pressure fuel lubricates the needle
vaive, etc. and is returned through the fuel leak-off pipe
to the fuel tank.

The injection pressure of the injection nozzie is
adjusted by changing the tension of the nozzle spring
with the adjusting screw.
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{b} Hole type {2-spring nozzle)

Two models of hole type injection pumps are used.
Their constructions are as follows.

<Other than nozzle identification mark “2D">

Cap nut
Adjusting screw

From injection

( pump
»

) No, 2 spring

Prefit adjusting shim

Spacer

No. 2 push rod
Nozzle holder

Valve opening pressure
adjusting shim

No. 1 spring

No. 1 push rod
Nozzle

Needie valve Retaining nut

B3406A

The nozzle has two springs and push rods, and a clear-
ance {prelift} is provided between two rods.

When the high pressure fuei fed from the injection
pump overcomes the 1st spring which determines the
valve opening pressure, the needie valve opens to start
the pre-injection and simultaneously moves the 1st
push rod upward.

When the 1st push rod moves through the prelift and
contacts the 2nd push rod, the needle valve stops mov-
ing momentarily. As the fuel pressure further increases
and overcomes the resultant force of the 1st and 2nd
springs, the needle valve restarts moving upward for
the main injection.

Some of the high-pressure fuel is used to lubricate the
needle valve and other components and is returned to
the fuel tank via the leak-off pipe.

Fue! injection pressure adjustments are made using
the shim.

<Nozzie identification mark “2D">

From injection pump

No. 1 valve
opening pressure
adjusting shim

No. 1 spring

No. 1 spring seat

No. 2 spring
No. 2 valve
opening pressure I
adjusting shim Lift-piece

Needle valve
No. 2 spring seat

11833

With this nozzle, a prelift clearance is provided
between the lift-piece and No. 2 spring seat, and the
nozzle’s injection starting pressure is determined by
the force of the No. 1 spring.
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No. 1 spring

% L —No.1spring seat

Push rod —_—

No, 2 spring

Ng. 2 spring seat

oTsfeje[]. i

‘ Prelift
|

Lift-piece
Needle vaive

01846

As the pressure of the fuel fed from the injection pump
{i.e.,the pressure in the nozzie tube) overcomes the No.
1 spring, the needle valve rises by the prelift distance.
When the lift-piece rises by the prelift distance, it meets
the No. 2 spring seat. Since the lift-piece and No. 1
spring seat are pressing together, the spring force at
this time is that of the No. 1 and No. 2 springs com-
bined, and the needle valve momentarily stops rising.
Asthefuel pressure rises and the pressure in the nozzie
tube overcomes the two springs, the needle valverises
further and the nozzle injects the remaining larger
guantity of fuel.

Fuel injection pressure adjustments are made using
the shim.
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{8} Fuel filter

T Fuyel filter
head

B35018B

Element

B3501C

The fuel filter may be either the element replace type or
the spin-on type which facilitates replacement of eie-
ment.

it separates water content in the fuel fed under pres-
sure from the fuel feed pump of injection pump and
eliminates dirt in the fuel by the element.
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(9} Water separator

From fuel
tank

Water level
. ring

B3551A

The sedimenter type water separator separates gas oil
and water centrifugally by taking advantage of their
difference in specific gravity.

The fuel that has flowed in from the inlet connector is
squeezed by the fuel path of the head to increase the
flow velocity and spins. The separated water is sedi-
mented in the case, whereas the water-separated fuel
is drawn through the fuel path in the center of the head
into the feed pump.

The water separator sediments not oniy water but also
mud components.

A red float goes up and down with the water level inthe
semi-transparent case, making it possible to visually
check the water quantity.
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2. SPECIFICATIONS

{1} Injection pump and injection nozzles <6D2>

ltemn

Specification

Manufacturer ZEXEL Corp.

Applicable engine model <6022 «6D22-T>
Injection pump proper {Standard) {Optional) (Standard} {Optional} {Opticnal)
Type Bosch in-line type | Bosch in-line type Bosch in-iine type Basch in-iine type | Bosch in-line type
Made! AD AD P P P
Turning direction Clockwise Clockwise Clockwise Clockwise Clockwise
{viewed from drive side}
Plunger diameter mm 16.5 105 12 12 12
Guovernor
Mode!, Type RSV-type RFD-type RSV-type RFD-type ASV-type
all-speed minimum/ all-speed minimum/ all-speed
mechanical maxirmum mechanicai maximum mechanical
governor mechanical governor mechanicai governor
governor governor
Fuel feed purnp
Model KE KE K K KD
Automatic timer
Model, Type SA-type SA-type SP-type SP-type SP-type
mechanical mechanical mechanical mechanical mechanical
automatic timer automatic timer automatic timer autematic timer automatic timer
injection nozzles (Standard} | {Optional)
Type Hole type {1-spring) Hole type | Hole type Hole type Hole type
{1-spring} | {2-spring) {1-spring} {i-spring)
Modesi DLLA DLLA DLLA DLLA DLLA
No. of holes 4 4 4 4 5
Hole diameter mm 0.37 0.37 0.37 0.37 0.38
Spray angle 184° 154° 154° 154° 157°
item Specification
Manutfacturer ZEXEL Corp.
<BD22-TC> «6D24-T> <6D24-TC>
injection pump proper {Standard} {Cptional)
Type Bosch in-line type Bosch in-line type Bosch in-line type Bosch in-line type
Model P p P P
Turning direction Clockwise Clockwise Clockwise Clockwise
{viewed from drive side}
Plunger diameter mm 12 12 12 12
Governor
Model, Type RSV-type ali-speed RSV-type all-speed RFD-type minimum/ RS8V-type all-speed
mechanical governor maechanical governor maximum mechanical mechanical governor
governor
Fuel feed pump
Model K K K K
Automatic timer
Model, Type SP-type mechanical SP-type mechanical SP-type mechanical SP-type mechanical
aytomatic timer automatic timer automatic timer automatic timer
Injection nozzles {Standard) {Cptional)
Type Hole type Hole type Hole type (2-spring) Hole type (2-spring)
{1-spring} (2-spring}
Model DLLA DLLA DLLA DLLA
No. of holes 5 5 5 5
Hole diameter mm 0.36 0.36 0.36 0.35
Spray angle 1580° 150° 157¢ 150°
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{2) Injection pump and injection nozzles <8DC>

ltem Specification
Manufacturer ZEXEL Corp.
<BDCY%> <8DCY-T> <BDCY-TL> | <8DCY-TC>
injection pump proper {Standard) {Optional} {Optionatl) {Standard} {Optional)
Type Bosch Bosch Bosch Bosch Bosch Bosch Bosch
in-line type | in-line type in-line type in-line type | in-line type | in-line type in-line type
Model AD AD P P P P P
Turning direction Clockwise Cliockwise Ciockwise Clockwise Clockwise Clockwise Clockwise
{viewad from drive side)
Plunger diameter —mm 105 10.5 12.0 11.0 11.0 12.0 12.0
Governor
Muodet, Type RSV-type RFD-type RFD-type RSV-type RFD-type RFD-type RSV-type
all-speed minimum/ minimurn/ ail-speed minimum/ minimum/ ali-speed
mechanicai maximum maximum mechanical maximum maximum mechanical
governor mechanical mechanical governor mechanical ; mechanical governor
governor governor governor governor
Fuel feed pump
Modei KE KE K KD KD KD KD
Automatic timer
Model, Type S5P-type SP-type SP-type SP-type SP-type SPG-type SP-type
mechanical | mechanical mechanical mechanical | mechanical | mechanical | mechanical
autornatic automatic automatic timer automatic automatic automatic automatic
timer timer timer timer timer timer
Injection nozzles {Stan- | (Optional}
dard}
Type Hole type Hole type | Hole type | Hole type | Hole type Hole type Hole type Hale type
{1-spring) {1-spring} |{2-spring}|{i-spring)! {(i-spring) {2-spring) {2-spring} {1-spring)
Model DLLA DILA DLLA DLLA DLLA DLLA DLLA DLLA
No. of holes 5 5 5 5 5 5 5 5
Hole diameter mm 0.32 0.32 0.32 0,32 0.36 0.34 0.36 0.36
Spray angle 158° 158° 600 187° 165° 187° 167° 155°
{2) Others
Itemn Specification
Fuel filter
Type Spin-on type

Water separator

Type

Sediment trap type
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3. SERVICE STANDARDS
3.1 Service Standards Table

(1) Injection pump

Unitt mm
Maintenance item Nominal vaiue Limit Remedy and remarks
{Basic diameterin{ )
Fuel injection start timing (BTDC) Dependent on - Adjust
specification
Eccentricity with respect 1o air compreassor crankshaft 0.2 or less - Adijust shims
{or pump drive shaft)
injection Overfiow vaive opening | BDCY 155 kPa {1.6 kgffem?} - Repiace
pLUMp proper | pressure
6D22: For construc- 255 kPa {2.6 kgffem?} -
tion machinery,
8D22-7, 22-TC,
80C9-T, 8-TL, 9-TC
Sliding resistance of AD type 602 1.5 N {150 gf} or less - Check
controd rack
{when stationary) 8DC 2.0 N {200 gf} or less -
P type 6D2 1.3 N {130 gft or less -
ape 1.5 N {150 gf} or less -
End play of camshaft 0.0210c 0.08 0.1 Adjust shims
QOverali tappet {roller} clearance - 0.2 Replace
Backlash between control rack and AD type 0.15 0.3 Replace
pinion
Full stroke of control rack (or control rod) 21 or more - Check
Prastroke AD type 45 £+ Q.05 - Adjust
P type 48 + (.05 -
Injection start interval 602 60° + 30 - Adjust
2ialed 45° + 30 -
Tappet clearance AD type 0.3 or more - Adjust
Dimension from governor housing to RSV type 1910 19.2 - Adjust shims
shifter
RFD type 3310334 -
Feed pump Tightness iwhen 195 kPa {2 kgflcm?} 0 em3/min. - Replace
of air pressure is applied]
Priming pump lift capacity (No. of strokes 25 strokes or less - Replace
required before lifting when operated at 60 to :
108 strokes/min.}
{Delivery 100 rom KE type 60 cc - Replace
min.} T
for 1% K type i 6D2 60 cc -
seconds
80C 70 cc -
KD type 6D2 130 cc -
8DC 145 cc -
500 rpm KE type 340 cc -
K type 802 260 cc -
BOC 300 cc -
KD type 6D2 700 cc -
8bC 710 cec -
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Unit; mm

Maintenance item Neminai value Limit Remedy and remarks
(Basic diameterin{ [
Feed pump :.'.)eiivery 1000 rpm KE type 405 cc - Replace
mirn.)
for 15 K type 8D2 530 cc -
seconds
BDC 600 cc -
KD type 602 1170 cc -
8DC 1170 cc -
1500 rpm KE type 430 cc -
K type 8D2 520 ce -
8DC 580 cc -
KD type 602 1000 cc -
| 8DC 1035 cc -
(2} Injection nozzie
Unit; mm
Maintenance item Nominal value Limit Remedy and remarks

(Basic diameterin[ B

Valve gpening pressure 1-spring nozzie 21.6 MPa {220 kgf/cm?} - Adjust
2-spring nozzle 17.7 MPa {180 kgficm?} -
2-spring Prelift Except nozzle identification mark “2D” 0.10 + 0.02 - Adjust
nozzie
Nozzie identification mark "2D" 0.07 + 0.02 -
2-spring regulated pressure | Standard 24810 25.4 MPa - Adjust
topen pressure} {253 to 259 kgf/cm?}
<Except nozzle identification
mark “2D"> QOption 26.2 to 26.9 MiPa -
{267 to 274 kgffem?}
2-spring regulated pressure | Except nozzle identi- 23.0to 23.5 MPa - Adjust

{cover pressure)
with a 0.05 needle valve lift

fication mark “2D"

{235 t0 240 kgflom?}

Nozzle identification
mark “2D*

25.5 to 26.5 MPa
{260 to 270 kgflem?}
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3.2 Tightening Torque Table

Location tightened Screw size Tightening torgue Remarks
0.D. x pitch (mm) N-m {kgfm}
Injection pump bracket mounting bolt | 602 Mi0x 1.6 3510 53{3.6t0 5.4}
8DC 421059 {4.310 6.0}
Injection pipe union nut Og pump AD type M12x 1.5 2913
side
| P type M14x 15 29 {3}
On nozzie side M12x15 29 {3}
Injection Overfiow vaive - 20 to 29 {2 to 3}
pump
injection pump fuel AD type - 20t0 29 {2 to 3}
iniet side eyebolt {6D2 only),
P type
AD type - 25t0 28 {2.5to 3}
{8DC oniy}
Lubricant (inlet) side AD type - 8.81t0 13{1to 1.3}
eyebolt
P type - 12te 15 {1.2 to 1.5}
i.ubricant {outlet) side AD type - 15to 18 {1.6to 1.8}
ayebolt
P type - 2010 29 {2 to 3}
Boost compensator eyebolt - 1210 15 {1.2 to 1.5}
Delivery vaive hoider AD type - 641069{65t0 7}
P type - 10510 115 {11 to 12} Tighten three times to the
specified torque
Lock plate AD type - 441058{04510 0.6}
Flange sleeve nut P type - 3910 44 {4to 4.5}
Governor flyweight mounting - 49 to 59 {5 to 8}
round nut
Fue! feed Fuel inlet side eyeboit - 20 t0 25 {2 to 2.5}
pump
Fuel outlet | KE, K, KD - 2010 25 {2 to 2.5}
side type
eyebolt {6D2 only)
K, KD type - 2010 29 {2 to 3}
{8DC oniy}
Autornatic timer SA type - 83 to 98 {8.5 tc 10}
round nut
SP type - 12510 145 {1310 15}
SPG type - 145 to 165 {1510 17}
Cap screw SPtype - 2910 39 {310 4}
SPG type - 6410 83 {6.510 8.5}
Cover mounting bolt SP type - 22to 24 {2.2 10 2.4}
Cover SPG type - 295 to 345 {30 to 35}
Qit filler port bolt SPG type - 8.8to 15{1.0to 1.5}
<6D2: AD type> 5 A bolt - 49 to 54 {5 t0 6.5}
B boit - 29 t0 34 {3 to 3.5}
C bolt - 29 to 34 {310 3.5}
B3408A
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f.ocation tightened

Screw size
0.D. x pitch {mmy)

Tightening torque
N-m {kgf-m}

Remarks

<6D2: P type, 8DC> A bolt

7410 83 {7.510 8.5}

B bolt - 59 to 64 {6 10 6.5}
C bolt - 59 {0 64 {6 10 6.5}
B3401A
Injection pump gear mounting nut of M24x 1.5 215 {22}
pump drive case
Injection Leak-off pipe eyebolt M8 x 1 8.8t0 15 {1 1o 1.5}
nozzle
Injection nozzie bolt M8 x 1.25 156 {1.5}
{for attaching to cylinder head)
1-spring Retaining nut Mi1gx1 59 to 78 {6 to 8}
nozzie
Cap nut M14x1 39to 49 {4 to 5}
iniet connector M14x15 69t 78 {7 t0 8}
2-spring Retaining nut M19x 1 59 to 78 {6 to 8} Except nozzle identifica-
nozzle tions mark “2D"
Cap nut M22x 15 39 to 49 {4 to 5}
iniet connector Mi4x 15 69t0 78 {7 to 8}
Set screw M22x 15 49 to 59 {5 to 6}
Lock nut M1i4 x1 20t0 25 {210 2.5}
2-spring Leak-off connector Midx1 2910 39 {3t0 4} Nozzle identification
nozzle mark “2D"
: Retaining nut M19 x 0.75 59 to 78 {6 to B}
Fuel fitter connéctor bolt M14x15 25 {2.5}
Water separator Evye boklt M14x 15 25 {2.5}
Air plug MB x 1.25 7.8t0 12{0.810 1.2}
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4. SPECIAL TOOL

Unit: mm Unit: mm
Toot name Shape Tooi name Shape
Filter Wrench Injection Pump Centering
MHC61572 Too!l
MHQ61270 <AD type>

Removal of fuel fiiter element
Centering of bracket of
iniection pump

BB222A 12221

Injection Pump Centering
Tool
MH061340 <P type>

Centering of bracket of
injection pump

B5031A
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5. SERVICE PROCEDURE
5.1 Injection Pump Assembly
5.1.1 Removal and instailation
(1} Removal procedure

(a) Ready a fluid receiver and waste cloth to ensure
that the engine is not contaminated by fuel or
engine oil.

{b) Remove all pipes and harness connectors that
make the removal job difficult or impossible.

B&120C

B6120D

{c} Remove the bolt shown from the coupling.
(d) Remove the injection pump from the injection
pump bracket. '

NOTE:

—— Wood biock

(s

CO557A

Keep the injection pump removed on wooden blocks
50 as to protect the automatic timer area from impact.

{e} Do not remove the injection pump bracket unless
defects, such as cracks, are evident.

{2} Instatiation procedure

NOTE:

The following procedures assume that the injection
pump is equipped with an air compressor, The same
procedures apply to one with a pump drive case.
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{a} Adjustment of injection pump bracket

<AD type injection pump>

Dial gauge
\

Injection Pump
Centering Tool
MH061270 °

C0603A

injection Pump
Centering Tool
MHOB61340

Air compressor

¢ 25 position

<Except 6D24-T, 24-TC>
9 30 position

<6D24-T, 24-TC>

injection pump
bracket

11929

1) Make zero-point adjustment with Injection Pump
Centering Tool (special tool} placed on the injec-
tion pump bracket and a dial gauge set on the man-
drel of the special tool.
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<602>
6()9
OPANeE
% AB Measuring point
CL.~o O
CO587A
<8DC>
C05828
2) Slide the dial gauge toward the air compressor and

measure the misalignment between the mandrel
of the special tool and the air compressor crank-
shaft at points shown in the figure.
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Ececentricity !

NV 0.2 or less |
e/
=
Dowe! pin R—35 ta 53 Nem
{3.6 to 5.4 kgf-m}
CO598A
<8DC>
g e ——
Echeygicity \
2
or’ess 421059 N-m

NV .. Nominal Value C0559C

3) If the eccentricity between the mandrel and air
compressor crankshaft is in excess of the nomina!
value, adjust by adding or removing injection
pump bracket shims.

<When the measured value at point B is positive
{+)>

Insert shims evenly to four places.

<When the measured value at point A is positive
(+)>

insert shims to the lower side of point C.

<When the measured value at point C is positive
{(+)>

insert shims to the upper side of point A.

Shim inserting requirements

e The number of shims used in a single location
must not exceed three.

e Top and bottom shims both at front and rear
must be equal in thickness.

s The difference in number between right and
left shims must not exceed one.

4) After adjustment, tighten injection pump bracket
to the specified torque before confirmation.

{b) Instaliation of injection pump

1) Crank the engine to bring the No. 1 cylinder piston
to the fuel injection timing position.
{Refer to Section 5.11.1.)

2) Atthattime, verify that the keyway of air compres-
sor crankshaft faces upward. if not, rotate the
crankshaft one complete turn,

inscribed line

CO562A

3) Align the pointer of the injection pump and the
inscribed mark on the automatic timer.
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4) Installation of injection pump

<AD type injection pump>

Cross coupting
Criving coupiing
Timing adjustrnent bolt "X
<6D2>

28to 34 N-m
{310 3.5 kgf-m}
<8DC>

59 to 64 N-mn
{6 to 6.5 kgf-m)

Coupling piate

mounting boit

<802>

2910 34 N-m Coup

{310 3.5kgf-m} plate

<8DC> Cotter boit

59 to 64 N-m <B602> 49 to 54 N-m

{6 10 6.5 kgf-m} {5 t0 5.5 kgf-my}
<BDC>741t0 83 N-m
{7.5 10 8.5 kgf-m}

Air compressor
crankshaft

B3405D

<P type injection pump>

Cross coupiing

Tirming adjustment boit

59 to 54 N-m {6 to 6.5 kgf-m}
Coupling plate . .
mou;?'ﬁ:ir?gpbolt Briving coupling
591064 N'm

{6 to 6.5 kgf-m} .
Air compressor
crankshaft

Coupling plate Cotter boit
74 t0 83 N-m
{7.5 to 8.5 kgf-m}
B3402C
O ! T
'@"L‘" -
m TFiming
adiustment
bolt
Clearance BBBIZA
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<6D2>

¢ loosen the cotter bolt and remove the timing
adjustment bolt. Remove the driving coupling
from the coupling piate,

* Fit the driving coupling onto the air compressor
crankshaft and push it toward the air compressor.

s Fit the injection pump onto the injection pump
bracket.

* Tempaorarily fit the timing adjustment bolt onto the
driving coupling. Slide the driving coupling until
there is clearance of 0.5 mm or less between it and
the coupling plate. Then, tighten the cotter bolt to
the specified torque.

* Confirm that the injection starting timing is cor-
rectly adjusted as peritems {b) 1) to 3), then tighten
the timing adjustment bolt to the specified torque.

<8DC>

* |[oosen the cotter bolt and adjusting bolt, then
remove the coupling plate mounting boits.
Remove the driving coupling and coupling plate.

¢ Fitthe driving coupling and coupling plate onto the
air compressor crankshaft and push them toward
the air compressor.

¢ Fit the injection pump onto the injection pump
bracket.

¢ Fit the driving coupling and coupling plate using
the coupling plate mounting bolts, tightening the
bolts 1o the specified torque.

¢ Tighten the cotter boit to the specified torque,
ensuring that there is clearance of 0.5 mm or less
between the driving coupling and coupling plate.

¢ Confirm that the injection starting timing is cor-
rectly adjusted as peritems (b) 1} to 3), thentighten
the timing adjustment bolt to the specified tarque.
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<AD type injection pump>

<6D2> <8DC>
29Nm  9.8ta 13Nm
3kgtmi {1 to 1.3 kgfm} 23 N-m
. {3 kgf-m}
20t0 29 N-m \ j 9.810 13 Nem
{z toBkgf m} ! 20 to 29 N-m 20 t03.|'29 I\:-m {11c 1.3 kgf-m}
{2to 3 kgf-m}
12 to 3 kgfm} ° 25 t0 28 N-m

i
i
/ /

%\%wﬁ }/;%: _.J/Fﬂ ’

{2.5 to 3 kgf-m}

20t0 25 N-m 1510 18 N-m
20t0 25 N-m 1510 18 N-m {2 to 2.5 kgf-m} {1.5to0 1.8 kgf-m}
{210 2.5 kgf-mj {1.5 to 1.8 kgf-m}
B4330B B4390A
<P type injection pump>
<6D2> <8DC> 0\ sonm 1210 15Nm

{2 to 3 kgf-m} {1.2t0 1.5 kgf-m}
29 N-m
{3 kgf-m}

2010 29 N'm
. 22N-m
{2 10 3 kgf-m} 13 kgf-m)

20t 29 N'm
{2 to 3 kgf-m} E}_ 2010 gz g\g.m}
{2 to 3 kgfm
e

[_m"\
iy _F | ﬁ\it k
; . L'Q T— T L__/j
L — N Biodigim  Rlozim  HiomNm
\ <BDCS-T, TL> 1210 15 N-m
BB R BN PR e

B4308C

B4310E

(c) Tighten each pipe to specification.

(d) After the injection pump has been instailed, be
sure to check and adjust, if necessary, the fuel
injection start timing. {Refer to Section 5.11.1.)
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5.2 AD Type Injection Pump

NOTE:

1. When disassembiing the injection pump, clean the 2. Special care should be used when disassembling
workbench and keep all disassembled parts neatly and reassembling major parts.
arranged by the cylinder. Never change the com- 3. For disassembly and reassembly, use the foliow-
bination of the plunger and plunger barrel, and ing special toois {Zexe! products) and never apply
that of delivery vaive and delivery valve seat. excessive force or handle them carelessly.

The following Zexel special tools should be used for injection pump maintenance:

Special tool name

Part No.
{Zexe! product No.}

Application

Injection Pump Special Tool Set
(includes items marked with “*"}

105790-1060

Injection pump disassembly and reassembly

Universal vice

105794-0090

Securing of bracket

Tappet pin

157931-3120

Supporting of tappet

Measuring device

*105782-4130

Measurement of camshaft end play

Wrench

*157910-1120

Removal and instaiiation of screw

Guide

*157920-5400

Protection of oil seal

Roller pincers

*1567921-3020

Tappet pincers

157831-7120

Removal and instailation of tappet

Plunger pincers

157921-6120

Removal and instaiiation of piunger

Wrench *157914-0500 Removal and instaliation of delivery vaive holder
Extractor *157925-6520 Removal of inner race
*157925-0520 Removal of outer race (timer side)
*157925-0120 Removal of outer race {governor side}
Reamer 157930-4620 Correction of pump housing
Fixing stand 105781-0430 Test and adjustment of injection pump

Measuring device

105782-6180

106782-4020
Holder 157931-4400
Nozzle hoider wrench 157916-8220
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5.2.1 Disassembly, inspection and reassembiy

64 10 69 N-mi{65 to?kgf m} 4£t059Nm{0 45 to 0.6 kgf-m}

Overﬁow valve gpening '
/ pfessure &

H
155 kPa {1.6 kgf/cm?}
-_-_"‘""'-? l <BDCY9>

5o 255 kPa (2.6 kgficm?)
Wear, damage 24 e ormatson <6022 for canstruction
2
i

machinery>
Wear, scratch

discoloraion, 'rust< 26
i4

28
Bend

6 Deterioration

)

Sliding resistance of control rack |
{when stationary) |
NV 1.5 N {150 g} or iess <602>
2.0 N {200 gf} or less <BDC>

Backiash between control rack 1
and pinion
NV 0.15 E 8
L 03 j Rotating
/0 condition
— 7
S 18 Wear and damage
10 17 of cam surface
9 46 Deformation Ca&nvs %?&igdofggy
8 L 01
Rotati %._—
cc?ndilt?gn i3 15 Wear
g Ve domene 12— [Owwaoonnt 7] Sapoercemrance
Wear, damage, 3 é g L 02 | -
sei1sure
NV .. Nominai Value
L. Limit
Disassembly sequence
1 Overflow valve 11 Center bearing 21 Delivery valve holder
2 Housing cover 12 Tappet 22 Stopper
3 Screw 13 Shim 23 Delivery valve spring
4 Screw 14 Piunger 24 Delivery valve
5 Bearing cover 15 Lower spring seat 25 Delivery valve seat
& OQil seal 16 Plunger spring 26 Plunger barrel
7 Camshaft 17 Upper spring seat 27 Screw
8 Taper roller bearing 18 Contro! sleeve 28 Control rack
g Shim 19 Pinion 29 Pump housing
10 Ring 20 Lock plate

D1566D
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5,2.2 Testing and adjustment

Since injection volume adjustment values and mea-
surement conditions vaty according to configuration,
please refer 1o a Zexel service station.

! Injection start interval
i NV 80° + 30 <602>
! 45° + 30" <BDC>

Full stroke of
control rack
NV 21 or more

Prestroke
NV 45 4+ 0.05

Tappet clearance
NV 0.3 or more

NV .. Nominal Value
B9143A

Injection sequence

1-2-3-6-2-4<6D2>

1-2~7-3-4-5-6-8<8DC>

NOTE:

1. Supply oil to the injection pump cam chamber.

2. Adjust the injection amount after adjusting the
governor.

Fixing stand
105781-0430
B1911B

{1} Mount two Fixing Stands {special tools) onto the
injection pump tester, then secure the injection
pump onto the Fitting Stands.
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NOTE:

Make sure that the center of coupling is aligned with
that of injection pump so that the coupling and injec-
tion pump turn smoothiy.

{2} Setting position “0" of control rack

Measuring Device
105782-6180

Bog22C

<With RSV governor>

{a) Keep the pump running at 750 rpm.

{b} Loosen the stopper bolt and pull the adjusting
lever toward the non-injecting direction.

{c) Pressthe end of the Measuring Device all the way
toward the governor and adjust the position of
point “0" on the scale of the Measuring Device.

<With RFD governor>

{a) Fix the load controi lever at the idling position.

{b} Letthe pump run at500to 600 rpm and temporarily
fix the speed control lever so that the governor will
begin to provide control at the speed.

{c} Press the end of the Measuring Device all the way
toward the governor and adjust the position of
point “0” on the scale of the Measuring Device.

NOTE:

if the injection pump is not running at the speed men-
ticned above, position "0” won't be obtained even if
the controi rack is pressed with a strong pressure, and
there will be danger of damage to the link mechanism
of the pump.
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{3) Checking stroke of control rack

R

Measuring Device
105782-6180

B0822C

Move the control rack to confirm that the total stroke is
over the specified value.

{4) Adjusting prestroke

{a) Pull the control rack out to the total injection posi-
tion and secure it there. Remove the overfiow vaive
and plug the hole.

Nozzle Holer Wrench
157916-8220

Pressure feed stroke
{bottom dead center}

034268

{d) Send a high pressure fuel into the injection pump
to let the fuel flow out from the overflow pipe of the
nozzle holder,

NOTE:

The pressure of the fuel forced into the injection pump
must be higher than the delivery valve opening pres-
sure.

Measuring Device
105782 - 4020

or 105782 - 4330 D3425C

Static injection beginning
D3427A

(b} Place the plunger of the No. 1 cylinder in the bot-
tom dead center position and mount Measuring
Device {special tool). Set the contactor on the tap-
pet.

{c) Couple the injection pump and tester nozzle.

{e) Slowly turn the camshaft until the fuel ceases to
flow from the overflow pipe of the nozzie holder
{until static injection begins).

NOTE:

Make measurement by turning the camshaft clock-

wise.
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Prestroke

]

B9144A

Pointer inscribed

Timer inscribed
line

B1912A

{fy Readthe prestroke from the bottom dead centerto
the point where the fuel ceases to flow {static injec-
tion begins}, using a dial gauge.

Holder
157931-4400

D3471B

{g) If the prestroke is out of specification, adjust by
shims.
Position the tappet at the top dead center and
insert Hoider (special tool} between the iower
spring seat and the tappet.
Turning the camshaft will provide a clearance
between the iower spring seat and tappet. Using
this clearance, change the number of shims used
as necessary to adjust the prestroke.
Add shims to make prestroke smaller.
Remove shims to make prestroke greater.
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{h} After adjustment of the prestroke, check 1o see
that, at the static injection beginning, the inscribed
lines of the pointer and timer are in alignment.

If they are out of alignment, restamp a line on the
automatic timer.

Perform the same procedure when the automatic
timer has been replaced with a new one.

{5} Adjustrment of injection start interval

Angle scale

D3469A

Using an angle scale, measure the injection start inter-
vals between cylinders according to the injection
sequence with the static injection start of No. T cylinder
used as reference.

If the specified angle is not obtained, perform the same
procedure as the prestroke adjustment.

NOTE:

Injection sequence
1-5-3-6-2-4<5D2>
1=-2-7-3-4~-5-6-8<80C>
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{6) Adjustment of tappet clearance

Controi sieeve

Tappet ciearance

Plunger touches

Shim

Tappet

D3522A

(a) Place the tappet in the top dead center position.

(b) Raise the tappet with a screwdriver, etc. until the
driving face of the plunger touches the bottom end
of the plunger barrel.

{¢) Measure the stroke of the tappet from the top dead
center to the point where the plunger barrel is
touched.

(d} If the tappet clearance is less than the nominal
value, adjust within the extent permitted by the
injection start interval.

If correction within the permitted extent is impossi-
ble, set the prestroke of the No. 1 cylinder to the
maximum of the set value and readjust.

(7) Adjustment of fuel injection amount

If the injection amount is out of specification, adjust by
the following procedures.

Decrease -=—e Increase

D34728

{a) Loosen the screw of the pinion.

(b) While blocking movement of the control rack, turn
the control sleeve with an adjusting rod.
{c) Tighten the screw of the pinion.

NOTE:

1. A maladjusted injection amount will produce
marked effects on engine performance. Make sure
the injection amount is carefully adjusted.

2. The injection amount varies on different nozzles
and pipes. Make sure that the measuring condi-
tions are observed.

3. injection amount uneven ratio

Maximum injec-  Average injec-
tion amount in . tion amount of

each cylinder each cylinder
Uneven ratio (+] = hid £y X 100 (%}
Aversge injection amount
of each cylinder
Maximum injec-  Average injec-
tion amount in — tion amount of
each cylinder each cylinder
Uneven ratio (-} = £y i x 100 {%}

Average injection amount
of each cylinder

{8) Adaptation to engine

After the governor has been adjusted, measure the fuel
injection rate adaptable to the engine.

(9) Inspection of fuel and oil leaks

s Fuel leaks from delivery valve attaching position
and other parts
e Qil leaks from oil seals and other parts

{10}Inspection of parts

Check parts for unusual noise and bearings for exces-
sive heat.
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5.3 P Type Injection Pump

NOTE:

1. When disassembling the injection pump, clean the 2.
workbench and keep all disassembled parts neatly
arranged by the cylinder. Never change the com- 3.
bination of the plunger and piunger barrel, and
that of delivery valve and delivery valve seat.

Special care should be used when disassembling
and reassembiing major parts.

For disassembly and reassembiy, use the follow-
ing special tools and never apply excessive force
or handle them carelessly.

The following Zexel special tools should be used for injection pump maintenance:

Special tool name Part No. Application

| (Zexel product No.)

injection pump special tool set
{includes items marked with “*”)

105780-7050

injection pump disassembly and reassembly

Universal vice

157944-8520

Securing bracket

Bracket

157944-8620

Securing injection pump

Special wrench

157924-2520

Preventing timer from turning

Tappet hoider

*157931-4700

Supporting tappets

Box wrench

157914-0300

Removal and instaliation of round timer nuts (width of 2 faces: 13}

Extractor *157926-7020 Extracting timer {M32 x 1.5}

157926-7220 Extracting timer {M26 x 1.5, M32 x 1.5)
Wrench 157915-0100 Removal and installation of round governor nuts
Extractor *157926-56320 Extracting flyweights

Qil seal guide

*157920-5500

Protecting bearing cover oil seal

Extractor

*157926-7720

Removal of bearing cover

Tappet insert

*167921-8020

Removal and installation of tappets

Shaft

*157921-8900

Removal and installation of tappets

Flunger insert

157921-4820

Removal and instailation of plungers

Extractor

157921-562Q

Removal and installation of control sleeves and upper spring seats

*105792-0030

Removal of plunger bleck assembly

Special wrench

*157915-6500

Removal and installation of screw bushings

Bearing extractor

*157925-7120

Removal of inner bearing race

*157925-2020

Removal of outer bearing race

Plate *157944-3520 Disassembling plunger block assembly

Socket wrench *157514-0500 zemoval and installation of delivery valve holders (width across
ats: 22}

Insert Q-ring *105792-0000 Inserting O-rings into pump housing

Plate *157828-7200 Assemnbling carmshaft

Measuring device

*105782-4140

Measuring camshaft end play

Nozzle and nozzle holder assembiy

105780-8140

Testing and adjustment

Nozzie

105780-0000

Testing and adjustment

Naozzle hoider

105780-2080

Testing and adjustment

Fixing stand

105781-0170

Securing injection pump on injection pump tester

Measuring device

105782-4210

Measuring control rod positions

165782-4270

Measuring prestroke amounts
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5.3.1 Disassembly, inspection and reassembly

]

: (S!ic%%ﬂg resistance of controi rod |
when stationary) ; 105 to 116 N-m
NV 1.3 N {130 gf} or less <602~ § {11 to 12 kgf-m}

2% 31 Bend

rust

32

1.5 N {150 gf} or less <BDC> - 20
39to 44 N-m
{4 10 4.5 kgf-m} - Chack S
17 /‘EC ] airtightness 21 Deterioration
28 20 :

and wear on

| s
B—-—-—— 22
18 23 > Scratches
. 24 ~ seat surface

4 Check stiding 25 \if:rtfh’
condition 13 7 discoloration,

10 i S Rl NPl Scratch, wear
Rotating 9
condition -
S A\ 3
1 o (€
33 gracks, /@ 16
amage
; ¢ 8 é S 15 Wear
i Overflow valve opening {
% pressure | Seisure, wear, Deterio-
[ NV 255 kPa [2.6 kgfiem?l | peeting 5 14 ration Rotating
‘ <6022-T, 22'TC, condition
: BDCY-T, 9-TL, 9-TC> 12 Wear Camshatt end play
g 155 kPa {1.6 kg¥cm?} | 1D NV 0.02 to 0.08
= <8DCY> \ amage, wear L 0.1

3

QOverail tappet
troller} clearance ;
0.2 ‘

L. Limit
Disassembly sequence
1 Pipe joint bolt 11 Tappet assembly 23 Delivery valve
{or Overflow valve) 12 Lower spring seat 24 Delivery valve seat
2 Overflow valve 13 Plunger 25 Plunger barrel
{or Pipe joint bolt) 14 Plunger spring 26 Distance ring
3 Bottom cover 1% Upper spring seat 27 Flange sleeve
4 Screw plug 16 Control sleeve 28 Screw bushing
5 Shim 17 Nut 29 Pin
6 Bearing cover 18 Plunger biock assembiy 30 Bushing
7 Qil seal 19 Deflector 31 Controi red
8 Center bearing 20 Delivery valve holder 32 Bushing
9 Camshaft 21 Stopper 33 Pump housing
10 Roller bearing 27 Delivery valve spring

NV .. Nominal Value

D15688|
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Precautions when removing and fitting delivery valve
holder

Before removing or fitting only a delivery valve holder,
first confirm that the two nuis that hold the flange
sieeve down are compietely tight.

If a delivery valve holder is removed or fitted with the
nuts loose, the flange sleeve can move and thus alter
the fuel injection volume.

5.3.2 Testing and adjustment

Since injection volume adjustment values and mea-
surement conditions vary according to configuration,
please refer to a Zexel service station.

Full stroke of

Prestroke [T T control rack
NV 4.8 + 0.05 ;gltg‘;v“:;" start | NV 21 or more

NV 60° + 30" /

NV .. Nominal Value

D34018

injection sequence

1-5-3-6-2-4<6D2>
1-2-7-3-4-5-6-8<8DC>

NOTE:

1. Fill the injection pump cam chamber with oil.

2. Adjust the injection rate after adjusting the gover-
nor.
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D3404A

(1) Install and secure two injection pump tester Fixing
Stands (special tool) to the injection pump.

NOTE:

Make sure that the center of coupiing is aligned with

that of injection pump so that the coupling and injec-

tion pump turn smoothly.

{2} Control rod “0" position setting

Measuring Device
105782-4210

D3408A

<With RSV governor>

{a} Maintain a pump speed of 750 rpm.

(b} Loosen the stopper boit and pull the adjusting
lever in the "injection stop” direction.

{¢} Pushthe end of the measuring device fully against
the side of the governor and zero the Measuring
Device's scale.

<With RFD governor>

{a) Set the load controt lever in the idling position.

{b} Runthe pump at a speed of 500 to 600 rpm and set
the speed control lever such that the governor just
starts to exert control.
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(¢c) Pushthe end of the Measuring Device fully against
the side of the governor and zero the Measuring
Device's scalse.

NOTE:

1. Uniess the injection pump is run at the speed
given above, the scale cannot be zeroed regard-
less of how hard the control rod is pushed. Also,
the governor’'s link mechanism may be damaged.

2. The damper springs must be removed.

3. If a boost compensator is fitted, it must be
removed hefore the measuring device is fitted.

{3) Control rod stroke check

Full stroke {
NV 21 or more |

NV .. Nomina! Value

D3410A

Move the control rod to ensure that its entire stroke is
more than as specified.

Also confirm that the start spring and idiing spring
move the control rod smoothly in the maximum injec-
tion volume direction.

{4) Adjustment of prestroke
Remove the overflow valve and install the blind plug.

{a) Remove the delivery valve holder, spring, delivery
valve, and gasket from the No. 1 cylinder on the
governor end.

Measuring Device
105782 - 4270

N
W7D YA paaria

{b) install Measuring Device {special tool} to the flange
sieeve.

(c) Turn the pump tester flywhee! to determine the
bottomn dead center of the plunger with the dial
indicator.

D3412A

{d) With the control rod set in the full position, send
fuel under high pressure to the injection pump and
let it flow out from the overflow pipe.

D3413A

{e) Siowly turn the pump tester flywheel clockwise
until no more fuel flows out from the overflow pipe
{static injection start).
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Prestroke

034144

<

I 11
}t‘ ‘%

E

j Timer

“ inscribed line

a
? /

Pointer inscribed
=
™ ine

b

D3416A

{f) Measure the piunger prestroke from BDC to the
point where fuel stops flowing {static injection
start).

D3415A

(g) If the prestroke is out of specification, adjust by
varying shims between flange sleeve and pump
housing.

Shim thickness:
0.5 to 1.975, 59 types in 0.025 steps

Usethicker shimto increase the stroke; thinner one
to decrease the stroke.

NOTE:

When installing the piunger block, apply grease to
each O-ring. First, install the O-ring under the plunger
barrel into the pump housing; then, apply grease to
piunger barrel skirt.
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{h) After making prestroke adjustments, confirm that
the inscribed lines on the timer and pointer are
aligned with each other. If they are not aligned,
inscribe a new line on the timer. The same instruc-
tions apply if the automatic timer is replaced with a
new one.

{5) Adjustment of injection start interval

.ﬁ Fuel being set
under pressure

D3426A

{a) Setthe static injection start position of No. 1 cylin-
der with the pump tester dial.

Feed high-pressure fuel into the injection pump to
fet the fuel flow out from the overfiow pipe of the
tester nozzle.

NOTE:
The fuel pressure must be higher than the delivery
valve opening pressure.

g
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Static injection beginning

D3427A

{c) Slowly turn the pump tester flywhee! clockwise
until the fuel stops flowing out from the tester
nozzie.

Read the interval between static injection starts
according to the injection sequence,

{d) If the injection start intervals are not up to specifi-
cation, adjust by using the same procedure as the
prestroke adjustment.

{6) Adjustment of fuel injection rate

install the overflow valve and hose to the pump.

Use a measuring cylinder to measure the fuel injection
rate and uneven ratio to see if they are up to specifica-
tion with the specified rack position and speed.
Adjust as follows if the measured values are out of
specification.

’l\

D3463A

{a) Loosen two nuts that secure the flange sleeve.
{b) Tap the flange sleeve to give it a turn.
{c} Tighten nuts to specification to secure the flange
sleeve (39 to 44 N-m {4 to 4.5 kgf-m}}.
Repeat these steps.

NOTE:

1. Use special care to make the adjustment.
improper or failure of adjustment greatly
influences engine performance.

2. The fuel injection rate varies with nozzle and pipe
used. Strictly observe the measuring require-
ments.

3. Injection rate uneven ratio

Maximum injec-  Average injec-

tion amount in .. tion amount of

each cylinder each cylinder

Uneven ratio {+} = x 100 {%)
Average injection amount
of each eylinder
Maximum injec-  Average injec-
tion amount in — tion amount of
. each cylinder each cylinder
Uneven ratio [~} = x 100 {%)

Average injection amount
of each cylinder

{7} Adjustment of smoke limiter

Control rod

Stopper Spring capsule

\ Lock nut Cap

D4515A

Place the load control lever in the full-load position.
Run the pump at the specified speed to place the con-
trof rod in the specified position.

Remove Measuring Device (speciai tool) and instail the
smoke set assembly {without cap). Tighten the spring
capsule until the stopper comes in contact with the
control rod.

13-61



FUEL AND ENGINE CONTROL - SERVICE PROCEDURE

D4516A

With the pump run at 100 rpm, measure the fuel injec-
tion rate. If the rate is out of specification, retighten or
back off the spring capsule.

5.4 RSV Type Governor

Runthe pump at 700 rpm and ensure that the fuel injec-
tion rate is up to specification. Secure the spring cap-
sule with lock nut, then mount the cap.

{8) Adaptation to engine

After the governor has been adjusted, measure the fuel
injection rate adaptable to the engine.

{9) Diesel fuel and oil leak check

* Diesei fuel leak from deiivery valve mounting area
and other parts.
e Qil ieak from oil seals and other parts.

{10) Miscellanaous check

Check for unusual noise and overheated bearings.

The following Zexel special tools should be used for governor maintenance:

Special toci name Part No.
{Zexe! product No.)

Apptlication

Handle 167810-1120

Socket wrench 157914-0500

Removal and installation of iock nut

Special wrench 157915-0100

Removal and instaliation of round nut

Wrench 157916-2620

Adjustment of Ungleich

Extractor AD type injection pump 157926-5110

P type injection pump 157926-5320

Removal and installation of flyweight
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5.4.1 Disassembly, inspection and reassembly

16
Cracks, deformation

21

3.

1 Cover

2 Ungleich spring or

idting spring
idiing sub spring
Torgue spring
Governor cover
Start spring
Round nut
Fiyweight

©w

=
=2 W o~ ;U

Plug

b

¥ Disassembly sequence

Governor housing

Tension lever shaft

12
13
14
15
16
@
@
19
20
21
22
23

Adjusting lever
Collar

Shim

Governor spring
Tension iever
Guide lever assembly
Sleeve

Shackle

Snap ring
Bushing

Qii seal

Swivel lever

For parts with an encircled number, refer to Disassembly

Procedure that follows.

For reassembly, reverse the order of disassembly.

NOTE:
1.

its motion is not smooth.

Do not remove the shackle and sieeve from the guide 3.
jever unless replacement is necessary.

2. Do not remove the swivel lever from the governor
cover unless parts replacement is necessary or when

Cracks,
deformation

4910 59 N-m
{5t0 6 kgf-f;}

Cracks, damage

18

17 Wear, separation of chromeplated

Damage, unevenly wear
of contacting surface

surface of shifter

24
25
28
27
28
29
30
31
32
33
34

Stop lever
Shim

Spring cap
Return spring
Bushing
Siiding lever
Bolt

Snap ring
Spring
Torque controt lever
Adaptor

Do not remove the governor housing uniess oil leak is

evident or parts replacement is necessary.
¥ it needs to be removed, use Tappet Insart {special

tool) to make sure that the camshaft will not contact
with the teppet.

B3150A
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<With Boost compensators

49 tc 59 N-m
{510 6 kgf-m}

Disassembily sequence

1 idling sub spring 16 Bolt 31 Bushing

2 Lock nut 17 Shaft 32 Swivel lever

3 Cover 18 Lever 33 Bolt

4 Governor cover 19 Washer 34 Link

5 Pin 20 Qil seal & Guide lever assembly
6 Connector 21 Qil seal 36 Link

7 Startspring 22 Governor housing @ Sleeve

8 Round nut 23 Adjusting lever 38 Pin

9 Flyweight 24 Plug 39 Lever

10 Bracket 25 Tension tever shaft 40 Cover

11 Cover 26 Tension lever 41 Diaphragm

12 Stop lever 27 Governor spring 42 Push rod

13 Coliar 28 Snap ring 43 Boost compensator
14 Return spring 29 Snap ring Spring

15 Washer 30 Bushing 44 Adjusting shim

For parts with an encircled number, refer to Disassembiy
Procedure that follows.
For reassembly, reverse the order of disassembly.

NOTE:
1.

Do not remove the shackle and sleeve from the guide 3. Do not remove the governor housing unless oil leak is
lever uniess replacement is necessary. evident or parts replacement is necessary,

2. Do not remove the swivel lever from the governor i it needs to be removed, use Tappet insert {special
caover unless parts replacement is necessary or when tool} to make sure that the camshaft will not contact
its motion is not smooth. with the tappet.

B&8O11A
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Shifter assembly dimensions When the shifter and sleeve are assembled, the shift-
er's assembly dimensions are adjusted using the
shims. Therefore, do not rearrange the shims.

if the shim needs to be replaced, install the associated
parts into position. Select the shim of a correct thick-
ness 1o obtain the specified dimension between the
housing end face and shifter.

Shim thickness (6 types): 0.2, 0.3, 0.4, 0.5, 1.0, 15

NOTE:
Measure the dimension as assembled without lifting
the flyweights.

5.4.2 Testing and adjustment

The performance curves used when making governor
adjustments vary according to the governor configura-
tion. Please refer to a Zexel service station for details.

Shifter

1810 18.2

D2054A

Adjustment of (
speed fluctuation ) ¢
rate

(XD
=
=) i)

@ =,

Adjustrment of
torque spring

Adjustment of
Adjustment of high speed control

idling sub spring

Adjustment of

idling spring

or Ungleich

spring
Adjustment of
stopper bolt

NOTE:
) 1. Supply engine oil to the injection pump cam chamber.
Q“ g t 2. Loosen the adjusting lever stopper bolt.
@ @ 3. Remove the idling sub spring.
Adjustmaent of 4 Do not allow the Ungleich spring or idling sub spring

mid speed control and torgue spring 1o work.

B9163A|
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Ungleich spring
Ra 2 -
Re h ¢ i
SRk
Rg g
High speed
Low control
£ speed
£ control
-
<] Re e
= Ri i
n
)
=%
=
g
- Rh
o
-
g
x Ng Ni Na MNb Nc Nd Ne
Pump speed {rpm} —=m=
D3474B

Adjust the relationship between pump speed and the
rack or rod position to specified governor performance
curve by the following procedure.

{1) “0" position setting of control rack <AD type
pump>
[Refer to Section 5.2.2 {2).]
“Q" position setting of control rod <P type pump>
[Refer to Section 5.3.2 (2).]

{2} Install the angle scale plate for fixing the adjusting
ever.

{3) Tempeorary adjustment of high speed control

Fuili-toad

Maximum speed
stopper bolt

Bo169A|

With the adjusting lever in fuil position, adjust the max-
imum speed stopper bolt so that high speed control
starts to work when the pump speed is “Nd”.

13-56

{4} Adjustment of intermediate speed control

B9164A

Adjust the full-load stopper bolt so that the pump
speed becomes “Ne¢” which is slightly lower than
MNdII.
{5) Adjustment of Ungleich spring

{governor with Ungleich spring oniy)

Special Wrench
157916-2620

B9166A

{a} Keepthe pumprunning at a speed which is slightly
lower than “Na" (speed at which Ungleich spring
starts to work).

{b} Fix the adjusting lever at the full position.

{c} Using Wrench (special tooi), tighten the Ungleich
spring so thatthe rack wilt move from “Rc” to “Ra”.
Fix the spring with lock nut.

(d} Checkthatthe pumpspeedis “Na” and "Nb” when
the rack positicn is “Ra” and “Rc”, respectively.
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{8) Adjustment of idling spring
{governor with idling spring only)

\ k
Re

Rack or rod position {mm}

Pump speed (rpm)

B4070A

Adjust the idling spring so that the rack or rod starts to
move from “Rc” to direction to increase fuel rate at
point k.

{7} Adiustment of iow speed control

{a) Adjustment of stopper bolt

tdiing position

Stopper bolt BI16TA

Adjust the stopper bolt so that the rack or rod is posi-
tioned at “Rg” when the adjusting lever is set at idling
position with the pump stationary.

(b} Adjustment of idling sub spring

B9168A

Adjust the idling sub spring so that the rack or rod is
positioned at “Ri” when the pump speed is “Ni".
Check that the rack is positioned at “Rh” when the
pump speed is further increased.

{8) Adjustment of high speed control

Adjust as in Hem (3) and fix the maximum speed stop-
per bolt in position.

{9} Adjustment of speed regulation

B9170A

Check that the rack or rod is pulied back to position
“Re” when the pump speed is increased from “Nd” to
l.l‘Nel'l‘
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Governor spring

Swivel lever

Adiusting screw

D3482A

tf the pump fails to do so, adjust tightening amount of
the swivel lever adjusting screw.

Tightening gives better speed regulation.
Loosening gives poorer speed regulation.

With the adjusting lever fixed at the full position, puli
the stop lever ali the way to the stop side and check that
the rack is positioned at 0 mm.

{11YAdjustment of full-load

B40Q55A

Speed regulation = _Ne-Nd x 100 (%)
Nd
NOTE:
1. # the speed reguiation is poor, the engine will

exceed the specified maximum speed at no ioad
and will enter a hazardous condition.

2. The maximum extent to which the adjusting
screw can be loosened is 20 notches (5 turns) from
the f:juy tightened position. Loosening it any fur-
ther can be dangerous.

3. [f the adjusting screw is adjusted, the tension of

the governor spring will change and the high
speed control start point will change. Be sure to
readjust the high speed control in accordance with

Item (8]).
{10}5top lever operation check

Stop
Normal  position

position

position - i\\\\}:ii@M

Normat

position B9171A
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{aj
tb)

Install the lever to the governor cover.

With the adjusting iever at the fuill position, adjust
the full-load stopper bolt so that the rack or rod is
positioned at “Re”.

{12)Adjustment of torgque spring

Rc i
R¢|
£
E
o
2
3
Q
[= 1
o
8
5
-t
=3
=z Ni NENK
R
Pump speed (rpm) B9172B

{a)

(b

{c}

{e}

Fix the adjusting lever at the full position and set
the pump speed at "Nk”".

Screw in until the torque spring contacts the lever
and fix temporarily.

Adjust the torgue spring so that the rack or rod is
positioned at “R¢” when the pump speed is low-
ered to “N¢”,

Check that the pump speed is “Nj” whenthe pump
speed is lowered to positionthe rackorrod at “Re”.
Afterthe adjustment, check that the rack positionis
as specified at each pump speed.

If the rack position is out of specification, readjust
the torque spring and full-load stopper bolt.
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{13)Boost compensator adjustment
{a) Adjusting boost compensator stroke

1) Remove the cap nut and ioosen the lock nut.

O]
S

2) Fullytightenthe adjizsting screw and secure it with
the lock nut.

3) Attach the air pipe.

4) Setthe control lever in its FULL position.

x 0
w O

Rack position {mm} ——ies=

Pump speed (rpm} b=

B600O5A

BEOOBA

5} Maintaining the pump speed indicated by “Na,”
turn the adjusting screw such that the control rack
moves from the “Rb” position to the “Ra” position.
Secure the adjusting screw with the lock nut.

NOTE:
Do not apply pressure during this adjustment.
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{b} Adjusting boost pressure

Pump speed : Na r.p.m

E
E
g J
5
o Ra
2 I
= o
3
e |
!
I} Py

Boost pressure kPa {mm Hg) ~s=—

BSOOTA

1) Maintaining the pump speed indicated by “Na,”
move the control lever to its FULL position.

2} Gradually raise the boost pressure. When it
reaches the pressure indicated by "P4”, check that
the control rack begins to move in the direction of
increase relative to the position indicated by “Ra.”
If measurements are out of specification, change
the adjustment shim in accordance with the follow-
ing procedure.

3} Loosen the three bolts that retain the cover, then
remove the cover.

4) Using a screwdriver and spanner [ADDED],
remove the nut that prevents the push rod from
turning.
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spring

Gasket

Diaphragm BBOOYA

5 Remove the components labeled in the above
illustration, then change the adjustment shim.
if boost pressure Py is too low, fit a thicker shim. If
boost pressure P4 is too high, fit a thinner shim.

Pump speed : Na r.p.m

o o
[» 8

Rack position (mm) «e—pe
o
Y]

0 o o v
-U-—-w—‘——-————————

1 2

Boost pressure kPa {mm Hg} ——a=

BBO10A

8} After adjusting the boost pressure, raise it further.
When it reaches the pressure indicated by “Pj,”
check that the control rackis in its “Rb” position. if
measurements are out of specification, fit a new
boost compensator spring.

NOTE:

The boost compensator stroke may change when the
cover is removed. Be sure to recheck the boest com-
pensator streke.
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(14) Adjustment of adaptation to engine

After the governor has been adjusted, measure overall
injection amount at the same lever angle as inthe high
speed control and in accordance with the adjustment
standard and readjust as necessary.

{151 l.ocking with wire

*
Lock with

wire. .
Lock with

wire B1370D

5.5 RFD Type Governor

After adjustments, lock the governor with wires.

NOTE:

Locking of the sections marked with * must be done
after adjustment of no-load minimum and maximum
speeads.

The following Zexe! special tools should be used for governor maintenance:

Special tool name Part No. Application
{Zexel product No.)

Handie 157910-1120 Remaval and instaliation of lock nut
Socket wrench . 157914-0500
Wrench 1579815-0100 Removal and installation of round nut
Extractor 157926-5110 Removal of fiyweight
Special wrench 157916-2820 Adjustment of idle speed
Guide screw : 157976-3100 Adjustment of rack limit
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5.5.1 Disassembly, inspection and reassembly
NOTE:

1. Do not remove the floating lever link and sleeve 3. Do not remove the governor housing unless there
from the guide lever uniess replacement is neces- are oil ieaks or parts must be replaced. if the gover-
sary. nor housing must be removed, use the Tappet

2. Do not remove the swivel lever from the governor Insert {special tool} to sever the camshafi-to-tap-
cover unless parts must be replaced or operation pet contact.
is not smooth. 4. Do not remove the stop lever assembily from the

top of the governor housing.
Cracks,
<6D2> Cracks, deformation @& _
deformation 13 15__"{«-;.
Oil leaks &
O&‘ Cracks,
12 24 25 26 damage
4310 58 N-m
4 5 ¢ | {5 to 6 kgf-m}
&F’ . g Damage, unevenly
3 Wear, separation 18 wear of contacting
of chromenplated surface
surface of shifter
it 12
55T < Wear
N
y“
1
BY155A
Disassembly sequence
1 Cover 9 Tension lever plug 18 Lever shaft
2 Lock nut 10 Tension lever shaft 19 Sliding lever
3 Idling spring assembly or @ Guide lever assembly 20 Speed control lever
Ungleich spring capsule @ Sieeve 21 Snapring
4 Cap nut 13 Fleating lever link 22 Bushing
5 Lock nut 14 Tension lever 23 Swivel lever
& Damper spring capsule 15 Governor spring 24 Round nut
7 Governor cover 16 Load control lever 25 Flyweight
8 Startspring 17 Bushing 26 Governor housing
For parts with an encircled number, refer to Disassembly Procedure that follows.
For reassembly, reverse the order of disassembiy.
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<8DC>
<With boost compensator>

Deformation 28 Deformation
31 30

Cracks,
deformation

Cracks, ib
deformation

Cracks,
Oit leaks damage

21 9 7

5 26 Cracks,
damage

2
49 to 59 N-m
{510 6 kgf.m}
12

Damage, unevenly wear
of contacting surface

11

Wear, separation of chrome-
plated surface of shifter

Qil leaks
1
Disassembly seqguence
1 Cover @ Sieeve 24 Round nut
2 Lock nut 13 Floating lever link 25 Flyweight
3 ldling spring assembly or 14 Tension lever 26 Governor housing
Ungleich spring capsule 15 Governor spring 27 Smoke limiter
4 Cap nut 16 Load control lever 28 Boost compensator cover
5 Lock nut 17 Bushing 28 Diaphragm
& Damper spring capsule 18 Lever shaft 30 Boost compensator spring
7 Governor cover 19 Sliding lever 31 Start spring
8 Start spring 20 Speed control lever 32 Push rod
g Tension lever plug 21 Snapring ' 33 Boost compensator
10 Tension lever shaft 22 Bushing housing
(' Guide lever assembly 23 Swivel lever 34 Spacer
For parts with an encircted number, refer to Disassembly Procedure that follows.
For reassembly, reverse the order of disassembly. D2041B
|
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Assembly dimension of shifter

Shim

Shifter

33.01t033.4

D2025A

When the shifter and sleeve are assembled, be sure not
to change the agjusting shim, as the assembly dimen-
sion of the shifter has been adjusted by the shim.

If readjustment is necessary, assemble all related parts
correctly and select the right shim thickness to make
sure that the dimension from the housing end to the
shifter complies with the specified value.

Shim thickness (4 types): 0.2,0.3, 0.4, 1.0

NOTE:
Measure the assembly dimension with all flyweight
jifted.
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5.5.2 Test and adjustment

For governor performance curve, see Service Informa-
tion published separately.

<6D2> Srnoke limiter

Stopper bolt

5

Damper spring
™, kY

_ “.Stopper bolt
.. Speed control lever

Full-load Load control lever
stopper bolt
Stroke adjusting bolt

044038
<8DC>

Full-load
stopper boit

Stopper boit
Speed control lever
Stopper bolt

Stroke adjusting boit
: 044288

<With boost compensator>

Boost compensator

Full-load
stopper
boit

\dling spring

Stopper bolt

I
Stopper bolt Speed control lever

Stroke adjusting bolt D4a428C
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Adjustment of high speed

control start point

Adjustment of damper spring

Adjustment of idling

Adjustment of idling spring
or Ungleich spring

Adjustment of flyweight ift

Adijustment of
fuli-load position

Adjustment of rack
limiter or smoke set

Adjustment of stopper bolt

Adjustment of Load contr lever angle

BO174A

NOTE:

. Remove the damper spring.

Remove the idling spring or Ungleich spring.

Remove the smoke set assembiy.

Keeg the stopper bolt of the speed control lever loos-
ened.

Keep the stopper bolt of the load control lever loosened.

o mwNo

Set by start booster

(PP
E Ra’
_ u
E Ru
~ Ra i a
=
2 N
T Rf s
©
a8 High
3 Low speed speed
e e r” control control
o Re /
-
%
2 Rb
\\
Rc o t
Rt i
Nv Ne Nu Nd Nc Na Nb Nt
Pump speed {rpmj}
D3486C

Adjust the relationship between pump speed and the
rack or rod position to specified governor performance
curve by the following procedure.

{1) “0" position setting of control rack <AD type
pump>
[Refer to Section 5.2.2 {2).]
*0” position setting of control rod <P type pump>
[Refer to Section 5.3.2 {2}.]

(2} install the angle scale plate for fixing the controi
jever. .
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{3) Adjustment of flyweight lift and full-load position

Ra
T I
E
£ L
g
%
[a]
a
o
2 Rt
&
3
g 9 Nu 700 to 800 Nt
Pump spead {rpm}  ———- B4061A

Divide the flyweight full lift into the lift necessary for
high speed control and the lift necessary for idling con-
trol.

{a) With the load controil lever fixed at the fuil-load
position, temporarily setthe speed control lever so
that high speed controi works when the pump
speed is 700 to 800 rpm.

B1916A

(b) Increasethe pump speed slowly and adjust the full-
load stopper bolt so that the rack is positioned at
“Rt" when the pump speed reaches “Nt”.

B1815A
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{c} Lowerthe pump speedto “Nu” and adjust the high
speed lift “1.” with the stroke adjusting screw.

(4) Adjustment of high speed control
(a} Adjustment of high speed contro} start point

B1§17A

Setthe control lever at the fuil-load position and setthe
speed controf lever at the maximum speed position.
increase the pump speed siowly and adjust the speed
control lever stopper boit so that the rack starts to
move from “Ra” toward fuel decreasing direction
when the pump speed reaches "Na”".

{b) Check of speed regulation

Ra

Rb b | L

Rack or rod position {mm)

Na Nb
Pump speed {rpm)

£44348

Increase the pump speed slowly until the control rack
or rod is pulled back to “Rb” position.

Upon reaching “Rb” position, check that the pump
speed is “Nb".

Further increase the pump speed and check that the
rack or rod pull back amount "L" is as specified.
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NOTE:

1. i the speed regulation check point {point b) is
where the damper spring acts, check the speed
regulation after idling and damper spring adjust-
ment.

2. if the value is out of specification, replace the gov-
ernor spring.

(5) Adjustment of idling spring
(governor with idling spring only)

D4506A

(a) Setthe pump speed at “Nc” and adjust the stopper
bolt so that the rack or rod is positioned at “Re”.

\ Special Wrench
157916-2620

B1919A

(b} Lower the pump speed to “Ne” and adjust the

idling spring using Special Wrench (specialtooliso

that the rack is positioned at “Re”.

(c) When the pump is stopped the rack should be at
“Rf" or higher position. Also check that the rack is
positioned at “Rc” when the pump speed IS
increased to “Nd".

{6) Adjustment of Ungieich spring
{Vehicles with Ungleich spring onliy}

Uingleich stroke
i
I Ra l
: &
£ K
c
o
%
2
a
=
g
g :
“‘g 0 Nf Na
o

Pump speed (rpm}

B4SBOA

Special Wrench
167916-2620

‘B4A317A

{a}) Setthe pump speed at “Nf” and place the load con-
trof lever in the full-load position.

{b) Using Special Wrench {(special tool), adjust the
Ungleich spring position so that the Ungleich
stroke £ in the state of Step (a} wili have the speci-
fied value. After the adjustment, firmly tighten it
with the lock nut.
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! Ra«+ ¢

E Ra

E

o

g

¥

o]

o

=

2

5

- o Nf Ng Nk Na
§ Pump speed {rpm}

B4581A

B4582A

{c) Slowly increase the pump speed from “Nf" to
“Ng” and adjust the screw position so that the
Ungleich spring will start working.

{(d) Increase the pump speed to check that the
Ungleich spring stops working at “Nh”.

{e} Change the pump speed between “Nf” and “Na”
to check that the Ungleich stroke has the specified
values.

NOTE:

1. If the Ungleich stroke is out of specification, read-
just the Ungleich spring position.

2. K the speed at which the Ungleich spring stops
working is out of specification, replace the
Ungleich spring.

{7} Measurement of load control lever angle

Check that when the load control lever is held at the
idling position and the full-load position, the lever
angle at the respective positions is up to specification.
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If the lever angle is out of specification, replace the
shim installed between the shifter and sieeve.

NOTE:

if the shim was replaced, repeat adjustment of the
governor from the beginning.

{8} Adjustment of damper spring

l Damper spring set
! e point
E
R
£ g
= Rg-0.1 N
& Rg-0.2 ~
= ~
8 Ride = — ~
[=% § \\
3 L
.t A
o AN
3
& 0 Ne Nh

Pump speed (rpmj ==t

B4062A

{a} Holding the load control lever at the idle position
{point e} and slowly increase the pump speed from
“Ne” until the rack or rod is positioned at "Rg - 0.2
mm”. Hold the pump speed “Nh” whentherackor
rod is so positioned.

B4318A

(b} Adjust the damper spring tightening amount so
that the rack or rod is positioned at "Rg-0.1mm".
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D4506A

B376%A

(c) After adjustment, stop the pump and loosen and
adjust the stopper bolt so that the rack or rod is
positioned at “Ri”.

{(9) Adjustment of rack limit

{a) Rack cap type

Guide Screw
157976-3100

B3767A

1) Remove the guide screw from the back of the
pump housing and install Guide Screw (special
tool).

2) Adjust the adjusting nut mounted to the tip of the

rack for the same depth as the rack cap depth mea-
sured above. Fix the nut in position with the lock
nut.

After adjustment, install the cap nut securely.

{b) Screw type

B3768A

2} Using a depth gauge, measure the rack cap depth.

B4583A

1) Place the load control lever in the fuil-load position
and keep the pump speed at “Nv”,

2) Adjust the screw of the rack limiter so that the rod
position and fuel injection {point E) will be up to
specification, and secure it with the lock nut.
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{10)Adjustment of start booster (smoke set assembly)
<6D2>

D34396A

{a} Movethe ioad control levertothe full-load position
and setthe smoke set assembly’s adjusting nut G to
4 mm from the end of the stopper.

{b} When adjusting the pump speed to “Nd,” adjust it
such that the rack and rod positions are from “Ra”
to “Ra.””

D3497A

(¢) When adjusting the pump speed to "Nu,” tighten
the nut such that the rack and rod positions are
fixed at “Ru.”

13-70

<8DC>

B4573A

{a) Placethelcad controlleverinthe full-load position.

{b) Turn downthe screw on the smoke set assembly so
that the specified fuel injection rate is obtained
when the pump speed is at "MNu”. Then, secure the
screw with the lock nut,

(11}Adjustment of boost compensator <8DCY-T, TL>

{a) Instail the boost compensator and connect air pipe
to the boost pressure test port.

Boost compensator
stroke
Ra
. R} me——e-ee——
E
£
=
2
@
Q
a
o .
o
o«
N
Pump speed {rDM) e
B4318A
Rob — = = = = — —
= i
£
£ ! Boost
= f compensater
2 I stroke
% {
a R i
o ! i
=] | 1
= {
L l
Py 2
Boost pressure {(mmHg} ™
D4498A

{b) Drive the pump at the specified adjustment speed
“N" and place the load control lever into the fuil-
load position.
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Rod position {(mm)

Rz

R1

Py Pz
Boost pressure (mrmidg)

Adjusting shim
Boost compensator

D4525A

D4522A

(c)

Turn the stopper bolt as required so that the control
rod is positioned at “R,” with azero boost pressure
{adjustment A}.

Gradually increase the boost pressure. Select shim
sothatthe control rod movement starts at pressure
“P," (adjustment B).

Further increase the boost pressure. Adjust the
full-load position of the load control lever so that
the movement of control rod stops at “R,;" even
when the boost pressure exceeds “Pp” {adjust-
ment C).

Shim thickness: 0.2, 0.5

NOTE:

1.

Adijustments A and C, when made, cause the set
tension of the boost compensator spring to
change, meganing that “Py" also changes.

This performance shouid not be deviated even
after the final adjustment for fuel injection rate.

(12) Adaptation to engine

After the governor has been adjusted, measure and
adjust the total fuel injection rate with the same lever
angle as in high speed control according to the adjust-
ment specifications.
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{13)After the injection pump governor has been adjusted, seal the pump.

<6D2>

Seal with wire

*Seal with cap

Seal with cap B43208
<8DC>
Seal with wire
Seal with wire
f\
»F
4
*Seal with cap
NOTE:

Seeling of the part marked with * should be made after
the no-load maximum speed has been adjusted,

\ <With boost

compensator>

Boost

compensator

5

Seai with wire

B1862C
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5.6 Feed Pump

5.6.1 Disassembly, inspection and reassembly

<Model KE, K: 802>

<
4 B Deterioration
Wear & @ é/ .
y aar

%
Dirt, plugging
20t0 25 N-m
{210 2.5 kgf-m}

S tsh B8
cratches
2 13 12 Deterioration

. Cracks, 7
fg:g 222 'ifgrf?m} damaged thread

<Model K: 8DC> D2805D
2
2010 29 N-m
{2to 3 kgf-mi 4
Settling &
2010 25 N-m
Wear 6 1 {2to0 2.5 kgf-m}
\g A Dirt, clogging
_@
or
10 -
i 97,
Wear ﬁ C
3 8
Cracks, Scratches Settling
damaged thread D28018

1 Eyebolt
{suction side :
with gauze filter)
2 Eyebolt {discharge side)
3 Priming pump
4 Check valve plug
<model KE, K: 6D2>
Adaptor <model K: 8DC>
5 Check valve spring
6 Check vaive
7 Plug
B Piston spring
9 Piston
10 Snap ring
11 Tappet
12 Push rod
13 Feed pump housing
NOTE:
Before starting the disassembly pro-

cedure, isolate and know the faulty
spots.
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<Model KD>
<BD2>

______

-

:p/’ﬁ
Cracks,

13
20 10 25 I mdamaged thread 12
{2 10 2.5 kgf-m}

<8DC>

20to 28 N.m
{2 to 3 kgf-m}
2

Cracks,
damage
thread

13

Seratches

Scratches 8
Deterioration

Yo

& Deteriaration
Wear

Eyebolt

{suction side :

with gauze filter)
Evebolt {discharge side)
Priming pump

Check valve plug <6D2>
Adaptor <8DC>

Check valve spring
Check valve

Piug

Piston spring

Piston

Snap ring

Tappet

Push rod

Feed pump housing

1
20 to 25 N-m
{2 to 2.5 kgf-m}
Dirt, plugging

W

7

Ww oo~ oo

D28078 10
11
12

13

NOTE:
Before starting the disassembiy pro-
cedure, isolate and know the fauity

spots.

1 20t0 25 N-m
{2 t0 2.5 kgf-m}
pirt, clogging

Settimg

D2807C
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5.6.2 Tests

The feed pump must be tested on the following items.

Unit: mm

Test itern Nominal value

Remarks

Air-tightness test 0 cm3/min.

When a 195 kPa {2 kgficm?} air pressure is applied.

Refer to Section 3.1

[elivery test
Service Standards Table.

{minimum)}

Delivery for 15 seconds

Test conditions
Fuel pipe: 0.D. 10, L.D. 8, length 2000
Cam lift: 4 {(double cam); Models K and KD

6 {eccentric cam): Model KE

Lift capacity test 25 strokes or less

i

|

No. of strokes required before pulling up fuel when priming pump is
operated at 60 to 100 strokes/min. {lift 1 meter)

Test conditions
i Same as the delivery test.

Delivery (min., for 15 seconds)

Narninal value Nominal vaiue

100 rpm KE type 60 cc 1000 rpm KE type 405 ¢cc
K type s8D2 60 cc Ktype 602 530 ce

8DC 70 cc 8DC 800 cc

KD type 6D2 130 cc KD type 6D2 1170 ce

8DC 145 ¢cc 8DC 1170 cc

500 rpm KE type 340 cc 1500 rpm KE type 430 cc
K type 6D2 260 cc K type 602 520 cc

8DC 300 cc 8DC 580 cc

KD type 602 700 cc KD type 602 1000 cc

BDC 710 cc 80C 1035¢cc

5.7 SA Type Automatic Timer

The following Zexel special tools should be used for SA type automatic timer maintenance:

Part No.

Special tool name
(Zexel product No.}

Application

SA type automatic timer special tool set 105790-5010

{includas itemns marked with “*”)

Disassembly and reassembiy

Special spanner 157916-5320

Removal and installation of round nut

Extractor 157826-6210

Remowvai of timer

Fiange insert *157924-0120

Removal and installation

Hand spanner *157916-6120

Removal and installation of timer case

Thrust bushing 157924-1500

instaliation of oii seal

Guide bushing 157924-1200

Block 157924-0800

Guide bushing 157824-1300

Guide 157924-0800 j
Support #157932-0100 1 installation of flyweight
Guide 157924-0400 i

Thrust bushing 157924-0500

Installation of fiange

Oil seal guide *157924-0600

insert of timer case
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5.7.1 Removal and inspection

Wear of pin

Damage on 19 2
curved surface

Deformation

. Wear,6 5 .
damage Wear of pin

Disassembly sequence

1 Round nut § Oil seal

2 Timer plug 7 Timer spring

® Timer case 8 Shim

@ Oil seal 9 Flyweight

5 Flange 10 Fiyweight holder

D3152A
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5.7.2 Installation and adjustment

1

6

10

O-ring

Assembly sequence
65

105587 j———> 21
433

]
i

After reassembly, pack
150 g of Automatic
Timer Grease (Zexel)

B83to 88 N-m
{85t 10kgf-m} &\

D3153A

Automatic timer advance characteristics

To adjust the automatic timer’s advance characteris-
tics, increase or decrease the number of shims, or
replace the springs. Thicker shims reduce the advance
angle; thinner shims increase it.

Shim thickness {6 types): 0.1, 0.15, 0.2, 0.5, 1.0,1.5

Advance adjusting
shim

Advance adjusting
shim DE711A
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5.8 SP Type Automatic Timer

The following Zexel special tools should be used for SP type automatic timer maintenance:

Special tool name Part No. Application
{Zexel product No.)

SP type automatic timer special tool set 105780-5050 Disassembly and reassembly
{(includes items marked with “*"}
Box spanner *167915-2320 Removal and instaliation of round nut
Box wrench *157916-28C0
Special spanner 157916-5320 Removal and instailation of timer
Extractor 157826-6420
Base *157924-2520 Disassembly and reassembly
Special spanner 157916-8320

5.8.1 Removal and inspection

Rust, scratches,
Wear 7 6 & deformation

3 Deformation

4 Deterioration,

Damage on  Wear
curved surface

i1 9
Disassembly sequence D3163A
1 Cap screw 8 Flange
2 Round nut S Retainer
3 Cover 10 Timer spring
4 Qil seal 11 Spring seat
5 Washer 12 Shim
6 Roller 13 Fiyweight
7 Bushing 14 Timer housing
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5.8.2 Instaliation and adjustment

Roller end E Cover end

7 ? 5 /

4 | ;

'\ | g | After reassembly, ‘E
‘ S fill 250 to 270 cm®

@5 i engine oif

9 i

2210 24 N-m {
12.2 16 2.4 kgf-m} \

2

125t0 145 N-m

3 {132 to 15 kgf-m}
4
2910 39N-m
e —— {310 4 kgf-m}
| Apply engine
| oiitolip
Q-ring
Gasket
O-ring 8 14 D2112A
Assembiy sequence
34
14513212511 1059-827-36-5-2-1
Adjustment of automatic timer timing advance charac-
teristics
To adjust the automatic timer advance characteristics, Advance

increase or decrease the number of adjusting shims, or adjusting shim
replace the spring. Using a thicker shim makes the
advance smaller.

Shim thickness {12 types):
0.1,0.2,0.3,0.4,05,0.6 07,038,098, 1.0,15,2.0

Advance
adjusting shim

DB703A
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5.9 SPG Type Automatic Timer

The following Zexel special tools should be used for SPG type automatic timer maintenance:

Special tooi name Part No. Application
(Zexe! product No.)

Spring insert 157921-9820 Removal and instaliation of timer spring

5.9.1 Removali and inspection

6 Bend, wear

11

7
Deterioration, bend 8

Deterioration, bend 9

10

Waar of taper 12

L
-
9 2
14
Scratches, 13
wear Scratches, wear
B00238
Disassembly sequence
1 Cap g Timer spring
2 Round nut 10 Spring support
3 Cover 11 Pilot pin
4 QO-ring 12 Timer holder
5 Flyweight 13 Eccentric cam (large)
& Spring seat 14 Eccentric cam {small)
7 Shim 1% Timer housing
8 Timer spring 16 Bolt
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5.9.2 Installation and adjustment

295 to 345 N-m
{30 to 35 kgf-m}
11 3
After reassembly, §
ill 180 to 200 cm?3
engime oil
8.8to 15 N-m 12
{1.0t0 1.5 kgf-m} 15
16
)
Z
64t0 B3 N-m
{6.5 to 8.5 kgf-m} -
2 _
14510 165 N-m
{15 to 17 kgf-m} %
14
13 B0023C
Assembly sequance
11910958376 -
For parts with an encircled number, refer
to Reassembly Pracedure that follows. 16-+B @B 054321
Reassembly Procedure (2} instail the eccentric cams {large and small) in the

correct directions using alignment marks on the
periphery of the timer housing as reference. The
timer housing and large eccentric cam should
rotate in the same direction as the timer holder as
Timer housing pin flyweights lift, as viewed from the drive end. With
the two timing housing pins aligned vertically, the

§/Flyweight flyweight shoulder should be lower on the right
end.

Flyweight shoulder:
{right end down}

{1) 1f the timer spring is of the uneven pitch type, place
the wider pitch coiled end outside.

Looking from the cover end

BOO27A
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Timer housing

Timer holder

B0028BA

{3) With the keyway in timer holder facing down, turn
the small eccentric cam as necessary so that the
distance between the centerline of the small eccen-
tric cam and that of the timer holder is the same on
the right and left, and that it measures 1/2 of the
center-to-center distance of the timer housing
pins.

{4) Afterreassembly, feed lubricating oil into the timer
up to a point about T mm below the flyweight top
end surface.

Adjustment of automatic timer advance characteristics

To adjust the advance characteristics of the automatic
timer, add or remove shims or replace the spring.
Adding shims makes advance smaller.

Shim thickness {4 types): 0.1, 0.3, 0.5, 1.0

13-82

5.10 Bleeding of Fuel System

Perform fuel system air bleeding as follows.

B53094A

{1} Loosen air plug of fuel filter.

B4324A

{2) Turn counterciockwise the priming pump knob of
injection pump so that it comes lcose.

(3} Move priming pumpknob up and down to feed fuel
until air bubble does not come out from air plug.

(4} With no air bubble coming out in fuel, tighten air
plug.

{5} Move priming pump knob up and down several
times, then screw in knob.

NOTE:
Sop up fuel spilt around.

() Actuate starter to discharge air in injection pump
and pipe.

NOTE:
Do not actuate starter for more than 15 seconds.
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5.11 Inspection and Adjustment after Installing
the Injection Pump

5.11.1 Inspection and adjustment of fuel injection
start timing

BE611BA

(1) Crank the crankshaft more than 180° in forward
direction to line up the pointer with the fuel injec-
tion start timing angle scale inscribed on the out-
side periphery of the fiywheel.

NOTE:

If the engine is turned in reverse direction (either when
the engine is stopped or by cranking}, the automatic
timer will stay advanced and may notreturn to normal
even if the engine is slightiy cranked in the normal
direction. Make sure that the engine is cranked manu-
ally more than 180° in the normal direction.

Inscribed iine

CO562A

(2} Hthe inscribed mark of the injection pump and the
inscribed mark of the automatic timer are in align-
ment in the above condition (1), the fuel injection
start timing is correct.

<AD type injection pump>

Adijusting bolt

<6D2> 29 to 34 N-m
{3tc 3.5 kgf-m}

<BDC> b9 to 64 N-m

{610 6.5 kgf-m}

B5120A
Adjusting bolt
59to 64 Nm
{610 6.5 kgf.m}

B6117C

(3) If they are out of alignment, loosen the timing

adjusting bolt of the coupling and adjust byturning
the automatic timer.

After adjustment, recheck by the procedures of
steps {1) and {2}, and tighten the timing adjusting
holt to the specified torque.

NOTE:
Do not loosen the bolts of the coupling except the tim-
ing adiusting bolt,
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5.11.2 Inspection and adjustment of minimum and
maximum no-foad speeds

Start and idle the engine until it reaches normal operat-
ing temperature. Then, make the foilowing checks.

{1} RSV type governor

tdling Full-speed
position position

Adjusting laver

Maximum speed
stopper bolt

Stop iever

B6310B

<With Boost ccmpensator

idling position  Full-speed position
Adjusting lever

Stopper bolt

B8310D

(&} Minimum speed

Make sure that the adjusting lever is in contact with the
stopper bolt. In this condition, check that the minimum
speed is within the specification. i the specification is
not met, adjust with the stopper bolt.

{b} Maximum speed

Place the adjusting lever to the full-speed position.
the maximum speed is outside the specification in this
condition, adjust with the maximum speed stopper
bolt.
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NOTE:

Quickly move the adjusting lever from the fuil-speed
position te the idling position to make sure that the
engine does not stall or develop hunting. i defects are
evident, adjust within the specification.

{2) RFD type governor

<6D2> Speed controf lever

Stopper bolt Stopper bolt

idling stopper boilt

Full-load
stopper bolt

Load control lever
<8DC> BE306B
Stopper bolt
Speed control lever

. i
—
I
: Stopper bolt
B f"*v%
R \ K
5

Eot diing stopper
% olt

Load control lever BB306A

{a) Minimum speed

Check to see that the load control lever is in contact
with the idling stopper bolt. In this state, check that the
minimum speed is within specified limits. if not, adjust
with the idling stopper bolt.

{b) Maximum speed

Set the load control lever at the fuli-load position
{where it contacts the full-load stopper bolt}. f the max-
imum speed is outside specified limits in this state,
adjust with the maximum speed stopper bolt and stop-
per bolt,

NOTE:

1. Never attempt to change the locked position of
the full-icad stepgper boit.

2. Quickly move the load control tever from the full-
load position to the idiing position to make sure
that the engine does not stali or develop hunting.
H defects are evident, adjust within the specifica-
tion.
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(3) RFD type governor with contro} cylinder <8DC>

Compressed air

E;?g;‘; @[air pressure: 390 to 490 kPa {4 to 5 kgfiem 2]

Full-load
stopper bolt

Load controi lever

BO587A

To check and adjust the no-ioad maximum speed, pro-
ceed as follows. Inspection and adjustment proce-
dures of no-load minimum speed are as described
above.

(a}) Operate the control cylinder with the specified air
pressure and check that the speed control lever is
in contact with stopper boit A.

(b} Move the load control lever to the full-load position
in this condition {where it contacts the full-load
stopper boit) and measure the maximum speed to
see if it is within specification.

{c) 1if the specification is not met, adjust with stopper
bolt A,

Control cylinder

/

Speed control

Ol

Fuli-load
stopper boit

Load control lever

BO58BA

{d) Next, with no air pressure applied to the control
cylinder, make sure that the speed control fever is
in contact with stopper bolt B.

{e) Place the load control lever into the full position
and measure the maximum speed to see if it is
within specification.

{f) If the specification is not met, adjust with stopper
boit B.
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5.12 Pump Drive Case

5.12.1 Removal and installation

<6D2> <8DC>

Pump drive case
Pump drive case

Bracket

B4194A B4565A

{1} For removal and installation of the pump drive
case, refer to Section 5.1.1 in Group 61 Special
Eguipment.

5.12.2 Disassembly and inspection

<602>

7.\ &
@,‘J

)
S

Deterioration,
damage

Cracks, wear

. 841964
Cisassembly sequence

1 Sensor plate 5 Qil seal 8 Bearing

2 Injection pump gear 6 Shaft 9 Cover

3 Colier 7 Bearing 10 Crank case
4 Bearing holder
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<BDC>

215 N-m {22 kgf-m}

Cracks, wear

Disassembly sequence

1 Sensor plate (guide
plate: 8DCB only}

2 Injection pump gear

3 Spacer

Detericration,
damage

@ Rotating
condition

B457BA

8
Rotating
condition
4 Bearing case 8 Front bearing
5 QOil seal 9 Cover
6§ Shaft 10 Crank case

7 Rear bearing

5.12.3 Reassembly

<602>
5
Assembly sequence 4
10—98%6;&3@@ ~T-8
4T B —

For parts with an encircled number, refer to
Reassembly Procedure that follows.

10

@\ =5
9 7 (22 kgt )

] § [
]
o »
—\_'w ——%\
7 6 8 3 2 1

B4197A
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<8DC>

215 N-m
{22 kgf-m}

° \
3
4
Assembly sequence
105856329
4755

For parts with an encircled number, refer to
Disassembly Procedure that follows.

10

B4566A

{1) Installation of injection pump gear

Align *0O" and “U" marks (6D2)
or *O" and *O" marks {8DC}

Align the noteh of sensor
plate with mark *0O" of

Injection pump gear

To be tightenad with
this side toward gear

Align the claw with
notch of sensor plate

92748
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Install the injection pump gear, sensor plate (or guide
piate) and nut as shown.
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5.13 Injection Nozzle

5.13.1 Removal and instaliation

5.13.2 Disassembly

<1-spring nozzie>

1 Injection pipe
2 Leak-off pipe
3 injection nozzle

1 ® 18 N-m {15 kgf-m}
29 N.m {3 kgf-m} A\ 3
&
@%\?“

9.810 15 N-m

%/ﬂ 10 1.5 kgf-m}

e

\

) é}/

3

A

@

4 Dust seal
5 Nozzie tip gasket

Co577B

Cap nut

2 Adijusting

screw
Spring
Push rod

g

3

2

3 Cracks, deformation

$-5

g

T Waar

8 Carbon

deposited

6
5 Inlet connector
6 Retaining nut
7 Needle valve
8 Nozzle
9 Nozzle holder

D7027A
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<2-spring nozzie: except identification mark “2D">

<2-spring nozzle: identification mark “2D">

Cracks

deterioration & @

Shim
{for valve opening ____@

pressure)

Cracks,
deterioration

—

Cap nu

Nozzie

identification
5 mark stamped

position

1st spring

;;;@/

Identification
mark position

Wear

7
Wear 6 E‘\ 5
garbon 4

Shi eposits
(fo‘rn;reiifﬁ — 15 ’/%@ 2

14

7 3

15449
2 Ad;ustmg Ist p_u?h rod @ Retaining nut 10 2nd spring
screw 10 Retaining nut 2 Needle valve 11 Push rod
3 Lock nut 11 Nozzle 3 Nozzle 12 Callor
4 2nd spring 12 Needle valve 4 Pin (63) 13 Spring seat
5 Setscrew 13 Nozzie holder 5 Spacer 14 1st spring
6 2nd push rod 14 iniet connector 8 Lift piece 15 Shim (For adjust-
7 Spacer D7015A 7 Pin (62.5) ment of primary
8 Spring seat valve opening
S Shim (For adjust- pressure}
ment of second- 16 Nozzle holder
ary valve opening 17 Leak-off
pressure) connector
NOTE:

. 1. Clean off any carbon deposits before disassem-
biing, reassembling, or adjusting any nozzle
assembly. Note, however, that the spray pressure
and shape should be inspected and the assembly
checked for oil leaks first. if no abnormalities are
apparent, do not commence disassembly.

2. Under no circumstances change the combination
of needle valves and nozzles used.
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Disassembly Procedure

The following special tools should be used in disas-

sembly:
Tool name . Part No. (Zexel product No.)
Plate 157944-9520
Special Wrench 157914-2800

Rernoving retaining nut

—— Special Wrench
- {157914-2800)
Retaining nut —__

Injecticn nozzle — -

-

— Plate )
P8 7 (157944-9520

|
™

01888

Secure the Plate (special tool) in a vise and fit the injec-
tion nozzle onto it. Loosen and remove the retaining
nut using the Special Wrench {special tool}.

5.13.3 Cleaning and inspection
{1} Cleaning

Nozzle Cleaning Tool
105789-001%0

01891

After washing the nozzle in gas oil, remove deposited
carbon using Nozzle Cleaning Tool {special tool) by the
following procedures,

NOTE:

Never change the combination of the nozzie and
needie valve.

D7003A

{a} Remove the needle valve fromthe nozzle and clean

the needle valve with the needle valve cleaning
wood piece.

D7004A

{b) Insert, while turning, a cleaning needle into the

injection orifice of the nozzle to remove carbon.

D7029A]

(c} Clean the nozzle seat using the cleaning needle.
{d) To remove burnt and hardened carbon, use FUSO
Carbon Remover or equivaient.
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(2} Inspection

{1) Injection pressure

D70058B

Injection pressure {lever operating
at 60 to 100 strokes/minute)

E infection pressure
i NV 21.6 MPa
] {220 kgfiem?} |

NV .. Nominal Value

Nozzle tester

D7007A

Clean and immerse the nozzie in gas oil, slide the
needle valve and check that it moves smoothly.

Next, pull up the needle valve vertically about 1/3 of its
entire stroke and check that it falls under its own
weight. if it does not fall, replace the nozzle.

5.13.4 Reassembly and adjustment
<1-spring nozzie>

3%1t0 49 N-m
1 {410 5 kgf-m}

2
€9 to 78 N-m
{7 10 8 kgf-m}
8
3
4
Locating pin
59 to 78 N-m 8

{6to 8 kgf-m} 6

Assermnbly sequence
8534532251
6—8—7

NOTE:
1. Never touch the sliding surface of the needle valve by

D7028A

and.
2. Install the cap nut efter injection pressure adjustment.
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{a} Remove the cap nut and install to the nozzle tester.

{b) Loosen the adjusting screw and cperate the nozzle
tester two or three times for bieeding.

{c) Operate the nozzle tester at specified speed,
adjusting the adjusting screw for specified injec-
tion pressure.

NOTE:

Never let yourself exposed directly to the atomized
fuel injected from the nozzie.

3910 43 N.m
{410 5 kgf-m}

D7008A

{d)} After adjustment, tighten the cap nut to specified
torque. Fix the adjusting screw with a screwdriver
inserted through the cap nut hole to prevent turn-
ing of the adjusting screw.

{e) Aftertightening the cap nut, check again the injec-
tion pressure.
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{2} Spray condition

2
Good Good Poor

|
4

Good Poor

1 Evenly sprayed from 3 Asymmetrical

five injection orifices 4 Branched
2 Evenandsymmetrical 5 Thin
6 lrregular
D7009A

When adjusting the pressure with a nozzle tester, check
aiso for clogged injection orifices, spray condition, and
fuel leaks from the orifices. Replace the nozzle if defec-
tive.

{3) Fuel tightness test

Test pressure
19.6 MPa
{200 kgficm?}

D7010A

Install a nozzle that has been adjusted to specified
injection start pressure toc the nozzle tester. Slowly
increase the pressure to the test pressure and keeping
this condition, check for fuel leaks from the bottom of
the nozzie. The nozzle is functioning normally if there is
no leak.

5.13.5 Reassembly and adjustment <2-spring
nozzle: except identification mark “2D">

Adjust while assemblin'g the parts by the following
procedures.

As the prelift is adjusted in 1/100 mm increments, use
clean detergent to thoroughly remove dust and dirt
before adjustment.

The following special tools should be used when mak-
ing adjustments:

Tool name Zexei product No.

105789-0500

Adjusting Device

Adiusting Device {105789-0500) components

B3942A

167892-0220
157954-3800
157882-1200
157892-1100
Connector assembly 157892-1320
Base 157892-1800

-

Adjusting device assembiy

Dial gauge

Pin £ = 50 mm
Pin £ = 60.5 mm

157892-1500
157892-1420
026508-1140

Gasket <for Retaining nut>

Retaining nut for adjustment

wlioo|~icmidm] x| WM

Gasket <for bolt of retaining nut>
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1 3910 43 N-m
2 {4 to 5 kgf-m}

3 20to 25 N-m

{210 2.5 kgf-m}
5 49t0 59 N-m
{5 to 6 kgf-m}
4
Shim (for prelift}
14 7
690 78 N-m 6
{7 to 8 kgf-m} 13

Shim {for valve
opening pressure)

2
2 _—locating pin
11
~~10

59to 78 N-m
{6 to 8 kgf-m}

\

D7016C
Assembly sequence

1399-58-72526—245253 ——
_f_ﬂ 0—14-1

11512

NOTE:
Never touch the sliding surface of the needle valve by hand.

Adjusting Steps

Adjustment of nozzle opening pressure
Selection of prelift adjusting shims
Adjustment of 2-spring adjusting pressure
Check of needle valve full lift

Iinstaifation of prelift shims

Checking of prelift

Checking of 2-spring adjusting pressure
inspection

*

*

*

RO N SN O RSEOR DR S)

Inspection make operations marked with * as neces-
sary for inspection or confirmation.
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(1} Adjustment of nozzle valve opening pressure

Nozzle holder

Needle valve

Retaining Nut for
Adjustment

| 157892-1420

58to 78 N.-m
{6 to 8 kgf-m}

Locating pin
Nozzie

Gasket A
167892-1500

D7017A

{a) Using the Retaining Nut for Adjustment {special
fool}, install the nozzle and needie valve to the
nozzie holder.

NOTE:

1. Make sure that the knock pin has seated com-
pletely in the nozzle before tightening the Retain-
ing Nut for Adjustment. Tighten the retaining nut
finger tight and then tighten to specified torque
using a torque wrench.

2. Remove the boit from the tip of the retaining nut.
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Set screw
49 10 59 N-m
{5 t0 B8 kgf-m}

Spacer

Shim {for valve
opening pressure}

15t Spring

i-"“'--—Tst push rod

D7018A

{h) Insert 1st push rod, 1st spring, valve opening pres-
sure adjusting shim (first use about 1 mm thick
one) and spacer to the nozzle hoider.

Then tighten the set screw to specified torque.

Operate lever at 60 to
100 strokes/minute

! Injection pressure
| NV 17.7 MPa
i {180 kgficm?}

NV .. Nominal Value

Nozzle tester

Keep boilt removed

D7619D

(c) Install the nozzle holder to nozzle tester and adjust
the shim thickness for nominal injection pressure.
0.50 to 1.54 mm (in 0.02 mm steps)}

NOTE:

1. When using a shim, be sure to check its thickness
by a micrometer.

2. Use same shim for prelift adjustment.

3. Use of a 0.02 mm thick shim changes the vaive
opening pressure by about 235 kPa {2.4 kgf/em?}.

{2) Selection of prelift adjusting shim

{(a) “0” point adjustment of adjusting device

Cial Gauge
157984-3800

Adjusting Device
157892-0220

Pin
187892-1100

2nd push rod

Base
157852-1800

- D7030A

Install Dial Gauge {special tool) to Adjusting Device
{special tool).

Install the 2nd push rod to Base (special tool) and
install the assembly to a vice.

Set the pin and Adjusting Device as indicated in the
above illustration and adjust “0” point of the Dial
Gauge. Use a 60.5 mm long pin.

(b) Install the 2nd push rod to the nozzle holder.

NOTE:
Do not install the 2nd spring and prelift adjusting
shim.
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Dial Gauge hoider @

intermediate screw
Set screw of Adjusting Device
I i Set screw
" T

Nozzie hold
2nd push rod 0zzlg holger

D7031A

{c} Install the adjusting device to the set screw using
its intermediate screw.
After installation, holding the Dial Gauge at its
holder, move it up and down to check that the
gauge operates smoothly.
Push down the gauge, holding its holder and read
its lift h.

NOTE:
Read to 1/100 mm.

(d} Selection of prelift adjusting shim
t=£+h

where t. Shim thickness {measured)
£€: Preiift {(0.10 £ 0.02 mm}
h: Dimension selected in step (c)

T=t£0.015mm
T: Thickness of shim to be used
Shim thickness: 0.75 to 1.50 mm (in 0.01 mm steps)

(e} Remove the Adjusting Device from the nozzle
holder. '
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{3) Adjustment of 2-spring adjusting pressure {open
pressure)

2610 25 N-m
{210 2.5 kgf-m}
Lock nut
Adjusting screw

2nd spring

D7032A

install the 2nd spring, adjusting screw and lock nut to
the nozzle holder.

NOTE:

Do not install the prelift adjusting shim.

Operate lever at 64 to 100
strokes/minute

Injection pressure
NV 24.8 t0 25.4 MPa
{253 10 259 kgffcm?2}
<Standard>
26.2 10 26.9 MPa
{267 to 274 kgfiem?)
<Option> !

NV .. Nominal Value

Nozzle tester

Keep bolt removed

D7018D

Using nozzle tester, adjust the adjusting screw for
nominal injection pressure {open pressure).

After adjustment, tighten the lock nut to specified
torque.
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(4) Checking full lift of needle valve

Dial Gauge

157954-3800

3910 49 N-m {4 to 5 kgf-m}
Connector

157892-1320

Pin ¢ = 50 mm
167892-1200

Retaining Nut for
Adjustment
Gasket B

0 167892-1420
026508-1140—%®
&—Bolt

D7033A

(a) install the special tools indicated in above ilustra-
tion and set “0” point of the Dial Gauge.

(b} Install the nozzle to the nozzle tester and operate
the tester lever to bleed the inside of the retaining
nut.

Also check for fuel leaks.

{c) Operate the tester lever to increase the pressure to
about 34.3 to 44.1 MPa {350 to 450 kgf/cm?} so that
the needle valve of the nozzle is fully lifted. Read
this lift dimension “L” off the Dial Gauge.

{d) Remove the Dial Gauge, Connector and Pin (spe-
cial tools).

(5) Installation of prelift shim

Adjusting screw

Lock nut

Set screw
431059 Nm
{5 to 6 kgf-m}

D7034A

{a} Remove the set screw, lock nut and adjusting
screw as an assembly from the nozzle holder.

NOTE:
Never loosen the lock nut as loosening it changes the
Z-spring adjusting pressure.

{b} Install the prelift shim selected in ftem {2) between
the spacer and 2nd push rod.

{c) Installthe 2nd push rod and 2nd spring and tighten
the set screw, lock nut and adjusting screw as an
assembly to specified torque.

{d) Check again that the needle valve full lift dimen-
sion “S” with the Dial Gauge by the procedures
described in ltern {4},

{6} Checking prelift

Check the prelift based on dimension “L” measured in
ltem {4) and dimension “S” measured in ltem (5).

L~-S=A¢
where £-0.02mm = A€ = £+0.02mm

A £: Prelift {measured)

£: Preiift {0.1 mm)

L: Needle valve full lift dimension (measured)

S: Needle valve lift dimension {measured) with
prelift subtracted

1§ A ¢ is outside of specified dimension £ + 0.02 mm,
replace the prelift adjusting shim as described in (5}
and repeat steps (4) and (5) so that A € will fall within ¢
+ 0.02 mm.

Select thickness t' of shim 1o be used as follows.

t'=t+{f£-Af)
T=t £ 0.015mm

where t: Thickness of existing shim
t": Shim thickness
T Thickness of shim to actually replace exist-
ing shim
£: Prelift {$.1 mm)
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{7) Checking allowance of 2-spring regulated pressure
{cover pressure}

2-spring regulated [
pressure {lift 0.0} %
NV 23 to 23.5 MPa ;
{235 10 240 kgfiem?} %

NV .. Nominal Value

Nezzle tester

Bolt installed
D7035A

{a}) After checking the prelift in ltem (6), increase the
pressure again to about 34.3 to 44.1 MPa {350 to
450 kgf/icm?} so that the needle valve of the nozzle
is fully lifted.

NOTE:
Retaining Nut for Adjustment {special teol] must have
a bott fitted at its tip.

{b} When the nozzie tester lever operation is stopped
with the nozzle needle valve fully lifted, the pres-
sure will start to drop and the needle valve will go
down.

{c) Atthe moment the nozzle lift has dropped to 0.05
mm, read the pressure gauge indication.

{d} i the 2-spring regulated pressure {open.pressure)
is out of specification, adjust the 2-spring regu-
iated pressure in accordance with item (3}.

NOTE:

Adjust without installing prelift shim.

(e} Remove special tools.

{8} Inspection

{a) Tighten the retaining nut and cap nut to specified
torque.

NOTE:

1. Make sure that the knock pin has seated com-
pletely before tightening the retaining nut.

2. Tighten the retaining nut finger tight and then
tighten to specified torque using a torque wrench.
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{b} Spray condition

2
Good Good Poor Poor Poar Poor

g B e o
—

Good Poor

1 Ewvenly sprayed from 3  Asymmetrical

five injection orifices 4 Branched
2 Evenandsymmetrical 5 Thin
6 irregular
D7009A

When adjusting the pressure with a nozzie tester, check
also for clogged injection orifices, spray condition, and
fuel leaks from the orifices. Replace the nozzle if defec-
tive,

{c} Fuel tightness test

Test pressure
15.7 MPa
{160 kgficm?

D7010A

Install a nozzle that has been adjusted to specified
injection start pressure to the nozzie tester. Slowly
increase the pressure to the test pressure and keeping
this condition, check for fuel leaks from the bottom of
the nozzle. The nozzle is functioning normally if there is
no leak.
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5.13.6 Reassembly and adjustment <2-spring nozzle: identification mark “2D">

The adjustment should be performed during reas-
sembly as described below. The prelift should be
adjusted in 1/100 mm unit. Therefore the parts must be

cleaned with the clear cleaning fluid to remove dust
and foreign materials completely. For the adjustment,
following special tools are required.

Tool name and shape

Part No.
{Zexel product No.)

Application

Adjusting Device

157892-45820

*1 Adjusting Device

157892-4420

*2 Holder 157892-4400
*2 Nut 157892-1000 Securing Dial Gauge
*1 Dial Gauge 157954-3800
*1 Pin 157892-4700

*1 Retaining Nut for Adstment

157892-4020

*3 Retaining Nut for Adjustment

157892-4000

*3 Gasket

026508-1140

*3 Plug 157892-1600
*1 Gasket 157892-1500
Piate 157944-952¢ Securing nozzle holder

Special Wrench {SW19)

157914-2800

Removal and instailation of retaining nut

Special Wrench {(SW22)

157914-0500

Removal and instaliation of Retaining Nut for Adjustment

itams marked “*1” are parts of Adiusting Device 157892-4820.
ltems marked “*2” are parts of Adjusting Device 157892-4420.
ltemns marked “*3" are parts of Retaining Nut for Adjustment 157892-4020.
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291039 N-m
{3 10 4 kgfm}

18

T to 78 Nm
{7 1o 8 kgf-m}

17 16

15
14

13
12
10

58t 78 N-m
{6 10 8 kgf-m}

For reassembly, reverse the order of disassembly.

NOTE:
Do not touch the needie vaive's sliding surfaces.

11937

During reassembly, make adjustments and checks in
the following sequence:

] {1) Adjust the No. 1 valve’s opening pressure |

!

l {2) Check the needle vaive's total lift |

}

[ {3) Check the prelift amount I

!

i {4) Check the No. 2 valve's opening pressure I

|

1 {5} Adjust the No. 2 valve's opening pressure 1

i {6) Replace the retaining nut ]

|

l (7} Make an overall inspection 1
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Reassembiy and Adjustment Procedure

{1} Reassembly

Nozzle hoider— __ Plate
157344-9520

§ N 01895

{a) Securethe Plate {specizl tool) in a vise, then mount
the nozzle holder on the Plate. Carry cut reas-
sembly in the opposite of the disassembly
sequence.

34 £ 45N'm
{3.5 + 0.5 kgf-m}

Gasket
157892-1500

Nozzle

Special
Wrench
157914-06500

Retaining Nut
for Adjustment
157892-4000

01896

{b} Fit the Gasket (special tool} onto the nozzle. Then,
secure the nozzle on the nozzie hoider using the
Retaining Nut for Adjustment (special tool). Turn
the Retaining Nut for Adjustment as far as possible
by hand, then tighten it to the specified torque
using the Special Wrench (special tool}.
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{(2) Adijusting No. 1 valve opening pressure

| NV 17.7 MPa
! {180 kgffem?}

NV .. Nominal Value

| Spray pressure

injection nozzle
assembly

15262

{a} Fit the injection nozzle assembly onto the tester
and measure the valve opening pressure.

NOTE:
Do not touch the spray that comes out of the nozzle.

(b} Ifthe spray pressure is out of specification, adjust it
using No. 1 vaive opening pressure adjustment
shim. (This shim has an outside diameter of 8.9
mm.}

A 0.02 mm change in shim thickness causes a 235
kPa {2.4 kgf/cm?} change in valve opening pres-
sure,

Shim thickness:
0.40, 0.50, 0.52, 0.54, 0.56, 0.58, 0.60, 0.70

(3) Checking needle valve total lift

Piug
1578921600 \/ Retaining Nut for Adjustrment
g 157892-4000
Gasket —&
026508-1140
Plate

157944-9520

-

\ 01898

(a) Fit the Gasket and Plug {special toois} onto the
Retaining Nut for Adjustment (special tool).

D Nut 157892-1000
I
@/ Holder 157892-4400

Plate 157944-3520

15263

(b} Mount the injection nozzle assembly upside-down
on the Plate (special tool). Then, fit the Holder and
Nut {special tools).

Dial Gauge

Nut
157892-1000

= Holder
' 157892-4400
B ? 3800
™™ Pin
157892-
4700

Spring seat

15264

{¢) Fitthe Pin (special tool)into the Dial Gauge (special
tooh).

(d) Fit the Dial Gauge (special tool) onto the injection
nozzle assembly and secure it with the Nut (special
tool) such that the Pin {special tool} is touching the
top surface of the No. 1 spring seat.

13101
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NOTE:

1.

Secure the Dial Gauge such that a stroke of
approximately 1.2 mm can be measured.

2. Do not overtighten the Nut. If the Nut is too tight,
the Dial Gauge shaft will stick in one position.
Retaining Nut
for Adiustment
157892-4000

15265

{e) Fit the injection nozzle assembly onto the Nozzie
Tester, then zero the Dial Gauge.

Loosen the Plug {special tool} and operate the
Nozzle Tester. Bleed the Retaining Nut for Adjust-
ment, and check for fuel leaks at the same time.
After fully bieeding the Retaining Nut for Adjust-
ment, securely tighten the Plug.

_ A

£

E

E

B

4

o

=]

]

=z

C 34.3to 44.1 {350 to 450}
Pipe pressure {MPa {kgficm2}} 01902

{f} Operate the Nozzle Tester. When the pipe pressure
is raised to 34.3 to 44.1 MPa {350 to 450 kgf/cm?},
the needie valve shouid lift completely. When this
happens, make a note of the total lift measure-
ment. in the graph,

A: Needie valve total lift amount
C: No. 1 valve opening pressure
NOTE:

This check is necessary to check for abnormal wear on
the nozzie seat.
13-102

{4} Checking prelift

E

g A

®

s

g

2

B

g Pressure gauge

Pipe pressure {MPa {kgficm2})
01903

{a) Once the needle vaive is in its fully lifted position,

the pipe pressure will startto drop if the Nozzle Tes-
ter handle is not moved. The needle valve lift mea-
surement (as shown by the Dial Gauge) will drop
concomitantly. in the graph,

A: Needle valve total lift amount

NV 0.07 £ 0.02 i

NV .. Nominal Value

—— No. 2 spring

I Needle valve

Needle valve lift (mm)

F /
C
Pipe pressure (MPa {kgficm?})

01804

{b)

Read the Dial Gauge indication when the No. 2
spring stops acting and the needle valve stops
dropping. This point is labeled “F” in the above
graph. Confirm that the reading conforms with the
specified nominal value.



FUEL AND ENGINE CONTROL - SERVICE PROCEDURE

The prelift measurement point {labeled "G" inthe
graph} corresponds to C + approx. 980 kPa {10 kgf/
cm?}, where “C” is the No. 1 valve opening pres-
sure,

In the graph,
A: Needie valve total lift amount
C: No. 1 spring opening pressure

F: Prelift
G: Prelift measurement point

Pin

Capsule

- % |
]

R 01905

{c) If the prelift measurement is out of specification,
replace the pin, lift-piece, spacer, nozzle, and
needle valve with the Nozzle Service Kit.

{5} Checking No. 2 valve opening pressure

—

No. 2 valve opening
pressute

[NV 25.5 to 26.5 MPa
| {260 to 270 kgfiem?}

NV .. Nominal Value

15266

(a} After checking the prelift, operatethe Nozzle Tester
and raise the pipe pressure to 34.3t0 44.1 MPa {350
to 450 kgf/cm?} such that the needie valve lifts fully.
If the Nozzle Tester handle is not moved, the pipe
pressure will drop. The rneedlie valve lift measure-

_ment {shown by the Dial Gauge) will drop concom-
itantly.

T A
E /
s
z F+0.05
N S gt A
2 |
[si]
Z i
/ ;
i

C J  34.31t0 44,1 {350 toc 450}
Pipe pressure {MPa {kgf/em?}

F+0.08

Dial Gauge A Pressure gauge

01807

{b} Read the pressure gauge indication at the instant
when the Dial Gauge indicates the specified nomi-
nal needle valve lift {(normally prelift F + 0.05 mm}.
in the graph,

A: Needle valve total lift amount
C: No. 1 valve opening pressure
F: Prelift

J: No. 2 valve opening pressure

(6) Adjusting No. 2 valve opening pressure

Shim

01908

i the No. 2 valve opening pressure is out of specifica-
tion, disassemble the nozzle mounting side of the
injection nozzle assembly and change the No. 2 valve

13-103
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opening pressure adjustment shim, {This shim has an
outside diameter of 9.9 mm.)

Shims are available in the following thicknesses: 0.40,
0.50, 0.52, 0.54, 0.58, 0.58, £.60, and 0.70 mm. A 0.02
mm change in shim thickness causes achange in valve
opening pressure of 196 kPa {2 kgficm?}.

NOTE:
1. Do not touch the spray that comes out of the
nozzie.

2. Changing the No. 1 valve opening pressure causes
the No. 2 valve opening pressure to aiso change.

{7) Repilacing retaining nut

34 £ 49 Nm
{3.5 £ 0.5 kgfm}

Retaining
Nut for
Adjusting
o2 .7
é\
15267

Remove the Dial Gauge, Pin, Nut, and Holder. Then,
take off the Plug, the Gasket, and the Retaining Nut for
Adjustment and its Gasket. Fitthe regular retaining nut
and tighten it to the specified torque using the Special
Wrench (special tool}.

Special tools:

1. Speciai Wrench {157914-0500)
2. Gasket {157892-1500)
3. Retaining Nut for Adjustment {157892-4000)
4, Gasket {026508-1140)
5. Plug {157882-1600)
6. Hoider {167892-4400)
7. Nut {157892-1000)
8. Pin {157892-4700)
8. Dial Gauge (157954-3800)
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{8} Inspection

15268

Fit the injection nozzle assembly onto the Nozzle Tes-
ter. Check the No. 1 valve opening pressure, the spray
shape, and the cil-tightness of the seat. Check also that
there are no leaks.

NOTE:

1. H the No. 1 valve cpening pressure does not con-
form to its specified nominal value, go through the
adjustment precedure again from step {1).

2. Do not touch the spray that comes out of the
nozzle.

5.14 Hydraulic Governor (RHD&-type for 8DC3)
Inspection and Adjustment

{1} Bleeding hydraulic governor

Qil plug Inspection window

=/

rr 7 |
EQE:::I

e O o)
N

R

B4567A
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(a} Before starting the engine, remove the oil plug

from the governor's top cover and pour in ATF up
to the inspection window’s middle mark.

Speed controi lever

Piug Needie valve

B4568A

NOTE:

1. Bleedthe hydraulic governor with the engine cool-
ant at a temperature of approximately 75°C.

2. After bleeding the hydraulic governor, top up the
ATF until it reaches the middle of the inspection
window.

3. After starting the engine, the needle vaive mustbe
tightened until hunting stops. Set the needie valve
as loosely as possible without hunting taking
place.

4. Allairinthe hydraulic governor mustbe bled out. if

any air remains inside, hunting will not stop after
the engine is started.

{2) Adjusting speed alteration rate

(b} Loosen the three plugs, then turn the needle valve

three turns back from its fully closed position.

LOW

FULL

Speed
control lever

Fue!
control lever

Moves forward and backward
B4569A

{(c) Push the speed control lever to “FULL" side or

“| OW" side. Then, move the fuel control iever on
the power piston side. Repeat this procedure sev-
eral times with the speed control lever in both the
“FULL" and "LOW” positions to fully bleed the
hydraulic governor.

!
Speed alteration rate
adjusting screw

B4570A

Remove the governor's top cover and set the speed
alteration rate scaleto 9 or 10,

{3) Rod adjustment

L

B4ST71A

{a) With the hydraulic governaor standing alone, check

the stroke of the fuel control lever {the lever's maxi-
mum movable distance). Confirm that there is no
discrepancy between the scale and needle.
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Fuel control needle
{adjust tc 6 on scale}

5.5

Control rod

Ball joint

B4572A

{b) Set the injection-pump-side governor's fuet con-
trol lever to its full-ioad position. Connect the con-
trol rod to the hydraulic governor's fuel control
lever such that hydraulic governor's fuel needie
points to 6 on the scale.

To make adjustments, remove the ball joint from
the controliever, loosen its lock nut, then rotate the
ball joint to aiter the control rod's effective length.

(4) Adjusting LOW idle

LOW idle stopper
sat screw

Lock nut

B4573A

Turn the LOW idie stopper set screw {on top of the
hydraulic governor) such that the following conditions
are satisfied:

13-106

Injection-pump- Hydraulic Torque
side governor's governor's speed converter
governor lever controf lever speed
position position
LOW LOW 600 + 50 rpm
HIGH LOW 600 + 50 rpm
LOW HIGH 760 = 50 rpm

{5) Adjusting HIGH idle

Maximum speed
set screw

Lock nut

B4574A

Set the injection-pump-side governor’s governor lever
to its HIGH idle position. Turn the maximum speed set
screw such that the torque converter runs at a speed of
2.000 to 2,050 rpm.
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{6) Checking for hunting

Speed control lever
HIGH idle (full-speed} position

Stopper boit

Injection-pump-side governor

B4575A

{a) Set the injection-pump-side governor's governor

lever to its HIGH idie position. Gradually raise the
hydraulic governor’s speed control lever and check
that no hunting occurs over the entire range.

{b} Setthe hydraulic governor’s speed control leverto

its HIGH idle position. Gradually raise the injection-
pump-side governor's governor lever and check
that no hunting occurs over the entire range.

5.15 Fuel Filter

25 N-m {2.5 kgf.m}

Filter Wrench
MH061572
Bg181C

The element can be removed easily using the Filter
Wrench {special tool).

<602, 8DCY, 9-T, 9-TC>
25 N-m {2.5 kgf-m}

2 Cracks,
threaded

§ portion

28 N-m {2.6 kgf-m}

Apply thin coat
of engine oil
when mounting.

D7301E
<8DCO-TL>
<602, 8DC; Option>
Cracks,
threaded portion 2
25 N.m {2.5 kgf-m}
) -9
{ /L/
N S5 N Apply thin
il coat of
N engine oil
@ / when
mounting.
S STt
25 N-m {2.5 kaf-m}
g
1 Fuel filter element
2 Fuel filter head
€ ea D73030
NOTE:
1. When removing the element, check for the gasket

jeft behind on the head side.

2. Tomount, apply a thin coat of engine oii to the gas-

ket, and then secure the element by tightening 3/4
to 1turn after the gasket comes in contact with the
fuel filter head.

3. After installation, bleed the fuel system.
4. After bieeding the air, start the engine and check

for fuel leaks.
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5.16 Water Separator

<602, 8DC> <8DC: Twin type>

25 N-m
{2.5 kgf-m}

g—'s {2.5 kgf m}

25 N-m
7.8t0 12 N-m & g {2.5 kgf-m}
7810 12 N-m 8 {080 1.2 kgf-m}
{0810 1.2 kgf-m} C-_‘-)
10‘--.._91

25 N-m
{2.5 kgf-m} 8

9
C@ 9/(3
7 25 N-m

D7405C D7401E !
D7406B
1 Drain piug 7 Screen assembly
2 Drain cup {twin type only) 8 Woater level ring
3 Ring nut 9 Eyebolt
4 Case 10 Air plug
5 Baffie plate 11 Cover
6 Isolation plate

25 Nom
{2.5 kgf-rm}

-~

(2.5 kgf-m)

[44]

i

T

[+

Red line

Water level ring

Drain plug

09278
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if the red water level ring in the translucent caserises io
the level of the red line marked on the outer circumfer-
ence of the case, immediately loosen the drain plug to
discharge water.

itis not necessary to completely remove the drain piug,
as water is discharged gradually through the groove of
the loosened plug.

NOTE:
After draining, tighten firmly the drain piug before
bleeding the fuel system.
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6. TROUBLESHOOTING

Symptom Propable cause Remedy Ref. group
Engine wiil not Defective feed pump
start « Loaded gauze filter Clean
e Check valve inoperative Replace
* Seized or worn piston Replace
* Seized push rod Replace
= Worn tappet Replace
Defective injection pump
® Seized or worn plunger Replace
» Seized control rack or control rod Replace
» Saized delivery valve Repiace
* Worn tappet Replace
* Worn camshaft Replace
Defective injection nozzle
* Seized needle valve Replece
* Valve opening pressure too fow Adjust
» Clogged injection orifice Clean

e Nozzle not air-tight

Correct or replace

Fuel tank empty

Supply fuel

Ciogged fuel pipe or fuel leaks from connection

Correct or replace

Air or water trapped in fuei system

Bieed or replace

{oaded fuel filter

Replace

Engine starts
but soon stops

Clogged fuel! filter

Correct or replace

Air or water trapped in fuel system

Bleed or replace

Defective feed pump Check

Engine knocks Injection timing too advanced Adjust
Defective injection nozzle -

® Valve opening pressure too high Adijust

e Clogged injection orifice Ciean

* Nozzie not sir-tight

Correct or replace

Low quality fuel in use Replace
Smoky engine Defective injection pump
ﬁ;gg;ﬁ;nd s Incorrect injection timing Adjust
° Worn plunger Replace
o Defective valve seat Aeplace
Low guality fuel in use Replace
Defective injection nozzle
e Valve opening pressure too low Adjust
= Broken spring Replace
s Ciogged injection orifice Clean
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Symptem : Probabie cause Remedy Ref. group
Unstable engine I Defective injection pump
output = Insufficient plunger skiding stroke Replace
: ® Broken plunger spring Replace
' * Poor control rod or control rack sliding Carrect
* Worn tappet, poor sliding Replace
s * Broken delivery valve spring Repiace
: ® Poor tightness due to loose delivery valve holder Correct
* Deiivery vaive not functioning properly Repiace
Defective injection nozzle
¢ Poor sliding of needle vaive Replace
* Broken spring Replace
* Incorrect vaive opening pressure Adijust
Defective feed pump
* Check valve not functioning properly Replace
* Worn piston Replace
Air or water trapped in fuel system Bleed or replace
Loaded fuel filter Repiace
Incorrect injection timing Adjust
Control lever not in contact with fuil-speed set boit Adjust
insufficient Defective injection nozzie

engine output

* Nozzie not air-tight

Correct or rapiace

® Broken spring Replace
e Clogged injection orifice Ciean
Defective injection pump
* Worn plunger Repiace
® Broken delivery valve - Replace
¢ Defective delivery valve seat Replace
* Poor tightness due to loose delivery valve holder Correct
Defective governor
s Timing control is performed at low speed due to Adjust
weak governor spring
® Faulty full-load stopper position Adjust
* Adjusting lever {or load control lever} incorrectly adjusted Adjust
Poorly adjusted injection timing Adjust
Insufficient advance angle of automatic timer Adjust
Poor quality fuel in use Replace
Engine not Defective governor }
g%z:gyng max. * Governor spring tension too weak Adjust
¢ Incorrect adjusting lever {or load controi lever) position Adjust
Defective injection nozzle
¢ Clogged injection orifice Clean

® Nozzle not air-tight

Correct or replace

& Valve opening pressure too low

Adiust

13-110



FUEL AND ENGINE CONTROL - TROUBLESHOOTING

Symptom Probabie cause Remedy Ref. group
Engine max. Poor sliding of injection pump control rad or control rack Correct
speed too high

Defective governor
s Pooriy adjusted speed control lever Adjust
» Fiyweight not functioning effectively Correct
Unstable engine | Defective injestion pump
idling & Seized, binding or worn plunger Replace
* | oose control pinion Correct
e Plunger spring not seating correctly Replace
= Detivery vaive holder too tight Corract
* Uneven injection amount to cylinders Adiust
» Broken plunger spring Repiace

+ Air or water trapped in fuel system

Bleed or replace

Defective governor

e |diing spring tension too weak Adjust
s Bent link Correct
« Large friction or play of link Replace
* | oose round nut Correct
e Incorrectly adjusted idling stopper bolt Adjust
Defective feed pump
« Defective check valve Replace
* Worn piston Replace
* Loaded gauze filter Clean
Loaded fuel filter Replace
Incorrect injection timing Adijust
Defective automatic timer Correct
Defective injection nozzle
* Clogged injection orifice Clean
s Deteriorated spring Repiace

® Nozzle not air-tight

Correct or repiace

Engine cannot Broken or stretched engine stop cable Replace
be stopped - -
Poorly adjusted engine stop cabie Adjust
Damaged governor stop mechanism Replace
Fuel supply Cracked fuel hose, pipe Repiace
failure
Eeaky fuel tank Replace
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COOLING - GENERAL

1. GENERAL

The cooling system is of the water-cooling forced cir-
culation type consisting of a radiator, water pump,
thermostat, and related parts.

<6D2>

Radiator  Thgrmostat

&)

i
7

Water pump
Thermostat

<8DC> B1745D

B1732E

14-2

{1} Water pump

<6D2> 2
To engine ﬂ
SR\

From thermostat
[N =
\,ﬂ\i/\

tmpeller

From radiator

<8DC> B1746C

From thermostat

From radiator B1734D

The water pump, of the centrifugal type, is driven by
V-belt from the crankshaft pulley.

Mounted at one end of the water pump shaft is an
impelier with blades and the coolant is sealed up by
unit seal.

For lubrication of the water pump, see Group 12
Lubrication.
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{2) Thermostat

<6D2>

From cylinder

When coolant temperature head

is high (bottom bypass
vaive is closed)

Te radiator

To water pump

When coolant temperature is low
{bottom bypass valve is open}

B1747A
<8DC>

From cylinder head

To radiator L= e N
{High temperature} : From cylinder
H head
v
To water pump
{Low temperature}

B1735A

The thermostat is of bottom bypass type with a valve
controlled by special wax enciosed in a pellet. When
the wax is heated, it passes from a solid to a liquid state
with its volume changing. This change in volume regu-
lates the amount of coolant flowing into the radiator
and water pump (bypass side), thereby controlling
coolant temperature.

Jiggle valve

NN

t

Water pressure 817034

A jiggle valve is installed in the thermostat for 8DC.
The jiggle valve is normally in the lower position. Airin
the engine is led to radiator through the clearance
between the jiggle valve and the breather hole, which
permits easy supply of coolant.

When the engine is started and coolant flows, the figgle
valve is pushed up to close the breather hole. There-
fore, coolant cannot flow into the radiator untii the tem-
perature rises enough to open the thermaostat valve.
This contributes 1o a shorter engine worm up time.
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{3} Radiator

{4) Pressure cap

Radiator

Pressure cap

Reserve tank

B1740A

The radiator, with a tube-and-corrugated-fin type core
(and with a reserve tank on some models}, not only
cools the engine coolant but also separates vapor from
liquid water and regulates pressure in the cooling sys-
tem.

14-4

<With pressure release lever>

Pressure release lever f!
Pressure spring

Vent valve

\ operation
condition

Vent valve spring

B17168
<Without pressure reiease levers
Pressure spring
To reserve 2 S ;
tank ==
\ / Pressure
valve
From
reserve tank
Vent vaive
When vent valve is opened
Bo29s8

The pressure cap regulates the pressure in the cooling
system. When the pressure builds up inthe system that
exceeds a predetermined level, the pressure valve
compresses the pressure spring, releasing the exces-
sive pressure through the overflow pipe into the atmo-
sphere.
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If equipped with a reserve tank, the coolant that has
overflowed is channeled into it.

When the coolant temperature drops and negative
pressure buiids up in the system, the vent valve opens
to take in air to prevent the radiator from becoming
deformed.

if equipped with a reserve tank, coolant is taken from
the reserve tank to prevent the radiator from becoming
deformed and to keep the guantity of coolant in the
system constant,

If equipped with a pressure release lever on the cap,
raising the lever upright opens the pressure valve and
releases the pressure in the cooling system.

{5) Auto cool fan coupling

Storage
chamber

Divider plate
Control hole

Divider plate

i
Valve
BOBT4C

Depending on the temperature of the air passing
through the radiator, the auto cool fan coupling auto-
matically controls the rotating speed of the fan.

The autocool fan coupling is constructed as follows:
The rotor is mounted on the shaft and rotates between
the case and cover. Viscous coupling material (silicone
oil) enters the gap and turns the fan. A control hole in
the divider plate allows silicone oil to pass from the
storage chamber to the operating chamber. The holeis
controlled by a valve. Opening and closing of the valve

is controlied by a bimetallic strip that moves in
response {0 temperature changes.

<When the temperature of the air passing through the
radiator is low>

Operating

Storage
t chamber

chamber
Control hale

Divider plate

Valve

Bimetal

BOZ243A

The valve fully closes the control hole of the divider
plate. As a result, the silicone oil forced back from the
pump hole is stored in the storage chamber and is not
sent into the operating chamber. in the meantime, the
silicone oil in the operating chamber decreases, and
consequent slippage between the case and cover and
the rotor causes the fan to rotate at a lower speed.

<When the temperature of the air passing through the
radiator rises>

BOZ44A

As the temperature rises, the valve slowly opens the
control hole of the divider plate, allowing silicone oil to
flow into the operating chamber. Therefore, the siii-
cone oil contacting area between the case and cover
and the rotor slowly increases. So more torqueis trans-
mitted to the fan, causing it to rotate at a higher speed.
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<When the temperature of the air passing through the

radiator is high>

Direct-couple fan

Autocool fan coupling
(at high temperature}

Autocool fan coupling
{at medium temperature;}

Fan speed {rpm}

Autocool fan coupling
{at low temperature}

- 4 -

Crankshaft speed {rpm)

BO245A

B17288B
The vaive fully opens the control hole of the divider

plate, and more silicone oil flows into the operating
chamber.

As a result, a maximum torgue is transrnitted from the
shaft to the fan, causing the fan to rotate at a given
maximum speed.

Fan speed (rpm)

Temperature passing through
the radiator {°C}

BO5S75A
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2. SPECIFICATIONS

<6D2>

Specification

Cocling system

Water-cooling forced circulation type

Coolant quantity {Engine-proper only}

8022, 22-T, 24-7 Approx. 22 L

6D22-TC, 24-TC Approx. 24 L

Water pump ! Type Centrifugal type
Drive method V-beit
Radiator Type Tube-and-corrugated-fin type or Tube-and-plate-fin type
Thermuostat Type Wax petiet/bottom bypass type
Valve opening Without jiggle vatve: 76.5°C x 2
temperature x Q'ty
Cooling fan Suction type or blower type
V-bett Type x Number of belts Without fan drive | Lowedge cogBtypex 1orBiypex 2
With fan drive Low-edge cogged type B x 1 {for water pump}
Low-edge cogged type C x 2 {for alternator)
Low-edge cogged type B x 1 (for water pump)
Low-edge cogged type B x 2 {for aiternator)
<8DC>

Specification

Cooling system

Water-cooling forced circulation type

Coolant quantity (Engine-proper only; 8DCe, 9-7,8-TL Approx. 25 L
8DCe-TC Approx. 28 L
Water pump Type Centrifugal type
Drive method V-beit
Radiator Type Tube-and-corrugated-fin type or Tube-and-plate-fin type
Thermostat Type Wax pellet/bottom bypass type
Vaive opening 8DCs, 9-T, 9-TC With jiggie valve: 82°C x 2
temperature X Q'ty : -
Option: 8DCS-T, With jiggle valve: 82°C x 2
9-TL Without jiggle valve: 82°C x 1
Option: 8DC9 Without jiggie valve: 76.5°C x 2
8DCs-TL With jiggle valve: 82°C x 1
Without jiggle valve: 88°C x 1
Cooling fan Suction type or blower type

Autocool fan coupling
<8DCY-TL>

Type

Viscous type

Hydraulic fluid

Silicone oil

V-belt

Type x Number of belts

Without fan drive | Low edgecog Ctypex Tor Ctype x 2

With fan drive Low-edge cogged type C x 1 (for water pump)

Low-edge cogged type C x 2 {for alternator)

Low-edge cogged type C x 2 {for water pump)
Low-adge cogged type B x 2 {for alternator)

14-7



COOLING - SERVICE STANDARDS

3. SERVICE STANDARDS
3.1 Service Standards Table

Unit: mm

Maintenance item Remedy and remarks

Nominai value . Limit

(Basic diameterin} 1}

Clearance between fan and fan shroud (Oniy | 8DC 4.5t0 8.5 - Adjust
for type with a fan shroud secured 10 engine}
Interference between pump shaft and flange | 602 {251 0.05 10 0.08 - tJp to second
reassembly
8DCe, 9-T, 8-7C {351 0.05 10 0.08 -
aDCe-TL {281 0.03 10 0.06 -
Interference between pump shaft 602 {11.8] 0.03 10 0.06 - Up to second
and impeiier reassembly
8DC9, §-T, 9-TC {15.510.04 10 0.06 -
8DCY-TL {18.510.03t00.05 -
Thermostat 6D2 Valve opening 74510 78.5°C - Replace
8DCS: Option ternperature
Valve Hft/ 10 or more/90°C -
temperature
8DCs, 9-T, 9-TC, 8-TL: | Valve opening 80 to 84°C -
RH temperature
Valve lift/ 10 or more/95°C -
termperature
8DCO-TL: LH Valve opening 86 to 90°C -
temperature
Valve lift/ 10 or more/100°C -
temperature

Radiator inspection pressure {air pressure}

98 kPa {1 kgf/em?}

Correct or replace

Pressure vaive opening pressure 3% t0 69 kPa - Pressure cap, replace
{0.4 10 0.6 kgficm2}

V-belt deflection 6D2 10to 15 - Adjust
[with a push force
of about 58 N {10 8DC 1010 15 -
kgfil

8DCY: Option (for alternator only) 15t0 18 -

8DC8-T {For tension pulley only), 71010 -

8-TC {For fan drive only),

8DC2: Option (For water pump only},

3.2 Tightening Torque Table
Location tightened Screw size Tightening torque
O.D. x pitch N-m {kgf-m}
{mm)
Spacer mounting bolt 8DCS-TL M10x 15 49 {5}
Water pump pulley mounting bolt 8DC9-TL M10x 1.5 44 {4.5}
Water pump cover mounting boft 8DC MBx 1.25 9.8{1}
Fan drive flange mounting nut 6Dz M20x15 145 {15}
8bC M27x1.5 245 {25}

Tension pulley mounting nut 8Dz M16x 1.5 98 {10}
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4, SPECIAL TOOL

Unit: mm

Unit: mm

Tool name

Shape

Tool name

Shape

Tip Clearance Spacer
MCG19470

Adjustment of clearance
hetween fan and shroud
(Only for type with a fan
shroud secured to engine)

Impeiler Puiier
MH062192

Removal of water pump
impeller

B5282C

Water Pump Pulley Puller
MHE62411 <6D2>

Removing water pump
flange

Tr18x 4

nit Seal Instatier
MH062195 «6D2>
MH06219% <BDC>

Water pump unit seal instal-
jation

A B 4C

602 28 5.6+0.03 125

8DC 33 11.3£0.03 16.5
B5094A

B525BA
Beit Tension Gauge
MH062345
Measuring V-belt tension
03612
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5. SERVICE PROCEDURE When the fan shroud is installed, adiust the clearance
between the shroud and cooling fan.

Hold the fan shroud in the Tip Clearance Spacer {spe-
<8DC> (Only for type with a fan shroud secured to  (jal tool), and move the fan shroud to make sure that
engine} the clearance between the shroud and cleaning fan is
constant.

After the adjustment, secure the fan shroud.

5.1 Removal and Installatier of Fan Shroud

5.2 Removal and Installation of Cooling Fan
<6D2>

D0914A

1 Deformation

Fan shroud

Upper shroud stay
Lower shroud stay RH
Lower shroud bracket RH
Lower shroud stay LH
Lower shroud bracket {H

cnmp-wm@

For parts with an encircled number, refer to Installation
Procedure that follows.

845994

installation Procedure DO915A

NV .. Nominal Vaiuve

Fan shroud

Tip
Clearance
pace

:
MC019470
Fan

Clearance
NV 4.5t0 8.5

C1011A
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<8DCH-TL>

—

D0915C

5.3.2 Disassembly and inspection

5.3 Water Pump <6D2>

5.3.1 Removal and installation

B90198

<6D22, 22-T, 24-T>

Darnage,
weat

12

Bend, rust, wear in
surface over which
bearing fits

Rotation 8

Rotatior 10
Pamage, 3
wear

|
3 |
z |

=l
s

Dy

interference
D 25
NV 0.05100.08

1 Reassembly ne more '
; than 2 times

Nz
j
o®

interference
BD 11.8
NV 0.03t0 0.06

Reassembly no more
than 2 times

g Repair kit:
! Water pump repair kit

Disassembly sequence

Water pump pulley
Flange

QOil seal

Snap ring

Snap ring

Water pump cover
impeller

u.lmmxa-w@..a

For parts with an encircled number, refer to Disassembly and Inspection Procedures that follow,

7 Corrosion, damage
13 Damage, wear

i4

Cracks, wear in surface

over which bearing fits,

water leak, rust

BD
NV

.. Basic Diameter
.. Nominal Vaiue

8

9
10
11
12
13
14

Water pump shaft
Bearing

Spacer

Bearing

Qil seal

Unit seal

Water pump case

DO044G
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<6D22-TC, 24-TC>

Damage, wear
3

Bend, rust, wear in
surface pver
which bearing fits

Rotatien
1

10
Rotation9

Interference
Bl 25
NV 0.05 to 0.08

Reassembly no more
than 2 times

ummhw@—a

Disassembly sequence

Water pump pulley
Flange

Qil seal

Snap ring

Snap ring

Water pump cover
impeller

Damage, wear

8

9
10
11
12
13
14

13

Damage, wear
14

Cracks, wear in surface
over which bearing fits,
water leak, rust

Water pump shaft
Bearing

Spacer

Bearing

QOil seal

Unit seal

Water pump case

For parts with an encircled number, refer to Disassembly and
Inspection Procedures that follow.

BD .. Basic Diameter
NV .. Nominal Value

E interference
;. BD 118
NV 0.03to 0.06

Reassembly no more
than 2 times

7 Corrosion, damage

D00g44H

14-12




COOLING - SERVICE PROCEDURE

Disassembly and inspection Procedures
{1y Removal of flange

Water Pump
Pulley Pulier
MHO062411

13480

Remove the water pump flange using the Water Pump
Pulley Puller and Bolt {special tools). Slip an iron pipe
or similar item over the handie to gain the necessary
leverage.

(2} Removal of impeller

Impetier Pulier
MHOB62192

09192

Using two threaded holes (M8 x 1.25} in the impeller
and the Water Pump Impeller Puller {special tool), putil
off the impelier.

(3) Flange to water pump shaft tightening margin

Water pump shaft

DOO31B

If the tightening margin exceeds specification, replace
the flange or water pump shaft.

NOTE:
Do not reassembie more than three times even when
the specification is met.

{4) Impelier to water pump shaft tightening margin

i
Water pump shaft

D0031C

if the tightening margin exceeds specification, replace
the impeller or water pump shaft.

NOTE:
Do not reassemble more than three times even when
the specification is met.

14-13



5.3.3 Reassembly

COOLING - SERVICE PROCEDURE

Apply engine
oil to lips.
12

i

Apply engine oil to
external cylinder.

9 1?

P

13 4

Instaliation load
39.2 kN {4000 kgf}

L
\

NOTE:
1.

Reassembiy Procedure

3By b 321
After reassembly, rotate the water pump pulley by hand
to confirm that the impeller does not interfere with the
water pump cover and water pump case.
When the impeller and flangs are installed, confirm that
they are not instalied with a load of 4900 N {500 kgfl.

i Installation ioad
i 39.2 kN {4000 kgf}

Make sure that the impeller and
water pump shaft are flush with
each other where instalied.
1—.1'/

!"——___‘_\ 6
/ / E1}1\5
3 / Assernbly sequence
10
Apply engine -
oil to lips.,

12—
v

8311310993147
)

!
—

For parts with an encircled number,

refer to Reassembly Procedure that
foliows.

<installation of unit seal>

DO047D

To install the unit seal, use the Unit Seal Installer {spe-

Unit seal

'y

9.6+03

NS

cial tool) as shown and press-fit the unit seal until the
installed dimensions shown are obtained.
A

Unit Seal Instalier
MH062195

Instaltation load
31to 44 N
3.2 to 4.5 kgf}

instaliation speed
14 to 28 mmy/sec.

[T
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5.4 Water Pump <8DC>

5.4.% Removal and installation

<BDCY, 9-1, 9-TC>

D0O053A

<BDCS-TL>

D0053C
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5.4.2 Disassembiy and inspection

<8DCY, 8-T, 8-TC> BD .. Basic Diameter
NV .. Nominal Value

. Corrosicn, damage
Cracks, wear in surface over 6

which bearing fits, water leak,
rust, plugged oit hole Damage,
.¥3 wear

12

Bend, rust,

wear in surface over
which bearing fits

7

Wear, damage Rotation

Interference
BD 155 i
NV 0.04t0 0.08

Reassembly no more |
than 2 times i

Interference
BD 35
NV 0.05t0 0.08

Reassembly no more
than 2 times

Disassembily sequence

8 Bearing
1 Water pump pulley 9 Bearing
@ Fi'ange 10 Spacer
3 Oil sea.l 11 Qil seal
4 Snapring 12 Unit seal
5 Water pump cover 13 Water pump case
® Impeller *14 Nozzie
@ Woater pump shaft

For parts with an encircled number, refer to Disassembiy and
inspection Procedures that follow.
Do not remove the parts marked with * unless defects are evident.

DO022ZF
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<8DCY-TL>

Bend, rust, wear in
surface over
which bearing fits

Damage, wear, 9
Rotation
1

12

Rotation
1

Damage, wear 5

imerference
BD 28
NV 0.03 to 0.06

Reassembly no more
than 2 times

E Repair kit: !
i

Water pump repair kit i

Disassembly sequence

1 Water pump pulley B @
<models with air conditioner only> 10
2 Water pump puliey A 1
@ Flange 12
4 Qil seal 13
5 Snap ring 14
& Hanger 15
7 Water pump cover *16
Impeller

For parts with an encircled number, refer to Disassembly and Inspection Procedures that follow.
Do not remove the parts marked with * uniess defects are evident.

BD
NV

.. Basic Diameter
.. Nominal Value

Interference
BD 155
NV §.03t0 0.05

Reassembly no more
than Z times

Corrosion, damage
14

Damage, weat

15

Cracks, wear in surface over
which bearing fits, water leak,
rust

Water pump shaft
Bearing

Bearing

Spacer

Qil seal

Unit seal

Water pump case
Nozzie

Doo22D

14-17



COOLING - SERVICE PROCEDURE

Disassembly and Inspection Procedures

{1) Removal of impeiter

Impeiler

Impetier
Puller
MHO627192

B5098C

Using two threaded holes (M8 x 1.25} in the impeller
and the Water Pump Impeller Puller {special tool}, pull
off the impeller.

{2} Flange to water pump shaft tightening margin

Water pump shaft

DO031K

if the tightening margin exceeds specification, replace
the fiange or water pump shaft.

NOTE:

Do not reassembile more than three times even when
the specification is met.

14-18

(3) Impeller to water pump shaft tightening margin

1
Water pump shaft
D0031C

if the tightening margin exceeds specification, replace
the impeller or water pump shaft.

NOTE:

Do not reassemblie more than three times even when
the specification is met.
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5.4.3 Reassembly

<8DCY, 9-T, 8-TC>

Apply engine |
oil to lips.

.

[ Installation icad
73.6 kN {7500 kgf?

iz 3 4{ 10

——\

Apply engine |
oil to lips. |

1 12

9.8 N-m {1 kgf-m}

./6

Instaliation load
73.6 kN {7560 kgfl

! | Make sure that the impeller and ‘i
water pump shaft are flush with
| each other where instalied.

water pump cover and water pump case.
2.  When the impetier and flange are installed, confirm that
they are not installed with a load of 8.82 kN {300 kgf}.
B1022E

1 8 9
Apply engine oil to 14 n v
external cylinder. 795108135625
A
() S—
NOTE: 453321214
1. After reassembly, rotate the water pump pulley by hand
to confirm that the impeller does not interfers with the For parts with an encircled number,
refer to Reassembly Procedure that

\5

Assembly sequence

14

follows.

. 1418
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<BDCS-TL>
- - ; Apply engine
Apply engine oil to t A
external cylinder. ‘ oil to .I|ps‘
Apply engine | 4

8} tnstallation load
| 49.0 kN {5000 kgf} |

i oilte lips. \

! Installation ioad I
| 49.0 kN {5000 kgf} |3

et
e
o
ol
4]
-
©w

9.8 N-m {1 kgf-m}

/]

I L Make sure that the impeiler and |
) > water pump shaft are flush with ¢
K each other where installed. |

44 N-m {4.5 kgf-m} IR Ty

1 16
1 -—5 i
11 15 i
Apply engine oil to 14 O-ring
external cylinder. Assembly sequence

14 }3-——1

8-511512-510-15-58-7

(7 —

—6—55—-54-—53-92-1-16
NOTE:

1.  After reassembly, rotate the water pump pulley by hand
to confirm that the impeller does not interfere with the
water pump cover and water pump case.

For parts with an encircled number,
refer to Reassembly Procedure that

2. When the impeller and flange are installed, confirm that follows.
they are not installed with a ioad of 5.88 kN {600 kgfi.
B81022C
Reassembly Procedure To install the unit seal, use the Unit Seal installer {spe-
<Installation of unit seal> cial tool) as shown and press-fit the unit seal until the

installed dimensions shown are obtained.

Linit Seat Instailer
11.3+0.3 MH062199

L

?! Installation load

40.0 10 57.0 N
! @ (40510 5.85 kg

Instalation speed
. ( 14 to 28 mm/sec.

.

Unit seh %

B41538
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5.5 Thermostat
5.5.1 Removal and installation

<GD2> <8DCS-T, 8-TL: Option>

B90218 Da3sBA

<8DC9, 9-T, 9-TL> <8DCY9-TC, 9-T: Option>

Thermostat

For thermostat installation instructions, refer
to Installation Procedure that follows.

D0O308A

DO30BA
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Instaliation Procedure
<8DLCY, 9-T, 9-TL>

Thermostat

(Valve opening temperature
B2°C: 8DCY, 9-T, 9-TL
76.5°C: 8DCY: Option}

Jiggle vaive

Thermostat

{Valve opening temperature
88°C: 8DCY-TL
82°C: 8DCY, 9-T
76.5°C: 8DC%: Option})

10229
<8DCY-TC, 9-T: Option>
Thermostat @
{Vaive opening “
temperature 82°C)
Jiggie valve
841518

Install the thermostat so that the jiggle valve is located
at the top.

<8DC9-T, 9-TL : Option>

Thermostat
{Valve opening
temperature
82°C})

Thermostat
{Valve apening
temperature 82°C)

B4584A

Instail the thermostat so that the jiggle valve is located
at the top.

14-22

Instait the thermostat with a jiggle valve at the location
shown.

5.5.2 inspection

Thermostat marking | For 76.5°C | For 82°C | For 88°C
Valve opening 745 t0 80 to 84 BB 10 90
temperature {°C) 785
Valve fift/ 10 or 10 or Wor
temperature more/90 more/35 more/10(
{mm/°C)
Valve hift
Stirring rod rn Valve opening Thermometer
femperature stamped
Thermostat ho!ger here
-]
L= —-..\\ f
| 1111
|- =2
Thermostat : § o — —
\ y
~ N,
O""\\—\ /“—"/.-\_/
Heat source
D0301B

Agitate water in the container with the stirrer to obtain
uniform temperature. For the inspection, use the fol-
lowing procedures.

(1} Slowly heat water to the thermostat valve opening
temperature.

The valve opening temperature is stamped on the
thermostat, lts nominal value is the stamped tem-
perature * 2°C,

{2} Keep this condition for about five minutes and
make sure that the valve is open.

{3} Raise the temperature further to heat the water to
the valve lift measuring temperature correspond-
ing to the vaive opening temperature. {See the
table above.)

Keep this state for five minutes and measure the
bypass valve lift,

{4) Lower temperature down to 85°C or below and
ensure that the valve is fully closed.
if the thermostat is found defective in any of the
above items, replace it with a new one.
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5.6 Fan Drive
5.6.1 Disassembly and inspection

<6D2, 8DCY-TC>
Rotation @%
5 @
4
R L
8 otation
3
2
Disassembly sequence
1 Fan pulley 5 Bearing
2 Flange 6 Spacer
3 Snapring 7 Bearing
4 Fan drive shaft 8 Bearing case
B9023D
<8DC>
6
Rotation
Rotation
Disassembly sequence
1 Fan pulley 5 Fan drive shaft
2 Flange 6 Bearing
3 Snapring 7 Bearing
4 Snap ring 8 Bearing case
DO917A
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5.6.2 Reassembly

<6D2, 8DCY-TC> <BDC>
| To be packed with

‘ \ apprax. 170 g of grease

| Sealing side to be faced outward,
: To be packed with grease
i (multipurpose grease)

(mult:purpose greasej

3 7 5?8

{iﬂ

145 N {15 kgf-m}

— |

py g

1 Sealing side
2 Y to be faced
4! outward.
?zgggf,m} To be packed
3 5 with grease
{multipurpose
grease)
To be packed with 1 2
approx. 86 g of ?rease (6D2)
approx. 148 g of grease (8DC9-TC}
{multipurpose grease)
Assembly sequence Assembly seguence
B—5—3—2—1 82753221
A7 6 §—sB—4-
890240 D0OS16A
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5.7 Tension Pulley
5.7.1 Disassembly and inspection

<6D2> <8DCY, 8-T>

6
Rotation 6

Rotation

B9023E D0o917B

<BDCO-T: Option, 8-TC >

Rotation

Dog17C

Disassembly sequence

1 Adjusting boit
Tension pulley bracket
Snap ring

Tension pulley shaft
Tensicn pulley
Bearing

M O W
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5.7.2 Reassembiy

5.8 Inspection of Auto Cool Fan Coupiing

<BD2>

; Sealing side to be faced
outward.

| To be packed with grease

! (multipurpose grease)

5

98 N-m
{10 kgf-m}

il

To be packed with
approx. § g of grease
{muitipurpose grease)

- B9024E

<8DCY, 9-T>

Sealing side to be faced
outward.

To be packed with grease
{multipurpose grease}

To be packed

with approx. il

15 g of grease L
{muitipurpose

grease}

B0S16B

<BDCS-T: Option, 9-TC>

| Sealing side to be faced |
; ocutward. E
i To be packed with grease |
¢ {multipurpose grease;

AN
2
=

To be packed with
approx. 15 g of grease
{multipurpose grease}

Assembly seguence

5—6

§—3—-2-1
Dog16C

14-26

Large amount of
silicone oit deposited

Bearing rotating
condition

Silicone oil
exuding

deposited

Fan axial runout or
play, continuaus high
noise or unusually
high noise of fan

NOTE:

1. Since the autocool fan coupling is constructed as a
single unit, the silicone oil does not require main-
tenance.

2. The autocool fan coupling cannot be dismantled. If
defects become evident, the whole autocool fan
coupling assembly must be replaced.

B1855B
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{1) Play in axial direction 5.9 Inspection of Radiator

; {1} Cleaning

D1213A

DO4A0ZA

When engine is cold, pinch the fan fitting portion and
move it in axial direction. If the fan blade tip has exces-
sive runout or play is observed, replace the auto cool
fan coupling, because the ball bearing is defective.

Remove mud, bugs, etc., if present on the radiator core
front surface, with a copper wire. During the removal

work, use care to prevent damage to the tubes.
{2} Cleaning bimetal

Radiator inspection pressure 5
{air pressure} l
NV 98 kPa {1 kgi/em?} %

NV .. Nominai Value

DO40%A
D1214C
{2) Attach hose to the inlet of the radiator and cap the
Iif dirt or dust is adhering to the bimetal, remove it care- outlet. Then, immerse the radiator in a waterfilled
fully with a wire brush or the like. tank.
NOTE: Using a radiator cap tester, send compressed air at
Use care not to apply excessive force to the bimetal. the specified inspection pressure through the hose

to check for ieaks.
if leaks are evident, re-solder or replace the radia-
tor.
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{3) Inspection of radiator cap

Pressure valve opening
pressure
NV 38 to 59 kPa
{0.4 10 0.6 kgficm?}

Radiator
cap tester

Radiator cap

NV .. Nominal Value DO420A

Check the spring tension and sealing condition of the
pressure valve and vent valve. If defective, replace.
Check the pressure vaive opening pressure, using a
radiator cap tester.
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5.10 V-belt Tension Adjust the belt tension to obtain the specified belt
deflection when the center of each belt is pressed with
a force of approximately 98 N (10 kgf}.

5.10.1 Inspection

<Without fan drive>

<6D2> 10to 15 mm

<BDCY, §-T, 9-TL> Water pump puiley

Water pump 10t 18 mm

Alternator

Adternator pulley

Crankshaft puiley
Crankshaft BE525R co168
<BDCY: Option> Alternator

1010 15 mm

7 to 10 mm

I C
<With fan drive>

<6D2> 10 to 15 mm

Tension
pulley

rankshaft BE525C
<8DCY9>

Tension pulley Fan puliey

10 to 15 mm

Alternator

Alternator
pulley
<8DCY-T, 9-TC> B6527B
Crankshaft pulle
puliey £0198
Tension pulley
10 to 15 mmy, Water purmnp
- pulley
Alternator
pulley
NOTE:
1. A slack belt can be a cause of overheating and
Crankshaft undercharge.
pulley 2. An excessively tight belt may result in damaged
bearings and beits.
EQ198
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5.10.2 Adjustment

<6D2>
{1} Alternator

Mounting bolt EQ165

Loosen the upper and lower mounting bolts of the
alternator. Then, fit a wrench handle and move the
alternator as necessary.

NOTE:

When moving the alternator, use care not to damage
the stator coil between the front and rear brackets,
and the through bolt.

{2) Tension puliey

Adjusting bolt

Mounting nut

EQ166

Loosen the idler puller mounting nut, then turn the
adjusting bolt to adjust the belt tension. {Turning the
adjusting bolt moves the idler puliey.)

14-30

<BDC>
{1} Alternator

Mounting bolt EQ199

Loosen the upper and lower mounting bolts of the
alternator. Then, fit a wrench handle and move the
alternator as necessary.

NOTE:

When moving the alternator, use care not to damage
the stator coil between the front and rear brackets,
and the through bolt.

{2} Turnbuckle type

Turnbackle
EG200
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<8DCY: Option> s Using Belt Tension Gauge {(special tool)
E
s Mounting nut Q-ring A
Depression
Belt Tension Gauge = ipad scale
enst 9] =)
Turnbackle MHO62345 2 .
Lock nut E
/O-ring B
T peflection gauge
B5880A 03613
{a} Slightly loosen the alternator mounting boit. {1) SetO-ring A atthe 98 N {10 kg} mark on the depres-
{b} Loosen the lock nut, then turn the turnbuckle as sion load scale.
necessary. A more tension is given if the rod is (2) Set O-ring B at the V-belt's specified nominal
longer. deflection value {max.} on the lower scale.

(c} After the adjustment, hold the turnbuckle in posi-
tion with a spanner to prevent it from turning while
tightening the fock nut.

. Top of gauge
{3) Tension pulley
Flange

V-belt

Tension pulley
mounting boits

03614

{3) Apply the Beit Tension Gauge {special tool} to the
V-belt's tension measurement point. Depress the
top of the gauge until O-ring A reaches the flange.

Adjusting boit £0202

Loosen the tension pulley mounting boits, then turn
the adjusting bolt to move the tension putlley as
required.
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’ >' Deflection

03615

{4) Measure the amount of deflection in the V-belt,
Adjust the V-belt's tension if the amount of defiec-
tion is out of specification.

5.11 Cleaning of Cooling System

v

45 32

J \y
!

Jbd.

T
R
B

i nih)
LARNARES§ )} |

B0429A

if the radiator is used for a long time, rust, scale, mud,
etc. are deposited inside, resulting in overheat. Clean
the cooling system with city water by using the follow-
ing procedures.

NOTE:

1. Use a cleaning solution if the radiator is seriously
obstructed or coolant is seriously contaminated.

2. When the cooling system is cleaned or washed
with water, make sure that the coolant tempera-
ture is maintained at 90°C; the coolant tempera-
ture below the valve opening temperature cioses
the thermostat, resulting in poor coolant circula-
tion.

14-32

3. ¥ much rust is found, water may leak from the ra-
diator after cleaning. Check carefully each section
of the radiator after cieaning.

4. [f the coolant temperature is still very high, never
attempt to remove the pressure cap.

Coolantin use

FUSO Diesel
Long Life Coolant

Cleaning intervai

Every 2 years

Anti-rust, anti-freeze At time of coolant repiacement
of every 6 months or before

and after use of anti-freeze

{1} Washing with water

]O min. T\W

'Y

7

f

-
-t
A

'
]

BO4Z6A

{a} Discharge coolant from the radiator, crankcase,
and reserve tank.

{b) After draining the system, fili it with tap water (pre-
ferably hot water) and, with the water temperature
keptat around 90°C, run the engine at idle for about
10 minutes. Then, drain water. Continue flushing
until the drained water runs clear.

{2) Washing with cleaning solution {When radiator
clogging or coolant contamination are serious)

{a) Discharge coolant frem the radiator, crankcase,
and reserve tank.
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{ -
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D1318A

{b) Ready a mixture of FUSO Radiator Cleaner (Radi-
pet-7 or equivalent: 5 10 10%) and cooling water.
Pour the specified amount of mixture into the

i

radiator.
M3omin. % (::F;;goc
Jaasss v y
cZ )
- i 1{%
\ = /)
BO42BA

(¢} Runtheengine to raise the solution temperature to
around 90°C. Let the engine run at idle for another
30 minutes, then remove the solution.

iomin. 3

savree

FAPRT *
== |
PRy

“-f_ -3 %ua

QW“'

B0428A

(d} After discharging the solution, fili the system with
tap water (preferably hot water) and with the water
temperature kept at around 90°C, run the engine at
idle for about 10 minutes. Then, drain water.
Continue flushing until drained water runs clear,

NOTE:

1. if the inside is heavily stained, washing with tap
water before charging radiator detergent will be
effective.

2. Running the engine at idie for longer than an hour
with detergent left in engine could cause damage
to the cooling system. Be sure to observe specified
cieaning time.

3. After cleaning with detergent, fill with coolant as
soon as possible.

{3} Cooling water

{a) When Long Life Coolant is used:

013228

In order to prevent freezing of cooling water and corro-

sion of the cooling system, add FUSO Diesel Long Life

Coolant at a ratio of 30 to 60% of quantity of water.

Replace the coolant once every two years to retain its

anti-freeze and anti-rust effects.

For usage of Long Life Coolant, refer to its instruction

manual.

NOTE:

1. Be sure to use FUSO Diesel Long Life Coolant.

2. Never mix it with DIAQUEEN Long Life Coolant or
other commercial long life coolants, anti-freezes
or anti-rusts.

14-33
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(b) When anti-rust and anti-freeze are used:

D1310A

1} After cleaning, add Fuso Radiator Anti-rust (Radi-
pet-9B or equivalent) at a ratio of 5% to the coolant
guantity to prevent corrgsion in summer.

D1322A

2} Inwinter, add the Fuso Anti-freeze or equivaient at
a ratio of 30 to 80% to prevent freezing.
For usage of anti-rust and anti-freeze, see respec-
tive instruction manualis.

NOTE:
When the anti-rust or anti-freeze is used, never use
with other long life coolants.

74-34

5.12 Gas Leak Test

Air or exhaust gas leaked into the coolant promotes
corrosion and rust fermation. Perform the following
check and, if defects are found, take remedial action.

(1)} Inspection

Bubbles

;
™~
N

J&

1
I . B0430A

]

ROy o

{a} Remove the pressure cap from the radiator.

{b) Runtheengineto raise the coolanttemperature up
to around 90°C.

{c) i bubbles continue forming in the coolant under
the condition, it indicates that air or exhaust gas
has leaked into the coglant.

{2} Causes

{a) H air is trapped in coolant, check cylinder head
bolts, water pump mounting bolts, and hose and
its connections for looseness. Check also hoses for
damage.

{b) If the exhaust gas has leaked into coolant, check
the cylinder head gasket or nozzle tube end stake
for damage. Check also cylinder head for cracks.

5.13 Bleeding the Cooling System

{1} With the pressure cap removed from the radiator,
let the engine run at idle with coolant temperature
of about 90°C to bleed the system completely.

{2} After the system has been bled of air, add coolant
to radiator and reserve tank as required.
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6. TROUBLESHOOTING

Symptom Probable cause Remedy Ref. group
Cverheat Defective V-beilt
* incorrect tension Adjust
* Broken beit Replace
Clogged cooling system Ciean
Defective thermostat Replace
Defective water pump
» | oose shaft to impeller engagement Replace
= | pose shaft to flange engagement Repiace
» improper clearance between impelier and water pump case Correct
+ Damaged impeiier Replace
Clogged radiator fins Clean
Defective autocoo! fan coupling <8DCO-TL>
® Damaged bimetal Replace
s Clogged bimeta! Clean
+ Defective autocool fan coupling proper Replace
Damaged cooling fan Replace
Low coclant level Repienish
CQvercool Defective thermostat Replace
Quick loss Defective radiator hose
of coolant « L oose hose connection Correct
* Worn or damaged hose Replace
Defective radiator
» Radiator proper not tight Correct or replace
* Pressure cap not tight Replace
Defective water pump
« Defective unit seal Replace
e Defective oil seal Replace
* Pump mounted improperty Correct
Defective oil cooler Repiace Group 12
Thermostat case or cover mounted improperly Correct
Defective heater hose
¢ L gose hose connection Correct
s Worn or damaged hose Repiace
Defective cylinder head gasket Replace Group 11
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1. GENERAL

{1) Air cleaner

To engine

To engine

To engine

<Singie element type>

Qutside air

B0618A

" Vaguator vaive

Guide vane
B0619A

<Double element type>

Qutside air
Inner element

BQ60BC

Vacuator vaive

Guide vane

BO620A

15-2

The cyclone type air cleaner uses a filter papertype eie-
ment.

Because of plastic coating and heat treatment, the ele-
ment is highly resistant to water and oil. Even if it is
contaminated, its functions can be regained by clean-
ing.

The intake air is given a spin by the vanes for centrifu-
gal separation of large particles of dust and dirt. Small
particles of dust and dirt are filtered out by the filter
paper element so that a clean air is drawn into the
engine.

The standard air cleaner is a single element type, and
the double eiement type can be effective for operation
safety under unusual conditions with a lot of dust and
dirt.

{2) Precleaner

Cutside air ﬂ Cutside air
To air cleaner

BOG1QA

The precleaner, coupled with the air cleaner, collects
relatively large particies of dust contained in the air
drawn in by engine, _
The air entering the precleaner is made to spin by the
guide vanes of the precleaner to centrifugally separate
iarge particles of dust before the airis drawn into the air
cleaner. These dusts are collected in the precleaner.
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{3) Vacuator valve

Dust and dirt

.’JW\E_ Vaive to be opened by
\\H\:}// repulsion of rubber

Centrifuged dust collects at the bottom of the air
cleaner. A vacuator valve made of rubberis mounted to
the bottom, which puisates to automatically dis-
charges dust and water when the engine speed is
below about 800 rpm. Namely when the engine is run-
ning at a speed higher than 800 rpm, the negative pres-
sure inthe air cleaner keeps this valve closed but when
the negative pressure drops as the engine speed
decreases, the valve is made to open by rubber action,
thereby discharging dust and water.

BO604E

(4} Dust indicator

Reset button

indicator body

Signal

Transparent
section

Spring

Negative pressure

BOBOSE

The dust indicator is mounted near the outlet of the air
cleaner.

The dust indicator cperates on the negative pressure of
the air drawn into the engine performing the function
of indicating the time to clean or replace the element.
When the element is plugged with dust and dirt, the
suction resistance increases. When this vacuum
reaches 6.2 kPa {635 mmH,0}, the signal (red) is pulled
down against the spring tension. The signal (red} is
then visibie through the transparent section in the

body, indicating that it is time to clean or replace the
element.

After the element has been cleaned or replaced,
depress the reset button on the top, and the signal will
return to its original position.

Warning lamp
Starter switch
Electrical ‘o—-]
dust indicator
-i Battery
<=3 Air cleaner
B1824A

With the electric dust indicator, its electric contact
points close when the vacuum reaches 6.2 kPa {635
mmH-0}. This turns on the warning lamp, warning the
driver that it is time to clean or replace the element.
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{5) Turbocharger

<TDO8 type>

Bearing housing

Turbine wheel Compressor wheel

7

Compressor
cover Shaft-and-

turbine-wheel

Exhaust

outlet Air inlet

Back piate

Comp,ressor Bearing Turbine housing
Inlet 3Lthee B1213A
manifoid < tvpe>
fnx:r:?gltd P Bearing housing
4 Compressor cover
Back plate C%r:;asresscr
w

Cylinder
g e

B1215A

The turbocharger utilizes the energy of the engine
exhaust gas to feed more air into the engine, thereby '
offering advantages such as boosted engine power Shaft-and-

: ) ) turbine-wheel
output, thrifter fuel consumption, and reduced engine
noise. / Bo026B

The exhaust gases discharged from the cylinder of the
engine are led through the exhaust manifoid into the
turbocharger and are accelerated in the turbine hous-
ing and are blown against the turbine wheel.
Accordingly, the turbine is made to rotate at a speed of Turbine housing
scores of thousands of revolutions a minute, and turns
the compressor wheel mounted on the same shaft as
the turbine wheel. By rotation of the compressor
wheel, a larger amount of air than without supercharg-
ing is forced into the cylinder of the engine, so a corre-
spondingly larger amount of fuel can be burnt. This
increases the effective pressure during combustion
{the pressure forcing the piston down} and thus
increases the output.

Bearing housing "‘

Turbine Wheei )
Bearing

B1202A
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The turbocharger can be divided into three basic sec-
tions: the turbine wheel that is driven by the exhaust
gases, the compressor wheel which forces intake air
into cylinders and the bearing housing which supports
the shaft of these wheels.

The shaft connecting the turbine wheel with the com-
pressor wheel is supported in floating type bearings,

(6) Aftercooler

which absorb vibrations during high speed cperation
that are caused by slight imbalance of the shaft.

The shaft axial ioad is borne by the thrust bearing.
The bearing housing has its inside cooled and lubri-
cated by engine oil to prevent seizure and other
troubles of the sliding parts.

{Refer to Group 12 Lubrication.)

<6D22-TC, 24-TC>

Turbocharger

From air

Piate-and-corrugated-fin y%)_cleaner

type water-cooling heat

To water
exchanger

outiet pipe
To radiator W, ;

From water pump
radiator

BO627A

<8DCY-TC>

Piate-and-corrugated-fin type
water-cooling heat exchanger

To muffler
{exhaust}

From air cleaner
{intake)

To

case
{coolant

From oil cooler
{coolant)

B0OS27B

The intake air cooling system, incorporating a plate-
and-corrugated-fin type heat exchanger, transfers heat
from the intake air to the engine coolant. It has the
same function as the intercocler on automobile
engines.

The system cools off the intake air, whose temperature
has gone high due to compression by the turbochar-

ger, through heat exchanging with the engine coolant.
This allows the density of intake air to be increased,
admitting more air into the engine, which in turn
increases the fuel injection rate and improves the com-
bustion efficiency. Thus the fuel economy and output
are improved and the exhaust gases are reduced to a
minimum.
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<8DCY-TL>

From left air cleaner ({intake}

Turbocharger

To muffler {exhaust)

From right air cleaner {intake)

b
s
£8
F3d
£
'
AR
TRy
£
G

intercooler

B41278

The intercooler is an air-to-air tube-and-corrugated-fin
type heat exchanger installed at the front of the radia-
tor.

The temperature of the intake air becomes very high
when it is compressed by the turbocharger. This air
cooled atthe intercooler through heat exchanging with

15-6

the outside air to increase its density before itis sentto
the cylinders. This improves combustion efficiency,
which in turn results in a greater fuel economy and
power output with a reduced amount of harmful
exhaust gases.
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2. SPECIFICATIONS

T Model 8022, 6022-T \ §022-TC | 6D24-T i 6D24-TC E 8DCe-T 8DC9-TC 8DCS-TL
ftem 8DC8, 8DC8 : | :
Air cleaner { Type Cyclone type paper element
element (Nippon Donaldoson Ltd. products}
Supercharger | Type - Turbocharger
Maodel - Mitsubishi | Mitsubishi | Mitsubishi Mitsubishi TDO8
TDOB TDO8 TDOBH
<Option> | <Standard>
Mitsubishi | Mitsubishi
Schwitzer TDOBH
3LM or 4LF <QOption>
Aftercooler Type Plate and Plate and - Plate and ' Tube-and-
gorrugated corrugated corrugated | corrugated-
fin type, fin type, fin type, fin type,
water-cool- water-cook water-coal- | air-cooling
ing {builtin ing (builtin ing (huilt in
the inlet the inlet the intet
manifold, manifoid, manifold,
cooled by cooied by cooled by
the engine the engine the engine
coolant) coolant) coolant}
Model - Cc70
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3. SERVICE STANDARDS
3.1 Service Standards Table

Unit: mm
Maintenance item Nominat value Limit Remedy and
(Basic diameter in{ ]} remarks
Dust indicator operating resistance 6.2 * 0.6 kPa - Replace
{635 + 58 mmH,0}
Turbocharger | |.D. of section in bearing housing receiving bearing - 20.506 Replace
{TDO08, TOO8H)
Shaft-and-turbine-wheel Bearing journal 0.D. - 11.996 Replace
Shaft runout - 0.015 Replace
Bearing 0.0, - 20.382 Replace
1.D. - 12.042
Length - 11.94
Piston ring end gap in insert 0.051t00.25 - Repiace
Shaft-and-turbine-wheel to turbine housing clearance 0.3%10 1.0 - Replace
Compressor wheel 10 compressor cover clearance 0.08 10 0.28 - Repiace
Shaft-and-turbine-wheel axial play 0.075 t0 0.155 - Replace
Shaft-and-turbine-wheel to turbine back piate clearance 0.4810 0.92 - Replace
Turbocharger | Bearing inserting portion 1.D. - 19.08 Replace
s Shaft-and-turbine-wheel Bearing journal 0.D. - 11.18 Replace
Shaft runout - 0.015
Piston ring end gap in insent £.015100.18 - Replace
Shaft-and-turbine-wheel to turbine housing clearance 0.5310 1.04 - Replace
Shaft-and-turbine-wheei axial play 0.05100.13 - Replace
Shaft-and-turbine-wheei to turbine back plate clearance 07410 1.55 - Replace
Turbocharger | Bearing housing Bearing inserting por- - 22.268 Replace
{4LF} tion L.D.
Piston ring inserting - 225
portion L.D.
Shaft-and- turbine-wheel Piston ring groove - 1.68 Replace
width
Bearing journal 0.D. - 14.254
Shaft runout - 0.015
Piston ring groove width in flinger sleeve - 3.3 Replace
Shaft-and-turbine-wheel 1o turbine housing clearance 0.B41t01.75 - Replace
Shaft-and-turbine-wheel axial play 0.08 t0 0.162 - Replace
Shaft-and-turbine-wheel to turbine back plate clearance 0.4310 1.05 - Repiace
gr?é:;pressor cover to compressor wheet diametric clear- 0.15 - Replace
Shaft-and-turhine-wheel to turbine housing diametric 0.15 - Repiace
clearance
Piston ring end gap in insert 0.026 10 0.102 - Repiace
Aftercooler Core assembly air-tightness | 6D22-TC, 24-TC No leak is allowed with a 195 - Replace

kPa {2 kgf/cm?} air pressure

Element assembily air-tight- 8DCS-TC No leak is allowed with a 390 -
ness kPa {4 kgf/cm?} air pressure
Intercooler air-tightness 8DCO-TL No leak is allowed with a 145 -

kPa {1.5 kgf/cm?) air pressure
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3.2 Tightening Torque Table

L ccation tightened Screw size Tightening torque Remarks
0.D. x pitch N-mm {kgf-mi}
{mm}
inlet manifold mounting bolt <except 6D22-TC, 24-TC> MI10x 1.5 35 {3.6}
Exhaust manifold mounting bolt M10x 1.25 41{4.2}
Turbocharger Mounting nut M10x 1.25 26 {2.7}
mounting nut
Lock nut M10x1.25 35 {3.6}
Turbocharger Coupling mounting nut - 5.9 {0.6} Apply MOLY-
{TD08, TDOBH) - KOTE grease to
Shaft-and-turbine-wheel mounting - 2012} threads.
lock nut
Turbocharger V-gclamp mounting nut - 11{1.1} Appiy MOLY-
{4LF) - KOTE grease to
Shaft-and-turbine-wheel mounting - 27 {2.8} threads.
lock nut
Turbocharger Shaft-and-turbine-wheel mounting - 17 t0 20 {1.73 to 2.07}
{3LMY lock nut

Compressor cover mounting cap - 8.9{0.7}
screw
Turbine housing mounting cap - 17 {1.7}

screw
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4. SPECIAL TOOLS

Unit: mm
TJool name Shape
Socket <6D2>
MH061242
For exhaust manifeld attach-
ing nut
Width across
flats 14
BE341A
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5. SERVICE PROCEDURE

5.1 Remova! and Installation of Intake System

| <6D22>

B [nstali with the arrow
mark facing toward
the inlet manifold.

35 N-m
{3.6 kgf-m}

1 Ground plate
2 Inlet pipe
3 Air heater
4 {nlet manifold

NOTE:

1. Remove harnesses before disassembly.

2 Ensure that the arrow points in the correct direction when installing the air heater.
3. For detaiis of air heater inspections, refer to Group 16.

B4556A
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<6D22-T, 24-T>

q
35 N-m \mg down.
{3.6 kgf-m}

1 Ground plate
2 Inlet pipe

3 Rubber hose

4 Air heater

5 inlet manifoid

NOTE:

1. Remove harnesses before disassembly.

2. Ensure that the arrow points in the correct direction whan installing the sir heater.
3. For details of air heater inspections, refer to Group 16.

B4557A
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<6D22-TC, 24-TC: Standard>

< Install with the arrow
) mark facing toward

[ the cylinder head.
N,

1 Inlet pipe 6 Ground plate
2 Air escape pipe 7 Heater harness
3 Woater inlet pipe 8 Air heater

4 Water return pipe 9 Rubber hose

5 Air cooler assembly

NOTE:

1. Remove harnesses before disassembly.

2. Ensure that the arrow points in the correct direction when installing the air heater.
3. For details of air heater inspections, refer to Group 18.

B4553C
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<6D22-TC, 24-TC: Low profile type>

Instail with the

toward the cyli
head.

1 Inlet pipe 5 Air cooler assembly
2 Rubber hose 6 Ground piate
2 Water iniet pipe 7 Heater harness
4 Water return pipe § Air heater
NOTE:

1. Remove harnesses before disassembly.
2. Ensure that the arrow points in the correct direction when instaliing the air heater.
3. For details of air heater inspections, refer to Group 16.

arrow mark facing

nder

B4558D

15-14




INTAKE AND EXHAUST - SERVICE PROCEDURE

<8DCY>

35 N-m
{3.68 kgf-m}

Up mark
facing up.

Arrow facing down.

*"/

1 Inlet cover 5 Upper manifold RH
2 Upper manifold LH 8 Air heater
3 Rubber hose 7 Iniet manifold cover
4 Inlet coupler 8 Inlet manifoid

NOTE:

1. Remove harnesses before disassembly.

2 Ensure that the arrow points in the correct direction when installing the air heater
and inlet manifold gasket.

3. For details of sir heater inspections, refer to Group 16.

B4553A
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<8DCS-T>
Damage, cracks ]
o
3 : . % @

10 - w\m Oamage, & .
o g @ deterioration e

? = g Yy 3 : =L

Damage, 11 £—=¥ = | L\

cracks - w

A\ {3.6 kgf-m}
UP mark - ol
facing up. )
3 @ Arrow facing down.
/
=
/\‘/K/
1 Upper manifold 7 Qil pipe
2 Rubber hose B Inlet coupler
3 Air heater 9 Coupler bracket
4 Rubber hose 10 inlet manifold cover
5 Rubber hose 11 Iniet manifoid
6 Inlet coupler
NOTE:

1. Remove harnesses before disassembily,

2. Ensure that the arrow points in the correct diraction when installing the air heater
and iniet manifold gasket,

3. For detaiis of air heater inspections, refer to Group 16.

B4884D

15-18




INTAKE AND EXHAUST - SERVICE PROCEDURE

<8DCY-TC>

Damage, deteérioration

9 Damage,
deterioration

deterioration

Damage, cracks14

UP mark
facing up.

(S e A Arrow facing down.
B

1 Air pipe § Aftercooler assembly 11 Inlet coupler
2 Rubber hose 7 Air heater 12 Coupler bracket .
3 Bracket 8 Airinlet coupler 13 Iniet manifold cover
4 Water inlet pipe 9 Rubber hose 14 Inlet manifold
§ Water outlet pipe 10 Oil pipe

NOTE:

1. Remove harnesses before disassembly.
2 Ensure thet the arrow points in the correct direction when installing the air heater and inlet manifoid gasket.
3. For details of air heater inspections, refer to Group 16,

B4885B
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<8DCS-TL>

Damage, cracks

Damage,
deterioration §

Damage,
7 deterioration

9
Damage,
cracks

UP mark
facing up.

¢

1 Manifold assembiy
2 Rubber hose
3 Upper manifold RH
4 Rubber hose
5 Airinlet hose

NOTE:

and inlet manifold gasket.

1. Remove harnesses hefore disassembly.
2. Ensure that the arrow points in the correct direction when installing the air heater

35 N-m
{3.6 kgf-m}

9 DamaW/

Damage,
deterioration

4 Damage,
detericration

2 Damage,
deterioration

Damage,
deterioration

Arrow facing down.

& Upper manifold LH

7
8
9
10

Air outiet hose
Air heater
inlet manifold
Intercooler

3. For details of air heater inspections, refer to Group 16.

B5674G
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5.2 Removal and Installation of Exhaust System

[<8D22>

41 N-m
4.2 kgf-m}

. Exhaust
Expansion  Seal rings manifold
ring /

"TOP" mark
install with stamped
“TOP™ mark facing
manifoid

Expansion rings

L 3 Seal ring
Gap

- instal! the sea! rings such that their gaps
are staggered by 180",

+ Install the expansion rings such that their
gaps are opposite the seal ring gaps.

1 Heat insulator 4 Expansion ring
2 Exhaust manifold 5 Center exhaust manifold
3 Sealring
BAS60A
Socket, MH061242 (special tool) is available to facili- of this tool is recommended.

tate fitting of the exhaust manifold mounting nuts. Use
15-18
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<6D22-T, 22-TC, 24-T, 24-TC>

35 N-m {3.6 kgf-m} \‘9

26 N-m {2.7 kgf-m} ——8

|

“TOP"” mark

install with stamped l
“TOP” mark facing

manifoid

1 Heat insulator
2 Oil pipe

3 Qil return pipe
4 Turbocharger

Exhaust

Expansion t
manifoid

ring

Seal rings

Expansion rings

Seal ring

Gap

« Install the seal rings such that their gaps
are staggeread by 180",

+ Install the expansion rings such that their
gaps are opposite the seal ring gaps.

5 Exhaust manifold

€& Sealring

7 Expansion ring

g Center exhaust manifold

B4561A

Socket, MH061242 (special tool) is available to facili-
tate fitting of the exhaust manifold mounting nuts. Use
of this tool is recommended.

15-20

NOTE:

Some types of turbocharger fit onto the top of the
exhaust manifold, while other types fit onte the bot-
tom of the exhaust manifoid. Maintenance procedures
for both types are the same.
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<8DCY9>

41 N-m
{4.2 kgf-m}

Cylinder head
side

)

Exhaust manifoid
side

1 Exhaust manifoid
2 Marnifold joint
3 Sealring

Seal rings Manifold

oint
Expansion ! /
ring /

t

Gap

Expansion ring

Seal ring

+ Install the seal rings such that their gaps are
staggered by 180",

+ Install the expansion rings such that their
angles are away from the seal ring gaps.

4 Expansion ring
5 Exhaust manifold cover

B4562A
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<8DCY-T, 9-TC>

Deformation

5
Damage, cracks
13
{3.6 kgf-m}
g:,/_, 26 N-m

T @1 kgtmy

O

o Deformation
o LY aﬂ‘-@

cracks

Cyiinder head
side

‘@D‘“ ”

Seai rings Manifold
joint

e

i’
F———

Expansion
ring

jl
% o z .‘
side 13 i1 5/ > t | ‘ :

E£xhaust manifold ?\——
Damage, . b
f:raacks.g Deformation Gap

Expansion ring

Seal ring

= Instali the seal rings such that their gaps are
staggered by 180",

« install the expansion rings such that their
angles are away from the seal ring gaps.

1 Qil pipe 8 Exhaust manifold adapter
2 QOil return pipe 9 Manifold joint

3 Turbocharger caver 10 Center exhaust manifold
4 Turbocharger 11 Sealring

5 Insulator 12 Expansion ring

6 Exhaust manifold cover 13 Exhaust manifold, front
7

Exhaust manifold, rear 14 Exhaust manifold cover

B4131F
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<8DCY-TL>

Deformation 14

' @‘/35 N-m {3.6 kgf-m}

& @3=— 26 N-m {2.7 kgf-m}

41N-m
{4.2 kgf-m}

7 Damage,
=) cracks

WY

| Deformation

Cylinder head
side

)}

Seal rings

Exhaust manifold

(
*

Deformation
Seal ring

are staggered by 180"

1 OQil pipe 8 Exhaust manifold adapter
2 Qil return pipe g Manifold joint

3 Turbocharger cover 10 Center exhaust manifold
4 Turbocharger 11 Seal ring

5 Insulator 12 Expansion ring

6 Exhaust manifold cover 13 Exhaust manifold, front

7 Exhaust manifold, rear 14 Exhaust manifold cover

? 16
Eraa;nkasge, Expansion ring
side (R
13 12 ﬁ% ; %
Damage, s n 6 1‘
cracks Gap

Expansion ring

Manifold
joint

« install the seal rings such that their gaps

« Install the expansion rings such that their
angles are away from the seal ring gaps.

B4131D
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5.3 Air Cleaner

5.3.1 Disassembly and reassembly

<Single element type>

Element
QO-ring
Air cleaner body

Installation
direction mark

Nt L O-ring
& Dust indicator Dust indicator

BDust cup

Wing nug

Air cleaner body

Wing nut
Cover
B4563A
<Double element type>
Dyst cup
; tnner Instaliation
Dust indicator  Air cleaner  gjapmany ~ dirgction mark
| body
Dus‘t cup
Clamp
Vacuator vaive ‘ 4
. . Outer element-! __s& N
O-ring Air g EE L AN
cleaner O-ring 7 B d i )
Bust indicator { e | % - ] Instaliation
2 —"Wingnut | direction mark
Wing nut Clamp
ing nut
NOTE:
Hemove the inner element oniy for replacement.
B4564A
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5.3.2 Inspection and cleaning

(1} When there is dry dust on the element

CT207A

If there is dry dust on the element, clean the dust by
blowing 685 kPa {7 kgf/cm?} or lower compressed air
against the element.

Blow the compressed air from inside the element up
and down along the frills of the filter paper and clean
the whole element eveniy.

NOTE:

1. Do not strike the element or strike it against a hard
object to loosen the dust.

2. Do not clean, but repiace, the inner element.

(2} When there is moist dust on the element

If the element is contaminated with moist soot, replace
it regardless of the specified repiacement frequency.

(3) Inspection of element

C7209A

After the element has been cleaned, put an electric
jamp inside the element to check for damage and pin
holes. If there are thin portions in the filter paper,
replace the element. If the packing on the top surface of
the element is broken, replace the element.

(4) Clean the inside of the air cleaner body and dust
cup, and discharge the deposited dust.

{5) Dust indicator

Reset hutton

| Operating resistance !
! NV 6.2 = 0.6 kPa
{635 = 58 mmH,0} |

window {red signal)

NV .. Nominal Vaiue C7210B

Start the engine and close the inlet port of air cleaner
gradually to increase negative pressure. if the red sig-
nal is displayed at the dust indicator, or warning lamp
lights for the electric type dust indicator, the dust indi-
cator is normal.

NOTE:

Perform this inspection after cleaning or replacement
of the air cleaner element if the element is heavily
clogged.
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5.4 Turbocharger
5.4.1 TDO8, TD0O8H type turbocharger
{1} Disassembly

Wear in surface Wear
receiving thrust 16 17
force 12

Biade bend and damage,
corrosion, marks of
interference or: back surface  ©

Interference with
compressor wheel,
cracks, damege

interference with

turbine wheael, cracks
due to overheat, pitching,
deformation

13

. 16 14 Biade bend and damage, corrosion,
i7 marks of interference on back sur-
face, damage on piston ring groove,
Interference with damage on bearing journal

turbine wheel, damage

18

Bearing hole surface roughness,
damage, gas corrosion, clogged oil
hole, turbine side flange deformation

Disassembly sequence

1 Coupling assembly 10 Thrust sleeve
@ Turbine housing 11 Thrust bearing

3 Snapring 12 Thrust ring

@ Compressor cover 13 Shaft-and-turbine-wheel
® Compressor wheel 14 Piston ring

6 Snapring 15 Turbine back plate
@ Insert 16 Bearing

8 Piston ring 17 Snapring

¢ Cil deflector 18 Bearing housing

For parts with an encircled number, refer to Disassembly Procedure that foliows.

C89658
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Disassembly Procedure

{c) Removal of compressor cover

Alignment mark

Turbine/

nousing
Compressor cover

Bearing housing

B2819D

£geg2C

(a) Before disassembling the turbocharger, make
alignment marks on the compressor cover, bearing
housing, and turbine housing so that they can be
properly reassembled.

{b} Removal of turbine housing

Coupiing assembly

&

Turbine housing

B3946B

To remove the turbine housing, remove the coupling
assembly and tap the housing with a plastic hammer or
similar too! to prevent damage to it.

NOTE:
The turbine wheel blades are easy to bend, Use care
not to damage them.

Remove the compressor cover by tapping it with a
plastic hammer or simiiar tool which will not damage
the cover, with the snap ring loosened.

NOTE:

Use care not to damage the compressor wheel during
the removal procedure.

{d) Removal of compressor wheel

Bearing housing

Turbine housing

B2820C

1) Clamptheturbine housingin avise and fitthe bear-
ing housing into the turbine housing with the tur-
bine wheel side of the bearing housing facing the
turbine housing.
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aft-and-turhine-wheel boss

C8983C

2} Whiie holding the shafi-and-turbine-wheel boss,
remove the lock nut that secures the compressor

wheel.
@Compressor wheel

Cg984C

3} Slowly slide off the compressor wheel upward.

18-28

{e) Removal of insert

Snap ring

89788

1} Snap off the snap ring that secures the insert onto
the bearing housing.

NOTE: _

Retain the snap ring by hand to prevent it from spring-

ing out when slipping off the snap ring pliers.

£Bg858

2) Fit the tip of a screwdriver into the portion of the
insert shown and carefully remove it from the bear-
ing housing.
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{2} Cleaning and inspection

[Piston ring end gap | Y
| NVD05t0025 | @
® TV

Bearing

0.D.
L 20.382

LD.
L 12042

Length
L 11.84

Clean
Shaft-and-turbine-wheel

Bearing journal O.D,
L 11.996

Shaft runout {total indi-
cator reading}

| R0 ) L 0015
Q Clean
Bearing inserting
portion L.D.
L 20506 | NV .. Nominal Value
L. Limit

NOTE:
Before cleaning, visually inspact each component to find
any scorching or rubbing that will not be apparent after
cleaning. For details, refer to item (1} of section 54.1. Ca983B

(a) Cleaning 1) Immerse all parts in a non-flammable solvent
{Daido Kagaku Kogyo's Dai Cleaner T-30 or equiva-
lent) to clean oily contamination.

13628
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CB990A

2) Blow clean compressed air against the entire inter-
nal and external surfaces.

C8991A

3} Clean deposits, using a plastic scraper or bristle
brush.
After deposits have been removed, soak parfsina
non-flammable solvent again; then, blow com-
pressed air against them.

NOTE:

Use care to prevent damage to parts.

15-30

{b) Inspection of bearing housing

CE933A

Measure |.D. of the area receiving the bearing. Replace
the bearing housing if the measurement exceeds the
limit.

{c) Inspection of bearing

Measuring Measuring
direction position

‘ L

L

C8871A

Measure 1.D., 0.D., and length of the bearing. f the
measured values exceed the limit, replace.
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{d) Inspection of shaft
1) Journal 0.D.

BO465A

Measure the shaft-and-turbine-wheel journal diame-
ter.

If the measured value is iess than the limit, replace the
shaft-and-turbine-wheel.

2) Shaft runout

BO4GEBA

Set a dial indicator to the shaft as shown and turn the
turbine wheel siowly to measure shaft runout.

If the measurement exceeds the limit, replace the
shaft-and-turbine-wheel.

If the shaft journal is rough, clamp both centers on a
lathe and lightly grind the journal surface with a sand
paper #400 and engine oil with a spindle speed at 300
to 600 rpm.

NOTE:

After polishing the journal, measure its outside diame-
ter (the part that rotates in the bearing). If the outside
diameter is beyond the service limit, replace the shaft
and turbine wheel.

{e) Inspection of insert

insert
Ends

Piston ring

BO467A

Fit a new piston ring in the insert bore and measure the
end gap of the piston ring using a feeler gauge.

if the end gap is out of the nominal value, replace the
insert.
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{3} Reassembly

5.9 N-m {0.6 kgf-m}

————— » Molykote grease or equivalent
11 12  Apply engine oil | to be applied to screw and
oo seating surface in Jock nut.
3 16 | Apply engine oil ® Hammer entire periphery.
7 2
1
18
8-l | & } 15
/17 v _
14 | Apply engine oil |
: . L TN S
20 N-m {2 kgf-m} [P .

Moiykote grease or equiva-
lent to be applied to screw

H . :
- 4 Shaft-and-turbine-wheel to
\r -L—' turbine back plate clearance
NV 0.48 t0 0.92

[ Apply engine oil | 8

. g .
Compressor wheel to com- 4 e 9 )
pressor cover clearance
NV 0.08t0 0.28 -t Shaft-and-turbine-wheel to |
\ turbine housing clearance
[ |\ ] | NV0.391t01.0 3
13
Assembly sequence Si{af!t-a:nd—:urbine-wheei
axial play
182171615 2511 NV 0.075 to 0.155
13— T—»@——)@——»@wp&—)@-—&@ NV .. Nominal Value
9310857
For parts with an encircled number, refer to Reassembly Procedure that follows.
89748

Set the thrust sleeve into the oil deflector, and install
the piston ring.

NOTE:

When mounting piston ring to the thrust sieeve,
ensure that the ring is not expanded and ring ends are
not twisted.

Reassembly Procedure

{a) Installation of piston ring

Thrust siceve

Qil deflsctor

Piston ring

B0472C
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{b) Installation of snap ring

Taper surface

Snap ring

Bearing housing

€8978C

Bearing housing
Snap ring

CB979A

install the snap ring to the bearing housing with its
taper up.

After installation, using a screwdriver, drive the snap
ring into the groove in the bearing housing by hum-
mering.

NOTE:

1. Retain the snap ring by hand to prevent it from
springing out when slipping off the snap ring ph-
ers.

2. Special care must be exercised, when tapping the
snap ring into position, to prevent damage to the
bearing housing by the screwdriver.

{c) Measurement of clearance between shaft-and-tur-
hine-wheel and turbine housing

Shaft-and-
turbine-wheel

C8001B

Set a dial indicator to the end of the shaft and move the
shaft in the axial direction to measure the clearance. If
the measurement is out of specification, disassemble
and isolate the cause.

(d) Instaliation of compressor wheel

Bearing housing

Turbine housing

B2820C

Lock nut \"S 20 N-m

Compressor wheel

Shaft«and—turbine-’"ﬁ

wheel

C8002C

1) Holding the turbine housing in a vice, set the tur-
bine wheel side of the bearing housing into the tur-
bine housing.
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2} Coat threads in the shaft-and-turbine-wheel with
motybdenum disulfide base grease Li scap and
mount the compressor wheel onto the shaft.

3) Holding the boss onthe turbine wheel side, tighten
the compressor wheel lock nut to the specified
torque.

NOTE:
Set the bearing housing carefully to prevent damage
on the turbine wheel blades.

{e} Measurement of axial play in shaft-and-turbine-
wheel

- Shaft-and-
‘ turbine-wheel

s
! Py
E
[N—"
ﬂb ; Compressor wheel
3

C50038

Set a dial gauge on the shaft-and-turbine-wheel end,
With compressor wheel moved in the axial direction,
measure the end play. If the play is out of specification,
disassemble and check to locate the cause.

15-34

{fi Measurement of clearance between the turbine
back plate and shaft-and-turbine-wheel back sur-
face

Bearing housing

Compressor cover

B2830C

Shaft-and-
turbine wheel

Compressor cover

CO004A

Temporarily mount the bearing housing to the com-
pressor cover from the compressor wheei side. Mea-
sure the clearance between the turbine back plate and
shaft-and-turbine-wheel back surface. If the clearance
is out of specification, disassemble and isolate the
cause.

MNOQTE:
Be sure to use two thickness gauges and taie mea-
surement at the tip of the blades.
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{g} Compressor whee! to compressor cover clearance

Compressor

wheel m_ﬂ
Compressor |
@ cover
1 / a—
a_//w

B448BA

Check by the following procedures.

1) Move up and down the compressor wheel to mea-
sure runout (R}.

NOTE:
Do not measure runout by turning the compressor
wheel,

2) Measure compressor cover inside diameter (D)
and compressor wheel outside diameter (d) at
places indicated in the illustration.

3} Calculate the clearance by the eguation given
below.

If it is out of specification, disassemble and check
again.

Clearance =12 (D~-d-R)

(h) Installation of turbine housing and compressor
cover

Coupling
! assembiy

Alignment mark
i

I,
Turbine housingJ; Ja..
il

/ \

i
Coupling assembly Snap ring Compressor cover

5.9 N-m (0.6 kgf-
m (0.8 kgfm! B2819E

Make sure that the alignment marks are aligned and
secure the parts with the coupling assembly and snap
ring.

install the coupling assembiy by the following proce-
dures.

1) Tighten the coupling assembly to specified torque.

2} Hammer the coupiing assembily ali around.

3) Tighten again the coupling assembly to specified
torque.

{i} After reassembly, turn the turbine wheel and com-
pressor wheel by hand and check for smaooth rota-
tion.
if the wheels turn heavily, or bind, disassemble,
and locate the cause of trouble.
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5.4.2 4LF type turbocharger

For disassembly, inspection, cleaning, and reassembly
procedures, refer to section 5.4.1 unless where they are
described here.

{1} Disassembly

Blade bend and damage,
corrosion, marks of inter-
ference on back surface

Dented outside
circumference,
worm inside
circumference

Interference with
comprassor wheel

4

17

14
Deep scratch,
clogged oii hole,
worn beyond
covering layer

1

Unevenly worn piston
ring inserting area

Interference with
turbine wheel, damage

24

2
interference with turbine
wheel, cracks due 1o overheat,
corrgsion, damage

6

Blade bend and damage, corrosion,
marks of interference on back surface,
stepped wear of piston ring fitting por-

tion, damage on bearing journai
Worn beyond covering s nal

iayer, deep scratch

25
Crack, bearing hole surface
roughness, damage on piston
ring fitting portion

12 13 15 16 18 Worn beyond covering
layer, deep scratch
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Disassembly sequence

—

V-clamp

Turbine housing
V-clamp

Compressor cover
Compressor wheel
Shaft-and-turbine-wheel
Piston ring

Snap ring

Insert

W 00~ o3 W N

NOTE:

these items.

10
11
12
13
14
15
16
@

Piston ring 18
Flinger sleeve
Qil deflector @
Thrust ring 21
Thrust bearing 22
Sleeve @
Thrust ring 24
Snap ring 25

1. Before disassemnbly, draw alignment marks on the compressor cover, b
housing io facilitate ater reassembly.
2. The blades of the compressor wheel an

3. Do not remove the bearing housing pins {2 places}.

For parts with an encircled number, refer to Disassembly Procedure that follows.

Bearing

Snap ring

Snap ring

Oil control sleeve
Bearing

Snap ring

Back plate
Bearing housing

earing housing, and turbine

d turbine wheel bend easily. Be careful not to drop or crush

Disassembly Procedure

Removing snap ring

B4266A

When the snap ring holding the bearing in positionisto
be removed, use pliers (tip diameter 1 mmj) to prevent
damage to the inside of the bearing housing.
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{2) Cleaning and inspection

NOTE:

item {1} of section 5.4.2.

Clean

| Piston ring end gap (new |

piston ring to be used for |

measurement} ‘ 5
NV 0.026 to 0.102 S

Clean

Bearing journat O.D.
14.254

Piston ring groove width
{clearance when new piston
ring ts mounted)

Shaft runout {total indicator
reading)
L 0.015

Bearing inserting portion LD.
L 22.268

Piston ring inserting portion LD.
L 225

Betore cleaning, visually inspect each component to find any scorching
or rubbing that will not be apparent after cleaning. For detzils, refer to

NV .. Nominal Value

Limit

B4267A
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{a) Measurement of piston ring groove width {by Measurement of flinger sleeve groove width

Clearance

Clearance

New piston ring  Thickness

W7

C8914A CB918A
Install a new piston ring in the piston ring groove and Measure the piston ring groove width of the flinger
measure the clearance. sleeve.
If the reading is more than the limit, replace the shaft- if the reading is more than the limit, replace the flinger
and-turbine-wheel. sleeve.
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{3} Reassembly

Molykote grease or
equivalent to be applied
to screw and seating

Engine oil to be surface
applied to thrust side 11 N-m {1.1 kgf-m}
Flat side to be 14 3 1

Shaft-and-turbine-wheel to |
turbine housing clearance

NV 0.84 10 1.75

directed toward

8

24

Engine oil te
be applied

; Compressor cover
{ to compressor

i wheel diametric

i clearance

I NVO0.15

9

Molykote grease —.
or equivalent

10 be applied

to screw and
seating surface

27 N.m {2.8 kgf-m}

1719 23 20

Engire oil to be 10 11

applied 5

To rotate smoothly
when turned by hand

Grease to be apptied
to flange surface

Engine oil to be appiied
7

Shaft-and-turbine- |
wheei axial play |

6, NV 0.08t00.152

Shaft-and-turbine- |

wheet to turbine !

back plate clearance !
NV 0.43t0 1.05

Shaft-and-turbine-
wheel to turbine
housing diametric
clearance

NV 0.15

16

T T
[
-

Round side
12 ta be faced
toward bearin
13 §
4
Grease 1o be applied
to flange area
Assembly sequence
253244280 -322-321-& B
1880 —
165155
67—
—13-12
19—98——-}»544—«)3-—»2—91
1110~

For parts with an encircled number, refer to Reassembly Procedure that follows.
NOTE:

1. Piston rings cannot be reused; be sure to use a new one. Also, do not expand
piston rings more than is necessary since they break easily.

2. Apply enginea oil to ali moving parts before installation.

3.  When fitting the compressor cover and turbine housing, use the alignment marks

on them and the bearing housing.

NV .. Nominal Value

B4268A
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Reassembly Procedure {c) Measurement of clearances between shaft-and-
turbine-whee! and turbine housing, and compres-
sor wheel and compressor cover in diametrical
direction

{a} Installation of snap rings

Compressor cover

L. Turbine housin
Ciearance in dia- 9

metrical direction Clearance in dia-

metricai direction

wheel

C8925A

Measure each clearance with a thickness gauge to
check that it is within the nominal value.

NOTE:
When a clearance is to be measured, press the shaft in
the axial direction to minimize the ¢learance.

B4266BA

Use pliers {tip diameter 1 mm) in installing snap rings.

NOTE:
Install each snap ring with its round side toward the
bearing.

{b} Installation of thrust bearing

Locating pin

Locating hole

CB918A

To install the thrust bearing, apply engine oil to the
thrust receiving side. Press it in with its locating hole in
alignment with the locating pin of the bearing housing
until it is in flat contact with the bearing housing.
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5.4.3 3LM type turbocharger

For instructions on disassembly, inspection, cleaning,
and reassembly other than those shown here, refer to
section 5.4.1,

{1} Disassembly

Wear, cracks

6

7

Knocks from compressor wheel

2

Bending and scratches on blades,
corrosion, knock marks on back

Knocks from turbine
wheel, damage

Knocks from turbine wheel,
splitting, pitting, or deformation
from overheating

Bending and scratches on blades,
corrosion, knock marks on back,
damage in seal ring grooves

11 Roughness on bearing hole surface,
damage, gas corrosion, deformation
of turbine-side flange

B9029A
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Disassemnbly sequence

@ Turbine housing & Flinger sleeve 11 Bearing housing

@ Compressor cover 7 Piston ring 12 Shaft-and-turbine-wheel
3 Compressor wheel 8 0Oii deflector 13 Piston ring

4 Snapring 9 Thrustring 14 Turbine backplate

5 Insert 10 Thrust bearing 15 Bearing

For parts with an encircled number, refer to Disassembiy Procedure that follows.

NOTE:

1. Before disassembly, draw alignment marks on the compressor cover, bearing housing, and turbine
housing to facilitate later reassembly.

2. The blades of the compressor wheel and turbine wheel bend easily. Be careful not to drop or crush
these items.

3. Do not remove the bearing housing pins {2 places).

Disassembly Procedure {b) Removing compressor cover

{a} Removing turbine housing

B904BA

B9G31A
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{2) Cleaning and inspection

Piston ring end gap {new
piston ring to be used for
measurement}

NV 0.015t0 0.18

Bearing journal Q.D.
L 1118

Shaft runout {total indicator
reading}
L 0.015

Clean I aring inserting portion 1.0,
L 19.06

NOTE:
Before cleaning, visually inspect each component to find any scorching or rubbing
that will not be apparent after cleaning. For details, refer to item (1) of section 5.4.3.

NV .. Nominal Value

L

Limit

890348
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{3) Reassembly

Face fiat surface toward insert

6.9 N.m
3 Lock washer bend
@ 0.7 kgtmb  37N.m (1.7 kgf-m}

Sh%ﬂwand-turbine-wheelto t
turbine housing clearance
4 1 14 121 NV 05310 1.04

Apply engine oil

1 [Shaft-and-turbine-wheel |
axial play
NV 0.05t0 0.13

13 Apply engine oil

5 |

17 to 20 N-m )/
£1.73 to 2.07 kgf.m}

4 - Shaft-and-turbine-wheel
.‘ 1 to turbine back piate
oo s clearance
NV 0.74 to 1.55
9
7 6 8 15 Gasket
Apply engine oil \ Apply engine oil

2
Apply grease or oil 10
to stepped joint Face bronze surface toward
cormpressor wheel
NV .. Nominal Value
Assembiy sequence
1151413123158 -9-28
]—;4-+3m>®~—»®
576 _

For parts with an encircled number, refer to Reassembly Procedure that foliows.
NOTE:
%.  Piston rings cannot be reused; be sure to use a new one. Also, do nhot expand

piston rings more than is necessary since they break easily.

2. Apply engine oil te 2l moving parts before instaliation.

3. When fitting the compressor cover and turbine housing, use the alignment marks
on them and the bearing housing.

B90O37A
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Reassembly Procedure

(a) Fitting thrust bearing

lLocating hole

Locating pin S

B804 1A

Apply engine oil to both faces of the thrust bearing.
Align the thrust bearing with the locating pin on the
bearing housing, then push the thrust bearing onto the
bearing housing until it sits flat.

{b} Fitting compressor cover

BS04BA

Fit the compressor cover and bearing housing with its
cap screws, tightening the cap screws to the specified
torque.

15-46

{c) Fitting turbine housing

B9031A

Fit the turbine housing with its cap screws, tightening
the cap screws o the specified torque.

NOTE:
Apply antiseize compound to the cap screws.
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5.5 Intercooler
5.5.1 Disassembly and reassembly

{1} Water-cooled type

[ <BD22-TC, 24-TC>

- ’ '
. . -l \ "
> y 4
& 4 Damage, water leaks,

Damage, water leaks, et st core
dirt on fins, water scale
and rust inside core

' C93058 €9305C
<8DC9-TC>

Damage, water ieaks,
dirt on fins, water scale
and rust inside core 4

1 Connector

2 Cover

3 Plate

4 Core assembly
5 Inlet manifold

B48BBA
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{2} Air-cooled type

<8DCY-TL>

1 Air intake hose
2 Intercooler

B4157A
5.5.2 Air pressure test (2) inspection of intercooler <BDCY-TL>
{1) Inspection of core assembly <6D22-TC, 24-TC,

8DCY9-TC>
Conduct the air pressure test to check for water leaks v
due to damaged element. To check, apply an air pres- 1
sure of 390 kPa {4 kgf/fcm2} to the core assembly.
Replace the core assembly if it is leaking air or other-
wise defective.
NOTE: (
MNever apply pressure over specification. N
/]
Co0078
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{a} Remove the drain piug from the intercooler lower
tank to discharge collected condensate.
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C9303A

{(b) Remove the intercooler and use copper wire or the
like to remove mud, insects, etc. from the front side
of intercooler core, using care not to damage the
tube.

{c) Air-tightness check

E Pressure for inspection of |
intercooler (compressed a:r) !
| NV 145 kPa {1.5 kgfiem?} i

NV .. Nominal Value
C3009A

Immerse the intercooler in a water tank with one open-
ing for air closed and with the other opening connected
to a hose. Send compressed air at specified test pres-
sure through the hose and make sure thatthereis no air
leak.

5.6 Bleeding of Aftercooler Coolant Circuit

<6D22-TC, 24-TC (Low profile type}>

@/ Air vent plug

‘Water return
pipe

B4887B
<8DCYO-TC>

@/ Air vent plug

Water outlet pipe

B48E7A

{a) Remove the air vent piug from the water outlet
pipe.

{b) Pour coolant into the radiator until coolant flows
out from the air vent. install the air vent plug.

{c) With the pressure cap left removed from the radia-
tor, run the engine at idle, keeping coolant temper-
ature of about 90°C, to thoroughly bieed the sys-
fem.

{d) After the air in the coolant circuit has been thor-
oughtly bled, add coolant as necessary to the radia-
tor and reservoir tank.
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6. TROUBLESHOOTING

Symptom Probable cause Remedy Ref. group
Low cutput insufficient intake air
* { paded air cleaner element Ciean
* Air suction {with dust and other foreign matter} from intake Correct
system
* Defective turbocharger
* Turbocharger rotation failure
* Seized bearing Replace
* Carbon deposit on turbine wheel Clean
* Turbine wheel and turbine back plate interfering Check
= Turbine wheel and turbine housing interfering Check
= Bent shaft-and-turbine-wheel Replace
* Compressor wheel and compressor housing interfering Check
* Seized thrust sleeve and/or thrust bearing Replace
s incorrect sliding between inside parts due to ciogged lubri- Clean, check
cating oil pipe
» Damaged compressor wheel Replace
» Damaged turbine wheel Replace
» Foreign matter on front surface of intercooler core <8DCS-TL> Clean
Low exhaust efficiency
* Deformed front pipe, muffler and/or tail pipe {large exhaust Repiace
resistance}
* Defactive turbocharger
= Turbocharger rotation failure {See above.} Check
* Damaged turbine wheel Replace
Whitish and Incorrect injection timing Adjust Group 13
much exhaust
gas Low compression pressure Check Group 11
Poor quality fuei Replace Group 13
Defective turbocharger
* Oit leaks due to worn piston ring, and/or insert Replace
* Damaged il seai due to clogged oil return pipe Replace
Dark and much | Loaded air cleaner element Clean
exhaust gas
Trouble in engine proper Check Group 11
Nonuniform fuel injection amount to cylinders Adjust Group 13
Incorrect injection timing Adjust Group 13
Abnormal noise | Poor connection of intake and exhaust systems Correct
and/or vibration
from intake and | Deformed front pipe, muffler or tail pipe {iarge exhaust resistance) Replace
exhaust system
Defective turbocharger (See above.} Check
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1. GENERAL
<6D2>
Alternator
- Starter relay
-4 [E—s -
ey : EP@’" :
Pt 3A{SW
Pt ol M h
¥, W, %] r
T IC regula- u T
Xy v tor ! I -
H 13
' Air heater
Heater reia indicator
® T QO o
L_.___é__...] - o .
0.85 085 | 4. 8- W1
[ goss . - L | ’
| 022 0.85 i— :l <gxcep! 6022-TCx
L E - - = . ---.]__..
[ 1 . T I : =
| S——
' @ R CEB L é) ; ] Adr heater
OE“ by?ass i i
ala !
"“\amp ; - ] <6D22-TC only>
O bypass | Sefety rlay -BEBBBRT
aiarm_ﬂ i;.’;— Air heater =
'L = 5
| s [ %

\

5 _—"_] [_(\;&:! ;\ Battery switch
0.85 5 5 1 T | g

J : ;:f— Battery

. %

w

| 2, 7 ool B8 8
Qil pressure | ! : b g bt =
gauge
_J Starter switch | | )
erminal Code size
- S?;:nm CBS @ @ @ 0.85 0.85 mm? or more
ny " 5 5 mm< or more
. ®lThermometerunit| OFF OO O 15 15 mm§ or more
S;Ei%pressurg | ? ; —l HEAT | 04 ol 60 60 mme< or more
A O o]
oit E ! , ON o} O 0
pressure i
o l = | START L O—4-O—4-01+04-0

B1646F
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6

<8DC>

~“Alternator,

Starter relay gg

SW -

IC reguia
24 tor :
T i

L)

g

Oil bypass
ajarm

I
L@u/

Qil bypass
alarm lamp

B8 0.85 o]

0.85

A lisce

W

RO

085 |

Heater relay

55060

g . o =t St}

L

a Safety relay

085 | } 1
[ B5

hY
A
1 } Air heater -

L = | == ——-s | <8DCY>
[ -
; Air heater

L=T=J 4 .8pCeT, 8-TC,

20 20 20 9TL=

Air heater
indicator

Oif pressure |
gauge

QOil pressure
unit

5
0.85 21 Battery switch
0.85 = Battery
(.85 =
w0
oholB] B8l8 8 )
o oo =
Thermometer
]
t
1 Starter switch
' Tormmal ] .
ermina Code size
§§Imn @ @ @ @ 0.85 0.85 mm? or more
oy 5 5 mm? or more
& OFF 0|0 15 15 mmg or more
== 20 20 mm< or more
—1 HEAT | O+ ~ O 60 60 mm? or more
: ON ol o = -0
)
l T ! START | O4+O-+O-+0-104

Thermometer unit

B16486G
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1.1 Starter

Reduction gear
Pinion Overrunning clutch

837118

The starter is a reduction starter with a built-in reduc-
tion gear. its motor has been downsized with even
higher speed capability.

Major components of the starter are: motor section
generating power; the overrunning clutch section
transmitting armature torque and preventing the
engine from overrunning after startup; the magnetic
switch section which puts the pinion in mesh with the
ring gear and feeds load current into the motor; and,
the reduction gear and transmitting torque to the pin-
ion.

{1} Reduction gear section

Overrunning
clutch

B3702A

The end of the armature shaft is shaped asagearandis
in mesh with the internal gear.

16-4

{2} Overrunning clutch section

Quter
race Roller

Pinion

B3703A

The overrunning clutch is of roller type.

Each rolleris set in the wedge-shaped groove provided
by the outer and inner races (pinion) and is pressed by
& spring.

The roller is pressed against the narrower side of the
groove bythespring transmitting outer race rotationto
the pinion by its wedge action. On the other hand, no
torque is transmitted from the pinion as the rolier
moves to the wider side releasing the wedge action.
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{3} Operation

Starter switch

Pinion
Fieldcoil ~ E B
l Clutch
Battery
= Ring gear
B3708A

While the starter switch is ON, current flows from the
terminal *SW" of the starter relay to the terminal “L"
and closes the contact “P2".

When the contact “P;” closes, current from the battery
flows from the terminal “S” of the magnetic switch to
the pull-in coil “P” and holding coil “H".
Furthermore, the current that has decreased flows
from the terminal “M” to the motor section.

The plunger, attracted by the magnetic flux of the
pull-in coil and holding coil, pushes out the pinion
through a lever,

. E 5 Starter switch
Wéeo_«.

Starter retay L

Plunger

1111111

Field coil

Clutch

Battery

Ring gear

B3709A

When the pinion comes into complete mesh with the
ring gear, the contact “P4” closes and the large current
of the battery directly flows to the motor section to turn
the pinion powerfuily.

in this condition, no current flows to the puil-in coil.
The plunger is retained by the holding coil alone.
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Starter switch
ﬁé SW

&)

Starter relay

Plunger

Field coil
Reduction

= Pinton
Field cotl - 55 L =,
t Clutch
Battery
= Ring gear
B3710A

Setting the starter switch to OFF position causes the
contact “P>” to open.

At the moment the starter switch is opened, the “Py”
still remains closed and the battery current flows from
the terminal “B” to the pull-in coil “P" and holding coil
“H". Since the coil are wound in opposite direction to
each other, the magnetic fluxes cancel each other so
that the return spring can move the plunger backto its
original position. At the same time, the contact “Py"
opens to shut down the current flow to the motor.
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1.2 Alternator
{1) 30 A, 30 A, 40 A, BO A aiternator {with brush type)

<30A,40A,80A

Rectifier Rotor
(R
Alternator> by @

IC regulator

BB0OO3A
<35 A Alternator> Rectifier Rotor i

iC regulator

850028

The alternator is a brush type in which a current flows
fromthe brushes through the slip ring to the field coil in
the rotor.

Major components include: the rotor {field coil} that
generates magnetic field; the stator that generates
electromotive force; the rectifier that rectifies electro-
motive force so generated; the regulator that keeps
generated voltage constant.
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(ay Rotor

{c} Rectifier

<30 A, 40 A, 80 A Alternator>

Slip ring

Field coil

Rotor core
B27020 B2704A
Field coif
Slipring  Rotor core
B4392B B4393A

<30 A, 40 A, 80 A Alternator>

When the rotor is driven by the puliey rotation, a cur-
rent flows from the brushes, through the slip ring, 10
the fieid coil. The rotor core tabs then become mag-
netic poles.

(b} Stator

Stator coii Stator core

B2703A

Together with the rotor core, the stator core forms the
magnetic flux path. The magnetic fiux lines in the sta-
tor core are affected by the passage of the rotor core
field and generate electricity.

The rectifier mainly consists of 3 diode trios, 6 diodes
and 2 heat sinks. it rectifies the AC stator outputto DC
power.

Each heat sink has the (+} or {-} leads from 3 diodes
attached to it, performing full wave rectification for
3-phase AC.

Two rectifiers are used in the 80 A alternator.

(d} Regulator

Regulator

Brush spring

Brush B2708A

The regulator alters the strength of the field coil fieldto
stabilize output power which varies with engine speed
fluctuations.

167
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The regulator is integral with the brush hoider. The
assembly combines the IC regulator, the brushes and
the brush springs.

{e) Charging circuit
1) Turning ON the starter switch

Alternator

170

B Lt}j ]
}

.-J P
yry

2} Starting the engine

Alternator

Battery

Safety relay
r

o
jCharge lamp

oo
Batte
W___ ¢ > i Bl R]AC|C |BR
@ ora oY ey orf (OO
o= {Charge lamp
@___i“ ; HEAT | O O
i 1 on (O O
§TART | O+OHO+OFHO
BRIACIC |BR Starter switch B2542H
off (OO
HEAT | OO O When the engine is started and the alternator starts
o OO0 generation so that the voltage at the alternator “B” ter-
sTart | OTOTOTOTO minal becomes higher than the battery voitage, the
Starter switch B25426 current flows as shown below.
R — | Alternator {“B” terminai}
} Battery | E 7
R !
| . v .
v ! Starter switch !
Starter switch Safety relay or charge !
lamp (ON) l,
‘L l I Battery
I Alternator (*R” terminal) j ] Alternator {“L" terminal) 1 \E{
l { Ground !

! Ground
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in this way, battery charge is started and at the same
time, the charge lamp goes out.
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(2} 50A, 90A alternator (brushiess type)

Diode
— 1 ®
; &
Stator cojl [%:3 % %
Neutral = ”
point — - ©
| 1 N
H ' 3 2z
ks ®

Regulator

B5887A

This brushless alternator has neutral point diodes.
That is, two diodes are added to the neutral point
where three stator coils are connected.
This configuration provides higher DC voltage at high
speeds of alternator rotation when compared with the
alternator without neutral point diode.

{a) Changes in neutral point electric potential

At high speed| Neutral point
At low speed | voitage waveform

---------------- Qutput
voliage

L D R G ihs” ALLEERARES ~eaebbat’ Al Neutral point
average voltage

Ground
@ potential

B5888A

¢ %

Angle of rotation

©
o
o
=
©
>

As iflustrated, the neutral point’s electric potential rises
and falls on either side of the neutral point’s average
DC voltage. {The neutral point’s DC voltage is one-half
of the aiternator's DC output voltage.} At high speeds
of rotation, the peak emf generated greatly exceeds the
alternator’'s output voltage. A neutral point diode
arrangement eliminates the excess emf.

{b) Neutral point diode operation

*  When the neutral point's peak electric potential is
28V or below, only the six normal rectification
diodes function.

Neutral point dicde

¥ ¥ ¥

B5889A

¢ When the neutral point’s peak electric potential
exceeds 28V, the neutral point diode arrangement
supplements the regular DC output to the vehicle’s
on-board electrical systems.

{3) 40A alternator (brushiess type)

Stator

Rectifier

Regulator

Field coil B2976F

As its name implies, the 40A brushless alternator
allows current to flow directly to the field coil without
the use of brushes.

The alternator's key components are as follows: the
field coil (which generates the required magnetic field);
the stator {which generates electromotive force), the
rectifier (which converts the generated AC waveform
into direct current); and the regulator (which maintains
the generated emf at a constant level).
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{a) Field coil

B3862A

The field coil, secured onto the rear bracket, receives
current from the terminal and generates magnetic
field.

{b) Rotor

B3863A

The roter is rotated by the pulley to surround the field
coil. By the magnetic field generated by the field coil,
the rotor core tabs become magnetic poles.

{c} Stator

Stator core

Stator coil

B2703A

16-10

Together with the rotor coil, the stator core forms the
magnetic flux path. The magnetic flux lines in the sta-
tor core are affected by the passage of the rotor core
field and generate electricity.

{d} Rectifier

B2704B

The rectifier mainly consists of 3 diode trios, 6 diodes
and 2 heat sinks. It rectifies the AC stator output to DC
power.

Each heat sink has the (+} or {-) leads from 3 diodes
attached to it, performing full wave rectification for
3-phase AC,

(e} Reguiator

B27088B

The regulator alters the strength of the field coil field to
stabilize output power which varies with engine speed
fluctuations.

{f) Charging circuit

Refer to ltem {1} {e) Alternator with brush.
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{4) 60A, 1104, 150A alternator (with brush type)

Field coil

N

po v
@ |

4

B4007C

The alternator is an open type three-phase alternator.
The three-phase AC generated in the stator coil is con-
verted into DC by the silicon diodes.

A total of 12 diodes {6 on the positive side and 6 on the
negative side) are housed in 6 heat sinks, two in each
heat sink.

The alternator generated voltage is controtled by the
regulator.

1.3 Safety Relay
<RB8T30171, RBT30172, RBT30174, R8T30274>

B1453C

The atternator rpm is detected and when it exceeds the
reference level, the safety relay prevents the starter
from operating even if its switch is accidentally turned
on during engine revolution.
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Operation

Alternator

0
\.lB'/
'EE |
! u—l 4)\ Charge lamp Starter switch
b =
o || B+
% ' —
l i LJ i'gguiator E ® @ f\ittttghw
} | (P) safety relay (S ——fG}U\— l -
/'E\ ] ! _t_Battery
o +
J'EIL \r Star P1|
i tarter relay
- - g "l" To starter nw
B1454A

(1} When the starter switch is set to ON, current flow
from the starter relay to terminal “S" and to termi-
nal “E” of the safety relay, ciosing contact “P4".
The charge lamp also iluminates if provided.

{2} As the starter runs and the engine starts running,
pulses of frequency 1/10 of the alternator speed
appear at terminal “P” of the alternator. The
charge lamp goes out.

16-12

{3} When the pulse frequency at terminal “P” exceeds
the specified value, continuity between terminais
“S" and “E" islost. Then, the starter does not oper-
ate even if the starter switch is set to ON while the
engine is running.
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1.4 Regulator (Model R7T01071, R7T01072, RMS4227B, R8T10183)

r

<R7T01071, R7T01072>

B44018

<RMS42278>

B44C

its functions include:
{1} Voitage regulator

Maintains voltage generated by the generator
constant.

{2) Safety relay

Keeps the starter circuit in OFF state even with the
starter switch turned on during operation of engine.

<R8T10183>

B5891A

The regulator is an electronic unit. By varying the mag-
netic field generated by the field coil, the regulator
keeps the alternator’s ocutput voltage constant. The

output voltage would otherwise vary with changes in
engine speed.

{3} Field relay

Minimizes discharge current to the aiternator field coil
even when the battery switch is left closed.

16-13
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Connections of the alternator to the regulator are
shown below.

<R7T01071, R7701072>

Alternator
. - To
starte

=
i
i

| S |

Battery L

Battery
switch

Starter
switch
P
o.w

Piiot lamp

o

Starter relay

Transistor
Reguiator
¢ Voltage Safety relay ;
i regulator P2 le:'éj

3

p ol

3

M "ammasse " aat

E
;

B1891A

The battery switch in ON position causes field current
to flow in the circuit as follows:
Battery — Battery switch — Reguiator “1G" termi-
nal — Resistor R4 -» Voltage regulator "K” terminal
— Voitage regulator “F" terminal — Alternator “F”
terminal — Field coil -5 Ground
When the starter switch is set to ON, the starter relay
coil is energized with its contact closed. When the
starter cranks the engine, the alternator generates
power, causing a current to flow in the coil “VC1" inthe
following sequence:
Alternator “N” terminal — Regulator “N” terminal —
Coil VCq — Ground
As the coil “VC4” is energized, the contact “P” is
opened. Inthis state, setting the starter switch to ON

16-14

with the engine in operation leaves the starter inopera-
tive.
While the engine is in operation, field current flows in
the following circuits, with alternator output volitage
controlled by the voltage regulator.
Alternator “A” terminal — Regulator “A” terminal
- Contact P> — Voltage reguifator "K” terminal —
Transistor — Regulator "F” terminal — Alternator
YF" terminal - Field coil - Ground
ifthe transistor remains off too long, the alternator “N”
terminal output is decreased and the coil “VC4” loses
its- magnetic force to such an extent that the contact
"P»" may be opened or “Py” closed. The circuit of coil
““C," and resistor "Ry” keeps “P;" closed and “P4”
open in such a case.
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<RMS4227B>

Ahernator Reguiator

Safety relay

Field |
coil ] |

A

AA

Starter relay coil

i
|

To starter

- —— e

1\0—"‘"‘“"“
O,,O-—

Starter switch

L

o P
-
|

T prsss e

st Tt TN Py

[\

L

Battery

B1g91B

When the starter switch is turned to the “1” position, field current flows as follows:
Battery — Starter switch Pilot tamp — Regulator L terminal — Contact P, — Ground

s Regulator IG terminal — Resistor R4 — Contact Py — Regulator F terminal —
— Alternator field coil = Ground '
When the starter switch is turned to the “2” position, current flows as shown below, the starter turns, and the
engine starts.
Battery — Starter switch — Starter relay coil — Regulator L terminal — Contact P; — Ground
When the engine starts and the starter switch is returned to the “1" position, the starter stops turning. At this
time, the voltage at the alternator's N terminal is applied te coil VCyp, s0 contact Pz is open. As aresuit, the starter
cannot function if the starter switch is accidentally turned again.
When the engine reaches a certain speed {driven by the starter), the voltage across coil VCz causes contact Pz to
ciose. The field current is thereafter supplied by the alternator itself. _
As the alternator’s output voltage increases, the voltage applied to coil VC4 rises concomitantly. When the coil
VC1 voltage reaches a specified level, contact P opens, thus cutting offthe field current and reducing the gener-
ated voltage. When the voltage drops, contact P closes again, causing field current to flow and allowing the
generated voltage to rise again. This mechanism maintains the alternator's output at a constant voltage.
When the engine stops, the field current flows into resistor R4. Since very little current can flow through this

resistor, the battery is not significantly drained even if the user forgets to cut the starter switch.
16-15
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The reguiator incorporates the following auxiliary cir- {2} Choke coil CC;4

cuits:

This component minimizes ripple in the alternator’s

{1} Capacitor C and resistor Ry output.

When contact P, opens, capacitor C and resistor Ry {3} Choke coil CC, and resistor Rg

increase the speed at which the circuit becomes open
and minimize arcing across the contact points. When
the contact closes, capacitor C and resistor R; increase
the contact pressure and minimize contact resistance,
thus lengthening the contact points’ service life.

When contact Py opens, the voiltage at terminal N
momentarily drops. Choke coil CC; and resistor Rg pre-
vent contact P from opening at this time.

<R8T10183>
B Alternator .
;éz — Regulator —
: K
A X
’ T
; | Battery
i ZS Tr3 I
Fieid
c:;ei; e ﬁ f 3 @ L
- >§(< A 10 salety relay K termina
F
- - h
B5888A

¢ When the alternator’s output voltage is low, the
voltage between terminals A and E is concom-
itantly low. The voltage across resistor R thus
becomes lower than the voltage of zener diode Dz,
and no current flows through zener diode Dz. As a
result, no current flows through transistors Tr 1 and
Tr 2, and current starts flowing through power tran-
sistor Tr 3. Current thus flows into the field coil, and
the alternator generates a higher output voltage.
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When the alternator’s output voltage is high, the
voltage between terminals A and E is concom-
itantly high. When the voltage between terminals
A and E reaches a specified level, zener diode Dz
allows current to pass. As a result, transistors Tr 1
and Tr 2 allow current io pass, and power transistor
Tr 3 does not allow current to pass. Current is thus
prevented from flowing into the field coil, and the
alternator’s output voltage decreases.

The action of power transistor Tr 3 on the flow of
field current thus controls the alternator’s output
voitage.
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1.5 Intake Air Heater

<6D2> Ajr heater
Starter switch " <6D22, 22T, 24-T>
QFF | O o
HEaT] oo 5] IR
0 N | gt <6D22.TC, 24-TC>
START| Cwd-O—+O—0O—10O
B | Rl [ACCIR2 [ C
\} Heater relay
\\
\ Air heater
i indicator
Battery switch ‘{
Battery
[ H | i
—0 OO0 o—dn
<8DC> Starter switch . ol i D8BU3C
OFF O | O
HEAT DO
el o
START L o e A
e 3 JAy facciag i €
Battery Y—%\’d@éﬁb Heater relay
switch pndl
Q Fuse :L—_.:
Air heater
Air heater
indicator

Battery

m“‘f\/\/\‘l

= |«<8DCo>

<8DCS-T, 8-TC, 9-Ti>

iligdllict

B4508F

The intake air heater is an electric heater which heats
the intake air to facilitate engine starting.

Place the starter switch to HEAT position to operate the
heater. if currentis supplied for about 40 to 60 seconds
by keeping the starter switch at HEAT position, the tem-
perature of the intake air heater will exceed 800°C.
The intake air heater circuit has an indicator to let the
driver recognize the heat condition.
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1.6 Automatic Stop System

Battery switch

Sotenoid relay

Solencid operation

) - <Shutdown type>
When the soienoid status changes from OFF to ON,
Stop switch the stop lever is pulled to the STOP side.
ey Stop lever
oo — {returned to RUN side by return spring when

solenocid status changes from ON to OFF}

=5
22

o
[

Solenoid drive signal

o}

Solenoid

Thermestatic
switch

_7/m

tnjection pump governor :‘_'_E

=

= M ¥ RUN

% Q —m ] STOP

> 1 B e -

2 Sol id Return spring return direction

5 clenol g B5883A

@ Stop lever

=

o

o

= <Run-on type>

o) .
Qif pressure When the solenoid status changes from ON to OFF, a
switeh stop lever pulls the stop lever back to the STOP side.

B5882A
<6D2> Stop lever

{pulled to RUN side by solencid when

solenoid status changes from OFF to ON}

Solenoid
{
RUN
. Return spring return direction
STOP B58838
<8DC>

Stop lever

{pulied to RUN side by solenoid when

solenoid status changes from OFF to ON}

O a &

il a3
2. 9F

14

/e
Solenoid

STOP / RUN

B5883C

Return spring return direction
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The automatic stop system automatically stops the
engine if the oil pressure drops toc an abnormally low
tevel or the coolant temperature reaches an abnof-
maliy high level. The system’s key components include
an oil pressure switch, a thermostatic switch, a sole-
noid relay, and a solenoid.

Any abnormal drop in oil pressure is sensed by the oil
pressure switch, which then activates the solenoid.
Similarly, any abnormal increase in coolant tempera-
ture is sensed by the thermostatic switch, which then
activates the solenoid.

When actuated, the solencid moves the injection
pump governor’s stop lever in the STOP direction and
thereby stops the engine.

There are two types of automatic stop system: shut-
down type and run-on type. The solenoid operation
with each type is as illustrated.

1.6.1 Shutdown type

(1} Before engine is started

Solenoid relay

B [W] [AWnen enginelSI] c
r‘} {Wﬁans} Lﬂ

To alternator i

L terminal
t
‘_I Solenoid

L ml

t.
m)  mm g
Thermostatic  Oil pressure (

switch switch
Ammeter t

Starter

Stop switch Battery switch
BiR; tACIR2ICIBR
oFf O
HEAT 1O O O u j
O8N o0
START [ O+ OFO1-OHCHT
Starter switch Heater relay Battery

B5470A

When the battery switch is turned ON, current flows as
follows:

r% Battery J
l

i

Battery switch ‘

i
e

* Starter B terminal

|
i

| Solenoid relay B terminal |

Atthis time, the oil pressure switch contacts are closed
since the engine has not been started. Current thus
flows as foliows:

i Solenoid relay B terminal E
|

.

i Oil pressure switch !
|

E Solenoid relay W terminal

i
v

[ Ground

Since there is no alternator voltage at the solenoid:
relay’s A terminal, however, the solenoid relay is not
actuated and does not supply current to the solenoid.
With the solenoid not actuated, the governor's stop
jever is positioned to allow the engine to be started.

(2} When engine is started

When the engine is started, alternator voltage is
applied to the solenoid relay’s A terminal. At this time,
the oil pressure is still low, so the oil pressure switch
contacts are closed, current is flowing to the solenoid
relay’s W terminal, and the solenoid relay is actuated.
However, the capacitor inside the solenoid relay
charges up using the voltage at terminal A, so current
does not immediately flow to the solenoid relay's
actuation circuit. Charging of the capacitor thus delays
actuation of the solenoid relay. During this time delay,
the engine's oil pressure increases and the oil pressure
switch contacts open. This cuts the supply of currentio
the solenoid relay’s W terminal, rendering the solenoid
relay totally inactive.
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{3} Automatic engine stop

Solenoid relay

1SE) ¢

Alternator

Starter

switch switch -l

Ammaeter

L

|| Ly
Thermostatic  Qil pressure (
rﬁ

oo
Stop switch
pﬂ- -

Ri[ACiRz{C [BR
O4nd O
> & O
O O
O O
HO-HOOFH0T0
Starter switch

OFF
HEAT

ON
START

Ol |QlOe

Heater relay Battery
854708

ifthe oil pressure drops abnormaily or the coolant tem-
perature increases abnormaily while the engine is run-
ning, the output current from the alternator fiows as
shown below and the engine is stopped.
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: Alternator B terminal i

.
Ammeter

!

} Starter switch B terminal L

r \E( v
i Heater relay ‘

!

E Battery switch l

{

1 Starter switch B terminal ‘

l

' Solenocid relay B terminal !

|
. !

F H
§ Oil pressure switch { ‘ Thermostatic switch ‘

1 ‘ |
|
W
Soienoid relay W terminal ‘

At this time, output voltage from the alternator is pres-
ent at the solenoid reiay’s A terminal and current is
fiowing to the solenoid relay’s internal circuit. The sole-
noid relay is thus actuated, causing further current to
flow, as follows:

I Solenocid relay C terminal ‘
| Solenoid it

E

l Griund

With the solenoid thus actuated, the injection pump
governor's stop lever is pulled in the STOP direction.
Until the engine stops completely, the solenoid is kept
activated by current from the solenoid relay’s internal
capacitor.
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(4} Manual engine stop

Solenoid relay

e o
Thermostatic  Qil pressure Starter
switch switch )
-d'\p.._

Stop switch

V—— —fi
alRijacirz[c[BR
oFF O o]
HEAT {00 O
ON ) o O O
START OO+ O+0+O40O

Starter switch Heater relay Battery

85470C

If the stop switch is turned ON while the engine is run-
ning, battery current flows as foliows and the engineis
stopped.

r Alternator B terminal J
:

\ Ammeter }

I !

| Stop switch J
\Eﬁ

\ Solenoid relay 5T terminal [

When current flows to the solenoid relay’s ST terminal,
the solencid relay is actuated and the engine is
stopped in the way described in item (3).

1.6.2 Run-on type

{1) Before engine is started

Solenoid relay
il 8] 8] C
!

=5

Thermostatic switch

’a

Soienoid

B L
Qil pressure Stop swi'tch-Ni
switch Ammeter _§

-

T

B
ofFfF |Q
HEAT O

O

OoN O
START|OH O

Starter switc

CIEEEE
CIEEEH

Heater relay  Battery

-

B5472A

When the battery switch is turned ON, current flows as
follows:

E Ba!ttery _i
v
[7 Battery switch _i

|

Heater relay ]

|

Starter switch B terminal i

!

Ammeter l

}

{ *Stop switch E

|

l Solenoid relay B terminal L

[

I

{* : Contacts are open with stop switch ON and closed with stop
switch OFF}

Although there is a voltage at the solenoid relay’s B ter-
minal, there is no input at any other terminal so the
C18-21
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solenoid relay does not actuate. The governor’'s stop
lever is therefore in the STOF position.

{2) When engine is started

N
Solenoid relay
] 5T ] LTJ
1
| o
Thermostatic switch Solenoid \\'
E} —
Q
.:ﬂm L fo— =
Qil pressure Stop switch
switch Ammeter 4
8
[]
_
BiRI |ACIR2
OFF DI O O
HEAT |O+O O
on o G S O
START |[OH-O—4-O
Starter switch Heater relay  Battery
B54728

When the starter switch is turned to the START posi-
tion, current flows as follows:

i Battery

|

¥
Battery switch |

[

v
Heater relay l

¥

Starter switch B terminal

1

W
% Starter switch C terminal

v
‘ Solenocid relay S terminal

When current flows to the solenoid relay’s S terminal,
the solenoid relay is actuated and further current flows,
as follows:
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‘ Solenoid relay C terminal
|
i

\ Solenoid

e

\ Ground 5

The salenoid is thus actuated and positions the gover-
nor's stop lever such thatthe engine can be started. The
engine then starts.

{3) If starter switch isturned ON after engine is started

a3

Solenoid reiay
[H] {s] B [c]
? I

- -1

Thermostatic switch

Solenoid X
e A

=
=) L
Qil pressure Stop switch

switch
- Ammeter - _4
B

Alternator . l ]
? Battery switch

—gy——

8]/ JAC
oFF 101D
HEAT 1O+

ON > S
STARTO+O+0-+0O—+0H
Starter switch

1t

ololo|@

old 6

Heater relay Battery

B5472C

When the starter swifch is turned to the ON position,
the connection between the starter switch C terminal
and the solenoid relay’s S terminal is broken. However,
the solenoid relay is kept actuated by its internal capac-
itor. During this period, the engine’s oil pressure
increases and the oil pressure switch contacts close.
Current generated by the alternator flows as follows:
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Aiternator B terminal

i)

Ammeter

I
R
Starter switch B terminai |

|
N4

Starter switch BR terminal

Qil pressure switch i

y
Thermaostatic switch a

i
y:

Solenoid relay M terminal i

When current fiows to the solenoid relay’s H terminal,
the solenoid relay actuates, thereby keeping the sole-
noid actuated.

(4) Automatic stop

If the oil pressure drops abnormally and/or the coolant
temperature increases abnormally while the engine is
running, the oil pressure switch and/or thermostatic
switch contacts open, cutting the supply of current to
the solenoid relay. The solenoid relay thus stops oper-
ating, causing the solenoid to also stop operating.
When it stops operating, the solenoid moves the gov-
ernor’'s stop lever in the STOP direction, thus stopping
the engine.

{5) Manual engine stop
If the engine stop switch* is turned ON while the

engine is running, the supply of current to the solenoid .

relay’s B terminal is cut, thus stopping the solenoid
relay from operating. The engine is thus stopped in the
way described in item {4).

{* : Contacts are open with stop switch ON and closed
with stop switch OFF)}
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2. SPECIFICATIONS

(1) Starter
602

item

Specification

Veltage — Polarity

24V -5 ground

Starter Type Electromagnetic push-in type reduction starter
{(Manufacturer T
Mitsubishi Model M3795082 M5TE0275 ! METE0276 M-00095-75 MET50279
Eiectric Corp.) -
Qutput 24V -55kW 24V -6 kW
Reduction Single reduction internal teeth spur gear
gears
8DC
ltem Specification
Voltage — Polarity 24V - 3 ground
Starter Type Electromagnetic push-in type reduction stanter
{Manufacturer - i
Mitsubishi Modet M4T95082 M5T50076 | M5T50085 M-001B0-24 M5TE5171 M5TE5172
Electric Corp.)
Qutput 24 V - 6 kW 24V -T kW
Reduction Single reduction internal teeth spur gear
gears
{2} Starter relay
gD2
item Specification
Starter relay Model U1TOBG72 U1T08074 U1T07076
{Manufacturer
Mitsubishi
Electric Corp.)
8DC
ftem Specification
Starter relay Model U1T0E376 U1T06372
(Manufacturer

Mitsubishi
Electric Corp.)
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{3} Alternator

6D2
iten Specification
Alternator Type Alternator with built-in IC regulator
{Manufacturer .
Mitsubishi With brushes i Brushless
Eiectric Corp.} 3 i : ‘ : : :
Meodel A2T | AZY t A2T | A3TN | A4T | AAT | AT | A6T | ABT | A4T \ AAT | A4T { A4T
73387 | 72087 | 72986 | 5387 | 57987 | 57986 | 76087 i 75386 | 75387 | 40287 | 58987 | 70187 | 75687
Qutput 24V -30A 24V 24V -40A 24V-8B0A 24V -40 A 24V-80A
35A
ftem Specification
Alternator Type Y-connection alternator with silicon diode rectifier
{Manufacturer
Mitsubishi Model AATBETT3 A4T786387 AATBE287
Eiectric Corp.)
Qutput 24V-60A “ 24V-110A 24V ~150 A
8DC
Hem Specification
Alternator Type Alternator with built-in IC regutator Y-connection aiter-
{Manufacturer nator with silicon
Mitsubishi With brushes Brushless diode rectifier
Electric Corp.}
Model A2T A4T A4T AST A4T A4T A4T A4T A4T A4T
72987 57471 57987 75387 58989 58289 66487 75589 BS774 85777
Cutput 24V - 24V -40A 24V - 24V -40A 24V - 24V~ 28V-11CA
3CA B0 A 50 A 80 A
{4) Safety relay
8D2
ltem Specification
Safety relay | Model RET30171 L RET30172 RET30174 RET30274 | 0-25000-5341
8bC
em Speciication
Safety refay | Model RBT30171 0-25000-5341
{5} Regulator
item Specification
Regulator Model 6D2 80C
i R7T01671 R8T10183 L RMS42278B R7T01072
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{6} Intake air heater

6D2
ltem Specification
Type Electric heating type
¢ Capacity x 03kWxB 0.476 KW x 6 2kW x 1 g 2.86 kW x 1
q'ty
Heater relay Model L11706671 U1IT06872 U1T06671 U1T0B672
; Fuse capacity 91 A 127A 91 A 127 A
8bC
kem Specification
Type Eiectric heating type
Capacity x 1.4 kW x 2 1.43 kW x 1 1.45 kW x 1 1.9kWx 2 1.8kWx2
gty
Heater relay Model U1TO0B672 U1T06675 U1T08673
Fuse capacity 127A 200 A 164 A
{7} Automatic stop system {option)
Itern Specification
For shutdown For run-on
Stop solencid Type Elgctromagnetic Electrornagnetic

{Nippon Denso Products)

<except 8DCY-T, 9-TC>

Step solencid Type
{Kimura Yoko Products}

Electromagnetic
<8DCY-T, 9-TC>

Solenocid relay Type
{Nikko Denki Produkis)

0-25000-5592

0-25000-6720

Cil pressure switch

Diaphragm-type with built-in electric contacts

Thermo switch

Wax-type with built-in electric contacts
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3. SERVICE STANDARDS
3.1 Service Standards Table
{1} Starter <6D2>

Unit: mm

Maintenance item

|
a

Nominal vaiue
{Basic diameterin{])

H

Limit

Remedy and remarks

M3T95082

M5T50275,
MbBT50276,
METE0278,
M-00095-75

| Commutator 0.D.

38.7

38.1

43.2

42.6

Repiace

Commutator outside circumference runout

0.1

Correct or replaces

M3T95082,
MbT5E0275,
Mb5TE0276,
MbTE0279,
M-00095-75

Depth of groove between segment

0.2 or less

Correct or replaces

Brush spring pressure

2510 34 N
{2.5 10 3.5 kgf}

18 N {1.8 kgf

Replace

M3Tg5082

 M5T50275,

MBTE0276,
MET50278,
M-06095-75

Brush iength

17

i

23

14

Replace

M3T95082,
MET50275,
MBETE02786,
M5T5027%,
M-00095-75
{Vohage 23.5
V)

No-load characteristics

110 A or less
3300 rpm or more

Check

Magnetic switch operating voltage

16 V or less

Replace

M3T85082,
MbT50279

 M5T50275,

M5T50276,
M-D0095-75

Pinion gap

103

4106

Adjust washers

Gear shaft thrust gap

0.1t0 0.5

Adjust washers
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{2) Starter <BDC>

Unit: mm

Maintenance item

Nominat value

{Basic diameterin [ )

Limit

Remedy and remarks

Ma4T95082

MBT50076,
MSETE0085,
MSETE5171,
M8T55172, |
M-CC180-24 |

, Commutator 0.D.

d

387

38.1

43.2

42.6

Replace

Commutator outside circumference runout

01

Correct or replaces

M4T95082,
M5T50085,
M5TE5171,
METE5172,
MET50078,
M-00180-24

Depth of groove between segment

0.2 or less

Correct or replaces

M47T95082 Brush spring pressure

M5T50076,
M5T50085,
M5TE5171,
MbETE5172,
M-00180-24

33to 45 N
{3.4 to 4.8 kgf}

20 N {2 kgt

25t0 34 N
{2.5 to 3.5 kgf}

18 N {1.8 kgf}

Replace

M4T95082

M5T50076,
MSTE0085,
M5TE5171,
M5T55172,
M-00180-24

Brush iength

20

13

23

14

Replace

M4aT95082,
MSTH0085,
M5TS0076,
S‘/}ei:age 235

: No-load characteristics

MBTS5171,
M5T55172,
M-00180-24,
(Voltage 23.5
Vi

110 A or less
3300 rpm or more

110 A orless
3400 rpm or more

Check

Magnetic switch operating voltage

16 V or less

Replace

M4T95082,
MB5T50085,
M5TB5171,
M5T55172,
M-00180-24

M5T50076

Pinton gap

1t03

4106

Adjust washers

Gear shaft thrust gap

0.1t0 0.5

Adjust washers

16-28



ENGINE ELECTRICAL - SERVICE STANDARDS

{3) Alternator <6D2>

Unit: mm
Maintenance item Nominal value Lirnit Remedy and remarks
{Basic diameter in [ 1)
Alternator Field coit resistance {at 20°C} Approx. 8.7 2 - Repiace
30A
(A2T72987 Stip ring O.D. 40.8 to 41.2 40.4
A2772986 -
A2T713387) Brush spring tension 3.1t0 4.3 N 2 N {0.2 kgf}
{0.32 to 0.44 kgf}
Brush tength 23 8
Load characteristics 1500 rpm, 17 A or more - Check
{(When coid) Terminat
voltage 27V
2500 rpm, 26 A or more -
Terminal
voltage 27V
IC regulator regulated voltage range 28t0 28V - Repiace
(5000 rpm, 5 A or less)
?étimator Fieid col resistance (at 20°C) 910 10.4Q - Replace
(A3ITNE3R7) | Siipring O.D. 33 324 Replace
Brush length 185 5 Repiace
Load characteristics 1600 rpmy, 20 A or more - Check
{When hot) Terminal
voltage 27V
2500 rpm, 29 A or more -
Terminal
. voltage 27V
IC regulator regulfated voltage range 281029V - Repiace
{5000 rpm, 5 A or iess}
Altzrnator Field coii resistance {at 20°C) Approx. 87 Q2 - Replace
40
(A4T57986 Siip ring 0.0, 40.8t0 41.2 40.4
A4TS79BT) -
Brush spring tension 3.1t 43N 2N {0.2 kght
{0.32 to 0.44 kgf}
Brush length 23 8
Load characteristics 1600 rpm, 26 A or more - Check
{When cold} Terminal
voltage 27V
2500 rprm, 37 Aor more -
Terminal
voltage 27V
IC regulator regulated voltage range Bto29V - Replace
{5000 rpm, B A or less)
Alternator Field coil resistance {at 20°C) Approx. 130 - Replace
80 A
(A4TE5773) Slip ring O.D. 46 45.4
Brush spring tension 38N 2 N {0.2 kgf}
{0.28 kg
Brush length 23 8
Load characteristics 2260 rpm, 60 A or more - Check
{When cold) Terminat
voltage 28V
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Maintenance item l Nominal value Limit Remedy and remarks
| {Basicdiameterin{])
Alternator | Field coil resistance {at 20°C) Approx, 7.2 Q - Replace
80 A
(ABT75386 Siip ring .0, | AGT75386, 40.8t0 41.2 40.4
ABT75387 | ABT75387
ABT76087) ‘
| ABT76087 41
~ Brush spring tension 371043N 2 N {0.2 kgf}
i {0.32 to 0.44 kgf}
| Brush length 23 8
{ Load characteristics | 1500 rpm, 38 A or more - Check
i {When cold) Terminal
; voltage 27V
3 2500 rpm, 71 Aormore -
i Terminal
} voitage 27V
‘ IC regulator reguiated voltage range 2Bto 29V - Replace
Z (5000 rpm, 5 A or less}
Alternator Field coil resistance (at 20°C) Approx.8Q - Replace
40 A (brush- .
less) Load characteristics 1500 rpm, 26 A or more - Check
{A4TH8987) {When coid} Terminal
voltage 27V
2500 rpm, 37 A or more -
Terminai
voltage 27V
IC reguiator regulated voltage range 28to 29V - Replace
{6000 rpm, 5 A or less)
Alternator Field coil resistance (at 20°C) Approx. 6.2 Q2 - Replace
40 A (brush- T H
less) Load characteristics - 1500 rpm, 30 A or more - Check
(A4T40287)  (When cold} Terminal
voltage 27V
2500 rpm, 41 A or more -
Terminal
voltage 27V
IC regulator regulated voltage range 281029 V - Replace
{5000 rpm, 5 A or less)
Alternator Fieid coil resistance {at A4T7ONE7 Approx. 7Q - Replace
90 A {prush- | 20°C)
less) ALTTEE87 Approx. 8.2 Q -
Ef;??g?aa% Load characteristics 1500 rpm, 53 A or more - Check
{When cold) Terminai
voltage 27V
2500 rpm, 82 A or more -
Terminai
voltage 27V
IC regulator regulated voitage range 281029V - Replace
{5000 rpm, 5 A or less)
Alternator Field coil resistance {at 20°C) 9.6to 116140 - Replace
110A
{A4T88387} Slip ring 0.D. 41 40.4
Brush spring tension 3110 43N 2 N {0.2 kgf}
{0.32 to 0.44 kgf}
Brush length 23 8
l.oad characteristics 2500 rpm, 100 A or more - Check
{When cold) Terminal
voltage 28V
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Maintenance item Nominal value Limit Remedy and remarks
(Basic diameter in{ I}
Alternator Field coil resistance (at 20°C) 3.0t0 37 Q - Replace
150 A
{A4TB6287) Slip ring 0.D. 46 45.4
Brush spring tension 31t0 43N 2 N {0.2 kgft
{0.32 to .44 kgf}
Brush length 23 8
Load characterisiics 1 2500 rpm, 140 A or more - Check
(When cold) i Terminal
: voltage 28Y
(4) Alternator <BDC>
Unit: mm
Maintenance item Nominal value Limit Remedy and remarks
{Basic diameter in [ 1}
Aétg‘mator Field coil resistance (at 20°C) Approx, 8.7 Q - Replace
30
{tAZT72987) Slip ring 0.D. 40810 41.2 40.4
Brush spring tension 3.1t0 43N 2 N{0.2 kgf}
{0.32 to 0.44 kgf}
Brush length 23 8
Load characteristics E 1500 rpm, 17 A or more - Check
{¥hen celd) : Terminal
voltage 27V
3\ 2500 rpm, 26 A or more -
| Terminal
| voltage 27V
IC regulator regulated voltage range 281023V - Replace
{5000 rpm, 5 A or less}
Alternator Field coil resistance {at 20°C} About 8.7 Q - Replace
40 A
{A4TBT798T) Slip ring O.D. 40.8t0 41.2 40,4 Replace
Brush spring tension TNt d3N{33210 2 N {0.2 kgf} Replace
(.44 kgf}
Brush length 23 8
Load characteristics 1600 rpm, 26 A or more - Check
{When cold) : Terminal
voltage 27V
2500 rpm, 37 A or more -
Terminat
voltage 27V
IC reguiator reguiated voltage range 28tc 29V - Repiace
{5000 rpm, 5 A or iess)
Alternator Field coil resistance {at 20°C) 1600 - Replace
40 A
(AATSTAT) Siip ring 0.D. 40.8t0 41.2 40.4
Brush spring tension 31t0 43N 2 N {0.2 kgf}
{0.32 to 0.44 kgf}
Brush length 23 g
Load characteristics ‘ 1560 rpm, 26 A or more - Chegk
{When cold} | Terminal
] voltage 27V
H
{2500 rpm, 37 A or more -
| Terrninal
| voltage 27V
IC regulator reguiated voltage range - Replace

{5000 rpm, 5 A or less}

28t0 28V
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Maintenance item Nominal value Lirnit Remedy and remarks
{Basic diameter in [ }}
Alternator Fieid coil resistance {at 20°C) Approx. 8 - Replace
40 A {brush- T
less) Load characteristics 1500 rpm, 26 A or more - Check
(A4T58288, {When cold} Terminai
A4T58988} voltage 27V
2500 rpm, 37 A or more -
Terminal
! vohiage 27V
IC regulator regulated voitage range 28t0 29V - Replace
{5000 rpm, & A or less)
Alternator Field coil resistance {at 20°C) Approx. 8 Q - Repiace
50 A (brush- "
less) Load characteristics 1500 rpm, 26 A or more - Check
{A4T6B487) | (When cold) Terminal
voltage 27V
2500 rpm, 46 A or more -
Terminal
voltage 27V
IC regulator regulated voltage range 28t029V - Repilace
(5000 rpm, 5 A or less)
Alternator Field coii resistance {at 20°C) Approx. 7.2 0 - Repiace
80 A
(AET75387) Siipring O.D. 40.81t0 41.2 40.4
Brush spring tension 311043N 2 N{0.2 kgf}
{0.32 10 0.44 kgh}
Brush length 23 8
L.oad characteristics 1500 rpm, 32 A or more - Check
{When cold) Terminal
voltage 27V
2500 rpm, 71 A or more -
Terminal
voltage 27V
IC regulator regulated voltage range 28t 29V - Repiace
(5000 rpm, 5 A or less}
Alternator Field coil resistance (at 20°C) 7Q - Repiace
30 A {brush- o
iess} Load characteristics 1500 rpm, 53 A or more -
{A4T755884) | (When cold) Terminal
voitage 27V
2500 rpm, 82 A or more -
Terminai
voltage 27V
IC reguiator regulated voltage range 28to 29V -
{5000 rpm, 5 A or iess)
Alternator Field coil resistance {at 20°C} 9.6t011.6Q - Replace
110 A
(A4T8E774, Slip ring Q.D. 46 45.4
A4T85777}
i Brush spring tension 310 43N 2 N {0.2 kgf}
{0.32 to 0.44 kgf}
Brush length 23 g
Load characteristics 2500 rpm, 100 A or more - Check
{When cold) Terminal
voitage 28V

16-32



ENGINE ELECTRICAL — SERVICE STANDARDS

{6} Regulator

Unit: mm
Maintenance item Nominal value Lirnit Remedy and remarks
{Basic diameter in [ §}
Voltage regulator regulated voltage {at 4,000 rpm} 281028V - Repiace
<R7T01071, R7TO01072>
Voltage regulator regulated voltage R8T10183 2Bio 29V - Replace
{at 3,000 rpm)
RMS4227B 2Bto 30V -
{6) Safety relay
Unit: mm
Maintenance item Nominal value Limit Remedy and remarks
(Basic diameterin [ 1)
Hesistance between “L." and “R” terminals Approx. 206 Q - Repiace
{7} intake air heater
Unit: mm
Maintenance item Nominal value Limit Remedy and remarks
{Basic dizmeter in [ )
Time required for indicator to become red-hot 40 to 60 sec. - Check
{8) Automatic stop system
{a) Shutdown type <6D2>
Unit: mm
Maintenance item Nominal vaiue Limit Remedy and remarks

{Basic diameterin [ 1}

Solenoid Pointer gap 15t0 2.0 - Replace

Stop lever to external stopper ciearance 1.2+0.2 -

Holding coii current 5A or less -
Solenoid Delay time at starting (after 28.5 V applied 13 to 23 sec. - Replace
retay to terminals “B” and “W" and 285V to

terminai "A"}

Delay time at stopping {after 24 V applied 25 to 35 sec. -

to terminals “B" and “W" and no voitage

to terminal “A"}
Thermo switch actuating temperature g3 to 97°C - Replace
Oil pressure switch actuating pressure 69 to 98 KPa - Replace

{0.7 to 1.0 kgfem?}
or less
Qil pressure switch retay (24 V) | Coil resistance 160t0 2800 - Replace
Min, operating voltage 16 V or less -
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{b) Run-on type

Unit: mm
Maintenance item Nominat value Limit Remedy and remarks
{Basic diameterin[ }}

Solenoid ¢ Ppinter gap <8DCY, 9-T, 9-TlL> g.8101.2 - Repiace

i Stop lever to external stopper clearance E 0.7+£02 -

! Holding coil current 1A or less -
Soienoid relay delay time 26 to 34 sec. - Replace
Thermao Actuating temperature 5 Tap water 93 t0 97°C - Replace
switch : cooling type

|

| Radiator 99 to 103°C -

1{ cooling type

§ ON-OFF difference Within 7°C - Replace
Oit pressure switch actuating pressure 79 to 116 KPa - Replace

{0.8to 1.2 kgfiem?}
or iess
3.2 Tightening Torque Table
Location tightened Screw size Tightening torque Remark
0.D. x pitch N-m {kgf-m}
{mm}
Alternator puliey tightening nut Mi7x 1.5 83 to 105 {8.5t0 11} -
M20x 15 130 to 160 {13.5 to 16.5} -
Alternator shaft nut - 345 to 360 {35 to 37} -
4. SPECIAL TOOL
Unit: mm
Tool name Shape
Socket
31191-08100
Removal and installation of
starter -
Width across flats 17 B50Z1A
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5. SERVICE PROCEDURE

NOTE:

Whenever removing electrical parts from the vehicle,
be sure to place the starter switch in OFF position, dis-
connect the negative battery cable, and wind the cable
end with vinyl insulation tape.

5.1 Starter

5.1.1 Removal and installation

<6D2> <8DC>

C0118A

Starter

B4553A

To remove the starter mounting nut inside {(on the
crankcase end), use Socket {special tool: 31181-061003.
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5.1.2 Disassembly

<6D2 : M3T95082>

NV .. Nominal Value

Gear shaft thrust gap 1?
E TNVete 05 | |

\ Rotating

Rotating 6 condition

condition

Roughened commutator surface,
seizure, ridge wear, worn
damaged gear

Rotating
condition

13 11

Worn and
2¢ 21 damaged gear

22 (i,
i @ |

Deposited brush powder,
uneven wear, movement
9 of brush in holder

Mounted condition of
bail and field coii

B11048B

Disassembly seguence

D Yoke assembly ©@ Magnetic switch 17 lever

2 Rear bracket 10 Center bracket 18 Coliar

3 Brush holder @ Gear bracket *19 Gear shaft bearing
@ Brush spring @ Gear shaft @ Ring

® Brush @@ Overrunning clutch @) Pinion stopper

8 Armature 14 Packing 22 Front bracket

*7 Front bearing 15 Plate *23 Sleeve bearing
*8 Rear bearing 16 Spacer

Parts marked with * should not be removed unless defects are evident.
For parts with an encircled number, refer to Disassembly Procedure that follows.

16-36



ENGINE ELECTRICAL - SERVICE PROCEDURE

<6D2 : METH0275, M5T50276, M5TE0279, M-00095-75>
<8DC : M5T50076, M-00180-24> NV .. Nomina! Value

Commutator surface roughness, seizure,
stepped wear, worn or damaged gear

Rotating 6 i
Gear shaft thrust gap condition ?:é?jt!'t?gn
T NVO0.1t005 | 9 16 3
Rotating

10 condition

Worn or damaged gear

Brush power deposits, uneven wear,
1 brush motion in holder

Pole and field coil installation condition

Disassembly sequence

@ Yoke assembly *8 Rear bearing 15 lever

2 Rear bracket @ Magnetic switch *16 Gear shaft bearing
3 Brush holder 10 Center bracket @ Ring

@ Brush spring @ Gear bracket Pinion stopper
® Brush & Gear shaft 19 Front bracket

6 Armature @ Overrunning ciutch *20 Sleeve bearing
*7 Front bearing 14 Packing

Parts marked with * should not be removed uniess defects are evident.
For parts with an encircied number, refer to Disassembly Procedure that foliows,

BS071C
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<8DC : M5T50085>

‘Gear shaft thrust gap NV .. Nominal Value

| NVO01t05 |

] seizure, stepped wear,
Rotating worn or damaged gear
condition 5

8 Rotating
condition

Rotating
condition

13

Worn or damaged gear

Brush powder deposits, 3
uneven wear,
brush motion in holder

Pole and field coil installation condition

Disassembly sequence

@ Yoke assembly ® Magnetic switch 17 Lever

2 Rear bracket 10 Center bracket 18 Collar

3 Brush holder @ Gear bracket *19 Gear shaft bearing
@ Brush spring @ Gear shaft @ Ring

® Brush @ Overrunning clutch @ Pinion stopper

6 Armature 14 Packing 22 Front bracket

*7 Front bearing 15 Plate *23 Sleeve bearing
*8 Rear bearing 16 Spacer

Parts marked with * should not be removed unless defects are evident.
For parts with an encircled number, refer 1o Disassembly Procedure that foliows.

Commutator surface roughness,

075648
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<8DC : M4T95082>

Disassembly sequence

Yoke assembly
Rear bracket
Brush holder
Brush spring
Brush
Armature
Front bearing
Rear bearing

ST OD®wL@

A998 @

15
16

Roughened commutator surface,
seizure, ridge wear,
10  worn damaged gear

Rotating
condition 12

Mounted condition of brush in hoider
pole and field coil

Magnetic switch 17
Center bracket 18
Gear bracket *19
Gear shaft @
Overrunning clutch @
Packing 22
Plate *23
Spacer

Parts marked with * should not be removed unless defects are evident.
For parts with an encircled number, refer to Disassembly Procedure that follows.

Rotating
condition

NV .. Nominal Value

Gaar shaft thrust gap

NV 011005 |

Deposited brush powder,
uneven wear, movermnent of

Lever

Collar

Gear shaft bearing
Ring

Pinion stopper
Front bracket
Sleeve bearing

B1104C
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<8DC : M5T55171, M5T55172>

Commutater surface roughness, seizure,

Gear shaft thrust gap stepped wear, worn or damaged gear
. NVQito05 | 6 Rotating
. ) I condition
Rotating 8
condition
120 g
18

Wornor 13 n

Brush power deposits,

NV .. Nominal Value

Parts marked with * should not be removed unless defects are evident.
For parts with an encircled numbaer, refer to Disassembly Procedure that follows.

1 gnev;:n wear, hold
Pol d field il rush motion in holder
in?sélal;tio;ecoﬁmtion <M5T55172>
2
1 Brush power deposits,
uneven wear,
Pole and field coil brush motion in holder
instailation condition
, B1104L
Disassembly sequence
@ Yoke assembly @ Magnetic switch 17 Lever
2 Rear bracket 10 Center bracket 18 Collar
3 Brush holder D Gear bracket *19 Gear shaft bearing
@ Brush spring @ Gear shaft @ Ring
® Brush @ Overrunning clutch @ Pinion stopper
6 Armature 14 Packing 22 Front bracket
*7 Front bearing 15 Plate *23 Sleeve bearing
*8 Rear bearing 16 Spacer
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Disassembly Procedure

The disassembly procedure is common to all models,
The following description is based on the model
M3T95082 starter.

{1} Removal of yoke assembly

Front bracket
assembly

B2951B

Remove the magnetic switch and separate the front
bracket assembly and yoke assembly.

NOTE:

Do not drop the armature.

Especially when disassembling with the armature
staying in the yoke, do not tilt the yoke assembly.

(2} Inspection of gear shaft thrust gap

B2963B8

Before disassembly, set the dial indicator as shown to
measure the thrust gap in the gear shaft. if the mea-
surement is out of specification, use adjusting washers
to obtain correct gap. [For adjustment procedure, refer
to ltem (8), Section 5.1.3.]

{3) Removal of overrunning clutch

Gear bracket

Gear bracket
mounting bolt

B2954B

Gear shaft

Front bracket

B29550

(a) Remove the gear bracket mounting bolt and
remove the overrunning clutch, to which the gear
shaft and gear bracket remain installed, from the
front bracket.

Tool pipe
Ring

Ring groove
Pinion stopper

B23957A

{b) Apply atubular tool to the pinion stopper and ham-
mer the pinion stopper out toward the pinion side.
Then remove the ring.
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@// Ring
@‘—% Pinion stopper

Ring groove of
the gear shaft

B2958A

(¢} Remove the ring from the ring groove of the gear
shaft. Remove the pinion stopper from the gear
shaft.

Cverrunning clutch

Gear bracket

Gear shaft

B2953A

{d} Remove the overrunning clutch and gear bracket
from the gear shaft.
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{4) Remova! of brush spring

02464

To remove the brush spring, first release the brush
spring and remove the brush.
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5.1.3 Inspection

Item NV L
Commutater 0.D. Mat 38.7 Bl
M4T
M5BT, M-00095-75, M-00180-24 43.2 426
Commutator outside circumference runout - 0.1
Depth of groove between segment - 0.2 orless
‘ Short circuit test, coif ground test, open circuit test Po- -

Coil open circuit
| test, fused con- 3

NV .. Nominal Value
L. Limit

Coil ground test,
open circuit test

ltemn NV L
Brush spring pressure M3T 2510 34 N 18N
M5BT, M-00095-75, M-00180-24 {2.5 t0 3.5 kgf} {1.8 kgf}
MAT 33tc 46N 20N
{3.4 to 4.6 kgf} {2 kgt
Brush length M3T 17 1
MAT 20 13
M5T, M-00095-75, M-00180-24 23 14
insulation test - -
B1104E
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Inspection Procedure

The inspection procedure given in the following is
based on the model M3T95082 starter. For any other
starter models, those points which are different from
M3T85(082 are described together.

{1) Armature inspection

{a) Coil short circuit test

02471

Place the armature on a growler tester. Hold a piece of
iron in paratlel with the armature and stowly turn arma-
ture by hand. If the iron piece is attracted or vibrates, it
means there is a short circuit. Repiace the armature.

{b} Coil ground test

02472

Check for continuity across the commutator and shaft
{or core}. If there is a continuity, indicating that the coil
is grounded, replace the armature.
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{¢) Inspection of commutator

02473

Measure the runout of commutator using a dial gauge
and turning the armature by hand.

If the runout exceeds the limit, correct, ensuring that
the O.D. limit is not exceeded.

i the commutator surface is rough developing ridge
wear, correct with sandpaper (No. 300 to 500).

After correction, make sure to check the runout again.

{d} Commutator O.D.

02474

Measure the commutator 0.D. If the measurement
exceeds the limit, replace the armature.
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{e} Mica depth groove between segments

/f—\_%:} Mica depth

B2563A

Measure the Mica depth of groove between segments.
i it does not reach the limit, correct the armature.

Mica

Good Bad

D75088

If the segment indicates the faulty condition as shown
in the illustration, replace the armature.

(2) Inspection of field coil

{a}) Coil open circuit test

If there is no continuity, indicating an open circuit,
replace the yoke assembiy.

{b} Coil ground test

075118

Check that there is no continuity between the yoke and
brush (+}.

if there is continuity, indicating that the coil is
grounded, check for poor insulation.

if repair is impossible, replace the yoke assembly.

{3) Inspection of brush

D7512C

D7510B

Check that there is continuity between the terminal
lead and brush {+).

{a) Measure the brush length and, if the measurement
is less than the limit, replace the brush as an
assembly [(+) side: yoke assembly; (-} side: brush
holder assemblyl.

{b) If the brush is unevenly worn or develops rough
surfaces, correct with sandpaper (No. 300 to 500).

NOTE:
Correct the brush contact surface to a curve of the
commutator.
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{4} Inspection of brush spring

02466

Measure the installed load of the brush spring. Using a
new brush read the load at the moment the spring
leaves the brush.

(5} Brush holder insulation test

02487

Check to ensure that there is no continuity between the
{+) brush holder and (-} holder plate.
if there is continuity, replace the brush hoider.
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{6} Inspection of magnetic switch

{a} Coil open circuit test

ugw

M4T95082
METS0085
METE5171
METE5172

“B” terminal  “pM” terminal “B” terminai
\‘ e

-

"B” terminal 2

\g terminal

M5T50275
M5T50276
M5T50279
M5T50076
M-00180-24
M-00085-75

“M” terminal

M3T95082

B2586H

» Checkthatthereis a continuity across “S” and "M”
terminals. If there isn't, replace the magnetic

switch.

B2586J

e Check to ensure that there is a continuity across
“S” and ground terminals. [f there isn't, replace the
magnetic switch.
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{b} Fused contact check

“B" terminal
{or “M" terminal}

“M* terminal
{or “B” terminal)

B25868

Check that there is no continuity across “B” and
“M" terminals. If there is, replace the magnetic
switch.

Contact test

B25878

Close the contacts of the magnetic switch as
shown in the illustration.

“B” terminal
{or “M” terminal)

“M” terminal
{or “B” terminai}

B25868B

¢ In this condition, check that there is a continuity
across “B” and “M" terminals. [f there isn',
replace the magnetic switch,

{7) Inspection of overrunning clutch

Overrunning clutch

Gear shaft p,m'on

B2960B

Install the gear shaft to the overrunning clutch and
check to see if the gear shaft turns smoothly when
turned clockwise (in the drive direction) and locks
when turned counterclockwise.

If any unusual condition is noted, replace the overrun-
ning clutch. '

With the overrunning cluteh fitted into the gear shaft,
check also that the overrunning clutch moves
smoothly along the splines.

NOTE:

Do not ciean the overrunning clutch with cleaning oil.
if the overrunning clutch is cleaned with cieaning oil,
the grease inside it will come out.

(8) Adjustment of gear shaft thrust gap

Adjusting washer

B2964B

Ifthe thrust gap is out of specification, insert the adjust-
ing washer into the position shown.
[For adjusting procedures, refer to ltem {2), Section

5.1.2.]
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{Adjusting washer: 0.25, 0.5 mm)
{9) Replacement of bearings

{a} Replacement of gear bearing
(Removal}

Press down with a press.

Internal gear r—-———&——j Pin or bolt
\ |

Cylindrical
biock

R

Bearing

D7503A

if the bearing of the gear shaft is defective, putapinor
holt in each of the four holes {6 mm in diameter) in the
internal gear and press down the bearing out of posi-
tion with a press.

{Installation)

laner race Tubular tool

B29628

Apply a tubuliar tool to the bearing inner race and ham-
mer it into position.

16-48

(b) Replacement of front and rear bearings
(Removal}

B2576B

{instailation)

inner race

B25770

Instatl the rear bearing by striking its inner race uni-
formiy with a soft hammer.

inner race

B2578B

Install the front bearing applying a tubular tool
diameter as its inner race and striking it into posi-
tion.
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5.1.4 Reassembly

<62 : M3T95082>

NV .. Nominal Vaiue

14

16

18 O —
z N | Apply grease *1. |

— T 23
S
2 =3] I ,_t \ Apply grease *1. !

E Pinion gap
NV 1103 ‘
[Apply & thin coat |

iofgrease *2to |

outerperiphew.i 6 1 7 10 12 19 13 22

| Apply grease *1. | Apply grease *3. |

Apply grease *4. | Gaar shaft thrust gap

NV 0.1to 05

D7548C

<Recommended greases>

*1 MULTEMP MS-2 (Kyodo Yushi) or equivalent
*2 MULTEMP HD-2 (Kyodo Yushi) or equivalent
*3 MYSTIK JT-6 (Kyodo Yushi) or equivalent

*4 MOLYKOTE AS-19 (Dow Corning) or equivalent

Assembly sequence

& 23
316215214108
B-19-0-B-0-8.— | k—)Z
} d 8—)7—?8 —_— H
-® -~—~r__ —

335450 —

for parts with an encircied number, refer to Reassembly Procedure that follows.
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<6D2 : M5T50275, M5TB0276, M5T50279, M-00095-75> W

<8DC : M5T50076, M-00180-24> s / :

/

NV .. Nominal Value

Apply 2 : 1
thin coat 7 E—
of grease T
*210
outer =
periphery. 1|3 50
| Apply grease *1, |
5 6 1 7 10 12 16 13 .. e
Pinion gap
Apply grease *4. J NV
Apply grease *1. MET30278 5
* 110
Apply grease *3. M-00180-24
Gear shaft thrust gap
NVO0.11005 | M5750076
M5T50276
4t06
M-00085-75
M5TB0275
<Recommended greases>
BSO73B

*1 MULTEMP MS-2 {(Kyodo Yushi} or equivalent
*2 MULTEMP HD-2 (Kyodo Yushi) or equivalent
*3 MYSTIK JT-8 (Kyodo Yushi} or equivalent

*4 MOLYKOTE AS-19 {Dow Corning) or equivalent

Assembly sequence

®-516-0-0-8-0-8
A I VRN

19520 jmj
678

—2
3555450

For parts with an encircled number, refer to Reassembly Procedure that foliows.
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! <BDC : M5T50085>

g 14 | Apply grease *1. |
Y 7

NV .. Nominal Vailue

| Apply grease *Zt—é

| Apply a thin coa
| of grease *3 10
| outer periphery. |

20

|
. \'\\ 21 \
\.\ 23

-
\ | Apply grease *2.
i Apply grease *2. Apply grease *1. Pinion gap

AGALIASCLE - L S
[ NVito3
Apply grease *4. | Gear shaft thrust gap ‘ -
{ el Al LR ehebdl
=" NV 0.1100.5 |

<Recommended greases>

*1 MYSTIK JT-6 {Kyodo Yushi} or equivalent

*2 MULTEMP MS-2 (Kyodo Yushi} or equivalent
*3 MULTEMP HD-2 (Kyodo Yushi) or equivalent
*4 MOLYKOTE AS-18 (Dow Corning) or equivalent

Assembly sequence

@23y
1516159141058
B—18-D-B-B B 2
Py F——l 6-+7—8
@
35543

Far parts with an encircled number, refer to Reassembiy Procedure that follows.

075668
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<8DC : M4T795082>

! Apply grease *3. E

NV .. Nominal Vaiue

Apply grease *1. |
21 20

22 /
™,

23

Apply grease *1. |

Pinion gap

Apply a thin coat
of grease *2 1o
outer periphery.

\ [ NV1to3 |

11 18 | Apply grease *3.

Apply grease *4. | A 0l Crease 1. |

Gear shaft thrust gap
| NV0.1t005
S ——— |

D7548D

<Recommended greases:>

*1 MULTEMP MS-2 (Kyodo Yushi) or equivalent
*2 MULTEMP HD-2 (Kyodo Yushi) or equivalent
*3 MYSTIK JT-6 (Kyodo Yushi} or equivalent

*4 MOLYKOTE AS-19 (Dow Corning) or equivalent

Assembly sequence

@23 @
—16-—>15—14— 10
B0 888 3%2
B ____.}L‘J 67 5B ey ___
355545

For parts with an encircled number, refer t¢ Reassembly Procedure that follows.
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<8DC : MBET55171>

g 15 | Apply grease *3. |
NV .. Nominal Value

| Apply grease *1. |

T e
. Apply grease *3. |

| Apply a thin coat \
of grease *210 |
outer periphery.

ﬁ mn

Pinion gap
NV 1103

Apply grease *4.

Gear shaft thrust gap
A
[ NV011005 |
P

Apply grease *1. |

b7548E

<Recommended greases>

*1 MULTEMP MS-2 (Kyodo Yushi) or eguivalent
*2 MULTEMP HD-2 (Kyodo Yushi} or equivalent
*3 MYSTIK JT-6 (Kyodo Yushi) or equivalent

*4 MOLYKOTE AS-19 (Dow Corning) or equivalent

Assembly seguence

@23 ——ﬁg ®
—16—156—= 1410
@—)?9*&@—)@—)@—)@-—3 }_,2
} 678 ;
H® - :

35554 —

For parts with an encircled number, refer to Reassembiy Procedure that foliows.

16-53



ENGINE ELECTRICAL — SERVICE PROCEDURE

<8DC : M5T55172>

i Apply grease *3. |

| Apply a thin coat |
gofgrease *2to |
! outer periphery.

| Apply grease *3.

Pinion gap

Gear shaft thrust gap

i NVO0O1o 05
SR

<Recommended greases>

*1 MULTEMP MS-2 (Kyodo Yushi) or equivalent
*2 MULTEMP HD-2 (Kyodo Yushi) or equivalent
*3 MYSTIK JT-6 {(Kyodo Yushi} or equivalent

*4 MOLYKOTE AS-19 (Dow Corning) or equivalent

Assembly sequence

14—>16—>15_>®-+®m~1, B
BB -Bo22-10 —
19— @I é
345512
6—»7—+8wT

For parts with an encircled number, refer to Reassembly Procedure that foliows.

i NV 1te 3
OV UOT—

NV .. Nominal Vaiue

| Apply grease *1.

DB7548H
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Reassembly Procedure

The reassembly procedure given in the following is Ring
based on the model M3T95082 starter. For any other o

starter models, those points which are different from ) Gear shaft
M3T95082 are described together. / Ring groove
{1) Reassemble the gear shaft, overrunning ciutch, |

and gear bracket in the following way.

QOverrunning clutch

B2968A

Gear bracket

Gegr shaft {c) Fitthe ring into the ring groove in the gear shaft.

Grearse
{MOLYKOAT AS-19

Grease h
or eguivalent)

{(MULTEMP MS-2
or equivaient}

829598

{a) Coatthe portions in gear shaft shown with the spe-
cified greases and install the gear bracket and over-
running clutch over the gear shaft.

Pinion stopper B2969A
i“ﬁi 7—.’@/ (d) Pull hard the pinion gear toward the ring and
secure it by fitting the ring into the ring groove in
Gear shaft pinion stopper.
(2} installation of lever
{a) Collar fixed type
<M3T95082, M4T95082, M5T50085, M5T55172>
B2967A Front bracket

(b} Install the pinion stopper to the gear shaft in the
direction shown.

B2856C
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Install the lever in the direction shown, together with
the collar, into the front bracket.

{b) Pin fixed type (Model M5T50G76 only)

<M5TB0275, M5TH0276, M5T50279, MET50076,
M-00095-75, M-00180-24>

B2956D

Insert the lever in the direction shown and mount it
with the pin from outside the front bracket.

(3} Installation of overrunning cluich and gear shaft

Qverrunning clutch
Front bracket

Gear shaft

Grease
Grease (MULT_EMIPM)SQ
{MYSTIKJT-6 or equivalent
or equivalent} B2955E

Q) e

Overrunning clutch B2870B

Before installing the overrunning cluich and gear shaft
to the front bracket, be sure to apply the specified
greases {0 the portions indicated.
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Upon installation, make sure that the lever is wedged
into the overrunning ciutch.

{4} Installation of magnetic switch

8" terminal “S” terminal  Magnetic switch

Grease
{MYSTIKJT-8
or equivalent)

B2952C
“M" terminal
"B terminal | 5"

e inal .
§ terminal  spqe 5" terminal «g~
|

2 A0)
<M5T50275, <M4T95082,

[ M. S

<M3ITI5082>

M5TB0276, M5T50085,
M5TH0279, M5TS5171,
METE0076, M5TE5172>
M-00095-75,

M-00180-24> B4538A

Apply grease to the part of the magnetic switch shown
in the illustration, then fit the magnetic switch onto the
lever. Type M3T magnetic switches should be fitted
with the B terminal on top. Types M4T and M5T should
be fitted with the S terminal on top.

(5} Installation of yoke assembly

Grease
AP O koaT ms-2
Ny or equivalent)

B2697A

Apply the specified grease to the armature splines,
then install the yoke assembly to the center bracket.
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<M3T>

Center bracket notch
829738

<M-00095-75, M-00180-24, M4T, M5T>

Center bracket notch

Yoke terminal

B2973C

Fit the yoke assembly such that the yoke terminal fits
into the center bracket notch.
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5.1.5 inspection and adjustment after reassembly

{1} inspection of pinion gap

E <M3T95082> Switch K»

Switch Ky
[——

“M" terminal Connector to be removed

<M4T95082, M5T50085>

Swi

Switch K4
==

“S” terminat

Connector o be removed B7909E

<M5TB0275, M5T50276, MET50279, M5T500786,
M-00095-75, ~ Swichk;
M-00180-24>
Battery
Switeh K
[~
| A=
“8" terminalx “M" terminal

ALY

-~

8 T
=

.
Connector to be remove

<M5T55171, M5TE5172>
Switch Kz

B2903G

“M” terminal

i ey

il
Connector to

{a) Wire the reassembled starter as shown above.
{b} Turn ON switches K; and K5 to project the pinion.
{c} Turn OFF switch K, to stop pinion from rotating.

Pinion

T

By e
[ [ Rttt B ¥

— e —
Pinion gap
Model NV
M3TO5082, M4T95082, M5T50085,

MbET50279, M5TE5171, METE5172, 1tc 3
M-00180-24

M-00085-75, MET50076, 4106
MbT50276, M5750275

NV .. Nominal Value

he removed £87906F
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B0G54D

{d} Measure the axial movement (pinion gap) when
the pinion is pushed lightly toward the armature
side.

B2975B

{e) ifthe measurementis out of specification, increase
or decrease the number of washers used atthe por-
tion to which magnetic switch is mounted.
Washers: 0.25, 0.5, 1.0 mm
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{2) Inspection of no-load characteristics and magnetic {a) Set up a circuit as shown including the ammeter,
switch operating voltage voltmeter and transformer.
- NOTE:
<M3795082> Ammeter Voltmeter fons 1. Use a wire as thick as possible and secure each

) # ﬁ connection firmly.
Swten L?—H"Jﬁ 7 2. Apply voitage gradually from 0 V up to 24 V.

L
B 'c,errm'naff_I e

{b} With the specified voltage applied, measure the
current and speed of rotation. If the measurements
are out of specification, inspect the starter again
and replace any faulty components.

Measure the rotating speed by illuminating the
pinion with strobe light,

~ B3621B Nominal values {no-load characteristics)

Type Voltags E Nominai vatues
; Switch C 5 d of rota-
S terminal urrent peed of rota
N o tion
B terminai
M3T, M4T, 235V 110A or less 3,300 rpm
M5T {except or above
METEE1T1,
MBTEB172,
M-30180-24)
M-000585-75
M5T55171, 2358V 110A or less 3,400 rpm
M5T55172, or above
M-00180-24
<M5T50275, M5T50276, M5T50279, M5T50076, (C) When a potential of 15 to 16V is applied, the pinion
_ i Trans- . ..
M-00095-75, Ammeter Voltmetar former should spring out and turn. If the pinion does not

M-00180-24>

spring out and turn uniess the voltage is above the
specified nominal level, inspect the starter again
and replace any faulty components.

i

Nominal values 16V or iess

{magnetic switch operating voitage) 1

nge =

terminal /o=
/){‘C/‘f—:& u
=

B3621E
<M5T55171, MET55172> Trans.

AmmeterVoltmeter former

S terminal Switeh _ . -
T
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5.2 Starter Relay

<U1T06072> <UJ1T06372>

"SW" terminai

“SWY terminal

A
;

f@]\

“L" terminal

"S" terminat
‘(-‘ §
“B* terminal \\ . 'Jf \
“L" terminal i “B" terminat
“S" terminal
D8003D D8003J
<U1T06376> <U1T060G74, U1TO7076>

“SW” termipal “L" terminal

“L” tarminal “SW”  “L”

{ terr:;grminai

“SW” terminal

D8003C D8C03R

{a} Check for continuity between the “SW" and “L"

1
i

3 - 8 terminals and check to ensure that the coil resis-

i tance is up to specification.
; rwwz I {b) Check to ensure that when the battery voltage (24
i V) is applied across the "SW” and “L” terminals,
— ﬂ? sw there is continuity between the “"B” and “S" termi-

<:> : nals.
: \‘? L
|

DB002ZA
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5.3 30 A, 35 A, 40 A <except A4T57471>, 80 A Alternators (with brush type)

5.3.1 Removal and installation

<6D2>

4
AEterinator |§§

V-belt

BO104H
<8DCY9>

Alternator

CO113E

BE8B4A

B5885A
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<8DCS-T>

Alternator

pagi =9
74 T
A E 2 Turnbuckle
/@
uTT:\_ /
\‘
Co0113D B0104J

<8DC9-TL, 8-TC>

After installation, adjust the V-belt tension by referring
to Section 5.10 of Group 14 Cooling.
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5.3.2 Disassembly

f

[ <30 A, 40 A, BO A Alternators>

B3YO7E

Disassembly sequence

@ Rear bracket assembly 7 Rear bracket *14 Rear bearing

@ Stator 8 Pulley and fan ® Rotor

3 Rectifier @ Pulley @ Front bracket assembly
@A Rectifier <80A> ® Fan 17 Cover

4 Regulator 11 Spacer 18 Cover

5 Brush 12 Rotor assembly *19 Front bearing

6 Brush spring 13 Spring @ Front bracket

Parts rnarked with * should not be remaoved unless defects are evident.
For parts with an encircled number, refer to Disassembly Procedure that follows.
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<30 A Alternator>

Disassembiy sequence

@ Rear bracket assembly 7 Sringa Front bracket
2 Stator 8 Rectifier 15 Rotor assembly
3 Plate ® Rear bracket *16 Rear bearing
4 Brush @ Ppulley @ Rotor
5 Brush spring 11 Front bracket assembly
6 Regulator and brush 12 Cover

hoider *13 Front bearing

Parts marked with * should not be removed uniess defects are evident.
For parts with an encircled number, refer to Disassembly Procedure that follows.

B6OOCA
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Disassembly Procedure

The inspection procedure is almost the same for all
alternators. For clarity, the instructions in this section
are written for 30A alternators, and extra notes are pro-
vided for other models where necessary.

(1) Separation of front bracket assembly from rear
bracket assembly

Through bolt

B19420

Remove the through bolt and, using a screwdriver, pry
off the front bracket assembly from the rear bracket
assembly.

NOTE:

Bearing box

B1943P

1. The rear bearing is tightly fitted. Before separa-
tion, therefore, preheat the bearing box of the rear
bracket by an air dryer to facilitate separation.

<Except 35 A Alternator>

B8107H

2. At time of separation, use care not to lose the
spring fitted to the outside of the rear bearing.

{2} Removal of pulley

Puiley

Fan
{except 35 A Alternator)

Front bracket

B10287

Hold the rotor in a vice, etc. and remaove the puliey, fan
and front bracket. -

NOTE:

Do not held these areas.

[ =

Rotor B1029U

When holding the rotor in a vice, be sure to heid at
fllustrated portion.
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{3} Removal of stator coil {4} Separation of rectifier

<30 A, 40 A Alternator> <35 A Alternators>

Rectifier
04787

Rectifier <80 A Alternator>

B1031C
<35 A Alternator>
B3908A
Separate the rectifier by unsoldering the area shown.
Stator NOTE:
When unsoldering, finish it in a short time ({less than 5
04760 seconds) with a soldering iron.

<80 A Alternator>

Stator coil leads
B1950A

To remove the stator coil, unsolder the stator coil leads
soidered to the rectifier.

NOTE:

When unsoldering, finish it in a short time {less than 5
seconds) with a soldering iron.
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5.3.3 Inspection

<30 A, 40 A, 80 A Alternator>

Iltem NV L
Field coil resistance | 30 A, 40 A Approx. 878 | -
80 A Approx. 7.20Q | -
Stip ring Q.D. 40.8 10 41.2
Ground test -

Open circuit test

Ground test

[ I Limit
<35 A Alternator>

| L

{ Ground test

NV .. Nominai Value

Brush spring fension

L

{0.32 10 0.44 kgf}
2 N 0.2 kgf}

i NV3.1t043N

Brush length

i NV 185
5

1 Open circuit test [ \5

o

Short circuit test

: Open circuit test

«£D
B3907F
ftem NV L
Field coil resistance 9t 1040 -
Slip spring O.D. 33 32.4
Ground test - -
Short circuit test !
Open circuit test \
BB00OB
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inspection Procedure {2} Inspection of rotor
The inspection procedure is almost the same for all
alternators. For clarity, the instructions in this section
are written for 30A alternators, and extra notes are pro-
vided for other models where necessary.

{a) Continuity between slip ring and core

(1) Inspection of stator

{a) Continuity across teads

£8130D

Check that there is no continuity between the slip ring
and core.
If there is, replace the rotor as it is grounded.

DB058A {b} Field coil resistance

Check that there is continuity across stator leads. if
there is no continuity, indicating a broken wire, replace
the stator.

{b} Continuity across stator leads and core

D8131D

Measure the resistance across ship rings. Replace the
rotor if the resistance is not within the specification.

DB0588

Check that there is continuity across the stator leads
and core. .
if there is, replace the stator as it is grounded.
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{c) Slipring 0.D. (b} Inspection of brush spring

<30 A, 40 A Alternators>

Brush spring

i doal

i

U/
l

!

Fautan
ok v
;

m"
()

D8132C

Measure the slip ring 0.D. If the slip ring has rough sur-
face or is unevenly worn, correct with sandpaper or
iathe.

Correction must be made within the limit of slip ring
o.D.

(3} Inspection of brush and brush spring

{a} Inspection of brush

B2718A
[ <30 A, 40 A Alternators>
if the spring pressure is lower than the limit, replace.
21E {c) Replacement of brush and brush spring
P il
slE <30 A, 40 A, 80 A Alternator>
£ic
23
3 \\
E I™ Wear limit line
&
DB062A
<35 A Alternator>

Brush iength when new

Lengt h&ﬂ,,/
S/

02363

® Unso!cfer the position shown in the illustration and
remove the brush and brush spring.

Wear limit line

04786

Replace the brush if it is worn beyond the limit.
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B27378

s When soldering the brush, insert a pin into the
brush hole and fix to the regulator assembly.

NOTE:
When soldering or unsoldering, work quickly (within
about 5 seconds) with a soldering iron.

<35 A Alternator>

BE6001A

® Unsolder the parts of the regulator and brush
assembly shown in the illustration. Then, with-
draw the brush and brush spring.

Regulator and
brush holder

04785
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¢ Insert the brush into the regulator and brush
holder, making sure it faces in the direction shown.
Then, resolder the unsoldered points.

NOTE;

Be sure to use a soldering iron to remove and replace
the solder. Apply the soldering iron for as short a time
as possibie {within 5 seconds}.

{4) Inspection of rectifier

Measure resistance of each dicde. Measure both when

with the circuit tester {+) probe applied to the diode and

when with the {-) probe applied to the diode.

s If resistance is infinite in both cases, the diode is
open.

@ |fresistanceisciose tozeroin both cases, the diode
is shoried.

In the case of open or shorted diode, replace the recti-

fier.

Measure according to the following procedures.



ENGINE ELECTRICAL - SERVICE PROCEDURE

(a) Measurement of diode mounted to heat sink

<30 A, 40 A, 80 A Ailternator>

Stator coit lead
wire connections
(3 places}

B2720A

Heat sink

B2721A

<35 A Alternator>

04788

Measure between the heat sink and stator coil lead
connections.

{b} Measurement of diode trio (3 places)

<30 A, 40 A, 80 A Alternator>

B2722A

<35 A Alternator>

04789

Measure between the plate connecting to the regulator
and the stator coil lead connections.

{5) Inspection of bearings
Replace the bearing if defect is evident.

{a) Replacement of front bearing

{(Removal)

Cover

Front bracket

B2724A

1) Remove the bearing cover,
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i
ROdP_mii]J
Spacer "

R

/
Fromt bracket \

9

Front bearing

Front bracket

B2725A

Front bearing

|
oll8

B2730A

2} Apply a rod to the spacer on the front side of the

front bracket and strike out the bearing.

{Installation)

B2728A

Front bearing Cover

Front bracket

2) Install the cover and strike the spacer with a soft
hammer, etc. to make sure that the bearing and
cover are in contact with each other. If not, strike
the spacer to bring them into contact.

{b} Replacement of rear bearings

{Removal}

Raar bearing

B2731D

B3109A

1} Apply a light coat of engine oil to the outside of the
bearing and instali to the inside of the front bracket

using a press.
install flush with the cover mounting portion.
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NOTE:
Use care not to cause damage to the slip ring by the
bearing puller.
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{installation)

[

Spring
fitting groove

B2732D

Apply a light coat of engine oil to the inside of the bear-
ing and using a press, install with the spring fitting

groove of the bearing facing the rotor field coil side.
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5.3.4 Reassembiy

<30 A, 40 A Alternators>

3 14 13 15 19
B
i 1
- 011 9
13010 160 N'm
{13.5t0 185 kgf-m}
it |
|
5
7 \ Apply engine oil |
\ to rotor shaft
\\ outer periphery ‘
\ 18
6 2 20
B2990L
8
<80 A Alternator>
3 14 1315 2 18 ,_l~_j
\ 10 11 g
R~
- i =
13010 160 N-m
{135 to 16.5 kgf-m}
(Ej Apply engine oil
1o rotor shaft
\ outer periphery
5 6 7 20 17 19
B2990M
Components Reassembly sequence
1. 3,3A <80A only>, 4,5,6,7 H 1
12: 13, 14,15 16 (20—519518-17)512 (155148158 (1658122758 56-5-@ S A<80A0nly>)
168: 17,18, 19, 20 For parts with an encircled number, refer to Reassembiy Procedure that follows.
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<35 A>

Components

1: 3,4,5,6,7,89
11 12, 13,14
18: 16, 17

130 to 160 N-m

7 17 {13.5to 16.5 kgf-m}

5 2 14

Reassembly sequence

11 {(14-13=12)=15 (17=16)-21052-1 {637 26-—524-58—3)

For parts with an encircied number, refer to Reassembly Procedure that foliows.

12 %3W

10

| to rotor shatt
i outer periphery

B6002A
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Reassembly Procedure
{1 instaliation of rectifier <80 A alternator>

(3) Installation of front bracket and rear bracket
assembiy

Rear bracket

Rectifier

Rectifier

B1951B

B2Z745A

Whenthe rectifiers are to be connected together by sol-
dering, do the soldering with the regulator as well as
the rectifiers mounted to the rear bracket.

NOTE:

When soldering, finish it in a short time {less than 5
seconds}.

{2} Installation of spring (30 A, 40 A, B0 A Alternators)

Protruded part
Spring

Keep spring
protrusicn minimum.

D8093E

install the spring with its highest point seated in the
deepest of the spring fitting groove of the bearing.
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{a) Push in the brush by hand and insert the pin into
the brush hole from the rear of the rear bracket to
fix the brush.

(b} Keeping this condition, install the rear bracket
assembly to the front bracket assembly.

NOTE:
After completion of reassembly, be sure toremove the
pin and ciose the hole.

5.3.5 Inspection and adjustment after installation

{1) Handling precautions
When servicing the aiternator, observe the following
precautions.

02369

{a) Never connect the battery reversely.
If the polarity of the battery is reversed when con-
nections are made, a large current flows from the
battery to alternator, damaging the diode and IC
regulator.



ENGINE ELECTRICAL - SERVICE PROCEDURE

02370 02373
(b) Do not disconnect the battery terminal connec- (e) Operating the alternator withits “B" and “L" termi-
tions while the engine is running, or a surge volt- nals shorted results in the damaged diode trio.

age develops deteriorating the diode and regula-
tor.
02374
02371 (fi When quick-charging the battery with a quick char-
ger, be sure to disconnect terminal connections in
{c) Do not use a megger or other high-voltage muiti- advance. Otherwise, a damaged diode and regula-
meter, or damaged diode and regulator will result. tor will result.

02372

{d) Do not expose the alternator to the water. If the
alternator is exposed to water, short circuit may
result, causing damaged alternator.

- 1877
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(2} Performance test

{a} Test bench inspection

<30 A, 40 A, Ammeter Voltmeter Battery
80 A Alternators> +  —1ls _
I
|
=
Switch K1
"B* Alter-
terminal nator
Switch K
T Variable
“R” terminal resistor
) Alternator
@ (t = j] drive motor
“R” terminal B3622C

Ammeter Voltmeter  Battery

<35 A Alternator> N l L 1. C
o 0lig ©
S K
(et
Switch Kz
Alternator
|
| I
Variable resistor
= Alternator drive motor
“B" terminal
“L" terrninal
“R" terminal B36220

Perform the test using the circuit shown above.

s Withtheload resistance set at maximum (meaning
that there is almost no load current flowing), close
switches K4 and K.

16-78

While gradually increasing the alternator speed
and reducing the load resistance, measure the cur-
rent vaiue with the specified terminai voltage and
speed.

if the measurement is below the specification,
check alternator parts,

Qutput current

30A aiternator
(when cold}

1,500 rpm, 27V

17A or more

2,500 rpm, 27V

26A or more

35A aiternator
(when cold}

1,500 rpm, 27V

20A or more

2,500 rpm, 27V

28A or more

40A alternator
{when cold}

1,600 rpmy, 27V

28A or more

2,500 rpm, 27V

37A or more

80A aiternator
{when coid}

1,800 rpm, 27V

39A or more

2,500 rpmy, 27V

71A or more
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{b} On-vehicle inspection

Voltmeter

Ammeter

Switch

“B" terminat B36238

e Provide a switch between the battery and alterna-
tor “B” terminal. With the switch turned off, con-
nect an ammeter {with 60 A full-scaletothe 30 Aor
40 A alternator and 100 Afull-scaletothe 35 A, 80 A
alternator} and voltmeter.

e Turn on the switch and make sure that the voltme-
ter indicates the battery voltage.

s Start up the engine and immediately turn on all
lamp switches. Then, increase the engine speed
and read the maximum current value when the
alternator speed reaches 5000 rpm.

s fthe current reading is 70% or more of the nominal
output, the alternator may be regarded as in good
condition.

NOTE:

The on-vehicle test is an easier way of inspection; the
test bench inspection is necessary for more accurate
results.

(3} Inspection of regulator

{a} Test bench inspection

<30 A, 40 A, Ammeter Voltmeter

80 A Alternators @ s e -
2 T 9?8

-

Switch

ugyn : “B" terminal
R" terminal
Alternator

Alternator
drive motor

“L” terminal

k=T
@\ @\
“." terminal B3g24C

“L " terminal "R” terminal

<35 A Ammeter Voitmeter Battery
Alternator> v - +
O e 9
Switch
Alternator
Alternator
drive motar
“B” terminal
“L" terminat
“R]" terminal 836247

Inspect the regulator regulated voltage as follows

using the circuit shown above.

e Use a fully-charged battery. Turn on the switch.

e Gradually increase the alternator speed up 10 5000
rpm. Check that the current value at this speed is 5

A or iess.
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The regulator is in good condition if the regulated
voltage underthis condition is within specification.
if not, replace the regulator assembly.

Nominai value

28 to 28V

{b)} On-vehicle inspection

<3G A, 40 A, B0 A Aliernator>

<35 A Alternator> B3625E

Voltmete r

Ammeter

Voltmeter

)
@ e

“L" terminal

Switch &%

“L" terrninal
@

L —f—5)

Switch “B” terminal pgag25R

16-B0

Connect a voltmeter and ammeter and provide a
switch as shown,

The regutator is in good condition if the voltmeter
registers 0 when the switch turns ON. Hthe voitme-
ter pointer deflects, the slternator or wiring is
defective.

With the ammeter terminal shorted to prevent flow
of the starter current through it, start the engine.
increase the engine speed to around 2000 rpm and
read the regulated voltage value if the charge cur-
rent is 5 A or less. if the charge currentis b5 A or
more, continue charging for a while or replace the
battery with a fully-charged one. Or 1/4 Q (28 W)
resistor may be connected in series to the battery
to limit the charge current.

if the measurement is out of specification, replace
the regulator assembly.
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5.4 40 A Aiternator <A4T57471> (with brush type)

5.4.1 Removal and installation [Refer to Section
5.3.1.1
5.4.2 Disassembly and inspection

For disassembly procedure, refer to Section 5.3.2. For
inspection procedure, refer to Section 5.3.3.

termn NV L

Brush length 23 8

NV .. Nominal Value
L..... Limit Brush spring pressure 3110 43N 2N

{0.32 to 0.44 kgft | {0.2 kgfi

item NV L
Slip ring O.D 40.8t0 4121 40.4
Field coil resistance 10 G -

Ground test

Rotating

Bearing rotatin
: ¢ condition

condition

Short circuit test

Cpen circuit test

Co_ntamination,‘ damage or
seizure of slip ring

Short circuit test

Open circuit test

DB118A

Disassembly sequence

1 Cover 5 Pulley 9 Rear bracket

2 Regulator assembly 6 Fan 10 Stat(_)r

3 Through bolt 7 Spacer 11 Rectifier assembly
8 Rotor

4 Front bracket

NOTE:
Do not pull out the rotor without removing the regulator assembly as this will damage the brushes in the regulator
assembily.
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5.4.3 Reassembly

H[li 1IH€4!EH§HH é’l

-

83 to 108
N-m
{8.5ta 11
kgf-m}
g \
11 10
Reassembly sequence
8@4@7@6@5——{43—;2—»1
951110 —
DB126B

5.4.4 Testing

Refer to section 5.3.5 for information other than the cir-
cuit diagrams and nominal values given here.

{1} Performance test (bench inspection)

Ammeter
T ()=
pary
Switch K2
Switch K1 o
Alternator Cv Voltmeter f
Battery | /?f
-L Load rasistor
l {variable resistor}
D8127A

Nominal values

QOutput current

1500 rmp, 27 V 26A or more

2500 rmp, 27 V 37A or more

16-82

(2} Regulator inspection

(a) Test bench inspection

Ammeter

=

Alternator

+

(V Voltmeter

Switch

Battery

= w}—o\o———--—

DB128A
Regulated voltage
Norminal value 28 to 29V
{b} On-vehicle inspection
Switch
Ajternator Ammeter
CV Voltmeter T Battery
|
|
L
= = = DBOT1A
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55 40 A, 50 A Alternators (brushless type}

5.5.1 Removal and installation

5.5.2 Disassembly

Disassembly sequence

@
@
<)
@
5
6
7

Rear bracket assembly
Stator

Rectifier

Regulator

Rear bracket

Field coil

Pulley and fan

®
@
10

1
*12

13
@

Pulley

Fan

Rotor assembly
Spring

Rear bearing
Cover

Rotor

Parts marked with * should not be removed unless defects are evident.
For parts with an encircled number, refer to Disassembly Procedure that follows.

16
17
*18
19

D8117L

Front bracket assembly
Spacer

Cover

Front bearing

Qil seal

Front bracket
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Disassembly Procedure
(1) Separation of front bracket assembly from rear
bracket assembly

Front bracket assembly

Rear bracket
assembly

B10278B

Remove the through boft. Using a screwdriver, pry off
the front bracket assembly from the rear bracket
assembly.

NOTE:

Bearing box

810270

1. The rear bearing is tightly fitted. Before separa-
tion, therefore, preheat the bearing box of the rear
bracket by an air dryer to facilitate separation.

B8107G
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2. At time of separation, use care not to lose the
spring fitted to the outside of the rear bearing.

(2} Removat of pulley

L=

oy b

S
Pesgran =

B2712N

Hold the rotor in a vice, etc. and remove the puiley, fan
and front bracket.

NOTE:

Do not held these areas.

A
Rotor B1029Y

When holding the rotor in a vice, be sure to hold at
iliustrated portion.
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{(3) Removal of stator coil

(4) Separation of rectifier from regulator

Rectifier

Stator 02335

Rectifier

Regulator

B3B66A

To remove the stator coil, unsolder the stator coil lead
wires from the rectifier at three places.
NOTE:

Unsolder within as short a time as possible {within 5
seconds) using a soidering iron.

To separate the rectifier from the regulator, unsolder-
ing the connection shown.

NOTE:

Unsolder within as short a time as possible (within 5
seconds) using a soldering iron.
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5.5.3 Inspection

| ltem NV
Fieid coll resistance : 40A <A4T40287> Approx. 6.2
40A <Except A4T40287>, 50A Approx. 8Q
| Ground test -

Short circuit test

Open circuit test
NV .. Nominal Value

Short circuit test

Open circuit test

B1174E
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inspection Procedure
{1} Inspection of stator

{a) Continuity across leads

02336

Check that there is continuity across stator leads. If
there is no continuity, indicating a broken wire, replace
the stator.

(b} Continuity across stator leads and core

02337

Check that there is no continuity across the stator leads
and core.
If there is, replace the stator as it is grounded.

(2) Inspection of rectifier

Measure resistance of each diode. Measure both when

with the circuit tester {+) probe applied to the diode and

when with the (-} probe applied to the diode.

e |f resistance is infinite in both cases, the diode is
open.

e |f resistance is close to zero in both cases, the diode
is shorted.

in the case of open or shorted diode, replace the
rectifier.
Measure according to the following procedures,

{a) Measurement of diode mounted to heat sink {40 A:
6 places, B0 A: 8 places)

Stator coit lead wire connections
{Mf A three places, 50 A: 4 places)

B

Heat sink

B27208B

B27218

Measure between the heat sink and stator coil lead
connections.

{b) Measurement of diode trio {3 places)

B27228B

Measure between the plate connecting to the regulator
and the stator coil lead connections.
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{3) Inspection of field coil

02325

Measure the resistance across field coil terminals and,
if the measurement is out of specification, replace the
field coil.

{4) Inspection of bearing
Replace the bearing if defect is evident.
{a) Repiacement of front bearing

{Removal}

Cover

02320
1} Remove the bearing cover.
Ly
Red
Spacer \\ ]
s ]
pacer \\ f
= g 1ol >
Bearing 02321

16-88

2)

Apply a rod to the spacer on the front side of the
front bracket and strike out the bearing.

{Installation)

Apply engine cil

02322

Front bearing

\ Front bracket
NN

Cover

B3108A

Apply a light coat of engine oil {o the outside of the
bearing and install to the inside of the front bracket
using a press.

Install flush with the cover mounting portion.

Spacer

Front bracket Front bearing

Paid) %

= B2730B

2)

Instail the cover and strike the spacer with a soft
hammer, etc. to make sure that the bearing and
cover are in contact with each other. If not, strike
the spacer to bring them into contact.
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{b) Replacement of rear bearing {Installation}

(Removal}

Apply engine ail.

Rear bearing

5

Yo Spring fitting
groove

B2732C

02330

Apply a light coat of engine oil to the inside of the bear-
ing and using a press, install with the spring fitting
groove of the bearing facing the rotor side.

5.5.4 Reassembiy

130 to 160 N-m
{13.5 to 16.5 kgf-m}

e

5

T Apply engine oil to rotor |
| shaft outer periphery

17

Components Reassembly sequence
1. 3,4,56 15 (20—16—19-318=17)=0 (1451312117 (891 (5—-E& @162
10: 11,12,13,14 For parts with an encircled number, refer to Reassembly Procedure that follows.

15: 16,17, 18,19, 20

B2390N |
16-89
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Reassembly Procedure
(1) Instatlation of regulator and rectifier

Rear bracket

Reguiator

B3904A

5.5.5 inspection and adjustment after installation

The inspection and adjustment procedures for the 30
A, 40 A, 80 A alternator are applicable. Refer to Section
5.3.5 and use the following specifications.

<Alternator output current>

Qutput current

40A alternator 1,500 rpm, 27V 26A or more

<except A4T40287> —_
{when cold} 2,500 rpm, 27V 37A or more
40A alternator 1,500 rpm, 27V 30A or more
<A4T40287>

twhen cold) 2,600 rpm, 27V 41A or more

50A alternator
{when cold)

1,600 rpm, 27V
2,500 rpm, 27V

26A or more

AGA or more

Solder the regulator to the rectifier with the two parts
installed to the rear bracket.

NOTE:
Solder within as short a time as possible {within 5
seconds) using a soldering iron.

{2} Toinstall the stator coil, reverse the order of disas-
sembly. [Refer to item (3), Section 5.5.2.]

{3) Installation of spring

Minimize
spring

High point projection.

D809sb

Install the spring with its highest point seated in the
deepest of the spring fitting groove of the bearing.

16-50

<|C reguiator regulated voltage>

Nominal value i 28to0 29V
' (5000 rpm,
i 5 A or iess)
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5.6 90 A Alternator (brushless type}
5.6.1 Removal and installation

5.6.2 Disassembly

Disassembly sequence

@ Pulley and fan 5 Cover
@ Front bracket *6 Front bearing
@ Rotor 7 Oif seal

*4 Rear bearing 8 Field coil

Parts marked with * should not be removed unless defects are evident.
For parts with an encircled number, refer to Disassembly Procedure that follows.

® stator

(0 Regulator
& Rectifier

@ Rear bracket

B58888
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Disassembiy Procedure
{1} Separation of front bracket and rear bracket

Front pracket assembly

Rear bracket
assembiy

B10278

Remove the through boit. Then, pry apart the front
bracket and rear bracket using a screwdriver.

{2) Remaoval of puiley and fan

B2712K

Secure the rotor in a vise, then remove the pulley and
fan.

NOTE:

Do not hoid these areas.

B1029N

16-92

Be sure the vise grips the rotor only at the points iilus-
trated.

{3} Removal of rotor

Front bracket
Nut B5145A

The rotor and front bracket are held together by a nut.
Take off the nut before removing the rotor.

{4) Removing stator

Rectifier

B1031C

Unsolder the stator coil leads from the rectifier (3
places) before removing the stator.

NOTE:

Be sure to use a soldering iron to remove and replace
the solder. Apply the soldering iron for as short a time
as possible {within 5 seconds].
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{5} Separation of rectifier and regulator

Rectifier

Regulator

B3866B

5.6.3 Inspection

Separate the rectifier and regulator by unsoldering the
joint shown in the illustration.

NOTE:

Be sure to use a soldering iron to remove and replace
the solder. Apply the soldering iron for as short a time
as possible (within 5 seconds).

r Itermn

NV

Field coil resistance | A4TT0187, A4TT5589A

Approx. 7Q

AATI5687

Approx. 8.2 0

NV .. Nominai Value

Short circuit test

Open circuit test
e

Open circuit test

Ground test

B5389E
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inspection Procedure
{1y Stator inspection

{a) Continuity of leads

02336

Check for continuity between each pair of stator coil
leads. If any test shows

alack of continuity, a lead is broken and the stator must
be replaced

(b} Continuity between stator leads and core

{2337

Caonfirm that there is no continuity between the stator
leads and core. If continuity exists between any lead
and the core, the stator is grounded and must be
replaced.

{2} Inspection of rectifier

Measure the resistance of each diode. Take measure-

ments first with the tester’s {+) probe applied to the

diode, then with the tester's {-) probe applied to the

diode.

e If both measurements show infinite resistance, the
relevant diode is open-circuited

* |f both measurements show resistance of close to
zero, the relevant diode is short-circuited.

16-94

if any diode is either open-circuited or short-cir-
cuited, the rectifier must be replaced. Take mea-
surements in accordance with the following
instructions.

(a) Measurement across heat sink and diodes (B8
piaces)

Stator coil lead wire connegtions
{at 4 places)

Heat sink

B27208

B27218

Measure the resistance between the heat sink and sta-
tor coil lead connection points.

{b) Diode trio measurements {3 places)

B2722B

Measure the resistance between the stator coil lead
connection points and the plate that leads to the regu-
lator connections.
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{3} Field coil inspection

1} Remove the bearing cover.

02325

e

A

Bearing 02321

Measure the resistance between the field coil termi-
nals. If the measurements are out of specification,
repiace the field coil,

(4) Bearing inspection
Replace any bearing that appears defective.

NOTE:
if the front bearing is replaced, the oil seal must aiso be
replaced.

{a) Front bearing replacement

<Removal>

02320

2) Applyarod tothe spacer on the front surface of the
front bracket. Tap out the bearing with a hammer.

<installation>

Apply engine oil

Front bracket

Front bearing 827280

Front bearmg

/ Front bracket
K-Z-\ \

Cover

—te

Qil seal

B31098

1} tnsertthe oil sealin the position shown and pack its
lip with grease. Next, apply a thin film of engine oil
to the bearing's outer periphery. Finally, press-fit
the bearing untit it is flush with the cover mounting
surface.
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B2730C

2) Fit the cover.
{b} Rear bearing repiacement

<Removal>

4mmlmunnm.l
)

Rear bearing

—1
| J

I

02330

16-96

<installation>

Apply engine oil

B2732H
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5.6.4 Reassembly

1

130 to 160 N-m
{13.56 t0 16.5 kgf-m}

Apply engine oil to rotor |

| shaft outer periphery
12 B5127C

Reassembly sequence

1 2—)@@@—)@-—)8—-}2«»7—»6-—)5—)3«)44@

For parts with an encircled number, refer to Reassembly Procedure that follows.
Reassembly Procedure Fit the reguiator and rectifier into the rear bracket
{1) Regulator and rectifier installation hefore soidering them.

NOTE:
Rectifier Be sure to use a soldering iron and apply it for as short

a time as possible {(within 5 seconds).

(2) Installthe stator. The stator installation sequence is
the opposite of the disassembly sequence {referto
itemn {4} of section 5.6.2).

(3) Install the puliey and fan. The pulley and fan instal-

I . lation sequence is the opposite of the disassembly

o= ' sequence (refer to item (2) of section 5.6.2).

Rear bracket

Reguiator

B3904B
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5.6.5 Inspection and adjustment after reassembly e Setthe load resistor for maximum resistance {such
(1) Read and adhere to the precautions given in item ::at ag;OSt no current flows), then close switches
1 an 2.

{1) of section 5.3.5.

» QGradually increase the alternator speed and
{2) Performance test

reduce the load resistance. Measure the current

{a) Bench test flowing when the alternator's terminal voltage and
speed reach the specified nominal values. If the
<A4T70187, Ammeter Voltmeter Battery measurement is out of specification, inspect the
A4AT75687> T m 5 5 alternator.
ot
! s Qutput current
| 90A alternator 1,500 rpm, 27V 53A or more
{when cold)
2,500 rpm, 27V 82A or more
'——\g—J {b} On-vehicle test
Switch K1
Voltmeter
Switch K2 @
Alternator t ; T
| -
Varizble resistor Ammeter @
Q:f&;ﬂ;t&; B terminat
=
/@-— Switch )
L termmai B terminat
Ammeter Voltmeter Battery  B53622P B36235|
<A4T75589A> 7 L L
¢ } O 7 ¢+ (Connect a switch between the battery and terminal
| 1 — B of the alternator. With the swiich cpen, connect
l an ammeter (with a capacity of at least 90A) and
voltmeter.
* (lose the switch and confirm that the voitmeter
indicates the battery voltage.
— ® Startthe engine and immediately switch on all the
Switch K1 vehicle's lamps to increase the engine speed.
— Observe the maximum ammeter reading when the
SiiicE sz alternator speed reaches 5,000 rpm.
Alternator E——J e |f the ammeter reading is at least 70% of the alter-
——j _@_—J nator's rated output current, the alternator may be
% | Variabia resistor considered usable.
Alternator
drwe motor B terminal NOYE:
) Cn-vehicle tests provide only a rough indication of
@ alternator performance. More precise tests on a bench
 terminal 536227 must also be carried out.

Carry out testing with the circuit connected as shown
above,

16-88
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{3) Regulator tests
{a} Bench test

<AATT70187, Ammeter Voitmaeter Battery
A4T75687> @; 5 Al
7 SR RSN
I \'-’f’ i l
Sr\._v_iigh
L.....__I.QLW:"_'b%’._____
L —
Alternator
Alternatar !

drive motor B terminal

R terminal ~—__ (7=,

L terminal)@%_f"

<A4TT5589A>  Ammeter Voltmeter Battery B3624N
A 9 o 9
; | |
l i
|
ESwétch
—
Alternator %
)A/Bterminal
Alternator 1 Eh
drive motor i m:]
I
< .
R terminal L terminal B3624Q

Check the regulated voltage with the circuit connected

as shown above.

e Using a fully charged battery, close the switch.
Gradually increase the alternator speed. Confirm
thatthe current flowing is 5A or less when the alter-
nator speed reaches 5,000 rpm,

= |f the voltage {reguiated voitage) at this time con-
forms with the specified nominal value, the reguia-
tor is usable. if the voltage does not conform with
the nominal value, replace the regulator assembily.

Neminal vaiue ! 28 to 29V

{b} On-vehicle test

Vol}m\e\ter L terminal
<A4T755 @ -
894> N

S— L terminal
<A4TTO187, (‘", \
A4T75687> ‘ "»J\ 2%

Ammeter \Y

r o

Switch

W B36255

e (Connect an ammeter, voltmeter, and switch
between the harness and alternator, as illustrated.

¢ Close the switch and confirm that the voitmeter
reading is zero. If the voitmeter needle moves, the
alternator or wiring is defective.

e So that no current flows through the ammeter
when the engine is started, short-circuit the amme-
ter terminals. Then, start the engine.

* If the charging current is 5A or less when the
engine speed reaches 2,000 rpm, observe the regu-
lated voltage reading. If the charging current
exceeds 5A, either wait for the battery to charge or
replace the battery with a fully charged one. Alter-
natively, connect a 0.25 Q (25 W) resistor in series
with the battery to suppress the charging current.

» If the regulated voltage does not conform with the
specified nominal value, replace the regulator
assembly.
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5.7 60A, 110A, 160A Alternators
5.7.1 Removal and installation {Refer to the instructions in section 5.3.1)

5.7.2 Disassembly

<B0A Alternator>

14

Em

% w
(= -l
Uilti— ¢n

Q08000

(Eugé (HREH

=

Disassembly sequence

1 Cover 10 Stator *19 Puliey

2 Brush holder assembly 11 Plate *20 Fan

3 Brush hoider 12 Lead wire assembly 21 Rotor assembly

4 Brush 13 Terminal set @ Rotor

5 Brush spring 14 Connector *23 Rear bearing

& End cover 15 Condensor @ Front bracket assembly
7 Cover 16 Heat sink set 25 Cover

8 Boltset 17 Rear bracket *26 Front bearing

9 Rear bracket assembly Puiley assembly @ Front bracket

Parts marked with “*” should not be removed unless damage is evident.
For parts with circled numbers, refer to section 5.3.2, “Disassembly Procedure.”

B4539A
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<110A, 160A alternators>

Disassembly sequence
1

Cover

Brush holder assembiy
Brush holder

Brush

Brush spring

End cover

Cover

Bolt set

Rear bracket assembly

WO 0~ ;O Wm W

10
11

12

13
14
15
16
17
®

Stator

Plate

Lead wire assembly
Terminal set
Connector
Condensor

Heat sink set

Rear bracket

Pulley and fan

Parts rmarked with “*" should not be removed unless damage is evident.

For parts with circled numbers, refer to section 5.3.2, “Disassembly Procedure.”

*18
*20
21

*23

25
*26

Puliey

Fan

Rotor assembly

Rotor

Rear bearing

Front bracket assembly
Cover

Front bearing

Front bracket

B4541A
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5.7.3 Inspecticn

<B0A, 110A, 150A alternators>

Open circuit test

Ground test

) Item NV L
; Field coil resistance 60A Approx. 13 Q -
i 110A 96to 11.680 -
; 150A Approx. 3.0t0 3.7 Q -
" SHpring 0. D. . BDA, 110A {8DC), 150A 46 45.4
| 110A (6D2) 41 40.4
Ground test - -

Refer to section 5.3.3 for inspection procedure,

Brush length | @

NV 23
L 8

Short circuit test

Open circuit test

item NV L
Brush 80A 3.8 N {0.38 kgf} 2N
spring {0.2 kgft
1ension "110A,| 311043 N IN

180A | {0.32 to 0.44 kgft |{0.2 kgf}
e,
=
g ® 5D @aﬂ 0
NV .. Nominal Vatue
L. Limit
B4539B
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To check for a diode short or field coil open-circuit, it is not necessary to disassemble the alternator. Measure the
continuity between the connector terminals using atesterto determine whether the diodes and field coii are usable.

<A4TE5773, AAT85774, AdT85777> <AAT86287, A4TBH3BT >
LO N LO N
SR, Bups apn
TxFEaxa} O SR x4 & CA
I° RS
! 0] 4
$FFxx ' E a3 %4 3 E
L ] g
E 1 T +—O¢
— BTN =
1 ©F ——TYTE OF
OK
Connector A Connector
%“% K
F | asmm—
[ —]
N E
D8O78A P B5830A
Measuring points E Good Defective
F_E Tester shows continuity. No continuity {Brush in poor contact or fietd coil open circuited}
Resistance 0 (Field coil short circuited)
Tester shows continuity when If tester shows no continuity when {black} is connected to N and
N-A {black} is connected to N and {red) connected to A, all three & diodes are cpen circuited or stator
{red) connected to A. coii open circuited. I tester shows continuity when {btack) is con-
nected to A and (red} connected to N, & diodes are short circuited.
Tester shows continuity when i tester shows no continuity when {black) is connected to E and
N_E {black) is connected to £ and {red} connected to N, all three © diodes are open circuited. if tester
{red} connected to N. shows continuity when {biack} is connected to N and {red) con-

nected to E, & diodes are short circuited.

NOTE:

The colors in parentheses show the colors of tester
jead rods. All three dicdes are rarely open circuited.
Each diode should be tested to determine whether itis
good or defective.
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5.7.4 Reassembiy

<B0A alternators>

17
Component paris
2: 3,4,5, Assembly sequence
8: 11,12, 13, 15, 16, 17 24 {27526—25)521 (23-:22)518 (20—19}510—8
18: 19, 20 {17516515213912-911}-314238-T7—6—2 (543} =1
21: 22,23
24: 25, 28,27

|
8~ " +
] —
7 + +
23/ , ) 83to 106 N-m
r {8.5 tc 11 kgf-m}
- 26
6
15
17 27
B4543A
<110A, 150A alternators> 20
B3 10 105 N-m

{8.5t0 11 kgfm}

34510 360 N-m
{35 to 37 kgfm}

B4544A
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5.7.5 Inspection and adjustment after reassembly

Ammeter l l
tcenterzerof witch Swm:h

-

i
Voltmates : ;,igad resistor

o .
Battery
j.24V

DBO80A

Carry out tests with the circuit connected as shown
above.

Load Test

Increase the load resistance R to a maximum and close
the switches K4 and K;. Measure the current value
when the alternator reaches the specified speed.
Nominal values

Output current

60A alternator {(when cold) | 2,200 rpm / 28Y | 60A or more

110A alternator {when cold) | 2,500 rpm/ 28V | 100A or more

150A alternator {(when cold) | 2,500 rpm / 28V | 140A or more

5.8 Regulator Inspection and Adjustment
(R7T01071, R7T01072}

B4401B

{1} Voltage regulator regulated voltage
Nominal value (between A and E terminals) at
4,000 rpm=28t029 V
Battery overcharged ... Voitage too high
Battery discharged ... Voltage too low

MNOTE:

This reguiator uses a transistor type voltage regulator,
so the regulated voltage cannot be changed. if thereg-
ulated voltage is out of the nominal value, replace the
regulator.

(2) Voltage regulator regulated voltage measuring
procedure

{(a) Increase the engine speed until the alternator
reaches the specified speed.

{b)} Continue charging untilthe charging currenttothe
battery falis to less than 10 A {the battery fully-
charged).

{c) Measure the voltage acrossthe “A” and “E” termi-
nals.

{d}) Measure the voltage across the “A” terminal and
the negative terminal of the battery and check to
ensure that there is no difference between the
value and the value measured under ltem (c).
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(RMS42278)

{3) Adjusting voltage regulator reguiated voitage

L1s00lle
Fial N
B Ofia

B4401C

Leaf spring Spring support

Higher voltage

L.ower voltage

B&BB1A

{1} Voltage regulator regulated voltage
Nominal value (between A and E terminals) at
3000 rpm =28tc 30V

{2) Measure the regulated voltage in accordance with
the following procedure.

{a} Start the engine and run the aiternator under no
load.

{b} Increase the engine speed to approximately 1,500
rpm and confirm that the battery charging current
is 10A or less. (If the charging current is over 10A,
allow the battery to charge until the current drops
hetow 10A or replace the battery with a fully
charged one.)

(c} Measure the voltage between terminals A and E
when the alternator speed reaches 3,000 rpm.

NOTE:

if the battery is prone to overcharging, carry out a con-
tinuity test first to check whether the reguiator is bro-
ken. Should the regulator not be working, the gener-
ated voltage will increase dangerously if the battery
switch is opened during engine operation.

16-106

The regulated voltage is adjusted by reducing the force
of the leaf spring.

Bend up the spring support to increase the regulated
voltage. Bend the spring support down to decrease it.

NOTE:

¢ Make sure the battery switch is open before mak-
ing adjustments.

¢ After making adjustments, fit the cover and check
the regulated voitage again.

* i the regulator is removed for adjustment, be sure
to refit it facing the same direction and at the same
angle as before.

(4} Continuity tests

Without opening the cover, use a continuity tester to
measure the continuity between the regulator termi-
nais,

Measurement | Acceptable Unacceptable condition (fauit)

point condition

N-E Continuity No continuity {open circuit in
coil VCs}

L-E Zero Resistance {contact P, defec-

resistance tive)

IG-F 3410428 High resistance {contact P,
defective)
MNo continuity {open circuit in
resistor Ry)

F-E Continuity No comtinuity {open circuit in
coit VC1 or resistor Ra)

IG-A No continuity | Continuity {contact P3 fused
together)

Resistor Ry 57t 67 Q -

Resistor Ry 93t0 1072 -

Resistor Ry 34tn 4z Q -




ENGINE ELECTRICAL —~ SERVICE PROCEDURE

NOTE:

When measuring between terminais F and E, apply the
negative probe of the tester to terminal F and positive
probe to terminal E.

(R8T10178)

B5891B

Since the regulator is transistorized, its regulated volt-
age cannot be changed. If the regulated voltage does
not conform with the specified nominal value, replace
the regulator.

Measure the regulated voltage in accordance with the

following procedure.

(1) Increasethe engine speed until the alternator turns
at the specified speed (3,000 rpm).

{2) Allow the battery to charge until the charging cur-
rent is 10A or less. {(When the charging current
reaches this level, the battery is fully charged.)

{3) Measure the voltage between terminals A and k.

(4) Measure the voltage between terminal A and the
hattery's (-) terminal. Confirm that this voltage is
the same as the voltage across terminals A and E.
The regulated voitage should be 28 to 29V.

NOTE:

While taking measurements, do not turn the battery
switch OFF, disconnect the battery, or make connec-
tions to any terminais.

5.9 Safety Relay Inspection
<RBT30171, RET30172, R8T30174, RBT30274>

} Terminal L-to-R
| resistance
| NV Approx. 200 Q |

E terminal

S terminal ¢
L terminaj 8 d
] R § <RBT30174, RBT30274>
R terminal
] L terminal S terming
P terminal ] terminal

P terminal i
E terminal

B1453D

Measure voltage at each terminal in the sequence
shown below to identify faulty parts.
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{a) On-vehicle test

Sequence ‘ Engine operation Voltage at terminal "P” Voitage at terminal “S” Voitage at terminai “R” or “L"”
1 | Starter switch ON * 1Vorless Terminal "R”
: * {+} diode shorted if close 1o * Approx. 24 V
battery voltage + [f 0V, wiring is faulty
Terminal “L" {with charge
lamp)
* Approx. 24 V
Terminal “L"” {with charge
lamp}
* Approx. 3V or less
» |f ciose to battery voltage,
wiring aiternator is faulty
z During cranking ¢ Anprox. 1V or less
+ if close to battery voltage,
safety relay is faulty (crank-
ing impossible)
3 16ling (600 rpm or higher) | * Approx. 13t0 16V * A bulb connected between
{Be sure to use analog type battery and terminal “S”
tester) does not come on
* if bufb comes on despite
normal terminal “P” voitage
{shown 1o ieft), repiace
safety relay and test again

{b) Component test
The resistance vaiue between terminals “R” and “L"
shall be within specified range.
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5.10 Preheater
5.10.1 Intake air heater

{1} Removat and installation
(Refer to Group 15 Intake and Exhaust.)
(2} Inspection

<6D2>

Air heater

Starter switch —
srr T T & <6D22, 22-T, 24-T>

0 N | o0 —[T <6022-TC, 24-TC>

o|d

HEAT | O—O~

5TART] O+ O0—+0—+0O
8 | R} JACC! R2

\; Heater relay

Air heater

old

Battery switch (/ indicator
Battery
I I

D88o3C

8
<8DC> Starter switch

OFF < O
HEAT O

OoN
STARY | O——O—-Gef—0——0

3 { X1 JACCE Ry

‘T*—O U:J% w@ Heater relay
Fuse / :j—____
l \ Air heater

e

n

Battery
switch

Air heater
indicator 1
<Except
= =  8DCe-TL>
E oo FTh
Battery = -
<BDCY-TI. only>

Perform the following inspection and check the func-
tion of each part or the wiring if necessary.

B4508F

(a) Time required before indicator becomes red-hot:
Standard time: 40 to 60 seconds

(b} Checkeach terminal of the air heater for looseness
and the heater element for damage and contact
with other parts.

5.10.2 Heater relay

Inspection

*S" terminal

Capacity stamped here

“SW" terminal

DE30IA

(1) Check to ensure that there is continuity between
the terminals “B” and “S” when 2.3 A (24 V) excit-
ing current is applied between terminal "SW" in
the figure and body ground.

(2) Check also the heater relay fuse and replace with
new one if it has been burnt out.

When replacing fuses, be sure to use a fuse of spe-
cified capacity.
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5.11 Automatic Stop System
5.11.1 Shut down type
{1} Adiustment and inspection of stop solenoid
<6D2 only>
o - _\‘1 Pointer Clearance |
/ t Salenoid NV 15At020 |
r/ |
Stop Stop O_geration ! e ]
lever sice See Quter stopper i “B7 terminai
|
| Rod
Lock nut oj @)
. .
fon L,____J Ammeter
NV 5 Aorless
Ciearance -—i—-— Battery
NV 1.2 £ 0.2 J’_ (24v)
Before attraction After attraction —_
PC . RC 27§grgiéemm Cover
H.C HC NV .. Nominal Value B41218
{a) Adjustment of stroke ¢ Make sure that the stop lever, rod and solenoid
1) Connect the rod between the stop lever and the operate smoothly from the operation side to the
solenoid. stop side and also from the stop side to the opera-
2} Remove the solenoid cover. tion side.
3) Turnthe battery switch ON to actuate the solenoid. * Make sure that the clearance between the stop
Then, make the following adjustments: lever and the outer stopper and the solenoid
¢ Make sure that the solenoid pointer gap does not pointer gap do not exceed the respective nominal
exceed the nominal value. values.
e  Adjust the length of the rod until a ciearance not 2! Tighten the lock nut on each end of the rod
exceeding the nominal value is maintained securely. .
between the stop lever and the outer stopper. 3) Install the solenoid cover.
4) Turn the battery switch OFF. 4) As to the check of amperage when the solenoid is
. ON, be sure that an amperage of nominal value is
{b) Operational check

After the adjustment described in 1) above, repeat
the ON-QFF operation of the solenoid 2 to 3 times
{at approx. 10-second intervals) and perform the
following.
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{2} Solenoid relay
(@) Unittest

Solenoid retay

‘Cl'erminal voitage
hecking cil E p-——;
pressure timer: B CSTWA
DC28.5V SWG@E

. SWE
Checking Terminal
stop timer: o voitage
D24V SWe DC28.5v

Solenoid or coil load:

30A3A

SW@

SWE

ON
Qi pressure timer g" OFF

SWE® 305"
Stop timer e
Test schedule
Legend

SW®E: Snap switch A
SW®E: Snap switch B
SWE: Snap switch C

D8558A

Make connections as shown above and perform the

following checks.

1) Oil pressure timer
Set the snap switch A to ON. Operate a stop watch
as soon as the snap switch B is setto ON, and mea-
sure the time required before the solenoid is oper-
ated.

2} Stop timer
Set the snap switch B to OFF 5 seconds after the
solenoid has been operated. At the same time,
using a stop watch, measure the time required
before the solenoid is reset.
The snap switch B is set to OFF 5 seconds after
operation of the solenoid because if the solenoid is
operated, it takes 5 seconds before the alternator
voltage disappears.

3)

Manual stop timer

When the push switch C (stop switch) is set to ON,
the solenoid wiil be operated. Operate a stop
watch as soon as the stop switch Cis setto OFF, and
measure the time required before the solencid is
raset.

After the tests of the above items 1) and 2}, allow 5
minutes before making retests. It takes 5 minutes
before the capacitor Cq which is an element of the
time constant of the oil pressure timer finishes dis-
charging.
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{b) On-vehicle inspection

Check the solenoid relay according to the following

flowcharts and determine whether it is good or not on

the basis of the terminal voltage, etc. measured in the

individual states.

+ Theterminal symbols denote those of the solenoid
relay.

e The voitage 24 V means the battery voitage.

Turning the battery Is voltage Measure Solenoid
| switch from OFF to | 24 V avaii- voltage oV relay

i ON actuates the able at “A” at “ST” defective
i solenoid terminal? terminal

]

Yes L 24V
Alternator defective | Stop switch defective |
Measure Measure ;

Er%ginecf cagmot be voltage 24V voltage oV :.Sglainosd
stoppe y Sstop at “S7” at “c” ;
switch terminal terminal defective |

| !

Jov 24V

| Stop switch defective [ | Solenoid relay defective l
{

Perform measurements with engine running

is voltage
Engine does not Measure 281028V Measure v | Solenaid
: voltage \ voltage 0
stop with water tem- at "W" available at "C” refay
g?;::;:ug'?:wa"d terminal at terminal terminal defective
! !
LoV J Ne .
Thermo switch or oil t 1 Alternator defective t ‘i Solenoid defective
prassure switch defef:ti\-feJ
Solencid is not Measure Measure Is voltage :
forced to OFF state voltage voitage 2;2 :;reul- ?;;i,ﬂmd
after engine has at “C” at *ST 2" tarmi defective
stopped terminal terminal AT ki
! H 7

J, oV L, 24V Yes
i
olenoid defective ! L Stop switch defective } Alternator defective §

7
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Perform measurements with engine running

i e Measure Measure i ; !
Solenaid | %ﬁf:;;e voltage oV | Solenoid relay !
; O%eratees E at “ST1" at “wW" ~7] defective |
[ while en- | terminal terminal ‘ '

| gine is
| running

b oov L 28V o 24V

§ Solencid defective j | Stop switch defective | !_Thermo switch or E Nor- | in normat operation, 5
L : i ! oil pressure switch | el 5 responding to ab- |
l defective ! normal water tem-
; perature or oil pres- |
sure ]
{3} Thermo switch {b) Confirm thatthere is no continuity between the ter-
The thermo switch won't operate if the tempera- minals, then begin heating the test fiuid.

ture-sensing portion is not in contact with coolant. NOTE:
if the coolant level is low or if there is only steam,
the thermo switch won't operate completely.

Stir the liquid to ensure that it heats up uniformiy.

{c) Measure the fluid temperature when the thermo-
static switch operates and continuity appears
between its terminais.

Thermometer 4

@ NOTE:

Increase the fluid temperature very slowly as it
approaches the operating temperature of the thermo-
static switch. (When the fluid temperature is 5°C
below the operating temperature, maintain this tem-
perature for 5 minutes. Then, increase the tempera-
ture by 1°C every 2 to 3 minutes.)

dodo
1%

{d) Briefly continue increasing the fluid temperature,
then allow the fiuid to cool. Measure the fluid tem-
perature when the thermostatic switch operates
and continuity between its terminals disappears.

: Calculate the difference between the upper and

item NV Remarks . e
jower operating temperatures, and check thatitis
Operating 9310 97 °C Tap water cooling type
temperature correct.
99¢0 103 °C Radiator cooling type
ON-OFF Within 7°C
difference

NV .. Nominal Value

B532%A

Inspection

(a} Set a circuit tester to measure resistance, then
apply its probes to the thermostatic switch termi-
nals. Put the thermostatic switch into glycerinup to
the end of its threaded section.
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{4} Qil pressure switch

Engine oil

Test oil pressure pressure gauge

gauge

- 5
: ]
— 28
e
g2
S
| Operating pressure
| NV 69t0o98kPa{0.7t101.0
SR | | kgt/cm?2} or less
B5330A

tnspection

{a) Connect the pipes as shown in the above illustra-
tion. Then, set a tester to measure resistance and
apply its probes to the oil pressure switch termi-
nals.

{b} With cocks A and B closed, start the engine. When
the oil pressure increases, fully open cock A to
apply pressure to the oil pressure switch.

{c} Close cock A to cut the oil passage from the engine
and maintain the accumuiated pressure in the oil
sump.

{d} Confirm that there is no continuity between the oil
pressure switch terminals.

{e} Gradually open cock B to reduce the oil pressure.
Observe the test oil pressure gauge indication
when the oil pressure switch operates and continu-
ity appears between its terminals.
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5.11.2 Run-on type
{1} Stop solenoid

<6D2>
¢ Clearance /_r""_lw,—--—-— \ Pointer gap
ONVOT £02 ) Solenoid . NVOEw12
A
Stop lever : I 5
; Lock nut !_i____“:.,--].f j ‘/
: .
: I B terminal
Rod I Lock nut l
]
1
—
Ammeter :
RUN side NV 1A or less §
STOP side
Outer stopper T Battery
{24V}
Before attraction After attraction Stroke Cover -
P.C 27t¢ 23 mm
It I
NV .. Nominal Vaiue
H.C H.C )
B4121C
<Except 8DCY-TC>
r_}— AR AT A N W A A | Clearance
LNV 07 £ 0.2
:
Stroke }’ ﬁ&
27 mm /
——i Cover Stap lever
CL_ Quter stopper
i B terminal Rod E j
/ 2| Vs
3
La_q i = - -
— |3
g Solenoid Lock nut sTOP side” RUN side
Ammaetar {2fv) .
NV 1A or less Pointer gap !
NV08t012 |
§ ttracti After attraction
Be oregcfac on PC NV .. Nominal Value
ll ! [
| Z;’:::l@ | | f:::::::fjj - ]l%
H.C H.C
Da576C
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{a) Adjustment of stroke {at approx. 10-second intervais) and perform the
1) Connect the rod between the stop lever and the following.
solenoid. * Make sure that the stop lever, rod and solenoid
2} Remove the solenoid cover. operate smoothly from the operation side to the
3} Turnthe battery switch ON to actuate the solenoid, s.top s‘ide and also from the stop side to the opera-
then make the following adjustments: tion side.
e Confirm that the solenoid pointer clearance con-  ° Make sure that the clearance between the stop
forms with the specified nominal value. lever and the outer stopper and the solenoid
s Adjust the rod length such that the stop lever-to- pointer gap do not exceed the respective nominal
outer stopper clearance conforms with the speci- values.
fied nominal value. Temporarily tighten the lock 2) Tighten the lock nut on each end of the rod
nut at either end of the rod. securely.
4) Turn the battery switch OFF. 3} Install the solenoid cover.
(b) O vional check 4) As to the check of amperage when the solenoid is
! Operational chec ON, be sure that an amperage of nominal value is
1} After the adjustment described in 1} above, repeat indicated by the ammeter.
the ON-OFF operation of the solenoid 2 to 3 times
<BDCY-TC only>
Ciearance |
NVD7 £02 |
Soienoid
| Ammeter Stroke  Rod Sjop fever
| NVSAor @ ) 25 mm
iess TA-)
{AUX)
Switch B:]
|
e
attery . )
{24V} Solenoid LOCng:er stopror STOP side RUN side
NV .. Nominal Value
DY5ST6F
{a}) Adjustment of stroke e Check that the stop lever, rod, and solenoid move
1) Connect the stop lever and solenoid with the rod. smoothly between the RUN side and STOP side.
2} Turn the switch ON to actuate the solenoid. Then, * Check that the stop lever-to-outer stopper clear-
adjust the rod length such that the stop lever-to- ance confaorms with the specified nominal value.
outer stopper clearance conforms with the speci- 2} Confirmthatthe check lamp illuminates or that the
fied nominal value. Temporarily tighten the lock solenoid current conforms with the specified nom-
nut at either end of the rod. inal vaiue.
3} Turn the switch OFF. NOTE:
(b} Adjustment of operation When repeatedly turning the sclenoid ON and OFF,
wait a moment between each switch operation.
1}  After adjusting the stroke, turn the solenoid ON P

and OFF 2 or 3 times. Then, check the following
points:
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{2} Solenoid relay
{a) Unit test

!

Terminal voltage

E 3—'—3
B C H §

] E
Swh T SWs { fswz
o ok T

24y NV .. Nominal Value

Delay time

é Sol id or coit load 30Ax3A
NV 26 to 34 sec. g é enot ' *

i

D8564A

Wire as shown and check the following.

1)
a}

bj

c)

Relay operation and delay time

Check if the solenoid is energized when switches
SW; and SW; are turned ON.

Using a stop watch, measure the time required for
the solenoid to return after switch SW; is turned
OFF.

Relay holding

Turn ON switches SW4 and SW; and, after the sole-
noid is activated, turn ON the switch SWa.

Turn OFF the switch SW, and make sure that the
solenoid remains activated for more than 34
seconds.

After verifying b} above, turn OFF the switch SW3
to ensure that the solenoid returns.
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{b} Cn-vehicle inspection

Check the solenoid relay according to the foilowing
fiowchart and determine whether it is good or not on

¢ Terminal symbols denote those of the solenoid

the basis of the terminal voltage, etc. measured in the

individual states.

- Turning the battery

“switch  (or  key

i switch) from OFF to

. ON actuates sole-
noigd

Measure

voltage oV

relay.
* \oltage 24 V means the battery voltage.

Battery switch {(or key
switch) defective or

| miswired
Solencid does not
. operate when key
i switch is set from Check battery

! ON to START

i Solencid operates
I'when key switch is
! ghanged back from
| START to ON
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s voltage 18
or more avail-

Yes
abie at terminai

Measure
voltage
at “B"
terminal

oV

is there con-
tinuity be-
tween emer-
gency switch
terminais?

Yes

is voitage 18
or more avail-
able at terminat
with key switch
1t START?

Measure
voitage
at nc"
terminal

i Yes

f
| Solenoid defective
i nor miswired

No

No
S

Soienoid !

relay !
defective :

Battery |

defective

Solenoid |

relay

defective |

1
l

i Solenoid defective

Emer-
gency
switch
defective

with key switch
t START?

L No

Battery defective i

defective

Soienoid
relay
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Perform measurements with engine running

Measure
voltage
at “H"
terminal

Measure
voltage
at *Cn

terminai

Measure
voltage
at 5"

terminat

: .
y 28V | 2av LBV

Thermo switch or ail 3 \ Key switch defective } Solenoid defective
pressure switch defective |

i Engine does not
i stop with watertem-
i perature high and

; oil pressure low

24y Secienoid |

relay :
defective |
L ]

S|
‘Engine does not Measure Solenoid |
‘stop with emer- [-—-> “’01};99 24V relay %
| gency switch at OFF ?;rminat defective
|
LoV

! Solenoid defective 1

Perform measurements with engine running

H - - - Measure Measure Measure -
: While engine is voltage voltage voltage 24 V. Solenoid
 running,  sole- at “C" at "8 at “H* relay
noid is forced to terminal terminal terminat defective
i OFF state and
i engine stops ‘
24V \[ oV 4 0V
Solenoid defective _i Emergency switch Thermo switch or Nor- | 4 normat
defective oil pressure switch |_Mal | gheration,
defective respending
to abnormal
water tem-
perature or
oif pressure
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{3} Thermo switch

The thermo switch won't operate if the temperature-
sensing portion is not in contact with coolant. if the
coolantlevel is low orifthere is only steam, the thermo
switch won't operate completely.

Thermometer

.. Nominai Value

itemn NV Remarks
Operating 93t0 97 °C Tap water cooling type
temperature
99t0 103 °C Radiator cooling type
QN-OFF Within 7°C
difference
BB5329A
Inspection

(a) Set a circuit tester to measure resistance, then
apply its probes to the thermostatic switch termi-
nals. Put the thermostatic switch into glycerin up to
the end of its threaded section.

{b} Confirmthatthere is no continuity between the ter-
minais, then begin heating the test fluid.

NOTE:
Stir the liquid to ensure that it heats up uniformiy.

{c} Measure the fluid temperature when the thermo-
static switch operates and the continuity between
its terminals disappears

NOTE:

increase the fiuid temperature very slowly as it
approaches the operating temperature of the therme-
static switch. (When the fluid temperature is 5°C
below the cperating temperature, maintain this tem-
perature for 5 minutes. Then, increase the tempera-
ture by 1°C every 2 to 3 minutes.)
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{d} Briefly continue increasing the fluid temperature,
then aliow the fluid to cool. Measure the fluid tem-
perature when the thermostatic switch operates
and continuity appears between its terminals. Cal-
cutate the difference batween the upper and lower
operating temperatures, and check that it is cor-
rect.

{4} Oil pressure switch

o

S

0
G N
0 .
2

w

Operating pressure i
NV79to 115 kPa {0810 1.2 |

kgficm?} or less j

NV .. Nominal Value

Engine oil
pressure gauge
Test oil pressure gauge

&)

Cock A
Crankcase
oH pressure
gauge
@ Cock B
B5332A

Inspection

(a) Connect the pipes as shown in the above illustra-
tion. Then, set a tester to measure resistance and
apply its probes to the oil pressure switch termi-
nals.

(b} With cocks A and B closed, start the engine. When
the oil pressure increases, fully open cock A to
apply pressure to the oil pressure switch.

{c}) Close cock A to cut the oil passage from the engine
and maintain the accumulated pressure in the oil
sump.

" {d) Confirm that there is continuity between the ol

pressure switch terminals.

{e) Gradually open cock B to reduce the oil pressure,
Observe the test oil pressure gauge indication
when the oil pressure switch operates and the con-
tinuity between its terminals disappears.
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6. TROUBLESHOOTING

Symptom Probable cause Remedy Ref. group
Starter will not Defective battery or low capacity Replace or charge
stert Defective wiring Correct
» Defective starter wiring
» Defactive starter relay wiring
+ Defective magnetic switch wiring
s Defective heater relay wiring
* Defective starter switch wiring
« Defective battery or battery switch wiring
Defective magnetic switch Replace
Defective starter relay
Worn or damaged binding brush
Defective motor Replace armature or yoke
Defective overrunning clutch Replace
Defective heater relay
Defective starter switch
Starter starts Pinion not meshing with ring gear Repiace starter relay or
but engine does starter switch
not # Incorrect voltage at magnetic switch “S” terminal
» Incorrect voltage at starter relay "SW” terminal
« Worn ar damaged pinion Replace
¢ Worn or damaged ring gear Replace Group 11
Pinion meshes with ring gear but does not wrn Charge or replace battery
» Defective battery or insufficient battery voltage
*» insufficient brush contact Replace brush andfor brush
spring
« Defective overrunning clutch Repiace
Alternator is Low V-belt tension Adjust - Group 14
functicning
normally but Damaged V-belt Replace
battery is
overdischarged | Defective wiring Correct
« Defective alternator wiring
Defective battery Replace
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T
Symptom25 ; Probable cause Remedy | Ref. group
Battery is ‘ Defective alternator Repiace
normal but is I ) . ]
overdischarged | * Open circult in stator cail

# Stator coif and core grounded

* Siip ring and rotor core grounded (excluding brushless aiter-
nators)

» Defactive fieid coil

* Worn slip ring {excluding brushless alternators)

* Worn brush (excluding brushless alternators)

» Defective brush spring (excluding brushless alternators)

» Defective rectifier

& Defective regulator

Charge lamp Defective regulator Replace
does not come
on when engine
is stopped
{starter switch
ON}

Premature loss | Defective alternator (See "Battery is normal but is overdis- Replace
of battery elec- charged”.)
trodyte

High battery
electroiyte tem- | Defective reguiator
perature

Engine is hard Defective wiring Correct
to start ) . .
* Defective air heater wiring

» Defective heater reiay wiring

@ Defective water temperature sensor wiring

Defective heater relay or blown fuse Replace
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CLUTCH

- GENERAL

1. GENERAL

Clutch cover

Clutch
shaft

Flywheel —

Clutch disc

Release lever
support

Release lever

Pressure plate
EG423C

\\\N .

7,

vy

Release bearing

Release fork

Fiywheel Release lever

Release lever
support

Clutch disc Pressure plate

E0688C

The clutch consists of a clutch disc to transmit engine
power to the bearing case and a pressure plate to press
the clutch disc against the engine fiywheel.

When the clutch lever is in the released state, the force
of the pressure springs act on the pressure plate. The
clutch disc is pressed against the flywhee! by the pres-
sure plate.

The clutch disc pressed against the flywheel turns with
the flywheel and transmits power to the clutch shaftin
the bearing case.

21-2

When the clutch lever is operated, the release fork will
push forward the release bearing. The release bearing
will then push the inner end of the release lever which
pivots on the release lever support pin. The outer end
of the release lever is connected to and will puli the
pressure plate away from the flywheel.

At this time, there will be a clearance between the
cluteh disc and fiywheel. The engine power will not be
sent to the bearing case.



CLUTCH - SPECIFICATIONS

2. SPECIFICATIONS

{1} Clutch
; |
e Engine model 6D22 | 6022, 6D22-T, 6D22-TC, 8DCY, 8DCS-T
Mode! ctowa? 3 C12Wa3
Clutch drive Strap drive
Type Dy singie disc coil spring type
Material Woaven
Facing T
C.D. x LD. {tmm) 410 x 2560 E 430 x 250
Pressure piate type Coi spring
{2) Bearing case
torm Engine model 6D22, 6022-T, 6D22-TC, 8DCY, 8DCY-T
Type Direct-coupied type
Model i PCi12
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3. SERVICE STANDARDS
3.1 Service Standards Table

Unitt mm
Maintenance item Nominal vaiue Limit Remedy and remarks
{Basic diameter in{ })
Ciutch proper
Ciutch disc | Depth from facing surface to rivet head 221028 0.2 Replace
Fiatness 0.6 or less - Correct or replace
! Lateral runout 1.2 or less -
Vertical runout Ciowal 1.0 or less 1.5
Ci2wW43 1.2 or less
Clearance of hub spline turning direction 0.06100.7195 0.42 Replace
Pressure Thickness 59.7 10 59.9 56.8 Replace
plate Flatness 0.05 or less 0.2 Correct or replace
Strap bolt fitting hole 12.21tp 12.22 1256 Repiace
Clearance between strap plate and strap boit [12.2]0.01 to 0.11 0.3 Repiace
Pressure Free length C1oWa 98.5 - Replace
SPring C12w43 92.1 -
Instatied load {installed length: 63} C1owa 120010 1330 N 1070 N
{122.6 t0 135.4 kghfi {109 kgft
Ci2w43 1420to 1570 N 1270 N
{145 to 160.2 kgf} {129 kgh
Spring squareness {in free length state) C1owd 3.5 or iess 5.2 Replace
Clawas 3.2 or less 4.8
Release lever height 36510375 - Adjust
{Dimension from clutch cover top surface} {Difference among four
levers: 0.7 or less)
Clearance between release lever pin and bushing {12.710.06t0 0.15 6.3 Replace
Bearing case
Clearance between release fork shaft and needie roller bearing i3010.03t0 0.0B 0.2 g Replace

3.2 Tightening Torque Table

Location tightened Screw size Tightening torque
0.0, x pitch N-m {kgf-m}
{mmj
Strap bolt Mi2x 1.5 3% 1o 49 {4 0 5}
Lock plate mounting bolt M8 x 1.25 9.8to 15 {1 to 1.5}
Pressure plate and lever assembly mounting boit M1Ox 15 321043 {3.31t0 5.07
Bearing case mounting bolt M16x 2.0 140 {14.2}
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4. SPECIAL TOOL

Linit mm

Unit: mm

Tool name

Tool name

Shape

Ciutch Alignment Arbor
03726-21000
<C10W41, C12W43s

43490-00100
<C12W43; for disc with 12
splines>

Alignment of clutch disc at
instatlation

&

\
$30

Part No. Dimension A
03726-21000 b4z2
43490-00100 $36

Ciutch Lever Aligner
MH061330

Adjustment of release lever
height

EQ013A

08303
Cluteh installer
MH061331
Removal and instailation of
clutch cover
013086

Needie Roller Bearing
Installer
44590-12600

installation of needlie roller
bearing of bearing case

09326

215
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5. SERVICE PROCEDURE
5.1 Removal and installation

{1}y Removai

1 Bearing case assembly
2 Pressure plate & lever assembly
3 Clutch disc assembly

EQ755A

Clutch Alignment Arbor | /7
03726-21600 |
<CTW41, C12W43>
43490-00100

<C12W43: for disc with
12 splines>

Stopper bott,
Ptain washer (4 places)

E01188

Whenremoving the pressure plate and lever assembly,
secure the pressure plate with Stopper Boit and Plain
Washer {special tools),

Before removing the pressure plate and lever assem-
bly, install Clutch Alignment Arbor {special tool} to pre-
vent the clutch disc from dropping.

21-8

NOTE:

1. Before removing the clutch, be sure to install the
stopper bolt and plain washer to prevent the strap
plate from being damaged.

2. Usethe stopperbolt (M10 x 1.25 - 85 with effective
iength 30 mm or more} and plain washer (for Mi12
threads) commerciaily available.

(2} Installation

Part number

stamped here
Pilot Clutch disc
bearing
Flywheel—__ | Clutch Alignment Arbor
03726-21000
<C10W41, C12wWi43s
43490-00100

<C12W43: for disc with
12 splines> EG187A

{a) Install the clutch disc using Clutch Alignment Ar-
bor (special tool).

NOTE:

When installing the clutch disc, make sure that it is

installed in the correct direction: install it so that its

side with the part number stamped is visible.
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{c) Inspection of release lever height

Cluteh Lever Aligner
MH061330

Knock pin

Stopper bolt j —Release lgver
{4 places: M10 x 1.25)

Support nut

08930

Chuteh cover EQ4Z21A

(b} Secure the pressure piate of the pressure plate and
tever assembly with the stopper bolts, then install
the clutch, aligning it with the knock pins in the fly-
wheel.

NOTE:
1. Before instailing the clutch, check and clean the

fiywheel and repair or replace as necessary.
2. Tighten bolts evenly, in the diagonal order.
3. After instaiiation, be sure to remove the set bolt.

Using Clutch Lever Aligner (special tool), check the
heights of the clutch cover and release iever.
Use the support nut for adjustment.
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{d} Adjustment after installation of clutch and bearing
case

Most worn positi
19°2%°

VAN

Adjusting bolt A

Adjusting bolt B

P

i
i
i
—

EQ756A

The clutch shouid be set in the most worn position as
wear of the cluich disc during service causes the clutch
to slip.

1} Move the lever in the direction that the clutch en-
gages. At a position where a click is heard in the
clutch, turn the adjusting bolt A until it is blocked
by the stopper, and lock it by turning down the bolt
ancther two or three threads.

2} From the position where the release bearing has
touched the release lever, turn the adjusting boit B
in the direction that the clutch disengages, check
to see that the ciutch is in disengaged position, and
then lock the bolt.
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5.2 Clutch Proper

5.2.1 Disassembly and inspection

Depth to cluteh disc rivet head § Ciearance of hub spline turning I
NV22t028 direction !
L 0.2 ‘ NV 0.06 t0 0.185 ‘
L L 0.42 |
i <C10W41>
Cluteh disc runout Free length
Flatness NV 83.5
NV 0.6 or less
installed load {Installed length: 63)
Lateral runout NY 1200 to 1330 N {122.6 to 135.4 kgf}
NV 1.2 or less L 1070 N {109 kofl
Vertical runout Strap bolt fitting hole Squareness
NV 1.0 or less <C10W41> NV 12.2110 12.22 NV 3.5 or less
L 1.2 or less <C12W43> i 125 L b2
15
Thﬁsn;ss <C12W43>
9.7 t0 58.9
Free length
L 568 NV 921
Flatness
Installed load {installed length: 63)
NV 0.05 or less NV 1420 to 1570 N {145 to 160.2 kgf}
L 1270 N {129 kgf}

Squareness
NV 3.2 or less
L 48

Clearance between sirap
piate and strap bolt

BD 12.2

NV 0.01t0 0.11

L 03

Clearance between release
lever pin and bushing

BD 12.7

NV 0.06 10 0.15

L 03

BD .. Basic Diameter
NV .. Nominal Value

L..... Limit
Disassembly sequence
@ Clutch disc assembly 9 Release lever pin
@ Strap bolt 10 Return spring
@ Lock bolt 11 Reiease lever support
@ Lock plate 12 Release lever pin
® Support nut 13 Release lever subassembly
® Clutch cover (with strap plate) 14 Bushing
@ Pressure spring ® Pressure plate
8 Spring seat

For parts with an encircled number, refer to Disassembly and Inspection Proce-
dures that follow.

NOTE:

1.  Since the ¢lutch cover and prassure plate are baianced, make alignment marks
before disassembly.

2. Do not remove the strap plate.

EQ757B
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Disassembly and Inspection Procedures

(1Y Removal of ctutch cover

{2} Inspection of clutch disc

{a) Facing wear

Support nut

Stopper boit
{4 places)

08513

{a) Compress the pressure spring with the stopper
holts and, atthe same time, remove the strap bolts,
support nut, and other parts.

Clutch installer
MH061331

Alignstopper boits

{b} Put alignment marks on the clutch cover and pres-
sure plate. Compress the pressure spring using
Clutch Installer {(special tool}, and the same time,
remove the stopper bolt.

(¢} Gradually loosen the handle of Clutch installer to
remove the clutch cover.

21-10

Depth to rivet head
orcup head |

Assembied
thickness

EO0894A

Measure the assembly thickness of facing and the
depth from facing surface to rivet head or cup head. if
the measurement is below the limit, replace the clutch
disc assembiy.

{b)} Flatness of ciutch disc

Dial indicator

Clutch disc

Portable

Surface plate  _ '
screw jack

EQ895A

Measure the flatness of facing surface. If it is beyond
the limit, correct or replace.
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{c) Clutch disc runout

EDB86A

Using the runout tester, measure the clutch disc run-
out. If the measurement exceeds specification, correct
or replace the clutch disc.

{(d) Spline play in turning direction

E0697D

Using a piano wire, measure the play in the turning
direction of the clutch disc hub splines and bearing
case clutch shaft. if the limit is exceeded, replace the
clutch disc.

{3) Inspection of pressure plate

{a} Measurement of thickness

Pressure plate
thickness !

Pressure plate

08919

Measure the pressure piate thickness and, if it is below
the limit, replace.

(b} Measurement of flatness

Pressure p§ay

08920

Measure the flatness of the pressure plate friction sur-
face. Regrind or replace if the limit is exceeded.

21-11
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{c} Strap bolt fitting hole 1.D.

{5) Inspection of pressure spring

Strap bolt hole

08821

Scjuareness

free length

S //

Pressure spring

EQ4B7A

Measure L.D. of strap boit fitting hole in the pressure
plate and, if the limit is exceeded, replace.

{4} Inspection of release lever

Release lever

Release lever pin

Bushing

Release lever pin

08922

Measure the release iever pin 0.D. and bushing 1.D. Re-
piace if ciearance exceeds specification.

21-12

Measure the free length, squareness, and installed
load of the pressure spring. If the measurement is he-

low the limit, replace the spring.
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5.2.2 Reassembly

H L 32tc 48 N-m
N
Q)@ ,
N ©
C e} 3
o K = 9810 15 N-m
{1to 1.5 kgf-m}
C (o]
0 O
o] 14
° |
c e
O
Strap plate
Q
o / 2 39to 49 N-m
{410 5 kgf-m}
H,-—Strap support washer
Apply Molybdenum N 1
disulfide grease. j =-Svapplate
Assermnbly sequence
@
‘——tﬂ‘tz—ﬂ
14 — __}-»1 1595102878 553423321
®
For parts with an encircled number, refer to Reassembly Procedure
that follows. £0754B
Reassembly Procedure (1) Whenever the pressure plate friction surface is cor-

rected, insert adjusting washers of thickness
equivalent to correction amount.

Eriction surface correction amount
{rmm}

' Adjusting washer thick-

ness {mm)

Adjusting washer Less than 1

None required

1 or more to less than 2

One 1.2

2 or more to less than 3

Two 1.2 orone 2.3

i .
—1 = thickness

08525
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Clutch Installer
MHO061331

Alignstopper bolts
with plate holes.

08914

MH061330

ED113A

{2) To install the clutch cover, align the alignment
marks and, using Clutch Installer (special tool),
temporarily tighten the stopper bolts.

Support nut

/
Stopper bolt
{4 places)

08913

{3) With the pressure spring compressed by the stop-
per bolts, install the strap bolt, support nut, and
other parts.

21-14

(4} After instailing the clutch, check the clutch cover
and retease lever for height using Clutch Lever
Aligner {special tool).
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5.3 Bearing Case

5.3.1 Disassembly and inspection

Rotating condition ' 8
12

1
10

Cracks, damage

@Crack& damage

§ Clearance

Rotating condition,
weay, damage, seizure

Disassembly sequence
1 Clutch shifter 7 Clutch release fork

8 Drive shaft front cover

*2 Clutch release bearing
3 Return spring 9 Oil seal
4 Stopper plate 10 Clutch shaft
5 Stopper 11 Snap ring
8 Clutch release fork shaft

NOTE:

Parts marked * should not be removed uniess they are to pe replaced.

!
| 8D 30 | @
I NV 0.03t0 0.08 |
PL ooz E
BD .. Basic Diameter

.. Nominal Value
Limit

12
13
14
*15
16

Bail bearing

Bearing case

Qil seal

Needle rolier bearing
Clutch housing

EQ7G0A
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5.3.2 Reassembiy

Pack grease Pack grease
Templex N-3 grease Mitsubishi wheel . .
bearing grease Oil groove to be placed in

uppermost position

Apply grease
Molykote BR2 Plus

140 N-m
{14.2 kgf-ri}
= / _?ack ?reah?e
Apply seatant emplex N-3 grease
THREEBOND 1102C Assembly sequence
1314

B
10512411 — 88
16-+B 365745 34
=2
For parts with an encircled number, refer to instatlation of Needle
Roller Bearing that follows. E0TB1A

Reassembly Procedure

Installation of Needie Roller Bearing

( Using MNeedle Roller Bearing Installer {special tool},

) } 0 install the needle roiler hearing in the housing.

( Lg The needie roller bearing should be pressed in up to
N the specified dimension with the oil seal side inward
)\ and the inscribed side ocutward.
~

14 NOTE:
Needle rolier hearing When installing the needle roller bearing, direct the iip
:gﬁ‘;;‘gggis;%i) in the correct direction.

E0123A
Needls roller bearing
Installing
direction
Dust seal—L2]
EQ762A
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6. TROUBLESHOOTING

Symptom g Probable cause Remedy Ref. group
Clutch drags Defective clutch proper
when disan- {Disassemble and check clutch assembly.}
gaged * Damaged or poorly lubricated pitot bearing Replace or lubricate
s Darnaged release bearing Replace
e Uneven height of release lever or its damage Adjust height or replace
» Defective clutch disc Replace
« Damaged or deformed clutch dise
* Worn or rusty splines and clutch disc hub Replace or correct defective
parts
» Distored or damaged pressure piate Grind or replace
Distored or damaged flywheel Group 11
Clutch slips Defective clutch proper
{Disassembte and check clutch assembly.}
+ Uneven height of release lever Adjust
* Pressure spring losing proper tension Replace
* Defective clutch disc
* Worn facing
« Deformed clutch disc
* Hardened facing Remove hardened surface
or replace
* Oil on facing Remove oil or replace
» Distored or darnaged pressure plate Grind or replace
Distored or damaged flywheei Group 11
Clutch is not Defective clutch proper
smoothly en- (Disassemble and check clutch assembiy.)
gaged » Defective clutch disc Replace
» Distored facing
* Hardened facing Remove hardened surface
or replace
* Loose rivet Replace
* Oil on facing Remove oil or replace
* Binding ciutch disc splines Correct or lubricate spiines
e Clutch disc torsion spring losing proper tension or broken Repiace
= Uneven height of release lever Adjust
s Pressure spring losing proper tension Replace
@ Distored or damaged pressure plate Grind or replace
| Distored or damaged flywheel Group 11
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Symptom Probable cause Remedy Ref. group
Clutch is noisy Worn, damaged, or poorly lubricated pitot bearing Replace or lubricate
when disen-
gaged Worn, damaged, or poorly lubricated rejease bearing
Defective clutch disc
®» Worn clutch disc splines Repiace
* Ciutch disc torsion spring losing proper tension or broken
Bent strap piate Replace clutch cover
Cluteh is noisy Defective clutch disc
when engaging e Ciutch disc torsion spring losing proper tension or broken Replace
* Worn ciutch disc hub splines
Worn splines of ciutch shaft
Pressure spring losing proper tension
Low idie speed Adjust Group 13
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SPECIAL EQUIPMENT — GENERAL

1. GENERAL
1.1 Air Compressor

<6D2>
{1-cylinder type)

To air tank
From air pressure governor

Uniocader valve .
.

From air cleaner

848098

<8DC>
(1-cylinder type)

From air pressure
) governor
To airtank ]

B4808B

{2-cylinder type)

From air
pressure governor

Unloader valve

09661

{2-cylinder type!)

From air pressure

To air ta?‘ivemor Unloader valve

/ Z? From air cleaner

N2880C

The air compressor is driven by the injection pump
gear in mesh with the timing gear of the engine at &
speed one half of the engine speed. On the cylinder
head of the air compressor, a suction valve, delivery
vaive and unloader valve are provided which respec-
tively accomplishes the suction, delivery and exhaust
functions. The air compressor comes in two types; the
1- and Z-cylinder types.
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SPECIAL EQUIPMENT - GENERAL

When the piston enters the up stroke, the suction valve
is forced back by the valve spring to close the air suc-
tion port of the valve seat.

{2) How air is routed under pressure

To air tank
a - 3 o
B ANEY AN
Sensor plate N2G1GA T g )
\ \\ I.E. | _:. '_ ‘ oy
. , ., e \\\\\ o 5 ! >
A sensor plate for the tachometer is provided on the in- ‘t:r-‘)* }I 2 =%
jection pump gear side of the air compressor. The sen- SauEil S Delivery valve
sor piate has sensor bars. RN o) widg /ﬂ SPring
M l \\}:" \/’// Delivery valve
(1) How air is drawn in T
| 1
|
il S
S=———=—x
=5 /
Air drawn in W s) E///
BA814A
Valve spring The air, compressed inthe cylinder as the piston moves
Suction valve down, gets over the action of the valve spring on the

delivery side and forces up the delivery valve stopping
up the delivery port of the valve seat. So the air is
% routed under pressure to the air tank.

When the piston enters the down stroke, the delivery
valve is forced back by the valve spring to close the air
delivery port of the valve seat.

N2725A

The air is drawn in by the negative pressure which is
produced in the cylinder as the piston moves down.
When the negative pressure is produced in the cylin-
der, the suction valve that has been stopping up the
suction port of the valve seat compresses the valve
‘spfing to open the suction port. So the airis drawn into
the cylinder.
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{3} How unipader valve operates

1.2 Air Pressure Governor

Caompraessed air

Unloader valve ¢ air pressure governor)

tUnloader valve
spring

Suction valve

N2727A

Exhaust port
Adjust spring

To unloader of

air compressor
I ; tow
G f. pressure
= valve
Vailve body
Diaphragm o, High pressure valve

Filter f

From air tank

B4080A

When the air pressure in the air tank exceeds the speci-
fied pressure (pressure governor operating pressure),
the pressure governor opens to send the compressed
air to the unloader valve. The compressed air not only
depresses the unloader valve, but keeps the suction
valve open, causing the air compressor to operate un-
der no load.

When the air pressure in the air tank falls below specifi-
cation, the pressure governor resumes operation, dis-
charging compressed air present at top of the unload-
er. Then the untoader valve spring puts the unloader
valve back to its original position, causing the suction
valve to begin operation.

£1-4

The pressure governor controls compressor operation
to keep the air tank pressure within specified limits.
To the high pressure vaive of the diaphragm, the same
air pressure as in the air tank acts always through the
filter, thereby balancing with the adjusting spring
force, When the pressure inthe airtank increases to ex-
ceed that opening pressure of the high pressure valve,
the air forces up the high pressure valve seat of the dia-
phragm. This causes increase of acting area so that the
diaphragm moves up quickly to close the seat of the
low pressure valve.

When the low pressure valve is closed, air now flows
through the valve body to force down the unloader
vaive of the air compressor, thereby stopping air sup-
ply to the air tank.

As the air pressure in the air tank gradually drops, the
diaphragm is forced down by the adjusting spring and
the low pressure valve opens and the high pressure
one closes. As a result, the air on the unloader side is
exhausted through the exhaust hole and air supply to
the air tank is resumed.
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2. SPECIFICATIONS

Unit:t mam
ltemn Specification
Air compressor Type Water-cooled 1-cylinder type Water-cooled 2-cylinder type
Cylinder diameter x stroke 85 x 50 80 x 50
Cylinder capacity 284 cm? : 502 cm?
Turning direction Clockwise
{as viewed from drive side}
Pressure governor Type Diaphragm type
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3. SERVICE STANDARDS

3.1 Service Standards Table
{1} Air compressor

Unit; mm

Maintenance item

Norminal value
{Basic diameterin[ ]}

Limit

Remedy and remarks

&6D2 Engine
1-cylinder | Suction valve spring instailed foad/ 4.4 N {0.45 kgfl/5 3.5 N {0.36 kgf}/5 3 Replace
type deterioration installed length
Delivery valve spring 4.5 N {0.46 kgf}/9.5 3.6 N {0.37 kgf1/9.5
deterioration
Piston ring open end clearance {measured - 1.¢ Replace all piston rings as a
inside cylinder liner} set
Clearance between pis- Compression ring - 0.08 Repiace ail pistonrings as a
ton ring and ring groove | only set
of piston
Piston pin to piston clearance [18] 0.08 Replace
Piston pin to connecting rod small end clear- (18] 0.07 Replace piston pin or con-
ance necting rod
Piston to cylinder liner Top portion [85] Q.27 Replace piston or cylinder
clearance iner
Skirt portion {85} 0.18
Bearing to crankshaft clearance {42} 0.1 Repiace crankshaft or crank-
case
Crankshaft to connecting rod bearing clear- i34} a.1 Replace bearing
ance
Connecting rod bearing - When copper color | Replace bearing
is exposed bhe-
cause of worn in-
ternal plated layer
Crankshaft end play - 1.0 Replace crankshaft
Connecting rod end play - 0.5 Replace crankshaft or con-
necting rod
2-cylinder | Suction valve spring Instalied load/ 4.4 N {0.45 kgfy/s 3.5 N {0.36 kgf}/s | Replace
type deterioration installed length

Delivery valve spring
deterioration

4.5 N {0.46 kgf}/9.5

3.6 N {0.37 kaf}/9.5

Piston ring open end clearance {measured - 1.0 Replace all pistonrings as a
inside cylinder liner) set
Clearance between pis- Compression ring - .08 Replace all piston rings as a
ten ring and ring groove | only set
of piston
Piston pin t0 piston clearance {16} 0.08 Replace
Piston pin to connecting rod small end clear- [16] 0.07 Replace piston pin or con-
ance necting rod
Piston to eylinder liner Top portion [80] 0.29 Replace piston or cylinder
clearance liner

; Skirt portion {80] 0.17
Crankshaft to connecting rod bearing clear- {34} 2.1

ance

Replace bearing

Connecting rod bearing

When copper coior
is exposed be-
cause of worn in-
ternai plated laver

Repiace bearing

Crankshaft end play

1.0

Replace crankshaft

Connecting rod end play

0.5

Replace crankshaft or con-
necting rod




SPECIAL EQUIPMENT - SERVICE STANDARDS

Unit mm

Maintenance item

Nominal value
{Basic diameterin [ ]}

Limit

Remedy and rernarks

8DC Engine
1-cylinder | Suction valve spring instailed toad/ 4.4 N {0.45 kgfi/5 3.5 N {0.36 kgft/5 . Replace
type deterioration installed length
Delivery valve spring 4,5 N {0.46 kgf}/9.5 3.6 N {0.37 kgf}/8.5
deterioration
Piston ring open end clearance {measured - 1.0 Replace all piston rings as a
inside cylinder liner) set
Clearance between pis- Compression ring - 0.08 Replace all pistonrings as a
ton ring and ring groove | only set
of piston
Piston pin ta piston clearance [18] 0.08 Replace
Piston pin to connecting rod smail end clear- [18] 0.07 Replace piston pin or con-
ance necting rod
Piston to cylinder finer Top portion i85} 6.27 Repiace piston or cylinder
clearance - - liner
Skirt portion 185] 0.18
Crankshaft to connecting rod bearing clear- [34] 0.1 Replace bearing
ance
Connecting rod bearing - When copper color | Replace bearing
is exposed be-
cause of worn in-
ternai plated layer
Crankshaft end play - 1.0 Replace crankshaft
Connecting rod end play - 0.5 Replace crankshaft or con-
necting rod
2-cylinder | Suction valve spring Instalied load/ 4.4 N {0.45 kgfl/5 3.6 N {0.36 kgfl/5 | Replace
type deterioration installed iength

Delivery valve spring
deterioration

4.5 N {0.46kgf}/9.5

3.6 N {0.37 kgf}/9.5

Piston ring open end clearance (measured

- 1.0 Replace all piston rings as a
inside cylinder liner) set
Clearance between pis- E Compression ring - 0.08 Replace all piston rings as a
ton ring and ring groove | anly set
of piston
Piston pin to piston clearance {16} .08 Repiace
Piston pin to connecting rod smal! end ciear- [18] .07 Replace piston pin or con-
ance necting rod
Piston to cylinder liner Top portion [801] 0.29 Replace pisian or cylinder
clearance liner
Skirt portion {80} 0.17
Crankshaft to connecting rod bearing clear- {347 6.1 Replace bearing

ance

Connecting rod bearing

When copper color
is exposed be-
cause of worn in-
ternal plated layer

Replace bearing

Crankshaft end piay

1.0

Replace crankshaft

Connecting rad end play {with two paired}

1.0

Replace crankshaft or con-
necting rod
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{2} Air pressure governor

Unit: kPa tkg/em?}

Maintenance item Nominal value {imit Remedy and remarks
High pressure valve open- MCB02148 +34 +0.35 - Adjust or replace
ing pressure 715_4_9 7.3 _(}_05}
MCB02150 -
734j§‘é {8.0 jg:gg }
Low pressure valve open- MCB02148 4.9 +0.05 -
ing pressure 625 t34 6.4 —0.35 H
MC802150 -
14d 011988)
3.2 Tightening Torque Table
{1} Air compressor
Location tightened Screw size Tightening torque
0.D. x pitch N-m {kgf-m}
{mm}
Cylinder head nut 6D2 <1-cylinder type>, 8DC MI0 x 1.25 2310 27 {2.3t0 2.8}
Cylinder head boit 6D2 <2-cylinder type> Mi10x 15 3%t 43 {410 5}
Cylinder liner nut 6D2 <2-cylinder type> M1dx15 2510 29 {2.5 t0 3.0}
tnjection pump gear mounting nut M24x 15 215 {22}
Bearing holder bolt 602, 8DC <1-cylinder type> M8 x 1.25 1410 18 {1.4t0 1.8}
8DC <2-cylinder type> 19 to 25 {1.9 to 2.6}
Bearing holder nut 602 <2-cylinder type> M8 x 1.25 1410 18 {1.4 10 1.8}
Connecting rod cap nut M8 x 1.25 23 to 25 {2.3 t0 2.6}
Joint 6D2 PT1/8 15 to 20 {1.5 to 2.0}
Unloader valve guide Mz28x 1.6 98 to 115 {10 t0 12}
Delivery vaive holder M36x 1.5 98 to 115 {10 to 12}
Sugction valve holder M45x 1.5 9810 115 {10to 12}
(2) Air pressure governor
{ocation tightened Screw size Tightening torque
O.Dt. x pitch N-m {kgf-m}
mrn}

Sleeve lock nut

15t020{1.5t0 2}

Adjusting screw lock nut

9.8t0 15{1to0 1.5}
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4, SPECIAL TOOL

Air compressor

Unit: mm

Unit: mm

Tool name

Tool name

Shape

Air Comnpressor Suction Valve
Taol

MHD61263

Installation and removal of
suction valve hoider

Piston Ring Tool
MHOB60014

Removal and instaliation of
piston ring

01732
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5. SERVICE PROCEDURE
5.1 Air Compressor

5.1.1 Removai and installation

NOTE:

1. To remove the air compressor, remove the injec-
tion pump beforehand.

2. At instaliation, the injection pump gear instalied

on the air compressor should be in mesh as speci-
fied.

<6D2>
{1-cylinder type air compressor) {2-cylinder type air compressor)

1 Water outlet pipe 6 Air suction hose {1-cylinder typse)
2 Air outlet pipe Air suction pipe {Z-cylinder type)
3 Unioader pipe A 7 Qil pipe

4 Unloader pipe B (2-cylinder type only) 8 Air compressor

5 Water inlet pipe

B9050B B90G518B
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<8DC>
{1-cylinder type air compressor)

Unloader pipe A

Unloader pipe B {2-cylinder type only)
Air suction pipe

Air suction hose

Alr outlet pipe

Water outlet pipe

(=2 T 61 B < A P L

B4490A

{2-cylinder type air compressor)

7 Water iniet pipe A (2-cylinder type only)
8 Water inlet pipe B
8 Qil inlet pipe

10 Air compressor bracket

11 Air compressor

B90ATA

Removal Procedure

With the piston at any other position, the injection
pump gear guide plate cannot be removed as it is
caught by the idler gear.
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Installation Procedure
{1) 6D2

09637

{a} Crankthe engine untilthe "16” marked on the out-
er periphery of the flywheel is aligned with the
pointer of the inspection window of the flywheel
housing to place the piston in the No. 1 ¢ylinder of
the engine at the top dead center on the compres-
sion stroke. i the piston in the No. 1 cylinder is at
the top dead center on the compression stroke, the
valve clearance should existinthe No. 1 cylinder. f
there is no valve clearance, the piston in the No. 6
cylinder is at the top dead center on the compres-
sion stroke. Therefore, rotate the engine 360°.

NOTE:
When the engineis to be cranked, crank it by hand 180°
or more in the direction of normal rotation.

61-12

Engraved line of

injection pump gear K
Air \ Engraved ling

compressor of rear plate

M0 x 1.5)

A Length 5
L";@ X #=% (about 100 mm)%

injection bump gear

CO768A

(b) Insert bolts {M10 x 1.5 about 100 mm long} from

the rear end plane of the flywheel housing te sup-
port the air compressor. insert the air compressor
in the hole provide in flywheel housing until its
gear end makes contact with the end surfaces of
both injection pump gear and camshaft gear. Align
the inscribed lines on rear plate and injection pump
gear and push the air compressor inward.
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Plug or tachotneter sensor
moeunting poesitien

Flywheel
housing

Sensor.plate bar

Mounting threaded hole

09638

{c} Remove the tachometer sensor or plug. Look
through the threaded hole to confirm that the pro-
jection on the sensor plate is positioned atthe cen-
ter of the threaded hoie, and then secure the air
compressor. If the projection on the sensor plate is
not positioned at the center of the threaded hole,
remove the air compressor and perform ltem (b)
again.

NOTE:

If the meshing teeth of the injection pump gear and

idler gear C are one tooth different, about one half of

the sensor plate bar will be hidden from the threaded
hele.

{d} Instaliation of tachometer sensor

1) Adjustment-free type

| Apply & seaiant

(THREEBOND 1211 |
er 1212) to the |

threaded portion §

I

Hexagonal portion
29 = 5.9 N.m {3 = 0.6 kgf-m}

09640

To install the tachometer sensor, apply sealant to the
threaded portion of the sensor and screw the sensorin
until the hexagona!l portion of the sensor seats.

2} Adjustment type

Clearance / Flywheei housing

0.5t0 1.5

Sensor = H
plate \ o
C /7

Apply a sealamt
{THREEBOND 1211

or 1212} to the
threaded portion

Tachometer sensor

Lock nut
29 + 5.9 N.m {3 = 0.6 kgf-m}

N2825A

“To mount the tachometer sensor, apply a sealantto the
threaded portion of the sensor and turn down the sen-
sor untii it comes in contact with the sensor plate. Then
back it off 2/3 of a turn (240°) (Clearance 1.0 mm).
Secure it by tightening the lock nut to specification.
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< B5703A

{a) Crankthe engine until the piston of the No. 1 ¢ylin-
der is placed at the top dead center on the com-
pression stroke. When the engraved line 1,4 of the
flywheei housing is in alignment with the pointer
of the inspection window of the flywheel housing,
the piston of the No. 1 or No. 4 cylinderis at the top
dead center on the compression stroke. in this
case, the piston of the cylinder where the push rod
is not pushing the rocker up is at the top dead cen-
ter on the compression stroke.

NOTE:
When you ¢crank the engine, be sure to manually crank
the engine more than 180° in the forward direction.

Line up the engraved
lines with each other.

Flywheel housing

Rear plate

{b) Insertthe air compressorinto the mounting hoie of
the flywheel housing. With both end planes of the
injection pump gear and camshaft gear in contact,
line up the engraved line of the rear plate with the
engraved line on the tooth surface of the injection
pump gear {make sure that the engraved line on
the gear tooth surface is in alignment with the line

61-14

extending from the engraved line of the rear plate).
Then push the air compressor into position.

NOTE:
On the sensor plate equipped version, perform the fol-
lowing procedures to check that the gears are in mesh.

position

Plug mounting _c=="2%

Sensor blate bar

N2826A

{c) Remove the plug, look through the threaded hole
to verify that the sensor plate bar is positioned at
the center of the hole, and then secure the air com-
pressor.

{d) When the sensor plate bar is not positioned at the
center of the threaded hole, withdraw the air com-
pressor, and re-perform Step {b).

NCTE:

if the meshing teeth of the injection pump gear and
camshaftgear are one tooth different, about one half
of the sensor plate bar will be hidden from the
threaded hole.
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5.1.2 Disassembly

-l

WM~ DU R WM

Disassembly sequence

. <6D2>
(t-cylinder type}

Crack, worn bushing, 27

clogged oil hole

Circumference damaged 29

or worm

Wear, d

Sensor plate
injection pump gear
Collar

Cylinder head

Stud bolt

Snap ring

Unloader vaive
Valve spring

Valve guide

amage

23

Delivery valve holder
Spring holder
Delivery valve spring
Delivery valve
Delivery valve seat
Suction valve holder
Suction valve spring
Suction valve
Suction valve seat

11

18 wear, damage
17 Weasr, damage
16 Sagging spring

gy

19 Cylinder liner 27
@ Compression ring 28
@ Oil ring 29
22 Snapring

23 Piston pin 30
24 Piston 31
25 Bearing holder *32
26 Qil seal *33

For parts with an encircled number, refer to Disassembly Procedure that follows.
Parts marked with * should not be removed uniess defects are evident.

12 Sagging spring
13 Wear, damage
14 Wear, damage

L....Limit

Connecting rod
Connecting rod cap
Connecting rod bear-
ing

Crankshaft
Crankcase

Bearing -

Bearing

D9252A
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1

W~ Jm e WwN

{2-cylinder type}

Crack, worn bushing, 26-

clogged oil

Circumference
or worn

25
Wear, damage

Disassembly sequence

10
11 Sagging spring
12 Wear, damage

13 Waear, damage

17 Wear, damage
16 Wear, damage
15 Sagging spring

hole

damaged 28

29 Scratch, clogged oii hots

End play
L 10

248 AN

L.... Limit

Sensor plate g Delivery vaive hold- 16 Sugtion valve 25 Qil seal
Injection pump gear er 17 Suction valve seat 26 Connecting rod
Coliar 0 Spring holder 18 Cylinder liner 27 Connecting rod cap
Cylinder head 11 Delivery valve Compression ring 28 Connecting rod
Snap ring spring @ Oilring bearing
Unloader valve 12 Delivery vaive 21 Snap ring 29 Crankshaft
Valve spring 13 Delivery valve seat 22 Piston pin 30 Crankcase
Valve guide 49 Suctionvalve holder 23 Piston 31 Bearing

15 Suctionvalvespring 24 Bearing holder 32 Bearing

For parts with an encircled number, refer to Disassembly Procedure that foliows.

(5641
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<8DC>

{1-cylinder type) 9 &)

Wear, damage 12 ~——m———iod
<@
Wear, damage 13———-—-—-—-——-—-—-@ A

@ @/7 Saggmg
spnng 24 Crack, scratch
Sagging spring 11 __.\__g

Rotating condition 3
25
Crack
) 30 Scratch, clogged oil hole
26 &> End play
Crack, damage\® ’ L....Limit
Disassembly sequence

1 Sensor plate 12 Delivery valve 23 Piston pin

2 Injection pump gear 13 Delivery valve seat 24 Piston

3 Spacer Suction valve holder 25 Bearing holder

4 Cylinder head 15 Suction valve spring 26 Oil seal

5 Snap ring 16 Suction valve 27 Connecting rod

& Unloader valve 17 Suction valve seat 28 Connecting rod cap

7 Valve spring 18 Cylinder liner 29 Connecting rod bearing

8 Valve guide 19 Stud 30 Crankshaft

S Delivery valve holder @ Compression ring 31 Bearing
10 Spling holder @ Oil ring 32 Bearing
11 Delivery valve spring 22 Snapring 33 Crankcase

For parts with an encircled number, refer to Disassernbly Procedure that follows.
N27504

\!‘ 5

Crack
worn bushing,
clogged otl hole

Circumferance
damaged oz wom

© = 17 Wear, d
@/ eaf amage

©—16 Wear, damage
15 Sagging spring

14 19

Rotating
condition

2 Crack, wear

T
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{2-cylinder type}

Wear, damage 12

Wear, damage 13 & 7 /
\@@ & . Sagging spring 23
®C s

Crack, worn bushing, 27
ciogged oii hole

10 >
\E &5 [
o o 5
Sagging spring 11
\@ > Crack, scratch S 20

Crack, damage

<&

/

Crack, wear

25
32 Rotating condition

30 Scratch, clogged oi hole

y End play |
L 3.0
26 29 T
Crack, damage Circumference damaged or worn
28 L....Limit
Disassembly sequence
1 Sensor plate 12 Delivery vaive 23 Piston pin
2 Injection pump gear 13 Delivery valve seat 24 Piston
3 Spacer @ Suction vaive holder 25 Bearing holder
4 Cylinder head 15 Suction valve spring 26 Oil seal
5 Snap ring 16 Suction valve 27 Connecting rod
6 Unloader valve 17 Suction valve seat 28 Connecting rod cap
7 Valve spring 18 Cylinder liner 29 Connecting rod bearing
8 Valve guide 19 Stud 30 Crankshaft
9 Delivery vaive holider @ Compression ring 31 Rear Bearing
10 Spring holider 2 Oil ring 32 Front Bearing
11 Delivery vaive spring 22 Snapring 33 Crankcase

For parts with an encircied numbes, refer to Disassembiy Procedure that follows.

N2877A
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Disassembly Procedure

(1) Disassembly of suction vailve holider

Suction Valve Tool
MHO0B1263

{2} Disassembily of piston ring

N3166A

NOTE:

Since the suction vaive holder is staked by punching,
do not attempt disassembly unless trouble is evident.

Piston Ring Tool
MH080014

/09543

NOTE:

When a piston ring is removed, do not widen the open
ends of the piston ring more than 28 mum for 1-cylinder
type and more than 26 mm for 2-cylinder type.
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5.1.3 Inspection

<6D2>
{1-cylinder type)

Clearance between piston
ring and ring groove of piston
Compression ring only |

L 0.08

Piston ring open end
clearance
L 10

Clearance
BD 18
L 0.08

)

Clearance
BD 18
L 007

End play
L 05

Clearance
8D 34
L 0.1

Sagging spring
Instalied load/installed
length

NV 4.5 N {0.46 kgf}/8.5

L 3.6 N {0.37 kgf}/9.5

Sagging spring
instalied loadfinstalied
length
NV 4.4 N {0.45 kgfl/b
L 35N {0.36 kgh/s

Clearance

Top portion
BD 85
L 027

Skirt portion
BD 85
L 6.18

Clearance
BD 42
L Q.1

End piay |
L 10

BD .. Basic Diameter
NV .. Nominal Value
| S Limit

Da2s2B
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(2-cylinder type)

Ciearance
Top portion
80 80
L 029

Skirt portion
BD 80
L 017

Ciearance
BD 16
L 0.08

o<

Clearance
BD 16
L 007

Clearance between piston
ring and ring groove of piston

[ Compression ring only

| Piston ring open end
clearance
L 16

8

End pla

~

L 65

|

i Clearance

! Sagging spring
| installed load/installed
tength
NV 4.5 N {0.46 kgf}/9.5
| L 38N{037 kghas

BD 34
L 01

Sagging spring i
tnstalied load/installed ‘
length E
NV 4.4 N {0.45 kgf}/5 |
L 3.5 N{0.36 kgf}/5 |

BD .. Basic Diameter
NV .. Nominal Value
L..... Limit

09646
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<8DC>
{1-cylinder type)

LClearance

Top portion
‘ BD 85
E L oz
%

| Skirt portion /
- 85 \

Sagging spring
installed load/installed
length

NV 4.5 N {0.46 kgf}/9.5

-
&
L 3.8NI{0.37 kgf}/8.5 @ g
— 5 =

Clearance
BD 18
L 0.08

Clearance
BD 18
L 607

i Sagging spring

" Installed loadyinstalled | Clearance |
i length i BD 34 E
LNV 4.4 N {0.45 kgf}/5 . | L 01

L 35N{0.36kgf}/5 |

Clearance between
piston ring and ring
groove of piston

| Compression ring only |

L 008 ;

! Piston ring open end |
! clearance !
L 10

BD .. Basic Diarmneter
NV .. Nominal Value
L..... Limit

N2752A
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(2-cylinder type)

Clearance between
piston ring and ring

Clearance
Top portion
BD 80
L 6.29
Skirt portien
BC 80
L 017
Sagging spring
| Installed load/installed ’@
jength o f
| NV 45 N {0.66 kgf}/9.5 J _
| L 36N{037kgf85 @) /

@ ‘D /

—_—
! 5 Clearance

i BD1s6
e
i Clearance

! installed load/
! installed length

o

S— S
. Sagging spring

o

| NV44N
L {9.4’&3 kgh/s

35 i BD 16
{0.36 kgfi/5 | L 007

/ groove of piston

| Compression g
L ring only !
|
|

=) L 0.08

.

Piston ring open end |
clearance E

) L 1.0

End pla
L 1.0

| Clearance
| BD 34
HE |

BD .. Basic Diameter
NV .. Nomina! Vaiue
L..... Limit

082268
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inspection Procedures

{1) Piston to cylinder clearance

Measuring direction

-
N

D9264A

if the clearance is over the limit, replace the piston or
cylinder liner.

(2} Piston ring and piston ring groove clearance

D9265A

if the clearance is over the limit, replace the compres-
sion ring or piston,

NOTE:
Measure the clearance all around the piston.

61-24

{3) Piston ring open end clearance

D8266A

Fit the piston ring over a standard gauge or new cylin-
der liner and measure the open end clearance. If the
clearance is over the limit, replace the piston ring.

NOTE:
Push the piston in and measure the clearance with the
piston ring in horizontal position.

{4) Piston to piston pin clearance

Measuring position

Measuring
direction

DY271A

Calculate the clearance. If it is in excess of the limit, re-
place the piston or piston pin.



SPECIAL EQUIPMENT — SERVICE PROCEDURE

(5) Piston pin and connecting rod clearance

(6) Crankshaft and connecting rod bearing clearance

Measuring
direction

DS267A

if the clearance is over the limit, replace the piston pin
or connecting rod.

{Crankshaft: 602, 8DC «1-cytinder type>]

Measuring position Measuring
/_ \ direction
(R A—
D9268A
[Crankshaft: 8DC <2-cylinder types]
Measuring Measuring position
direction ‘
i g é ;
| C
e = -
"

D8218A

[Connecting red beating]

Measuring position

AN

Measuring direction

S

B4134A

Calcuiate the clearance. If it is in excess of the limit, re-
place the bearing or crankshaft.
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(7} Clearance between crankshaft journal and bearing
<602 only>

Measuring position

Measuring
direction

t
j H

*1-cylinder type shown D8269A

Calculate the clearance. If it is in excess of the limit, re-
place the parts.

(8) Connecting rod end play

End play

i —

*1-cylinder type u
shown \

[V =

S D9270A

if the play exceeds the limit, replace the connecting
rod.

NOTE:
On a 2-cylinder type compressor, measure the end play
with both connecting rods pushed to one side,

61-26

{9) Unloader vaive assembiy

Snap ring

Unloader valve ——%

Valve spring

Valve guide

\_J

D9272A

If the unioader valve in unioader valve assembly is
badly worn, replace the untoader valve assembly.
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5.1.4 Reassembly

<6D2>
{1-cylinder type)

98 to 115 N-m
98 10 115 N-m {0 to 12 kgf-mi}
{10 to 12 kgf.m} 10

15

9810 115 N-m
{10 t0 12 kgf-m}
g

Ak

1510 20 N-m
{1.5t0 2.0 kgf-m} 27

25

o

Appiy THREEBOND NEJLOCK 4
TB1323B to three threads of the

threaded portion 0.2 to 0.3 cm?3 2310 27 N-m

{2.3 10 2.8 kgf-m}

23t0 25 N-m
{2.3t0 2.6 kgf-m}

14to 1B N-m
{1.4t0 1.8 kgf-m}

Reassembly sequence

14-513-512511210-318—17 - 160
875659 —

215 N-fm
Apply engine {22 kgf-mi
oil to lips 26
\""'/ ' %é}:—‘;-_—_
7 pe—

3E-1»32—>33_>30-;29—@-+®.+25_>26_>24_>23-—>22—>®—>®—+1e—>j§_>4w>3-;®—>®

For parts with an encircted number, refer to Reassembly Procedure that follows.

Bend lock washer.

B32568
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(2-cylinder type)

Apply THREEBOND NEJILOCK
1323B to three threads of the
threaded portion 0.2 to 0.3 cm?

9810 115 N-m

9810 115 N-m
{10 to 12 kgf.m} {10 10 12 kgf-m}
4 g 8
e o ——
_L i4 to 5 kgf.m} ™ TG
— R | € ¢ 11
= 5= 19 : i 7
18—~ == 12 A
c 20 13/ I 14 9810
1510 20 23 115 N-m
N-m 22 25 t0 28 N-m 16 {1010 12
(151020 21 ER) {2.5 to 3.0 kgf-m} kgf-m}
kgf-mj 5
31
¢ Apply ]
engineg L
| oil to N 215 N-m \
T . .
P (22 kgtmi Positioning pin

Bend lock washer.

AL
RN

28 29 30 32

2310 25 N-m

{2.3to 2.6 kgf-m}
Reassembly sequence
30—-)32»—»3?—)29-—)24-—)25—>28—>@-¢@—>23—>22-«>21—)@—»@-—)!8—)4—-}3-—)@—)@
1312115109173 16 15
8—7-+6—5—
For parts with an encircled number, refer to Beassembly Procedure that foliows.
09644
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<8DC>
{1-cylinder type)

| Apply THREE- ;
{ BOND NEJILOCK

: TB13238B to three
| threads of the

i threaded portion

10 6

9810 115 N-m
{190 1o 12 kgf-m}

g 9810 115 N-m
{10 to 12 kgf-m}

{

|0.2100.3 cm3 ! 5
11
12 7
17
13
16
20

14 98tc 115 N-om
{10 to 12 kgf-m}

2310 25 N-m
2.3 10 2.6 kgi-m}

231027 N-m
{2.310 2.8 kgf-m}

215 N-m

' {22 kgf-m}
Apply engine
i oil to lips Bend lock
75 -"""';T washer.
31
1410 18 N'm
{1.4to 1.8 kgf-m}

Reassembly sequence

30—)32—->31—>33—->25—>26—+@—>29«»@—>24-—->@—>®->23—+22—->19~»18—)4—»3—)@-—)@

1321251121039-17 16150
873625

For parts with an encircled number, refer to Reassembly Procedure that follows.

N2754A
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{2-cylinder type)

9810 115 N-m 98 to 115 Nemn

TApply THREEBOND NEJILOCK | {1010 12kgfmb ) g 0ie12ketm)
|

: TB1323B to three threads of the
| threaded portion 0.2 to 0.3 cm?® 5 4

7 231027 N'm

17 {2.3to 2.8 kgf-m}

11
12
13 16
1% 19

20

23 ] ] 14 9810 115 N-m

22\..._ {10 t0 12 kgf-m}
~_LIIf W

18—0 N 24

231025 N-m
{2.3t0 2.6 kgf-m}

1
- Appiy engi O
ne
! oirlj?oyiipsg 26 :O:/_ \A/-?'
. g:,/f
O —
U™ H
25
215 Nom
31 28 T {22 kgt-m}
\—— WY
1910 256 N-m /—-—]-—r — Bend lock washer.
{1.9 to 2.6 kgf-m} D
33 28 30 32

Reassembiy sequence

30232-531233-325526 58529 B & B 524523 4225185182432

z
13-312-911-510-9-1716— 158

8—7 565

For parts with an encircled number, refer to Reassembly Procedure that follows.

092220
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Reassembiy Procedure
1) Assembly of connecting rod

Connecting rod

23tc 26 N-m
{2.3to 2.6 kgf-m}

Bend lock
washer

= Alignment
marks

Connecting rod cap
Face notch in bolt head toward
the connecting rod cap end

Face stamped character side up.

1st compression
A

ring \ T
2nd and 3rd \ 4:
gompression r1ings

\

{Side rail
Qil ring «’L Spacer

Side raiiﬁ [y

2nd compression ring
open ends

Approx. 120° Approx. 120°

15t compression
Spacer open | ring open ends

| ends

Side ratl open ends 09647

3rd compression
ring open ends

09645

Make sure that the alignment mark on the connecting

rod is aligned with that on the connecting rod cap.

(2} installation of piston rings

Piston Ring Tool
MH080014 .

install each piston ring in place and locate their ends as
shown in the illustration.

{3) Instaliation of suction valve holder

Punch to stake {three places).
{Do not punch head gasket surface.}

Cylinder head

Suction valve hoider

B3281A

Stake the cylinder head at three piaces shown over the
suction valve holder.
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{4} Installation of injection pump gear

Make sure that “O" and “U"” marks are
in alignment when they are mounted.

o

Nut Tighten with the
bearing surface
on this side

toward the
gear.

injection pump gear
Align the notch with the
“0" mark on the gear.

215 N-m {22 kgf-m} Align the bar with the notch

of the sensor plate.

B3262A

install the injection pump gear, sensor plate (guide
plate), and nut as instructed in the illustration.

61-32

5.2 Air Pressure Governor

5.2.1 Disassembly and inspection

1 Damage, corrosion

3 Sagging, damage

10 Damage, corrosion

9 Damage,
detericration

-8 Repair kit:

Pressure governor kit

Disassembly sequence

1 Cover 6 Filer

2 Adjusting screw 7 Screen

3 Spring 8 Cap

4 Sleeve 9 Diaphragm
5 Snapring 10 Body

B4081A
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5.2.2 Reassembly and adjustment

Testing

9.810 15 N-m
{1.0to 1.5 kgf-m}
1
15t0 20N-m
2 {1.5 t0 2.0 kgf-m}
4
3 O

CEX )
aood

O Low

pressure
valve

High pressure valve
7 \
6

Reassembly sequence

5

102887 —625-2423-21

Air pressure governor Air gauge

&
)

Air tank

Air compressor

B4082A

B40B0B

High and low pressure valve opening pressure

!

Part No. Nominal value
High pressure vaive Low pressure valve
opening pressure opening pressure
718 234 kPa 62574 kPa
MC802148 0 3°5 +0.05
{7.3 %5 35 ka/em?) {6.4 535 kglem?}
784 *34 kPa 695 *47 kPa
MC802150 0‘;- 005 )
{8.0 jeog kg/emZ} {71 oge kelem }

(1)

(2}

(3)

{4)

(5

Connect an air gauge between the air pressure
governor and air tank.

Start the engine and increase air pressure siowly
while observing the air gauge. Check that the read-
ing of the gauge when it has stabilized is as speci-
fied (high pressure valve opening pressure}.

If not, adjust by adjusting tightening amount of the
sleeve. After adjustment, tighten firmly with the
fock nut.

Slowly decrease the air tank pressure and check
that the air gauge reading starts to increase when
the nominal pressure {low pressure vaive opening
pressure} is reached.

For adjustment, use the adjusting screw. After ad-
justment, tighten firmly with the lock nut.

After tightening the Jock nut, check again the high
and low pressure valve opening pressures. If they
are out of specification, adjust again.

Install and seal the cover.

61-33






6eD2.8DC

diesel engine

Shop Manual

2% MITSUBISHI MOTORS CORPORATION

JULY 1885

315(H)















Pub. No. 97341-02010

s MITSUBISHI MOTORS CORPORATION

JULY '95H Printed in Japan



	Menu
	Table of Contents
	12 Liter Engine
	16 LiterEngine
	Lubrication
	Fuel and Engine Control
	Cooling
	Intake and Exhaust
	Engine Electrical

