INTRODUCTION

This Service Manual is written to familiarize you with the maintenance of
your Mitsubishi SE-, SE2- and SF-series Diesel Engines.

Long productive life and efficient performance are the essential qualities
required of the engines if they are to fulfil their funetion of rationalizing
power economy. These qualities depend to a great extent on the care
exercised in maintenance of the engines.

We hope you read this manual carefully to get to know your new engines
and learn how to service them before starting disassembly, inspection and
repair, and reassembly.

The desecription, illustrations and specifications contained in this manual
were of the serial numbers of the engines manufactured at the time this
manual was approved for printing.

Mitsubishi reserves the right to change specifications or design without
notice and without incurring obligation.






SCOPE

This Service Manual covers the standard-
specification models of Mitsubishi SE-,
SE2- and SF-series Diesel Engines and
describes, group by group, the
specifications, maintenance standards,
adjustments, disassembly, inspection and
repair, and reassembly of these engines.

governor and
the

The fuel injection pump,
turbocharger are described in
separate volume of this manual.

For the non-standard-specification engines
such as marine propulsion engines, ete.,
the supplement has been published to be
read together with this manual.

The groups and their contents will be
found in "Table of Contents" and the
contents of each group in the first page
of the group.

The operation and periodical maintenance
are described in  OPERATION &
MAINTENANCE MANUAL, the component
parts and ordering of service parts in
PARTS CATALOGUE and the construction
and funetion in the various training
manuals.

NOTES, CAUTIONS and WARNINGS

HOW TO USE THIS MANUAL

1. The parts read in the texts or shown
in the illustrations are numbered in
the disassembling sequence presecribed
for each system or assembly.

2. The item to be
disassembly are indicated in
in the disassembled view.

inspected during

]

3. The maintenance standards to be
referred to for inspection and repairs
are indicated in easy-to-refer passages
of the texts and also in GROUP No. 2
in a tabulated form.

4. The sequence in which the parts are
to be reassembled are shown in the

form of, for example, ®+~@~@+-Q~

(D below the assembled view.

5. Marks are used in this manual to
emphasize important and critical
instructions as shown below:

6. Tighten torque in "wet" condition is
indicated as [wet] Unless indicated as
such, the torque is to be considered in
"dry" condition.

NOTES, CAUTIONS and WARNINGS are used in this manual to emphasize

important and critical instructions.

conditions:

They are used for the following

NOTE| - -rrrrrrerrermrmenes An operating procedure, condition, ete.,
which is essential to highlight.

Operating procedures,

practices, ete.,

whieh if not strictly observed, will result
in damage to or destruction of engine.

Operating procedures, practices, etc,,
whiech if not correctly followed, will
result in personal injury or loss of life.



DEFINITION OF TERMS

In this manual, the following terms are used in the dimensional and other
specifications:

NOMINAL VALUE .......... Indicates the standard dimension of a
part.
ASSEMBLY STANDARD ...... Indicates the dimension of a part, the

dimension to be attained at the time of
reassembly or the standard performance. Its
value is rounded to the nearest whole
number needed for inspection and is different
from the design value.

STANDARD CLEARANCE .... Indicates the clearance to be obtained
between mating parts at the time of
reassembly.

REPAIR LIMIT ............. A part whiech has reached this limit must

be repaired.

SERVICE LIMIT ............. A part which has reached this limit must
be replaced.
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GENERAL

1. GENERAL

1.1 SE-, SE2- and SF-series diesel engines - External views
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1.2 SE- and SE2-series diesel engines - Sectional views
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1.3 SF-series diesel engines - Sectional views
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1.4 Engine serial number location

The engine serial number is stamped on

the side face of crankcase.

B Engine serial

number
l ﬂ 401301
1.5 Engine model and application codes
soo -0
No code: Natural-aspirated
T: Turbocharged
TK: Turbocharged, intercooled
M: Natural-aspirated marine propulsion

MTK:

’

L———— Series codes W

L

E:

E2:

Turbocharged, intercooled marine propulsion

Swirl combustion chamber type
Piston displacement per cylinder:
652 cc (39.8 cuin.)

Bore x stroke:

94 mm x 94 mm (3.70 in. X 3.70in.)
Swirl combustion chamber type
Piston displacement per cylinder:
739 cc (45.1 cuin.) '

Bore x stroke:

98 mm x 98 mm (3.86 in. X 3.86 in.)
Direct injection type

Piston displacement per cylinder:
739 cc (45.1 cuin.)

Bore x stroke:

98 mm x 98 mm (3.86 in. x 3.86 in.)

L—————— No.-of-cylinders code (2,3,40r6)

L Sagamihara Machinery Works







GENERAL

2. SPECIFICATIONS

Model designation SIE | S3E | S4E | S6E
Type Water-cooled, 4-stroke cycle, diesel
No. of cylinders — arrangement 2-in line ‘ 3-in line ‘ 4-in line | 6-in line
Type of combustion chamber Swirl chamber
Valve mechanism Overhead
Bore x stroke mm (in.) 94 x 94 (3.70 x 3.70)
Piston displacement liter (cu in.) (;93 g) (11'?3) (125'813) (238‘316)
Compression ratio 20:1
_. | Fuel (ASTM specification) Grade No. 2D diesel fuel
5]
§ Firing order 12 | 132 | 1342 153
— Counterclockwise as viewed from
Direction of rotation flywheel side
: 573 661 783 1121
Overall length  mm (in.) (22.56) | (26.02) | (3083) | (44.13)
. . . . 51
Dimensions Overall width mm (in.) (251 69) (2?).1258) (2(5)512) (23(.)998)
. . 734 729 729 728
Overall height ~ mm (in.) (28.00) | (28.70) | (28.70) | (28.66)
. 180 230 270 360
Weight (dry) kg (1b) @97) | o7y | (595 | (199)
Type of cylinder sleeves Dry, special cast iron
No. of piston Compression ring 2
rings 0il ring 1 (w/spring expander)
Medium/low .
High speed type
N speed type | 1
“8’. (below 3000 rpm) (above 3000 rpm)
& Open B.T.D.C. 30° B.T.D.C.30°
2 Inlet valves S S
o o Close ABD.C.50 AB.D.C.74
& | Valve timing = =
= Open B.B.D.C. 74 B.B.DC.74
Exhaust valves = P
Close. ATDC. 30 A.T.D.C.30
Starting system Electric starter
Starting aid Glow plugs
ue Air cleaner Type Paper element
— = ]
_-"_é.% | Turbucharger | Type —
- Type Pressure feed by gear pump
5 X
E=i= API service
82 classification cC
5 5| Engine oil Refill m
3 efill capacity
= (incl. filter) liter (U.S. gal) 513) | 708 | 82D |1262)
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S2E2 S3E2 S4E2 | S4E2-T | S6E2 |S6E2-T | S3F S4F S4F-T S6F S6F-T
Water-cooled, 4-stroke cycle, diesel
Zinline [ 3-nline | 4-inline 6-in line 3inline|  4-inline 6-in line
Swirl chamber Direct injection
Overhead
98 x 98 (3.86 x 3.86)
1.48 2.22 2.96 4.44 222 2.96 4.44
(90.3) | (135.5) (180.6) 271) (135.5) (180.6) 27)
20:1 17:1
Grade No. 2 diesel fuel
12 | 132 | 1342 1-5-3-6-2-4 1-32 1-3-4-2 1-5-3-6-2-4
Counterclockwise as viewed from flywheel side
573 661 783 783 1121 1160 660.5 806 806 1160 1160
(22.56) | (26.02) | (30.83) | (30.83) | (44.13) | (45.67) (26.00) | (31.73) | (31.73) | (45.67) | (45.67)
551 515 511 511 609 577 524 524 524 552 577
(21.69) | (20.28) | (20.12) | (20.12) | (23.98) | (22.72) | (20.63) (20.63) | (20.63) | (21.73) | (22.72)
736 731 731 841 730 9500 728.5 717.6 853 727.6 900
(28.98) | (28.78) | (28.78) | (33.11) | (28.74) | (35.43) | (28.68) (28.25) | (33.58) | (28.65) | (35.43)
180 230 270 275 360 365 230 270 275 360 365
(397 (507) (595) (606) (794) (805) (507) (595) (606) (794) (805)
Dry, special cast iron
2
1 (w/spring expander)
[Mediumllow speed type] [ High speed type ]
(below 3000 rpm (above 3000 rpm
B.T.D.C.30° B.T.D.C.30° B.T.D.C. 10°
AB.D.C.50° AB.D.C.74° ABDC.50°
B.B.D.C. 74° B.B.D.C. 74° B.B.D.C. 54°
A.T.DC.30° A.T.D.C.30° AT.D.C.10°
Electric starter
Glow plugs Air heater
Paper element
- TCOS - TCO6 - TCOS - TCO6
Pressure feed by gear pump
cC cD cC CD cC CDh cC cD
5(1.3) | 7(1.8) 8(2.1) 12(3.2) 7(1.8) 8(2.1) 12(3.2)
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Model designation S2E | S3E | S4E | S6E
Type Trochoid
Oil pump Speed ratio to crankshaft 0.5
Delivery capacity
liter (U.S. gal)/min (at 1800 engine rpm) 14(3.7) (6.1
Type " Piston valve
E | Relief valve yp - T Son T
z Opening pressure kgf/cm?® (psi) [kPa] 3+0.2(42.7+2.8)[294 £19.6]
g 0Oil cooler Type -
.‘g QOil filter Type Paper element
5 [ ol fit . .
E relie; vzlive Opening pressure kgf/cm? (psi) [kPa] 1.0+0.2(14.2 +£2.8)[98.1 £19.6]
vogllvjee t check Opening pressure kgf/cm? (psi) [kPa] -
Refill capacity (engine water jacket) liter (U.S. gal) 3.0(0.8) l4.0 (1.1) l4.6 (1.2) |6.S (1.7)
Type Centrifugal
Water pump Speed ratio to crankshaft 1.3
Delivery capacity 103 110 115 103
liter (U.S. gal)/min (at 2000 engine rpm) (27.2) | (29.0) | (304) | (27.2)
Type Low-edge, cog, B type V-belt
;‘Ej Fan belt P B, 8. 7 YP ©
S Manufacturer MITSUBOSHI
» Type Wax pellet
% | Thermostat - —
3 Valve opening temperature C ("F) 76.5 2 (169.7 + 3.6)
Radiator Type Corrugated fin
Type Polypropylene-blade, circular-arc type
No. of blades 6
Fan Diamet . 325 380 440
iameter mm (in.) (12.80) (14.96) (17.32)
Speed ratio to crankshaft 1.3
Type Bosch A
;'l‘jlfncsm Manufacturer NIPPONDENSO
& Diameter of plunger mm (in.) 6.5 (0.256)
r“,,i Type Bosch, piston
% Feed pump Manufacturer NIPPONDENSO
& Cam lift mm (in.) 1.5 (0.059)
Type Bosch RSV or RUV, mechanical
Governor
Manufacturer NIPPONDENSO

10
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SOE2 | S3B2 | S4E2 | S4B2T | S6E2 |S6E2T | S3F | S4F | S4FT | S6F | S6FT

Trochoid

0.5

14 (3.7)

23 (6.1)

32 (8.4)

14 (3.7)

23 (6.1)

32(8.4)

Piston valve

3+0.2(42.7+2.8)[294 £ 19.6]

| Plate l

l Plate |

I Plate I

l Plate

Paper element

1.0 0.2 (14.22.8) [98.1 +19.6]

+0.3
1.2_0'2

+4.3
a7_,g

(118'2]

+0.3
1.2__0.2

+43
a7_2%

+29
(1187551

+0.3

1.2_40%
+4.

a7_3

3
(118°2]

+0.3

1.2_2%
+4,

758

[118*23)

3.0(0.8)

4.0(1.1) ]

46(1.2)

6.5 (1.7)

40(1.1)

4.6(1.2)

6.5 (1.7)

Centrifugal

1.3

1.1

1.3

1.1

103
(27.2)

110
(29.0)

115
(30.4)

103
(27.2)

95
(25.1)

(29.0)

110

115
(30.4)

103
(27.2)

95
(25.1)

Low-edge, cog, B type V-belt

MITSUBOSHI

Wax pellet

76.5 2 (169.7  3.6)

Corrugated fin

Polypropylene-blade, circular-arc type

6

325
(12.80)

380
(14.96)

440

(17.32)

500
(19.69)

380
(14.96)

440
(17.32)

500
(19.69)

1.3

1.1

1.3

1.1

Bosch A

NIPPONDENSO

7.0 (0.276)

9.0 (0.354)

Bosch, piston

NIPPONDENSO

1.5 (0.059)

Bosch RSV or RUV, mechanical

Bosch RSV, mechanical

NIPPONDENSO

11
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Model designation

S2E | S3E | S4E | S6E

Type of nozzle holder Bosch, throttle
Type of nozzle tip Bosch ND-DNOSD
Manufacturer NIPPONDENSO
Injection No. of spray holes . 1
E nozzles Diameter of spray hole mm (in.) 1.0 (0.04)
E’ Spray angle 0°
3
= Xg}}':nf pis o 120 (1706) [11.8]
Type el[:e ‘:g:;t Cartridge, paper element
Fuel filter
Manufacturer nglzlo NIPPON ROKAKI
Voltage — polarity 12Vg—r-otl1;;g;tive 24Vg:0r&$]g;tive
MO002T56471 or | M002T65271
Model MO002T56472 (dry) E?,‘,’}“”” M0O3TS6174
Starter Manufacturer MITSUBISHI ELECTRIC
Type Pinion shift
Output V — kW 12-2 ]24—3.2 24-5
No. of pinion teeth/No. of ring gear teeth 11/110 10/110
Type 3-phase, with rectifier
g Manufacturer MITSUBISHI ELECTRIC
Ey Output V — A 12 - 35 24— 20
.§ Alternator Rated voltage generating speed rpm 1050 1100
E Rated output generating speed pm 5000
. Maximum speed pm 13500
Speed ratio to crankshaft 1.7
Type Sheathed
Glow plugs Rated voltage — current V —A 10.5-83 22.5-48
Resistance at normal temperature 1.25+£0.05 4505
Air heater Type _
Capacity kW -

Heater relay

Fuse capacity A

12
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S2E2 | S3E2 | S4E2 [S4E2-T | S6E2 | S6E2-T

S3F | S4F | S4FT | S6F | S6F-T

Bosch, throttle Bosch, hole
Bosch ND-DNOSD Bosch DLLA
NIPPONDENSO
1 4
1.0 (0.04) 0.3 (0.01)
0° 155°

120 (1706) [11.8]

220 (3128) [21.6] or 180 (2560) [17.7]

elI; ﬁ:;t Cartridge, paper element Cartridge, paper element
Ry NIPPON ROKAKI NIPPON ROKAKI
12Vg:o?]ig; tive 24V — negative ground égg%tni_;e 24V — negative ground
M002T56471 or | M002T65271 or mo02Ts64711 MO02T65271 or
M002T56472 M002T65272 MO03T56174  {Mooarsearz| MO02T65272 M003T56174
(dry) (dry) @) (dry)
MITSUBISHI ELECTRIC
Pinion shift
12-2 24 - 3.2 24-5 12 -2 24-32 24-5
11/110 10/110 11/110 10/110
3.phase, with rectifier
MITSUBISHI ELECTRIC
12-35 24 - 20 12 -35 24 - 20
1050 1100 1050 1100
5000
13500
1.7
Sheathed -
10.5-8.3 225-438 -
1.25+0.05 45+05 -
- Electric heater
- 096 2.1
- 127

13
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3. TIPS ON DISASSEMBLY AND

REASSEMBLY

This Service manual deals with
Mitsubishi's recommended procedures to
be followed in servieing the Mitsubishi
diesel engines and contains information
on the special tools and basic safety
precautions.

The safety precautions contained
herein, however, are not the whole of
work. It is the responsibility of the
service personnel to know that specific
requirements, precautions and work
hazards exist and to discuss these with
his foreman or supervisor.

Study this manual carefully and observe
the following general precautions to
help prevent serious injury to the
personnel and damage to the engine.

3.1 Disassembly

(1) Use only right tools and instruments.
Serious injury to the personnel and
damage to the engine result from the
wrong use of tools and instruments.

(2) Use an overhaul stand or work bench

if necessary. Also, use assembly bins
to keep the engine parts in order of
removal.

disassembled and
cleaned parts in the order in which
they were removed to save time for
reassembling work.

(4) Pay attention to marks on assemblies,

components and parts for their
positions or directions. Put on
marks, if necessary, to aid
reassembly.

(5) Carefully check each part for any
sign of faulty condition during
removal or cleaning. The part will
tell you how it acted or what was
abnormal about it more accurately
during removal or cleaning.

(6)

3.2
(1)

(2)

(3)

(4)

(5)

When lifting or carrying a part too
heavy or too awkward for one person
to handle, get another person's help
and, if necessary, use a jack or chain
block.

Reassembly
Wash all engine parts, except for oil
seals, O-rings, rubber sheets, ete.,

with cleaning solvent and dry them
with pressure air.

Use only right tools and instruments.

Use only good-quality lubricating oils
and greases. Be sure to apply a
coat of oil, grease or sealant to
parts as specified.

Be sure to use a torque wrench to
tighten parts for which tightening
torque is specified. (Refer to 2,
Group No. 2.)

Replace gaskets and packings with
new ones. Apply a proper amount of
quick-drying cement to gaskets or
packings, if necessary.
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MAINTENANCE STANDARDS

1. MAINTENANCE STANDARDS

Unit: mm (in.)

g Repair Service
. . Nominal | Assembly standard e ol
Group Inspection point e [standard clarance] [Cll;;r;;tnce] [cllg;:xtnce] Remarks
. Varies according to
Maximum rpm specifications Adjust governor
Minimum rpm 650 — 700 setting.
. ) 24 kgffem? Oil and water temp.
Compression pressure %Z lggl&/;:i 3918540[‘)?)200 rom (341 psi) 20 —30°C
y PM | [2.4 MPa] (68 — 86°F)
2
3 — 4 kgf/em? (43 — 57 psi) (221382/ -
[0.3 i 0.4 MPa] at 1500 l‘pm [0'2- MPa] Oll temperature
Lube oil pressure 5 60 — 70°C
1 kgf/em® (14.2 psi) ?fp“s%f/ cm | (140 — 158°F)
0.1 MPa] , minim t idli .
T [ ]. minimum at idling | 10.05 MPa}| |
Medium/low speed,| (High speed type
Liype of SE/SE2 | lorSE/sE2 ) A Valussazesonly
. |In. valves open 14° AT.D.C. 20° AT.D.C. | 28° AT.D.C.| for checking
Valve timing o o o oy
[with 3-mm |In. valves close 3° ABDC. 15° ABDC. | 12° AB.D.C. | valve timing and
clearance on|Ex. valves open 24° B.B.DC. 24° BBDC. | 19°B.B.D.C. ?rg dlgfetre’;t
valve side] |Ex. valvesclose| ~ 29° BT.DC. 29° BT.DC. |25°BTDC.|ones.
+3° (crank angle) +3° (crank angle) |+3°(crank angle)
0.25 Both inlet and
g Valve clearance (cold) [(0.0098)] exhaust valves
=
3 Specification B.T.D.C.
1800 rpm 22° S
Sandar neton
SE-series Cos 24: cated here.
2500 rpm 25 The timing for
3000 rpm 28° each model of
3600 rpm 31° engine .varies )
L 5 according to its
Fuel injection timing ; ggg rpm 3‘3;" specification.
rpm Be sure to verify
. 2200 rpm 25° the timing by
SE2-series 2500 rgm 26° referring to the
3000 29° specifications of
— L 31° each model.
rpm
2000 rpm 13° - 16°
SF-series | 2500 rpm 16°
3000 rpm 19°
] Measure sag at point
Fan drive belt tension 12 (1/2), approx indicated by arrows

Qb

In.: Inlet Ex.: Exhaust

16




MAINTENANCE STANDARDS

Unit: mm (in.)

: Repair | Service
. . Nominal | Assembly standard e i
Group Inspection point value [standard clarance] [cltzril:zlatnce] [cl];:::ltn ce] Remarks
% | Warpage of gasketed 0.05 (0.0020), 0.20 Regrind if warpage
S g | surface maximum (0.0079) is minor,
94 94.000 — 94.035 94.200 95.200
2 | Inside SE (3.70) |(3.70078 — 3.70216) | (3.70865) | (3.74802) | Refinish sleeves to
% | diamet +0.25 (+0.0098) or
3 | diameter SE2 98 98.000 — 98.035 98.200 99.200 | 40.50 (+0.0197)
; SF (3.86) [(3.85826 — 3.85964)| (3.86613)| (3.90550) oversize of nominal
| ] 000 value by honing and
é Out-of-roundness ?ng,ifm(fn? 0059), use the same oversize
&) 0.05 (0.0020 pistons and piston
Taper m'axir(m.lm ), rm_gs
If repair limit is
reached, replace
bearings. If service
0.9 limit is reached,
& .. ind journals and
g | & | Clearance on 75 0.050-0.115 0.200 ,| (-0.035) |reerindjou
§ | 5 |journals (295) |[0.00197-000453)l| [0.00787) | 55 journal use undersize bear-
= o diameter. gs: :
o s Undersize bearings:
) 'S —0.25 (-0.0098),
= ~0.50 (—0.0197) and
—0.75 (-0.0295)
Thrust journal length 2.45 [ 0.100-0.264 ] 0.300 Repiace thrust
(end play) (0.0965) |(0.00394 —0.01039)]| [(0.01181)) plate.
£ | Inside diameter 056814 b.36697) (©.87008)
b=
by +0.10 e
8. | Clearance on 22 [ 0.035-0.086 ] 0.120 ! (+0.0039) :2;:15::; lrl;ml;ése
S | tappets (0.87) {4(0.00138-0.00339) [(0.00472)! | as inside » T€p
b= diameter | 12PPeLs.
S If repair limit is
< .5 Clearance on [ 0.04 - 0.09 ] 0.15 ] exceeded, replace
§'§ journals (0.0016-0.0035) [(0.0059) bushings. Ream if
05 necessary.
. | Warpage of gasketed 0.05 (0.0020), 0.20 Regrind if warpage
-:c:,’ surface maximum (0.0079) is minor.
=0
= 8| As-installed thickness 1.6 +0.15
© <! of gasket (0.063) (£0.0059)
Inlet 7.955 — 7.940 7.900
'§ 2 | Diameter of | valves (0.31319 — 0.31260) (0.31102)
< | 7 | valve stems [ Exhaugt 7.940 — 7.920 7.850
-§ py valves (0.31260 — 0.31181) (0.30905)
£ =
= ] Inlet [ 0.055-0.085 [ 0.150 ]
© [ g |Stem valves g  [(0.00217-0.00335)] (0.00591)
& | clearance 031
¢ |inguide |Exhaust | (031) [, 2.070-0.105 [,0:200
= valves (0.00276 —0.00413) (0.00787)
> -
As-installed length of 17
quides ©.67) 0.3 (#0.012)
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MAINTENANCE STANDARDS

Unit: mm (in.)

; Repair Service
. : Nominal{ Assembly standard r iy
Group Inspection point limit limit Remarks
value [standard clarance] [clearance]| [clearance]
Angle 30°
SE 0.7 1.3
SE2 |(0.028) | *02(x0008) | (0051 .
Inlet: &
Valve sinkage ((? 611 6) 11 S _
2 . 0.2 (0. \
o SF Exhaust: 0.2 (£0.008) (0.043) 1
: 0.5 Valve
2 (0.020) margin
> 12 16 ani/e seat  Valve
. . - angie H
Width (0.047) +0.14 (+0.0055) (0.063) g sinkage
Refacing is
Valve margin 2.13 (0.0839) E;"tglsls“z) le
(0.047).
& 48.85 47.60
s Freelength |1 9737) (1.8740)
5‘:3“ Difference in angle
@' | Squareness 1.5°, maximum between ends with
g respect to center line
E | Test force/ 19 + 1 kgf/43 15 kgf/43
- 2 |length under (42 £ 2.21bf/1.69) (33 1bf/1.69)
_§ S |test force [186 +9.8N/1.69] [147N/1.69]
k> Free 56.40 55.00
£ length (2.2205) (2.1654)
> X ;
O & Difference in angle
% g Square- 2°, maximum between ends with
] g | mess respect to center line
o g Test force/
2| @ | 8 |length 23.9 + 1.2 kgf/44 21.2 kef/44
§ e under test (52.7 £ 2.6 1bf/1.73) (46.7 1bf/1.73)
- force [234 £ 11.8N/1.73] [208N/1.73]
33
& Free 40.8 39.8
& length (1.606) (1.567)
o | g" Squre. ] _ Difference in angle
= 1.5", maximum between ends with
= ness respect to center line
[+
| £ | Test force/ 6 £0.3 kgf/36.5 4.6 kgt]36.3
| ot test (13 £0.7 1bf/1.437) (10 1317{/1.34737)
| force [59 £ 2.9N/1.437] 437
Inside diameter of 20.000 — 20.021
& | rocker bushings (0.78740 — 0.78823)
= | Diameter of rocker 19.984 — 19.966
% | shafts (0.78677 — 0.78606)
& [ Clearance of 20 [ 0016-0055 4 0070
bushings on shaft ©.79) |[(0.00063-0.00217)' l0.00276)
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MAINTENANCE STANDARDS

Unit: mm (in.)

: Repair Service
. . Nominal| Assembly standard N o
Group Inspection points value [standard clarance] [cll;anr;tnce] [cllelg;;tnce] Remarks
5 3 Rounout measured
2% | o £ |Runout (bend) 0.4 (0.016), with pushrod sup-
T S 'F's maximum ported at centerlines
&) > A of its spherical ends
0.02 (0.0008), 0.05
Runout maximum (0.0020)
Diameter of 75 -0.03 (—0.0012) -0.15 -0.90
journals (295) | —0.05'-0.0020° |(—0.0059) |(—0.0354)
Diameter of 5.8 |-0.035 (—0.00138) -0.20
crankpins (2.28) |-0.055'-0.00217/ {(-0.0079)
Center to center 49
between journal (1.93) +0.05 (+0.0020)
and crankpin -
- Runout: 0.01
Parallelism (0.0004), maximum
between journal (over crankpin
and crankpin length)
S Out-of-roundness
< . 0.01 (0.0004), .03
£ |of journals and maxir(num ) (000012)
& |crankpins ’
© | Taper of journals 0.01 (0.0004), 0.03
and crankpins maximum (0.0012)
Filler radius of 3R
journals and (0.12) +0.2 (+0.008)
g crankpins :
2; If repair limit is
§ reached, replace
= thrust plates.
E If repair limit is
‘= exceeded, use over-
= End pla 37 [ 0.100-0.264 ] 0.300 size thrust plates.
play (1.46) {{0.00394-0.01039)|{c0.01181)! Oversize thrust plates:
+0.15 (+0.0059),
+0.30 (+0.0118) and
+0.45 (+0.0177)
93.875 — 93.845 93.660
Standard (3.69586 — 3.69468) (3.68739)
0.25
94.125 — 94.095 93910
~| 5 1(0.0098) 94
g 2 oversize (3.70) (3.70570 — 3.70452) (3.69724)
S ?658197) 94.375 — 94.345 94.160
2 g e 3.71554 —- 3.71436 3.70708
5 5 oversize ( ) ( ) At right angles to
2k Standard 97.875 — 97.845 97.660 | Piston pin at skirt
© ancar (3.85334 — 3.85216) (3.84487)
o
‘3 0.25
= 24 98.125 — 98.095 97.910
3 | @ |(0.0098) 98
O | 9| versize (3.86) (3.86318 — 3.86200) (3.85472)
.0197) 98375 — 98.345 98.160
oversize (3.87302 - 3.87184) (3.86456)
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MAINTENANCE STANDARDS

Unit: mm (in.)

crankpins

. Repair Service
. . Nominal| Assembly standard r -
Group Inspection point value [standard clarance] [c]];zr:::xtnce] [cllel::zlatnce] Remarks
Standard 97.975 — 97.945 97.760
g (3.85728 — 3.85609) (3.84881)
[:3)
= 0.25
5 98.225 — 98.195 98.010 .
5 | {0.0098) 98 _ At right angles to
85| © | oversize (3.86) (3.86712— 3.86594) (3.85865) piston pin at skirt
123 Joso 98 475 — 98.445 98.260
g o= (0.0197) (3.87696 — 3.87578) (3.86850)
7] oversize
. . SE 0.35 - 0.75
3z3:s10n SE2 (0.0138 — 0.0295) Check bearing
crankcase SF 0.65 — 1.05 clearance.
(0.0256 — 0.0413)
Zgiea;];i;n weight +3 g (20.1 0z)
2.5 0.030-0.070 0.200
o | No.lring 0.098) |[(0.00118-0.00276)!{{(0.00787)!
- 70 0025 —0.060 If repair limit is
S . . .025-0. 0.150 reached, replace
g 5 8 No. 2 ring 0.079) |L(0.00098—0.00236)![((0.00591)! Diston rings.
£|%¢ 20 0.025-0.060 | 0.150 If repair limit s
g |3 ol SE  1(0.157) [{(0.00098—0.00236)}|[(0.00591)} ;?sif;ded, replace
B =5 1l rin .
& |9 F B IsE2 | 45 [ 0:025-0060 | 0150
o SF [(0.177) |1(0.00098—0.00236)!|(0.00591))
g 0.35-0.50 150
e End gap (0.0138-0.0197) (0.0591)
8 SE 28.000 — 27.984
g Outside SE2 (110236 — 1.10173)
S diameter SE2-T 32.000 — 31.984
SF (1.25984 — 1.25921)
= SE 28 [ 0-0.016 1| %050 If repair limit is
2‘ Clearance in SE2 (1.10) (0 - 0.00063) (0-00197) i—?ached,lreplace pin.
S | pist repair limit is ex-
& e ggz-T (1336) [(8 - 8'86863)] [(0068337)] ceeded, replace piston
SE 28 [ 0.020-0.051 ] 0.080 ] .
Clearancein | SE2 | (1.10) |'(0.00079-0.00201)'|!0.00315) ]I}fféf,fge pinor
bushing SE2.T| 32 [ 0.020-0.051 1 0.080 necessary.
SF (1.26) 11(0.00079-0.00201){'(0.00315)
, SE 28.045 — 28.020
g;sxdet ; SE2 (1.10413 — 1.10315)
ameter o
bushings SF 32.048 — 32.020
- (1.26173 — 1.26063)
Q
= 0.05/100
£ | Twist/bend (0.0020/3.94), (006(1)29)
3 maximum :
g If repair limit is
© | Clearance of reached, replace bear-
connecting rod 58 [ 0.035-0.100 ] 0.200 ings. If repair limit is
bearings on (2.28) |'(0.00138-0.00394) {0.00787)] exceeded, regrind

crankpins and use
undersize bearings.
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MAINTENANCE STANDARDS

Unit: mm (in.)

. Repair Service
; . Nominal | Assembly standard L E e
Group Inspection point limit limit Remarks
value [standard clarance] [clearance]|[clearance]
3 40 0.15-0.35 0.50 Replace connecting
g |§ |Endply .57 |l©0.0059-0.0138) [0.020) |rod.
I -3}
<% = R . .
Variance in weight
%D é g P:r engine ’ 58 (0.2 0z)
=]
2 | 4 . 0.15 (0.0059), 0.50
< g Radial runout maximum (0.020)
s | F
= | > 0.15 (0.0059), 0.50
i | Face runout maximum (0.020)
Runout 0.02 (0.0008), 0.05 Straighten by cold
maximum (0.0020) working or replace.
D, w0 D, - D, D, -D,
Inlet 96916’ =6.684 =6.184
ass08l0 8001 (0.26315) (0.24346)
SE,
SE2 |Inlet D
(higﬁ-speed 45144""-' D, —D, ]_) 1—D;
engine) T 7.344 = 6.844 D2
g Exhaust (1.80882_p 6y’ (0.28913) (0.26945)
g D1
S Inlet b D, - D, D, - D,
sl | =6.689 =6.189
1.04689°0008  (0.26335) (0.24366)
SF
= D, D, - D, D, -D,
= Exhaust (4625620} =72344 = 6.844
E asno’d (0.28913) (0.26945)
&)
g = 54 53.96 — 53.94 53.90
% Sy (N1 203y (21244 - 2.1236) (21.220)
an £ ®
£ 2| BB INo o 53 52.96 — 52.94 52.90
) €| Q3 ) (2.09) |(2.0850 — 2.0842) (2.0827)
218 [No. 54 53.96 — 53.94 53.90
5| E, 1,2 (2.13) (2.1244 — 2.1236) (2.1220)
8| 88 [\ 3 53 5296 — 5294 52.90
S| 2N (2.09) [ (2.0850 — 2.0842) (2.0827)
-g 5 No. 54 53.96 — 53.94 53.90
2, 11L2,3 | (2.13) [(2.1244 —2.1236) (2.1220)
BB no.a 53 52.96— 5294 52.90
© g [N (2.09) | (2.0850 — 2.0842) (2.0827)
5 0.050 - 0.112 ,f. 0.300 Replace thrust
End play (0.20) |l0.00197 - 0.00441)] (0.01181)} plates.
Clearance of shaft in 36 0.025 - 0.075 0.100 i
bushing (1.42) {L0.00098 - 0,00295)}|[(0.00394)! Replace bushing.
- 0-0.10 0.35
& | End play [0 - 00039) |l(0.0138)]
- Length of thrust 26 0.05 0.20 0.40 Repl th
- 05 -0. . place thrust
Journal of shaft 1.02) |[0.0020 = 0.0079))|{(0.0157)] plates.
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MAINTENANCE STANDARDS

Unit: mm (in.)

: Repair Service
. : Nominal| Assembly standard N i
Group Inspection point limit limit Remarks
value [standard clarance] [clearance]| [clearance]

& | & |Fitofshaftin 30 | 0.009T-0.045T

“fg B | crankcase bore (1.18) |(0.00035T-0.00177T)

=

= 0.03 -0.17 0.25

E Backlash [(0'0012 _ 0.0067)] [(0.0098)] Replace gears.
Quter rotor to inner [ 0.013-0.150 ] 0.250 |
rotor clearance (0.00051-0.00591) [(0.00984)
Rotor to cover 0.04-0.09 0.15
| clearance [(0.0016—-0.0035)) [l(0.605%)!
E Quter rotor to case [ 0.20-0.28 ] [ 0.50 ]

g ;‘ clearance (0.0079-0.0110) (0.0197)

% | © | Diameter of main 13.000 — 12.985

g shaft (0.51181 - 0.51122)

§ Clearance of main [ 0.032-0.074 ] 0.150 ]

E shaft in pump case (0.00126—0.00291) [(0.00591)

=]

= Make shim adjust-

2 ment.
] 30 +0.2 kgf/cm? Pressure varies by
> | Opening pressure :‘fglfl"“,si) (£2.8 psi) 0.15 kgf/cm? (2.1
= [294 kPa) [£19.6 kPa] psi [14(.3 kPa] per
I~ 1 mm (0.04 in.)
thickness of shim.
Fit of bearing |Front 17
i 0.01T-0.017T
inner races on L ohogy |
pump shaft . |Rear | (067) | '(0.0004T 0.00067T) -
eplace pump case
Fit of bearing | Front 1487 5 or pump assembly.
outer races in (1.85) [ o Q011L-0.025L
pump case Rear 40 (0.00043L—0.00098L)
(1.57)
o 0.010 — 0.025 Replace bearings
g | Radial clearance of 17 0.010 — 0.022 0.045 if they fail to rotate

E 2 | bearings (0.67) |0.00039 — 0.00098 (0.00177) | smoothly when

[} o, ( )

‘i 5 0.00039 — 0.00087 slowly turned.

@ | £ |Inside diameter of 17 | 00010017

5 spacer for shaft (0.67) ['(0.00004—0.00067)

S Clearance of 05-10 Replace impeller if
impeller on both (0.020 - any sign of rubbing
sides 0.039) contact is noted.

Protrusion 1.5 0
Unit | of carbon (0.059)
seal :
Height 21.8
(free state) (0.858) £1 (£0.04)
g | Valve opening 76.5° o o
5 _ | temp./valve lift (169.7F)f| #2°C(¥36°F)
£ Z|[at 90°C (194°F)) 9 (0.35)
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MAINTENANCE STANDARDS

Unit: mm (in.)

: Repair Service
. . Nominal | Assembly standard L E L
Group Inspection point value [standard clarance] limit limit Remarks
[clearance] |[clearance]
SE 120 +5 — +15 kgf/cm? Make shim adjust-
SE2 }(lg;/(;:g]psi) (+71 — 4213 psi) ment, Pressurg varies
: +0.5 — +1.5 MPa by 10 kgf/fcm? (142.2
Valve opening (11.8 MPa] | [ ] psi) [1.0 MPa] per
pressure 200180 |45 _ 115 kef/cm? 0.1 mm (0.004 in.)
kef/em? (3128 gijcn " .
SF or2s60psh | (+71 — +213 psi) thickness of shim.
W) 17" | [+0.5 — +1.5 MPa)
g ﬁ Test by means of
2 e SE o hand tester, using
g, o SE2 0 diesel fuel, at 20°C
= | 2. (68°F). If spray
2 S | Spray angle pattern is poor even
= after nozzle is
SF 155° washed in clean diesel
fuel, replace nozzle
tip.
Seat shall hold a test pressure
Oil-tightness of 20 kgf/cm? (284.4 psi) [2.0 Wash or replace
needle valve seat MPa] lower than valve opening nozzle tip.
pressure for 10 seconds.
i 32(1.26) 31(1.22
commutstor 1387 .
(1.524)] (1.484)]
18-(0.71)
Length |17 11
g [(0.67)] (0.43)
Brush
e | 3431 BN
DR | 2.5 (5.5 1.814.0
kgf(Ibf)[N] [[24.(5 i) [ g7 7
Thrust gap of 0.5 -
E pinion shaft (0.020) 0, minimum
513 0.5-2.0
.g & | Pinion gap [‘0.1_2.)5
S (0.004 —
) 0.098)]
Valuesin [ ] indicate those of MOO3T56174.
No-load characteristics Locked characteristics Magnetic switch operating voltage
Torque Switch-in
Voltage | Current |Speed (Voltage |Current |, - Lo
v A rpm v A kg[f I:Jn ngl]bf ft) | voltage Switching off
MO002T56471 or 130, 1000, {2.8(20.3)
M002T56472 (dry) | ! | max. (#0001 3 I'max! |[27.5]. min. | & max.
: Shall turn off upon
MO002T65271 or 80, 730, 14.5(32.5) .
MO02T65272 (dry) | 23 | max. [3400 | & | ax’ [[44.1]. min, | 16> max. turning off of starter
8s, 1370, |9.0(65.1)
MO003T56174 23 max, (3300 | 10 max. |[88.3], min. 16, max.
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MAINTENANCE STANDARDS

Unit: mm (in.)

Group Inspection point Nominal |Assembly standard ll{iigftlr Sfirrrlliie Remarks
value [standard clearance] [clearance] | [clearance]
S;; Brush length (01 '27; 1 (083 1)
g % Brush spring %(}g %lgf)
g 5 tension [2.1 N}
& | < |Outside diameter 33 3.4
= of slip ring (1.30) (1.276)
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MAINTENANCE STANDARDS

2. TIGHTENING TORQUE

2.1 Important bolts and nuts

i Thread Width Tightening torque
Secured part or component dia.—pitch atc_:l;c::s — s e Remarks
g
Cylinder head bolts 12-1.75 19 12 +05 874 | 118+£5 | [Wet]
Rocker shaft brackets 8-1.25 12 15205 114 155
Main bearing caps 14-2 22 104+£0.5 75+4 | 1025 | [Wet]
Connecting rod caps 12-1.25 17 85+0.5 614 835 | [Wet]
Flywheel 12-1.25 17 85205 614 83z%5"
Camshaft thrust plate 8-1.25 12 1.8 13 18
Front plate 10-1.5 14 1 7 10
Timing gear case bolts 10-1.5 14 1 7 10
Timer cover 8-125 12 1.3+£03 92 13%3
Crankshaft pulley 24-15 36 40 +05 | 2894 | 3925
Idler thrust plate 10 -1.25 14 35 25 34
Oil pan 8-1.25 12 0.7 5 7
Oil pan drain plug 12-1.25 19 10 £0.5 724 985
Oil pump mounting bolts 12-1.75 17 55%05 40+ 4 54%5
Nozzle gland SF 8-1.25 12 2.2 16 22
Injection nozzle 352 24 -2 - 5 +05 | 36%4 49+5
retaining nuts SF 15_05 14 3 7 29
Injection pump delivery valve holders 10-1.5 14 3.5-4.0 25-29 | 34-39
Injection pump gear 85-100 | 61 -72 | 83-98
Starter B terminal 8—-1.25 12 1.0-1.2 7-9 10-12

Remarks: Apply engine oil to threads of parts specified as [Wet] in Remarks column.
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MAINTENANCE STANDARDS

2.2 General bolts and nuts

Screw thread Tightening torque
With spring washer Without spring washer
Diameter Pitch
kegf-m Ibf -ft N-m kgf-m Ibf-ft Nm
8 1.0 1.8 13 18 2.2 16 22
1.25 1.8 13 18 2.1 IS5 21
10 1.25 36 26 35 4.2 30 4]
1.5 34 25 33 4.0 29 39
12 1.25 6.5 47 64 7.6 55 75
1.75 6.0 43 59 7.1 51 70
14 1.5 10.4 75 102 12.2 88 120
20 9.8 71 96 11.5 83 113
16 1.5 15.8 114 155 18.6 135 182
20 15.0 108 147 17.6 127 173
18 1.5 229 166 225 26.9 195 264
2.5 20.7 150 203 244 176 239
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3. SEALANTS

MAINTENANCE STANDARDS

Application point Mating parts Sealant How to use
. Apply to front and
Oil pan gasket Front and rear bearing ThreeBond 1104 | rear lower sides

cap seats of crankcase

(bearing cap seats).

» Plugs for water and oil
holes in crankcase

» Plug for water hole in
cylinder head

o Crankcase

» Cylinder head

Hermeseal H-1

Apply to holes before
installing plugs.

Screw plug for crankcase

main oil gallery (taper Crankcase Loctite 271 Apply to threads.
plug)
. Thermostat cover, .
Water bypass hose and pipe elbow-and-Waterpump Loctite 271 Apply to threads.
: Apply to crankcase

: Bearing caps (front . ;
Front and rear bearing cap . before installing
side seals of crankcase 222 t;ec:irsig; (s:::; ThreeBond 1105D front and rear

bearing caps.

Timing gear case gasket

Timing gear

ThreeBond 1102

Apply to gasket sur-
face of timing gear
case,
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SPECIAL TOOLS

SPECIAL TOOL LIST

Applicabl i
Tool name Part No. PP 'C:, oge?ngme Shape Use
Valve guide 34491-00400 SE Valve guide
installer SE2 installation
SF
670228
Valve guide 31391-10500 SE Valve guide
remover SE2 removal
SF
670230
Valve spring 30691-04500 SE Valve spring
pusher SE2 removal/installa-
SF tion
401793
. 31391-13010
Insert caulking h SE Valve seat
(For inlet) . :
tool 3449101300 SE2 installation
(For exhaust)
36791-00200 SF
(For inlet)
36791-00300
(For exhaust) 670232
Sleeve installer 34491-00100 SE Cylinder sleeve
installation
34491-02100 SE2
SF
670236
Piston ring pliers | 31391-12900 SE Piston ring
SE2 removal/installa-
SF tion
" 670240
Piston guide 34491-00200 SE Piston installation
34491-02200 SE2
SF
670234
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SPECIAL TOOLS

Applicable engine
Tool name Part No. model Shape Use
Idler shaft puller | 34491-02300 SE Idler shaft
SE2 removal
SF
670237
Idler bushing 30091-07300 SE Idler bushing
puller SE2 removal/installa-
SF tion
670242
Socket 34491-00300 SE Camshaft thrust
SE2 plate removal/
SF installation
670235
Oil filter wrench | 30691-53301 S3E Cartridge type
S4E oil filter removal/
S6E | installation
S3E2
S4E2
S6E2
401822
Universal 30091-01101 SE PE-A type fuel
extension SE2 injection pump
SF removal/installa-
tion
670239
Cranking handle | 30691-11800 SE Engine cranking
SE2
SF

70238
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SPECIAL TOOLS

Applicable engine
Tool name Part No. PP Kr::o de;sl ngin Shape Use
Adaptor 30691-21100 SE Engine compres-
SE2 sion pressure
670233 measurement
36791-00100 SF %
401821
Puller assembly | 64309-12900 SE Crankshaft gear,
SE2 camshaft gear,
SF crankshaft pulley
and water pump
pulley removal
670241
Compression 33391-02100 SE Compression
gauge SE2 pressure
SEF measurement
401823
Crankshaft 30691-13010 SE 0Oil seal sleeve
sleeve in- SE2 on crankshaft
staller SF ” rear side
installation
401609
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OVERHAUL INSTRUCTIONS

1. DETERMINING WHEN TO OVERHAUL

THE ENGINE

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

Low power or loss of power, increase
in fuel consumption, drop in lubricating
oil pressure, hard starting and excessive
abnormal noise are also engine troubles.
These troubles, however, are not always
the result of low compression pressure
and give no valid reason for
overhauling the engine.

The engine develops troubles of widely
different varieties when the
compression  pressure  drops in it.
Following are the typical troubles
caused by this compression pressure
failure:

(a) Low power or loss of power
(b) Increase in fuel consumption

(¢) Increase in lubricating oil con-
sumption

(d) Excessive blowby through breather
due to worn cylinder sleeves,
pistons, etc.

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

(f) Hard starting
(g) Excessive abnormal noise

In most cases, these troubles occur
concurrently. Some of them are directly
caused by low compression pressure, but
others are not. Among the troubles
listed above, (b) and (f) are caused by
a fuel injection pump improperly
adjusted with respect to injection
quantity or injection timing, worn
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injection pump plungers, faulty injection
nozzles, or poor care of the battery,
starter and alternator.

The trouble to be considered as the
most valid reason for overhauling the
engine is (d) Excessive blowby through
breather due to worn cylinder sleeves,
pistons, etc.; in actually determining
when to overhaul the engine, it is
reasonable to take this trouble into
consideration in conjunction with the
other troubles.



2. TESTING THE COMPRESSION

PRESSURE

[SE-/SE2-series]

(1)

(2)

(3)

(4)

Remove the glow plug from a cylinder
on which the compression pressure is
to be measured.

Attach the adaptor (30691-21100) to
the threaded glow plug hole, and
connect compression gauge (33391-
02100) to the adaptor.

Crank the engine by means of the
starter, and read the compression
gauge indication when the engine
begins to run at the specified speed.

If the compression pressure is lower
than the Repair limit, overhaul the
engine.

[SF-series]

(1)

(2)

(3)

(4)

Remove the injection nozzle from a
cylinder on which the compression
pressure is to be measured.

Attach the gauge adaptor
(36791-00100) to the ecylinder, and
connect compression gauge (33391-
02100) to the adaptor.

Crank the engine by means of the
starter, and read the compression
gauge indication when the engine
begins to run at the specified speed.

If the compression pressure is lower
than the Repair limit, overhaul the
engine.

OVERHAUL INSTRUCTIONS

w‘, 295

401296

35



OVERHAUL INSTRUCTIONS

INCTED

(a) Be sure to measure the compres-
sion pressure on all cylinders. It
is not a good practice to
measure the compression pressure
on two or three cylinders and
judge the compression pressure of
the remaining cylinders
therefrom.

(b) The compression pressure varies
with change of engine rpm. This
makes it necessary to check
engine rpm at the time of
measuring the compression
pressure.

Unit: kgf/em? (psi) [kPa]

Assembly Repair
Item standard limit
27 24
Compression pressure (384) (341)
[2.6] [2.4]

Measure the compression pressure
with the engine running at 150 -200
rpm.

NG

(a) It is important to measure the
compression pressure at
periodical intervals to obtain the
data on the gradual change of
the pressure.

(b) The compression pressure would
be slightly higher than the
Assembly standard in a new or
overhauled engine owing to
breaking-in of the piston rings,
valve seats, ete. It drops as the
engine parts wear down.
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1. ADJUSTMENTS

1.1 Valve clearance

Inspect and adjust the valve clearance
when the engine is cold or when it is
warm in whole.

Unit: mm (in.)

[tem

Assembly standard

Valve clearance
(cold)

Inlet
Exhaust

0.25 (0.0098)

(1) Inspecting valve clearance

(a) Inspect the valve clearance by the
firing order, by turning the
crankshaft by the specified crank
angle in normal direction at a time
to bring the piston to its top dead

center on compression stroke.

No. of cylinders Firing order Crank angle
2 12 180°
3 1.3-2 240°
4 1-34-2 180°
6 1.5-3-6-24 120°

(b) The top dead center on compression
stroke of the piston is identified
by the timing mark "0" (on the
crankshaft pulley) being aligned
with the pointer on the gear case.

With the piston so located, either J
inlet and exhaust valve rocker arms I
are not being pushed up by their
pushrods.
NOTE
401297

On the 6-cylinder engines equipped
with a vibration damper, align the
timing mark on the damper with the
pointer on the gear case.

(¢) Insert a feeler gauge into between
the rocker arm and valve cap, and
inspect the valve clearance.
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(2) Adjusting valve clearance

(a)

(b)

Loosen the lock nut for adjusting
serew, and adjust the clearance by
turning the serew in  either
direction to the extent that the
gauge is slightly gripped between
the rocker arm and valve cap.

After  adjusting the clearance,
tighten the lock nut, and again
inspect the clearance, making sure
that it is correct.

1.2 Fuel system priming

(1) Fuel filter

(a)

(b)

()

Loosen air vent plug at the top of
the filter (by turning it about 1.5
rotations).

Unlock priming pump handle by
turning it counterclockwise, and
operate the priming pump.

Tighten the air vent plug when fuel
flows from the vent hole without
bubbles.

(2) Fuel injection pump

(a)

(b)
(c)

Loosen air vent plug on the
injection pump (by turning it about
1.5 rotations). If the pump has two
air vent plugs, prime at these

plugs.
Operate the priming pump handle.

Tighten the air vent plug when fuel
flows from the vent hole without
bubbles. Lock the priming pump by
turning its handle clockwise while
pushing it down before tightening
the last vent plug.

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS
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(a) If all vent plugs are tightened
before the priming pump handle
is locked, fuel pressure acts on
the feed pump, making it
impossible to restore the handle.

(b) Wipe off fuel spilt from the vent
holes with cloth.

[S2E/S2E2 engines]

Prime the fuel system by gravity-
feeding fuel from the fuel tank.

1.3 Fuel injection timing inspection
and adjustment

The injection timing for each model of
the engine varies according to its
output, speed and specification. Be sure
to verify the timing by referring to the
specifications of each model.

(1) Bringing No. 1 piston to top dead
center on compression stroke

(a) Using turning bar (30691-11800) at
the crankshaft pulley, turn the
crankshaft in normal direction
(clockwise as viewed from the
front side of the engine).

(b) Stop cranking the engine when the
timing mark "0" on the crankshaft
pulley is aligned with the pointer.

Air vent plug

401300

Air vent plug on S2E/S2E2 engines
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On the 6-cylinder engines equipped
with a vibration damper, align the
timing mark on the damper with the
pointer on the gear case.

(¢) Move the inlet and exhaust valve
rocker arms for the No. 1 eylinder
up and down to make sure that
they are not being pushed up by
their pushrods.

(2) Inspecting fuel injection timing

(a) Remove the delivery valve holder
from No. 1 pumping element of
injection pump. Take delivery valve
and spring out of the holder, and
restore the holder to the pump.

(b) Turn the crankshaft to bring No. 1
piston to about 60° position before
top dead center on compression
stroke.

(e) While operating the priming pump to
allow fuel to flow from the
delivery valve holder, ecrank the
engine in normal direction. Reduce
cranking speed when the fuel just
starts to stop flowing. Stop
cranking when the fuel stops
flowing.

(d) Make sure that the timing mark on
the crankshaft pulley is aligned
with the pointer.

(3) Adjusting fuel injection timing

(a) If the timing is retarded, tilt the
injection pump toward the
crankcase. If it is advanced, tilt
the pump away from the ecrankecase.

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS
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(b) One graduation of the scale on the
injection pump coupling changes the
timing by 6° in terms of crank
angle.

1.4 No-load minimum (idling) speed and
maximum speed setting inspection and
adjustment

INCTED

(a) No-load minimum (idling) speed
and maximum speed are set for
each engine on the test bench at
the factory and the set bolts are
sealed. These settings are to be
inspected  and adjusted  at
Mitsubishi-authorized service shop
only.

(b) When inspecting and adjusting
these settings, be on standby to
operate the engine stop lever
manually in the event of engine
overrun.

For inspection and adjustment, warm up
the engine thoroughly until the coolant
and oil temperature rises to 70°C (158°F).

RSV-type governor

(1) Engine starting

(a) Pull speed control lever to high-
speed side. Operate starter switch
to crank the engine. Low idling set bolt

Idle sub-spring
adjusting screw

Rack set bolt

(b) At about 150 rpm of cranking
speed, the engine will fire up to
pick up speed. Immediately after Governor

the engine fires, move back speed set bolt (full-load
control lever to hold the speed \ { stopper bolt)
anywhere between 800 and 1000 Stop lever : d 402016

rpm.

(¢) When the engine is noted to be
running with a steady speed, move
speed control lever back to low
idling speed position.
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(2) Idling set (The setting for keeping the
no-load minimum engine speed)

(a)

Hold speed control lever at the
position for permitting the engine
to run at 600 to 700 rpm, and set
the low idling set bolt.

If a critical speed (the speed at

/\[caution)

which the engine exhibits excessive
vibration due to torsional resonance)
might exist, shift the idling set to a

lower or higher idling level.

(b)

(c)

Turning the set bolt clockwise
raises the idling speed.

If engine speed tends to fluctuate
at a lowest idling speed set as
above, turn the idle sub-spring
adjusting screw clockwise to push
in this spring, making it come in
slight contact with tension lever.
With idle sub-spring exerting some
force to the lever, the speed will
rise  slightly but will stop
fluctuating.

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

(*)

~,
~,

Gt

1 402017

402018

Tightening the idle  sub-spring

/N\(cauTion)

adjusting screw is likely to result in
engine overspeeding when, during
duty operation, the load is dumped.
When tightening the adjusting secrew,
be sure to tighten it just enough to
eliminate the unstable condition.
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(3) Rack set (The setting for limiting the
maximum engine output)

(a)

(b)

(c)

(d)

(e)

(f)

()

Hold speed control lever at the
position for the indicated output
and speed (specified for purpose of
governor adjustment).

Under this condition, check to be
sure that the engine is running in
a steady state.

With the engine running in a steady
condition, adjust full-load stopper
bolt, as follows:

Reposition the full-load stopper bolt
by tightening or loosening (to push
or pull out the fuel control rack
through the levers) in order to find
out just where the engine produces
the rated output.

Having positioned the stopper bolt
properly (for the rated output),
back it off slowly while observing
the speed (which will be. above the
rated speed). Stop backing it off
just when the speed begins to fall
from the rated level. Secure the
stopper bolt (rack set bolt) in that
position with its lock nut.

At that time, the speed control
lever should be at the position
mentioned in (a), above.

Turning the full-load stopper bolt
clockwise will increase the
injection quantity (engine output),
and vice verse.

(4) Governor set (The setting for limiting

the maximum engine speed)

(a) Hold speed control lever at the

indicated maximum speed position
while applying full load to the
engine.

402019
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(b) Run in governor set bolt (maximum
speed set bolt) slowly until its
forward end comes in contact with
speed control lever held as above.
Secure the bolt right there by
tightening its loek nut.

(5) Determination of the speed regulation

(speed droop)

(1] Speed regulation upon removing load

(8) Run the engine with the speed
control lever set for the rated
condition (of load and speed).

(b) With the control lever held there,
remove the load to bring the
engine into no-load econdition. Do
not move speed control lever.

() The speed will increase once and
decrease, as shown and settle at a
new steady level. Read the
highest speed (Ng) oceurring in this
transition and the speed (N3) after
settling, and the time (t) from the
moment of removing the load at
initial speed (Nj) to the speed
settling at the new level (Nj).

[2] Speed regulation upon applying load

With the engine running in no-load
condition subsequent to the econdition
mentioned in (b), [1], 5 above, and with
the speed control lever left in the
same position as above, put the
preseribed load instantaneously on the
engine: the speed will decrease once
and increase, as shown, and settle at g
new steady level. Read the lowest
speed (N5) occurring in this transition
and the speed (Ng) after settling, and
the time (tg) from Ny to Ng.
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N2

Speed regulation upon removing load

N3

Ni
I t1 ,

Instantaneous speed Steady-state speed
regulation (%) regulation (%)
N2 — N; Ns — Ni
N, X100 N, X 100

N: =initial speed, rpm, before load is removed

N2 = highest, speed, rpm, during transitional

period

Ns = speed, rpm, at which the engine settles after

load is removed

t1 = stabilization time

Speed regulation upon applying load

t2

Ns

Instantaneous speed
regulation (%)

Steady-state speed
regulation (%)

N“T_;NSXIOO

Ne=Ne , 100

Na = initial speed, rpm, before load is applied

Ns = lowest speed, rpm, during transtional period

Neé = speed, rpm, at which the engine settles after

load is applied

t2 = stabilization time
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[3] Computing the speed regulation

From the values obtained in [1] and (2],
above, compute the speed regulation for
each load change. A total of four
percent values of speed regulation are

to be determined by using the indicated
formulas.

If the computed values are at variance
with the presecribed values, "governor
noteh adjustment" must be carried out
to eliminate the variance.

(6) Adjustment of speed regulation

46

(governor notch adjustment)

(@ This adjustment is to be made by
turning the adjusting screw for
swivel lever to increase oOf
decrease the pre-tension of
governor spring.

(b) To gain access to the adjusting
serew, remove the plug at the top
of governor housing, and turn speed
control lever all the way to the
low idling set bolt: this will turn
up the swivel lever, pointing the
head of the adjusting acrew toward
the plug hole. Insert a flat-tip
serewdriver through the hole to
catch the screw head.

(¢) Tightening the adjusting serew
increases  the pre-tension of
governor spring to narrow the
speed regulation; loosening it
decreases the governor spring pre-
tension to widen the regulation.
One noteh corresponds to 1/4 turn
of adjusting screw and to 3 to 5
rpm change of engine speed.

(d) Changing the setting of this
adjusting  screw changes  the
governor set (for limiting the
maximum engine speed). After
making a governor notch
adjustment, be sure to re-adjust
the governor set, as explained in
(4), above.
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(e) Tightening the adjusting screw,
mentioned above, will increase the
maximum speed, and vice versa.

/\(caurion)

The adjustable range is 20-noteh (5
rotations) long. Never loosen the
screw by more than 20 notches from
the fully tightened position or the
control action of the governor will
become hazardous.

(7) Sealing

(1) The stoppers on the injection pump
and its governor are adjusted and
set through testing by using an
injection pump tester or an engine
test bench in the final stage of
manufacture prior to shipment from
the factory. All these stoppers
visible on the injection pump are
sealed with wires and punched
pellets.

(b) After authorized adjustment of the
governor, which has to be effected
by breaking the seals, be sure to
re-seal all visible stoppers, making
them appear as if they were sealed
at the factory.

(e) The stoppers to be sealed are
specified. Whether the seals are
intact or not has important bearing
on the validity of claims, if any,
under warranty.

RUV-type governor Low idling set bolt  Stop lever

(1) Engine starting » . Speed control lever

(a) Pull speed control lever to high-
speed side. Operate starter switeh

to erank the -engine. 29 Damper spring

C\? adjusting screw

Rack set bolt
(full-load stopper
bolt)

Governor set g RE
bolt

402022
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(b) At above 150 rpm of ecranking
speed, the engine will fire up to
pick up speed. Immediately after
the engine fires, move back speed
control lever to hold the speed
anywhere between 800 and 1,000
rpm.

(¢) When the engine is noted to be
idling steady, move speed control
lever back to low idling speed
position.

(2) Idling set (The setting for keeping no-

load minimum engine speed)

(a) Position low idling set bolt so that
the engine will idle at 600 to 700

rpm.
/\(cauTion]

If a critical speed (the speed at
which the engine exhibits excessive
vibration due to torsional resonance)
might exist, shift the idling set to a
lower or higher idling level.

402023

(b) Turning the set bolt clockwise
raises the idling speed.

(¢) If engine speed tends to fluctuate
at a low idling speed set as above,
turn damper spring adjusting screw
clockwise to push in this spring,
making it come in slight contact
with floating lever. With the
spring exerting some force to the
lever, the speed will rise slightly
but will stop fluctuating.

A\ (Gaen)

If damper spring set apart from
floating lever, the engine will stop
when the speed is decreased
suddently.
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(3) Rack set (The setting for limiting the
maximum engine output)

(a)

(b)

(c)

(@

(e)

(f)

Hold speed control lever at the
position for the indicated output
and speed (specified for the
purpose of governor adjustment).

Under this condition, cheeck to be
sure that the engine is running in
a steady state.

With the engine running in a steady
state, adjust full-load stopper bolts
(2 pes), as follows:

After loosening the stopper bolts,
turn stop lever in either direction
to find the rack position at which

the engine runs at the rated speed.

After positioning the rack properly,
slightly turn stop lever
counterclockwise and then turn it
clockwise slowly while observing
the speed. Stop turning the lever
just when the speed begins to fall
from the rated level, secure the
stopper bolts in that position with
lock nuts.

Turning the stop lever
counterclockwise (toward the
injection pump) will increase the
injection quantity (engine output),
and vice versa.

(4) Governor set (The setting for limiting
the maximum engine speed)

(a)

(b)

Hold speed control lever at the
indicated maximum speed position
while applying full load to the
engine.

Under this condition, reposition
governor set bolt to set the
position for the maximum engine
speed.
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(5) Sealing

(a) The stoppers on the injection pump
and its governor are adjusted and
set through testing by using an
injection pump tester or an engine
test benech in the final stage of
manufacture prior to shipment from
the factory. All these stoppers
visible on the injection pump are
.sealed with wires and punched
pellets.

(b) After authorized adjustment of the
governor, which has to be effected
by breaking the seals, be sure to
re-seal all visible stoppers, making
them appear as if they were sealed
at the factory.

(c) The stoppers to be sealed are
specified. ~ Whether the seals are
intact or not has important bearing
on the validity of claims, if any,
under warranty.

1.5 Fan drive belt inspection  and
adjustment

Apply thumb pressure to the belt
midway between the pulleys to inspect
the belt tension. If the tension is
incorrect, make an adjustment by means

of bolt (1). Unit: mm (in.)

Item Assembly standard

Fan drive belt tension
(deflection) 12 (1/2), approx.

2. BENCH TEST

An overhauled engine should be tested
for performance on & dynamometer.
This test is also for npreaking-in" of
the major running parts of the engine.
To test the engine, proceed as follows:

9.1 Starting up
(1) Check the levels in the radiator, oil

pan and fuel tank. Prime the fuel
and cooling systems to bleed air out.
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(2) Crank the engine with the starter for
about 15 seconds to permit
lubricating oil to circulate through
the engine. For this cranking, do not
supply fuel to the engine.

(3) Slightly move the speed control lever
in the direction of increasing fuel
injection, and turn the starter switeh
to START for starting the engine.
(Do not move the control lever to
"full injection" position.)

(4) After the engine starts, let it idle by
operating the speed control lever.

2.2 Inspection after starting up

After starting up the engine, check the
following points. Upon discovery of any
faulty condition, immediately stop the
engine, and investigate for the cause.

(1) Lubricating oil gressure: It should be
3 to 4 kgf/em? (42.7 to 56.9 psi)
[294 to 392 kPa] at rated speed or 1
kgf/em2 (14.2 psi [98 kPa] at idling
speed.

(2) Coolant temperature: It should be
75°C to 85°C (167°F to 185°F).

(3) Lubricating oil temperature: It should
be 60°C to 80°C (140°F to 176°F)
when measured in oil pan.

(4) Leakage of oil, coolant and fuel,
especially oil leakage from turbo-
charger lubricating oil pipe con-
nections.

(5) Knocking: It should die away as the
coolant temperature rises. No other
defects should be noted.

(6) Exhaust color and abnormal smeli

2.3 Bench test (dynamometer test) con-
ditions

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

Step Speed (rpm) Load (PS) | Time (min.)
1 1000 No-load 30
2 1500 25% 30
3 2000 25% 60
4 25% 10
5 Rated (varies 50% 10
according to
6 specifications) 75% 30
7 100% 20

2.4 Inspection and adjustment after bench
test

(1) Retightening of eylinder head bolts
(2) Adjustment of valve clearance

(3) Adjustment of injection timing

3. PERFORMANCE TESTS

3.1 Standard equipment
The cooling fan, air cleaner and
alternator are the standard equipment
of an engine to be tested.

3.2 Test items

(1) Fuel consumption test

(2) No-load maximum speed test

(3) No-load minimum speed test
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3.3 Test methods where H = atmospheric pressure
(mmHg)
(1) Fuel consumption test
Hw= water vapor partial pres-
(a) Engine speed (rpm) sure (mmHg)

(b) Fuel injection quantity t = room temperature (°C)

(¢) Engine output

(2) No-load maximum speed test

For this test, the governor should be
set for no-load maximum speed.

(3) No-load minimum speed test

(a) The control lever should be set to
the stable minimum speed position.
By "stable minimum speed" is meant
a minimum speed to which the
engine rpm can be quickly dropped
from the maximum rpm without
stalling.

(b) The no-load minimum speed is
specified to be 650 to 700 rpm.

(4) Others

During the performance test, inspect
for leakage of  gases, coolant,
lubricating oil and fuel, noise or
hunting.

(5) Output correction

The output is influenced by atmospherie
pressure, ambient temperature and
humidity. This mkes it necessary to
correct the output to the standard
conditions [atmospheric pressure: 760
mmHg (30 in. Hg), room temperatue:
20°C (68°F) and water vapor partial
pressure: 11.4 mmHg (0.45 in. Hg)). This
can be accomplished by multiplying the
output value obtained in the tust by
the coefficient of correction "K," which
may be found by the formula:

g o 760 - 11.4 [273 + t
H - AW 293
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ENGINE ACCESSORY REMOVAL AND INSTALLATION

This section explains the procedures and
tips for removal and installation of the
accessories - the preliminary process to
go through for overhauling the engine.

1. PREPARATORY STEPS

(a) Shut off fuel supply, and disconnect
the starting system from the
engine.

(b) Loosen the drain cock on left rear
side of crankcase, and drain
coolant.

(¢) Loosen the oil pan drain plug, and
drain engine oil.

ATETS

Hot engine oil can cause personal
injury if it contacts the skin. Use
caution when draining the oil.

2. ENGINE ACCESSORY REMOVAL

(1) Removing turbocharger [tubocharged
engines]

(a) Disconnect pipe (2) between
turbocharger (1) and air cleaner.

(b) Disconnect turbocharger lubricating
oil pipe (3) and drain pipe (4).

(¢) Remove turbocharger from exhaust
manifold.

(2) Removing water outlet pipe
[6-cylinder engines]

After disconnecting water bypass hose,
remove water outlet pipe (1) from
cylinder head by unserewing mounting
bolts.
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(3) Removing glow plugs [SE-/SE2-series] ®/®

Disconnect wire (2) by loosening nut
(1), and remove glow plug (3). %
— A\[caution | <
N S

After removing each glow plug, cover -~

the opening by taping to prevent dust —_ . y
from getting inside. < >
e
SN 401309

(4) Removing fuel injection pipes

(8) Remove pipe clamp (1), and [0}
disconnect injection pipes (2).

(b) Unserew lock nut (3), and remove
leak-off pipe (4).

o \CT) ’

Be sure to fit rubber caps to the l
openings of the injection pumps and
nozzle holders to prevent dust from
getting inside the fuel system.

(5) Removing fuel injection nozzles 0)
[SE-/SE2- series]

Using a box wrench, loosen nozzle
retaining nut, and remove nozzle (1)
complete with gasket (2).

Remove nozzle gaskets from the
cylinder head, using a piece of wire
or screwdriver, and discard them if
damaged.

(6) Removing fuel injeection nozzles
[SF-series]

Take off nozzle gland (1), and remove
nozzle (2) complete with gasket (3).
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(1) Removing fuel filter and inlet and
exhaust manifolds

(a) Disconnect fuel hose (1) from fuel
filter (1). Remove filter (2) by
unserewing its mounting bolts.

(b) Remove inlet manifold (3) and
exhaust manifold (4) by unscrewing
mounting bolts.

(8) Removing fuel injection pump

Disconnect oil feed pipe (1) and remove
cover (2). Remove injection pump (4)
from the timing gear caSe by
unscrewing two mounting bolts (3).

(9) Removing thermostat
(a) Disconnect bypass hose ).

(b) Unserew elbow attaching bolts, and
remove elbow (2), thermostat (3)
and gasket (4).

At reassembly, install thermostat with
its air vent hole facing upward.

(10) Removing water pump

(a) Remove fan (1). Slacken fan belt
(2), and remove it from water pump
(4).

(b) Disconnect oil pipe (3).

(¢) Remove water pump by unserewing
its mounting bolts.
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(11)  Removing alternator

(a) Disconnect harness (1), and unsecrew
belt adjusting plate bolt (2).

(b) Remove alternator (4) by unscrewing
munting bolts (3).

(12) Removing starter
Disconneet harness (1), and remove

starter (3) by unserewing mounting bolts
(2).

(13)  Removing oil filter

Remove oil filter (2) complete with its
?lr)acket by unserewing mounting bolts

(14) Removing oil pan and oil pump

(a) Remove oil pan (2) by unscrewing
mouting bolts (1).

(b) Remove oil pump (4) by unscrewing
mounting bolt (3).

ENGINE ACCESSORY REMOVAL AND INSTALLATION
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ENGINE ACCESSORY REMOVAL AND INSTALLATION

Camshaft skew gear might interfere
with pump drive gear. Remove pump
by turning crankshaft slightly.

(15) Removing air heater [SF-series]
(a) Disconnect harnesses (1)(2).

(b) Unscrew elbow mounting bolts, and
remove air inlet elbow (3), air
heater (4) and gaskets (5)(6).

Gasket (6) is to come to manifold
side when installed.

401321

3. ENGINE ACCESSORY INSTALLATION

To install the engine accessories, use
reverse of the removal procedures.
After installing them, take the
following steps:

(a) Installing fuel injection pump

When installing the pump, make sure
that matching marks on pump drive
gear and other gears are aligned with
those on idler gear respectively, as

shown.
NOTE Camshaft
D gear

With these matching marks are all
aligned, No. 1 eylinder piston is at
top dead center on compression
stroke.

Injection pump
drive gear

Crankshaft gear Idler gear 670371

Matching marks on timing gears

(b) Refill the engine with recommended
oil up to the specified level.

(¢) Refill the cooling system with
coolant.

(d) Check each pipe connection for cil
or coolant leaks.

58




(e) Prime the fuel system.

(f) After installing the fuel injection
pumps, inspect and adjust the
injection timing. (Refer to 1.3,
Group No. 5.)

ENGINE ACCESSORY REMOVAL AND INSTALLATION
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1. CYLINDER HEADS AND VALVE MECHANISM

1.1 Disassembly

Damaged threads, worn
pushrod contact face

Worn valve cap contact
face, clogged oil hole

o e i

\@e

makness, breakagel @ g 3 -
®
‘ e ! Cracks, damage,
S deterioration

Cracks, damage, carbon
and scale deposits

Worn stem or face,
damage, weakness

401323
(® Rocker cover Inlet rocker arm Upper retainer

@ Eye bolt @ Rocker shaft bracket @ Outer valve spring

(® 0il pipe @ Exhaust rocker arm @) Inner valve spring

@ Adjusting screw @ Rocker shaft spring @ Lower retainer

® Bolt (short) Rocker shaft @ Valve

® Bolt (long) @ Valve pushrod @ Valve stem seal

@ Valve cap Cylinder head bolt @ Cylinder head gasket
Snap ring @ Cylinder head :

(@ Washer Valve cotter

Remarks: Inner valve spring (21) and lower retainer (22) are for high-speed (above
3000 rpm) type.
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(1) Removing rocker shaft assemblies

(a) Loosen the adjusting serew of each
rocker about one rotation.

(b) Loosen the rocker bracket short
bolt and long bolt in that order,
and remove the rocker shaft
assembly from the eylinder head.

/\(caution

If these bolts are loosened in reverse
order, the rocker shaft bracket might
suffer damage.

(2) Disassembling rocker shaft assemblies

Lay the disassembled rockers in the
order removed, and install them in that
order at the time of reassembly. This is
for reproducing the same rocker shaft-
to-rocker arm clearance as before.

(3) Removing cylinder head

Unserew the eylinder head bolts, and
lift the head off the ecrankecase.

(a) When removing the gasket from
the crankcase, be careful not to
damage the mounting face of
crankecase.

(b) If any cylinder head parts are out
of order, check the eylinder head
bolts for tightening torque with
a troque wrench before removing
the head bolts.

ENGINE PROPER

\ B
o e & 2

401324

400016

(‘f ~ 401325
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(4) Removing valves and valve springs

Using valve  spring pusher  (A)
(30691-04500), compress the valve
spring squarely, and remove the valve

cotters.

If the valves are to be reused, mark

«:}:::::nm@mMK}(D @

401326

them for their locations to aid
installation at the time of
reassembly.

1.2 Inspection and repair

Rocker arms, rocker bushings and rocker

shafts

(1) Measuring rocker bushing inside
diameter and rocker shaft diameter

Compute the clearance between the
bushing and shaft on the basis of the
measurements. If the Repair limit is
reached, replace the bushing. If it is
exceeded, replace both bushing and

shaft.

Unit: mm (in.)

401331

Nominal | Assembly Repair
Item value standard limit
20.000
Rocker bushing —20.021
inside diameter (0.78740
-0.78823)
19.984
Rocker shaft —19.966
diameter (0.78677
- 0.78606)
Rocker §haft- (1'%185 5 0.070
to-bushing 20 | (0.00063 |(0.00276)
clearance (0.79) | Z0.00217)

64

Measuring rocker bushing and rocker shaft
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(2) Replacing rocker bushings

Oil hole
When installing a replacement bushing, /
align the oil holes in the bushing and el

non
rocker arm. I @

| I

B

_

401327

Replacing rocker bushing
Valves, valve guides and valve seats

(1) Measuring valve stem diameter
If the Service limit is exceeded, or if

the stem if abnormally worn
excessively, replace the valve.

Unit: mm (in.)

Assembly Service
Item standard limit
7.955
—7.940 7.900
Inlet ;
0.31319 0.31102 ;
Valve stem (_ 0.31260) ( ) Measuring valve stem 400054
diameter 7.940
- 7920 7.850
Exhaust | 037260 | (0.30905)
—0.31181)

(2) Measuring valve stem-to-guide
clearance

The valve guide wears more rapidly at
its both ends than at any other parts.
Measure the guide at its ends and in
two directions at right angles to each
other. If the Service limit is exceeded,
replace the guide.

| —

401328

Measuring valve guide
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Unit: mm (in.)

Nominal | Assembly Service
Item value standard limit
0.055
Inlet —0.085 0.150
Valve (0.00217 | (0.00591)
steme 8 — 0.00335)
o-guide
Clear: . >0 0.200
ance - L. -
Exhaust (0.00276 | (0.00787)
—0.00413)
As-installed depth 17 0.3
of valve guide (0.67) | (z0.012)

(3) Replacing valve guides

(@ Using valve guide remover (A)

(31391-10500), remove the guide
(worn) for replacement.

(b) To install a replacement guide, use
valve guide installer (B)
(34491-00400).

A\(cauTion]

As-installed depth of the valve guide
is specified; be sure to use the valve
guide installer to insure this depth.

(4) Inspecting valve face

66

Coat the valve face lightly with red
lead and, using valve lapper, check the
valve contact with its seat. If the
contact is not uniform, or if the valve
is defective or the Repair limit is
exceeded, repair or replace the wvalve
and valve seat.

A N

® §
ZE |
— E &@l 670064

Removing valve guide

Inspecting valve face
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(8) Check the valve face after
inspecting or replacing the valve
guide.

(b) Press the valve into the seat
without rotating it.

Unit: mm (in.)
Assembly Repair
ltem standard limit
Angle deg 30
SE 0.7%0.2 1.3
SE2 | (0.028 +0.008) | (0.051)
g | Valve 04 0.2 (0.016 +
@ sinkage SF 0.008) [IN] 1.1
= 0.5 +0.2 (0.020 + 0.043
S 0.008) [EX] (0.083) Bad
1.2+0.14
Width (0.047 £ © 1623) 400058
0.0055) : Valve contact with its seat
2.13 PP to ;bz
Valve margin . 0.047) by
(0.0839) refacing
2
‘b\‘q‘\

- Valve margin
Valve sinkage

400005

(5) Refacing valves

If the valve face is badly worn, reface
it with a valve refacer.

/
! NOTE ’

(8) Set a valve refacer at an angle
of 30°,

(b) If the valve margin seems to be

less than the Repair limit when >~
ground, replace the valve. L \/A
i 400060

Refacing valve
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(6) Refacing valve seats

(a)

(b)

Using a valve seat cutter or valve
seat grinder, cut the valve seat.
After cutting, grind the seat
lightly by using a sandpaper of
#400 grade or So, inserted between
the cutter and seat.

Lap the valve in the seat.

(a)

(b)

(e)

Cut or grind the valve seat only
as necessary for refacing.

If the seat width is in excess of
the Repair limit as a result of
wear or cutting, replace the
valve seat.

If the valve sinkage exceeds the
Repair limit after refacing,
replace the valve seat.

(7) Replacing valve seats

(a) Weld a plate of about 5 mm (0.20

When welding the plate, be careful
not to permit spatters to come in
contact with the machined surfaces
of cylinder head.

in.) thickness to the valve seat.
Insert a shaft into the valve guide
hole from the upper side of
cylinder head, and drive the seat
off the head as shown.

401332

Plate

Valve seat
Weld

Shaft [7.8 mm (0.31 in.))

{5 mm (0.20 in.), approx.]

400431

Removing valve seat

NG

| 7, k
©
Sl f- s
AN AR
7; o ~ ~l| oo
/(£f : AL
+0.025 +0.025
40° | 944 0 $37 0 45
Inlet Exhaust

670418

Valve seat dimensions [SE-/ SE2-series]

(b) Measure dimensions of valve seat

68

holes in the cylinder head before
installing valve seats and make
sure that they are as specified.

| | 4
| —
|3 S
+i -
1l &l [
7./ o] ™ M
/! ga
R +0.025 +0.025
40° | 946 0 ?39 0 45’
Inlet Exhaust 401333

Valve seat dimensions [SF-series]




(e

)]

Chill the valve seat in liquid
nitrogen [about -170°C (-274°F)] for
more than 4 minutes with the
cylinder head kept at normal
temperature, or heat the ecylinder
head to 80°C to 100°C (176°F to
212°F) with the valve seat chilled
in ether or alcohol containing dry
ice.

Using valve insert caulking tool (A),
install the valve seat by ecaulking
it there.

Valve insert caulking tool

Applicable model Part No.
SE, SE2 31391-13010
Inlet
SF 36791-00200
SE, SE2 34491-01300
Exhaust
SF 36791-00300

(8) Lapping valves in valve seats

Be sure to lap the valves in the valve
seats after the seats have been
replaced.

(8) Coat the valve face lightly with a

lapping compound.

(a)

(b)

(c)

{ NOTE |

Do not permit the compound to
come in contact with the valve
stem.

Use the compound of 120 to 150
mesh for initial lapping and the
compound of finer than 200 mesh
for finish lapping.

Mixing the compound with a small
amount of engine oil will
facilitate coating.

ENGINE PROPER

Installing valve seat

Lapping compound

400065

Coating valve with lapping compound

69



ENGINE PROPER

(b) Using a valve lapper, lap the valve
in the seat. To lap, press the valve
against the seat, then raise the
valve off the seat, rotating it only
a part of turn to a new position.

(c)

(d)

Wash off the compound with diesel

fuel.

Coat the valve face with engine oil,
and again lap the valve.

(e) Check the valve face for contact.

Valve springs

Measuring squareness and free length

If the squareness or free length exceeds
the Service limit, replace the spring.

Unit: mm (in.)

It Assembly Service
em standard limit
3 48.85 47.60
> | Freelength (1.9232) (1.8740)
[ 15
& | Squareness deg maximum
2
S [ Test force/length | 19£1(42£22) |15 33)
E | under test force (186 +9.8]/43 | [147]/
2 | kef (bON]) /mm | (1.69) 43 (1.69)
= | (in.)
56.40 55.00
Free length (2.2205) (2.1654)
=0 | Squareness 2,
£ deg maximum
B Test force/ 23912 21.2
o |3 lengtfh under | (527 +2.6) (46.7)
|5 {(ﬁ:f (%TN] | [234t] 1.8]/ | [208]/
s ) 44.(1.73) 44(1.73)
2 40.8 39.8
% Free length (1.606) (1.567)
= 8o | Squareness 1.5,
S | deg maximum
& | Test force/
€ | length under | 6+0.3(13£0.7) ?f:,ﬂo)
= | test force [59£29]/36.5 | 365
kef (b[NI/ | (1.437) (1.437)
mm (in.)

401334

Free
length

Squareness

e

(@

/

A

g
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Cylinder head
Measuring gasketed surface warpage
Measure warpage with a straightedge and
a feeler gauge. If the warpage exceeds
the Repair limit, reface the gasketed
surface with a surface grinder.

Unit: mm (in.)

Assembly Repair
ltem standard limit
Cylinder head gasketed (0%830) 0.20
surface warpage maximum | (0-0079)

Combustion jets [SE-/SE2-series]
Replacing combustion jets

(a) Replace the jets only when they are
cracked. To remove, insert a round
rod of about 6 mm (0.24 in.) diameter
into the glow plug hole, and give
light blows to the periphery of the
ject through the rod.

(b) To install, align the spray hole of the
jet with the center line of eylinder.

Valve pushrods

If the runout exceeds the Assembly

standard, replace the pushrods.

Unit: mm (in.)

Item | Assembly standard
0.4 (0.016),
Valve pushrod runout maximum

ENGINE PROPER

3
670067
Measuring cylinder head gasketed surface warpage

¢

!

BNN 670066
Removing combustion jet

Center line of cylinder

Combustion jet

Inlet Exhaust

670077
Installing combustion jet
)
-
| I_L_I
400069

Measuring pushrod runout
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1.3 Reassembly

3§ 000
6
@ \ \ \\>_X\r\\ < TNy AT @ ‘
® 70 ® 00| |
[ ]
_gr_qz z = ?T;ll\ - @ \
Q. L | l

—H : | : 17

I 9 e |

® /
= - / | 74

401336

Reassembling sequence

0-B-8-8-0-0-0—-0-8—-0-0
a@—»@—»@—»—»@—>_’®_’©_’®_’®_’®—’@—’®
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(1) Installing valve stem seals
After installing the stem seal to the Stem seal PR
valve guide, make sure that the seal is
properly fitted in the groove of the

guide.
/\[cauTion)

Do not apply any oil or sealant to
the mating face of stem seal that
comes in contact with the valve
guide. When installing the stem seal,
coat the seal rubbing surface of the
stem with engine oil to insure initial
lubrication of the stem seal lip.

Valve guide

SN S N NS

670080

(2) Installing valves and valve springs

(a) Install the valve spring and retainer
to the valve guide. Using valve
spring pusher (A) (30691-04500),
install the valve cotters.

In case of the double spring
(comprising inner and outer springs),
install the outer spring with its
smaller-coil-pitch end on the eylinder
head side.

401326

(b) Using a soft hammer, give light
blows to the valve stem top
several times to make sure that
the spring and valve cotter are
properly installed.

401337
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(3) Installing cylinder head

(a) Screw two guide bolts into the
crankcase to hold the gasket in
place.

(b) Place the cylinder head on the
crankcase as guided by the two
guide bolts. Apply engine oil to the
threads of eylinder head bolts, and
insert the bolts into the head.

401338

/\(cauTion

Do not apply any sealant to the
cylinder head bolts.

(¢) Tighten the cylinder head bolts to
the specified torque in the
sequence shown.

[S2E, S2E2]

Front side ¢33

. No. of bolts: 9

S2E, S2E2

[S4E, S4E2]

{“"’E/ﬁ”' 5 13®
9, ®% o %

NN

Front side {3

S4E, S4E2,S4F : No.of bolts: 17

Front side 2

S3E, S3E2, S3F
S6E, S6E2, S6F :

[S4F] = . =

12 4 5 13

. © e o e ®
Front side {3 gs 8 1 5’-9?17
15° 11é"‘\'f7 3&2 £&~O .'MJ/

74

[S3E, S3E2, S6E, S6E2]

No. of bolts: 13
No. of bolts: 13 x2

[S3F, S6F]

Front side 6_5 (j__b
111® 72 9, -8, 9,

Unit: kgf-m(Ibf-ft) [N-m]

Tightening (g f 2)5
torque (118 5]
401339

e ———




(4) Reassembling rocker shafts
The rocker arms for inlet valves are
different in dimension from those for

exhaust valves. After installing the
arms, make sure that they move freely.

(5) Installing rocker shaft assemblies
Tighten the long bolt and short bolt in

that order (by following reverse of
loosening order).

(6) Adjusting valve clearance

Refer to 1.1, Group No. 5.

ENGINE PROPER

24.5 mm (0.965 in.)

Exhaust

22.5 mm (0.886 in.)

Inlet
670364
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2.

2.1

FLYWHEEL, TIMING GEARS AND CAMSHAFT

Disassembly

Worn, damaged or
deteriorated lip

Scratching, abnormail wear,
cracks, defective ring gear

Spalling, abnormal contact, pitting,
defective keyway, abnormally worn bushing

Worn, damaged or
deteriorated lip

Cracks, defective
dowel pin holes

5
401341
Wear on cam
contact surfaces
401342

76

Q@ Flywheel

@ Flywheel housing
@ 0il seal

@ 0il pan

® 0il pump

® Crankshaft pulley

Timing gear case
0il seal

@® Deflector plate
(0 Thrust plate

@ Idler

@ Camshaft gear
@ Thrust plate
Camshaft

@ Tappet

Front plate

A — e e



(1) Removing flywheel

(a) Unscrew the flywheel mounting
bolts.

(b) Secrew the jacking bolts into the
holes provided in the flywheel

uniformly, and remove the flywheel.

(2) Removing flywheel housing

Unscrew the hoixsing mounting bolts,
and remove the housing.

(8) Removing oil pan and oil- pump

Unscrew the oil pan mounting bolts, and
remove the oil pan. Then, remove the
oil pump by unserewing its bolt. (Refer
to 2, Group No. 6.)

(4) Removing timing gear case

Remove the crankshaft pulley and
timing gear case.

ENGINE PROPER

401343

401344
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(5) Measuring backlash and end play

Measure the backlash and end play on
each gear to obtain the data for parts
replacement. (Refer to 2.2, Group No.
7.)

(6) Removing timing gears

Be sure to align the timing marks for
each pair of gears before removing or
installing the gears.

(7) Removing idler

Remove the idler by turning it in the
direction of helix of gear teeth.

(8) Removing camshaft

Position the camshaft gear so that its
two jacking bolt holes come to top and
bottom. Using socket A (34491-00300),
unserew the thrust plate bolts, and
remove the camshaft from the
crankecase.

After removing the camshaft, remove
the tappets.

78
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(9) Removing camshaft gear

Using a puller, remove the gear from
the camshaft. Now, the thrust plate can
be removed.

(NOTE]

It is not necessary to remove
camshaft gear unless camshaft gear
or thrust plate is detective.

(10) Removing front plate

Unscrew two front plate mounting bolts,
and remove the plate from the
crankease.

2.2 Inspection and repair
Camshaft and camshaft bushings
(1) Measuring camshaft end play

If the end play exceeds the Repair
limit, replace the thrust plate.

Unit: mm (in.)

Assembly Repair
ltem standard limit 401751
0.050 — 0.112 0.300 Measuring camshaft end play
Camshaft end play | (4 00197 — 0.00441)|(0.01181)
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(2) Measuring cam lift

Using a micrometer, measure the cam
lift. If it exceeds the Service limit,
replace the camshaft.

Unit: mm (in.)

670438

+0.004

haust|(} 821 1070012

Assembly | Service
Item standard limit
D
- 46916°03 1D, =Dy | D=y
nie 10,004+ | = 6.684 [=6.184
SE (1.8470870:015) | (0.26315) | (0.24346)
SE2 ok | Do D, ~D, |Dy—D
ed +0.1 — s 1 — 2
med | 45.944703 | 29344 | =6.844
& £ (1.8088270:00%) 1 (0.28913) | (0:26945)
— haust =3
& D
< 46"9'1 l-—‘*D.l D, -D; |D; - D,
Inlet J1_03  |=6689 |=6.189
(1.846890:004)| (0.26335) | (0.24366)
SF
D1 cg#01 |Dy =Dy |Dy—Dy
Ex- 4003 1=7344 |=6.844

(0.28913) | (0.26945)

(3) Measuring camshaft runout

If the runout exceeds the Repair limit,
straighten the camshaft by means of a
press, or replace it with a new one.

the runout.

NG

Set up a dial gauge on the camshaft,
and turn the camshaft.
half (1/2) of the gauge indication as

Take one

Unit: mm (in.)

Assembly Repair
Item standard limit
amshaft runout 0.0008), :
maximum (0.0020)

Measuring cam lift

401752

Measuring camshaft runout
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(4) Measuring camshaft journal diameter

If the journals exceed the Service limit,
replace the camshaft bushings.

Unit: mm (in.)

Assembly Service
Item standard limit
No. 1| 53.96—53.94 53.90
2-cylinder | | (2.1244 — 2.1236) | (2.1220)
engines No.2 | .52.96 — 52.94 52.90
*“1(2.0850 — 2.0842) | (2.0827)
No.1,[ 53.96—53.94 53.90
3-/4- 2 (2.1244 — 2.1236) | (2.1220)
cylinder

engines No 31/, 52.96 — 52.94 52.90
(2.0850 — 2.0842) | (2.0827)

No.1,| 53.96 — 53.94 53.90
6-cylinder | 2,3 (2.1244 — 2.1236) | (2.1220)

Camshaft journal diameter

engines No. 4 52.96 — 52.94 52.90
-7 1(2.0850 — 2.0842) | (2.0827)
0.15 e
Camshaft journal-to- 0.04 — 0.09 (0.0059) O
bushing clearance (0.0016 — 0.0035) | (Repair .
limit) 401753

Measuring camshaft bushing inside diameter

(5) Replacing camshaft bushings

To install bushings, align their oil holes o {Fo——
with those from oil gallery and drive
bushings in. Removal
NN

Installation 401754

Replacing camshaft bushing

Bad Bad

400068

Tappets
(1) Inspection
Check the cam contact face of each

tappet for abnormal wear, and replace
it if necessary.

Good

Cam contact face of tappet
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(2) Measuring tappet-to-guide clearance

If the clearance exceeds the Assembly
standard, replace the tappet.

Unit: mm (in.)

Assembly Repair | Service
Item standard limit limit

22.000

Tappet hole - 22.021 22.100

diameter (0.86614 (0.87008)
—0.86697)
0.035

Tappet-to-guide —0.086 0.12

clearance (0.00138 | (0.0047)
—0.00339)

Timing gears
Measuring backlash

Set up a dial gauge so that it contacts
the piteh circle of the gear, and move
one gear back and forth to measure the
backlash between the gears. If the
backlash exceeds the Repair limit,
replace the gears.

Unit: mm (in.)

Assembly Repair

Item standard limit

D 0.03 -0.17 0.25
Timing gear backlash | 4 0917 _ 0.0067) | (0.0098)

Idler, idler bushing and idler shaft

(1) Measuring idler end play
Measure the end play with a feeler
gauge or dial gauge. If the end play
exceeds the Repair limit, replace the
thrust plate.

Unit: mm (in.)

Assembly Repair
Item standard limit
0-0.10 0.35
Idier end play (0 —0.0039) | (0.0138)

401200 401532

Measuring tappet and guide

401347

401755
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(2) Measuring idler bushing  inside
diameter and idler shaft diameter

If the idler shaft-to-bushing clearance
exceeds the Standard clearance, replace
the bushing.

Unit: mm (in.)

Nominal | Standard Repair
Item value clearance limit
36 0.025
Idler shaft-to- 142) | = 0.075 0.100
bushing clearance [D{a m.] (0.00098 | (0.00394)
[ —0.00295)

ENGINE PROPER

401756

Measuring idler shaft and bushing

(3) Replacing idler bushing

When installing the bushing, press it in
until its end face is flush with that of

gear boss.

(4) Replacing idler shaft

To remove the idler shaft for
replacement, use idler shaft puller (A)
(34491-02300).

Flywheel and ring gear
(1) Measuring flywheel flatness

Set the flywheel on the surface plate
and, measure the flatness of the
friction surface by moving a dial gauge
on and along that surface. If the
flatness exceeds the Repair limit,
refinish the friction surface.

Removal Installation 4091757

Replacing idler bushing

//III>}I\
rmmmm
g_’/_/l"/

TR

670089

401758

Measuring flywheel flatness
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(2) Measuring flywheel runout

Wwith the flywheel installed on the
engine, measure its runout. If the
runout exceeds the Assembly standard,
check for improper installation or
foreign matter lodged in the mounting
face.

Unit: mm (in.)

Assembly Repair
ltem standard limit
Flatness 0.15 (0.0059), 0.50
Runout maximum (0.020)

(3) Replacing ring gear

Check the ring gear for broken teeth,
corrosive wear or other defects, and
replace the gear if defective. To
remove, proceed as follows:

(Removal)

(a) Heat the ring gear uniformly with
an acetylene torch.

(b) Using a bar, give light hammer
blows to the periphery of ring
gear.

(Installation)

Heat a replacement ring gear up to
about 100°C (212°F) in a piston heater,
and press the gear onto the flywheel
with its unchamfered teeth foremost.

Crankshaft pulley
Inspecting V-belt groove

Inspect the groove for wear. Wrap a
new belt around the pulley, pressing it
in the groove as far as it goes, and
see if the top surface of the belt is
above the top of the pulley.

401759

Measuring flywheel runout

400070
Replacing ring gear
1.6 mm (1/16 in.),
minimum
400150

Inspecting V-belt groove in crankshaft pulley




If the top surface of the belt is
uniformly above the top of the pulley
all the way around, it is not necessary
to replace the pulley.

If the top surface of the belt sinks
into the groove more than 1.6 mm (1/16
in.), replace the pulley.

ENGINE PROPER
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2.3 Reassembly

670094
670012
Section A B-C
®
1
O
) j_O 7
’_ =
yﬂ””)&“ )
J AR S L(
( )
Ll
SectionCBD J
670095 / AD
® 3 ) 1
401760
Reassembling sequence

®-B-0—-0-0~-0-D~0—-0-@®-0—~0
O-@— &— a—




(1) Installing camshaft gear and thrust
plate

Heat the gear for installation. Have the
thrust plate installed in advance.

(2) Installing camshaft

Carefully insert the camshaft into the
crankcase.

(3) Installing idler
Install the idler while aligning the

timing marks each pair of gears, and
install the thrust plate with bolt.

(4) Installing oil seal

To install the oil seal, use the
installer.

ENGINE PROPER

als

Thrust plate

Camshaft gear

3.5 kgf-m
(25.3 Ibf-ft)
{34.3 N.m]

1.8 kgf'm
(13 Ibf ft)

[17.7 N-m] ’

400456
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(5) Inspecting and adjusting timing gears
after installation.

After installing the timing gears, be
sure to inspect and adjust them as
follows:

(Inspecting timing gear backlash and end
play)

After installing the timing gears,
inspect the backlash between the gears
in mesh and the end play of each gear.
(Refer to 2.2, Group No. 7.)

(Inspecting valve timing)

It is not necessary to inspect the valve
timing, provided that all matching
marks on the timing gears are aligned.
Inspect the timing for verification as
follows:

Using a 3 mm (0.12 in.) thick smooth
steel plate, add 3 mm (0.12 in.)
clearance to the inlet and exhaust
valves of No. 1 cylinder. Then, insert a
0.05 mm (0.0020 in.) feeler gauge into
between the top of valve cap and
rocker, and slowly turn the crankshaft,
trying to find a position where the
feeler gauge is firmly gripped (the
valve starts opening) and a position
where the gauge is just ungripped (the
valve starts closing). Check to make
sure that these positions coincide with
the angular positions shown in the
.valve timing diagram with 3 mm (0.12
in.) clearance added to valves.

\k/;l’ - 401347

type: 74°)  ppc.

401762

SE-, SE2-series valve timing diagram

T.D.C. . ANR®
& (High-speed type: 20°)
Direction of
rotation
Exhaust Inlet
: [
(High-speed 3 _Z'
type: 157) ‘B.D.C. 401763

SE-, SE2-series valve timing diagram with
3 mm (0.12 in.) clearance added to valves

T.D.C.
10°10°

Direction of
rotation

B.D.C. 401765

SF-series valve timing diagram
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T.D.C.
Direction of 4
rotation _
t Exhaust Inlet
12°\9
B.D.C. 401764

SF-series valve timing diagram with
3 mm (0.12 in.) clearance added to valves
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3. PISTONS, CONNECTING RODS, CRANKSHAFT AND CRANKCASE

3.1 Disassembly

®
[Fe]_©

®\Q
lVear, clogged oil holﬂ

—

Scratches, flaking
metal-to-metal
contact

-

==

=

T~

Scratches, cracks, wear,
carbon deposit on outside

‘ Wear, scratches, rust

7 Scale deposit,
z corrosion, damage

Scratches, cracks, pitting,
clogged oil hole, wear

Clogged oil hole

rChipping, abnormal weﬂ

Scratches, flaking
metal-to-metal
contact

® Nut

® Connecting rod cap

® Connecting rod bearing
@ Top compression ring
Second compression ring
® Oil ring

@ Snap ring

90
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Piston pin @ Main bearing (lower shell)
@ Piston Crankshaft

Connecting rod @ Main bearing (upper shell)
@) Bearing cap bolt Check valve (w/turbocharger)

@ Main bearing cap Crankcase
@9 Side seal

Thrust plate




(1) Removing connecting rod caps

(a) Unscrew the nuts securing the cap.
Give hammer blows to the bolts
squarely and evenly and, after the
cap comes off the reamer bolt,
take off the cap.

(b) Mark the removed connecting rod
bearings for identification of
cylinder numbers and kinds, upper
shells and lower shells.

(2) Preparatory step for removing pistons
(a) Lay the crankcase on its side.

(b) Remove all carbon deposits from the
upper areas of cylinder sleeves
with cloth or oil paper. Carbon
deposits, if any, will make it
difficult to pull the pistons upward.

(3) Removing pistons

Bring the piston assembly (from which
the connecting rod eap has been
removed) to top dead center position.
Put the hammer handle to the big end
of the rod, and push the assembly off
the crankecase.

(4) Removing piston rings

To remove the rings, use piston ring
pliers (A) (31391-12900).

ENGINE PROPER

401767

401768

401769

670101
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(5) Removing piston pin

(a) Using snap ring pliers, remove the
snap rings.

(b) Remove the piston pin, and separate

the piston from the connecting rod.

(e) If it is difficult to pull out the pin,
heat the piston in a piston heater
or hot water to expand the pin
bore.

(6) Removing main bearing caps

Unserew the bolts securing the cap, and
remove the cap complete with main
bearing™To remove the front and rear
main bearings, use a puller.

INCTD

When removing the caps, be careful
not to damage the bearings. After
removing the caps and bearings, mark
each combination for its location so
that it is installed to the same
crankshaft journal as before at the
time of reassembly.

(7) Removing crankshaft

Slowly lift the crankshaft off the

crankcase.

3.2 Inspection and repair

Crankcase and cylinder sleeves

(1) Measuring warpage of crankecase
gasketed surface
Measure the warpage with a

straightedge and feeler gauge. If the
warpage exceeds the Assembly standard,

grind the surface with a surface
grinder. Grind the crankcase only
enough to remove the warpage.

Unit: mm (in.)

Assembly Repair

Item standard limit

Warpage of crank- 0.05 (0.0020), 0.20
case gasketed surface | maximum (0.0079)
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401772

670102
Measuring crankcase gasketed surface




(2) Measuring cylinder sleeve inside
diameter

(a)

Measure the sleeve in two
directions, parallel and transverse
to the crankshaft, at three
positions, top (ridged area), middle
and bottom as shown.

Unit: mm (in.)

ENGINE PROPER

——11 mm (0.43 in.)
@ [—60 mm (2.36 in.)
105 mm (4.13 in.)

670103

Cylinder
sleeve —3.70216)
inside 98.000

ltem Assembly Repair Service
standard limit limit
94.000

g | =94.035 94.200 | 95.200
(3.70078 | (3.70865) | (3.74802)

diameter| g7 | _ 98.035 98.200 | 99.200

SF | (3.85826 (3.86613)| (3.90550)

— 3.85964)
Out of round 1212)131,1 um
| 005
(b) If the inside diameter reaches the

(c)

(@

Repair limit within the Service
limit, bore the sleeve to the
specified oversize.

Hone the sleeve to +0.25 mm
(+0.0098 in.) or +0.5 mm (+0.0197
in.) oversize accurate within 0 to
0.035 mm (0.00138 in.). Use the
piston and piston rings of the same
oversize.

If any sleeve is unevenly worn,
determine the oversize on the basis
of the maximum wear noted to
ensure perfect roundness in the
oversized bore,

Measuring cylinder sleeve diameter
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(a) Refinish all sleeves to the same -
oversize.

(b) If the sleeve is found in good
condition, with the wear far less
than the Repair limit, replace
the piston rings, and ream off
nridge" at the top of the sleeve.
Hone the bore if necessary.

670104

Ridge-reaming cylinder sleeve

(3) Replacing cylinder sleeve
0.5 mm (0.020 in.)

if one sleeve exceeds the Service limit

in inside diameter or it is defective, i |
with the other sleeves in good i @ :
condition, replace that sleeve only. RN
ﬂ‘
(Removing cylinder sleeve) , .
/, \ 401197

[

b
.

S I N . L N Y

<
A

(a) Set up a boring machine on the
crankecase by aligning it with the
center of the less-worn area of the
sleeve at the bottom. Removing cylinder sleeve (1)

(b) Bore the sleeve until its stock
thickness is about 0.5 mm (0.02
in.). '

(c) Break and remove the sleeve, being
careful not to damage the inside

surface of the crankcase. Wi
(Installing a new cylinder sleeve) a
(a) Use cylinder  sleeve installer ) Removing cylinder sleeve (2)

(34491-00100 for SE-series,
34491-02100 for SE2-/SF-series).

401198

(b) Press the sleeve into the crankcase,
leaving a protrusion of 0.3 to 0.5
mm (0.012 to 0.020 in.) at the top.
Then make it flush with the
crankcase top.

() Bore and hone the sleeve to 94*8-035
mm (3.70“‘8'00138 in.) for SE-series or
9870035 mm  (3.86 *000138 in.)  for

SE2-/SE-series. Installing cylinder sleeve
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Pistons and piston rings
(1) Measuring piston diameter

(a) Using a micrometer, measure each
piston in the direction transverse
to the piston pin. If the diameter
exceeds the Service limit, replace
the piston. If any pistons have to
be replaced, select new pistons so
that the variance in weight among
pistons per engine is within the

401774

Assembly standard. Measuring piston diameter

Unit: mm (in.)

Assembly Service
Item standard limit [
93.875 — 93.845 | 93.660
Standard} (30586  3.69468)((3.68739)

Piston weight ' -
(0%(2)38) 94.125 — 94.095 | 93.910 ston weigh Piston weight
sE | ©:0°8)1 (370570 - 3.70452)|(3.69724)
0.50
: 94.375 — 94.345 | 94.160
(0.0197) - ‘
oD | (3.71554 — 3.71436)|(3.70708) .
Standard | 97:875 —97.845 | 97.660 [SE-/SE2-series] [SF-series] 0.
b andart| (3.85334 — 3.85216)|(3.84487) : : :
2 Piston weight marking
E (0%(2)38) 98.125 — 98.095 | 97.910
S | SE2 | Grarsze | (386318 — 3.86200)|(3.85472)
2 0.50
= : 98.375 — 98.345 | 98.160
a (00197) (3.87302 — 3.87184)|(3.86456)
oversize
97.975 —97.945 | 97.760
Standard| 3'65778 — 3.85609)|(3.84881)
(0%338) 98.225 — 98.195 | 98.010
st | 00081 (386712 — 3.86594)(3.85865)
(0%f87) 98.475 — 98.445 | 98.260
0 )| (387696 — 3.87578)((3.86850)
Variance in weight +3 (20.1)

per engine gram (0z)

(b) Piston weight is stamped on the top
of each piston.
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(2) Measuring piston ring end gap

Place the ring in a new or master
sleeve, and measure the gap. If the gap
exceeds the Service limit, replace all
rings as a set.

Inside diameter of master eylinder
sleeve:

94 +8-035 mm (3.70*8'00138in.)[SE-series]
401776

98 "g-035 mm (3.86"8-00138 in.)[SE2-/SF-series] Measuring piston ring end gap

Place the piston ring in the master
sleeve by pushing it squarely with
the use of piston.

Unit: mm (in.)

Assembly Service
Item standard limit
0.30 — 0.50 1.50

Piston ringend 82P | (00118 — 0.0197) | (0.0591)

(3) Measuring piston ring side clearance

Insert new piston rings into the ring
grooves in the piston, and measure the
clearance of each ring with a feeler
gauge and straightedge as shown.

oi |SE | ©157) | (0.00098 |(0.00591)
—0.00236)

Unit: mm (in.)
Item Nominal | Assembly Repair
value standard limit
0.030 400050
2| No. 1 rin 2.5 | —0070 0.200
s : 8 (0.098) | (0.00118 (0.00787) Measuring piston ring side clearance
8 — 0.00276)
[
) . 2.0
= | No.2ring :
A (0.079) 0.025
g 4.0 —0.060 0.150
g
2

ring | SE2 45
SF 0.177)
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(4) Measuring piston pin and hole
diameters

If the Repair limit is reached, replace
the piston pin. If it is exceeded,
replace the piston.

ENGINE PROPER

]
.

Unit: mm (in.)
Assembly Repair
Item standard limit

SE 28.000 — 27.984
Piston pin | SE2 | (1.10236 — 1.10173)

]
y N
IS
I 401206

diameter | 32.000 — 31.984

(1.25984 — 1.25921)
Piston pin-to-hole 0 - 0.016 0.050
clearance (0 —0.00063) |(0.00197)

(5) Measuring piston protrusion

Measure protrusion of each piston and,
if it is not within the Assembly
standard, inspect the various parts for
clearance.

(a) Determine the top dead center of
piston with a dial gauge.

(b) Set up the dial gauge at the top of
crankcase, and set the gauge
pointer to zero (0).

(¢) Measure the protrusion at three
places on the piston head, and
average the three measurements to
determine the protrusion. Subtract
the protrusion from the
"as-installed" thickness of eylinder
head gasket to determine the
clearance between the piston top
and eylinder head.

Unit: mm (in.)
Item Assembly standard
SE 0.35-0.75
SE2 (0.0138 — 0.0295)
Piston protrusion -
SF 0.65 — 1.05
(0.0256 — 0.0413)
*“As-installed” thickness of 1.6 £ 0.15
cylinder head gasket (0.063 £ 0.0059)

Measuring piston pin and hole

%

S\
@ o

Measuring piston protrusion
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INCTED

Keeping the piston protrusion within
the Assembly standard is important
not only for engine performance but
also for prevention of interference of
the valve with the piston.

Connecting rods, connecting rod bearings
and small-end bushings

(1) Measuring conneeting rod bearing-to-
crankpin clearance

Measure the crankpin diameter and
bearing inside diameter to determine
the clearance between the two. If the
clearance exceeds the Repair limit,
replace the bearing. If the crankpin is
worn excessively or unevenly, grind the
crankpin, and use undersize bearing.

The two bearing undersizes are -0.25
mm (-0.0098 in.) and -0.50 mm (-0.0197 Measuring connecting rod bearing
in.). inside diameter

! NOTE l

To measure the bearing inside
diameter, install upper and lower
shells to the connecting rod properly,
and tighten the cap Dolts to the
specified torque.

Unit: mm (in.)

Assembly Repair
Item standard limit
58 0083 0.20
Crankpin diameter Z0.00138y  |(—0.0
(2.28 -0.00217) ( 0.0079)
Connecting rod 0.035 - 0.100 0.200
bearing-to-crankpin (0.00138 — 0.00394) (0.00787)
clearance
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bushing inside diameter to determine
the clearance between the two. If the
clearance exceeds the Repair limit,
replace the pin or bushing whichever is
badly worn.

(2) Measuring connecting rod bushing-to-
piston pin clearance
Measure the piston pin diameter and
N
@)

Unit: mm (in.)

401779

Assembly Repair
standard limit Measuring connecting rod bushing

, _ SE | 28.045 - 28.020 inside diameter
Piston pin SE2 | (1.10413 - 1.10315)
bushing inside
diameter SF | 32048 - 32,020
(1.26173 — 1.26063)

Item

Connecting rod 0.020 — 0.051 0.080

bushing-to-piston
Pioledfance (0.00079 - 0.00201) (0.00315)

(3) Replacing connecting rod bushing

() To remove the bushing  for
replacement, use a connecting rod
bushing puller as shown.

(b) Aligne the oil holes in the bushing
and connecting rod.

(¢) Press the bushing from the

chamfered side of connecting rod. Align oil holes

670129

(d) After installing the bushing, insert Installing connecting rod bushing
the piston pin to make sure that
the pin rotates freely.

(4) Inspecting connecting rods for bend
and twist

(8) Measure "C" and "L" If the
measurement at "C" is larger than
0.05 mm (0.0020 in.) per 100 mm
(3.9 in.) of "g" straighten the rod
with a press.

Unit: mm (in.) Bend
Assembly Repair
Item standard limit I 400110
nspecting connecting rod
Connec_:ting rod bend ?0005(4;8?3 9) 0.15
and twist maximum (0.0059)
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(b) For inspecting connecting rod for
bend and twist, the connecting rod
aligner is generally used.

To inspect for bend, install the
bearing cap to connecting rod, and
tighten the cap bolts to the specified
torque.

i

401780

(¢) To inspect the rod installed to the
piston, place the piston on a
surface plate, insert a round bar
corresponding to the erankpin in
diameter into the big end bore, and
measure the heights "A" and "B" of
the bar.

401781
_ Inspecting connecting rod installed to piston

(5) Inspecting connecting rod bearings

Inspect each bearing shell for wiped
overlay, scratching, burning, pitting and
other defects. If any of these defects

is present, replace the shell. Wiped
. overlay

Scratching 3

//////,)\ﬂ&

Burning

400112
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(6) Measuring connecting rod end paly

Install the connecting rod to the mating
crankpin, and tighten its cap to the
specified torque. Then, using a feeler
gauge, measure the end play. If the end
play exceeds the Service limit, replace
the connecting rod.

Unit: mm (in.)

ENGINE PROPER

670429

Item Nominal Standard Service
value clearance limit
Connecting rod 0.15
end play {widths 40 —0.35 0.50

of connecting rod| (1.57) (0.0059 (0.0197)

and crankpin] —0.0138)

(7) Variance in weight among connecting
rods per engine

When replacing connecting rods, make
sure that the variance in weight among
connecting rods per engine is within
the Assembly standard shown below.

Unit: mm (in.)

Measuring connecting rod end play

Item Assembly standard
Variance in weight per 15 g(20.2 0z),
engine maximum

Matching marks

Stamped weight rank letter 401782

Crankshaft
(1) Measuring journal diameter

Using a micrometer, measure the journal
in two positions, 1 and 2, and in two
directions, A and B, to determine the
wear, out of round and taper. If any of
the Repair limits is exceeded, regrind
the journal to the undersize or replace
the crankshaft.

Unit: mm (in.)

P

670112

Tte Assembly Repair Service
m standard limit limit
-0.
Dis- | 750:02 —0.15 | -0.90
Crank- | meter (2.95 :8-88%(2)) (-0.0059) (-0.0354)
shaft
jour- [ Qut of 0.01

nals | round (0.0004), 0.3

Taper | Maximum (0.0012)

Measuring crankshaft journals
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(2) Measuring crankpin diameter

Using a micrometer, measure the
crankpin in two positions, 1 and 2, and
in two directions, A and B, to
determine the war, out of round and
taper. If any of the Repair limits is
exceeded, regrind the crankpin to the

undersize or replace the crankshaft.

Unit: mm (in.)

670113

Assembly Repair
Item standard limit
5 -0.035 0.20
Diameter -0.055 PR '
0.00138 —-0.0079
(2'28 —0.00217) ( )
Crankpi
kpins Out of 0.01 0.03
round .
| oo | oo
Taper

(3) Grinding crankshaft

If the erankshaft is ground to any of
the undersizes and refinished to a
dimension whieh is 0.100 to 0.120 mm
(0.00394 to 0.00472 in.) smaller than
the undersize, it is not necessary to

check the bearing contact pattern.

Crankshaft grinding dimensions

Unit: mm (in.)

Undersize Refinishing dimension
0.25 74.65 — 74.63
Crankshaft (0.0098) (2.9390 — 2.9382)
journal 0.50 74.40 — 74.38
(0.0197) (2.9291 — 2.9283)
0.25 57.65 — 57.63
) (0.0098) (2.2697 — 2.2689)
Crankpin
0.50 57.40 — 57.38
(0.0197) (2.2598 — 2.2591)
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When grinding the journals and
crankpins, be sure to produce the same
fillet radius as the original one. They
should have a hardness of 620 or more
in terms of Vickers Hardness Number. If
necessary, reharden the journals and
crankpins, and inspect them for eracks
by conducting a magnalux (magnetic
particle) test.

(4) Measuring crankshaft end play

Install the thrust plates in position, and
secure the main bearing caps. Under
this condition, measure the end play
(the end clearance of thrust plates in
the journal). If the end play exceeds
the Assembly standard, replace the
thrust plates.

Unit: mm (in.)

ENGINE PROPER

401783

It Nominal | Assembly Repair
em value standard limit
0.100
Crankshaft end 37 —0.264 0.300
play (1.46) (0.00394 | (0.01181)
—0.01039)

Measuring crankshaft end play

(5) Measuring crankshaft runout

Support the crankshaft on its front and
rear journals in V-bloecks, and measure
the runout at the center journal, using
a dial gauge. Depending on the amount
of runout, repair the ecrankshaft by
grinding or straightening with a press.
If the runout exceeds the Repair limit,
replace the crankshaft.

Unit: mm (in.)

Assembly Repair
Item standard limit
0.02 (0.0008), | 005
Crankshaft runout maximum (0.0020)

(6) Replacing crankshaft gear

(a) Using gear puller, remove the gear
from the crankshaft.

670111

Measuring crankshaft runout

401784

Replacing crankshaft gear
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Do not remove the gear by driving
with a hammer.

(b) To install, heat the gear up to

about 100°C (212°F) with the

heater. Place the new gear on the

crankshaft by aligning the key with {ff‘g;;‘ﬁg’,‘l‘ggm \

the noteh of the gear and give

light blows of a copper hammer to

the end face of the gear. 2 r
N

(1) Replacing rear oil seal

If the seal shows a sign of oil leaks, /
replace it with a replacement oil seal .
with sleeve. -

To install the sleeve, apply oil to the
inside surface of the sleeve, and drive
it onto the erankshaft, using crankshaft
sleeve installer (A) (30691-13010), as
shown.

® 401786
Replacing rear oil seal

Main bearings

(1) Inspection

Inspect each bearing shell for abnormal
contact, seratching, corrosion, wiped
overlay and other defects. Also check
for a sign of poor seating in the bore
of the crankecase or bearing cap.

Scratching, corrosion,
wiped overlay

400204
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(2) Measuring main bearing clearance

Fit the bearing shells to the crankcase
and bearing cap, and tighten the ecap
bolts to the specified torque. Measure
the inside diameter of the bearing in
two positions, front and back along the
longitudinal axis of crankshaft, in the
criss-cross  directions  to take an
average. Obtain the difference
between the journal diameter and this
inside  diameter to determine the
clearance.

401789

Unit: mm (in.) Measuring main bearing inside diameter
Assembly Repair
Item standard limit
Main bearing-to- 0.050-0115 0.200
journal clearance (0.00197 - 0.00453) (0.00787)

(3) Replacing main bearings

If the clearance exceeds the Repair
limit, replace the bearings, or refinish
the crankshaft and use undersize
bearings, If the ecrankshaft is refinished
in.  compiance with any of the
undersizes, it is not necessary to
inspeet the bearing contact pattern.
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3.3 Reassembly

®
’ /
® ]
© | Q
®
@
L)
® \ A
] o ]
@
4
®
. 0o ® ® B 401787
Reassembling sequence
@—»—»@—»—»—»@—»@—»@—»_,@)_,@;@
@-0-0-0-0-0-®
(1) Install main bearings
(a) Install each upper shell in the ,/
crankcase by fitting its locking lip =)
in the recess. The oil holes in the ?(
shell and crankcase will be aligned \
when the shell is so installed.
\ Il
(b) Apply a thin coat of engine oil to
the inside surface of each shell. \ (
(c) Install the thrust plate in position. 401788

Installing main bearing upper shell
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(2) Installing crankshaft

(8) Wash the crankshaft with cleaning
solvent, and dry it by directing
pressure air.

(b) Hold the erankshaft in horizontal
position, and carefully put it on
the crankease.

(c) Apply a thin coat of engine oil to
the journals of erankshaft.

(3) Installing main bearing caps

(a) Apply engine oil to each lower
shell, and fit it to the bearing cap.

(b) Apply ThreeBond 1105D to the
mating face of the front and rear

caps.

Apply ThreeBond 1105D to only front
and rear caps to which side seals are
to be installed.

(¢) Install the bearing ecaps to the
crankcase, making sure that they
are flush with the crankcase walls
on the front and rear sides.

(@ Coat the side seals with potash
Soapy water, and insert them into
the grooves in each bearing cap.
Using the face of a screwdriver,
push in the seals, bringing their
rounded corners on the outer side
and taking care not to twist the
seals.

(e) Apply ThreeBond 1104 (grey in
color) to the side seal joint,

ENGINE PROPER

401772
Crankcase Bearing cap  Side seal X
Y }!:1
A" | ¥
] ]
="

.
| )

R mark

670138

Apply ThreeBond Coat with potash
soapy water.
T !

401552
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ENGINE PROPER

(4) Installing bearing cap bolts

Apply engine oil to the bolts, and
tighten them to the specified torque.

10.4%0.5 kgf-m
(75.23.6 Ibf-ft)
[102£4.9 N-m] 401700

(5) Measuring crankshaft end play

Install the thrust plates in position, and
secure the main bearing caps. Under
this condition, measure the end play
(the end clearance of thrust plates in
the journal). If the end play exceeds
the Assembly standard, replace the
thrust plates.

Unit: mm (in.)
Assembly Repair
Item standard limit 401791
0.100
Crankshaft end —0.264 0.300
play (0.00394 (0.01181)
—0.01039)

(6) Lay the crankcase on its side

401792
(7) Installing piston rings Up mark
(a) Using piston ring pliers / O ﬁ/%
(31391-12900), install the piston No. 1 compression
rings on the piston. : D) fing i)
No. 2 compression ring
NOTE . @.
| |
Each piston ring is marked "R" on %
the side to be up when installed on No.3 oil ring
the piston. 670131

SE-/SE2-series piston rings
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(b) Install the oil ring with its end gap
positioned at 180° to that of spring
expander. Attach teflon tube to
the expander close to the oil ring
end gap. '

(8) Preparatory steps for installing pistons

Clean the ecylinder sleeve bore surface
with a clean cloth, and apply engine oil
to that surface.

(9) Installing connecting rod bearings and
caps

(a) Insert the bolts into the cap by
settling the flat of bolt head in
place on the cap.

(b) Install the upper shell of the
bearing in the rod by fitting its
locking lip in the groove, and apply
engine oil to the inside surface of
the shell.

ENGINE PROPER

P
No. 1 compression

X

Up mark

N : ring

No. 2 compression ring

No. 3 oil ring

401794

SF-series piston rings

Qng expander |

gap

Spring expander

Teflon tube

Locking lip groove

401796
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ENGINE PROPER

(10) Installing pistons

(a) Apply engine oil to the piston rings,
and reposition the rings by keeping
their end gaps away from the
direction of piston pin and thrust
side.

(b) Bring the crankpin to which the
piston is to be installed to top
dead center position. Using piston
installer (34491-00200 for SE-series,
34491-02200 for SE2-/SF-series),
insert the piston assembly into the
crankcase, with the matching mark
of the conneeting rod on the
camshaft side.

(¢) After resting the big end of
connecting rod on the erankpin,
turn crankshaft by 180°, and install
the cap.

110

Camshaft side

End gap of No. |
compression ring

180°

<\
End gap of No. 2 ¢q
compression ring

”
go© End gap of oil ring

Combustion chamber side 670139

[SE-/SE2-series]

Camshaft side

End gap of No. 1
compression ring

180°

End gap of
oil ring

End gap of
No. 2

compression ring
Combustion chamber side

[SF-series]

60°

401797

670140

[SE-/SE2-series] [SF-series] 401798




(11)
(a)

(b)

Installing connecting rod caps

Install the lower shell of the
bearing in the cap, apply engine oil
to the inside surface of the shell.

Install the cap by tightening the
nuts to the specified torque.

ENGINE PROPER

401799
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INLET & EXHAUST SYSTEMS

1. DESCRIPTION

Turbocharger

401800

9. PAPER-ELEMENT TYPE AIR CLEANER

Disassembly and inspection

Distortion, damage

Deterioration, damage

@
TOP (installation)
mark
\ o Clean element when dust indicator (6) shows
red or every 500 hours.
o Replace element every 1000 hours.
401801
@ Clamp ® Element A-
@cCap ® Dust indicator -
® Baffle scarf @ Cap When removing the air cleaner for
@ Wing nut, gasket ® Air cleaner body servicing, be sure to stop the engine
and cover the air inlet port to
prevent dirt from entering the
engine.

114




3. EXHAUST MANIFOLD
Inspection
(a) Inspect flanges for cracks.
(b) Inspect flanges for warpage. If

the warpage exceeds the Assembly
standard, repair the flanges.

Unit: mm (in.)

Item Assembly standard
Warpage of exhaust 0.2 (0.008),
manifold flanges maximum

INLET & EXHAUST SYSTEMS

670074

Inspecting exhaust manifold flanges for warpage
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LUBRICATION SYSTEM

1. DESCRIPTION

Turbocharger

\\%_iq ':E/Valve mechanism
|
) .

Fuel injection pump

- Piston
Water pump £ QOil filter
=
: - Relief valve
Crankshaft
| __—Oil pump

L(L.,_ QOil strainer

0Oil cooler "’—::"":"“‘Y‘““““ e

,_i :_...._.' L.
{ \

N e ——

401802
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LUBRICATION SYSTEM

2. OIL PUMP

2.1 Disassembly

Worn or broken

gear teeth
@
@
O—€ N
ITT
) N A
401803 For high-speed engine 401804
® Oil pump case cover ® Pump drive gear () Inner rotor
Spacer @ Pin @ Main shaft
® Pin Inner rotor Oil pump case
@ Outer rotor © Outer rotor
® Taper pin Pin

119



LUBRICATION SYSTEM

(1) Removing main shaft
Take off the taper pin, and remove the
drive gear from the main shaft. Then,

pull the main shaft complete with the
inner rotors from the pump case.

(2) Removing inner rotors

Take off the pin, and separate the
inner rotors from the main shaft.

2.2 Inspection and repair

(1) Measuring outer rotor-to-inner rotor
clearance

If the clearance exceeds the Service
limit, replace the outer and inner
rotors as an assembly.

Unit: mm (in.)

Assembly Service
Item standard fimit
0.013
Quter rotor-to- —0.150 0.250
inner rotor clearance (0.00051 (0.00984)
—0.00591)

120

670144

670145

670148

Measuring outer rotor-to-inner rotor clearance




(2) Measuring rotor-to-cover clearance

(end play of rotors)

If the clearance exceeds the Repair
limit, replace the rotors or grind the
mating faces of the case and cover.

LUBRICATION SYSTEM

Unit: mm (in.)

Assembly Repair
Item standard limit
Rotor-to-cover 88%9 0.15
clfearatmce) (end play (0.00 16 © (5059)
of rotors .
- 0.0035)

(3) Measuring outer rotor-

to-pump case

clearance
If the clearance exceeds the Service
limit, replace the rotor or case
whichever is badly worn.
Unit: mm (in.)
Assembly Service
Item standard limit
0.20
Outer rotor-to-pump —0.28 0.50
case clearance (0.0079 (0.0197)
—-0.0110)

670147

L_ 670146!

Measuring rotor-to-cover clearance

(4 Measuring main shaft-to-pump case

clearance

Measuring outer rotor-to-pump case clearance

Measure the diameter of main shaft and
the inside diameter of pump case to
determine the clearance between the
two. If the clearance exceeds the
Service limit, replace the main shaft or
the pump assembly.

Unit: mm (in.)

Item

Assembly
standard

Service
limit

Diameter of main
shaft

13.000

- 12.985
(0.51181
—0.51122)

Main shaft-to-pump
case clearance

0.032

- 0.074
(0.00126
—0.00291)

0.150
(0.00591)

it
I
A

o

e
G| 670149

Measuring main shaft-to-pump case clearance
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LUBRICATION SYSTEM

2.3 Reassembly

[E{ §

©@
vl b s

N
©

®\L : ;)\—‘ - {
N - N

N Hes 8 Tz

-\'D = @ 4t/ 2T

2 4 o)
o~ =0
O
For high-speed engine

401805 401216

Reassembling sequence

@—>®—>—’—'®—'@—'®—'®—’©—'@—>@—>®—’®

(a) When using replacement (new)
main shaft and drive gear at the
time of reassembling the pumb,
drill dowel pin hole in and
through the shaft and gear.

(b) When tightening the cover bolts,
be sure to make sure that the
matching marks on the cover and
case are aligned. A failure to
match the marks will result in Matching marks on pump case and cover
malfunction.

401219
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3. OIL FILTER

Disassembly and inspection

LUBRICATION SYSTEM

Clogged or torn element
Replace element every 500 hours.

Cracks, distortion

670475

1

Apply engine oil to
O-ring when installing
element,

670379

@ Filter element
@ Center screw

4. RELIEF VALVE

Inspection

(1) Check the valve seat for abnormal
contact. Also check the spring for
weakness and breakage.

@ Filter case
@ Relief valve

(2) Measure the relief valve opening
pressure. If it exceeds the Assembly
standard, make an adjustment by
tightening or loosening the adjusting
screw (varying the setting of the

Hydraulic pressure outlet

Adjusting screw
401806

spring).
" Unit: kgf/em? (psi) [MPa]
Item Assembly standard
Relief valve opening (42 3 i g 'g)
pressure [03 0.02]
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LUBRICATION SYSTEM

5. OIL COOLER

Inspection

-

Change gasket.

Cracks

i
|
1

Clogging, rupture, cracks |

Drain plug Ll
|

401807 |
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COOLING SYSTEM

1. DESCRIPITION
Radiator Thermostat
Bypass pipe [S6E, S6E2, S6F]
Water outlet pipe
i
7(’ Water pump
Qil cooler
401808
2. WATER PUMP
2.1 Disassembly
®
1)
b
Q)
® O
W)
Corrosion, feathering
due to rubbing contact,
\ damaged threads
8) l Wear, damage |
Cracks, damage
Rotation
670196
(D Cover @® Oil seal @ Oil seal
@ Impeller @ Snap ring @ Unit seal
(® Nut Shaft @ Case
@ Pump pulley (® Bearing
(® Spacer Bearing

126



(1) Removing impeller

The impeller is right hand-threaded.
To remove the impeller, turn it
counterelockwise (in the direction of
arrow).

(2) Removing shaft

Remove the oil seal and snap ring, and
pull out the shaft complete with
bearings to the pulley side.

2.2 Inspection

(a) Inspect the pump operation by
slowly rotating it. If it is erratic
in rotation, replace the bearings.

(b) Visually inspect the impeller for
corrosion or broken blade. Replace
the impeller if defective. Also
check the impeller for sign of
rubbing contact with the pump case
and rear cover. If such a contact
is evident, replace the impeller and
bearings.

(¢) Inspeet the unit seal for condition.
" Replace the seal if any sign of
leakage is noted during operation.

Unit: mm (in.)

) Assembly Service
Item standard limit
Carbon protrusion © 1(529) 0
Free-state height (02315'3 -_f (]) 04)

COOLING SYSTEM

400136

400139

AN
1.5 mm(0.059 in.) 401809

Unit seal
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COOLING SYSTEM

2.3 Reassembly

4 ®
5 N ®
3 - O
‘ 3.5 kgf'm

> = (25.3 1bf-ft)

[34.3 N-m]
® @
@ ® @ | (€]

™ 6701 ﬂ]

Reassembling sequence NOTE

@—»@—»@—»—»@a—»@a@—»@—{@—»@—»@—»@ After reassembling the pump, operate

it by means of the pulley and belt,
making sure that it runs smoothly
without any sign of rubbing contact
with the pump case or cover.

(1) Installing unit seal

To install the seal, use & unit seal
installer.

Do not reuse a unit seal which has
been removed from the pump case.

(2) Installing oil seal

To install the seal, use an oil seal
installer.

400474
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3. THERMOSTAT

Inspection

Immerse the thermostat in a water
bath, and test it for thermostatic
action by heating the bath to raise the
water temperature. If the valve fails to

COOLING SYSTEM

{mm)

0 7.5 90 (T)
*2 2
Temperature

401810

operate properly, replace the
thermostat.
Unit: mm (in.)
Item Assembly standard
Temperature at which 76.5 £2°C
valve starts opening (169.7 £ 3.6°F)
Temperature at which 90 +2°C

valve opens fully (194 £3.6°F)

Valve stroke 9(0.35)

! NOTE '

Stir the water in the bath with a
stick to maintain its temperature
uniform during test.

4. RADIATOR, FAN AND FAN BELT

Inspection

Distorted or cracked blade

Dirt buildup on fins, scale
deposit and rust formation
in water passage

Charge in length,
deterioration, cracks

401811
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FUEL SYSTEM

1. DESCRIPTION

[SE-/SE2-series) Fuel filter Fuel injection nozzle

Fuel leak-off pipe

D= ‘
~— To fuel tank

<s— From fuel tank

Fuel injection pump

Fuel feed pump 401812

[SF-series] Fuel filter Fuel injection nozzle

ZS
— To fuel tank
2 Check valve
ﬂ
Fuel leak-off pipe <— From fuel tank
Fuel injection pump
Fuel feed pump
401813
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FUEL SYSTEM

2. FUEL FILTER
Inspection

Cartridge type paper-element filter

@______ Air vent plug

Cracks, damaged threads

Apply engine oil
when installing.

Clogged or torn element
Replace every 500 hours.

401814
(DElement assembly @ Bracket
Paper-element filter
Air vent plug ———9
@
3 Clogged or torn element
Replace every 500 hours.
® mm I Replace O-ring. l
4
Tightening @ e Clean case interior,
Tighten more 1/2 Y
turn after O-ring @
comes in contact
with sealing face,
401815

D Ring ®Element

@ Filtercase @ O-ring A
Do not reuse a dirty element by
washing.
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FUEL SYSTEM

3. FUEL INJECTION NOZZLES

3.1 Disassembly

[SE-/SE2-series]

Carbon deposit,
clogged spray hole
401816
@ Retaining nut @ Pressure pin @ Nozzle holder
@ Nozzle tip (®) Spring
(@ Distance piece ® Washer
[SF-series]
Wear
Weakness, out of square
Carbon deposit,
clogged spray hole
401817
(@ Retaining nut @ Tip packing @ Washer
@ Nozzle tip ® Pressure pin ® Nozzle body
® Straight pin ® Pressure spring
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3.2 Inspection and repair

(1) Injection pressure

(a)

(b)

(c)

Set up the nozzle on the tester.
Operate the tester handle several
times to prime the pipe and nozzle.

Slowly operate the handle all the
way up and down, completing each
cycle in about a second, while
observing the pressure gauge
indication.

As the nozzle beings to spray fuel,
the needle of the gauge being
deflected will start oscillating,
Read the pressure right then as
the injection pressure.

Unit: kgf/cm? (psi) [MPa]

Item Assembly standard
120
o SEs (1706
Injection pressure (11.8
(valve opening
pressure) 220 or 180
SF (3128 or 2560)
[21.6 or 17.7]

Never expose the hand or other part
of the body to fuel spray nor to
Ltouch the spray hole during the test.

ATED

(@

If the opressure is out  of
specification, make a shim
adjustment.

Inereasing or

decreasing  shim

FUEL SYSTEM

300542

Testing injection nozzle

L

thickness by 0.1 mm (0.004 in.) raise
or drops injection pressure by about
10 kgf/em4 (142 psi) [0.98 MPal.
Shims  for this. adjustment are
available in 20 sizes, from 1.0 mm
(0.039 in.) up to 1.95 mm (0.0768 in.)
in an increment of 0.05 mm (0.0020
in.)

400221
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FUEL SYSTEM

(2) Spray pattern

(a) At the time of testing the injection
pressure, inspect each nozzle for
clogged spray hole and fuel leaks
from the hole. Also examine spray
pattern.

(b) To test the nozzles for SE- and
SE2-series, move the tester handle
at a rate of about 1 stroke per
second to make sure that it sprays
fuel in good straight pattern.

(¢) The nozzle for SF-series should
spray fuel from its four orifices at
the same time in a good straight
cone of 155°, consisting of finely
atomized fuel particles.

(3) Washing or replacing nozzle tip

(a) Loosen the retaining nut, and
remove the nozzle tip. Wash the
needle valve and body.

INCTD

When pulling out the nozzle tip, be
careful not to damage it.

() Wash the nozzle tip in clean
gasoline. After washing, assemble
the needle valve and body in clean
diesel fuel.

A\ (cauTion]

The needle valve and body are finely
finished. Do not change the
combination or set of the valve and
body.

136

FETTY

Good Large-angle After- Skew Twiggy
spray spray dribble spray spray
401818
Spray patterns of throttle type nozzle
[SE-/SE2-series]

Good Large-angle After- Fissured Whirling
spray spray dribble spray spray
401819

Spray patterns of hole type nozzle
[SF-series]

Needle valve

[SF-series]

[N
Lz

300545

N

e —r——
T =



(c) Tighten the retaining nut to the
specified torque.

(d If the spray pattern is still bad
after the nozzle has been adjusted
and cleaned, replace the nozzle

tip.
A\ [caution]

Never attempt to touch the sliding
surface of needle valve.

New nozzle tips are coated with
vaseline for preservation. Be sure to
wash them two times, first in
gasoline and then in diesel fuel to be
used, before assembling them.

3.3 Reassembly

FUEL SYSTEM

[SE-/SE2-series]
@
® 4—®
20 :
0 ®
®
N
510.5 kgf-m
(36.2 £3.6 Ibf.-ft) s )
[49 £ 4.9 N-m]
670038
Reassembling sequence

O-@-0-@-0-0-0

401820

[SF-series]

)
®
®
®®

3 kef-m ) ®©

(21.7 1bf-ft) §

[29.4 N-m] @

Reassembling sequence

O-D~C~@~ @~~~
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ELECTRICAL SYSTEM

p— y s

1. DESCRIPTION

L |
- Glow plugs Q{Q \
e Alternator f
| S 0.85 - .Starter switch connection E
L. B, ]
0.85
- Alternator not charging '
warning lamp '_._5._._. :
Glow plug indicator Low oil pressure warning lamp \
5 0.85 E 0'85 I';:Sm.‘::nnuul 3 lalel s "
5 ' = - Oil pressure 0};F 8 e
0.85 3 8 U9 indicator OSN 0 5
Starter switch S Fuses ol lololo
5 40
i L
2] -
B S =
Starter Battery
401824

Wiring diagram [SE-/ SE2-series]

0.85
Air heater Air heater relay Air heater indicator
= Alternator Starter switch connection
% i
0.85 8
L
= L o
- Alternator not
w|charging warnin; |
w .
ol lamp Low oil pressure warning lamp ‘.F:.'am:"“ —T<TalsTw
&— €5 3 Tolo |
= OFF_|O
- i ON [e) 2)
| - ? -1  Oil pressure
Starter switch 0.85 13A 20 158 indicator s_|ol _|oiolo
- 2 Fuses Symbols
/ 40 40 mm?
15 N
— 15 mm
—> 5mm?
’ 0.85 )
20 —= 0.85mm
e
B S + p4 =
Starter Battery -
Wiring diagram [SF-series] orms
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2. STARTER

2.1 Disassembly

MO002T56471 or MO002T56472 (dry type)

MO002T65271 or M002T65272 (dry type)

ELECTRICAL SYSTEM

Worn or damaged pinion

Roughness, burning,
grooved wear, worn
or damaged gear

Pole and field coil
installation

Brush dust buildup,
uneven wear, brush
movement in holder

670248

@ Switeh

Rear bracket

® Brush holder
@ Yoke

® Armature

® Ball bearing

@ Ball bearing

Cover set

@ Center bracket

Gear

@ Spring set

Lever

@ Pinion set
Pinion shaft
@ Oil seal

Ball bearing
@ Front bracket

141
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ELECTRICAL SYSTEM

M003T56174

Worn or damaged
pinion

Pole and field coil
instailation

Roughness, burning,
grooved wear, worn
or damaged gear

®@ ®

Brush dust buildup,
uneven wear, brus
movement in holder

670249

@ Auxiliary switeh
@ Switeh

® Rear bracket
@ Brush holder

® Yoke

(® Armature

@ Ball bearing

142

Ball bearing
® Cover set
Center bracket
d) Gear

@ Lever

@ Pinion set
Pinion shaft

Cover

Plate

Bearing

0il seal

Front bracket

@e0e®

e 13
= e S — =

n



2.2 Inspection and repair

(1) Armature

ELECTRICAL SYSTEM

(a) Testing armature for short circuits

Place the armature on a growler, and
slowly revolve it with a hacksaw blade
held above the armature core. The
hacksaw blade vibrates against the core
when it is above a slot containing a
shorted winding. Replace the armature
if shorted.
(b) Testing armature for
cireuits

grounded

If there is continuity between the
commutator and shaft (or core), the
armature is grounded and should be
replaced.

(c) Inspecting commutator

1) Support the armature in V-blocks,
and measure the runout of
commutator with a dial gauge. If
the runout exceeds the Repair
limit, repair the commutator by
turning it in a lathe within Service
limit for the outside diameter. If
the commutator surface is rough,
smoothen it with a sandpaper pf
#300 to #500.

Unit: mm (in.)

Ite Assembly | Repair | Service
m standard limit limit
Commutator 0.03 0.05 0.05
runout (0.0012) {(0.0020) | (0.0020)

670203

670202

401826

2) Measure the outside diameter of
commutator. If it is smaller than
the Service limit, replace the

armature.
Unit: mm (in.)
Assembly Service
Item standard limit
Outside diameter [3 82 §1 26) ?3}7(1/'22)
of commutator ( 1.'524)] (1 .‘484)]

Valuesin [ ] are for MOO3T56174.

401827

143



ELECTRICAL SYSTEM

3) Measure the depth of each mica
between segments with a depth
gauge. If the depth exceeds the
Repair limit, recondition the mica.

Unit: mm (in.)

Item Repair limit
0.2 (0.008), maximum

Commutator mica depth

(2) Field coil
(a) Testing for open circuits

If there is no continuity between the
lead wire and positive (+) brush, the
field coil is open and the yoke
assembly should be replaced.

(b) Testing for grounded circuits

If there is continuity between the yoke
and positive (+) brush, check the
insulation, and repair or replace the
yoke assembly.

(3) Brushes and holders
(a) Wear of brushes

Measure the brush length and, if it is
less than the Service limit, replace the
brushes. If the brushes are unevenly
worn or rough, recondition them with a
sandpaper of #300 to #500.

Unit: mm (in.)

Assembly Service
Item standard limit
18(0.71)
Brush length [17 (0:67)] 11(0.43)
Valuesin [ ] are for MOO3T56174.

144

Mica depth G504 Bad

401828

401829

401830

Brush

401831

J




ELECTRICAL SYSTEM

(b) Brush spring tension

Test the spring tension (test force)
using a new brush. In this test, read
the load at the moment that the spring
moves off the brush. If the tension is
below the Service limit, replace the

spring.
Unit: mm (in.)
Assembly Service
Item standard limit 401832

. . 3.5(0.138) | 2.3 (0.091)
Brush spring tension | 3 (0.098)] | [1.8 (0.071)]

Valuesin [ ] are for MOO3T56174.

(e) Testing brush holders for insulation

If there is continuity between the
positive (+) brush holder and negative
(=) holder plate, replace the brush
holder assembly.

401833

(4) Overrunning cluteh

Make sure that the pinion shaft turns
smoothly ‘when turned in the direction
of driving (clockwise) and that it locks
when turned in the opposite direction.
If not, replace the overrunning clutch.

401834
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ELECTRICAL SYSTEM i

(5) Pinion thrust gap

The pinion shaft thrust gap is the play Center bracket
exhibited by the pinion shaft when it is >j
moved in the thrust direction. Measure
the thrust gap in the following manner. Thrust gap
If it is out of specification, select the i
adjusting washer and adjust the gap. Stop ring

Washer
(a) When the pinion is removed: Pinion shaft

Adjusting washer

Install the gear on the pinion shaft, 401835

insert the shaft into the center
bracket, and lock the shaft with the
washer and ring. Under this condition,
move the shaft in the axial direction,
and measure the thrust gap.

"l

(b) When the pinion is installed:

Install the pinion shaft and gear
between the front and center brackets,
and temporarily tighten the bolt. Under
this condition, move the shaft in the
axial direction, and measure the thrust

gap.
Unit: mm (in.)
Item * Assembly standard
. 0.5 (0.020), maximum
Pinion thrust gap [Below O not permissible]
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2.3 Reassembly

M002T56471 or MO002T56472 (dry type)
M002T65271 or M002T65272 (dry type)

Apply grease to sliding

surface of lever.

e [tk

Apply grease. _ Apply grease.
Replace packing. 670044

Reassembling sequence
@—»—»@—»@—@—»—»—»@*@*—»@—»@—»@—»@—»@—»@—»@
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Apply grease. ) / == 3
Apply grease. ® 0 © © 3 670201

Reassembling sequence

—*@-*@-*@—*-*@—’*@-*@-*-*@*-*@—*@-*@—*@*@-*@-*CD

Inspection and testing after reassembly

(1) Pinion gap adjustment

(a) If the assembled starter is wired as
shown, the pinion will shift and
turn slowly. Remove the connector
from the M terminal to stop the
pinion.

S terminal

Battery R M terminal

(b) Under this condition, lightly push in

the pinion toward the armature, 401836
and measure the movement (gap) of
the pinion.
(¢) To adjust the gap, increase or —‘
decrease the packings fitted to the
magnetic switeh. Increasing the
packings decreases the pinion gap-
Unit: mm (in.)
Item Assembly standari )
05-2.0
0.025 —- 0.079 ini
Pinion gap ¢ 0.1-25 ) i+ Finion g2p 400191
[(0.004 — 0.098)

Valuesin [ ] are for MO003T56174.
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Do not test the starter continuously
for more than 20 seconds to prevent
the switeh coil from overheating.

(2) No-load test

After adjusting the pinion gap, hook up
the starter as shown, and test it for
no-load characteristies.

{ NOTE l

Use wires as thick as possible and
tighten each terminal securely.

ELECTRICAL SYSTEM

sae | V35 | g [
TEGR” | 1| it | o
MO02Teso7s " | B | o | 3400
MO03T56174 23 maxim | 3300

L ]

(3) Magnetic switch

(a) Testing coil for open ecireuits

If there is no continuity between S and
M terminals and between S terminal
and body (ground), replace the switch.

(b) Inspeecting contactors for fusion

If there is continuity between M and M
terminals, replace the switch.

(e) Inspecting contactors for poor
contact action

Inspeet for voltage drop. If voltage
drop is excessive, the contactors are
defective.

Switch
Ammeter
(A )
_L A\
T
ll Battery
Tl Voltmeter
670211
A
Ammeter
Switch 2
T —] O S,
| Battery Switch
i o
= 1
[ Voltmeter ;ui)tcéﬁary Starter
) 670212
For M003T56174 starter
g‘___/_. S terminal
O B terminal
M terminal
401837
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3. ALTERNATOR

3.1 Disassembly

-

Dirty or burned slip rings, worn
oil seal contact surface of shaft.

msh movementJ

670213
@ Screw ® Bearing @ Brush holder set
@ Nut @ Screw 1 Rectifier assembly
@ Pulley (with fan) - ® Bearing @ Plate
@ Spacer @ Front bracket Rear bracket
® Rotor Stator
3.2 Inspection and repair
(1) Brushes
Replace the brushes if they are worn
down to the wear limit line.
Unit: mm (in. r Service limity 8 mm (0.31 in.)
Assembl Service '
Item stsandarg fimit 18 mm (0.71 in.)
Brush length 18 (0.71) 8 (0.31) -L—
670216
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(2) Field eoil

Measure the resistance between the slip
rings. If the resistance is out of
specilication, replace the rotor.

670204

(3) Stator coil

Inspect for continuity between the lead
wires. If no continuity is noted, the
coil is open-circuited. Also check for
continuity between the lead wire and
coil. If any continuity is noted, the coil
is grounded.

670205

(4) Rectifier

Heat sink (+)
Inspeet the resistance between the lead
wire and heat sink on each diode b
y (AR (=)

connecting the positive (+) side lead
wire and negative (-) side lead wire of
the tester to the diode. If the O EQ OB @)

resistance is infinite in both cases, the 7 L'—_,

diode is open-circuited. If it is nearly

zero in both cases, the diode is short- L terminal e B terminal
circuited. If the diode is open- or Trio diode lead / )

AP o Heat sink (-)
short-circuited, replace the rectifier. 400174
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3.3 Reassembly |

9 ® ® D)
i
_:] ®
@
(A g aotoeh| i
3
N
® 4 T eI )P
@
; N
670054

Reassembling sequence

ﬁ@*@-*@*-*@*-*@*@-*@-*@-*@*@*@

push the brush into the holder, and hold

it there by inserting a 2 mm (0.08 in.)
diameter wire into the hole in the brush.
Then, install the rotor. Remove the wire Brush

after installing the rotor.
Wire

\ R
=

670220
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4. GLOW PLUGS
Inspeetion

If the glow Plug glows red when the
positive (+) wire is connected to the
portion (A) with the portion (B)

grounded, the plug is in satisfactory
condition.

5. HEATER RELAY
Inspection

Inspeet for continuity between the B
and C terminals by flowing exciting
current through A terminal and ground
(body).

Also inspect the fuse. If the fuse is
burnt out, inspeet for the cause before
installing a replacement fuse. Be sure
to use a replacement fuse of the same
amperage.

6. AIR HEATER
Inspection
Inspeect the terminals for looseness.

Also inspect the heater element for any
signs of defects.

ELECTRICAL SYSTEM

—C_Jn%

b4

400193

Testing glow plug

C terminal

Amperage

marking B terminal

1563

—

———






WORKSHOP THEORY

1. PRECAUTIONS FOR DISASSEMBLY AND REASSEMBLY ..................... .. 156
LU Oilseals ..o 156
B2 Oings oo 157
L3 Bearings ... 157
L4 Lockplates ... 158
1.5 Splitpinsand springpins.................... ... 158

P
|
|



e

WORKSHOP THEORY

1. PRECAUTIONS FOR DISASSEMBLY AND REASSEMBLY

1.1 Oil seals

When installing oil seals, carefully
observe the following points:

(1) Driving oil seals into housings

(a) Make sure that seal lip is not
damaged, and position it correctly
with respect to oil compartment.

(b) Apply a small amount of grease to
the surface of oil seal to be fitted
into housing bore.

(c) Using a tool of the type shown to
guide seal lip, drive oil seal
squarely. Never give any hammer
blows direetly to oil seal since this
will damage the seal, resulting in
oil leakage.

7

S/

400247
Qil seal driver
(2) Driving oil seals onto shafts
(a) Apply a thin coat of grease to oil
seal lip.
(b) Use an oil seal guide of the type ' .
shown when driving oil seal over 3 ﬂ
stepped portion, splines, threads or
keyway to prevent damage to seal ,
lip. _
400248
Oil seal guide
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1.2 O-rings

Use an O-ring guide of the type shown
when installing O-ring over stepped -

portion, splines, threads op keyway to E

prevent damage to the ring. Apply a
O-ring guidé

thin coat of grease to O-ring.

400249

1.3 Bearings

(1) When installing a rolling bearing, be
sure to give a push to the race,
inner or outer, by which the bearing
is fitted. Be sure to use g bearing —_—
driver of the type shown.

400250

Bearing driver

(2) Use a press whenever possible to
minimize shock to bearing and to
assure proper installation.

-

’ W 77777777

400251

Bearing installation by a press

167
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WORKSHOP THEORY

1.4 Lock plates

Bend lock plate against one of the
flats of nut or bolt head as shown.

1.5 Split pins and spring pins

Generally, spring pins are to be
replaced at the time of disassembly.
Drive each spring into position so that
it may not get out of place after
subsequent installation of parts has
been completed.

158

grya
D T (IR

Right Wrong
oﬂ
Wrong
RJ =
Right Wrong ‘
Right
400252
Bending lock plates




