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DEFIRITION 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 tc 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 which 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 S4E?2 diesel engine - External views
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GENERAL.
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1.2 S4E2 diesel engine - Sectional views
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GENERAL
1.3 Engine serial number loeation

The engine serial number is stamped on
the side face of crankcase.

1.4 Engine model and application codes

s

L—— Series codes E2:

B Engine senal
number

401301

Swirl combustion chamber type
Piston displacement per cylinder:
739 cc (45.1 cu in.)

Bore x stroke:

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

e No.-of-cylinders code (2, 3, 4 or 6)

Sagamihara Machinery Works




GENERAL

2. SPECIFICATIONS

Model designation . S4E2
Type . Water-cooled, 4-stroke cycle, diesel
No. of eylinders — arrangement ' ‘4n line
Type of combustion chamber o Swirl chamber
Valve mechanism _ Overhead
Bore x stroke mm (in.) ' . 98 x 98 (3.86 x 3.86)
Piston displaéement liter {cu in.) ‘ (%S%Sg)
Compression ratio 20: 1
_. | Fuel (ASTM specification) Grade No. 2D diesel fuel
5 :
% Firing order ' ‘ T 1342
3 ,
Direction of rotation Counterc]?]c;:;ﬁizla :igt:wed from
Overall length mm {in.) 809 (31.85)
Dimensions | Overall width mm (in.) . 528 (20.79)
"Overalt height mm (in.) 750(29.53)
Weight (dry) kg (ib) 270 (595)
Rated output PS/rpm - 40/2400
Maximum torque kgfm (Ibf-ft} {N-m] /rpm 15.5(112.1) [152.0]/1200
Compression pressure kgffem? (psi) [MPa] /rpm 27 (384) [2.6)/150 — 200
Maximum speed pm ' ' 2620 20
Minigum speed pm 870t 10
Type of cylinder sleeves Dry, special cast iron
No. of piston Compression ring ) ' 2
y rings Qil ring 1 (w/spring expander)
e 7 ,
& : Ope B.T.D.C.30°
g Intake valves pen - —
@ . Close ABD.C. 50
£ | Valve timing : -
& . Open BB.D.C.74
3] Exhaust valves : 5
Close ATD.C.30
Starting system ' Electric starter
Starting aid Glow plugs
eI
BEZ| Alr cleaner Type Paper element
= :
Type. o . . Pressure feed by gear pump
$ E AP service
8g classification : ce
£ 2| Engine oil - -
3 @ Refill capacity 7(L.8)
(incl. filter) liter (U.S. gal) '




GENERAL

. Model designation . ) ~ S4E2
Type - Trochoid
Oil-pump Speed ratio to crankshaft _ 0.5
Delivery capacity '
Jiter (U.S. gal)/min (at 1800 engine rpm) ’ 174 (?"7)
5 Type ' Piston valve
% | Relief valve - CRP
& Opening pressure kgffcm® (psi) [MPa] 31:03(43+43)[0.3+£0,03]
= - . e .
2 1| Oil filter Type Paper element
g Oil filter
g relief valve Opening pressure kgffem?® (psi) [MPe]) 1.0+£02(142%2.8) [0.10% 0.02]
?;11‘}: t check Opening pressure kgf/em? (psi) [MPa] —
Refill capacity (engine water jacket) liter (U.S. gal) 46(1.2)
© | Type _ _ Centrifugal
Water pump Speed ratio to crankshaft 1.3
| Delivery capacity 115
liter (U.S. gal)/min (at 2000 engine rpm) (30.4)
g Type Low-edge, cog, B type V-belt
L | Fan belt
g, Manufacturer MITSUBOSHI
& Type Wax pellet
- *2 | Thermostat - S :
3 Valve opening temperature °C (°F) 76.5£2(169.7 £ 3.6)
Radiator Type ‘ Corrugated fin
Type Polypropylene-blade, circular-azc type
No. of blades 6
Fan )
Diameter mm (in.) (1‘}7‘2(,)2)
Speed ratio to crankshaft 1.3
- | Type Bosch A
;?:f}iwn ‘Manufacturer NIPPONDENSO
g Diameter of plunger mm (in.) 6.5 (0.256)
‘:.,i : Type ' Bosch, piston
-g Feed pump Manufacturer NIPPONDENSCO
& Cam lift mm (in.) 6 (0.24)
Type Bosch RSV, centrifugat
Governor
Manufacturer NIPPONDENSO




GENERAL

Model designation S4E2
Type of nozzle holder Bosch, throttle
Type of nozzle tip Bosch ND-DNOSD
Manufacturer NIPPONDENSO
Injection No. of spray holes i _
383 nozzles Diameter of spray hole mm (in.) 1.0(0.04)
% Spray angle 0°
@« A
& }(’g;g Pt v i 120 *§° (1706 *32) [11.8 *}°]
Type - Cartridge, paper element
Fuel filter
Manufacturer NIPPON ROKAKI
Voltage — polarity 24;;1;;%83“%
Model MO02T65271 (dry)
Starter Manufacturer MITSUBISHI ELECTRIC
Type Pinion shift
Cutput V —kW 24 -32
No. of pinion teeth/No. of ring gear teeth 11/110
Type 3-phase, with rectifier
§ Manufacturer MITSUBISHI ELECTRIC
g‘ QOutput V- A 24— 20
.72 Alternator Rated voltage generating speed pm 1100
E Rated output generating speed pim 5000
- Maximum speed Ipm 13500
Speed ratio to crankshaft 1.7
Type Sheathed
Glow plugs Rated voltage — current  V — A 25-48
Resistance al normal temperature Q 4505
Air heater Type —

Capacity kW

Heater relay

Fuse capacity A




GENERAL

3. TIPS ON DISASSEMBLY AND

REASSEMBLY

This - Service manual deals with
Mitsubishi's recommended procedures to
be followed in servicing 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 specifie
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
personne! 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.

(3) Lay down the 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
gbnormal about it more accurately
during removal or cleaning.

10

(6)

;
When lifting or carrying a part too
heavy or too awkward for one person

- to handle, get another person's help

3.2

(1)

(2)

(3

(4)

(5}

and, if necessary, use a jack or chain
block,

Reassembly

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



MAINTENANCE STANDARDS

1. MAINTENANCE STANDARDS ... . i e i2
2. TIGHTENING TORQUE ..ottt e e e i, 19
2.1 Importantboltsand nuts ............ il P 19
2.2 General bolts and NMULS ..ottt ittt ettt e e e e e e e e, 20

3 OB AL ANT S t ittt e e e e e e i e e e e 21




MAINTENANCE STANDARDS

1. MAINTENANCE STANDARDS

Unit: mm (in.)

i . | Repair Service
: e Nominal { Assembly standard E i
Group Inspection point . limit limit Remarks
value [standard clarance] [clearance] | [clearance]
Maximum rpm {no-load) 2620 £ 20 Adjust governor
Minimum rpm (no-load) 870+ 10 setting.
Nominal value: 24 kgffem? Oit and water temp.
Compression pressure 27 kgffem? (384 psi) (341 psi) 20 - 30°C
[2.6 MPa] at 150 — 200 rpm | [2.4 MPa] (68 - 86°F)
Nominal value: 2 kgffcm?
3 — 4 kgffem® (43 — 57 psi) | (28 psi) ) :
[0.3 — 0.4 MPa] at 1500 rpm | [0.2 MPa] Oil temperature
Lube ¢il pressure - 60—-70°C
Nominal value: 0.5kgf/cm? 40 — 158°F
2 : g (140 }
1 kgffem® (14 psi) {7 psi)
[0.1 MPa] , minimum at idling | [0.05 MPa]

General

Values are only

Valve timing |In. valves open 14° AT.D.C, for checking
{with 3-mm [In, vaives close 3° ABDC. valve timing and
E:(l)e;r%ul‘::g op | EX- valves open 24° B.B.DC. ?:glglgiif;;t
; . lose}  29° B.T.DC.
valve side]  |EX- valves¢ ; : ones.
+3° (crank angle)

' 0.25 Both intake and
Valve clearance (cold) [(0.0098)] exhaust valves
Fuel injection timing 29°
B.T.D.C.

Measure sag at point
Fan drive belt tension 10 —15 indicated by arrows,
(3/8 — 5/8)

o

(.

In.: Intake

12

Ex.: Exhaust



MAINTENANCE STANDARDS

Unit: mm (in.)

] Repair Service
: ; Nominal| Assembly standard e P
Grou Inspection point limit limit Remarks
P | P value [standard clarance] [clearance] |[clearance]
% | Warpage of gasketed 0.05 (0.0020), 0.20 Regrind if warpage
& § | surface maximum (0.0079) is minor.
o . Refinish sleeves to
S | damet (3.56) |(355896 _ 3 89984)| (5.86613)| (3 90530) | 7025 (+0.0098) or
8 | diameter : 83826 - 3.85964) | - : +0.50 (+0.0197)
' oversize of nominal
5] . N
s value by honing and
2 | Out-of-roundness ?ngifm(&? 0059), use the same oversize
= : :
&) pistons and piston
S o
If repair Hmit is
reached, replace
bearings. If service
0.9 limit is reached,
o e ind journals and
g | & | Clearance on 75 0.050-0.115 0.200 (—0.035) jreernd jou.
3 | 5 |ioumals 2.95) [L0.00197-0.00453))} '(0.00787)! asjournal 'rlisneg;’."ders‘ze beat-
S o iameter. S .
g Undersize bearings:
S | § —0.25 (-~ 0,0098),
= —0.50 (—0.0197) and
—0.75 (--0.0295)
Thrust journal length 245 [ 0.100-0.264 11,0300 Replace thrust
(end play) (0.0965)1(0.00394—0.01039)} !(0.01181) plate,
" o 22.000 — 22.021 22.100
& | Inside diameter (0.86614 — 0.86697) (0.87008)
=
g +0.10 s
2 | Clearance on 22 | 00350086 I 0120 || (:00039) If ropar hmit i
5 | appets (0.87) [(0.00138-0.00339)') (0.00472)! { as inside ~ |10 0 P
diameter )
= ' 11 repair limit is
% & Clearance on [ 0.04 — 0.09 11T 0.15 ] exceeded, replace
g"c:'; journals * (0.0016-0.0035) { 1(0.0059) bushings. Ream if
OB necessary.
. | Warpage of gasketed 0.05 (0.0020), 0.20 Regrind if warpage
«2 surface maximum (0.0079) is minor.
'i?‘? As-installed thickness 1.6 0.15 '
© St of gasket (0.063) (£0.0059)
Intake 7.955 — 7940 7.900
3 | g | Diameter of| valves (0.31319 - 0.31260) (0.31102)
S |3 | valve stems | Exhaust 7.940 — 7.920 7.850
g | @ valves (0.31260 — 0.31181) (0.30905)
= -
5 | Intake [ 0.055-0.085 [, 0150 |
© © Sltem valves 3 (0.060217-0.00335)] 0.00591)
g icnegaﬁg:e Exhaust | (0.31) [, 0:070-0.105 [ 0:200 |
= valves (0.00276—-0.00413) 0.00787)
- :
As-installed length of i7 "
puidcs ©67) 0.3 (0.012)

13



MAINTENANCE STANDARDS

Unit: mm (in.,

‘ s ; Repair Service
: : Nominal} Assembly standard E i
Group Inspection point limit limit Remarks
‘ value {standard c_:larance] [clearance]| [clearance]
Angle 30°
o
0.7 13 “'@&
Valve sinkage (0.028) 0.2 (x0.008) (0.051) o
§ -
2 Valve
§ margin
] 1.2 1.6 Valve seat \.rah-e
Width (0.047) | *0-14(20.0055) (0.063) angle sinkage
Refac:,ing is
- Valve margin 2.13 (0.0839) ggx;x;;slsagle
o .
2 (0.047).
3 48.85 47.60
£ Free length (1.9232) (1.8740)
BN &h
© 1 &
& | Squareness 1.27 (0.0500),
> maximum
=
> | Test force/length 19+1(422) 15 (33
under test force [186 +10]/ [147]}
ket (ibf) [N] 43 (1.69) 43 (1.69)
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)
2 Clearance of . 20 [ 0.016—0.055 ] 0.070
bushings on shaft (0.79) [[0.00063—0.00217)! [l(0.00276)!

14



MAINTENANCE STANDARDS

Upit: mm (in,)

Lo ‘ o Repair Service
. . Nominat] Assembly standard L e
Group Inspection points value [standard clarance] [Cfé:::’;tl'] o] {cll(;g:;tnce] Remarks
5 “ Rounout measured
=8 |» 2| Runout (bend) 0.4 (0.016), with pushrod sup-
R maximum ported at centetlines
o > & of its sphericat ends
R i 0.02 (0.0008), 0.05
unou 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 58 —0.035 -0.00138) -0.20
crankpins (2.28) |-0.055 0.00217) |(-0.0079)
Parallelism Runout: 0.01°
ar A {0.0004), maximum
between journal (over crankpin
and crankpin length) p
= e e
= Ou.t"’f““’“"d‘:fss 0.01 (0.0004), 0.03
& |of jovrnals an © maximum (0.0012)
§ crankpins
< [Taper of journals 0.01 (0.0004), 0.03
" and crankpins maximum (0.0012)
E Fillet radius of _ -
o journals and , ((?};2) +0.2 (20.008)
g crankpins :
E If repair limit is
E reached, replace
= thrust plates.
If repair limit is
exceeded, use over-
37 0.100-0.264 0.300 size thrust plates.
End play (1.46) {(0.00394—0.01039)] leo.01181)) Qversize thrust plates:
+0.15 (+0.0059),
+0.30 (+0.0118) and
7 +0.45 (+0.0177)
Standard 97.875 — 97.845 97.660
ancar (3.85334 — 3.85216) (3.84487)
g | Qutside (6.0098) o5 | 98.125- 98095 97910 | Atright angles to
5 | dlameter; AL 3.86318 — 3.86200 3.85472 iston pin at skirt
& | (at skirt)| Oversize (3.86) ( ) ( ) ie R p'
?{-]58197) ' 98.375 — 98.345 98.160
O (3.87302 — 3.87184) (3.86456)

15




MAINTENANCE STANDARDS

Unit: mm (in.)

(

: Repair Service
. . Nominal] Assembly standard L e
Group Inspection point value [standard clarance] [cl%:::a; el [cllf:g::atnce} Remarks
. i’lr;;tvr:sion 0.35 — 0.75 Check bearing -
g crankease (0.0138 — 0.0295) clearance.
2
Variance in weight
per engine +3 g (0.1 oz)
: 2.5 0.030--0.070 0.200
o | No.lring ©.098) |[(0.00118—0.00276)}l0.60787! N
B : If repair limit is
2 2| No. 2 ring 20 . i 0.025-0.060 1 0150 reached, replace
g |E2 (0.079) [4(0.00098—0.00236)";'(0.00591) piston rings.
B -ig § 1 If repair limit is
bt &b . exceeded, replace
g |Zwl 4.5 0.025—-0.060 0.150 i
Z |i3-8|.0f ring ©.177) |L(0.00098 -0.00236))ll0.00591)] piston.
(%3
g 0.35—0.50 1.50
F End gap (0.0138-0.0197) (0.0591)
:
= Outside 28.000 — 27,994
g diameter {1.10236 -- 1.10212)
& If repair Emit is
B ; hed, replace pin.
g | Clearance in 28 0 - 0.016 0.050 reached, repiace p
g | piston .10y | lo-o000063y |lc0.0019%)] }j;;ggg“r{;g;;‘c:;;;m
e 3
. Replace pin or
Clearance in 28 0.020--0.051 0.080 i i
bushing (1.10) |[(0.00079-0.00201)}[{0.60315)) bushing jeam it
Inside :
; 28.045 — 28.020
diameter of
bushings {1.10413 — 1.10315)
B
= O.OS{r 100 0.15
£ | Twist/bend (0.0020/3.94), N
§ maximum (0.0059)
£ If repair limit is
O | Clearance of -reached, replace bear-
connecting rod 58 [ 0.035-0.100 ] 0.200 ings. If repair limit is
bearings on (2.28) {4(0.00138-0.00394) [(0.00787}] exceeded, regrind
crankpins crankpins and use
undersize bearings.

16



MAINTENANCE STANDARDS

- Unit: mm (in.)
. Repair Service .
: . Nominal | Assembly standard Ly e
Group Inspection point value [standard clarance] [cltamr;tnce] {clt:::atnce] Remarks
20 40 0.15-0.35 0.50 Replace connecting
b= . X
o [§ |Endplay .57  |l©.0059-00138) [o.0197! | rod.
b=t O
S | & o | Variance in weight 58 (0.2 oz),
h: 3 & | per engine maximum
[}
& 1 % o 0.15 (0.0059), | 0.50
g E Radial runout maximum " 1(0.020)
[
2 | K . 0.15 (0.0059), 0.50
fx, | Face runou maximum {0.020)
0.02 (0.0008), 0.05 Straighten by cold
Runout maximum (0.0020) working or replace.
Di 10 Dl - D'Z D1 '—'D2
Intake |%%75.03 = 6.684 =6.184
ass08 30 (0.26315) (0.24346) o?
Cam lift D I o
— ! +0.1 Dl - D? Dl ﬂDz
‘s Exhaust {5*%-03 =7.344 = 6.844
g nsoss2300N  (0.28913) (0.26945)
o
© No. 54 53.96 — 53.94 $3.90
. Diameters | 12 (2.13) |(2.1244 - 2.1236) (21.220)
g of journals - 53 52.96 — 52.94 52.90
b : (2.09) | (2.0850 - 2.0842) (2.0827)
5 3 6.050 — 0.112 |, 0.300 Replace thrust
& End play 020) {£©0.06197 —0.00441)!|L0.01181)] plates.
Clearance of shaft in 36 0.025 — 0075 0.100 :
bushing (1.42) | 10.00098 — 0:00295)! | (0.6039%)) Replace bushing.
G —-0.10 0.35
End play (o - 0.0039))  |{0.0138)
5
%5 | Length of thrust 26 005020 lf 040 Replace thrust
journal of shaft (02 |1©0.0020 - 0.0079)}|4©0.0157) plates.
and boss . :
Fit of shaft in 30 | 0.009T-0.045T
crankcase bore (1.18) |(0.000357--0.00177T)
15
Backlash [0.07 (0.0028)] [(0%(1)59)} Replace gears.

17



MAINTENANCE STANDARDS

Unit: mm (inf,

: : - i . et Repair Service - o
; : Nominal| Assembly standard AL i
t d
Group Inspection poin value [standard clarance] [cll;g:xtnce] [cl];{::::ltnce] Remarks
Quter rotor to inner f 0.013-0.150 ] 0.250
rotor clearance (0.00051 —0.00591) {(0.00984))
Rotor to cover [ 0.04--0.09 } I, 018
. | clearance (0.0016—0.0035)! [[(0.0059)!
£ 1o
5 uter rotor to case 0.20-0.28 0.50

E | & |clearance [(0.0079—0.0110)! [0.0197)]

% | © | Diameter of main 13.000 — 12,985

= shaft (0.51181 — 0.51122)

‘{3' Clearance of main [ 0.032-0.074 ] 0.150

5 shaft in purap case {0.00126—-0.00291) l(0.00591)!

A Make shim adjust-

g 3.0 0.2 Pross
g : . .2 ressure varies by
b Ef’f‘;ﬂl‘;‘zg by ey | 427 (+2.8) - 0.15 kgffom? (2.1
= | X8 [0.29 [£0.02) psi [0.015 MPa] per
- 1 mm (0.04 in.)
thickness of shim.
Fit of bearing | Front 17
i 0.01T—-0.017T
;‘L";;f}f:fto“ Rear | (067 |lc0.00047-000067T)}
o Replace pump case
Fit of bearir'lg Front (1.85) or pump assembiy.
ovsr aces T
pump case Rear 40 (. -0.9 )
(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

g 2 | bearings (0.67) (0.{)0{)39 - 0.00098) {0.00177) {smoothly when

2 | 5 ) 0.00039 — 0.00087 slowly turned.

o | £ |Inside diameter of 17 | 00010017

5 spacer for shaft (0.67) |{(0.00004—-0.00067)

3 Clearance of 05-1.0 Replace impeller if
impeller on both (0.020 — any sign of rubbing
sides 0.039) contact is noted.

Protrusion 1.5 0
Uni¢ | of carbon {0.059) '
seal .
Height 21.8
(free state) (0.858) 2 (10.04)
g Valve opening 76,5° o o
g _ | temp.fvalve lift (169.7 Fy| 2°C(¥3.6°F)
£ 2| [at 90°C (194°F)] 9(0.35)

18




2. TIGHTENING TORQUE

2.1 In'iporféflt bolts and nuts

MAINTENANCE STANDARDS

Secured part or component di:ff;?ﬂ:h ;Zﬁ)tsl; Tghtening torque Remarks
flats kgf-m Ibf-ft N-m ]

Cylinder head bolts 12175 19 t12 £05 874 | 11815 | [Wet]
Rocker shaft brackets 8-1.25 12 15205 11+4 15%5

Main bearing caps 14 -2 22 | 10405 75+4 1 102%5 ] [Wet]
Connecting rod caps 12 -1.25 17 8505 61 %4 835

Flywheel 12125 | 17 | 8505 | 614 | 8325

Camshaft thrust plate 81325 12 1.8 13 18

Front plate 10135 14 1 7 10

Timing gear case bolts 10-1.35 4 ] 7 10

Crankshaft pulley 24-1.5 36 |40 05 | 2894 | 3925

‘fdler thrust plate 10-1.25 |-A14 35 25 34

Oil pan 8§—-1.25 12 0.7 5 7

0il pan drain plug 12125 | 19 |10 +05 | 72%4 | 98%5

Oil pump mounting bolts 12-1.75 17 55+05 40+ 4 54£5

Injection pump gear 67 43 —51 | 59 -69

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

2.2 QGeneral bolts and nuts

Screw thread

Tightening torque

_ " 'With spring washer Without spring washer
Diameter Pitch .

kgl-m Ibf ft N kgfm Ibf fit " Nm
e 1.0 1.8 13 18 22 16 22
1.25 1.8 i3 18 2.1 15 21
10 1.25 3.6 26 35 4.2 30 41
1.5 34 25 33 4.0 29 - 39
12 1.25 6.5 47 64 7.6 55 75
175 6.0 43 59 7.1 51 70
14 1.5 10.4 75 102 12.2 88 120
2.0 9.8 7} 36 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

Oil pan gasket

Front and rear bearing
cap seats of crankcase

ThreeBond 1104
(No. 4)

Apply to front and
rear lower sides
(bearing cap seats).

» Plugs for water and oil
holes in crankcase

« Plug for water hole in
cylinder head

+« Crankcase

¢ Cylinder head

Hermeseai H-1

Apply to holes before
installing plugs.

Screw plug for crankcase
main oil gallery (taper
plug)

Crankcase

Loctite 271

Apply to threads,

Water bypass hose and pipe

Thermostat cover,
elbow and water pump

Loctite 271

Apply to threads.

Front and rear bearing cap
side seals of crankcase

Bearing caps (front
and rear side seal
contact surfaces)

ThreeBond 1103D
(No. 5)

Apply to crankcase
before installing
{ront and rear
bearing caps.

Timing gear case gasket

Timing gear case

ThreeBond 1102
(NO. 2)

Appiy {o gasket sur-
face of timing gear
case,
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SPECIAL TOOLS

SPECIAL TOOL LIST

Tool name Part No. Use
Valve guide 34491-00400 Valve guide
installer installation

670228
Valve guide 31391-10500 Valve guide
remover removal

670230
Valve spring 30691-04500 Valve spring
pusher removalfinstalla-

tion
461793

Insert caulking
tool

31391-13010
(For intake)

34491-01300
(For exhaust)

§ 670232

Valve seat
installation

Sleeve installer

34491-02100

670236

Cylinder sleeve
instailation

Piston ring pliers

31391-12%00

670240

Piston ring
removalfinstalla-
tion

Piston guide

3449102200

- 670234

Piston installation
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SPECIAL-TOOLS

Oil ﬁiter wrench

30691-53301

Tool name Part No. Shape Use
Idler shaft puller | 34491.02300 Idler shaft
I . removal
W)
: . 670237
Tdler bushing 30091-07300 Idler bushing
puller removal/instatla-
) tion
670242
Socket 3449100300 \ Camshaft thrust
o plate removal/
‘ instaltation
| 670235

401822

Cartridge type
oil fitter removal

3009101104

Universal PE-A type fuel
extension injection pump
removal/instatla.
tion
670239
Cranking handle | 30691-11800 Engine cranking

/ -
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SPECIAL TOOLS

Tool name

Part No.

Shape

Use

Adaptor

30691-21100

670233

Engine compres-
sion pressure
measurement

Puller assembly

64309-12900

670241

Crankshaft gear,
camshaft gear,
crankshaft pulley
and water pump
pulley removal

401609

Compression 33391-02100 Compression
gauge pressure
measurement
Crankshaft 30691-13010 Qil seal sleeve
sleeve in- on crankshaft
staller rear side
installation
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OVERHAUL INSTRUCTIONS

1.

. lubricating oil

28

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 inerease in
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 froubles.
These troubles, however, are not always
the result of low compression pressure
and give no valid vreason 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 ecompression pressure
failure:

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

(e¢) Increase in
sumption

lubricating oil con-

(d) Excessive blowby through breather
due to worn ecylinder sleeves,
pistons, ete.

(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 respeet to injection
quantity or injection timing, worn

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 froubles.



2. TESTING THE COMPRESSION
PRESSURE

.OVERHAUL INSTRUCTIONS

(1) Remove the glow plug from a cylinder

(2

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.

(3) Crank the engine by means of the

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

(4) If the compression pressure is lower

———— MN\[cauTioN] —————

(a) Be sure to measure the compres-

(b) The compression pressure varies

than the Repair limit, overhaul the
engine,

sion pressure on all eylinders, It
is not a goocd opractice to
measure the compression pressure
on two or three cylinders and
judge the compression pressure of
the remaining cylinders
therefrom.

with change of engine rpm. This
makes it necessary to check
engine rpm at the time of
measuring the compression
pressure.

Unit: kgffcm? (psi) [MPa]

Assembly Repair
Item standard lirnit
21 24
Compression pressure (384) (341)
[2.6], min. | [2.4], max.

rpm,

Measure the compression pressure
with the engine running at 150 -200
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OVERHAUL INSTRUCTIONS

— /N\[(cauTion

(a)

(b)

It is important to measure the
compression pressure at
periodical intervals to obtain the
data on the gradual change of
the pressure,

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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ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

1. ADJUS_T_M_EL_*_ITSl
141 Vaive élearanée

Inspect and -adjust the valve clearance
when the engine is cold or when it is

warm in whole. . )
: Unit: mm (in.)

Item Assembly standard

Valve clearance Intake
(eold) 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 eylinders Firing order Crank angle
4 1-3-4-2 180°

{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
intake and exhaust valve rocker
arms are not being pushed up by
their pushrods.

(¢) Insert a feeler gauge into between

the rocker arm and valve cap, and
inspect the valve clearance.

32
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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)

(e)

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

Unlock priming pump bandle 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. Loek the priming pump by
turning its handie clockwise while
pushing it down before tightening
the last vent plug.

ADJUSTMENTS, BENCH.TEST, PERFORMANCE TESTS
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ADJUSTMENTS,-BENCH TEST, PERFORMANCE TESTS

(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.

-1.3 Fuel injection timing inspection
and adjustment

The injection timing for each model of
the engine varies according to Iits
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
erankshaft 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.

{(¢) Move the intake 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.

34



(2) Inspecting fuel injection timing

(a)

(b)

{c)

{d)

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.

Turn the erankshaft to bring No. 1
piston to about 60° position before
top dead ecenter on compression
stroke. :

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

Make sure that the timing mark on
the c¢rankshaft pulley is aligned
with the pointer.

(3) Adjusting fuel injection timing

(a)

If the timing is retarded, tilt the
injection pump toward the
crankecase. If it is advanced, tilt

the pump away from the crankcase.

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

401302
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ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

(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

For details of adjustment, refer to
Fuel System in the separate volume,

/N\[cauTiON)}- ——

(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 P .
lug Speed control lever

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

[dle sub-spring
adjusting screw

Rack set bolt

(full-load

stopper bolt)
402016

(b) At about 150 vpm of cranking
speed, the engine will fire up to
pick up speed. Immediately after Governor
the engine fires, move back speed set bolt
control lever to hold the speed
anywhere between 800 and 1000 Stop lever
rpm.
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ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

(e¢) When the engine is noted to be
running with a steady speed, move
speed control lever back fo low
idling speed position,

(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 the specified low idling
speed, and set the low idling set

bolt.
/\[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.

§ 402017

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

(¢) If engine speed tends to fluetuate
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
foree to the lever, the speed will
rise  slightly but will  stop
fluctuating.

/N\[cauTion)

Tightening the idle  sub-spring
adjusting screw is likely to result in
engine speeding when, during duty
operation, the load is dumped.

When tightening the adjusting screw,
be sure to tighten it just enough to
eliminate the unstable condition. |

402018
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ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

(3) Rack set (The setting for limiting the
maximum engine output)

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

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

(e} With the engine running in a steady
condition, adjust full-load stopper
boit, as follows:

(d) 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,

(e) Having positioned the stopper bolt
properly (for the rated output),
back it off slowly while observing
the 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 loeck nut,

(f) At that time, the speed control
lever should be at the position
mentioned in (a), above. 402019

(g) Turning the full-load stopper bolt
clockwise will increase the
injection quantity (engine output),
and viee versa,

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

(a) Hold speed control lever at the
indiecated maximum speed position
while applying full load to the
engine,

402020
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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 lock nut.

(5) Determination of the speed regulation

(speed droop) Speed regulation upon removing load

N2
[1] Speed regulation upon removing load Ns

N1
tt

Instantaneous speed
regulation (%)

speed
rated

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

! Steady-state speed
{b) With the control lever held there, i regulation (%)
remove the load instantaneously to
bring the engine into no-load
condition. Do not move speed

control lever.

Nz Ny glN’ X 100 -——NE‘I\EN‘ % 100

N1 = initial speed, rpm, before load is removed
(¢) The speed will increase once and
decrease, as shown and settle at a
new steady level. Read the
highest speed (Nj) occurring in this
transition and the speed (Ng) after
settling, and the time {(tj) from the
moment of removing the load at

N2 = highest speed, rpm, during transitional
period -

N3 = speed, rpm, at which the engine settles after
load is removed

1 = stabilization time
Speed regulation upon applying load

initiat speed (Np) to the speed t2
settling at the new level (N3). Na "“—*—l

Ne

[2]) Speed regulation upon applying load j/\/———

With the engine running in no-load Ns
condition subsequent to the condition

mentioned in [1] (b} above, and with
the speed control lever left in the
same position as above, put the

prescribed load instantaneously on the -

engine: the speed will decrease once
and increase, as shown, and settle at a
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.

Instantaneous speed
regulation (%)

Steady-state speed
regulation (%)

e =Ns 5 100

Ha=He y 100

N4 = initial speed, rpm, before load is applied
Ns = lowest speed, rpm, during iranstional period

Ne = speed, rpm, at which the engine settles after
load is applied

t: = stabilization time
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£3] Computing the speed regulation

From the values cbtained 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 prescribed values, “governor
noteh adjustment” must be carried out
to eliminate the variance,

{6) Adjustment of speed regulation
(governor notch adjustment)

(a) This adjustment is to be made by
turning the adjusting serew for
swivel lever  to increase or
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
conirol 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
cateh the screw head.

(¢) Tightening the - adjusting screw
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 notch 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.

/N\[cauTioN} ——————

The adjustable range is 20-notch (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

{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 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,

(¢) The stoppers to be sealed are
specified, Whether the seals are
intact or not has important bearing
on the validity of eclaims, if any,
under warranty.
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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 Iis
incorrect, make an adjustment by means

of bolt (1). Unit: mm (in.)
. [tem Assembly standard
Fan drive belt tension
(deflection) 10— 15 (3/8 - 5/8) 300481
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2. BENCH TEST

An overhauled engine should be tested

for

performance on a dynamometer.

This test is also for "breaking-in" of
the major running parts of the engine.
To test the engine, proceed as follows:

2.1

(1}

(2)

(3

(4)

Starting up

Check the levels in the radiator, oil
pan and fuel tank, Prime the fuel
and cooling systems to bleed air out.

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.

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

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)

(2)

(3)

(4)

Lubricating oil pressure: It should be
3 to 4 kgf/fem? (43 to 57 psi) [0.3 to
0.4 MPal] at rated speed or 1
kgf/em? (14 psi) [0.1 MPa) at idling
speed.

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

Lubricating oil temperature: It should
be 60°C to 86°C (140°F to 176°F)
when measured in oil pan,

Leakage of oil, coolant and fuel.

ADJUSTMENTS, BENCH TEST, PERFORMANCE TESTS

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

(6) Exhaust color and abnormal smell

2.3 Bench test (dynamometer test) con-
ditions

Step Speed (rpm) Load (PS) | Time (min.)

i 1600 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

The

Standard equipment

cooling fan, air cleaner and

alternator are the standard equipment
of an engine to be tested.

3.2
oy
(2)
(3)

Test items
Fuel consumption test
No-lead maximum speed test

No-load minimum speed test
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3.3 Test methods

(1) Fuel consumption test

(a) Engine speed (rpm)
(b} Fuel injection quantity

{e¢) 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 fest

(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 870 + 10 rpm.

(4) Others

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

-hunting.
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ENGINE ACCESSORY REMOVAL AND INSTALLATION

This section explains the procedures and
tips for removal and. installation of the
acecessories - 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 crankease, and drain
coolant.

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

A

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

2. ENGINE ACCESSORY REMOVAL

(1) Removing stop solenoid _
A
Disconnect and remove stop solenoid (1) =
from governor. D P )iﬁ\
- YT
S Y ,
e NI e i [x
Sy
/ M -
402890
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'

(2) Removing glow plugs

Disconnect wire (2) by loosening nut
(1), and remove glow plug (3).

— /A\[cauTion)

After removing each glow plug, cover
the opening by taping to prevent dust

ENGINE ACCESSORY REMOVAL AND INSTALLATION

from getting inside.

(3) Removing fuel injection pipes

{a) Remove pipe eclamp (1), and
disconnect injection pipes (2).

(b} Unscrew lock nut (3), and remove
leak~off pipe (4).

— /N\[cAuTioN |- ——+

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

i =N 401309 |

(4) Removing fuel injection nozzles

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

Remove nozzle pgaskets from the
cylinder head, using a piece of wire
or serewdriver, and discard them if

damaged,
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(5) Removing fuel filter and intake and
exhaust manifolds

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

(b) Remove intake manifold (3) and
exhaust manifold (4) by unscrewing
mounting bolts,

401313

(6) 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).

(7) Removing thermostat
(a) Disconnect bypass hose (1),

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

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

(8) Removing water pump

(a) Remove fan (1). Slacken fan belt
(2), and remove it from water pump
(9.

(b) Disconnect oil pipe (3).

(¢} Remove water pump by unscrewing
its mounting bolts.
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(9) Removing alternator

(a) Disconneet harness (1), and unscrew
belt adjusting plate bolt (2).

(b) Remove alternator {(4) by unserewing
munting bolts (3).

(10) Removing starter

Disconnect harness (1), and remove
starter (3) by unserewing mounting bolts
(2).

(11) Removing oil filter’

Remove oil filter (2) complete with its
?r)acket by unscrewing mounting bolts
.

(12) Removing oil pan and oil pump

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

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

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

ENGINE ACCESSORY REMOVAL AND INSTALLATION

401318

&—o

401320
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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.

s E NOTE ; -

With these matching marks are all
aligned, No. 1 eylinder piston is at

402892

top dead ecenter on compression (D Injection pump drive gear
stroke. (@) Idler gear

() Crankshaft gear

@ Camshaft gear

(b} Refill the engine with recommended (® P.T.O. idler gear
oil up to the specified level. ) P.T.O. gear

(¢) Refill the cooling system with Matching marks on timing gears
coolant.

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

{e) Prime the fuel system.
(f) After installing the fuel injection
pumps, inspect and adjust the

injeetion timing. (Refer to 1.3,
Group No. 5.)

50



ENGINE PROPER

1. CYLINDER HEAD AND VALVE MECHANISM ... ... ... .. . . . i, 52
Ll Disassemibly . ... e e e e 52
1.2 Inspectionandrepair ........................... e 54
1.3 Reassembly ... . e e e e e 62

2. FLYWHEEL, TIMING GEARS AND CAMSHAFT ... ... . . . i 66
2.1 Disassembly . ... ... ... e e e e 66
2. Inspection and repair .. . . e e e e e e e 69
2.3 Reassembly .. . e e e e 75

3. PISTONS, CONNECTING RODS, CRANKSHAFT AND CRANKCASE ............... 78
3.1 Disassembly ... e e e e T8
3.2 Inspection and Tepair .. . ..ot e e e e 30

3.3 Reassembly . e e e 94




ENGINE PROPER

1. CYLINDER HEAD AND VALVE MECHANISM

1.1 Disassembly

Cracks, oil leaks

Pamaged threads, worn
pushrod contact face

Worn valve cap contact
face, clogged oil hiole

l Wear, clogged oil hole |

e

® ,_ - ‘
E@_ i - (cb——-—_QQ
S

-

@ .-
Weakness, breakag‘el\@_—g - @® (
|

Cracks, damage,
deterioration

@
-
Worn ends, distortion
e
@

Cracks, damage, carbon
and scale deposits

Worn stem or face,
damage, weakness

401323
() Rocker cover Intake rocker arm Upper retainer
@) Eye bolt @) Rocker shaft bracket @ valve spring
(® 0Oil pipe {2 Exhaust rocker arm @ Valve
@ Adjusting serew @ Rocker shaft spring Valve stem seal
() Bolt (short) Rocker shaft @ Cylinder head gasket
® Bolt (long) @9 Valve pushrod
@ valve cap Cylinder head bolt
® snap ring @ Cylinder head
@ Washer Valve cotter
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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 roecker shaft
assembly from the cylinder head.

ENGINE PROPER

NG

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

Unscrew the eylinder head bolts, and
lift the head off the crankecase.

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

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

400016
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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

eotters,

If the valves are to be reused, mark
them for their Jlocations to aid
installation at the time of
reassembly. '

401326

1.2 Inspection and repair

Rocker arms, rocker bushings and rocker

shaft

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

Compute the clearance beftween the
bushing and shaft on the basis of the
measurements.” If the Repair limit is
reached, replace the bushing. If it is

“J 401331

exceeded, replace both bushing and
shaft.
Unit: mm (in.)
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
— (.78606)
Rocker shaft- 0'.01 6
to-bushin 20 —0.055 0.070
g (0.00063 | (0.00276)
clearance (0.79) 20.00217)

Measuring rocker bushing and rocker shaft




(2) Replacing rocker bushings
When installing a replacement bushing,

align the oil holes in the bushing and
rocker arm.

Valves, valve guides and valve seats

(1) Measuring valve stem diameter

If the Service limit is exceeded, or if.

the stem is abnormally worn
excessively, replace the valve,

Unit: mm (in.)

ENGINE PROPER

Qil hole

401327

Replacing rocker bushing

Assembly Service
ftem standard limit
7.955
~7.940 7.900
Intake | 531319 | (0.31102)
Valve stem — 0.31260)
diameter 7940
- 7.920 7.850
Exhaust | 631260 | (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.

Measuring valve stem diameter

401328 |

Measuring valve guide inside diameter
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Unit: mm (in.)

lte Nominal | Assembly Service
m value standard fimit
_ 0.055
—0.085 0.150
Valve |Intake (000217 {(0.00591)
stem- 8 — 0.00335)
oo e 031) o070
—0.105 0.200
ance 3
¢ [Exhaust (0.00276 | (0.00787)
] 2 0.00413)
As-installed depth 17 0.3
of valve guide 0.67) | (x0.012) S

(3) Replacing valve guides

[ 7
(a) Using valve guide remover (A) ﬁ

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

670064

Removing valve guide

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

NG —

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

401329

(4) Inspecting valve face

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

401330

Inspecting valve face

56




-

(a) Check the valve face after
. inspeecting or replacing the valve
guide,

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

Unit: mm (in.)

ENGINE PROPER

Assembly Repair
ftem standard limit
Angle deg 30
< | Valve 0.7x0.2 1.3
2| sinkage (0028 +0008) | (0.051)
a
=
> | width (]ézoig ) 1.6
0.0055y | (0-063)
) 213 Uptol.2
Valve margin (0.d839) ng'ggizm)gby

Bad

400059

(5) Refacing valves

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

(w0

(a) 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.

Valve contact with its seat

Valve seat angle

- Valve margin
— Valve sinkage

400005

\/r
\/Q 400059—‘

Refacing valve
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(6) Refacing valve seats

(a) 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.

(b) Lap the valve in the seat.

NOTE Refacing valve seat

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

401332

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

{c) 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

in.}) thickness to the valve seat. i
Insert a shaft into the valve guide i Shaft [7.8 mm (0.31 in.)]
hole from the upper side of
cylinder head, and drive the seat

off the head as shown.

Plate
{5 mm {0.20 in.), approx.}

Valve seat

Weld
———— /A\[cauTioN)
670418
When welding the plate, be careful R ; . :
not to permit spatters to come in emoving valve sea
contact with the machined surfaces T 2| 874 <2 Unit: mm(in)]
of cylinder head. 7> 8 3.-8 N
O . o
So ; Yoo |[{=sOce
HH o8 , Hoou
. Mo 4 +i 4+ 2 ©
(b) Measure dimensions of valve seat & |8 & Jueon
holes in the cylinder head before 7%/1 £ e ] +
installing valve seats and make c : 2| . >
sure that they are as specified. / 44 10025 f37+0025|
. +0.00098.,, , +0.00098, ,_.
4_@___“-73 o 148 7 }45

Intake Exhaust 400429 |\

Valve seat dimensions
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(¢) Chill the wvalve seat in liquid
nitrogen {about -170°C (-274°F}] for
more than 4 minutes with the
eylinder head kept at normal
temperature, or heat the cylinder
head to 80°C to 100°C (176°F to
212°F) with the valve seat chilled
in ether or alcohol containing dry
ice, '

(d) Using valve insert caulking tool (A),
install the valve seat by caulking

it there.
Valve insert caulking tool
Hem Part Ne.
Intake 31391-13010
Exhaust 34491-01300

(8) Lapping valves in valve seats

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

{a) Coat the valve face lightly with a
lapping compound.

{ NOTE ’

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

(b) Use the ecompound of 120 to 150
mesh for initial lapping and the
ecompound of finer than 200 mesh
for finish lapping.

(e¢) 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
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(b) Using a valve lapper, lap the valve
in the seat. To lap, raise the valve
off the seat, rotate it only a part
of turn to .a new position and
strike it against the valve seat.

{(c)

(@)

fuel.

Wash off the compound with diesel

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
48.85 47.60

Free length (1.9232) (1.8740)

1.27 (0.0500),

Squareness maximum

Test forceflength | 19£1{42+2) 15(33)

under test force [186 +10]/43 |[147]/

kgf (IbD{N}/mm | (1.69) 43 (1.69)

(in.) :

60
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Free
length

Squareness

-

Measuring valve spring




Cylinder head

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

Unit: mm (in.)

Assembly Repair
Item standard | limit
Cylinder head gasketed (C%gg()) 0.20
surface warpage aximum (0.0079)

Combustion jets
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 cylinder.

Valve pushrods

If  the runout exceeds the
standard, replace the pushrods.

Assem bly

Unit: mm (in.)

Item Assembly standard

0.4 (0.016),
maximum

Valve pushrod runout

ENGINE PROPER

670067
Measuring cylinder head gasketed surface warpage

}
J

o

—J

(

Removing combustion jet

402893

Center line of cylinder

Combustion jet

Intake Exhaust 670077
Installing combustion jet
o
400089

Measuring pushrod runout
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1.3 Reassembly
B :
R ® @O @ 5
® o |
@ FHE)!
i
a =y d@
%

401336

| S——

Reassembling sequence

I l;I — (G
rororor® e e
®B 0O 0O —®
ey > @
@ ® O O-®
®
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(1) Installing valve stem seals
After installing the stem seal to the Stem seal
valve guide, make sure that the seal is
properly fitted in the groove of the

guide.
/N\[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

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

401326

(b} Using a soft hammer, give light
blows to the wvalve 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
crankease . as guided by the two
guide bolts. Apply engine oil to the
threads of eylinder head bolts, and
insert the bolts into the head.

/\[caution)

Do not apply any sealant to the
eylinder head bolts.

\

401338

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

Unit: kgfm (bf-At) (Nom] {

? 1t _Hilae UK
®a EE Tightening 1205
. L ., 1 . i (87 % 3.6)

402894
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(4) Reassembling rocker shafts
24.5 mm (0.965 in.) 22.5 yom (0.886 in.)

The rocker arms for intake valves are
different in dimension from those for
exhaust valves. After installing the ity

*

arms, make sure that they move freely. _%_
Exhaust Intake
670364
(5) Installing rocker shaft assemblies
Tighten the long bolt and short bolt in 5
that order (by following reverse of g"o
loosening order). ©

S

|2

i 7
: ST R 73 2 7

401340

(6) Adjusting valve clearance

Refer to 1.1, Group No. 5,
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9. FLYWHEEL, TIMING GEARS AND CAMSHAFT

2.1 Disassembly

402891

402897

66

(D Flywheel

(@ Flywheel housing
(3 Oil seal

@) 0il pan

(& 0il pump

(® Crankshaft pulley
(@ Timing gear case

Oil seal
(® Baffle plate

{40 P.T.O. gear

4D Idler gear (P.T.O.)
(D Bearing case

13 Thrust plate

@ ldler gear

(9 Camshaft gear
Thrust plate
(i) Camshaft
Tappet

Front plate




(1) Removing flywheel

(a) Unscrew the flywheel mounting
bolfs.

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

uniformly, and remove the flywheel.

(2) Removing flywheel housing

Unserew the housing mounting bolts,
and remove the housing,

{3) Removing oil pan and oil pump

Unserew the oil pan mounting bolts, and
remove the oil pan. Then, remove the
oil pump by unscrewing 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

402898
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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 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.

{8) Removing camshaft gear

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

[t is not necessary to remove
camshaft gear unless camshaft gear
or thrust plate is detective,

68
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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,)

. ENGINE PROPER

Assembly Repair

Jtem standard limit

0050-0.112 | 0300
Camshaft end phay | (5 66197 — 0,00441){(0.01181)

(2) Measuring cam lift

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

Unit: mm (in.)

Nominat Assembly | Service

ltem value standard timit

Dy cr0u
In- 46.916_0'3 Dl - D2 ' Dl — Dz
) =6.684 1=6.184

take +0,004
Cam (1.84708”¢'012) | (0.26315) | (0.24346)

670438

lift D, oo lo
‘ +0.1 1 — h 1 —Ds
Ex-- 1 43944 o3 1253447 156844

haust (1 80882 *0-0043  (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.

/N\[cauTion]

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

Unit: mm (in.)

" Assembly | Repair
ltem standard limit
0.02 0.05
Camshaft runout (0.0008), © 6020)
maximum ’

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.)

Aséembly Service
ltem standard lirit
No.1,] 53.96 —53.94 53.90
Camshaft 2 (2.1244 - 2.1236) | (2.1220)
journal
. 52.96 — 52.94 5290
diameter No. 31 (20850 — 2.0842) | (2.0827)
0.15
Camshaft journal-to- 0.04 — 0.09 (0.0059)
bushing clearance (0.0016 — 0.0035) | (Repair
. limit)

(5) Replacing camshaft bushings
To install bushings, align their oil holes

with those from oil gallery and drive
bushings in.

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

tappet for abnormal wear, and replace
it if necessary.

70

401753,

Measuring camshaft bushing inside diameter

|

NN

o

Removal

S

H
H

RN

NN

[ =

I}

n

Installation

RN

401754

Replacing camshaft bushing

Good Bad

Bad

400068

Cam contact face of tappet



(2) Measuring tappet-to-guide clearance

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

Unit: mm (in.)

Assembly Repair ; Service
ftem standard | limit | limit
22.000
Tappet guide —22.021 22,100
inside diameter (0,86614 (0.87008)
—0.86697)
0.035
Tappet-to-guide —0.086 0.120
clearance (0.00138 |(0.00472)
— 0.00339)

Timing gears
Measuring backlash

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

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

Timing gear backlash |  0.07 (0.0028) (g%g)gg)

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
Htem standard limit
t dol 0--0.10 0.35
er end play (0—0.0039) | (0.0138)

ENGINE PROPER

401200 . 4015321 "

Measuring tappet and guide

402899

Measuring timing gear backlash

402904

Measuring idler end play
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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
Idter shaft-to- (142 | = 0.075 0.100
bushing clearance {Df am.] (0.00098 | (0.00394)
11 —0.00295)

401621 401766

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 radial runout

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

72
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Removal Instaliation 401757

Replacing idler bushing

670089

401758

Measuring flywheel radial runout
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(2) Measuring flywheel face runout

With the flywheel installed on the
engine, measure its face runout. If the & oA P
face runout exceeds the Assembly ' ’
standard, check for improper
installation or foreign matter lodged in
the mounting face.

Unit: mm (in.)

Assembly Repair
Ttem standard limit 401769
- Measuring flywheel face runout
Radial runout 0.15 (0.0059), 0.50
Face 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.

406070

(b) Using a bar, give light hammer Replacing ring gear
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 __L

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.

1.6 mm (1/16 in.),
minimum :

400150
Inspecting V-belt groove in crankshaft puliey -
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74

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

2.3 Reassembly

P ]
}@ 16 n Q4 13
Section A-A
402892 202906
q 1 H12 oo
I = T =N
® -
) EE 1 i P {z
®— [’_‘ i A5
® 7 M__/—‘C)
® — ‘—:]; r : () ,
Section B-B
402803 402887

Reassembling sequence

CC e o [Crankeas]
® DO ICOLEA®DD ®

— | |

® ® )
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(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 installr the oil seal, wuse the
installer.
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Thrust plate

Camshaf't gear

402900

400456




(5) Inspeeting 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
_Pplay)

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.
Inspeet the timing for verification as
follows:

Using a 3 mm (0.12 in.) thiek smooth
steel plate, add 3 mm {(0.12 in.)
clearance to the intake 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.

ENGINE -PROPER

Direction of
rotation Intake

B.DC. 401762 |
Valve timing diagram
T.D.C.
9w Ve
Direction of
fotation
Exhaust Intake
3l
BD.C. 401763]

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

(

Scratches, cracks, wear,
carbon deposit on outside

lW&u, scrafches, rust

Secale deposit,
corrosion, damage

2
&3 € ‘é@
3 i) Scratches, cracks, pitting,
é Y clogged oil hole, wear
(el ‘n
)

Seratches, flaking
metal-to-metal
contact

Seratches, flaking
metal-to-metal
contact a

Damaged thread

401766

@ Nut

@ Connecting rod cap

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

@ Snap ring
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Piston pin s
(® Piston
Connecting rod ({})]
@D Bearing cap bolt
{2 Main bearing cap

@ Side seal

Thrust plate

Main bearing (lower shell)
Crankshaft
Main bearing (upper shell)
Crankease



(1) Removing connecting rod caps

(a)

(b}

Unserew the nuts securing the cap.
Give hammer blows to the bolfs
squarely and evenly- and, after the
cap comes off the reamer bolt,
take off the cap.

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)
- (b)

Lay the crankecase on its side.

Remove all earbon 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 cap 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 crankease.

(4) Removing piston rings

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

ENGINE PROPER

670101
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(3) 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

Unscrew the bolts securing the cap, and
remove the cap complete with main
bearing. To remove the front and rear
main. bearings, use a pulier.

/\[caution

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

401771

time of reassembly.

(7) Removing crankshaft

Slowly lift - the crankshaft off the
crankcase. " :

3.2 Inspection and repair

Crankecase and cylinder sleeves

(1) Measuring warpage of crankcase
gasketed surface

Measure .  the warpage - with a
straightedgé and feeler gauge. If the
warpage exceeds -the Assembly standard,
grind the _surface~ with. a surface
grinder, Grind:the ' crankecase - only
enough -to remove -the warpage.

Unit: mm {in.)

4772

670102

3 Assembly Repair .

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

80

Measuring crankcase gasketed surface



ENGINE PROPER

diameter — 60 mim (2.36 in.

(2) Measuring ecylinder sleeve inside @ 1l mm §0_43 i“’;
' ~105 mm (4.13 in.) >
“EnNG

(a) Measure the sleeve in two
“direections, parallel and transverse
to the crankshaft, at . three
"positions, top (ridged area), middie
and bottom as shown.

Unit: mm (in.)

Assembly Repair Service ,
ftem standard limit Timit 670103

Cylinder 98.000 Measuring cylinder sleeve inside diameter
sleeve — 98.035 98.200 | 99.200
inside (3.85826 | (3.86613)| (3.90550)
diameter —3.85964)

0.015
Out of round (0.00059),

maximum

0.05
Taper {(0.0020),

: maximum

(b) If the inside diameter reaches the

' 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 aceurate within D to
0.035 mm (0.00138 in.). Use the
piston and piston rings of the same
oversize. ' o

(d) If any sleeve is unevenly worn,
determine the oversize on the basis
of the maximum wear noted to
ensure perfeet roundness in the
oversized bore.
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(Wore)

(a) Réfinish 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
'ridge" at the top of the sleeve.
Hone the bore if necessary.

(3) Replacing cylinder sleeve

If one sleeve exceeds the Service limit
in inside diameter or it is defective,
with the other sleeves in good
condition, replace that sleeve only.

(Removing cylinder sleeve)

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

(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 crankease,

(Installing a new cylinder sleeve)

(a) Use cylinder sleeve installer

(34491-02100 ).

{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
. erankecase top.

{¢) Bore and hone the sleeve to
980935 mm (3.86 *0.00138 in.),
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Ridge-reaming cylinder sleeve

0.5 mm (0.020 in.)

<=

14
1

#
AN

I

s

401197 (

Removing cylinder sleeve (1)

z

)

|

%@f

401198

Removing cylinder sleeve (2)

401773} |

Installing cylinder sleeve



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

ENGINE PROPER

pistons per engine is within the 401774/
Assembly standard. Measuring piston diameter
Unit: mm (in.)
Assembly Service
Item standard limit
97.875 — 97.845 | 97.660
Standard| 3°3<334 _ 3.85216)|(3.84487)
Piston weight
0.25
98.125 -- 98,095 97.910
Piston (0.0098) B N l(3.85472 —
dineon o | oversize | (3:86318 — 3.86200)|(3.85472) =
©Gion | 98375 - 98345 | 98.160 @
oversize | (3-87302 — 3.87184)|(3.86456) |
—iia:ianc_e in weight £3 (20.1) 401775
por e &l ) Piston weight marking

(b)

of each piston.

Piston weight is stamped on the top
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(2) Measuring piston ring end gap

Place the ring in & 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 ecylinder
sleeve:

98 +0.035 mm (3,86+0.00138in.)

401776

% NOTE I

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 ring end 2ap | (901718 — 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.

A

Unit: mm (in.)

Nominal | Assembly Repair

Item value | standard limit
0.030 0050

81 No. 1 1in 25 | —0.070 0.200 =
] : 2 {0.098) | (0.001i8 }(0.00787) Measuring piston ring side clearance
8 — 0.00276) '
[+
o . 2.0
:,%, No. 2 ring (0.079) 0.025
= — 0.060 0.150
£| oi 4.5 (0.00098 | (0.00591)
E ring (0.177) | —0.00236)
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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.

Unit: mm (in.)

ENGINE- PROPER

g

-

Assembly Repair
Ttem standard limit
Piston pin 28,000 — 27.994
diameter (1.10236 — 1.10212)

401206

Piston pin-to-hole
clearance

0-0016 0.050
(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
crankease, 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
"gs-installed” thickness of cylinder
head gasket to determine the
clearance between the piston top
and cylinder head.

Unit: mm (in.)

Item Assembly standard
. . 0.35 -0.75
Piston protrusion (0.0138 — 0.0295)
“As-installed™ thickness of 1.6 +0.15

cylinder head gasket

(0.063 * 0.0059)

Measuring piston pin and hole

Measuring piston protrusion
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—/\[caurtion)

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.

Conneeting rods, connecting rod bearings
and small-end bushings

(1) Measuring connecting 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

in.). .

E NOTE |

To measure the bearing inside
diameter, install upper and lower
shells to the connecting rod properly,
and tighten the cap bolts to the

specified torque.

Unit; mm (in.)

Assembly Repair
Ttem standard limit
58 -0.035
o g —0.055 -0.20
Crankpin diameter —0.00138 -
(228 Zgoonp)  |(700979)

Connecting rod 0.035 -- 0,100 0.200
bearing-to-crankpin |(0.00138 — 0.003%94){ (0.00787)
clearance
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Measuring connecting rod bearing

inside diameter




(2) Measuring connecting rod bushing-to-
piston pin clearance

Measure the piston pin diameter and
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.

ENGINE PROPER

401779

Unit: mm (in.)
Assembly Repair
tem standard lirnit
Piston pin
ing insi 28.045 — 28.020
S [(16413 < 1.10315)
gont?wing r'of | 0.020 — 0.051 0.080
ushing-to-piston B
pin clearance (0.00079 — 0.00201)(0.00315)

(3) Replacing connecting rod bushing

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

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

(¢} Press the bushing from the
chamfered side of conneecting rod.

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

(4) Inspecting connecting rods for bend
and twist

(a) Measure "C" -and "g&¥" If the
measurement at "C" is larger than
0.05 mm (0.0020 in.) per 100 mm
(3.94 in.) of "g," straighten the rod
with a press.

Unit: mm (in.)

Measuring connecting rod bushing
inside diameter

Alipn oil holes
670129

Installing connecting rod bushing

400110

Assembly Repair
Itern standard limit
0.05/100

Connecting rod bend (0.0020/3.94), 0.15
maximum

and twist (0.0059)

Inspecting connecting rod
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(b) For inspecting connecting rod for
bend and twist, the connecting rod
aligner is generally used.

NOTE]

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

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

(5) Inspecting connecting rod bearings

‘Inspect each bearing shell for wiped

88

overlay, seratehing, burning, pitting and
other defects, If any of these defects
is present, replace the shell. .-

401780

Checking connecting rod on aligner

401781

Inspecting connecting rod installed to piston

Wiped

overlay .

)

M

400112
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(8) Measuring connecting rod end paly

Install the connecfing rod to the mating
erankpin, 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.)

Ttem Nominal Standard Service \
value clearance Hmit - : 670429
Connecting rod 0.15 Measuring connecting rod end play.
end play [widths 40 —-035 0.50

of connecting rod} (1.57) {(0.0059 (0.0197)
and crankpin] 1 —00138) 1.

(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.

Item Assembly standard Matching marks
Variance in weight per *5 ¢ (0.2 02), Stamped weight rank letter 401782
engine maximum '
Crankshaft _
(1) Measuring journal diameter : p

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.

670112

Unit: mm (in.) Measuring crankshaft journals
Jtem Assembly Repair Service
standard lisnit limit
Dia- 75 2008 -015 | —0.90
. ti ~0.801241 (-0.0059) [ (-0.0354
Eﬁ:ﬂk meter |(2.95 ~0:8030)] ¢ )|( )
jour- | Outofl  oof
nals | round | (0,0004), (O%g;)
Taper maxisum ’
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(2) Measuring erankpin diameter

Using a micrometer, measure the
crankpin 'in two positions, I 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.}

870113

‘ Assembly Repair
Item standard Hmit
58~ .035 0.20
Diameter —0.055 Pk
—0.00138 ~0.0079
(2-28 Zgg0217) (~0.0079)
koi
Crankpins Out of 0.01 oo
ound -
: 00008, | 4.6012)
Taper

(3) Grinding crankshaft

If the ecrankshaft is ground to any of
the undersizes and refinished to a
dimension which 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) (29291 — 2.9283)
Ood%gg 57.65 — 57.63
I 2.2697 — 2,
Crankpin ( ) (2.2697 — 2.2689)
0.50 5740 —- 57.38
0.0197) (2.2598 - 2.2591)
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Measuring crankpins



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 jourpals and
crankpins, and inspect them for cracks
by conducting a magnaflux (magnetic
particle) test,

(4) Measuring crankshaft end play

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

Unit: mm (in,)

ENGINE PROPER

Item Nominal | Assembly Repair

401783

value standard limit
0.100
Crankshaft end 37 — 0,264 0.300
play (1.46) (0.003%94 (0.01181)
—0.01039)

Measuring crankshaft end play

(5) Measuring erankshaft runout

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

Unit: mm (in.)

670111

Measuring crankshaft runout

Assembly Repair
Ttem standard limit
0.02 (0.0008), 0.05
Crankshaft runout maximuen (0.0020)

(6) Replacing crankshaft gear

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

Replacing crankshaft gear

9
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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 Y
heater. Place the new gear on the

crankshaft by aligning the key with ﬁegeagl?gﬁszh

the noteh of the gear and give

light blows of a copper hammer fo

the end face of the gear. Z 5

401785

(7) Replacing rear oil seal

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

To install the sleeve, apply oil to the
inside surface of the sleeve, and drive
it onto the crankshaft, 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, . scratching, corrosion, wiped
overlay and other defects. Also check
for .a sign of -poor seating in the bore
of the crankcase or bearing cap.

A

Scratching, corrosion,
wiped overlay

e

400204
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(2) Measuring main bearing clearance

Fit the bearing shells to the crankesse
and bearing cap, and tighten the eap
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 |

401789

inside diameter to determine the
clearance. Unit: mm (in.} Measuring main bearing inside diameter
Assembly Repair
Item standard limit
Main bearing-to- 0.050 - 0.115 0.200
journal clearance (0.00197 — 0.00453)|(0.00787)

(3} Replacing main bearings

1f the clearance exceeds the Repair
limit, replace the bearings, or refinish
the crankshaft and use undersize
bearings. If the crankshaft is refinished
in compiance with any of. the
undersizes, it is not necessary to
inspect the bearing contact pattern.

03
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3.3 Reassembly

® 8 O

401787

(1) Installing 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 crankecase will be aligned
when the shell is so installed.

(b) Apply a thin coat of engine oil to
the inside surface of each shell.

(e¢) Install the thrust plate in position.

94

\ f

- 401788

Installing main bearing upper shell




(2) Installing crankshaft

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

(b) Hold the crankshaft in horizontal
position, and ecarefully put it on
the crankecase.

(c) Apply a thin coat of engine oil to
the journals of crankshaft,

(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.

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

(d) 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 vicinity of the side
seal joint.

ENGINE PROPER

401772
Crankcase Bearing cap Side seal 2
[ A }rl
hY | Y T
{ |
' I
! I
R mark
670138

Coat with potash

Apply ThreeBond
soapy water.
o

Apply ThreeBond 1104, L/}

401552
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(4) Installing bearing cap bolts

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

(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
Ttem standard limit
0.100
Crankshaft end’ —0.264 0.300
play (0.00394 (0.01181)
—0.01039) -

(6} Lay the crankcase on its side

(7) Installing piston rings

{a) Using piston ring pliers
(31391-12900), install the Dpiston
rings on the piston.

Each piston ring is marked "R" on
the side to be up when installed on
the piston.

96

10.4+0.5 kgf-m
{75.2%3.6 Ibf-ft)
- [102+4.9 N-m] 444490

401791

401792

Up mark

_/b{o. 1 compression
ring :
— |

( No. 2 compression ring

No. 3 oil ring

670131

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.

(pring expander k

gap

Spring expander

Teflon tube

Oil ring
670133

(8) Preparatory steps for installing pistons

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

401795

(9) Installing connecting rod bearings and

caps Locking lip groove

(a) Insert the bolts into the ecap 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.

401796
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(10) Installing pistons -Camshaft side End gap of No. 1 |

compression ring
(a) Apply engine oil to the piston rings, 180° e
and reposition the rings by keeping _

their end gaps away from the

direction of piston pin and thrust
side. :
. &
< 2
End gap of N& 0 End gap of oil ring

compression ring ‘

N Combustion chamber side - 670139

(b) Bring the ecrankpin to which the
piston is to be installed to top
dead center position., Using piston
guide (A) (34491-02200), insert the
piston assembly into the crankease,
with the matching mark of the
connecting rod on the camshaft
side. '

670140 (
(¢) After resting the big end of
connecting rod on the crankpin,
turn crankshaft by 180°, and install @)
the cap. ’
401798

(11) Installing connecting rod caps

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

(b} Install the cap by tightening the
nuts to the specified torque.

401789
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INTAKE & EXHAUST SYSTEMS

1. DESCRIPTION

Muffler
Air cleaner

Cylinder

401800

2. EXHAUST MANIFOLD
Inspection
{a) Inspeet flanges for cracks.
(b) Inspect flanges for warpage, If

the warpage exceeds the Assembly
standard, repair the flanges.

Unit: mm (in.)

Item Assembly standard ; : 670074
Watpage of exhaust 022 (0.005), Inspecting exhaust manifold flanges for warpage
manifold flanges maximum
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LUBRICATION SYSTEM

1.

DESCRIPTION

Fuel injection pump-

/Valve mechanism

\
- [¢

Piston

p
- Water pump—__ | £
b=y

Ul

fi-
Cranksha t-\\

Qil filter

|~ Relief valve

| __—Oit pump

/ Oil strainer

402910
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LUBRICATION SYSTEM

2. OIL PUMP

2.1 Disassembly

Worn or broken
gear teeth

401803
(D 0il pump case cover @ Pump drive gear @ Main shaft

@ Outer rotor ® Pin , ® Oil pump case

® Taper pin ® Inner rotor

103



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 rotor from the pump case.

(2) Removing inner rotor

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

2.2 Inspection and repair

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

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

Unit: mm (in.)

Assembly Service
Ttem standard limit
0.013
Outer rotor-to- —0.150 0.250
inner rotor clearance (0.00051 (0.00984)
—0.00591)

104

670144

670148

Measuring outer rotor-to-inner rotor clearance



(2) Measuring

rotor-to-cover

(end play of rotors)

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

Unit: mm (in.)

Assembly Repair
ftem standard limnit
Rotor-to-c(over , 28% 9 0.15
clearance (end play : .
of rotors) ((1-%05835) (0.0059)

(3) Measuring outer rotor-to-pump case

clearance

If the clearance exceeds the Service

limit,

replace

the

whichever is badly worn.

rotor or

case

Unit: mm (in.)

Assembly Service
Ttem standard limit
0.20
Quter rotor-to-pump — .28 0.50
case clearance {0.0079 (0.0197)
—-0.0110)

(4) Measuring main shaft-to-pump case

LUBRICATION SYSTEM

clearance

670147

Measuring rotor-to-cover clearance

670146

Measuring outer rotor-to-pump case clearance

clearance

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

Unit: mm (in.)

Assembly - |° “Service
" sfandard limit
o 13.000 .
Diameter of main — 12,985
shaft (0.51181
—0.51122)

0.032
—0.074
(0.00126
-~ 0.00291)

Item - -

0.150

Main shaft-to-pump 0.60391)
.00

case clearance

T
o |

6570149

Measuring main shaft-t,d-pumi)_ case clearance
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LUBRICATION SYSTEM

2.3 Reassembly

27277 P77

rd
i
N

7 AL 2 A 122

Y

402907

Reassembling sequence

— [—>
I fng s

@® @ 0

(b)

(a) When using replacement (new)

main shaft and drive gear at the
time of reassembling the pump,
deill dowel pin hole in and
through the shaft and gear.

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
malfunction.

106

401219

Matching marks on pump case and cover




LUBRICATION SYSTEM

3. OIL FILTER

Disassembly and inspection

o
LE-R
©

Clogged or torn element

% @ Replace element every 500 hours,
| = ’

i

[
— Apply engine oil to
O-ring when installing
element,
g
=N
Cracks, distortion E\{
=y
670475 670379
@ Filter element (3 Filter case
(2 Center screw @ Relief valve

4, RELIEF VALVE

Inspection

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

LM Y ¢

)

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

1

screw (varying the setting of the Hydraulic pressure outlet Adjusting screw
o . 401806
Unit: kgf/em? (psi) [MPa]
Ttem Assembly standard
Relief valve opening (43',2 i 328)
pressure {0.29 £0.02]
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COOLING SYSTEM

1. . DESCRIPITION

Radiator Thermostat

Cooling fan

/Bypass pipe

Water pump

402911
2. WATER PUMP
2.1 Disassembly
Corrosion, feathering
due to rubbing contact,
damaged threads
@ Cracks, damage
Rotation
670196
(@ Cover ® 0il seal @ 0il seal
(@ Impeller @ Snap ring @@ Unit seal
(® Nut Shaft {3 Case
@ Pump pulley (@ Bearing
(& Spacer Bearing

110




(1) Removing impeller

The impeller is right hand-threaded.
To remove the impeller; turn it
counterclockwise (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 erratie
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.

(c) Inspect the unit seal for condition.
Replace the seal if any sign of
leakage is noted during operation.

Unit: mm (in.)
Hem Sndara | iy
Carbon i)rotmsion (01029) - -0
Free;sta;ie height (0.28153 i (1].0 4)

COOLING SYSTEM

400136

400138

Floating seat (carbon) Seal rin, (ceramic)

TITFIVETET

~,
.

S

T o~y

1.5 mm{(0.059 in.) 201809

Unit seal

11



COOLING SYSTEM

2.3 Reassembly

4 ®
5 -
& e ©
i 3.5 kgf-m
T (253 Ibfft) -
343 N-
[ m]
® / 2
@ ® ®
670197
Reassembling sequence| ®
}
g | —rrrerr®
a {2 Floating seat @@ @sealring O @ @ ® ® @
NOTE
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 a unit seal
instalier,
Do not reuse a unit seal which has
been removed from the pump case. 400475
(2) Installing oil seal —
To install the sesl, use an oil seal TZzz
installer. _
400474
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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 il compartment.

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

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

(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
stepped portion, splines, threads or
keyway to prevent damage to seal
lip.

116
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)

400247

0Oil seal driver

\k:::

400248

Oil seal guide




—.

WORKSHOP THEORY

1.2 O-rings
Use an O-ring guide of the type shown
when installing O-ring over stepped .=
portion, splines, threads or keyway to
prevent damage to the ring. Apply a 0 N
thin coat of grease to O-ring. ) y
i/
e
400249
O-ring guidé
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 a 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.

4002561

Bearing instaliation by a press
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“WORKSHOP THEORY

1.4 Loek plates

Bend lock plate against one of the ' ﬂ @ Q
| | D P TR

flats of nut or bolt head as shown.

Wrong

z Wrong

| @
Right Wrong J
Right

400252

Bending lock plates
1.5 Split pins and spring pins

Generally, split pins are to be replaced
at the time of disassembly.. Be sure to
insert the split pin fully and spread it
properly. Drive each spring pin into
position so that it may not get out of
place after subsequent installation of
parts has been completed.

118




.COOLING SYSTEM

3. THERMOSTAT

Inspection i
Immerse the thermostat in a water 9 fo.35)
bath, and test it for thermostatic
action by heating the bath to raise the 0 765%2 9022
water temperature. If the valve fails to 169.7£3.6)(199 £34]
operate properly, replace the Tempersure %€ (F)
thermostat.

Unit: mm (in.)

Item Assembly standard
. — 401810
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)

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

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

.13



COOLING SYSTEM

4. FAN AND FAN BELT (
Inspeection
Distorted or cracked blade
Change in length,
defaé:?oration, cracks
401811}
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INTRODUCTION

This Service Manual is written to familiarize you with the maintenance of the
fuel system and electrical system of your Mitsubishi S4E2 Diesel Engine. This
is edited as a separate volume to supplement the Service Manual of Mitsubishi
S4E2 Diesel Engine (Pub. No. 99159-01110-1/). For groups other than those
in this Manual, refer to that Service Mamual.

Major equipment specifications

Equipment S4E2 (BD2G, BS3G)
] Injection nozzle _
Type of nozzle holder | ND-DNOSD
Type of nozzle tip
—_—
Fuel Feed pump ND-EP/KS22A
system
—
Injection pump PES4A65B
Governor ND-EP/RSV
Electrical | Starter MO02T65271
system Alternator A0D1T70770
l TABLE OF CONTENTS
Group ) Contents Group No,
Disassembly, inspection, reassembly and maintenance
. standards of fuel system: |
Fuel system Fuel filter, fuel injection nozzles, fuel feed pump,
fuel injection pump, governor
Disassembly, inspection, reassembly and maintenance
Electrical system standards of electrical system: 2

Starter, alternator, glow plugs
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FUEL SYSTEM

1. DESCRIPTION

Fuel filter Fuel injection nozzle

/ Fuel leak-off pipe
Hir ]

—m To fuel tank

N -#— From fuet tank

Fuel injection pump

s

8

Fuel feed pump 401812 |-

2. FUEL FILTER
Disassembly and inspection

Cartridge type paper-element filter

%--——-—Air vent plug

Eﬂcks, damaged threads }

Apply engine oil
when installing.

Clogged or torn element
-| Replace every 500 hours.

401814

@ Element assembly @) Bracket




*  FUEL INJECTIOR NOZZLES

3.1 Disassembily

—

FUEL SYSTEM

@

Wear, damage

Carbon deposit,
clogged spray hole

401816

(D Retaining nut
(2) Nozzle tip

® Distance piece
@) Pressure pin

3.2 Inspection and adjustment

(1) Injection pressure

(2) Set up the nozzle on’ the tester.

(b)

(e)

Operate the tester handle several

times to prime the pipe and nozzle.

Slowly operate the handle all the
way up and down, completing each
eyele 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 ss
the injection pressure.

(6) Spring
(6 Washer
@ Nozzle holder

300642

Testing injeétion nozzle

" Unit: kgf/ch (psi) {MPa}

Item

Assef_'nb'!y standard

Valve opening pressure

120 *1°
(1706 *34%)
[11.8 %50 ]




FUEL SYSTEM

AT

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

(dy If the pressure is out of
specification, make a shim
adjustment.

Increasing or decreasing shim
thickness by 0.1 mm (0.004 in.) raises
or drops injection pressure by about
10 kgf/em? (142 psi) [1.0 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.)

(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. Alsc examine spray
pattern.

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

(3) Washing or replacing nozzle tip

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

/N\[cauTioN] ——

When pulling out the nozzle tip, be
careful not to damage it. Never
strike the nozzle tip.

N
/TS

400221

TEYTR

A

Good  Large-anple After- Skew Twiggy
spray  spray dribble spray spray
401818

Spray patterns of throttle type nozzle




FUEL SYSTEM

(b) Wash the nozzle tip in eclean 1
gasoline. After washing, assemble
the needle vaive 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. | 402912

Needle valve  Body

(¢) 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.

—— /M\[cauTtioN]

Never attempt to touch the skiding
surface of needle valve.

To replace the nozzle ftip, remove
the sealpeel (plastic covering) and
wash the new tip in clean gasoline
by sliding the needle valve in the
nozzle to remove the rust preventive
oil completely.

_




FUEL SYSTEM

3.3 Reassembly

E 6
' ®
1 .
3
]

5+0.5 kgf'm
(36 * 4 1bf-ft) —_——— )
{49 £ 5 N-m]

670038

Reassembling sequence

O
ORORORONCRO;



FUEL SYSTEM

4, FUEL FEED PUMP

4.1 Disassembly

401543

(D Priming pump (D) Check valve (outlet) @3 Pushrod

(2 Check valve spring Piston chamber plug Hollow screw
(@) Check valve (inlet) (@ Piston spring @ Filter gauze
(4) Hollow screw Piston Nipple

(® Valve support @D Ring (@ Pump housing

(& Check valve spring {» Tappet

(Remove the parts in the order numbered for disassembly.
To reassemble, follow the reverse of disassembling order.)



FUEL SYSTEM

4.2 Inspection and adjustment
Airtightness

Immerse the feed pump in a pool of fuel,
with its discharge side plugged up. Apply
an air pressure of 2 kgf/em2 (28 psi)
{0.2 MPal to its suction to see if any
bubbles come out of the pump. Some air,
however, will leak out through the
clearance between its pushrod and
housing. The pump is sufficiently airtight
if the amount of this leakage (with no
leakage from any other part of the pump)
is not greater than the value specified.

Specification

AR
Air pressure,

2 keffem®
( (28 psi)
0.2 MPa]

L —®

670159

ftem . Standard

Not greater than 50 cc

(3.1 cu in.)/minute (with
bubbles not larger than

2 mm (0.08 in.) in size) at
an air pressure of 2 kgffcm?

Feed pump airtightness

(28 psi) [0.2 MPa]

If the airtightness is poor, repair the
pushrod bore in pump housing with a

burnishing broach and install an oversize

pushrod.

(DMeasuring cylinder
@ Tappet

@ Plug
@Diesel fuel oil




FUEL SYSTEM

5. FUEL INJECTION PUMP

5.1 Disassembly

[OALENTD

ﬁ,‘i\-\.ﬁ P',f‘-. 5

y ) - . -i}@
&),
En
\.Cq:,-j

670191
(@ Secrew plug (D Roller bushing @) Delivery valve spring
(2) Bearing cover { shim @2 Delivery valve
(3) Camshaft @ Lower spring seat 2d Pump cylinder
@ Bearing Plunger @ Rack guide serew
(5 Bearing (® Plunger spring @ cControl rack
® Shim Upper spring seat @ Pump body
@ Tappet @ Control sleeve
Cirelip Control pinion
@ Roller pin Lock plate
Tappet roller @) Delivery valve holder

Fuel injection pump - Disassembled view

(Remove the parts in the order numbered for disassembly.)



FUEL SYSTEM

(1) To remove camshaft (3), turn the
camshaft by hand to raise each
tappet (7) to its top dead center, and
insert tappet insert (a) into tappet
hole to make each tappet free of
cam.

(2} To remove tappet insert (a), insert
roller clamp (b) through the secrew
plug hole to pinch the tappet roller
(10), give a push to tappet (7), and
remove the tappet insert.

(3) To remove tappet (7), insert the
tappet clamp {¢) through bearing hole
to pinch the tappet, take off the
roller clamp (b), and remove the

tappet.

Tilt down the top (delivery valve
holder side) of the pump so that the
plungers and springs will not come
off.

(4) 7To remove plunger (14), pineh the
lower portion of the plunger with
plunger clamp (d), and draw out the
plunger together with its lower spring
seat (13).

/N\[cauTion)

When removing the plunger, be
careful not to seratch the plunger:
pull the plunger straight out,

10

670171 l




5.2 Inspection

(1)

Measure the width of plunger flange.
If this flange is worn down to exceed
the assembly standard, replace the
pump element assembly (plunger and

-barrel).
“Unit: mm (in.}
ltem Assembly standard
. 7 -0.08
Width of pump element 0
plunger flange (0.2756 —?’.0020)

(2)

Measure the width of the slot
provided in the control sleeve. If this
slot is worn down to exceed the
assembly standard, replace the sleeve.

Unit: mm {in.)

ftem Assembly standard

Width of control sleeve slot

+0.1
70270
(0.2764 *9-00%)

(3)

(4)

Pull out the plunger from the barrel
about two-thirds of the way, while
holding the barrel horizontal; then
angle up the barrel slowly by about
60°. This should cause the plunger to
slide out all the way by its own
weight to evidence a proper fit, If
the plunger goes outward 'in a free-
falling manner or becomes stuck on
the way, then the pump element
assembly must be replaced.

Pull up the delivery valve piston,
cover the bottom of the valve seat
with thumb as shown and give finger
pressure to the piston on its top
lightly. If piston is not worn down, it
should be pushed back when finger
pressure is relieved. If it is seated
without responding to the finger
pressure relieved, it is worn down
excessively.

FUEL SYSTEM

670172

670173

670174

670175

11



FUEL SYSTEM

(5) Using a spring balance, check the

forece necessary to set the control
rack in sliding motion. Repair or
replace the control rack if it offers
a resistance requiring a greater force
to overcome than the assembly
standard.

Unit: gf (ozf) [N]

Item Assembly standard
Sliding resistance Not more than 120 (4.2) [1.2]
of control rack as starting pull

(6) Measure the overall radial play of

12

tappet roller (10), roller bushing (11)
and pin (9) with a dial gauge as
shown. If it exceeds the assembly
standard, replace the whole tappet
sub-assembly (8).

—

670176
Dial gauge
()
®
401584
{



FUEL SYSTEM

5.3 Reassembly

Tightening torque:
3.020.5kgf'm

(21.7 £3.6 Ibf.ft)
{29.4 +4.9 N.m]

4

I'q_
NS b
L ZX

AN -
TN P
ol A

|
g
v,

92

_F.
® |‘g§ﬁ
%lll.l\él
O LIMN DA
I
@ al 1]

e

!

afele e
=

4
®
3 ——) :
. ® @
® 4 ® Tightening torque:
6.5+ 1.0 kgfm
(47.0+ 7.2 Ibf-ft)
{63.7+9.8 N-m] 670194
Reassembling sequence ® @ (outer race)
[T &
- ©@® @ L. g
o r”g’ N
D 200D GO0 > O
_T L—@(inner race)

B){(inner race)

13



FUEL SYSTEM

(1) When installing plunger (14), position
it with the stamped figure on its
driving face coming on top (cover
plate side). If reversed, its lead and
feed hole are not aligned and it

cannot control fuel injection quantity.

(2) To install tappet (7), pick up . the
tappet with tappet clamp (c¢), feed
the tappet into the
chamber, and insert it into the bore
with roller clamp (b).

(3) To install eamshaft (3), mateh the
driving face of plunger and the slot
in pump eylinder, push the tappets,

and hold them with tappet inserts (a).

Each time when the above step is
completed on one cylinder, check the
control rack if it slides smoothly.

(4) Check the sliding resistancee of control
rack (25), The rack is required to
slide with a push or pull of not
greater than 120 gf (4.2 ozf) [1.2 NJ,

14

670177

camshaft .

870178

670179




{(5) Install the

governor housing
temporarily, and check the axial play
of camshaft (3) by using camshaft
clearance gauge (e).

Unit: mm (in.)

_Assembly standard

0.03 — 0.05 (0.0012 — o.oozoﬂ

If the play noted is off the assembly
standard indicated above, reduce or
increase it by shimming: shim stock
for this purpose is available in six
thicknesses, 0.10 mm (0.0039 in.),
0.12 mm (0.0047in.), 0.14 mm (0.0055
in.), 0.16 mm (0.0063 in.), 0.18 mm
(0.0071 in.} and 0.50 mm (0.0197 in.)

So that the camshaft will not be so
displaced by shimming to one side as
to offset the cams from the tappets,
try to use equal amounts of shim on
both sides. : J

5.4 Testing and adjustment

(o}

&)

Control rack sliding resistance test

Injection timing adjustment

a. Pre-stroke adjustment

b. Checking and adjusting the angular
position of the beginning of
injection

¢, Tappet clearance measurement

o Injection quantity adjustment

Before installing the reassembled fuel
injection pump to the engine, be sure,
in addition to the above tests, to carry
out required tests on the governor, too.

FUEL SYSTEM

67018QJ

15



FUEL SYSTEM

(1) Preparation

(a)

(b)

Attach the rack position measure.
Remove from the governor these
parts: maximum speed stopper, stop
adjusting screw, idling spring,
torque spring and adaptor spring.
Push in the control rack toward
the governor side as far as it will
go, and set the rack position
measure at the starting position
(zero mm).

Bleed air out of the injection pump,
as follows:
First, move the selector lever of

"the pump tester into “injection

guantity" position and turn on the
motor switeh to start up the
motor.

Next, .produce the prescribed
delivery pressure by means of the
pressure adjusting valve, Loosen
the air bleeder screw on the pump
to let out the trapped air, if any.

It is not necessary to "run" the pump
in order to bleed air out.

(2) Control rack sliding resistance test

Run the pump at 1000 rpm and measure

the

resistance with the hand spring

balance., The control rack should be
capable of sliding without offering any
resistance greater than 50 gf (1.8 ozf)
[0.5 N1

16
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(3) Injection timing adjustment

(a)

Pre-stroke adjustment

Loosen the nozzle holder overflow
valve; move the selector lever of
the tester to "injection timing"
position; and start running the
high-pressure pump of the tester by
engaging the cluteh; and, with the
tappet clearance measuring device
securely installed, turn the
camshaft to bring No. 1 plunger to
bottom dead center (lowest)
position.

From this position of camshaft,
rotate it gently in normal direction
to raise the tappet (and hence the
plunger). In the meantime, fuel will
be overflowing. Stop turning the

camshaft just when the fuel ceases -

to overflow, and read the distance
traversed by the tappet from its

lowest position.
P Unit: mm (in.)

Item Standard

Pre-stroke 1.9 - 2.0(0.075 — 0.079)

(b)

If the pre-stroke is out of
standard, bring the tappet to its
top dead center position, insert
spring holder into between the
lower spring seat and tappet, and
turn the camshaft in  normal
direction. Now there will be a
clearance between the spring seat
and tappet. Vary the thickness of
shim plates by utilizing this
clearance to adjust the pre-stroke.

Checking and adjusting the angular
position of the beginning of
injection

The end of pre-stroke corresponds
to the beginning of injection: the
plunger begins to pressurize the
fuel in the barrel when it has just
closed the feed hole.

FUEL SYSTEM

" 670185

)

670186
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Take the position of No. 1 plunger
at its beginning of injection as the
reference angular position (0 deg.),
and check the angular position at
which each of the rest of the
plunger begins to inject. Make sure

" that the beginning of injection

comes within the 1 deg. tolerance
of the angular wvalue. prescribed:

Cylinder No. | "1 3 4 -2
Angular o . .
position of 0 89730" 1179°30" 1269 30"
beginning of — 90°30}— 180°30° | — 270°30"
injection

(e)

If the angular -positidn is out of

the prescribed range, adjust it by
shimming as in {(a) Pre-stroke
adjustment.

Tappet clearance measurement
Tuen the camshaft and bring the
tappet to its top dead center
position, Keeping the tappet in this
position, lever up the tappet with
a screwdriver and measure the
clearance.

Unit: mm (in.)

Item Standard

Tappet ctearance

0.2 (0.008), min.

18

This eclearance is prescribed to be
not less than the value specified
above, and normally should not
require any adjustment. Thus, the
purpose of this measurement just
for making sure that some
clearance greater than the
specified minimum is available,

If the reading happens to be less
than the minimum, increase it by
means of the tappet adjusting bolt,
without causing the injection timing
(beginning of injection) to deviate
from the 1-deg. tolerance,
Increasing the tappet clearance will
increase the pre-stroke: be sure

‘not to exceed the upper limit [2.0

mm (0.0787 in.)l.

670187




(4) Measurement of injection quantity

The injection quantity varies according
to the position of the control rack and
the pump rpm. The injection quantity
should be measured under the conditions
where the pump is set to a certain
rpm,

(a) Attach the injection pump on the
tester and conneect the injection
pipes to the tester. Remove the
control  rack cover. Attach the
rack position measuring device in
place.

(b) Bleed air from the fuel system by
operating the tester handie,

(¢} Keep the fuel supply pressure at 2.0
kgf/em?2 (28.4 psi) [0.2 MPal on
tester pauge, run the injection
pump at the specified speed by the
tester, keep the control rack at
the standard position, and measure
the injection quantity by a
measuring cylinder for each pump
element.

Adjust it to bring its injection
quantity into the specified range.

For specified injection quantity, refer
to the Maintenance standards.

If injection quantity of any
eylinder is out of the specified
range, adjust it by loosening the
pinion clamp screw and slightly
turning the control sleeve.

Turning the control sleeve toward
the governor side will increase the
injection quantity, and vice versa.

After adjustment, be sure fo
tighten the clamp screw on the
pinion.

FUEL SYSTEM

| |

670188
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6.,

RSV GOVERNOR

6.1 Disassembly

402514

20

(1) Bolt
@) Shackle

@) Start spring

@) Round nut

(3 Flyweight

® Screw plug

(@ Governor housing
Adjusting screw set
(9) Adjusting screw set
Adjusting nut set
(D Full-load stopper

Serew plug
Lever supporting shaft
Adjusting lever
Snap ring
Lever bushing
Control spring
Swiveling lever
Guide lever

@) Sleeve

Ball bearing
@2 Plate washer

e0eeee®

®

Tension lever

Adjusting set assembly
Stop lever

Spring cover

Return spring

Bearing bushing
Governor shaft assembly
Control lever

Cover plate

Governtor cover

B8

Governor - Disassembled view
{Remove the parts in the order numbered for disassembly.)



(1) Detach the cover by pulling it a little
backward. Insert the screwdriver,
move the shackle clasp downward
with the tip of screwdriver and undo
the pinned connection between
control rack and shackle (2).

(2) Unhook the start spring (3). Remoéve
the governor cover complete with the
lever mechanism.

(3) Remove round nut (4) securing
flyweight (5) by loosening it with
round nut wrench (A).

(4) Run the flyweight extractor (B} into
the threaded hole, as shown, and
force the flyweights (5) off the
camshaft by jacking action,

FUEL SYSTEM

402915

402916

670163

21



FUEL SYSTEM

6.2 Reassembly -

i
1

a\ ‘ lnno

X1

o] 9

oS3
1
N NSNS\
/©/!/
S

7
D 402917

Governor - Sectional view
(For the parts not numbered, refer to the disassembled view.)

@+@l)e; 55&
Iudndndndndndundninindnd i ndnd Wy 2oL
@ © ® ® L

Reassembling sequence

O D OBOOD HODOBO OO O
W
® O ® Lo
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{1} After positioning the flyweights (5) on
camshaft, secure it by tightening the
round nut to the specified forque
with round nut wrench (A),

5—6 kgf'm
Tightening torque . %36 — 43 {bfft)
49 — 59 N-m]

{2) Install the control spring with its
opening facing the shackle,

6.3 Testing and adjustment

After assembling the governor properly,
the adjustments deseribed below should be
effected on the test bench.

(1) Fuel injection pumyp injection quantity
adjustment

Before adjusting the governor, be sure
to carry out the required injection
timing and injection quantity
adjustments on the fuel injeetion pump,

For the adjustments, refer t6 5.4
Testing and adjustment, Fuel Injection
Pump.

FUEL SYSTEM

670161

Install with its
opening facing :
the shackle. ] o

[cH}]

P

e
402918
3
0O 0 C 0 |=
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o 7
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670164
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(2) Governor adjustments

After checking the governor for the
various  linkage and sliding part
conditions, make the following
adjustments in that order.

1 Medium-speed control adjustment
2 Angleich control adjustment

3 Low-speed control adjustment

4 High-speed control adjustment

5 Torque spring setting

6 Matching to engine

angular scale plate
(protractor} on the governor
housing to read the angular
position of the adjusting lever.

(a) Install the

adjustment in
characteristie

(b) Carry out each
reference to the
curves,

Medium-speed control adjustment

Setting the full-load stopper

Run the injection pump at the speed
corresponding to "Ne," turn the adjusting
lever to give the econtrol spring a fairly
tight tension, and secure the adjusting
lever there temporarily. Turn the full-load
stopper with the screwdriver until the
rack comes to the position corresponding
to "Re," and secure the stopper there
with loeck nut, Turning the full-load
stopper clockwise as seen from the rear
of the governor increases the rack
position, and turning it counterclockwise
decreases the rack position.

Ne (rpm) Re (mm)
850 9.0

24

= 121 Medium-speed control range i

E ", Angleich inner spring setting

g 104 Anglelch outer spring

g 1o setting Fulltload stopper

8 settin

& ]

VR = —\ Y Torque spring

2 ] ¥ setting

= i \

8 Low-speed control range

5 $3 High-speed

o control range
4 v
2 s15

150
650
1200
LFFL)
1400

i o o

0 200 400 606 800 1060 1 1400
Pump speed (rpm) 402920

Governor characteristic curves

P
o
L=

870166




Angleich control adjustment

For the governor with the adaptor spring,
adjust it as follows:

(D

(2)

(3)

Move the adjusting lever to make it
bear against the maximum-speed
stopper, and secure it there, and
install the adaptor complete to the
lower portion of the tension lever.

Raise the pump speed from "Na" to
UNd." This should move the econtrol
rack from “Ra" to "Rd"; if noft,
tighten or loosen adaptor screw (4).
The rack movement from "Ra" to
"Rd" corresponds to the amount of
compression of adaptor spring (5),
whieh is referred to as ‘'adaptor
stroke." Tightening {(or driving inward)
adaptor serew (4) elongates this
spring to increase the stroke, and
vice versa. '

Run the pump at "Na.® This should
move the control rack to "Ra" if
not, change the thickness of shim
plate (3) indicated in this illustration
(preload  adjustment of  adaptor
spring).

FUEL SYSTEM

Na (rpm) | Ra (mm} | Nd (rpm) | Rd (mm)

Inner
spring

250 12.7 400 11.2

spring

Outer | ¢4 10.4 700 98

Low-speed control adjustment

(1) Run the pump at "Ni,» with the

adjusting lever bearing against the
maximum-speed stopper; turn back the
adjusting lever until the control rack
comes to PMRi%; and secure the
adjusting lever there.

670190 |
(1) Tension lever @ Adaptor screw
(@) Lock nut (&) Adaptor spring

®Shim plate

670168
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(2) Lower the speed, and make sure that
the control rack is at above "Rg"
when pump speed is at "Ng."

(3) After completing the foregoing
adjustments, stop running the pump
and turn the adjusting lever all the
way in the stopping direction and
turn the stop adjusting serew until
the control rack comes to 1 mm
(0.0394 in,) ‘position. Set the stop
adjusting screw to limit the stopping
end of adjusting lever stroke, and
secure the screw by tightening its
lock nut.

Ni {rpm) Ri (mm) Ng (rpm) Rg (mm)
300 83 200 I

High-speed control adjustment

(1) Setting the maximum-speed stopper

Turn back the adjusting lever to
determine the maximum speed to be
controled by the governor. The
maximum speed stopper sets this
position of the adjusting lever. Slowly
raise the speed from "Ne." Upon
locating that position of adjusting lever
at whieh the control rack begins to
move in from "Re" at "Ne" speed, bring
the maximum-speed stopper into contact
with the lever, thereby setting the
maximum-speed position of adjusting
lever, Secure the stopper there with
lock nut.

(2) Speed regulation adjustment

What '"speed regulation" signifies was
explained previously: it refers to the
difference between two  governed
speeds: no-load speed and full-load
speed for a given position of the
adjusting lever. It is expressed as a
percentage of full-load speed:

Speed regulation

_ Nh - Ng

=~ Ng X 100 (%)

Nh = No-load maximum speed at a
certain position of the adjusting

lever
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Ng = Full-load maximum speed &t the
same position of the adjusting
lever

As an example, where full-load
maximum speed is 1300 rpm and no-
load maximum speed is 1360 rpm,

Speed regulation

_ 1360 - 1300

1300 x 100 = 4.6 (%)

Generally speaking, the smaller the
speed regulation, the better is the
engine control; but some regulation is
necessary for the sake of running
stability and the smallest regulation
for the type of all-speed governor as
the present one is limited by the
governor mechanism. Moreover, each
engine runs best when the governor
is set to provide the regulation
specified for the engine,

For the maximum speed position of
adjusting lever, speed regulation is
represented by that portion of the
characteristic curve from point "Re”
to point "Rf" for the differential
speed from "Ne" to "Nf."

In the  present governor, the
regulation can be changed by means
of the adjusting serew provided in
the swiveling lever. Tightening this
secrew increases the tension of
control spring to reduces the value
of repulation, and vice versa.

"X" in the standard adjustment data
in the Maintenance standards means
the number of rotations of the
adjusting screw to be turned back
from the fully driven position.

"X=1" is the position of the adjusting
serew turned back one (1) rotation.
Four notches of this screw
correspond to one (1) rotation.

Ne {(rpm) | Re (mm) | Ne (rpm) | Nf (rpm)}| Rf (mmm)

850 7.1 1200 1225 6.5

FUEL SYSTEM
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/\[caution)

Never back away the screw by more
than 24 notches (6 rotations), or the

threaded engagement of the screw

will be so small as to invite a

hazardous condition.

{3) Re-adjustment of maximum-speed
stopper setting i

Changing the speed regulation by
tightening or Iloosening the adjusting
serew is, in substance, changing the
tension of the contreol spring. For this
reason, after each repositioning of the
adjusting screw, the positin of maximum-
speed stopper for determining "Ne" must
be changed to raise or lower "Ne" to a
proper level by repeating the process
described in (1) above.

In the table of standard adjustment
data, the angular position of the
adjusting lever assumes that 40° is
vertieal. Turning the adjusting lever
from this position to the maximum-
speed stopper side increases degree
and vice versa.

670167 |

Matehing the pump to the engine

After adjusting the governor according to
the procedures set forth above, check the
injection quantity by running the injection
pump at the same angular position of the
adjusting lever as that for the high-speed
control  according to the standard
adjustment data. Use a 100-cm3 (6.1-cu
in.) measuring cylinder to receive and
colleet the fuel delivered by the four
pumping elements.
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7.

7.1 Maintenance standards

MAINTENANCE STANDARDS

FUEL SYSTEM

: Repair Service
- . Norminal Assembly standard L iy
Group Inspection point limit limit Remarks
value [standard clearance] [clearance] |[clearance]
Make shim adjust-
. ment. Pressure varies
Valve opening 120 0—+10 by 10 kgfjem? (142
Er?ssurg S IMP (1706) (0 —+142) psi) (1.0 MPa] per
gf/cm® (psi) [MPa] f11.8] [0 —+1.0] 0.1 mm (0.004 in.)
thickness of shim.
8 Test by means of
= hand tester, usin
e diesel fuel, at 20°C
g (68°F). If spray pat-
(= < .
g | Spray angle 0 tern is poor even
k- after nozzle is wash-
5 ed in clean diesel
fuel, replace nozzle
tip.
Seat shall hold a test pressure
Oil-tightness of 20 kgffem? (284 psi) [2.0 Wash or replace
needle valve seat MPa] lower than vaive open- nozzle tip.
ing pressure for 10 seconds.
Outside diameter of
£ tappets 7 0.1
2 Inside diameter of (0.276) (0.004)
= tappet holes
E Outside diameter of 15 0o 0 ) -0.075
tappet roller (0.591) | -0.027°-0.00106 (-0.00295)|
Delive pressure 18-~22 Injection pump
g‘ kgf/cmq (psi) {MPa} ;%Sig : 3123)} speed: 600 rpm
,3‘ Check displacement
3 with injgctior:) ggmp
— 3 . 600 em? operated at 1 -
é Delivery capacity ?{gg cmmin(SS cu in.)f (37 g.ln in.)f rpm with a dis-
’ min, min charge pressure of

1.5 kgffem? (21
psi) {0.15 MPa].

Airtightness

No parts shall show any evidence of

air leaks.

Close pump dis-
charge port with a
plug. Apply an air
pressuse of 2 kgf/
cm? (28 psi) [0.2
MPa} to the pump,
and keep the pump
immersed in diesel
fuel longer than

1 minute.
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- Repair Service
. . Nominal Assembly standard i e
Group Inspection point value {staq dard clearance] [clelgglrtce} [d e};l::alrzce} Remarks
- 150 - 200 . 150
EL‘;EH?SSO” (2133 — 2844) (2133) Pur(;ip speed:
[14.7 — 19.6], [14.71, 200 rpm
keffcm? (psi) {MPa] min e
10 kgffem? (142
Delivery valve See psi) [1.0 MPa]}
seating tightness Remarks. |pressure drop should
not exceed 5 seconds.
Backlash between 025
pinion and rack 0.15 (0.0059)] {0.0098)!]
120 gf (4.2 ozf) [1.2 N], max
Rack sliding with pump at stand-still; 50 gf
resistance (1.8 ozf) [0.5 N], max with
pump running at 1000 rpm
Fit of tappets in [ 0.03 —0.07 ] [ ]
pump housing {0.0012 - 0.0028) (0. 0079)
Ouiside diameter 17 0 0 -0.075
of tappet rollers 0.669) |-0.027 L0.00106) (~0.00295)
Plunger 49 +1 (+0.039) -0.5
g, Free | Spring (1.929) 00 (-0.020)
5 | length | Delivery 32 -1
51z valve spring|  (1.260) | 0 (0.020) (-0.039)
& | 5] Cam height 32 +0 1 (+0 0039) -0.2
S | & (major diam) (1.260) (-0.0078)
Z | E
'S | Inside (liiaineter of 24 0.15
L ¢ tappet holes in pump .
housing (0.945) (0.0059)
1.95
Pre-stroke (0.0768) £0.05 (£0.0020)
Beginning of injection ) 90° £ 30°
Tappet clearance [0.2 (0.008)], min
Injection quantity adjustment:
Pump speed Rack position Plunger Injection quantity ariance
pm mm (in.) strokes cm?® (cu in) em® (cu in,)
1000 8.5 (0.335) 1000 37 £1.5 (2.26 £0.09) 2 (0.12), max
1000 8.0 (0.315) 1600 33 %15 (2.01 £0.09) 2 (0.12), max
200 5.7(0.224) 1000 13 £3(0.79 £0.18) 2 {0.12), max

Test conditions
Nozzle tip:
Injection pressure:
Test oil:

Delivery pressure:
Injection pipe:

Test oil temperature:

0934000090 (ND-DN40SDND32)
120 kef/em? (1706 psi) {11.8 MPa]
ASTM Diesel fuet No. 2D

2.6 kgffem?® (28.4 psi) [0.2 MPa)
2x6x600mm (1/16 x 1/4 x23-5/8 in.)

40 - 45°q (104 — 113°F)
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. Repair Service
: : Nominal Assembly standard N e
Group Inspection point limit limit Remarks
value [standard clearance] [clearance] | [clearance]
Governor: Speed control range: 325 — 1200 rpm Speed regulation = 5.0
- sps Total injection quantity
Adjusting Pump speed Control rack position 3 v
Htem lever angle tpm mm (in.) ::?okg;? fncyll 000
1400 1.5 {0.059), max
1300 3£1.0(0.118 £0.039)
, PP 1225 6.5 0.1 (0.256 £0.004)
High-speed control 537 %5 7.1 £0.1 (0.280 % 0.004)
1200 8.9 £0.2 (0.351 £0.008)
& . {Set by torque spring)
3] S
b 1| Medinm-speed o o 2.0 £0.1 {0.354 £0.004)
@ | 21| control $3°%s 850 {Set by fult-load stoppex)
= o
g |0 300 83 £0.1 (0.354 £0.004)
Low-speed control 25°%5° 200 11.0 (0.433), min
400 5.3 0.1 (0.209 £ 0.004)
{Set by idle sub-spring)
400 5242 (3.17 io.m)}
500 47 £1 (2.87 £0.06)
{by means of Angleich
5 . . 0450 spring)
Matching to engine 5375 900 393 (238 £0.12)
1200 291 (1.77 £0.06)
{by means of torque
spring)
7.2 Tightening torque
Important bolts and nuts
Tightening torque
Securred part of component Remarks
kgf-m Ibf-ft N-m
Nozzle retaining nut 5+0.5 364 49 +5
Injection pump delivery valve holder 2.5-3.5 18--25 | 25-34
Injection pump delivery valve clamp bolt 08 -11 58—-80]78-108
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ELECTRICAL SYSTEM

1.

STARTER

1.1 Disassembly

Roughness, burning,
grooved wear, wors
or damaged gear

Pole and field coil

Brush dust buildup,
uneven wear, brush

Rotation

(

34

Worn or damaged pinionJ installation movement in holder 670248
(1) Switeh (D Ball bearing {3 Pinion set
(2) Rear bracket Cover set Pinion shaft
(3) Brush holder (9 Center bracket {» 0il seal
) Yoke Gear Ball bearing
(5) Armature (D Spring set () Front bracket
(6) Ball bearing (2 Lever

{
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1.2 Inspection and repair
(1) Armature
(a) ATesting' 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.

670203

{b) Testing armature for grounded
circuits

If there is continuity between the
commutator and shaft (or core), the
armafure is grounded and shouid be
replaced,

(¢} Inspecting commutator

1) Support the armature in V-blocks,
and measure the runout of 670202
commutator with a dial gauge. If
the runout exceeds the Repair

limit, repair the commutator by M

turning it in a lathe within

Service limit for the outside |

diameter, 1If the commutator ::dw 7N

surface is rough, smoothen it with Vol

a sandpaper pf #300 to #500. %\

Unit: mm {in.) . | 2\

It Assembly | Repair | Service : | L_f =

em standard limit limit ! T“ L
Commutator 0.03 0.05 0.05 : '
runout (0.0012) | (0.0020){ (0.0020) 401826

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

armature.
Unit: mm {in.)
| o | e
e taor” 32(126) | 31(122)

401827
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3) Measure the depth of each mica
between segments with a depth
gauge. If the depth exceeds the
Repair limit, recondition the mieca.

Unit: mm (in.)

Item Reapir limit

Commutator mica depth 0.2 (0.008), maximum

(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

(3)

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

" 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

Ttem standard limit

Brush length 18 (0.71) 11 (0.43)

Mica depth  Good

Segment

?Badz

401828

401829

401830

Brush

401831
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(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.

kgf (Ibf} [N]

ELECTRICAL SYSTEM

Assembly Service
ltem standard limit 401832
Brush spring
tension 3.5 (7.7y {34.3] | 2.3(5.1) [22.6]

(e} Testing brush holders for insulation

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

{4) Overrunning clutch

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 eclutch.

401833

401834
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(5) Pinion thrust gap

The pinion shaft thrust gap is the play
exhibited by the pinion shaft when it is
moved in the thrust direction. Measure
the thrust gap in the following manner.

If it is out of specification, select the
adjusting washer and adjust the gap.

(a) When the pinion is removed:

-Install the gear on the pinion shaft,

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.

(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.)

Hem Assembly standard

Pinion thrust gap

0.5 (0.020), maximum
[Below O not permissible]

38

Center bracket

Thrust gap

-

Stop ring
Washer

Pinion shaft .
Adjusting washer

401835
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1.3 Reassembly

Apply grease to sliding |-
1 surface of lever.

@
Apply grease. Apply grease.
Replace packing. i

. 670044

Reassembling sequence

- @ ©® L@@
- Cor®
@ g 5@@@
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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.

{b) Under this condition, lightly push in
the pinion toward the armature,
and measure the movement (gap) of
the pinion.

(¢) To adjust the gap, increase or
decrease the packings fitted to the
magnetie switch., Increasing the
packings decreases the pinion gap.

Unit: mm (in,)

Item Assembly standard
- 05-20
Pinion gap (0.020 — 0.079)

——— /\[cauTioN]

Do not test the starter continuously
for more than 20 seconds fo 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-lead characteristics.

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

401838

Voltage Current Speed
(V) (A) (rpm)
23 80, maximum 3400

40

—

Pinion gap
400191
Switch
—0
Ammeter
D)
A/ i
A Switch -

Volimeter

670211
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{3) Magnetic switeh S torminal

=
%.J

If there is no continuity between S O
\

and M terminals and between S Mte"m"al//
terminal and body (ground), replace © @
the switeh.
(b) Inspecting contactors for fusion
If there is contihuity between B and 401837

M terminals, replace the switeh.

(a) Testing coil for open eircuits

B terminal

L

Q

(c) Inspecting contactors for poor
contaect action

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

(
2. ALTERNATOR
2.1 Disassembly
® - o
Bearing rotation ® Bearing rotation
i Dirty or burned slip rings, worn
Q oit seal contact surface of shaft,
o ©
670213 |
. 1
() Screw (6) Bearing @i Brush holder set
@ Nut @ Screw (2 Rectifier assembly
(® Pulley (with fan) Bearing (3 Plate
@) Spacer @ Front bracket Rear bracket
(& Rotor Stator

2.2 Inspection and repair

(1) Brushes

Replace the brushes if they are worn

down to the wear limit line.

Unit: mm (in.)

Assembly Service
Ttem standard limit
Brush length 18 (0.71) 8(0.31)
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Service limit §8 mm (0.31 in.)

-—-—1

18 mm (0.71 in.

S

670216




(2) Field coil

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

(3) Stator coil

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

(4) Reetifier

Inspect the resistance between the lead
wire and heat sink on each diode by
connecting the positive (+) side lead
wire and negative-(-) side lead wire of
the tester to:- the diode. If the
resistance is infinite in both cases, the
diode is open-circuited. If it is nearly
zero in both cases, the diode is short-
circuited. If the diode is open- or
short-circuited, replace the reectifier.

ELECTRICAL SYSTEM

(\\\‘Z‘f )

i
\'"T‘-“ '\‘ \

5

670205

"L terminal } B termma]

Trio diode lead Heat sink ()

400174‘
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ELECTRICAL SYSTEM

2.3 Reassembly

M

2 M
/ |
@_ ) 1!1!.
3 R
@ |
R K &
8 i

670054

Reassembling sequence

@»@'@_}5 a';L
Crr

crrr N
®0® © ORORORE)

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
after installing the rotor.

®

3. GLOW PLUGS

Inspection

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.
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B
Wire

\

(( Rotor
) 670220
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Testing glow plug



ELECTRICAL SYSTEM

4, MAINTENANCE STANDARDS

4.1 Maintenance standards

- Repair | Service
Group Inspection point Ng;?é';al [izs;(!g Eéycﬁz’:gzég] limit limit Remarks
iclearance]{fclearance]
Diameter of 32 31
commutator (1.26) {(1.22)
18 il
Length
= ©.71) (0.43)
*}? ;E Spring 3.5 23
8 pressure (1.7 (5.1)
v kef(Ibf)[N] [34.3} [22.6]
Thrust gap of 0.5 .-
pinion shaft (©.020) { O minimum
0.5-20
£ Pinion gap {0.020
2 —0.079)
&
g No-load characteristics Locked characteristics Magnetic switch operating voltage
;‘f Torque | Switch-in
m | Voltage[Current | Speed | Voltage | Current kef-m (IbLF0) | voltage Switching off
Shall turn off upon
80 730 4.5(32.5) :
23 > | 3400 8 : | ¥6, max. ! turning off of staster
max, max. {44,171, min, switch,
Brush spring 210
. | tension (0.5)
5| gf (bf) [N] 2]
[+
£ | Outside diameter 33 324
i of slip ring {1.30) (1.276)
18 8
Brush length (0.71) (031
4.2 Tightening torque
Important nut
: Width Tightening torque
Securred part of component dizhiea?tch 4CTOSS : Remarks
-~ P flats kgfm 1bf-ft N-m
Starter B terminal 8-—-1.25 12 10-12 79 1012
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" BD2G, BS3G WIRING DIAGRAM

_ Stater switch connection

®
<
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FLYWHEEL CLUTCH

Unit: mm {in.)

Group ?fg‘ Item Assembly standard Service limit Remarks
S One side:( —0.4
. . ‘-‘;-: . 3.7 — 6.3 _0'016)
. Facing thickness (0.224=0248) | Both sides:—0.8
i | Clatch discs T B : (~0.031)
Ruioit .~ = | 0.70.028), max. | 0.7 (0.028), min.
Minor di—it_tpve:tég o (]206583: '.%60‘2?2)
2 | Hub splines S 005 d.IS' : 030
Fitof hub:splines -~ "| (90020 - 6'0059). | (0.0118) -
F-ti -f- S o ! , ]
-l m?gm?;fume "202(0795) | 197 (0.776), max.
Friction'surface ... . | 0.05—015 : | . 0.30
flatness . {0.0020 — 0.0059) (0.0118)
T 10,20 = 10.25 - 10.50
. | Strutboltholes .(0.4016 - 0.4035) | - (0.4134)
3 | Pressure plate . . ' Bushing are
said to have
toase | _ reached the
Release lever pin service Hmit
| bushings . See Remarks. if “teflon”
S overlay coat-
ing is worn
= _ away.
E Friction surface - A
:3 thicknoss. 13.0(0.512) 12.5 (0.492), max.
8 4 | Mating plate - -
= ' Friction surface 0.05—-0.10 0.20
g flatness ™ (0.0020 — 0.0039) (0.0079)
- Free length - © 70.6 (2.780) 68.5 (2.697)
Prossure Test forceflength under | 43.5%2.2(95.9£4.9)}  39.2(86.4)
S | sorins test forcé: .- [426.6 +21.6]/48.2] [384.4])/
SPUIRE kgf ObH){N] fmm (in.) | (1.898) 48.2 (1.898)
Squareness 2°, max. 3°, min.
. . 1.9 A B
Fit on bearing
6 | Release levers (0.075) ‘ oo E"y—ﬁk 4_1\0*53(0 0201
Stroke 18 (3/4) min.
7 |Stutbolts | Lightening torque (o8 0 % 4)
Clutch cover | Tightening torque | o
8 | mounting bolts | kgfm (bf.40) [Nemj | 17 (123) [16.7] ]
Lock plate Tightening torque - . |
? | mounting bolts | kgfm (1bf£t) [Nem] 1.7 (12.3) [16.7}
10 | Seal ring Susface Cuts or breakage
Surface making Grooves of
11 | Cover contact with seal ring scratches
12 | Brake band Lining thickness 5.00.197) 3.0 (0.118), max.
13 | Pump drive Backtash with mating 0.35 - 0.42 0.70 (0.0276), -
gear gear (0.0138 — 0.0165) min.




FLYWHEEL CLUTCH

2
(’_ N
- : N o .
. < s .
AN ®
\\ 11
I 15\

(|
1Y
x Fl
H Fi -
r

602165

602279



DIRECT DRIVE TRANSMISSION

Unit: mm {in.)

Group RN?-; . ltem Assermnbly standard Service limit Remarks
. = | Backlash with - 0.12 — 0.28 0.60
- == | Ist-reverse gear .(0:0047 — 0.0110) (0.0236)
Ist-sliding gear —————— - —
L | T “Backlash with. . e 012028 0.60
S | rst-drive gear™:. - (0.0047 — 0.0110) {0.0236)

g et o |Backlash with - 0.32-0.28 0.60 |
o 2nd-reverse gear - (0.0047 — 0.0110) (0.0236)
2nd-sliding gear —

ol Backlash with © 012-028 0.60
. 2| 2nddrivegear -~ 2| (0.0047 - 0.0110) (0.0236)
a | s - | Backlash with input = | 0.12 — 0.28 0.60°
& SRR k- T i) (0.0047 —0.0110) (00236) . - [~~~
o Counter gear = -
e 6 Backlash with 0.12 —0.30 0.60
g 3rd-sliding gear (0.0047 — 0.0118) (0.0236)
2 : - 0.020 — 0.062 0,500
Fit in fork
g , Ishiftrals i AN 101Xs (0.00079 - 0.00244) (0.01969)
g | ' |Ghiftershafts) | - : Should slide
2 B T . smoothly.
S 1 g |sutt forke Clearance of shift fork 0.1-03 0.5
3 i tor in groove : (0.004 — 0.012) (0.020)
& Free length 62 (2.44) 60.5 (2.382)
g |Detentsprings | Test force/length under | 9.8020.49(21.621.08) | 7.5 (16.5)
(poppet springs)| test force [96.11 £ 4.81]/55 {73.5]/
kgf (1Ib){N]/min. . [(2.17) 55 (2.17)
10 | stias ‘ ¢ | Width of shifter fork 7.1 7.2 7.7
HIIDg geat grooves (0.280 — 0.283) (0.303)
Countershaft 03
end securing - . 2.7%0.

11 | bolts/bevel g;%};"é‘lg’gé‘)’?ﬁ‘;} (19.5 +2.2)

pinion shaft [26.5+2.9]

securing bolts




DIRECT DRIVE TRANSMISSION
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BRAKE

Unit: mimn {in.)

Grb!;p ?!eg' ‘ . ftem ) A.ssemb!y 'standard Service limit F?e-rﬁérksﬂ
Outside diameter 252(9.92) 250 (9.84)
8 1 [ Drum — -
] Clearance in linings 0.8 (0.031) :
= -
2 | Linings Thickness 6.5 (0.256) 4.5(0.177)

[0}

602244



STEERING CLUTCHES AND FINAL DRIVES

Unit: mm {in.}

Group T\!ecr' \ item Assembly standard Service limit Remarks
' NP 0.15-0.20 .50 -
1 | Bevel gear I_Backlash with pinion (0.0059 — 0.0079) (0.0197)
o |Taperedroller | Preload (bevel gear) -} 0.7--09(5.1-6.5)
. bearings kgf-m (1bf-ft) [N.m] [6.9-88]
Free length 77.5 (3.051)
3 | Clutch springs | Test force/length under | 66.5£5(146.6+11.0)
test force [652.1 +49.0)/
kef (ibf) [N]/mm (in.) | 63 (2.48)
Thickness 8.7 (0.343) 6.0 (0.236)
4 | Friction plates | gy in outer drum 0.16 - 0.52 0.80
splines (0.0063 — 0.0205) (0.0315)
E Thickness 2.8(0.110) 2.3(0.091)
= Fit in inner drum 0.14 - 0.30 0.60
g 5 | Disc plates splines (0.0055 — 0.0118) (0.0236)
g Total thickness of 69 66
s friction plates (6 pcs)
Z and disc plates (6 pes) 272 (2.60)
. o s 0.200--0.324
6 | Shifter . Fit in flange (0.00787 — 0.01276)
7 Inner drum Tightening torque (2?; i gg)
securing bolts | kgfm (IbF-ft) [N-m] 3 134 2‘9]
Quter drum and{ .. . 3.5+03
8 | pinion securing E;ghienilntgftor%le (253+2.2)
bolts ghm (Ibf-£t) [N-m] [34.3 + 2.9
Drive shaft/ ' 16 — 19
g clotch shaft Tightening torque (115.7 — 137.4)
securing bolts | kgf-m (lbf-ft) {N-m] [l s7 _ 186j
(16-mm diam)
10 |pi Backlash with driven 0.17 -0.37 1.00
1nons gear (0.0067 — 0.0146) (0.0394)
g 11 | Sprockets Tooth width 40(1.57) 36 (1.42)
=
5 12 {Tapered roller | Preoad : (g%g ~ gg;
;:-SG( bearings kgf-m (Ibf-ft) [N-m] (2.84 — 3.63%
Final drive . . 76--92
13 | case mounting gl%htenlas; orc}:;e {55.0 — 66.5)
bolts gm (1bLt) [N-m] [74.5 — 90.2]




STEERING CLUTCHES AND FINAL DRIVES
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STEERING VALVE

Unit: mm (in.)

Group ?ﬁ:‘

ltem

Assembly standard

Service limit

Remarks

1 | Valve springs

Free length

66 (2.60)

Test force/length under
test force - -
| kef (1bf) [N] fmm (in.)

9.8 £1 (21.6%2.2)
[96.1 £ 9.8]/56
@30 -

Steering valve

2 | Retum springs

Free length

36.5 (1.44)

“Test forceflength under
test force ’ '
kgf (bf) [N]/mm (in.)

0.9 0.1 SQ'Oi 0.2)
[8.8+1.0)/329
(1.30)

1

\ R

[

X

ﬁﬁﬂﬁﬂﬂﬁﬁgﬂﬂﬁ

LERIEY

|

&

it

ill!lll

=
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- % FRAME

. Unit: mm (in.)

Group Ref. ltem R Assembly standard Service limit Remarks
No. .
Steering clutch { - 2642
1 casefframefrigid| Tightening torque | (138 +] 4)
bar mounting | kgf-m (Ibf£t) [N-m N
bolts : [255 i 20]
Engine front ' Upper: 1.2 — 2.2
5 mount/fflywheel| Bracket-to-stopper (0.047 - 0.087) 1.0
housing clearance - Lower:1.8 — 2.8 (0.039)
mount (0.07t —0.110)
Engine front . . 15.9+1.6
] 3 | mount attach- gl%htel}lgfgft Orql:;e (1150116
5 ing bolts gfm (Ibf£t) (Nom) [155.9+15.7
Flywheel hous- | . . 159£1.6
4 |ingmounting | Lightening torque (115.0£11.6
bolts gbm (IbfAt) [Nom) [155.9%15.7
Standard models 1200 (47-1/4)
Center to center| SWamp models 1400 (55-1/8) Difference
5 | of tracks Super-swamp models 1590 (62-5/8) 100/8) | between “A
Ultra super-swamp
models 1880 (74)

602245
5
[ [)
£ h
A 8
t ul
£ 1]
802246 ' 602247



FRONT IDLERS

Unit: mm {in.}

10

Group i;;f‘ Item Assembly standard Service limit Remarks
1 Diameter 448 (17.64)
) ' ' " | Repair limit;
ers
3 ! Width 42 (1.65) 35 (138) '
. 0.20 —0.25 1.40
. 4 Axial play (0.0079 — 0.0098) (0.0551)
L - . 0.155 - 0.235 1.000
B | 5 |Shafts Fit in bushing (0.00610 — 0.00925) | (0.03937)
=
e . . 7.6 +0.8
& . Tightening torque
6 |Fillerplags | o (Gbeft) (N-m) [725_? t ?},:3{
Bearing-shaft - . 6.5x0.7
7 {securing taper Elgfh l;e?;é!fg‘ftt())?ﬁ;] (47 5.1%
pin bolts & [63.7+6.9
8 | Guides/track Lateral clearance 1(0.04) 3(012) ]
frames Vertical clearance 1 (0.04) 3{0.12)
3
1 —
/4
/—-’
7
L~ °
6\
> X
1 B it
2 jtoed 5 ]' H
/) =
. _
9
—_t
! 602187




HYDRAULIC ADJUSTER CYLINDERS AND RECOIL SPRINGS

~ Unit: mm (in.)

Group ?\ﬁ)f' item Assembly standard Service Ifmit Remarks
Free length 381.5 (15.020)
& 2610 £ 210
.g‘ t | Recoil springs ;I‘;Zsétft;c;i%ellength under (5.6]55 + 463) %gg% ﬁO?Z_
2 " [25.6 +2.1]/ :
.'T:,‘-‘[ kef (Ibf) [kN]/min (in)} 326 (12.83) 326 (12.83)
5]
= . . . 0.075 - 0.164 0.800
g | 2 |hindes Fit on piston (0.00295 — 0.00646) |  (0.03150)
4 Track carrier | ... . 262
g 3 | roller bracket gl%‘ﬁer(liglffts:?;gn} (188 + 14)
?é mounting bolts | "8 : {255 +20]
(]
B N . . 35205
2 . Tightening torque
4 | Filler valves 25336
2 kgfm (Ibf-ft) {N-m] %34.3_ + 4.9%
[ =
[*] 1 .
Bk gf;‘;:fsl“f‘?f Adjustmenttimit | 370(1457) | 450(17.7)
<
B Roller shaft and] ... . 14722
T 6 | bracket securing El%h nl:]e?]lk?f%ftgl[ql\l}lin] (106.3 +15.9)
bolts g [144.1 £ 21.6]
, ! r 6
e L——‘w 5
——7 J |
S — N ) r__' ' ___}___I i A
@ (AR Q
602248
N
1
—— el 4 2 iebe
— 1 11 =
t\‘ L ; /
[ ] i h .
ok E
— T i ek — e === ¢
602249

11



"TRACK CARRIER ROLLERS

“Unit: mm {in.}

Group ?le;. Item - Assembiy standard Service limit Remarks
1 Diameter 140 (5.51)- 118 (4.65)
2 Diameter 120 (4.72) . 98 (3.86) {‘gg*‘(jj 10‘19“)?“
Roll : —=
o L3 Width 30 (1.18) 35 (138)
K . 02-0.5 10
2 14 Addal play (0.008 — 0.020) (0.039)
)
: . . | 0.185 — 0.226 1.600
§ | 5 |Rollershafis | Fit in buchings (0.00728 — 0.00890) | ~ (0.06299)
il .
o . 42204
] . Tightening torque e
& | 6 |Fillerplugs | yofm (ibfft) [N-m] g?_{; £33
7 Roller shaft - Tightening t:orqué i (é%% f é%
securing bolts | kgf-m (Ibf-ft) [N-m] n 196+11 3]
3
/
// % //
SLL7 .. ?
025 /'F("*’ 7 S
6
| \\\\ \\\\\/ //é; ’ /;/
‘ AT |
L : /1

12
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TRACK ROLLERS

-Unit: mm {in:)

Group ?\ﬁ‘ 'Item Assembiy standard ' Service limit Remarks
1 Diameter 164 (6.46) 152 (5.98)
2 Diameter 140 (5.51) 128 (5.04) f‘;g"‘("g’"zi{;‘)it‘
Rollers
3 Flange width 9 (0.35) 4 (0.16)
: 0.30 - 0.90 1.40
_.;_,f 4 Axial play (0.0118 — 0,0354) (0.0551)
= L 0.20—-0.25 160
-ﬁé 5 | RoHer shafts - | Fit in bushings (0.0079 — 0.0098) (0.0630)
= .
) . 7.6+0.8
. Tightening torque 550458
6 | Filler plugs kef-m (IbEAt) [N-m] 574: 0L 8}
R - ' 6+0.6
2 oHer mount- | Tightening torque (43.4 £ 4.3)
ing bolts kgf-m (ibi-ft) [N-m] [58:5 + 5:9}
3
4 -
i /'—
v
6
,.“““ :] \“‘*2
|/7//, 4 F} .
602250 5
602188
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TRACKS

Unit: mm {in.)

Group ?\ﬁf‘ {tem Assembly standard Serviee limit Remérks
l ' 41 (1.61) 372 Limit for revers-
. 1 | Bushings Outside diameter {Limit for reversing « 465) ing: 38 (1.50)
: 38 (1.50) ’ (maximum wear)
a| Height 75(295) 68 (2.68) 58%3’{;’6“)"“:
2 | Links Link pitch Limit f
ink pitc imit for revers-
b (for 4 finks) 540 (21.3) 3302163} | 414: 552 (21:73)
. . : 0.450— 0.734 2.5
3 | Track pins Fit in bushings (0.01772 — 0.02890) (0.098)
" Standard models 38.5(1.516) (BD2G) 11 (0.43)
&2
g Standard models 30(1.18) (BS3G) 10 (0.39)
o
Repair limit:
4 |Shoes Eéic;}léer Swamp models - 67.5(2.657) 55.5(2.185) S7.5 (2.264)
. Super-swamp models | . 57.5 (2.264) 52.5 (2.067) o
Ultra super-swamp - Repa-‘? l:im Htnot
- cifie
modals 57.5 (2.264) 52.5(2.067) |spe
5 | Tracks Sag (3%2 N :1301 )
T ' . g 17 - 20
- Tightening torque
it —
6 | Shoebolts |y fm (Ibft) [N-m] f}g?, - igg}
O O
> 1
= )
4
&5
S (@)
O O
Standard/swamp model track 602184
- 5 OJO
< = 1 602252
\ S I [_/‘ 4
{Ea ®
( =% O _,\O
m l ﬁ m 602185

14

Super-swamp/ultra super-swamp model track




TRACKS

i S
S

Standard model track 602253
2b
2-a /
AN . -
\\ /'.,/ 7‘\ ,/", -
M AN
602254

4

/
6

Swamp modei/superswamp model/ultra superswamp model track

15



HYDRAULIC PUMP

Unit: mm {in.}

Group I?\Je;.. ltem Assembly standard Service Iim';t Remarks
Rpm 2400
‘Delivery pressure -
£ Pump o 180 (2560) [17.7]
g I performance kg/em” (psi) [MPa] BN
=h 1 Capacity . g4 f Y. -
% - - | liter (cu in.)/min 34 (32.?5)
5 ) D 47 -5.0
Tightening torque .
| 2 TRV DO pgtom ofey (Nm) | 025
Pump mount- | Tightening forque '
3 lingboits | kefm (Ibf£e) (Nem) . | 42 (304) [41.2]
i
]l
2
N
H K
B .
H

601501
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CONTROL VALVE

Group Ref.}

. Assembly standard

Unit: mm {in.)

No. ltem Service limit Remarks
Pressure that makes 1803 N
relief valve ppen (2560 * 43)
kgf/cm? (psi) [MPa) - [17.7 £ 03}
y |Main relief "Flow rate 50%2
valve liter (cu in.)/min. (3051 £122) -
. . 101
Valve tightening torque +
kef-m (Ibf-t) [N-m] (5104
Free length 20 (0.79)
Check valve 0.2+0.02
2 i Test force/length under
springs test force (?24 g f. 8%‘}
kef (Ibf)([N] fram (in.) 10.5 (0'?41' 3)
Free length 51 (2.01)
o ‘
=
=h| Test forceflength under (étlig f 5}1)
0 % testforee [107.0 + 108]/
E gf (Ibf)[N] /mm (in.) 10.5 (0.413)
= Free length 51 (2.01)
) Plunger = 1.1
% 3 |centering || Test force/length under} é}‘g £ 2.4)
= springs ltci? iict:;rceN . [107.9 10.8]/
: ef (IbHN} /mm (in.) 10.5 (0.413)
4 Free length 57 (2.24)
£
g =} Test force/length under (égz i ég
f?l test force . [135_3 + 98}/
E Free length 35(1.38)
g Plunger
% 4 dete;‘,t Test forceflength under (15 1 i (l)g
£ spring tesg force ) [68:6 3 6.9} /
3 kgf (Ibf)[N] /mm (in.) 27 (1.06)
_ . Free length 26 (1.02)
5 Relief valve Test forceflength under éig :_: %i)
outer spring test force [ 07.9%10 8]/
kef (Ibf) [N} /mm (in.) 22.(0.8'7).
Free length 23 (0.91)
6 Relief valve - Test forceflength under (:];, ? :g é
inner spring test force [13.7 %1 0}
: kef (1Ibf)§N] /mm (in.) 1 8.4 (0.724)
- | Check valve Tightening torque (73 3 i g g
phlgs kgf—m (lbfft) {NITI} {54 3+3 9}
3 Makeup Tightening torque (32 2 i g 2)
valves kgf-m (Ibf-ft) [N-m} [49. 0+4 9}

17




CONTROL VALVE

Unit: mm (in.)

18

QA
e

Group ?\I(g' item Assembly standard | Service Hmit Remarks
Plunger plug & Tightenin 2.0+02

—_ g torque .
> 9 |-plunger detent - > ) (1451 .4%
E plug kgf-m (Ibf ft_) [N} [1956 2.0
£
= Seal cover . . 1.1%0.1
= Tightening torque
x| 10 {plates & cap 3 3 (8.0x0.7)
E securing bolts kgf-m (Ibf-£t) [N-m] [10.8%1.0]
= . : 27203
b . Tightening torque
g |11 §Tierods y > (19.522.2)
% kgf-m (ibf-ft) {N-m} [26.5 + 2.9]

,: Control lever | Operating { N » Raise 1.5-30(3.3-6.6) With engine
) force L Elgﬂ by 6%4% i) shut off
kegf (Ibf)[N] ] N » Lower 0-2.0(22-4.

Q ¢l (O[N] [9.8 — 19.6]
a Lower » | 4.5—-5.0(9.9-110)
~ Float [44.1 — 49.0]
'?‘:; Float » 25-30(55-6.6)
g Lower | [24.5 —29.4]
e N+ RH
= angling| {2.0—3.0(4.4 —6.6)
8 N»LH {19.6 — 29.4]
angling
N>RHUI 125 -35(.5-7.7)
N > LH tilt | §[24.5 — 34.3]
I

1 {cal

S ]
- el bl
R

602200




CONTROL VALVE

_Unit: mm {in.).

Group

Control valve (BD2G with power tilt blade)

?\g' Hem Assembly standard ~ Service limit Remarks
Pressure that makes 180 %3
relief valve open {2560 + 43)
kgffem? (psi) [MPa) [17.6 £ 0.3}
Main relief Flow rate - 5022
' valve liter (c in,)/mi (3051 * 122)
) ‘ 101
Valve tightening torque (727
kgf-m (Ibf-ft) [N-m] [98  10)
Pressure that makes 2002
relief valve open (2844 £ 28)
kgffem? (psi)[MPa] [19:6%0.2]
Flow rate 15%2
2 | Safety valve | titer (cu in.)/min (915 % 122)
T 50%05
Valve tightening torque 5 %
kgfom (Ibf-f)[N-m] (3[‘1'3 + 2,‘3}
Free length 20(0.79)
3 Chc;ck valve Test foreeflength under (8 32 J:: ggi)
Springs test force {‘2 0+ 0.2] /
kgf (Ibf)[N] fmm (in.) 10.5 (0.41)
Free length 57 (2.24)
& | Test force/length under (;gi f 53
= test force ) {135'3 % g'g}/
Phunger kef (Ib0)[N] /mm (in.) 216 (1 .0§)
- 4 | centering
springs Free length 51 (2.01)
é Test forceflength under (ét}lg i %é)
test force . {107.9 £ 10.8)/
kgf (Ibf)[N] /mm (in.) 27.6 (1.09)
Free length 35(1.38)
5 Piupger detent | Test forcefiength under ( 1:5’2 f ?rsl)
spring test force ) [68.6 + 6'9]/
kef (Ibf)[N] /mm (in.) 176 (1 .(']9)
Free length 26 (1.02)
6 Relief val_ve Test forceflength under éig i é 114)
outer spring test force . [107.9 + 10.8)/
kef (Ibf)[N] /mm (in.) 22 (0.87)
Free length 23 (0.91)
7 Reuef va!ve Test force/length under é? i g%)
inner spring test force [13‘7 + 1.0] /
kef (Ibf)[N]/mm (in.) 18.4 (0.72)
Free length 39.5 (1.56)
8 Safety valve Test force/length under (ﬁgg i ;g)
spring test force _ [204 £ 15]/
kgf (tbf) [N} /mm (in.) 34.5 (1.36)
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CONTROL VALVE

Unit: mm {in.)

Ref.

Group No .- Item Assembly standard Service limit Remarks
9 Check valve Tightening torque (22 g fgg
plugs kgf-m (tbfft)[N-m] [34.3 + 3. 9}
) . 50£05
Tightening torque
10 } Makeup valve . > ) (36.2 £3.6)
- kef-m (Ibf-ft)[N-m] [49.0 £ 4.9]
]
38 Plunger plug & Ti ; 2.0%02
5 |11 | plunger detent | 1ightening torque (14,5 1.4)
= plug kgf-m (Ibf-ft) [N-m] [19.6 % 2.0]
Sy
[+
g Tightening torque 101 -
& |12 | Plugs 2 (723%7.2
2 kgf.m (Ibf-£6) [N-m] foass 9_8}
= Seal cover . . 1.1x0.1
&) Tightening torgue ' !
13 | plates & cap 8.0+0.7
§ securing bolts | kgfm (tbf-ft)[N-m] { 1(0.8 +] .0%
2 : Tightening torque 2703
§ |14 |Terods kef-m (1bf:£t) [N-m] Ay
5 54
= Control lever Operating . 1.5 -3.0(3.3-6.6) With engine
S forcg , N > Raise %13 - 5 39(24% 4d) shut off
kef (ibf)
[N] NoLower | 198 "19.6]
Lower » 45-50(9.9-11.0)
Float [44.1 —49.0]
Float » 2.5~30(5.5 —6.6)
Lower f24.5 - 29.4]
N»RHtilt |125-3.5(55-7.7)
N »LH tilt | [[24.5 - 34.3]

20




CONTROL VALVE

13

13

"

13

12

lllil-l.r
-a__“_______%sa. i _____
'.._4 NN

602208

602207

21



CONTROL VALVE

Unit; mm (in.)

Group l:ﬁ:' ltem Assembly standard Service limit Remarks
Pressure that makes 1603
relief valve open (2275 £43)
kgffcm? (psi)[MPa] [15.7 £ 0.3}

| | Main relief Flow rate 502
valve liter {cu in.}/min {3051 £ 122)
Valve tighteniﬁg torque ,ljg f ,}.)
kgf-m (Ibf-6)[N-m] E98 s
» ] Pressure that makes 2002
2| retief valve open. (2844 £ 28)
| keffem® (psi)[MPa] [19.6 £0.2]
7t | Flow rate © 2322
Safety liter (cu in.)/min - (1404 % 122)
2 valves Pressure that makes 1602
5 | relief valve open (2275 +28)
21 keffem® (psi)[MPa) [15.7£0.2)
& | Flow rate 2312
liter (cu in.)/min (1404 + 122)
Free length 20 (0.79)
__ | 3 | Checkvalve Test force/length under (822 : 383')
) Springs . test force [‘2 0 3 0‘2] /
% kef (IbH)[N] /mm (in.) 10.5 (0.41 3)
% Free length 57 (2.24)
3 &1 Test force/length und 13821
3 &1 Test force/length under (30.4 £2.2
E test fofce . {135.8 + 9-8 /
S Plunger kef (IbO[N] /mm (in.) 276 (1.09) .
4 | centering -
springs Free length 51 (2.01)
= o
E'| Test force/length under é‘l‘g i é‘i)
0§ test force {107.9 % 10.8] /"
7 Free length 21 (0.83)
5 Makeup valve | Test force/length under 016002
spri (0.3520.04)
prings test force [1.602]/
kgl (IbH[N]/mm (in.) 17.5 (0.69)
Free length 26 (1.02)
. +
6 gﬁigfs"ar}i‘;'le Test force/length under (;lyltg + }’3;1;)
pring test force [107.9 £ 10.8]/
kef (Ibf}[N] /mm (in.) 22'(0787).
Free length 23 (0.91)
7 | Relief valve Test force/length under G 103 f gé)
ket (O] fmm (n) | 1376055
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“CONTROL VALVE

Unit: mm {in.)

Group F[Le(:' ltem Assembly standard Serviee limit Remarks
Free length Lz 39.5(1.56)
8 Safety valve Test forceflength under | - égg i ég
Springs test force [20 40 N 14 2,.] /
kef (lbf)[N}/mm (in.) i 34'(1734)‘
g | Check vaive Tightening torque : (2?; igg
plugs kel- (bEA[N-m] - 3 3:9}
‘ R 5.0£0.5
Tightening torque ’
i0 | Makeup valves - ? . (36.2%3.6)
& kgf-m (Ibf ft.)[N;m] L [49.0 £ 4.9]
] Plunger plug & | .. : S 2.020.2
& |11 | plunger detent E‘%f’r;e?lg‘gf‘t‘)"[’%‘_';] (145 £ 1.4)
2 plug £ [19.6 + 2.0]
=z Seal cover , . 1.1 0.1
£ |12 | plates&cap Tightening torque (8.0 0.7)
§ securing bolts kgf-m (Ibf-ft) [N-m] [10.8 + 1.0]
NP 2.7%03
. Tightening torque
130T d 19522
ie rods Kef-m (IbE-f¢)[N-m] Cesiao]
Control valve | Operating | ) » Raise 1.5-3.0(33-6.6) * | With engine
S force {15‘-7 53?24% 44) ‘| shut off
[1%3( ) | N> Lower [9.8-196) :
Lower » 45-500.9--11.0)
Float [44.1 —49.0} -
Float » 2.5-30(55-6.6)
Lower {24.5 — 29.4] O
N - Tilt 2.5-35(55-17.7)
N + Dump [24.5 — 34.3]
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" CONTROL VALVE

10
10
602215

12

602214

!
__..l.- - - _-I...Hlallu.....
Qlzs -....._____.".__.._____ﬁ ..aéd_.i_

n_ﬂm_u? \ M€

12

602199
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CYLINDERS

Unit: mm (in.)

Group- iﬁj' Item Assembly standard . Service imit ‘Remarks
Cylinder and Fit of cylinder on 0.350 . .
—_ piston piston (0.01378)
a g =
- B . . Fit of guide bushing on 0.075.-0.139 0.350
B3 Guide bushing | ion7od . | (0.00295 — 0.00547) | (0.01378)
By i} )
§ g Piston securing Ei%htexali':i:tg{torglue ) (32?9, i%;l)
23| ™ gfm (bf-{t)[N-m) [490:3 2 24.5]
e , 15.0%1.5
IR Tightening torque et
é g § Gland screw kef-m (bfft) [N'm}. ﬂggg i ig%
20 R .
& § __23 Center to center of S
HEE ] pins with eylinder 640 (25.20)
Piston rod fully retracted
Stroke 370 (14.57)
4 2 1 3
Iu - \\ - 1 —\{/I
74 m ' | N
|F i : I .
Pt AT ,




CYLINDERS

Unit: mm {in.}

26

Group l:f:' - ltem Assembiy standard Service limit Remarks

~ | ¢ | Cylinderand Fit of cylinder on 0.350

.§ piston piston 7 (0.01378)

I . . Fit of guide bushing 0.075 — 0.139 0.350

g | 2 |Cuidebushing | o\ ictonrod | (000205 -0.0047) |  (0.01378)

ol

:’éﬂ 3 Piston securing | Tightening torque (3(55(1).2 i %85 i
gz T 15.0%1.5
@ 5 Tightening torque
g S5+10.
é .g. 4 | Gland screw kef-m (Ibf-ft) [N.m) 82,8]? 3 } 4%
5%
=2 Center to center of
-'—-Eog 51 pins with cylinder (2527 %]SS)
Z8 Piston rod fully retracted )

6 Stroke 321 (12.64)
2 1\ 3
/ Q © \°
i
h T )
|
= = I
. L . . -
602255 _

/



' CYLINDERS

Unit: mm {in.)

110 (4.33)

ltem Assembly standard Service timit Remarks
— Cylinder and Fit of cylinder on ' 0.350
! piston piston (0.01378)
S . .| Fit of guide bushing 0.075 — 0.139 0.350
3 Guide bushing | o\ viston rod (0.00295 — 0.00547) | (0.01378)
=T}
=§D Piston securing | Tightening torque (Sgg.g f %‘553
g nut kef-m (Ibf-£6)[N-m] e8e3s3 4-3}
£ . .
Y
z . . 24024
2 Tightening torque
A Gland screw (1736174
x g kef'm (Ibf-ft)[N-m] [235.4 £ 23.5}
2o Center to center of
o8 . pins with cylinder 390 (15.35)
=) Piston rod fully retracted
Stroke

| =

2/

602257
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CYLINDERS

Unit: mm (in.}

Ref,

Group No ltem Assemnbly standard Service limit Remarks
1 Cylinder and Fit of ¢cylinder on 0.350
| piston piston (0.01378)
) . . Fit of guide bushing 0.075 —0.139 0.350
§ | 2 |Cuidebushing |, pistonrod (0.00295 — 0.00547) | (0.01378)
% 5 | Piston securing | Tightening torque’ (32(1).91—;%851 .
- nut kgf-m (tbf-f){N-m] Cons 2 29, 5}
=¥
. . . 45.0%45
o3 Tightening torque
E g 4 G}and sCiew kgf'm (lbf'ft) [N‘m] Eﬁf:g i 3%:?}
>.‘ -
;_‘: a Center to center of i
=8 4 5| pins with cylinder - 500 (19.69)
Piston red fully retracted
6 Stroke 115(4.53)

28
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CYLINDERS

Unit: mm (in.)

Group ';fcf‘ Item Assembly standard Service limit Remarks
’ i Cylinder and Fit of guide bushing 0.350
piston on piston (0.01378)
- . Fit of guide bushing - 0.075 - 0,139 0.350
5 2 | Guide bushing | ' icion rod (0.00295 — 0.00547) | (0.01378)
m -
@ 3 Piston securing | Tightening torque (63%11) ;': 2‘602
- mut kef-m (Ibf-ft) [N-m} S 49_0;
|
£ - - 75.0+8.0
= Tightening torque
% | 4 | Gland screw kef-m (IbEE0) [N-mn (542.5% 57.9} :
& gfm (1bf-£)[N-m] [735.5 £ 78.5
~ Center to center of
5 . pins with cylinder 700 (27.56)
Piston rod fully retracted
6 Stroke 386 (15.20)
4

N
D

NN L

LT A

602259
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CYLINDERS

Unit: mm {in.}

Group ﬁ:‘:' ltem Assembly standard Service limit Remarks
B Cylinder and Fit of cylinder on 0.350
piston piston (0.01378)
. L Fit of guide bushing 0.075 - 0.139 0.350
o | 2 | Guidebushing | 0o rod (0.00295 — 0.00547) | (0.01378)
o
1]
£ | ; | Piston securing ) Tightening toique (32(1)'2 i %'851
F nut kgf-m (Ibf-ft) [N-m] AT 5}
=
i 45.0%4.5
Tightening torque
g 4 | Glandserew | B S ] fﬁfg : ﬁfﬂ
=
(= Center to center of
S ) pins with cylinder 866.5 (34.11)
Pistonrod | fully retracted
6 Stroke 423.5 (16.67)

30
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POWER ANGLING/TILT BLADE (BD2g)

Unit: mm {in.}

Group ?\g‘ - ltem B Assembly standard | Service limit Remarks
| Cutting edges/ Distance from center o
1| o8 SOB5S | of bolt hole to edge 75 (2.95) 45 (1.77)
end bits tip/bit tip
o Cutting edge . : 6.5+07
8 2 | mounting plow Elgfhr:lea]g;g &()’E%ufn] (47.0% 5.1}
=) bolts g [63.7 £6.9
4 .
5 5 | Cap mounting | Tightening torque (232 _ g?l) :
ot bolts kgf-m (Ibf-ft)[N-m] [373 - 422]
7;!_.‘3 Outer and Tightenin 12—-14
. . g torque -
Tp | 4 | inner plates kef-m (Ibf.£t)[N-m] {87 101}
= mounting bolts {118 — 137
% 5 Swing bracket | Tightening torque ég% ” }378 0)
Bt mounting bolts kgf-m (lbf'ft) {N-m] [1 196 — 145.1]
. . . 76—-92
6 Plate mounting | Tightening torque (55.0 - 66.5
bolts kgl m (Ibf11)[N-m] [74.5 — 90_2%
O_ |
1
! 3
— _'
2
602264 —

602268

\’\m
I~

5x<
o O 00
Q 0 o
4 IR | L— “‘——3
: ¥ L 1 :
i <
802267
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POWER TILT BLADE {BD2G)

Unit: mm {in.)

32

Group i:g' -ltem Assemnbly standard Service limit Rermarks
' . Distance from center
p | Cutting edges/ | e it hole to edge 75 (2.95) 45 (1.77)
- end bits tin/bit ti
> ip/bit tip
o~ -
a Cutting edge . o 6.5+0.7
& > Tightening torque
e 2 | mounting plow . . . (47.0% 5.1%
2 bolts kgfm (Ibft)[N-m] [63.7 £ 6.9
e
= 3 Trunnion Tightening torque (},gg f_{ .173
: mounting bolts | kgf-m (Ibf-f)[N-m] REET Iy 8}
& 4 | Trunnion cap Tightening torque 1 igg f 1'166
-mounting bolts |} kgf-m (Ibf-£t) [N-m] fl 549+ 15:7%
i
2 602264
|__—1_E = H B — |
oy Jini|
—
602268




BUCKET AND LINKAGE (BS3G)

Unit: mm {in.)

Group ?q‘g' Item Assembly standard Service limit Remarks
1 Length 160 (6.30) 100(3.94) |
Tooth Tightening torgue for 29 - 32
— 2 securing bolts (210 - 231}
2 ! kgf-m (Ibf-ft){N-m] [284 - 314
& | 3| Cuttingedges | Width 159 (6.26) 120 (4.72)
L) - .
%ﬂ 4 Lock plate ‘Fightening torque (Zgg i 23) .
E ~mounting bolts | kgf-m (Ibf-ft) [N-m] 3 a3t 2:9]-
g .
=] 0.100 —0.175 0.600
3 5 35(1.38) (0.00394 — 0,00689) | (0.02362)
Clearance of :
2 A ‘ 0.200-- 0.275 0.600
% | 6] eachpinin 45 (1.77) (0.00787 — 0.01083) |  (0.02362)
bushing 7 :
; : 0.130 — 0.219 0.600
7 50(1.97) | (0.00512—0.00862)|  (0.02362)
5
4 . .
5 e -4
B 4
gz -
i/ “" % f " e an _/"/
1© I 7% |
. 4 . . ‘\\
2LV I BN .
~13 e ‘.\“% . SN
602261
2 _
]
=
i 3 602262
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TIGHTENING TORQUE FOR STANDARD BOLTS

TIGHTENING TORQUE FOR STANDARD BOLTS

Unit: kgf-m

Remarks:

1. This chart gives the
torques for standard
bolts and nuts.

2. The tolerance for these
~ torgues is 210%.

. 3. Unless otherwise speci-
fied, use these torques.

4. These torques are for
“dry” condition.

No_rninal - Piteh 1= - With Spl-‘ing washer Without spring washgr
o) | ) | (D @EID
6 1 0.75{ 098 1.3 0.88 1.1 1.5
8 1.25 1.7 23 3.1 2.0 2.7 3.7
10 1.25 3.5 4.6 711 42 54 8.3
12 1.25 6.5 8.4 12.5 7.6 99 | 14.7.
14 1.5 104 | 135 19.6 122 159 | 23.
9| 16 1.5 158 | 206 29.3 186 242 | 345
El 18 |15 | 220 w8 | ma| 269 | 350 497
g1 20 1.5 317 | 412 58.5 37.3 48.5 68.8
gl 22 1.5 422 548 778 | 496 645 | 915
S | 1s 558 | 725 | 1026 | 656 | 853 | 1207
27 1.5 81.0 | 1053 | 1480 | 953 | 1239 | 174.1
30 1.5 1122 | 1459 | 2052 ] 1320 | 1716 | 2414
33 15 1496 | 1945 | 2733 | 1760 | 2288 | 3216
36 1.5 1956 | 2543 | 3566 ] 2301 | 2992 | 4196
39 1.5 2510 | 3262 | 4558 | 2953 | 383.8 | 5362
No‘minal Pitch _ With spring washer Without spring washer
mmy | )| @) | @) | Q)0 | @) | @i | @50
10 1.5 34 4.4 6.9 4.0 52 8.1
12 1.75 6.0 7.8 11.8 7.1 92 | 138
14 2 98 | 127 18.6 | 11.5 149 | 220
16 2 150 | 195 280 | 176 229 | 330
o | 18 2.5 207 | 270 39.1 | 244 318 | 460
g 20 25 292 | 379 547 | 343 446 | 643
el 2 | 25 301 | 509 | 730 400 | 599 | 859
S| 3 502 | 653 943 | 59.0 768 | 1110
21 27 3 73.9 | 96.1 | 1377 ] 869 | 1130 | 1620
= 30 3.5 989 | 1284 | 1880 | 1163 | 151.1 | 221.1
33 35 1355 { 176.0 | 2526 | 1594 | 2072 | 2973
36 4 1709 | 2223 | 3263 | 20t.1 | 2615 | 384.0
39 4 2263 | 2940 | 4200 | 2662 | 3460 | 494.1
42 4.5 2809 | 3652 | 5239 | 3305 | 4296 | 6164
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FOREWORD

This service manual has instructions and procedures for the subject on the
front cover. The information, specifications, and illustrations used in this
manual are based on information that was current at the time this issue was

written.

Correct servicing will give these machines a long productive life. Before
attempting to start a test, repair or rebuild job, be sure that you have studied
the respective sections of this manual, and know all the components you will
work on.

Safety is not only your concern but everybody’s concern. Safe working habits
cannot be bought or manufactured; they must be learned through the job you
do. By learning what CAUTION or WARNING symbol emphasizes, know
what is safe — what is not safe. Consult your foreman, if necessary, for
specific instructions on a job, and the safety equipment required.

NOTES, CAUTIONS and WARNINGS
NOTES, CAUTIONS and WARNINGS are used in this manual to empha-

size important and critical instructions. They are used for the following
conditions:

NOTE| .---- oot An operating procedure, condition, etc,,

which is essential to highlight,

A CAUTION] ------- Operating procedures, practices, etc.,

which if not strictly observed, will result
in damage to or destruction of machine.

A WARNING IR Operating procedures, practices, etc.,
which if not correctly followed, will

result in personal injury or loss of life.
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~ OPERATING PRINCIPLE

GENERAL DESCRIPTION

Direct-drive (DD) model

14 \ 602163

S

—Dol lo|——---141 N:;
G0 7
I—\——lu‘la
4 .

602164

1 Engine

2 Flywheel clutch
3 Universal joint
4 Transmission

Major components of this power train are,
from engine "1" to the tracks, flywheel
cluteh - "2," universal joint n3,n
transmission "4," bevel gear drive V5,
steering clutches "6" and final drives "7"
including sprockets.

The engine and flywheel clutch are bolted
together and are mounted on the frame

-selection of three

5 Bevel gear drive
6 Steering cluteh
7 Final drive

by a total of four mounts fitted with
barrel-shaped vibration-insulating rubber
pads. ‘
The  transmission which provides a
forward and two
reverse speeds is housed in an
independent case bolted to the front face
of steering clutch case,
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OPERATING PRINCIPLE

- FLYWHEEL CLUTCH

1 3 4 5 6
9
e
20 3
10
o O
- 13
11
%
12
2
7 8 602165
1 Flywheel 6 Release lever 11 0il pump
2 Cluteh disc 7 Release hub 12 0il strainer
3 Mating plate 8 Release spring 13 Cluteh brake
4 Pressure plate 9 Fork ) .
5 Clutch cover 10 Main shaft
This  flywheel clutch is of wet grabbing and to facilitate smooth
(oil-cooled), muiti-dise type and is housed engagement, the dises .are - slightly

in the cluteh case which also serves as a
flywheel housing.

The eclutch is normally kept in engaged
condition and is disengaged by the cluteh
pedal econnected through a linkage to the
release lever.

Cluteh dises (driven members) "2" have
checkered oil grooves to increase the
torque capacity of the cluteh in oil-
sprayed condition.

This wet cluteh, unlike a dry cluteh,
tends to grab in disengagement due to
presence of oil film between the driving
and driven members. To prevent this

"dished.” When in engaged position, the
dises are presséd flat and aet as cushion
springs to serve the purpose.

Clutch disc assembly
Ordinary disc (not *dished™) “Dished”
Facing
Driven plate
——— . d
Flywheel Splined Jub
side ~—
Flywhesl side
Amount of dishing ﬁ+

602183




OPERATING PRINCIPLE

CLUTCH OIL LINE
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602166

1 Oil strainer
2 Gear pump
3 Relief valve

This oil line is for actuating the steering
valve and for cooling and lubricating the
clutch dises and related parts.

Qil drawn by gear pump "2" through
strainer "1" flows through relief valve "3"
into oil cooler "4" where it is cooled, and
then into the oil bypass drilled in cluteh
main shaft "5." From this bypass the oil
is sprayed over the friction surfaces of
cluteh dises.

4 Qil cooler
5 Clutch main shaft
6 To and from steering valve




OPERATING PRINCIPLE

DIRECT-DRIVE (DD) TRANSMISSION .

1 2 3 4
o
LN S S NS O NS S
4
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g 1
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9 12
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602167 602168
1 Input shaft 7 lst-speed drive gear
2 1st-speed reverse gear 8 1st-speed sliding gear
3 2nd-speed reverse gear 9 2nd-speed sliding gear
4 Input gear 10 Counter gear
5 2nd-speed drive gear 11 3rd-speed sliding gear
6 Countershaft 12 Bevel pinion shaft
This transmission is of manual-shift,
sliding gear countershaft type, and

provides a selection of three forward and
two reverse speeds. :

The
gearing
pinion shaft
gears. These
with  three

arrangement of its
is as shown above. The bevel
(third) carries three sliding
gears are shifted into mesh
gears mounted on the
countershaft (second) for forward ratio
selection, or with two gears on the input
shaft (first) for reverse ratio selection.

shifting and




CPERATING PRINCIPLE

Power flow in transmission

Forward lstuépeed position

Reverse 1st-speed position

" Input shafi l\k .,,__L-Input gear 4
—- 2 T -2

T g
J U | 9
Countershaft 6 A
_i?\\ I i”z%

ist-speed drive | 2.

gear 7 J ’
b "1

154510>6>7>8>12

Countershaft
gear 10

°[———£]
E-‘
a—
E—-—<
_!Ui ak |
2

ist-speed sliding

gear 8 Bevel pinion

shaft 12

602169

lst-speed
TEVerse gear 2

lst-speed shdmg '-
gear 8

1*2* 8'*12

Bevel pmmn
§haft 12

602172

Forward an—speed position

Reverse. 2nd-speed, V_QQSiti:OE_l,'."'-.

Input shaft l\l\ /;l_«—Input gear 4
o

. ,:211& speed
5 “reverse gear 3
I o * Counter
- ET 2. pear 10
o
2nd-speed drive : —2nd-speed
gear 5 :T:A,LI' * H%Countershaft 6 s]r:dl;gegeear 9
; 00 w =) o
m E =1
2nd-speed j '
sliding gear 9 Bevel pinion Bevel pinion
shaft 12 | shaft 12
154+1026>5+9>12 1+329->12
; * 602170 602173

1

Forward 3rd-speed position

Input shaft ]\[\ T /,:clfdnput gear 4
l

4 Counter
O gear 10

1
L J Hir}g;%ezgar i1
[T T

1+4210>11~>12

et

ity {'-—10

H_

O
L=

Bevel pinion
shaft 12

—|

602171




TRANSMISSION CONTROL

OPERATING PRINCIPLE

602174

9 |

SN

10 \Q]: \ E
8 : |<:3
10— \'\\\
IR NN\

7
602175 602176
1 1st-speed shift fork 5 2nd-speed sliding gear 9 3rd-speed shift rail
2 2nd-speed shift fork 6 3rd-speed sliding gear 10 Steel (detent) ball
3 3rd-speed shift fork 7 1st-speed shift rail
4 1st-speed sliding gear 8 2nd-speed shift rail

When the gearshift lever is moved into
the desired speed position, one of the
three forks is moved to shift the desired
sliding gear on the third shaft into mesh
with the pgear on the countershaft or
input shaft,

The control is provided with an
interlocking mechanism involving spring-
loaded steel (detent) balls. Because of
this interlocking mechanism, it is only
possible to engage one gear reduction at
a time. For instance, when 1st-speed shift
rail *7" is moved, 2nd-speed shift rail 8"
and 3rd-speed shift rail "9" are locked by
steel balls "10."



OPERATING PRINCIPLE

STEERING CLUTCHES, BRAKES AND FINAL DRIVES

1} - 9 8 7 6

12 =
’ e
14
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10 5 4
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16
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- 802177

1 Bevel pinion

2 Bevel gear

3 Drive shaft

4 Bearing cage

5 Steering clutch cylinder
6 Inner drum

The steering clutch is of dry multi-dise
type «controlled from steering clutch
lever.

Outer (driven) drum "9" is bolted to the
flange of final drive pinion. Inner
(driving) drum "6" to the flange of drive
shaft "3." Friction plates "8" are engaged
with the outer drum and disc plates "7"
with the inner drum. The stack of these
plates is normally kept compressed by

10

7 Disc plate
8 Friction plate
9 Outer drum

13 Shaft
14 Floating seal
15 Sprocket

10 Pressure plate 16 Track
11 Final drive pinion
12 Final driven gear
spring-loaded pressure plate "10™ to

transmit the power to the final drive
involving pinion "11" and gear "12." When
disengaged, the pressure plate is moved
away from the stack,

The outer drum is surrounded by a brake
band which is actuated (contracted) from
the steering cluteh lever to brake the
drum,



‘OPERATING PRINCIPLE

STEERING CLUTCH AND BRAKE CONTROLS

o

R

Steering clutch in
engaged position

602179

602178
] 5
4
Steering clutch in
disengaged position 602180

1 Steering cluteh lever

2 Steering valve

3 Steering cluteh’ eylinder
4 Pressure plate

5 Dise plate

As steering cluteh lever "1" is pulled, the
piston of steering valve "2" is moved in
such a direction as to apply hydraulic
pressure to steering cluteh eylinder "3.Y
By this hydraulic pressure, pressure plate
4" js moved away from the stack of dise
plates "5" and friction plates "6" to
disengage the clutch.

When the lever is further pulled, brake
band "7" is contracted to brake outer
drum "8" to interrupt the flow of power
to the final drive,

6 Friction plate -

7 Brake band

8 Quter deum

9 Brake pedal

10 Ratehet (brake lock)

It is possible to disengagé the steering
cluteh without braking for gradual turn or
to disengage it with braking for sharp
turn.

As brake pedal "9" is' depressed, the
brake bands of right-hand and left-hand
clutches are simultaneously contracted for
braking independently of the clutch
control. This pedal can be used as a
parking brake if locked in fully depressed
position by means of ratchet "10."



OPERATING PRINCIPLE

Steering clutch control hydraulic

cireuit

:{ Lubricatio
4 circuit

602181

\
3 3
7
- 602182
1 Relief valve ‘4 Oil cooler hose 6- Oil pump

2 Steering valve
3 Steering clutch ecylinder

12

5 Steering clutch lever

7 Steering cluteh




OPERATING PRINCIPLE

UNDERCARRIAGE

Tracks

The track consists of shoes, pins, links
and bushings. Each link "8" overlaps the
preceding link, thus forming a continuous
or endless chain.

Master pin "1" is to be positioned in
front of the front idler for removal of
the entire track from the tractor.

The shoes are available in two types,
standard shoe "9" for the standard
specification model and curved apex shoe
r12n for the swamp, super-swamp and
ultra-super-swamp specification models.
The swampier the conditions under which
the tractor may be operating, the shoes
are longer, that is, the ground pressure is
lower,

Links "8" are fitted with seal washers "5"
for the standard and swamp specification
models; they are fitted with rubber seals
"% for the super-awamp and ulira-
super-swamp specification models.

Track rollers

The track rollers are mounted on the
lower side of track frame to support the
tractor and distribute its weight along
the track.

A total of five track rollers are used;
they are unequally pitched to reduce
vibration occurring during operation.

Each track roller is factory-filled with
gear oil. Floating seal "2" keeps this oil
in and dirt out under all operating
conditions.

Front idlers

Front idler "9* guides the track into
position in front of the track roilers.

It rolls around and on shaft "3" which is
rigidly held at both ends by bearings "4."

Wear strips "7T" are welded to the
bearings; they can be replaced when they
are worn down to the limit.

The whole idler assembly is capable of
sliding forward and backward on the rail
strips on the top of track frame,

The idler is filled with gear oil which is
kept in by the floating seal.

Carrier rollers

The ecarrier roller supports the weight of
track between the sprocket and {ront
idler,

Roller "3" is supported by shaft 5"
through  bushing "4." The  bracket
supporting the shaft is pf cantilever type.

Like the track rollers and front idlers,
the carrier rollers are filled with gear oil
and are fitted with floating seals.

Recoil springs and hydraulie adjuster
cylinders

Cylinder "3" is rigidly connected to the
front idler and is secured to the track
frame by carrier roller bracket "7."

The space inside the eylinder is filled
with grease; the grease is pumped into or
released from the eylinder through fill
valve 1"

The recoil spring is compressed and held
toc a definite length. Normally, the
pressure of the spring is not exerted
against the track. However, should rocks
or other obstructions get between the
track and vrollers, idler or sprocket,
cylinder "3" and shaft "4" will move
backward and spring "6" will recoil still
farther to avoid overstressing the track.

13






Tracks

Standard type -
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1 Master pin

2 Spacer

3 Master bushing
4 Master link

Frofit idler

5 Seal washer
6 Pin

7 Bushing

8 Link
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1 Guide & Bushing

2 Shim 7 Wear strip

3 Shaft & Thrust washer
4 Bearing 9 Idler

5 Floating seal

9 Standard shoe
10 Mester seal -
11 Seal

12 Curved apex shoe ... ..

Track roller

OPERATING PRINCIPLE

Carrier roiler

ey
-

B\

g
e v—

602186

6821380

1 Cover 5 Shaft

2 Washer 6 Fioating seal
3 Roller 7 Beal support

4 Bushing o

Recoil spring and hydraulic
adjuster cylinder

i

602183

,O %17

602189

1 CoHar

2 Floating seal
3 Thrust washer

4 Bushing

5 Shaft

6 Roller.

1 Fill valve

2 Stopper bolt
3 Cylinder

4 Cylinder shaft

5 Spring retainer
6 Spring
7 Carrier roller bracket

ool 15
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" TESTING AND ADJUS%MENT

:Ab:J"USTING THE STEERING CLUTCHES AND BRAKES

20 t0 22

(77/8 to
8-11/16)

651075
(2:9/16 10 2:15/16)

C . 90195
(3-9/16 to 3-3/a)

et —— e — i

Unit: em (in.)

602191

The steering clutches and brakes are
interrelated with each other, This
means that they must be adjusted at
one time. Make adjustments (A} thru
(D) in that order.

(A) Adjusting "the 'released" position
-of steering clutch levers

1. Loosen lock nut "1."

2. Set lever 3V by means of stopper bolt
n3n go that it is 9.0 to 8.5 em (3-9/16

to 3-3/4 in.) as measured from the

front end of dashboard. (Equalize the
right-hand and-  left-hand lever
positions.) :

3. Loosen lock nut "4."

4. Set the knob of steering clutch lever
by means of clevis "5" so that it is
6.5 to 7.5 em (2-9/16 to 2-15/16 in.)
as measured from the end of
instrument panel.

18

(B) Adjusting the clearance between brake
' band and outer drum

1. Secrew adjusting nut "6" all the way.

2. Back off ‘the nut 2-2/3 rotations.

©) Adjusting the stroke of steering

. cluteh levers
1. Loosen lock nut "7."

2. Set the siroke by means of clevis "8"
so that it is 20 to 22 cm (7-7/8 to
8-11/16 in.) from released position to
fully pulled position,

When making a connection to lever
ng. " lightly push lever "9" forward
until it encounters a resistance, with
return spring "10" unhitched.

(D) Making a connection to

valve

steering

1. Loosen lock nut "11."
2. Bring roller "13" into contact with. the

end of plunger (piston) "12" of
steering valve by means of eclevis "14.,"

Do not push in the plunger,



ADJUSTING THE BRAKE PEDAL

Unit: ¢cm (in.)

05tol 0
\(3/16 10 3/8)

602193

There is no need of adjusting the
brake pedal stroke after the steering
clutch has been adjusted properly To
be adjust on the pedal is its free

play.

1. Loosen lock nut "1.,"

9. Set the released position of the pedal
by means of stopper bolt "2" so that
it is 20 em (7-7/8 .in.) as measured
from the dashboard wall.

3. Loosen lock nut "3."
4. Set the free play of the pedal by

means of clevis "4" so that it is 0.5
to 1.0 em (3/16 to 3/8 in.).

Make sure that the RH and LH
brakes are applied simultaneously.

TESTING AND ADJUSTMENT

ADJUSTING THE CLUTCH PEDAL

Unit: ¢m (in.)
20 (7-7/8)
1.5(9/16)

602194

1. Loosen lock nut m.n

2. Set the released p051t10n of the pedal
by means of stopper bolt "2" so that
it is 20 em (7-7/8 in.) as measured
from the dashboard wall.

3. Loosen lock nut "3."

4. Set the free -play of the pedal by
means of clevis "4" so that it 1s 1.5
em (9/16 in.).

5. Loosen lock nut "5.""-

6. Set the stroke of the pedal by means

of stopper bolt "6" so that it is 16 cm
(6-5/18 in.).

19



TESTING AND ADJUSTMENT

ADJUSTING THE CLUTCH BRAKE

1 4 cm
() =5
( > R

602747

-

The ecluteh brake should be capable
of stopping a rotating univeral joint
in about 2.5 seconds when the ecluteh
pedal is depressed all the way with
the engine running at maximum speed.

. Adjust the length under test foree of
spring "1" to 4 em (1-5/8 in.).

. Loosen lock nuts "2" and "3."

. Screw adjusting bolt "4" until brake
band "5" comes in full-face contaet
with drum "6."

Back off adjusting bolt 4" 2.5 to 3
rotations.

ADJUSTING THE TRACKS

20

1.

1.

To loosen:

Remove the cover, and gradually turn
fill valve "1" counterclockwise to
allow grease to escape from vent hole
ll2.l1

If grease does not appear at the vent
hole, loosen the fill valve until it is
limited by the stopper.

If grease does not appear at the vent
hole and the wvent hole appears to be
open and the track appears to have
tension, start the engine, and move
the machine back and forth slightly.

. If the track still appears to have

tension even after such a backward
and forward movement of the machine,
insert a wood block into between the
sprocket and track, and move the
machine backward slightly., This will
strain the track to foree grease out
of the vent hole.

A TED

Never look into the vent hole to see
if the pressure in the track adjuster
eylinder is released. Make sure of
relief of the pressure by observing

the backward movement of front
idler.

To adjust:

Apply grease, with a grease gun, into

the fill valve until the slack or sag in
the track is 20 to 30 mm (3/4 to
1-3/16 in.).

. Operate the machine backward and

forward to equalize the adjustment.

/\[cauTion

When applying grease into the fill
valve, keep the dimension "A"
{between cylinder shaft flange and
rigid bar} within 450 mm (17-3/4 in.).




Fiywheel cluteh

TESTING AND ADJUSTMENT

TROUBLESHOOTING GUIDE

Complaint Possible cause 7 Remedy Remarks
Clutch stips (1) No pedal free play *  Adjust.
(2) Worn down clutch facings + Replace.
(3) Clutch facings burnt, resulting | » Replace.
in reduced coefficient of '
friction
(4) Dirty friction surfaces of ¢ Clean by washing, or
clutch discs replace.
(5) Weakened or broken clutch » Replace.
springs
Chatch drags (1) Pedal free play too large « Adjust,
{2} Not enough pedal stroke s Adjust.
(3) Release levers not set for »  Adjust.
uniform lever height
{4) Binding or sticky splines of + Disassemble and
clutch shaft " repair, or replace.
(3) Dirty friction surfaces of + Clean by washing.
clutch discs
Clutch chatters when Release bearing seized, poorly Disassemble and repair,
disengaged Iubricated or damaged lubricate or replace. a
Incomplete disengage- Oil is too viscous Change with oil of
ment, resulting in proper viscosity.
hard shifting
Hard gear shifting on Clutch brake maladjusted, or Adjust, or replace
transmission band linings worn linings.
Cluteh oil line
Complaint Possible cause Remedy Remarks
Oil pump is not lifting {1) Suction strainer clogged ¢ Clean.
oil, that is, not (2) Oil viscosity too high + Change with oil of
discharging oil proper viscosity.
(3) Loose joint in connector + Retighten.
{4) Broken drive shaft of oil + Replace.
pump ‘
(5} Rotors worn or seized + Replace.

21



TESTING AND ADJUSTMENT

Transmission

Complaint

Possible cause

Remedy

Remarks

Gears slip out of mesh

¢y

@

Incomplete meshing action
due to improperly assembled
shift control mechanism

Inner end of shift lever worn

down or loose

Disassemble and
repair or replace.

Repair or replace.

3.

@
)
©

WO

Foreign maiter lodged
between gears

01l viscosity too high

End faces of gear teeth
damaged

Distorted or broken forks

(3) Gear teeth unevenly worn Replace.
(4) Too much backlash Replace gears.
(5) Shaft splines badly worn, Repiace.
resulting in loose fit
Hard shifting (1) Dragging clutch Adjust clutch.
(2) Shift lever or forks loose or Repair or replace.

Clean by washing.
Change with oil of
proper viscosity.

Repair or replace.

Repair or replace.

Noisy

(1
e
3

4)
(%)

©
Q)

Not enough oil, or oil is dirty
Too much backlash

Worn, damaged or fattling
bearings

Excessively worn shaft
splines

Darnaged or worn gear teeth,
or improper tooth contact

Bevel gear out of adjustment

Gears out of alignment, or
teeth distorted

Add or change.
Change geats.

Adjust or replace.

Repair or replace.

Repair or replace. -

Adjust.

Adjust, or replace,

22




TESTING AND ADJUSTMENT

G
)

damaged or loose

Damaged or worn gears teeth
or poor tooth contact

Bevel gear improperly
installed

Bevel gear
‘ Complaint Possible cause Remedy Remarks
Excessive gear noise (1) Gear oil-wanting or dirty Add or change.
{2) Too much backlash Adjust. » Noise on turning to
: one side means some
rattling condition
due to worn splines,
loose bearings or
) excessive backlash.
(3) Bearings worn down, Adjust or replace,

" Repair or replace.

Adjust.

Misalignment could
be the cause.

Oil becomnes too hot

(M
(2)
()

4)

Gear oil wanting or dirty,
or of wrong kind

Backlash too much or too
little

Bearings too tight, too loose,
or damaged

Bearings out of alignment

Add or change.
Adjust or replace.

Adjust or replace.

Adjust.

Raceways could be
in cracked, spailed
or otherwise
damaged condition.

Qil leakage

(1)

(2)
6))

@

Foo much gear oil, or oil
viscosity too low

Defective ofl seal

Portions of shaft in contact
with oil seals worn

Cracked case

Remove excess oil

to hold oil leve] as
prescribed, or change
oil by one meeting
viscosity specification.

Replace.
Repair or replace,

Repair or replace.

Leakage of oil into

steering clutch side
incapacitates this
device.

Loose bearings cause
shaft to wobble and
thus promote oil
leakage even if oil
seals are in sound
condition.

Abnormal wear

(1

(2)

Gear oil not enough, dirty or
of wrong kind

Bevel gear out of adjustment

Add or change.

Adjust.

Change oil if metat
particles are noted in
oil. Such particles or

gritty matter pro-
motes wear.

23



TESTING AND ADJUSTMENT

Steering cluteches and brakes

4
%)

©

M

not capable of smooth sliding
movement '

Spalied, flaked or damaged
linings of disc plates

Weakened or broken clutch
springs

Disc plates and friction plates
warped

Defective clutch cylinder

plates, eliminating
offsets or any
irregularity inter-
fering with smooth
axial sliding move-
ment,

- Replace plates.

Replace.

Repair or replace.

Complaint Possible cause ‘ Remedy " Remarks
Clutch slips (overheats) | (1) Control linkage out of adjust- Adjust. s Check lever free play.
ment ’

(2) Linings dirty Wash with gasoline, { s Investigate to locate
or replace the disc a point through which
plates. oil is entering clutch

case, Wash case
interior clean, as
’ necessary. '
(3) Disc plates and friction plates Repair drums and + Be sure that each

disc plate moves
smoothly in or on
drum.

+ Habitual “half-clutch”
operation tends to
overheat clutch and
thus weakens springs.

e Warped plates are
usuaily a result of
overheating, for which
habitual “half-clutch”
operation is usually to
blame.

+ See the topic,

“Steering clutch
cylinder.”

Clutch drags

(1)
(2)

3

“)
(5)

(6)

Clutch out of adjustment

Excessive rattle in steering
control linkage

Worn or damaged release
bearing

Dirty disc linings.

Disc plates and friction plates
sticking or warped

Defective clutch cylinder

‘Adjust.

Adjust.

Replace.

Clean by washing, or
replace., -

Repair or replace,

« Grease bearing fully

at the time of
reassembly.

» Warped disc plates are

caused by overheating
resulting from habitual
“half-clutch”
operation.

» See the topic,

“Steering clutch
cylinder.”
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TESTING AND ADJUSTMENT

(3)

Brake band distorted

| Complaint Possible cause Remedy Remarks
Not enough braking force] (1) Brake out of adjustment Adjust. _

(2) Brake lining dirty Clean by washing. + Be aware of possi-
bility of oil leaking
in from final drive
case and bevel gear
case. Drain out oil
and water, if any,
now and then.

(3) Lining worn down, withrivet | » Replace. _

heads in rubbing condition

(4) Brake band warped, broken or Repair or replace.

otherwise damaged

(5) Dragging clutch Adjust or repair, « Dragging clutch is
often cause of ap-
parent poor braking.

Dragging brake (1) Maladjustment Adjust as prescribed. |+« Uneven or inade-
quate band-to-drum
clearance is likely to
result in overheating.
Readjustment is
necessary if pulling
steering clutch lever
just a little causes
machine to turn.

(2) Return spring weakened Readjust or replace.

Repair or replace.

Steering valve

Complaint

Possible cause

Remedy

Remarks

Jerky movement

)

2
(3

Foreign particles lodged
between valve (plunger) and
bore :

Weakened or broken return
spring

Valve (plunger) and bore worn

Disassemble and clean.
Change hydraulic oil
if dirty.

Replace.

Replace,

Poor returning action
of piston

(1
)

Foreign particles lodged
between piston and bore

Weakened or broken valve
spring

Disassemble and clean.

Replace.
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TESTING AND ADJUSTMENT

Steering clutch cylinder

Complaint Possible cause Remedy Remarks
Clutch drags or grabs (1) Oil leaks inside cylinder » Repair or replace.
{2) Valve (plunger) and bore worn |+ Repair or replace.
(3) Relief valve out of adjustment [+ Adjust,
(4) Airleaks at pipe joints » Retighten.
Clutch slips, resulting Steering control valve defective Repair or replace.
in no power flow
Final drives
Complaint Possible cause Remedy Remarks
Noisy (1) Not enough gear oil, or dirty |+ Add or change. + After working ma-
gear oil chine on muddy or
. flooded ground,
check oil for con-
tamination by
examining oil sampled
_ out of drain point.
(2) Too much backlash * Repair or replace, Loose bearings or
worn shaft promotes
tooth wear, resulting
in excessive backlash.
(3) Worn or damaged shaft or + Repair or repiace.
teeth
Overheating {1) Not enough gear oil, wrong « Add or change.
kind of oil or dirty oil
{2) Damaged bearings + Replace. “Damage” here means
spatled or chipped
balls, rollers or race-
ways or broken cages,
Inspect bearings very
carefuily, for bearing
trouble can result in
costly major repair.
Oi} leakage (1} Too much gear oil, or oil » Remove excess oil Oil leakage into
viscosity too low or use gear oil of steering clutch case
proper viscosity. resuits in slipping
) clutch,
{2} Faulty oil seals + Replace,
(3) Bolts securing case or cover + Retighten. Replace
are loose, or packings are broken packings.
broken
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Complaint

Possible cause

Remedy

Remarks

Sprocket ratties

(1) Worn or damaged bearings

+ Replace.

» Damaged bearings

escape notice because

@

Worn splines in fit of sprocket
to its shaft

+ Replace.

their effects usually
show up when ma-
chine is running.

If the sprocket is
suspected to rattle,
check its bearings
immediately.

Sprocket teeth wear
abnormally

1

(2
€}

Track chain stretched (due to
permanent elongation)

Master pin worn

Side faces of sprocket teeth
worn

+ Replace pins and
bushings.

» Replace.

» Repair by welding or
replace.

» Abnormal sprocket
tooth wear is often
due to misaltignment
of sprocket, track
rollers and front
idler or of the track
frame. When check-
ing these for align-
ment, check track
frame, too, for mis-
alignment particu-
larly at its front end.

Side faces of sprockets
wear

(N
(2

()
@

()

(6)

Track frame misalignment
relative to sprocket

Front idler mispositioned in
place, or its wear strips
excessively woin

Track chain insufficiently
tensioned

Track pin bushings badly worn

Too much axial play of track
rollers

Track frame distorted

+ Realign frame.

+ Reposition and adjust
idler, or replace wear
strps.

. Adjust.

+ Repair by welding or
replace.

» Repair or replace.

» Repair.

+ Front idler, track
rollers and sprocket
wheel must be in
perfect alignment in
fore-aft direction or
side faces of sprocket
and links or track
roller flanges wili
rapidly wear off.

» With pin bushings
badly worn, track
moves in wavy fash-
ion to rub side faces
of sprocket.
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Undercarriage

Complaint

Possible cause

| Remedy

Remarks.

and carrier rollers wear
abnormally

Front idlers, track rolers

(1)

@

(3)
(4)

(%)

(6)

(M

Improper installation or mis-
alignment

Track frame misaligned
refative to chassis

Distorted track frame
Worn link pins and bushings

Front idler and track rollers
have too much axial play

Track links worn

Loose track chain

Check position of
each and set it
correctly,

Adjust,

Repair.
Repair or replace.

Repair or replace.

Repair or replace.
{Secure specified

* link height.)
‘Tension track.

So that track chain
will move straight,
front idler and other
rollers must be lined
up straight. This is
particularly important
for front idler.

Track frame must be
trued up with respect
to sprocket, and two
frames, right and left,
st be perfectly
paratlel,

Refer to (4).

Track chain will move
in wavy fashion to rub
rollers and sprocket

if pins and bushings
are worn down.

Track chain will oscil-
late sidewise to
promote wear of
flange parts of rollers
if idler and rollers
have too much
sidewise play.
This malcondition
allows roller flanges
to rub link bosses.

An insufficiently ten-
sioned track promotes
flange wear.

or will not roll

“Rollers tend to overheat,

1

)]

Inadequate lubrcation

Rolling clearance between
bushing and shaft too small,
or rolter has little or no axial

play

Disassemble and
lubricate.

Repair or replace.

Loss of lubricant is
often accompanied
by presence of muddy
water in rolling
clearance. Such
muddy water means
that floating seal has
failed.
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Complaint

Possible cause

Remedy

Remarks

(3

(4)

(5}

Interference between track
roller and track frame, or
foreign matter lodged
between the two

Unevenly worn rollers

Track tensioned {oo tight

Adjust axial play of

shaft, or remove
foreign matter,

Repair. .

 Adjust.

o Interference is likely .
to occur when bushing
end faces are worn,
resulting in excessive
axial play of shaft.

= ‘“Uneven wear” means

here localized wear
due to abrasive con- .
tact between a stuck
roller and track.

« This condition is often

due to recoil spring
being fouled up with
dirt, sand, etc.

{(6) Bolts securing roller shaft - Disassemble and
bushings broken repair.
Abnormal noise from (1) Loose shoe bolts Retighten. + This retightening
undercarriage should be carried out
as early as possible;
otherwise the whole
shoe assembly would
fail beyond repair.
(2) Bolts securing roller shaft Retighten.

(3
(4)

%)

collar loose

Bolts securing roller shaft
bushing broken or missing

Track pitch elongation

Interference of track chain
with roller flanges

Disassemble and
repair,

Replace link pins
and bushings.

Repair.

+ This condition not
only gives rise to noise
but also promotes
wear of rollers,

+ This condition is evi-

denced by shiny metal
surfaces on roller
flanges and side faces
of sprocket teeth and,
if left unheeded, will
result in the kinds of
wear already mention-
ed. '
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Complaint Possible cause Remedy Remarks
Track chain tends to get | (1) Track tension not enough » Adjust.
off idler and roi}ers (2} Front idler mispositioned « Relocate idler to

correct position.

(3) Recoil spring insufficiently + Adjust or replace,
preloaded or broken

{4) Roiler flanges worn + Repair or replace. » Refer to Complaint
“Front idlers, track
rollers and carrier
rollers wear abnor-
maily,”

(5) Abusive steering by operator - |+ Avoid backing and
sharp turning on rough
ground.

(6) Sprocket teeth worn + Repair by welding.

30
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FOREWORD

This service manual has instructions and procedures for the subject on the
front cover. The information, specifications, and illustrations used in this
manual are based on information that was current at the time this issue was
written.

Correct servicing will give these machines a long productive life. Before
attempting to start a test, repair or rebuild job, be sure that you have studied
the respective sections of this manual, and know all the components you will
work on.

Safety is not only your concern but everybody’s concern. Safe working habits
cannot be bought or manufactured; they must be learned through the job you
do. By learning what CAUTION or WARNING symbol emphasizes, know
what is safe — what is not safe. Consult your foreman, if necessary, for
specific-instructions on a job, and the safety equipment required.

NOTES, CAUTIONS and WARNINGS
NOTES, CAUTIONS and WARNINGS are used in this manual to empha-

size important and- critical instructions, They are used for the following
conditions:

NOTE] -+ -+ vevmuvennn An operating procedure, condition, etc.,

which is essential to highlight.

/!\! CAUTION] ....... Operating procedures, practices, etc.,

which if not strictly observed, will result
in damage to or destruction of machine,

A WARNING IR Operating procedures, practices, etc.,

which if not correctly followed, will
result in personal injury or loss of life. J
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OPERATING PRINCIPLE
GENERAL DESCRIPTION
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602306

=

L]0
ol m—/gl ‘—\‘
ol 10O}

L
3
7l

(]

e || e Y
J-—IJJ :m.r.m &

2 5

E l o

o
5%
FSs

a7
—Eol —0] );I
' m—\gm 1o
<t
602307
1 Engine 7 Steering cluteh
2 Damper 8 Final drive gear
3 Universal joint 9 Track
4 Transmission 16 Hydraulic pump
5 Transfer 11 Transmission oil pump

6 Bevel gear
L Power train



The power train of direet powershift
model consists of, from engine "i" to
track "9," damper "2," universal joint "3,"
transmission "4," transfer '"5," bevel gear
g, steering cluteh "7 and final drive
gear ug M

Power developed by the engine is
transmitted through damper and universal
joint to the transmission. The fransmission
has three forward speeds and three
reverse. From the transmission output
shaft, power flows to the final drives,
right and left, through transfer, bevel
gear and steering clutches, right and left.
The tracks are driven by the sprockets of
final drives.

The engine and damper are coupled
together integrally and are mounted on
the f{rame by four mounts fitted with
barrel-shaped vibration-insulating rcubber
pads. .

The transmission and transfer are housed
in a single case, which is rigidly bolted

to the front face of steering clutch case.

OPERATING PRINCIPLE
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POWER TRAIN
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DAMPER

OPERATING PRINCIPLE

1 Coil spring
2 Friction plate

Damper

The damper consists essentially of six coil
springs "1" and two friction plates "2."
Its hub js splined to the shaft and one of
the frietion plates is bolted to the
flywheel.

The combination of coil springs and
friction plates absorbs power impulse from
the engine which would otherwise be
transmitted directly to the gears in the
transmission as when the engine is quickly
accelerated or decelerated and shocks
from the ground through power train,

‘602309
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OPERATING PRINCIPLE

DPS TRANSMISSION

Description
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15 Frietion plate
16 Return spring
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18 Gear pump
19 Oil filter
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OPERATING PRINCIPLE
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1 Reverse clutch 8 Sun gear 15 Frietion plate
2 Forward clutch g Planet gear 16 Return spring
3 3rd-speed cluteh 10 Ring gear 17 Bevel pinion
4 2nd-speed cluteh 11 Carrier 18 Gear pump
5 1lst-speed clutch 12 Piston housing 19 Oil filter
6 Input shaft 13 Piston
7 Output shaft 14 Mating plate

This transmission consists of five sets of

planetary gear ftrain, each having a
hydraulically controlled clutech pack,
control valve, oil pump, oil filter and

their related parts.

The two planetary gear sets on the input
side are for directional control — forward
or reverse drive - and the remaining
three sets on the output side are for
speed selection — 1st-speed, 2nd-speed or
3rd~speed drive.

Each planetary gear set comprises sun
gear "8," planet gears "9," carrier 11"
and ring gear "10." The sun gear rotates;
the carrier revolves; and the planet gears
rotate on their own shafts or pins and
revolve with the carrier, on which they
are mounted,



OPERATING PRINCIPLE

Let us see the paths of power flow in
the transmission in forwrd 1st speed
position and in reverse position.

Friction plates "15" are engaged with the
external splines of ring gear "10" and
mating plates "i4" with the internal
splines of housing "12.” "To engage the
cluteh" is to admit the pressure oil from
the control valve into the piston chamber
of housing "12." By the admitted oil,
piston "13" pushes the stack -of the
friction and mating plates to compact
them together., "To disengage the clutch"
is to relief this pressure. When the
pressure is removed from the piston,
return springs "16" push the piston back
to loosen the stack of the plates.

In forward 1st speed position, forward
clutch "2" and 1st-speed clutch "5" are
engaged. Because forward ring gear "10"
is locked, power from input shaft "g"
flows to carrier "11" through sun gear
ng.® From this carrier "11," the power
flows to the sun gear of 1st-speed clutch
through carrier and then to output shaft
!17'"

In reverse position, reverse cluteh "1" is
engaged. In this case, the reverse carrier
is loecked, and the reverse sun gear and
ring gear rotate in reverse direction, The
flow of power from this ring gear is

similar to that in forward 1st speed
drive.

From the output shaft, power flows
through single-stage-reduction  transfer

gear to the bevel pinion,
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Hydraulie control circuit

OPERATING PRINCIPLE
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1 Suction strainer (with magnet)
2 0il pump ‘
[39.3 liters (10.4 US. gal)/min at 2400 rpm|
3 Main relief valve
[19 = 22 kgffom? (270 — 313 psi) {1.86 — 2.16 MPa]}
4 Accumulator valve
[3 — 13 kefjem? (42.7 — 185 psi) [0.29 — 1.27 MPa}]

5 Main orifice
6 Speed selector valve
7 Differential valve

[Differential pressure: 2 kgffem?® (28.4 psi) [0.20 MPa]l

8 Directional selector vaive
§ Inching valve

|05 kgtjem® (0 71 psi) [0 — 049 MPa}]

10 Main relief pressure test port ("M")
11 Speed clutch pressure test port ("S")

12 Directional clutch pressure test
port ("D") .

13 Qil cooler
14 Oil filter

| Bypass pressure: 1 kgffem? (14.2 psi) [0.10 MPa]|
15 Lubrication relief valve

[1 — 2 kgffem? (14.2 — 28.4 psi) [0.10 — 0.20 MPa}}
16 To steering valve

1



OPERATING PRINCIPLE

The hydraulic control circuit consists
essentially of suction strainer "1," oil
pump "2," main relief valve "3," oil cooler
13" oil filter "14," lubrication relief
valve "15," control valve and steering
cluteh eircuit. K

Suction strainer "1" is a 100-mesh
stainless type element with a magnet and
serves to protect oil pump "2."

Oil pump "2" is of external gear type and
is driven by the gear to which drive is
transmitted from the transmission input
shaft.

Oil cooler "13" is of multi-plate type and
is mounted on the bottom side of engine
radiator.

Qil filter "14" is of cartridge type. It
opens its bypass circuit when its element
is clogged and the pressure difference
across it exceeds 1.0 kgf/em? (14.2 psi)
[0.10 MPal to maintain constant flow of
oil to the lubrication circuit.

Lubrication relief wvalve "15" maintains
the oil pressure in the lubrication ecircuit
at 1 to 2 kgf/em? (14.2 to 28.4 psi) [0.10
to 0.20 MPa]l for protection.

The oil in the oil sump is lifted by oil
pump "2" through suction strainer "1." Oil
from the pump flows into two cireuits,
one leading to the steering valve for
actuating the steering clutches and the
other to- main relief valve "3" for
actuating the eclutch pistons of planetary
gears.

After delivering the main pressure, the
excess oil is cooled by oil cooler "1i3,0
flows through oil filter "14," lubricates
planetary gears and transmission parts,
and gravity-returns to the oil sump for
recirculation. '

1 Oil strainer

2 0Oil pump

3 Main relief valve

4 Steering valve

5 Steering clutch eylinders
6 0il cooler hoses

602319
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Transmission control valve

o Description

OPERATING PRINCIPLE

602320

1 Main relief valve

2 Accumulator valve

3 Speed selector valve

4 Directional selector valve

This econtrol valve comprises accumulator
valve "2," inching valve "5," differential
valve "g," directional selector valve "4"
and speed selector valve "3."

(1) Accumulator valve "1" gradually rises

(2)

(3)

the oil pressure in the cluteh piston
chamber to insure smooth cluteh
engagement (smooth starting).

Differential valve "6" keeps the
pressure applied to the directional
clutches (forward and  reverse
cluteches) lower than the pressure
applied to the speed clutches
(1st-speed, - 2nd-speed and 3rd-speed
clutehes) by 2 kgf/em?  (28.4 psi)
[0.20 MPal. Consequently, the speed
cluteh is engaged earlier than the
directional cluteh and the directional
clutch serves to transmit the power.

Directional selector valve "4 directs
the oil to either forward clutch

(4

(5)

(6)

5 Inching wvalve
8§ Differential valve
7 Neutral switeh

piston chamber or reverse clutch

piston chamber.

Speed selector valve "3" directs the
oil to any of the 1st-speed,
2nd-speed and 3rd-speed clutch ports.

Inching valve "5," actuated by the
inching pedal, reduces the pressure in
the forward or reverse cluteh piston
chamber to control the cluteh in
transition from full engagement fto
full disengagement for moving the
machine in an inching manner.

Main relief valve *1" maintains the
pressure of oil discharged from the
pump. Because of this valve, the
pressure applied to the clutch piston
chambers is always constant and
full-flow oil is supplied to the
lubrication eircuit except when oil is
supplied to elutch piston
chambers,

13



OPERATING PRINCIPLE

o Operation

The econtrol valve operation will be
deseribed on the assumption that the
transmission control lever is moved from
neutral to forward 1st speed position.
[NEUTRAL position]

As the engine starts, main pressure is

Speed selector valve "3" is in neutral
position, covering the port leading to the
1st-speed clutch piston chamber. As the
pressure vrises in the chamber V4,n
accumulator valve "1" moves to the left
to .cover main port "2." Now, a circuit
through main orifice "5" is formed to

allow the oil from the pump to flow into

the chamber gn for pressure
accumulation. This pressure accumulation

applied through main port "2" to speed continues until the accumulator valve
selector valve "3" and accumulator valve comes to the left end of its stroke.
pressure chamber "4, .
602321
]
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[FORWARD 1ST SPEED position]

1. Prefilling of 1st-speed clutch piston
chamber

When the transmission conirol lever is
moved from neutral to forward 1st speed
position, speed selector valve "3" moves
to "lst speed" position and directional
selector wvalve "6" to "forward" position,
uncovering 1st-speed cluteh port (C1) and
forward cluteh port (CF) respectively.

Under this condition, the pressure is being
applied to the 1st speed cluteh piston
chamber but it is not applied to the
forward cluteh piston chamber yef.

OPERATING PRINCIPLE

The moment the oil in aceumulator valve
pressure chamber "4" enters the 1st-speed
clutech piston ehamber for prefilling,
accumulator valve "1" returns to the right
end to uncover main port "2.," Now, a
eircuit bypassing main orifice "5" s
formed to assist in prefilling the
1st-speed clutch piston chamber,
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OPERATING PRINCIPLE

2. Prefilling of forward eluteh piston
chamber

Upon  completion of prefilling the
1st-speed ecluteh piston chamber, the
speed clutch pressure rises beyond 2
kgf/em2  (28.4 psi) [0.20 MPal. This
pressure moves differential valve "7" to
the left end, allowing the speed -ecluteh
pressure oil to enter forward cluteh
pressure port (CF) through inching valve
1!8.11

Since accumulator valve "I" does not
" move yet, keeping main port w2¢
uncovered, the oil from the pump flows
into the forward ecluteh piston chamber
without being metered.

Forward €
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3. Modulation aection

Upon prefilling the forward cluteh piston
chamber, differential valve "7" is returned
to its pressure regulating position for
maintaining the difference between the
Ist-speed clutch pressure and forward
clutch =~ pressure at constant level (2
kgf/em?2 (28.4 psi) {0.20 MPa)) and, at the
same time, accumulator valve Y1! starts
moving to the left to cover main port
II2.II

Then, only the oil metered by main
orvifice "5" flows into the 1st-speed clutch
circuit to move accumulator valve "1"
slowly and to increase both forward and
Ist-speed clutech pressures gradually. This
is called "modulation action."

OPERATING PRINCIPLE

Since the speed clutch pressure is always
higher than the directional eluteh
pressure, the 1st-speed cluteh and
forward cluteh are engaged in- that
sequence, This means that shoek produced
during shifting is arrested by the forward

clutch. Both forward and 1st-speed
cluteches are  engaged  during  this
modulation action to insure smooth
shifting,

Ist speed @

¢

] Directional (forward) clutch|
pressure

g

Forward

602324
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OPERATING PRINCIPLE

4. Completion of shifting

When accumulator valve "1V comes fo the
left end of its stroke, bypass orifice "g"
opens again and the 1st-speed clutch
pressure rises rapidly to the level of main
pressure. Thus, shifting into forward ist
speed is eompleted.

Differential valve 7" still remains in the
pressure regulating position. This keeps
the forward elutch pressure lower than
the 1st-speed cluteh pressure by 2
kgf/em? (28.4 psi) [0.20 MPal.

In the operation for shifting into other
speeds, too, differential wvalve "7" s

© returned to the right end of its stroke

for draining the directional -elutch
pressure, because the speed clutch
pressure decreases in advance. Susequent
actions are the same as those described
for neutral to forward 1st speed shifting.

T,

25 /

S Main pressure and speed {1st)
:%95‘ / clutch pressure

5] Directional (forward) cluich

pressure

;.rm.a.rr.:mn

Forward

602325
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5. Inching action

The inching valve regulates the
directional clutch pressure for driving the
machine in an inching manner or
extremely slowly. Inching valve plunger
"% is connected to the inching pedal
(left pedal) through rod.

As long as the inching pedal is in
released position, plunger "1 is kept
pushed to the left end of its stroke by
return spring "2." ‘Under this condition,
primary pressure in passage "3" s
admitted into secondary pressure passage
"4, thus maintaining 21 kgf/em?2 (299 psi)
[2.06 MPa] pressure there. .

OPERATING PRINCIPLE

2

[AN \ / / .
R\TANNEY

l [l
LU SIS LRSS BECHHY
L 21 keffem?
O O (299 psi)
| [2.06 MPa}
Rl 5% 20
8 55
28 10
g
= L '
gz 05 10 1s
AR
Stroke {mm)
602326
—
1 Plunger 5 Valve

2 Return spring

3 Primary pressure passage
(from differential valve)

4 Secondary pressure passage
(to directional selector valve)

6 Pressure regulating. spring

7 Spring
8 Oil passage
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OPERATING PRINCIPLE

As the inching pedal is depressed, plunger
"1 is moved to the right. When it is
moved 4 mm (0.16 in.), valve '"5" meters
the oil flowing into passage 4" from
passage "3" and, at the same time, starts

draining oil from passage '"4" to the oil
sump through passage "8" i{o reduce the
directional cluteh secondary pressure
down to 5 kgf/fem2 (71 psi) [0.49 MPal

4 1

I

Mannpnacaaecaoca] J ;

)

HN

slsjslelajelofelse ¢} I

4 mm (0,16 in.)
5 keffem? (71 psi)

g‘g 20f 0.49 MPa]
22

S5 10}

g%

S

g2 05
8E 5 10 15
An,

—_—
Stroke {(mm)

602327

As the inching pedal is farther depressed,
plunger "1" is moved to the position
indicated. Now, pressure regulating spring
" becomes expanded and pressure
proportional to the load this spring so
. expanded is built in the pressure chamber,

decreasing secondary pressure (Ppg). Thus
secondary pressure {Ppg) varies from 5 to
0 kef/em2 (71 to 0 psi) [0.49 to 0 MPa)
within the range of 4 to 16.5 mm (0.16
to 0.65 in.) stroke of plunger "1."

L L ]
i

1l
‘ 4 mm (0.16 in.)
5 keffem? (71 psi)
[0.49 MPa}
. N
R g8 20f 16.5 mm {0.65 in.)

28 0 kgffem? (0 psi)
3T 10l {0 MPa}
g < e
gg o x \I
§ g 5 10 15
Ao,

——
Stroke (mm)
602328
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When the inching pedal is depressed all
the way and plunger "1" is moved 16.5
mm- {0.65 in.) of its stroke, pressure
regulating spring "6" restores to free
state, causing spring "7" to move valve
nst to the right. This will completely
stop oil flow to passage "4," and passage
"4 and passage "8" are communicated to
each other without being metered.
Consequently, secondary pressure falls to
zero and the machine is brought into a
complete stop as in neutral.

OPERATING PRINCIPLE

In summary, the inching pedal may be
used like the clutech pedal of a direct-
drive model. The machine can be started
smoothly by depressing the inching pedal
quickly all the way to the end of its
stroke and then releasing it gradually to
a position within the range of 4 to 16.5
mm (0.16 to 0.65 in.) of the sfroke of
plunger "1,% depending on the load, to
gradually increase the pressure acting on
the directional cluteh piston.

16.5 mm (0.65 in.)

o . 0 kgf/em? (0 psi)
8% 20k : [0 MPa)

50

35

250 o 1

&) €9

W5

Qg, 5 19 15

—
Stroke {mm) 602329
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TESTING AND ADJUSTMENT

DPS TRANSMISSION

Inspection

A good program of diagnosing and testing
has three basie steps.

1. Asking the operator

You can get the full story from the
operator; he will tell you how the system
or the machine acted when it began to
fail, what was abnormal about it. Ask
about how the machine was used, when it
was finally serviced, Remember, most
failure are usually traced to poor
servicing or abuse of the machine.

2. Checking the machine

(1) Check the oil level in the

transmission.

{2) Check the transmission case and oil
' lines for any sign of leaks.

(8) Check the inching pedal and
transmission control lever linkages for
adjustment.

3. Operating the machine

Get on the machine and operate it for
testing. During the test, shift the
transmission into all gears, forward and
reverse, and operate the inching pedal. If
the machine fails to start smoothly, or if
inching - or  shifting is hard, see
Troubleshooting guide, which follows.

Testing the clutches for slippage

(1) Start the engine, depress and lock the
brake pedal.

(2) Run the engine at maximum speed,
and move the transmission control
lever into forward 2nd speed position.

24

(3} If the engine stalls as soon as the
transmission control lever is shifted,
all clutches are not slipping. If it
does not stall for more than 3
seconds, or if it does not stall at all,
~any . of the eclutches (forward
2nd-speed) is slipping.



Trouble diagnosis by oil pressure readings

1. H transmission shifts hard:

TESTING AND ADJUSTMENT

Complaint

Possible cause

No shift to some speeds.
“M” port pressure: Normal

“D” and “S™ port pressures:
Abnormally low — not higher
than 10 kgffem? (142 psi)
{0.98 MPa]

Remedy

(1) Clutch piston sealing ruptured
{2) Control valve gasket ruptured

(3) Absence of O-ring or broken
Q-ring in pipe between trans.
mission case and clutch case

(4) Qil hole blanking ball off

No shift to all speeds.

All low — not higher thai
10 kgffem? (142 psi)
[0.98 MPa)

“M,” “D> and “S” port pressures:

Disassemble and replace. -
Disassemnble and replace.

Disassemble and install O-ring or
replace broken one.

Fit bali by driving.

(1) Defective oil pump

(2) Clogged 6il passage between
strainer and pump, between pump
and line filter or between filter
and control valve; or leakage

(3} Main relief valve sticking

Replace.

Check and clean clogged part by
flushing; or repair leaking point.

Disassemble and clean.

No shift to all gears.
“M" port pressure: Normal

“D* and *“§” port pressures:
Both gone (0 kgffom?)

No shift to some speeds.

“M,” “D" and “S™ port pressures
all normal,

Neutra} safety valve in malcondition
due to weakened spring, foreign
matter stuck on valve seat, or sticky
valve

Disassemble, clean by washing and
repair or replace. Weakened spring
must be replaced.

Clutch plates burnt or friction-material
surfaces jost due to peeling

If forward clutch plates burnt and
seized:
Machine starts on F1, F2 and F3
but engine stalls on R}, R2 and
R3.

If 1st-speed clutch plates burnt and
seized:
Machine starts on F1 and R1
but engine stalls on F2, R2, F3
and R3.

Disassemble and replace.
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TESTING AND ADJUSTMENT

2, If shock is felt when shifted:

Complaint

Possible cause

Remedy

jumps momentarily from 0 to 21
kef/em? (299 psi) [2.06 MPa]
on shifting to any speed.

Indicating hand of pressure gauge -

Accurnulator valve sticking

Wash valve body, check bore for -
damage and, as necessary, replace
valve and bore, if valve does not
move sliding smoothly.

Indicating hand of pressure gauge
1 jumps momentarily from 0 to 21
1 kgffem? (299 psi) [2.06 MPa)

on shifting to some speeds,

(1) Cluich piston sticking

(2) Accumulator valve sticking

"« Disassemble and repair or

repiace.

+ Refer to above.
(The same trouble occurs untess
slug is inserted properly.)

3. If time lag in shifting is excessive:

NOTE: Normally machine starts within 0.9 second in standing start.

Complaint

Possible cause

Remedy

Lag is large in shifting from N to
1 and from N to 2, but is normat

| Indicating hand takes 2 seconds
_| or more in deflecting from 0 to

-] in shifting from 1 to 2 and 2 to 1.

21 kgffem® (299 psi) [2.06 MPa] .

(1) Accumulator valve sticking

{2) Accumulator valve spring
weakened

+ Wash valve body, check bore for
damage and, as necessary, replace
valve and bore, if they do not -
move sliding smoothly.

+ Replace. -

Indicating hand takes longer
time than normal to deflect
from 0 to 21 kgffem? (299 psi)
f2.06 MPa} vpon shifting to
any speed.

(1) Accumulator valve sticking

(2) Accumulator valve spring
weakened

(3) Main orifice clogged
(4) Insufficient pump output

+ Refer to above,

s Replace.

+ Disassemble and clean.

« Disassemble and clean clogged
parts of lines,

Indicating hand takes longer
time than normal to deflect
from 0 to 21 kgffem? (299 psi)
[2.06 MPa} upon shifting to
some speeds. : '

(1) Ciutch piston sealing ruptured

{2) Absence of O-ring or broken
O-ring in pipe between trans-
mission case and ciutch case’

+ Disassemble and replace.

« Disassemble and instal] O-ring
or replace broken one.
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4. If inching pedal malfunctions;

TESTING AND ADJUSTMENT

Complaint

Possible cause

Remedy

Clutch grabs even if inching
pedat is depressed.

HM’!’ ‘(S!) and ‘GD’} pOIt
pressures: Normal

Clutch plates in forward or reverse
clutch seized

Cluich grabs even if inching
pedal is depressed.
KLM’! and ‘KS!’ pol,t
pressures: Normal

*D” port pressure: Doeés not
drop to 0 kgffcm?

Releasing inching pedal after
fully depressing causes machine
to jerk in standing start.

“M™ and ““S” port pressures:
Normal

“D” port pressure: Rises but
not smoothly as pedal moves
in releasing direction.

(1) Control linkage maladjusted
{2) Clutch valve defective

Disassemble and replace.

s Check and adjust.

« Disassemble, wash and repair or
replace,

Clutch valve sticking

NOTE: If 8- mm (0.31-in.) dia. rod
is positioned the other way
around, cluich valve will
not function properly.

Disassemble and clean by washing,
Replace 3-piece spool as necessary.
Be sure 8-mm (0.3 1-in.) dia. rod is
correctly positioned,

Releasing inching pedal quickly
fails to make machine pick up
speed quickly: machine starts
off slowly.

“M*" port pressure: Normal

“D” port pressure: Changes in
the normal manner.

“S" port pressure: Normal
{does not drop).

Pilot valve sticking

NOTE: Be sure slug is correctly
positioned. With slug
mispositioned, pilot valve
behaves as it were sticky.

Wash valve body. Check accumu-
lator valve orifice for damage.

Replace valve and body as neces-
sary.
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TESTING AND ADJUSTMENT

5. If transmission overheats:

Complaint

Possible cause

Remedy

{ﬁM,!’ (iD!’ a.ﬂd “S!!‘pol_t pressures
are normal or slightly lower.

(1) Oil level too high
(2) Oililevel too low

+ Lower oil level.

+ Raise oil level.

“M,” “D’’ and “S” port pressures
are normal

(1) Clutch plates seized

(2) Mechanical trouble inside
transmission

» Disassemble and replace.

*+ Overhaul and replace defective
parts,

6. If output power is not enough:

Complaint

Possible cause

" Remedy

“M,” “D* and “S” port pressures
are low.

Oil level too low

Add oil.

“M,” “D* and ““S” port pressures
are normal.

(1} Engine lacks power

{2) Mechanical trouble inside
transmission )

» Tune up engine,

* Overhaul and replace defective
parts.

7. If oil pressures are high:

Complaint

Possible cause

Remedy

M, “D” and “S” port pressures l
rise above 21 kgffem® (299 psi)
[2.06 MPa].

(1) Main relief valve sticking

(2) Main relief valve spring defective
or shim adjustment improper

. Disassemble and wash.

+ Replace or readjust by shim-
ming.
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TESTING AND ADJUSTMENT

Testing the control valve

Connect an oil pressure gauge to each of
"M," M8" and "D" ports in testing the
hydraulic pressures with the control valve
mounted on the transmission, When
running the transmission and control vaive
on the bench in order to break them in,
be sure to form an oil cooler bypassing
cireuit by connecting two rubber hoses,
one leading to the cooler inlet and the
other from the ccoler cutlet,

602330

1 Main pressure: "M" port

2 Speed cluteh (1st-speed, 2nd-speed
and 3rd-speed) pressure: "S" port

3 Directional clutch (forward and
reverse) pressure: "D" port
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TESTING AND ADJUSTMENT

Pressure designation

Port and gauge connection

Pressure requirement

Main pressure

M port; PF 1/8" connection with
O-ring

With engine running at high idling speed and
control lever kept in neutral, this pressure is
required to take the following value:

21 kgffem? (299 psi) [2.06 MPa]

If not, adjust setting of main relief valve by
increasing or déecreasing thickness of its shim.

1st-speed, 2nd-speed
and 3rd-speed clotch
pressure

S port; PF 1/8" connection with
O-ring

With engine running at high idling speed, this
pressure is required to remain at a level. équal to
main pressure,

Forward and reverse
clutch pressure

D port; PF 1/8” connection with
O-ring

With engine running at high idling speed, this
pressure is required to take the following value:

0 keffcm? for both clutches with control lever
in neutral.

Not lower than main pressure by 2 kgffem?
(28.4 psi) [0.20 MPa], with control lever in
ist, 2nd or 31d speed position.

Speed clutch
pressure

3 port; PF 1/8" connection with
- O-xing '

Measure time required for pressure to change
and residual pressure when control lever is
shifted from neutral to any position, or from
one position to another.

Shifting Time
N - — 1 0.7 — 1.3 sec.
i = 2 0.4 — 1.0 sec.
2 = 3 0.4 — 1.0 sec.

Bench test criteria for transmission oil pump

+ Direction of rotation

Clockwise (as viewed from drive gear side)

Hydraulic oil

Pump drive speed

2600 rpm

Engine oil, SAE 10W, 50° £ 5°C (122° £ 9°F)

Discharge flow

40 liters (10.6 U S. gal)/minute
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TESTING AND ADJUSTMENT

ADJUSTING THE INCHING PEDAL ADJUSTING THE TRANSMISSION
CONTROL LEVER

602331

1. Loosen lock nut "1

2. Reposition stopper bolt "2" so that the
inching pedal is 20 em (7-7/8 in.} as
measured from the dashboard wall.

3. Loosen lock nut "3.v

4. Adjust the Ilength of rod by turning
clevis "5" so that lever "4" starts
moving when the inehing pedal is

depressed.

5. Loosen lock nut "g.%

602332

Clearance "a'" between guide "2" and

. lever "1" should be 6.5 to 2.
6. Reposition stopper bolt "7" so that the (3?102 to Sﬂ_%lé inS i: :a)ny Ole{,ng.

pedal stroke is 14.5 em (5-11/16 in.). position.

1. Loosen lock nut "3."

2. Turn rods "4" and "5" to adjust
clearance "a."
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TESTING AND ADJUSTMENT

Transmission

TROUBLESHOOTING GUIDE

Complaint -

Possible cause

Remedy

Machine does not move in one or
more speeds or all clutches slip.

A. Low oil pressure
(1) Not enough oil

(2) Loose, broken or :ﬁaladjusted
control linkage

(3) Oil pump or its drive defective
(4) Air being sucked into pump

(5) Internal oil leakage in control valve
unit due to wear or failure of
sealing members such as piston
seals and O-rings

(6) Main relief valve internally dirty
with foreign matter stuck in
sliding clearance, or out of adjust-
ment

{7) il too low in viscosity

B. Mechanical failure
(1) Transmission shaft damaged

{2} Seized or bound clutch piston,
friction plates or mating plates,
resulting in reduced clutch
capacity

(3) Friction plates or mating plates
worn or damaged

(4) Bevel gears or other gears defective

C. Neutral safety valve malfunctions

+ Refill,
» Repair or readjust,

» QOverhaul or replace.

» Check packed joint in pump
suction and repair or replace.

+ Disassemble and repair or
replace defective parts,

* Overhaul. Correct its pressure
setting.

» Use Class CD oit (engine oil) of
AP classification, whose viscos-
ity rating is SAE 10W.

» Disassemble and replace.

+ Disassemble, repair or replace.

+ Disassemble and replace.

« Disassemmble and replace.

Overhaul or replace.

Machine jolis on shifting.

(1) Accumulator valve not working
properly
(2) Pilot valve malfunctioning

(3) Oil viscosity too high

* Disassemble and repair or
replace.

+ Disassemble and repair or
replace

+ Use SAE 10W oil.

Slow response of transmission
to shifting,

(1) Clogged orifice in control valve
unit

(2) Not enough oil

(3) Control linkage maladjusted

(4) Air being sucked into oil pump due
to loose packed joint in suction fine

(5) Faulty seal ring on clutch piston

(6) Damaged O-ring in path of oil to
clutch piston

« Disassermble and clean,

* Refill.
* Readjust.
» Retighten or replace packing.

+ Disassemble and replace.

+ Disassemble and replace.
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TESTING AND ADJUSTMENT

Complaint

Possible cause

Not enough output,

(1
()
(3)

4
(%)

(6)
(N

Engine not delivering enough power
Not enough oil
Air being sucked into oil pump

Sticking or bound spool in main
relief valve

Weakened spring in main relief
valve.

Worn-down oil pump
Strainer or filter clogged

Remedy

Re-tune engine.
Refill.

Check joint and replace pack-
ing as necessary,

Disassemble and repair or
replace,

Disassemble and replace the
spiing,

Replace.
Ciean or reptace.

(8) Badly worn cluich piston ring or Disassemble and repiace.
O-ring
(9) Water in oil Change oil.
(10} Control linkage maladjusted Readjust.
(11) Slipping clutches due to low main Readjust.
pressure
{12) Damaged clutch piston Disassemnble and replace,
(13) Dragging wheel brakes Readjust.
Transmission does not shift (1) Control linkage maladjusted Readjust.
into neutral, or remains (2) Burnt clutches Disassemble and replace burnt
parts.
(3) Clutch piston, friction plates or Disassembie, repair or replace.
mating plates binding.
(4) Clutch valve seized, resulting in no Disassemble, repair or replace.
pressure drop
(5) Oil level too high or too low Adjust to the prescribed level.
Abnormal oil temperature rise. {1) Air being drawn into oil circuit Retighten joints and connec-
tions, replace gaskets, or check
oil level and add oil, as neces-
sary.
(2) Water inoil Change oil.
(3) Burnt or worn bearings Disassemble and repair or
replace.
(4) Instrument out of order Replace.
(5) Dragging cluiches Replace friction and mating
plates,
(6} Clutch valve linkage maladjusted Readjust.
(7) Dragging wheel brakes Readjust.
(8) Continuous overloading of machine Avoid abusive use of machine.
Loés of safety function of hy- (1)} Safety valve not functioning Disassemble and repair or
draulic interlock (safety valve). replace.
(2) Shift control linkage maladjusted Readjust.
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" TESTING AND ADJUSTMENT

Complaint

Possible cause

Remedy

Main pressure is too high,

{This is not a symptom,; it is
a finding obtained by checking
with pressure gauge.)

(1)
@

3)
Q)

Main relief valve maladjusted

Internal oil passage in main relief
valve clogged

‘Bound or sticking main relief valve

Wrong kind of hydraulic oil

Overhaul and adjust.
Overhavt and clean.

Overhaul and clean.

Use oil meeting the specifica-
tions.

Transmission responds too slow
to shifting,

(This is the symptom of main
pressure being too low.)

(0
@
®)
“
)

(6)
N

Clogged oil strainer or filter
Worn-down oil pump

Main relief valve maladjusted
Bound or sticking main relief valve

Air being drawn into oil circuit

Not enough eil

Oil leakage from loose joint or
connection.

Clean or replace.
Replace.

Readjust,

Overhaul or replace.

Retighten joints and connec-
tions, replace gaskets, or add
oil to oil pan.

Add oil.

Inspect and repair, replacing
O-rings and seals as necessary.

Clutch oil pressure is abnormally
low when inching pedal is in
released condition.

(This is not a symptom; it shows

(1)

Main pressure too low

Refer to the procedure imme-
diately above.

(Transmission responds too
slow to shifting.)

inching pedal is pressed gently.

9

adjusted
Clutch valve out of order

up as slow response of trans- (2) Clutch valve spool defective Repair or replace.
mission or as slipping clutch.) (3) Clutch piston seal ring defective Replace.
(4) Inching pedal control linkage Readjust,
maladjusted
Machine jolts even when (1) Inching pedal control linkage mal- Readjust.

Repair or replace.

Machine iaicks up speed too
slowly even when inching
pedal is released sharply.

(1)
(2)

Clutch pedal control linkage
maladjusted

Clutch valve out of order

Readjust,

Repair or replace.
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Transfer

TESTING AND ADJUSTMENT

Complaint

Possible cause

Remedy

Machine does not move
in any speed

Machanical trouble inside transfer

Repair or replace.

Remarks

Machine does not move
in one or more speeds,
forward or backward.

One or more gears damaged

Noisy operation

(1)
@

&)
)
(%)

Not enough oil
Backlash too large

Bearings worn or damaged
Shaft splines worn

Gear tooth contact incor-
rect, or teeth worn or
damaged

Replace.

« Addoil

* Readjust or replace
parts,

+ Replace.
» Replace.
+ Readjust or replace.

» Check bearings, shaft
and gears for wear —
cause of excessive
backlash.

Oil leakage

(1
@)
(3)
)

0Oil jevel too high
O-rings damaged
Oil seals damaged

Transfer case installation
loose or packing defective

« Lower ol level.
» Replace,
+ Replace.

» Retighten or replace
packing.

Overheating

(1)
(D

Oil level too low

Backlash too large or too
small

+ Add oil.

» Repair or replace.

+ Check bearings for
spalled or cracked
races.

(3) Bearings misaligned » Repair or replace.
Abnormal wear (1) Oil insufficient or dirty + Add or change oil. + Check oil for pre-
sence of metal chips..
{2) Abuse * Avoid abuse of ma-

chine,
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MAINTENANCE
STANDARDS




MAINTENANCE STANDARDS

DPS TRANSMISSION

Unit: mm (in.)

Ref. Assembly standard Service
No. Ttem . (Standard clearance) limit Remarks
Total thickness (new parts)
1 Reverse Friction plates (4 pes) 27.70 £ 0.80 26.10
clutch Mating plates (4 pes) (1.0905 £0.0315) (1.0278)
Pressure plate {1 pc) , .,
Total thickness (new parts)- R IR
5 ,f Oé\:a;;l dand Friction plates (3 pes) 2157062 . ] 2040
1‘ {ﬁ Mating plates (3 pcs) {0.8492 0.0244) " (0.8031)
cluiches Pressure plate (1 pc) '
L Total thickness (new parts)
, | pod-and Friction plates (2 pcs) 15.44 £ 044 14.60
Tatobas Mating plates (2 pes) (0.6079 £ 0.0173) (0.5748)
c Pressure plate {1 pc) )
Friction plates Thickness of
. 2.9510.10 2.45 !
4 of Ref. Nos. Thickness {(new parts) (0.1161 + 0,0039) (0.0965) each friction
f thru 3 : - : plate
Diameter:
Return springs Free length 41 (1.61) 13.5 (0.531)
5 | of reverse Test force/length und 6.6 £0.5 5.5
lutch pist est force/length under 620, .
cluteh piston test force {146 ¢ 1.1)/(13462) (52.1)/(}322)
kef (1bf) {N]/mm (in.) {647 £49] {sa.0] V&
Return springs ) Diameter:
s | of forvard, Free Jength 33(1.30) 13.5 (0.531)
3rd-, 2nd-and | Tegt force/length under 601205 o9 5. a9
1st-speed test force (1325 £ 1.1/ 17 4 (1;}/(1 14
clutches kef (1b) [N] fmm (in.) [59.0 497 - (491 (1.14)
7 Thrust plates Thickness (0.02':;(8)2 i 8:8320) (0.{11;7%)9) Total 30 pes
Spring of Free length 53(2.09)
8 lubrication
relief valve Test force/length under 1,49 £0.,12 25 Diameter:
test fOICG, (329 % O26)f’(0 846) 13 (0 5})
kef (16f) [N]/mum (in.) [l46£1.2] '
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MAINTENANCE STANDARDS
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MAINTENANCE STANDARDS

TRANSMISSION CONTROL VALVE

Unit: mm {(in.)

Ref. Assembly standard Service
No. Item (Standard clearance) limit Remarks
Free length 82.5 (3.248) Diamet
i Main relief valve | Test force/length under 76205 <50 1 éaén &}?24)
spring (inner) test force (16.8% 1, 1)](2 11.55)
kef (1of) [N]/mm (in.) [74.5 4.9}
Free length 68.0 (2.677)
Main relief valve ' Diameter:
2 spring (outer) Test force/length under 10.0 370 18.5 (0.728)
test force 22.1)/ (1.457)
kgf (1bf) [N]/mm (in.) [98.1] M
Free length 59.5(2.343)
Differential Diameter:
3 t Test forceflength under 56106
valve spring test force (123 % 1-3)/(13§§3) 13.5 (0.531)
kef (tbf) [N]/mm (in ) [54.9 £59}] "
Free length 151.0(5.945)
Accumulator Diameter:
4 valve spring Test forceflength under 504+50 1,04 22 (0 87).
(inner) test force (I 11.1 = 11)/(4 72'4) ‘
kgf (Ibf) [N]/mm (in.) [494.3 £49} V™
| Free length 132.0(5.197)
Accumulator :
: Test forceflength under 61.1%6.1 Diameter:
> E’gllftirsf ring test force (134.7 £13.5) (37(8).‘70]) 31(1.22)
kef (1bf) [N]/mm (in.) [599.2 £ 59.8]
Free length 78.0 (2.071)
Inching vaive Diameter:
6 5 Test force/tength under 8108
return spring test force (17.7 % 1.8%/(253:203) 25(0.98)
kef (ibf) [N]/mm (in.) {794 +7.8] \*
Speed selector zme ;e“gtjll — - Zc(’) 2(0 669) _—
lunger detent est forceflength under 2%0, :
L s test force (115 % 0.4)/(012'901) 7.5 (0.30)
kgf (Ibf) {N}/mm (in.) [51 £2.01M
) Free length 1.5 (1.240)
Inching valve Diameter:
8 ! Test ferceftength under 33
Spring test force (7.3)/(0] 2‘902) - 15(0.59)
kgf (tbf) {N]/mm (in.) {324
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DISASSEMBLY AND REASSEMBLY

DPS TRANSMISSION

REMOVAIL AND INSTALLATION
Removal

Preparatory steps
(1) Remove the under guard.

{(2) Drain the oil from the transmission.
- {11 liters (2.9 U.S. gal), approx.]

(3) Drain the oil from the transfer ang
bevel ger cases. [7 liters (1.8 U.S.
gal), approx.]

1. Remove the following parts:

1 Floor plates {(platform) (3 pes)

602334

2 Electrical wire between battery switch
and battery

3 Clamp for electrical wire between
battery and starter

6023356
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4 Operator's seat and seat plate

5 Rear cover

DISASSEMBLY AND REASSEMBLY

Weight of operator’s seat and
seat plate

31 kg (68 1b),
approx.

6 Steering cluteh levers
7 Steering econtrol rods
8 Brake control rods

9 Steering cluteh oil pipes (2 pes)

10 Oil cooler pipe
11 Oil cooler hose
12 Springs (2 pes)
13 Inching control rod

14 Electrical wire for neutral switch

602336
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DISASSEMBLY AND REASSEMB.)

2. Disconnect the following parts:
15 Inching valve link

16 Speed selector valve and directional
selector valve links

3. Remove the following parts:

17 Universal joint
18 Transmission

1 Weight of transmission 182 kg (400 1b),
and transfer appIox.

Before lifting off the transmission,
shift it forward to pull the pinion
back out of mesh with the bevel

gear.

Installation

To install the ftransmission, follow the
reverse of removing procedure, and
proceed as follows:

(1) Make sure that the electrical wires,
pipes and hoses are connected
properly.

(2) Adjust the inching pedal. (Refer to

the topics, Adjusting the inching
pedal, TESTING AND ADJUSTMENT.)

(3) Fill the transmission and transfer
cases with recommended oil,

46
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DISASSEMBLY AND REASSEMBLY

DISASSEMBLY AND REASSEMBLY
Disassembly

"Preparatory steps
(1) Remove the transfer assembly.
(2) Remove the oil filter.

(3) Remove the transmission control valve
and main relief valve.

(4) Remove the oil pump and oil pipe.
(5) Remove the suction strainer.

(8) Remove the air breather, oil filler and
oil level gauge.

Remove the groups in the order listed
below for disassembly.

A Transmission case and flange group
B Reverse clutch group A
C Forward clutch group and 3rd-speed
cluteh group f
D 2nd-speed cluteh group 7 B & a
E 1st-speed cluteh group and cover group \
[%
When disassembling the transmission, place ¢ ’
it on a workbench having a hole for l &
admitting the output shaft and cover
mounting bolts, with the front (engine) D l{
side up. ' e
E % S
602342
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DISASSEMBLY AND REASSEMBLY

A Transmission case and flange group

1. Remove the following parts:

[y

Lock washer

(to be straightened for removal)
Washer

Bolt (1 pe)

Qil filter screw

Oil pipe (4 pes)

Transmission case

OO N

To remove transmission case Y§,"
attach the hangers to its front face,
and lift it off with that face up.

Thread size of hangers M10 x 1.25 mm

2. Remove the following parts from case
"5":

7 Flange

8 Oil seal

9 Retaining ring

10 Ball bearing

11 Snap ring’

12 Oil pump driven gear
13 Ball bearing

14 Retaining ring

15 Ball bearing

16 Retaining ring

48
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B Reverse cluteh group

—

DISASSEMBLY AND REASSEMBLY

602346

ot
O W o0 1 Uk LoD

T Yy vy
[T Ty JORy g N

Pump drive gear
Lubrication relief valve
Bolt (8 pes)

Snap ring

Snap ring

Bolt

End housing

Mating plates (4 pes)
Frietion plates (4 pcs)
Return spring (5 pes)
Pressure plate

Piston

Piston seal

Piston seal

Input shaft

16
17
18

19
20
21
22
23
24
25
26

(Remove the parts in the order

Ball bearing

Ring gear

Reverse planet carrier :
(to be removed as an assembly ineluding
"19" thru l!24!l)

Seal ring

Spring pin (3 pes)

Pin (3 pes)

Planet gear (3 pes)

Thrust plates (6 pes)

Needle roller bearing (3 pes)

Ball bearing '

Reverse cluteh piston housing

numbered for disassembly.)
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DISASSEMBLY AND REASSEMBLY

C Forward cluteh group and 3rd-speed cluteh group

16 16 14 15

. 602347
1 Needle roller bearing 20 Thrust plates (6 pes)
2 Mating plates (3 pes) 21 Needle roller bearing {3 pes)
3 Friction plates (3 pes) 22 Forward & 3rd-speed planet carrier
4 Return spring (5 pecs) 23 Seal rings (3 pes)
5 Pressure plate . . 24 Piston
6 Snap ring 25 Piston seal
7 Ring gear 26 Piston seal
8 Ring gear 27 Piston
9 Snap ring 28 Piston seal
10 Bolt (9 pes) 29 Piston seal

11 Forward & 3rd-speed cluteh piston housing 30 Pin (5 pes)
(to be removed as an assembly ineluding 31 Ball bearing

iQn thru "30%) 32 Ball bearing
12 Spring pin (3 pes) _ 33 Snap ring

(to be removed as an assembly including 34 Pressure plate :

"13" thru "23") 35 Return spring (5 pes)
13 Pin (3 pes) 36 Friction plates (3 pes)
14 Planet gear (3 pecs) 37 Mating plates (3 pes)
15 Thrust plate (6 pes) 38 Ring gear

16 Needle roller bearing (3 pes)
17 Spring pin (3 pes)

18 Pin (3 pes)

19 Planet gear (3 pecs)

(Remove the parts in the order numbered for disassembly.)

50



DISASSEMBLY AND REASSEMBLY

D 2nd-speed elutch group

602348

—

bt 00O 00 =T O O b o DO

"

—*
]

13
14
15
16
17
18

2nd-speed cluteh piston housing

(to be removed as an assembly ineluding 72" thru "4")
Piston

Piston seal

Piston seal

Pressure plate

Return spring (5 pes)

Friction plates (2 pes)

Mating plates (2 pes)

Snap ring

Snap ring

2nd-speed planet carrier

(to be removed as an assembly including "12" thru "17")
Spring pin (3 pes)

Pin (3 pes)

Planet gear (3 pes)

Thrust plate (6 pes)

Needle roller bearing (6 pes)

Ball bearing

Ring gear

(Remove the parts in the order numbered for disassembly.)
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DISASSEMBLY AND REASSEMBLY

E 1st-speed eclutch group and cover group

602348

52
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10
11
12
13
14

1st-speed clutch piston housing
(to be removed as an assembly
ineluding "2" thru "4")

Piston ‘
Piston seal

Piston seal

Pressure plate

Return spring (5 pes)
Friction plates (2 pes)
Mating plates (2 pes)
Qil seal retainer

Oil seals (2 pes)
Retaining ring
Snap ring
Output shaft
Ball bearing

17
18
19
20
21
22
23
24
25

Retaining ring

1st-speed planet carrier

(to be removed as an assembly
including 17" thru "23")
Ring gear

Spring pin (3 pes)

Pin {3 pcs)

Planet gear (3 pcs)

Thrust plates (6 pes)

Needle roller bearing (3 pes)
Seal ring

Ball bearing

Cover

(Remove the parts in the order numbered for disassembly.)




Inspection
1. Friction, mating and pressure plates
Measure the assembled (total} thickness of

the plates. Replace the plates if the
measurement exceeds the service limit.

Unit: mm (in.)

Assembly Service
Ttem standard limit
Assembled (totat)
thickness of reverse
clutch plates: 27.70+0.80 26.10
Friction plates (4 pcs) | (1.090520.0315)  (1.0276)
Mating plates (4 pcs)
Pressure plate (1 pc)
Assembled (total)
thickness of forward
and 3rd-speed clutch 21.5740.62 20.40
plates: (0.8492+0.0244) | (0.8031)
Friction plates (3 pes)

Mating plates (3 pes)
Pressure plate (1 pe)

Assembled (total)

thickness of 2nd- and

Ist-speed clutch plates: 15.4410.44 14.60
Friction plates (2 pes) | (0.607920.0173) | (0.5748)
Mating plates (2 pcs)
Pressure plate (1 pc)

Thickness of friction 29540.10 245
plate (0.1161+0.0039) | (0.0965)

2. Thrust plates
Measure the thickness of each thrust

plate. Replace the plate if the
measurement exceeds the service limit.

Unit: mm (in.)

Assembly Service

Item standard limit
]

Thickness of thrust 2.00£0.05 1.80
plate (0.0787+0.0020) | (0.0709)

DISASSEMBLY AND REASSEMBLY

602350

8602351
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DISASSEMBLY AND REASSEMBLY

Reassembly

To reassemble the transmission, install the
groups in the reverse order (ME" thru
HAII)'

E ist-speed cluteh group and cover group

602352

Reassembling order
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DISASSEMBLY AND REASSEMBLY

D 2nd-speed clutch group

11 10 9 _ 16 15 4 2 3

5\ ] N |
6\% = ! ' _ ‘ Kﬂ__ﬁﬁ/
N

3l

-

*“;%H 1]] 1@1_ |

TSR P :

g 7 18 17 14 13

602353
]

Reassembling order

18

l—. [__, l—r !—» l——» l——» l—» l—' |——-> ,—» I—-—» Transmission case
|——>I—>I——'[—»11 1710 5——-——»;—+2 1

15r14 13 12
16

bb



DISASSEMBLY AND REASSEMSBLY

C Forward clutch group and 3rd-speed cluteh group

5 4 3 2 8 76 23 1 g 1416 13

VA e
rmmy %
52 8

=) 19

| 21

1
1
= ! . i
| = A
Y - i

3 37 38 30 23 22 33 32 3 10

6502354

Reassembling order

2625

LL,

e ey rrrrrrrw'*rrrrrrrr

I—~|—+|—»I—>r rl——"—' '—’!—‘22389 13736353 60 87 611105 2 3

23 323323120 181715 1312 r 27
28129
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DISASSEMBLY AND REASSEMBLY

B Reverse clutch group

8 17191816 15 1 4 5 25 3.6
7
)
10
T 1=
1=
12 23
13 22
14 & ™ 24 1\
26 ' JD:T |20
27
= 2
=
5 =]
= 602333
I+
502355
|________ i

Reassembling order

I AI—»‘—»!—a [—or-»r—»[—»{—»[—» rrrr’—»r Transmission case
15 I——» 2r+2r18 16 24 | 11 17 9 8 101:*_)? 25 4 5 3 6
R

20—22 14 13
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DISASSEMBLY AND REASSEMBLY

A Transmission case and flange group

. 14 100 9 8231 7 86
14 \
15, A
1311 : cf;:nnL
12-7] % B!
- (s
=
=
=
i
=
£5:
602368

602333

602366

Reassembling order

l—» |—> r I—» |—> I—» {—> Transmission case
I——T—’ri—»l—'l—*i—‘ g8 7.2 1 3 5 4

9 10 8 14 15 16 13

11-12

Tips for reassembly

1. Apply a coat of engine oil to the O-
ring of oil filter screw,

2. Bend each lock washer properly
— against the flat of bolt.
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3. Planet carriér spring pin installation

Drive in the spring pin with its gap
positioned in the direction of ecarrier
rotation. Drive in the planet pin with its
mark "A" outside.

4, Cluteh piston installation

Apply a coat of hydraulic oil {SAE 10W)
to the sliding surface of each piston seal
before installing the seal fo the cluteh
piston.

5. Piston housing installation

Install the piston housings (5 pes) with
their recessed portions alined as shown.
This illustration shows the piston housings
viewed from the engine side.

6. 0il seal installation to retaﬁner

Instail the o0il seal to the retainer as
shown.

DISASSEMBLY AND REASSEMBLY

S)

602357

602358

602359

602360
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DISASSEMBLY AND REASSEMBLY

7. Testing after reassembly

Apply dirt-free pressure air to the oil
holes in the transmission case- to make

sure that the cluteh pistons
smoothly in the housings

0il hole for reverse eclutch
0il hole for forward clutch
Qil hole for 1st-speed cluteh
0il hole for 2nd-speed elutch
Qil hole for 3rd-speed clutch

e Rve i

move

602361

2 — 3 kgffem?
Alr pressure (28.4 - 42.7 psi)
[196 — 294 kPa]

60




DISASSEMBLY AND REASSEMBLY

TRANSMISSION CONTROL VALVE

Removal and installation

‘1. Dismount the transmission assembly
including the control valve from the
machine, and remove the valve from
the transmission. (Refer to the topies,
Removal, DPS TR ANSMISSION.)

2. To install the control valve, follow the
reverse of removing procedure.

Disassembly

602362
1 Regulator valve body 13 Outer spring : 25 Inching valve
2 Roller pin : 14 Inner spring 26 Slug
3 Plug 15 Pin (3 pes) 27 Spring
4 Relief valve 16 Plug (2 pes) 28 Cover
5 Slug 17 Spring (2 pes) 29 Spring
6 Inner spring 18 Detent ball (2 pes) 30 Inching valve plunger
7 Outer spring 13 Cover : 31 Roller pin
8 Roller pin 20 Speed selector plunger 32 Plug
9 Plug 21 Spring _ 33 Oil seal (2 pes)
10 Cover 22 Differential valve © 34 0il seal
11 Accumulator piston 23 Directional selector plunger 35 Valve housing
12 Seat 24 Spring

(Remove the parts in the order numbered for disassembly.)

61



DISASSEMBLY AND REASSEMBLY

Réassembly

(Clean all control valve parts except for
seals by alkali washing before installing
them for reassembly.)

13@

14—

19

Reassembling order

Pt
3 8 7 6 4 5 2 3
e
10 11 12 13 14
LA
33 20 1

— 16

15 17 18

' e e
33 23 32 31 22 21
U nenanU
3029 '} 27 25 26 24
3428

62
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Removal and installation

TRANSFER

Refer to the topics, DPS TRANSMISSION.

Disassembly

DISASSEMBLY AND REASSEMBLY

602364

Lock washer
Washer

Cover
Bearing cage
Shims (1 set)
Shim (1 set)
Snap ring
Roller bearing

OO =1 O QN e QO DD =

9
10
11
12
13
14
13

{Remove the parts in the order numbered

Driven gear
Bevel pinion
Roller bearing
Drive gear
Ball bearing
Ball bearing
Case

for disassembly.)
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DISASSEMBLY AND REASSEMBLY

Reassembly

| 602369

Reassembling order

64
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DISASSEMBLY AND REASSEMBLY .

Tips for reassembly

Pinion adjustment

The distance from the end face of
bevel pinion and the outer face of
transfer case is specified for each
transfer because of the selective
assembly, The specification is formed
by a certain value (represented by the g

letter "m" and marked on the end face
of pinion) per cent and 46.2 mm (1.819
in.). The per-cent wvalue is either
positive (+) or negative (-). To bring

it
il Value of “m™
{W marked here
!

this distance into +0.1 mm (+0.004 in.) Shim _J

of the specification, the thickness of thickness

shims (58827-10900 and 58827-11000) L

must be adjusted. | [ Y Specified distance
The shims are available in these (46.2 mm 2 “m”/100) £ 0.1 mm
thicknesses: I{1.819 in. £ “m”[100) + 0.004 in.)

602365

Unit: mm (in.)

Part number Shim thicknesses |
58827-10900 0.1 (0.004), 0.4 (0.016), 1.0 (0.039)
58827-11000 | 0.1 (0.004),04 (0.016), 1.0(0.039)

BEVEL GEAR
Instalation
NOTE

install the bevel gear on the left . bl

side in case of DPS transmission;

install it on the right side in case of —_ .

DD transmission. . !JQ

602366
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DISASSEMBLY AND REASSEMBLY

DAMPER" i
Removal

The damper resembles a conventional dise

clutech and is to be removed together

with the engine. For removal of the

damper, refer to the topics, FLYWHEEL

CLUTCH, DISASSEMBLY and A
REASSEMBLY volume, except for the : x
following items:

(1) Cluteh control rod
(2) Rubber hose for steering cluteh oil

(3) Rubber hose for oil cooler (flywheel
cluteh group)

Installation

To install the damper, follow the reverse
of removing procedure.

Disassembly
602367
1 Drain plug 5 Damper cover 9 Oil seal ’
2 Flange 6 Shaft 10 Damper
3 Air breather 7 Ball bearing
4 Connector 8 Snap ring
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Reassembly

DISASSEMBLY AND REASSEMBLY

i)

14
e

602309

Reassembling order

T

10—§

e
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FOREWORD

This service manual has instructions and procedures for the subject on the
front cover. The information, specifications, and illustrations used in this
manual are based on information that was current at the time this issue was
written.

Correct servicing will give these machines a long productive life. Before
attempting to start a test, repair or rebuild job, be sure that you have studied
the respective sections of this manual, and know all the components you will
work on.

Safety is not only your concern but everybody’s concern. Safe working habits
cannot be bought or manufactured; they must be learned through the job you
do. By learning what CAUTION or WARNING symbol emphasizes, know
what is safe — what is not safe. Consult your foreman, if necessary, for
specific instructions on a job, and the safety equipment required.

NOTES, CAUTIONS and WARNINGS

NOTES, CAUTIONS and WARNINGS are used in this manual to empha-
size important and critical instructions. They are used for the following
conditions:

NOTE] .-+ v vt An operating procedure, condition, etc.,

which is essential to highlight.

A CAUTION| -+ - Operating procedures, practices, etc.,
which if not strictly observed, will result

int damage to or destruction of machine.
A WARNING IR Operating procedures, practices, etc.,

which if not correctly followed, will

result in personal injury or loss of life.
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~ OPERATING PRINCIPLE *

GENERAL DESCRIPTION

Angling cylinder  Lift cylinder
. Angling valve plunger

|1B82|

—+——— Check vaive

3

1 l - 23 |81 L —— Tilt valve plunger
A a4
ﬁ?ﬁ At ;IE].IH@N““—— Makeup valve
, P

|
1|5
i

Tilt eylinder —17

Angling cylinder A T Check valve

| ‘ Lift cylinder

Lift valve plunger
Main relief valve

180 kgf/cm2 (2560 pSi) {1 7.7 MPa} ﬂ) e .
- _I Hydraulic filter
. Hydraulic pump {{@}’*’_ yarault

.602195
BD23-PAT hydraulie circuit diagram
T ﬂt cyliﬁder Lift cylinder Tilt valve plunger
' ] A B2 7
—|—1 ‘ﬁl Az ‘ mg];/}]]v ||-Check valve
‘ A B4 S —
——(w i T | | ] Makeup valve
Ad ;;1;}1}; Lt
; i ~4_ Safety valve
| 200 kgffem?
R\, - \L(2844 psi) [19.6 MPa]
: / / - Check valve
, / Lift valve plunger /
Lift cylinder” Main relief valve 9 -
180 kgffem? (2560 psi) [17.7 MP& ﬁ— Qj—l/ Hydraulic filter
: Hydraulic pump
602196

BD2G-PT hydraulie circuit diagram




OPERATING PRINCIPLE

Safety valve

Dump valve plunger 200 kgf/cm (2844 psi) [19.6 MPa]

Lift cylinder

Dump cylinder \

Mam rehef valve

Y —
180kgf/cm2 (2560 ps) [17.7 MPa) |- Hydraulic filter

Hydrauhc pump

__— Makeup valve

B2 | — ,f] - Safety \}alve

A2 i ?‘%Ell] H 160 kpffem

B1 m;ﬁmv%ﬁll{} ‘ (2275 psi) [15 7 MPa]
A ‘ “L Check valve

Al

—

|~ Makeup valve

D Check valve

- 602197

B3

3G hydraulie ecircuit diagram



OPERATING PRINCIPLE

3-SECTION CONTROL VALVE (BD2g-PAT)

CONTROL VALVE

602198

D G B =

o

Inlet & lift valve plunger section
Tilt valve plunger section
Angling valve plunger section
End plate - ‘

Main relief valve

180 kgf/em2 (2560 psi) [17.7 MPal

Makeup valve

T Tank port
P Pump port
A1 Lift cylinder (rod side)}
By Lift eylinder (head side)
Ag Tilt cylinder (head side)
Bg Tilt eylinder (rod side)
Az Angling cylinder
(RH rod side and LH head side)
Bg Angling cylinder
(RH head side and LH rod side)




OPERATING PRINCIPLE

Control valve sections

&

L%
VIl
2
B

Ad
1
O
(-3 X.T:] r"
o: l L
O O
502199 |
Lift valve plunger section
Az, Az | Bz, BS.
— —
O O
g1 Te s jq p
b1l H (b (CHdl| O]
¢ 030 ’T‘}] J l
% v
‘17 t O O
602200 |

Tilt/angling valve plunger seection

1 Plunger

3 Makeup valve
2 Main relief valve



OPERATING PRINCIPLE

E

Lift valve plunger in pulled-out [RAISE] position

r

<

D [ — =+

i O O
li Lift valve plunger in pushed-in [LOWER] position
@pn ‘ B1
r\. !v’ L
7 B N :
O /EENO\ IR |H
vl - ,l} A & J
)] ] it [ {cmj[o)
o _fd Y .
L &_Pj




L Lift valve piunger in pushed-in [FLOAT] position

P g

OPERATING PRINCIPLE

'
1k
B Bi

602203




QPERATING PRINCIPLE

&

% Tilt valve plunger in pushed-in [RIGHT TILT] position
ﬂ Angling valve plunger in pushed-in [LEFT ANGLING] position

A2OAS | BZ'B:.S

W A
' D

E‘

O
O

L_'/\_v_/‘x—/

(i &S;]“’

)
s

L]

Tilt valve plunger in pulled-out [LEFT TILT] position

602204

Angling valve plunger in pulled-out [RIGHT ANGLING] position

AZ*A3 BZGBS

7

O O k
, \ - \ ,,rp
T SAIEEI (e
— o —0—

602205




2-SECTION CONTROL VALVE (BD2g-PT)

OPERATING PRINCIPLE

4

ok

N

.

602206 |

1 Inilet & lift valve plunger section
2 Tilt valve plunger section

3 End plate

4 Main relief valve

(180 _kgf/em?® (2560 psi) [17.7 MPa)|

5 Safety valve
[200 kgf/em? (2844 pSI) [19.6 MPal|
6 Makeup valve

T Tank port

P Pump port

A1 Lift cylinder (rod side)

By Lift eylinder (head side)
Ag Tilt cylinder (head side)
By Tilt cylinder (rod side)



OPERATING PRINCIPLE

Control valve sections

ooooIﬁED oon: [y . ;C]IHE[ @
R 2ty
1
3 A - Bt L
4
_ o MG B
el . 2 4P
) L4 cm][o)
© LL_J' »
1 0 O
) 602207
Lift valve plunger section
Az Bz
= —— = J ——J
O /=N O
L q D H (f__1 _OJ
LL__J L
O O
602208

Tilt valve plunger section

1 Plunger 3 Safety valve
2 Main relief valve 4 Makeup valve

10




N

Lift valve plunger in pulled-out [RAISE] position

OPERATING PRINCIPLE

@/

STEL

U s

602209

602210 |
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OPERATING PRINCIPLE

A

Pt

Lift valve plunger in pushed-in [FLOAT] position

502211

12




OPERATING PRINCIPLE

- Tilt valve plunger in pushed-in [RIGHT TILT] position

iy

Gooool

602212

4

o)

602213

13



OPERATING PRINCIPLE

2-SECTION CONTROL VALVE (BS3g)

602214

1 Inlet & lift valve plunger section

2 Dump wvalve plunger seection
3 End plate
4 Main relief valve

1180 kegf/em (2560 psi) [17.7 MPal]

5 Safety valve

160 kgf/em (2275 psi) [15.7 MPal]

6 Safety valve

[200 kgf/em (2844 psi) [19.6 MPa]]

7 Makeup valve

14

T Tank port

P Pump port

Al Lift eylinder (head side)
By Lift ecylinder (rod side)
Ag Dump cylinder (rod side)
Bg Dump ecylinder (head side)




OPERATING PRINCIPLE

Control valve sections

o 5 fz

i
S HCIR (I [0)
i Rt P ki
Al o %{L_A 4
BRI 6 /4o BT
el | ] ) rnag:]

602199

O OTF T

© 602215 |

Dump valve plunger section

1 Plunger 3 Safety valve
2 Main relief valve 4 Makeup valve

15



OPERATING PRINCIPLE

-
‘i Lift valve plunger in pulled-out [RAISE] position

. A1 | O B1

_'/;—" )

J (O O |

- T ' | ]
Soaty A\ : A

T e e o (i [ O)

I

602201

‘_«_y_ Lift valve plunger in pushed-in [LOWER] position

602202

16




OPERATING PRINCIPLE

A~ Lift valve plunger in pushed-in {FLOAT] position

802203

17



OPERATING PRINCIPLE

>

Dump valve plunger in pulled-out [ROLLBACK] position

802216

602217

18




MAIN RELIEF VALVE

This valve protects hydraulic components
by hmltmg the line pressure to a preset
value. It is a sort of safety valve, and
limits the line pressure_ by relieving
through two—stage actlon

Non—rellevmg state

TTITVITTTIT

T

. y’ﬁj@’?ﬁiﬂ
i

5 6
600010
1 Valve A Chamber
2 Spring B Orifice
3. Valve body D Pilot valve port
4 Pilot valve P Pump port
5 Spring T Tank port
6 Adjusting screw
Start of relieving action
A
4
600056

As the line pressure rises to and above
the preset value, it pushes pilot valve "4"
off its seat by overcoming the force of
pilot valve spring, This bleeds the oil out
through ouflet port to the tank port,
creating a large pressure difference
across valve "1."

OPERATING PRINCIPLE

Relieving action

600057

Because of the pressure difference (drop
of the pressure in chamber "A" occurring
because pilot valve port "D" is larger
than orifice "B"), valve "' slides to the
right, thereby opening -tank port "T,%
through which a large amount of oil flows
into the tank to lower the line pressure:

SAFETY VALVE

This valve is used in the circuit leading
to the cylinder. When an external force
acts on the eylinder and the pressure in
the ecircuit to that cylinder rises
abnormally, it opens to relieve such a
high pressure for protection of hydraulic
components.

Normal (closed) state

1 A 2 3 4 5B 6
///
B——t___ fm:» 000004
C
T
600399
1 Valve body A Chamber
2 Valve B Orifice
3 Piston C Cylinder port
4 Spring T Tank port
5 Adjusting screw
6 Nut

19



OPERATING PRINCIPLE

The pressure in the cireuit leading to the
eylinder acets on piston "3" through orifice
"B." In the normal state, this pressure is
lower than the force of spring "4," and
valve "2" is kept closed by the force of
this spring.

Safety valve action

Co00b000

600400

When the pressure rises above the preset
value, it pushes valve "2" overcoming the
foree of spring "4." Under this condition,

the oil from eylinder port “C" flows into-

tank port "T."

MAKEUP VALVE

This valve is used in the -circuit leading
to the cylinder to prevent the cylinder
from moving erratieally.

a. Makeup valve for dump cylinder

Normal (closed state)

600401

C Cylinder port
T Tank port

Making-up action

o LY,
L L)

0

600402

Valve "1" is kept closed by the force of
spring "2" and hydraulic pressure acting
on it. When an external force acts on the
cylinder to move it faster as in LOWER
position, the pressure in the circuit
leading to cylinder port “C" drops lower
than the pressure in the circuit leading
to tank port "E." In such a ease, the
tank port pressure opens valve "1 to
allow oil to flow back into eylinder port
nC* for making up for the want of oil in
the cireuit leading to the eylinder.

b. Makeup valve for lift eylinder

AN\

SNE
SNENEN

602218

1 Valve
2 Steel ball
3 Spring pin

C Cylinder port
T Tank port



Making-up action

Y
o~

X .
a-\m:;/ﬂ“

NEN

602219

Function of safety valve and makeup valve

OPERATING PRINCIPLE

When control valve plunger is in neutral position

|

P O00C0

INNE

;;;;;

602272 |

A Port A
B Port B
T Tank port

When cylinder is loaded

Assume that the pressure in port "B"
rises. Safety valve V"I" in that port will
be forced to open, thereby bleeding out
the excess pressure. Now, such a pressure
rise means that the ecylinder piston is
moved by an external force and that,

1 Safety valve
2 Makeup valve

because the piston will move slightly, the
pressure in port "A" drops to create a
vacuum condition. Under this condition,
the makeup valve on that side acts to
admit some make-up oil from tank port
"M into port "A."
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" TESTING AND ADJUSTMENT

TESTING CYLINDER RODS FOR DRIFT

A. Blade lift cylinders (BD2g-PAT, PT)
Test 1 -

" NEUTRAL

OO0

Retraction

Extend the lift eylinders to push on the
ground with the blade to raise the front
end of the machine. Move the control
lever to NEUTRAL, stop the engine, and
observe the retraction of each lift
eylinder rod.

Test 2

LOWER

OO0

Retraction

602220

602221

With the front end of the machine raised
as in Test 1, stop the engine, move the
control lever to LOWER, and observe the
retraction of each lift eylinder rod.

24

BD2g TRACTOR

B, Blade tilt eylinder (BD2¢g-PTA, PT)
Test 1

NEUTRAL

602273

Raise the front end of the machine with
the blade tilted left, move the control
lever to NEUTRAL, stop the engine, and
observe the retraction of tilt eylinder
rod.

Test 2

—

Raise the front end of the machine with
the blade tilted left, stop the engine,
move the control lever to RIGHT TILT,
and observe the retraction of tilt cylinder
rod.

602274




C. Blade angling cylinders (BD23~PAT)
Test 1 -

NEUTRAL

OO

602275 |

Raise the front end of the machine with
the blade angled right or left, move the
control lever to NEUTRAL, stop the
engine, and observe the retraction of
angling cyinder rod.

Test 2

S

602276

Raise the front end of the machine with
the blade angled right or left, stop the
engine, move the control lever to the
opposite angling side, and observe the
retraction of angling cylinder rod.

TESTING AND ADJUSTMENT

TESTING LIFT CYLINDERS FOR BLADE
HOLDING ABILITY (BD2g-~PAT, PT)

NEUTRAL

OO0

Extjension

602222

Raise the blade until the C frame is
parallel to the ground, move the control
lever back to NEUTRAL, stop the engine,
and measure the extension of lift eylinde
rod. ;

Rod extension: ]
20 mm (0.8 in.), max. in 5 minutes at oil temperature
30 to 40°C (86't6 104°F)

TESTING CYLINDERS FOR ACTUATING
SPEED

Run the engine at idling (about 800 rpm)

.speed.

A, Blade lift cylinders (BD2g-PAT, PT)
Test 1

RAISE

602223

Lift circuit actuating speed test — | Specification

Time required for raising blade to

maximum height from ground 4.0 sec.

25



TESTING AND ADJUSTMENT

Test 2~

FLOAT

OO0

g

B. Blade tilt eylinder (BD2G-PAT)

(or right) tilt

Tilt circuit actuating speed test Specification
Time required for altering raised

A ; RH>LH 2.0 sec.
blade from right (or left) tilt to left LH>RH 1.6 seo.

C. Blade angling cylinders (BD2g-PAT)

Angling circuit actuating speed test Specification
Time required for altering raised
blade from right (or left) angling 5.4 sec.
to left (or right) angling
602224 '
, D. Blade lift cylinders (BD2g-PT)
Lift circuit actuating speed test — 2 Specification Test 1
Time required for allowing blade to Lift circuit actuating speed test — 1 | Specification
lower. to ground from maximum 0.8 sec. —1
height with control lever in FLOAT - . Time required for raising blade to 40
maximum height from ground Y sec.
Test -3 Test 2
LOWE
R Lift circuit actuating speed test — 2 | Specification
Time required for allowing blade to
lower to ground from maximum 0.8 sec.
height with control levér in FLOAT
Test 3
@ Lift circuit actuating speed test —3 '| Specification
Time required for lowering blade to
ground from maximum height with 2.4 sec.
control lever in LOWER
602225
E. Blade tilt cylinders (BD2g-PT)
Lift circuit actuating speed test — 3 Specification
- - - Tilt circuit actuating speed test Specification
Time required for lowering blade to ' - - -
ground from maximum height with 2.4 sec. Time required for altering raised RH>LH 1.8 sec
control lever in LOWER blade from right (or left) tilt to left LH>RH 2.2 :e "

26
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TESTING AND ADJUSTMENT

BS3g TRACTOR SHOVEL

TESTING CYLINDER RODS FOR DRIFT

A. Bucket lift cylinders
Test 1 .

NEUTRAL

602226

Raise the front end of the machine by
pushing on the ground with the bucket,
move the control lever back to
NEUTRAL, stop the engine, and observe
the extension of lift ecylinder rod.

Test 2

LOWER

602227

With the front end of the machine raised
as in Test 1, stop the engine, move the
control lever to LOWER, and observe the
extension of lift eylinder rod.

Test 3

602228

Fill up the bucket with material, raise
the bucket to maximum height, stop the
engine, move the control lever back to
NEUTRAL, and observe the retraction of
lift cylinder rod.

Test 4

Fill up the bucket with material, raise
the bucket to maximum height, stop the
engine, move the control lever to RAISE,
and observe the retraction of lift eylinder
rod.

602229

Test results Possible cause

In Test § alone, lift

Makeup valve in rod-side

cylinders yield to load
and extend.

circuit is leaky,

In Tests 1 and 3, lift
cylinders yield to load
and extend or retract.

1. Leakage past piston ‘_{
inside cylinder.

2, Leakage through sliding
clearance around plunger
inside control valve,

In Tests 2 and 4, lift
eylinders yield to load
and extend or retract.

L

Leaky check valve {leakage
through between valve and
seat or between seat and
valve body).

27



TESTING AND ADJUSTMENT

B. Bucket dump cylindérs
“Test 1
—

NEUTRAL

Retraction

602230

Raise the front end of the machine by
pushing on the ground with the bucket
being fully dumped, move the control
lever to NEUTRAL, stop the engine, and
observe the retraction of dump eylinder
rod.

Test 2

DUMP

Retraction -
__‘—V'

602231

With the front end of the machine raised
as in Test 1, stop the engine, move the
control lever to DUMP, and observe the
retraction of dump eylinder rod.

28

] Test 3.

NEUTRAL

/ __Eetraction
T
==l

602232

Fill up the bucket with material, raise
the bueket until the arms become nearly
parallel to the ground, move the control
lever to NEUTRAL, stop the engine, and
observe the retraction of dump cylinder
rod.

Test 4

Retraction

602233

Fill up the bucket with material, raise
the bucket until the arms become nearly
parallel to the ground, stop the engine,
move the control lever to DUMP, and
observe the retraction of dump eylinder
rod.



Test results

Possible cause

TESTING AND ADJUSTMENT

B. Bucket dump cylinders

In Test 1 alone, dump
cylinders yield to load
and retract.

1. Safety valve in head-side
circuit is leaky or
darnaged.

2. Makeup valve in rod-side

circuit is leaky.

In Test 3 alone, dump
cylinders yield to load
and retract.

1. Safety valve in rod-side
circuit is leaky or
damaged.

2. Makeup valve in head-
side circuit is leaky.

In Tests 1 and 3, dump
cylinders yield to load
and retract.

1. Leakage past piston
inside cylinder.

2, Leakage through sliding
clearance around
plunger inside control
valve.

In Tests 2 and 4, dump
cylinders yield to load

Leaky check vaive (leakage
through between valve
and seat or between seat

and retract

and valve body).

TESTING CYLINDERS FOR HOLDING
ABILITY

A. Bucket lift eylinders

NEUTRAL

Retraction

602234

Raise the bucket fillly, move the control
lever to NEUTRAL, stop the engine, and
measure the retraction of lift cylinder
rod.

Rod retraction:
5 mm (0,20 in.), max. in 5 minutes at oll temperature
30 to 40°C (86 to 104°F)

NEUTRAL

Extensmn

602235

Raise the bucket fully, dump it until its
cutting edge is parallel fo the ground,
move the control lever to NEUTRAL, stop
the engine, and measure the extension of
dump cylinder rod.

Rod extension:
7 mm (0.28 in.}, max. in § minutes at oil temperature
30 to 40°C (86 to 104°F)

The test criteria cited above are for
a new machine at shipping from the
factory. A machine working in field
may be permissible up to nearly
twice these values,

TESTING CYLINDERS FOR ACTUATING
SPEED

A. Bucket lift ecylinders

Run the engine at idling (about 800 rpm)}
speed.,

Test 1

RAISE

602236
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TESTING AND ADJUSTMENT

Lift circuit actuating speed test — 1 Specification’ B. Bucket dump eylinders

Time required for raising empty . i

bucket to maximum height from 15.7 sec. Run the engine at minimum speed (low
ground .. idling speed).

®

Test 2

602277
Dump circoit actuating speed test —{(1)| Specification
602237 Time required for dumping empty
bucket fully from full rollback 3.1 sec
Lift circuit actuating speed test — 2 | Specification POtSl“gg d()““th lift cylinders fully
exten
Time required for allowing empty
bucket to lower to ground from 3.9 sec.
maximum height with control lever Dump circuit actuating speed test —(2){ Specification
in FLOAT : : :
Time required for rolling back empty 33
bucket fully from full dump position - 3¢
Test 3 '

LOWER

602238

Lift circuit actuating speed test — 3 Specification

Time required for lowering empty
bucket to ground from maximum 5.3 sec.
height with control lever in LOWER

30



ADJUSTING MAIN RELIEF VALVE

180 kaffem?
(2560 psi)
[17.7 MPa]

Relief pressure

MESZ200000

600010

. Install a test pressure gauge on the
inlet port.

0 to 250 kgffom?
{0 to 3555 psi)

Pressure gauge range
{0 to 25 MPa]

Remove cap nut "1" from main relief
valve, and loosen jam nut "2."

Start the engine, and run it at
maximum speed.

Move the control lever to RAISE: this
will raise the line pressure. See if
the test gauge reads the specified
relief pressure; if not, make an
adjustment by means of adjusting
sepew 3.0

11 to 13 kgffem?®
(156 to 185 psi)
[1.1 to 1.3 MPa]

Pressure change resulting
from 1/4 rotation of
adjusting screw

TESTING AND ADJUSTMENT

ADJUSTING SAFETY VALVE

Safety valve location Setting
o 2
RD2GPT  Atportimlift | oo k8Uom
cylinder rod-side circuit [19.6 lSlPa]
2
BS3G B2 port in dump %gg?légfﬁ;n
cylinder head-side circuit [15.7 I\%Pa]

. ¢ 2
BS3(i1 i (;&2 port in dump (220§) 41;3;’; f)m
cylinder rod-side circuit

3 [19.6 MPa] |
////

i 2
M 000000001

1
600399 |
. Install a test pressure gauge on each
port.
0 to 250 kgffem?
Pressure gauge range (0 to 3555 psi)
[0 to 25 MPa)

Loosen lock nut "i.®

Apply hydraulic pressure due to an
external force to each port, and see
if the test gauge reads the specified
pressure; if not, make an adjustment
by means of adjusting serew "2."

10 to 11 keffem?
(142 to 156 psi)
[1.0 to 1.1 MPa]

Pressure change resulting
from 1/4 rotation of
adjusting screw

Do not attempt to adjust main relief
valve and safety valve in field
whenever possible. Replace them with
properly adjusted ones.
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TESTING AND ADJUSTMENT

HYDRAULIC SYSTEM

TROUBLESHOOTING GUIDE

Complaint Possible cause Remedy
1. Pump noisy, cylinder (1) Alir in hydraulic system Prime.
action jerky and (2) Air leaks at pump inlet Prime,
abnormal oil foaming (3) Pump parts worn Replace.
(4) Oit viscosity too heavy Change oil.
2. Oil temperature too (1) Oit viscosity too heavy Change oil.
high (2) Tendency to overloading Reduge load.
{3) Pump parts worn Replace.
3. Pump not delivering (1) Oillevel low in tank Add.
enough oil (2) Oil viscosity too heavy Change oil.
(3) Pump speed low Disassemble and inspect.
(4) Pump performance low Disassemble and inspect.

4. Cylinder motion slow

(1)

Pump not delivering enough oil
because of:

€
()

seating properly

Main relief valve maladjusted or
inoperative

Q-1ings in circuits defective

() Wom pump parts Replace.
(b) Improperly assembled pump Reassemble.
(2) Cylinder piston seals defective Replace.
(3) O-ring seals in circuits defective Replace.
5. Cylinder motion ersatic | (1) Piston seal rings wom Replace.
(2) Control valve plungers worn Replace.
(3) Makeup valve or safety valve not Repair or replace.

Disassemble and inspect.

Replace.
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BLADE (BD2g)

TESTING AND ADJUSTMENT

Complaint

Possible cause

Remedy

1. Blade (PAT)

ey

Cracks, distortion, dents or broken
welds

Repair or replace.

(2) Pin holes woin Repair or replace bushings.

(3) Blade surface worn Repair (reinforce by welding steel
plate of about 3.2 mm (0.13 in.)
thickness.

(4) Cutting edge mounting seats distorted Repair,

(5) Guide worn Replace, -

{6) Bail studs worn Repair or replace,

2. Blade (PT) (1} Cracks, distortion, dents or broken Repair or replace,

welds

(2) Pin holes worn Repair or replace. 7
(3) Blade surface worn Repair (reinforce by welding steel
plate of about 3.2 mimn (0.13 in.)
thickness,
{4) Cuiting edge mounting seats distorted Repair.
3. Cutting edges and (1) Cracks, distortion or dents Repair or replace.
end bits {2) Abnormal wear Repair or replace.
4. Frame (1) Twist, cracks, distortion, dents or Repair or replace,

broken welds

(2)

{2) Pin holes and trunnion bearings (PT) Replace.
worn
5. Trunnions {PT) (1) Abnormal wear Repair or replace.

Mounting bolts loose or damaged

Retighten or replace.

6. Braces (PT)

(1)
(2)

Distortion or wear

Adjusting screw threads damaged or
worn

Repair or replace.
Repair or replace.

SHOVEL (BS3¢)

ams

(2)

Complaint Possible cause Remedy
1. Bucket (1) Cracks, distortion, dents or broken Repair or replace.
welds
{2) Pin holes worn Repair,
(3) Cutting edge abnormally worn Repair.
(4) Teeth broken or badly worn Repair or replace.
2. Lift arms and control (1) Cracks or distortion Repair or replace.

Pin holes worn

Repair.
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FOREWORD

This service manual has instructions and procedures for the subject on the
front cover. The information, specifications, and illustrations used in this
manual are based on information that was current at the time this issue was
written.

Correct servicing will give these machines a long productive life, Before
attempting to start a test, repair or rebuild job, be sure that you have studied
the respective sections of this manual, and know all the components you will
work on.

Safety is not only your concern but everybody’s concern. Safe working habits
cannot be bought or manufactured; they must be learned through the job you
do. By learning what CAUTION or WARNING symbol emphasizes, know
what is safe — what is not safe. Consult your foreman, if necessary, for
specific instructions on a job, and the safety equipment required.

NOTES, CAUTIONS and WARNINGS

NOTES, CAUT]ONS and WARNINGS are used in this manual to empha-
size important and critical instructions. They are used for the following
conditions:

NOTE| -« cvveveennnn An operating procedure, condition, etc.,

which is essential to highlight.

/'\! CAU‘I’ION’ ....... Operating procedures, practices, etc.,

; which if not strictly observed, will result
7 in damage to or destruction of machine.

A WARNING IEEEEEE Ope;ating procedures, practices, etc,,

which if not correctly followed, will

result in personal injury or loss of life.
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ENGINE DISMOUNTING AND MOUNTING

Dismounting
Preparatory steps

(1) Drain the oil from the engine and
flywheel clutch case. {Engine oil: 7.
liters (1.8 U.S. gal), approx., clutch
oil: 5.5 liters (1.5 U.S, gal), approx.]

It may be possible to drain the oil
with the engine and clutch lifted.

(2) Drain the coolant. [13 liters (3.4 US.
gal), approx.] '

{3) Raise the bucket fully, and support
the lift cylinders there by the
brackets to prevent the bucket from
lowering accidentally. Lower the
bucket to the ground after removing
the radiator guard and side covers
(BS333).

(4) Disconnect the hoses and pipes from
the blade tilt cylinder (BD2g-PT).

1 Front guard

2 Rubber hoses (2 pes)
3 Shield rubber

4 Clamp

5 Pipes (2 pes)

Disconnect pipes "5" after removing
the side covers. '




ENGINE DISMOUNTING AND MOUNTING

=10 9N GO DD el

Remove the following parts:

Engine hood

Side covers (both sides)
Upper hose and lower hose
Oil cooler pipes (2 pes)
Radiator and radiator guard
Floor plate (platform)

Under guard

When unscrewing the bolts securing
radiator guard "5" on BD2G-PAT,
raise or lower the C-frame for
access to the bolts.

Remove the following electrical wires
and parts on and around the engine:

g Oil pressure switch wire

9 Thermo switeh wire

10 Alternator wire

11 Hydraulic rubber hoses (2 pes)

12
13
14
15
16
17
18

Before disconnecting the wires, mark
them for the components to which
they are to be reconnected at the
time of installation.

Air cleaner indicator wire
Glow plug wire

Stop solenoid wire.
Starter wire

Engine control cable

Fuel hose

Ground wire

602371

602372

602373




ENGINE DISMOUNTING AND MOUNTING

3. Remove the following parts:

19 Mufﬂer
20 Air cleaner
21 Cluteh control rod

4. Remove the folloyﬁing parts:

22 Steering cluteh oil rubber hoses (2 pes)
23 0il cooler rubber hoses (2 pes)
24 Electrical wire (by loosening clamps)




ENGINE DISMOUNTING AND MOUNTING

5. Remove the following parts:

602376

25- Disconnect the universal joint.

26 Attach lifting slings to the engine hitehing
27 Remove the castle nuts, washers and bolts.
28 Lift off the engine and flywheel clutch.

To leave the engine proper alone,

bolts.

remove the following parts:

Weight of engine and flywheel
clutch assembly

340 kg (750 1b),
aApprox.

a) Flywheel ecluteh
b) Hydraulic pump




Mounting

To mount the engine and flywheel cluteh,
follow the reverse of dismounting
procedure.

Tips for mounting

1. Insert bolt "5" into its hole in each
mount  bracket, and locate the
brackets relative to the frame.

2. After the engine has been lowered
ontc the brackets, check top clearance
"B" and bottom clearance "A,"

(1) Loeate shim "1™ and washer "2" on
bottom side and shim "3" and washer
4" on top side.

(2) Check to make sure that clearance
"A"  between the bottom end of
mount bracket and washer "2" is 1.8
to 2.8 mm (0.07 to 0.11 in.).

If this clearance is zero () at one
or more brackets, vreplace all
brackets.

(3) With mount bolt "5" in place, see if
clearance "BY is 1.2 to 2.2 mm (0.05
to 0.09 in.); if not reduce or increase
the thickness of shim "3" to set the
clearance within this range at each
bracket,

(4) Tighten castle nut "6" to the specified
torque.

ENGINE DISMOUNTING AND MOUNTING

_ 602377
1 Shim 2 Washer 5 Bolt
4 3 8
X EN
B7 L/
o
g
5
A
X 4
i
d —t A
2
1
5
602246




ENGINE DISMOUNTING AND MOUNTING

(5}

After tightening all the brackets,
check to make sure that the engine
cluteh are level,

Use the following replacement parts
as necessary.

Washers: 58611-11200,

4-mm (0.16-in.) thickness
58611-02400,
6-mm (0.24-~in.) thickness

Shims: 58611-02500

3.

(1

(2)

(3)
(4)

64361-74611,

1-mm {0.04-in.) thickness
64361-74612,

0.5-mm (0.02-in.) thickness
64361-17518,

0.5-mm (0.02-in.) thickness

After mounting the engine and clutch
on the frame:

Make sure that the electrical wires,
pipes and hoses are connected
properly.

Adjust the clutch pedal. (Refer to
TESTING AND ADJUSTMENT volume.)

Adjust the engine control.

Fill the engine and clutech with
recommended oil and coolant.



FLYWHEEL CLUTCH

The flywheel cluteh can be disassembled
after it is dismounted from the machine
together with the engine, or on the
machine. For dismounting of the ecluteh
from -the’ machine, refer to the topie,
ENGINE DISMOUNTING AND MOUNTING.

Disassembly of the cluteh on the
machine :

Preparafory steps
(1) Remove the under guard.

(2) Drain the oil from the clutch. [5.5
liters (1.5 U.S. gal), approx.]

1. Remove the following parts:

1 Floor plate (platform) (center, 1 pe)

2 Steering clutch levers (2 pes)
3 Steering control rods (2 pes)
4 Brake control rods (2 pes)
5 Cluteh eontrol rod (1 pe)

602334

602445




FLYWHEEL CLUTCH

6 Rubber hoses for steering clutches (2 pes)
7 Rubber hoses for oil cooler (2 pes)
8 Electrical wire (by loosening clamps)

2. After removing the universal joint,
remove the following parts from the
eluteh case:

(1) Oil pump

(2) Relief valve
(3) O0il strainer
(4) Cluteh brake

3. Remove the oil filler {from the
threaded hole (M10 x 1.25) at the top
of cluteh ecase "9." Atftach hook "A" in
that threaded hole, and 1lift off the
case.

4. Unscrew the bolts securing the clutch
case, and move the case backward
until it is possible to pull the main
drive shaft out of the cluteh cover.

Shift the lifting sling hitching point
from hook YA"™ to shackle "B"
attached io one of the case mounting
bolt holes.

602375

Remove the universal joint together
with the flange attached to the front
end of input shaft.

When lifting off the cluteh -case,
cover the dashboard for protection
against damage.

602446




FLYWHEEL CLUTCH

5. Tilt cluteh case "9" with its rear
(transmission) side lower than its front
side, as shown, and take the case
down,

6. For removal of the parts from the
cluteh case and removal of  the
pressure plate assembly from the
engine flywheel, refer to the topic,
Disassembly.

602447

Reassembly

To reassemble the cluteh, iollow the
reverse of disassembling procedure.
Disassembly of the cluteh dismounted with

the engine

Relief valve removal and installation

1. Remove the following parts:

1 Pipe

2 Bracket

3 Relief valve
4 Block

602379

2. When installing the valve to the block,
apply a coat of oil to the O-ring of
the oil pump-side connector.



FLYWHEEL CLUTCH

Disassembly (The following procedure assumes that the cluteh is dismounted
with the engine but it may be followed in disassembling the cluteh on the machine.)

602380

QD DD e

W ~ad

10
11
12
13
14
15
16
17
18
19
20

10

(Remove the parts in the order numbered for disassembly.)

Drain plug

0il level gauge
Oil filler

Cluteh case (to be
removed as an assembly
ineluding "5" thru "45")
Suction pipe

0Oil pump

Filter cover

Filter

Filter case
Adjusting bolt

Pin

Clevis

Brake band
Support

Castle nut

Spring

Spring seat

Lever

Support

Pin

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Bolt

Pin

Pin

Lever

0il seal

Needle roller bearing
Shaft

Qil seal

Needle roller bearing
Release lever (fork)
Bearing

Bearing

Release hub
Bushing

Cover

0Oil seal

Cover

Snap ring

Bearing

Main drive shaft
Snap ring

Gear

43
44
45
45

47
48
49
50
51
52
53
o4
55
56
57
o8
59

Snap ring

Bearing

Spacer

Washer (to be

removed as an assembly
ineluding "47" thru "56%)
Loek plate

Nut

Return spring

Pressure spring

Pin

Release lever

Pin

Lever support

Clutch cover

Pressure plate

Cluteh dise

Mating plate

Cluteh dise - {




Tips for disassembly
1. Cluteh case removal

Remove oil filler "3" from the threaded
hole (M10 x 1.25) at the top of clutch
case "4, Attach the hook in that
threaded hole, and lift off the ecase.

2. Pressure plate assembly removal

Before removing pressure plate assembly,
mark pressure plate "56" and eluteh cover
"55." Install eluteh dise arbor "AY (special
tool) in the splined hole of eluteh dise, -
and run guide bolt "B" into each eluteh
spring hole. Tighten the guide bolts to
compress the ecluteh springs lightly, and
remove the pressure plate assembly.

Inspection
1. Cluteh dises

Measure the face runout, facing wear and
fit of hub splines, Replace the disc if
any of these measurements exceeds the
service limit.

Unit: mm (in.)
Item Assembly standard Service limit
-0.4 (-0.016) for
Thickness 57-63 one side
of facing (0,224 — 0.248) | -0.8 (-0.031) for
both sides
Face runout 0.7 (0.028), max. | 0.7 (0.028), min,
splines (0.0020 — 0.0059) 0.30( )

FLYWHEEL CLUTCH

@' MI0Ox 1.5

602381

Measuring facing wear

Measuring face runout

601158
—
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FLYWHEEL CLUTCH

2. Pressure springs

Measure the free length, test force and
squareness. Replace the spring if any of
these measurements exceeds the service
limit.

Unit: mm (in.)

Assemnbly P

Item standard Service iimit
Free length 70.6 (2.780) 68.5 (2.697)
Test forceflength 435+22 39.2
under test force (95.9£4.9) (86.4)
kgf (Ibf) [N}/ [.[426.6 £21.6]/ | [384.4)/
mm (in.) 48.2 (1.898) 48.2 (1.898)
Squareness 2°, max. 3°, min.

3. Pressure plate

Measure the flatness and wear of the
friction surface. Replace the pressure
plate if any of these measurements
exceeds the service limit.

Unit: mm (in.)

Hem Assembly standard Service limit
Thickness of 19.7 (0.778),
friction surface 20.2(0.795) hax.

0.05-0.15
Flatness (0.0020 — 0.0059) 0.30(0.0118)

4. Mating- plates

Measure the flatness and wear of the
friction surface, Replace the mating plate
if any of these measurements exceeds the
service limit.

Unit: mm (in.)

Item Assemnbly standard Service limit
Thickness of 12.5 (0.492),
friction surface 13.0(0512) max,

0.05 -90.10
Flatness (0.0020 — 0.0039) 0.20 (0.0079)

12

602382

602383,




5. Pump drive gear

Measure the pump drive gear backlash.
Replace the gear if the measurement
exceeds the service limit.

Unit: mm (in.)

Item Assembly standard | Service limit
035042 | 0.70 (0.0276),
Backlash (0.0138 — 0.0165) | min.

6. Brake band

Measure the thickness of the facing.
Replace the band if the measurement
exceeds the service limift.

Unit: mm (in.)

Item Assembly standard Service limit
Thickness of 3.0(0.118),
facing 5.0 ((_).]97) max. _

"FLYWHEEL C

LUTCH

YV

602%§2J

602385
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FLYWHEEL CLUTCH

Reassembly
} Tightening {orque: 3 12
1.7 kgf-m (12.3 1bf-ft)
[16.7 Nem] Tightening torque: g 15
1.7 kgfm (12.3 Ibf-£t) {16.7 N-m] 16
56 31 33 17
54 55 _ 32 18
19
34 a
51 RS :
35 10
53 A
36
52
' 40
— L.? 38 13
B 39
59| 37
58— 0 '
57___._.’“ :5
§ i
/-’
| — — 44 .
oo . 42 .
YA
/ 9 8 7
4 602165 602386
Reassembling order
RUBORUR Y RN
[~ >52 4950 55 48 47 L
515453 T T T T T T T T e o o Flywheel
5958 57 46 7653 2181812101114 132021171615 1
—r '
’—>[—;[—>-42 41 43 |—>4
44 45 44
e 4o
35393837 34
s
3231

14



Tips for reassembly
1. Cluteh dise installation

Use eluteh dise arbor "A" (special tool) to
install pressure plate assembly including
parts "46" thru "56," mating plate "58"
and ecluteh dises "57" and '59." When
installing them, note that the eclutech dises
are "dished.”

Tighten the mounting bolts to the
specified torque in. a eriss-cross pattern,

2. Release lever height adjustment

(1) Place flywheel "C" (or a jig
equivalent to the flywheel) on a
surface plate, and set up dial gauge
"E" as shown. Place 74-mm (2.91-in.)
block gauge "D" on the friction
surface of the flywheel, and set the
dial pauge to indicate 0 mm for the
74-mm (2.91-in.) height.

Support the dial gauge solidly to
retain the original setting.

(2) Install the clutch dise, mating piate,
cluteh dise and clufch cover assembly
in that order on flywheel "C" (or the
jig). Then, remove guide bolts "B."

(3) Point the dial gauge spindle to the tip

of release lever, read its indication,
and tighten or loosen the lever nut
until the gauge indieates 0 mm, After
repeating this process on the other
three release levers, give mallet
blows to the tip of each release
lever at least 50 times, giving it
14-mm {(0.6-in.) stroke at each blow.
This is for setting the release levers
in their adjusted conditions.
Check the lever height once again
and, if necessary, adjust itf, making
sure that the difference in height
between any two levers is below 0.7
mm (0.028 in.).

FLYWHEEL CLUTCH

602387

600355

600356

15



FLYWHEEL CLUTCH

(4) Install loek plate "47" to lever nut
"48." holding the nut so it does not
rotate, and secure the release lever
to clutch cover "55% with bolt,

3. Split pin installation
Insert the split pin into release lever "30"
in parallel with the shaft and spread its

ends properly to avoid interference with
the pump drive gear.

4, Qil seal installation
Apply a coat of ThreeBond 1104 to the

periphery of oil seal "36" before
installation.

16
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DIRECT-DRIVE (DD) TRANSMISSION -
Removal

Preparatory steps

(1) Remove the under guard.

(2) Drain the oil from the transmission
case and bevel gear case. [9.5 liters

(2.5 U.S. gal), approx.]

1. Remove the following parts:

1 Floor plate (platform) (center, 1 pe)

)

2 Electrical wire between battery switeh
and battery

3 Clamp for electrical wire between
battery and starter

4 Operator's seat and seat plate
5 Rear cover

Weight of operator’s 31 kg (68 1b),
seat and seat plate Approx.

602336
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DIRECT-DRIVE (DD} TRANSMISSION

2.

3.

6 Steering clutch levers
7 Steering control rods
8 Brake eontroi rods

Disconneet the following parts:

9 Steering clutch oil hoses (2 pes)

Remove the following parts:

10 Universal joint
11 Transmission

602337

] ] . 2 kg (4 1b),
Weight of universal joint approx.
Weight of transmission Zg;ﬁ%y s1io)

18

Before lifting off the transmission,
shift it forward to pull the pinion
back out of mesh with the bevel
gear.

602389
I;g
@9%>
602380




Installation

To install the transmission, follow the
reverse of removing procedure, and
proceed as follows:

(1) Make sure that the electrical wires,
pipes and hoses are connected

properly.

(2) Fill the transmission case and bevel
gear case with recommended oil.

Disassembly

Remove the groups in the order listed
below for disassembly:

A Gearshift lever (transmission control lever) group

B Main drive shaft (input shaft) group
C Shift fork group

D Countershaft group

E Bevel gear shaft group

DIRECT-DRIVE (DD) TRANSMISSION

18



DIRECT-DRIVE (DD) TRANSMISSION

A Gearshift lever (transmission control lever) group and
B Main drive shaft (input shaft) group

602391

602392
(Remove the parts in the order numbered for disassembily.)
Al, A2 Hose clamps- Bl Flange B8 Input gear
(to be loosened; "Al" thru (to be removed as an B9 2nd-speed reverse gear
"AT" to be removed as assembly inecluding "B2") B10 Spacer
an assembly) B2 Plug Bil ist-speed reverse gear
A3 Cover B3 Cover B12 Spacer
A4 Cover (to be removed as an B13 Ball bearing
A5 Retainer assembly including "B4") Bi14 Input shaft
A6 Spring B4 0il seal B15 Snap ring
A7 Control lever B5 Lock nut B16 Ball bearing
A8 Lever case B6 Lock washer
A9 Transmission cover B7 Spacer

{(to be removed as an
assembly including "Bg"
thru "B14™)

20




DIRECT-DRIVE (DD) TRANSMISSION

C Bhift fork group, D Countershaft group and E Bevel gear shaft group

i

cgcocs C4

602394

(Remove the parts in the order numbered for disassembly.)

C1 Expansion plug

C2 Spring

C3 Steel (detent) ball

C4 Spring pin

C5 3rd-speed shift rail

C6 3rd-speed shift fork
(to be removed as an
assembly ineluding
neen thpy “09")

CT7 Spring retainer

C8 Spring

C9 Piunger

C10 Steel (detent) balls
(2 pes)

C11 Spring pin

C12 2nd-speed shift rail

C13 2nd-speed shift fork

C14 Interlock pin

C15 Steel (detent) ball
(2 pes)

C16 Spring pin

C17 Collar

C18 1st-speed shift rail

C19 Ist-speed shift fork
(to be removed as an
assembly including
"C20" thru "C22")

C20 Spring retainer

C21 Spring

C22 Plunger

D1 Cover
D2 Washer
D3 Washer
D4 Spacer
(to be removed as an
assembly ineluding
DS thru "pD12Wm
D5 Counter gear
D6 Spacer
D7 2nd-speed drive gear
D8 Spacer
D9 ist-speed drive gear
D10 Spacer
D11 Roller bearing
D12 Countershaft

D13
D14

El
E2
E3

E4
E5
E6

ET7
E8
EQ
E10
El1
Ei12

Snap ring
Ball bearing

Cover

Washer

Bearing cage

(to be removed as an
assembly including
HE4H th[‘u llEsu)

Shim

Ball bearing
1st-speed sliding gear
(to be removed as an
assembly ineluding
!IE?!I thI‘U HEIZH)
2nd-speed sliding gear
3rd-speed sliding gear
Snap ring

Spacer

Roller bearing

Bevel pinion shaft

21



DIRECT-DRIVE {DD) TRANSMISSION

Tips for disassembly

1. Detent group (interlock ' mechanism)
removal

To remove the detent group, place the
gearshift lever in NEUTRAL.

Carefully handle steel (detent) balls
*Cc3," 110" and "C15" to prevent
them from getting lost.

2. Shaft removal

Drive the transmission shafts off the case
in the following directions:

(1) Drive off input ‘shaft {(main drive
shaft) "Bi14" to the steering clutch
case side.

(2) Drive off countershaft "D12" to the
steering clutch case side.

(3) Drive off bevel pinion shaft "E12" to
the universal joint side,

3. Bevel pinion shaft bearing cage
removal

Using jacking bolts, remove bearing cage
"E3" together with bearing "E5" and shim
IEE4.II

4. Bevel pinion shaft bearing removal
Remove the inner race and rollers of

bearing "E11." Remove the outer race if
neecessary.

22
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Inspection
1. Shift forks

Measure the clearance of each shift fork
in its groove in the sliding gear. Replace
the fork if the measurement exceeds the
service limit.

Unit: mm (in.)

Tteny Assembly standard Service limit
Clearance of
. : 0.1-03
shift fork in 0.5 (0.020)
aroove (0.004 — 0.012) -

2. Detent springs

Measure the free length and test force of
each spring. Replace the spring if any of
these measurements exceeds the service

DIRECT-DRIVE (DD) TRANSMISSION

601460

limit.

Unit: mm (in.)

Item Assemnbly standard Service limit
Free length 62(2.44) 60.5 (2.382)
Test forcef 9.80 20,49 75
length under (21.61 +1.08) (16.5)
test force {96.11 £4.81]/ [73.5)/
kef (1bf) [N}/ 55(2.17) 55(2.17)
min (in.}

3. Gear backlash

Measure the backlash of gears. Replace
the gears if the measurement exceeds th

service limit.

"~ Unit: mm (in.)

Item Assembly standard Service limit
; 0.12-0.28
Gear backlash (0.6047 — 0.0110) 0.6 (0.024)

600164 |

g Iy

602384
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DIRECT-DRIVE (DD} TRANSMISSION

Reassembly
‘ c10 ¢
ci #;r
B1B4B3 B13 812 B11 B10 B9 B3 B7 B16 : ! ”
o Cl— e
5 B15 : c '
| Jaxi cl1
BNSSNSRT SRS BE o ! @?II_E_
B14
A7 ci8 C3 Ci16 gp2243
D10 L BB
_ Do N
g2 D11 B¢ ——D14 %7
7 D3 " £
D1 e gli 2 e
V! p | _— 2
S NG LN\ Wi
D2 D7 y, - A i
(3]53 E9 ) s
E4 Z vl
LT S S =
E1 et
C20 e
o
H
E2 E12 A
EN )
e Z C13
e ‘
£5 E6 E7 E8 E10
602167 602168

Reassembling order

E3ES E§ E7 E6 E2 E4 E1 D10D3 D8 DY D6 D5 D4 D14 D13 D3 D1

r—»r——»l—+E12 |——+|—’D12
EfYETDES D11D2
e e e e e B — Transmission
BT B8 B9 B10 B11 Bi2 Bi13 B3 B4 B1 B2 casc
B
81§ B15 [_I;S
B85

24



1. Detent group

(2)

Tips for reassembly

instaliation

(1) Install 1st-speed shift rail "C18" and

steel balls "C15* in that order.

(2) Insert interlock pin "Cl14" info the

hole of 2nd-speed shift rail *Ci2",
and put steel balls "C16" and
3rd-speed shift rail "C5" in that
order..

Install the detent parts with each
shift rail held in NEUTRAL.

9. Bevel pinion shaft installation

(1) Measure dimension "L" from the end
face of pinion to that of transmission
case, making sure that it is as

_specified below:

L = 46.2 + 0.1 mm
{1.819 + 0.004 in.}

increase or decrease the thickness of
shim "E4" to be fitted to pinion shaft
"E12" on the opposite side of the
pinion if .the dimension is greater or

smaller than the specification.

(interlock mechanism)

DIRECT-DRIVE (DD} TRANSMISSION

>,
I
vl o

c10 /%q/ c12

A
A M 602398

The standard value of this dimension
is indicated on the end face of
pinion. Referring to that value,

E12

602399 |
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STEERING CLUTCHES AND BRAKES

Removal

Preparatory steps

(1) Drain the oil from the bevel gear case
and transmission case. [9.5 liters (2.5
U.S. gal), approx.]

(2) Remove the, tracks (on both sides). It
is not necessary to remove the fracks
unless they engage the sprockets.
(Refer to the topie, Removal,
TRACKS.)

1. Disconnect the following electrical
wires: _

(1) Wire between battery switch and
battery

(2) Clamp for wire between battery and
starter

2. Remove the following parts:

(1) Floor plate

(2) Operator's seat and seat plate

(3) Rear cover

3. Remove the following parts:

1 Steering control rods (2 pes)
2 Brake control rods (2 pes)
3 Springs {4 pes) -

602400
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4 Steering clutch oil pipes (4 pes)
5 Levers (2 pes)

6 Bracket

7 Steering valve

8 Cover

9 Cover

10 Shaft

11 Spring

12 Steering brake mounting bolts (4 pes)
13 Bracket

STEERING CLUTCHES AND BRAKES

27



STEERING CLUTCHES AND BRAKES

14
15

28

Lift the rear end of the machine by
positioning a jack under the steering
clutch case so that the sprockets can
be rotated, and bloeck the final drive
cases, using wood bloeks, as shown.

Hold the eluteh pedal in depressed
position, and place the gearshift lever
in forward 1st position.

Unserew bolts "14" and "15" securing
the steering clutch & brake assembly.
To do this, turn the splined portion of
transmission input shaft "S" to rotate
that assembly to remove the bolts one
by one,

Remove the following parts:

Mounting bolts
Mounting bolts
Steering elutch & brake assembly

602403

602404

602405 |




16 Washer
17 Hose
B Steering cluteh & brake assembly

Instaliation

To install the steering clutech & brake
assembly, follow the reverse of removal
procedure, and proceed as follows:

(1) Make sure that the oil pipes are
connected properly.

(2) Fill the bevel gear case and
transmission ease with recommended
oil.

Tips for steering cluteh & brake assembly
and ecylinder assembly removal

These assemblies can be taken out of the
steering cluteh case with the operator's
seat tilted forward by removing bracket
"13" and its related parts without
removing the operator's seat and seat
plate,

STEERING CLUTCHES AND BRAKES

602408
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STEERING CLUTCHES AND BRAKES

Diassembly
A Steering clutch & brake assembly
A
Al13
NI
At
602407
(Remove the parts in the order numbered for disassembly.)
Al Pin Ad Pin Al3 Plate
(to be removed as an A5 Roller Al4 Spring
assembly including A6 Anchor A1l5 Spacer
"A2" thru "AS9Y) AT Clevis A18 Pressure plate
A2 Lever A8 Adjusting nut Al7 Disc plate
(to be removed as an A9 Brake band assembly A18 Friction plate
assembly including A10 Outer drum A19 Inner drum
MA3SY thru "AS5™) All Bolt
A3 Spring pin Al12 Plate

‘30




STEERING CLUTCHES AND BRAKES

B Steering cluteh cylinder assembly

602406 |
Bl Flange B4 Piston
B2 Shifter . B5 Backup ring
B3 Bearing . B6 Cylinder
C Bevel gear assembly
C6 @
Chb
602409
C1 Locking plate C4 Bearing cage C6 Collar
C2 Nut (to be removed as an C7 Roller bearing
C3 Set screw assembly ineluding "C5" (C8 Bevel gear
(to be loosened) and outer race of "C7% C9 Drive shaft
CH 0il seal
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STEERING CLUTCHES AND BRAKES

Inspection
1. Friction plates

Measure the thickness and fit of its teeth
in outer drum splines. Replace the plate
if any of these measurements exceeds the

service limit.
Unit: mm (in.)

Item Assembly standard Service limit
Thickness 8.7{(0.342) 6.0 {0.236)
Fit in outer 0.16 — 0.52
drum splines | (0.0063 — 0.0205) | 0-80(0:0315)

9. Dise plates

Measure the thickness, fit of its teeth in
inner drum splines and total thickness of
friction plate and disc plates. Replace
the dise plate if any of these
measurements exceeds the service limit.

Ugit: mm (in.)

Item Assembiy standard Service limit
Thickness 2.8(0.110) 2.3 (0.091)
Fitin inner 0.14 — 0.30 0.60 (0.0236)

drum splines | (0.0055 — 0.0118)
Total thickness

otal t
&éﬁ;;ﬁ 69 (2.72) 66 (2.60)

disc plates

32
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STEERING CLUTCHES AND BRAKES

Reassembly

Tightening torque:
3.5+0.3 kgfom (25.3 £2.2 Ibf-ft) [34.3 £ 2.9 N-m]

Tightening torque:
3.5 + 0.3 kgf-m A16 A17 A18 A19 /B3

(253+ 22 1bF-At)
(343 £2.9 N-m] O o8

A1, A12 1

A1b i =
A4

Y

Tightening torque:
16 — 19 kgf'm e _..m

(116 — 137 Ibf-ft)
[157 — 186 N-m]

A13
ao— 1 v

11 \ / N
Bt B2 B6 B5 B4 c2 Ci C3

602412

602244
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STEERING CLUTCHES AND BRAKES

Reassembling order

C Bevel gear assembly

o e e e [—>Steen'ng clutch case
o ,—)CQ C7 (OQuterrace) C4 Cb C1 C2 C3

Cé6 €8 C2 C7 (Innerrace)

A Steering eluteh & brake assembly

— — I—> Flange {B1)
A13 A1 Al14 A19 A17 Al r :
|_>

,—>A9

U
— [ A2 A8 AB A
A7 A5 A4 A3

B Steering eluteh eylinder assembly

— r g I—> I—) Drive shaft
B4 B

3 B2 Bt
B5 » B6

Tips for reassembly
1. Drive shaft installation

(1) Before installing drive shaft "C8," fit
the inner race of left-hand roller
bearing "CT" and collar "C6" to the
shaft.

(2) After installing shaft "C9" and bevel
gear "C8" in the steering ecluteh
case, fit the inner race of right-hand
roller bearing “*C7" to the shaft.

34



2.

Tapered rolier
adjustment

bearing preload

(1) Tighten two adjusting nuts "C2," right

(2)

and left, to settle them in place.
Lock one of the nuts with its lock
plate "C1," and tighten or loosen the
other nut to adjust the preload.
(Tightening the nut increases the
preload.)

Hook a spring balance to the tooth of
bevel gear in mesh with the pinion
with a wire, pull the balance in the
tangential direction, and read the
balance indication.

Item Assembly standard

Preload (5.21 — 6.37 Ibf-ft)

0.72 — 0.88 kef-m
[7.06 — 8.63 N-m}

Spring balance indication

6.55 — 8.00 kgf
(14.44 - 17.64 Jof)
[64.23 — 78.45 N}

3.

Bevel gear and pinion backlash

adjustment

(1) Put a fuse stock into between the

(2)

(3)

bevel gear and pinion at the place
indicated as "E," roll it and measure
the amount of flattening.

Measure the backlash at a total of
four places by turning the bevel gear
90° at a time, and take the smallest
measurement for comparison with the
assembly standard.

To adjust the backlash, tighten or
loosen the adjusting nuts, right and
left.

Unit: mm (in.)

STEERING CLUTCHES AND BRAKES

Cz‘-\____—:-[‘ 1
]
:]:
|
c— || ¥
[
602413
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__1//-1 =
E/ e
Lt ;—
602413

Item Assembly standard

Backlash

0.15 — 0.20
(0.0059 — 0.0079)

If one nut in loosened, for instance,
the other nut must be tightened by
the same amount to keep the preload
unchanged.
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STEERING CLUTCHES AND BRAKES

4, Tooth contact adjustment

(1} To move the bevel pinion "G" toward
or .away from the bevel gear "C8"
for  tooth  contaet  adjustment,
decrease or increase shims "F"
between the bearing cage and
transmission ecase,

(2) To deétermine the tooth contact
pattern, brush red lead sparingly on
the bevel gear teeth, and rotate the
pinien backward and forward until a
contaet pattern .is noted on both
concave and convex faces of the

gear teeth,

To make the tooth contact pattern
more visible, lightly press the gear
when rotating the pinion.

Correct tooth contact

Contact (indicated by the dark areas on
the tooth faces) is heaviest toward the
toe-end and extends about 30% of the
tooth length on both convex and concave
faces. - S

Incorrect tooth contact
¢ Pinion too far away from bevel gear

(1) Contact extends toward the toe-end
of concave faces and toward the
heel-end of convex faces.

(2) To correct this contact, decrease the
thickness of shims "F," and turn
adjusting nuts "C2" to move pinion
"G" away from gear "C8." Again
brush red lead on the gear teeth, and
check the contact pattern.
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602415

Correct tooth contact
602416

Pinion too far away from bevel gear

602417




STEERING CLUTCHES AND BRAKES

¢ Pinion too close to bevel gear

(1) Contact extends toward the heel-end

of concave faces and toward the ' ‘
toe-end of convex faces.
(2) To correct this contact, increase the _ \ /

thickness of shims "F," and turn
adjusting nuts "C2" to move gear

HC8" toward pinion "G." Recheck the \
contact pattern by brushing red lead. T -

: Pinion too close to bevel gear
NOTE 602418

The foregoing tooth contact
adjustments are meaningless unless
the bevel gear and pinion backlash
has been adjusted properly.
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Removal and installétion

For removal and installation

steering valve, refer to
Removal,
BRAKES.

Disaséembly

STEERING VALVE

of the

topie,

STEERING CLUTCHES = AND

802419

(Remove the parts in the order numbered for disassembly,)

1 Cover 6 Return spring 11 Plunger valve
2 0il seal 7 Cover 12 Return spring
3 Pison 8 0il seal 13 Valve housing
4 Valve spring 9 Piston

5 Plunger valve

38

10 Valve spring




Reassembly

STEERING VALVE

I

i1y
’

111

il

602278

Reassembling order

1 e ey
12-+11 10—9 8—'7. 1+~2 36 54
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FINAL DRIVES
Removal (disassembly)
Preparatory steps

(1) Separate the tracks. (Refer to the
topic, Removal, TRACKS.)’

(2) Drain the oil from the final drive gear
cases.

(3) When it is necessary to remove pinion
"18," remove the steering cluteh &
brake assembly. (Refer to the topie,
Removal.) '

602420

(Remove the parts in the order numbered for disassembly.)

1 Cover 9 Gear case

2 Castle nut {to be removed as an
3 Washer assembly including

4 Sprocket H10" thru "14%) ,
5 Seal case 10 Tapered roller bearing
6 Floating seal (to be removed as an
7 Shim assembly inecluding

8 Screw H11Y through "i4m)

11 Gear

40

12
13
14
15
16
17
i8
19
20

Spacer

Tapered roller bearing

Shaft
Snap ring

Tapered roller bearing

Snap ring
Pinion

Ball bearing
0il seal




Tips for removal
1. Gear case removal
Using a jig, remove gear case "9"

together with shaft subassembly
comprising parts "10" thru "14."

Unit: kg (Ib)
Standard and swamp 60 (132),

models approx.

Weight of gear

case and shaft | Super-swamp modet ZO (1014)’

subassemnbly PpIoX.
-t Ultrasuper-swamp - 90 (198),

model | approx.

AT

The final drive shaft and its gear are
supported by the gear case on one
side and by the frame on the other.
Thus, pulling the. gear ecase alone
from the frame is not only dangerous
but also harmful to the shaft
subassembly. Be sure fo remove the
case to which the shaft subassembly
is installed.

2. Tapered roller bearing removal

(I) Remove the inner race and rollers of
tapered vroller bearing "10" as the
components of the shaft subassembly.

Remove the outer race of this -

bearing from the steering clutch case
when required. '

(2) Similarly remove tapered roller bearin_g'

"13." Remove its outer race from the
gear case "9."

(3) The outer race of tapered roller
bearing "16" comes off together with
gear case "' when removed.
Remove it from the gear case by
loosening the serew when required.

FINAL DRIVES

t
|t
i
i

601479\

/
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FINAL DRIVES

Inspection

1. Pinion and gear backlash 2. Sprockets

Measure the backlash, and replace the Measure the tooth width, and replace the

pinion and gear if the measurement sprocket if the measurement exceeds the

_excegds the service hmit. Unit: mm (in.) service limit. Unit: mm (in)
- Item Assembly standard | Service limit - Item Assembly standard | Service limit

0.17—-0.37 Sprocket tooth
Backlash (0.0067 — 00146y | 1:00(0.0394) Jproc 40 (1.57) 36 (1.42)

Installation (reassembly)

168 17
15

3 ::i b ot
3 H '
2
1 A N S

= .20
19
14
. \
6 10
b
7 1ghtemng torque:
13 9 12 11 16— 9.2 kgf-m (55.0 — 66.5 1bf-ft) [74.5 — 90.2 N-m]
602421
Reassembling order
e l‘*f"f" !‘*l—' F"I‘—" Steering clutch case
20 r 13 98756
18 12?1_?0_)(; )
NNer race
12_-:[7_:?’1[5_—’ 10 (Outer race)
(
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Tips for reassembly

Tapered roller bearing preload
adjustment

1

To adjust the preload of tapered
roller bearing, decrease or increase
the thickness of shims "7" between
the gear case and oil seal cover.

(2) Decreasing the thickness of the shims
increases the preload of the bearing.
Enit: kgf.m (Ibf-ft) [N-m]
Item Assembly standard
Tapered roller bearing (3%3 _ ggg)
(pinion) preload [2.84 — 363]

FINAL DRIVES

Starting torque "T" of pinion
= NEM kgf (bf) [N] x "L* m (in.)
(distance from center of pinion)

[Example]

If "L" is 25 em (9.84 in.), balance
reading should be 1.16 kgf (2.56 1bf)
[11.4 N] to 1.48 kgf (3.26 Ibf) [14.5
N1 as caleulated below:

0.29 kgf'm (2.10 1bf-ft) [2.8 N-m]
= 0.25 m (9.84 in.) x Xy

Xy = 1.16 kgf (2.56 1bf) [11.4 N]

0.37 kgf'm (2.68 1bf:ft) [3.6 N°m]
= 0.25 m (9.84 in.) x Xg

X9 = 1.48 kgf (3.26 1bf) [14.5 N1

X1 — X2
e TN,
F L T
Pull Spring balance
Pinion

601482

43



UNDERCARRIAGE
Removal
Preparatory steps

(1) Separate the tracks. (Refer to the
topie, Removal, TRACKS.)

(2) On the PT model, disconnect the
hydraulic hoses from the tilt cylinder,
and remove the blade and blade sarms.

1. Remove the following parts:

1 Bolts securing rigid bar
2 Bolts securing rear support

2. Lift or jack up the machine a little,
and seeurely block the rigid bars and
steering clutch cases, using wood
blocks, as shown.

3. Remove the under earriage.
Installation

To install the undercarriage, follow the -
reverse of removing procedure.
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Removal and installation
Preparatory steps

(1) Separate the tracks.

FRONT IDLERS

(2) Drain the oil from the idler.

1. Unscrews the bolts (4 pes). Hiteh a
wire to the idler, and pull the idler
assembly off the track frame.

9. After installing the idler, center it in

the track frame,

Disassembly

602425

(Remove the parts in the order numbered for disassembly.)

1 Guide

5 Thrust washer
2 Shim 6 Shaft
3 Bearing {to be removed as an
4 Floating seal assembly ineluding
!l?ll and ngll)
38 kg (84 1b),

Weight of front idler

ApProx.

7 “Bushing
8 Idler
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FRONT iDLERS

Reassembly

Tightening torque:
6.5+ 0.7 kgt-m

(47.0 £ 5.1 Ib{.ft)
[63.7£6.9 N-m]

_ \\\\)I%
’ lﬂl\y

=N\
ééi/;%&&@&

Tightenhagﬂ?fue: 2 \>/\\>/W////W/// /;%/ A
76 m ==m 2 B
(55.0 = 5.8 Ibf-ft) A /,’//,;\1!"

[74.5 £ 7.8 Num] 6~ \ S ’7 \\\\\ |
E N /// /,,,;\\\\ mﬂ?’

oA \\‘ é

s— 9l V(& _Wl :

602187

Reassembling order

S e
6 7T 5 4 3 2 1

Tips for reassembly

Lubriecation

(1)

Fill the idler with recommended oil
through the plug hole in the shaft.

(2) Use an adaptor and volume pump for
this f{illing.
Capacity . .
(approx.) 60 cc (3.7 cu in.) (SAE 90 gear oil)
Part name Part number
Adaptor 58809-15100
Volume pump 58309-03100
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RECOIL SPRINGS AND HYDRAULIC ADJUSTER CYLINDERS.

Removal anzi ‘installation
Preparatory step

- Release the pressure in the hydraulic
adjuster cylinder completely.

1. Remove hydraulic adjuster cylinder
assembly "1." : ‘

Weight of hydraulic adjuster 15kg(331b),

cylinder assembly approx.

2. Remove carrier roller bracket assembly
(recoil spring assembly) "2." ’

Weight of carrier roller bracket 42 kg (93 1b),

assembly (with carrier roller) approx.

3. Remove - the track carrier roller
assembly, (Refer to the topie,
Removal, TRACK CARRIER
ROLLERS.)

4. After installing the fraeck, adjust its
tension.

60243&
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RECOIL SPRINGS AND HYDRAULIC ADJUSTER CYLINDERS

D.isassembly

602426
(Remove the parts in the order numbered for disassembly.)
1 Cover 6 Dust seal 14 Bracket
2 Stopper 7 Rod packing . (for ultra-super-swamp
3 Fill valve 8 Plate model)
4 Washer 9 Shaft 15 Carrier roller bracket
5 Cylinder 10 Ring (for ultra-super-swamp
(to be removed as an 11 Spring retainer model) '
assembly including 12 Spring
"g" and "7') 13 Carrier roller bracket
\
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RECOIL SPRINGS AND HYDRAULIC ADJUSTER CYLINDERS

Tips for disassembly

To remove recoil spring "12," hold plate
"8t with the arbor of a press having a
capacity of 3 tons (6615 1b) as shown,
unserew four bolts, and gradually back
off the press arbor to let the spring
expand. Take out the plate, spring
retainer "11" and spring.

602427

602428
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RECOIL SPRINGS AND HYDRAULIC ADJUSTER CYLINDERS

Reassembly

Tightening torque:

14.7 2.2 kgf'm
(106.3 * 15.9 Ibf-ft)

[144.1 £21.6 N-m]
8
3.4 Tightening torque:
3.5 £0.5kgtm
(25.3 % 3.6 Ibf-it)

[34.3 £ 4.9 Num] Tightening torque:
\ 262 kiggfnfl)
2 (188 + 14 Ibf-ft
/____\< [255 + 20 N-m]

]
1
5
]
/]
%

0 L N WL L N
=

= = — =T —

Pl ey L ayr e ——y T )

| /\%&%\ﬁ\\\ >

& 7 6 g 10 11 12
602249
Reassembling order
A N B 13
12 11 9
108
M2 9N
i3 ; 76

Tips for reassembly
Recoil spring installation
Compress spring "2" as in case of

disassembly, and install plate "8" to the
spring.
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TRACK ROLLERS

Removal

Preparatory steps

(1) Loosen the tracks.

(2) Drain the oil from the track rollers.

3.

Place two wood blocks "A"™ of 300-mm
(12-in.) square section behind the
sprockets in a choeking manner, and

move the machine to ride onto these -

blocks until the track rollers "1 and

u3" float up and away from the track.

Apply the brake loek, and chock the
tracks at front end with bloecks "B."

Remove the following parts:

1 Track roller {(center, 3 pes}

2 Track roller guard (front and rear)

3 Track roller (front and rear)

15 kg (33 1b),

Weight of track roller apPrOxX.

Installation

1.

To install the track rollers, follow the
veverse of removing procedure.

. Drive the machine forward out of its

chocked condition.

Tghtening orgue for | 344 3 06
track roller bolts (538 £ 5.9 Nom]

602430
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TRACK ROLLERS

Disassembiy

602431

52

(Remove the parts in the order numbered for disassembly.)

1 Collar 3 Thrust washer 5 Bushing
2 Floating seal 4 Shaft 6 Flanged roller




Reassembly

TRACK ROLLERS

i
ANS ST

Zi

A

/

Tightening torque:

7.6 £ 0.8 kgf-m
| (5.5 % 5.8 Ibf-fr)
N [74.5 £ 7.8 N-m]

\\ /}\/}\ V.

LT
72

602188

Reassembling order

S
5 4 3 2 1

Tips for reassembly

| 1. Floating seal installation

(1) When fitting the floating seals, use a
properly sized round bar or the
special tool to prevent damage to the
seals and O-rings.

/N\[cauTion]

Never use a screwdriver or a sharp-
edged tool to fit the floating seals.

(2) Using a lint-free cloth or a brush and
washing fluid, clean the surfaces of
metal rings of floating seals, making
sure that these rings are free of any
grime.

2. Lubrication

(1) After reassembling the roller, fill it
with recommended oil through plug
hole in the shaft.

(2) Use an adaptor and volume pump for
this filling.

Capacity - .
appIOX. 75 cc {4.6 cu in.) (SAE90 gear oil)
Part name Parl number
Adaptor 58809-15100
Volume pump 58309-03100
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TRACKS

Removal

I.

Move the machine until the master pin
comes to the rear upper part. of
sprocket.

Loosen the tracks. (Refer to the topie,
Track, adjustment.)

Drive out master pin "1."

Remove bushing "2," seal washers "3"
and spacers '"4" (standard and swamp
models). Remove the bushing and seal
(super-swamp and ultra-super-swamp
models).

Insert a bar into the link and, while
holding the bar, move the machine
slowly forward to lay out the track.

Lift the side of the machine, and
remove the ftrack.

After lifting the side of the machine,
place wood blocks under the rigid bar
and steering cluteh case.

Installation

1.

4.

54

. Install the

To install the track, follow the reverse
of removing procedure.

Insert a bar into the link, and aid the
track to climb over the sprocket,
carrier roller and front idler, as the
machine is moved slowly forward.

seal washers properly.
Drive in - the master pin with its
center hole outside. (For detail of seal
washer installation, refer to the fopie,
Reassembly.)

To drive in the master pin, insert the
guide bar, bushing, seal washers, ete.
into the link, and drive in the pin in
a manner of driving out the guide bar.

602432
Track weight Unit: kg (Ib)
280 (620),
BD2G (P) apprgx. )
Standard model 310 (630)
BS3G (F) approx. ,
Swamp model (§) :sg;gi%O),
Super-swamp model (SS) 3;&&040)’
Ultra-super-swamp model (SSS) ggg;glxﬂ{))’
7
7,
0
L
=
602433




Disassembly

TRACKS

602434

(Remove the parts in the order numbered for disassembly.)

la Standard shoe 4a Seal washer
1b Swamp shoe (eurved apex shoe) 4b Seal

2 Pin 5 Link

3 Bushing

5153



TRACKS

Reassembly
5 3 4a 2
\\ AR / 1s
O O
R ' P s
= :
=
i @
O O O
602184
65 3 4b 2 1b Tightening torque:
N\ 17 — 20 kef-m
T]’j ~ (123 — 145 llgf-ft)
167 — 196 N-
LT 2 L % [ m]
=z
[ I HIf | i
L ! L !
=S U ®
-’MLI -3 BN,
L]
Reassembling order
|—b1a r—»‘lb
5
—rr —rr?d
4a 3 2 4b 3 2
Tips for reassembly
Install the seal washers and seals as Seal washer
h (standard and
shown. swamp models)
Seal
{super-swamp and
ultra-super-swamp
models)
602435
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TRACK CARRIER

Removal
Preparatory steps
(1) Loosen the tracks.

(2) Drain the oil from the track carrier
rollers.

Push up the track above the -carrier
roller to produce some clearance between
track "1 and carrier roller "2," and
remove the following parts:

3 Bolts (2 pecs)
2 Track ecarrier roller

11 kg (24 1b),

Weight of track carrier roller approX.

Installation

1. To install the track ecarrier roller,
follow the vreverse of removing
procedure.

2. Insert the shaft into the bracket so
that the arrow mark on one end points
upward and the spring pin hole on the
other comes to the fop side.

3. Adjust the tension of tracks.

ROLLERS

6024§§J

602437
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TRACK CARRIER ROLLERS

Disassembly

<

L) 7
NS - s
6

g,,h
) 2

@%

(Remove the parts in the order numbered for disassembly.)

602438

1 Cover 4 Bushing

2 Washer 5 Roller

3 Floating seal 6 Snap ring
(to be removed as an 7 Seal support
assembly including 8 Shaft
l'l4l! and l15!l)

b8




TRACK CARRIER ROLLERS

Reassembly

Tightening torque:
12.2 £ 1.2 kgf'm
3 (88.2 £ 8.7 1bf-fr)
8 [119.6 £11.8 Nm]

\ !

SRR

|||||

il 4.2%04 kgt'm

DI RS

7 o |
T //; \ Tightenlﬂg torgue:

[ A

602186

Reassembling order

—rrrrrr Carrier roller bracket

6—#8 7 3 45 21

Tips for reassémbly

Lubrication

(1) After reassembling the roller, fill it

with

recommended oil through plug

hole in the cover.

(2) Use an adaptor and volume pump for
this filling.

Capacity . X
ADPIOX, 35 ¢c (2.1 cu in,) (SAE 90 gear oil)
Part name Part number
Adaptor 58609-00300
Volume pump 58309-03100
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SPECIAL TOOLS

Part number

Part name

Shape

Use

58809-10200 Wrench Bevel gear adjustment
602440

5860900300 Adaptor W Cariier roller Jubrication
602441

58809-15100 Adaptor Front idler and track roller

602442

lubrication

5830903100

Volume pump

Carrier roller, front idler

- and track roller lubrication

58809-15600

Ciutch disc arbor

602444

Flywheel clutch installation
(clutch disc assembly aligning)
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FOREWORD

This service manual has instructions and procedures for the subject on the
front cover. The information, specifications, and illustrations used in this
manual are based on information that was current at the time this issue was

written.

Correct servicing will give these machines a long productive life, Before
attempting to start a test, repair or rebuild job, be sure that you have studied
the respective sections of this manual, and know all the components you will
work on.

Safety is not only your concern but everybody’s concern. Safe working habits
cannot be bought or manufactured; they must be learned through the job you
do. By learning what CAUTION or WARNING symbol emphasizes, know
what is safe — what is not safe. Consult your foreman, if necessary, for
specific instructions on a job, and the safety equipment required.

NOTES, CAUTIONS and WARNINGS
NOTES, CAUTIONS and WARNINGS are used in this manual to empha-

size important and critical instructions. They are used for the following
conditions:

NOTE ] -+ v ivnnn. An operating procedure, condition, etc.,

which is essential to highlight.

/i\ CAUTION| ------- Operating procedures, practices, etc.,
" which if not strictly observed, will result

in damage to or destruction of machine,
A WARNING IEEEEEE Operating procedures, practices, etc.,
which if not correctly followed, will

result in personal injury or loss of life.
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HYDRAULIC PUMP

Removal

Preparatory step

Remove the side cover {(RH) from the
engine room.

AUETS

Raise the bucket all the way, and
securely support it by external
means. (BS3q)

1. Remove the following parts: 2

1 Rubber hose (suction side) | % @

2 Pipe . = @,
3 Rubber hose (discharge side) : -
4 Pipe and connector ; g

5 Hydraulic pump |

602280

Installation

To install the pump, follow the reverse of
removing procedure.

Tightening torque for hydrauﬁc ?320 ﬁgi%?ﬁ)

pump mounting bolts [41.2 Nom]




HYDRAULIC PUMP

Disassembly

4.
3
1 2
7
602281

1 Cover 8 Drive gear * 11 Bushing (2 pes)
2 Packing ring 7 Body seal (2 pes) - 12 Qil seal
3 Bushing seal (2 pes) 8 Body 13 Dust seal
4 Bushing (2 pes) 9 Packing ring 14 Mounting flange
5 Driven gear 10 Bushing seal (2 pes) : ‘

(Remove the parts in the order numbered for disassembly.)

Tips for disassembly NOTE

1. Lay down the pump body. Pull out the If the bushings will not come out,
drive gear by hand, and remove the tap on the pump body with a plastic
bushings. hammer to shake the bushings loose.

Be sure to place the pump body on a

2. Lay out the disassembled parts neatly wood top bench and tap lightly.

in the order in which they came out,
identifying each for its position.
Particularly, the shaft and its bushings
must be identified positionally by
marking or otherwise so that they will
be restored to their original position
in reassembly.



HYDRAULIC PUMP

Reassembly
o T
Tightening torque: : 1 /
(34.0 — 36.2 Ibf-ft) ! 12
[46.1 — 49.0 N-m] i
' | 13

) =1
CD_,,——fﬂ”’”'ddr

601398

Reassembling order

r’P 17
Lg 10
8
e T
14

~r
12 13

Tips for reassembly

Attach packing rings and bushing seals to
the bushings, apply a coat of high-grade
grease to the bushings, and insert them
into the pump body.

1)

2)

3)

4)

When inserting a pair of bushings
"t gnd "11," hold them sguarely -
to the bore to avoid scuffing.

If the outside surface of the
bushing is found with seratch
marks, remove high spofs on the
surface by lightly polishing with
an oil stone.

When reinstalling the gears, mesh
drive gear "8" with the driven
gear in the same tooth position as
before.

Before installing the cover, wrap
the splined portion of the drive
gear shaft with one or two layers
of cellophane tape to prevent
damage to the oil seal.




CONTROL VALVE

Removal

Preparatery sieps

(1) Lower the implement to the ground,
and stop the engine.

(2) Move the control’ lever to all
operating positions to relieve the
pressure in .the hydraulic circuits,

1. Remove the following parts:

I Cover

2 Control linkage assembly
3 0il pipes

4 Control valve

NOTE
Loosen the return oil hose clamps,

and push the hose toward the
hydraulie tank.

‘602282

Weight of contro} valves

Control valve for
power angling/til

13.5 kg (30 1b),

. approx.
BD2G blade .
Contyol valve for 10.0 kg (22 1b),
power tilt blade approx.
Control valve for BS3G 10.0kg (221b),

approx.

602283

Installation

To install -the control valve, follow the
reverse of removing procedure.

. . . Control valve for | o, 10 oot
Tips for installation : power angling/tilt plunger section

blade {(center)
BD2G

When installing the control valve, check
to make sure that the clevis of each
control linkage and the plunger of control

Tilt plunger section
(left as viewed
from front side)

Control valve for
power tilt blade

valve are properly instalied. The clevis Dump plunger sec-
and plunger should be at a right angle to Control valve for BS3G tion (left as viewed
the adjacent ones when installed, as from front side)
shown,

4



3-section control valve (BD2g with power angling/tilt blade)

Disassembly and reassembly

CONTROL VALVE

Tightening torque: F £

10 £ 1 kgf'm

g, e,
b,
- .

(723 7.2 lbfft)

[98.1 £ 9.8 Nom)

G Tightening torque:
T 50205 kgfm
362 +36 }bfft)

490 +49 Nm

i
O
ex;

&

A
© )
©)
o)

]

A Tightening torque:
27 £ 0.3 kgfm
(19.5 = 2.2 lbof-fr)
[26.5 £ 2.9 N-m]

602198
—

1)

2}

A Tie rod

B Inlet and lift valve plunger section
C Tilt valve plunger section
D Angling valve plunger section

E End plate

F Main relief valve
G Makeup valve

Be sure to tighten the tie rods to
the specified torque, or the
plungers will not move smoothly
and the implement will drift
excessively.

After reassembly, make sure that
the plungers move smoothly.



CONTROL VALVE

Disassembly

B15-¢S2
B17—@

602284

Bi Cap {to be removed as B14 0il seal
an assembly including B15 Plate

"B2" thru "B4") B16 Spacer
B2 Snap ring B17 0il seal
B3 Plate B18 Plunger
B4 Detent sleeve B19 Plug
B5 Steel (detent) balils B20 Plug
B6 Spring pin B21 Spring
B7 Steel (detent) ball B22 Check valve
B8 Spring B23 Housing

B9 Plunger plug
B10 Spring guide
B11 Spring
B12 Spring guide
B13 Seal cover plate

C9,
C10,
Ci1,
c12,
C13,
C14,

D1 Cap

D2 Plunger plug

D3 Spring guide

D4 Spring

D5 Spring guide

D6 Seal cover plate
D7 0il seal

- D8 Seal cover plate

D9 0Oil seal
D10 Plunger

D11 Plug

D12 Spring

D13 Check valve
D14 Housing

(Remove the parts in the order numbered for disassembly.)




CONTROL VALVE

Reassembly

B1

e I
.EWMW»?E:EIIIIIII'I':

P Eo T PP T

83

B2
B4 B13 814 : B18 B16 B16
: B19 ‘B20

B7 B

86 7 8 5 o) G

B bt | O

602199
JA®) O

D2 Tightening torque:
2.0 £ 0.2 kgfm

(145 & 1.4 1bf-ft)
[196 £ 2.0 Nam]

D12 D13

C2 Tightening torque: B9 B10 B11]B12
20 £ 02 kgfm B21 . B22

(145 1.4 ibfft) Tightening torque: 1.1 + 0.1 kgf'm
[19.6 £ 2.0 Nan] (80+071bfft)[108i1 Nm]

D1

Cit Ci1z C13
Cb
ca c8
Cc3
i, O O D1
9 [ O
°1 2\ [ & / X
C6 C7 Cl14 C10 602200 D14 D10 602200

Tightening torque: 1.1 + 0.1 kefom (8.0 + 0.7 1bf-ft) [10.8 = 1.0 Nom]

Reassembling order

B Inlet and lift valve plunger section

F
N-—819
8“’BL | rrrra a9
‘ T
I—* I—* I—’ I—’ [—' l—’ ~r ,—* f—> f—» I—>818 B16 B17 B15 G B20 B21 B22
Bi2B11 Bi0 BY B8 .B? B5 B6 B3 B2 B13 B14
C Tilt valve plunger section ro |—+C14<—| 1 N9

I—> I—» ’—+ r» |—b I—' I—*C10 €y C8 C11 C12 C13

Cs C4 C3 C2 Ci C6 C7

D Angling valve plunger section
(Identical with C Tilt valve plunger section)



CONTROL VALVE

2-section control valve (BD2g with power tilt blade)

Disassembly and reassembly

Tightening torque:
10 = | kgf'm

(72.3 £ 7.2 Ibf-ft)
{98.1 * 9.8 Nom]

G Tightening forque:

, 5.0 £ 0.5 kgf-m
(36.2 % 3.6 Ibf-f1)

[49.0 = 4,9 Nun]

A Tightening torque:
2.7 0.3 kgf'm

(19.5 + 2.2 Ibf.ft)
[26.5 + 2.9 Nim]

Tightenihg torque:

5.0 0.5 kgf-m
(36.2 % 3.6 Ib-ft)

[49.0 + 4.9 N.m]

6022086

1)

2)

A Tie rod

B Inlet and lift valve plunger section
C Tilt valve plunger section

D End plate

E Main relief valve

F Safety valve
G Makeup valve

(vore)

Be sure to tighten the tie rods to
the specified torque, or the
plungers will not move smoothly
and the implement will drift
excessively.

After reassembly, make sure that
the plungers move smoothly.




CONTROL VALVE

Disassembly
F
602285
Bl Cap (to be removed as  B15 Plate C1 Cap
an assembly ineluding B16 Spacer C2 Plunger plug
"B2" thru "B4") B17 Oil seal C3 Spring guide
B2 Snap ring Bi8 Plunger : C4 Spring
B3 Plate B19 Plug C5 Spring guide
B4 Detent sleeve B20 Spring C6 Seal cover plate
B5 Steel {detent) balls B21 Check valve C7 Oil seal
B6 Spring pin B22 Housing C8 Seal cover plate
B7 Steel (detent) ball C9 0il seal
B8 Spring . C10 Plunger
B9 Plunger plug C11 Plug
B10 Spring guide C12 Plug
B11l Spring : C13 Plug
B12 Spring guide : C14 Spring
B13 Seal cover plate C15 Check valve
B14 0il seal C16 Housing

(Remove the parts in the order numbered for disassembly.)



CONTROL VALVE

Reassembily
fore "\
T »,
i .
/ AN T
B4 B13 - Bi4 - B18 B16 Bib
F - B20
(8 _____——B19
Tightening torgue:
g7 28 b =1 (O o) G 3.5 0.4 kgfm
(25.3 £2.9 Ibf-ft)
353, L3 {34,3 +39 Nm}
B6 = u T
602207
B9 510 811812 o & c13
BZ21 B22 Tightening torque:
Cc12 (225 + 0.4 kgfm
e » 3 £2.9 bf.ft)
T‘g?éei";‘%{;}’ﬁ“e' [34.3 £39 Nem]
(72.3 £ 7.2 1bf-ft)
[98.1+9.8 N-m]
Tightening torqueé c2
20202 kgf'm
(14.5 £ 1.4 1bf-£t)
[19.6 2.0 N-m]
Tightening forque:
1.1 £ 0.1 kgf'm
(8.0 £ 0.7 Ibf.-11) c6 C7 (4 [ cio co
{10.8 1.0 N-m] 602208
Reassembling order
B Inlet and lift valve plunger section E—H—F
B4~ e B N A e e T T
L, f
I—' I—y r E—+l—» r ’—r r [—> Qo r»B18 B16 B17 B15 G B19 B20 B21
B12B11 810 BS 88 B7 B> BS "B3 B2 B13 B14
. . Ct1i
C Tilt valve plunger section i

RSN T
[-» I—p l—» !—> ]—+ I-—» I—»CH] Cg C8 CIZ C13 C14 C15
Cs C4 C3 C2 ¢Ct C6 C7

10



CONTROL VALVE

2-section control valve (BS3g;)

Disassembly and reassembly

F Tightening torque:
% % %/ 5.0 0.5 kgfm

= (362 £ 3.6 Ibi-ft)

Tightening torque: E {

10+ | kgf-m [49.0 £ 4.9 Nm)
(723 £ 7.2 1b£1%) )
{98.1 £ 9.8 N-m] Y
Tightening torque:
O 2.7+03 kgf'm

(19.5 £ 2.2 1bT-£t)
[26.5 + 2.9 N-m]

/@E;@/Q
.G
o

@ .
O
O

G Tightening torque:
5.0+ 0.5 kgf-m

(36.2 = 3.6 IbE-f)
{49.0 + 4.9 Nom]

602214
2]

A Tie rod

B Inlet and lift valve plunger section
C Dump valve plunger section

D End plate

E Main relief valve

F Safety valve

G Safety valve

H Makeup valve

1) Be sure to tighten the tie rods to
the specified torque, or the
plungers will not move smoothly
and the implement will drift
excessively.

2) After reassembly, make sure that
the plungers move smoothly.

11



CONTROL VALVE

Disassembly
602286
Bl Cap (to be removed as B16 Spacer C1 Cap
an assembly inecluding B17 Oil seal C2 Plunger plug
"B2Y thru "B4") B18 Plunger C3 Spring guide
B2 Snap ring B19 Plug C4 Spring
B3 Plate B20 Plug C5 Spring guide
B4 Detent sleeve B21 Spring C6 Seal cover plate
B5 Steel (detent) balls B22 Check valve C7 0il seal
B6 Spring pin B23 Housing C8 Seal cover plate
B7 Steel (detent) ball C9 0il seal
B8 Spring C10 Plunger
B9 Plunger plug C11 Plug
B10 Spring guide C12 Spring
B11 Spring C13 Check valve
B12 Spring guide C14 Plug
B13 Seal cover plate C15 Spring
Bi4 Oil seal C16 Makeup valve
B15 Plate C17 Housing

(Remove the parts in the order numbered for disassembly.)

12



CONTROL VALVE

Reassembly
B2 g4 B13Bi4 Bi8 B16 B16
B21
Tightening torque: B20 g vl
3.5 % 0.4 kgfm . B19 H
(25.3 2.9 Ibi-ff) 5 S
[34.3 £3.9 N-m] B7 B8 ,
B6 5965, .
i) I:} i O
B9 B10B11iB12 © O 602199
Tightening torque: 2.7 £ 0.3 kgf-m B22 B23
1} + . R
Tightening torque: g1 (195 £ 22 10Ff) [26.5 +2.9 N-m]
3.5 0.4 kgf.m G Ci2 C13  Ci7 F
(25.3 £ 2.9 Ibf-ft)
[34.3 + 3.9 N-m] ‘@
Tightening torque:  C2 O O F
2.0+ 0.2 kgf'm o1 — Al
(14.5 £ 1.4 Ibf-ft) =i gy -
[19.6 + 2.0 N-m] | 1l Hjio
c3
ca Q c8
Tightening torque:, C co .
]g];‘} i"BgJ krgqf.m %/¢6 c7 C15C16 C10 C15C16 602215
(8.0 + 0.7 Ibf-ft) C14 Tightening torque: 5.0 £ 0.5 kgf-m
[10.8 # .ON-m] (36.2 % 3.6 Ibf-ft) [49.0 + 4.9 Nom]

Reassembling order

B Inlet and lift valve plunger section

819—‘”—5
B""B’L rrorrEEa a9
l—r |—> {-» P r+ I—v r* r» r* l—> rr ,—>B18818 B17 Bi1b H B20 B21 B22
B12 811 810 B9 B8 B7 B% 86 - B3 B2 B13 Bi4
: G~y -F
C Dump valve plunger section o

l" r’ [—’017 **‘I ‘—] ‘-}
r I—’ ~rr l—" I—' !—'010 C9 Cs8 Cit C12 C13
C5 C4 C3 C2 C1 Cs C7 r» r)

Ci16 C15 C14

13



POWER ANGLING/TILT BLADE ()

Removal

Preparatory steps

(1) Place wood bloeks under the blade
frame, '

(2) Lower the blade to the ground, stop
the engine, and move the control
levers to all operating positions to
relieve the pressure in the hydraulic
eircuits. '

1. Remove the following parts:

1 Rubber hoses (for lift cylinders, 4 pes)
2 Rubber hoses

(for angling cylinders, 4 pcs)
3 Rubber hoses (for tilt cylinder, 2 pes)
4 Lock plate
5 Pin

2. Move the machine backward, leaving
the blade on the ground.

602287
3. The blade may be lifted. off with a
hoist and slings.
) g 550 kg (1213 1b),
Weight of power angling/tilt blade approx.
602288

Installation

To install the blade, follow the reverse
of removing procedure.

14



POWER ANGLING/TILT BLADE

Disassembly and reassembly

Pin 12 Cover 23 Plate

1
2 Lift cylinder 13 Cover 24 Bar
3 Cover 14 Hoses 25 Pin
4 Plate 15 Hoses 26 Bracket
5 Plate 16 Block 27 Cap
6 Hose "17 Pin ‘ 28 Blade
7 Block 18 Pin ‘ 29 End bit
8 Pin 19 Tilt cylinder 30 Cutting edge
g Pin 20 Plates 31 C-frame
10 Angling cylinder 21 Bracket
11 Cover : 22 Plate
Power angling/tilt blade - Disassembled view
(Remove the parts in the order numbered for disassembly.)
Reassembly

To reassemble the blade, follow the
reverse of disassembling procedure.

15



POWER TILT

Removal

Preparatory steps

(1) Lower the blade to the ground, stop
the engine, and move the control
lever to all operating positions to
relieve the pressure in the hydraulic
cireuits.

(2) Place wood blocks under the blade
arms.

1. Remove the following parts:

Lock plate

Pin

Lift cylinder and lever

Rubber hoses (for tilt cylinder, 2 pes)

e Lo DO b

2. Remove cap "5," separate the blade
arm ' from the ftrunnion, and reinstall
the cap on each side,

3. Lift off the blade and arms.

, ) 400 kg (882 1b),
Weight of power tilt blade approx.

4. The blade niay be removed by moving
the machine backward, leaving the
blade on the ground.

Installation

To install the blade, follow the reverse
of removing procedure.

16
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602291




POWER TILT BLADE

Disassembly and reassembly

602292

Ultra-super-swamp model (858)

CO =1 O AN Wb Co B =

602305
Pin 9 Pin 17 End bit
Lift cylinder 10 Tilt braces "~ 18 Cutting edge
Pin 11 Pin 19 Trunnion -
Rod 12 Braces 20 Blade
Lever 13 Cap 21 End bit
Cover 14 Pin 22 Bit
Pin 15 Arm 23 Cutting edge
Tilt cylinder 16 Blade :

Power tilt blade - Disassembled view

(Remove the parts in the order numbered for disassembly.)

17



BUCKET AND LINKAGE

Remov_al

Preparatory steps

(1) Lower the bucket to the ground, stop
the engine, and move the control
lever to all operating positions to
relieve the pressure in the hydraulic
cireuits.

(2) Fasten the lift cylinders to the lift
arms with wires.

1. Remove the following parts at four
bucket mounts;

1 Bolt

2 Pin

3 Seal

4 Bucket

Weight of bucket 2;;% I:fx(529 1b),

2. Attach slings to the lift arms,
3. Remove the following parts:

Rubber hoses (for dump ecylinders, 4 pes)
Rubber hoses (for lift eylinders, 4 pes)
Loek plates (4 pes)

Pin (4 pes)

Pin (2 pes)

10 Seals

11 Bushing

12 Bucket linkage

Lo -3 en

602293

400 kg (882 1b),

Weight of bucket linkage | ¢ o

4. Remove the following parts:
13 Lock plate (4 pes)

14 Pin (4 pes)
15 Tower

18
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BUCKET AND LINKAGE

Disassembly and reassembly

1

602296
1 Pin 5 Pin 9 Pipe

2 Lift eylinder 6 Arms 10 Frame

3 Pin ‘ 7 Pin 11 Tooth

4 Dump cylinder 8 Arms 12 Bucket

Bucket and linkage - Disassembled view

(Remove the parts in the order numbered for disassembly.)

19



HYDRAULIC CYLINDERS

Removal

Preparatory steps

(1) Lower the blade or bucket to the

ground,

(2) Lift the cylinders with slings.

o e

20

Remove the following parts

Covers for angling cylinders of power
angling/tilt blade

Cover for tilt eylinder of power tilt
blade :

Remove the following parts:

Piston rod-side pins of cylinders
Piston rod-side cap of cylinder
(tilt cylinder of power tilt blade)
Rubber hoses

Head-side pins of cylinders

Before disconnecting the rubber
hoses, be sure to stop the engine,
and move the control levers to all
operating positions to relieve the
pressure in the hydraulic circuits,

Power tilt blade




-3,

Remove the following parts:

7 Pipes and connectors for each ecylinder
8 Cylinders

Weight of cylinders (approx.)  Unit: kg (ib)

i : 13.5
Lift cylinder 36)
Power angling/ . . 12.5
tilt blade Angling cylinder 5
i i 13.8°
BD2G Tilt cylinder 30)
i : 13.5
Lift cykinde .
Power tilt yunder . (30)
blade
Tilt eylinder (13;‘53())
‘ Lift cylinder %24‘;
BS3G | Bucket =
Dump cylinder 3 ,:_()

Installation

1, To install the eylinders, follow the
reverse of removing procedure.

2. Insert the head-side pin, and connect
the rubber hoses to the eylinder.
While extending the pisten rod, insert
the rod-side pin.

Disassembly

Two types of hydraulic ecylinders
- ring nut type and gland screw type
~ are used. These types differ from
each other in disassembling and
reassembling procedures,

Lift cylinders
Power angling/ [™y 0 10 linders | Ring
tilt blade mut
BD2G Tilt cylinder type
Power tilt Lift eylinders
blade ; i
Tilt cylinder Gland
Lift cylinders screw
BS3G | Bucket type
Dump cylinders

HYDRAULIC CYLINDERS

602299

Bucket

21



HYDRAULIC CYLINDERS

Ring nut type

(Example: Lift ecylinder for power angling/tilt blade and power- tilt blade for BD2s)

602300

10
o
e
e
e
b
1 Ring nut
2 Ring
3 Nut (to be removed as an assembly

including "4" thru "11')

4 Piston (to be removed as an
assembly including "5'")

5 Piston seal

6 Guide bushing (to be removed as an
assembly including "7" thru "11")

Dust seal
Rod packing
Buffer ring
Bushing
Piston rod
Bushing
Cylinder tube

(Remove the parts in the order numbered for disassembly.)

22




HYDRAULIC CYLINDERS

Gland screw type
(Example: Tilt cylinder for power tilt blade for BD2g)

602301
1 Ring 7 Backup ring
2 Gland screw 8 Dust seal
3 Nut (to be removed as an assembly 9 Rod packing
ineluding "4" thru "12") 10 Buffer ring

11 Piston rod
12 Cap
13 Cylinder tube

4 Piston (to be removed as an
assembly inecluding '"5")

Piston seal

Guide bushing (to be removed as an
assembly including 7" thru "10")

oy an

(Remove the parts in the order numbered for disassembly.)

23



HYDRAULIC CYLINDERS

Tips for disassembly

i. On the ring nut type cylinder, use a
chisel and a hammer, and loosen the
portion of cylinder upset on the nut
at junecture,

2. Using a hook wrench "A" (speecial tool),
remove the gland serew or ring nut.

. Hook wrench
Cylinder part number
Lift cylinder
Power 05312-10500
apgh'ng/ Angling cylinder
D2 | WP Py Vlinder | 05312-10600
Power Lift cylinder 05312-10500
tilt blade | i)t cylinder 05312-10600
Lift cylinder 05312-10800
BS3G | Bucket
Dump cylinder | 05312-10600

3. On the ring nut type cylinder, slightly
push in guide bushing "6," and remove
ring "2" with a screwdriver.

Do not use a sharp-edged tool to
remove ring "2." When removing the
ring, be careful not to seratch the
bore surface of the eylinder.

24
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HYDRAULIC CYLINDERS

Reassembly
Reassembling order

Ring nut type cylinder

602257
8
}
1—26+19 T 13
r—*'*r—J‘—» ,—>r~)11 2 1 (Tighten)
10 1 5—4 3 ‘
Gland screw type eylinder
2 1 4 ) 5 3
el \ L
Il — ]
] | : ©
- / e - |
12 n 8 :_\10\7\6 13
602258 |
8 9
N

Tw?—:‘lﬂ l——-»f————yz——;j;;
o g_’“ (Tiahten) |

12 2 5—4
25



'HYDRAULIC CYLINDERS

Unit: mm (in.)

Tips for reassembly
1. Piston seal installation o
. — Ci
{1) Have a tool shown in the sketch and — —~ g . wg
chart below to fit the piston seal. NP ] 360
el ~
NOTE 4 ke’
4
Dimension "D" must be 0.5 to 1.0 mm L
(0.02 to 0.04 in.) smaller than the D el
inside diameter of the piston. D 250(9.84)
Unit: mm (in.)
7 Piston 1.D. Cl: Chamfer 1 (0.04) 600149
Cylinder 24 27 30
(0.94) | (1.06) | (1.18)
Lift
cylinder C
Power .
angling/ A’;gh;g O
tilt blade | YNACT
Tilt
BD2G cylinder . ©
Lift
Power cylinder ©
tilt blade | 514 o
cylinder
Lift
cylinder o
BS3G | Bucket
Dump o
cylinder

(2) Squeeze the seal in the palm of the
hand three or four times to soften it.

600160

26




(3)

(4)

(5)

(6}

Hold the piston in a vise, Awith
protective (copper) caps fitted to the
vise jaws. :

Apply a thin coat of hydraulic oil to
the seal. Fit the seal into the groove
as much as it will go in, and insert
the tool into the piston,

Hold down the seal by left hand, and
turn the arm of the tool by right
hand while pushing it down. After
about 3/4 of the seal has been
forced onto the piston, hold down the
seal by right hand.

Turn the arm by left hand to force
the remaining 1/4 onto the piston. .

HYDRAULIC CYLINDERS

600152

6001561

600153

27



HYDRAULIC CYLINDERS

(7) Install the backup ring to the piston.

28

600154




2. Piston nut tightening

Tighten the piston nut to the specified

torque.
Unit: kgf-m (Ibf-ft) [N.m]
. Tightening
Cylinder torque
Lift cylinder 500225
————— (361.7 £ 18.1)
Power - | Angling cylinder | {490.3 £ 24.5]
angling/
tift blade _ 700£3.5
BD2G Tilt cylinder (506.3 £25.3)
[686.5 +34.3]
Lift cylinder 50025
fi‘;}‘ﬁ’d Y (361.7 £ 18.1)
L 0lade | Tilt cylinder {490.3 £ 24.5]
95+5
Lift eylinder (687.1 £36.2)
{931.6 £49.0]
BS3G ; Bucket
500£25
Dump cylinder (361.7 £18.1)
[490.3 +24.5]

3. Ring installation

if the guide bushing is pushed in the
cylinder more than is necessary, the
O-ring would be damaged by the sharp
edge of the port when the bushing is
pulled out. Do not push in the bushing

more than "L* dimension.

Unit: mm (in.)

Cylinder Dimension
Lift cylinder
Power ki 16 (0.63)
angling/ ’_Anglmgcyhnder
BD2G | tiltblade "oy ovlinder 14 (0.55)
TOwer o | Lift cylinder 16 (0.63)

HYDRAULIC CYLINDERS

T
| - l
'W‘WW—} L= l
= 0
602305
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HYDRAULIC CYLINDERS

On the ring nut type cylinder, instali
the ring nut to the cylinder with its
small chamfer on the head side of the
eylinder and, using a hook wrench "A"
(special tool) and a torque wrench "B,"
tighten it to the specified torque.

600155

5. On the gland screw type cylinder,
tighten gland serew to -the -specified
torque with a hook wrench "A" and a
torque wrench "B."

. e
Torque wrench reading T' = ——=5 T
Unit: kgf-m (Ibf-ft) [N-m]
: Tightening
Cylinder torque “T
Lift cylinder 150%15
(108.5 + 10.8)
Power Angling cylinder | [147.1 + 14.7]
angling/
ilt blade ) 24024
Tilt cylinder %173.6 +17.4)
2354 +23.5]
150+1.5
BD2G Lift cylinder (108.5 £10.8)
Power [147.1 £14.7)
tilt blade 450445
Tilt cylinder (325.5 2 32.5)
[4413 +44.1]
7508
Lift cylinder (5425 £57.9)
[735.5 £ 78.5]
BS3G | Bucket
45045
Dump cylinder (3255 £32.5)
[441.3 £44.1]
6. On the ring nut type cylinder, upset

the cylinder to the

chiseling.

ring nut by

Replace the

ring nut after it has

been used two or three times.

30




7. After tightening the gland screw to
the specified torque on the gland
serew type cylinder, drill a hole in
the screw, and install a locking ring
~ to prevent the screw from loosening.
The diameter and depth of this hole

are as shown below:

Unit: mm (in.)

Locking ring hole
Cylinder Diameter Depth
. “d)) “L”
Power Tilt
BD2G | %t blade cylinder 3.5(0.14) | 10.5 (0.41)
Lift
cylinder 4.5(0.18) 1 12.5(0.49)
BS3G | Bucket 5
wmp
cylinder 3.5(0.14) 1 10.5 (0.41)

HYDRAULIC CYLINDERS

/ 601205
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SPECIAL TOOLS

Part number

Part name

Shape

Use

05312-10500

05312-10600

05312-108G0

Hook wrench

600328

Ring nut or gland screw removal and
instatlation

BD2G — Power angling/tilt blade
Lift cylinders
Angling cylinders

BD2G — Power tilt blade
Lift cylinders

BD2G — Power angling/tilt blade
Tilt cylinder
BD2G — Power tilt blade
- Tiit cylinder
BS3G — Bucket

Dump cylinders

BS3G — Bucket
Lift cylinders

32
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UPDATING OF SERVICE MANUAL

This Service Manual congists of the separate volumes listed in the next page.

A revised edition will be issued for each volume when the system covered in it is
improved or changed.

When you receive a revised edition, éupersede the existing volume by the revised edition
and enter the 9th-digit and 10th-digit figures of Pub. No. of the revised edition in the
blank of “Revised Edition Check Column” of the updating list in the next page.

When you receive any supplement, enter its title in “Title of Separate Volume” column
of the updating lst.

The updating list, if properly filled, will help check to see if thé'updated volumes are
filed in this binder by referring to the Publication List.

For some models, the binder will Be divided into the two, SYSTEMS OPERATION and
DISASSEMBLY AND REASSEMBLY. '
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%

%
® *®
: Update your service with updated information! :
: Update your service information without delay! I
® *
% #
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Applicable Model:

MITSUBISHI BD2G TRACTOR AND BS3G TRACTOR SHOVEL °

00091 ~UP Pub: No. _99879_;00120
Separate Cover | Filing | -~ —i - ra ~ | | Rivised' Edition
. A . Title arate Volume Pub, No. - .
L ocation Order T"tl of-Se.p at m b. No Check Column
‘Mitsubishi Diesél,Engine S4E2 for . P
L BD2G and BS3G ?987900120-1/
) Mitsubishi Diesel Engine S4E2 for o ;
2 | BD2G and BS3G- . 99879-00120-2f
Fuel Sysiem/Electrical System . i
Power Train/Hydrau]ic’ System . !
3 Maintenance Standards 99879-00120-3/ il
Power Train (Direct Drive Model) ! .
4 Operating Principle/Testing and 99879-00120-4/ ) 4
Adjustment = ©
Direct Powershift Transmission N _; '
5 Operating Principle/Testing and 99879-00120—5 / %
Adjustment/Maintenance Standards/ 7
. Disn;semb,ly and Reassembly T
; Hydraulic System o p
g 6 | Operating Principle/Testing and 99879-00120-6/
: Adjustment ' H
Power Train ' % '
7 Disagsembly and Reassembly 99879‘00120'7/ 5
P
Hydrauhe System- T A01AnR; N
8 Disassembly and Reassembly ._ 99879001208/
— *
9 | Wiring Diagtam for BD2G and BS3G | 99879-00120:9/
10
11
12 -

Binder Pub. No. 98AAB-00360

*Publication to be issued in future.

Dec. 1986
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ﬁd‘f‘*
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