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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 this engine 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 svymbol 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 ussd in this manual to empha-
size important and critical instructions. They are used for the following
conditions:

MOTE | 3= #uimeniyyse An operating procedure, condition, eic.,
which it is essential to highlight.
A CAUTION | ==+ +-- -~ Operating procedures, practices, etc.,

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

& WARNING EEEEEE Operating procedures, practices, etc,
which if not correctly followed, will

result in personal injury or loss of life.

.

Tanuary 1973
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(O refers to engines in regular service.
@ refers to new engines being broken in.

Servicing intervals (hrs)

What to service What 1o do Critaria Daily 25 hsolsoalsoo 200 Remarks
(ol
Check oil level and replenish. o
§ |Oilpan el 7.0 liters
8 E Chghog: (1.8 gallons) © o
= 2| Oil filter Replace filter element. O
Oil cireuit Clean by flushing. O
Drain out sludge and condensate. )
Fuel filter
Replace filter element, Q
Feed pump Clean inlet connection, O
E Check mjection pressure. @)
2 | Injection 120 % 5 kgfem®
= | nozeles De-carbon and clean nozzles (1706 % 71 psi) O
T and seats.
Drain out condensate and 60 liters '
Bl tank sludge. 16 gallons)
Clean by flushing, (@)
Check water level and replenish. @)
16 liters
g Radjator Change coolant. (4.2 gallons) o
b Clean radiator fins. @]
b=
K- ) ] . 12mm(1/2in.)
§ Fan belt Check and adjust tension, of déflection (@]
Thermostat Check for performance, O
Coolant circuit | Clean by flushing. @]
Clean element. o
E | Air cleaner Stanc.lajd duty
'5:_ Replace element. O conditions
» | Bolts and nuts ;
% |onmufilerand S:f;:::ﬁr lightness and © o
= | air cleansr ’
Inspect brushes and commutator o
- ‘5 Starter for wear; recondition as necessary. )
£ E Check acid level and replenish. o
o5 | Battery
e Check electrolyte 5.G. Q
Glow plugs Tnspect [or condition. O
0.25 mm(0.0098
% | Valve clearance | Check and adjust. in.) forbothintake &
g andexhaust valves
& | Major bolts Retighten. O
(=]
S | Packings and '
i
Fal Inspect for leakage and repair. B O
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Description

Exterior views




CONSTRUCTION AND FUNCTION

Left-side view

1-Water pump 6-0il pipe 11-Fuel inlat
2-Fan 7+Fuel feed pipe 12-Adjusting lever
3-Fan balt 8-Fuel filter 13-Starter

4.Fuel injection pump 2-Rocker cover

5-Fuel feed pump 10-Governor




CONSTRUCTION AND FUNCTION

Right-side view

1-Cylinder head -0 filler 13-Timing pear case
2-Crankcase B-Thermostat 14-Mounting bracket
3Sarvice meter 9.0il pipe 15-Qil leval gauge
4-Fiywheel housing 10-Fan 16-Drain plug
5-Exhaust manifold 11-Alternator 1701 pan

@-Rocker cover 12-Alternator bracket



CONSTRUCTION AND FUNCTION

Longitudinal cross section

10

i

1-Thermostat
2-Water pump
3-Pisten
4.Camshaft gear
5.Fan
fi-Connecting rod
7-Crankshaft pulley

B-Crenkshaft gear
9-Timing pear case
10-0it pan
11-0il strainer
12-Elbow
13-Rocker covar
14-Exhaust valve

15-In1ake valve
16-Rocker shaft
17-Rocker bracket
18-Valve push rod
18-Cylinder head
20-Crankcase
21-Tappet

22-Flywhesl housing
23-Flywheel ring gear
24-Flywhesl
25-Camshaft
26-Crankshaft




CONSTRUCTION AND FUNCTION

Transverse cross section
@ () @ iz a3
©) _
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1-Exhaust manifold 5-Camshaft 0-Rocker arm 13-Fuel filter

2-Pistan 6-Connecting rod 10-Qil filler 14-Fuel injection pipe
3-Valve push rod 7-00 pump 11-Glow plug 16-Fuel injection pump
4.Tappst 8-0il strainer 12.0il injection nozzle 16-Fuel feed pump

1



CONSTRUCTION AND FUNCTION

Specifications
Maodel designation S4E
Type Water-cooled, 4-stroke cycle, in-line, turhulencechamber
type diesel
Number of cylinders 4
Bore x stroke, mm (in.) 94 » 94 (3.701 x 3.701)
Piston displacement, cc (cu in.) 2609 (159)
Compression ratio 19:1
Firing order 1-3-4-2
Direction of rotation Clockwise as viewed from timing gear case side
Fuel ASTM No, 2-D diesel fuel
Crankcase lubricating oil API service classification CC - class
Qverall length,
iy gh.mm | g13.(32)
Overall width,
Dimensions (,-f ;a . e 512 (20-1/8)
Overall height,
i) “BhLMM | ) 201/8)
Weight (dry), kg (ib) 290 (639)
& DD mode! DPS model
:; Maximum output, PS/rpm 35/2400 37/2400
§ | Maximum torque, kg-m (ft-lb)/rpm 145 (104.9)/1200 155 (112.1)/1200
o Compression pressure, kg/cm? (psi) (rpm) 20 (284 .4) (150 ~ 200), minimum
Minimum speed, rpm (50 ~ 700
Maximum speed, rpm 2640
Cylinder sleeve Dry type, special cast iron
. i Compression rings 2
Number of pistansings. | oy 1 (with spring expander)
Valve arrangement Overhead type
Intake valves
Open 30° before TDC
Valve tisning Close 507 after BDC
Exhaust valves
Open 74° before BDC
Close 30° after TDC
Intake, mm (in.) 0.25 (0.0098) (cold)
Vilve toamast Exhaust, mm (in) | 0.25 (0.0098) (cold)
Starting system Starting motor
Model ND - EP/KS22A
Fuel feed pump Manufacturer Nippon Denso
. Cam lift, mm (in.) 6(0.236)
g Model PES4A65B
% Manufacturer Nippon Denso
Z | Fuel injection pump :i:‘“%f;_f‘a’“"“" 6.5 (0.256)
Plunger lead Right hand
Cam 1ift, mm (in.) 8 (0.315)

12




CONSTRUCTION AND FUNCTION

Injection timing

25 £ 1° before TDC

Type Centrifugal, flyweight, all-speed type
Governar Model RSV
Manufacturer Nippan Denso
§ Manufacturer Nippon Densc
= Nozzle holder Bosch type, KCAI7SD
'E Nozzle tip Bosch type, ND — DNOSD
2 Type Thrattle Lype
Zz | Injection nozzles Spray hole diameter,
3 irwn (i) 1(0.039)
w Spray cone angle 0°
. Injection pressure,
| kglem (psi) 120 (1706) 5 (71)
Filter element Paper-element type i
feel. filtes Manufacturer Nippon Rokaki
; Oil pan, liter (gal) 70(1.8)
oty Oil filter, liter (gal) 0.67 (0.18)
When operating, L5 w8610
o fepiom® (gD 3~4(42.7~569)
E _PF“““ When idling, kgfcm? (psi) | 1.0 (14.2), minimum
2:: l Type Trochoid type
E Speed ratio to crankshaft | 12
% | Oil pump Displacement, liter 19.2 (1172)/2400 {engine speed), minimum
'§ (eu in.){min/rpm Oil temperature: 50°C (122°F)
3 \ Discharge pressure: 3 kgjem? (42.7 psi)
Qil Hilter Type Paper element type
Type Piston-valve type
; i 2
Relief valve (I:;i?)ef pressure kg/cm 3203 (42.7 £4.3)
Capacity (excl. radiator), liter (gal) 46(1.2)
Type Centrifugal type
Speed ratio to crankshaft | 1.2 : 1
Water pump Displacement liter
’ 0 (6103)/2520 d
(cu in)/minfrpm 100/(3208)/2520 (primp speed)
E | Belt Type Low-edge cog B-type “V* belt
= Manufacturer Mitsuboshi Bell
o
= Type Wax type
= Chsreicatit | Manufacturer Fuji Seiko
S Valve opening 76.5+2° (169.7 % 3.6°F)
temperature, °C (°F) (Fully opens at 90°C (194°F))
Type Steel blade, pusher type
Number of blades 6
i Outside diameter, mm °
‘ Fan (in.) X piteh 380(14.96) = 30
;I Speed ratio to crankshaft | 1.2 : 1

13



CONSTRUCTION AND FUNCTION

Electrical equipmant

Voltage 24V
Polarity Negative
Type Sheathed type
d i ", A
Glow pliise Ratf,- voltage-current | 22.5 volts - 4,8 amperes
Resistance valug (at 45405 chms
normal temperature) | T T L
Model MOO5T27671
Manufacturer Mitsubishi Electric
Type Pinion-shift type
Stnstr Voltage - output 24 volts - 3 kilowatts
Pinion/ring gear
{No. of teeth) 11132
Model AP4012B,
Manufacturer Mitsubishi Electric
Type 3-phase, enciosed type
WVoltage - current 24 volts - 12.5 amperss
Rated voltage gener- 1100
ating speed, rpm
Rated output gener-
ating speed, rpm 190
Alternator ; o
Maximum permissible,| 000
rpm ’
Speed ratio to ¢rank.
shafl 1.68
Model RMS4227Cs
Manufacturer Mitsubishi Electric
Type Voltage regulator

Repulator unit

Voltage regulator
cut-in voltage
Safely relay cut-in
voltage

27.5 ~ 30.5 vols at 3000 7pm
(alternator speed)

5 volts, max.




CONSTRUCTION AND FUNCTION

Performance curves

Fully equipped (with fan, alternator and air cleaner)
Corrected to standard conditions {760 mmHg (29.9 in. Hg) pressure,

20°C (68" F) temperature and 65% humidity

DPS model DD model
i =1

15,31 | 1 € ﬂ 16 £
1 e e —— e 4
S TP r—— } e ol
i e S 145 T
N P5E 12 &
- , 108 ‘ 102

e — i S ey

| |
n | s e

0

Output PS
N
|
|
ﬂ
|

x

!-_-—d‘rl—_-_ﬂ'
Quipur PS

\\\

1

t & &
‘ o ‘ 1 o
10 P— ; 1 § 0}———tr C M— __1. —t—t—1 g
" — — ‘ § == ] U E—
—— k) 2003 [ p— w0 3
| e I — o B i ) T i an 5
‘l —_— I i —a 180 ,a I } ¥ : ) 8
= : L
0 ik - — @
000 1300 180 10 20 7500 :f u loon 1%¢ l@0 1200 sl P
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Location of engine serial number

The engine serial number jz embossed on the upper left
hand side, directly above the starting motor, a5 shown
below.

Engine serial number
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CONSTRUCTION AND FUNCTION

Crankcase

|

3- Side swal
4-Bearing caps

1-Crankcase
2-Cylinder sleave

Crankease and cylinder block

Crankcase

The crankcase and cylinder block are in one, shaped as
a single casting, into which the cylinder sleeves made of

16

a special cast iron are press-fitted, The sleeves are of

“dry" type: they are not in direct contact with engine
coelant.

The crankcase as & whole is designed for high rigidity;
the strength built into it is calculated to withstand, with
an ample margin, the severe cyclic stress of complex
nature imparted by the internal running parts.

These stresses vary from one part of the crankease to
another as in any diesel engine; the needed rigidity and
durability are secured by the skirt section, which is sized
more substantial and extending far below the level at
which conventional-design crankeases are terminated to
mate with the oil pan.

Fach main bearing cap is fitted into and held by the
crankcase, thus providing a more reliable support for the
crankshaft at five places along its length.

Main, thrust and big-end bearings

The five main besrinps are of shell type, each consisting
of two hall shells, there being no distinction between
the two: each may be located on top or bottom at the
time of bearing installation in engine reassernbly.

Crankshaft thrust is taken up at No. 5 journal. Three
bearing plates, each in the form of half-ring, are vsed;
two on the rear and one on the bottom front side of
No. S bearing. These thrust plates are held in place by
spring pins.

Connecting-rod bearings too are of shell type, each shell
being of tri-metal design. The shell is essentially a keimet
metal fused to a steel backing base and covered by an
overlay of a lead-tin alloy deposited by plating.

1-Main bearing 2-Thrust bearing



Aifr breather

The breather for letting fresh air into and letting out
fumy air from the crankcase is located on the right-hand
side of the engine, It prevents the pressure inside the
crankcase from building up and thus minimizes the
amount of lube oil getting into the combustion cham-
biers.

Ajir breather

Cylinder head

1-Aocker cover

- 2-Cylinder head boit
‘@J‘ 3-Cylinder head
4-Gasket
S5-Precombustian chamber jat
6-Walve seat

Cylinder head

CONSTRUCTION AND FUNCTION

Cylinder head

The cylinder head is a single-piece casting, elaborately
jacketed for improved cooling and also for greates
structural rigidity. Exhaust ports, intake ports and pre-
combustion chambers, each numbering four, are ¢ast out
inside the head. The exhaust ports open out to the right,
and the intake ports to the left.

A total of 17 bolis secure the cylinder head to the
cylinder block. The positions of these bolts are seguen-
tially referred to in the tightening procedure, and are
numbered sequentially, starting with 1" and ending
with “17" as shown,

A N P
i " [
—— b 4 *
Uw' Vo
: )
B LR N
Tightening sequence
Precombustion chambers

The precombustion chamber s formed with a cast-out
space and an orifice piece — precombustion chamber jet
— fitted into the cylinder head from its gasketed side.
The shapes of the piston crown and the communicating
orifice are such as to produce good turbulence even
when the engine is running slowly. The glow plug,
sticking out into the ante chamber — precombustion
chamber — right beside the injection nozzle is a starting
aid in cold weather.

Cylinder head gasket

The pasket for sealing the joint between cylinder head
and cylinder block is essentially an asbestos insulator
sandwiched between two thin steel sheets, with its
combustion chamber holes being edged in apron fashion
by stainless steel grommets. The bottom surface in
contast with the cylinder block is coated with a special
sealing compound for improved sealing effect.

Rocker cover
The rocker cover is aluminum alloy in material. -

Valves, valve seats and springs
The intake valve has its disc sized as large as possible for
inereased suction efficiency.

The material of valves is heat-resistant steel having good
het-hardness. This steel used in exhaust valves is of a
specia) kind having extra high resistance to high-tempe:-
ature creeping, burning and oxidation, fatigue and
thermal shock.

Each valve guide is fitted with a stem seal to prevent
lube oil from entering the combustion chamber.



CONSTRUCTION AND FUNCTION

A special heat-resistant material of high-durability type is
used in the valve seats of both intake and exhaust valves.

Each valve is loaded by a single coil spring, whose tums

are spaced apart with equal pitch.

The valve stem end is capped; the cap is in contact with
the rocker arm and serves ss the wearing member.

1 s@n@lau@nn

-‘4’
5 !} 1 -
'
—
~ HE N - 19
&) I3 A
! ; .
(}’_ - i 20
] |
® == = @
1-Lock nut B-Valve sear 15-Spring
2-Adjusting screw 9-Rockar nover 16-Valve stem seal
3-Valve push rod 10-Rocker arm 17-Glow plug
4-Cylinder head boit 11-Rocker sholt 18-Fue! leak-off pipe
S-Aocker bracker 12-Spring retainer 19-Nazzie
13-Valve can 20-Cylinder head

6 Valve guide
7-Exhaust vaive

14-\alve cotters

21-Precombustion chamber jet

Cylinder head — Cross section

Rocker arms, shaft and brackets

The rocker arm s a forging. Its tip for pressing down the
valve stem is induction-hardened for increased resistance
to wear. Its bore for admitting the rocker shaft is bush-
ed; the bushing is lead bronze in material.

Rocker arm

The rocker shaflt is hollow; one end of it is plugged while
the other end admits lube oil for lubricating the rocker
arms. The external surface of this shaft is hardened by
nitriding at low temperatures.

The four rocker brackets are alluminum alloy castings
shaped identically.

18

Main moving parts

Crankshaft

The crankshaft is a single-piece forging complete with
balance weights. Its journals and crankpins are sjzed
large 10 increase jts rigidity, and are case-hardened by
induction heating.

Flywheel

The cast-iron flywheel carries the pilot ball bearing for
holding the forward end of clutch shaft. The flywheel is
doweled to the crankshaft and secured by four bolts.

Ring gear

The ring gear is of a high carbon steel, its gears are
hardened by induction heaiing. The ring itself is shrink-
fitted to the flywheel. There are 132 gear teeth, each
tooth being chamfered at its end facing the starter drive
pinion in order to facilitate the meshing action of the

pinion,



Main moving parts

Pistons

The pistons are of an aluminum alloy. The piston crown
is recessed in such a way as to promote turbulence in
both precombustion chamber and main chamber. As
seen in side view, the piston is slightly tapered to present
an increasingly large diameter toward its skirt; and, as
seen in plan view, it is slightly oval. These two features
are calculated to compensate its roundness for unequal
thermal expansion at the operating temperature,

The piston pin hole has its axis slightly offset toward
anti-thrust side in order to minimize piston noise. Each
piston has its weight indicated on ils crown by punching,
All four pistons are required 1o have the same weight
within a @ven tolerance so that the vibration of the
main moving parts during operation will be minimized.

CONSTRUCGTION AND FUNCTION

1-Crankshais
2-Fling gesr
3+Flywhesl
4.Crankshaft pulley
5.Cranksheft gear
f-Connecting rod bearing cap
7-Connecting rod besring (shells)
8-Connecting rod
9-Piston pin bushing
10-Pinton pin
11-Piston
12-Piston rings

From of enging

1

Piston weight

Y
)

Il
)

. Amounit
of offser

Piston weight marking and pin hole offsst

18



CONSTRUCTION AND FUNCTION

Piston rings

Each piston is fitted with three rings: two compression
rings (Nos. 1 and 2 as counted from top) and one oil
ring. No. 1 ring and oil ring have their faces chrome-
plated. No. 2 ring is tapered. An expander coil is
provided inside the oil ring to augment its elastic
strength.

1-Compression rings
Piston rings

2-0il ring

Timing gear case

To the front end face of crankcase is attached a large
mounting plate called the front plate. To this plate is
bolted the timing gear case, in which the timing gears are
housed.

The front plate is doweled to the crankcase by two pins.

20

Piston pins

The piston pin is hollow. Its sliding surface is case-
hardened by carburization. It is fitted to the piston and
carries the small end of the connecting rod in “full
floating” manner. The pin inserted into the piston js
retained in place by a snap ring fitted into the pin hole
at each end.

Connecting rods

The connecting rod is a die forging, shaped to present
an “I" cross section in its shank in order to minimize its
own mass and yet to retain large strength necessary for
withstanding the high compressive force exerted by the
piston and also the complex bending stress. Its mini-
mized mass reduces the stresses due to its own inertia.

A lead bronze bushing is press-fitted into its small end.
A kelmet bearing is used in the big end to cope with the
high bearing load to which the big end is subjected.

Timing gear train

1-Camshalt gear
2:1dler

3-Crankshaft gear
4-Injection pump gear
S-Idler shaft

B-Cover

7-Timing gear case

Timing gear train

The fuel injection pump is mounted on the front plate.
Thus, the position of the injection pump relative to the
engine is determined by these two dowel pins.

The forward end of crankshaft extends through the

timing gear case to drive the cooling fan through crank-
shaft pulley. An oil seal is provided in the timing gear



case to prevent oil from leaking along this part of
crankshaft. The oil seal is doweled to take a given
position.

Timing gears

Helical gears made of high carbon steel are used to drive
injection pump and camshaft from crankshaft through
an idler. The 1eeth of these gears are finished by shaving
for increased durability and high machining accuracy.
Because of helical mesh, these gears run quistly and
2ssure accurate timing action,

1-Camshaft gear {No. of teath: 38)
2:1dler (No. of veath: 43)

3-Crenkshaft gear (No. of teeth: 19)
4-Injection pump gear (No. of teeth: 36)

Timing gear configuration

Camshaft
The camshafl is 2 high carbon steel in material, and its
cam surfaces are chill hardened.

The front journa! has an oil hole, through which the
lube oil under pressure flows from crankcase toward the
valve mechanism over the cylinder head. A part of this
oil lubricates the thrust face of camshaft.

Tappets

The tappet is of flat type and shaped pot.like to admit
the push rod into its hollow. Tt is cast iron in material;
its cam-riding face is hardened by chilling. This design
provides a lightweight tappet, resistant 1o wear and
strong and thus suited to high-speed operation. All
tappets, regardless of whether they are for intake valves
or exhaust valves, are identical and, therefore, identified
by the same part number.

The axis of the push rod is slightly offset from the center
of the cam. This offset is calculated to cause the tappet
to rotate during operation and thus to prevent its cam-
riding face from wearing unevenly.

CONSTRUCTION AND FUNCTION

1-Valve puszh rod 4-Camshaft
2-Tappet A-Amount of offset
3-Crankease _

Tappet — Cross section

Valve push rods

Made from carbon-steel pipe stock, the push rods has a
steel hall welded to its bottom end and a caved-in piece
welded to its top end. By the steel ball, the push rods
stands on the spherical seat provided in the tappet and,
by the caved-in top end, it bears against the adjusting
screw threaded in the rocker arm. These contacting ends
are hardened by carburization.

Valve timing and valve lash
Valve lash i5 prescribed to be 0.25 mm (0.0098 in.)
(cold) for both intake and exhaust valves, and the valve
mechanism is timed (o actuate the valve as follows:

INTAKE VALVES ..... open at 30° B.T.D.C.
close at 50° AB.D.C.
open st 74° B.B.D.C,
close at 30° A.TD.C.

EXHAUST VALVES

Exhaust stroke Intake stroke

74T

50

B.D.C.

\falve timing diagram

21



CONSTRUCTION AND FUNCTION

Lubrication system

@

©

@

S

1-Piston

2-0il Filter

3LCrankshaft

4-0il strainer -

B-Rocker arm

B-Rocker shaft

T7-0il pressure alarm switch

8-0i pump

9-Fuel injection pump
10-Water pump

Lubrication oil circuit

Lube oil circulation

A trochoid rotary pump draws oil in the oil pan and
delivers it under pressure to a full-flow oil filter, from
_which the cleaned oil is forwarded into the ofl gallery
inside the ¢rankcase. From the gallery, the oil is distri-
buted to the various parts of the engine. The pump is
driven from the camshaft,

The oil filter is of a cartridge type containing areplaceable
element through which the oil is forced, The element
becomes increasingly dirty as the solid particles accumu-
late on and in itz texture, thereby increasing the
difference in pressure between inlet side and outlet side.
The element is to be replaced before the differentisl
pressure rises to a leve] at which the valve located in the
bypass passage opens to allow the oil to bypass the
element and flow directly into the oil gallery.

The bypass valve is an emergeéncy means; it opens (o
avoid any critically reduced supply of lube oil to the
running parts of the engine.

Oil pan

The oil pan is a sheetmetal vessel shaped deeper in its
front partto provide an oil sump. The oil sump is so
located because of its position in the machine. The oil
level gauge is located at Its right-hand side.

The gasket, through which the oil pan is attached to the
crankcase, is of rubberized cork.

22 .

(il straines

The strainer is a metal screen fitted to the suction siue
of the oil pump. It serves the purpose of preventing any
large-size solid particles from entering the pump.

0il pump

The pump is located inside the crankcase at its right-
hand rear portion, Its maln shaft is driven from the skew
gear formed of the camshaft. Being a trochoidal rotary
pump, it has two rotors, inner and outer. Inner rotor is
mounted on the shaft and drives outer rotor inside the
pump case.
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1-Drive gear L B
2Mpin shate  |:
3-Case o I a;
A-Outer rotor -‘ a s
E-inner retor / B o NI

Oil pump — Cross section



It is & positive displacemen! pump with ifs rotors in
trochoidal mesh. This mesh is relatively free of abrasive
zction and enables the rotors to serve long and keeps up
its pumping performance. Its design performance is as
follows:

Pump speed Displacement Discharge pressure
19.2 titers (1172 | 3 kgfem® (43 psi)
-
1200pm | o i )eminute at 50°C (122°F)
Oil filter

The filter is mounted on the right-hand side of crankcase
at its center part. The valve mentioned above for letting
the oil bypass the element is actually a relief valve
located in the center portion of the ¢lement. This valve
is set to open when the differential pressure scross the
element rises to 1.0 + 0.2 kg/em® (14.2 £ 2.8 psi); when
the valve opens, the oil flows directly from inlet side to
outlet side. The filter element must be serviced regularly
or before the element becomes so dirty as to actuate this

bypass valve.
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7-Element 3-Bypass valve

2-Brecket
Qil filter — Cross section

The oil filter head has & built-in relief valve operating in
response to the oil pump discharge pressure, This valve
starts relieving when the pressure rises to 3 £ 0.3 kg/em®
(43 = 4.3 psi), thereby bleeding the excess oil to the oil
pan and Jimiting the pressure of oil reaching the engine
oil gallery to a constant level.

CONSTRUCTION AND FUNCTION

* 1-Elemant
ZCenter sorow
I-Hracke:
4.Reliei valve

- Oil filter

Fuel system

Fuel circuit

The fuel feed pump, mounted on the fusl injection
pump body and forming a part of the injection pump
unit, draws fuel from the fuel tank and delivers it
through the fuel filter to the gallery inside the injection
pRmp.

The injection pump is of individual plunger type, con-
sisting of four plunger pump elements which are driven
from a common camshaft. Each pump eiement delivers,
Intermittently, a shot of high-pressure fuel oil to ils
injection nozzle through its own injection pipe. These
shots are synchronized to the diesel cycle in each
cylinder and timed by the setting of the timing mecha-
nism.

“Injection gquantity,” or the amount of fuel delivered
vniformly by the four pump ¢lements to the engine
through their injection neozzles, is controlled from the
accelerator through a linkage and automatically adjusted
by the injection pump governor an the basis of engine
speed and load requirements.

Each injection nozzle is spring-loaded to spray fuel at
pressures not lower than 120 kg/em? (1706 psi). A part
of each shot of fuel reaching the nozzle retums to fuel
feed pump through a leak-off pipe common to all four
nozzles. The injection nozzle is of throttle type (as
distinguished from standard type), and sprays fuel in
atomized form into the precombustion chamber.

The governor built in the injection pump body is 2
mechanical allspeed governor, which limits the maxi-
mum and minimum engine speeds and actuates the
contro] rack of the injection pump 1o maintasin a
constant engine speed under varying load condition at a
speed level proportional to the positlon of the aceelera-
tor.
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—-=—— Fram fuel tank

1-Fuel injection pump
2-Fuel fead pump
Z-Injection pipe

4. nj#ction nozzle
5-Fuel leak-off pipe
G-Fual filver

7-Fusl pipe

Fuel circuit

Fuel filter

1:Baoit §-Case 85pring seat
2 Gasker B-Drain plug 10:-Element
3-Cover 7-Spring AFrom fuel fead pump

a-pir vent plug 8-Bolt B-Ta fusl injection pump
Fuel filter — Sectional view
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The fuel filter is located forward of the intake manifeld.
Is filtering element is made of a special paper designed
to provide high filtering performance and large capacity,

Total area of filtration | 850 cm® (132 sqin.)

2 microns ()

Filtering element mesh

Fuel feed pump

The camshaft in the bottom section of the injection
pump has an eccentric cam besides the cams for aclu-
ating the individual pump elements. By this eccentric
cam, the pumping plunger of the feed pump is actuated
to draw fuel through the inlet strainer and forward it
with a discharge pressure limited to 2 kg/cm?® (28.4 psi)
to the injection pump.,

A means of manually priming the fuel circuit shead of
the feed pump is provided in this pump. It consists of 2
plunger and a knob. Pushing the knob in rapid repetition
sends the fuel forward. The fuel circuit from the feed
pump through the fuel filter to the injection pump can
be primed in this manner. This feature is utilized also in
bleeding air out of the fuel circuit.



1-Hollow screw
2-Valve support
3:-Piston spring
4-Prirning pump
5-Check valve

6-Feed pump housing
T-Gauze fitter
8-Hollow screw
A-From fue! tank
BTo fuel filtar

Fuel feed pump — Cross section

Fuel injection pump

1-Valve epring
2-Delivery valve
FLylinder
A4-Plunger
EControl rack
§-Control pinion
1-Control sleave
B-Plunger spring
9-Tappet
10-Camshatt
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Fuel injection pump

(1) Description

The pump body is an sluminum alloy casting and
houses all the moving parts of pump elements and
the camshaft. The governor housing is attached to
one end of the pump body.

The camshaft is supported by two tapered mller
bearings. Like the engine camshaft, it has four
cams, one for each pump element, and is driven
from the crankshaft through a train of gears
arranged for a gear ratio of 2 to 1. For each two
rotations of crankshaft, the injection pump cam-
shaft rotates once.

The pump element consists of a plunger, barrel
(cylinder), tappet, plunger spring, control pinion
and spring-loaded delivery valve. The tappet rides
on the cam and -pushes the plunger upward for
each rotation ol camshaft, As the plunger rises,
the fuel in the barrel becomes compressed and is
forced out through the delivery valve into the
injection pipe. The upward plunger stroke, effec-
tive in compressing or pressurizing the fuel, is
variable, and is varied by means of the control
rack and pinion in the manner to be explained
later.

The delivery valve, through which a shot of fuel is
forced out into the injection pipe by each upward
motion of the plunger, is essentially a check valve
having a special function of quickly reducing the
line pressure the moment the plunger begins to
descend. This quick relief of line pressure is
necessary to prevent the injection nozzle from
dribbling at the end of each injection. How this is
accomplished will become clear.

Injection pump data

Cam lift 8 mm (0315 in.)

Plunger diameter

6.5 mm (0.256 in.)

Delivery valve dia. 6 mm (0.236 in.); retraction
volume 51 mm®
(0.003 cu in.)/stroke
Injection order JF =
Injection interval 90° + 30’

(2) Pumping action
a. Pump element construction

The principal parts of the pump element are the
cylinder (barrel) and plunger, as shown in this
perspective view. Both are machined to extremely
close tolerances; the plunger slides up &nd down
in the bore of the cylinder with such a small radial
clearance as 1o make the fit virtually oil-tight.
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The two — cylinder and plunger — are selectively
combined during manufacture and must be han-
dled as an inseparable pair.

Cylinder
Pump alamant

Plunger

1-Feed hole 3-Driving face
2-Control groove
Pump element

A helical slot is milled in the top portion of the
plunger. Called the control groeve, this slot is
communicated to the space above the plunger
through a center hole (or a yertical groove in other
designs).

The cylinder has a feed hole, through which the
internal space is communicated to the fuel cham-
ber or gallery outside. Fuel (under pressure) flows
through this hole when the plunger is down. As
the plunger rises, its top portion covers up the

{1) Bewtom of stroke (2} Beginning of pressurization

(3) Injection quantity control
a. Plunger rotating mechanism

The control sleeve, around which the control
pinion is fastened, surrounds the lower portion of
the cylinder (barrel). The sleeve has two nocks or
slots in its bottom end; the driving face or flange

26

(3} Fuel delivery
Pump element operation

feed hole and, from this moment on, the plunger
compresses the fuel above it until the control
groove meets the hole. Effective stroke refers to
that length of the plunger that keeps the feed hole
covered during the upward stroke. This length or
stroke can be increased or decreased by angularly
displacing the plunger.

. Pump element operation

The following deseription is referenced to the four
cutaway views below:

1. BOTTOM OF STROKE: Fuel flows into the
inside space — delivery chamber,

2. BEGINNING OF PRESSURIZATION: The cam
pushes up the plunger and, as it rises, its top
portion covers the feed hole.

3. FUEL DELIVERY: Fuel is compressed; it
forces the delivery valve against its spring to
unseat the valve. From this moment, the fuel
in the line from delivery valve to injection
nozzle is pushed by the plunger.

4. END OF EFFECTIVE STROKE: Pressurization
ceases and the delivery valve seats itself under
the force of its spring. This valve has an annular
recess, As the valve comes down, a small
amount of fue] becomes trapped and is ex-
tracted from the injection line, so that the
pressure shead of the valve drops very sharply
to enable the injection nozzle to spap into
closed position. The amount of fuel so drawn
back is called “extraction volume,” an impor-
tant factor of fuel injection.

{4) End of effective stroke

formed of the plunger is engaged with these slots,
so that the plunger rotates as the sleeve is turned.

The slots are long enough to permit the drive face
or flange to slide vertically for full plunger stroke,
The control pinion is engaged with the teeth of
control rack.
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4-Control reck T-Plunger
2.Dwlivery chamber S-Control pinion B-Feed hole
3-Control groove G-Cantrol sleeve 9-Fuel chember

Plunger rotating mechanism

1-Delivery velve

Feed hole

CONSTRUCTION AND FUNCTION

b. Control action

The amount of fuel delivery, or injection quantity,
per stroke is determined primarily by the effective
pumping stroke of the plunger. The control groove
milled out in the plunger being slanted, turning
the plunger around its axis changes its effective
stroke, and this turning is effected by moving the
control rack.

How the effective stroke is varied Is fllustrated in
three views of the plunger, ¢ylinder, control pinion
and rack:

Control groove

(1) Non-injection

(4) Delivery valve

The seat of the delivery valve takes its position
right above the barre]l and is held down tight by
the screw-in pipe connection. The valve has its
guide portion fitted into the bore of the seat, and
is capable of moving vertically, A coil spring urges
the valve downward to keep the valve in contact
with the seat face by its conical face.

It should be noted that a land is formed of the
valve, a little above its guide portion, forming an
annular recess between it and the cone. This recess
assumes importance in regard to “extraction vol-
ume,” mentioned previously.

(2) Half injection
Injection quantity control

Delivery stroks

Delivery velve

1-Seating face 2-Land
Delivery valve

27



CONSTRUCTION AND FUNCTION

a. Check valve action

During normal operation, the valve spring keeps
the valve seated when the plunger is in non-injec-
tion position or, if it is in injecting position, when
it is moving on downward stroke. As the plunger
pressurizes the fuel in delivery chamber to over-
come the force of valve spring, the valve unseats
and lets out the high-pressure fuel into the injec-
lion pipe.

. Retracting action

Consider the dowpward movement of the delivery
valve following the end of fuel pressurization. The
land enters the bore of the seal as the valve goes
down, so that the delivery chamber becomes
isolated from the injection pipe. The further
downward movement of the land draws a small
amount of fuel from the pipe and, when the valve
cone has seated fully, this fuel is in the annular
recess (called “extraction volume™).

By this extraction, which occurs within a flash of
moment, the injection pipe becomes instantly
de-pressurized, thereby enabling the injection
nozzle to snap into closed position and thus
preventing the secondary imjection or dribbling
from occurring after each fuel injection.

&

C:

E xtracting stroke

(1) Beginning of extracting action  (2) End af extracting action

Type RSV governor
(1) Description
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By type, the governor is a mechanical flyweight
governor; by function, it is an all-speed governor
operating in response to changes in engine speed
lo actuate the control rack In order to maintain
engine speed at a constant level proportional to
the set position of the accelerator. This governor
function isin sharp contrast to that of & minimum-
speed maximum-speed governor, whose control
action is to limit the lowest and highest spesds of
the engine, leaving the control of intermediate
speeds to the operator.

The RSV governor too limits the lowest and
highest speeds to provide a speed range over which
it performs the governing action mentioned above,
These limits, as well as its speed regulation, can be
changed by means of adjusting lever and screws,

3-Idting set screw

1-Adjusting lever
2-Meximum speed stop screw

Governor

To make full use of the advantages inherent in this
governor, it is well 1o know its characteristics,
which may be summarized as follows:
(a) Compact and lightweight
(b) Automatic supply of excess fuel for starting
(c) Adjustable speed range and regulation for
adapting the engine to each type of duty
(d) Maximum injection quantity for each speed
level can be adjusted to suit what the engine
demands, by adding an adaptor spring.

(2) Basic rules on governor setting

The governor is factory-szaled, Do not break the
szal in an attempt to change the settings of critical
parts unless you are qualified to do so.

1. Maximum speed stopper is set to supply the
right amount of fuel 1o the engine at the upper
limit of the speed range. Disturbing this setting
is likely to result in lack of output power or in
overspeeding.

2. Full load stopper is set to supply the right
amount of fuel for full-load operation. Disturb-
ing this setting is likely to result in lack of
output power or in dirty or black exhaust
smoke.

Adjusting screw for the swiveling Iever is set at

the position to which it has been backed away by
24 notches (6 rotations) or less from fully run-in



position. Never try to back it away more than 24
notches or the adjusting screw will come off
eventually to create a hazardous condition. (Refer
to the part dealing with the adjustment of speed
regulation.)

Unless you have overhauled RSV governars many
times and can remember the overhauling proce-
dure, be sure to refer to the disassembling and
assembling procedures cutlined in the latter sec.
tion of this manual if vou are to overhaul them.
Never re-use circlips, “E” rings and “0" rings
removed in disassembly. Use new parts in reassem-
bly.

Operating principles

The fundamental principles of & flyweight gover-
nor are schematically illustrated here. Arms (A) of
flyweights, pivoting eround point (C), push on the
spring-backed block, whose key point is indicated
as (B). The push is due 1o the centrifugal force of
revalving flyweights.
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1-Fiyweoights 2-Spring
Principle of governing action

When the revolving speed is constant, the push is
in balange with the counter-force exerted by the
compressed spring, This is an equilibrium condi-
tion. When the speed increases, for instance, the
whole system seeks a new equilibrium, relocating
point (B} and block to the dot-line position.

In the injection pump, point (B) is connected

through a linkage to the control rack; the rack is -

pulled or pushed to vary the injection quantity,
thereby lowering or raising the engine speed,

Control spring

Tt will be recalled that the spring rete (or constant)
is the force required 1o stretch or compress it by
unit Iength. Of course, this force is in the axial
direction. For the tension lever, that part of the
spring rate of the control spring, effective for

CONSTRUCTION AND FUNCTION

pulling this lever, can be changed by angling the
spring, Swiveling lever is the means of angling.

. e
3-Full-load stopper
4-Bwiveling lever

1-Cantrol spring
2-Tension lever

Control spring operation

Note that hook hole (E) isin the arm of swiveling
lever, and that this arm can be turned down (to
reduce the tensile preload on control spring) or up
(to increase the preload) by means of the adjusting
screw. Thus, that component of the spring force
acting on point (D) to turn tension lever can be
sel initially by positioning swiveling lever and also
irs adjusting screw. QOur interest is not in how
much force control spring exerts to tension lever
but rather in that part of this force effective in
turning the lever around its pivot point up above.

This arrangement of control spring (1) relative to
tension lever (2)explains why, in the RSV governeor,
there is no need of using more than one control
spring to change the govemed speed (the speed
which the governor operates to maintain) and to
increase or decrease the speed regulation (or speed
droop).

Note, also, that the block with its point (B) exerts
push to tepsion lever in the direction of the arrow;
this push is opposed by the pull of control spring,
This opposing pull can be increased or decreased
by turning the swiveling lever around its pivot (F).
If tension lever happens to be off and away from
fulldoad stopper, the increase or decrease of this
pull (against a given push of the block) causes the
control rack to move inward or ontward, thus
varying the rate of fuel injection to raise or lower
the engine speed; consequently the push increases
or decreases to introduce a new equilibrium,
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(5) Construction details

@ @
a. Flywheight device \ / ri-\
The two flyweights are mounted on bushing keyed g N6
to camshaft and secured by round nut. Since each 49 4
flyweight can turn around the shaft, and because ) ; 5)
g ™

its inner tip has a roller, these two symmetrically
arranged flyweights are capable of pushing on the
flanged face of sleeve by their rollers through
rolling contact.

1-Guide lever TLamshnly

2-Ball bearing 8-Governor housing
3-Control block S.Camahatt bushing
4-Flywaoights 10-Gaovernor sleave
B-Weight supparting shaft 11-Round nut

B6-Roiler
Flyweights end related parts

Sleeve is arrenged to slide axially along bushing
and rotate around control block, there being
provided a ball bearing between sleeve and block.
The outer end of block is pinned to guide lever.

Thus, fyweights spread apart more or less depend-
ing on the running speed of camshaft, and push
control block (toward the right in the illustration)
mote or less through sleeve. In other words, the
rotating speed is translated into a linear force and
hence a resultant linear movement of block by the
medium of centrifugal force in opposition to the
force of springs.

- Levers and springs
We are now to see how the speed-dependent move-
ment of guide lever is transmitted to the contro)
rack of the injection pump. To do so, we must
take note of levers and springs intervening in this
transmission. To be examined are these levers and
springs: adjusting screw related to torgue control
lever, torque spring on adjusting screw; guide lever,
tension lever; control lever; idling spring; adaptor
spring; control spring; swiveling lever; start spring.

1-Adjusting screw 11-Full-load stopper
2-Torgue spring 12-Flyweights
3-Guide levar 13-Control spring
&.Tension lgvar 14.8wiveting laver
B-Torgue control levar 15-Shackie
6-Fin A 16-Contral rack
7Control leves 17-Start spring
B-ldling spring 18-Gowernor housing
B-Tersion iever pin 18-Adeptor
1D-Adaptor spring 20-Lock nut

Governor — Cross section

All these levers are movable, each being pivoted
to the stationary part of the governor at its top
or bottom end and pinned to another lever at its
other end or intermediate point,

Tenslon lever and guide lever are pendent from a
common pivot shaft (lever supporting shaft).
Contrel lever pivots on a fork joint (stationary)
by its bottom end, and its intermediate point is
pinned to 2 halfway point of guide lever, whose
bottom end is pinned to the control block, as
mentioned before.

The top end of control lever is linked to control
rack through shackle. Control spring is hooked
between swiveling lever and tension lever. Start
spring is hooked bewween the top end of coniral
lever and a stationary anchor point. Adaptor
spring is mounted inside the tension lever, and
opposes the control block. Idling spring is mounted
in the governor housing as if it were a cushion for
the tension lever,

The shaft by which the swiveling lever turns
extends through the housing and, outside the
housing, is gripped by the adjusting lever. Turning
this lever turns the swiveling lever inside. IS is to
this adjusting lever that the accelerator (lever or
pedal) is linked; and it is by tuming this adjusting
lever that the governed speed is manually raised



or lowered. Once the adjusting lever is set, the
povernor operates o maintain a constant speed
corresponding to the position of the adjusting
fever.

The angular range of the adjusting lever is limited
by the maximum speed stopper at the upper end
of the range and by the stop adjust screw,

How these levers and spring cooperate will become
clear in the subsequent description of the governor
operation in three parts: ENGINE STARTING,
IDLING CONTROL and MAXIMUM SPEED CON-
TROL. Before we consider the operation, we shall
discuss a special device — STOP DEVICE.

&

Stop device

Pushing down the stop lever to its stop position
{A) tilts the control lever outward and thus pulls
the control rack to its non-injection position. This
actuation is direct and fast.

In the standard-specification RSV governor, the
adjusting lever is turned to bear against the stop
adjust screw (both being located outside the
governor housing) to stop the engine. Where the
stop device is fitted to the governor, the stop
adjust screw may be so positioned as to limit the
lowest idling speed (beyond which the engine
should stall). How the stop device operates will

(6)
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Stop device

In the standard RSV pgovernor, which i not
equipped with the stop device, turning the swivel-
ing lever all the way to reduce the preload (by
control spring) to zero causes the control lever to
pull the comtrol rack outward, thereby reducing
the fuel injection to zero. This is the way 2
running engine is stopped.

The stop device, if provided, makes it possible to
pull the control rack directly and independently
of the adjusting lever (outside) and swiveling lever
(inside). This device consists of a stop lever, a
supporting lever, two springs and a screw, all
assoclated with the control lever connected to the
control rack through the shackle.

1-Start spring
Z2-Control lever
3-810p laver
4.5crew
5-Supporting lever
B-Shaft
7-Pressure spring
8-Return spring
B8-Control rack
10-Shackie
A-Stop position

become clear later in the paragraph explaining this
device again in reference to a schematic side view
of the governor.

Govemor operation

Engine starting

Suppose the accelerator is a pedal, Depressing the
pedal turns down adjusting lever (shown as integral
part of the swiveling lever in the schematic side
view) toward the left, and pulls tension lever up
against fullload stopper, pushing control block
and governor sleeve.

aN
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1-Adjusting lever
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7-Contral block and governor sleave

2-S1art spring
3-Control |ever
4-Guide lever
&-Tension lgver
B-Full-load stopper

B:-Flyweights

8-Swiveling lever
10Control spring
11-Control rack

responding automatically to any tendency of the
speed to rise ur fall and acting to cancel off this
tendency by moving the control rack. Suppose,
now, that some load is put on the engine.

The engine will then slow down and the flyweights
contract, reducing the push of control block to
allow the control rack to be pushed in. Conse-
quently, the rate of fuel injection increases to
raise the speed, and this incresses the push exerted
by the control block. In no time, the governor
reaches an equilibrium state and the speed settles
again at a constant level. This new level, however,
is slightly below the previous one (because of
the speed repulation) and, if it is too low, could
cause the engine to siall.

Full load
|dling

Stort
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Engine starting

By this movement, guide lever and control lever
tilt to the left, pushing the control rack to its
starting position. This pushing action is assisted
by start spring; this spring is designed to urge the
control lever toward the left witls o relatively small
force.

When control rack is in its starting position, the

injection pump delivers more fuel than is needed
for full-load operation., The excess fuel is needed
to help the engine fire up more easily.

. Idling control

As the engine fires up, the operator would release
the pedal; this makes the swiveling lever and
adjusting lever move back to idling position to
reduce the pull on tension lever and allow control
lever 1o be tilted back by the push exeried by
revolving flyweights upon control block. Control
rack is therefore pulled out to idling position, at
which the pump delivers fuel 2t a rate sufficient
for keeping the engine {dling.

Under the conditions indicated, an idling equi-
librium is established between control block on
the one hand and the total force of idling sub-
spring and control spring, plus start spring.

1dling” presupposes that the engine is not carry-

ing any load, With the adjusting lever (and hence
the swiveling lever, too) kept in the idling position
mentioned sbove, the povernor maintalns 2 comn.
stant engine speed (so0-called “idling speed™) by

1-Adjusting lever
2.Lomrol lever

@ ®

G-Full-load stepper
7-Control block

3Guide lever
4-Tension hever
S-1dling sub-spring

|dling control

8-Flywaights
B-Swiveling lavar
10-Contrel rack

¢: Maximum speed control

Let us assume that the engine is idling with the
adjusting lever bearing against the idling set screw:
the adjusting lever is in idling position. If the
lever is moved gradually toward the maximum
speed stopper, the pull by the control spring
increases gradually and, through the process of
action and reaction involving the tension lever and
control block, the control rack moves inward,
increasing the fuel injection gradually to raise the
engine speed. As the adjusting lever meets the
full Joad stopper, the control block will be pushing
the tension lever with a greater force, keeping the
lever off the full load stopper. Thus, the control



rack is prevented from moving too far inward
beyond itz “idling” position,

Adepior spring
Full load (stops acuon.

Icdling

Start | | seop

Stop=—> J
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7-Control block

B-Flyweights

9-Swiveling lever
10-Control spring
11-Control rack

1-Adjusting lever
2-Contraol tever
3«Guide lever
4-Tension lever
S-Adaptor spring
8-Full-load stopper
Maximum speed control

(7) Speed regulation and adaptor spring action

One way of considering the effect of [ull engine
load on its speed is to see what would happen
when the load is increased gradually under the
last-mentioned condition of the governor; namely,
the adjusting lever is up against the maximum
speed stopper and the tension Iever is off the
full-load stopper (with the flyweights spread wide
apart). As the load increases, the engine slows
down, and the tension lever closes in on the full-
load stopper, causing the control rack to move
in the direction for increasing fuel injection quan-
tity. As the engine slows down still further because
of the increasing load, the push by the control
block against the tension lever diminishes further
and, finally, the tension lever touches the full-load
stopper.

The final speed, it must be noted, is lower than
the original no-load speed by several percent
despite the fact that the adjusting lever has been
kept at the position limited by the maximum
speed stopper. This difference in speed between
no-Joad condition and full-lcad condition is due to
the speed droop (orspeed regulation) characteristic
inherent in the governor of this type. “Speed
droop™ is desirable for the stability of an engine
working under variable ioad condition.
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Full load
No loed {idlingl
Start | | Stop
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T-Contrel lever
2.Guide laver
3-Tension laver
&-Idling sub-spring
&-Full-load stopper

G-Control biock
T-Flywelghts
8-Swiveling lever
9.Contro! spring
10-Control reck

No-load condition {transition from “full-load")

After the tension

lever touches the full-load

stopper, what if the load on the engine imcreases
to lower its speed and causes the flyweights to
contract? The tension lever can no longer push
back the control block; the control lever would
be unable to push the control rack inward to
increase the rate of fuel injection. This condition
is avoided by means of the adaptor spring built in
the tension lever.

Full load
Aclaptor spring ldling lstop)
starts to act @

Start
Stop =D J I })
| ./'
[T =p "
-

o@ 7H—a

®
N— (L] ®©

—_IJ

1-Adjusting lever
2-Control lever

S-Adaptor spring

6-Swiveling lever

3-Guide lever TLontrol spring

4-Tengion lever B-Lontrol rack
Adaptor spring
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Under the fulload condition, the tension lever
behaves as if it were rigid and the contral block is
opposed by the adaptor spring. In other words,
the state of equilibrium is produced by the
adaptor spring and the control block. If the spesd
falls due to a rise in load, then the adaptor spring
pushes the block to the left, causing the control
rack to move inward, thus increasing the delivery
of fuel to the engine.

Consider the reverse case: the load is decreased on
the engine running slow with full Joad. In this
case, the control block keeps on pushing the
adaptor spring to prevent the speed from rising
and, afer compressing thig spring fully, touches
the tension lever. From this point onward, the
block pushes the lever away from the full-load
stopper as the load keeps decreasing.

Adapting injection quantity to engine

The true function of the adaptor spring can be
appreciated when the two important character-
istics of a diesel engine and also of a plunger-type
injection pump are recalled.

The amount of fuel delivered per stroke by the
plunger in the pumping element is theoretically
constant when the plunger is in a given angular
position {with the control rack heid in one posi-
tion), regardless of its reciprocating speed (depend-
ent on engine speed). Actually, this amount
decreases as the speed rises. The reason is that the
leakage of fuel, though extremely small, through
the sliding clearance around the plunger decreases
as the speed rises.

On the other hand, the amount of intake air
drawn into each cylinder of a diesel engine is
theoretically constant and equal to the “swept
volume™ of the cylinder; actually, this amount
increases as the speed of the engine rises. The
reason is that air has mass and takes a definite
time to flow.

As long as the amount of air drawn into the
cylinder is sufficiently large for the amount of fuel
sprayed into it, there is practically no problem:
the fuel will burn completely and the exhaust
smoke will be clean. However, under full-load
condition and, consequently, with a large amount
of perstroke fuel injected, a question has to be
asked: is there a sufficient amount of excess air
in the drawn-in air?

To summarize, where the control rack is held
steady and the speed is increased, fuel injection
quantity increases but intake air decreases. Under
full-load condition, the “smoke limit™” would be

Per-stroke injection q.

exceeded to result in a dirty exhaust smoke. To
avoid this situation, the control rack must be
pulled outward to decrease injection quantity,
that is, the control block must be allowed to
move toward the tension lever instead of being
stopped by this lever. This requirement is met by
the adaptor spring.

The graph shown here explains how the adaptor
spring adapts injection quantity to the available
air in the engine:

Per-cycle intake air for a cylinder
of the engine

Injection quantity for
complete combustion

Injection gquantity
characteristic for two
typical settings of
control rack

Speed (injection pump or enging)

This graph assumes that the control rack of the
injection pump 5 set for maximum injection
quantity. Curve a — b’ represents one setting, and
curve a' — b another. With curve a — b’ injection
quantity would too much at speed N* but just
right at speed N'. With curve a" — b, the quantity
would be just right at speed at N* but too little
at N'. What is desired for the air curve A— B is the
modified curve a — b, which can be produced by
causing the control rack to be pulled out by 2
small amount as the speed rises under full-load
condition. The adaptor spring makes this possible.
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|End of siroks

\

limited by slesve)

Contral block opposed by adaptor spring

Adaptor spring yielding to the push

/ Adaptor spring fully campressed,
0 £ control black being opposed direct

\ /
A
\
Rack pushad in beyond
full-load position by T HT\A
start spring — 8 c
1

y A by 1ension lever
Start spring in action _ | | \ /
x E Effect of Maximum speed control range
2= additional {Tension lever is off full-load
§ .g part, torgue stopper.}
t = \ t soring
8 g2 EXxs - F=<—— Control rack pulled out to
-l
Adjusting lever /'\ \ ) ‘ ) !_'so oad position
in idling position — | h Specified
WK idling speed
Start spring and /
idling spring in ag1ON ——0Fo | l

Pump speed (rpm) ——=

(10) Stopping the engine with stop lever
The stop device, mentioned in CONSTRUCTION
DETAILS, is shown schematically, as associated
with the bottom end of the control lever, With
the stop lever in normal position, the control lever
has its bottom end al the pasition for normal
governor operation, Pushing down the stop lever

Full load /T
Idling N
Stant Stop
Stop =D J P
[T} : - @
k - (3
‘ v ] = P
@@} T @.
®
®
Q
—‘ ©
':l Stwop
1-Adjusting laver B-Control block g
2-Control lever 7-Flyweights i3
3-Guids lever 8-Swiveling lever
#-Tension lover 9-Control spring
5-Stop lever 10-Control rack

Stopping the engine with stop lever

tilts the control lever to pull the contrel rack all
the way out 1o the non-injection position, thereby
causing the engine to stop.

Injection nozzle and nozzle holder

Referring to the cross section of the nozzle, the internal
space of the nozzle and holder is filled with fuel. The
leakofT line for passing the fuel back to feed pump is
connected to nozzle holder. The leakoff passage drilled
out in the holder is communicated to the space above
distance piece, in which pressure spring is contained to
load upon pressure pin.

The fuel inlet, to which the injection pipe (not shown) is
connected, is provided in the holder, The inlet passage
extends through the nozzle holder and opens out at the
pressure chamber formed in the tip of injection nozzle,
The needle valve has its conical face exposed to the fuel
in the pressure chamber.

In operation, a shot of high-pressure fuel reaches the
pressure chamber in the form of a pressure rise, causing
the needle to unseat so that the fuel is forced out
through the orifice into the precombustion chamber.

The pressure at which the needle unseats itself is deter-
mined by the compressed state of pressure spring. This
preload can be varied for adjustment by changing the
thickness of washer. The internal mating faces as well as
the threaded portions are finished to extremely close
tolerances to ensure the high oil-tightness required of
this injecting unit.
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Injection nozzle tip

Type

|

NP-DNOSD

Opening pressure

120 £ § kgfem?®
(1706 £ 71 psi)

Angle of fuel spray

0 deg.

Cooling system

Description
<— Thermostat Q: Cylinder head
5 |
ﬁ D Thermostiat bynass
) U
>! Water pumg l:::h Crankcass
Cooling system block diagram
®\~ -
""'m._q\\
- 5\
o—
-~ -
@
o !
1-Thermostat [ _.J %
2-Water temperature gauge L. y y
3-Byposs hose T
4-Radiator
S-Water jeckat _J—I
6-Cylinder head
T-Crankcase
8-Drain plug
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1-Retaining nut
2-Nozzle tip
3-Distance piece
4-Pressure pin
B-Fressure spring
6-Washer
7-Nozzie holder
B-Gasket

SNut

Injection nozzle — Cross section

A«

A

Direction of coolant flow

-

—®




Referring to the diagram, above, the coolant is set in
forced recirculation by the water pump, which is a
centrifugal pump driven by cooling-fan belt, The pump
draws coclant from the lower tank section of radiater
(4) and forwards it to the water inlet of crankease (7).

Upon entering the middle section of the crankcase,
coolant flows in the jacket to cool the cylinders; then it
rises into jacket (5) of cylinder head (6) to cool the
combustion chambers and areas around the intake and
exhaust valves. From the forward end of the cylinder
head, the coolant, now hot because it has taken as much
heat a5 it can, flows into the inlet of thermostat (1).

The thermostat, tesponding to coolant temperature,
contrels the flow of coolant toward the radiator upper
tank. When coolant temperature is low as when the
engine has just been started up from cold state, the
thermostat valve remains closed and all of the cooclant
is diverted back to the water pump inlet through bypass
hose (3): under this condition, radiator (4) is bypassed
by the coolant.

As the msing coolant temperature reaches 76.5°C
(169.7°F), the thermostat valve begins to open increas-
ingly wide and the coolant begins to flow to radiator (4)

(D
L

®

®

T
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at a rising rate of flow, with a corresponding decreases
in the amount of coolant being bypassed. As the tem-
perature reaches 90°C (194°F), the valve becomes full
open, shutting off the bypass passage.

The probe for temperature gauge (2) is installed in the
coolant outlet of cylinder head. It is with the signal
produced by this probe that the gauge (located at the
control station) operates,

Water pump

Pump case (6) is secured to cylinder block through
cover plate (10}, Pump shaft (3) is supported by two
ball bearings (5) having 2 large bearing capacity. Lube
oll is supplied under pressure from engine main oil
gallery into space (7) formed around shaft between the
two bearings.

Two oil seals (2) contain the oil so admitted to lubricate
the ball bearings. Unit seal (9) prevents coolant from
leaking out along the shaft. Impeller (8) is threadedly
mounted on the inner end of the shaft, and pulley (1) is
keyed (o the outer end.

Crankshaft pulley and pump pulley (1) are in the speed
ratio of 1 to 1.2, The pump capacity is 100 liters
(6103 cu in.}/minute at 2520 pump rpm.

/®
f -+ ®
1-Puliey
o I ) 2-0il zaal
: = 3-Shaft
4-Spacer
5-Bell beerings
G-Caso
7-Space fillad with fube oil
B-Impeller
Q-Linit seal

10-Cover plate

Water pump — Cross section

Thermostat

The thermostat is of wax type, designed 1o start opening

its valve at 76.5 £ 2°C (169.7 £ 3.6°F) of rising tem- -
perature and open it fully at 90°C (194°F), lifting it off"
the seat by @ mm (0.35 in.) (maximum Lift).
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Cooling fan Electrical equipment
The cooling fan has 6 blades and drives air against the Maior equipment specifications
core of the radiator, It is secured to the front end of sk

the wai._er pump pulley, Its cutside diameter is 380 mm Equipment Type Make

(1890 She plth-angls cRitsRixde e 3) ces, Starter MO0ST27671 | Mitsubishi Electric

Fan belt Alternator AP4012B, Mitsubishi Electric

A single low-edge cog belt of Type B is used to transmit Regulator unit | RMS4227Cs | Mitsubishi Electric

drive {rom crankshaft pulley to pump pulley. Its length - -

is 41 inches (1047 mm). Glow plugs Sheathed type | Hiyoshi Denso
l_;\';‘;"i‘—’ Reguistor unit Alternator {AC24V -12.5A]

3 A A
Bl i R e ~ o
i : Ly L
Glow plugs = L gy * : LL__-:::: 2
L ,,,,I ot | ]| ;

Glow plug pilet lemp

.{(@;. %

r Qil pressure indicator
1

L
harge pilot | E
lemp - ‘ =
g | isa_joa A
Starter switch [ 7 / I Fuse box
2] G
S L o atarm 1amp
| S— —

Barwary {12V-60AH) x 2

Starter (24V-3kW) 4

Circuit diagram

Starter (2) Construction
(1) Specifications The motor enclosure is of totally-enclosed type,
' designed tight against oil and water. The following
crogs saction shows that the starter motor consists
of three components: DC motor, engaging mecha-

Item Speciflcation
Lever-shift pinion type with over-
running clutch, built on totally-

Mo | ot Do | e et it
MODST27671, compound wound ing the lever,

Voltage 24 volis

Output 3 kW

Yoke dia, 118 mm (4.646 in.)

Rating 30 seconds o

Rotation gldo:kwise as viewed from pinion

Weight Approximately 12.5 kg (27.6 Ib)

Nodoad 4500 rpm, drawing not more than

characteristic 50 amperes, at 23 volts
Developing 4.0 kg-m (29 ft-1b) and

Locked-rotor :
Frassenuness drawing not more than 700 am- .
; i peres at 9 volts Starter
Switch-on .
16 volts, maximum
voltage
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1-Bushing 5-Plungar 9-Yoke 1Z-Armature
2-Rear bracket G-Lever 10-Fisld coil 13-Center bracket
3.Brush 7-Front bracket 11-Pole piece 14-Bushing
4-8Switch 8-Overrunning clutch

(3) Overrunning clutch

@

/

=)

Starter — Cross section

7,3}
/ : ﬁ
! |
P
——
=\
T
1-Splined sleeve 2-Roller 3-Pinion

QOverrunning clutch — Cross saction

The inner race is integral with pinion (3), and the
outer race presenting five cams is integral with
splined sleeve (1). The sleeve is engaged with the
splined part of the shaft, there being 10 splines.
Five clutch rollers (2) are distributed around the
inner race, each being pressed against the cam by
4 spring.

The splined sleeve is capable of sliding axially
along the shaft and, when it does slide, the whole
clutch moves axially. As the motor shafi rotates,
the sleeve revolves with the shaft (when the sleeve
is prevented from advancing any further with the
pinion meeting the stopper) to drive the pinion in
mesh with the ring gear of the flywheel. Under
this condition, the rollers (2) are seized between
inner race and cams. If the fywheel ring gear
drives the pinion (after the firing up of the engine},
tollers (2) become released and “freewheel™ be-
tween inner race and outer race: under this
condition, no drve is transmitted from engine
side to the starter.

38



CONSTRUCTION AND FUNCTION

40

The shift lever, extending from the magnetic
switch, embraces the splined sleeve (1) by its
forked end. The top end of this lever is held by
the magnetic switch plunger; and the middie part
is pinned. As the plunger jumps inward upon
energization of the switch coil, the lever tilts to
push the clutch toward the ring gear. When this
lever-shifting action occurs in actual starting up of
the engine, the motor will be rotating rather

4

—
.-z — —

slowly to advance the ¢lutch by the screw action
due to the helical splines. Thus, the pinion
advances rotatingly to mesh into the ring gear.

Starter operation

How the starter is operated to crank the engine
will be explained sequentially in reference to this
schematic diagram of the starter circuit:

Contactor

Series winding

@ q

]

\

1
Shunn winding f

R

. Tuming on the switch energizes the two coils of

the magnetic switch. The initial current from the
battery flows in these two coils, one of which is
connected in series with the motor, so that the
motor begins to run but stowly because the initial
current is rather small. In the meantime, the two
coils pull in the plunger to push the overrunning
clutch toward the rng gear. The clutch slides
along the helical splines and, for the reason aiready
stated, advances smoothly to mesh its pinion with
the ring gear.

. As the pinion meshes into the ring gear fully, the

plunger is allowed to move in all the way, making
its contactor to close, thereby permitting full
current to flow through terminals (M) (B) into the
motor. Consequently, the motor runs with full
force to crank the engine. Under this condition,
the coil in series with the motor is shunted so that
practically no current flows in this coil, but the
other coll (connected between terminal (S) and
ground) remains energized to hold the plunger in
pulled-in position.

. Turning off the switch (key switch) upon firing

up of the enpine de-emergizes the holding coil,
so that, by the force of the retum spring, the
plunger snaps back to the original position, thus
disrupting the motor current and pulling the
pinion away from the ring gear. The motor will

- Starting circuit diagram

coast before coming to a halt: the counter-clectro-
motive force (reverse voltage) occurring in the
motor during this coasting helps the plunger move
outward.

Alternator and regulator unit
(1) Alternator specifications and data

The alternator is complete with a rectifier.

Item Specification
Type Enclosed-typealternator, AP4012B)
Rated output 24 volts, 12.5 amperes
Ground Negative ground
Qutside diameter | 128 mm (5.039 in.)
Rotating Clockwise as viewed from pulley
direction side
Weight 6.4 kg (14.1 Ib)

(2) Regulator specifications and data

Item Specification
Type Two-element type RMS54227 Cs
T, Voltage regulator, and safety relay
{w/lamp)
Weight 045 kg (11b)




(3) Alternator construction

The alternator enclosure is of enclosed type. The
field is a single coil mounted on the shaft and sur-
rounded by two multi-pole magnets; excitalion
current is supplied through slip rings to the coil,

The armature coils are in three groups connected
to provide a three-phase armature, and are mount-
ed in the |aminated core secured to the casing.
Thus, the armature is stationary and the field is
rotary. The rotor shaft is driven from the engine
through the belt and pulleys.

The three-phase output leads of the armature are
tied to the six-diode rectifier mounted inside the
casing! three diodes are soldered to the positive
heat sink and the other three to the negative heat
sink. Cooling iz made by the fan from outside.

CONSTRUCTION AND FUNCTION

Alternetor

wa
i\” \J
"'.,
\
oy T
l@}l
Jangs?
1-Beering d-Rotor 7-Diode
2-Reer bracket B-Front bracket B-Pulley
3-Stator coil §-Fan 9-Bearing

Alternator — Cross section

{4) Charging system operation

The first of the two circuit diagrams to follow
shows how the current flows from the battery
when the key switch is tumed on for starting up
the engine. The second shows the flow of current
for charging the battery. In these diagrams, atten-
tion should be directed to voltage coils VCi and
VC2 and ecurrent-coils CCi1 and CC2, the four
coils of the regulator unit.

VCi and CCi actuate points Pi; VC2 and CCz2
actuate points Pa and P3. The energizing curmrent
of & voltage coil is dependent on voltage; that of a
current coil (which is connected as a shunt coil) is
depending on current.

In these diagrams, the zlternator unit (not shown)
is represented by its three terminals (A) (F) (N).
DC output voltage is avallable between terminal
(A) and ground. Another voltage occurs between
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on alternator

®

et

terminal (N) — neutral point of the rectifier — and
ground. Terminal (F) is for receiving feld excita-
tion current from the terminal (A) of the alter-
nator unit itself or, at engine starting, from the
battery.

Engine starting
With the battery switch closed, turning on the key
switch (by moving it to position 1) allows current

to flow from the battery to the alternator field
and also to the lamp. Field current at this time is
small because of resistor Ra. The lamp burns to
tell that the alternator is not generating power.

Tuming the key switch to position 2 connects the
battery to the starter to crank the engine through
the sequence of actions already described.

S —

RMS4227Cy

v \ Key switch
¥

Batwery switch

Banery

J—
-

-II———||———-—0

Flow of current for starting the engine

Under this condition, points Py, Pz and Ps remain
in the indicated state by their springs. Current
flows in VCi but it is too small to be of any
CONSECUENCe,

Normal charging operation

As the engine starts up, the alternstor unit begins
to develop output voltage, so that VCz2 becomes
energized (by the voltage between terminal (N)
and ground (E), as mentioned before) to open
points P2 and put out the lamp.

The output current of the alternator unit flows
through point Pa toward the battery and toward
the alternator field through points P1 when the
output voltage is up at the normal level.

If this voltage rises above the predetermined level,
the current in VCi increases to open points Py

against its spring, so that field current has to flow
through resistor Rs and is therefore smaller than
before: this reduces the ocutput voltage of the
alternator unit. Actually, points P1 open and close
in rapid succession to regulate the voltage at a
relatively constant leve],
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1 Key switch

2

Bautery switch

Bt

Bartery

1|“‘"""'%

.|_|=

Flow of current for charging the battery

¢. Auxiliary circuits
Capacitor C and resistor Rz are for absorbing the
surge that occurs when points Pi open. They
preven! arcing from jumping between the contact-
ing faces of points P1.

Current coil CCi assists VCi in closing and
opening points Pi sharply so that the output
voltage will be free from excessive ripples.

Current coil CC2 and resistor Rs pass some
current for the alternator field when points P1 are
open; they prevent the voltage from fuctuating
so widely as to cause the lamp to flicker,

Glow plug

Glow plugs

Each precombustion chamber of the engine has a
glow plug. The plug is a starting aid and serves to
warm up the chamber by “glowing™ red with electricity
supplied from the battery. It is of a sheathed type in
constroction,

The four plow plugs, one for each cylinder, are con-
nected in parallel between the preheating line and
ground. Failure of one plug, therefore, does not cut out
the other three,
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Inspection and adjustment of engine proper
Valve clearance adjustment

The valve clearance specification for this engine is 0.25
mm (0.0098 in.) for both intake and exhaust valves.
This vaiue assumes that the engine is at normal tempera-
ture, there being no temperature difference throughout
the body of the engine. The checking and adjusting
procedure is as follows:

(1) Rotate the crankshaft slowly 1o bring the piston in
Nao. 1 cylinder to Top Dead Center (TDC). This
can be accomplished by observing rocker arms of
No. 4 cylinder. As vyou turn the crankshaft,
exhaust-valve rocker arm of this cylinder rises: stop
turning the crankshaft just when intake-valve rocker
arm begins to go down after exhaust valve rocker
arm has come up all the way. Under this condi-
tion, adjust valve clearance in the usual manner on
intake and exhaust valves of No. | cylinder, intake
valve of No. 2 cylinder, and exhaust valve of
No. 3 cylinder.

(2) Turn the crankshaft one complete rotation (360°),
and hold it there. Adjust the clearance on intake
and exhaust valves of No. 4 cylinder, exhaust valve
of No. 2 cylinder, and intake valve of No. 3 cylin-
der. ‘

Adjusting valve clearance

Fan belt tesion adjustment

Give a thumb pressure to the middle section of the belt
between alternator pulley and water pump pulley, and
see how much this portion of the belt deflects by
measuring with a rule. The deflection should be 12 mm
(1/2in.): if not, loosen the mounting bolts of the
alternator holder to displace the holder in order to
tighten orslacken the belt. After obtaining the prescribed
amount of deflection, be sure to tightén the bolls good
and hard.

MAINTENANCE AND ADJUSTMENT

1-Alternator pulley 3-Fan pulley {water pump pulley)
2-Crankshaft pulley

Fan belt tension

Crankcase

Crankcase inspection ° ~

(1) Inspect the outside and inside surfaces for evidence
of cracking. Visually examine the cylinder bores
for scuffing, rusting, erosion or any abnormal
wear. Using a straightedge, check the top face
(for mating with cylinder head), front face (for
mating with front plate) and rear face (for mating
with rear plate) for flatness,

e il ety R I g iy T, T i, i

T & T

Checking crankcase top for flatness

(2) Make sure that the top face of the crankcase is
flat within the repair limit specified below. If the
limit is found to be exceeded, reface the top by
using a surface grinder to make it flat within the
specified flatness. Be careful not to remove any
more stock than is necessary; if a stock of more
than 1 mm (0.039 in.) has to be ground off, then
the crankcase is done for.

Unit:mm (in.}

ltermn k Standard Ri?r‘:_lailt
Flatness of crankecase 0.05, max. | 0.2 mm
top face (0.002) (0.008)
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Cylinder sleeve inspection

(1) Usng a eylinder gauge, take 1.D. measurements in
two directions (parallel and transverse to crank-
shaft axis) on each cylinder sleeve, at three places
indicated belaw; and, from the six measurements
taken, determine the amounts of wear (in compar-
sion with the specifications, listed below) and of
uneven wear to see if the repair is exceeded,; if so,
rebore the sleeve to the next oversize,

Taking (.D. measurements on cylinder sleeves

Crankcasa gasketed surface
F ¥y el g 8%
: ; ;
o I dh
W 2 { H

L :
3 %
4 | IL:3]

Positions for checking slesva bore diameter

Unit: mm (in.)

Repair Service
Item Standard limit fimit
9 4+%035
Cylinder ¥ +0.20 +1.20
sleeve [.D. (3.70 |+%U{]14], (+0.008) : (+0.047)
= |
0.015 (0.0008),

Out-of-round oy

0.015 (0.00086), '

Taper .

NOTE: “Taper” refers to the parallelness of bore wall.
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(2) Two oversizes are provided for: +0.25 and 405
mm (0.0098 and 0.0197 in.). After reboring, be
sure to hone the bore to the specified oversize
accurate within plus 0.035 mm (0.0014 in.) or
minus 0 mm. Machining the bores of all four
sleeves to the same oversize is preferred. (Pistons
and piston rings are available for the two oversizes.)

(3) If any sleeve bore is unevenly wom, determine the
oversize, to which the sleeves are to be rebored,
on the basis of the maximum wear noted. This
will ensure perfect roundness in the oversized
bores.

NOTE

If the cylinder sleeves are found in good condi-
lion, with the wear far less than the repair limit,
it is permissible rebuild the engine with replace-
men! piston rings. In such a case, be sure to
ream off the “‘ridge™ and, as necessary, hone
the bore.

Removing ridge with ridae reamaer

Cylinder sleeve replacement

A cylinder sleeve badly scuffed or wormn down beyond
the service limit must be replaced by a new one and, in
such a case, it is not necessary to replace the other
sleeves.

if, however, the cylinder hole becomes damaged in the
process of removing a sleeve, then the hole must be
rebpred for repair and, only in such a case, all the four

' -
sleeves must be replaced, The procedure of replacing the
cylinder sleeve is as follows:

(1) Set the boring machine on the crankcase, and
center it on the sleeve by referring to the lower
part of the sleeve which is least subject 1o uneven
Wear,

(2) Operate the machine to cut the sleeve until its
wall thickness decreases to about 0.5 mm (0,0197
in)

(3) Taking care not to demage the cylinder hole,



)

(5

break the sleeve and take it out of the hole.

Take measurements on the diameter of the cylin-
der hole and also on the O.D. of the replacement
sleeve; and, from these measurements, see if an
interference anywhere between 0.08 and 0.145
mm (0.00315 and 0.00571 in.) is available in the
fit to be made; if not, try another sleeve to mest
this interference requirement.

With & proper replacement sleeve having been
selected, heat the crankecase in a bath of oil to
about 300°C (572°F). Using the sleeve installer
and hydraulic press, push the sleeve into the
crankcase in one stroke, making sure that the top
end of sleeve becomes flush with the gasketed
surface (top) of crankcase,

Hone the installed sleeve to the standard 1.D.,

that is, 94 plus 0.035 mm or minus 0 mm (3.701
plus 0,0014 in. or minus 0 in.).

Replacing slesve

Unit: mm (in.)

Item Standard diameter
. . 00 —0.0003
Cylinder hale diameter (98 D40 (3.858 ~0-00072)

For replacement sleeves, be sure to use the parts
with this part number:

Unit: mm {in.)

Part number 0.0, LD,
T
34407~00300 3 o
og T0.0032 +0
(3.858 15 o028’ | 66 _p 0079)
Main bearing inspection
(1) Inspect sach main bearing for evidence of wiping

or fatigue failure, for scratches by dirt particles
imbedded and for improper seating on the bore

2)

MAINTENANCE AND ADJUSTMENT

(bearing cap). On the basis of findings, determine
whether the bearing should be replaced or not.

Check each main bearing to be used in engine
reassembly to see whether it will provide the speci-
fied radial clearance. This can be accomplished in
this manner.

Install the main bearings on the crankcase, less the
crankshaft, securing each bearing cap by tightening
its bolts to 10.4 kg-m (75.2 ft-Ib), and read the
diameter in the two directions (A) (B), indicated
below, Mike the journal and, from these readings,
compute the radial clearance.

Unit: rmm (in.)

Item Standard Hl?pqir
imit
gf:ﬂ:i;]i:;?:“ 0.05~0.115 0.20
: ~0.0045 _
bearing and journal (0.0020 ~ 0.0045) (0.008)

If the camputed clearance exceeds the limit, re-
place the bearing or regrind the journal and use
the next undersize bearing. Two undersizes are
gvailable for this purpose: 025 and 0.50 mm
(0.0098 and 0.0197 in.).

Positions for miking main bearing
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(3)

|
-

Check each main-bearing shell for “crush.” Shelis
found to be loose in the bore or have an excessive
crush must be replaced. A crush of up to 0.04 mm
(0.00157 in.), which will vield 1o a load of 500 kg
(1102.5 1b), is prescribed.

500 kg

Crush: D ~0.04 mm

Main bearing crush

Tappet and tappet hole inspection

iy

@)

Inspect the riding face of each tappet for wear,
contact paltern and crack. Replace defective
tappets.

Check the radial clearance of the tappet in the
hole against the repair limit, indicated below. If
the limit is exceeded, then repiace the tappet. If
the hole is worn down so much as to provide an
excessive radial clearance even with a new tappet,
the crankcase must be replaced.

Unit: mm (in,)

ltem © Standard Rﬁﬁfilitr Slerr:u'::e
Tappet- | 0,035~0.086 012 | +0.1 (hole)
to-hole (L0014 ~ © 0'0 47) | (+0.004)
clearance 0.0034) ) :
+0.021
Tappethole| 22 _p +0.1
diameter (0.866 1+0.0008 3:] (+0.004)
—0
Camshaft hole inspection

(1) Inspect the inside surface of each hole for wear

()

50

and scratch.

Mike the I.D. of respective holes and also the
camshaft journals and, from the readings taken,
compute the radial clearance available on each
journal. If the clearance exceeds the limit, insert
bushing or replace camshafi to reduce the clearance
to the specification.

Miking camshaft hole

Unit: mm (in.)

ltern Standard ﬁf;?t" Sﬁrr:ii:a
Clearance of 0.04 ~0.09 0.15
journal in (0.0016 ~ b
hole 0.003s) | (00059
+0.060
Nos.1| *4_g
- and 2 [2_12{8.00236)
Hole °* 0060
53+0.06
No.3 _31 0023
(2.087°9)’ 6
—0.04
Nos.1| 34-0.06 —0.]
and 2 —0,00157 (~0.0039)
Fournal (2.126_p'00236)
0.D. -0.04
_ 3 _pos 0.1
: 00157 (~0.0039)
(2'087:3.00236)
(3) To install the camshaft bushings, use a group of

drivers (puller, 30091.07300, adaptors, 3082]-
04500 and 30891-04600) after boring the ID of
camshaft holes in the crankease up to 57 mm £0
(2.244 £ 0 in.).



(=5 — gkt
|

1-Handle 4-Bushing
2-Spacer plates 5-Crankcese
3-Pilot plae 6-Drwve plate

Use of bushing driver

Cylinder head

Cylinder head inspection

Check the gasketed surface of the cylinder head for
flatness by using a straightedge and thickness gauge as
in the case of checking the crankcase surfaces. This
check is to be made with the precombustion jets
removed.

Use a surface grinder to reface the cylinder head, as
necessary, to the specified flatness,

Checking cylinder head face for flatness

Unit: mm (in.)

Item Standard | Repair limit ],

F la;ness. cg; ng;ﬂkgied 0.05 (0.002), 02
surface of cylinder - 0 (0.008)
head

MAINTENANCE AND ADJUSTMENT

Valves and valve seat

(1) Inspection
De-carbon valve stems and seats; inspect both for
wear and evidence of burning. Provided that the
wear Is within the service limit, grind smooth the
staling face of each valve, removing the wear
groove, il any, and finishing it to the specified
angle of 45 deg. For this service, use a valve

refacer.
Unit: mm (in.}
Item Standard Sf.wi.ca
imit
g —0.045
Intake —0.060 -0.1
! 0315000177, | (~0.004)
| Valve stem - -|(0. —0.00236
\ diameter —0.060 ;
| PPN 8 _0.075 015 |
i o | ~0.00236, | (—0.0059)|

[ 0313000295’
| 11.2(0.0472)

Valve head thickness ‘ 1.5 (0.059) |after

[ refacing
] |
,_f : LE

L

Valve head thickness

(2) Valve replacement

(2) Replace valves whose stems are found to have
wom down to the service limit or head thick-
ness is down to 1.2 mm (0.0472 in.) or under
alter refacing.

(b) Any valve showing evidence of cracking parti-
cularly in the head part must be replaced.

(c) “Valve sinkage™ refers to a head face being
below the combustion chamber surface, as
shown, and is prescribed 1o be not greater than
13mm (0.051 in.), the standard sinkage being
07 £0.2mm (0.028 =0.008 in.). If the limit
is reached, replace the valve or seat.

(d) Replace valve caps found excessively worn at
the top face.
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1-Valye A-Sinkage
2<Cylinder head

Valve sinkage

(3) Valve guide replacement

Unit: mm (in.}

ltermn Standard Se'n'i'ce
limit
0.055 ~ 0,085 0.15
Intake (0.0022 ~ o
Valve Sf.E].'I-l 00033) {0‘0059)
clearance in 0070~ 0.100
valve guide 2 ;:
i Exhaust | (0.0028 ~ Uﬂdggg ‘
0.0039) @. )
Guide length outside 174£0.3
hole (0.669 £ 0,012)

Where the stem-to-guide clearance is found to have
exceeded the service limit, both valve and guide
must be replaced. Apart from this clearance, check
each guide to see if its I.D. near each end has
enlarged and, if so, replace it.

Valve guides are press-fitted. To remove them, use
a press and a drift, which is a special tool called
the guide remover (31391-10500); to install, use
the installer (34491.00400), another special-tool

drift.
|

}

o

L U
1-Remover 2-Guide 3-Cylinder haad
Removing valve guide
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1-Installer 3-Cylinder head
2-Guide A-Guide length outside hole

Installing valve guide

(4) Valve stem seal replacement

©)

The valve stem seals should be replaced il the
engine disassernbled shows evidence of lube oil
leaking into the combustion chambers along valve
stems. The seal can be readily removed. When
putting on a new seal, make sure that it fits snugly
into the annular groove provided in the valve guide
end,

If a valve has to be drawn out for one reason or
another in the engine in regular use, be sure to
have a replacement stem seal on hand for that
valve. This is because the seal lip is certain to get
scarred by the sharp-edged stem end.

1
r 2 H [
l\. .
1-51em senl 2-Guide 3-Cylinder head

Valve stein seal replacement

Valve seat refacing

A valve seal badly womn or coarsened must be
refaced by grinding in place. Use a valve seat
grinder or a seat cutter apd 400-grit emery cloth,
Care must be exercised jn using the seat cutter so
that the cut will be even all around. After cutting,
pinch the 400-grit emery cloth between the cutter
and the seat and prind the seat face smooth.



Before installing the valve, lap the vaive and seat,
using the lapping compound. Check for contact
pattern after lapping, using @ paste of red Jead to
visualize the pattern. The pattern should be uni-
form and continuous.

(6) Valve seat removal and installation

To remove the valve seat, thin it in place by
cutting with a rotary cutter, and break it loose
with a chisel, taking care not to nick the counter-
bore in which the seat js seized by expansion
fitting.

To insert the replacement seat, chill it first to
about —80°C (—112°F). This low temperarure can
be reached by immersing the sear in a pool of
either or alcohol and by placing dry ice in the
pool, Force the chilled seat into the counterbore,
which has been 1rimmed clean and smooth, and
calk around the seat with the calking tool (31391.
13010 for intake valve or 31391-13020 for exhaust

valve).
!

346 mm {exhaust)
428 mm lintaka)

MAINTENANCE AND ADJUSTMENT

Unit; mm {in.)

Item Standard H;ﬁ:i:
Valve spring 48 .85 4716
free length (1.923) (1.874)
Valve spring D.4/25, max,

SQUATeness {0.016/0.98), max.
As-installed 43 44
length (1.693) {1.732)

Checking valve spring for squareness

Rocker arm and rocker shaft inspection
(1) The valve-actuating tip of the rocker arm is subject

O
D=

to wear, If the tip face is excessively worn, replace
the rocker arm,

Take diameter readings on the bushings and the
rocker arm shaft, and compute the radial clearance
from these readings. If the limit is exceeded,
reduce the clearance by replacing the bushings or

@\1
U

1-Tool body
2-Valve seat
3-Cylinder head

Installing valve seat by using calking tool

4-Valve guide
5-Calkimng ring

Valve spring inspection

Inspect each spring for cracks, and check it for square-
ness, free length and as<dnstalled length against these
specifications:

rocker arm shaft.

Unit: mm (in.)

Repair
Item Standard fimit
20 +0.021
Bushing bore -0
2 : -
diameter (©0.787 :gmos.)
20 ~0.016
Rocker shaft —0.034
| o7 3005
Shaft clearance 0.016~0.055 0.07
in bushing (0.0006 ~ 0.0022) | (0.0028)
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This position is subject to wear.

Roclker arm

{3) Check to be sure that the oil hole drilled out in
the rocker arm shaft is clear. When installing re-
placement bushings, be sure to align the oil holes.

Valve-clearance adjusting screw inspection

Examine each adjusting screw to see if its end face for
contacting with the push rod is worn down excessively
or if its threads are showing signs of failure; if so found,
replace it by a new one.

Push rod inspection

Check push rods for deflection, and inspect them for
wear at the end faces for contacting with the tappet and
adjusting screw. “‘Deflection” refers to the runout
exhibited by the push rod being rotated with its ends
supported by such as “V™ blocks.

Unit: mm lin.)

ltem Standard
Push rod distortion 0.4 (0.016), max.

Exhaust manifold inspection

Inspect the manifold flange for cracks and distortion.
If the flange faces are warped by more than 0.2 mm
(0.0079 in.) when checked as shown, grind them smooth
and flat, If any flange is found cracked, replace the
manifold.

Checking exhaust manifold flange faces for flatness
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Crankshaft inspection

(1) Crankshaft distortion
Support the crankshaft as shown and roll it 10
measure its deflection with a dial gauge. *Distor-
tion™ is onehalf of the deflection (dial gauge
reading); if it exceeds the repair limit, reduce it by
bending the crankshaft in a press.

Unit: mm (in,}

Hepair

Jtem Standard limit

0.02 (D.0008), 0.05

Crankshaft distortion Yk (0.0020)

Checking crankshaft for distortion

(2) Journal inspection
(2) Inspect each joumnal for surface flaws such as
roughing, scratches, pitting and burns, and, as
necessary, repair the journals by grinding to the
next undersize or replace the crankshaft,

(b) Mike each journal to take a total of four read-
. ings to determine the wear, out-of-round and
taper (cylindricity). If any of the limits is
exceeded, repair by grinding to the next under-

ce the crankshaft.

Miking crankshaft journais



@
A
g —l ©
1 2
| |
¥ \
Positions for miking journal
Unit: mm {in.)
Repair Service
{tem Standard kit limit
I 75—&.0‘30
Diame-’ -0.050 -0.15 -0.9
ter -0,00118,| (-0,0059) | (—-0.035)
(2.953 )
Crank-|__ ~0.00197
shaft |Out-of-{ 0,01 (0.0004), 003 |
jour- | round | max. {0.0012) i
nals Taper | 001 (0:0004), 0.03
”
b max. (0.0012)

(¢} Journal undersizes
For the two undersize main bearings available,
the joumals are to be ground to these sizes:

Unit: mm {in.)

Journal
undersize

Journals 1o be ground ta:

0.25 (0.0098)

7475

~0.020
-0.050

(29429

—0.00118}
-0.00197

| 0.50 (0.0197)

—0.030

745 “ooen (29331

-0.0011 3)
=-0.00197

(3) Crankpin

inspection

(a} Inspect each crankpin for surface flaws such as
roughing, scratches, pitting and bums, and, as
necessary, repair the crankpins by grinding to
the next undersize or replace the crankshaft.

=

MAINTENANCE AND ADJUSTMENT

Miking crankshaft crankpins

/T

\

—

Al

Positions for miking crankpin

(b) Mike each crankpin to take a total of four
readings to delermine the wear, out-of-round
and taper. If any of the limits is exceeded,
repair by prinding to the next undersize or
replace the crankshaft,

Unit: mm (in.)

item Standard H;;ajit
0,035
Diamet 5% _0,085 020 |
o ga—0-00138, | (0.00787)
(2.283 "5 00217
Crankpins
Out-of-round| ©01 (0-0004),
max.

Taper

0.01 (0.0004),
max.

(¢) Crankpin undersizes
When grinding the crankpins to the next under-
size, be sure to finish each crankpin to the
tolerance prescribed for the undessize, which is
0.25mm (0.00984 in.) or 0.50mm (0.01969in.).
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Unit; mm (in,}

Crankpin

; i round to:
s e Crankpins wo ba g

Unit: mm (in.)

7c —0.035 —0.00138
0.25 (0.0098) | 57.75 T5'oss (2.2736 y'00517)

Itern Standard quai'r
limit
Crankshaft end 0.1 ~0.264 0.3
play (0.00394 ~ 0.01039) (0.012)

57 50 —0.035 —0.00138,

0.50 (0.0197) o 0ss (22638 5 00o73)

NOTE ;

Try to keep the center-lo-center distance be-
tween journal and crankpin within £0.05 mm
(0.00197 in) of 47 mm (1.850 in.). When
grinding the crankpins to an undersize, be sure
10 size the corner radius (fillet) to 3 mm (0.118
in.). This applies also to the fillets of journals.

3R 3R

©

el \

L]

Crankshaft corner radius (fillet radius)

{4) Crankshaft end play
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Check the crankshaft for end play, as shown, by
using & thickness gauge st the thrust bearing, If a
play of 0.3 mum (0.0118 in) or more is noted,

replace the thrust bearing,

Checking crankshaft end play

The end play is due to the difference between the
width of thrust bearing and the dimension (A)
indicated below:

A |
=
Journal width for thrust bearing

(5) Oil seal inspection

Inspect each oil seal, and replace it if it is badly
worn, damaged or thermally fatigued at the lip
surface. An oil seal suspected of poor sealing
action evidenced by signs of leakage (noted upon
engine disassembly) must be inspected more
closaly.

Oil seal sleeve inspection

The outside surface of the oil seal sleeve is preci-
sion-nachined and chrome-plated for greater wear
resistance. Be sure to handle the sleeves carefully
and protect this surface againsi damage.

Even a slightest scratch mark, not to mention of a
dent or groovy wear, on this surface could result
in oil leakage, and a sleeve with such a surface flaw
must be replaced.

Replacement of rear oil seal sleeve (for crankshaft
gear)

To remove the sleeve, put a chisel to the outside
surface of the slesve and drive it in axial direction
to stretch it. This will loosen the sleeve, making it
ready to be drawn out. When driving, be careful
not to damage the gear.



(8)

To install the replacement sleeve, oil its bore and
the crankshaft gear, using clean, fresh engine oil;
held the sleeve squarely and drive it into its posi-
tion, keeping it trued up accurately.

Inspection of crankshaft keyway and screw threads
The forward end of the crankshaft is threaded and
has a keyway. Visually examine the threads and
keyway and, as necessary, r¢pair them.

Pistons and piston rings

(0

2)

Piston inspection

Inspect each piston for any abnormal wear of its
sliding surface, for cracks at the crown and for
evidence of meiting or fusion. Examine the ring
grooves for stepped wear and sloped wear. Replace
pistons found in bad condition.

Piston clearance in the bore

Mike each piston at the positions listed below; and
by referring to the bore diameter, previously
determined, of its sleeve, compute the radial

Unit: mm {in.)

Itemn Standard S:nr::::e
| 93.86:0.015
Standard size | 5 4953+ 0.00059)
Piston 035
diame Oﬂ';‘;’ y | sa1z0018 -02
ter (at | VORI 3 90614 0.00059) | (~0.008)
Ski!’t) oversize
0.50-mm
; 94,36 0.015
(00197in) | '2150+0.00059)
aversize
At piston 0.615~0.680
crown (0.02421~0.02677)
0.465~0.530
AtNo.lland | 51 831~0.02087)
0.415~0.480
piston | 102121 |6 01634~0.01890)
clear- | Just below 0.275~0.340 i
ance | oil ring (0.01083~001339) | (5 006
L“ 17 mm
Of¢ | (0.669 in.) 0.195~0.260
below oil (0.00768~0.01024)
ring
375 mm
(1.476 in)) 0.155~0.220
below oil | (0.00610~0.00866)
ring
0.125~0.190
Atskitt 5 00492~0.00748)

MAINTENANCE AND ADJUSTMENT

clearance at each position. If the piston is worn
down so much as to exceed the limit [-0.2 mm
(—0.0079 in.)] at any of these positions, replace it.

aumn

Miking piston

Front of engine

1

Piston weight

- Amount
of ofiset

Piston weight marking and pin hole offset

NOTE

Before reassembling the engine, make sure that
the four pistons do not differ by plus or minus
3 grams (0.1 oz) from the weight indicated on
the crown. If any of the pistons has to be
replaced by an oversize piston, replace the
other three, too, by those of the same oversize.

(3) Piston ring gap

Be sure that each piston ring has its gap within the
service limit. Measure the ring gap with a thickness
gauge, holding the ring fitted in a new sleeve.
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Checking piston ring gap

Unit: mm {in.)

i Item Standard Sﬁrvfce

mit
I Piston ring gap 0504 w 1',5- )
| [ (0.0118 ~0.0197) (0.039)

(4) Piston ring clearance in groove

The clearance between a piston ring and its groove
is specified for each. This clearance is dependent
on the condition of the ring or the groove, or
bath. If the reading taken exceeds the repair limit,
replace the ring and, if the replacement ring still
provides an excessive reading, il means that the
groove is worn so much #s to require piston
replacement.

Jphel
Checking piston ring clearance
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Unit; mm (in,)

| Repair
tam ; Standard limit

|no 1| . 004~008 0.2
Fiton el | (0.0016 ~0.0031) | (0.0079)
clearance fxo 5| 0025~0.060 0.15
in the [( ' (0.0010 ~0.00236) | (0.0059)
BrOO¥E  INe.3 |  0.025~0060 0.15

il (0.0010 ~0.00236) | (0.0059)

(5) Pin clearance in piston
Replace the piston or piston pin if the pin clear-
ance, as computed from diameter readings laken
on pin hole and pin, exceeds the service limit.

Unit: mm {in.)

i |tem Standard R“erg?t"
28 73 006
Piston pin diameter 0
(1.102 " )
i —0.00024
Pin clearance in the 0~0016 0.05
piston (0~0.0006) | (0.002)

Connecting rods
{1) Pin clearance in small end
Replace the piston pin or bushing if the pin clear-
ance in the bushing, as computed from diameter
readings taken on pin and bushing, exceeds the
service limit.

Miking piston pin

| NOTE l

To remove the bushing from and install it in
the small end, the special tool must be uvsed.
Before installing the bushing, be sure to have
the oil holes aligned.



Unit: mm {in.}

ltem Standard Fll?;?:r
+0 .
b i 28 _0.006
Piston pin diameter
020
(1.102 g nopz4)
sl 410045
I.D. of bushingin ~ “= 40.020
+0.00177.
small end (1.102 gl )
Pin clearance in 0.020 ~0.051 0.08
bushing (0.0008 ~ 0.0020) | (0.003)

(2) Connecting rod alignment and big-end bearings

(a)

Inspect each connecting rod for evidence of
cracking, particularly at the corner radius parts
of the “I” shank next to the big and small ends
and also at the oil hole in the small end. Con-
necting rods found cracked or suspected of
cracking must be replaced.

Check each connecting rod for alignment by
fitting it 1o the aligner, as shown, and tepair it
by cold-working with & press, as necessary. The
aligner tells whether the connecting rod is
twisted or bent beyond the limit.

Checking connecting rod for bend

Unit: mm (in.)

Item Standard ﬁ:‘mr
Connecting rod align- | 0,05 (0.002), 0.15
ment {twist and bend) max, | (0.006)

MAINTENANCE AND ADJUSTMENT

JORDE
Checking connecting rod for twist

(b} Inspect each big-end bearing for evidence of

{c)

wiping or fatigue failure, for scratches by dirt
particles imbedded in and for improper seating
on the bore. Determine whether the bearing
should be re-used or replaced on the basis of
findings.

Check the radjal clearance between crankpin
and bearing; if the repair imit specified below
is exceeded by the checked clearance, replace
the bearing. Where the crankpin is to be ground
to the nex! undersize, use a replacement bear-
ing of that undersize,

Unit: mm (in.)
Repair
Item Standard lirnit
. —— —0.055
Crankpin diameter
~,—0.0014
(2.2::3_110022)
5::;2’;’1“““ 0.035 ~ 0.100 0.20
P OeAnNE | (0.0014 ~ 0.0039) | (0.008)
and crankpin

The two bearing undersizes are 0.25 mm
(0.00984 in.) and 0.50 mm (0,01969 in.).

Asin the case of the main bearing, the clearance
is to be determined from the crankpin diameter
(determined as described in CRANKPIN IN.
SPECTION) and also the diameter readings
taken on the bigend bearing at the positions
indicated and in the manner illustrated.
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(d)

Measuring big-end

The big-end bearing fitted to the connecting
rod must be secured by tightening the cap bolts
8.5 20.5 kg=m (61.5 = 3.6 (1b).

s

Positions for miking big-end bearing

Check the contact pattern of big-end bearing
on crankpin by fitting the big endin the normal
manner to the crankpin, with the crankshaft
lzid out on the bench, and by using a paste of
red lead or Prussian blue to visualize the con-
tact. Be sure to tighten the cap bolls to the
specified torque, that ig, 8.5 kg-m (61.5 fi-1b).
The contact should occur over at least 75% of
the entire surface; if not, replace the bearing.

NOTE |

The sbove job of checking the contact pattern
may be eliminated where the crankpin is ground
to the specified tolerance and the bearing has
been replaced, This is becaunse a replacement
bearing is precision-finished to ensure the speci-
fied extent of contact.

(e) Check each bearing shell for “crush.” Shells

found to be loose in the bore or have an exces-
sive crush must be replaced. A crush of up to
004 mm (0.0016 in.), which will yield to a

load of 350 kg (772 1b), is prescribed. As in the
cas¢ of the main bearing shells, some “crush™
is needed for securing a proper fit, without
which the bearing might roll or jump in place,
resulting in Iocalized overloading and consequ-
ent flaking, burning or fatigue failure.

Check to be sure that the “crush™ disappears
to allow the bearing cap to mate the big end
positively when the cap bolts are tightened to
8.5 kg-an (61.5 fi-Ib).

350 kg

'

Crush: 0 ~0.04 mm

Big-end bearing crush

(f) Check each connecting rod for end play in the

menner llustrated, with the cap bolts tightened
to 8.5 £ 0.5 kg-m (61.5+3.6 f1-Ib). Use a thick-
ness gauge to measure the end play (which is the
clearance between big end and crank am). If
the clearance measured exceeds the service limit,
replace the connecting rod or big-end bearing.

Unit: mm {in.)

Service
Item Standard fimit
Connecting rod 0.5~035 0.50
end play (0.006 ~0.014) (0.020)

) Checking end play of connecting rod
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Unit: mem {in.}

. NOTEJ
. . 2 Repair
Before reassembling the engine, make sure that Item Standard limit
the four connecting rods are equal in weight = |
within +5 grams (£0.18 oz) of the specification Flatness of friction | 0.15 (0.006), 3 0.5
wrlght: surface max. (0.020)
Face runout of 0.15 (0.006), 0.5
Flywheel inspection friction surface max. { (0.020)

(1) Repair the friction surface of the flywheel if it is

found burnt, stepped, or grooved by rivet heads. (3) Make sure that the flywheel securing bolts are in

2)

1f this surface is badly wom or damaged, the
flywheel must be replaced.

Using a dial indicator, check the friction surface
for flatness and face runout. A perfectly flat

good condition, with their screw threads showing
no signs of stripping. The ring gear with broken or
badly worn teeth must be replaced. Clean the
bushing for pilot bearing; if the bushing is abnor-

mally worn or showing defective contact pattern,

surface is no guarantee that the surface will not
replace it.

“run out” when it rotates.

Flatness can be checked, as shown, with the
flywheel laid on a surface plate. To take the
runout teading, secure the flywheel to the crank-
shaft in the normal manner and roll the crankshaft,
with the spindle of the dial indicator put to the
surface near its edge.

Timing mechanism
Camshaft inspection
(1) Support the camshaft at No. 1 and No. 3 joumals
by “V" blocks, with the spindle of the dial gauge
put to No. 2 journal, and roll the camshafl to
measure its distortion (which is one-half of the
deflection, that is, the dial gauge indication).
Straighten the camshaft in a press or replace it, as

TIECeSEATY,
Unit: mm (in.)
ltem Standard S;a_rvi_ce ]
imit
: ! 0.02 (0.0008), 0.05
Camshaft distortion sy (0.0020)

Checking camshaft deflection

(2) Mike each cam of the camshaft to read Dy (cam
height) and Dz (diameter), and compute the
difference between Dy and Da. If this difference
is less than the service limit, replace the camshaft.

Checking flywheel for face runout
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Unit: mm {in.) Timing gear inspection
Service (1) Be sure that the backlash in each mesh is within
- i B limit | the repair limit. If the limit is exceeded, reduce
Cam height . +0.1 the backlash by replacing the worn gear. To
wear D1:46.916 47 - measure backlash, use a thickness gauge: put the
(D1 = D2) | Intake (1.847 *0.00324y | _ g 7 gauge squarely into between two gear teeth.
cam | T =001131 .(-Obéﬁzﬁj e
| Di —D2=6684 | Ve
; (0.26315)
D, Di: 45944791
; 2 D1 — Dz
7 Exhaust| (1.8088 *D-00737) [ = 6,844
S L ' 0.26945
Dy —D2 =7.344 ( )
{0.28913)

(3) Inspect the camshaft journals for abnormal wear
and damage; the camshaft must be replaced if any
of its three journals is found in bad condition

beyond repair. L il U T R e /
(4} Mike each journal of the camshaft in two direc- Checking timing gear backlash
tions, une being at right angles with another, at : Unit: mm {in.)
two places, front and rear. Measure each camshaft ' Repair
hole in the crankcase. Compute the clearance Item Standard limit
between the two; if the repair limit is exceeded, =
bore the hole up to S57Hs 9%* mm Backlash 0 0%2; s g.ll]? 025
(224190997 in ) and imsert a bushing to bring Ll B9y | 19:098)
it into the standard clearance range.
Unit: mm (in.) (2) Check the radial clearance between idler bushing
- Repair and shaft by miking. Compute the clearance from
Item Standard limit the readings taken and, if the repair limit is
1 exceeded, replace the bushing.
54 —0.04 Unit: mm (in.)
Nos. 1 —0.06 i :
p -
Camshatt ™2 | (2126239016, ltem Standard Fmnie
g‘;““‘ 004 +0.025
. : 53 —006 ‘ 36 0
No.3 4 Idler bushing 1.D.
2 08?_0'00'[6) (1417 +0.00093}
=27 _0.0024 -0
Camshaft journalto- | 0.04~ 0.09 0.15 36 —9.025
hole clearance (0.0016 ~ 0.0035) .|(0.0059) Idler shaft O.D. —0.050
iz~
: i
Bushing-to-shaft 0.025~0.075 0.1
clearance (0.00098 ~0.00295) [ (0.0039)

(3) Check the idler end play with a thickness gauge.
Replace the thrust plate to reduce the play if the
thickness gauge reading exceeds the repair [imit.

Unit: mrn (in.}

Repair
Item Standard limit
0~0.1 0.35
- : Sy g8 pliy (0~0004) | (0.0138)
Miking camshaft journals
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Unit: mm (in.}

[ 1termn Standard H?pa,lj
limit

0.0S~0112 0.3
(0.00197 ~ D.00441)| (0.0118) |

Camshafl end play

(b} Injection pump gear
Inspect the gear teeth for damage and zlso the
mounting bolt holes for malcondition. Replace
the gear if found in badly damaged condition.

(¢} Crankshafl gear
Replace the gear if ils teeth show signs of
defective tooth coniact, or are excessively worn
or otherwise defective.

) ‘ » (d) Idler gear

(4) If the idler shaft has to be replaced, use Vthe sd_!er Inspect the idier gear teeth and, &s necessary,
shaft puller to remove it, asshown. When installing

; replace the gear.

the replacement shaft, check to be sure that the
oil holes are aligned.

Checking idler end play

(6) Inspect the gear case for cracks, and for evidence
of oil leakage at the part ahead of the crankshaft,
A cracked case must be replaced. Inspect the crank
pulley, too, examining the condition of the surface
in contact with the oil seal and checking the
keyway and key for wear. Replace the pulley if
found in defective condition,

Lubrication system

il level check

The oil level gauge is located at the right-hand side of
the crankcase, and carries two level marks, vpper and
lower, The oil pan contains about 7 liters (1.8 gallons)
when the oif is up to the upper mark, and about 5.3
liters (1.5 gallons) when it is up to the lower mark, The
oil pan should be kept filled to the upper mark.

0il pump inspection
(1) Running clearance between ouler rotor and inner
rotor
Using a thickness gauge, check the clearance at
various positions, 1f the reading exceeds the service
Drawing out idler shaft limit, replace both rotors.

(5) Inspect the timing gears as follows:

(a} Camshaft gear
Replace the gear if its teeth show evidence of -
flaking or excessive wear, or if its Keyway 1is 3
gatled, worn or otherwise disfigured. Make sure
that the camshaft gear as mounted on the
camshaft has no more end play than 0.4 mm
(00157 in.): to check the end play, use z dial
gauge. If the reading exceeds the repair limit,
replace the thrust plate. (Remember, this gear
is shrink-fitted Lo the camshafl.)

Chacking rotor-to-rotor clearance

63



MAINTENANCE AND ADJUSTMENT

Unit: mm {in.)

Service
Item Standard lirnit
1‘;’;2{1’;? b:“;“" 0.013~0.15 0.25
o (0.0005 ~0.0059) | (0.0098)
outer rotor

(2) Sliding clearance between rotors and cover

This clearance is required to be not greater than
0.15 mm (0.00591 in.). If this limit is exceeded,
grind off the mating face of the body to reduce
the clearance.

Unit: mm {in.)

Repair
ltem Standard limit
Clearance between 0.04~0.09 0.15
rotors and cover | (0.0016~0.0035) | (0.0059)

Checking rotor-to-cover clearance

(3) Radial clearance between outer rotor and pump
body
Insert a thickness gauge into between outer rotor
and body. If the clearance checked is greater than
the limit, replace the worn part.

Checking rotor-to-body clearance
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Unit: mm (in.}

Itemn Standard ( S'iw.i o8 l
limit
Cownsbien | oa~om | o3
by (0.0079~0.0110) | (0.0197)

(4) Rotor shaft diameter
Inspect the shaft for damage, and check it for
wear by miking, Determine the available clearance
of the shaft in the pump body from the mike
readings; if the service limit in terms of clearance
value is exceeded or if the shaft is in badly dam-
aged condition, replacement is necessary.

Unit: mm (in.)

e Servica
Item Standard lirnit
1340
Rotor shaft - ~0.015
diameter : +0
(0512 _p ooose)
Shafl to body 0.032 ~0.074 0.15
clearance (0.00126~0.00291) | (0.0059)

Oil filter inspection

The filtering element is prescribed to be replaced after
each 600 hours of operation or whenever its filtering
performance is noted to have deteriorated. Inspect the
glement to see il it has any signs of rupture or fissure;
and if so, replace it by a new one, Visually examine the
filter case for distortion and cracks.

Relief valve inspection

First, inspect the valve and valve seal for seating contact,
and ‘check its spring for condition. Poor seating can be
corrected by lapping. A broken or fatigued spring must
be replaced.

MNext, check the relief valve for relieving pressure in
reference to the specification. Increase or decrease the
spring preload, as necessary, to obtain a relieving (open-
ing) pressure within 0.3 kg/em? (£4.27 psi) of 3 kg/em?
(42.7 psi).

Unit: kg/em® (psi)

Item Standard-
Relief valve opening 3+03
pressure (42.72427)




Fuel system

Fuel filter inspection

Inspect the filter case and cover for cracks, distortion
and damage and also for stapped threads at its threaded
part. Replace the case and cover if found in defective
condition.

Replace the connector bolts and plug if found with
defective threads, The packings removed in disassembly
must be discarded: be sure to use new packings in
reassembly.

The filtering element is prescribed to be replaced at
intervals of 1200 hours, and the filter itself be made
free of sludges and condensation by draining 2t intervals
of 300 hours,

NOTE

The filtering element is of paper type not
mednt to be cleaned by washing. Use a soft-
hair brush and compressed air 1o clean {t.

Fuel feed pump inspection

(1} Check valve
Inspect the seating faces of the chesck valve for
wear, and replace partz found in abnormmally or
excessively wom condition.

(2) Tappet wear
Mike the tappet and tappet hole lo determine
their diametral wear. Replacement is necessary if
the amount of wear noted in comparison with the
standard diameter is 0.1 mum (0.004 in.) or more.

Unit: mm {in.}

Item Standard S,?;:fﬂ
Tappet diameter 7(0.276) | 0.1 (0.004)
Tappet hole diameter | 7 (0.276) | 0.1 (0.004)

The overall play of tappet roller pin, mvolving the
pin hole and roller, is prescribed to be not greater
than 0.3 mm (0.012 in.). If this limit is exceeded,
the whole tappet sub-assembly must be replaced.

Replace the roller if its diameter has worn down

to the service limit.
Unit: mm {in.}
Service
Item Standard limit
— lsig.{m —0.075
NP FRESL A (0:591 70 y | (-0.00295)
) ~0.00106
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(3) Pump housing damage
Inspect the housing for cracks, broken screw
threads and other types of damage and repair or
replace it as necessary.

(4) Priming pump wear
Inspect the piston and cylinder for seratch marks,
wear and rusting. Check the seating faces of ifts
valve for wear. An excessively worn or damaged
seating face must be corrected by replacement.

Fuel feed pump testing
The feed pump is in satisfactory condition when it
meets all of the test requirements hereunder enumerated;
(1) Suction performance
The pump should be capable of starting to deliver
fuel in 45 seconds of its starting at 150 rpm.

(2) Discharge pressure
Run the feed pump at 600 injection-pump rpm,
with the discharge side of the feed pump fully
closed. Under this condition, the discharge pres-
sure should be anywhere betwzen 18 kgfom?
(25.6 psi) and 2.2 kg/em?® (31.3 psi).

Unit: kg/em® (psi)

ftam Standard
Feed pump discharge | 1.8 ~2.2 (25.6~ 31.3)
pressure at 600 rpm

(3) Capacity test

Run the pump at the speed specified below and
open the discharge side more or less to hold the
discharge pressure at 1.5 kgfem® (21.3 psi) (as
read on the test gauge), with a measuring glass
cylinder set up to receive the discharged fuel,
Under this condition, the pump should deliver at
jeast 900 ¢¢ (549 cu in.)/minute.

Item Standard Repair limit
800 ¢c (55 600 ce (37
Feed pwmp | cuin.)/minute, | cuin.)/minute,
capacity minimum at at 1000 rpm
1000 rpm
(4) Air-tightness

Immerse the feed pump in & pool of fuel, withits
discharge side plugged up. Apply an air pressure of
2 kgfom® (28 psi) to its suction to see If any
bubbles come out of the pump. Some air, howewer,
will legk out through the clearance between its
pushrod and housing. The pump is sufficiently
air-tight if the amount of this leakage (with no
leakage from any other part of the pump) is not
greater than the value specified.
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Item Standard

Not greater than 50 cc
(3 cu in,)/minute (with
bubbles not larger than
2 mm (0.08 in.) in size)

Feed pump air-tightness

Ajr pressura,
2 kg/em® (28 psi

1-Measuring cylinder 3-Plug
2-Tappet 4-Diesel fuel oil

Testing feed pump for air-tightness

If a greater leakage than the specified value occurs,
rework the pushrod hole with a burnishing broach
to the oversize and replace the pushrod by a new
oversize one.

Injection pump inspection
{1) Wear of pumping elements (plunger and barrel)
Mike the width of plunger flange. IT this flange is
worn down to give a reading less than 6.95 mm
(0.2736in.) [= 7-0.05 mm (0.2756—0.00201n.)],

replace the plunger.
%

Width of plunger flange

Measure the width of the slot provided in the
control sleeve. If this slot is wom down to give a
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reading greater than 7.02 mm (0.2764 in.), replace
the sleeve,

7. 02 (L2

Width of slot in control sleeve

Inspect the sliding surfaces.of plunger and barrel
for wear, scratch marks and evidence of pitting
due to buming. If any defect is noted, replace the
whole pumping element (plunger and barrel).

Whether a plunger is worn or not can be told from
its appearance. A worn plunger has no surface
luster. If any of the four plungers is in defective
condition to require replacement, then afl four
pumping elements {plunger and barrel) should be
replaced to ensure the uniform pumping perform-

ance for the four injection nozzles. This replace-
ment is necessary zlso when any of the pumping

elements fails to meet the following test require-
ment on the sliding clearance between plunger and
barrel:

Fuel-tightness test on pumping element

After assembling the injection pump, install a test
pressure gauge on the delivery valve holder, and
run the pump at 200 rpm, with the contro] rack
held in a position for low-load engine operation.
The pressure gauge should be capable of indicating
up to 300 kg/em® (4266 psi) or 400 kg/cm? (5688
psi). When operated under these test condition,
the pressure gauge should register a pressure mot
lower then 150 kg/em® (2133 psi).

Unit: kafem® (psi}

Repair
Iltem Standard limit
: 150~ 200
et | amise | moais
pRg at 200 rpm

In addition to the above requirement, each pump-
ing element has to meet the following requirement
as proof of a proper fit of the plunger in its barre]:
Into the barrel removed upon injection pump
disassembly, insert its plunger aboul two-thirds of
the way, leaving a third of its length outside the



barrel, while holding the barre] horizontal; then
angle up the barrel slowly by about 60°, This
should cause the plunger to slide in all the way by
its own weight to evidence a proper fit. If the
plunger goes inward in a free-falling manner or
becomnes stuck on the way, then the pumping
element must be replaced.

SI9ET

Checking pumping element for fit

(2) Delivery valve test
Each delivery valve must be tested for seating
tightness. Before testing it, inspect its piston, valve
seat and other parts for wear. If any part is exces-
sively wom or if the seating contact is defective,
replace the valve piston and seat as a unit.

Set up the assembled injection pump on the test
stand, with a test pressure gauge installed on the
delivery valve holder, as in the fuel-tightness test
outlined above. [The gauge should be capable of
indicating up to 300 kg/em® (4266 psi) or 400
kg/cm? (5688 psi)]. Run the pump until the
pressure pauge reads slightly above 150 kgfem®
{2133 psi). With a stop watch in the hand, pull the
control rack to non-injection position and, at the
same time, start clocking the time required by the
fuel pressure (zhead of the delivery valve) to fall
(due to leakage past the seated valve) 10 kgfcm®
(142 psi). If this duration is not less than 5 sec-
onds, then the delivery valve is satisfactorily tight.

[ Item Servics limit

Seating tightness of delivery
valve in terms of durafion for
adrop of 10 kgfem? (142 psi)
from 150 kg/em® (2133 psi)

5 seconds, minimum

When the injection pump is in disassembled state,
check the fit of the delivery valve piston in the
bore by holding the valve with fingers as shown.
First, let down the valve all the way into the barg,

MAINTENANCE AND ADJUSTMENT

and give thumb pressure 10 the bore. This should
raige the valve alittle and refease of thumb pressure
should allow it to settle into seated condition; if
the valve remains seated without responding to the
thumb pressure, its fit in the bore is w0 |oose.

JBEZI
Checking delivery valve for fit

(3) Wear of control rack and pinions
The control rack must be replaced if it js found
distorted or bent or its rack teeth are excessively
wom. After assembling the injection pump, check
each pinion for backlash, and replace pinions
found 1o exceed the service limit on backlash.

Unit: mm (in.)

Service
[tern Standard limit
T I 015 0.25
Pinion-te-rack backlash (0.0059) | (0.0098)

Using a spring scale, check the force necessary to
set the control rack in sliding motion. Repair ot
replace the control rack if it offers a resistance
requiring a preater force te overcome than 150
grams (5.25 oz).

i e ek

Checking sliding resistance of control rack
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Unit: gram (oz)

Item Standard
Sliding resistance of | Not more than 150 (5.3)
contro] rack as starting pull

(4) Wear of tappets and rollers

The tappet roller consists of roller, roller bushing
and pin. The overall wear of these three parts is
to be checked by measuring the radial play of the
roller with a dial gauge as illustrated. With the

tappet sub-assembiy held as shown, move the roller,

up and down with a rod. If a reading greater than
0.3 mm (0.0118 in.) is obtained, replace the whole
tappet sub-assembly.

(1)

©))
[ )Y
‘H.“
@
1+Dial gauge 3-Vise
2-Tapper 4-Rad

Checking tapper roller for wear

Mike each tappet and tappet bore to determine the
amount of radial clearance between the two,
Replacement of wom parts is necessary if the
clearance computed from micrometer readings ex-
ceeds the service limit.

Unit: mm {in.)

replaced. Measure the free length of each spring;
if the spring is found to be shorter by —0.5 mm
(—0.020 in.) (plunger spring) or by —1 mm (-0.039
in.) (delivery-valve spring) than the smallest stand-
ard length, replace it.

Unit: mm (in,)

ltem Standard Sl?rrnviirm
Plunger b jé —0.5
Free length | P8 “-92918'039} (~0.020)
OFPIRE | Delivery- 32405 -1
valve | (1 26+0.020)| (~0.04)
spring

Service
Item Standard it
o | o | o
tappet bore (0.0008 ~D.00244) | (0.0098)

Check the outside diazmeter of each roller; if the
reading as referred to the standard O.D. reveals a
wear of 0.075 mm (0.00295 in.) or more, replace

the whole tappet sub-assembly.

Unit: mm {in.}

Service
ltem Standard limit
2 -0.075
Tappet roller O.D. e
epe (0.669 0 oors? | (—0.00295)

(5) Delivery-valve springs, plunger springs and seats
Springs showing evidence of cracking must be

B8

(6)

Inspect each plunger-spring seat; if the seat is
found to have a recess (due to the seating end of
the spring) of 0.1 mm (0.0039 in)) or more in
depth, replace it.

Wear of camshaft end its tappet roller bearings
Replace the camshaft if any of its cam surfaces is
badly wom, grooved or otherwise damaged or if
its keyway or threaded end portions are found
defective. Mike the major diameter (cam height)
of each cam to determine its wear in reference to
the standard size and if the amount of wear is
noted to exceed the service limit, replace the
carmshaft.

Unit: mm {in.}

Service
[tem Standard limit
+0.1
Cam height 32 4 0.2
(major dia.) (126 :3.0039) (~0.0079)

(7)

Inspect the tapercd roller bearings for wear. A
loose, rattling or otherwise defective bearing must
be replaced,

Condition of pump housing

Inspect the housing for cracks and examine the
threaded parts for damage, If the housing is in
cracked or damaged condition or if any of its
tappet bore is found to have wormn down exces-
sively as a result of the check on the radial clear-
ance of the tappet (in (4) above), replace the

housing.
£ Unit: mm (in.)

Item Service limit
—0.15
Pump housing tappet bore (0 93; — 0.0059)




Injection pump testing and adjustment

A diesel engine cannot give the full performance il
should be capable of even if it were in its best operable
condition, unless the injection pump and governor
serving it are equally in best condition. The following
testing and adjusting instructions are for making sure
that the pump is in such a condition and must be carried
out with utmost care. Instructions on the governor will
be given separately in the subsequent section.

The tests and adjustients, set forth under three head-
ings, presupposes the use of special servicing equipment
— the injection pump tester. [t should be bome in mind
that the pump and its govemnor constitute an inseprable
set and must be tested and adjusted to meet the specified
criteria before installing them on the engine,

(1) Preparation
{a) Mount the reassembled injection pump on the
tester.

I

Setting up the pump on the tester

{b) Attach the rack position measure. Remove from
the governor these parts: maximum speed stop-
per, 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 (95904-

01060) at the starting position (zero mmy).

L ) & 'T'!-

Setting rack measure 1 0-mm position
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{c) Bleed air out of the injection pump, as follows:
First, move the selector lever of the pump
tester into “injection” position and tum on the
motor switch 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.

[ NOTE |
It is not necessary to “run’ the pump in order
1o bleed air out.

Air bleeding

The pump is now ready for these operations:
CONTROL RACK SLIDING RESISTANCE
TEST, INJECTION TIMING ADJUSTMENT,
and INJECTION QUANTITY ADJUSTMENT,

(2) Control rack sliding resistance test
Run the pump at 1000 rpm and measure the
resistance with the hand spring balancer. The
control rack should be capable of sliding without
offering any resistance greater than 50 grams (1.8
OoUNCEs).

Checking rack sliding resistance
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(3) Injection timing adjustment

(2) Pre-stroke adjustment

“Pre-stroke” refers to the upward movement of
the plunger (and hence of the tappet) and is
measured as the distance the tappet travels from
its lowest position until the feed hole (in the
barre]) becomes closed by the plunger.

Loosen the nozzle holder overflow valve; move
the selector lever of the tester o “injection”
position; and start running the high-pressure
pump of the tester by engaging the clutch; and,
with the tappet clearance measuring device
(95904-02100) securely installed, turn the cam-
shaft to bring No. | plunger to bottom dead
center (lowest) position.

From this position of camshafl, 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.

70

iy
Adjusting pre-stroks

Unit: mm (in.)

Item Standard [

Plunger pre-stroke '

71 95~20
(0.077 ~ 0.079)

(b)

If the reading is not within the standard range,
adjust the pre-stroke by repositioning the tappet
adjusting bolt vertically with the tappet wrench.
Turning this bolt by about a half rotation varies
the pre-stroke by about 0.5 mm (0.020 in.).
After making this adjustment, be sure to have
the lock nut tightened fully,

Check and adjust the other plungers for the
prescribed pre-stroke by repenting the foregoing

procedure.

Checking and adjusting the angular position of
the beginning of injection

The end of pre-stroke corresponds to the begin-
ning of injection: the plunger begins to pres-
surize the fuel in the barrel when il has just
closed the feed hole.

Take the position of No. 1 plunger at its begin-
ning of injection as the reference angular
position (0 deg.), and check the angular position
a1 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 value prescribed:

ltem Standard beginning of injection
Angular | No.1 | No.2 | No.3 | No.4
spacing of N i | ‘
ufje:.“f): o | 89°30° [179°30" |269°30°
O i = o r ~ o ¢

Increase or decrease the pre-stroke to bring the
beginning of injection, as necessary, into the
tolerance allowed. Tuming the tappet adjusting

~

—

Checking interval between injections



bolt by ahout 2 one-fifth (1/5) rotation changes
the beginning of injection by about 1 degree.

{c) Tappet clearance measurement
By the term “tappet clearance” is meant the
marginal upward stroke of the tappet from its
top dead center position, through which the
tappet can be moved by forcing with a lever,
This clearance is prescribed to be not less than
the value specified below, and normally should
not require any adjustment. Thus, the purpose
of this measurement just for making sure that
some clearance greater than the specified mini-
murn is available.
Unit: mm {in.)

Item Standard

Tappet clearance 0.2 (0.0079), minimum

Use the tappet clearance measuring device
(95904-02100), as shown, and lever up the
tappet which is pushed up all the way by the
cam, 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 clear-
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quantity is measured as follows:

Close the nozzle holder overflow valve, so that the
injection nozzle will spray out the fuel delivered
by its pumping element. Have the high-pressure
pump of the tester taken out of service by disen-
gaging its clutch. Keep the selector lever in “injec-

tion” position.

a) Keep the fuel supply pressure at 2.0 kg/cm?
(28.4 psi).

b) Be sure to use a measuring cylinder for each
pumping element.

¢) To empty a measuring cylinder, in to which
fuel has been sprayed, be sure to invert the
cylinder and keep it in that position for at
least 30 seconds before using it for the
subsequent measurement,

Take three measurements on each pumping ele-
ment, one measurement for each set of conditions,
namely, pump speed, rack position and number of
strokes, and compare the measurements taken with
the specifications:

Injection quantity specifications

ance will increase the pre-stroke: be sure not to Pump | Rack Injection | oyer e
exceed the upper limit [2.0 0.0787 in.) speed | position | Strokes | quantity So-let I}
e 0 mm (0. in.)]. pm | mmiin.) ccleuin,) :
B85 T2~78 04
1000 | 335y | 2% |(044~048)| (0.02)
8O & 6.4~70 0.4
1000 | 0315 | 2% |039~043)| (002)
6.0 - 50~80 1.0
200 | 5a36) | % |031~049)| (0.06)

If any pumping element is noted to deliver too
much or too little fuel, adjust it to bring its
injection quantity into the range specified by
displacing the control sleeve refative to the pinion.
Loosening the pinion clamp screw allows the
sleeve to be rotated in the pinien; turning the
sleeve toward the governor side increases the
injection quantity, and vice versa.

Measuring teppet clearance

The injection is properly timed in the injection
pump when all four pumping elements have
their pre-stroke and tappet clearance uniformly
set to the specifications, with the four angular
intervals between successive beginnings of injec-
tion are equalized within the given tolerance.

Be sure to set the pinjon and sleeve accurately so
that all four pumping elements will deliver the
same amount of fuel without exceeding the limit,
indicated above, on difference between the jargest
and the smallest measurement., Be sure to tighten
the pinion clamp screw good and hard after adjust-

2} Ry cuytitr sl ing the contiol sleeve.

“Injection quantity™ is expressed in terms of cubic
centimeters (cc) of fuel delivered by each pumping
element for many strokes of its plunger. This

7
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Adjusting injection guantity

Governor inspection

Upon disassembling the govemor, visually inspect the
ball bearing (which is between control block and sleeve
25 a means of transmitting the push and pull between the
flywheel device and the lever mechanism) for wear and
damage. Examine the balls and the raceways carefully
and, if any abnormal or excessive wear is noted, replace
the bearing. Make sure that this bearing is in perfectly
good condition: any rattle or abnormal noise is not
permitted.

There are a total of five items to be checked and
serviced in the govemor during the process of reassem-
bly. A repair Limit is specified for each and, if the Limit
is reached, then the part or parts responsible must be
repaired or replaced to bring the item (dimension) into
the standard dimensional range.

(1) Flyweight inspection
{a) Measure the clearance between the flyweight
roller and roller pin. If the lmit is reached,
replace the flyweight assembly.

Unit: mm {in.)

Nominal ' Service
ltem diameter Standard limit l
Flywej!%ht roller g 0.025~0.062 | 10
and roller pin (0.00098 ~ :
clearance (0.315) 0.00244) £([10[}394}

(b) Check the contact surfaces of the flyweight
roller and govemnor sleeve. IF eny excessive wear
or damage is found, replace the flyweight

assembly.
Unit: mm (in.)
Item N_uminal Standard SE'.M.CE
diametar limit
0
Flyweight 16 -0.11 ~0.25
roller 0.D. (0.63) | ( 1] ) {(—0.0098)
| ~~0.0043
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(2) Inspection of parts related to control lever
{a) If the control block is wom down at its end
and chrome plating is off, replace the control
block or guide lever.

(b) Measure the clearance between the holes of the
tension lever and guide lever, and supporting
lever shaft. If the limit is reached, replace them.
If any excessive uneven wear in holes and
stepped wear on the shaft are found, replsce
the supporting lever shaft and levers.

Unit: mm (in.}

" Nominal Seandard Service

T % i
tem diameter limit

Tension lever
and guide lever 8
holes, and sup- \
=9 3
porting lever (0.313)
shall clearance

0013 ~0.05 0.10

(OW%ISO'(TEO) (0.00394)

{¢) Measure the clearance between the schackle pin
and control rack hole. If the limit is reached,
replace the schackle or control rack.

Unit: mm {in.)

|tem | Nominal Standarg | Service
’ diameter limit
Schackle pin I - <
and control 5 | (Dd%%é 00036 | gus
rack hole (0.197) & 0.00022 (0.0031)
cleatance R

(3) Swiveling lever inspection
Measure the clearance between the swiveling lever
shaft and bushing. Il the limit is reached, replace
the bushing. When replacing the bushing, replace
*0” ring and oil seal, loo.
Unit: mm (in.)

Nominal | Service
L diameter Standard limit
Swiveling lever .
shaft and 1 ?doc}gos B2 ¥ bas
E:'Cslelmg clear- | (0.433) ' 0.0028) (0.0059)

(4) Torgue control lever inspection
Measure the clearance between the torque control
lever bushing and supporting pin. If the limit is
reached, replace the lever.



Unit: mm (in,)

y I~ 2
item Noprinal I Standard Sc‘:'u':ce
diameter himit
Torque cone
trol lever 0.026 ~ 0.056 0.10
| Bushing and nalsy | (000102 ~ 00294°
supporting pin (0-313) 0.00220) (0.00394)
clearance

(5) Spring inspection
When the governor is adjusted, check vanous
springs and determine if they are defective ar not.
Expecially at disassembly, check ihem [or bent,
damage, f(atigue and rusting. Check the control
spring at its hock part, too. Replace springs {ound
in abnormal condition.

Governor testing and adjustment

As to the meanings of various technical terms used in the
following instructions regarding governor performance
and adjustments, reference must be had to the governor
characteristic curves, below, and to the table of standard
adjustment data, carried af the end of this part.

The procedures which follow assyme that the injection
pump has been properly set for Imjection timing and
injection quantity as outlined in the preceding parl, and
that the injection pump unit (complete with its governor
less the adaptor spring and idling spring) is set on the
pump tester.

(1} Governor adjustments
After servicing the governor, securing the pre.
scribed clearances in the various running parts,
make four adjustments: adaptor adjustment, maxi-
mum-speed control adjustment, low-speed control
adjustment and torque spring adjustment. Each
adjustment will be explained in reference to the
characteristic curves.

(a) Preparation
[nstall the angular scale plate (protractor) on
the governor housing to read the angular posi-
tion of the adjusting lever. (vertical = 40°)

4 &3

=t f

Pratractor on governor hausing

——

Control rack position [mm)
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(b) Maximum-speed adjustment

1. Setting the full-load stopper

Run the injection pump at the speed corre-
sponding to “Ne,” which is indicated in the
characteristic curve diagram. Turn the adjusting
lever in the direction for raising the speed: this
tensions the control spring, making the control
rack move inward. Stop moving the adjusting
lever when the rack comes to the position
corresponding to “Re™ [=8.8 £0.]1 mm (0.346
+ 0.004 in.)], and secure the adjusting lever
there tenstatively. Rack pesition “Re” is for
maximum injection quantity. Bring the full-load
stopper into contact with the tension lever
under this condition.

Adaptor spring yielding to the push ':
Ra . o
h ¢ d 8
Fe — g =
2w
gz
Rg [ iy
23
! =
Adjusting lever o v
in idling position gL
G %
l -
Ra : e Bz
=] A | ] é‘ o
Rn ; ?— E
‘ bR =k
\ 1
\
]
0 g M Na M N N Ne

Pump spead (rpm) ==

Governor characteristic curves

Setting full-load stopper

2. Setting the maximum-speed stopper
Slowly raise the speed from “Nc" to see when
the contral rack begins to come out (in the
direction for decreasing injection quantity). The
speed at which this should occur is prescribed



MAINTENANCE AND ADJUSTMENT

to be 1200 rpm (= Nd). This requirement can
be met by unlocking the adjusting lever (which
was secured in the preceding step), by turning
the lever, and by slowly raising the speed. Upon
locating that position of adjusting lever at
which the control rack begins to come out at
1200 rpm of rising speed, bring the maximum-
speed stopper into contact with the lever,
thereby setting the maximum-speed position of
adjusting lzaver. The lever angle for this position
is prescribed to be 47° £ 5%,

. 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. 1t is expressed as a percentage of full-load
speed:

Speed regulation

no-load speed — full-load speed
- 100
full-load speed ® 100(%)

Generally speaking, the smaller the speed regu-
lation, 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 govemnor as the present
one is limited by the governor mechanism.
Moreover, each engine runs best when the
governor is set to provide the regulation speci-
fied for the engine.

For the maximum speed position of adjusting

lever, speed regulation is represented by that

portion of the charactedstic curve from point
“w_ m

“d" to point “‘e” for the differential speed from
“Na" to “Ne.”

In the present governor, the regulstion can be
changed by means of the adjusting screw pro-

Drive in the adjusting screw as far as it will go
in, and then back it away by four (4) rotations.
Four notches of this screw correspond to one
(1) rotatien.

Backing away the screw increases the regulation
(making the curve *'d™ ~ “e" less sharp). Never
back it away by more than 24 notches (6 rota-
tions) or the threaded engagement of the screw
will be so small as to invite a hazardous condi-
tion.

Setting adjusting screw

. Re-adjustment of maximum-speed stopper set-

ting

Changing the speed regulation by tightening or
loosening the adjusting screw is, in substance,
changing the tension of the control spring. For
this reason, after each repositioning of the
adjusting screw, the position of maximume-speed
stopper for determining “Nd" (the speed at
which the governor begins to perform its high-
speed control action) must be changed to raise
or lower “Nd” to a proper level by repeating
the process described above.

In the table of standard adjustment data, the
angular position of the adjusting lever assumes
that 40° is vertical.

vided in the swivel lever. Tightening this screw

increases the tension of control spring to

reduces the value of regulation, and vice versa.
1

With a small regulation, the curve “d” ~ “e" is
sharper and, if it should be toc sharp, the

{c) Adaptor adjustment
1. Move the adjusting lever to make it bear against

governor would become too sensitive,

It is important to note that the speed regulation
of an engine unit (complete with its injection

the maximum-speed stopper, and install the
adaptor in its normal position in the tension

. lever.

pump and governor) is determined not solely 2. Run the pump at “Na” (= 900 rpm). This
i R 2 S = L AT should move the control rack inward 1o the
istics of the engine (which were explained 92 + 0.1 mm (0.362 = 0.004 in.) position
earlier in the discussion of the torque spring). (= Ra); if not, change the thickness of shim
For the present engine, & proper regulation will plate é’) indicﬂ;ed in this Mustration

obtain when the adjusting screw (on the swivel T s
Ie\;er} is sel as fono“ls: 3. Raise lhﬂ pump Speed from “*Na" to Nb. This
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should pull the contral rack out to the position
“Re™ [= 8.8 0.1 mm (0346 £ 0.004 in)];:
if not, tighten or loosen adaptor screw (4).

The rack movement from “Ra” to “Rc” corre-
sponds to the amount of compression of adap-
tor spring (5), which is referred to as “adaptor
stroke.” Tightening (or driving inward) adjusting
screw (4) elongates this spring to increase the
stroke, and vice versa.

®
® @

1-Tension lever
2-Lock nut

3)
) @
3.8him plapte

E - 4-Adaptor scraw

E-Adaptor spring

-

Adaptor adjustment

(d) Low-speed control adjustment

This adjustment is related to the low-speed
control curve in the diagram given above, and
is effectad as follows:

1. Run the pump at "Ni"" (= 275 rpm), with the
adjusting lever bearing against the maximum-
speed stopper; turn back the adjusting lever
until the control rack comes to “Rh™ [= 5.5 4
0.1 mm (0217 £ 0.004 in.}]; and secure the
adjusting Iever there,

3]

. Imstall the idling spring. Drive in the adjusting
screw of this screw, as shown, until the control
rack moves in and comes to “Ri.” Be careful
not to set this adjusting screw too far inward
or the no-doad maximum speed will rise too
high in operation.

. Lower the speed to “Ng” (= 200 rpm); this
should cause the control rack to move in and
comes to “Rg” [= 11.0 mm (0.433 in.) mini-
mum] owing to the action of the idling spring.

(78

(3)

I
i A
. B
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-
Setting idling spring for low-speed control

4, After completing the foregoing adjustments,
stop running the pump and tum the adjusting
lever in the stopping direction 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 Jock nut.

Matching the pump to the engine
After adjusting the govemor according to the
procedures set forth in {2) above, check the
injection quantity by running the injection pump
as outlined in (4) INJECTION QUANTITY
ADJUSTMENT, INJECTION PUMP TESTING
AND ADJUSTMENT. Use a 500-cc (30.5-cu in.)
measuring cylinder to receive and collect the fuel
delivered by the four pumplng elements, with the
adjusting lever set at 47" + 5°. For this test, take
two readings, one by running the pump at 900 rpm
and the other at 1200 rpm. If the readings differ
from the values indicated in the table of standard
adjustinent data, adjust the pumping elements.

Measuring injection quantity
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|

2

(1)

@)
4
(5

Table of standard adjustment data

APPLICABLE TO: Injection pump, 090000-5721

(ND-PES4A65B320RNDI72)
Governor, 090800-4030

(ND-EP/RSV250-1750A2/302ND403)

. Injection timing adjustment

Direction of rotation: Clockwise g5 viewed from
drive side

Injection order; 1 —3—4 -2

Interval between successive injections: 90° % 30’
Pre-stroke: 1.95 £ 0.05 mm (0.077 £ 0.0020 in.)

Tappet clearance: 0.2 mm (0.0079 in.) minimum

(2)

. Injection quantity adjustment
The listed values are based on these conditions:
1) injection nozzles, 0934000090, 2) nozzle opening
(injecting) pressure, 120 kg/cm® (1706 psi), 3) fuel
supply pressure, 2.0 kg/cm® (28.4 psi), and 4) high-
pressure tester pump, 1.6 mm (0.0630 in.) dia. x 6
mm (0.2362 in.) dia. x 600 mm (23.622 in.).

sped | postion [Pumeing| G | irence:
rpm | mm {in.) ec (cu in.) ec {cu in.)
10d (0%35) 200 ml‘i‘ff;iia) ((?.gz)

1000 (0%?5) 200 (0.;553:3}'23) ({?.ifz}

20 (cfz'gs} L (ogg:gfm {'&.ﬁﬁ)
3. Governor adjustment

The listed values are based on these conditions:
1) govemned speed range, 275 ~ 1200 rpm, and
2) swivel-lever adjusting screw setting, backed away
about four (4) rotations from the fully tightened
position.

(1) High-speed control

Speed Rack position
Lover angle rpm mm {in.}
8.2%0.1
1100 | (03228 + 0.0039)
2 o 70101
Wras 1230 (92756 = 0.0039)
1290 | £ 4.0(0.1575)

{2) Low-speed control

Speed Rack position
Lever angle rom mm {in.)
55201
215 (02165 £0.0039)
High-speed control = E
ffgﬁ‘f;‘?“ MINUS | 330 | (0.1969 + 0,0039)
e with sub-spring
200 | 2 11.0 (0.4331)

NOTE: Figuresin box [ | are for initial lever

setting.

(3) Control by adaptor action

Lever angle EE:"’ R:;::nn‘ﬁnjun
10401
G 400 | (0.4004  0.0039)
S5
650 8.8x0.1

(0.3465 + 0.0039)

(4) Match between injection pump and engine

Lt Pump | Total injection qt.
1"‘ " | speed | cc {cu in.)/500 Remarks
e em | strokes, 4 cyl.
600 81+£2 With adaptor
- (3.1890 * 0.0787) | spring
' S 62%2 With torque
(2.4409 £ 0.0787) | spring
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(b) Move the lever up and down slowly, completing
each up-and-down cycle in about a second, to

Injection nozzle services
(1) Needle valve and nozzle bady

{a) Immerse needle valve and nozzle body in a pool
of clean kerosene, insert the valve into the
body, and move the valve back and forth to be
sure that the sliding contact is smooth without
evidencing any excessive clearance. The injec-
tion nozzle as a whole must be replaced if the
fit is found defective.

"

(b) Visually examine the nozzle body with a magni- Item Standard ! ﬁ;?:r
fying glass having & power of 4 or 5. 12025 110 (1564.2)

(¢) Inspect the needle valve for distortion or dam- Injection pressure | 155¢ 4+ 71 1) | minimum

age at its seating part and for wear of its end
face in contact with the pressure pin,

{d) Poor seating contact may be corrected, if the
defective condition is not advanced too far, by
lapping the valve against the seat with a coat of
clean lube oil applied to the seating faces, If
this does not help, the injection nozzle must be
replaced.

{2) Nozzle holder and distance piece

Check the fit between nozzle holder and distance
piece and between distance piece and nozzle
holder, Determine the quality of the fit from
conlact patterns obtained with the use of red lead
peste: defective fit will be evidenced by an abnor-
mally high rate of return oil (lead-off) flow,

(3) Pressure spring and pressure pin

(a) Replace any pressure spring broken, cracked or
otherwise defective, or outl of square. Inspect
each spring for these defects.

(b) Inspect each pressure pin for wear at its end
faces, one for pressure spring and the other for
needle valve.

(4) Leak-off pipe packing

If the packing is found in deteriorated condition,
replace it,

Injection nozzle testing and adjustment
(1) Injection pressure

The pressure at which the aeedle valve unseats
itself against the fores of the pressure spring is
referred to as “valve opening pressure’ or “‘begin-
ning-of-injection pressure,” but will be called here
“injection pressure” for short. The value of this
pressure is specified; it is checked and adjusted as
follows:

(2) Install the injection nozzle in the nozzle tester,

and operate the manual pumping handle of the
tester several strokes 1o prime the nozzle.

pressurize the injection nozzle, while observing
the indication of the test pressure gauge, As the
nozzle begins to spray, the indicating pointer of
the gauge being deflected will start perceptively
oscillating: read the pressure right then as the
injection pressure,

Unit: ka/em?® {psi)

2)

(c) If the reading taken is below the limil, increase
the thickness ef-the shim used on the pressure
spring. Incressing the shim thickness by 0.1 mm
(0.0029 in.) raises the injection pressure by
about 10 kgfem® (142 psi). Adjusting shim
stock for this purpose is available in 20 sizes,
from 1.0 mm (00394 in) up to 1.95 mm
(0.0768 in.) in increments of 0.05 mm (0.0020
in.} each.

Checking injection pressure on nozzle tester

Spray pattern

The injection nozzles used in the present engine
are of throttle type. Some throttling action takes
place when the needle valve begins to unseat,
thereby limiting the amount of fuel being sprayed
out during the initial stage of each fuel injection.
Thus, each slug of fuel sprayed out may be
regarded as consisting of two parts: initial throttled
spray and terminating main spray.

When tested on the nozzle tester, the injection
nozzle can be made to produce these two kinds of
spray for visual inspection. Initial throttled spray
comes about when the tester lever is operated at
a rate of 60 cycles per minute (up and down in
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one second); terminating main spray occurs when
the lever is operated rapidly at & rate of, say, 4 to
6 cycles per second.

uow oYW U
!

1%

A-After-dribble
2-Spray cone 100 large B-Fissured spray
L0t center spray B-Whirlinag spray

Possible patterns of spray

1-Good

{a) Initial throttled spray

When the nozzle is producing only this spray,
atomization is generally poor and the pattern is
rather straight than conical, there being more
or less after-dribble, that is, fuel dribbling after
mjection. All these are due to the fact that the
fuel being injected is being throttled by the
pintle protruding from the valve.

While the nozzle is meking this spray, see if the
nesdle valve chatters in synchronism with the
cyclic motion of the lever; if so, then the needle
valve is free from any sticking or hitching
tendency and, if not, the nozzle and needle
valve must be cleaned by washing and re-tested.

Off-center spray ot directionally erratic spray,
if noted, should be taken to mean that the
injection nozzle needs thorough cleaning.
{b) Terminating main spray

With the tester lever operated at a rate of 4 (o
6 cycles per second, the initial throttle spray is
hardly visible. The spray under this condition
may be regarded as main spray,

The main spray should be a2 good straight cone,
about 0° in angle, consisting of finely atomized
fuel particles without any large droplets, and
should terminate with no dribble at the tip, not
to mention of any fuel drpping.

(3) Seating tightmess
An injection nozzle tested and adjusted as above,
and found to produce a good spray pattern may

be re-used in the engine provided that it passes
thds final test — seating tightness test.

With the injection nozzle mounted on the nozzle
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tester, raise the pressure slowly to 100 or 110
kp/em? (1422 or 1564 psi) (without exceeding the
set pressure of 120 ke/cm? (1706 psi), so that the
needle valve will not unseat). Hold the pressure
and observe the nozzle tip: thers should be no
evidence of fuel oozing out to form a dribble, If
such evidence is noted, then the contacting faces
of the needle valve and seat must be repaired by
lapping in the manner already suggested or the
injection nozzle as a whole must be replaced.

Cooling system

Flushing service

Even drinking water contains one or more substances in
extremely small quantities as impurities. In the engine in
use, the cooling water deteriorates gradually: the con-
centrations of impurities increase progressively to form
sludges, scales or rust on wetl walls inside the engine
jackets and in the radiator core to interfere with smooth
heat conduction.

Owverheating tendency of the engine is often due to its
cooling water circults fouled with scale, sludge or rust
formation. For this reason, it is necessary to periodically
change the cooling water and, at the same time, flush
the cooling system clean. For the cooling water, be sure
to use a soft water (drinking water is usually soft).

Water pump services
(1) Check to see if the bearing rattles or develops
hitches when the pump shaft is spun by hand; if it
does, replacement is necessary.

(2) Inspect the pump impeller for pitting, erosion and
breakage; replace the impeller if it is found in bad
condition. An impeller found with its front or rear
edges showing evidence of rubbing against pump
cagse or rear cover means that the impeller together
with the bearing need replacement.

5%
7 1-Floating et fcarbon)
1:]50;19'Tn ) 2-Saal ring (eeramic}

Lnit seal



(3) The unit seal must be replaced as a whole if water
leakage from it has been complained by the user,
Referring to the sectional view of the unit seal,
examine floating seat (carbon) (1) and seal ring
{ceramic) (2) particularly carefully for wear. If the
wear is found excessive, replace the unit seal,

Unit: mm {in.)

Wear
Itern Standard limit
Free-state height 2181
of unit seal (0.858 £ 0.04)
Floating seat height| 1.5 (0.059) 0

{4) Check the fit of pump shaft in the bearing inner
race for tightness, [ the fit is loose or if the mating
faces are badly damaged, replace shafl or bearing
or both.

Unit: mm (in.}

ltem Standard
0.001T ~0.017T
Fit of pump shaft in | (0.00004T ~0.00067T)

bearing inner race 0.00IT ~0.017T
0.00004T ~ 0.00067T) ™"

(front)

(5) Inspect the bore provided in the water pump case
for receiving the bearing outer races to see if the
bore s damaged; if so, replace the case or the
whole pump assembly. Be sure that the bore
admits the bearing races with a tight fit,

Unit: mm (in.}

ftem Standard
0011L ~0.025T
Fit of bearing outer (0.0004L ~ 0.0010T) {front)
races in pump case
b st 0.011L~0.025T
are . (rear)
(0.0004L ~ 0.0010T)
(6} Inspect the threaded portion of the impeller for
damage.
Thermostat inspection

Test the temoved thermostat to see if it starts opening
at 76.5°C+2°C(169.7°F + 3.6°F) of rising temperature
and becomes fully open at 90°C£2°C (194°F £ 3.6°F).
If the difference between these temperature levels is too
large, replace the thermostat,

The test is carried out by immemsing the thermaostat in
water contained in an appropriately sized pan and by
heating the water with such as an electric stove. Check
the rising temperature with a thermometer,
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Inspection of fan belt and fan

(1) Inspect the belt for signs of deterioration such as
cracks, and check it for permanent stretch. An
excessively stretched or cracked belt must be
replaced.

(2) Inspect the fan blades for distortion and cracks
and replace the fan as necessary.

Electrical equipment
Starter services
(1) Inspection before disassembly
(a) Checking the starting circuit for operation

With the starter in place, check to be sure that —

1. The battery is in good condition, with its cell
plates showing no evidence of “sulfation” or
any other faulty condition, and is in fully
charged state.

2. The battery terminal connections are clean and
tight.
3. The starter terminal connections are tight.

4. The wires are securely connected to terminals,
and are free of any insulation stripping due to
fraying, there being no signs of grounding or
breaking.

5. The starter switch closes and opens the circuit
positively at each position.

Do not jump into a conclusion that the starler

is in trouble when the engine refuses to fire up

upon cranking: the engine could be in trouble,
(b) No-load test

If the starter is suspected of trouble, take it

down from the engine and run 2 no-load test

on it to find out if it is really in trouble.

When removing the starter, be sure ta have the
battery switch turned off.

Switch

—®-
14

Starter Battery |

Mo-load test circuit

Here's how to carry out the no-load test: Form
a lest circuit with a voltmeter and an ammeter,
as shown, using a fully charged 24-volt battery:
close the switch to run the starter until its
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speed rises to and above 4500 rpm; and then
read the voltmeter and ammeter when the
starter is spinning. The ammeter should show
that the starter is drawing not more than 50
amperes, with the voltmeter indicating at least
23 volts (at the speed of at least 4500 rpm);
if not, estimate the cause of the trouble by
consulting the troubleshooting guide, which
follows:

Sterter troubleshooting guide

Symptom Possible cause

1. Bearings are dirty, or need
lubrication.

Testing armature coils and commutator for

ground and open

=)

. Rotor (armature core) is
Large current mbbmg the ‘pole Piﬂces.

and low speed | 3, Grounded coil in the armature
| orin the field.

4. Short-circuit in the armature
coils.

1. Magnetic switch is grounded
and is not working.
Large current ,

. Grounded ceil in the armature
but no speed |

or in the field,

| 3. Seized bearing,

1. Open-circuited coil in the
armature or in the field.

2. Broken brush pigtail. ' ! i ‘
No current and Testing armature for short with growler
no speed 3. No conduction between brushes
and commutator because of (b) Inspect the commutator surface for buming
“high mica" condition or dirty and “high mica” condition. Surface bums can
commutator surface. be removed by tuming the commutator in a
Sitaill siirent - Lo | lathe provided that there is enough stock to be
Loose coil connection in the field. removed by machining without exceeding the

and low speed

limit diameter [43.2 mm (1.701 in.)]. “High
mica" must be corrected by undercutting the
mica between commulator segments. Inspect
the risers and, if their solder is found melted,
repair them by re-soldering.

Very large cur-
rent and very Short-circuited field coil.
high speed

The best way of testing the starter is to run it
under loaded condition, but that requires special
testing equipment. For ordinary servicing pur-

Check the commutator for radial runout and,
as pecessary, repair it by tumning in a lathe.

poses, the nodoad test and troubleshooting Unit: mm (in.}
nide will do. - AT
' : Item Standard ﬁ;ﬁ?{r Lg}:t
(R Inagaction &fves mbl‘:v . PCommutator 0.03 | 0. 432
(a) Check the armature coils and commutator for fanoit (0.00118) | (0.0039) | (1.701)

ground, open and short. A circuit tester will
serve the purpose of checking the coils and
commutator for ground and open. To check for
short, however, the “growler” must be used.
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Checking cormnmutator for runout

(c) One end of the shunt field coil is soldered to
the yoke. Undo this soldered connection, and
check the positive {(+) brush holder for ground
by putting one testing prod of a circuit tester
(with its selector knob set in the ohmic zone)
10 the "'M" terminal of the starter and the other
prod to the field coil: the tester should indicate
“continuity.” Shift the latter prod to the yoke:
the tester should indicate “infinity."” This check
is for finding whether or not the positive
brush holder is satisfactorily insulated. If the
insulation is found defective, repair or replace
the holder.

{d) Check the brushes for wear. The brush worn
down to 13 mm (0.5]12 in.) in length must be

replaced.
Unit: mm (in.)
ltem Standard Slei:;;:e

Brush length 19 (0.748) | 13(0.512)

(e) Replace the rotor if the armature shaft is worn
down al any of the three places indicated
below; and also replace the bearing if it is so
wormn that the radial clearance exceeds the
upper limit of the range indicated:

Shaft clearance

Unit: mm (in.)

MAINTENANCE AND ADJUSTMENT

—— Tl erasray

L sz i Hatler, cuidisct a no-load
test in the manner already outlined, and check the
masmetic switch and its lever mechanism for pinjor
shitting actio:,

TS saa by et Tigt=ss fasrand an
Ine pimon snoula move dack and Torth smoothly
through its full stroke, without any hitches. If any
faulty movement is noted of the pinion, disassem-
ble the shift mechanism and repair it.

o™
Switch Ki

Battery

e D

]——lj———

Testing circuit for checking pinjon shifting action

Having mads sure that the pinion moves satisfacte-
rly, close the switch (K1) to advance the pinion
all the way out and hold the switch closed. Under
this condition, move back the pinion by giving a
light push to it with 2 fingertip to take up its play,
and measure the clearance between pinion and
stopper. This clearance should be between 0.5 and
2 mm (0.0197 and 0.0787 in.); if not, increase or
decrease the number of washers used in the mag-
netic switch mounting.

Unit: mm {in.)

Itern Standard

Clearance between 05~2
pinion and stopper (0.0197 ~ 0.0787)

After mounting the starter in place, test it by
cranking the engine a second or so zbout 10 times
just to make sure that the pinion meshes with the

Nominal Repair ring gear properly.
Itemn bigitator Standard limit "
enerati stem services
Commutator | 142 0.034~0.104 0.2 l C‘:“S S)’f . g
side {0.559) |(0.00134~0.00409) |(0.0079) (1) Cause of poor charging operation

If the user complains that the battery tends to
become overcharged or discharged, check the fan
belt for temsion and, if the belt is in proper
tension, check the wiring connections for tightness,
Be sure that there is no open in the charging
cireuit.

12.2 0,034 ~0.104 0.2
(0.480) | (0.00134 ~0.00409) | (0.0079)

Center- 203 0.020~0.353
bracket side | (0.799) | (0.00079 ~0.00139)

Pinion side

al
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With: swiich Tl e (A W L ML AL~
nator field from the battery), drive the alter-
nator by turning on the drive motor, increasing
the speed of drive gradually, and observe the
indications of the voltmeter and ammeter, Stop
increasing the speed when the ammeter indica-
tion reaches its zero mark, and open switch K1 :

Ee Y B haledeim $lan b adiine mlindien M

L2 ANE LA, OUIDUL LSrmEnd: oF 1S recnineri

unit develops the ratea voltage. ana snRcina ke
apour 1100 rom.

Next. close switen Ra. .10 “ne vananee wmon

I T e P R = T ety |

Ames analiv ovadnsilv ann rean TRa ammarter

A% TAnTARIISIA LATEARS  m A wrmemes memmmer o+ er e =

LE DEITOrMATNCE SPECINCATIONS IO Ueterming
wnetner or not the altermator unit is capable of
ine specilied oulpul performance.

ne rectitier diodes and breaking the seii-exc:-
Mg CONaIuon 07 TRE AITEMAaror un:

LT TV T aiug U s s

[T ri gt = R S

Schematic rectifier connection

It is obvious from the above schematic diaeram

LULICIIL WERL LW j) SV wiuiic s IUPFLULE . 220 Wt
the other hand. no cument z:sws
three are biased in forwara airecuon. ..
that all three diodes are open-circunea.

A lamp (2 to 10 watts, 24 volts) and a 24-vol:
battery with two lead wires will serve the pur-
pose.




camp fwith the same armount o7

voltage as the battery) ,.f E
I NS

; |
S

|

Aliernatively, a circuit tester may be used, In
*his case, bear in mind that the (+) terminal of
the tester 15 connected 1o the {—) side of its
built-in bsttery and the (=) terminal fo the

(+) side.
Tester
Alterngtor coupler
_—r . A
o el A | :
o) N | i b

- = —=C

Zhecking diodes with a circunt testier

I the foregoing check reveals that the rectifier
- wmesueraciare enmditinn then cheek each

Checking diodes for ground

Diodes found short-circuited, open-circuited or
ground-circuited by the foregoing methods must
be replaced.

() Checking the field coils for short through layers

Check the ohmis resistance of field circuit by
using the circuit tester, with its testing prods
putl to the two slip rings. The field coils are in

MAINTENANCE AND ADJUSTMENT

sound congition if a resistance reading ol
approximately 27 ohms [at 20°C (68°F)] is
obtained. A lower reading than this calls for
rotor replacement.

Checking field coils for fayer-short

(d) Checking the armature windings for open and
ground

windings and the core. . .
-PEN-CIICLUTEN OF EMULIIUEW (Ut Ly 0Ll =

Checking armature windings for open and short

{e) Each brush may be left in service until it wears
down to the limit line marked on it. Be sure to
use genuine replacement brushes.

Wear |imit ling

Wear limit mark on brush
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(3) Regulator tests and services

With the alternator umnit mounted on the test
bench and coupled to the varlable-speed drive
source (motor), connect the repulator umit, as
shown below, with two ammeter Ay and Az and
a voltmeter. Be sure to use @ fully charged 24-V
battery. Before starting the test operation, check
{0 be sure that the resistance inside the regulator
gnit between terminal IG and terminal F is any-
where between about 35 and 41 ohms. This ohmic
value is important: this much resistance means
that resistor R+ is in gound condition and that the
point faces of contact P1 are smooth and closing
positively to pass field current properly.

Regulator

Qf}
Switch K1

Switch K2

O

Battary

Ammeter

Alternator

Voltmater

Regulator test circuit

(2) Checking for regulated voltage

Close switches Ki and Kz and start driving the
alternator. Just when ammeter Ay indicates zero
to signify that the alternator is now in sell-
exciting condition, open switch Kz. Raise the
speed to 3000 rpm and read the voltmeter. The
regulator is properly set and working satisfacto-
rly if this reading is between 28.0 and 31.0
volts.

(b) If the indication of ammeter A2 remains zero,
it means 1) contact P2 is not working properly,
ar 2) voltage coil VCz is open-circuited.

(c} If the voltage read on the voltmeter is outside
the range stated above, despite ammeter Az
showing some feld current being supplied
the field, then it means 1) voltage coil VCi |s
open-circuited, 2) resistor Ra is open-circuited,
or 3) contact P1 is stuck closed with its point
faces fused together.

Bench tests

An overhauled engine should be operated on the test
bench in order to correctly break it in, to adjust the
engine and injection pump and governor for best engine
performance, end to quantitatively determine the output
power the overhauled engine is capable of.

B4

The test bench is an apparatus complete with a dynamo-
meter. In the following procedures, a standard-type test
hench is assumed.

(1) Bresking in

Have the engine set up on the bench, and aligned
to the dynamometer. Operate the engine for a
totel of 2 hours according to the schedule indicated
below, During this operation, observe the running
condition carefully and, if any malcondition is
noted to be developing, shut down the engine and
take steps to correct it.

Ereaking-in schedule

Order | PP | Toe) | imimaten
11000 0 30
2 1500 1.5 30
3 2000 15 &0
4 2500 20 60

Run the engine with (&) lube oil pressure held
between 3 and 4 kgfom® (42.7 and 56.9 psi), (b)
cooling water temperature held between 75° and
85°C (167° and 185°F), (c) lube oil temperature,
as measured in the oil pan complete with a vacuum
pump, held between 80° and 90°C (176° and
194°F). While the engine is running, check to be
sure that there is no leakape of oil, water or
combustion gases, and listen into the engine now
and then for abnormal noise.

For this breaking-in run, start up the engine as
follows:

(a) Fill up the cooling system and the oil pan, and
make sure there is enough fuel. Prime the fuel
system, letting out all trapped air, if any.

(b) Use the preheating system to make sure that
the glow pilot lamp works. The lamp should
glow in about 20 seconds.

{c) With the adjusting lever of the governor moved
to the starting position, crank the engine with
the starter and, after starting up the engine,
move the adjusting lever to its idling position.

(d) With the engine kept in idling condition, inspecl
for leakage of oil or water, observe the color of
exhaust smoke, listen into the engine for abnor-
mal noise, and check lube oil pressure and
cooling water temperature.

Until the cooling water temperature rises to its
normal operating range, the engine might develop
sharp knocking-like sound, but this is no cause for
alarm because it will disappear as the temperature
MSES.
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{2) Engine performance tests

Have the air cleaner, vacuum pump, altemalor unit
and other suxiliary devices mounted on the engine,
and test the engine for (a) no-load maximum speed
(governor setting), (b) fuel injection (rack setting),
and (¢) no-load minimum speed (idling setting).
Have the."d;.'narnamelcr turned off for these three
tests.

(a) Setting the governor (no-load maximum speed
test)

Immediately after the breaking-in operation, set
the governor 1o limit the highest speed to
2640 = 20 rpm. With the governor so set, the
engine speed will, as it should, fall to 2400 rpm
when full Joad (rated load) is put on the engine
by means of the dynamometer.

(b} Setting the rack (injection quantity test)
Set the rack so that fuel injection quantity will

be between 7.6 and 7.8 liters (464 and 476
cu in.} per hour at 1600 engine rpm.

(c) Setting the idling stop screw (no-load minimum
speed test)
Set the stop screw so that, when the adjusting
lever is lurned 1o bear against this screw, the
governor will allow the engine to run at 600
Tpm.

{3) Engine output test
Turn on the dyramometer 1o impose load on the
engine running at no-Joad maximum speed anmd
inerease the load until the speed falls to 2400 rpm.
Read the dynamometer indication rght then.
Determine the formal outpul power by multiply-
ing the reading by this correction factor K:

760 [ 273+t
H_HwV 293

K=

where H : barometric pressure in mmHg
Hw : parlial pressure of H2 0 vapor in mmHg

t : room temperature in °C.
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Hints for facilitating disassembly-reassembly work
Engine disassembly

{a) Orderliness is important. Have work benches and
parts trays in good condition, clean and tidy.
Washing sinks and pans should be neat and ready
for use, Have the disassembled parts placed in
respective trays, keeping a group of associated
parts in the same tray for easy identification.

(b} Before separating two parts, be sure to make
match marks as necessary. Even for those parts to
which positional matehing is not ecritical, such
marks will facilitate reassembiy work,

(c) Signs of some defects or flaws are visible during
disassembly but may disappear when the disassem-

led parts are washed clean. Leave your findings
on record when such signs are noted.

{d} Use the right kind of tool for each disassembling
job, in order to protect the parts and to speed up
the work.

{e) Handle bearings and bushings and the like with
care. They are critical parts: a little nick could
make them onfit for re-use.

Engine reassembly
(a) Make it a rule not to re-use dirty parts in reassem-
bly. 0il seals and bearings must be particularly
clean. Before installing them, be sure to clean the
bores for admitting them,

(b) It is a good practice not to re-use those paskets
and sealing members removed from the engine
that has been in long service. Use of replacement
parts is more sconomical as far as gaskets and the
like are concerned.

(c) Before fitting a running part, be sure to oil its
sliding surfaces. Use clean, fresh engine oil,

{d) Have the specified sealing compound o¢n hand.
Use of the compound is preseribed for most of
sealing parts.

() Torque limits are specified for some bolts and
nuts. Be sure to use torque wrenches and to refer
to the specified values of torque limits.

Engine dismounting and mounting

The engine and transmission are to be laken down
together from the machine. The two must be combined
on the bench and then remounted as a unit. The dis-
mounting and mounting procedures are set forth in
another manual.

DISASSEMBLY AND REASSEMBLY

Rocker arms and rocker shaft
Rocker shaft assembly removal
(I) Remove rocker cover and gasket, Remove oil pipe
eye bolt (1) and disconnect pipe (2).

(2) Loosen short bolt (3) first and long bolt (4) next
on each bracket and, after freeing all four brackets,
lift the rocker shaft assembly (5) off the cylinder
head.

1-Eve bolt 4-Long bolr
2:0il pipe &-Rocker shafy sssembly
38hort bolt

{3) Draw out push rods (6), and remove valve caps (7).

7-Valve cap

Rocker shaft assembly installation

(1) Insert push rods into respective tappet holes,
Mount valve caps on the heads of respective valves.
Position the rocker shaft assembly on the cylin-
der head and make the short bolts and long bolts
fingertight,

(2) Tighten the 8 short and long bolts to a torque
value between 1.5 and 2 kg-m (10.8 and 14.5 f1-b),
Give the final torquing to long bolts first and to
short bolts next, making sure that all bolts are
tightened equally.
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DISASSEMBLY AND REASSEMBLY

(3)

Reconnect the oil pipe and secure the connection
by tightening the eve bolt.

Upon starting the reassembled engine for the
first time, inspect the rocker shaft assembly,

checking for evidence of any loose bolts on the
brackets and making sure that the rocker arm
mechanism is properly lubricated. Check, also, for
abnormal noise, such as valve chatter due to

Rocker shaft assembily

(1) To break the rocker shaft assembly, taken off

(2)

the cylinder head, into its component parts, the
first step is to remove spap rings (1), one at each
end of the shaft. Pliers must be used to pick out
the rings.

Remove washer (4). This permits the assembly to

be broken into components: brackets (10), rocker
arms (5), springs (15) and shaft (16).

improper valve clearances.

As to the valve clearance, refer to the part dealing
with valve clearance adjustment in the latter part
of this section. For both exhaust and intake valves,
this clearance is prescribed to be 0.25 mm (0.0098
in.) (cold),

Rocker shaft disassembly and reassembly

1-Eye bolt
2-0il pipe
3-5nap ring
4-Wesher
B-Rocker arm sssembly
10-Bracket
11-Short bolt
14-Long bolt
15-8pring
16-Shaft

Removing snap ring

NOTE

Reverse the above sequence of disassembly to
rebuild this assembly. Make sure that each
rocker arm in place is capable of smooth rock-
ing motion.



DISASSEMBLY AND REASSEMBLY

Cylinder head

Removal
(1) Disconnect bypass hose (1) and pipe (2). To do so,
the thermostat elbow and water pump clamp must
be displaced.

8-Cylinder head bolt 9-Cylinder head
Removing cylinder head (3}

/\(caution)

Cover up the open ends of injection pipes and
: air intake pipe to avoid entry of dirt. When
1-Bypass hose 2-Pipa 3 i

p y removing  the gasket from cylinder head, he
Removing cylinder head (1) careful not to nick or mar the gasketed surfaces
of head and block. Read the torgue necded to
e A ) _ . ) loosen each cylinder head bolt: these readings
(3) Disconnect IEEMcn Pipes (5), leak-off pipe (6) might help locating the cause of the trouble

and retoin pipe (7). reported,

(2) Remoave bracket (3) and fuel filter (4).

[nstallation
{1) Place new gasket (1) on the block (2), and lower
cylinder head (3) squarely onto the gaskel. Be sure
to have two guide bolts (4) installed so that the
gasket in place will not shift.

3-Bracket B-Leak-nff pipe
4.Fuet filter 7-Return pipe
S:Injection pipe

Rernoving cylinder head (2)

(4) Remove rocker cover, and take out the rocker
shaft assembly, push rods and wvalve caps, as

described previously. 1-Gasket 3-Cylindsar head
) Ll o 2-Crankcase 4-Guide balt (2 pcs)
(5} Remove cyhpder hiead bolts (i&j.ﬂ Lift c¢ylinder Installing cylinder head (1)
head (9) straighl up to remove it from the block
of cylinders and crankcase. (2) Using a torgue wrench, tighten the cylinder head

bolts to 12 = 0.5 kg=m (87 = 3.6 ft-Ib) in the
sequence indicated by the ascending order of
numbers, starting with “1.”
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DISASSEMBLY AND REASSEMBLY

3-Mut ’ 5-Intake manifold
4-Exhaust manifold

Disassembling cylinder head (2)

(4) Remove thermostat elbow (6) and take out ther-
mostat (7).

Installing cylinder head (2)

(3) Insert push rods, fit valve caps and install the
rocker shaft assemnbly as described previously.

(4) Reconnect injection pipes, bypass hose and others.
(5) Adjust the wvalve clezrance as prescribed, and

mount rocker cover.

Disassembly
(1) Remove nozzie holders (1) and glow plugs (2).

o] KT : AR TRt

6-Thermestat elbow 7-Thermostat
Disassembling cylinder head (3)

(5) Remove exhaust and intake valves as follows: Com-
press valve spring by operating the valve lifter,
pick out valve cotters (8) and retainer (9), release
spring (10) and remove spring and valve (11).

A

1-Nozzle holder 2-Glow plug
Disassembling cylinder head (1)

(2) Remove nuts (3) securing exhaust manifold (4) to
the block. Take off manifold (4).

(3) Similarly remove intake manifold (5).

Rernoving valve cotters
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8-Valve coners

“‘"\\ Sl Jpper retsiner
10-Valve spring
-;—;% 11-Valve

Valve — Exploded view
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(6) After disassembling the head, de-carbon it thor-
oughly and clean the threaded holes for glow
plugs and nozzle holders by washing. Clean the
plugs and holders similarly. Use compressed air to
dry washed parts. When washing the nozzle holder
units, be careful not to damage their nozzle tips.

| NOTES

a) Intake and exhaust valves are not marked to
identify the respective cylinders they serve.
Upon removing each valve, be sure to mark
it or otherwise identify it to ensure that it
will be restored to the original place of
service,

h) The two halves of each valve cotter must be
handled as a matched pair for the valve from
which it was removed in disassembly.

¢) Leave the valve guides in place unless they
need replacement.

d) Observe the carboned condition of the com-
bustion chamber surfaces, intake and exhaust
ports and valve heads before cleaning them.
What is observed is an Important symptom
for troubleshooting.

e) To remove the valve guide, be sure 10 use
the valve guide remover (A).

DISASSEMBLY AND REASSEMEBLY

/u_J
1-Vaive gulde A-\alve guide remover

2.Cylindar head
Removing valve guide

) Leave the precombustion chamber jets in

place unless their replacemen! is necessary.
To remove a jet, as when cracks are noted
on i1, ease the jet out by driving with a
flat-faced drft pin inserted through the
glow plug hole, as shown:

Removing precombustion chamber jet

Before installing the jet, wash the precom-
bustion chamber cavity clean, and drive the

jet into position, with its orifice puinting to

the center of the cylinder.

a3



DISASSEMBLY AND REASSEMBLY

Reassembly

Make sure that all component parts have been serviced
or otherwise checked to be in re-usable condition; have
them all clean, free of greasy matter. Refer to this cross
section in executing the reassembly work:

e 20 BRI ST SR e

A-Intake port B-E xhaust port C-Chambar jet
Precombustion chamber jet location

oy @i PPepp00 O o

2-Adjusting screw
3+Push rod
4.Cylindar bead bolt
S-Raocker bracket
6-Valva guide
7-Exhaust valve
B-Valve seat
9.Covar
10-Rocker arm
11-Rocker shaft
12-8pring retainer
13-Valve cap
14-Valve cotters
15-Spring
16-8Stem seal

4
—@®
19
17:-Glow plug
\@ 18-Leak-off pipe
19-Nozzle
)

20-Cylinder haad
21-Precombustion chamber jet

o P |

©9o ¢

Cylinder head — Cross section

(1) Assuming that the valve guides have been removed, l
install each guide (2), as shown, with the use of the
guide installer (A). After driving the guide in,
check to be sure that the dimension (B) measures
17 mm (0.669 in.).

1-Cylinder head A-Valve guide instalter
2-Valva guide 8-Specified iength: 17 mm (D869 in.)

Installing valve guide
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1LCylinder haad 3-51em seal

2-Valve guige
Stem seal

{2} Mount valves (7}, springs (15) and retainers (12).
Install valve cotters (14) on each valve with the
spring compressed by mesans of the valve lifter.
Leave out caps(13), which are to be put on when
installing the rocker shaft assembly.

(3) Restore to the cylinder head the thermostat,
thermostat cover, nozzle holders, leak-off pipes,
glow plugs, connection wires, exhaust manifold
and intake manifold.

Timing gears
Removal
(1) Remove belts (1) and take down the fan (2).
Loosen boll (3) securing the adjusting plate to the
glternator, and take off fan belt (4).

1-Bolt and washer {4 pcs each) 3-8olt
2-Fon 4-Fan belt

Removing fan

(2) Remove nut (5) on water pump shaft, and nut (6)
on crankshaft. From the pump shaft, remove fan
specer and, by using the fan puller (A), draw pump
pulley (7). Draw pulley (8) from crankshaft with
the puller.

DISASSEMBLY AND REASSEMBLY

5-Nut and washer
8-MNut and washer

7-Pump pulley
B-Crankshaft pulley

Removing pump pulley and crankshaft pulisy

7-Pump pulley A-Fullar
Drawing pump pulley off

8-Crankshaft pullay A-Puller
Remaoving crankshaft pulley

(3) Remove bolts (9) securing the cover (10). Remove
bolts (10) securing the timing gear case (12). Take
off the cover and gear case.
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DISASSEMBLY AND REASSEMBLY

Leave camshaft gear (17) and injection pump gear
(18) in place, unless they have to be serviced or
replaced: each gear is to be removed complete
with its shaft. 1

NOTE

Before removing any of the timing gears, be
sure 1o tum over the crankshaft to bring these
gears into the position at which the timing
marks provided on them meet each other.
Removed gears, if any, are to be fitted tu take
the same angular position, which is illustrated
below:

9-Bolt and washar (5 pes each) 11-Cover
10-Bolt and washer {9 pes each) 12-Gear case

Removing timing gear case

(4) Remove idler bolt {13), thrust plate (14) and
injection pump gear nut (15).

1+Camshalt gear A-Crankshaft gear
2-|dier gesr 4-|njection pump gaar

Timing gear match marks meeting each other

Installation

The procedure is generally the reverse of removal. [t is
assumed here that injection pump gear (4), camshaft

13-Bolt 17-Camsheft gear gear (1) and idler gear (2) have been removed.

14-Thrust plate 1B-Injection pump gear g ’

15:Nutand washer  1B-Crankshalt goer (1) Mount pump gear (4}) and camshaft gear (1). Tum

16-1dler gear these gears while fitting idler gear (2), so that the
Timing gears match marks will meet as shown above.

(2) Position timing gear case (1) in place, as governed

(5) Draw idler gear (16) while twisting it in the direc-
tion of its helix.

1-Timing gear case 3-Bolt and washar

16-Idler gear 2.Cover {13 pes ench)
Removing idler gear Securing gear case

(e
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DISASSEMBLY AND REASSEMELY

by the locating pins provided on the front plate, sure that the szating face is clean and that the packing
and secure the case by tightening a total of 13 is in good condition.
volts, Install injection pump gear cover (2).
(3) Inmstall water pump pulley (5) and crank puliey (6)
by driving them onto respective shafts with in-
stallers (B) (C).

1-Balt and washar (4 pes esch) 2-0il filver assembly
Removing oil filter

Qil filter disassembly and reassembly

To disassemble the oil filter, use the oil filter wrench to
detach efement (1) from filter bracket (3). Removing
relief valve (4) from the bracket completes disassembly. |
To reassemble the oil filter, reverse the disassembling se-

5-Water pump pulley B-installer
Installing pump pullay by driving

guence,
et 5 o
B-Cronk pulley C-Installer Q
Installing crank pulley by driving ) @
) Fit the washer to crank pulley and fasten dow

(4) Fit mfa as}au_ ‘: crank pu Lle: : asten down B P Braikiet
the pulley by tightening the nut. 2-Canter screw 4-Relief vaive

(5) Pass the fan belt around the pulleys and install the Dil filter — Exploded view

cooling Tan. Adjust the belt for proper tension as
described in the part titled “Fan belt tension
adjustment.” Belt tension js specified in terms of
“pelt deflection™ and is prescribed to be 12 mm
(0,472 in.) (deflection) under thumb pressure.

Lubrication system

0il filter removal and installation

The oil filter is bolted to the crankcase. Removing the
four boits (1) allows the Glter (2) to be detached from
the engine for removal. When installing the filter, make

Leu]
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DISASSEMBLY AND REASSEMBLY

1]

1-Element
2-Mounting bracket

0l filter — Cross seéction

3-Reiicf valve

Oil pump remaoval

To remove the oil pamp, the oil pan must be separated
from the crankcase. Before removing the oil pan, be sure
to drain it completely. Removing the mounting bolt (1)
allows the pump (2) to be pulled out of the crankcase,
Reverse this sequence of removal Lo install the oil pump.

1-Bott and gasket

201l pump
Removing oil pump

NOTE

The oil pump will not come off if oil pump
drive gear is firmly meshed with camshaft skew
gear, While giving a pull to the oil pump, tum
over the crankshaft a little 1o ease the drive
gear from the skew gear.

When installing the oil purp, examine the gasket for
the mounting bolt. Replace the gasket if it is nicked or
atherwise defective.

Oil pump disassembly
(1) From the pump, remove oil strainer (2) and pump
cover securing bolts (1). Separate the cover,

2-0il strainer
Removing oil strainer

1-Bolt and washer (4 pes each)

(2) Invert the pump case and catch outer rotor (3),
which will slide out of the bore by its own weight.

3-0Duter rotor
Removing outer rotor
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(3) Drive out tapered pin (4) by using a drift, as
shown, and pull drive gear (5) off main shaft (6).

- &),
Draw the main shaft out of the pump case, i
"P
3
H
4-Tapered pin 6-Main shafr Bl = - 2
&-Drive s = 1-Pumnp drive gear 4-Outer rator
Removing tapered pin 2.Main shaft S-Inner rator
(4) Dri T ¢ in (7) d i 3-Purnp case
ive out inner rotor pin (7), and separate main 0il pu ;
A mp— Cr
shafl (6) from inner rotor (B). i WS

\

B-Main shatt Belnmer rotor
7-Inner retor pin

HRemoving Innet rotor pin

Gil pump reassembly
After securing inner rotor o shaft by driving in the pin,
insert the shaft into the pump case, and mount the gear

on the shaft, locking the gear by driving in the tapered
pin.

Fitting cover to case by matching marks

g9
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p—
NOTES |
) If main shaft or drive gear has been replaced,
a new pin hole must be made by drilling
through the gear mounted on the shaft.

b) After putting on the cover, check 1o be sure
that the match marks are correctly indexed,
If the cover is in a wrong position relative to
the case, the pump will not draw in oil,
Tighten the bolts after checking to be sure
that the marks are correctly matched.

c) After reassembling the pump complete with
its strainer, immerse the strainer in a pool of
vil and run the drive gear by hand to make
sure that the pump is capable of sucking oil
in.

Cooling system
(water pump complete with thermostat)
Water pump removal
(1) Remove four bolts (1) and take off fan (2).
Loosen bolt (3) and remove fan belt (4).

1-Bolt and washer (4 pcs each) 3-Bolt
2-Fan 4-Fan belt
Removing fan

(2) Loosen clamp (5) and disconnect bypass hose (6).

(3) The oil pipe for pressure-feeding lube oil to the
water pump is connected to the pump by means of
union nut (7). Loosen this nut and disconnect the

pipe.
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4-Fan belt 7-Union nut
5-Clamp B8-Pulley
6-Bypass hose

Disconnecting hose and pipe

(4) Remove the nul securing pulley (8), and draw the
pulley off the shaft by operating puller (A).

8-Pulley A-Puller
Removing pulley

(5) Remove mounting bolts (9) and take off the wates
pump assembly from the crankcase.

10-Pump assembly
Removing water pump

a-Bolt and washar (4 pcs each)



{6) Remove two bolts (11) securing elbow (12), and
take off thermostat (13), as outlined previously.

11-Bolt and washer
(2 pes gach)

12-Tharmostat elbow

13-Thermostat

Removing thermostat

Installation is reverse of removal and can be effected by
carrying oul the foregoing steps in the reverse order.
After installing the water pump, be sure to adjust the
belt for proper tension.

NOTE }

Handle the fan belt with care, keeping it free of
any greasy stains. After removing the water
pump from the crankcase, be sure to close the
water opening of crankease to avoid entry of
dirt,

Water pump disassembly

1-Bolt 6-Snap ring
2.Cover 7-fearing
3-impelier 8-Shaft
4-Unit seal 9-Bearing
5-0il saal 10-Pump case

Water pump — Exploded view

(1) Remove cover (2), which is secured to the pump
case by balts (1)

DISASSEMBLY AND REASSEMBLY

1-Bolt and washer 2-Cover
Removing pump cover

(2) Hold the pump shaft mgidly, and unscrew pump
impeller (3) to remove it from the shaft,

T

impeller (3] is mounted threadedly an the shaft, The
serew threads sof right-hand screw, To remowe impelier,
1urn It in the directian of the arrow.

Removing impeller

(3) Ease oul oil seal (5) from pump case (10).

. mz

5.0l seal
Removinag oil seal

(4) Using pliers, pick out snap ring {6) from around
the shaft.
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6-Srap ring
Remaoving snap ring

(5) Draw shaft (8) out from the pulley side of the
pump case. Separate the two bearings (7) (2) from
the shafl.

J20era
7-Bearing B.Shaft B-Bearing
Removing shaft
Water pump reassembly
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1-Shaft E-Snap ring 9LCover
2-Bearings B-0il sea! 10-0il seal
3-Specer 7-Unit seal 11-Pullyy
#4-Case B-impeiier A-DU cavity

Water pump — Cross section
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(1) Fit oil seal (10) into the case (4).

(2) Mount bearings (2) on shaft (1), put on spacer (3)
and msert the shaft into the cass.

{3) To the pulley side of the pump case, fit snap ring
(5).

(4) Attach unit seal (7) to impeller (8), and mount
the impeller on the shafl by running the impeller
onto the shaft,

(5) Put on cover (9) and, after fastening it down to
the case, check to be sure that the impeller does
not rub the cover.

Flywheel and ring gear

Ring gear separation from flywheel
it is assumed here that the clutch has Been removed.

(1) Straighten lock washers (1) and remove bolts (2).

i-Lock washer (2 pes) 2-Bolt |4 pcs)
Removing flywheel (1)

{2) Hold the fiywheel with both hands, as shown, and
pull it off crankshaft. Lay the removed flywheel
on the bench top,

Removing flywheeal (2)

(3) Using a drift, drive pilot bushing (3) out.



DISASSEMBLY AND REASSEMBLY

3-Filot bushing
Remaoving pilot bushing

(4) Immerse the flywheel in a hot bath of oil at 100°C
(212°F). Keeping the flywheel in this bath for
3 minutes will heat the flywheel uniformly 1o this
temperature. Take out the flywheel, place it on a
firm, level working surface, and ease ring gear (4)
aff flywheel (5) by driving with a drift bar.

. /

/

B-Flywheel

4-Fing gear
Removing ring gear

Flywheel reassembly and mounting

(1) Clean the shouldered periphery of the fiywheel for
receiving the ring gear. Clean the nng gear simi-
lasly.

(2) Heut the ring gear to about 100°C (212°F) in &
hot bath of oil. Keeping the gear in the 100°C
(212°F) bath will heat it uniformly to this temper-
ature, Upon removing the ring gear from the
oil bath, fit it to the flywheel, making sure that
the ring is seatad firmly,

{3) Drive the pilot bushing into the flywheel.

Installing pilot bushing

(4) Screw two guide bolts (A) into the crankshaft end.
Held out the flywheel squarely against ¢rankshaft,

A-Guide bolt (2 pes)
Remove guide bolws after correctly
positioning the Hywheel,

Fitting flywheel to crankshaft

{5) Put on washers and tighten mounting bolts to
secure flywheel to crankshaft. Be sure to torque
these bolts to8.5+0.5 kp-m {(61.52 36 felh). Lock
the tightened bolts by bending the washers {irmly
against each bolt head,

Securing flywheel to crankshaft.

103



DISASSEMBLY AND REASSEMBLY

Fuel filter

Removal and installation
(1) Close the fuel supply valve under the fuel tank.

(2) Disconnect fuel feed pipe (2) from filter.

(3) Remove two mounting bolts and take off the fuel
filter assembly (3).

1-Drain plug 3-Filter assembly

2-Fuel feed plpz (2 pes)
Removing fuel filter

Reverse the foregoing sequénce of steps to install the
fuel filter. After installing the fuel filter, run the engine
and inspect for fuel leakage from pipe connections,

Disassembly and reassembly
The two views of the fuel filter given here are seif
explanatory and will serve to explain the methods of
disassembly and reassembly:

1-Filter cover 4-Spring 7-Drzin plug
2-Gasket 5-Filter case g-Bolz
3-Element 6-Bolr 9-Air vent plug

Fuel filter — Cross saction
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1 N |
Parts are to ba taken off one another in the
ascending order of reference numbers,
1-Bolt 5-Spring seat
2-Filter caver 6-Spring
3-Gasker 7-Filver case
A-Element

Fuel filter — Exploded view

Injection nozzles

Removal and installation
(1) Loosen comnector (1) and disconnect injection
pipe (2) from the nozzle holder.
(2) Loosen the union nut and disconnect retum pipe
(3) from the holder.

(3) Remove nut (5) on each nozzie holder and discon-
nect leak-off pipes (4) interconnecting the holders.
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1-Connector {4 pcs)

2:Injection pipe

3-Aewurn pips
Remaoving mjection nozzle

A-Lenk-o!f pipe
5:Nut [ pes)

(4) Put the wrench to the retaining nut, and unscrew
the injection nozzle assembly to remove it from
the cylinder head. Take off the packing remaining
behind on the seating face by plucking with a
screwdriver tip. Examine the removed packing to
sea if it can be re-used.

| NOTE |

Reverse the foregoing sequence of removing
steps to install the injection nozzles, making
sure to tighten the nozzle holder in place by
torguing its nut to 5 0.5 kg-m (36.2£3.6 f1-1h),
After removing ¢ach nozzle assembly, be sure
to plug op the hole with a wad of cloth to
avoid entry of dirt into the cylinder,

Disassembly

(1) Before disassembly, collect data on the nozzle by
testing it for injection pressure (beginning of
injection), spray patfern and internal oil-tightness,
all in the meanner already described. Throughout
the disassembly, cleaning and reassembly work,
handle each nozzle assembly with care to protect,
in particular, the nozzle tip.

(2) Clamp retaining nut (1) between the jaws of a vise,
as shown, put the wrench to the holder and loosen
it to separate it from the nut (1),

(3) Take out of the removed holder these parts:

nozzle tip (3), distance piece (4}, pressuse pin (5),
spring (6) and washer (7).
Wash the disassembled parts clean with ¢lean
kerosine or diesel fuel oil, and dry them with
compressed air. Using a wooden scraper, remove
carbon: after decarboning, wash the decarboned
parts with a more powerful cleaning fluid such as
gasoline.

6-Spring
7-Wesher =
3-Nozzle tip 8-Mut

1-Retaining nut
2-Nozzle holder

4-Distance piece 9-Gasket
5-Pressure pin

Injection nozzle assembiy — Exploded view

Reassembly

The reassembling steps are the same as the disassembling
steps except that the sequence is reversed, and that the
job of fitting a part to another must be carried outin a
pool of clean kerosine.

If the needle valve and nozzle proper have to be replaced,
be sure to wash the teplacement parts in the poal of
kerosine after removing their proteotive film of plastic:
wash off the rust-preventive oil from the nozzle proper
by stroking the needle valve back and forth in the needle
valve stem bore,
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1-Adjusting lever rod 5-Cannector
2-Conwof wire G-Injeetion pipe {4 pes)
: 0 4-Fuel feed pipe
"*""'ﬁfﬂ" Removing injection pump (1)
1Hewmning nuy B5-Washer
2-Nopzzie tin T-Nozzle holder
3-Distance plece B-Gasket
4-Pressure pln B-MNut
5-8pring

Injection nozzle — Cross section

Injection pump and governor

/\ [cauTiON ]

Unless the circumstances require disassembly
of the injection pump and its governor, these
components should not be disassembled. To 4Feturn pipe 7-0il pipe
overhaul them, special equipment complete Aemoving injection pump (2}
with testing devices and special tool is needed.
Furthermore, the overhauling work must be
performed by a person skilled in this service
and in a place specially kept clean.

(2) Remove the injection pump gear cover. Turn over
engine crankshaft 1o bring the piston in No. 1
cylinder to top dead center on compression stroke.
Look into the timing pear case to check to be

Remaoval sure that the match marks provided on the idler
(1) Disconnect control wire (2) from adjusting lever and pump gear are meeling each other correctly.
rod (1); and disconnect fuel feed pipe (4) from > ;
the pipe joint at injection pump. Similarly dis- -

connect the pips between fuel filter and injection
pump. Remove fuel return pipe (3) by undoing its
pipe connections.

At each injection pipe connection on the pump
unit, undo connector (5) to disconnect injection
pipe (6). Remove oil pipe (7).

B-Pump gear
Injection pump gear
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{(3) Remove bolts (9) securing the mounting fange of (4) Titing the pump toward the engine advances the
the injection pump to the engine front plate, and timing, and vice versa. Refer to the gradustion
take down the injection pump unil. marks provided on the edge face of the mounting

flange: one division is equivalent to 6 deg. of crank
angle.

(5) Having made sure that all timing marks are
maiched as prescribed and that the beginning of
injection is correctly timed (in reference to No. 1
cylinder), reconmect the injection pipe (No. 1).
Prime the fuel circuil in the manner previously
described: make sure that no air remains trapped
in any part of the circuit.

Whether the injection pump is correctly install-
ed must be checked by actually running the
engine. Run the engine in all speed ranges;
listen in for abnormal noise and examine the
color of exhaust smoke, Evidence of malcondi-
tions noted conld be due to mistimed [uel

'B-Ec;lt and washar
Removing injection pump (3)

Installation inlect
mnje i
(1) Alignment marks (line marks) are provided on the SEiRe
pump body and mounting flange. Make sure that Feed pump removal and installation

these marks are lined vup. With the pump gear and
idler properly positioned in their meshed condition
inside the timing gear case, that is, the match
marks on these gears indexed to each other, mount
the injection pump unit bn the engine {ront plate
and secure it by tightening the mounting bolts.

(1) Disconnect fuel feed pipe (1) and return pipe (2).

(2) Remove nuts (3) securing the feed pump to the
injection pump body, and take off feed pump
assembly (4).

(2) Install fuel feed pipes and lube oil pipe, and
reconnect all but No. 1 fuel injection pipe.

(3) Tumn over engine crankshaft slowly until the
plunger in No. 1 pumping element comes to the
position for “beginning of injection.” Check to be
sure that the timing mark on crank pulley is
matched to the mark on the timing gear case;
if not, adjust the mounted position of the pump
in the following manner:

1-Fuel feed pipe 3-Nut and washer (3 pes each)
2-Rewrn pipe 4.Feed pump assembly

Removing feed pump

Setting injection timing
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Feed pump disassembly and reassembly T‘IN-IOTE‘

sy
Priming pump iz not meant for disassembly:
its cylinder and valve holder are integrally com-
bined by using a bonding compound.

(2) Loosen piston chamber plug (4), pick out piston
spring (6), and draw out piston (5).

1-Pump housing 9-Push rogd
2-Priming purmp 10-Valve support
3-Check valve 11-Check valve spring
4-Piston chamber plug 12-Hollow screw
E-Piston 13-Hollow screw
6-Pisten spring 14-Gauzs filter
7-Ring 1E-Nipple
B-Toppet ;
Feed pump — Exploded view 4-Piston chamber plug 6-Fiston spring
5-Piston

(1) Remove priming pump (2), and take out check Removing feed pump piston

valve (3).
) {3) Remoave ring (7), and take out tappet (8) and push

; rod.

1-Valve holder 3-Check valve
2-Priming e 7-Spring B-Tappat
Removing priming pump Remaving fead pump tappet



[NOTE |

Assembly is reverse of disassembly. Be sure to
correctly assemble by referring to the cross
section.

1-Pump bousing
2-Check valve
3-Valve support
4-Hollow screw
E-Piston and tappet
E-Check vaive

7-Priming pump
B-Valve holder
BGauze filyer
10-Hollow screw
11-Cever
Feed pump — Cross section

Govemor disassembly
The following tools are needed to disassemble and
assemble the RSV governor of the injection pump unit:

(s} Screwdriver

(b} Wrench set

(c) Long-nose pliers

(d) Special wrench for torquing governor weight round
nut

(e) Flyweight extractor

(f) Overhauling tool set

Before starting to disassemble the governor, wash the
exterior surfaces of injection pump unit and set up the
pump on the bench. Drain lube oil.

(1) Detach and remove the governor cover as follows:

{a) Loosen idle lock nut (1), remove idling sub-
gpring (2), loosen screws securing cover piece
(3), and take off this cover piece.

(b) Remove the six screws (4) securing the governor

DISASSEMBLY AND REASSEMBLY

cover to the housing, and detach the cover by
pulling it a little. Insert the screwdriver and
move the shackle upward or downward with
the tip of screwdriver to undo the pinned
connection between control rack and shackle.

Disconnecting shackle from control rack

(c) Using the long-nose pliers, unhook the start
spring. Remove the governor cover complete
with the lever mechanism.

Disconnecting start spring

(2) Remowe the flyweights us follows:
(2) Remove round nut (5) by loosening it with the
round nut wrench.

* o=

Removing round nut
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Governor — Exploded view

(b) Run the flyweight extractor into the threaded
hole, as shown, and force the flyweights off the
camshaft by jacking action.

Removing flyweights

(3) From the removed governor cover, take out the
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lever mechanism parts, as follows:

(a) Remove two screw plugs (2), and draw out
lever supporting shaft (8), on 