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GENERAL INSTRUCTION 1-1

FOREWORD S

This shop manual is a general description of the instructions and repairs requir.e.d'fcr HINO
MODEL EH700 industrial diesel engine. It also covers the constructions and operational éhaj:: e,

' g Y

acteristics of the engine. ,
Daily and periodical inspection and maintenance are the m,éi‘slt"'important factors ngerhinéf S

the high performance of the engine. The proper seciv"gg;nces and’ methods outlined should'be"’
followed in repairs. e .

It is recommended that the customers make full:use of¢this manual in order to attain tAh'ev |

maximum efficiency maintenance and repair.

HINO MOTORS, LTD.

&

Model EH700 Engine EH7-001




1-2 GENERAL INSTRUCTION

ENGINE SERIAL NUMBER

The engine serial number is curved on the left hand of

the engine cylinder block.

Fig. 1-1 Engine serial number FDD-009

NOTE:
All specifications appearing in this manual are based on the metric systam. Howaver, as
ready reference, conversion has been made as shown below:
mm {in), m (ft}, km (mile)
em? (sq.in) .
mm? (cu.in), cc (cu.in), m® {cu.ft), liter (cu.in), liter (imp.gai/U.S gal)
g (o0z), kg (Ib)
kg-cm (Ib.ft.), kg-m (Ib.ft.), kg/mm (Ib/in), kg/cm* (Ib/sq.in)
m/s (ft/s), km/h (mph)

[&1)




GENERAL INSTRUCTION 1-3

SPECIFICATIONS®
- | DIESEL ENGINE FOR INDUSTRIAL USE

Hivo  EH700

APPLICATION: ELECTRICAL GENERATORS, WATER PUMPS, AIR COMPRESSORS, HYDRAULIC
CRANES & SHOVELS, ROLLERS, TOWING TRACTORS, FORK-LIFT TRUCKS,
SHUNTING LOCOMOTIVES AND OTHER GENERAL POWER PLANTS

® PERFORMANCE & PERFORMANCE CURVE (STD. specs.)

6.443 liters, 4-cycle,
6-cyl., water-cooled

GENERAL USE (SAE J1349 Gross) GENERATOR USE (SAE J1349 Gross)
Min, fue! Stand-by Power Prime Power
Output, Qutput, Max, torque consumption
intermittent rating | continuous rating | Nm {Ib.ft) IKWh ('I)b/HPh) Output at | Outputat | Outputat | Outputat
KW (HP) at rpm KW (HP) at rpm - at ipm g 1,500 rpm | 1,800 rom | 1,500 rpm | 1,800 rpm
atrpm kW (HP} kW (HP) kW (HP} kW {HP)
106 (142) at 2,800 | 91 (122) at 2,800 408 {301) at 1,800 | 200(0.362) at 1,600 | 63 {84) 76 (102) 53 (71) 65 (87)
Ambient conditions: SAE DIN
Intake air temperature 25°C 20°C
Barometric pressure 100 kPa 736 mmHg
; Water vapour pressure 1.0 kPa 10.5 mmHg

{r

@® ENGINE DESCRIPTION

L 1. Type
! : _
| 2. Combustion system
3. Cylinder
Bore x Stroke
| 4, Piston displacement
5. Compression ratio
6. Direction of rotation
7. Dimensions (L X W x H)
8. Dryweight

@® FEATURES
1. Cylinder block
2. Cylinder head
3. Crank shaft

13

4, Piston and rings

Camshaft
6. Valves

o

Diesel, 4-cyc., 6-cyl., in-line, overhead valve,
water-cooled
Direct injection type

110 x 113 mm (4.33 x 4.45 in)
6.443 liters (393.2 cu.in)
179
Counter-clockwise viewed from flywheel
Approx.1,150 x 735 x 875 mm
(45.3 x 28.9 x 34.4 in)
Approx. 500 kg {1,100 !b)

Single piece cast iron with replaceable dry liner

Mono block cast iron

Induction-hardened die forged special stee! with
counter weights"

Heat-resistance alminum alloy

Three compression rings, chrome plated

One oil ring, chrome plated with coil expander

Induction hardered carbon steel

Heat resistance steel




14 GENERAL INSTRUCTION

@ STANDARD EQUIPMENT

Flywheel housing

Flywheel

Fuel injection pump

Governor

Fuel injection nozzle

Fuel filter

Water separator

Cooling system

Lubricating system

Oil filter

11. Intake manifold

12. Exhaust manifold with
flange plate

13. Generator

—
COINOO LN =

14. Starter
16. Safety valve

HINO own (SAE No. 3 type)
HINO own (SAE 11% in. type)
BOSCH ""A’ type

Centrifugal, all speed control type
BOSCH hole type

Paper element type

Forced-circulation by volute pump
Full-forced pressure feed by gear pump
Paper element type (Full flow)

Iniet position at rear

Upward exhaust

Alternator with integral regulator
24V, 20A

24V, 5.5 kW

16. Connectors of electrical equipments

OPTIONAL EQUIPMENT

Cooling fan {suction or blowout)

®

1

2. Main switch

3. Battery switch

4. Battery relay

5. Starter switch with key

6. Ammeter

7. Fuse box

8. Engine shut off solenoid
9. Emergency relay

10. Coolant temperature switch

11. Coolant temperature gauge sender

12. Coolant temperature gauge

13. Oil pressure switch

14. Oil pressure gauge sender
15. Qil pressure gauge

16. Intake heater

17. |Intake heater relay

18. Intake heater indicator

19. Tachometer with hourmeter

20. Tachometer cable
21.. Muffler

22. Air cleaner

23. Air cleaner cap

24. Radiator with cooling fan shroud
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NOTE: 1) These specifications are subject to change without notice. .
2) These specifications are for export models.
3) All specifications of the products are with no'rmal manufacturing allowances and tolerances.
4) The performance and drawings are for standard specifications.

S-EH700—E6

[#ind] yiNO MOTORS, LTD, ™~

SIGN OF QUALITY
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| GENERAL INSTRUCTION 1-1

FOREWORD

This shop manual is a general description of the instructions’ and repalrs requured for HINO
MODEL EH700 industrial diesel engine. It also covers the construcnons and operatlonal char- ‘-'-
acteristics of the engine. : e -

Daily and periodical inspection and maintenance are the most |mportant factors govermng_ Lot
the high performance of the engine. The proper sequences and methods outlined should' be A

followed in repairs. : )
It is recommended that the customers make full use o his§ manual in order to attain the

maximum efficiency maintenance and repair.

HINO MOTORS, LTD.

Modet EH700 Engine ) EH7-001




1-2 GENERAL INSTRUCTION

ENGINE SERIAL NUMBER

The engine serial number is curved on the left hand of

the engine cylinder block.

Fig. 1-1 Engine serial number FDD-009

NOTE: .
All specifications appearing in this manual are based on the metric system. However, as
ready reference, conversion has besn made as shown below:
mm (in), m (ft), km {mile)
cm? (sq.in)
mm® (cu.in), cc (cu.in), m® {cu.ft), liter (cu.in), liter (Imp.gal/U.S.gal)
g (o0z), kg (Ib)
kg-cm (Ib.ft.), kg-m {Ib.ft.), kg/mm (Ib/in), kg/cm? (Ib/sq.in)
m/s (ft/s), km/h (mph)

"
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GENERAL INSTRUCTION

APPLICATION:

- SPECIFICATIONS
DIESEL ENGINE FOR INDUSTRIAL USE

EH700

ELECTRICAL GENERATORS, WATER PUMPS, AIR COMPRESSORS, HYDRAULIC
CRANES & SHOVELS, ROLLERS, TOWING TRACTORS, FORK-LIFT TRUCKS,
SHUNTING LOCOMOTIVES AND OTHER GENERAL POWER PLANTS

6.443 liters, 4-cycle,
6-cyl., water-cooled

® PERFORMANCE & PERFORI\'IIANC'E CURVE (STD. specs.)

GENERAL USE (SAE J1349 Gross) GENERATOR USE {SAE J1349 Gross)
Min. fuel Stand-by Power Prima Power
Output, Output, Max. torque i .
intermittent rating | continuous rating Nm (1b.ft) cansumption Output at Output at Output at Qutput at
KW {HP) at rpm KW (HP) at rpm ot Fpm - 9/kWh {ib/HPh) 1,500 rpm | 1,800 rpm | 1,500 rpm | 1,800 rpm
at rpm KW (HP) KW (HP) KW (HP) kW (HP)
106 {142) at 2,800 | 91 (122) 312,800 | 408 {301} at 1,800 | 200(0.362) at 1,600 | 63 (84) 76 {102) | 53 (71) 65 (87)
Ambient conditions: SAE DIN
Intake air temperature 25°C 20°C
Barometric pressure 100 kPa 736 mmHg
Water vapour pressure 1.0 kPa 10.5 mmHg

[

® ENGINE DESCRIPTION
1. Type

2. Combustion system
Cylinder

Bore x Stroke
Piston displacement
Compression ratio
Direction of rotation

w

NOo oA

0

Dryweight

® FEATURES
1. Cylinder block
2. Cylinder head
3. Crank shaft

4, Piston and rings

o

Camshaft
6. Valves

Dimensions (L X W x H)~

Diesel, 4-cyc., 6-cyl., in-line, overhead valve,
water-cooled
Direct injection type

110 x 113 mm (4.33 x 4.45 in)
6.443 liters (393.2 cu.in)
17.9
Counter-clockwise viewed from flywheel
Approx.1,150 x 735 x 875 mm
(45.3 x 28.9 x 34.4 in)
Approx. 500 kg (1,100 Ib)

Single piece cast iron with replaceable dry liner

Mono block cast iron

Induction-hardened die forged special steel with
counter weights

Heat-resistance alminum alloy

Three compression rings, chrome plated

One oil ring, chrome plated with coil expander

Induction hardered carbon steel

Heat resistance steel




14 GENERAL INSTRUCTION

® STANDARD EQUIPMENT

1. Flywheel housing HINO own (SAE No. 3 type)
2. Flywheel HINO own (SAE 11% in. type)
3. Fuel injection pump BOSCH A’ type
4, Governor Centrifugal, all speed control type
5. Fuel injection nozzle BOSCH hole type
6. Fuel filter Paper element type
7. Water separator
8. Cooling system Forced-circulation by volute pump
9. Lubricating system Full-forced pressure feed by g‘ear pump
10. Oil filter Paper element type (Full flow)
11. Intake manifold Inlet position at rear
12. Exhaust manifold with
flange plate Upward exhaust
13. Generator Alternator with integral regulator
24V, 20A
14." Starter 24V, 5.5 kW

15. Safety valve
16. Connectors of electrical equipments

@ OPTIONAL EQUIPMENT
1. Cooling fan (suction or blowout)
2. Main switch
3. Battery switch
4, Battery relay
5. Starter switch with key
6. Ammeter
7. Fuse box
8. Engine shut off solenoid
9. Emergency relay
10. Coolant temperature switch
11. Coolant temperature gauge sender
12. Coolant temperature gauge
13. Oil pressure switch
14, Oil pressure gauge sender
15. Oil pressure gauge
16. Intake heater
17. Intake heater relay
18. |Intake heater indicator
19. Tachometer with hourmeter
20. Tachometer cable
21.. Muffler
22. Air cleaner
23. Air cleaner cap
24. Radiator with cooling fan shroud
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GENERAL INSTRUCTION

1-5

LEFT SIDE VIEW S-EH700-E6

- NOTE: 1) These specifications are subject to change without notice,

2) These specifications are for export models. )
3) All specifications of the products are with normal manufacturing aliowances and tolerances.
4) The performance and drawings are for standard specifications.

[¥iza] HINO MOTORS, LTD, ™~

SIGN OF QuALITY '




BOLT TIGHTENING
Bolt tightening torque chart—for general purpose

Unit: kg-cm (Ib.f¢}

Boit
indentification

\ Bolt

diameter
fmm)
Tightening

~——
~

\

conditions

10

12

14

16

18

20

22

24

Even tightening area. Bolt nut, coating,

| Even tightening ares. B0 10~15 36 ~ 53 ! 88~128 174 ~ 255 304 ~ 445 486 ~ 712 758 ~ 1,110 1,040 ~ 1,530 1,480 ~ 2,170 2,030 ~2,980 | 2,560 ~ 3,750
! naked bolt, lubricant, etc. - R 3 _ - R N ~ _ N
Ot somgitions (0.8 ~ 1.0) (27~38 (7~9) {13~ 18) {22 ~ 32) (36 ~ 51) {55 ~ 80) {76 ~ 110) {108 ~ 156} {147 ~ 215) (186 ~ 271)
" Casti luminium tighteni
, suarsfaz’;/v‘:'s:e‘:;“'"‘“m ‘ghtening 14 ~ 20 48 ~ 71 117 ~ 172 232 ~ 340 405 ~ 592 647 ~ 950 1,010 ~ 1,480 1,390 ~ 2,040 1,970 ~ 2,900 2,700 ~ 3,970 | 3,410 ~ 5,000
N _ Medium conditions. 1.1~1.4) 35 ~5.1) (8~12) {17 ~ 24) | (30~42) | (47 ~68) } (74 ~ 107) {101 ~ 147) {143 ~ 209) {196 ~ 287) {247 ~ 381)
‘ i i
; i i i
. | ‘ L ! J
Tighteni having black co \ :
: st‘facee"';i:t’:aN:::‘dgbo?:Or‘"'m“t:iecam i 17 ~ 25 60 ~ 88 146 ~ 214 290 ~ 425 | 506 ~ 742 { 809 ~ 1,180 | 1,260 ~ 1,850 1,740 ~ 2,540 2,460 ~ 3,620 3.380 ~4,950 | 4,260 ~ 6,250
 unavailable. Poor tightening conditions. L 3~ 44 ~6.3) {11 ~ 15) {21 ~ 30) I (37 ~83 | (59 ~85) \ (92 ~ 133) {126 ~ 183) {178 ~ 261) (245 ~ 358) {309 ~ 452)
é |
f i | !
. —_— : i i
H ! l ! J
: o _ | | ! | ‘
EV:";E"::’:'";;’::; Be‘t’i‘ nut, coating, . 16~2a4 . s8~83 138~201 |  273~400 | 477 ~700 | 764~1,120 | 1,190~1,750 | 1,640~2400 | 2,320 ~3,410 | 3180~4,680 | 4,020 ~ 5,360
: naked bolt, lu , . ' - i - : - H - | - ; - ~ ~ ~ ~
Optimum conditions. 1.2~1.7 4.2 ~ 6.0) | (10 ~ 14) i‘ (20~28)  (35~50 | (56~81 (87 ~ 126) {119 ~ 173) {168 ~ 246) {231 ~ 338) {291 ~ 387)
‘ | |
| ! i I :
. - | | ;
! i ! : :
o ‘ | | | |
! ::u"’:f‘a::"w‘:s:::;“'“'“m tightening 22 ~ 32 5 75~110 | 183 ~270 364~533 | 636~932 | 1.020 ~ 1,500 | 1,590~ 2,330 2,180 ~ 3,200 3,100 ~ 4,550 4,250 ~ 6,210 | 5,360 ~ 7,850
‘ : : i 1 ! |
' Medium conditions. 16~23  55~79  (14~19) (27 ~ 38) [ (a7 ~67) ' {74~ 108) (116 ~ 168) {158 ~ 231) (225 ~ 329) (308 ~ 449) (388 ~ 567)
: | ¢ . l
| : ' i i
( ; ; 1 i |
— R + — — | +
@ J ‘ i ‘ ‘ t
: i 1 H
: Tightening area having black coarse : i ;
St:?fa:: RgustryaNa;edgbolt orcnub}icam 27 ~ 40 . 94~138 229 ~ 336 455 ~ 667 795 ~ 1,165 ‘ 1,270 ~ 1,870 1,990 ~ 2,920 | 2,730 ~ 4,000 3,870 ~ 5,680 5,310 ~ 7,800 | 6,700 ~ 9,850
| unavailable. Paor tightening conditions. (2.0~ 2.8) ' (6.8 ~ 9.9) (17 ~ 24) {33 ~ 48) (58 ~ 84) 1 (92 ~ 135) | (144 ~211) | (198 ~ 289) (280 ~ 410) (385 ~ 564) (485 ~ 712)
i | : »
| ) s 3 |
‘ | '
| | | ’ |
; Even tightening area. Bolt nut, coating, 24~ 32 82~ 110 200 ~ 267 297 ~ 574 694~925 | 1,010~1480 | 1,730 ~ 2,310 | 2,380 ~3170 | 3380~4510 | 4.630~6,170 | 5850 ~ 7 790
| naked bolt, lubricant, etc. ! | | . .
. | Optimum conditions. - (1.8~23) P 8.0~79) . (15~19) L i29~a1) . (51 ~66) - (74~107) 0 (126 ~167) (173 ~ 229) (244 ~ 326) (335 ~ 446) (424 ~ 563)
| i ‘ |
I : H H
- e R — i I |
! ! ! ! ! ’ ‘
|
ti luminium tightenin ; ! ! ! !
i"’;ag?’v"a’s:e‘:""'”m ‘gntening | 32~42 . 110~146 | 267~356 , 529~706 | 925~1230 | 1,480 ~1,970 | 2,310~ 3,080 | 3170~4230 | 4510~6010 | 6170~8230 | 7,790 ~ 10,390
Medium conditions. ' (2.4~30) i (8.0 ~ 10.5) {19 ~ 25) {39 ~ 51) J {67 ~ 88) {108 ~ 142) I (168 ~ 222) | (230 ~ 305) {327 ~ 434) {447 ~ 595) {564 ~ 751)
‘ i | | !
| .
Tightening area having black coarse 40 ~ 53 137~183 | 334 ~445 62 ~ 882 1,160 ~ 1,540 | 1,850 ~2,470 | 2,890 ~ 3,850 | 3,970 ~§
surface. Rusty. Naked bolt or lubricant (2.9 ~ 2.8) o } 6 . 1, . N , . 4 . :’.290 5,640 ~ 7,510 7,720 ~ 10,290 | 9,740 ~ 12,990
unavailable. Poor tightening conditions. . 8 (10.0 ~ 13.2) (25 ~ 32) {48 ~ 63) | (84 ~ 111} (134 ~ 178) {210 ~ 278} (288 ~ 382) (408 ~ 543) {559 ~ 744) {705 ~ 939)
| I

NOTE: The torque values given in this tabie should be appiied where bolt torque is not specified.
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ENGINE 31

3-1 ENGINE INSTRUCTIONS

, INTRODUCTION

Model EH700 engine is 4 cycle, direct injection type diesel engine having 6
cylinder in-line water cooled and overhead valves.

Rotation: , e s , :
3 !

This engme (rotates clockmse seeny from the tlmmg gear 5|d

| ' Repair limit:

, * Parts which reach this hmlt should ‘be repalre' “The mark (+) or () expresses increase or decrease

as compared with the nominal dimension,

Serviceable:
The utmost that can be serviceable and parts which reach this limit should be replaced. The mark
(+) or (—) expresses increase or decrease as compared with the nominal dimension.
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Fig. 3-1-1 Model EH 700 Engine

EH7-001
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DATA & SPECIFICATIONS

GENERAL

Model. .. ... .. . . . . . . e HINO EH700

TYPE . o e Diesel, 4 cycle, vertical 6 cylinder in-line overhead valve
water-cooled direct injection type

Bore and Stroke . . .. ... ... 110 x 113 mm (4.33 x 4.45 in)

Piston displacement .. ... .................. 6.443 liters (393 cu.in)

Output, intermittent KW {HP)atrpm....... 106 (142) at 2,800 r:p.m.

(SAE JI349 Gross) 97 (130) at 2,400 r.p.m.

Output, continuous KW (HP) atrp.m. ... .. 91 (122) at 2,800 r.p.m. -

: 84 (112) at 2,000 r.p.m.
68 ( 91) at 1,600 r.p.m.

(SAE JI1349 Gross) 84 (112) a1 2,400 r.p.m.

72 ( 97) at 2,000 r.p.m.
57 ( 77} at 1,600 r.p.m.

Max.torque Nm (Ibt-ft) at r.p.m. . . .. 408.(301) at 1,800 r.p.m.

Compressionratio. .. ...................... 17.9 :1

Firingorder . . . .. ... ... .. . 1-4-2-6-3-5

Compression pressure 29 — 35 kg/cm? (413 — 497 Ib/sq.in) at 270 — 310 rom
Weight . ... .. ... . . . 500 kg {1,057 Ib)

CYLINDER HEAD

TYPE Single-piece casting
Material . ... ... ... ... .. Cast iron
VALVE MECHANISM
Valve seatangle, Intake . .................. 30°
Exhaust . ................. 45°
Valve face angle; Intake . .................. 30°
Exhaust .. ................ 45°
Valve material; Intake . .................. Heat resistance steel
Exhaust .. ... ............. Special heat resistance steel
Valve timing (flywheel travel); Intake opens . . . ... 16° before T.D.C.
Intake closes .. . ... 40° after B.D.C,
Exhaust opens . . . . . 51° before B.D.C.
Exhaust closes . . . . . 13° after T.D.C.
Valve clearance, Intake (whencooled)........ .. 0.30 mm {00118 in})
Exhaust (when cooled). . . ... ... 0.40 mm (00157 in})

Tappet

Push rod

............................... Special cast iron
............................... Hollow, carbon steel

CYLINDER BLOCK, CYLINDER LINER AND CAMSHAFT

Cylinderblock .. ... ... .. .. . . . .. ... Mono-block, six cylinder, cast iron

Cylinderliner . . .. ........... P Ory type, replaceable, special chrome alloy, centrifugally
cast

Camshaft .. ..... ... .. ... ... ... . . ... . ... Case-hardened die-forged carbon steel in material

Camshaft bearing Number and material . .. ... .. .. 7, white metal with carbon steel back metal
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CONNECTING ROD AND PISTON

Connectingrod . ..........cuv ... 6, carbon steel
) Small end bearing; Material .. .. .. ............ Bronze
] Large end bearing; Material . ... ......... .. .. Thin-kelmet with lead alloy
Piston . . . ... Heat -resistance aluminum alioy
Piston ring; Compression . ................. Three, with chromeplated
Qilring . . .. ... .. .. .. .. ... One, chromeplated with coil expander

CRANKSHAFT AND CRANKSHAFT BEARING
Crankshaft . ... ... .. ... ... . . .. I.nduction~hardened die forged special steel with counter weights
Crankshaft bearing; Material . . .. ............ Iridum plated over kelmet

TIMING GEAR

Timinggeardrive . .. ...................... Helical gear
FUEL SYSTEM
Fuel injectionpump . ... ... ... . ... ... . ..., . BOSCH line type, driven by engine, 1/2 x engine rpm, clockwise
' seen from the drive side
Injection timing (flywheel travel) . .. .. .. ... ... .. - 17° before 1st cyl. T.D.C.
GOVEINOr . . e BOSCH type, mechanical all speed control (RSV)
Timer ... Automatic timer, clockwise rotation seen from the drive side,
max. advancing angle 3°
* Fuel feedpump ... . ... . ... .. ... ... .. ... -. . Piston type, driven by injection pump camshaft, max. feeding
pressure 1.3 kg/cm? (18.5 Ib/sq.in)
Nozzle . ... .. ... .. . . L Multi-hole nozzle type
- Nozzleholder . ......... ... .. .. ... ....... Injection pressure 220 kg/cm? {4,125 Ib/sg.in)
Fuel filter . ... .. ... . ... . . . . Replaceable paper element type

LUBRICATING SYSTEM

TYPE e Forced-feed lubrication with oil pump
Qilcapacity . . . . . . 14 titer {3.07 Imp.gal/3.70 U.S.gal)

O PresSUre « v oo e e e et e e 1.0 — 5.0 kg/em? (14.22 — 71.1 Ib/sq.in)
Oitfilter . . . ... . . Full flow paper element oil fiiter

Cilpan . .. ... . e Pressed sheet steel in material

COOLING SYSTEM

TYPE . e e Forced recirculation type
Cooling system water capacity
(Only cylinder block) .. .................. 11 liters {2.42 Imp.gal/2.90 U.S gal)
Coolant pump . . . . . . ‘Centrifugal, belt-driven by engine crankshaft, 0.936 xengine rpm
Fam: Type .. ... .. . . ... Six-blades type, mounted on cylinder block
. Drive .. ... . .. Fully shrouded belt-driven by engine crankshaft pulley

0.936 x engine rpm

Thermostat . . . . . . . . Wax type, bottom by pass system, open at 76.5°C (170°F),
max. lift 10.0 mm (0.393 in) at 90°C (194°F)
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PERFORMANCE CURVE CONDITION (MODEL: EH700) -

(1) Ambient conditions: DIN
— Intake air temperature 20°C
— Barometric pressure 736 mmHg
— Water vapor pressure 10.5 mmHg

{2) Net rating with fan alternator (unioaded), air cleaner, and exhaust silencer installed.
(3) Specific fuel consumption curve shows under 1-hour rating.

Intermittent rating (DIN 62708B)
Continuous rating  (DIN 6270A)

’E‘ —
g =
45 450
*5 40 t400
a
© 300
29 %
[0 ~
140
100
//
62708 7
901 120 \ =
/ —
80+ V -
/ //
100 ¥a 2
A LA
70
604 80 / e 6270A 8 ;
71 T s >
A 190 1260
50 Ve P
T 250
60 — 180
40 " 240
170 | 530
40 160 -220

1,400 1,600 1,800 2,000 2,200 2400 2,600 2,800

ENGINE SPEED (rpm)
Fig. 3-1-4

TORQUE

FUEL CONSUMPTION
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PERFORMANCE CURVE CONDITION (MODEL: SAE)

{1) Ambient conditions: . SAE
— Intake air temperature 25°
— Barometric pressure 100 kPa
— Water vapor pressure 1.0 kPa

(2) Net rating with fan alternator {(unloaded), air cleaner, and exhaust silencer installed.
(3) Specific fuel consumption curve shows under 1-hour rating.

Intermittent rating (SAE J1349 Gross)
Continous rating (SAE J1349 Gross)

’__
o)
o
’_
o)
o
a3
T [ —
= X ~———
60 120 I
10
140} , //
100 : , :
Intermittent | . -~
izop 99 )/’ =T
/ -~
80 -
‘ I //
100} v /\/
70 /// /,/‘
7 Continuous
sof 604 /" ‘
/] :
L
50
//,
60~ e
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ENGINE OVERHAUL

1. Factors Affecting the Timing of Engine Overhaul

' Among the various factors necessitating engine overhaul-

ing is the wear of the cylinder liner, piston, and the
piston ring. These defects present themselves in various
ways, making it difficult to correctly judge when to
conduct an overhaul. '
It is, therefore, desirable that maintenance and inspec-
tion be conducted periodically, so that the timing of
engine overhauling may be determined based on data
obtained through such work. Listed below are some of
the factors which should be taken into consideration in
deciding when to conduct an engine overhaul.
1. Lowering of compression pressure
One of the most reliable elements based on which to
judge the timing of engine overhauling is the com-
pression pressure. The standard compressing pressure
of this engine is 29 — 35 kag/cm? {413 — 497 Ib/sq.in)
at 270 — 310 rpm.
Overhaul is needed when the compression pressure
drops to less than 25 kg/cm? (356 Ib/sq.in) at 270 —
310 rpm, or when the compression pressure between
individual cylinders varies by more than 3 kg/cm?
(43 Ib/sq.in).

Unit: kg/em? ({Ib/sq.in.)

Limit
Engine Standard Absolute Difference
model value value between each
cylinder
29 — 35 25 3
EH700 {413 — 497) (356) (43)
at 270 — 310 at 270 - 310 at 270 - 310
rpm rpm rpm

2. Increase of consumption of engine oil
The standard engine oil consumption is approximately
1/100 of the amount of fuel consumed. Consumption
of engine oil will, however, increase as various com-
ponent parts wear out..lt is advisable that oil con-
sumption be estimated based on the average consump-
tion during a period of one month or two.
3. Other factors
Besides the lowering of compression pressure and the
increase of consumption cf engine oil mentioned
above, the following conditions may also be taken
into account in judging when to overhaul the engine:
(1)  The blow-by explosive gas into the crank case
will increase, and an increased amount of gas
will come out of the breather pipe, oil filler

Fig. 3-1-6 Compression pressure gauge

pipe thru. cylinder head holes for rocker arm
push rod etc.
{2)  The engine will not start easily.
{3) Engine output decreases.
(4)  Fuel consumption increases.
(b} Engine makes a larger noise.
{6) OQil pressure decreases.
These defects present themselves, often combined
with one another, as factors calling for engine over -
hauling. It should be noted that of the defects listed
above (2) has a great deal to do with the condition of
the battery and that (2), (3) and (4} are influenced by
the ful! injection amount and timing of the injection
pump as well as by the wear of the plunger and the
condition of the nozzle. These facts must also be
taken into due consideration.

. Compression Pressure Measurement

. Before measurement

(1) Check and confirm that the valve clearance is
correct,

(2) Fully charge the battery.

(3} Idle the engine until the water temperature rises
to 80°C (176° F).

(4) Remove the air cleaner so as to reduce suction
resistance.

. Measurement

The starter motor is used to turn the engine when

checking compression. The compression pressure
gauge is composed of an adapter unit, pressure gauge
and pipe. {Make sure that the pressure gauge is cor-

rectly calibrated before testing.)

]

KT3-197

(1) Remove the six nozzle holders, by removing all
six nozzle holders engine drag is reduced, bat-
tery power conserved, and the engine can be
turned at high speed.
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(2) Place the adapter unit at the position of the re-
moved nozzle holder for the cylinder to be
checked and couple it to the pressure gauge
properly to prevent gas leakage.

{3)  Energize the starter motor and when the engine
is turning at maximum speed, read the pressure
gauge. This requires two person ; one 1o read
the pressure gauge and the other to watch the
engine tachometer.

{4) Repeat the above for the remaining cylinders.
Be sure to check all cylinders, result from a few
cylinders does not mean that the remainder are
also satisfactory.

. General Cautions on Engine Overhauling

. In disassembling the engine, prepare a work bench on

which to place the component parts as they are re-
moved, and keep all parts neatly arranged on it ac-
cording to the order to disassembly.

. In disassembly, observe the assembly marks so that

the engine can be correctly re-assembled after over-
hauling. If necessary, put assembly marks on parts
that are not marked.

Since the engine has many cylinders, put cylinder
numbers on the following parts to prevent confusion
at the time of re-assembly.

{1)  Main bearing

(2) Connecting rod bearing

{3) Piston (including piston ring)
{4) Cylinder liner

(5). Valve
{6) Pushrod
(7) Tappet

(8) Rocker arm
(9) Connecting rod

3. During disassembly and cleaning, always check for

any abnormality so as not to miss any defect which

cannot be detected after assembly or cleaning.

{1)  The following boits need to be checked for
correct tightening torque. '

(1)  Cylinder head bolts

(ii}  Connecting rod bolts

(iii) Main bearing cap bolts .
Bolts other than these should also be checked,
depending upon the reason for which the parts
they are used in were disassembled.

{2)  Inspection and measurement of the following
parts at the time of overhauling will also make
it easier to judge afterwards whether or not
they need replacement.

(i) Uniform contact 6f the cylinder head
gasket
{ii) Cracks of the cylinder head. gasket
grommet
(iii} Protrusion of the cylinder liner from the
crankcase
{iv)  Crush of the main bearing
{v}  Crush of the connecting rod bearing
(vi) End play of the crankshaft
(vii) Backlash of gears

4, In assembly and disassembly, always use correct

tools to prevent damage. In assembly, lubricate
parts that need lubrication, and in parts where the
amount of tightening torque is specified, apply oi
on the threaded portion of the bolts and nuts and
tighten them, applying the specified amount of
torque. ‘ '

. Avoid using old packings and gaskets to prevent oil

or gas leakage.
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SPECIAL TOOL

Prior to start of engine overhaul, it is necessary to

prepare special tools.

FRONT OiL SEAL PRESS.

FRONT SLEEVE PULLER

SLEEVE PRESS

S

09482-1090

SLEEVE PRESS

09420-1071

VALVE LAPPING TOOL

09482-1400

ADAPTOR

o

7

09420-1420 09431-1010 09462-1130

TIMING WRENCH WIRE NOZZLE SLEEVE BAR
09819-3003 09491-1010 09472-1210
09819-3004

NOZZLE SEAT PRESS (STEEL BALL)

GAUGE ADAPTOR

GAUGE ADAPTOR

i

9800-06100

09408-1010

09552-1030
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STEM SEAL PRESS SOCKET WRENCH PULLER

09472-1200 ’ . 09411-1070' ) 09420-1210

DUST SLINGER PRESS FRONT SLEEVE PRESS CYLINDER LINER PRESS
09402-1130 09402-1210 - 09480-1040

PISTON RING HOLDER PISTON RING EXPANDER O-RING

-

09441-1041 09442-1011 9851-70101

PUSH ROD GUIDE PIPE
VALVE SPRING PRESS SLIDING HAMMER CAULKING TOOL

09470-1021 09420-1441 09482.1320
Fig. 3-1-7 Special tools
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3-2 CYLINDER HEAD & VALVE MECHANISM

DESCRIPTION

1.

Cylinder Head & Related Parts

)

<8
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6. Nozzle seat {copper sleeve)

7. O-ring

Intake valve seat

3.

Fig. 3-2-1 Cylinder head
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iy

Cylinder head cover

5. Ventilator
2. Cylinder head cover 6. Cylinder head bolt
gasket 7. Cylinder head boit
Cylinder head gasket © 8. Vent pipe
Oil filler cap

Fig. 3-2-2 Cylinder head & related parts
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2. Valve Mechanism
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1. Intake valve 10. Rocker arm support
2. Exhaust valve 11. Rocker arm support
3. Valve stem cap 12. Rocker arm support
4. Valve spring lower seat 13. Rocker arm

5. Valve spring 14. Rocker arm

6. Valve spring upper seat 15. Adjusting screw

7. Valve stem key 16. Adjusting screw nut
8. Tappet 17. Support bolt

9. Push rod 18. Rocker arm shaft

Fig. 3-2-3 Valve system
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CONSTRUCTION

1. Combustion Chamber

The combustion chamber is of a toroidaltype with a

direct injection system.
With the nozzle holder near the center of the piston, the

combustion chamber shows excellent combustion with

improved intake distribution and efficiency through a
special shaped intake port. '

Fig. 3-24 Sectional view of cylinder head

2. Cylinder Head

1)

(2)

The highly rigid, 8-cylinder, one-piece, special
cast iron cylinder head has a cross-flow system
in which the intake and exhaust valves are alter-
nated in a slightly ZIG ZAG pattern.

The intake port is a special shape that produces

optimum swirl in the cylinder providing excellent

combustion qUalities. To extend the lifetime of
the cylinder head, inserts are used for both of the
intake and exhaust valve seats, and water jet nozzies
inside the water jacket force-cool the cylinder head
wall surrounding the valvgs. See Fig. 3-2-6.

COOLING JET

Fig. 3-2-6 Arrangasment of cylinder head ports

(3) The hozzle holder is housed in a copper sleeve

(nozzle seat) which is cauked into the cylinder head.
This is cooled by a water jet which directs a stream
of coolant directly on the sleeve and the cylinder
head wall between the intake and exhaust valves.
Six cylinder head bolts of 14 mm dia. are arranged
around each cylinder (26 bolts in total), and ano-
ther six head bolts of 10 mm dia. on the tappet side,
providing the tight fit of cylinder head gasket which
ensure oil, air, and gas seal integrity.

EXHAUST SIDE

Ao A

N D
D

SUCTION SIDE

Fg. 3-28 Arrangoment of head bolts
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(4)

The gasket core is covered with rubber asbestos,
and exterior of the combustion chamber has grom-
meted stainless steel seal rings for a reliable gas
seal. Silicon-rubber O-rings around the water ports
and silicon-rubber sheets around the remaining holes

give tight seals in thesé places.
As cylinder head gaskets after engine life, use only
genuine Hino gaskets. The use of non-Hino gaskets

may cause engine damage.

o5e

s 95 6 nzoa
N

PAINT MARK

Fig. 3-2-7 Cylinder head gasket

3. Valve System

(1)

(3)

(4)

The push rod is solid, and the rocker arm shaft is
hollow and one piece. The rocker arm shaft has six
rocker arm supports. The four center supports are
identical but the two end supports are a special
configuration which incorporates an additional
support arm.

A special steel stem cap on top of the valve stem
virtually eliminates any problems with wear.

The oil channel through to the top of the rocker
arm assures a stable and reliable supply of oil.
On the push rod side, the oil channels in the push
rod are so designed as to puil oil from the rocker
arm shaft oil channels on the up-stroke only, thus
providing the push rod with exactly the proper oil
supply.

Intake and exhaust valves stem seals deliver an
adeguate quantity of oil to the sliding surfaces
of the valves and the valve guides.

The rocker arms are special forged steel. Their
length is different for the intake and exhaust
valves, The surface hardened carbon steel rocker
arm shaft is supported with six rocker arm sup-
ports. The No.1 support has an oil channel,

Oil seal fed under pressure through the main hole
- No.1 cam journal = cylinder head = No.1 rocker
arm support, to lubricate each rocker arm evenly
and properly, oil also goes to each rocker arm
bushing through the oil channel inside of the
rocker arm shaft, lubricating the push rods and
each valve as well.

.~ STEM CAP

.-STEM SEAL

2\l

"= TAPPET
_~ CAMSHAFT

.~ MAIN OIL HOLE

Fig. 3-28 Oil supply to rocker arm

OVERHAUL

DISASSEMBLY

Disassembly of Rocker Arm Assembly
{1) Remove the breather pipe clip.
{2} Loosen the rocker arm cover clamping bolts, then

remove the rocker arm cover.
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030614

Fg. 3-2°9 Removing breather pipe

(3) Loosen the rocker arm supports bolts, and the head
bolts from both sides, then remove the rocker arm
assembly.

(4) Remove the push rod

(5) Remove the valve stem cap ‘

(6) To disassembie the rocker arm assembly, loosen the
rockér support_bolts, and remove the rocker sup-
ports, plain washers springs, spacers, rocker arms,

etc.

NOTE:

To avoid a difference in the clearance when reassembling
the rocker arm shafts and the rocker arms, mark each
rocker arm with a number or arrange them in installation
sequence. :
Note that the length of the rocker arms for intake an
axhaust are different.

NOZZLE HOLDER REMOVAL

Remove dirt, dust and other foreign matter from the

area surrounding the nozzle holder before removal.

(1} Remove the fuel injection pipe and leakage pipe
from each cylinder.

(2) Remove the bolts from the nozzle holder. Be sure
to using sliding hammer (special tool 09420-1441)
to remove the nozzle holder.

Fg. 3-2-12 Removing nozzle holder

CYLINDER HEAD REMOVAL

Open the drain cock located in the left rear of the

cylinder block and drain the coofant from the engine

before removing the cylinder head.

(1) Loosen the hoseclip between coolant pump through
thermostat case,
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(2) Loosen the thermostat case clamping bolts for
cylinder head front side, then remove the ther-
mostat case.

(3} Remove the exhaust manifold from the cylinder
head.

1. When removing the cylinder head gasket, take care not
to scratch the cylinder block.

2. When handling the disassembled cylinder head, take
care not to scratch the copper sleeve that projects

-3 EREIE

10 i \y S

_ 3 beyond the cylinder head upper surface.
Fig. 3-2-13 Removing exhaust manifold 030615
Disassembly Valve System .
(1) Compress the valve springs with a valve spring press
(4) Remove the coolant pipe connecting between the {special tool 09470-1021) to remove the valve stem
cylinder head and the oil cooler. keys.
(5) Remove the oil level gauge. Then remove the upper seats of valve spring, valve
(6) Disconnect the fuel hose from the fuel filter. springs and lower seats of valve spring, from the

top of the cylinder head.
(2) Remove the valves downward of cylinder head.

(7) Remove the link rod connecting the accelerator
lever and the intake shutter of the fuel injection
pump.

(8} Remove the intake manifold.

(9) Remove the cylinder head bolts, then remove the
cylinder head assembly.

Fig. 3-2-16 Removing valve spring KT3-204

: . _ Y . . NOTE:
Fig. 3-2:14 Removing intake manifold KT3-202 1. Mark the removed valves with numbers, or arrange them

in installation sequence so as to save the lapping work
against the seats when reassembling.

2. Measure the valve guides and seats for wear while still
in the cylinder head. Do not remove them from the
cylinder hoad unless they must be replaced.
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INSPECTION, MEASUREMENT AND REPAIR

Inspection of Rocker Arm and Rocker Arm Shaft

{1

(2)

Rocker arm bushing 1.D.

Inspect the rocker arm valve stem contact surfaces
for wear. Replace the rocker arm if excessively
worn, if slighty uneven wear is visible, reface the
rocker arm using a valve refacer.

Measure the inside diameter of rocker arm bushing
with a cylinder gauge. If it exceeds the Iimi{ replace
the bushing.

Unit: mm {in)

Standard Serviceable limit

24.2 (0.9527) +0.08 (+0.0031)

Fig. 3-2-17 Measuring rocker arm bushing |.D,

{3)

Rocker arm shaft O.D.

z

KT3-205

When inserting bushing in rocker arm, align the
rocker arm oil hole with that of the bushing.

Measure the outside of rocker arm shaft with a
limit

micrometer. If it exceeds the serviceable

replace it.

Unit: mm{(in}

Standard Serviceable limit

24.2 (0.9527) ~0.08 (-0.0031)

:iﬁ

KT3-20

{4)

Calculate the clearance between rocker arm bushing
and rocker arm shaft from the difference between
the bushing inside diameter and the shaft outside
diameter. If the clearance exceeds the serviceable
limit, replace either the bushing or the shaft,

Clearance between rocker arm and shaft

Unit: mm (in)

Standard Serviceablg limit

0020 — 0,062

0.15 (0.008)
(0.0008 — 0.0024)

Inspection of Adjusting Screws, Tappets and Push Rods

(1) If the contact surface of the adjusting screw is

(2)

.-

Fig. 3-2-19 Inspecting the push rod bent

extremely worn, or if the threads are damaged
replace the adjusting screw.

Bent of push rod

Roll the push rod along a level surface and insert a
thickness gauge to check for bent. The limit on
push-rod deflection is 0.5 mm {0.0196 in).

KT3-207
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Wear of tappet

If the clearance between tappet outside diameter and
tappet hole of cylinder block exceeds 0.1 mm (0.0038

in), replace.
Standard tappet outside diameter is 32 mm (1.260 in).

Fig. 3-2-20 Measuring tappet O.D. KT3-208

Inspection of Valves, Valve Guides and Valve Seats

(1) Check the intake and exhaust valves for carbon
deposits, burn out, contact surface wear, and cracks
on the bevel area and stem head.

EF-149

Fig. 3-2-21 Measuring valve stam

{2) Measure the outside diameter of the valve stem and
the inside diameter of the valve guide,

1) Measure with a micrometer and & cylinder
gauge. Calculate the clearance between the
valve stem and the valve guide from the differ-
ence between the diameters. |f each measure-
ment point {A, B or C in Fig,3-2-22)exceeds the
serviceable limit, replace either the valve guide
or the valve.

Valve stem O.D.
Unit: mm {in)

Standard Serviceable limit
Intake 9 (0.354) 888 (0.349)
Exhaust 9 {0.354) 8.88 (0.349)

Clearance between stem and guide . .
Unit: mm {in)

Serviceable {imit
A B C

Standard

Intake 0.055 — 0.088 6.10 0.10 0.18
(0.00217 — 0.00346} | (0.0040) | (0.0040) | (0.0071)

0.070 - 0.103 0.12 0.12 02

Exhaust| () 00276 — 0.00406) | (0.0047) | 0.0047) | (0.0079)

Be extremely careful not to wrench the valve
guide tip when inserting the guide into the
cylinder head.

The valve guides projections are as illustrated
in the following figure.

INTAKE EXHAUST

(e
=

UPPER FACE
A BC

F 1]

—=] — T —l
—'8

/CYLINDER HEAD

82.85+0,1

(42) — .

CYLINDER HEAD
LOWER FACE
VALVE SINK

Fig. 3-2-22 Projecting dimension of valve guides

NOTE:
Take utmost care not to damage the top of the vaive
guides during installation.

Replacement of Valve Stam Seals

Replace the valve stem seals if the clearance between
the valve stem and the seal is excessive, or if the guide
has been replaced. After installing the lower seat, coat
the sealing lip area with engine oil, and drive the seal
into the guide with a stem seal press (special tool 09472-
1200).
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"

Fig. 3-2-23 Installing valve stem seal KT3-209

Apply the contact surfaces of the valve with red lead.
Check the contact surfaces for contacting condition
by tapping the valve vertically while turning it with
a valve lapping too! {09431-1010).

. Standard valve seat angle
Standard
. intake 30°
. Exhaust 45°
Standard valve face angle
Standard
Intake 30°
Exhaust 45°

L -

Fig. 3-2-24 Checking for valve contact KT3-210

U\
T e

INTAKE EXHAUST

Fig. 3-2-25 Valve seat angle

(1) If the contact surface of the valve seat is not evenly
coated with red lead, correct the valve seat with a
cutter.

(2) When the valve seat has been corrected, replace the
valve or reface the contact surface of valve using

a valve refacer.

v Sk AR Ko Ald 5 . H
Fig. 3-2-26 Corracting valve face angle EF-148

{3) After correction, be sure to fit the contact surface
and recheck for proper contact.

(4) Correct any flaws, dents, and other defects on the
contact surface with a valve refacer.

Fig. 3-2-27 Correcting valve seat KM-014
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(5) Measure the sink of the valve below the cylinder
head with a straight edge and a thickness gauge or
a depth gauge. When the sink exceeds the limit,
replace the valve. |f the depth does not reach the
standard even with new vaive, replace the valve

seat also.

PR U N N

Fig. 3-2-28 Checking for valve sink

2} Valve seat mounting
{Mounting method using liguid nitrogen)
Heat the cylinder head well in boiling water. At
the same time, place the valve seat in a wooden
container {or any well insulated container) and
pour in liquid nitrogen. When the valve has been
immersed in liguid nitrogen for about one minute, it
will be cooled to about —196°C, and the valve seat
will contract. Pick up the cold valve seat with metal
tongs and insert in the heated cylinder head.
The valve seat can easily be tapped into the cylind-
er head.

{7) Valve seat section machining specifications

s IB — 25 —k
Valve sink » V A A ] \(/‘5.
Unit: mm (in)
INTAKE EXHAUST
Standard Serviceable limit
C G —b

+0.25 — -0.25 -05 - — - =
Intake (+0.0098 — -0.0098) (-0.0197) 0 - o [/

+0.25 — -0.25 -05 i
Exhaust (+0.0008 — -0.0008) (-0.0197) 30\/ INTAKE \/ EXHAUST

(6) To replace valve seats, proceed as follows:

1) Valve seat removal
Cut the circumference of a valve at about three
places with a grinder for electric welding as il-
lustrated in Fg. 3-2-29. Then drive the valve seat
out with a hammer and a pillow block.

-~ HAMMER
PILLOW BLOCK

~VALVE SEAT

ARC WELDING

CUT THESE PORTION

Fig. 3-2-29 Raemoving valvo saat

Fig. 3-2-20 Machining dimension for haed and gsat

Cylinder head dimension

Unit: mm {in)
A B
-0.019 +0.2
52 95
Intake :?_) 0007 +0-(2)008
(208°5°7"") (0.3725°°°)
+0.018 +0.2
. 455_, 95,
xhaust +0.0008 +0.0008
(1 .79_0‘ ) (0.37_0' )
Valve seat dimension Unit: mm (in)
c D
+0.100 +0.2
Intake 52+0'085 ’ ‘5_0
+0.004 +0.008
(2.05+0.003) (0.30_0 )
#5318 8075”
Exhaust +0.008 +0.008
{1 '79+0:005) (0.31_0‘ )
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Check of the valve spring

. (1) Valve sprmg
Measure the free Iength and Ioaded valve of the

J springs;’ wrth ) S| : (.Refer to Frg 3-2- 31).

i The: free fength may also be measured with calipers.

! If. the spring is less than 62 mm (2.44 in) respective-
ly, the springs should be replaced. Check the align-

Valve spring

Saquare r

- ment. ‘of the sprih'ij by. placing on an even surface
-and’ usrng a straight’ edge along the’ side .of the
spring. (Refer to Fig. 3-2-32). ‘

{3) Check the upper and lower valve spring seats. If
excessively worn, replace them,

<€

—) I I | S
"Fig: 3-2:31 Medsuring the loaded K T13-212 T

spring, length s
2 R Fig. 3-2-33 Valve spring seats
Spring force ' '
M:;';::g Spring force kg {ib) Unit: mm (in)
mm {in) Standard Limit Portion . Standard Dimension
Val l 52 284 26.5 A 3.0 (0.118)
avespring | (2.0472) (62.50) (58.41) B 10 (0.039)

(2) Measure the straightness of a valve spring on a flat

base with a square.

If it exceeds 1.5 mm {0.059 in) replace.

|
A
- .. AN\AN A\ N~— Table
KM-019
Fig. 3-2-32 Maasuring straightness of valve spring
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1.

Cylinder Head

Check for carbon contamination, cracks, scaling, rust,

and deflection.

1.

Carbon

Carbon is apt to accumulate around the valve seats,
and the cylinder head exhaust manifold mounting
portions. Use a wire brush of soft metal scraper to
remove,

Cracks

Check by magnetic flaw detection, staining, or
hydraulic methods.

Scaling and rust

If excessive scaling or rust is existed, cooling
efficiency and cylinder strength may be decreased.
Ciean with detergent.

Fig. 3-2-34 Measuring direction

If necessary, shut up the water passage in the
cylinder head, send air into it from one port, then
put the cylinder head in a water tank to see if
there are any cracks. The air pressure should be 2.5
kg/em? (35.53 Ib/sq.in).

Distortion

Check the head for distortion along the bottom
face with a straight edge and thickness gauge if
the distortion exceeds the repair limit, correct
with a suitable surface grinder. Measurements
should be made along the sides and across the
corners as shown in Fig. 3-2-35 below. When a
head has been ground down on previous occasions
so that there is insufficient metal for another grind,
replace the head with a new one.

Surface distortion

Standard Serviceable limit
0.05 {0.0020) 0.10 (0.0039)
Head thickness
Standard Serviceable limit
95 +£0.1
(3.74 £ 0.0039) 030 (0.0118)

Fig. 3-2-36 Checking the cylinder head surface for distortion

Mounting Cylinder Head Copper Sleeve {(Nozzle Seat)
and Push Rod Guide

1.
(1)

{2)
1)

2)

3)

4)

Nozzle Seat
To remove
Place brass rod about 12mm (0.472 in) dia. against
the nozzle hole at the back of cylinder head. Strike
sharply with hammer to loosen the copper sleeve.

KT3-214

To mount

Apply adhesive (Super Three Bond No. 1210} to
the lower part of new copper sleeve.

Set O-ring into cylinder head and carefully fit in
new sleeve. '

Press the sleeve against cylinder head with until
properly seated, using the sleeve bar (09472-1210).
Insert a 9.5£0.56 mm (0.394%£0.00197 in) diameter
steel ball (9800-06100) into the sleeve. Push the
pin with the sleeve bar {09472-1210) so that the
power part of sleeve will jam against the cylinder
head.

[
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5)

(1

(2}

(3)

Machine the lower part of nozzle sleeve to 120°.

NOZZLE
nn/ SEAT

CYLINDER HEAD

(2)

Fig. 3-2-37 Mounting the nozzle seat

Push rod guide

Removing the old guide pipe

Pick the caulked part of the guide pipe at both
upper and lower sides by a driver carefully so that
you do not damage the guide pipe. Then take out
the guide pipe. And also, be careful not to remain
the tip-flakes in the cylinder head.

Fitting the new guide pipe

Clean off any dirt and dust from the caulking part
of the cylinder head at both upper and lower and
apply "Three bond No. 1215"” or equivalent to it
sufficiently.

To prevent the pipe from projecting out of the
lower surface, put the cylinder head on such a flat
and smooth face as the flat base, facing the upper
side upwards. Insert the new clean guide pipe into

‘the hole until the guide pipe lower end face and

culinder head lower surface become a simooth flat.
Caulking the guide pipe

Insert the special tool (09482-1320) and hit in it
until the grooved part in the §becia| too! goes down
below the guide pipe upper end face. Then push
out the special tool by hitting in pin from the lower
side of the cylinder head. And vice versa.

HITTING

GROOVE

Push rod
guide pipe
(09482-1320)

Apply the circumference
of this part with
""Three bond No. 1215

CYLINDER HEAD

. PIN :

Fig. 3-2-38 Mounting guide pipe

(4) Checking
Finally check the sealing efficienty.

3. To assemble and adjust
To assemble valve system

(1) Insert intake and exhaust valves from the bottom
of cylinder head. Insert the valve spring, and upper
spring seat, in that order. Finally, fit valve stem key
securely to upper spring seat with valve spring
press {09470-1021). ‘

WHITE PAINT

CYLINDER HEAD

EXHAUST

INTAKE

Fig. 3-2-39 Fitting valve spring
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NOTE:

4.

1. Apply ongine oil to valve stem before insarting it in
valve guide.

2. To mount outer and inner vaive springs, both of which
have irregular pitches, see that their white-painted
sides are tumed down.

3. Take cars in using special too! so that the valve stam
seal on the top of the valve guide is not damaged by
contact with upper spring seat,

To assemble cylinder head

{1) Clean cylinder block where cylinder head is to be

mounted. Place cylinder head gasket on the top of

cylinder block following the cylinder head gasket
guiding boss.

Fig. 3-240 Ensuring part number

KT3-215

NOTE:

(2)
(3)
(4)
(5)

(6)

(7)

1. Be sure not to use an old cylinder head gasket.
This is necessary to prevent gas leakage.

2. Mount cylinder head gasket with the side stamped
part No.(11115-1121) upwards. {see Fig. 3-2-40).
Gasket should be kept free from oil or water,

A

Place cylinder head on the head gasket.

Insert tappet.

Insert the push rod, after applying oil to both ends.
Make sure that both top end of valve and inside
of valve stem cap are free from dust. Apply oil to
the surface of valve head to insert in valve stem cap,
taking care not to let the cap fall into the engine.
Apply oil to the end of rocker arm and the surface
of the adjusting screw,

Make sure the No.1 rocker support has an oil inlet
port on the bottom, and that the upper surface of
rocker-arm shaft between No.3 and No.4 cylinders
is marked "“UP.”

This is necessary to avoid incorrect assembly which
results in thé valve system seizing up.

KT3-216
Fig. 3-2-42 Oil inlet port on the bottom of No.1 support

8)

9)

Fig. 3-2-43 Up mark on rocker arm shaft

¥ &
' R & ¥, z‘lt’m—

KT3-217

Make sure the top surface of cylinder head and the
bottom of rocker support are free from dust, chips,
and other foreign matter. Then set the rocker-arm
assembly,

Make sure that the,push rod interlocks with adjust-
ing screw. Then screw in all six rocker support bolts
two or thrée threads by hand to fix their position.
Then, tighten them in No. 3, 4,2,5, 1 and 6 se-
quence (see Fig. 3-244).

03-0615

@
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ightening torque: |
Tightening torq Unit: kg.cm (Ib.ft.)

Rocker arm support bolt 700 — 800 (51 — 68).

NOTE:
Head bolt and support bolt have the same fiats so be sure
to tighten them with respective correct tightening torque.

10. Apply engine-oil to the cylinder head bolts (26 pcs
of 14 mm dia.) and additional cylinder head bolts
(6 pcs of 10 mm dia.) Screw in these bolts with
hand. After that tighten them with correct tighten-
ing sequence and torqhes.

FAN SIDE

FLYWHEEL SIDE

Fig. 3-2-45 Cylinder head bolt tightening sequence

Tightening torque Unit: kg.cm (ib.ft.)

Bolt No. 0.0.
_ 1,800 — 1900
1-26 14 mm (131 —137)
27 - 32 10 mm 650 — 750
(48 — 54)
NOTE:

Rocker arm supports are also tightened by the six cylinder
head bolts (Shaded number in Fg. 3-245).

{11) Mount nozzle holder
Tightening torque: 130—190 kg-cm (10—13 Ib.ft.)

> ™ e 'hbh‘ 2’
Fig. 3-2446 Tightening nozzle holder KT3-219

(12) Retightening cylinder head bolt
After’ tightening cylinder head bolt to specified
torque, run the engine for about thirty minutes at
a water temperature of about.80°C. Then loosen
cylinder each head bolt 1/8 — 1/4 turn and re-
tighten, in sequence, to specified torque.

k. ¢ 5N

Fig. 3-247 Special tool for retightening 03-0616

NOTE:

1. Be sure to loosen one bolt at a time, then retighten
it before going on to the next bolt.

2. Retighten the six bolts Nos. 4, 5, 12, 13, 20 and 21
(Fig. 3-2-49) with special socket wrench No. 09839-
1701.

3. By retightening, face pressure of cylinder head is
restored from point B to C as shown in Fg. 3-248.

INITIAL PRESSURE

w

g RESTORED PRESSURE

) .c

[%2]

=

a. B s

5] MINIMUM

i 30— 40 NECESSARY
e et

T minutes PRESSURE

— -uL—— FIRING ——————

ASSEMBLING

~——— TIME

Fig. 3-2-48 Effect of retightening

Mounting intake and exhaust manifold
(1) To mount intake and exhaust manifolds.

Unit: kg.cm (Ib.ft)

Intake manifoid 260 — 320 {19 — 23)

Exhaust manifold 300 — 350 (22 — 25)

(2) Assemble all other parts in reverse order of their
removal.
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Adjusting the valve clearance ' (4) "Turning the crankshaft {crank pulley) clockwise by

1. 6-time adjusting . 120°.. Adjust the valve clearance for each cylinder

(1) Turning the crankshaft, fit the mark '‘1—6"* of the in the firing order (1-4-2-6-35), as shown in Fig.
flywheel to the pointer. Then either piston No. 1 or 3-2:51.

6 will be top dead center.

0
1,6 %
P
%
Qo/;‘
‘\ 09
1210°
3,4 2,5
D - e SRS ; Fig.3-2-61 Firing order
Fig. 3-2-49 Timing mark on fiywheel 03-0618 9
(2) 1f there is play in both No.1 intake and exhaust
rocker arms, No.1 piston is top dead center in the 2. Secondary adjustment
compression stroke. Set No.1 piston to top dead center of the compres-
(3) After positioning the No.1 piston at the top dead sion stroke as per above. In this position the valve

and may be adjusted. Rotate the crankshaft 360° so
the piston of the No.6 cylinder will be top dead

center, insert a feeler gauge between the rocker arm
and valve stem adjust. .
The clearance by turning the adjuster screw with a center, then valves and may be adjusted.

screw driver. Then set the clearance by the locking

nut. Adjust the intake and exhaust valves of each Cylinder No. 1 2 3 4 5 6
cylinder at the same time.

Valve arrangement

Locking nut fightening torque

Clearance can be
400 — 500 kg-cm (29 — 36 Ib.ft.} adjusted at these
valves (®) withNo.1 |@®| @ o0 ele
piston at T.D.C. on

VALVE CLEARANCE Unit: mm (in) compression stroke
Intake Exhaust Clearance can be
adjusted at these
0.30 (0.0118) 0.40 (0.0159) e O vt 65 ° olo ololo

piston at T.D.C. on
compression stroke

Fig. 3-2-52 Valve arrangament

NOTE: .
it cylinder head is retightened after valve clearance has
been adjusted. The clearances will changs therefore the
cylinder head should be tightened before adjusting valve
clearance.

Fig. 3-2-60 Adjusting valve clearance 030617

1y
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2. Adjusting injection;timing

{1} Turn flywheel in the normal direction {counter-
clockwise).
Stop as 17° mark before No.1 piston reaches TOP
Dead Center, and make sure that the inscribed line
on the injection pump timer is also aligned with

the pointer.

Injection timing 17° before top dead center

i -,
i\w -' L; © g \;’..:b- °

Fig. 3-2-63 Adjusting injection timing KT3-223

If misaligned, loosen the two coupling bolts, turn
timer counterclockwise (in the direction indicated
with the arrow) to align the inscribed liner with the
pointer. Finally, tighten the bolts. (The injection
pump itself turns clockwise).

300 — 350 kg-cm
(21.7 — 25.3 Ib.ft)

Tightening torque:
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3-3 CYLINDER BLOCK, LINER &

DESCRIPTION

1. Cylinder Block and Liner

CAMSHAFT

1. Cylinder liner 5. Straight pin g,
2. Cylinder block 6. Camshaft bearing 10.
3. Bearing cap 7. Injection pump drive shaft 11.
4. Bearing cap bolt 8. Plug 12.

Fig. 3-3-1 Cylinder block

Cylinder block

The dry liner-type, special cast iron cylinder block is
comparable to the EH100 or EH300 in overall rigidity.
Moreover, this block has additional reinforcing around
the cylinder walls to further enhance its inherent
rigidity.

The cylinder liner is of high tensile cast iron, surface
treated inside and out. It is designed to fit the cylinder
block perfectly, and sustain the fittness at all times.

Cylinder iiner

The dry linertype special cast iron cylinder liner, is
super-precision machined on both inner and outer
surfaces. Moreover, it is subjected to heat treatment
so the sleeve well fit in with cylinder block with proper

clearance.

O-ring
Sealing piate
Straight pin
Plug
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2. Camshaft
5
1. Camshaft 7.
2. Thrust plate a.
3. Camshaft gear 9,
4. Collar 10,
5. Nut 11
6. Thrust plate
Fig. 3-3-2 Camshaft
The carbon steel camshaft has seven journals. The (6)

surfaces of cam and journal are subjected to induc-
tion heat treatment and grinding work. Then they
are Parkerized to assure exact fitin low tolerances,
The specially curved cam profile improves suction

efficiency, and operates quietly.

Removal

1. Removal of cylinder liner

Remove cylinder head and related parts.

Remove cooling fan and pulley.

oRr DN =

Remove timing cover and gear.
Remove the oil pan and related parts.

Loosen connecting rod cap bolt and remove piston

Bushing

ldler gear
Thrust bearing
Pin

Idle gear shaft

Withdraw each cylinder liner from cylinder head
side with a cylinder liner puller {09420-1210).
Number the removed cylinder liners in order and

arrange them in clean place.

and connecting rod. Fig. 3-3-3 Removal of cylinder liner KT3-224
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[ I '/

eSS Kt
L &

Fig. 3-3-4 Line-up marks on cylinder block and liner KT3-225

NOTE:
Before removing cylinder liner, put line-up marks on cylind-
er block and liner flange surface with paint or indelible
ink. Do not scratch. Liners must be replaced in their
original positions. Too much force may cause destortion as
liners are very thin.

2. Removal of camshaft

(1) Remove crankshaft pulley.

(2) Remove timing gear cover.

(3) Remove oil slinger.

(4) Remove fuel injection pump coupling.
Remove the two thrust bearing set bolts and take
out pump drive gear and shaft. Use puller or press
10 remove pump drive gear from shaft.

(5) Remove the two thrust bearing set bolts and take
out camshaft assembly.

Fig. 3-35 Removal of camshaft KT3-226

(6) Remove the two set bolts to take out idle gear.
Remove flange set bolts and take out idle gear
shaft with a sliding hammer.

Fig. 3-3-6 Removal of idle gear shaft KT3-229

(7) Remove drive gear from camshaft

To remove, put the cam gear in a vise with a
wooden pillow block on the jaws. Loosen the lock
washer and remove the nut. Use a press to remove
the gear.

INSPECTION AND REPAIR

1.
1.

Cylinder Block

Visually inspect the cylinder biock for cracks and
check the condition of the bo«;es (into which the
liners are fitted). Visually inspect the cylinder head,
timing gear case, and flywheel housing for damage,
examining the locating pins for galling or distortion
and the screw threads for stripping.

If a crack is found, determine whether it can be
repaired or not. A minor crack can be repaired
satisfactorily by manual-arc welding, patching or
caulking. Use a low-temperature welding electrode
when welding and lead wire as filler when patching
or caulking.

Check the warpage along the top face of cylinder
block with a straight edge and feeler gauge. The
measurements should be made along the sides
and across the corners of the cylinder block. Slight
or minor distortion can be connected by grinding
with a suitable grinder.

When a block is distord so badly there is insuf-
ficient metal to grind, replace the block.

Surface distortion

Standard 0.05 mm (0.00197 in)

Repair limit 0.10 mm (0.00394 in)
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2. Cylinder Liner
1. Check for interior wear, stains, deformation ridges,
cracks, scaling and rust.
2. Use a cylinder gauge to measure cylinder liner wear.
Measure inside diameter of the liner,
At each point of measurement take two measure-
ments at right angle with each other.
The standard inside diameter of the cylinder liner
is 110 mm (4.331 in). Replace the liner if worn
“more than 0.15 mm{0.0059 in)."

KT3-228

Unit: mm

Fig. 3-3-9 Cylinder liner

3. When replacing the piston rings only, ensure to

- check the inside "of the cylinder liner throughly.

If there is stepped wear, ream out with the ridge
reamer,

3. Clearance between piston and cylinder liner

Measure the minimum inside diameter of cylinder
liner on its lower part and the maximum outside dia-
meter of piston at right angles to piston pin 642 mm
(2.528 in) above the piston skirt, with cylinder gauge
and micrometer. The clearance is the difference between
the two figures. If the clearance is too much, replace
both sleeves and piston rings.

Clearance between the piston cylinder liner

Unit: mm (in)

Diameter of piston StandardA Measuring
and liner clearance position
110 0,192~ 0.224 Lower part of
-{4.331) (0.0076 ~ 0.0088) piston
NOTE:

Lower part of piston means at right angles to the pin
and 642 mm (2528 in) from the bottom of the piston.

Fig. 3-3-10 Measuring piston‘outside élpmtef KT3-229

MEASURING é
POSITION

Fig. 3-3-11 Piston outside diameter measuring

Unit: mm



3-34 ENGINE

4. Inspection of camshaft
1. Check cam {obe and journal for damage and wear.

Bent of cam shaft support: fix both ends of cam-
shaft Fig. 3-3-12 to V-block, place dial gauge on the
center journal, and turn ¢amshaft checking for bent.
If bent is beyond the limit, replace shaft, or correct

it with at press.

Limit:

0.05 mm{0.00197 in)

NOTE: Actual is half the gauge reading.

Fig. 3-3-12 Measuring camshaft bent

Measure the diameter of each camshaft journal,

front rear and in.the directions of X and Y with

a micrometer. {f the measurement value is beyond

the limit, replace camshaft.

S RS

Fig. 3-3-13 Measuring journal outside diameter

KT3-231

Journal outside diameter

Unit: mm {in)

No. Journal outside diameter

Limit

61.5 (2.421)

61.3 (2.413)

61.1 (2.406)

60.9 (2.398)

60.7 (2.390)

60.5 (2.382)

Niojlo{s|w|n]=

-0.15
{~0.0059)

58.3 (2.295) .

If cam or journal is only slightly damaged or de-

veloping a ridge, correct them with an oil stone.

L

Y

|

Fig. 3-3-14 Journa! outside diameter measuring position

3. Journal and bearing wear

Measure the journal outside diameter and bearing in-

side diameter at several points, compare this value
to the Table of
to determine the
wear. Check clearance between journal and bearing
with a cylinder gauge and micromdter. [f the wear
exceeds 0.156 mm (0.0059 in), replace.

with the nominal size (refer
REPAIR SPECIFICATIONS)

KT3-232

Fig. 3-3-15° Measuring camshaft bearing inside diameter
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Measurement of cam

Take measurement at two points, rear and front on
the cam lobe by means of micrometer. |f the cam-
shaft is found beyond the limit, replace. '

Fig. 3-3-16 Cam lift

Unit: mm (in)

A dimension Limit
Intake 52.98
{2.0858) _0.08
(-0.0031)
Exhaust (2.0480)

Fig. 3-3-17 Measuring cam shaft end play

Camshaft end play .
Measure the clearance between thrust bearing and
No.1 journal of the camshaft with a feeler gauge.
If the clearance exceeds 0.3mm (0.012 in), replace.

KT3-233

1

Assembly and Adjustment

Cylinder liner and cylinder block are of four kinds
selective fit. Liner flange is stamped with different
marks indicating liner outside diameter; W, X, Y,

-and Z. The top surface of cylinder boock and its

side are stamped with corresponding marks indicat-
ing inside diameter of the cylinder liner.

Insertion of new cylinder liner
Insert new cylinder liner, after making sure the
marks W, X, Y, and Z on,the liner flange and cy-

liider block are the same.

Fig. 3-3-19 W.X.Y. and Z marks on cylinder liner

KT3-235
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(2) To insert a used cylinder liner
| . Be sure to align the cylinder liner with the line up

marks made when disassembling.

(3) To insert cylinder liner, apply engine oil or spindle
oil lightly to the outer surface and apply uniform
pressure to the whole liner flange. If it is diffi-

cult to insert the liner manually, use special tool
09480-1040).

Fig. 3-3-21 inserting the cylinder linar KT3-237

2. Cylinder liner protrusion measurement
Use liner puller to press [tighten to 100 kg.cm
(7.3 Ib.ft.)] torque. Then, measure the flange por-
tion protruding from the top of cylinder block
with a dial gauge or straight edge, and a feeler
gauge. If the measurement is below the tolerance,
Liner puller {(09420-1210).

Fig. 3-3-22 Checking the liner protrusion KT3-238
PROTRUSION 0.01 — 0.07 mm PRESSURE

{0.0004 — 0.0028 in) 500 kg (1,100 Ib)
4

Fig. 3-3-23 Protrusion
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3-4 PISTON, PISTON RING & CONNECTING ROD

DESCRIPTION

1. Piston 5, Connecting rod assembly
2. Pistonring 6. Piston pin bushing

3. Piston pin 7. Connecting rod bolt

4, Retainer ring 8. Nut

OiL PASSAGE CONNECTING

ROD BOLT

OIL PASSAGE

Fig. 3-4-1 Piston and connecting rod

1. Connecting rod

The big end of the connecting rods is cut horizontally
as shown in Fig. 34-1. The bushing in the large end of
the rod is thin kelmet with lead alloy plating for improv-
ed contact smooth. The bushing in the small end .is
bronze. There is an oil passage from the bigend of
con-rod {crank pin side) to the small-end (piston pin
side).

Qil goes thi’ough this passage from the big end, lubricates
the piston pin and also cools the inside of the piston,

2. Piston, piston pin, piston ring

1. Piston'is made of heat resistant aluminum alloy and
has to&piﬁda! combustion chamber for efficient fuel
consurhption. The barrel-shaped configuration is
least distorted by thermal expansion and piston

head shaking. It consists of an oval top section, a
composite-oval ring land middle section, a single-
oval bottom section.

/-

Fig. 3-4-2 Piston KT3-239
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2. The piston rings consist of three compression rings (5) Withdraw piston and connecting rod through the
and an oil ring with coil expander incorporated. top of the block. Remove the pistons in pairs as
Moreover, the top, third, and oil rings are chrome- follows: No.1 —No.6, No. 2 —No .5, and No.3 —
plated for abrasion resistance. The rings are so No 4.
designed and constructed for optimum lubrica-
tion, minimum friction loss and to prevent com-
pression leakage and interior abrasion.

TOP HARD CHROME
RING PLATED
SECOND
RING
Flg 3-45 Removing piston KT3 241
THIRD HARD CHROME
RING PLATED NOTE:

1. When withdrawing the piston, keep the big end of
connecting rod from scoring the inside of the cylinder
liner.

oIt HARD CHROME 2. Be careful not to drop the bearing from the big end
RING PLATED of the connecting rod, or damage it in any way.

3. Keep the pistons, connecting rods, etc. in order, by

cylinder No. and installation sequence and connect-

ing rod or cap side.

4. Before removing the piston, scrape off any carbon
deposits on the inside of the cylinder liner with a
scraper or sand paper (#150).

Fig. 3-4-3 Piston ring

3. The full-floating piston pin is made of case-hardened
steel,

3. Removal and disassembly DISASSEMBLY
1. To remove

(1} Remove cylinder head and related parts.

(2) Place the engine on its side and remove the oil pan.

(3) Remove the suction strainer.

{4) With the piston concerned at bottom dead center

1. Removing the piston pin

1. Use pliers to remove the pin retainer ring at either
end. Hold the connecting rod firmly by hand, and
tap the piston pin out with a mallet and wood
dowel. If difficult, do not force. Warm the piston
first in hot water 80 — 90°C (176 — 194°F) and
then tap out the pin.

loosen bolt of connecting rod cap and remove cap
by tapping it lightly with brass or wooden hammer.

T e

e : p
Fig. 3-4-4 Ramovmg connecting rod cap KT3-240

Fig. 3-4-6 Removing piston pin KT3-242
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2. Remove the piston ring with piston ring expander

No. {09442-1011).

KT3-243

Fig. 34-7 Removing piston ring

s

NOTE: .
1. Take care in holding the piston rings which are made
of a special cast iron that is subjected to be breakage.
2. |f reusing the piston rings, be careful to reasemble
them in the correct order. Thorofore, plm the rings
asicb in order they are rarnovod L

and adjustment )

2. lnspocti )

Completely clear the top of piston and ring groove of
carbon, sludge, etc. and wash them in solvent.

1. Inspection of pistons and piston rings

(1) Check the circumference of the top surface of
piston for cracks and melting and the ring groove
for damage. !f they are faulty, replace them.

{2) Check piston rings for wear, torsion, and damage. If

faulty, replace.

(3) Piston ring groove clearance
After piston rings are set in the piston ring grooves,
measure the clearance with a feeler gauge. When the
clearance exceeds tolerance, measure the clearance
once more. If it still exceeds limit, replace either
piston or piston ring,

KT3-244

Fig. 3-4-8 Messurement of piston ring groove

Piston ring/ring groove clearance

Unit: mm {in)

Clearance Ring groove width
Standard Limit Standard Limit
Top ring 006 —0.10 0.4 3 3.25
: {0.0024~0.0039) | (0.0157) | (0.1181) | (0.1279)
) 004 —008 04 25 2.75
Second r
nering) 14 0016-0.0031) | 0.0157) | (0.0984) | (0.1083)
N 0.04 —008 0.4 25 275
Th :
ird 1ing | (5.0016-0.0031) | (0.0157) | (0.0984) | (0.1083)
Oil ring 002 -0.06 008 5 505
o (0.0008~0.0024) | {0.0031} | {0.1969) | (0.1988)

(4) Piston ring gap
Put the plston ring in the cylinder liner and measure
the gap in the ends of the ring with a feeler gauge.
Insert - the ring from the piston skirt. Take the
measurement at the point of least wear, When the

measurement exceeds the -limit replace the piston
rings.

Y

Fig. 349 Clearance measuremant of piston ring KT3-245
fitting
NOTE:
If the liner is new, the measurement can be taken any-
whaore,
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Piston ring gap
Unit: mm {in)
Standard Limit Remarks (Free length)
0.3-0.45
Top ring (0.0118 — 0.0177) 2.5 {0.0984) Approx. 11 (0.433)
Second ring 0.3—-0.45 12 (0.0472 5.5 (0.6103) (Nippon Piston Ring)
(0.0118 - 0.0177) ) 16.0 (0.5905) (Riken Piston Ring)
. 0.3—0.45
Third ring (0.0118 — 0.0177) 1.2 (00472) Approx. 14,5 (0.5709)
Oil ring ~ 03-058 12 (0.0472) Approx. 12.5 {(0.4921) (Nippon Piston Ring)
{00118 —0.0197) : Approx. 10.5 (0.4134) (Riken Piston Ring)

2. Inspection of piston pin, piston pin hole, and thé
small end of the connecting rod
(1) Measurement of clearance between piston pin and
piston pin hole

Fig. 3-4-10 Measurement of piston pin O.D.

KT3-

246 3.

Measure the inner diameter of piston pin hole and

outer diameter of piston pin with a cylinder gauge
and micrometer subtract to find the clearance

between them. If the clearance exceeds serviceable

limit, replace either pistons or piston pins.

Quter diameter of piston pin

Unit: mm

Fig. 3-4-11 Measurement of piston pin hole

KT3-247

Connecting Rod

Small end bushing

Measure the inside diameter of the bushing and out-
side diameter of piston pin. If clearance between
bushing and piston pin exceeds 0.1 mm (0.0039 in),
replace the -bushing. The standard clearance is 0.015
— 0.036 mm (0.0006 — 0.0014 in).

Unit: mm (in}

{in)
Standard Serviceable limit
39 {1.5354) 38.86 (1.5300)

Standard Serviceable limit
0015 -0.036 0.1
(0.0006 — 0.0014) {0.0039}

Clearance between piston

hole and piston pin

Unit: mm

{in)

Standard

Serviceable Limit

-0.013T~ 0.014L
(—-0.00051— 0.00055}

0.10
(0.0039)

NOTE: T: interference fit.
L: clearance

When replacing bushings, press in the new bushing
so that the oil hole coincides with the hole in the
connecting rod.
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L vl P 7-. 3 U o

Fig. 344-12 Measurement of inside diameter of bushing
on the small end of connecting rod

KT3-248

2. Inspection of connecting rod

(1) Check the inside of the connecting rod end holes for
damage. )

(2) Each connecting rod has oil channels for lubricating
the bushing on the smali end and for cooling the

lower part of the piston,
Use a wire or compressed air to make sure this oil

channel is not blocked.

KT3-249

skl e 4 Be e snetaRe I R

Fig. 34-13 Checking oil channel in connecting rod

NOTE: .
There is another oil hole on top of the. small end of the
connecting rod besides the one shown in Fig, 3-4-1.

(3) Bent and distortion measurement of connecting rod
Measure the bent and distortion of connecting rod
with a connecting rod aligner. If the bent or distor-
tion exceeds the serviceable limit, either straighten

with a press, or replace.

’

Fig. 3-4-14 Measuring connecting rod bent KT3-250

Fig. 3-4-16 Measuring connecting rod distortion KT3-251

Bent and distortion of connecting rod

Unit: mm (in)

Limit of bent per 100 - 0.05
. {per 3.937) {0.0019)

Limit of distortion per 100 0.05
{per 3.937) {0.0019)

Length of connecting rod: 183.5 mm (7.2244 in.)

{4} Inside diarheter of the big end hole
Tighten the cap bolts by tightening torque 1,650 —
1,850 kg-cm (120 — 134 |b.ft.) without the bear-
ings and measure the inside diameter.

Unit: mm {in)

69 mm (2.716in)
0.06 mm (0.0023 in}

Standard dia.

Roundness
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Fig. 3-4-16 Measuring roundness of large end of KT3-2562

connaecting rod

{5) Measurement of connecting rod end-play
Clamp connecting rod to the corresponding crank -
shaft with the bearing. Tighten to standard torque
1650 — 1850 kgcm {120 — 134 1b.ft.) . Measure
the the end-play exceeds the serviceable limit,
replace either the connecting rod or the bearing.

P SN T

KT3-253

. " . x b e -
Fig. 3-4-17 Measuring the endplay

End-play of connecting rod
Unit: mm {in)

Standard Serviceable limit

0.20— 0.50 0.60
{0.0078 — 0.0196) (0.0236)

3. Inspection of connecting rod bearing

{1) Check the connecting rod bearings for wear, score
and seizure.

(2) Measurement of oil clearance of connecting rod
Measure the inside diameter of the connecting rod
bearing and outside diameter of crankshaft pin
with a micrometer and cylinder gauge. The diff-
erence is the oil clearance. Before measuring the

inside diameter of bearing, tighten the cap bolts
to standard torque, loosen once, then tighten the
bolts to torque 1,650 ~ 1850 kg-cm (120 — 134
Ib.ft.) again.

Now measure the inside diameter at several points
as shown in Fig. 3-4-19.

)\

o o o

Fig. 3-4-19 Bearing measuring position

When the clearance between bearing and crankpin
exceeds the limit, replace the bearings.

When crankpin shows extreme wear {see [tem on
crankshaft) or eccentric abrasion, grind the pin
down and fit with undersized bearing (comes in
four kinds of 0.25mm (0.0098 in), 0.50mm (0.0197
in), 0.75mm (0.0295 in), and 1.0mm (0.0394 in).

Oil clearance
Unit: mm {in)

Standard Serviceable limit

0.031 - 0.082 0.30
(0.0013 — 0.0032) (0.0119)

NOTES:

1. Plastigaupe may be used to measure oil clearance.
2. Replace connecting rod bearings in sets of two, a com-
bination of upper and lower bearings.
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(3) Spread dimension of the bearing
The spread dimension {(dimension A in Fig. 3-4-20)
of the bearing is measured in its free state as a unit.

Standard: 69.75 — 70.25 mm (2.746 — 2.766 in)

Fig. 3-4-20 Spread of bearing KT3-255

Never forcibly spread metal making apparent bearing .
spread.

(4) . Crush height measurement ‘
There is no need to measure crush height if the oil ,
clearance is well controlled and bearing spread and
roundness of the large end of connecting rod are
within tolerances. ;

NOTE:
Do not loosen the cap bolts on one to measure the crush
with a feeler gauge. Results thus obtained are unreliable.

4. Assembling :
Apply engine oil to each rotating component before;
assembly. ' ‘
1. Assembling piston and connection rod '
See Fig. 3-4-21. See that mark 0" on top of piston
and matching mark on connecting rod are position-

ed opposite to each other.

0O MARK @MARK ;

POSITION OF
O MARK ON
TOP OF PISTON

PISTON INSIDE
MATCHING MARK

)

&

CYL.NO. ENGRAVED

FRg. 3-4-21 Marks on piston

Fig. 3-4-22 Fitting piston pin KT3-256

(1) To put piston pin in piston, fit one retainer ring
to the end of piston pin hole; warm the piston in
80° — 90°C (176° — 194°F) hot water; apply oil
to piston pin hole; insert piston pin; fit remaining
retainer ring to other side.

NOTE:
1. When holding the piston in a vise, use waste between
the vise jaws and the piston head to prevent damage.
2. Take care not to damage the retainer ring already
mounted by trying to.force the piston pin in.

2. Mounting of piston ring
(1} To fit piston ring to piston, place piston skirt down

and use piston ring expander (special tool No.
09442-1011). Hold piston ring stamped side up
(top side of piston), and fit, beginning with the
bottommost ring and working up in the sequence
of Fig. 34-23 and Fig. 34-24.

Fig. 3-4-23 Fitting piston ring LB3-023

{2) When fitting the ail ring, first determine the direc-
tion of the built-in coil expander.
1) Tightly close the joint of coil expander.
When the joint, 180° opposite to the joint of
oil ring, put coil expander in oil ring. '
(See Fig. 34-24).
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NI © COIL JOINT

©o el

Fig. 3-4-24 Fitting section KT3-257

2) Be careful not to confuse oil ring with other
rings, as the oil ring is a set of coil and ring.

3. Mounting piston, connecting rod and others

(1) Fitting connecting rod bearing
As shown in Fig. 34-25, fit the bearing with two
holes 4 mm (0.157 in) dia. to the cap side; one hole
6 mm (0.236 in) dia. to the connecting rod side.
See that the teat at one end of bearing fits in with
the slot at the end of connecting rod.

NOTE:

When fitting old bearings, make sure that they are mounted
exactly where they were before disassembly.

{2) Fitting piston to cylinder
1} Turn crankshaft to set that piston at bottom
dead center.
2) As shown in Fig. 3-4-26, arrange each ring, and
push in piston head with a piston ring holder
{special tool No. 09441-1041) and a wooden
rod.

3RD RING

Fig. 3-4-26 Fitting piston KT3-259

3) As shown in Fig. 34-27, mount piston so that
the mark "“0'" on the piston head is on the
tappet chamber side.

RING o
upPER Y
FACE t
O MARK .
2ND RIN oI |
ING RING |
IDENTIFI- s
CATION:
NIPPI: GOLD
RIKEN: WHITE .

UPPER FACE OF
TOPRING \D & 3RD RING

N\ POSITION OF RING GAP SEEN
FROM TOP OF PISTON

Fig. 3-4-27 Marks and ring joint position

{3) Fitting connecting rod
1) Fit conpecting rod and bearing to crankshaft
pin, Observing the matching marks, mount cap
and bearing.
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| 2) Apply engine oil to the threads and seat surface

of the cap bolt. Tighten bolt at the specified

torque, and then loosen it. Retighten it to the . SUCTION PIPE OIL PUMP | | ||
: specified torque. : . / CYLINDER|M

[(2

BRACKET BLOCK

\‘SUCTION STRAINER

Fig. 34-31 Suction strainer

2) Tighten the bolts in the sequence of (1), (2),
(3}, and (4), while making sure the suction pipe

"~

b and strainer O-ring sealing surface are properly
KT3-261

; Y - P
Fig. 3-4-29 Tightening the cap bolt

aligned.
Unit: kg.cm (b ft.)
Bolt No. Tightening Torque
.3) Complete the mounting of connecting rod and’
R . 4 450 — 50

. . _ piston in 1-6, 2-5, 3-4 sequence. ‘ . (33 — 36?
4) Turning the crankshaft, after completion of 1.2 .3 130 — 180
mounting of piston, may cometimes cause the, (10 —13)

liner to slip. To prevent this, use the Liner

Stopber shown in Fig. 3-4-30.

{8) Fitting oil pan
The oil pan gasket is a double fitting type. Fit the

gasket with its teat positioned on the oil pan side
(See Fig, 3-4-32).

Fig. 3-4-30 Liner stopper KT3-262

{4) Mounting the strainer

1) After checking the suction pipe and strainer'

s ' for damage and cracks, temporarily tighten the . e
bolts 1 — 4 asshown in Fig. 3-4-31. ‘ Fig. 3-4-32 Fitting the gasket KT3-26

A
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Tightening torque: NOTE:
180 — 230 kg-cm (14 — 16 Ib.ft.) 1. Straighten the flange of the oil pan if it is bent or
damaged.
2. There is no need to apply a bonding agent to the
oil pan gasket.

3. Tighten the oil pan drain plug securely on its gasket,

{6} Mount cylinder head on the head gasket. {To-mount
the cylinder head, see 3-26, 4. To assemble cylinder
head.) Mount other related parts.

Fg. 3-4-33 0Oil pan and gasket
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DESCRIPTION

1. Crankshaft - RN 8.
2. Crankshaft gear 9.
3. Oil slinger ' 10.
4, Q-ing 11.
5. Crankshaft s'leg\gé; front 12,
6. Dust slinger ™ 13.
7. Crankshaft pulley center 14,

Pulley
Nut
Collar
O-ring
Bolt
Key
O-ring

15,
16.
17.
18.
19.
20.

= - 3=-5 CRANKSHAFT, CRANKSHAFT BEARING
& FLYWHEEL

Crankshaft sleeve

Qil seal

Gasket

Retainer .
Crankshaft bearing set
Thrust bearing sét

Fig. 36-1 Crankshaft & related parts

1. Crankshaft

Crankshaft is made of specially forged steel. The filler
. R of each pin and journal is subjected to induction heat
I' treatment to provide proper strength. Front oil seal is
. equipped with dust slinger to keep dust out. In addition,
. A more flywheel mounting bolts increases the forces of
clamping crankshaft and flywheel together,

.
Y
2

b

e
[ AN

Fig. 3-5-2 Induction hardened crankshaft

Hony TR Fhow
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TORSIONAL DAMPER ‘ COLLAR KNOCK (1 PC.)
A .
/\_/ DUST SLINGER
) OIL SEAL
£
[
U
|
FLYWHEEL MOUNTING
BOLTS
Fig. 36-3 Oil seals on crankshaft
2. Removal and disassembly NOTE:
Do not remove crankshaft gear, unless absolutely neces-
1. Remove fan-pulley assembly. sary.

2. Loosen bolts on timing gear case, flywheel and oil
seal retainer and remove them,

3. Remove journal bearing caps and connecting rod
caps.

4, Withdraw the crankshaft sleeve with a puller front 3. Inspection and Repair

(09420-1071), rear {09420-1420). 1. Crankshaft
Clean crankshaft completely with solvent the use

compressed air to check the oil channel bore for
blockage.

4
JOURNAL’

Fig. 3-5-5 Removal of crankshaft KT3-265 Fig. 3-5-7 Maeasuring points
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* Check crankshaft for cracks with die or magnetic
detector. In particular, carefully check oil channel

bore and fillet R of pin and journal.

Check surface of crankshaft pin and journal for
roughness, or scores. If faulty, either replace or.

regrind'the crankshaft. .

Measurement ‘of outside diameter of crankshaft

-

journal and pin .
Measure with a micrometer as shown in Fig. 3-5-6.

by grindi'ng"":dgw,n‘ to take an undersized bearing (see:

Table for crankshaft machining). If the value
exceeds the serviceable limit, replace.

Unit: mm (in)

Standard | Serviceable limit | Repair limit

Journal 74 {2913) 73.80 (2.906) 72.80 (2.866)

Pin 65 (2.560) 6480 (2551) | 63.80(2512)

To correct crankshaft by grinding, make sure the
fillet R of pin or journal is not small. Also, make

Crankshaft machining

Under Qutside diameter
size Crankpin Journal
—0.04 —0.04
0.25 US 64.75_9608812 73.75_9§6mm
. 0016 0016 .
(2.5492_5°5g03 1M (2.9035_5 5003 in}
—-0.04 —-0.04
64.50 mm 73.50 mm
050 US -0.06 -0.06
—0.0016. —0.00186.
(2‘5394_0.0023m) (2.8937_0.0023m)
L -0.04 —0.04
) s 64.25 mm 73.25 ~ mm
075US b | o -0.06 -0.06 ™"
S 2520870 900%in) | (2883970 35 %in)
o —0.04 -004 _
s 64.00 mm 73.00 mm
1,00 us -0.06 —0.06
(25197-9:0918in) | (28740339 %in)

Dimension of fillet R

Unit: mm (in}

. R Dimension
sure the fiilet forms a continuous curve at the
. carner. ! Pin 4+0.2
(0.157 + 0.0078)
3 +0.5
-0

Journal

e

CORRECT

(0.118 ¥0.0197,
-0

Fig. 3-6-8 Fillet radius

WRONG




3-50 ENGINE

4,

Fig. 369 Measuring the crankshaft bent

(1

Crankshaft bent
Support both ends of crankshaft journal on the V
blocks, and attach a dial gauge on the center journal

and check its alignment.

If the value is more than 0.09 mm (0.0035 in), re-
grind the crankshaft to undersize or repair by

press.
Inspection of crankshaft main bearing

Bearing cap roundness measurement

Clamp main bearing cap of crankshaft to cylinder
block at specified torque, then loosen it. Retighten
it at specified torque of 1,400 — 1,600 kg.cm (102
— 115 Ib.ft.). Take roundness measure of the
section with a cylinder gauge. |f measurement
esceeds the limit, either line bore after padding, or
make replace the cylinder block.

Fig. 3-6-11 Measuring

P

R Y 1 " i i I g
point KT3-270

Unit: mm (in)

Inside dia. Serviceable limit
+0
7 6015 0.06
{0.0023)
+0
(3.1 _0,006)

{2) Measurement of inside diameter of crankshaft

bearing

With crankshaft main bearing set to cylinder block
and cap, tighten cap bolt to specified torque.
Measure inside diameter with a cylinder gauge.
Also, measure outside diameter of crankshaft
journal with a micrometer. The difference between
the two measurements is the oil clearance. If the
clearance exceeds tolerance, replace the bearings.

Fig. 3-5-12 Measurement of inside diameter of bearing
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Oil clearance
Unit: mm {in)

Standard Limit
No. 1 — No. 7 bearing
0.051 - 0.102 0.30
.{0.0020 — 0.0040} {0.0118)

If crankshaft journal is extremely worn shows
eccentric abrasion, correct by grinding down to
take an undersized bearing (available in four kinds

of 0.25mm (0.001 in), 0.50mm (0.02 in), 0.75mm:

(0.03in}, and 1.00mm (0.04 in).

NOTE: ‘

1. Oil clearance measurement can also be taken with

plastigauge. '

2. Be sure to replace bearings in sets of upper and lower
bearings,

{3) Spread dimension of the bearing ‘ :
Spread dimension (dimension A in Fig. 3-5-13) of"
the bearing is measured in its free state as a unit.’

Standard:

79.75 ~ 80.25 mm (3.14 = 3.16 in.}) |

N Y TR T - SO X PL R RN R U R

Fig. 3-5-13 Spread dimension of bearing KT3-25

{4) Crush height measurement ‘
There is no need to take a crush height measure-
ment if the oil clearance, bearing spread and' cap
roundness meet tolerances,

NOTE:

Do not measure with a feeler gauge after loosening one cap
bolt as such a measurement is not accurate. Never correct '
the fitting surface between cylinder block and cap by
grinding.

(5) End play
Measure end play with a thickness gauge while
moving to the side with a screw driver or lever
as shown in Fig. 3-5-14. Nominal play is 0.05 —
0.219 mm (0.0020 — 0.0086 in). If more than 0.5
mm (00197 in), replace the thrust bearing. After
endplay is correct, lock the cap bolt.

4 :
Fig. 3-5-14 End play measurement KT3-272

Inspection of oil seal
Check the lip of the crankshaft oil seal for wear and
damage.

Assembling and mounting

{1} Insert crankshaft gear in crankshaft with a press.

{2) Mount crankshaft rear sleeve
To mount, fit O-ring to the inside of sleeve, apply
engine oil to O-ring, and drive it in with a sleeve
press (09482-1400). Insertion is complete when
the press contacts the surface of crankshaft.

Fig. 3-6-15 Fitting sleeve
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(3) Ciean cylinder block with solvent, then blow
any remaining grit or dust off with compressed
air,

(4) Fit crankshaft bearings to cylinder block with bear-

ing caps.

Fig. 3-5-16 Fitting crankshaft bearing KT3-274

NOTE:
1. Each bearing has a different width so it is necessary to
see that it is properly mounted.
2. See that the teats at end of the bearings fit with the
slots on bearing caps and cylinder block.
3. Apply engine oil to the inside of bearing.

(b) Fit thrust bearing to the No.4 bearing cap side.
As shown in Fig. 3-5-17, see that the four thrust
bearings at either end of journal support and No 4
bearing cap, are mounted with the oil groove
facing to the crankshaft side.

Fig. 3-5-17 Fitting thrust bearing KT3-275

(6) Fit crankshaft to cylinder block.,
(7) Insert crankshaft thrust bearing along the siot of
cylinder block.

(8)

Fit crankshaft bearing cap. Tighten it to specified
torque then loosen. Retighten to specified torque.
Tightening torque:

1,400 — 1,600 kg-cm {102 — 115 Ib.ft.)

Fig. 3-5-19 Tightening cap bolt KT3-277

NOTE:

{9)
(10)

(11)

{12)

{(13)

1. Fit caps beginning at the timing gear side in the se-
quence of Nos. 1 through 7, as marked on top of the
cap.

2. Fit cap so that the arrow points toward the timing
gear (Top of each cap has a relief arrow mark).

3. Tighten cap, No.4 cap first. Then, tighten the other
caps alternately on either side of No.4.

After tightening each cap, turn crankshaft to be sure
that it rotates smoothly.
Mount oil pump, timing gear case, suction strainer,
and oil pan.
Fit crankshaft pulley center to crankshaft, insert
collar, and tighten front nut.
Tightening torque:

5,500 — 7,000 kg-cm (398 — 506 Ib.ft.)
Mount crank pulley.
Tightening torque: 450 — 500 kg.cm (33 — 36 1b.ft)
Mount rear oil seal and oil seal retainer.
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. 4. Mounting oil seal

2 Use the jig placed as shown in Fig. 3-56-21 to press the |
sleeve in. Apply lithium grease to the oil sealing lips. .

, TORTIONAL o COLLAR KNOCK
; DAMPER

DUST SLINGER

% OlL SEAL
=
{

[]

FLYWHEEL
( MOUNTING BOLTS

Fig. 3-5-20 Oil seal

. ‘ PRESS
1 OIL SEAL INSERTING TOOL
OiL SEAL /

. INSERTING TOOL : [ . ﬁj
ct 09482 — 1030 " NOCLEARANCE L

/ ALLOWED
APPLY OIL ON CIRCUMFERENCE OIL SEAL CASE
: TIMING ‘ Ay A | 4
GEAR CASE i Y i I \

/] ; O]

}

.

Fig. 3-5-21; Mounting oil seal

5. Mounting/dismounting of front sleeve and dust slingeé'

SPECIAL TOOL * ‘ ‘ _ SLEEVE MOUNTING TOOL
; ' ' TAKE CARE NOT TO (09402-1210)
e r\ e oy DAMAGE ‘ SLEEVE DRIVING DEPTH
| 28 ~3.2

o _ _/i/ ' T W
PULLEY /

' SLEEVE EXTRACTOR
' (09420-1071)

Fig. 3-6-22 Mounting dust slinger ' Fig. 3-5-23 Mounting/dismounting of front sleeve
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6. Flywheel and ring gear

1.

(1)

Fig. 3-5-256 Removal of flywheel

Flywheel and ring gear

4. Bolt
5. Flywheel boit

1. Flywheel
2. Ring gear
3. Lock washer

Fig. 3-5-24 Exploded view of flywhesl and ring gear

Removal and disassembling

Loosen flywheel mounting bolts.

Turn flywheel to remove it from crankshaft by
striking a pillow block placed in the starter mount-

ing hole lightly with brass hammer, taking care not
to let the flywheel fall.

03-0619

(2)

Remove ring gear. To remove, leave flywheel with
ring gear in hot water at about 100°C for 3 — 4
minutes, then place something holding ring gear and
tap the flywhee! lightly around the edges until it
comes out.

7. Inspection and Correction

1. Inspection of flywheel

(1) Check friction surface of flywheel for cracks and
damage.

Replace if excessively damaged. Repair correctable
faults.

(2) Measure the thickness of flywheel with appropriate
device. Replace if the thickness exceeds the ser-
viceable limit.

FLYWHEEL
RING
GEAR
[e— 17MM
Unit: mm (in)
Thickness of flywheel 17.0 mm (0.67 in)
Serviceable limit 16.0 mm (0.63 in)

(3) Measure the distortion of flywheel friction sur-
face with a dial gauge. If the distortion exceeds
0.3 mm (0.0118 in) correct by grinding.

2. Inspection of ring gear
Check ring gear teeth for wear and damage. Replace
faulty gears.

3. Inspection of flywheel housing

Check for cracks.
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8. Assembling and mounting
1. Mount flywheel ring gear
Leave ring gear in hot water at temperature of about
100°C (212°F) for 3 — 4 minutes. Then, fit it
quickly to flywheel and bolt down.
Tightening torque:  260—320 kg-cm {19—-23 b ft.),
2. Installing flywheel housing to cylinder block
Tightening torgue:
400-500 kg-cm {29—36 Ib.ft.) (10 min dia bolt)
650—870 kg-cm {47—62 Ib.ft.) (12 mm dia bolt)

9. Mounting Crankshaft and Flywheel

Carefully clean the mounting surfaces of the crankshaft
and flywheel. Match the “Q" marks on flywheel and'
crankshaft collak and tighten opposite bolts evenly,j
tightening slightly each time in sequence. The final
tightening torque is 1,800 — 2,000 kg-cm (131 — 144
ib.ft.) ‘

LB3-035 03-0620
Fig. 3-6-26 Crankshaft flange and filywhesl alignment mark
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3-6 TIMING GEAR & CASE

DESCRIPTION

i The arrangement of the timing gears is shown Fig. 3-6-1. their service life. All gears are stamped with identifica-
' TI’_le gears are helical, reducing noise and extending tion marks as shown in Fig. 3-6-1. to facilitate assembly.

CAMSHAFT GEAR .

/ INJECTION PUMP DRIVE GEAR

/F'/ C.
(=

\

b IDLER GEAR

f CRANKSHAFT GEAR

Q)

Fig. 3-6-1 Gear train
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v OVERHAUL

DISASSEMBLY

1. Timing cover

2. Timing gear cover gasket
3. Oil seal

Fig. 3-6-2 Timing gear case

6
6
7
5
: 3
! 1. Camshaft gear 7. Idler gear shaft
o 2. Idler gear . 8. Injection pump gear
3. Thrust plate , g. Crank shaft gear
4, Bushing 10. Qil pump gear
5. Thrust plate
- 6. Pin ’

Fig. 3-6-3 Timing gear
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{1)  After removal of crank puliey, loosen the timing
gear cover clamping bolt to dismount the cover.
NOTE:

In removing the cover (aluminum alloy), pay utmost
attention not to damage it.

(2)  Camshaft removal
Remove two thrust plate clamping bolts from
the crankcase, and remove the gear, raise the
turnups of the lock-washer, and use a puller
after removal of the nut.
(3)  Injection pump drive gear removal
Remove the coupling from the injection pump,
loosen the nut, and remove the pump gear and
shaft block.
To remove the gear from the shaft, use a pulier.
(4) Idle gear removal

Loosen the clamping bolt, and remove the idler
gear. To remove the idle gear shaft, loosen the
flange clamping bolts and use a sliding hammer to
remove the idle gear shaft.

1. INSPECTION

1. Inspection of injection pump drive shaft

(1} Check for wear and damage. Replace if faulty.

(2) Measurement of outside diameter of pump drive
shaft
Measure outside diameter of drive shaft, also mea-
sure inside diameter of bushing, with a micrometer
and a dial gauge. The difference between the two
measurements is the clearance between shaft and
bushing.

Clearance between shaft and bushing Unit: mm (in)

Standard Serviceable limit
0.030 —0.072 0.3
{0.0012 — 0.0028) (0.0118)

Fig. 3-6-4 Measuring 0.0. of pump drive shaft KT3-279

(3) End play measurement of pump drive gear
Measure the clearance between thrust bearing
and pump drive gear with a feeler gauge. If the
clearance exceeds tolerance, replace the thrust
bearing.
End play Unit: mm {in)
Standard Serviceable limit
0.040 - 0.088 0.1
(0.0016 —0.0035) (0.0039)

Fig. 3-6-5 End play measurement of pump gear KT3-280

2.
M

(2)

Inspection of idle gear shaft

Check gear teeth for wear and damage. If faulty,
replace.

Measure idle gear shaft outside diameter and gear
bushing inside diameter.

Measure clearance between idle gear and idle gear
shaft with a micrometer and a cylinder gauge.

Fig. 3-6-6 Maeasuring idle gear shaft O.D. KT3-283
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Idie gear and idle gear shaft
Unit: mm {in)

Standard Serv.ict?able
: limit
0.025 —0.075 0.20
(of]
earance (0.0010 — 0.0029) | (0.0078)
Outer diameter 34 3385
of shaft . . u. = -+ (1.3386) -,41:3328)

RNE

(3) End play rzpeasurement'o'f idle gear
.feeler. gauge between idle gear and t

o measire end p|a\'/-.-, If the measurer
ceable limit,.replace the thrust béar'

(2} Mount idle gear shaft, making sure of it oil hole

and cylinder. block oil channel. Check oil hole of

T T T h idle gear shaft for blockage, and see that shaft end
-»Standard - - Serviceable timit . . .
. — is complete with screw (blind plug).
003-0.11 0.30
(0.0012 — 0.0043) (0.0118)
Unit: kg-cm (ib.ft)

Idler gear shaft filling bolt 500 — 650 {36 —47)
Idler filling bolt 1,100 — 1,300 (80 — 94)

[TIT]

Fig. 3-8-9 Cylinder block oil channel

ASSEMBLY AND ADJUSTMENT (3} Mount injection pump drive gear and shaft to
| cylinder block.
(1) Mount the camshaft assembly into the cylinder Thrust plate tightening torque:
block and tighten the thrust plate with two bolts. 190 — 260 kg.cm (14 — 19 Ib.ft.)
Tightening torque: ‘ {4) Mount idle gear, observing timing mark.
Note: 500 — 600 kg-cm (37 — 43 Ib.ft.) Thrust plate tightening torque;

When installing the camshaft drive gear to the shaft, it 1,100 — 1,300 kg-cm (80— 94 Ib.ft.)

must be tightened with following torque. (5) Mount oil pump

Tightening torque: - . : . - . -

2,500 — 3,000 kg.cm (181 — 217 bt Tightening torque: 380 ~ 500 kg.cm (28 — 36 Ib.ft.)
‘ {6} Backlash measurement of each gear

Measure with dial gauge. Replace if faulty.
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{7) Mount oil slinger
(8) Fit timing gear cover to cylinder block, Cut off
any packing extending over oil pan surface.

{9) Inspect timing gear case and oil seal for cracks,

wear on lip, tension, and depositsof foreign matter.

Fig. 3-6-10 Backlash measurement KT3-282
Backlash
Unit: mm {in)
Serviceable
Gears Standard limit ; D v .
Crank gear — Idle gear Fig. 3-6-11 Mounting timing gear cover 03-0621
I — Camshaft drive
& gear gear:‘s AAVEL 0081 —0.11 03
Idle gear — Injection pump {0.0020 —0.0043) {0.0118)
drive gear
Camshaft drive gear — 0.07 —0.22
Oil pump drive gear {0.0028 — 0.0086)
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3-7

DATA & SPECIFICATIONS

FUEL SYSTEM

i

NOZZLE
Type ...... e e

NOZZLE HOLDER

FUEL FILTER

..... BOSCH type, NIPPON DENSO make

Injection pressure . . .. ............ i220 kg/cm? (3,128 Ib/sq.in)

Type ....... e e e " Replaoéable paper element type

{(ND-DLLA-150531-33ND97)

DESCRIPTION

FUEL FILTER

NOZZLE HOLDER

FEED PUMP

f\\
8

=
FUEL TANK
) ~eal-| . '

'
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COoONOORWLN =

Injection pump assy
Coupling assy

Auto timer assy

Injection pump assy
Governor assy

Fuel feed pump assy
Injection pump bracket
Injection pump drive gear
Injection pump drive shaft
Woodruff key

. Woodruff key

Thrust bearing
Qil seal

Fuel filter assy
Retainer bracket

. Clip

17.
18,
19.
20.
21,
22. .
23.
24,
25,
26.
27.
28,
29.

31.

Fuel hose

Fuel hose

Bolt

Through feed pipe
3way joint

Fuel pipe bracket

Fuel injection pipe No.
Fuel injection pipe No.
Fuel injection pipe No.
Fuel injection pipe No.
Fuel injection pipe No.
Fuel injection pipe No.
Fuel injection pipe protsction
Rubber cap skirt

Clip

Bolt

s WN =

Fig. 3-7-2 Fuel system in position

Soft washer

Qil pipe

Qil pipe

Bolt

Soft washer

Clip

Nozzle and holder assy
Nozzle holder assy

. Nozzle assy
. Packing pipe leakage ring

Nozzle leak age pipe
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1. Fuel System Piping and Its Operation

As shown in Fig. 3-7-1, the fuel feed pump draws fuel
from the fuel tank. The fuel passes through the fuel filter
and is fed to the fuel injection pump. The injection pump
forces the fuel, under high pressure, through the injection.
lines to the nozzles where it is injected. Some fuel
reached the nozzle lubricates the nozzle needle. After
lubricating, it returns to the tank through the leakage‘
pipe.

On the injection pump, a governor and timer are installed.
The governor controls the idling speed and maximum’
speed of the engine, the timer adjusts the fuel-injection
timing.

2, Precautionary Notes

1. Bleeding air from the fuel system,
Never be air bubbles in the fuel. Bleed air from the
fuel system in cases below;
(1)  When a new pump is used.
(2)  When the pump is used after a long period of
cessation.
{3) When the piping is loosened or replaced.
(4)  When air bubbles are found in the fuel.

Procedure

1} Between fuel tank and feed pump
Loosen the connector at the feed pump outlet.
Move the primary pump on the feed pump up
and down to discharge the fuel, and close the
connector when the air bubbles in the fuel have
desappeared,

2

Between feed pump and filter

Loosen the air bleeder screw equipped on the
fuel filter and conduct air bleeding in accordancé
with the instructions given in 1} above. :
3

Between filter and injection pump

Air bleeding between filter and injection pump can
be conduct automatically through the over flow
pipe by operating the priming pump several times,
4) When bleeding has been completed, screw the
priming pump knob firmly into the éylinder body
so as to prevent the entry of air through it.

2. Injection steel pipe
Use the specified injection steel pipe because its resis-
tance and length have a considerable effect on both
injection volume and efficiency. ' ‘
In the case of new piping, use it after cleaning for ap-
proximately twenty minutes under an injection preé-
sure of 200 — 300 kg/cm? (2844 — 4266 Ib/sq.in.)

NOZZLE & NOZZLE HOLDER

DESCRIPTION

The nozzle employed is of direct injection Bosch-hole
type, with a spray angle of 150°. To improve com-
bustion efficiency, this nozzle employs a combination
injection hole system having two holes of 0.31 mm
(0.0122 in.) 1.D. and two holes of 0.33 mm (0.0130 in}
I.D. The nozzle is designed to open at 220 kg/cm?
The nozzle holder is housed in a copper sleeve which is
caulked into the cylinder block. And this nozzle holder
is cooled by way of the sleeve which is cooled by the
water jet in the water jacket.

The nozzle is located by a dowel pin provided in the
nozzle holder body. The flanged nozzle holder is in-
serted in and tightened with 2 bolts to the cylinder
head. The setting angle and positioning of the nozzle
holder are, therefore, determined automatically.

° 106’
0°10 o M \ 7
10~ o

Fg. 3-7-3 Injection nozzle
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6 o
¥
2
\ 55
it
i’: 14
4

Cap nut

Nozzle holder assy
Pressure spring
Pressure pin
Hollow screw
Adjusting screw
Connector gasket
Inlet connector
Nozzle assy
Retaining nut

COLONORrWLN >

-

Fig. 3-7-4 Nozzle and nozzle holder

TEST OF NOZZLE

1.

Visual Checks of Nozzle and Nozzle Holder,
and Cautions for Assembling

A fuel injection nozzle is a high precision product, and

therefore be handled with utmost care.

(1)

Nozzie

Check the nozzle for choking at the injection hole
and carbon deposit. Also check the seat and needle
valve sliding portion. Then, put the nozzle body and
needle valve in clean light oil to check them for
sliding condition.

(2)

(3)

Nozzle Holder

Carefully check the contact surface with the nozzle,
push rod tip and nozzle spring for damage. Also,
check to see whether or not the push rod is bent.

Cleaning Carbon

Clean carbon off from the surface of the nozzle and
nozzle holder with carbon cleaner or carbon cleaning
tool with care taken not to damage the nozzle. Then,
rins the parts with clean light oil. Incomplete rinsing
will degrade nozzle functions causing its life to be
shortened.
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(4)

2.

When Assembling Nozzle to Nozzle Holder

Assemble the nozzle to its holder with the pressure
adjusting screw kept loose and with care not to allow
the nozzle center to deviate from the nozzle holder
center.

Hand Test with Nozzle Tester

The quality of a nozzie is determined by the pattern and
angle of injected mist, the end timing of injection, the leak
condition after injection, and other factors. Note that the

state of mist will differ depending on the property or
temperature of the test oil, and the speed at which the hand

lever of the nozzle tester is operated.

m

(2)

Injection Starting Pressure Test

Set the specified injection starting pressure by turning
the'adjusting screw of the nozzle holder. Dust in the
nozzle can not only result in incorrect injection but
also vary the injection starting pressure every time
when injection is made.

Nozzle Spray Test

Operate the nozzle tester hand lever at a stroke of 4-6
per second and check the spray mist to see that it is
uniform without abnormality due to the blocked
injection hole.

The nozzle will provide coarse mist compared with an
ordinary nozzie if the hand lever is operated at a
lower speed. Actually, however, an engine is not run
at such a low fuel injection rate. !t therefore is not
necessary to check mist when the lever is operated at
such a low speed.

Spray Mist from Good Nozzle at Hand Test

Lever speed for nozzle test
{4-6 storkes/second)

Fg.376

(Uniform)

1

Condition at lower lever speed
{1 stroke/second)

(Coarse)

Fig.3-78

Uniform spray mist can be obtained at the specified lever

speed though the mist is coarse when the lever speed is low.

(3)

3.

Valve Seat Test

Keep the fuel pressure 20 kg/cm2 lower than the
specified injection pressure by the nozzle tester
{(for 30 seconds) and confirmi that no fuel drops
down from the nozzle tip.

Nozzle Replacement Intervals

Whether or not the nozzle can be used continuously
is determined by conducting a hand test with a nozzle
tester, seeing the sliding condition of the needle valve,
and performing visual checks to see the degree of
wear. Always keep in mind that the spray mist will
become coarse as the nozzle tester hand lever is
operated slowly. In case a nozzle is found unaccept-
able through an valve seat test or visual checks, do
not attempt to correct the faulty nozzle by fitting the
nozzle body with the needle valve seat but change
new nozzle assembly.
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FUEL FILTER

DESCRIPTION

FROM
‘ FUEL FEED PUMP

TO
FUEL INJECTION
PUMP

FRg. 3-7-7 Fuel filter

1
t
X SNS
3
(] LN
®©
@ ‘/_—/__—-_-—/“/
1. Body 6. Element kit
2. Center bolt 7. Q-ring cover
3. O-ring 8. Body cover
4, Element spring 9. Bleeder plug
5. Element springseat 10. Bleeder gasket

Fg. 3-7-8 Fuel filter

Contaminated fuel may damage the injection pump and
nozzles, increase wear and hamper operation. For this
reason, the fuel must be filtered properly.

That is, the fuel from the feed pump is filtered as it
passes from the periphery of the filter element toward its
center, and the filtered fuel is fed into the injection
pump. This fuel filter contains a synthetic resin-
processed, paper element.

OVERHAUL

Dismounting

1. Disconnect the fuel line.
Loosen the fuel and injection pump connections, and
that of the fuel filter. Handle the fuel pipe with care.
2. Take out the two retaining bolts and remove the filter
assembly.

Disassembly

1. Loosen the cap center bolt, take out the center bolt,
and disassembile.
2. Remove the bleeder screw and drain plug.

Cleaning

1. Plug the upper and lower filter-element openings $o
that dirt cannot enter, and immerse the element in
the solvent. Clean thoroughly by moving it briskly
about in the solvent.

2. Clean the other parts with clean solvent and dry with
compressed air.

Assembly

1. Position the barrel gasket correctly, and tighten the
center bolt carefully. Excessive tightening will damage
the barrel and O-rings.

2. Tighten the air bleeder and drain plug until no leakage
is evident. Excessive tightening will damage the gasket.

Mounting

Mount the filter on the engine, connect the fuel lines and
bleed the air.
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3-8

DESCRIPTION

1. Function of Engine Oil

Engine oil functions in the following manner:

1. Friction reducing action
It insures a minimum loss of power by reducing the
friction of moving parts (bearings, pistons, etc.)

2. Cooling action
It prevents engine temperature from becoming ex-
cessively high by transmitting the heat generated by
friction and combustion.

3. Sealing action
it checks compression or combustion pressure leaks by

Y
INJ PUMP o 5 e
" a0

TO OIL PAN

LUBRICATING SYSTEM

sealing between the piston rings and cylinder walls.
Thus the highest engine performance is maintained.

4. Detergent action
It cleans the lubricated parts of dusts or metal dust or
cylinder like carbon, thus preventing the premature
wear of the lubricated parts which may be caused by
those admixtures and furthermore, it disperses carbon
and sludge into oil so that those may not collect in
the tubricated parts or in the oil line.

5. Anti-corrosive action
It prevents the metals from rusting by corrosive gas
or moisture.

PIS % |DLE GEAR

495?

TO OIL PAN

INJ. PUMP /R'OCKE
DRIVE GEAR "CT R ARM
D Yt , | CRANKSHAFT
0’ 4 Z2
. ; [%2]
i N D&
. 90
e
Z.‘ W Z MAIN HOLE
VALVE é’\\ H M
- Aot HNS A6 7
OIL COOLER CAM JOURNALS ' LS
COOLANT =ZA N A A=
WATER i
S ][
© . \ -
SAFETY VALVE oL JOINT WHEN
= Q 20150 Yem FLTER P.T.O. 1S EQUIPPED
SAFETY VALVE 187
OlL PUMP 115102‘% ar
ey
198 REGULATOR
VALVE
‘ 401034 m —
J'" SUC. STRAINER I
! OIL PAN

Fig. 3-8-1 Qil circulating system

2. Oil Circulating System

Lubricating oi! is pumped up through the strainer by the
oil pump in the timing gear case on the front side of the
crank case. It makes heat exchange with the coolingi
water while passing through the oil cooler. The oil com:

ing out from the oil cooler is sent to the full-flow filter
in which dust and sludge are removed through 10—40
micron voids. After having the pressure adjusted by the
regulator valve, the oil passes through the main oil hole
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in the crank case Jubricating the main bearing cam bear-
ing, etc. After passing the oil cooler, a part of oil is sent
to instead of entering the full-flow filter and fine dust
and sludge are filtered. Then the oil returns to the oil
pan.

A part of oil, reaching the main bearing, passes through
the oil hole of the crank shaft, lubricating the big-end of
the connecting rod, then enters the oil hole of the con-
necting rod and lubricates its small-end. A part of oil
reaching the small-end of the connecting rod is jetted
from the oil hole at the upper part of the small-end to-
ward the lower surface of the piston and functions posi-
tively to cool the piston.

To the piston and the liner splash lubrication is applied
in most cases.

The oil coming through above routes returns to the oil
pan passing the lower part of the crank case.

On the other hand, the oil supplied to the idie gear shaft
becomes spray to lubricate the timing gear. This oil
comes back to the oil pan passing the lower end of the
timing gear case.

For the lubrication of the rocker arm shaft, oif is sent
through the cam shaft head.

Via the cylinder head, pedestal and the rocker shaft,
then, guided to the rocker arm. A part of this oil passes
the hole in the rocker arm and comes along the rocker
arm to lubricate the top of the valve stem. The oil
passing the above routes drops from the hole of the push
rod on the upper surface of the cylinder head and lubri-
cates the tappet guide, then returns to the oil pan.

2. Lubricating Qil capacity

It takes about 14 liter (3.0 Imp.gal/3.70 U.S. gal) to
fill the engine lubricaring system.

1. Oil pump assy 7. O-ring

2. O-ring 8. Oil cooler assy
3. Oil strainer 9. Gasket

4. O-ring 10. Oil cooler case
5. OIll pump inlet pipe 11. O-ring

6. Oil pipe bracket 12. Filter assy

13. Oil filter gasket

14. Water hose

15. Clamp

16. O-ring

17. Coolant oil cooler pipe

18. Exhaust manifold heat insulator

Fig. 3-8-2 Lubricating system
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Fig. 3-8-3 Qil filler cap

OlIL PUMP

DESCRIPTION

PUMP DRIVE
GEAR —~— CASE

~~DRIVE GEAR
, DRIVE SHAFT

B}

—DRIVEN SHAFT

~DRIVEN
COVER g I GEAR

Fig. 3-84 Oil pump

(1) Oil pump
Gear-type pump mounted on the front of cylinder
\‘

3. Exchanging the Engine Oil

- As to interval of exchanging the engine oil.

Shorten the interval as necessary, according to opera-
tional conditions. Engine oil gets dirty sooner than usual
while the engine is still new or immediately after an
overhau! or — during break-in periods. Change engine oil
after 30 hours of operation during such periods.

Do not drain oil until its temperature has sufficiently
resin. Cold oil lacks fluidity and may fail to completely
discharge the sludge deposited on the bottom. In such a
case, new oil filled after draining will become dirty
quickly.

block is driven with the cam shaft gear, Supplies

enough oil to cool piston and valve stem.
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OVERHAUL

Disassembly

{1) Remove the clamp bolt from the drive gear, and
pull-the drive gear out of the drive shaft by means
of a puller.

(2) Remove the cover and driven shaft en bloc.

(3) Remove the drive gear (together with shaft) and
driven gear from the case.

(4) Use a press or. hammer to separate the drive gear
from the drive shaft (keyed), and the case from the
* driven shaft {press fitted).
wore: T

in ‘sépgrating. eaqh"pglrtsﬂ_with a press or puller pay atmost
attention not to darmage them (almihum alloy).

y

Oil pump body

Qil pump cover sub ass'y
Oil pump driven gear
Straight pin

Bolt

1.
2.
3.
4.
5.

Fig. 3-8-6 Oil pump

Inspection and Repair

Clean and inspect each part, and replace it with a new
one if it is found worn out beyond service limit.

Fig. 3-8-7 Measure the clearance between testh 03-228
and case

(n

(2)

Measure the gap between the pump case and gear

teeth with a thickness gauge.
Standard value: 0.030 — 0.100 mm
{0.0012 — 0.0039 in.)
Serviceable fimit: 0.13 mm (0.0051 in.)
At this time, check for wornout or seriousiy defec-
tive gears also. They should be renewed.
Place a straight edge on the cover mounting surface
of the case, and measure the gear end play with a
thickness gauge.
Standard value:  0.040 — 0.088 mim
(0.0016 —0.0035 in.)
Serviceable limit: 0.15 mm (0.0059 in.)




ENGINE 3-71

Fig. 3-8-8 Measurement of end play 03-229

(3) Check the gap between the drive shaft and case
with a micrometer and a cylinder gauge.
Standard value: 0.040 — 0.085 mm
(0.0016 — 0.0033 in.) |

Serviceable limit: 0.1 mm (0.0039 in.)

Fig. 3-8:9 KR-149

(4) Check the gap between the driven shaft and driven
gear with a micrometer and a cylinder gauge.
Standard value: 0.040 — 0.083 mm

(0.0016 — 0.0033 in.)

Serviceable limit: 0.1 mm (0.0039 in.)

(8) Check the backlash of the gears
Standard: 0.15 —-0.28 mm
{0.006 — 0.011in.)
0.50 mm (0.0197 in.)

Serviceable limit:

Fig. 3-8-11 ' 03-046

Assembly and Adjustment

{1) Before assembling the pump, apply clean engine
oil to the shafts, gears, and pump case.

{2) Assembly the pump by reversing the sequence of
disassembling steps, making sure to refit the keys
properly to secure the pump drive gear and helical
gear in place and to lock the nut by bending the
lock washer after the helical has been mounted on
the drive shaft.

OIL COOLER

DESCRIPTION

The oil cooler is provided to keep automatically the
proper temperature of oil to be supplied to all parts
of Engine.

Oil cooler is incorporated in the water jacket on the
right hand side of cylinder block. Its multiple disc
construction, with little pressure loss, head exchange.
This maintains proper oil temperature, extending the
life of both engine metal and engine oil.

The oil supplied by the oil pump runs in the inside of
the oil cooler unit and the cooling water flows along
its outside. When the temperature of oil is higher than
that of water, it functions as an oil cooler and oil is
cooled.

In the reverse case, it functions as an oil heater and oil
is heated. Thus, the proper temperature is always main-
tained. The function of oil heater makes it possible to
raise rapidly the oil temperature even in the cold season.
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This is effective not only in making idling time shorter
but also in the prevention of abrasion at various parts of
the engine. .

When the inside becomes dirty and clogged, the passing
resistance increases and the ol circulation becomes un-
favorable. In such case, disassemblé it and wash it with
the oil sludge detergent or aqueous solution of caustic
soda. Fit it after washing thoroughly with water,

Generally, it will be all right to wash it at every mileage
of 60,000km. A safety valve is provided to bypass the
oil to prevent the abnormal rise of oil pressure when the
oil temperature is low and the resistance of oil cooler
is high.

The opening pressure of this valve that is installed in the
oil filter is 2.0 kg/ecm? (28.44 I‘bn/.éq:in).

Water inlet
= Water outlet
yl. block
(From cy! ) {To water pump)
(o] - Q O O (o]
H
- @
, 13
I O O
(9 ~&r

]

Gil_inlet
(From oil pump)

=T

Cover
Cooler element

Fig. 3-8-12 Oil cooler

o
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DISASSEMBLY

1. Case

2. Taper plug

3. Taper plug

4. Qil cooler element

©®No@

. - Element gasket
. Plain washer
Lock washer
Nut

Fig. 3-8-14

10.
11.
12.

Qil cooler pipe
O-ring

Boit

Q-ring

KT3-288
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REASSEMBLING

Do not use O-ring and gaskets again but replace each
time they are removed. Before reassembling make sure
that the gap between the flange of connecting pipe
fitted to the cooler and the oil filter is less than 0.5 mm

0.02in.)

Yoo

Tightening torque: ="

Unit: kg-cm (1b.ft)

Oil codler fitting bolt

190 — 260 (14 — 18)

Oil cooler element fitting nut

150 ~ 180 (11 — 13)

OIL FILTER

DESCRIPTION

REGULATOR VALVE

Fig. 3-8-15

TO WATER PUMP

[l
L

T ELEMENT

L _—BOLT

;““
Qh

DRAIN PLUG

SECTION A—-A

Fig. 3-8-16 Ol filter

LB3-049
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~..
AN

RELIEF VALVE'&\\

A
L.

RELIEF VALVE 7

; ’ "
ELEMENT =|r. | ’ |
R \ "\-‘-‘_ ’

* SECTION B-B

D\~
—— g

L\CAP

’\

ELEMENT

| 1] ——s8oLT

DRAIN PLUG

SECTION A—A

Fig. 3-8-17 Detail of oil filter

The oil filter is fitted at the lower side of the exhaust

manifold in the center part of the engine.

The filter cover is made of aluminum casting. Fitted on

its lower side is a full flow filter of paper element type.
The full-ﬂow‘ type paper filter increases combustion
efficiency, and permits longer oil and element replace-
ment intervals under standard working conditions.

.

T

The oil pressure at the main fall is keptat 1— 5 k_g/cm2
(14.22 — 71.70 Ib/sq.in.) by the regulator valve. The
opening pressure of the regulator valve is 4 kg/cm?
(56.88 Ib/sq.in.).
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OVERHAUL

Disassembly

Oil filter element cover
Bolt

Drain plug
O-ring

Element spring
Spring seat
Element kit

Qil filter cap assy
Relief valve

10. Spring

11. Plug

12. Gasket

13. Relief valve assy
14, Case

15. Relief valve

16. Valve spring

NI WM~

Fig. 3-8-18 OQil filter

DISASSEMBLY

First loosen the drain plug at the end of the center bolt
in order to drain oil included in the filter.

Loosen the bolt in the center on the bottom of the
filter case.

Cleaning

1. Wash all parts, except the element, in cleaning oil and
dry with compressed air. Pass air through the throttie
opening in the oil inlet port cover after first cleaning
with wire,

2. Wash the element separately in clean gasoline or fresh
cleaning oil, being careful to allow no foreign matter
to enter. Immerse in the cleaner and remove sludge
with a brush.

ASSEMBLY
Cautions only for assembling.

Full-flow filter
(1) Tightening torque of the plugs for valves.
400 — 500 kg-cm (29 — 36 Ib.ft)
{2} Tightening torque of the center bolt for the full
flow filter case.
First tighten it at 700 kg-cm {51 Ib.ft) then loosen it
until 400 — 500 kg-cm (29 — 36 Ib.ft.)
{3) Installing way the oil filter assembly to the crank
case.
Refer to cautions explained in oil cooler.
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OIL PAN

DESCRIPTION

1. Qil level gauge

2. Qil level gauge pipe guide

3. Guide pipe gasket ’

4. Tappet chamber cover

5. Tappet chamber cover gasket
OVERHAUL

Qil pan
Oil pan gasket
Oil drain plug
. Oil drain plug gasket

XN

* Fig. 3-8-19 Oil pan

Digsmounting

1.

Remove the drain plug to drain the engine oil. It is
suggested that a 30-gauge screen be placed over the
container into which engine oil is drained. In this way,
foreign particles in the oil may be retained and
examined. ‘
Remove the oil pan retaining bolts, leaving one bolt in
place on the left and right sides. Support the oil paﬁ
before removing these last two bolts and lower the
pan slowly as they are taken out.

. Remove the suction strainer from the crankcase.

Cleaning and Inspection

1. Before cleaning the oil pan, examine the sediment. |f
many metal shavings are found, the bearings should be
inspected.

2. Clean the oil pan and strainer in solvent and dry with
compressed air. Check the curved oil strainer line and
welds for cracks.

REMOUNTING

Coat a new gasket with gasket sealing compound and
position the gasket. Mount the oil pan in the reverse
sequence of removal, i.e., insert one bolt in the left and
right sides while supporting the oil pan in position, par-
tially tighten and replace th‘e remaining bolts, Tighten all
bolts evenly.
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3-9 COOLING SYSTEM

DESCRIPTION

RADIATOR

COOLING £AN

THERMOSTAT OIL COOLER

COOLANT PUMP

-=-20

Fig. 3-9-1 Cooling system

1. Circulating System

The coolant pump at the front of the engine circulates
the coolant water. After being cooled in the radiator,
the coolant water passes through a connection in the
lower portion of the radiator to the pump. This cool-
ant pump feeds the coolant water directly to the left
side of the engine (seen from the fan side)where it
enters the distribution system, cooling all cylinders
equally.

Part of the coolant fed to cylinder head to cool nozzle
holder, exhaust port, etc. gathers in the thermostat
case on the front end of cylinder head. Part of the
coolant which cooled the cylinders is taken out from the
side wall of cylinder block on the manifold side and fed
to cylinder head after heat exchange with lubricant in oil
cooler. Coolant gathered in the thermostat case is
returned to radiator or coolant pump.

A drain cock on the right rear side of the engine (seen
from the fan side) permits coolant water to be drained

from the cylinder block.

The radiator is drained by opening the drain cock on
the right at the bottom of the radiator.

MAINTENANCE

1. Cleaning the Radiator Core

Mud and trash tend to accumulate on the front of the
radiator during driving. This impedes the flow of air
through the cooling fins, and the core should be
cleaned carefully with water.

2. Checking the Coolant-water Level and Replenishing

Every day before operating the vehicle, check the
water level and pour water, if necessary.

Remove the radiator cap by turning to the left. Pour
the soft water until it appears at the bottom of the
filler. When putting the radiator cap back on, be sure
to screw it in until it firmly goes into the ‘‘second
detent” of its lock.

Always use soft water.
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3. Cleaning and Coolant Lines

When these lines become clogged with sediment, cool-

ing efficiency decreases. The entire system should be
flushed with the cleaning solvent.
1. Remove the radiator cap first so that air may enter.

Open two drain cocks (for cylinder block and

radiator).

2. Fill the radiator with cleaning solvent and operate
the engine until the water temperature rises to about
80° C (176° F). Keep the engine in motion for 15 to
30 minutes.

3. Open the drain cock and quickly discharge the
solvent.

4, Pour clean water and run the engine again for a

while maintaining its temperature at about 80°C"
(176° F). Then discharge the water after dropping the

water temperature.

4. Handling Caution in Extremely Low Temperatures

Use antifreeze in extremely low temperature.
When antifreeze is not used, be sure to drain the coolant
water from the radiator upon completion of work. |f the.
water is left undrained, the radiator and the-engine will.
freeze, which can cause grave accidents.
1. Brand of antifreeze
Please refer to ‘“Recommended lubricants list”.
2. Use of antifreeze
1) Before pouring antifreeze, check the radiator core,
hose, drain cock, etc. for leakage. !
2) Remove the radiator cap and open the radiator and
engine drain cocks to completely drain the coolant
water,
3) If the drained coolant water is notably dirty, the
cooling system must be thoroughly cleaned.
4) Use soft water for mixture with antifreeze.
5) Mixture ratios for different temperatures are as
indicated in the table below.

Safe working Antifreeze Soft water Freezing
temperature temperature
°C(°F) % % °C (°F}

- 2( 28) 15 85 - 6( 21
- 4( 25) 20 80 -~ 9( 18}
- 81{ 18) 25 75 -13( 9)
-11( 12) 30 70 -16( 3)
-16( 3) 35 65 -21 (-~ 6}
-20 (- 4) 40 60 —-25(-13)
-26 (—15) 45 55 -31(-24)
-33 (-27) S0 50 —37 (-35)
—40 {-40} 55 .45 —45 (—49)

NOTE:

Observe safe working temperatures in mixing.

6) The level of the coolant water should be 40—50mm
{1.48—1.97 in.) below the bottom of the filler, this
is prevent expansion due to heat during operation
from causing the antifreeze to overflow and be
wasted.

7) Antifreeze used for replenishment must have the
same concentration as that used in initial filling.

8) Hang a sign reading ""Antifreeze Used” on the ra-
diator cap.

TROUBLE SHOOTING
1. Overheated Engine

1. Coolant water is insufficient,
Check for leaks and add water.
2. V-belt is loosened.
Adjust to proper tension.
3. V-beit is slippage.
Remove belts and wash with gasoline.
4. Thermostat valve is closed causing grease.
Remove and check.
5. Cooling system is clogged, sediment accumulates heav-
ing in it.
Fiush the cooling system with cleaning solvent.
6. Water pump is inoperative.
Check for pump seizure and damage pump puliey.

2. Engine Running too Cold
1. Leave thermostat valve open.
Remove and check. Replace if necessary.
2. Air temperature is low in cold weather.
Instal! cover on front of radiator.
3. Drop in Coolant Water Level
1. Leaks in radiator, hose connections, pump, etc.
Find lead and tighten or repair.
2. Cylinder head gasket is defective.
Replace and tighten the head bolts with standard
torque.
3. Cylinder head or block is cracked.
Repair if not serious, or replace.
4, Leaks in expansion plug. '
Repair of replace plug.

4. Unusual Sounds from Cooling System
1. Water pump bearing is worn,
Disassemble and replace bearing.
2. Cooling fan is loosed.
Tighten or repair.
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COOLANT PUMP & FAN

DESCRIPTION

BY-PASS INLET =~ RADIAL BALLn /
BEARING .& N @ | ’
™ )}\—/ ] ) o ¢ CASE
> T o —
WATER )ﬂ\ s 1] _—vane
INLET 7 ~_ b L
- ~. i
- f/ sl _—SEAL
N AL
- SHAFT
bt S f
=4
> |
N~
OUTLET  RaADIAL BALL \?/’W —Rd
BEARING Y

Fig. 3-9-2 Coolant pump

The pump is on the upper front of the engine, and its
construction is shown in Fig. 3-9-2. There is a six-bladed
cooling fan mounted on the front of the engine. The fan,
together with the alternator, is driven by crankshaft
through V-belts. The speed is 0.9 times greater than that
of the crankshaft. To adjust V-belt tension, vary the
position of the alternator.

The leak prevention for the water pump is effected by

OVERHAUL

the carbon plastic plate, rubber and spring fitted to the
water vane. The leakage is completely prevented by the
rubber which rotates with its one end pressed against the
vane by the force of the internal spring, and the. other
against the bushing applied for the setting of the carbon
plastic plate to the pump body. For the lubrication of
the ball bearing of the pump shaft, supply the coolant
pump grease at every 500 hours operation.

Case

Shaft

Vane

Coolant seal
Radial ball bearing
Bearing collar

Ball bearing

Ball bearing
Washer

Retainer ring

Plain washer

Lock washer

Nut

Feather key
Lubrication fitting
Coolant pump cover
gasket

Plate

Bolt

OCO®NDON B WN =

Fig. 3-9-3 Coolant pump
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Dismounting

. 1. Loosen the alternator-brace-adjusting bolt and move
- the alternator all the way to the engine.
2. Remove the four cooling-fan-retaining bolts and take
off the fan.
3. Remove the V-belts by hand and cooling fan pulley
by loosing the center nut.
4, Remove the suction-pipe-fllange bolts and take off the
pipe.
5. Remove the four coolant-pump-retaining bolts and
take off the pump assembly.

Disassembly

. KM-060
1. Remove the pulley by making use of a puller. . Fig. 3-9-5 Coolant pump shaft disassembly

Inspection and Repair

1. Coolant Pump

1. Remove any traces of the gésket from pump case and
cover. Wash all parts in solvent thoroughly and dry
with compressed air.

2. Check the bearing race for wear and fatigue, if defec-
tive, replace.

3. Check carefully to make sure that the water seal is not

~cracked or torn. |f defective, replace.

4, Check for deformed pump shaft keyway, feather key,
and threads on the vane side. Correct any defects or
replace parts.

2. Cooling Fan

Fig. 3-9-4 Removing the pulley LB3-050 Check for cooling fan cracks, etc.

Assembly and Adjustment

2. Loosen and remove the coolant pump case and case . . . . :

1. Coat the bearing grease to the bearings and insert
cover plate boits. L

. them in pump case through the spacer by means of

3. Remove the coolant pump shaft. a press, but do not press the inner race. Then fit the

Take .o'ff.the. fea.ther key and fo.rce out the pump retainer ring.

shaft in the direction of the vane with a press. 2. Fit the water seal to the shaft and insert the shaft in
® NOTE:

Don’t remove the vane from shaft, if not necessary. the pump case by meanS. of a press. )
3. Place the feather key in the pump shaft, align the
. pump pulley with the key and drive it in place.
4. Remove the ball bearing collar from the pump case. Tighten the puliey in place with the nut.
Take out the retaining ring and force out the bearings 4, Replace the pump case cover, using a new gasket, and

' and cotlar in the direction of the pulley with a press. tighten the cover in place.
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6. Check for smooth rotation, turning the cooling fan
manually after assembly is completed.

6. Checking the tension of V-belt
The V-belts which drive the alternator and water pump
should have the correct tension, if not, the belts will
slip and the required speed will be lost. Check this
belt tension and adjust as needed by following.

(1) Loosen the alternator brace adjusting bolt until
brace and adjusting plate are free.

(2} Move the alternator to the position in which the
belt tension is correct and seat the brace and
adjusting plate. Tighten the adjusting bolt slight-
ly.

{3} Apply a force of approx. 10 kg (22 Ib) to
the belts at the. center of alternator and fan

pulley.

/

LB3-051

Fig. 3-9-6 Checking the tension of V-belt

The amount of belt slackness should be approxi-
mately 10~ 15 mm (0.39 ~ 0.59 in)

THERMOSTAT

DESCRIPTION

This is a wax type thermostat. As shown in Fig. 3-9-7
wax is sealed in the pellet. When the temperature rises,
the wax expands and pushes up the pin, and the valve
is opened by the reaction of the pin.

When the coolant water temperature drops below
76.5°C (170°F), the thermostat valve is closed to shut
off the radiate flow, and all of the coolant water flows
the though the bypass of the pump, and it is provides
preventing engine temperature drop.

Above 76.5°C (170°F), the thermostat valve is opened
properly as shown in Fig. 3-9-10, and engine tempera-
ture remain the proper degree, max. lift is 10 mm
(0.393 in) at 90°C (194°F).

TO RADIATOR

VALVE {\w
COOLANT ! |
WATER [T~
i L
MOUNTING | | BY-PASS
FACE TO CYLA\:‘":' R (TO PUMP)

HEAD

Fig. 3-9-7 Thermostat
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OVERHAUL

Dismounting

13~

Coolant pump assy
Coolant pump puiley
Coolant pump gasket
Coolant intake pipe
Plug

Thermostat case
Thermostat gasket

NOoOOR LN =

10.
11.
12.
13.
14.

Thermostat case
Thermostat gasket
Plug

Thermostat
Water hose
Cooling fan
Spacer

Fig. 3-9-8 Thermostat and clioant manifold

1. Loosen the hose clamp on the thermostat case side,
and take off the rubber hose between the thermaos-
tat case and the rediator.

2. Remove the two clip band from the bypass pipe

flange of the thermostat case.

. Remove the four mounting bolts in the thermostat

case and take out the case.
Take out the thermostata
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Mounting

Install components in the reverse order to disassembly,

paying attention to following items:

1. Clean fur from thermostat case.

2. Be sure so that the jiggle valves face upwards when
installing.

VALVE OPENING
TEMP IS ENGRUED

ADJUSTING METAL

8Y-PASS VALVE
PIPE

Fig. 3-9-9 Jiggle valve

3. Be sure to place corroded, scared or permanently
strained O-rings with new ones.

MAINTENANCE

1. inspecting the Thermostat Function

Every 1,000 hours operation check the function.

1. At ordinary temperatures (below 70°C (158°F). If
the thermostat conical section, used for valve action,
is not in close contact with the main unit, the ther-
mostat should be replaced.

2. Place the thermostat in warm water as shown in Fig.
3-9-10.
When the temperature rises more than 90°C (193°F)
the lift should be approximately 10mm (0.39 in.)
and the bypass port in the side of the main unit must
be completely closed.

STIRRING ROD THERMOMETER ,

THERMOSTAT
SUPPORTER

HEATER Q_L'q_/

T, : Valve opening temperature, 76.5°C
T2 : Valve opened temperature, 90°C
10 MM
) |
$ ||
= I [
3 I
o
b
o°c e 10°Ced |
10" C ey |

! TEMP. —>
T\°C T2°C

Fig. 3-9-10 Testing the thermostat function
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3-10 EXHAUST

- MANIFOLD & MUFFLER

DESCRIPTION

1. Intake manifold 6.
2. Gasket 7.
3. Intake pipe 8.
4. Gasket 9.
5. Intake air heater 10.

SYSTEM

Intake pipe
Gasket

Exhaust manifold
Exhaust manifold
Ring seal

Fig. 3-10-1 Air intake & Exhaust systam
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{1} The one-piece, 6 cylinder intake manifold uniformly

(2)

distributes suction and provides high suction ef-
ficiency by being matched with the valve system.
The end of intake manifold has a noise suppressor
(butterfly valve type) which is interlocked with the
injection pump load lever, to suppress incidental
noise in and around combustion chamber from the
exhaust brake.

Exhaust manifold

The exhaust -manifold is made of cast iron with
special ingredients added. It is built in three parts
to prevent thermal deformation. At the joint section
of the manifold, a seal ring seals gas and oil and a
wire-containing stainless gasket (steel plate type) on
the flange prevents gas leakage.

Mounting of exhaust manifold seal rings

Seal rings are fitted to each connecting section of the
exhaust manifold to prevent gas and oil leakage. Install
new seal rings so that none of the ring end gaps are lined
up, as shown in Fig. 3-10-2.

DEVIATION RANGE OF
THE RING GAPS @

UPWARD SEAL RING

t XHAUST
R o L‘WOLD

S R

R

Fig. 3-10-2 Installing seal ring
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3-11

SERVICE STANDARD

REPAIR SPECIFICATIONS

Unit: mm (in)
\ nominal Assembly Repair Service Corrective
tem dimensions standard limit limit measures
§ e | Liner inside diameter (41;:?” (+Sodc1)gg) Replace liner
=0 - y
52 5| Cl bet
B3| 2%/ liner and piston 110 0.192 —0.224
3?, 2 £ E| (a1 64.2 mm (2528 in) {4.331) | (0.0076 — 0.0088) Replace piston
a g ol from piston bottom]
R 110 0.3—045 25
o | !mevtinder {4.331) | (0.0118-0.0177) (0.0984)
(<]
'_
Free clearance A?g'ggé; L
. 110 0.3—0.45 1.2
In cylinder (4331) | (0.0118—-0.0177) (0.0472)
3 Approx, 155 (NPR)
5 (0.610)
£ Free clearance 15.0 {RIKEN)
8 (0.590)
©
@ R 110 0.3—-045 1.2
2 | o | 'meviinder (4331 | 100118 -0.0177) (0.0472)
&
Free clearance Ap(%rg;.og)ﬂl.s
(=]
c
= . 110 03-05 12
< In eylinder (4.331) | (0.118 - 0.0196) (0.0472)
& 8 Approx. 12.5 (NPR)
Free clearance Ap(grg?(zl()) 5
(RIKEN) 0.4134
. . 30 -0.25 .
Ring thickness Replace ring
g {0.118) 0.06 — 0.10 04 {-0.0098)
(N . 30 (0.0024 - 0.0039) | (0.0157) 025 _
§ Groove width (0.118) . (+0.0098) Replace piston
[*] M !
Q
& . s 25 -0.25 .
E, g Ring thick ness {0.0984) {~0,0098) Replace ring
o | ® . 25 +0.25
S ~N Groove width (0.0984) (+0.0098) Replace piston
(%}
[=1]
£ . : . -0. .
' B Ring thick ness (0.?9069) (_0'08?9) Replace ring
e}
Groove width (0?'9069) (+0+%8?9) Replace piston
. . . . 39 -0.14 Replace pin, available over-
Piston pin outside diameter (1535) (-0.0055) | sized pin: 0.20 (0.008)
c
] ® . 38 0.013T — 0.014L 0.1 T = interference
- Piston holeand clearance | (1 535) | (0.0005 —0.0006) | (0.0039) L = clearance fit
8 | con-rod bushing inside 39 0.015 — 0.036 0.1 :
O | diameter and clearance (1535 | (0.0006—0.0014) | (0.0039) Replace bushing and pin
: . 74.0 -0.20 -1.20 Correct by regrinding if worn
Journal outside dismeter (2913) (-0.0079) | (-0.0472) | unevenly more than 0.10 mm
c {0.0039) regrind if wear is
= . 25 more than 0.2 (0.0079}, and
3 Bearing thickness (0.0984) replace crankshaft if wear is
s g more than 1,2 {0.0472),
2 5 0.051 — 0.102 0.30 available under signed bear-
£l Clearance | No.1 —7 (0.002 — 0.004) (00118} ings: 0.25 (0.0098),0.75
§| & (0.0295), 1.00 (0.0393)
5 2
g » | Central main ( 4.3 )
3 | & | shaftwidth 0.169)
S iz : 005-0219 05 Reol ,
- eplace thrust bearing
2 Bearing 25 {0.0019 —0.0086) {0.0196)
Wl thickness {0.0984)
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Repair

Clearance

(0.0059)

Item Nominal Assembly Service Corrective
dimensions standard limit limit measures
Connecting rod large 69 Correct by regrinding if .
end inside diameter (2.7165) worn unevernly more than
0.10 {0.0039): regrind if
_ 0.06 wear is more than 0.2
Roundness (0 0'023) {0.0079), and replace crank-
: shaft (if wear is more than
1.20 (0.0472).
. . . 65.0 -0.20 ~1.20
o | o | Finoutsidediameter (2.5590) (~0.0079) | (~0.0472)
g _3 Con-rod bearing 20
'é S | thickness {0.0787)
S S
O . i cl;aarance is more than
_ 0.3 (0.0118), replace avail-
Clearance (0%8?; _ 88852) able undersized bearings:
: : 0.25 (0.0098), 0.500 (0.0196),
0.75 (0.0295), 1.00 (0.0393).
R . 420 02-05 06
End-play, pin width (1.6535) |(0.0079 —0.0008) | (0.0236)
0.09 Grind to undersize or
Crankshaft bent {0.0035) straighten with press
N No. 1 61.5 (2.421)
[
8 | No.2 62.3 (2.413)
B | No.3 61.1 (2.406)
Q
° .
£ | No.4 60.9 (2.398) (+0500g) | Remlace bearing
2 | No.5 60.7 (2.390)
8 | no.s 60.5 (2.382)
No.7 58.3 (2.295) 0.030 — 0.080
. | No.1 615 (2.421) | 10,0012 —0.0034)
[
B
& | E | No.2 61.3 (2.413)
© [}
5 °
g | 9 | No3 61.1 (2.406}
°
8 %’ No. 4 60.9 (2.398) (-0 B0 | Replace camshaft
£ | No.5 60.7 (2.390)
£
€ | No.6 60.5 (2.382)
3 No. 7 58.3 (2.295)
End-play thrust bearing 8.0 0.1-0.178 0.3
thickness ' (0.3149) | (0.004 —C.0070) | (0.0118) Replace thrust plate
& Intake (Z);ggg)
£ : -0.08
Replace camshaft
£ 8.1723 (-0.0031)
8 | Exhaust (0.3217)
Camshaft bent (0%8?9) Straighten with press
N 32 0.020 — 0.071 0.10
Tappet outside diameter (1.2598) |(0.0008 — 0.0028) | (0.0039) Replace tappet
E
@ Rocker arm shaft 242 -0.08
g outside diameter (0.952) (-0.0031) | Replace rocker arm shaft
(7] ﬂ -
[} ) .
> x Rocker arm bushing 242 +0.08 .
2 | 8 | inside diameter (0.952) (+0.0031) | Replace bushing
@«
0.15

Replace bushing
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Gear backlash

(0.006 - 0.011)

' Nominal Assembly Repair Service Corrective
tem dimensions standard limit limit measures
Intake valve stem 9.0 0.055 —0.088 8.88 .
2 | outside diameter (0.3543) |(0.00216 — 0.0034) (0.3496) | Replace valve or guide
© g
> | Exhaust valve stem 90 0.07 —0.103 8.88 .
outside diameter (0.3543) | (0.0027 — 0.0051) (0.3496). | Fieplace valve or guide
Intake (—0-8'1596) Replace valve seat
Valve head +0.25 — ~-0.25 i
countersink {(+0.0098 — -0.0098) _05
Exhaust . . (~0.0196) Replace valve seat
Valve Intake (0.0118)
clearance . Adjust while engine is cool.
0.40
Exhaust (0.0157)
§
g‘ , 52.0 Replace if distroted more
E: Setting length (2.047) ‘ than 2.0 (0.0787)
o
> 28.4 26.5
2 Preload kg (Ib) 62.6) (58.4)
a
n 62.0 - =30 .
Free length (2.44) (-0.1181) Replace spring
Straightness mg)r(%j‘ggg)
§ Seat angle 30° 30° — 30°30°
£g| Faceangle 30° 29°30" — 30°
Correct
= §| Seatangie 45° 45° — 45°30’
=7
2e
w ©{ Faceangle 45° 44°30' — 45°
Push rod bent © 8'1596) Replace gear
Crankshaft — idler gear
c 0.051—0.11 0.3
] Camshaft — idler gear _ Replace gear
g Injection pump — idler gear (0.0020 —0.0043) {0.0118)
8 . 0.07 - 0.22
b m —
5 Camshaft —oil pump (0.0028 — 0.0086) Replace gear
(=]
E’ Replace bushing or shaft,
g . 340 0.025 —0.075 0.20 change mounting position
i | _ | 'dtesnaftand bushing (1.3385) | (0.0009 —0.0029) | (0.0079) if worn unevenly more
8 than 0.03 (0.0012)
o
2 1 . | idleshaft 385 :
= 3 | length (1.5186) _
5 0.0013 — 00043 | (00118) Replace bushing
2 Bushing 25 ’ ’ .
W [ thickness (0.0984) ‘
Gear tooth radial clearance 0.030-0.10 0.13
in case (0.0012 — 0.0039) (0.0051) | Remlace gear or shaft
Gear side face and pump side 0.04 - 0.088 0.16
o | clearence (0.0016— 0.0035) {0.0059) | Reptace gear
€ i -
2 | Drive gearshaft clearance 0.04 —0.085 0.4
2 |incase {0.0016 —0.0033) (0.0039) | Rerlace pump case or shaft
@] y ;
Drive gear shaft clearance 0.04 - 0.083 0.1
in gear (0.0016 — 0.0033) (0.0039) Replace gear or shaft
0.156-0.28
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{tem Nominal Assembly Repair Service Corractive
dimensions standard limit - limit measures
[ =
£ 0 | Between alternator and 10—156
3 g | coolant pump (0.39 — 0.59) Apply force 10 kg (22 1b)
> -

Cylinder head surface 0-0.05 0.1 R
| evenness {0 — 0.002) (0.0039) Correct by regrinding
£
» | Crankcase top surface 0-005 0.1 L
3 | evenness (0 — 0.002) (0.0039) Correct by regrinding
;" Protrusion of cylinder 0.01-0.07
' liner above block (0.00039 - 0.0028)

Compression 270 — 310 rp.m. 29 — 35 kg/cm? 25 kg/ecm?
pressure {lb/sq.in) {Turn with starter} {413 — 497 Ib/sq.in.) (356 Ib/sq.in.)
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TIGHTENING TORQUE

Tightening position kg.em Ib.ft.
Cylinder head bolt 1,800 — 1,900 131 - 137
Cylinder head bolt (Additional) 650 — 750 48 — 54
Main bearing cap bolt 1,400 — 1,600 102 - 1156
Connecting rod cap bolt 1,650 — 1,850 120 —134
Crankahaft nut 5500 — 7,000 398 - 506
Cam shaft gear nut 2500 — 3,000 181 — 217
Cam shaft thrust plate bolt 190 - 260 13-18
Idle gear shaft fitting bolt 500 — 650 37 - 47
Idle gear fitting bolt 1,100 - 1,300 80 — 94
Flywheel to crankshaft 1,800 — 2,000 131 —144
' 400 — 500 (10¢) 29 - 36
Fiywheel housing bolt
650 — 870 (12¢) 47 — 82
Qil pan bolt 180 —~ 230 14—16
Intake 260 — 320 19— 23
Manifold to cylinder head
Exhaust 300 — 350 22-25
Rocker arm support bolt 700 — 800 51 — 58
Rocker arm support boit {on both side) 190 — 260 14 —19
Qil pump to crank case 380 — 500 28 — 36
Injection pump drive gear 190 — 260 14-19
Injection pump set bolt 190 — 260 14 -19
injection pump bracket boit 380 — 500 27 — 36
Injection pump thrust plate bolt 190 — 260 14 —19
Injection pipe (both end nipple) 300 — 400 22 -29
Injection pipe {mounting nut) 50 —-100 4—7
Adjusting screw fock nut 400 - 500 29 — 36
Nozz!e holder bolt 130 - 190 10-14
Starter to flywhesl housing 650 — 870 47 - 63
Cooling fan bolt 200 — 300 14— 22
Coolant pump setting bolt 380 — 500 28 — 36
Qil fiiter setting bolt 380 — 500 27— 36
Oil filter center bolt 400 — 500 29 - 36
Coolant pump pulley bolt 1.800— 2,400 130—-174
Water gallery cover bolt 190 — 260 14— 19
Qil cooler bolt 190 — 260 14—19
Alternator mounting bolt 800 — 900 58 — 65

(K.P.)
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: | FUEL INJECTION PUMP

. DATA & SPECIFICATIONS

FUEL INJECTION PUMP

Piunger diameter

Delivery valve diameter . .. ............. L.
Cam max. lift

Control rod max. stroke

Pre-stroke of 1st cylinder

Injection order

Injectioninterval . . .. ... ... L oo

Tappet top clearance
Pump revoiution

Matching for engine

GOVERNOR

BOSCH type, NIPPON DENSO make

9.5mm (0.394 in.)

&mm (0.236 in.)

8mm (0.315 in.)

21mm (0.827 in.)

3.1 £ 0.05mm (0.122 £ 0.0020 in.)
1-4-2-6-3-5

More than 0.2 mm {0.0079 in.)
1/2 X Engine rpm.
B.T.D.C.17°

BOSCH type, NIPPON DENSO make; mechanical,
All-speed-control type (RSV)

BOSCH type, NIPPON DENSO make; automatic type
Right hand seen from drive side.

BOSCH type, NIPPON DENSO make; piston type
22mm (0.866 in.)

3.5 kg/cm? (49.78 Ibfsq.in.) — 600 rpm.

Fig. 4-1 Fuel injection pump

04-0479

The injection pump is driven by the engine crankshaft
through the idler gear. It pressure-feeds to the nozzle a
specified amount of fuel from the feed pump at a
specified time, in a specified order and at a specified
internal. The injection pump is of the Bosch type and
assembled with the governor, timer and feed pump.
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1. Structure of the injection pump

The internal construction of the injection pump is

shown in Fig. 4-2.

The pump housing has a fuel gallery, which is kept filled
with fuel fed from the feed pump. The plunger barrel

inlet hole leads to the fuel gallery.
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Fig. 4-2 Fuel injection pump

2. Fuel-pressure-feed operation

p—

PLUNGER BARREL

FEUL GALLERY

FEED HOLE

VOLUME FILLER

DELIVERY
VALVE ASSY

BARREL
PLUNGER
FUEL GALLERY

CONTROL ROD

TAPPET

FEED HOLE ISCLOSED

CONTROL PINION

CAMSHAFT

DELIVERY VALVE OPENS

The plunger repeats the motion of being pushed up by
cam of the cam shaft and pushed down by the plunger

spring.

RACK GUIDE SCREW
CONTROL SLEEVE

UPPER SPRING SEAT
PLUNGER SPRING

LOWER SPRING SEAT

PRESS FEED BEGINING

Fig. 4-4 Plunger operation
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Fig. 4-3 Fuel injection pump
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1. When the plunger is at bottom dead center, fuel fiows
from the fuel gallery through the feed hole, and into
the plunger barrel, as shown in Fig. 4-4 (1).

2. At the moment when the plunger rises through

rotation of the camshaft and the upper portion of the ‘
plunger is aligned with the top of the feed hole,

fuel-pressure-feeding begins, Fig. 4-4 (2).

3. In accordance with plunger stroke, fuel then opens -

the delivery valve and flows to the nozzle. (Fig. 4-4
{(3)).

4. The plunger rises further and at the moment when
the lower portion of the control groove is meet with
the top of the feed hole, the fuel is pressure-returned
to the fuel chamber through the center hole of the ‘
plunger, and the fuel pressure drops, fuel feed ends,
(Fig. 4-4 (4)).

3. Injection-volume-adjusting operation

1. Plunger effective stroke

The stroke from the point where the plunger-barrel-'

feed hole is closed by the upper portion of the,

plunger to the point at which the upper portion of
the plunger control groove meets with the lower end-
of the feed hole is the effective stroke.

The piunger control groove being helical, the effective:

stroke is varied by turning the plunger to change its

position relative to the plunger barrel. Thereby the'

volume of pressure-feeding being regulated. This is a

lower helix type plunger, in which the beginning of

pressure-feeding is always constant and its end varies.

-Fig. 4-5 shows injection volume at each plunger

rotating position.

1) Since the feed hole leads to the control groove
before it is closed by the upper portion of the
plunger, no pressure is applied to fuel and the
injection volume is zero.

2) By turning the plunger in the arrow direction, the
stroke A’ is obtained before the feed hole meets
the control groove, and fuel is injected.

Fig. 4-5 Effective stroke

3) By turning the plunger to the position shown in
Fig. 4-5 (3), injection volume becomes maximum,
which means effective stroke is maximum.

2. Plunger rotating device

PLUNGER BARREL
PLUNGER

CONTROL ROD

CONTROL PINION
CONTROL SLEEVE

PLUNGER FLANGE

Fig. 4-6 Plunger rotating device

The teeth of the control rod engage with the pinion,
and the pinjon is secured on the control sleeve which
rotates freely around the periphery of the barrel. The
driving face in the lower portion of the plunger is
inserted in the lower part of the sleeve. Therefore,
the amount of injection is varied, as the control rod
is moved forward or backward, and thereby the
plunger is turned. (Refer to Fig. 4-6.)

The control rod engages with each pinion of the six
cylinders. Therefore, it is possible to vary the volume
of injection for the six cylinders simultaneously.
Pulling the rod toward the governor side decreases
the volume of injection, and pushing it toward the
timer side resuits in an increasing effect.

Engine speed increases or decreases as the volume of
fuel injection increases or decreases.

3. Rod position
Position of the rod is expressed as ‘‘rod position:
. mm.” When the rod is pulied all the way toward
the governor side, the rod is in contact with the
rod stopper and stops there. The position of the
rod is indicated by the distance it moves toward
the timer side from the point where it is in contact
with the stopper, that is, "Rod position: 5 mm’
means the rod is pushed 5 mm (0.197 in) toward
the timer side from the point where it is contact
with the stopper.
Thus, as the rod position value grows large, fuel
injection will increase and engine speed will rise
accordingly. v
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4. Injection volume performance curve
Injection volume performance curve is shown in
Fig. 4-7, 8.
Injection volume varies almost linearly in accordance
with the position of the rod, as shown in Fig. 4-7,
when the pump speed is constant.

120

ak

20r

“—

0 5 7 [ 1 13 15 17 19

Fig. 4-7 Rod position ~ injection volume

4. Function of delivery valve

The delivery valve functions in two ways: it prevents the
reverse flow of the fuel in the high pressure pipe toward
the plunger side and also draws back fuel to prevent
dripping at the nozzie. When the delivery valve is
brought down by the delivery valve spring upon com-
pletion of fuel pressure-feeding, the piston of the valve
first cuts off the high pressure pipe and plunger sides
{as shown in Fig. 4-9 (a)} and then it further descends
until it is contact with the seat surface (as shown in
Fig. 4-9(b). The fuel in the high pressure pipe is drawn

HIGH PRESS.
PIPE SIDE

Otherwise, fix the rod at either 5 mm (0.197 in) or
15.4 mm (0.669 in), and slowly increase pump speed,
in this case, the injection volume will be shown in
Fig. 4-8. This graph shows that the injection volume
per stroke (rotation) increases gradually in accord-
ance with the increase in pump speed.

ROD POSITIONImm]
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Fig. 4-8 Pump speed ~ injection volume

back the amount equal to that designated by A’ in
Fig. 4-9 and the pressure in the high pressure pipe is
slightly reduced, in this way drops of the fuel remaining
at the nozzle tip are eliminated.

In addition, and as shown in Fig. 4-9 (b), the delivery
valve contacts the valve seat to prevent the reverse flow
of the fuel from the high pressure pipe to the pump
cylinder.

STROKE

PLUNGER SIDE

@)

Fig. 4-9 Delivery valve
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OVERHAUL

SPECIAL TOOL. (N.D. made)

Prior to start of injection pump overhaul, it is neces-
sary to prepare special tools.

A-TYPE PUMP évODY ToOoL KIT (95905-03000)

Delivery valve puller Plunger puller

95905-05050 95905-11030

Tappet clamp Tappet inserter

Driving flange

95905-01040

Camshaft bearing outer race puller

9590510030 95905-06030

Open end wrench Delivery valve gasket inserter

95905-04050

Box wrench

95905-08003 95905-07006 95905-06004 (10 mm)
Holding wrench Oiler Holding wrench
a2 K
O /
. \6 D g
95906-04020 959( 01090 95905-01020
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Wrench

Adapter

95905-01002

Tappet inserte;r

95905-01300

Tappet gap instrument

Tool case

95099-08000

Cutter

96905-03008

9£905-02019

95905-01007

Spline extractor Camshaft clearance gauge Holder

<%
95905-03050 95905-01080 95905-03020
9580501051

Spring holder

95905-02009
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GOVERNOR TOOL KIT (95907-02000)

Governor weight extractor

9590-702050

Arm

Idle adjust wrench

Adapter

95907-05080

Wrench

95907-06080

Governor puller

95907-03010

95907-02003

95907-02020

Torque measuring tool Control sleeve extractor Lever
95907-01030 95905-07050 95907-01002
Tool case Pressing screw Weight spring nut wrench

95099-08000

95907-07080

95907-02004
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TIMER TOOL KIT (95906-03000)
Spring guide

Band wrench

Timer extractor

A

95906-01030

Oil seal guide

95906-02060

Holding wrench

95806-02050
95906-08050

Handle

=

95906-01070 95906-03020 95906-01062
Tool case Band Timer repair 100}
95099-08000 95906-01061 95905-07050

Timer setting stand

95906-05100
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BOX WRENCH KIT {95905-05000)

Governor round nut wrench box

Governor plug wrench box

Timer wrench box

95907-05010 95905-04004 95907-07010
Screw plugwrench box Box T-Handle
/ ‘3
95906-05004 95905-07005 95044-33380
95905-08005
Extension bar Wrench Tool case

95044-34150

P-type plug setting wrench box

95044-30250

Timer round nut wrench box

95905-04010

95906-03010

95099-05000
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PUMP HOLDER KIT (95605-02100)

Pump stand Pump stand adapter Pump holder

—

95905-01100 95905-01110 95905-02110
95905-01111
95905-01112

Pump setting angle

95905-06101

TORQUE WRENCH KIT (95047-01000)

95047-21300

Fg. 4-10 Special tools
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DISMOUNTING

1. Dismounting the injection Pump with Governor,
Timer and Feed Pump

1. Disconnecting the fuel pipe
Disconnect pipe joints at the feed pump inlet and

outlet and the |nject|on pump inlet and .outlet.

After dnsconnec ng, cover the plpe ends to prevent‘

[

ot 1 e
3. Put “matc mg marks in. pamt on both}"faces (with
th,e d|‘§c m.'ibetwqgr‘)) of: the coupting in front of the.

. .
. t

DISASSEMBLY

timer, that is the timing gear case. side and the
injection pump side.

. Remove the four injection pump mounting bolts

and move the injection pump backward so that it
will be disconnected from the coupling.

After removing the pump from the engine, throughly
clean it and check for external damage before dis-
assembling,

. Removing the Main Unit

. Drain the oil from the drain plug.
. Dismounting the feed pump after removing three

retaining bolts,

. Dismount the governor.
. Dismount the timer.

1. Injection pump housing 11. Jointbolt
2. Injection pump camshaft 12. Plunger control sleave
3. O-ring 13. Control pinion
4. Distance ring 15, Upper seat
5. Shim 16. Pump plunger spring
6. Taper roller bearing 17. Plunger spring lower seat
7. Qil seal 18. Injection pump element
8. Bearing cover 19. Injection pump tappet
‘9. Bearing 20. Plug
10. Controlrod

21. Deliver\i Valve holder 31. Round nut

22. Delivery valve spring 32. Lockwasher

23. Delivery valve 33. Woodruff key
24, .Gasket . 34. Control rod cover
25. Valve holder lock plate 35. Pin

26. Stopper '37. Bileeder screw
27. Cover

28 -‘Adapter

29.*Sfud

30. Washer’

Fig. 4-11 Fuel injection pump body
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1. Caution in disassembling 3. Removal of Tappet Assembly

1. It is very important that disassembly and assembly 1. Remove the tappet assembly by making use of tappet
be made in a clean workshop, as the pump is a inserter {Part No. 95905-06030) and tappet clamp
high-precision part. {Part No. 45905-10030).

2. Always use the delivery valve as a set with the
plunger.

DISASSEMBLING

1. Placing the Tappet Insert

Remove the fuel feed pump.

2. Remove the plate cover,

3. Insert the tappet inserter (part No. 95905-03008)
into the bore of the tappet in order to isolate the
camshaft from them.

Fg. 4-14 Removal of tappet 04-029

4. Removal of Plunger

1. Remove the plunger spring lower seat and plunger
en bloc by making use of plunger puller {(Part No.
95905-11030).

NOTE:

Sort the removed plungers to identify with the cylinders.

2. Then, remove the plunger spring.

Fig. 4-12 Placing the tappet insert

2. Removal of Camshaft

1. Remove the plug and screw from the lower part of
the housing with a T-Handle (Part No. 95044-33380).

2. Remove the cover and bearing outer race from the
automatic timer,

3. Remove the camshaft towards the timer,

Fg. 4-16 Removai of plunger 04-030

5. Removal of Control Sleeve

1. Remave the control sleeve and plunger spring upper
seat,

6. Removal of Delivery Valve Holder

1. Remove the lock plate assembly, and then pull out
the delivery valve holder and delivery valve spring
by means of socket wrench,

04-028

Fig. 4-13 Removsl of camshaft

.
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7. Removal of Delivery Valve

1. Dismantle the delivery valve by fingers,

NOTE:

Assort the removed dslivery valves to make with the
formerly assorted plungers.

Fig. 4-16 Removal of delivery valve

8. Removal of Control Rod

1. Loosen the rack screw on the back of the housing,
and remove the control rod out of the governor. .

CLEANING

1. Remove the delivery valve gasket from the delivery '
valve and throughly wash them in gasoline. Then .
place them, as a unit, in a diesel fuel oil tank.

2. Clean the ptunger in a similar manner.

3. Wash the exterior and interior of the pump housing '
using a small brush. The portion where the plunger
barrel fits in must be cleaned with special care.

Dry the pump housing after washing, by applying’
compressed air.

4. Similarly, wash all other parts in gasoline and keep
them classified according to cylinders to which they .
belong.

INSPECTION AND REPAIR

1. Plunger. '

Remove the plunger out of the plunger barrel, and,
check it for scars, traces of seizure and rust develop-!
ment,
Put the end of plunger into the barrel, and tilt the
barrel some 60°. Turn the plunger, if the plunger
falls gently, the plunger set-up is justifiable, The
replacement should be carried out as to a complete
set of the plunger and barrel. :
Half replacement is prohibitive. See Fig. 4-17.

Fig. 4-17 Testing the plunger

2. Delivery valve

Check the piston in the same manner as the plunger.

and check the valve seat for stepped wear, scars, etc.

Also check the drawing back action of the delivery

valve as follows.

(1) Thoroughly wash the delivery valve in diesel
fuel oil. Allow a light coating of oil to remain
on its surface.

(2) Close the port by fingers as shown in Fig. 4-18.

Fig. 4-18 Testing the dalivery valve

(3)  Lift the valve and then release it. If the valve
drops and stops at the piston return action is
acceptable,

The plunger and the delivery valve are not fit
for reuse after repair.

3. Control rod

Check for bending. If found bent, the control rod
must be repaired or replaced.

If there is an excessive clearance hetween the control
rod and the bushing, replace the bushing, The control
rod should be replaced also whern 1t gear teeth are
excessively worn.
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4,

5.

6.

Control sleeve

When the gear teeth of the pinion are worn, replace
the pinion only.

Replace the pinion set screw if its groove is deformed.
Adjustment after assembly will be difficult with such
a set screw.

Also check and confirm that the control sleeve and
the pinion are firm_l‘y. secured.,

Tappet and roller

Check the tappet, rollers and pin for wear.

If any wear on them is found, replace them:,

Camshaft and ball bearing

Check the camshaft for scoring and excessive wear
as well as for deformation of the thread at each
end and deformation of the key groove. Check the
ball bearing for the wear and fatigue of balls or the
race surface, and replace it if any defect is noted.
Assemble the camshaft into the injection pump
housing and measure its end play. |f it exceeds 0.1
mm {0.0039 in.), adjust it to 0.03 — 0.05 mm
(0.0017 — 0.0019in.), placing shims.

7. Plunger spring and delivery vaive

Check the springs for cracks. Also measure their
free length and verticality. Replace them if they
are over the lengths specified below.

ltem Vertically
Plunger spring 494+ 1 mm
{1.94 ¢+ 0.039 in)

Delivery valve 19.0 mm

spring {0.75 in)
8. Check the injection pump housing for cracks, damage

to the threaded portion, etc.

ASSEMBLY

In assembly, observe the assembly marks on various

parts to avoid erroneous assembly, Check and confirm,

during assembly, that all moving parts will move

smoothly.

1.

Installing the control rod

Insert the control rod to the housing and tighten
the rod guide screw, after which confirm that the
rod will move smoothly.

Installing the plunger barrel

Place the plunger barrel (only the barre!, without
the plunger) in each cylinder. See to it at this time

Fig. 4-19 Tightening the valve holder

that the feed hole of: the barrel will come to the
front of the pump (opposite side of the rack).

. Installing the.delivery valve

Put a new delivery valve gasket on the delivery
valve and tap it lightly with a pipe *that fits the
periphery of the gasket, so that the delivery valve
will closely contact the plunger barrel. Then place
the de‘liv‘e;ry valve ‘spring and tighten the delivery
valve holder with 250 — 350 kg.cm (18 — 26 Ib.ft.).
**Similarly install the aelivgry valve in each cylinder.

NOTE:

*This tapping tool may be made by grinding the
threaded portion of a delivery valve hoider,
**Excessive tightening of the delivery vaive holder may
cause major troubles such as the breakage of the pump
housing and defective movement of the control rod,
etc. Care must be taken accordingly.

(Lay the injection pump)

. Installing the control sleeve

Set the control rod so that the distance from the
end surface of the case to the punch mark at the
end of the control rod will be equal on each side.
Then place the control sleeve in the plunger barre!
and engage it with at the position where the clamp
portion of the pinion will be perpendicular to the
rod.

. Installing the plunger spring

Install the spring upper seat and the spring.

. Inserting the plunger into the barrel.

Dip the plunger in clean diese! fuel oil, and then
hold it with the plunger hotder {special tool shown
in Fig. 4-20) horizontally. Then, put the lower spring
seat on the plunger, holding its flange portion,
and insert it through the plug hole, maintaining it
horizontally.

e
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. the' ;operation 6.

The feed hole of the barrel and the control groove
of the plunger should be in the same direction. If
in.stallation is incorrect, injection volume cannot
be adjusted.

When the spring and the spring seat have been put
together completely, foosen the plunger holder and
draw out the holder. ‘

This must be conducted very carefully, so that the
sprifwg seat will not be dropped before the plunger

is inserted> - -

. Installing the tappet

Ipsta“ “the tappet- mmedlately upon completion of

’old the” tappet with a tappet

* holder and insert it through the plug hole. Correctly:

align the plunger flange with the control sleeve
groove Repeat pushing and pulling several times
and move the control rod to make sure that it will
move smoothly. Then push the tappet up and put
in the tappet insert. .
When a strong resistance is felt'in moving the control
rod, check and find the cause before’ proceéding
to the next operation.

The resistance can be caused by scars on the rod,
a rod or pinion abnormality, pinion and pump
housing friction, and excessively tightened delivery
valve etc. A

. Repeat the operations 6 and 7 above for all cylinders.

After this, the control rod must more smoothly.

. Installing the camshaft

install the governor housing, together with the
bearing cover on the case and insert the camshaft
from the timer side and then put the timer side
bearing cover. .

Camshaft end play should be from 0.03 — 0.05 mm
{0.00118 — 0.00196 in.) if not, adjust with shims,
After this, draw out the tappet insert {special tool).
10. Install the screw plug
11. Installing the body cover
Correctly install the cover of the pump body and
secure the cover screw to prevent the entry of

water into the pump body (this leads to rust
damage).

1 Inspectmg the SI"dmg Resnstanee of Control Rod

et

The rod should slide smoothly to the left or rlght

under a. Ioad f Iess than 50-9 (1.76 az} when the pump

rotates at 1 ‘000 rpm and under..a-load, of less than 150
g {5.29 oz} when the pump stops. Measure the sliding

resistance by using the spring balancer.

Pump speed Sliding resistance
1,000 rpm * Less than 50 g (1.76 oz)
At stopping * Less than 150 g (5.29 oz)

04-034
Fig. 4-21  Measuring the sliding resistance of the control rod

TESTING (2)

After assembling, inspect and adjust the function of the
injection pump,

1. Injection timing

2. Injection volume

3. Fuel tightness
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1. Tester

Specified testers are necessary for testing. Contact a

service station when proper testers are not available.
One of the specified tester is shown in Fig. 4-22.

1. Set the injection pump correctly in the tester.

2. Fill the Engine Qil from the plug until the oil

overflows from the hole of the plug.

Rg. 4-22 injection pump tester 04-035

2. Injection timing

1.

Measuring and adjusting the pre-stroke of the first
cylinder.

The piunger stroke from the point where the cam
lift is zero to the point where pressure-feeding begins
{the upper end of the plunger closes the feed hold)
is called the pre-stroke. {Refer to Fig. 4-23) Measure
and confirm, using a measuring device as shown in
Fig. 4-24, that the pre-stroke of the first cylinder
is 3.1£0.05 mm (0.122 £ 0.00197 in.).

Place this device at the injection pump housing
holding it with hand, and allow its contactor to
touch the upper surface of the tappet. Then slowly
turn the cam with hand and read the stroke on the
dial gauge.

VOLUME FILLER

DELIVERY VALVE ASSY

CONTROL PINION
CONTROL OO
AACK GUIDE SCREW

CONTROL SLEEVE

UPPER SPRING SEAT
PLUNGER SPRING

LOWER SPRING SEAT

Fig. 4-23 Pre-stroke and its adjusting bolt

2. Measuring and adjusting the injection interval

After fixing the pre-stroke of the first cylinder,
insure that the others begine injection at interval
60° £ 30" in the order of cylinder 1-4-2-6-3-5.

Fig. 4-26 Adjusting the pre-stroke

P A
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. 3. Insuring the tappet top clearance ‘ 4. insuring the injection timing mark
The tappet top clearance is the distance from the After these adjustments are completed, check and
) upper end of the plunger flange to the lower end confirm that the mark on the bearing cover of the
' of the barrel, when the cam lifts maximum, (Refer pump and the one on the automatic timer are
: to Fig. 4-27). ‘ matched, at the position where the pressure-feeding

of the first cylinder beings. (Refer to Fig. 4-29).
If they are not, remark it.
.That is the moment these marks are matchied is

the irfjection_start timing of the-first cylinder.

(MORE THAN)
0.2MM

Fg. 4-29 Injection timing mark 04-039

)

3. Injection Volume

"

When necessary the injection volume adjustment, should

: g be made as follows {refer to supplementary data sheet).
measurlng the pre -$trok

'and tappet gas mstrument

A ‘ i |
I this clearance is less than 0.2 mm (0.0078 in.), (1) Loosen the control rod fixing device and

. . L . move the rod to one side all the way and
adjust it by the adjusting shims. Y

loosen the rod pinion screw of the cylinder '
which needs injection volume adjustment.

{2) Insert the adjusting pin into the hole in the
control sieeve and slightly move the sleeve,
(Refer to Fg. 4-30).

As the control sleeve is moved to the timer
side, injection volume will decrease.

As the control sleeve is moved to the governor
side, injection volume will increase.

AdjL'JSI the movement of the control sleeve,
watching the matching marks scribed on the
control sleeve and the pinion. (Refer to Fig.
4-29).

| Fig. 4-28 Measuring the tappet clearance !

B

e
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(3)

(4)

When adjustment has been completed, once
again check the injection volume with a tester,
and repeat adjustment until the specified
injection volume is obtained.

Upon completion of the adjustment, put a
matching mark on the control sleeve and the

pinion,

MOUNTING

1. Matching with engine

When mounting the fuel injection pump on engine,
match it with the engine as follows.

With the engine stopped, align the mark on the end of
the bearing cover (on the end of the injection pump)
with the mark on the back of the automatic timer.
{Refer to Fig. 4-29). This sets the primary plunger in
the position of maximum injection.

At this time, adjust the injection coupling so that the
pointer, viewed through the opening on the flywheel
housing, indicates 17° (B.T.D.C.). This is found on the
graduations punched around the periphery of the
flywheel.

Fig. 4-31 Flywheel scribed marks KR-108

“ha

: "‘-._/"
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GOVERNOR
DESCRIPTION

The RSV governor is a centrifugal, variable-speed type
governor. This governor is capable of holding a steady
speed in the range between idling and maximum speed

positions.

LEVER
SUPPORTING
SHAFT

SWIVELLING
LEVER

SPEED
CONTROL
SPRING

ADJUSTING
LEVER

FLYWEIGHT

ASSEMBLY ADAPTER

SPRING

START
SPRING

TENSION
LEVER

‘GUIDE
LEVER

SHACKLE
ASSEMBLY

CONTROL
LEVER

IDLING

SPRING
CONTROL
FULL LOAD ROD START
STOPPER \\\Y// SPRING
K CONTROL
LEVER

SHACKLE
TENSION

SPEED
CONTROL LEVER
SPRING €

GOVERNOR
SLEEVE

Fig. 4-32 Structure of the governor
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1. Structure

(1) The flyweight assembly is mounted on the pump
camshaft as shown in Fig. 4-33. The camshaft bush-
ing, with which two flyweights are connected, is
keyed to the pump camshaft by key and round nut.
These two flyweights can swing on weight-support-
ing shaft. When the flyweights swing outward, the
roller at the end of the flyweights are pressed
against the shoulder of the governor sleeve.
The governor sleeve can be moved along the stub of
the camshaft bushing and rotates with the camshaft
bushing. The ball bearing connects the governor
sleeve with the control block. The control block
does not rotate but move back and forth along the
projected axis of the camshaft and is connected
with the guide lever,

GOVERNOR
SLEEVE

CAMSHAFT

BUSHING ROUND

NUT

GOVERNOR
HOUSING

/
CAMSHAFT
ROLLER
FLYWEIGHT

WEIGHT SUPPORTING
SHAFT

CONTROL BLOCK

Fig. 4-33 Structure of flyweight assembly

(2) Lever and Spring
The tension lever and guide lever pivot on the lever
supporting shaft at the top of the governor.
The guide lever ahs a pivot pin, on one end of which
the control lever is fixed and can swivel. A stud of
the control lever guided in a siot of supporting lever
locates the control lever at its lower end. The
shackle assembly connects the control lever to the
controf rod.
The swivelling lever pivots in bushing on each side
of thé governor cover. The adjusting lever is fasten-
ed to one end of the swivelling lever.
The start spring is hooked to the top of the control
lever and in a hole of bracket fixed to the governor
housing. The speed control spring is hooked ot the
rocker arm of the swivelling lever and into the eye

of the tension lever,

The adaptor assembly, adjustable threaded bushing
is screwed into the tension lever at its lower end,
and serves to increase fuel delivery when the engine
is pulled down by overioad in the medium-to full
load rpm range. The idling spring is fitted in an
adjustable threaded bushing which is screwed into
the governor cover nearly at its center, and provides
satisfactory governing at low spéed without affect-
ing high speed performance.

The maximum speed stopper provides the full load
position to the adjusting lever and the stop-adjusting
screw provides the stop position to the adjusting
lever.

(3) Stop device

STOP LEVER

The stop device is shown in Fig. 4-34,

The supporting lever of the stop device is coupled to
the shut-off shaft and stop lever by pressure spring.
When the stop lever is turned to ‘‘stop position”,
the control lever pivots on the shaft through the
supporting lever. Therefore, contro! rod is directly
moved to “‘no fuel delivery” position regardless of
other linkage and lever operation.

CONTROL ROD

f 3 gf//f

\
/

Q

SUPPORTING
LEVER

STOP POSITION

LEVER

_SHAFT .

PRESSURE
SPRING

SHUT-OFF
SHAFT

Fig. 4-34 Stop device

START SPRING

CONTROL

(FULCRUM)
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1.
12.
15,
16.
17.
22.
23.
24,
26.
30.

NbHwh -~

Governor housing
Plate

Stopper

Governor cover
Stopper

Cap nut

Stroke adjusting screw
Bushing

Tension lever

Control lever
Supporting lever shaft
Screw plug

Supporing slider

Idle spring

adjusting screw
Shackle

Woodruff key

31. Flyweight

33. Round nut

34. Sleeve

35. Plate washer
37. Swiveling lever
38. Lever bushing
39. O-ring

40. Snap washer
41, Speed control spring
42, Start spring

43. Adapter

43-2. Adapter spring
44, Lock nut

47. Oill seal

49, Steel collar

50. Adjusting lever

Fig. 4-35 Governor main component parts

52.
53.
56.
63.
64.
66.
67.
68.
69.
70.
71.
72.
73.
74.
78.
79.

Lever cap
Stopper lever
Cover plate
Plate packing
Pressure spring
Bearing bushing
Spring cover
Pressure spring
Governor shaft
Spring cup
Support lever
Return spring
Cap plate
Pressure spring
Torque lever
Support pin

FUEL INJECTION PUMP 4-21
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2. Working Principle
{1) When a camshaft to which the two flyweights are

keyed, rotates, these flyweights swing outward as
shown in Fig. 4-35. The force swinging out the
flyweights is called the centrifugal force. As the
speed of the camshaft increases, the centrifugal
force also increases.

Case 1

When the speed increases the flyweights swing
outward and move point A, at the end of flyweight
arms, to the right.

This pushes on the control block. At this time, the
centrifugal force overcomes the spring force, as
shown in Fig, 4-35. This movement will stop at a
position where the forces on the flyweights and
spring are balanced, '

Fig. 4-35 Working principles

Case 2

When the speed decreases, the centrifugal force
becomes less. Finally the spring force exceeds the
centrifugal force, and the flyweights swing back.
The control block is then moved to the left. This
movement stops at a balanced position.

On a injection pump body, a governor-operated
control rod is connected to the control sleeve and
plunger to regulate the quantity of fuel delivered to
the engine. Pushing the control rod toward the
injection pump body increases the fuel delivery
guantity. On the contrary, puiling the control rod
toward the governor decreases the fuel delivery
quantity.

As described above, the control block moves the
control rod through the governor linkage system to
control engine speed.

(2) Function of speed control spring

Control speed can be varied by changing the tension
of the speed control spring, due to the mechanism
as shown in Fig. 4-36.

The fulcrum of the swivelling lever and the eye of
the tension lever into which the speed contro! spring
is hooked are offset. Therefore, when the swivelling
tever is moved in the arrow direction as shown in
Fig. 4-36, the distance “DE" becomes longer and
then the tension of the speed control spring becomes
stronger.

The force of the speed ocntrol spring is meant to be
balanced with the centrifugal force working on the
lower end of the tension lever. If the tension of the
speed control spring becomes weak (i.e. the swiv-
elling lever is turned to the right.) as shown in Fig.
4-37, even a weak centrifugal force of the flyweights
can overcome the spring force. This means that
control speed shifts to low speed.

If the tension of the speed control spring becomes
stronger, control speed shifts to high speed due to
the strong spring force.

SPEED CONTROL
SPRING

TENSION LEVER

SWIVELLING
LEVER

~
FULL LOAD ﬁ

STOPPER 7] ///}Z}f’

Fig. 4-36 Change of spring tension-movement 1




o

[

FUEL INJECTION PUMP 4-23

SPEED CONTROL
SPRING

TENSION LEVER

B8
«B' -o—1t

[——o
FULL LOAD/E

STOPPER 4

Fig. 4-37 Change of spring tension-movement 2

3. Operation
(1) Starting the engine

When moving the adjusting lever to the starting
position to be pressed against the maximum speed
stopper with the engine stopped, the speed control
spring is fully tensioned by the swivelling lever and
thus pulls the tension lever to be pressed against the
full load stopper.

The tension lever will move the guide lever, control
block and governor sleeve to the left. In the course
of these movements, the governor sleeve moves the
flyweights to rest against the governor sleeve.

At the same time the start spring pulls the control
Jever to the left and moves the control rod all the
way to ‘'starting fuel” position via the shackle
assembly. When the starter is cranking the engine,
the injection pump begdins delivering additional fuel
to the engine for starting. Once the engine has
started, the centrifugal force of the flyweights

overcomes the force of the start spring, moving the
control rod back to a position where the forces on

the flyweight and speed control spring are balanced.

FULL LOAD
IDLING

ADJUSTING LEVER
START| |STOP

START SPRING

sToP
. 0]
sSTOP ' /
I CONTROL
L . |~ LEVER
gONgROL /% \IIDEER
SPEEL L ~TENSION
gONTROL LE\/%R
PRING o !
SWIVELLING
LEVER
—
—_

FLYWEIGHT

CONTROL BLOCK
& GOVERMOR SLEEVE  Cigpmen'D

Fig. 4-38 Starting

{2) |dling speed control

When the engine is idling, the governor starts to
function automatically. With the adjusting lever in
idling position, the speed control spring is almost
free of tension as shown in Fig. 4-39. Therefore, the
flyweights. can swing outward even at low speed
with very little resistance, pushing the tension lever
to the right via the governor sleeve and control
block.

As the force of the speed control spring is weak, the
tension lever is moved to a position where to con-
tact the idling spring, slightly compressing the
adaptor spring.

Thus, the control lever moves on pivot A to the
right and pulls the control rod to a position where
the forces on the flyweights and springs such as the
speed control spring and idling spring are balanced,
resulting in maintaining desired edling speed.

FULL LOAD
I IDUING ADJUSTING LEVER
STARTl ! sTOP —
i o2
Pl sTopP
=54 .E P /()0
STOP i i P
‘CONTROL
I | - {EVER
GUIRE,
CONTROL ST F
R h T 10N
ROD U TELRRR
SWIVELLING <]
LEVER !
\IDLING
SUB-SPRING
Q}__r
FLYWEIGHT”

CONTROL BLOCK FULL LOAD ST
& GOVERNOR SLEEVE OAD STOPPER

Fig. 4-39 Idling
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(3) Maximum speed control

With the adjusting Jever in full load position (to be
pressed against the maximum speed stopper), the
speed control spring is fully tensionedv and then
pulls the tension lever up against the full load
stopper with great force. This movement causes the
control rod to move into maximum fuel delivery
position, resulting in increasing the engine speed.
Once the tension lever is pulled up against the full
load stopper, the adaptor spring is continually
compressed.

As soom as the centrifugal force exceeds the force
of the speed control spring, the governor linkage
moves the control rod in fuel-decreasing direction to
prevent the engine speed from exceeding the specif-
ied maximum speed.

When the engine speed reaches the full load speed,
the governor regulates fuel delivery to maintain the
engine speed between full Joad and fast idle as long
as the load on the engine is not great enough to
cause an overload.

IDLING  ADJUSTING LEVER
START| | STOP /

)
/..
STOP /
/CONTROL
L2 UEVER
: — |
CONTROL AR
ROD- 1—TENSIO
D LEVE
c
WIVELLIN
s Waris
ADAPTOR
SPRING

FLYWEIGHT

CONTROL BLOCK FULL LOAD
& GOVOERNOR SLEEVE STOPPER

Fig. 4-40 Commencement of governing maximum speed

(4) Operation of adaptor spring

When at maximum control speed the load on the
engine is fufficiently reduced, the adaptor spring
overcomes the flyweights force and moves the guide
lever to the left. This means that the control rod
moves in fuelincreasing direction, delivering more
fuel to the engine.

When the engine speed gradually increases, the
flyweights force increases and starts compressing
the adaptor spring. This movement causes the
control rod to move in fuel-decreasing direction.
Adaptor operation stops at a potition where the
adaptor spring is completely compressed.

FULL LOAD

IDLING ~ ADJUSTING LEVER
START| | STOP

/'/\
sTop | .
CONTROL
CEVER
[ GUIDE LEVER
- /| 1—TENSION
CONTROL
RoL LEVER
SWIVELLING
LEVER
ADAPTOR
n - SPRING

FLYWEIGHT

CONTROL BLOCK -
& GOVERNOR SLEEVE ApQp1inG TRAVEL

Fig. 4-41 Adaptor operation

(5) Function of adaptor spring

The purpose of the adaptor spring is to increase fuel
delivery when the engine is pulied down by over-
joad, thereby providing an acceptable level of
torque control.

With the control rod fixed, as the pump speed
increases, fuel delivery per stroke increases. This
characteristic is peculiar to the single-acting, plunger-
type injection pump. On the other hand, inlet air
guantity reduces as the engine speed increases,
owing to increasing resistance to air flow. Fig. 4-42
shows above mentioned characteristics and fuel
requirement of the engine in full against the engine
speed.

With the control rod held in full load position, if the
engine speed increases, fuel delivery lines (dotted
lines) are obtained as shown in Fig. 4-42. To avoid
insufficient torque at low speed (line a’b) and
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smoking at high speed (line ab’), the fuel delivery
characteristic should coincide as closely as possible
with the fuel requirement characteristic for the
engine.

For satisfying this requirement, the adaptor spring is
instailed on the governor. When the engine is pulled
down to low speed with the adjusting lever in full
load position, the adaptor spring acts on the gover-
nor linkage in order to increase rod travel, that is,
to provide sufficient torque to the engine.

- INLET AIR PER CYCLE
S 9
>3 ' | FUEL REQUIREMENT
=5 1 {
E 3 H i
Z : ’/ oY
R
oy b
T S FUEL DELIVERY
< w
[a]
= |
-
z2 N,

Ny
PUMP SPEED (OR ENGINE SPEED)

Fig. 4-42 Characteristics of fuel requirement and fuel delivery

(6) Stopping the engine

Engine equipped with governor without the stop
device is stopped regardiess of the flyweights posi-
tion by moving the adjusting lever into the stop
position (Fig. 4-43).

Shortly bofore tha adjusting lever is moved in the
stop position, that is, bofore tha rocker of the
swivelling lever contacts the stop adjusting screw,
the projection of the swivelling lever presses against
the guide lever and push the control rod to the stop
position via the guide lever, control lever and Fig. 4-
43, Stopping the engine with the adjusting lever
chackle assembly.

On engine equipped with governor with stop device,
moving the stop Jever in the stop position actuates
theA stop device to force the control rod to move
also in the stop position regardless of the positions '
of the flyweights and control lever (Fig. 4-44).

FULLI LOAD ROCKER ARM
IDLING
START! [STOP STOP 4RApRTING
STOP
>
STOP s
iy 11 cengRoL
CONTROL H G
Rgo STOP =~ LEV%E
H— TENSION
SWIVELLING LEVER
LEVER S
LJ
nN—, &
___11
FLYWEIGHT
CONTROL BLOCK &
GOVERNOR SLEEVE

Fig. 4-43 Stopping the engine with the adjusting lever
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Fig. 4-44 Stopping the engine with the stop lever
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{7) Speed droop (Degree of irregulari‘ty)

' Speed droop is the variation in engine speeds
between full load and no load speed range, and
usually is expressed as a percent of rated speed.

If an engine has been operating under full load, and
this load is suddenly removed, the engine speed wiil
increase to the fast idle speed.

The speed droop is defined as follows:
_’\L‘\” x 100 (%)

Nn, Maximum speed obtained by a position of the
adjusting lever (no load).

Nf, Full load speed obtained by the same position
of the adjusting lever (full load).

Example:
If Nn = 1360 rpm, Nf = 1300 rpm,
Speed droop 213601300 100=4.6
1300

Speed droop is a scale for measuring the quality of
the governing effect.
The smaller the speed droop is, the better control is
obtained.
{8) Characteristics of governor
Fig. 4-45 shows characteristics of RSV governor.
When with the adjusting lever in full load position
gradually increasing the pump speed from low
speed, characteristic curve A-B-C-D-E-F is obtained.
At starting, the control rod is pulled to “‘starting
fuel”” position by the start spring, exceeding full
Joad position (line A-B). During line B-C the control
block contacts the adaptor assy but the adaptor
spring is not aimost compressed since the centrifugal
force of the flyweights is weaker than the adaptor
spring force.
The adaptor spring functions furing line C-D. At
point D the adaptor spring completely is compress-
ed but the flyweights force can not overcome the
force of the speed control spring until the pump
speed reaches maximum governing speed (point E),
resulting in constant rod travel during line D-E. At
point E the flyweights force begins overcoming the
force of the speed control spring and the control
rod is pushed toward the governor.
Characteristic curve H-1-J-K shows the characteristic
of idling speed control with the adjusting lever in
idling position, During line H-I the centrifugal force
of the flyweights is weak. Therefore, the start spring
pulls the control rod toward the maximum fuel
delivery position. At point | the idling spring con-

RACH TRAVEL mm ————

tacts the tension lever and begins influencing the
movement of the control rod.

Point J shows specified idling position.

BY LIMIT SLEEVE
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Fig. 445 Characteristic curves of RSV governor

4. Disassembly and assembly

Before begining the governor disassembly and assembly,

the
a.

b
c.
d

following tools are required.
Screwdriver

. Spanner set

A pair of needle nose pliers

. Flyweight round nut wrench

(ND No. 95907-07010)

. Flyweight extractor

(ND No. 95907-01050)

Tool set for disassembling and assembling the
governor

Thoroughly clean the exterior of the pump and the
governor. Before disassembling, make preliminary in-

spection of the governor in attempt to determine the
extent of failure and use a parts box to avoid mismatch-
ing crucial parts. Be sure that work area and tools are
spotlessly clean.
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vy

removal - (2) Flyweight removal

;. a) Remove the round nut using the round nut
wrench box (Part No. 95907-07010).

e -

'
17,

dor’ container under .governor to:catc

K 3 o Prs , :
.~b) Remove the flyweight assembly using.the fly-
weight extractor (Part No. 95907-01050).

N ‘»‘( At i . . vv‘
(3)-Qupport pi s
emove: the two screw plugs at the top . the
governor cover and drive out the supporting lever

shaft on which the tension lever is suspended.

start spring
¥;

RN

&r'
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(4) Tension lever removal
Maneuver the tension lever from under swivelling
lever as-shown in Fig. 4-51. Unhook the speed
control spring from the eye of the tension lever

from the eye of the swivelling lever locker arm.
Remove the tension lever.

Fig. 4-51 Removal of tension lever 04-0485

(B) Swivelling lever removal .
a) Remove the'adj&sting lever and two retaining

circlip on each end of the swivelling lever.

Bk 27

Fig. 4-52 Removal of retaining circlip 04-0486

b) Tap out swivelling lever bushings and remove the
swivelling lever.

Fig. 4-53 Removal of swivelling lever. - 04-0487

(6) Rgnﬁové: the g:L:J'i;je lever, the control lever -and
governor sleeve as a complete unit,. 7

{7) Stop device removal
To r_erhdve the stop deviqé, first remove the full
-load stop_screw. And remove the stop lever, spring
cover and return spring. Push shut-off shaft into
governor cover. Sp'riﬁg cap can be removed by
removing the'retain,ing clip and three springs. ‘

(8) Governor sleeve removal

a) Separate the gdvefnor;éiééye from control block

using the control sleeve éxtractor (Part No.
95905-07050).

Fig, 4-55' Rerﬁov)é! of governor slaeve ‘ 04:0488

- b) Remove ‘the snap ring using the snap ring pli

I P

ers,
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ASSEMBLY
Assembly takes place in the reverse order of disassembly.
Pay attension to following points.
1. Instaltation of the flyweight
install the key and the flyweight to the pump cam-
shaft and place spring washer on it.
Securely tighten the round nut to 5 — 6 kg-cm
{36.2 — 43.4 Ib.ft) torque using governor round
nut box and torque wrench.
2. Installation of governor sleeve and control block
(1) Put the thrust bearing into the governor sleeve and
place the governor sleeve into position against the
contact block in the flyweight. The flyweight
should be in rest position. Place shims on the thrust
bearing and check the assembling dimension as
shown in Fig. 4-57.
The fitting dimension of the control block must be
19.0 to 19.2 mm (0.748 — 0.756 in). If not, change
thickness of shims. The shim plates are available in
the following thickness 0.1, 0.2, 0.3, 0.4, 1.0 mm,

GOVERNOR
SLEEVE

SHIMS

CONTROL
BLOCK

THRUST
BEARING

Fig. 4-567 Assembling dimension of alywaight

(2) Slip'shims determined in step sbove on the control
block.
Press the control block into the thrust bearing as
shown in Fig. 4-58.

CAUTION:
Be sure not to strike the guide lever directly.

l GUIDE

LEVER

CONTROL
BLOCK

SHIMS
™~ THRUST
BEARING

BEARING
HOLDER

Fig. 4-58 Prassing control block into thrust bearing

(3) Install the thrust bearing into the governor sleeve
with the snap ring.

CAUTION:
Do not reuse a snap ring. Install the snap ring with the
chamfered side facing inward as shown in Fig. 4-59.

SNAP R%Sarp Edge Side

Chamfered Side
Sm— I GOVERNOR SLEEVE

THRUST BEARING

Fig. 4-59 Installing snap ring

3. Installation of swivelling tever |
Insert shaft of swivelling lever into the two governor
bearing bores so that the groove in the swivelling ‘
lever is up. Insert the two bearing bushings with
sealing rings from the outside into the governor cover.
Press bearing bushing into position so the grooves for
circlips are accessible. Snap circlips into position.
4. Installation of speed control spring
Attach the speed control spring to eye in tension
lever and into eye of swivel lever rocker as shown in
Fig. 4-60.

Take care to direction of the spring. ¥ @ o)

| =&

O

Fig. 4-60 Installing speed control spring

5. Check ease of movement of levers and linkages.

6. Check for the stop device operation,
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TEST AND ADJUSTMENT
After the assembly of the governor has been completed,
various adjustments should be carried out as follows.

1. Preparation

2.
3.
4.
5.
6.
7.

8. Adjustment of pump with governor operation’

Preliminary inspection

Adjustment of medium speed control
Adjustment of adapter spring
Adjustment of idling speed control
Adjustment of maximum speed control
Checking of stop lever operation

Fig. 4-61 Setting up to the test bench 04-0490

1. PREPARATION

Before testing the governor, make the following pre-

parations.

(1) Loosen the maximum speed stopper and the stop
adjusting screw.

(2) Remove the edling spring and adapter assembiy.

{3) Fill the cam chamber and governor chamber with
specified amount of engine oil.

(4} Install the protractor for positioning the adjusting

lever.

2. PRELIMINARY INSPECTION

Completely push the control rod to O mm position and
then take off your finger. The control rod should be
moved back to 20 mm paosition. If the control rod is not
moved back to the specified position, check each por-
tion such as the adjusting screw of the swivelling lever
and other levers, and the control rod for sliding condi-
tion. If neccessary, adjust them.

3. ADJUSTMENT OF MEDIUM SPEED CONTROL
Drive the pump at Ny rpm. Puil the adjusting lever to
full load position and temporarily fix it.

Turn the full load stopper in or out with screwdriver so
that the rod travel will become R; mm as shown in Fig.
4-62. Then tighten the lock nut.

Turning the full load stopper in (clockwise) increases the
rod travel. On the contrary, Turning it out {counter-
clockwise) decreases the rod travel.

ROD POSITION

Ny

PUMP SPEED

Fig. 4-62

-

Fig. 4-63 Adjustment of full ioad stopper 04-0491

4. ADJUSTMENT OF ADAPTER SPRING

{1) Move the adjusting lever to full load position and fix
it. Install the adapter assembly to the lower end of
the tension lever.

(2) Adjust the adapter screw so that the rod travel will
become R, mm when driving the pump at N, rpm.
Screwing the adapter screw increases the rod travel
and unscrewing reduces the rod travel.
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. (3) Adjust the spring tension with shims so that with ' {3) Check the rod travel Ry mm at N, rpm. Then set

the pump speed at N3 rpm, Ry mm rod travel is the stop adjusting screw to contact the adjusting
¢ obtained. Add, reduce or replace shims between the ' lever, and tighten the lock nut {Fig. 4-67).

adapter spring and adapter screw {Fig. 4-65):

TH: ‘ 5 R,
z Ry A 1 é
© R
e g
2 S &,
[ 8 R7 \
)
0
o
Ny Ny N,
PUMP SPEED —m—————>
N, N, N,
PUMP SPEED —————>
Fig. 4-64
TENSION LEVER
: ADAPTER
SPRING LOCK NUT
1]
. {\
V
SHIM PLATE
v ADAPTER SCREW
[__ Fig. 4-67 Adjustment of idling speed control 04-0492
Fig. 4:65

6. ADJUSTMENT OF MAXIMUM SPEED CONTROL

(1) Break-away speed is the speed obtainde when the
control rod starts to decrease after the full load
speed was reached. To adjust the break-away speed,
increase the pump speed slowly up to Ng rpm from
Ng rpm and move the adjusting lever so that the rod
travel becdhwes Rg mm at Ng rpr. Tempora'?ril'\'/ fix
the adJstmg lever and screw the masimum speed
stopper to contact the adjusting lever, and tighten
lock nut.

(4) Check the rod travel Ry mm at N4 rpm.
5. ADJUSTMENT OF IDLING SPEED CONTROL
(1) Set the adjusting lever free and install the idle ad-
justing screw with the idling spring to the governor ~
cover.
] Adjust the idle adjusting screw so that with the
R pump speed at Ng rpm the rod travel is Rs mm
(Fig. 4-66). .
Secure it by tightening lock nut. |
{2) Drive the pump at Ng rpm. Move the adjusting lever
i in idling position so that the rod trave! becomes R
mm,
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Fig. 4-68

{2) Adjusting of speed droop

Increase the pump speed up to Ny rpm. Check the
rod travel-R;o mm. If the specified rod travel Ryq
mm. is not obtained, turn the adjusting screw of the
swivelling lever out or in to obtain Ry mm position.

~ Turnihg in the adjusting screw provides better

governihg effect {small speed droop).

Backing out the adjusting screw provides worse
governing effect {large speed droop).

Value X indicated in test specifications sheet of
injection pump means how many clicks the adjust-
in'g screw should be backed out from a position
where the adjusting screw is turned all the way in
{4 clicks is one full turn of the adjusting screw).

CAUTION:
When adjusting the governor, don’t back out the adjusting
screw of the swivelling lever more than 24 clicks (6 complete
turns) from a position where the adjusting screw is turned
all the way in.

Y

Fig. 4-69 Adjusﬁnent of adjusting screw 04-0493

{3) Readjustment
After adjusting the adjusting screw of the swivelling
lever, the tension of the speed control spring is
changed. Therefore, the break-away speed is varied.
Readjust the maximum speed stopper to meet test
'speciﬁcations in accordance with ‘‘a) Adjusting
break-away speed’’.

(4) Check the rod travel is less than R;; mm at Ny,
rpm.

Fig. 4-70 Lever position

7. CHECKING OF THE STOP LEVER OPERATION
Drive the pump at Ng rpm and move the adjusting
lever to the idling position. When pulling the stop lever,
check the rod travel to be less than 2 mm.

8. ADJUSTMENT OF PUMP WITH GOVERNOR
OPERATION

Drive the pump at the specified speed shown in the test

specifications, and move the adjusting lever to the full

load position. Check the injection voiume. If not within

the specification, adjust the full load stopper.
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5. Timer hub
Timer cover
7. Oil seal

o

Fig. 4-71 Automatic Timer

TIMER
7
1. Timer driving flange
2, Timer spring
3. Shim
4. Fly weight
Operation

The right half illustration on Fig. 4-71 shows a static
state of the automatic timer. As will be clear from the
illustration, the flyweight cannot be raised while the
engine speed is within a certain limit{up to some 1,000
rpm), because the centrifugal force of the flyweight
gives way to the loaded force of the timer spring
namety, the mounting length of the timer spring is at
largest, L.

As the engine speed increases, the flyweight is raised
little by its centrifugal force. The mounting length

of the timer-spring will attain the shortest value {L')

at an engine speed of 2,700 rpm (pump speed: 1,350

rpmp}.

Since part "B’ appearing in the figure is flange leg, its .

relative position of the pump drive shaft cannot be
changed.

Accordingly, the flyweight holder pin A is attracted by
“E'" by the resultant lift {amount of rise) of the

flyweight. The movement of A works to turn the pump -

camshaft with respect to the engine drive shaft, making

it possible to change the injection timing.

Flange leg
Advance angle

Static state ” At maximum speed

[

Fig. 4-72 Explanatory view of automatic timer :

OVERHAUL

DISMOUNTING

T yiw g i

Fig. 4-73 Removing the round nut 04-021
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1. Remove the injection pump assembly with timer.

2. Remove the round nut using the socket werench
{Part No. 95906-03010) and holding wrench (Part
No. 95806-03020) shown in Fig. 4-73,

3. Pull out the timer assembly using the extractor
shown in Fig. 4-74.

Fig. 4-74 Pulling out the timer 04-022

DISASSEMBLY

Fig. 4-75 Removing the case

1. Clamp timer mounting stand in a vise and install
the timer onto the stand with the key and round
nut. Remove the timer case by using band wrench
{Part No. 95906-02060) as shown in Fig. 4-75.
The timer case is removed by turning it clockwise.

2. Use wrénch, turn it slightly counterciockwise, and
remove the driving-flange. {Refer to Fig. 4-76). The
remaining parts can be easily disassembled.

Fig. 4-76 Removing the flange

INSPECTION

1. Check whether the timer spring is fatigued, defective
or degraded in rectangularity.
Rectangularity:
Standard 1.5 mm (0.059 in.)
Limit 2.0 mm (0.078 in.)
NOTE:

If the spring is fatigued, it could advance the revolution
at starting point,

x

SR/

e oo

K,

Fig. 4-77 Timer spring 04-024

2. Axial play between flyweight hoider and flange:

Standard 0.02 - 0.10 mm
(0.0007 — 0.0039 in,)
Limit 0.20 mm (0.0078 in.)
3. Gap between flyweight pin and pin hole:
Standard 0.05 — 0.10 mm
(0.0019 — 0.0039 in.)
Limit 0.20 mm {0.0078 in.)

NOTE:

When the pin in worn out, the engagement will become
jolty, increasing the variations in speed and making the
injection timing unsteady. This is turn results in poor out-
put performance.
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MOUNTING

After lubricating, mount the timer on the injection
pump. The tightening torque of the timer round nut is
600 — 700 kg-cm {43 — 50 Ib.ft.).

PEY o NEY ]
'

04-025
Fig. 4-78 Flyweight and pin

ASSEMBLY

Install driving flange guide on the flyweight holder. Rt S| . it
Install spring guide (Part No. 95906-01030) beneath . Fig. 4-80 Greasing G4651

the spring. {Refer to Fig.4-79), and using holding
wrench, turn the flange to compress the spring and FUEL FEED PUMP

push in and install the flange.
DESCRIPTION

PRIMING PUMP
PISTON SPRING
CHECK VALVE

INLET OQUTLET

PISTON PUSH ROD

TAPPET

Fig. 4-79 Assembling the spring G3364
Fig. 481 Fuel feed pump

LUBRICATION The fuel feed pump is installed on the side of the

After assembling, remove two plugs lubricated the injection pump. It is a piston type pump and is driven
Timer Grease from the plug until the grease overflows by the injection pump camshaft.

from the other plug. ! ft draws the fuel from the tank and feeds it to the
It amounts to approx. 180 g (5.3 oz) ' injection pump.

Besides this, a priming pump is also available to enable
manual fuel feeding, when the engine is not in motion.
This is used .when starting the engine or when bleeding
: air from the fuel system,
. 1. Function

During engine operation, the driving force of the
injection pump camshaft is communicated to the piston
through the cam, tappet roller, tappet and push rod in
turn, A manual priming pump is also provided for the
purpose of manual fuel feed at the time of start-up and
air purging.
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A FILLING .. - B PUMPING

Fig. 4-82 Fuel feed pump'anttion

OVERHAUL

DISMOUNTING

1. Remove the injection pump assembly with the feed
pump.,

2. Drain the lubricant oil by loosing the drain plug of
the injection pump.

3. Remove the three retaining bolts.

DISASSEMBLY

Fig. 4-83 Feed pump

CONDO S WN =

. -..C " REGULATING

Wey

H.Qyéi\ng

Push rod

Oil seal
Piston

Feed pump piston spring
Plug

Gasket
Tappet
Roller

Pin

Sliding block
Check valve

. Spring

Retainer ring
Priming pump

. Joint bolt

Filter

. Cover
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(1) Ciamp the feed pump in a vise, and remove the _ (4) Undo the snap spring and remove the tappet.

priming pump. -

A Y, ;
Fig. 487 Removing the piston 04-107

(5) Dismount the piston.

S

Fig. 4-88 Removing the push rod 04-106

Fig. 485 Removing the check valve ' 04-104
(6) Puli the push rod away.

(3) Loosen the plug screw to remove the piston spring.

Fig. 489 Remiving the push rod 04-108

Fig. 4-86 Removing the piston spring
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INSPECTION AND REPAIR

1.

Replace the check valve seat, when the seat surface
is worn and dented.

. Check the piston and the cylinder for scars.
. Replace the push rod together with the housing, if

there is any leakdge from between the push rod
and the housing.

. Check the case for scars and cracks and also for
‘damage to the threaded portion.

Many parts are kept ojl-tight by their contact with
the plug end surface, without the use” of gaskets.
Check such surface for' roughness.

. Priming the piston and the cylinder for rust., Also

check the valve seat for wear or dent,

ASSEMBLY

(1)

(2)
(3)

(4)

After sétting the tappet into the feed pump housing
lock it with a snap ring, and insert the push rod in
position from the plug screw side.

‘Insert the piston through the plug screw hole.

‘Load the piston spring, and then tighten up the
plug screw, '

Set the check valve and check valve spring into the
feed pump housing, and secure the priming pump
to the suction port and the screw plug to the dis-
charge port.

TESTING

1.

Pump suction head capacity test

Connect a pipe to the feed pump suction port, and
work the piston which is located some 1 m{39.37 in.}
above the oil level, at a speed of 150 rpm. The fuel
should be sucked up and discharged in about 45Sec.
aftér start-up of the pump.

OUTLET PIPE

RESERVOIR

Fig. 4-90 Fuel feed pump test

. Pump feed rate test
When the feed pump is driven at 1,000 rpm, the
feed rate should be more than 900 c.c. per min.
When the discharge port is plugged the feed pressure
should be 2.5 — 35 kg/em? (355 — 49.8 Ibs/in?) at
600 rpm.

: FPRESSURE REGULATING
i VALVE

Fig. 4-91 Pump feed rate test

3. Pump air-tightness test

After cap-plagging the outlet hole apply 2 kg/cm?
{28.4 Ib/sq. in) of air pressure from the inlet side and
place the pump in to light oil. The Ieak_age of air
bubbles from the space between thé push rod and
housing and from the other parts shohld not be at all.

AIR PRESSURE 2 KG/CM?

DIESEL FUEL OIL
RESERVOIR

T
FEED PUMP

Fig. .92 Pump air-tightness test
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REPAIR SPECIFICATION
SERVICE STANDARD

Unit; mm {in.)

Item Assembly Standard | Repair limit Service limit Measures
Gap between housing and 0.03—0.07 0.2 Repiacement of either tappet
tappet (0.0011-0.0027) {0.0078} or housing
Gap between housing and 0.005-0.05 0.1 Replacement of either cover
bearing cover {0.0001—0.0019) {0.0039) or housing
Total lift of cam 8 -0.2 Replacement of camshaft
2 (0.3149) (~0.0078)
smaller than 0.05 0.15 )
~ haf : R
Buckling of camshaft (0.0019) (0.0059) epair or replacement
. 0.03—0.05 0.1 . . )
Camshaft axial play (0.0011—0.0019) (0.0039) Adjustment with sh@
Tappet, outside -0.03 (~0.0011) -0.1 Replacement of 1
2 diameter (0o1ag) —005(-00019) | (~0.0039) | cPiecementoliappet
2
Q 3 . , 0.2 Replacement of roller, bush
P I
'5 .8 lay in tappet rolier pin (0.0078) and pin
O g - -
2 3 Rectangularity of delivery smaller than 0.7 1.0
£E valve spring (0.0275) (0.0393) Parts replacement
Rectangularity of plunger smaller than 1.0 1.5 Parts replacement
spring (0.0393) (0.0590) P
Play between control rack 0.15 ) 0.25 Replacement of either rack or
and pinion {0.0059) {0.0098) pinion
Slider resistor of control smaller than 150 Correction
rack 150 gr. gr iof
Cylinder injection interval +0,5° +0 5° Correction
more over 0.2 0.2 .
Tappet clearance . Adjustment
PP (0.0078) (0.0078) '
Gap between tention lever, 0.02-0.09 0.2 Replacermnent of pin and
- guide lever (0.0007—0.0035) (0.0078) bush
(=]
g Gap between tention lever, 0.04—0.08 0.15 Replacement of lever shaft and
3 shaft and lever {0.0015~0.0031) {0.0590) bush
© Gap between flyweight pin 0.02—0.05 0.08 Parts replacement
and bush (0.0007—0.0019) (0.0031) P
. 10 . 0.2
Flange width (0.3937) (0.0078)
Gap between flyweight and 0.05-0.1 0.2 Replacement of flyweight and
E holder {0.001 9—0.00397) (0.0078) holder
it Rectangularity of timer 2.0 2.5 \
. S [
spring (0.078) (0.098) pring replacement
L No air ieakage permited from oil seal, O-ring and other parts with 0,5kg/cm7' of air
Air tight test . .
pressure applied inside the timer,
Play between tappet rolier 0.02-0.07 0.3 Parts reolacement
and pin (0.0007—0.0027) (0.0118) °
Roller, butside 15 0 -0.1 Roll [
diameter (0.590) ~0.02 (—0.0007) (—0.0039) oller replacement
a Gap between housing and 0.03—0.06 . 0.15 Piston replacement
£ piston (0.0011—0.0023) (0.0059) epiac
a
v Totally close the discharge part, apply 2 kg/cm? of air pressure, and immerse the
,_?_3 Air tightness of push rod pump into diese! fuel oil if air bubbles of miliet grain size evolve continuously at a

rate of from the push rod parts must be replaced. As the oil seal is fitted, air leakage
can not occur. if any air leakage is found, it should be replaced as a housing assembly.

Suction head capacity

Connect a pipe to the suction port.

If the pump is able to discharge at a rate of 25
strokes when placed 1 m. below the oil leve!, the pump performance is warrantable,
If more than 25 strokes are required, the pump muyst be overhauled,

Discharge rate

Drive the feed pump at a speed of 1000 rpm. The pump is justifiable if it is able to
discharge more than 900 cc. in 60 sec. if it fails the discharge rate falls short of 900
cc., the pump must be subjected to overhaul inspection.
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TIGHTENING TORQUE

Tightening position kg.cm Ib.ft.

g Valve holder 400 — 450 29 —33
g - Screw plug, pump bottom 550 — 750 40 —62
g- :&-e_ Round nut 500 —600 37 —43
& @ Timer round nut 850 ~ 1,000 61 —72
Bearing bushing, adjusting lever 300 — 400 22-28

5 Fitting bolt, adjusting lever 80 —90 58 —6.5

§ Bearing bushing, tension lever 300 —400 22 —~28
8 Bearing bushing, guide lever 200 — 300 14 — 22
Plug setting screw 100 —120 7.2 -86
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i
|
. : GENERATOR
| DATA & SPECIFICATION
‘ Generator )
" Model ... ... ... ... ... .. ... . ........ 0211 601 0133, 0211 102 0222 {OPTION)
' Rated vOltage . ...........oouuuurn... . 24V
Rated output . .. e e . 28V 25A, 28V 35A (OPTION) at 5,000 rpm
Generating sygté‘m e i 3¢, AC self-rectifying type
Rated speed ......... R 5,000 rpm
Pulley ratio ... ........oveei . 2.34(188/80.5)
Regulator " Co :
Madel ......... ... ... . ... ... RS1011-24B
-Control system . ............ ..., Tirrill type voltage regulating system
Voltage control range (at light load) . . . .. .. . 29%1V
CUrrent Capacity . .. ..o, . 1.5A
Field relay closingvoltage . ............... 20V
Field relay openingvoltage .. ............. 12V
N DESCRIPTION
a! . STATOR
|- ROTOR
| . REAR
; END COVE . ,—.4 ,
- SPRING~. _ Bl PULLEY
WITH FAN
BRUSH _\“- |
SUIP RING bl ]
L
¢ Fig. 2‘1-1 Alternator
.‘, The generator is driven by the engine and it supplies CONSTRUCTION
. electricity to various electrical instruments and at the
same time, it charges the battery. The generator is an As illustrated in Fig. 21-1, the generator comprises
| ' alternator with built-in. rectifier and separate voltage stator, rotor, rear cover, front cover and puliey. The
- regulator type and its power is 24V, 25A, and 35A for stator plays an important role of generating electric
l S optional, and its rotating direction is clockwise whén power, and consists of laminated iron sheets in which
' viewed from the pulley side. The speed of the Generator a number of slots are provided to accommodate three-

is 2.34 times the crankshaft rotation speed. phase windings. The rotor serves as an exciting means
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of the implicated type in which two thick iron sheets
wound with coils are opposed. The alternator rotor
having N and S poles to communicate magnetic flux
through the stator is equipped with an insulating forming
into which two slip-rings are set. The rear bracket is
provided with a diode which converts alternating current
developed in the stator coil into direct. The diode
allows one-way flow of current, and blocks the current
from flowing in the other way. The diode used here is
provided with NP junction silicon pellet on a cupper
base'from which a lead wire is tapped out. Namely,
the diode has one lead terminal and the other is
grounded on the case. (See Fig. 21-2)

LEAD

FLANGE (iRON)

PELLET

CASE (COPPER) "
Fig. 21-2 Structural design of the diode

= S

— ——

CURRENT FLOW (PN} CURRENT FLOW (NP)
Fig. 21-3 Current flow

As shown in Fig. 21-3, the diode is available in two
types, NP diode and PN diode. These are quite different
in polarity. The diode characteristics are shown in
Fig. 21-4 in which is clear that while current cannot
flow in the forward direction when the voltage is
small. All of a sudden at a little voltage drop the
current begins flowing, when the applied voltage exceeds
a specified va]ue (approx. 0.6 t0 0.7 V).

CURRENT
FORWARD DIRECTION

VOLTAGE

INVERSE
DIRECTION

Fig. 214 Diode characteristic curve

On the other hand, the diode shows a high resistance
against the reverse direction; even if it is applied with a
high voltage, its leakage current is very small.

WIRING AND FUNCTION

When the rotor is turned with current forced through

HERMETIC SEAL

it, the alternator stator will develop AC voltage. This

AC voltage cannot be applied directly to the battery,
and must be rectified into DC current. To accomplish
this end, the present alternator is equipped with six
diodes on its output circuit arranged as shown in Fig.

21-7.
A

B
Cc
Fig. 21-5 Stator coil connection diagram
VOLTAGE
A B C

z
? . 90° 180°
o] $ t /
l 270° \ / 360° -t
T

Fig. 21-6 Three-phase AC wevatorm

Fig. 21-7 Three-phase full-wave rectifying circuit

A C B

180° 360°—= t 540° 720°

Fig. 21-8 Full-wave rectified waveform

Let us now consider the terminal voltage across A and
B. In case the voltage at terminal A is positive, and that
at terminal B is negative, current will flow through A,
a', Sy, B(+), R, B{—}, S3’, b’ and B in the said order,
beginning from terminal A,

On the other hand, if terminal B is held positive, and
terminal A negative, current will pass B, b’, S B{+), R,
B{—),S,’, a" and A in the said order.

While the direction of current flow varies depending on
the polarity of terminals, the current that flows through
resistor R is unidirectional; namely, the rectified wave-
form has less ripples as compared with single-phase
full-wave rectified waveform. The battery can be charged
if it is connceted across this resistor.
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OVERHAUL

1. Stator assembly 15. Insulating plate 29. Front cover

2. Rear cover 16. Insulating bush 30. Front bearing
3. Heatsink assembly (B) 17. Insulating bush 31. Grease retainer
4. Heatsink assembly (E) 18. Bolt 32. Bearing retainer
5. Insulating bush 19. Brush and spring housing 33. Felt holder

6. Bolit 20. Condenser assembly 34. Qil felt

7. Insulating 21. Condenser holder 35. Through bolt
8. Termina! bolt 22. Brush cover 36. Brush and holder assembly
3. Lead plate 23. Rotor assembiy 37. Brush hoider
10. Insulating plate 24, Grease retainer 38. Brush

11. Insulating bush 25. Rear bearing 39. Brush spring
12. Insulating washer 26. Woodruff key 40, Insulating plate
13. Terminal bolt {F.N) 27. Lockwasher 41. Lead plate

14. Lead assembly 28. Locknut 42. Pulley with fan

Fig. 21-9 Generator

DISMOUNTING

(1) Cut off the battery switch, and disconnect three
leads from the alternator,

{2) Remove the through bolt from the crankcase and.

the set.bolt.

DISASSEMBLY

(1) Loosen the locknut {28) provided on the end of
pulley to remove the fan pulley {42). Then, remove.
two bolts from the brush cover on the rear cover,

(2)

(3)

and remove the brush cover (40) to take brush
4 holder assembly (36) out.

Remove the through balt (35) which has connected
the front cover and the rear cover together, and
take out the front cover (29) and rotor {23} from
the stator (1), ’

Loosen and remove four bearing retainer bolts to
separate the rotor {23) and front cover {29) from
each other,

To separate the rotor, front ball bearing (30) and

rear ball bearing (25) from each other, hold the
bearings and force the rotor shaft out,
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(4) Disconnect the stator coil lead from the diode
at a soldered part by making use of a soldering
iron, and disconnect the stator coil (1) and rear
cover (2). Prior to disconnecting leads, it is recom-
mended to provide match marks for the con-
venience of reassembling.

Fig. 21-10 Removing the front cover

() The diode is mounted on the heat sinks (3, 4},
To disconnect the diode, remove the lead from
the soldered part of the diode first, loosen the
set bolt (6) of the heat sinks, and remove the

heat sink assembly from the rear cover.

N -

Fig. 21-11 Removal of diode

(6) Once the cut type has been removed, it can no
longer be used. When removing the diode, pay
utmost attention not to mar the heat sink.
The soldered diode should be replaced together
with its heat sink assembly,

INSPECTION OF ALTERNATOR

Brush Service Limit

Check the brush length; if it is short of the service limit
specified below, renew it.

18 mm (0.7087 in.}

10 mm (0.3937 in.)

Brand new

Service limit

i L A A
% Sérvice” [imit: 1Qmm(0.3936in)
: F'Btrén(_!.“ new brush ;set:19mm(0.718in.)

v \

Fig. 21-12 Brush inspection G 4957

Brush Replacement Procedure

Remove the brushholder assembiy, and remove the
brush holder, plate and spring, and then remove the
brush. The brush projected 12.5 mm {0.4921 in.) from
the end of the brush holder,

Make sure that the brush movement is smooth.

g IR

Fig. 21-13 Brush replacement G 4955

Grounding Test for Stator Coil

Connect a circuit tester between the stator core and
stator lead. |f the resistance becomes infinity, the
stator insulation is justifiable,

Location of Breaks in Stator Coil
Connect a circuit tester between the neutral terminal
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tead and one of three other terminals, and then between
the neutral terminal lead and the other terminal, and
so on, '

If the resistance values at any terminal are zero, the
stator coil is justifiable.

ot atig

Flg 21-14 Location of breaks in the stator coil G 3209

Location of Breaks in Rotor Coil

Carry out conduction test between two slip-rings. If
there is no sign of conduction between slip-rings, the -
rotor coil is suspected to be broken. Renew the rotor |

coil.

The rotor coil resistance ‘
0211 6010133 {24V 25A) . .. . ... ... .. 180
02111020222 (24V 35A) . . ......... 1758

FPRBE W e

on of breaks in rotor coil G 3212 .

Fig. 21-16 Locati
Rotor Coil Grounding Test

Examine the conduction between two slip-rings and
rotor shaft. If they are conductive, the rotor should be |
replaced with a new one.

Resistance value: : infinity

JUDGEMENT CRITERIA FOR RECTIFIER
PERFORMANCE

if a sound diode is examined with a circuit tester, it. '

will show diversified results depending on the kind of

tester used, source ceil voltage temperature, and other
various factors. For this reason, the use of circuit tester
is not adequate for this diode examination.

If you sticks to the circuit tester, then how to judge
the diode. The only solution is to judge a subject diode
to be good if the difference in its resistance between
the forward direction and inverse direction is sub-
stantially large. The best way is to use a diode checker
which is able to measure diode characteristics directly.
However if such an excellent means is not available, the
alternator tester is perforce required, which measures
the forward current and inverse current with a specified
voltage applied to the subject diode.

LEAD
BLACK RED

MARK MARK

CURRENT FLOWS WELL
~—~-—-- LITTLE OR NO CURRENT

HOLDER FIN SYMBOL

SYMBOL

CURRENT FLOWS WELL
---—= LITTLE OR NO CURRENT

Fig. 21-16 Diode characteristics

Rectifier characteristics

When a DC current of 20A is forced
in the forward direction at normal
temperatures, the voltage drop be-
tween the rectifier lead termina! and
the holder i1s not more than 1.2 V.

Forward
characteristics

When DC 100 V is applied in the
inverse reverse direction at normal tempera-
characteristics tures, the reverse current is not
more than 1.5mA.

1. Rectifier shortcircuit test

(1) The shortcircuit test for the positive side rectifier
can be accomplished by connecting (—) stick of
the circuit tester to ‘B terminal and {+) stick to
“N" terminal.

* Resistance value: Infinity Normal

Nearly zero  Shortcircuit

fault

. ’ PLUS RECTFLER HOLDER
REFERENCE RESISTANCE : -

INFINITY

A

1)

Fig. 21-17 Shortcircuit test for positive side rectifier
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(2)  For the shortcircuit test of (—) side rectifier, apply
(+) stick of the circuit tester to “E'" terminal and
{~) stick to “N* terminal.

Resistance value:

Infinity Normal

Nearly zero  Shortcircuit

fault
REFERENCE RESISTANCE:

INFINITY
2N
l\\" MINUS RECTIFIER
=) Qf HOLDER

I ?

Fig. 21-18 Shortcircuit test for negative side rectifier

2. Open Circuit Test for Rectifier

The open circuit test can be accomplished with the

rectifier disconnected from the stator coil.

(1) The open circuit test for the positive side rectifier
can be made with (+) stick of the circuit tester
applied to the positive side heat sink and (—) stick
to the rectifier lead.

Resistance value: Nearly zero  Normal
Infinity Open circuit
fault

PLUS SIDE HOLDER

REFERENCE RESISTANCE:
0O0HM

CIRCUIT TESTER

Fig. 21-19 Open circuit test for positive side rectifier
{2)  The open circuit test for the negative side rectifier
can be accomplished with {+) stick of the circuit
tester applied to the rectifier lead and (—) stick to
the negative side heat sink.

* Resistance value:  Nearly zero  Normal
Infinity Open circuit
fault

ASSEMBLE OF ALTERNATOR

The assembling is carried out just in the reciprocal way
of the disassembling. It should be borne in mind that
the following precautions be strictly observed.

1. When it is required to set up the pulley onto the
rotor, set a key on the rotor shaft first, and then
mount the pulley.

21-033

Fig. 21-20 Assembling of puilay

2. When it is required to assemble the rotor on the
stator, raise the brush from inside the stator, and
hold the brush by reeving a wire through outside
the rectifier end frame, and then set up the rotor.
If this precaution is dismissed, the brush could be
damaged.

Fig. 21-21 Alternator Assembly

PERFORMANCE TEST
No-Load Test

-With switch “S;" opened, drive the alternator by

means of a variable speed motor, and close switch 'S, "
to increase the alternator speed little by little. Measure
the alternator speed at 27 V. The alternator speed

{under cold conditiors) should range from G50 rpm to
850 rpm.
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(A

A T

~/ AMMETERl S,
VARIABLE SPEED (40A)
MOTOR w

OUTPUT TEST

Keep the output voltage at 28 V all the time, and

S, “EJ VARIABLE : measure the alternator speed at an output current under
. ! . .
5 resisToR mention, The alternator speed is not more than 3,000
o) !
T 0 T > | 3& (APPROX. 0.7 nder ndition. '
o 9 OHMS, 1 kW) . rpm under cold conditi _
& l > |eov) 0211 601 0133 28V 25 A
. g 5 - = 0211 102 0222 28V 35 A
e w ~
b ”
< o ,
Fig. 21-22 Load test i
REPAIR SPECIFICATION ]‘
SERVICE STANDARD ;
Item Stan&ard value Service limit Measures
Initial charging voltage, \"
Initial charging speed, rpm less than 800
Speed ratio 2.34
Slip-ring diameter ~ mm (in) 37.5{1.476) -2 {-0,079) Replacement
" Height mm {in) 18 (0.7087) 10 (0.394} Replacement
Brush | cor o) 195~ 265 130
. : R
pring pressure, gr (0.429 ~ 0.584) (0.287) eplacement
24V 25 A ' '18 82
Rotor coil resistance -
24V3BA |, 17.5 &

REGULATOR

DESCRIPTION

When switch S is turned on, current flows from the
battery {+) to S, VCy, R4 and then into E(—). Thus
the coil VC, of the field relay’ attracts the armaturé
equipped with point FP. When FP is closed, current
flows into E_from the battery after passing ,tﬁrough
FP and VP in: turp, energizing the field ccil {rotor).
With this, when the engine is started, the rot'orvturns,
generating 3-phase AC voltage in the stator coil. This
voltage is then rectified through diodes and fed to thé

'
'

battery through B terminal.

When the battery terminal voitage is increased (i.e.,
the alternator voltage}, the voltage across the regulator
voltage coil VC, also increase. Accordingly, the voltage
point (VP) is attracted towards the lower point (LP},
forcing the field coil current to pass through resistor R,.
When the voltage is increased up further, the point of
VP, is totally stuck to the lower point (LP), thus the
exciting current is grounded to point E after passing
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through resistor R, and lower point (LP), making the
field current smatler. In this way the generating voltage

can be regulated at a specified value.
When the generator voltage decreases, the attractive

force of VC, decrease, releasing the armature to the

original position by the force of coil spring.

In this way, the voltage regulator automatically on/off

controls VP depending on size of the voltage generated

by the alternator, controlling the field current to keep

the alternator voltage at a constant value.

P-N diode

N-P diode

" Fig. 21-23 Field relay & voltage regulator

[ RW T ppRr T "

Regulator (w/field relay)

load

Alternator

Fig. 21-24 Charging wiring diagram

OVERHAUL

DISASSEMBLING

(1
(2)

(3)

4)

Remove the set screw to remove the cover.
Remove the point holder and point set screw, and
disconnect the lead wire at the soldered part to
remove the point.

Remove the armature set screw, and separate. the
armature from the adjusting spring and yoke.
Then,'loosen the adjusting nut to remove the
adjusting bolt.

The disassembling of the field relay can be ac-
complished in the same manner as in the case of
voltage regulator relay.

Fig. 21-25 Disassembling the regulator

RF -025

G 3354
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INSPECTION AND TEST

Inspect for Burnt

Under normal operating conditions, the paints will be

gray in color. {f the surface of fche contact points has -
been burnt or oxidized (black in appearance) or has.
become encrusted or rough, clean and polish the point’
with crocus or emery cloth. After polishing the points

wipe them off with a clean dry rag so that no dust

remains. Remember that the point is the most important .
part of the regulator and cleaning must be done with"

utmost care.
Coil insulator plate, point spring, B.R.F.E. terminal.
Inspect not burnt or damaged.

Inspect for Looseness

Make sure that all soldered portions are properly con-

nected and soldered.

Make sure that the screws, nuts and rivets in each
equipment component are properly tightened and the
spring washers have been properly applied.

Make sure that the point is firmly secured.

SETTING-UP AND ADJUSTMENT

The assembling is carried out just in the reverse way to
the disassembling. Note however that the regulator
should be adjusted while being assembled,
(1)  Adjustment of armature air gap:
Loosen the point holder set screw in advance.
Insert a thickness gauge between the pole and
armature as shown in Fig. 21-26, and tighten up
the point holder set screw while giving a strong
push over the point holder.
In this case, pay attention not to make the points

staggered from each other.
1.1~1.3mm
(0.0433 ~0.0512 in.)

Adjusting value:

(2}  Adjustment of point gap )
Measure the gap between the points with a thick-
ness gauge as illustrated in Fig. 21-27, and adjust it
by making use of a long-nose pliers or other
suitable means.

0.3 ~ 07 mm

Adjusting value:

Fig. 21-27 Adjustmient of point gap G 3215

{3)  Adjustment of field relay yoke gap
Follow the same method that has been explained
with reference to the voltage regulator.
Yoke air gap: 0.25~0.35mm (0.0099~0.0137in.)

Point gap: 0.4~0.6mm (0.0158~0.0236in.)

N

J cd >d
° E=$:r EVARIABLE
ALTERNATOR ST L
REGULATOR Z_L <! 3, RESISTOR
E/ -, 61 oLl
>

t—i}

T E
Fig. 21-29 Voitage regulator wiring diagram

{4) Voltage adjustment
Arrange the voltage regulator as shown in Fig.
21-29 for voltage adjustment.
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1. Use a battery which has been fully charged (specific
gravity: 1.260).

2. Turn the adjusting nut shown in Fig. 21-30 clock-
wise to attain an increased tightening of the adjust-
ing spring.

3. Increase the alternator speed up to 3,000 rpm.
When the charging current is reduced lower than
BA, turn the adjusting nut clockwise or counter-
clockwise to_.obtain 8 required voltage while watch-

ing a volhtméietr;.
Adjusting voltage: 291V

Fig. 21-30 Adjusting voitage regulator G 3214

(K.P.)




k-]

STARTER

BB

g

SPECIFICATIONS ..............
CONSTRUCTION. ........... ...
OPERATION OF STARTER.......

CHECKING AFTER ASSEMBLING . .
LIST OF MAINTENANCE DATA..

DISASSEMBLING AND ASSEMBLING OF STARTER
QUALITY CHECKING OF COMPONENTS......

22-23E-02

..22-1
..22-2
..22-3
..22-4
.22
.21
.. 22-15




STARTER 221

v

1. SPECIFICATIONS

STARTER

Type 0350 552 0010
Unit Multiple spindle inscribed type
Nominal output KW 5.5
Circuit voltage \% 24
Rating seconds 30
Revolving direction (as seen from the pinion side) Right
Gearing system Pinion shift
Clutch system Roller
Circuit system Body earth
Protection system Simplified water tight
Weight kg Approx. 10.5
Number of teeth 1M
Module 3
Pinion Specifications Pressure angle degrees 14.5
Aol etzdsendum |y 02
Hardness HrC 58 ~ 63
i Terminal voltage \% .24
Non-loaded Current A Less than 100
s Number of revolution rem More than 4,000
Terminal voltage \Y 17
Current A 500
Loaded Torque kg-m More than 3.8
Number of revolution rom More than 1,200
Terminal voitage \% 9
Constrained Current A Less than 1,200
Torque kg'm More than 7.8

Remarks Applicable type
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2.

Shown below is a cross section of the reduction starter. Its main components with their respective functions are as des-

CONSTRUCTION

cribed below.

1

(2)

ENGAGE SWITCH

i —
YOKE & FIELD '

H[BRUSH:
i 'ARMATURE

g -

AN

MOTOR

=

|+

W ARMATURE _G_‘_Eﬁa

ﬂ REDUCTION GEAR

Motor

A section where power is generated, composed of

the armature, the field, the brush, etc.

1) The armature is a part revolving with such a high
speed that it employs ball bearings. To give heat
resistance, the commutator and the coil are
brazed.

2) The field coil is also an important part where
power is generated by working together with the
armature. It permits such a large current to pass
that it is connected in series to the armature
using pillar copper wires with a large current
capacity. Some motors have two kinds of coils-
one, connected in series to the armature as the
main coil, is for power generation and the other,
connected in parallel to the armature as the
auxiliary {(shunt} coit, is for braking the motor
electrically to keep its revolution from going into
an excessive speed.

3} The brush, made of metal graphite, is to let cur-
rent flow to the armature.

Reduction Gears

A section where motor revolution is reduced (at the

same time, motor torque is increased) by means of

gear ratio.

1) Multiple spindle type: Composed of the gear
mounted on the motor and the gear mounted on

SHIFT LEVER

gyl 3
_¢, ———7— STOPPER
PINION & CLUTCH

o = 55

Fig. 22-1

(3)

(4)

the output shaft, they transmit motor revolution

to the output shaft by either inscribing or cir-

cumscribing the two spur gears.
Power Transmission Pinion & Clutch
A section composed of the pinion gear to transmit
motor power to the engine and the clutch to keep
engine revolution from being transmitted to the
motor after the engine has been started. While the
pinion gear is to work with the ring gear of the
engine, the clutch is a roller type utilizing the con-
tact resistance of the roller, which prevents slides by
full clutching during engine running and permits
itself to slide during reverse running of the engine,
thus to keep the armature from overrunning.
Engage Switch (Auxiliary Operation)
A device composed of two coils, contacts and
cores, which operates to gear the pinion into the
ring gear at the same time with making and breaking
of power 1o the motor. One is called a magnetic coil
(current coil = P) which, connected in series to the
armature, attracts the core upon being conducted
and the other (voltage coil = h), connected in
parallel to the motor, holds attraction to keep
letting current flow to the motor after the core has
been attracted, by holding the pinion to stay at the
ring gear and the contacts to be in touch with each
other.

@
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3. OPERATION OF STARTER

The following drawings show the electrical circuits of |

the reduction starter and the relations between the

pinion and the ring gear. Although block relays and -

safety relays (those for preventing re-gearing during

inertia revolution) are employed in the circuits actually

applied, explanations here will be given on basic circuits
without any such relays (with the starter only).

Operation of Starter of 0350 and 0351 Series
SS

L
|

Fig. 22-2

(1} With the starter switch (SS) closed, current from the
battery flows in the directions shown with arrows in
the following current diagrams:

The engage coil (P, h}, with its electromagnetic:
attraction overcoming the return spring, attracts the -

core to move in the direction of the contact. At the

same, it pushes the pinion into the ring gear via the;

lever, causing them to be geared with each other.

[-——-a»(ss)—-a(if—-o(p)

BATTERY (h)

S5

ENGINE = =g
N N

=BATTERY

Fig. 22-3 (b)

BATTERY

(2) Upon the pinion having been geared completely into

the ring gear, the engage contacts (K) get in touch
with each other, causing current from the battery to
flow directly to the motor through (K) as shown
with arrows below:
With this current, the motor rotates to the full and
its rotation, transmitted from the output shaft and
through the pinion, drives the engine. At this time,
coil {P) of the engage coil is shorted at contact (K)
and electromagnetic force goes out. However, the
current in coil (h) which is parallel connection
continues to flow, keeping the core attracted, the
contacts in touech with each other and the pinion
and the ring gear working together.

A'\/ B)__l
———*(SS)=>(C)~—»(P)—

| I (k)
lBATTERYl (h) :
L—(EAHTH)‘_L(FC)"CM
Fig. 22-4 (a)
= S5

h g V.

B
k

M

“ !

Fig. 224 (b}

“mm BATTERY
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(3) Starting operation completes itself when the starter 2) Remove connect bar.
engine quickly opens upon starting of the engine {Ass.)Clamping torque for M
which has received revolution from the starter. At Terminal: 200 ~ 240 ko-cm
this moment of the switch opening, current flows in (14~17 |b,f1,)

the direction of (I) because contacts {K) are in
touch with each other. As the electromagnetic
forces generated by coils (P) and (h) are in the
opposite directions, respectively, they are coun-
teracted, causing the attraction of the core to be
lost. The core is drawn back by the force of the
spring and, at the same time, the pinion leaves the
ring gear and the contacts get out of touch from

each other.
SPRING
RING GEAR Fig. 22-6 22-117
= BATTERY
3) Remove Engage Set Bolt
PINION (Ass.) Clamping torque for
Fig. 225 Engage Set Bolt: 60~ 90 kg.cm

(4~ 7Ib.ft.)

4. DISASSEMBLING AND ASSEMBLING OF
STARTER

As a general practice, the starter should be disassembled
from its outside and assembled in reverse order. In
assembling it, clamping of bolts, nuts, etc., should
always be done in the order of diagonal lines. In des-
cribing the disassembling practices below, it is to be
understood that assembling can be done in reverse ex-
cept in some special cases.

Note:
(Ass.) in the following paragraphs applies to assembling.

{1) Amounting and Dismounting of Engage Switch
1} Remove the nuts for M Terminal of the engage
switch and M Terminal of the motor.
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4) Pull out the engage switch in the direction arrow - .
in Fig. 22-8 (A). '

Fig. 22-8 22-064 22-085

B)).
5} Move the end of Moving Core from (1) to (2) in ( ))

the order of arrows in Fig. 22-8 (B) and separate.
(Ass.) Apply grease (Albania No.2) over the part
marked.

{2) Mounting and Dismounting of Pinion Clutch
1) Remove the through’ bolt for setting the pinion
case. .
(Ass. )Clampmg rque fo the through bolt:
140~ 160 kg-cm (10~ 121b.ft. )

! 4) Take the two hooks out of the shaft. Take out
the clip, push Stopper toward the pinion side and
then take out the hooks.

(Ass.)See that the clip is secure after Stopper has
been mounted.

5) Push the lever upward and remove Pinion Clutch.

(Ass.)Apply grease (Albania No. 2) over the

; roller of the lever. Thinly apply oil (#30)
over the output shaft

2) Remove Pinion Case
{Ass.) Clamping Pinion Case Set Bolt (the through
bolt for mounting pinion Case from End -
Bracket) first will ease assembling work.

Fig. 22-12 22-070
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6) Unlock the lock plate, and remove the lever set
bolt.

(Ass.) Lock plate . . . ... Use the new lock plate

for assembling.

3) Remove Output Shaft L
{Ass.) Apply grease (Lowtemp) over each gear to
Fig. 2213 ' 22.07‘1 o about 2 mm (0.00787 in) thick and push
Output Shaft Gear into Gear Guide.
4) Remove Shim Plate
(Ass.) Be sure to put two shim plates. Put them in

{3) Mounting and Dismounting of Output Shaft
1) Separate Bracket Center

like pasting on Gear Guide.
{Ass.) Put grease {Lowtemp) into the grease pot
(round hole)

2) Remove Adjuster Shim from the output shaft

(Fig. 22-15 (A)).
Note:
Take care not to lose Adjuster Shim.

{Ass.)Put grease (Coronex EP2) in the grease pot (4) Disassembling and Assembling of Motor
of Bracket Center 1) Remove the dust cover (cover band).

(Ass.)Measure thrust gap (Fig. 22-15 (B)). Move (Ass.) Be careful of the mounting position.
it in the order of € to check the gap. The 2) Remove the four brush set screws.
thrust gap should be 0.1 ~ 0.3 mm (0.0039 3) Lift the brush spring and remove the brush.
~0.0118in). (Ass.) To clamp the brush with set screws after

mounting it, cross the leads in mounting
the brush as shown in the figure,
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6) Remove the armature from the gear housing.

4) Remove the through bolt ' g

(Ass.)Clampihg torgue: ] B
140 ~ 160 kg-cm (10~ 12 1b.ft.) : 7) Separate the brac¢ket end from the yoke,

(Ass.) Align the knocking position in assembling
together.

Fig. 22-21 T . 22082

B) Separate the gear case and armature.

(Ass.) Align the knocking position in assembling

5. QUALITY CHECKING OF COMPONENTS
(REFER TO MAINTENANCE DATA)
With small differences in checking or rheasuring posi-

them.

tions depending on equipment type, practically the same
methods as described below apply. For specific values,
refer 1o the Maintenance Data.
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(1) Armature
1) Refer Shoting Test of Coils Test quality of coils
by operating the armature tester with an iron
piece put on it. (Novibration of the iron piece

proves the coil to be good.)

Fig. 22-24 22-085

4) External Dimensions of Commutator

Using a slide calipers, measure the dimensions of

the rough part of the segment after cutting it.
Standard: 40 mm (1.575in)
Service limit: 38 mm (1.496 in)

Fig. 22-22 22-083

2) Insulation Test of Coils
Using a megger, measure the insulation resistance
between the core and the coil.
Standard: More than 1 MQ2

5} Measure the depth of under cut.
Standard: 05~08mm
(0.0197 ~0.0315in}
Service limit: 0.2 mm {0.0079 in)

3) Measurement of Deflection of Commutator

Using a dial gauge, measure deflection of the

B

commutator. 5 ¢ mi
Standard:  Less than 0.02 mm (0.0008 in) ‘ ¢ Quantityofmica: o ment
Service limit: 0.1 mm (0.0039 in) : Mica

Fig. 22-26
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(2) Field coil .
1) Conductance Test
Use a tester to check:

Terminal position where to apply the tester '

0350 and 0351 | Between the terminé:l;e\g‘rjd';
Series Starters | direct-wound coil o

(4) Abrasion on Gear Surface
inspect the spline and internal gear for abrasion
and damage. )

Fig. 22-27

2) Insulation Test
Use a testér to check
B
Standard:

L B sl .

Terminal position.wheré to appiy the taster

0350 and 0351 | Between the coil terminals and bgqy

Series Starters | (Measurement to be made with the terminal
h and body floated after removing earth
screws)

(5) Metal
1) Measure the inside diameter of the metals.
(a) Front metal
Using a dial gauge
Standard: 17 mm (0.669 in)
Service limit: [ 17.3 mm {0.681 in)

Fig. 22-28 PR 22.090

(3) OQutput;Shaft
;1) Using'd dié[ gauge, measure curve at the center
of t}lwé‘ output shaft. (Good if the curve is within

Repair limit:  0.05mm(0.0020 in)

Fig. 22-31 22-093
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(b) Center metal
Standard: 28 mm (1.102in)
Service limit: 28.3mm (1.1142in)

3) Llen‘g‘_ch' of Brush - T
Standard: 20 mm (0.787 in)
Service limit: 12mm (0.472in)

{7) Brush Holder
1) Insulation of Bruch Holder
Using a megger, check the insulation between the
brush holder and bracket,
Standard: ~ More than 1 M

Fig. 22-35 22-097

{8) Engage Switch

1) Conductance Test of Coil
, 4 (a) Test conductance between C Terminal and
Fig. 22-33 22-095 . the body. )

2) Tension of Brush Spring
Using a spring gauge.
Standard: 1.4 kg (3 1b)
Service limit: 1.0 kg (2 Ib)

Fig. 22-36 22098




STARTER 22-11

{b) Test conductance between C Terminal and (1) How to Make Connections for Measurement

the coil terminal. For 0350 and 0351 Series Starter:
Set the switch (S1) between the C Termina!l and
Battery of the engage switch and the switch (S2)
between the M terminal of the engage switch and

the M Terminal of the motor as shown in Fig.
22-39, and then complete connections.

Fig. 22-37 22-099

(9) Pinion & Clutch
1) Clutch Effect
Turn the gear to left and right with the shaft
fixed. Good if it turns lightly in the direction of
arrow (for preventing overrunning) only.
s (Standard torque for slides in the direction of
: overrunning protection: 6~ 8 kg-cm.)

Fig. 22-39

(2) How to Make Measurement

1) Turn on switch (S1) and then close switch (S2).

2) Open switch (S2) after the pinion has slided.

3) Lightly push back the pinion with the switch
positions left as they are.

4) Measure the gap between the pinion and the
pinion stopper. {Refer to Fig. 22-40)
Standard: 0.5~ 1.5mm

(0.0197 ~ 0.0591 in)

Fig. 22-38 22-101

6. CHECKING AFTER ASSEMBLING
. Measurement of Timing Gap
Have the engage switch conducted and measure the gap
between the pinion and pinion case and that between
the pinion and the pinion stopper when the pinion is
slided by the attracti‘ng force of the engage switch.

Fig. 22-40 22-113

) SR
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Adjustment of Timing Gap

Output Characteristic Test of Starter

1) Adjustment Using Shim Washer In case the gap After starter has been assembled, check each opera-
is large {or smailer), than specified, put (or pull tion and output characteristic using the bench tester.
out) the adjusting plate into {(or from) the en- For applicable values of output characteristic, refer to

gage mounting position for making adjustment.

{1) Gearing Test
Mount the starter on the tester (Starter Bech Tester)

the specifications and the output characteristic curve
{reference columns).

and fix {but not fully) the ring gear before proceed-

after making connections as shown in Fig. 2242 ing with the test.
SS,
FVR
C 0 O
UD— 551
RING GEAR 6{)
.
A =2 BATTERY
Fc 'T
PINION

Fig. 22-42 47-

1) Gearing Test
Make and break starter switch (SS1) more than Gradually increase voltage applied to the C
20 times for gearing and de-gearing tests.

2} Minimum Gearing Voltage Test

Terminal using the variable resistor {VR} with

Condition

Terminal voltage not to be lower than
24 ~ 20v

(SS1) open and ({SS2) closed, and measure the
minimum voltage enabling the pinion to gear into

Judgement

Good if more than 90% of over 20 times
of gearing test prove satisfactory

the ring gear.

| Judgement J Gearing voltage should be lower than 18Vj
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(2) Output Characteristic Test o '
The purpose of this test is to check the driving force
: (torgue and number of revolution} of the starter.
< . Set the starter on the bench tester, determine
“current of the starterr (current: 1 {A) varies with the
load applied to the ring gear of the bench tester:
prake), and measure the torque and number of

TORQUE METER

revolution at that time.

As this test may cause drops in battery voltage or in
the wiring due to load current, it sould be perform-
ed in the state of small voltage drops {the battery to
be fully charged and the wiring to be a capacity
large enough).

S.S

i - o)

O

TACHOMETER

Fig. 22-43

1) Load Test
Make wirings as shown in Fig. 2243, set load
- current {la) to the specified value, run the starter
! and then measure the voltage, number of revo-
lution and torque of the starter.

o For values of load current 1 {A),
Condition refer to the specifications or the
output characteristic curve

For torque, number of revolution,
Judgement refer to the specifications of the
output characteristic curve

2) Lock Test
After completion of load characteristic test,
further increase load current (by fixing the ring
gear) and then measure the load current (la),
torque {T) and voltage (V) when starter revo-
lution has become 0.

4

—r—

mm BATTERY

VA

3) No-load Test ,
Have the pinion of the starter in the state of not
gearing into the ring gear, let current flow and
then measure the voltage, current and number
of revolution at that time.

o Terminal voltage: 22 ~ 24V (10 ~ 12V
for the 12 Series)

¢ Measure when 5 ~ 15 seconds have
elapsed (when the number of revolu-
tion has settled down, Take care not
to continue this test for too long.

Condition

o For current values, refer 1o the speci-
fications or the output characteristic

Judgement curve,

o For number of revolution, refer to» )
the specifications and the output
characteristic curve,

N o Number of revolution to be 0.

o For terminal voltage (starter), refer
to the specifications or the output

. Condition characteristic curve,

o For values of load current I {A),

! ' refer to the specifications or the

For torque, refer to the maintenance

Judgement data or the output characteristic curve,

(I output characteristic curve,
|
S
]
|
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(3) Other Measurements
1) Measurement of Voltage Drops of Contact

This is to measure quality of touch at contacts,
judgement being made according to volume of
voltage drop. Apply the voltmeter as shown in
Fig. 2244, determine motor current and then
measure the voltage drops at B-M of the magnetic
switch,

AMMETER

VOLTMETER

BATTERY

i

Fig. 22-44

Condition

Set passing current at contacts
{B,K .M} to 500A.

Judgement

Good if voltage drop {voltage resulted)
is lower than 0.2V,

2} Insulation Test

Make measurements referring to the circuit dia-
grams of each starter. The foliowing practices

may apply to most starters:

‘Condition

Use a megger of 500V

Judgement

Insulation to be more than 1MS2.
Practically good if it is more than 0.5M$2.

M
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| 7. LIST OF MAINTENANCE DATA
| The 0350 and 0351 Series

Unit: mm {in)

Type ' 0350 552 0010
Item : Unit Standard Usable Limit
S e | Front 1 mm 17 17.2
0 . _
=@ | Center mm 28 28.2
E .
(8] N
2 Commutator N mm 32
@ | o
£ | Bearing (Name) 6002VV
§ g Gear : mm . 52 (
. Bearing (Name) . 6205VvV
b 4 External Diameter , mm 40 ‘ 38
E 5 | Deflection ) mm 0.05 Less than 0.1
82 [ Undercut : . mm 0.5~0.8 Less than 0.2
Brush Height . . mm 20 14
Brush Spring Pressure ‘ g 1.400 1,000
Shunt Field Resistance (Standard)
Q. P Coil Resistance (Approx.} Q 0.1~03
% § h Coil Resistance (Approx.} ‘ Q 156~25
® w o Contactor Spring Distortion (standard) mm 1~2
Slide of Clutch Effect ) kg-cm 6~8 Less than 9, more than 5
Output Shaft Shaft Deflection ) ' mm 0.05 . Less than 0.1
2T Thrust Gap : mm 05~15
' Insulation Resistance ‘ M£ More than 1 I Less than 0.5
B ~ | M Terminal kg-cm 165 ~ 225
=2} e l
; £o |2
g8 Through Bolt | kgem 140 ~ 160
3] -~
o Engage Set kg-cm 60 ~ 90
Pinion Case Set ' kg-cm 140 ~ 160

———— A

i
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SYMBOL MARKS
The following symbols have been adapted for simplicity and for easy comprehension.

SIMBOLOS

Se han adoptado los siguientes simbolos para simblidad y facil comprensién.

SYMBOLES

Les symboles suivants ont été adoptés afin de simplifier et de faciliter ia compréhension.

ASSEMBLY
ARMADO
ASSEMBLAGE

DISASSEMBLY
DESARMADO
DESASSEMBLAGE

INSTALLATION
INSTALACION
MISE EN PLACE

REMOVAL
REMOCION
DEPOSE

INSPECTION
INSPECCION
CONTROLE

MEASUREMENT
MEDICION
MESURE

M\

H B OO

TIGHTENING
APRIETE
SERRAGE

CLEAN
LIMPIEZA
NETTOYAGE

IMPORTANT
IMPORTANTE

. IMPORTANT

ADJUSTMENT
AJUSTE
REGLAGE

LUBRICATION
LUBRICACION
GRAISSAGE
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A GLOSSARY OF TECHNICAL TERMS
GLASARIO DE TERMINOS TECNI!COS
LEXIQUE DES TERMS TECHNIQUES

ENGLISH

1. About
2. Ammeter
3. And
4. At
5. Bad
6. Good
7. Capacity

8. Insulation resistance
9. In

10. Limit

11. Less than

12. More than

13. Resistance

14. Service limit

15. Standard

16. Tightening torque
17. Voltage meter

ESPANOL

T S U N Y

VNN =

Alrededor de
Amperimetro

Y

A

Malo

Bueno

Capacidad

Resistencia de aislamiento
Pul.

Limite

. Menos de

. Mas de

. Resistencia

. Limite de servicio

. Estandard

. Par de apriete

. Indicadora de tencion

FRANCAIS

S
NOOdWN = O©

@NP s LN~

Environ

Ampéremétre

ET

A

Mauvais

Bon

Capacité

Résistance d'isolement
Pouce

Limite

. Inférieur(e) &

. Dépasse

. Résistance

. Limite d'utilisation
. Nolmal(e)

. Couple de serrage

. Compteur de tension
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y GENERATOR
', DATA AND SPECIFICATIONS
R GENERATOR ;
' TYPe « vt e e . . .t Alternator
Qutputpower .............ou0eiu0.. 24V, 20A
Normalvoltage . . . .......... PR 24v :
Charging rotation and voltage . .......... ' 800 r.p.m., 27V
Directionof rotation . . . . ............. i Right (From the pulley side)
Allowable max.speed ................ . 7.200 r.p.m.
Power and rotatingspeed . .. ........... ‘ 28V, 20A, at 5,000 r.p.m.
. i
4 1

-

JRUEIES SO Sy —— S
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DESCRIPTION

GENERATOR

Brush
1.C. Regulator
Stator
Rotor
Pulley

R

—

AN

QE%
| aU@

o

SM21-073

Fig. 21-1
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*

OVERHAUL

PNOO P WND

1824E
1-NO. 20

Rotor

Stator

Bearing retainer
Rear bearing

Felt cover

Felt

Front bracket
Collar

Fan

Pulley

Front bearing
Terminal insulation
Heat sink with rectifier
Condenser
Connector

O-ring

Rear bracket
Regulator

Cover

Brush holder

. Brush

Brush spring

Fig. 21-2




21-0218

W04-046

W04-046

ALTERNATOR
Dismounting
1. Disconnect the battery (O terminal.

2.. Disconnect the B and E terminal.

3. Remove the alternator set bolts and alternator
assembly.
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=12 DISASSEMBLY
t /1. Disassemble the regulator and brush.
AAL 1) Remove the brush cover.

Fig. 21-6 21-0250

; '~ 2)- Remave. the regulator.

3} Remove the brush holder set screws.

a

Fig. 21-8 21.0252

2. Disassemble the rotor.
1) Remove the through bolts.

g

’ Fig. 21-9 21-0253




Fig. 21-10

Fig. 21-11

Fig. 21-13

21-0254

21-0255

21-0257

' 2) Remove the front bracket assembly.

.7 "3)"Remove the pulley, fan and collar,

4) Remove the rotor by using a press.

5) Remove the bearing retainer.




»

21-9

Fig. 21-15

Fig. 21-17

-

21-0258

21-0259

21-0260

210233

“““8) Remove the front bearing.

a 7) Remg{.ye the rear bearing.

Lo

3. Remove the stator assembly.
1) Unsolder the regulator lead wires.

2) Remove the stator coil assembly.
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Fig. 21-18 21-0261
Fig. 21-19 210234
Standard Limit
16 mm 7 mm
oy,
Fig. 21-20 21-0235

Fig. 21-21

21-0262

Standard

Limit

Resistance

About 1250

Less than 1192

&

&

" " 3) Remove the heat sink assembly.

INSPECTION
1. Brush
1) Measure the brush length.

2) Confirm that the brush is movable freely with the
brush holder.

‘2. Rotor
1) Check the conduction of the rotor coil.

[t
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Fig. 21-22 21-0263
Standsrd Limit
Resistance More than 1 M2 {Less than 0.5 MQ

Fig. 21-23 21-0264
Standard Limit
345 mm 33.5 mm
8]
N
v W
Fig. 21-24 SM21-037
N-U
N-V
N-W
Rasistance About 0.4 Q

v 2) Check the insulation between the slip ring and the
core.

E * “3) Measure the outside diameter of the slip ring.

3. Stator
1} Check the conduction.
(U.V.W. terminal)
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Fig. 21-25 SM21038
Standard Limit
Resistance More than 1 M2 | Less than 0.5 MQ

SM21-013A

A o
vy
Fig. 21-27 SM21-0138

A : Good

B : Bad

,.‘4'

SM21-012A

0>

2) Check the insulation.

Heat sink
1) Inspect the each positive side rectifier condition.
(1) Connect the circuit tester () lead to the rec-
- tifier holder and the (O lead to the rectifier
terminal. -

1) Inspeccione la condicién del rectificador de cada
lado positivo.
{1) Conecte el conductor (3 del prébador de cir-
cuito al portarrectificador y el conductor (O
at terminal del rectificador.

1) Vérifier que chacun des redressurs coté positif
est en bonne condition.
{1} Connecter le conducteur (3 du contrdleur de
circuit au porte-redresseurs et le conducteur
(® alaborne de redresseur.

(2) @ lead to the rectifier terminal and (© lead
to the rectifier holder.

{2) El conductor () con el terminal del rectifica-
dor y el conductor () con el portarrectifi-
cador.

(2) Connecter le conducteur @ a la borne de
redresseur et le conducteur (O) au porte-redres-
seurs.

2) Inspect the each negative side rectifier condition.
{1} Connect the circuit tester (® lead to the
rectifier terminal and the (O lead to the recti-

fier holder.

2) Inspeccione la condicion del rectificador de cada
lado negativo
(1) Conecte el conductor * del probador de
circuito con el terminal del rectificador y el
conductor () con el portarrectificador.

2} Vérifier que chacun des redresseurs cdté négatif est
en bonne condition,
{1) Connecter le conducteur (&) du controleur de
circuit a la borne de redresseur ot le conduct-
eur (9 au porte-redresseurs, '
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A > "(2) (@ lead to the rectifier holder and () lead to
— o =8 i ; the rectifier terminal.
/\“ ’”4 B ! "(-2) El conductor (@) con el portarrectificador, y el
(o 0o ‘ o o conductor @ con el terminal de rectificador.
(2) Connecter le conducteur @ au porte-redres-
seurs et le conducteur © a la borne de redres-
seur.
Fig. 21-29 SM21-012B
A: Good B: Bad
, 8z 1.C. regulator
‘ o . - 1) Check the resistance between each termmal
F . L5 ‘Regulador I.C.
R \ “"" 1) Revise la resistencia entre cada terminal.
y 5. Régulateur a circuit intégral
M 1) Veérifier la résistance entre les bornes.
] 7 N
Fig. 21-30 SM21-035
RESISTANCE BETWEEN EACH TERMINAL
Tester Resistance Tester Resistance
+ Lead - Lead 2 + Lead ~ Lead a2
R L About 10 L R o
R F ‘About 10 F R oo
R [ oo [ R R
R E About 1.5 K E R Lol
L F Abqut 10 F L About 2 K
L [ About 90 C L oo
L E About 100 E L About 1.5 K
F o About 10 c F oo
F E About 180 E F o0
o E About 40 E [of oo
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L Capacity

About 0.5 uF ]

Fig. 21-32

1. R Lead
2. L Lead
3. N Lead
4. Support

SM21-074

RESISTANCE BETWEEN EACH TERMINAL

Tester Resistance
+ Lead - Lead Q
R L 400 - 500
L Support oo
Support L 9-12

|

6. Condenser

1) Inspect the condenser function.
{1) Connect the test leads.
{2) Reverse the polarity of the test leads.
2) Measure the condenser capacity.
{Condenser tester)

7. Connector
1) Check the resistance between each terminal.
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~——gy - ASSEMBLY
+ 1. Install the stator assembly.
~ 1) Install the heat sink assembly.
NOTE: Be careful with the each positon of two heat
sink. Install the (~) pole heat sink, which has
printed circuit, lower,

Fig. 21-33 121.0233

~ 2} Install the O-ring into the rear bracket.

~ 3} Install the stator.
Solder the lead wires of the stator to the each
terminal of ‘the heat sink as shown in the figure.

Fig. 21-35 21-0260

2. Installation of the rotor.
1) Install the felt, bearing and the bearing retainer.
into the front bracket.

Fig. 2136 - 21-0270




" 2)"Instail the rotor into the front bracket.

3) Install the fan and pulley.

Fig. 21-38 21-0267

Tightening torque | 980—1,300 kg-cm (7194 Ib.f1)

4) Install the through bolts.

Fig. 21-39 21-0268

l Tightening torque 1 60~90 kg-cm (4—6.5 Ib.ft)

3. Instaliation of the regulator and the brush holder
assembly.
1) Install the brushes into the holder.
And then solder the lead wires to the support.

NOTE: In installing the brushes, solder the wires so that
brush projection should be 16 mm.

NOTE: Suit the concave face of the brush to the convex
face of the slip ring.

t
I Fig. 2140 21-0270
13
i

(V-3

w
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Fil

Fig. 21-41

rTightening torque l 19-25 kg-cm {1.4—1.8 Ib.ft} ]

[ Tightening torque | 19—25 kg-cm (1.4—1.8 Ib.ft) |

l' —_e e i = l

I it 1 :

!

| e

l AC? HE) 1 ﬁ 4

: Acz] g 2 !:30 Jl

! AP SIS ) |r 5

| 3 f . il

| a1y L

| ! I {6
! i i

! L= aatil

| il

! —

! t

Fig. 21-43 SM21-0108

1. Alternator

2. 1C Regulator

3. Field coil

4. Starter switch
5. Charge warning lamp
6. Battery

2)*Install the brush holder.

3) Install the 1.C. regulator.

CHARGING SYSTEM CIRCUIT

& WN

Precautions —

Note the battery polarity carefully so as not to make
reverse connections.

If the connections are reversed, the diodes will short
the circuit and allow large current to flow through
and damage the diodes and IC regulator as well as
burn up the wiring harness.

Use care not to make wrong connections of terminals.
When charging the battery with a quick charge.
Disconnect the battery terminals.

. Do not perform tests with high voltage insulation

resistance tester.
When in operation, never disconnect the battery.
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"INSPECTION
E 1. Measure the resistance between each terminal after

assembling.
(1.5V circuit tester, x 1)

A-‘:'\‘Qh

M,

Fig. 21-44 21-0269

Tester Resistance Tester Resistance
+ Lead | - Lead () + Lead | - Lead (2)
B R oo N E 7-10
B N 7-10 N B oo
R L 400-500 E R oo
R E o0 E L oo
L E oo E N oo

2. Inspect the alternator performance.
@ 1) Turn on switch SW, and off SW, to increase the
rotation of the aiternator slowly.

2. Inspeccione el funcionamiento del alternador.
1) Posicionar en ""ON” el interruptor SW, vy en
“OFF"” SW, y aumentar de a poco la rotaciéon
del alternador.

2. Inspecter la performance de I'alternateur.
1) Augmenter lentement la rotation de |'alternateur,
I'interrupteur SW, étant mis sur la position ON et
SW, sur la position OFF,

Fig. 21-45 SM21-014A

1. Ampere-meter
2. Volt-meter
3. Load

2) When voltage reaches 28V, turn on swigch SW,
@ regulate load resistance. Increase the rotation of
the rotor keeping voltage at 28V.

2

~—

Cuando el voltaje llega a 28V, posicionar en
"“ON’ el interruptor SW, para regular la restencia
de carga. Aumente la rotacion del rotor mante-
niendo el voltaje a 28V.

2) Lorsque la tension arrive @ 28V, mettrc SW, sur
la position ON, Augmenter la rotation du rotor
tout en maintenant la tension a 28V par réylage

e la résistance de charge.

Fig. 21-46 SM21.0148

Standard
Less than 5,000 rpm 28V, 20A
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Fig. 21-47 SMI21-014A
T Standard
5,000 rpm 28.5V — 29.5V

Fig. 21-48 W04-058
T Standard
Deflection .
(10 kg, 22 Ib) 15—20 mm (0.394—-0.787 in)

S

Fig. 21-49

PRECAUTIONS ON THE VEHICLE

1.

NHWN

3. Inspect the IC regulator performance.
Turn on switch SW, and off SW, to increase the
rotation of rotor to 5,000 rpm.

3. Inspeccione el funcionamiento del regulador de IC
Posicionar el interruptor SW, en “ON", SW, en OFF
y aumentar la rotacion del alternador a 5000 ppm.

3. Inspecter la performance du régulateur a C.1.
Porter la rotation du rotor & 5.000 tr/mn, SW,
étant missur la position ON et SW, sur la position
OFF.

MOUNTING

1. Adjust the V-belt tension and tighten the set bolt.

1. Adjuste la tensién de la correa en V vy apriete el perno
de fijacion.

1. Régler la tension de la courroie trapézoidale et serrer
le boulon de blocage.,

2. Connect the battery © terminal.

2. Conecte el terminal de bateriia.

2. Connecter la borne de batterie,

Note the battery polarity carefully so as not to make reverse connections.

I¥ the connections are reversed, the diodes will short the circuit and allow large current to flow through and damage
the diodes and IC regulator as well as burn up the wiring harness.

. Do not disconnect the alternator terminals when in operation.

. When charging the battery with a quick charge disconnect the battery terminals.
. Do not inspect with a megger tester.

. When in operation, never disconnect the battery.
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TROUBLESHOOTING

When charging current is not
conducted

Charging is insufficient

When charging current is
excessive

Fuse is blown out
Poor operation of meter
Poor connecting or wiring of each terminals

Breaking of short-circuit of coil and wiring inside the alter-
nator

Poor diode

Troubie of regulator

Poor wiring

Belt is loosened

Poor regulating voltage of regulator

Trouble of alternator (Short-circuit of coil, poor diode)

Poor battery

Note: Charging current will be reduced when the battery’s charging is
almost completed.

Poor alternator or regulator {Short-circuit of wiring, coil,
transistor)

Regulating voitage of regulator is too high
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REPAIR SPECIFICATIONS

Item Standard Service limit
Brush length mm 20 5.5
Outside diameter of slip ring mm . 325 321
Stator 0.91 -
Resistance of coil ()
Rotor 8.0 -
TIGHTENING TORQUE
Item kg:cm Ib.ft
Pulley lock nut 980 — 1,300 71 —-94
Through bolt 60 — 90 4-—-6.5
Others M5 x 0.8 19-25 1.3-18
M6 x 1 33 -45 24-33

(KP)
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