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FOREWORD 

This service manua l has Instructions ,nd procedures for lhe subject on the 
front cover. The infomlation, specifications, and illustrations used in this 
manual are based on information tha l waS current at the time th is issue was 
written . 

Correct servicing will give this engiM a long productive life. Before 
attempting to s tarl a test, repair or rebuild job, be sure tha i you have studied 
the respective sections of this manual, and know all the components you will 
work on. 

Safety is nOt on ly your concern bu t everybody's concern. Safe working habits 
canno t be bought Or manuf,ctured; t hey must be learned through the job you 

o. By learn ing what CAUTION 0 1' WARNING symbol emphasizes, know 
what is safe - what is not safe . Consult your forem an , jf necessary , fo r 
specific instructions on a job, and the safety equipment required . 

NOTES, CAUTIONS and WARNINGS 

NOTES, CAUTIONS and WARNINGS are used in this manual to empha
size important and critical jllstructi on s. They are us.ed for the following 
conditions : 

iNOTE] 

.Lt.( CAUTION] .. 

.&.IW£':I~ II Nii 

An operating procedure, condition, etc., 
which it is essential to hfgJ1llgIH . 

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

Operating procedures, practices, etc., 
which if nOt correctly followed , will 

result in personal injury or loss of life. 

January 1973 
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What to service What to do 

Check oil level and replenish . 
~ Oil pan ." Change oil. 
.~ E 
" " ~- Oil m ler Rtpilice fi lter element. ~~ 
...Ji:; 

Oil drcuit Clean by flushing . 

Fuel fllter 
Drain out sludge and conden.sate:. 

Replac.e filter element. 

Feed pump Clean inlet connection. 
E Chel;k injection pressure. J'! 

Injection ~ 

;:; 
;; nOlzles De-carbon and clean non)e.'i 
~ and scats. 
"-

Drain out condensate and 

Fuel tank sludge . 

, Clean by flushIng. 

Check water level and replenish. 

E Radiator Change coolan l. 
J'! 
~ 

Clean r4diator fins. >-
~ 

'" .5 
Fan belt Check and adjust tension, '0 

8 
Thelmost31 Check for performance . 

Coolant circuit Clean by flushing. 

E 
CJean elemenl. 

Air cleaner Q 

Replace element. :;; 
i:; 

Bolts nnd nuts 
~ Cheek for tightness and 
Il on muffler and 
.£ air cleaner 

retighten . 

Inspect brushes and commutator 
_ c Starter ror wear; iccondition as necessary. 
11 ~ 
-- E Check acid level and replenish . ~c. 

Battery 0'-
Q ~ 

Check electroly te S_G. - .,-w" 
Glow plugs rnspect for condition. 

:. Valve clearance Check and adjust . c. 
0 
5. 
~ Major bolts Retighten. ~ 

's. 
~ Packlngs and w l.nspect for leakage and repair . 

seals 
- - -- - -

Criteria 

7.0 liters 
(1.8 gaUons) 

120 ± S kg/em' 
(1706 ± 7 1 psi) 

60 lilers 
(16 gallon,) 

161ile" 
(4.2 gillon') 

12mm(l12in.) 
of deneCl ion 

0.25 mm(0.0098 
in.) fOf bothintake 
and e >:.haust ,,.a!VtS 

o refers to engines in regub..r service . 
@refers;to new eng,ines being broken in . 

Servicing intervals (hr5) 
Daily 

15 150 300 600 12DD 
Remarks 

1101 

0 

@ 0 

0 
0 

0 
0 

0 

0 

0 

0 
---

0 
,0 

0 

0 

0 

0 
0 

0 Standard d ,"y i 
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CONSTRUCTION AND FUNCTION 

LeCl·side view 

B 

, ·Water pump 
2-Fan 

3·F an bolt 
4·F uel injection pump 
5-F uel teed pump 

SoOi l pipe 
7·FuBI feed pipe 
S-Fuel filtE!'r 
9-Rockor cover 

10·Go'.'emor 

11 ·Fuel inlet 
12-Adjusting fever 
13·Starter 



CONSTRUCTION AND FUNCTION 

RJght-s:ide ,"'iew 

ill 

G)~ 1==-1 ,-

(fJ--~ I 11Il 

Q)_ I© 1- I I 

@ 
p 

/ 

j ·Cylinder head 
2-Cr'ankcase 
3·Serv ice meter 
4·Flywh •• 1 housing 
5·Ex l'lust manifo ld 
6·Rocker covet' 

I 
/ 

@ 

7·01 f lll. r 
6·Thermo"01 
9·0il pip. 

l O·Fan 
1 1·Alte~nator 

I = / 
® 

13 ·Timing gear c&se 
14·Mounting bracket 
15·0H leva l gauge 
16·DrBin plug 
17·011 pan 

12·AIUHnator bracket 
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CONSTRUCTION AND FUNCTION 

Longitudinal cross section 

' ·Thermostat 8·C.-snkshah g~ar 15- lm, k, valve 22-Flywheel housing 

2·Water pump 9·Tirning gear case- 1S-Rocker ,h.ft 23-Flywheel ,i ng ge., 

3-Piston 10-Oi l pao 17·Rocker bracket 24-F lywh •• 1 

4-Camshaft gear 11·0 11 strainer 1S-Valve push fed 25-C.m,h.ft 

5·Fan 12-Elbow 1S-Cylinde, he.d 26-CnlOksh.ft 

6-Connecting rod 13·Rocker cover 20·Crankcase 
7·Crank'Shaft pu~ley 14·Ex hau5i va lve 2 1-T'PPQt 

10 



Tran5\'erse crOss section 

~- - ~ ,7=1 1111 

1-Exhauu manifold 
-P iston 

3·Valve push rod 
4.r appet 

5-Camshafr 
6.Connecting rod 
7·0il pump 
S-Oil strainer 

9-Rocke .. ~rm 
10-0i l fill., 
I1·Glow plug 
12·0il injection nozzle 

CONST RUCTION AND FUNCTION 

13-FueJ fi lter 
14·Fuel injection pipe 
1S·Fuel injection pump 

16·Fuol f •• d pump 

1 1 



CONSTRUCTlON AND FUNCTION 

Specifications 

Model designAtion S4E 
Type Water-coojed) 4·stroke cycle, in-line , rurbulence-thamber 

type diesel 
Number of cyli"lders 4 
Bore X stroke. mm (in.) 94 x 94 (3.701 x 3.701 ) 
Piston displacement. cc (cu in.) 2609 (159) 
Compression ratio 19 : 1 
Firing order I · 3·4 ·2 
Direction of rotation Clockwise as viewed from liming gear case si de 
Fuel ASTM No. 2-D diesel fuel 
Crankcase lub ricating oil API service classification CC - class 

Overall length, mm 
813 (32) (in.) 

Dimensions 
Overall widrh. mm 

512 (20.1/8) . . 
(in.) 
Overall h"ght. mm 

741 (29-1/8) (in.) 

WeIght (dry). kg (lb) 290 (639) 
~ 

DD model DPS model Ii> .., Maximum output. PS/rpm 35/2400 37/2400 .,. 
~ Maximum torque. kg-m (fl-Ib)/rpm 14.5 (104.9)/1200 15.5 (112 .1)/1200 e 
~ 

Compression prcssur •• kg/em' (psi) (rpm) 20 (284.4) (150 - 200). mmimum C) 

Mmimum speed, rpm 650 - 700 
Maximum speed. rpm 2640 
Cylinder sleeve Dry lype, special cast iron 

Number of piston rings 
Compression rings 2 
Oil I (wirh spring expander) 

Valve arrangement Overhead type 

Intake valves 
Open 30' before TOC 

V.lve timing 
Close 50' afte, BDC 

Exh3USt valves 
Open 74' before BOC 
Close 30' afler!DC 

Valve clearance Intake. mm (In .) 0 .25 (0.0098) (cold) 
Exhaust . DUn (in.) 0.25 (0.0098) (cold) 

, 

Starting system Staning motor 

Model NO - EP/KS22A 
Fuel feed pump Manufacturer Nippon Denso 

E 
Cam lift. DUn (in_) 6 (0.236) 

E Model PES4A65B ~ 
>-

Manufacturer Nippon Denso ~ 

0; 
PJunger diameter) ~ 

Fue) injeclion pump 6.5 (0.256) IL 
mm (in_) I Plunger lead Right hand 
Cam lift, mm (in.) 8 (0.315) 

12 



CONSTRUCTION AND FUNCT ION 

I Injection tunins, 25 t 1° be fore TOC 

Type Centrifugal, n)'Weight , all ·speed type 
Governor Model RSY 

Manufacturer Nippon Denso 

E ; Manufacturer Nippon Denso 
0 

Nozzle holde, Bosch type, KCAI7SD u 
I Nozzle ti p Bosch type, ND - DNOSD 
E 
,!! Type Throltle type 
;'. Injection nOllles Spray hole diameter, " I (0 .039) 0; mm (in.) , 

u. Splay cone angle 0° 

injection pressu re , 
120 (1706) ± 5 (71) KgJ ,m ' (psI) 

I Filter element Paper-element type 
Fuel filter .. 

Manufacturer Nippon Rokaki 
! 

~~"" 
Oil pan,liler (gai) 7,0 (1.8) 
Oil mter, lite, (ga l) 0.67 (0.1 8) 

When operating] 3 - 4 (42 .7 - 56.9) 
kg/em' (psi) 

Oil pressure 
When idling, kg/em' (psi) 1.0 (14.2), miIlimum E 

~ Type Trochoid type ,.. 
" <: Speed ratio to crankshaft 1/2 0 

;; Oil pump Displace ment , liter 19 .2 ( 1172)12400 (engine 'peed) , minimum 
.~ (cu m.J/min/rpm Oil lempcra ture : SO°C (122°F) .0 , Di;charge pressure: 3 kg/em' (42.7 psi) 
...J 

Oil filter Type Paper element type 

Type Piston -valve type 
ReHef valve Relief pressure ks/cm' 

3 ± 0.3 (42.7 ± 4.3) (P,;) 

Capacity (excl. radiator), liter (gal) 4.6 ( 1.2) 

Type Centri fugal type 

Warer pump 
Speed ratio to crankshaft L2 : I 
Displacement , liler 100 (6103)/2520 (pump , peed) 
(cu m.)/min/rpm 

E Belt 
Type Low-edge cog B·type "V" belt 

~ Manuf2cturer Mitsubo,lu BeU ~ 

1; 

" I Type Wax type 
.~ 
"0 Thermostat 

_ Manufacrurer Fuj i Seiko 
0 

Valve opening 76 .5 ± 2' (1 69 .7 ± 3.6°F) I u 
<emperature, 'c (' F) (Fully opens at 90' C (I 94' F)) 

I 

Type Steel blade, pusher type 
Number of blade> 6 

I Fan 
I; Outside diameter.mm 

380 (14 .96) x 30° I (Ill.), pitch 
I 

j Speed ratio to craJlkshaft 1.2 : 1 
- . _ - I 

13 



CONSTRUCTION AND FUNCTION 

Voltage 24 V 

Polarity Negative 

Type Sheathed type 

Glow plugs 
Rated vol tage.currel'lt 22 .5 volts - 4.8 ampere, 
Resistance value (at 
normal temperature) 

4.5 ~ 0.5 ohms 

Model M005T2767I 
Manufacturer MilSubi,hi Electric , 
Type Pillion-sluft type 

Star ter 
Voltage - output 24 , ai lS ' 3 kilowatts 
Pinion/ring gear 

11/132 
(No . of teeth) 

~ Model AP4012 B, c 
~ Manufacturer Mit,ubi,hi Elec tric E 
Q. Type 3-phase, enclosed type '3 
g Voltage: - ~lJrrent 24 volts - 12.5 ampere, 

~ I Rated voltage: gener· 
1100 

~ 
at ing speed, rpm 

u 
Ra[ed output gener-~ 

W atiIlg speed , rpm 1900 
Alternator 

Maximum permissible, 
7000 rpm 

I 
Speed ratio [0 crank· 

1.68 shaft 

Model RMS4227C. 
Manufacturer Mitsublilii Electric 
Type Voltage regulator 

Regulator unit Voltage regullitor 27.5 - 30,5 volts .t 3000 rpm 
ell t -m voltage (alternator speed) 
Safe ly reJay cut·in 

5 volts, rna>:.. voltage 

14 



CONSTRUCTION AND FUNCTION 

Performance curves 

15.~ 

>D >D 

Fully equipped (wi th [en. alternator end air cleaner) 
Corrected to standard conditions (760 mmHg (29.9 in . lig) pressure, 
20°C (68'F) temperature and 65% humid,ty I 

DPSmodel 

-----. 
..... 

! 

...J 

16 ~ 
14 ~ 

o 

12 ~ 
10 (; 

)-

DD mode 

I 
I t S 

, I 

r- ..... 

/' 37 
_ I --- -....,, 31 

" " '" .. 
; 
!; , 
o 

'" 

10 

/ 
1/ . 

/ 

/ 
I 

g? 
; 
g , 
o 

~ 
" , .!! 

~ 

[ 
'(Xl' 
l$)g , 

lOJO 1;00 IroJ lSW 2200 2SOO 
SPI'fd fpm 2400 

Location of engine serial number 

The engine serial number is embossed on the upper Jefl 
hand sjde, dire ctly above the starting motor, as shown 
boJow. 

rJ 
Engine serial nu mber 

u .. , 
u. 

./ 
/" 

/ I / 

J) 

1/ ! 
/ 

lO 

I- -

-+ - I 

0 
lCOO lID 1(00 

I ,,,,-, 2<00 -
Spe~d rpm 2~OO 

~6 ; 
101 x 

" \1 ~ 

10 ~ 

~ 

'" e: 
~ , 
2 
ii 
E KI) ;J 

~ 
l80 ~ 

i 
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CONSTRUCTION AND FUNCTION 

Crankcase 

--1 

a 4 

l-Cran kCiU.e 3· Side $.,1 
2·~ II nde r $Ieeve 4~ ~iI' i ng CillJS 

Crankcase and cylinder block 

Cmnkcase 
The crankcm and cylinder block are in one, shaped as 
a singJe caslmg. into which Ihe cylinder slee ves made of 

16 

a special cast iron are press-fitted. The sleeves are of 
"dry" type: they are. not in direct cOntact with engine 
c.oolant . 

The cTank"", as , whole is designed fOT high rigidily; 
the strength built into it is. calculated to withstand l with 
an ample margin , the soevere cydic~tress. of complex 
nature imparted by the internal running parts. 

These stresses ~ry from one part of the crankcase to 
another as jn any diesel engine; lhe needed rigidity and 
durability are secllred by the skin section. which is stud 
more substantiaJ and extending far below the level at 
which conventional·desisn crankca.s.€s are termLI)ued [ 0 

mote with the oil pan. 

Eoch main bealing cap is filted inlo and held by the 
crankcase, thus proyjding a more reliable support for the 
crankshaft at five pl.ces along ils length . 

Main, thrust and big-<md bearings 

The five main bearings are of shell type, each consisting 
of Iwo half shells, there being no dis tinclion between 
lhe two: each may be located on top or bottOn) at the 
lime of hearing installation in engine reassembly . 

Crankshaft thrust is taken up al No. 5 journal . Three 
bearing pJates l each in the form o f half-ring) ate used: 
t\Vo on the teat and one on the bottom front side of 
No. 5 bearing. The", U,rust plales are held in place by 
spring p ins_ 

Connecting-rod bearings too or. of ,heU Iype, each shell 
being of tli-melal design . Tho sheU is essent ially a kelmel 
metal fused 10 a steel backing base .nd covered by an 
overlay of a lead-tin alloy deposited by plaling. 

l ·Main bearing 2·T"hrust bearing 



AiTb .... ther 

The breatJler for letting fresh air into nnd letting out 
fumy air from the crankcase is loc,ated On thoe fight-hand 
side of the engine . It prevents the pressure inside the 
crankcase from building up and thus minimizes the 
amount of lube. oil gcltLn& into the combustion cham
bers. 

Cylinder head 

'~:D 

®~il 
® t 

Air breather , 
/ ., 

l ..R. oc ker covar 
2.cyllnoer tu:mo bolt 
3-CyllnQer head 
4-Gasket 
S·Pnrcon1bu",1ion ch9mbef jEll 
6.v~1 ... e USl 

Cylinder hil:l'ad 

CONSTRUCTION AND FUNCTION 

Cylinder head 

The cylinder head is , 'ingle·piece , .. ti.ng, elaborately 
jacketed for improved cooling and also ror greater 
S{rtlClura] rigidity. Exhaust pOTts, intake ports and pre
combustion chambers, each numbering fOUl, arc cast out 
inside the: head. The exhaust ports open out to the right, 
and the intake ports to the left. 

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

Fcwvtrd ~ 

Tl9ht~ning sequence 

Precgmbustion chambers 

The precombustion chamber Is formed with (I cast-out 
space and an orifice piece - pre combustion chamher jet 
- fitted into the cylinder head from its. g-asketed side. 
The shapes of the piston crown iln[j the commun icating 
orifice are snch as to produce good turbulence c ... -en 
when the engine is ruTUling slowly . The glow p1U8, 
sticking oul into the ante chamber - pr~combustjon 

chamber - right beside the inJeclion nozzle is a st ar-ting 
aid in cold weather. 

Cylinder head gllSket 

The gasket for sealing the joint between cylinder head 
and cyhnder block is es:sentially an asbestos insulator 
sandwiched between two thin steel shee ts, with its 
-combustion chamber holes. being edged in apron fashion 
by stainless :;ted grommets. The: bottom surface in 
contact with. the cylinder block is cO:3ted with II special 
sea ling compound for improved sealing effect. 

Rocker cover 

The rocker cover is aluminum alloy in material . 

V shotS, .... alve seah; and springs 

The lntake valv~ has Its disc s.ized :is large as possible for 
increased suction tfficiency. 

The material of valves is heat·resislant steel having good 
hot-hardness. This steel used in exhaust valves is of ;I 

special kind havillg extra high resistance to high·temper
atUre' creeping, burning and oxidation, fatig.ue an 
thenna.] shock . 

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

17 



CONSTRUCTION AND FUNCTION 

A speci.1 he.,·resistan l m31erial of high·durability lype is 
used in the valve seats of both intake and exhausL v!.!ves. 

each \'.Iv, is loaded by a single coil spring, whose lums 

3 

are spaced .par! with equal pilch. 

The valve stem end is capped; the cap is Ul COntact with 
the rocker arm and serves as the wearing member. 

IS) (11 

4 

~\: It'!. . @ 

, @ 

~::~8~ ; , 1 I 8~() Ii II I ~;\ 
@f----' 

'20 

a·Valva ~at 
9-Racker COvel 

15-Sprlng 
16.v .. 11J! stem ssal 

' ·lock rut 
2·Adlustio9 screw 
J-Valv. DUm rod 
4 -Cvll nder t,I!Bd bot, 
S-Rocku br~e&l:e, 
&Valve guidll 
7·e""hiunt '111'10'8 

1 O·R oekt1' ,I'm 
"·R ocker ShDft 
12-Sprlng rltrl!llnllt 

13-V,I'/e Ci(l 

14-VOrye eO(!er5 

17..(i(ow plug 
19·Fuot ltlllc-off pipe 

19·No.:tle 
2O-evljpoor head 
21·Precombuulon eh..-nber jet 

Cvlinder head - Cress section 

Rocker arms, shaft and bracket. 

The rocker arm is a forging. Its tip ror psessing down the 
valve s[em is induction-hardened for increased resistance 
to wear , It' bore for admitting the rocker 'haft is bush· 
ed; Ih. bushing is lead bronze in malerial. 

24.5 36.3 

Rocker arm 

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

'The four rocker brackets are al1uminum alloy cashngs 
shaped identically, 

18 

Main moving parts 
Crankshaft 
The crankshaft B a sjng!e-piece forging complete with 
balance weights_ Its journals and crankpins are sized 
Jarge 10 increase its rigidity . and are case-hardened by 
Induction heating, 

Flywheel 

The c""l·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 geat is of a high carbon steel, its gears are 
hardened by induction heating, The ring itself is shrink· 
fitted to the flywheel. There are 132 gcar teelh, each 
loath being chamfered at its end facing the slarler drive 
pinion in order to facilitate the meshing action of the 
pinion. 
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Ma.n moving parts 

Pis-tons. 

Tbe pislOns are of an aluminum aUoy . The piston crown 
is recesSt:d in such a way as. to promote turbulence ill 
bo,h precombustion chamber and main chamber. As 
seen in side view, the pis LOll is slightly t(lpcred 10 present 
cm incrc3sing.ly large diameter toward its skirt ; and, as. 
seen in plan view I H is slightly oval. These two features; 
ate calculated to compenstlle it! roundness for unequal 
therm31 expansion at the operating temperaHlre. 

The piston pin hole has its axis slighUy offset (oward 
anti·thrust sidt: in order to minimize pis.ton noise. Each 

plSlon has its weight indicated On its -crown by punching. 
All four pislons are required to have the Same weight 
within a given tolerance so tha t the vibrnlion of the 
main mo\':ing parts during operation will be minimized . 

CONSTRUCTION AND FUNCTION 

"p 

1 ·Crallkshiift 
2·R lng gear 
3·Flvwheel 
4oCfar'lk~haft pulley 
5.(:1;&r'I k1.heh gear 

6-Conne.!;ting rod be.3rl"g cap 

7·Connec tmg roOd beat ing (srnr ll s ~ 

8-Connec~ing rod 
9·Pi'lon pm bUPl1nll 

10·Pinton pin 

1'·Pinon 
12-Pistof'l n\'\gs 

F~om of engir'lO" 

t 

Pinon weight 

Amoun( 
of offiCI 

Piston weight marking and pin hole O!fset 

19 



CONSTRUCTI ON AND FUNCTION 

Piston rings 
Each pi,ton i, fitted with three rings; two compr.ssion 
ring' (Nos. 1 and 2 as counted from top) and on. oil 
nng. No. 1 ring and oil ring have their faces chrome· 
plaled . No. 2 ring Is tapered . An expander coil is 
pT01;ided mside. the oil ring to augment its elaslic 
sirength, 

...... .. 
' .. 

CD 

:"': : :\ ,,:~ 

2 

' ·ComPrnsrDII rings 2·0;f ring 

Piston ri ngs 

Piston pins 

The piston pin is hollow. Its sliding surface is c"",· 
hardened by carbumation . It is fitted to the piston and 
carries the smaU end of the connecting rod in "full 
noating" manner. The pin inserted into the piston i, 
relained in pl"e by a sn.p ring fitted into the pin hole 
at each end, 

Connectlni rods 

The connecting fad is a die fo rging, shaped to present 
an uro 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 
pis Ion and also the compltx bending sbess. Its min i
mized mass reduces the stresses due to its own mertia. 

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:I1t g!'ar 
2·ldler 
3.C...,nksh,h g9sr 

4.lnJee~jon pump gear 
5-ldter shah 
6--Cover 
7·Timi ng gellr ca~o 

Timing gear train 

Timing gear ease 
o the front end face of crankcase is attached a large 

mounting plate called the front plate _ To this plate i, 
bolted the linning geat case, in which the timing gears are 
housed. 

The fron t plate is doweled to the crankC3se by two pins. 

20 

The fuel inject ion pump is mounted on the frOl'lt 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 
tOOing gear case to drive the cooling fan th rough crank· 
shaft puUey _ An oil seal is pro';ded in the tinting gear 



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

lUlling gears 

Hel ical gcars made of hJgh carbon steei are used to drive 
injection pump and camshaft from crankshaft through 
an if.ller. The teeth of thest gears il re fll1 ished by shaving 
for increased durability and .high milchining accuracy . 
Because of hell-cal mesh, tl1ese gears run quietly and 
aSSll re accura te llrriing attion. 

l 

Cam,hart 

1 ,C"rru.haft gear ~No . of lea In: 38} 
2'·ldler ~No. of ItI<i!th : 43) 
J-C'lnksn.aft gear (No. of te l!lTh: 19) 

4 ·lnjtc tion pump geM (No . o f te-e,h : 3BJ 

Timing gear configuration 

The -camshaft is a hiSh carbon steel in material, and its 
cam surfaces are chill hardened. 

Tno rron l journal 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 
iI lubricales the thrust face of camshaft. 

Tappets 

The lapp.1 is of fl.1 type and >hoped pal.~ke to admit 
the push fod into its hollow . It is cast iron in m.a.terial; 
its cam·riding face is: hardened by chilling. This design 
provides a lightweight tappet, resi-S1ant to wear and 
strong and Ihu, ,ui«d to high-speed operation. All 
tappets , regardless of whether they oro for intake v,lves 
or exhaust valves, art idenheal and, therefore I idenlified 
by the ~e part number . 

The axiS of the push rod i, sUghtly offset from Ihe eenle, 
of the cam . This offset is calculated 10 cause the tappet 
to rotate during operation and thus to prevent its cam· 
riding face fr om wtaring unevenly. 

CONSTRUCTION AND FUNCTION 
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' -Valve puih rod 4-Carml\3fl 
2·TaPP8t A·Amount of of"et 
3-CrankcosCl 

Tappet - Cross sectIon 

Val"" push rods 

Made rrom carbon·steel pipe stock, the purn rods h" • 
steel ball welded to its boltom end an'd a caved-in piece 
welded to iu top end . By Ihe ' leel bail , Ihe push lods 
stands on the- spherical seat provided in the tappet and , 
by the cavcd·m top e.nd, it bears againSt the adjusting 
screw tlueaded in the rocker arm . These contacting ends 
are hardened hy carburizalion. 

Valv. timing and valve Ia<h 

Valvo laID IS pre,cribed to be 0 .25 mm (O,0()98 In.) 
(cold) fOI both Inlake .nd exh.u,t vah'es , and Ihe valve 
mechanism is timed [0 actuate the valve as follows: 

INTAKE VALSES open at 30' B,T,D,C, 
close al SO' A,B,D,C, 

EXHAUST VALVES open at 74' B.B.D,C. 
close al 30' A. T .D,C, 

Exn{juH s'rrok~ 

T.D.C . 
30' lY :::--;--.... 

B,O.C. 

w 

Valve timing diagram 

Intake :rlro,ke 
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Lubrication system 

ct ® 

® 

@~ ir:;§\l CD 

r----o 

," " fori I (}) N~ r _J ' 

-=- L;J~~ '& I i)) Q) l·Piston 

. , I @ 
" Fl. 

2·0 il fil ter 
J -Crankshlift 
4 ·0il strainer 
S-Rocker ann 
6·R oc:ker ,heft 

(!) l .dJ"... I 

7-0 il pressure st,rm $w itch 

a·O il pump 
9 ·F". t lI"IleCtl On pump 
'O~Water pump 

Lubrication oil circu it 

Lube oil circu1ntion 

A trochoid rotary pump draws oil in tht oil pan and 
delivers It under pressure lO <i fun·flow oil ftlter , from 
which lhe cleaned oil is forwarded Into lhe oil gallery 

. inside the cranKCase. From the gallery, the oil is distri· 
buted to the var ious parls of the engine . The pump is 
driven from the c-a.rnshaft. 

The oil filter is of a cartridge type-containing a rep laceable 
element through which the oiJ is fOTC~d, The element 
bctome.s increasingly dirty as the sol id particles accumu
late on and in its text ure, thereby increasing the 
difference in preSSUf~ between inlet side and oudet side. 
The .]emen ' is to be repl.ced before the different i.] 
pressure ri ses 10 a level a[ wruch the valve located in the 
bypass passage opens 10 allow the oil to bypass Ihe 
element and flow directly into the oil gallery . 

The bypass valve is: an emer~ency means; It opens to 
avoid any cri!really re duced supply (If lube oil 10 the 
running pans of the engine . 

Oil pan 

The oil pan i, • sheelmetal vessel ohaped deeper in ils 
front pan to provide an o il sump. The oil sump is so 
located because of its position in the mathine. The oil 
le .. 1 gauge i, located at its right·hand side . 

The gasket, through which the oil pan is attached to th~ 

crankcase. is of rubberized cork . 
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Oil strainer 

The sllaine.l is 3 m~tal screen fitted to the suction si~e 
of the oil pump. 11 serves the purpose of preventing any 
large-size solid particles from entering the pump . 

Oil pump 

The pwnp is located inSide Ihe crankcase .t it, right· 
hand rear portion . lls. main shaft is driven from the skew 
gear formed of the camshaft . Being a troc/!oidal rotary 
pump. it has two rotors, inner and OUler. Inner rotor is 
mounted on the s.haft and drives outer rotoi instde (he 
pump case. 

l·Dnve- 9I!~ r 

2·M,ln sh" ft 
3..(:~$eo 

4·0u~.r rotor 
&·tnfll'lr r01Dr 

ffl - III _________.1 
~ 

:Il 
•• T 

4 

m 9 fi\ (5 

Oil pump - Cross sll(::tion 



II js a pOSJtive displacemtnt pump with its rotO[3 m 
troc.hoidal mesh. This mesh is relatively free of abrasive 
aClJon and enables the rotors to serv~ long and keeps up 
its pumping pcrronnance . Its de.s.ign performance is as 
foUow.: 

P.J mp .pe,{j Displacement Discharge pre ssu re 

1200 rpm 
19.2 li ters (l In 3 ks/cm' (43 psi) 
cu in.)/minu« a\ 50°C (In"F) 

OiJ filler 

The ruler is. mounted on the righ lahand .sidt:. of crankcase 
al its ccnttr piU't. The vaJ\te mentioned above for lett ing 
the oli bypass the element is actually ::I relief val'Ye 
located in the center portion of the elemen t. This valve 
IS St t to open when the differ~nt i a l pressure aCrOSS the 

element rises \0 J.O ± 0.2 kg/cm' (1 4 .2 ± 2 .8 psi); when 
the V;\ ]vc opens. the oil flows directly from in.let side- to 
outlet side. The fllter element must be ser,r:lc~d regularly 
or before the element becomes so diny as to ac!uate lru 
bypass valve. 

-= 
/~3' 

"" 

(j) 

~ 
, 

<..A..I 

1·EIDmcnl 3·SVPIii5S V.1lvtJ 

2..a.r.acket 

Oil filter - Cross section 

The oil fil\er head has a buil t·in relief valve operuting in 
response to the oil pump dischalge pre"u, • . This valve 
starts relieving when the pressure rises 10 3 ± 0.3 kg/eml 
(43 ± 4.3 psi), thereby bleeding tho excess oil \0 the oil 
pan and limiting the preSSllre of oil reaching the engine 
oil gallery to a cons.tant leveL 

Fuel system 

f uel circuit 

CONSTRUCTION AND FUNCTION 

~ ticv 

• (1) 

~~ 
@ 

i-® 
Oil filter 

' ·Elem!l!fl! 
2.ceJ1ler seraw 
J·9f11etc:et 
4·Reliei valve 

The fuel feed pump, mounted on the fuel injection 
pump body and forming' part of lhe injection pump 
unit, draws fuel f,om Ihe fuel tan k and delivers it 
through the fuel fil ter to the gallery inside the mject ion 
pump. 

The in.iection pump is of indivjdual plunge-r type, con
sistjng of (our plunger pump elements wruch ilrc dnven 
from il COmJllOrt camshaft . Each pump eien;erH delivus , 
intermittently , a .hot of high-p,.ssure fue l oil to its 
injection nozzle through its own injection pipe . These 
sbots are synchronized to the diesel cyde in each 
cylinder and timed by the setting of the ttming mecha~ 
njsm . 

"I njectioll quantity." or the amount of fuel delivered 
uniformly by the four pump elements 10 Ih. 'nglne 
through their injection noz.z.les , is con.trolled from the 
accelerator through a linkage and ilutomaticiJlIy adjusted 
by the inje-elion pump governor on the baSis of engjne 
speed and load rc:quiremeJlts. 

Each injection nozzle is spring·loaded 10 >pray fuel" 
prcssures not lower than J 20 kg/cm ' (J 706 psi). A P3Tt 
of each shot of fuel reaching the nozzle returns 10 fuel 
feed pump through a leak·off pipe commOn to all four 
nou.le •. The inject ion nozzle is of thrott le type (a> 
distinguished from standard type), and >prays fuel in 
atomized form into the precombustion chamber. 

The governor built in the injection pump body is a 
mechanical aJl.speed governor, which limits the maxi
mum and minimum engine speeds and actuates the 
control rack of the injection pump 10 maintain 3 

corutant engme speed under varying load condition at a 
speed level proportionaJ to the po~tlon of the acceJera· 
lor. 
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• 
~ 

11}----t- - ~fom fuel tank 

(}Y 1 
,·Fuel in,ectiDn pump 
2-Fuel fe8d pump 
3-ln jecti on pips 
4·1 rJjll!(;.tlDn nozzle 
5-Fuel leak-off pipe 
G-Fuilli f ilter 
7-Fual J;lipolt 

Fuel circuit 

Fuel ftl ter 

.cp 

, 

, ·801t 5-Casl!' goSprini seB ~ 

2-Gasket 6-0raln plug lD·EIBmMt 
3-CClVCH 7-Spring A·From 11.10:1 (oed pump 
4-Alr vent plug 8-Bo!1 B-To fuel inJtction pump 

Fuel filter - Sectional view 
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The fuel filter is located forward of the intake manifold. 
hs mlering element is made of. special paper de'lgned 
to provide)Ugh Hllering performance and large capacity . 

Total area of r~tration 850 em' (13 2 "I in .) 

Filtering elemenl mesh 2 microns (1') 

Fuel feed pump 

The camshaft in the bottom section of the injection 
pump has an eccentric cam besjdes the cams for aclu
ating the individual pump elements. By this eccentric 
cam. the pumping plunger of the f.ed pump is actuated 
to draw fuel through the inlet s trainer and fOf\vard it 
with. discharge pressurc limited to 2 kg/em' (28.4 psi) 
to the injection pump . 

A means of manually priming the fue) circuit .ahes:d o f 
the feed pump is provided in this pump. It consists of . 
plunger and , knob. Pushing the knob in rapid repetition 
send, the fuel forward . The fuel circuit from the reed 
pump through the fuel mler to the injection pump can 
be primed in litis manner. This reature is utilized alw in 
bleeding alI out of the fuel circuit. 



l·t-!oll ow sertw' 
2NilIl ... .,. 5U~ort 

,J'Pistol"l ~ring 
4-PriminD pump 
5·Ch~k val~ 

6·f.e~ pump housing 
7-G5.I'l:1II f,lte:r 
8 -H ollow scrrw 

-From'1Jellank 
B·To fuel f iher 

Fuel feed pump - Cross section 

fuel injection pwnp 

l-Vaivr sprini 
2-Delivery valve 
J....Cylinder 
4-P'h.Jftgltt 

&-Comrol raC k 
E..contrOI pinion 
7.con,ro/. sin"" 
8-Pll1l\gC' spring 
g·Tappet 

lO-CamsJ"lilltt 

Fuel iniection ptlmp 

-CD 
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(I) Description 

Th. pump body Is an aluminum alloy .>sting and 
oosos all the moving parts of pump .Iements and 

the camshaft. The governor hO\lsing is attached to 
one end of the pump body. 

The camshaft is supported by two tapered roUer 
bearings. Like the engine ,"""shaft, it has four 
cams, one for each pump elernent J and is driven 
from the crankshaft through a train of gears 
arranged for a gear ratio of 2 to ! . 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, cont rol pillion 
and sprlng-loaded delivery valve. The t 'ppet rides 
on the cam and -pushes the plunger upwa rd ror 
.ach rotation of camshaft. As the plunger rises , 
the fuel in the barrel becomes compr .... d and Is 
forced out through the deuvcry valvo into the 
inje_ction pipe. The upward plunger stroke, effec
tive in comprcsslng Or pressuriling the ruel , is 
variable, and is vaned by means of the conlroJ 
rack and pinion in the manner to be explain~d 
Jater. 

1110 delivery valve , through which a shot of fuel is 
forced out into the injection pipe by each upward 
motion of tho plunger, is essentially a check yalve 
having. special function of quickly reducing the 
line presswe the moment the plunger begins co 
descend. This quick relief of line pressure is 
necessary to prevent the injection noz.zle from 
dribbling at the end of each injeclion. How this is 
accomplished will become clear . 

Injoction pump data 

Cam lift 8 mm (0.3 I 5 in.) 

Plunger diameter 6.5 mm (0.256 in.) 

Delivery valve db. 6 mm (0236 in.); retraction 
volume 51 mm' 
(0.003 cu in.)istroke 

Injection order 1-3-4- 2 

I Injeclion mtervaJ 90° t 30' 

(2) Pumping action 

a. Pump element construction 
The principal parts of the pump el,ment are Ihe 
cylinder (barrel) and plUnger, as shDwn in this 
perspective view. Both are machined to extremdy 
close tolerance,; the plunger slides up ond down 
in the bore of the cylinder wi til such a small radial 
clea"",ce " to make the fit virtually oil·tight. 
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CONSTRUCTION AND FUNCTION 

The two - cylinder and plunger - are selective! 
combined dunng manufacturt and must be han
dl.d as an inseparable p:ur. 

:t~ 

(2) ~II 

Q)~ 

l·F e-ed hole 
2-Cr)ntrol fjroCM! 

eVII"d",) 
Pl,lmp 1I._ment 

Plunger 

3-Drivlng facs 

Pump element 

A helical slot is milled in the top ponion of the 
plunger. Called the comrol groove, this slot is 
conununicated to the space above the plunger 
through a center hole (or a vertical groove in other 
design,). 

The cylinder has • feed hole. through which the 
internal space IS communicated (0 the fu el cham
ber or gaUery outtide. Fuel (under pressure) flows 
through Ihls hole when the plunger is down . As 
the plunger rises, its top portion covers up th 

11) Bouom at stroke ' 2~ B.giM,ng of pressurit atlon 

feed hole and. from this moment on. the plunger 
compresses the fuel above it until Hlt control 
groove meets the hole. Effective stroke refers tl 

that length of the plunger that keeps the feed hole 
covered during the upward strok.e . This Jength or 
stroke can be increased or decreased by angularly 
displacing the plunger. 

b. Pump element operation 
The foUowing description is referenced [0 the fou r 
cutaway views below : 

I . BOTTOM OF STROKE: Fuel fl ows 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 fted hole. 

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

4 . END OF EFFECTIVE STROKE: Pressuriution 
ceases and the delivery valve seats itseIr under 
the fOlee of its spring. This valve has an annular 
recess. As the valve comes down, a mill 
amount of fuel becomes trapped and is ex· 
1racted from the injection line, so that the 
pressure ahead of the val". drops very sharply 
to enable the injeclion nozzJe to snap lnto 
closed position. The amount of fuel so drawn 
back is called "extraction volume," an impor4 

tant faclor of fuel injection. 

Q 

(3 . Fuel dt-livery t.-) End of tffectivtt woke 

Pump element operation 

(3) lnj<etioll quantity control 
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a. Plunger rotating mechanism 
The control sleeve, around which the control 
pinion is fastened, surrounds the lower portion of 
the cylinder (barrel). The slceve has two nocks Or 
slots in its bottom end; the dnving face or flange 

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

The slots are long enough to permit Ule drive face 
or flange to slide vertically for full plunger 'troke. 
The control pinion is engaged with the teeth of 
rontrol rack.. 
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. :" 

l·D~lYBry valy!! 4.conlTOll'1ck 7.Plunger 
2·Dt1jlltry chamber s.control pinion B-Feed hole 
3.cOl'ltrOI grooVE 6-ConlTol '$"1C'.!tl'Ve 9-f u-e' chambe,. 

Plunger rotating mechanism 

Ftfd 1'I0re 
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EffeoetjYI!I UrDk'll 

CONSTRUCTION AND FUNCTION 

b. Control .ction 

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

How the e:ffl!'ctivestroke is va.titd is illus.trated in 
thr-ee views of the plunger, cylinder, contlol pinion 
and rack : 

, 
A' 

De-llvery stroili' "T ; { 

Doh\o'tfV 5"troki! 

EHe-c-l ive m~l 

T 

[1 1 Nonoir.jeCl ion (21 Half iniectlon 

Injection Quantity control 

13) Fun IniEI!Cllon 

(4) DeIivety valve 

The seat of the delivery valve tak .. its position 
right .bove the barr.1 and is held down tight by 
the screw-in pipe connection. The valve has its 
guide portion fined into the bore of the seat , and 
is capable of moving \'e:rticaily. A coil sprinS urges 
the ruve downw:ud lo keep the valve in contact 
with the sea, face by ils conical f.ce , 

It should be noted that a land is formed of the 
valve, a little above its guide porlian, forming an 
annular reces.s be-tween it and the cone. This recess 
assumes importance in regard to Usxtraction vol· 
ume ," mentioned previously. 

CD~ 
CV"'----ijID V,'ve 1 
~ Del;"", y,l", 

, ~a1 

1..s'.lU"Ig fare 2-l,.and 

Dslivary v.alve 
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CONSTRUCTION AND FUNCTION 

a. Check valve action 

During nonnal opera lion , lhe valve spring keeps 
th~ valve sested when the plungtr is in non.injec
tion position or, if it is in injecling posit ion, when 
it is moving on downward stroke. As the plunger 
pressurizes the fuel in delivery cham belT to over
come the force of vaJye spring, the valve unseats 
and lets out the high-pressure fuel into the inje c
tion pipe_ 

. b. Retracting action 

Consider the downward movement of the delivery 
valve foUowing the end of fuel pressurization. The 
land enters the bore of the seal 3S the valve g~es 
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 "exfIilction VOlume"). 

By this extracl ion, which occurs within a flash of 
momenl, the injection pipe be<:omes. instantly 
de-pressurized, thereby enabling lbe injection 
noztie to snap imo closed posllion and thus 
preventing the .econdary Injection or dribbling 
from occurring aftm- each fuel injection. 

e xtrllCting stroke 

(1) 8eginning at UtnlCtil'lg IctiOfl (2) End of £!'JlCuacaing action 

Type RSV governor 

(J) Description 
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By type, the governor is 3 meen,nieal flyweigh t 
governor; by function, it is an all-speed governor 
operating in response to changes in engine speed 
to actuate the control rack In order to maintain 
engine speed at a constant level proportional to 
the set position of the acceleI8tor. This governor 
function is in sharp contrast to that of a minimum
spud maximum-spted governor, whose control 
action is to limit the low.,t and highest speed. of 
the engine, leaving the. control of intermediate 
speeds to the operator. 

The REV governor too limiu the lowest and 
highest speeds to provide a speed range over which 
it perfonns the governing action mentioned above , 
These limits, as. well as its speed regulJition, can be 
ch.anged by means of adjusting lever and screws:. 

1·Adhm in5l lever 3 · ldlin-g set $Craw 
2 ... J.1exirnum speed stOP 5cre\'i 

Governor 

To make full usc of the advantages lnherent Ln this 
governor, it is well 10 know its characteristics, 
whiC'-h may be summarized as follows: 

(a) Compact and lightweight 

(Ill Automatic supply of excess fuel for sl3tUng 

(e) Adjustable speed lange and regulation for 
adapting the engine to each type of duty 

(d) Maximum injection quantity for each speed 
level can be adjusted to sui t wha t the engine 
domand., by adding an adaptor spring. 

(2) Basic rules on governor .. !tin, 
The governor is factory-sealed . Do not break the 
seal in an attempl 10 change the settings of critical 
part. unless you are qualified to do so. 

I. Maximwn speed stopper ill set to supply the 
right amount of fuel to the engine at tile upper 
limit of the speed range_ Disturbing this setting 
ill likely to result in Jack 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 lever is set at 
the position 10 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 
evtntually to create a hazardous condi tion. (Refer 
to the part dealing with the ,djustment of speed 
regul.tion.) 

Unless you have overhauled RSV governors. many 
times. and can remember the overhauling pro-ce· 
dure , be sure to refer to the disas.sembling and 
a,sembling procedure, outlined in the Im . r sec· 
tion of this manual if you are to overhaul them . 

Never ee-use d cclips, "E" r.i..ngs a..rHi "0" rings 
removed in disass.emblY. Use new parts: in :reassem· 
bly. 

(3) Operating principles 

The fundamental principles of • flyweight gover· 
nOr ar. schematically illustrated here . Ann. (A) of 
flyweights, pivoting ",ound point (C), push on the 
,pring.backed block , Whose key point is Indicated 
as (B). The push is due to the centrifugal force of 
revo lving Oywejghts. 

l·Flywoighu 2'SP, iI')SI 

Principle of gO\leming Bction 

When th, revolving speed is constant , the push is 
in balance with the counter·force exerled by the 
compressed spring, This IS an equilibrium condi
tion. When the speed increa:v.:s , for mstance, the 
whole system seoks 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 lhe cont rol rack; the rack is 
puUed 01 pushed to vary the injection quantity, 
thereby lowering or raising the engine speed, 

(4) ConCrolspring 

It will be recalled that the spring rate (or con.tant) 
is ,h. force required to stretch or compress it by 
unit !englh. Of course, this force is in the axial 
direction. For [he tenslon lever, that part of the 
spring rate of the contra) spring, effective for 

CONSTRUCTION AND FUNCTION 

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

1.(;on1fol roPring 
2·Tcn5ion lever 

?ff4W!1i(4 

3,Fl,lll· lcad $topj):8r 
4.swivcling le'l£lr 

Control spring operation 

Note that hook hole (E) is in the arm of SwiveWlg 
lever. and !.hat this arm can be mIned down (to 
reduce the tensile preload on conuol spring) or up 
(to increase the preload) by means of the adjusting 
screw. 11,us, that componenl of the s.pring force 
atting on poin t (D) to turn tension lever can be 
s;,' mitially by positioning sWi;,eling lever and also 
irs adjusting screw , OUf interest is n01 in ho ..... 
much force control spring exerts to tension lever 
but rather in that patt of thi' force effoeli" in 
turning the lever around its pivot poin t up aboye. 

This arrangement of control spring (1) r.l.tive to 
tension lever (2)explainswhY ,in th~RSVgovemor, 
there is no need of using more than one contral 
spring to change the governed sp.ed (the speed 
Which the governor operates to maintain) and to 
increase or decrease the speed regulation (OJ speed 
droop). 

Note , also , that the block with its point (8) ex.rts 
push to ttmsion lever in the direction oi the aJrow; 
this push is opposed by the pull of control .pring. 
This opposing pull can be increased or decreased 
by turning the swiveling lever around it. pivot (F). 
Jf tension levee happens to be off and away from 
fuil-load stopper. the increase or decrease of this 
pull (against a given push o f the block) causes the 
control rack to move inward or outward, thus 
varying the rate. of fuel injectlon to raise or lower 
the engine speed; consequently the push increases 
or decreases to introduce a new equilibrium. 
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CONSTRUCTION AND FUNCTION 

(5) Construction detail. 

30 

a. Flywheighl device 
The two flyweights are mounted on bushing keyed 
to camshaft and secured by round nut. Since each 
flyweight C.an turn around the Sh3ft , and because 
its inner lip has a roller , these two symmelricaUy 
,",nged fl yweights are capable of pushing on the 
flanged f3ce of s.leeve by their rollers through 
rollmg contact. 

® 
,..ouide !e'/tr 
2-Ball bOilr ing 
3-Con tr~ blo!;l. 
4·Flyweighu 

@' 

&·Welgha 'upponlng shaft 
6-Roller 

\ 
(~) 

/Q: 

cv 

7.cl!lm~ah 

8-Go\~l"l or housing 
9·C<lm:lil~ft bushtng 

10-GCI ... e-tflo, slei;lve 
11·Aound nut 

Flyweighu and re lated pnrts 

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

Thus, Oyweights spread apan more or less depend. 
ing On the running speed of camshaft , and push 
conlrol block (toward the right in the illustration) 
more or less through sleeve. In olher words, the 
rotating, speed is translated illto a lineaT force and 
hence a reswtant linear movement of block by the 
medium of centrifugal force m opposition to the 
force of spring,. 

b. LevetO and 'prings 
We are now to sec: how the speed.dependent move
ment of guide lever is transmiltcd to the control 
rack of lhe injection pump . To do so, we must 
take note of leverS and springs inten1ening in this 
transmission. To be txamine-d :He these levers and 
springs: adjus ting SCftW (.elated to torque control 
lever. torque spring on adjusting screw; guide lever; 
tension lever ; c.onno] lever; idling spring; adaptor 
spring; cont rol spring ; swi\'eling Ie.\ler~ s.tart spring. 

l -Ad justino Icnt'w 

2· T o'~ue iPring 
3·G\Jil!~ Jever 

4·Ten~ion laVM 
5-To-rqlJe CCIf'Hrol leve, 

G-Pin A 
?..contro' le1lll'1 
a·ldllng sprinolj 
9·T .",lol'I I~r pin 

I D·Adaptor spnng 

11 ·FtJll·loi!ld $t09~r 
12· F lywtights 
13-Connol spri"g 
14 ·Swiveling lever 
15·$hlek)e 
16 ·Con{fol rllck 
17.Starl ,p~lng 
18-GovtrnOI housIng 
19·Ad.lptor 
2O-l~k nut 

GovernOr - Cross s'!clion 

All these levers are: movable, each being pivoted 
to the s.tationary part of the governor at its. top 
or bottom end and pinned 10 another lever at it.s 
other end or intermediate point. 

Tens.ion lever and gUide lever aie: pendent flom a 
common pivOI shaft (lever supporting shaftl · 
Control lever pivots on a fork Joint (siationilry) 
by its. bottom end , and Its in(ermediate point is 
pinned to 3. halfway point of gUide lever, whose 
bottom end is pinned to lhe control block, as 
mentioned before. 

The top end of control (ever is linked to control 
rack through shackle. Control spring is hooked 
between swiveling lever and lension ievel. Start 
Spling is hooked between the top end of control 
lever and a stationary anchor pOint. Adaptor 
spring is mounted inside the tension level , and 
opposes the control block. Idling spring is mounted 
in the governor housing as if it wert a cus.hion for 
the tension )ever. 

The shaft by which the swiveling lever t urn, 
extends through the housing and, out s.ide the 
housing, is gripped by the adjusting lever. Turning 
this lever turns the swiveling lever inside . I: is to 
[his adjusting lever that the accelerator (lever Or 
pedal) is linked ; and it is by turning lili, adjuSling 
lev~ r that the governed speed is manually raised 



Or lowered_ Once the adjusting lever is set, the 
governor operates to maintain a constant speed 
corresponding 10 the position of tn, adjusling 
lever. 

The angular range of tile adjusting leyer is limited 
by tile maximum 'p"ed stopper at the upper end 
of the range and by the stop adjust 'Screw . 

How these.le'Yers and spring cooperate will become 
dear in the subsequent description of the gO"'emor 
operation in three parts: ENGINE STARTING, 
IDLING CONTROL and MAXIMUM SPEED CON· 
TROL Before w. consider the operation, we shall 
discuss a special device - STOP DEVICE. 

CD 

Stop de't'ice 

CONSTRUCTION AND FUNCTION 

c. Slap device 
In the standard RSV governor. which is nol 
equipped with the stop device , turning the swivel· 
ing lever all the way to reduce the preload (by 
control spring) to ze.ro causes the controj lever to 
pull the control rack outward . thereby reducing 
the fuel i11jection to zero . This is the way ! 

running engine is stopped. 

The SlOp device, if provided , makes It possible to 
pull the conlrol rack directly and independently 
of the adjusting lever (out'lde) and swiveling lever 
(insjde). This device consists of a stop lever, B 

supporting le .. 'er . two springs and a screw, aU 
assocl;ued with the control lever connected to the 
control rack througn the shackle. 

l·Start '!ipnn!] 

2-Control 18~'e r 
3.stop lev!!r 
4·Screw 
5..supporting lever 
6-St'lah 
7.fJnt'uure loring 
B·R.tvrn sprIng 
9-COntrol raek 

10-Shecklt 
A..stop pOJlt ion 

become clear later in the paragraph explaining this 
device agall'l In reference to a schematic side view 
of tlle governor. 

Pushing down the stop lever to its stop po,jtion 
(A) tilts rhe control lever outward and thus pulls 
the control rack to it s non·injection pOSition. Trus 
actuatjon js direct and fast. 

In the stan d.rd·specific.tion RSV governor, the 
adjusting Ie.ver is turned to bear agains.t the stop 
adjust screw (both being located outside the 
governor housing) 1:0 stop the engine. Where tht:: 
stop device is fitted to (he governor, the stop 
adjust screw may be so positioned as to limit the 
lowest Idling speed (beyond which the engine 
should st.ll). How Ine stop device operates will 

(6) Gov<mor operation 
a. 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 ,"",ion leve, up 
against fuU~oad stopper, pushing control block 
and governor sleeve. 
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StOP =:> 

"0 

" ~ 
~ ~ 
u....:: Co 

~J ~I f Sun 

5D m 

® .-f,@ 

StOP 
p 

~rti f@ 

l -A djun i ll!ll le~r 

2-5,art mrJng 
3.-Con.trol Ivver 
4'Oulde tsve r 
5-Tension lolftr 

7-C onucl brock and governor sliRve 
a.FLywelghts 
9-Sw;v(lling 'O\ler 

1O-Control $pting 
l 1-Corotrol nlt:k 

6.f ull-loilld stopper 
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Engine !.taning 

By thjs movement, gUide lever and con ITo} lever 
lj lt to the left, pustung the conlrol rack to in 
starling position. This pushing act ion 1S assis.ted 
by stan spring; this spring is designed to urge the 
control le\'er toward the left with LI relatively small 
forc • . 

When cont rol tack is in its starting position, the 
injection pump deli .. 'ers mote fuel than is needed 
for full-load operation. The excess fuel is needed 
to help the engme firo up more easily. 

b. Idling contIol 
As the engine flIes up, Lhe operator would rejesse 
the pedal; this mak-es the sWiveling lever and 
adjusting lever move back to idlmg posi1ion to 
reduce tht pulJ on tens-ion le,ver and allow control 
lever 10 be tilted back by the push ""erled by 
revolving flyweighls upon coolrol block. Control 
rack is the[efore pulled out to idling position, at 
which Ihe pwnp delivers fuel al a "tc sufficient 
for keeping the rngine Idling. 

Under the conditions indicated , an idling eqUi
librium is established between connol block on 
Ihe one hand and the tOIa) force of idling sub· 
spring and contro' spring, plus start spring. 

": •• " ldling" presupposes ~1 the engme is not carry
ing any lo,d. With the adjusting leve, (and hence 
the swiveling lever) too) kept in the idling potation 
mentioned above, the governor maintain'S 3; con· 
stant engine speed (s.o-ciJLled " idling spee-d)') by 

"sponding automatically to any tend.ncy of the 
'Peed to rise or fall and acting to cancel off this 
tendency b)" moving the control rack. . Suppose, 
now, that some load is put on the engine. 

rne engine will then slow down and the flyweights 
contrac t , reducing the push of control block to 
aUow the contml rack to be pushed in . Conse ' 
quently. the rate of fuel injection increases to 
raise the speed. and this. increases the push exerted 
by the control block.. ln no time . the governor 
reaches an equilibrium state and the speed settles 
again at a constan t level. Thls new level , however, 
is sUghtly below the previous one (because of 
the speed regulation) and , if it is too low, could 
cause the engine to stall. 

Full load 
Idl in9 

Stllllrt I I Slop 

St~= J 
lUI! 

'l> --=i..J 

@ 

' .Ad,u,ulnq lever 
2.(:ontrol levvr 
:):·Gu,d'e lever 
4·Te-nsion IIlIVcr 
5·Jdling sub-spring 

(D 
Fa 

./ StOP 

(J) ® 

I~~ 
~® 

6rFuil-ioad stOPl=Jer 

7 -Contlol blOc:k 
8·FlYVr.lelghu 
g.Swive:ling lever 

10 ·Comrol r.ock 

Idl ing control 

c: Maximum speed control 
leI us assume th,t 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 
.peed stopper, the pun by the control spring 
increases S'adually and, through the process of 
action and reaction involving the tension lever and 
control block, the control rac.k moves inward, 
1nc~asjng the fuel injection gradually to raise the 
engine speed. As the adjusting lever meets the 
full load stopper. the control block will be pushing 
the tension lever with 3. greate.r fo rce, keeping the 
lever off the full ioad ,topper. Thus. the contrOl 



rack is prevented from mOving too far inward 
beyond irs "idling" position . 

Adaptor t.m~ 
Full load (StOPS 8 Ctlon . , 

I rd ling 

S_~UJ Is,~ 

n1111Y( 

l 
® 

l ·AdjusUng le ... er 
2-CO.,t,olle ... e~ 
.3.(i u ide 1'~l!:r 

® 
7,CQntrQI blw:.k 
8 -F Iywe iihn: 
9 ·S...,i II'ItI in.v lever 

4 -T e-nsion 1[I'o'er 10-Control sp r ing 
S-Ad-aptOl" spring 11-Comrol rock 

6-Fu ll -load stopper 

Maximum $pead control 

(7) Speed regulation and adaptor 'pring ""tion 

On. way of considering the effect of full .ngino 
load on its speed is to se e 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 lension le.er is off the 
full·load slopper (with the flyweights 'plead wide 
apar t). As the load increases, Hu: engine slows 
down, and the tension lever clos~s in on the full
load stoppi:r, causing the cont rol rack. to move 
in the dHechon fOT increasing fuel mjection quan
tity _ As the cngme slows down still further because 
of the increasing IQad, the push by the control 
block against the tension lever diminishes further 
and. finally. the (enSJon lever tOllches the full-load 
stopper. 

he final speed, it must be noted, JS lower than 
the original no-load speed by se\'erru percent 
dtspite the fac t that the adjusting lever has been 
kept at the position limited by the maximum 
speed stopper. T~is difference in speed belw.~n 
no-load condilion and fuU-load condition is due to 
the speed droop (or speed regulation) characteristic 
jnherent in the governor of this type. IISpeed 
droop" is desirable for the stability of an engine 
working under ~'ariable load condition. 

CONSTRUCTION AND FUNCTION 

Full load 

l-Control lever 6 -Colltro l bloc:k 
:2-GuidolIeVoH 1·r: lyv.-.elghn 
3-T9nsion lever a..swly.e-li ng Itlltl 
4-l dllnC] 5uI:Hpring 9.conHOI $prin51 

6-F u ll-IO~ HOPPer 10-C0ntrot rlKk 

No-load condition {trans ition from " ful l-load"} 

After the tension lever touches the fult -load 
stopper, what if the load On the engine mcreases. 
to lower its speed and cause, the flyweighu to 
contract? The tension lever can no longer push 
back the control block; the control l,ver would 
be unable to push the conlcol rack inward to 
increase the rate of fuel1njcction. This condition 
is avoided by mean, of the adaplor spring built in 
the tension lever_ 

Full load 
AclIPtor spring I Idl ing (stop) 
narn to act 

Stltrt 

!InuIT 

CD® 
® 

f\\-:=!.I 

, -AdtI.lUu'9 lever 5--Ad.aPto r ,pring 
2-Convol I,ver S-Swiveflng le-'rIer 
3-Gurde laver 7-Coo\to( sptll'Q 
4-T ensaon le'o'e' S.cont rol rack 

Ad aptor spring 
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CONSTRUCTION AND FUNCTION 

Under the full-load condition, the tension lever 
behaves as if it were rigid and the control 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 speed 
faUs due [0 a rise in load, then the adaptor spring 
push .. 'he block to 'he left, causing the co Dual 
rack to move inward , thus increasing the de livery 
of fuel to the engine. 

Consider the reverse case: the load is decreased on 
'he engine running slow with full load. In this 
case, the control block keeps on pUShing the 
adaptor spring to prevent the speed from rising 
and > .after compressing this spring fully , touches 
the tension le'Ver. From lttis point onward, the 
block pushes the lever away from the full·load 
SLOp per as the load keeps decreasing. 

(8) Adapting injection quantity to engine 
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The true function of the ,daptor spring can be 
appreciated when the two important character
is'ics of a diesel engine and also of a plunger.type 
inje erion pump a re recalled . 

The amount of fu.1 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 held in one posi· 
tion), regardless of its reciprocating speed (depend· 
enl on engine speed). Aclually , 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 coo~ant and equal to the "swept 
volume" of the cylinder; actually , this amount 
inc.reases as the spet!d of tile engine rises. The 
reason is that air has mass and takes a definite 
time to flow. 

As long as the amount of air drawn mlo the 
cylinder is sulficiently large for the amount of fuel 
sprayed into il , there is practically no problem: 
the fuel wiIJ burn complerely and the ,x.b..uSl 
smoke will be clean . However, under full·load 
condillon and, consequently, with a large amount 
of per-stroke 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 ,peed is increased, fuel injection 
quantjty increases but intake air decreases. Under 
full·lo.tI condition , the "'moke limit" would be 

.. 

exceeded to result in a dirty ex.b.aust smoke. To 
avoid this. situation, the control rack must be 
pulled outward to decrease injection quantity I 
mat is , the control block must be allowed to 
move toward the tension lever instead of being 
'topped by this lever. This requirement is mel by 
the adaptor sp{ing. 

The graph .hown here explains how the adap'o! 
spring adaplS injection quantity to 'h' available 
air in the engine: 

Per-cycle in t"ake ai r for.8 c'J' linder 
of th.e sngi lli! 

. A I B 
a 9'" ---------

I, ! ~1 :==:,::: 'c : ·-9" 
.- it co 0·-i ' .... _____ - _ h b Injection qYatltitv , Lf ~ ~ '""~' .. "'.-r : WPleal .f.'Utngs o f 
~ • cor.trol rack 

N 1 N l 

Spted ~ i l1jl!!:clfon pump Dr E!~In,e-, 

This graph assumes that the control rack or the 
injection pump ls se t (or maximum injection 
quantity. Curve a - b' repre-sents one setting, and 
curve a' - b another. With curve a - b'l injection 
quantity would too much at speed Nl hut JUSt 

right at $pe:ed N1 
• With curve il' - b, the quantity 

would be just right .t speed .. N' bu, '00 Iitt!o 
at N1 . What is deslred for the air curve A - B is the 
modified curve a - b, which can be produced by 
causing the control tack to be pulled out by a 
small amount as the 'peed rise, under rull·load 
condition. The ad.ptor spring makes this possible. 
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(9) Govemor ch3r8eteristic 

lEnd Of SHoks 
limited by $IMlvl!!~ 

\ / 
Rack p~ed in bvyond ___ rfl~///// 
full·load po.itlon b'f H " 
start spring 

S"'rt ,pdng;n . ,,;on - 1~ 

Control block oPPOs.eci by adaPlor SQrtl'lg. 

Adtplor spring yielding 10 the pud'l 

Adaptor ~p:i ng fully comprsssRd, 
corntol bloek being oppossd dirK't 
by utMion Ilt'Vtf 

'" E 
" E 

r~ I I \ p"t. oor~. I \ 
E '§ k I ", .. ng 

8 e>. ~ J I 
i. "'-

Maximum speed control ran~ 
(Tension lever ;$ off fu ll·rood 
n opper.) 

no·load positIon 
Adjur;ting lo ... er 
in idl,i'lg position-

Sratt $pring and 

Spe:c:ified 

I.....t-\ K idling speed 

idling spri~ in lK::uon----f-L._-_ _ -'-___ L_.J.... ___ L....L __ 

Pump speed (rpm) ___ 

(10) Stopping tbe engine with stop lever 

The stop device, menlioned in CONSTRUCTION 
DET AILS, i, shown schematically , " mOcialed 
with {he bottom end of the control lever. With 
the stop le"ter in normal position, the c:ontrol lever 
has its bottom end at the position for normal 
governor operstion. Push.ing down the SLOp lever 

1·AdjU9Ung lever 
2-Control lelo't:t 

3-Guide lever 

6~ontrol block 
1 ·Flywl!ights 
8-Swivtling 'e~er 

4 ·T emlon levtr 9-CDntrol spring 

5-S IOP It!l'er 10-Conuol rack 

StOpping the engine with SlOp lever 

,. 

tillS the conllol lever to pull lbe control rack aU 
the way out 10 the non-injection position , thereby 
causmg the engine to stop. 

lnjec.tion nOlzle and oozrle bolder 

Referring to the cross section of the n07..z1e, the internal 
spac< of Ihe nozzle and holder is filled with fuel. The 
leakoff 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 10 
load upon pressure pin. 

The fuel inlet, to which lb. injection pipe (not shown) is 
connected, is provided in the holder. The inlel passage 
extends through lbe nozzle holder and opens out at the 
pres.sure chamber formed in the rip of injection noule. 
The needle valve has its conical face e"posed to the fuel 
In Ihe pressure chamber. 

In operation. a shot of high·pressure fuel reaches lhe 
pressure chamber In the form of a pressure rise , causing 
the needle to unseal $0 that lhe fuel is forced out 
through the orifice into the precombwlion chamber. 

The pressure at which the needle unseats itself is deter
mined by the compressed Slate of pressure .pring. TM 
preload can be valied for adjustment by changing the 
thickness of washer. The internal mating faces as well is 
the threaded portions are flnished to extremely close 
tolerances to ensure the high oil·lightness required of 
this injectlItg unit. 
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Injection nozz.a tip 

Type 

Opening pres-sure 

Angle of fuel .pray 

Cooling system 

Description 
,--

~ 

i 
0: 

'---

NP·DN()sD 

120 ± 5 kg/em' 
(1706 ± 71 psi) 

o deg. 

I 

~I 
. I 

9) r 

® 

® 

<D 

CD 

' ·Rerai rnl'\~ n\Jt 
2-No . .u: le tip 
3-Distance piece 
4..f ressure p in 
5.fres5ure , p ring 

6-Wssher 
'·NOllle nOlder 
8·GII~-e-1 

9 ..f11ul 

Injection nOlz le - Cross set;tlOn 

I. I 
Cylinder heElid Therrno$t'ot 

I L 
lJ 
o ThcrfTIQsun I)YPI!ISi 

Jl 
r Crankr;:o,1$19 Water pump 

'I ] 
Cool ing system b lock diagram 
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l-Thermostet 
2·Water rempeleture gllluge 
:3~8yPMS hO$l 
4~R3d i ;nor 

5-Wllter jac: kat 
6.cylinder heed 
7-Cl'BnkC!\IUI 

8·Dl1!Iin !:I1 .... g 

,. 

(1)~ 

<D~ 
8 

4 ... 

Direction of coolant fl ow 

\ / 
6 .... .... .... 

." 

~.~ 
,--,--, 
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Referring to t.lie 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 coolant from the lower tank section of radiator 
(4) and forwards it to the water inlet of crankcase (7). 

Upon entering the middle section of the crankcase , 
coolant flows in the jac:k-et to cool the cylinders: lhen 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 I now hot because it has taken as much 
heat" it can, flows into the inlet of thermo,ta t (1). 

The thcnnos-tat , responding to coolant temperature, 
controls the now of coolant toward the radiator upper 
tank. When coolant temperatwe is low as when the 
enginl! has just been started up from cold state, the 
thermostat valve remains closed and aU of the coolant 
is diverted back to the water pump inlet through bypass 
hose (3) : under this condition, radJ.tor (4) is bypassed 
by the c:oolnnt. 

As the nsing coolant temperature reaches 76.SoC 
(I69.7'F), the thermostat valve begins to open increas
ingl)' wide and the coolant begins to now to radiator (4) 
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CONSTRUCTION AND FUNCTION 

at a rising rate of flow, whh a corresponding decreases 
in the amount of coolant being byp .... d. As the tern· 
peraturo reaches 90'C (194'F), the ,'alve becomes full 
open , shutting offth. bYpass passage. 

The probe for temperature gauge (2) is installed in the 
cooiant outlet of cylinder head . It is with the sign oj 

produced by this probe that the gauge Oocated at the 
control station) operates. 

Water pump 
Pump cas. (6) is secured to cylinder block through 
cover plate (10). Pump shaft (3) is StJpported by two 
ball bearings (5) having a large bearing capacity. Lube 
aU is supplied under pressure from engine main oil 
gallery into space (I) fanned around shaft between the 
two bearings. 

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

Crankshaft pulley and pump pulley (1) are 10 the speed 
ratio of 1 to 1.2 . Th. pump capacity Is 100 lilers 
(6103 co in .)/minute at 2520 pump rpm_ 

l·Pu_"eV 
2-011 $EliI!Il 
J..Shah 
4.spacer 
5-BBII be.arings 
6-Caso 
7-$pace filled with lube 0 1' 

S.lmpl!llIer 
g..Unit 91!lsl 

,O-Co\,or plate 

Water pump - Cross section 

Thenoostat 

The thermostat!, of wax type, designed to ,tart opening 
ilS valve at 765 ± Z'C (169 .7 ± 3.6·F) of ri'ing tem- ' 
perature and open it fully at 90'C (J94'F), lifting il off 
the seat by 9 mm (0.35 in.) (ma.UmUTO lift). 

-v~~ 
Lift: g-mm ~(],3S in.) 
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Coollng fan 
The coollng fan has 6 blades and drives air .gainst the 
core of the radiator . It is secured to the front end of 
the water pump puUey. Its Dutsjde [ljameter is 380 mm 
(14.96 ill .): the pitch angle of its blade i, 30 deg. 

Fan belt 
A single low .. dge cog belt of Type B is used to tr.nsntit 
drive from crankshaft pulley to pump pulley. Its length 
is 41 inches (1047 rrun) . 

E1ectrica.l equip men t 

Major equipment specilkations 

Equipment Type Make 

Star1~r MOOST2 7671 Milsubishi Electric 

Alterna~or AP40J2B, Mitsubishi Electric 

Regulator unit RMS422 7C. Mitsubishi Electric 

Glow plugs Sheathed type Hiyoshi Denso 

m-l-N T A J Regulator unit 

; ; n t~~~{J~AF---~;D 
A,IUlrnator IAC24V ·12.5At 

Glow p'u~ · : L~~'::::: 

Start ... 

(I) Specif'ocations 

Item 

MOlor type 

Voltage 

Output 

Yoke dia. 

Rating 

Rotation 

Weigh t 

No~oad 

cilaracteristic 

Locked-rotor 
ella racterlst ic 

Swilch...an 
voltage 
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Lu_______ H~ 

= 
Oil prlt~rB in.dic ator 

~ 

A 

FURl bruc 

J1~ g e.".", 02V-60AHI x2 

Circuit diagram 

Specification 

Leve.r-shift pinion Iype with over· 
running clutch , bullt on totally. 
enclosed water4 proof IX motor 1 

MOOST2767 J, compound wound 

24 volts 

nw 
118 mm (4.646 in.) 

30 seconds 

Clockwise as viewed from pinion 
side 

Approximately J 2.s kg (27.6 Ib) 

4500 rpm , drawing not more than 
50 amperes, at 23 volb 

Developing 4.0 kg.m (29 ft.lb) and 
drawing not more than 700 am· 
peres at 9 volts 

16 volts , maximum 

(2) Construction 

The motor enclosure is of totally-enclosed type, 
designed tight ",aimt oil and water. The following 
cross section shows that the starter motor consists 
of three componenti: DC motor, engaging mecha
nism comprising an overrunning c1u teh. a ~h.ift 
lever and a pinion~ and magnetic switch for actuat· 
ing the lever. 

~ ·4 · 

Starter 
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7-Front bf-aeket 
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CONSTRUCTION AND FUNCTION 

(7) 

12-Armatur. 
13.cemer bracket 
14...QuJhlng 

8 

@ 

Starter - Cross section 

(3) Overrunning erutch 

CD 

;:.-;:; 

l.sp!intd stee\le 2-RoIf~r 3·Pinior'l 

Overrunning clutch - Cross section 

The inner race is integra! with pinion (3), and the 
outer race presenting five cams is integral with 
splined sleeve (I). The sleeve is engaged with the 
'plined part of the shaft, there being 10 splines. 
Five clutch roll." (2) are distributed around the 
inner race, each being pressed against the cam by 
a spring. 

Th. spUned ,leeve is capable of stiding aXially 
along Ih. shaft and, when it does slide, the whole 
clutch moves: axially. A5 the motor shaft rotates, 
Ih. sleeve revolve, with the sJuft (when the sleeve 
is prevenled from adv.neins any further with the 
pinion meeting the 'topper) to d rive the pinion in 
mesJ, willi the ting gear of the flywheel. Under 
this condition , the roUers (2) are seized between 
inner race and cams. Jf the nywheel ring gear 
drives the pillion (after the firing up of the e.e), 
Tollers (2) become released and "freewheel" be
tween inner race and outer race: under this 
condition, no drive is transmitted from engine 
side to the stuter. 
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CONSTRUCTION AND FUNCTION 

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

- ::;::-

--::-

(±> 

Sllunt wind ing 

slowly to advance the clutch by the Screw action 
due to the helical splines. Thus, the pinion 
advances rol:!tingly to mesh into the ring gear. 

(4) Start ... operation 

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

.. -:::r-- Contactor 

;') 
t 

S) d l 

I -t!@ 
SW 

T 
--L 

Ie 
Starting circuit diagram 
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a. Turning on the switch ene.rgi2.es the two toils: or 
the magnetic switch. The initial current from the 
billtery flows in these two coils, One of Which is 
connected in series v.ith the motor I so that the 
motOr begins to run but slowly because the initial 
current 1S rather small . In the meantime , the two 
coils pull in the pJunger to push the overrunning. 
clu tch loward the ring gear. The clutch sUd .. 
along the hetical splines and, for the reason already 
stated. advances smoothly to mesh its pinion with 
the ring gear_ 

b. As the pinion meshes into the ring ge .. fuUy , the 
plunger i5 allowed to mOve in alllhe way. making 
its contactor to dose, thereby permitting full 
cutrent to flow through terminals (M) (B) into the 
motor . Consequently, the mOlar runs ",ith full 
force to crank the. engine . Under this condition .. 
thE'! coil in series with the motor is !:hunted so Ihat 
practically nO current flows in this coil, but the 
other coil (connected between terminal (5) and 
ground) remains energized to hold the plunger in 
pulled-in position . 

c. Turning off the switch (key switch) UpOD firing 
up of the engine de-energizes the holding con. 
sO that , by the foro. of the return spring, the 
plunger sn,p' back 10 the original position, thus 
disrupting the mator current and pulling the 
pinion away from the ring gear. T.he motor will 

coas:l before coming to a hiJ.H : the [;ountcr-eleClto
motive force (reverse voltage) occurring in the 
motor during this coasting helps the plunger move 
outward. 

Alternator and regulator writ 

(I) Alternator spe";lioatians and dBta 

The alternator is complete: with a reclifier. 

Item Specification 

Type Enclosed.type a1lernato r ,AP4012BJ 

Rated output 24 volts, 12 .5 amperes 

Ground Negative grQund 

Outside diameter 128 mm (5.039 in.) 

Rotating Clockwise as vIewed from pulley 
dIrection >ide 

Weight 6.4 kg(l4.llb) 

(2) Regulator specifications and data 

Item Specification 

Type Two .. lement type RMS4227 C. 

Eloments 
VollaB' regulator , and safety relay 
(wilamp) 

WeI~t _ _ _ 0.45 kg (lib) 



(3 l AHemator construction 

The alternator enclosure is of enclose.t.I type. The 
field is. single coil moun led on Ih. shaft and sur
rounded by two mu1ti·pole magnets; excita(ion 
cumnl is supplied through slip ting' 10 the coil. 

The annature coils ate in three groups. connected 
to provide a three.phase armS fUre , Md ace mount
ed in the laminilted core secured to the casing. 
Thus, the annatU Je is stalionary and the field is 
rota ry . The rotor shaft is driven from the engine 
Ihrough the bell and puUey •. 

The three-phase output leads of the armature are 
tied to the six·diode rectifie r mounted inside the 
casing: duet diodes are soldered 10 the positive 
heat sink and the other three to the negaUve heat 
sink. CooUtlg is made by the fan fram outside. 

CONSTRUCT ION AND FUNCTION 

-,' , --_44!·1 ': 
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Alte rnator 

!!Om 

1-Beoring 
'2..Ra~r btacket 
3-$tiltor col r 

~·Rotar 

&-Fro p.t bracket 
o.Fan 

7·0iode 
B·Pulley 
9·Bearing 

Alternator - Cross section 

(4) Charging Sfstem operation 

The fi rS l of the two ci rcuit diagrams [ 0 follow 
~hows. how the current flows from the battery 
when the key swi tch is turned on for starling up 
the engine. The second shows the flow of current 
for charging the battery. In these diagrams, attell· 
tion should be dir .. ted to vol tag. ooils VC, and 
VC, Wld current · coils Cet and ee2. the four 
coils of the regulator unit. 

VC, and CC, actuale pomts P, ; VC, and ce. 
actuate points P-::! and PJ.. The energizing current 
of a voltage coil is dependenl on voltage; that of a 
current coil (which is connected as a shunt coil) is 
depending on current . 

In the .. diagrams, the allernator unit (not shown) 
L, represented by its three leoninal, (A) (F) (Nl· 
DC outpuf voltage is available between terminal 
(A) and ground . Another vollage occurs belween 

41 



CONSTRUCTION AND FUNCTION 

terminal (N) - neutral point of the rectifier - and 
ground. Terminal (F) is for recehing field excita· 
lion current from the lerminal (A) of the aller· 
nator unit itself oc. at engine starting, from the 
battery. 

•. Engine starting 
With the battery switch closed, lurning on the key 
wilch (by moving it to posilion I) allow, cunenl 

A)~--------------------------c 

R. 

to flow from the battery to the alternator field 
and also to the lamp. Field current al tltis tim. is 
small because of resistor RA . The lamp bums to 
teU that the alternator is not generating power. 

TUnUng the key switch 10 position 2 connect, Iht 
battery to Ihe slarter 10 crank the engine through 
the sequence of actions alrudy described. 

'V\A (,G)) -
" 

on .ltemttor 

D 

R 
E) ! C R. ~ R, I ~ .J 

RMS4'2:i!7C9 
N)~--------------------------~ 

'" 

P. 

~s 

£ 
i 
~ 
!I 

~ 

T ~ , = 
I ~ _, 

'I 

Flow of current for starting the engine 
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Under tItis condition, pOinls PI , p, and p, remain 
in the indicaled state by their springs. Current 
flow! in VC, but it is too small to be of any 
consequence. 

b. Nomlal charging operation 
A. the engine starts up, the alternator unit begins 
to develop output voltage, so Ihal VC, becomes 
energized (by the voltage between terminal (N) 
and ground (E), as mentioned before) to opon 
points p, and put out thelarnp. 

The output current of the alternator unit flows 
IlIIough pOinl P3 IOWaId the ~auory and toward 
the alternator field through pomts P, when the 
output voltage is up at the nonnallenl. 

If Ihis voltage rises above the predetermined level , 
the curreot in vel increases to open points PI 

against its spring, so that field current has to (Jow 
through r.sistor Rs and is therefore smaller than 
befor. : this reduces the output voltase of the 
alternator unit. AClually, points P, open and close 
in rapid succe5:jiion to regulate the voltage at a 
relatiyeiy constant leveL 



CONSTRUCTION AND FUNCTION 

A) -

I R. ( tG )\-~)>--_ _ _ vv.~-- , ~- , 

vc, 

.) "\ '·' I- I g J 
N) -

Flow of current for charging the bBttery 

t,; . Auxiliary circuits 
Capacitor C and re5t~tol R2 are for ilbsorbing the 
surge thai occurs when points Pt open . They 
prevent arcing from jumping between the contact
ing races of point. PI ' 

Current coil ee, assists Vel in dosing and 
opening points P, sharply .0 that the oulpUI 
voltage will be free from excessive ripples. 

Current coli eel and resistor R~ pass some 
currenl for the alternator fieJd when pOints. P1 are 
open: they prevent the 'Voltage from fluctuating 
so widely as to t:ause the lamp to flicker. 

Glow plugs 

Each precombustion cham~r of the engine has Ol 

glow plug, TIle plug is a slarting aid and serves 10 
warm up the chamber by " glowingu Ted with electricity 
,uppUed from tile battery, It is of a sheathed type in 
construc tion. 

The fow glow plugs, one: for e3th cylinder, are con
nected in paraUel between the preheating line and 
ground . fa.ilure of one plu~, therefore, does not cut out 
the other three, 

Key switch 

BlItte,'~ switch 

t -.... . ~ 
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Inspection nnd adju.tment of engine proper 

Valve c1eamnee adjuslIMnl 

The valve clearance specification for this engine is 0 .25 
mm (0.0098 In.) for boUt inlake end exhaust valves. 
This value assumes that the engine is at normal tempera· 
ture , th~re being no temperature difference throughout 
the bndy of the engine . The <hocking and adjusting 
procedure is as follows : 

(I) Rotat. the crnnk.h.ft slOWly 10 bring the piston in 
No . I cylinder to Top De.d Cenler (TDC). This 
can be accomplished by observing rocker 3TmS of 
No.4 cylinder. As you turn the crankshaft , 
exhaust-valve rocker arm of this cylinder ri ses: SlOp 

tu rning the crankshaft just when intake·valve rocker 
ann begins to go down after exh aust val ... e rocker 
arm has oome up aU Iho way . Undel this condi· 
tion , adjust valve clearance in the usual manner on 
intake and exhaust valves of No. 1 cylinder, intake 
valve of No. 2 cylmder, and ,xh.USI valve of 
No. 3 cylindeI. 

(2) Turn the crmkshaft on. complete rotation (360' ), 
and hold it th.re . 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 bell teslon adjustment 

Give a Ihumb pl.ssure to the middle section of the bell 
becwe.n alterna tor puOey and waler pump pulley, and 
s •• how much this pOltion of the belt den.cts by 
measuring with a rule. The denection should be 12 mm 
(J /2 in.): if nOI , loosen the mounting bolts of the 
altematoi holder to displace the holder in order LO 

.Igbten or slacken Ih. bell . Afler obtaining the prescribed 
amount of deflection, be :sure to tighten the bolts good 
and hard . 

MAINTENANCE AND ADJUSTMENT 

12 mm (1/2 in .J 
(1) 

CD 

® 

, ·Alt e-rnatOl' pull ey 3·Fen pulley !water pump P\jlley) 
2-Cr!nks~h pullev 

Fan belt tension 

Crankcase 

Crankcase inspection 
(1) (llSpect the outside .and inside surfaces fo r evidence 

of cr:u:king. Visually examine Ihe cylindel bores 
for SCUifU1K, rusting, erosion or any abnonnal 
wear. Using a straightedge, check the top fac. 
(for mating with cylinder head) , front face (fo r 
mallng with front plale) and lear face (fol mating 
with rear plate) for flatness. 

Checking crankcase top for flatness 

(2) Make sure thai the top face of the crankcase is 
Oat within the repair limit speci fied below. If the 
limit is found to be exceeded, refac. Ihe top by 
usmg 3 surface grinder to make it flat within the 
specified flatness . Be cartful not to remove any 
more stock than is necess.ary ~ if 3 stock of more 
than 1 mm (0.039 in.) has to be ground off, then 
the crankcase is done for. 

Unit: "mm (in . 1 

Item Standard 
Repai r 
limit 

Flatness of crankcase 0.05 , max. 0.2mm 
top face (0.002) (0.008) 
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MAINTENANCE AND ADJUSTMENT 

Cylinder sleeve inspection 

(I) Using. cylinder gauge , take LD. measurements in 
two directions (parallel and transverse to crank· 
shaft axis.) on each cylinder sleeve , at three places 
indicated belQw ; and. from the six measurements 
u!ken, detennine (he amounts of wear (in com par· 
sion with Ute specifications . li sted below) and of 
uneven wear to see if the repair is exceeded; jf so, 
rebore the sleeve to the next oversiz.e , 

TBking 1.0. me-asurements. on cylinder sleeves 

Crankcase ;31kcted $urfl!r;8 

I" 
. ' , ' . . 1 . .:! 
fT· 

III 

leeL 2 EB 
j 3 

.. '. 
Posit ions for checking SloeV8 bore diameter 

Unit: mm (in.l 

Item Standard 
Repair Service 

limit limit 

94+0.035 
Cylinder - 0 +0.20 I +1.20 
sleeve 1.0 . (3701~OOl~ (+0.008) i (+0.047) 

Out-of-round O.DlS (0.0006), 
max. 

Taper 
0.015 (0.0006), 
max. 

NOTE: !'TaperH refers to the pllfRUelnes.s of bore wall . 
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(2) Two ov.rsizes are provided for: +0.25 and +0.5 
nun (0.0098 and 0.0197 in.) . Mte, reharing, be 
sure to hone the bore to the specified oversize 
accurate within plu, 0 .035 mtn (0.0014 in.) Or 
minus 0 mm. MadUning the bores of all four 
sleeves to the same oversize is preferred. (pistons 
and piston rings are available for the two oversize:;;.) 

(3) If any , Ioeve bore is unevenly worn, detennine tile 
overSize, to which the sleeves are to be rebared. 
on the basi, of the m:ll<imum 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 Ille repair limi t, 
it is permissible rebuild the engine with replace
menl piston rings. In such a case, be sure to 
ream off the "ridge" and, as necessa.ry. hone 
the bore . 

'- ,. ,~ --~ 
.. I LL.i 

Removing ridge with ridge reamer 

Cylinder sleeve repJacemeDt 

A cylinder sleeve badly scuffed or WOrn 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, nowe'ler. the cylinder hole becomes damaged in the 
prCH:e.ss of removing a sleeve, then the hole must be 
rebpred for repair and , only in such a case, all the four 
sl.eves 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 !lIe-eve by referring to the lower 
part of the ,leeve wltJeh is I ... t subject to uneven 
wear . 

(2) Oporate the machin. to cut the sleeve until its 
wall thickness dec .. "., to about 0.5 mm (0.0197 
in .) 

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



break the sleeve ..,d take II out of the hole. 

(4) Take measuroments on the diameter of the cylin· 
der hole and 01'0 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 3Jld 0.00571 in.) is available in lhe 
fit to be rn.ade ~ if not, try another sleeve to meet 
this interference requirement. 

(5) With a proper replacement sleeve having been 
selected, heal the crankcase- in a ba th of oil to 
about 300°C (572°F) . Using lhe sleeve installe r 
and hyd raulic press, push the s1eeve into the 
crankcase in one stroke, making Sure that the top 
end of sleeve becomes flush. with the gasketed 
surface (top) of cranKcase . 

(6) Hone the installed slee .. to the standard I.D. , 
that is, 94 plus 0 .035 mm Or minus 0 mm (3.701 
plus 0.0014 in. or minu, 0 in.). 

Repl;JCing sle8~B 

Uni t: mm lin.) 

Item Standard diameter 

. -4).0 I 0 -0.00039) 
Cylinder hole diameter 198 -0.045 (3.858 -0.00177 

For rtplar;ement sJeev~, be sure to use the parts 
with this part number: 

Unit: mm (in.) 
-

Part number 0.0. 1.0. 

98 +0. 10 +0 
93 0.2 +0.07 

(3.66 j .0079) I 

34407 - 00300 
+0.0039) 

(3.858 +0.0028 
'--

Main bearing irupe<:tion 

(I) Inspect each main beOTing for evidence of wiping 
or fatigue fail ure , fo r scratche' by dirt particles 
imbedded and for improper soating on the bore 

MAINTENANCE AND ADJUSTMENT 

(bearing cap) . On the basis of findings , determine 
whether the beOTing should be repl.ced or nOl o 

(2) Check each main bearing to be used in engine 
reassembly to "e whether it will provide the speci · 
fied radial cle.rance . This can be accomplished in 
tlus manner. 

Install the main bearings on the crankcase, less the 
crankshaft, securiIlg each bearing cap by tightening 
its bolts to ID.4 kg·m (75 .2 ft·lb) , and read the 
diameter in the two directions (A) (B), indicated 
below. Mike the jomnal and , from these readings , 
compute the radial clearance. 

Uni t: mm (in.) 

Standard Repair 
Item limit 

Radiol clearance 
0 .05 - 0.1 15 0.20 be,ween main 

(0.0020 - 0.0045) (0.008) 
bearing and joumol 

If the l:ompuled clearance exceeds 'he limit , re
place the beOTing or regrind the journal and use 
the next underSize bearing. Two undersizes are 
.vail.ble for tltis purpose: 0.25 and 0.50 mm 
(0.0098 and 0.0197 in.). 

Measuring main bearing 1.0. 

rTI 
, 

d.!: 

Pos.lllons for miking main bearing 
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MAINTENANCE AND ADJUSTMENT 

(3) Check each mam.bearing shell for "crush." Shells 
found to be loose in the bore or have an excessive 
cru,h must b. replaced. A crush of up to 0.04 rom 
(0.00157 in.), which will yield to . Ioad of 500 kg 
(1102.5 lb), is prescribed. 

500 kg 

t Crumh: 0 ...... 0.04 Mrn 

.' . 

Main bearing crush 

Tappet and lappet hole inspection 

(I) Insp.ct tho riding fac. of each tappet for wear, 
contact paltern and crack. Replace defective 
tappets. 

(2) Check the radial clearance of lhe tappet in the 
hole against the repair limit , indicated below. If 
the limit is exceeded , then rep:ace Ihe tappet. If 
Ihe 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.' 

Item Standard Repair Serviee 
limit limit 

Tappet. 0. .035 -0.086 
to·hol. (0..0.014 -

0..12 +0..1 (hole) 

clearance 0. .0034) 
(0. .0047) (+0.1)04) 

Tappet hole 
22 +0 .021 

-0 +0..1 
diameter (0.866 Ij .00083) (+0.004) 

Camshaft hole inspectioQ 

(I ) Inspect the inside ,urface of each hole for wear 
nnd scratch. 

(2) Mike the J.D. of respective hal" and also lh. 
cam,haft journals and, from the «ading. taken, 
compul. the radial clearance available on each 
journal . If the clearance exceeds the untit , insert 
bushing or replace camshaft to reduce the cleaIance 
to the specification. 
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Miking camshaft hole 

Unit: mm (in.! 

Item Standard 
Repair Service 
limit lim it 

Clearance of 0.04-0 .09 
0.15 

journal in (0.0016 -
(0 .0059) 

hole 0.0035) 

Nos. I 
54 -10.060 

-0 
and 2 (2 . 1 26~·00236) 

n'llh''''''' 
Hole ' 

53 -10.050 
No. 3 -0 

2.087j·OO23~ 

Nos. I 
54-0·04 

-0.06 -0.1 
and 2 2 126-0.00157) (-0.0039) 

Journal . -0.00236 

0.0. 53-0·04 

NO . 3 
-0..06 - 0.1 

(2 08~·00157) (-0.0039) 
. -0.00236 

(3) To install the camshaft bushings, use a group of 
drivelS (puUer. 30091.07300, adaplols, 30891· 

04500 and 30891.04600) afler boring the ID of 
camshaft holes in the crankcase up to 57 mm t o 
(2.244 ± 0 in .). 



l·Handle 4-Bushin 
2-Spacer phHes 5-Crankcase 
3-Pilo, pl.ue 6-0n ... !!' plait! 

Use of bushing driver 

Cylinder head 

Cylinder head insptction 

Check the gnsketed surface of the cylinde r head for 
flatness by using a straightedge and thickness g.uge as 
in the case of checking the CTankc:as~ surfaces. This 
check is to be made wi th the pre combustion jtt!> 
removed. 

Use a slIrf3ce grinder to reface the cylinder head, as 
l'leCessary ) to the speci fied flatness. 

Checking cYlinder head lace for fl atness 

Un it: mm (in.) 

Item Standard Repair limit 

Flatness of g3sketed 0.05 (0.002), 0.2 
surface of cylinder 

max. (0.008) 
head 

MAINTENANCE AND ADJUSTMENT 

Valves and valve seat 

(l) Inspection 

De-carbon valve stems and seats; inspect both for 
wear and evidence of bumjng. Provided that the 
wear is within the service limit , grind smooth the 
sea ting face of each valvc j rcmo\oing the wear 
grooye, if any, a_nd "rtnishing it to the speci fied 
aI'lgJe of 45 deg. For this se rvice, use a valve 

refacer. 
Unit: mm (in.) 

Item Standard Service 
limit 

8 -0.045 

Intake 
-0.060 - 0 .1 

(03 15-0·00177) (- 0 .004) 
Valve stem . - 0.00236 
diameter 8 -0.060 

Ex/laust 
-0.075 -0.15 

(0.315 -0 .00236) (--0.0059) 
- 0.00295 I 

~(0.0472 
Valve b.,d thickness 1.5 (0.059) aner 

refacing 
-- - - -- -

1.5 

-r 
,'--!..s· 

Valve head th ickne~ 

(2) Valve replacemen' 

(a) Replace valves whose stems. are found to ha\'e 
worn down to the service limit or head thick.

ness is down to 1.2 mm (00472 in.) or under 
after re fiJcing_ 

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

(c) "Valve sink,ge" refers to a bead f.ee being 
below the combustion chambf!:r surface, illS 

shown, and is prescribed to be not greater than 
I.3 mrn (0.051 in.) , the standard 'inkage beinS 
0.7 ! 0.2 nun (0.028 ± 0.008 in.). If th'wnit 
is. reached , replace the valve Or seat . 

(d) Replace vah'e caps found excessively worn 011 

the top face . 
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MAINTENANCE AND ADJUSTMENT 

G) ~ 

~ 
~ 

1 ~V81 "'e A-Sinkage 
Z-Cy lindo'r h'llad 

Valve sinkage 

(3) Val.e guide replacement 

Unit: mm (in.) 

Item Standard 
Service 

limit 

0.055 ~ 0.085 
O.IS Intake (0.0022 -

Valve stem 0.0033) 
(0.0059) 

ck arancl! in 
valve guide 0 .070-0.100 

0 .20 
Exhaust (0.0028 -

0.0039) 
(0 .0079) 

Guide length outside l7± 0.3 
hole 
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(0.669 ± O.Q12) 

Where the sttrn-to·guide clo3um:e is found to have 
excee de d the s.e rvice Urn;t, both valve and guide 
must be replaced. Apart from this clearan ce, check 
each guide 10 se. if its !.D. nea r each end has 
enlarged and, if so, replace it . 

Vah'e guidl!s are press-fitted . To remOve them, use 
a pre" and a drift , which i, a special tooJ called 
the gUide remover (3 1391.10500); to install , use 
the installer (34491-00400). another special.tool 
drift. 

• 
1 o 
~ 

3 
~·E 
. . ' .. ". 

-. ~ . .' 

\: 
-' :-

,·Remolle.r 2-GlJidl!! l -Cy I inCler hca.::l 

Removing va lve guide 

lj- UI 
!...:.!......:. 

3)- 1. 

• 

;::c·· > ·· 
.;:.: 

-': . ", 

l·lnstalier 3-Gylinder head 

2·Guide A·Guide length outside hole 

Installing val ve guide 

(4) Va1ve stem seal replacement 

A 

The valve stem seals should b. replaced Jf the 
engine disassembled shows evidence of lube oil 
leaking Jnto the combustion chambers along valve 
siems. Tho seaJ can be read ily removed . When 
putting on a new seal, make sure thal it fits snugly 
into the annular groove provided in the vaJve guide: 
end. 

if a valve has to be drBwn Oul for one reason or 
another in the engine in regular use. be sure to 
have • replacement stem seal on hand for that 
valve . 1lUs is because the seal lip is ce rlain to get 
scmed by the sharp-edged stem end. , 

2 

3 

.J '. 

l..$tem sael 2-Guidc 3-Cy li nder ~ead 

VCllve stem seal replacement 

(S) Va!>e seat refacing 

A valve. seal badly wOrn or coarsened must be 
" faced by grinding in place. Us •• yalv. seat 
grinder Or a seat CUlter and 400-gril emery cloth. 
Care mus.t be exercised in using the seat cutter so 
that the cut will be even all.round. After culling, 
pinch the 400.grit emery clolll between the cutter 
and Ihe seat and grind the seat face smooth. 



Before installing the v.1v., lap the valve and soat, 
using 'he lapping compound. Check for contact 
pattern oft.r lapping, using a paste of red lead to 
visualize the pattern. The pattern s.houJd be uni· 
fonn and continuous. 

(6) Valve ",a' ,.movallllld installation 
To remove th~ v~Jye seal, thin it in place by 
cuttmg with n rotary cutter, and break it loost 
with a chisel, taking eare not to nick the counter· 
bore in which the seal is seized by expansion 
fitting. 

To insert the replacement seat , chill it first to 
aboul -80· C (- 112°F). This low temperature can 
be reached by immersing the sea! in a pool of 
eith" or alcohol and by placing dry ice in the 
pool. Force the chilled seat into the counterbore , 
which has been trimmed clean and smooth, and 
calk around the seat with the calking tool (31391. 
130 I 0 for intake valve or 3 1391 -13020 for exh,ust 
valve). 

• 
34.6 mm (eKheLlu' 

r-f I 42.6 mm lints ks I 

J.. 

3 

c 

'·Tool body 
2 ·Valva S4Iilt 

3~'r'l indor hsa 

4Nal .... guide-
5..calking ring 

installing \lalve seat by using calkiog tool 

Valve spring inspection 

Inspect each spring for cracks, and check il for ,qUOte

ness, free length and as-installed length against these 
speclfic.lions: 

MAINTENANCE AND ADJUSTMENT 

Unit: mm fin .) 

Item Standard 
Repair" 
limit 

Val;'. sp'ing 48.85 47.6 
f,e. length (1.923) (1.874) 

V.lve sprin! 0.4/25, max. 
squareneS$ (0.016/0,98), max . 
As-installed 43 44 
length (1.693) (1.732) 

Checking valve spring for square ness 

Rocker ann and lo.cker shaft inspection 
(I) The valve-actuating tip of the rocker arm IS subject 

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

(2) Tak. diameter readings on lbe bushings and the 
rocker 3rm shaft, and compute the radial clearance 
from these r.cadjngs . If the limit is exceeded. 
reduce the clearance by replacing. the bushings O[ 

locker ann sh.f t. 

Unit: mm {In..) 

Item Standard 
Repair 

limit 

B .. hing bore 
20 +0.021 

-0 
diameter (0.787 j.00083) 

Rock.r shaft 
20 -0.016 

-0.034 
diameter -0.00063 

(0.787 -0.00134) 

Shaft c1emnce 0.016 - 0.055 0.Q7 
in bushing (0.0006 - 0.0022) (0.0028) 

- --
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MAINTENANCE AND ADJUSTMENT 

i hi ... po"tUln is 5ubjll!lC1 to WU/. 

Rocker arm 

( 3) Cheek to be su re that the oil hole dlUled ou t in 
the rocker ann shaft is clear. When in~lallin g re
placement bushing;, be sUle to aligll .he oil ho les. 

Valve-clearance 3djusting .screW inspection 
Examine each adjusting screw to see if its end (ace for 
tontacling with the push rod is worn down ~xcessively 
or if its threads are showing signs of failure ; if 5-0 found, 
replace it by a new One. 

Push rod inspection 

Check push rods for deOeetlon, and inspect them for 
wear at lhe end faces for conta.cting with the tappet and 
adjusting screW. "Deflect,ion'> referS to the runout 
exhibited by the push rod being rotated wi th its enda 
suppor ted by such as "V" blocks. 

Uni (: mm (in. ) 

hem Standard 

Push rod dl"ortlon 0.4 (0.016), max. 

Exbau&t manlfold inspection 

Inspect the manifold flange for cracks and distortion . 
If the Oango facos ar. warped by mar. th'n 0.2 mm 
(0.0079 in.) when checked as shown, grind them smooth 
and flat. If any flange is found crar.ked. replace the 
manifold. 

Checking exhaust manifold flange faces for f Jatnass 
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CrlIDkshaft inspection 

(I) Crankshaft distortion 

Support the crankshaft as shown and roll i' '0 

measufl:: its deflection wi th a dial gauge . "Djstof
lion" is one-hal f of the denection (dial gauge 
reading) ; If i t e"ceods the repair limit, reduce it by 
bending the crankshaft in a p<es,s . 

Unit: mm l in.) 

Item Standard 
Repair 

lim it 

Crankshaft distortion 0.Q2 (0.0008), 0.05 
max (0.O()20) 

a'k .. lH..:' .. ,,'-'_ .. P, ... . c ... . Ii(."i""='T"~i' --:--~ ~ 
t' .., 

\0> . '/'t""r.1 '; 

Checking crankshaft for distortion 

(2) JOl1JYlal inspection 

(a) Inspect each jou rnal for surface naws such 15 

roughing, scratches, pitting and burns, and, a 
necessary, repair the journals by grin ding 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-or·round and 
tapor (cyLindricity). If any of .he limits is 
exceeded, repair by grinding lO the next under
size Or replace (he crankshaft. 

I'IF"-' 
() 

" .. 

Miking cran kshaft journal:. 
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Positiolls for mi king journal 

Uo it: mm On.1 

Item Standa~d 
Repair ServIce 
limit limit 

Diame-
75 - 0.030 

-0.050 -0.15 - 0.9 
ler (-0,0059) (-0,035) 

Crank· 
-O ,OOII~ 

(2.953_0 00197 

oll,fl Out·of· 0,01 (0.0004). 0.03 
jour- round max , (0.0012) 
na15 0.01 (0,0004). 0,03 

Taper 
max, (0 .0012) 

(e) Jo urnal unde"i ... 
For the two undersize main bearings ava-Hable, 
(he journals are to be ground to these sjze.s~ 

Unit : mm (in.) 

Journal 
Jou rnals to be ground to : undersize 

0.25 (0,0098) -0030 -0,OOll8) 
74,75 -0:050 (2,9429 -0,00197 

0.50 (0 ,0 197) - 0030 -.0.00118) 
74.5 -0:050 (2 ,9331 -0.00197 

(3) Cnnkpin inspection 

Ca) Inspect each cnmkpill for surface n.ws such as 
roughing, sclatches , pitting and bums, and. as 
necessary, repair the crankpins by grinding to 
the next undersir..e or replace the crankshaft. 

MAINTENANCE AND ADJUSTMENT 

~'f:' ~?- ' .- , .~ . 

L , " " -~"",,.; 

~ 

) 

1,-"", ". :.,.t#" ~ .. "'': " .. 
A 

~ ..-, 
.I 

j " :1--..... . . 

Miking crankshaft crankpins 

@ 

Posit ions for miking crankpin 

(b) Mike each craokpin 10 take. total of four 
readings to determine the wear, out ·of-round 
and taper. Lf any of the limits is exceeded , 
repair by grinding to the next undersize or 
replace the crankshaft. 

Un it: mm (in. ) 

Standard Repair Item limit 

58 0,035 
-0,055 0,20 

Diameter 
--'>.001 38 (O,OO787) 

(2.283_0.00217) 
Crankpins 0.01 (0 ,0004), 

OUl·or·round 
max, 

om (0.0004), 
Taper max. 

(c) Craokpin undersize, 
When grinding the crankpins 10 the next under· 
size, be su re to fUlish each cJ2.D..k:pm to the 
tolerance prescril:>ed ror the undersize, which is 
0,25OUl1 (0,00984 in.) or 0.50mm (0.01969 ill .). 
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MAINTENANCE AND ADJUSTMENT 

Unit; mm lin.) 

Crankpin Crankpins to be Qround to; undersize 

0.25 (0.0098) 57.75 -O.0~5 (2 2736 - 0 .00138) 
-O.0~5· 0.00217 

0.50 (0.0197) 57.50 - 0.035 (2 2638 -0.00138) 
0.055 ' 0.00217 

[ NOTE] 
Try to keep the center-to-center distance be
tween journal and crankpin within :1:0 .05 mrn 
(0.00197 in.) of 47 mrn (1.850 in.). Whon 
grinding the crankpins to an undersize, be sure 
to SIle Ihe corner radius (fil let) to 3 mm (0.118 
in.). Thi, .pplies .!so 10 the fillets of journals. 

3R 3R 
r .i "r 

\ 

@ 

--
@ 

-
'" ' 

'--
Crankshaft corner radius (fillet radius) 

(4) Crtnk&ha(t end ploy 
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Check the crankshaft for end play, as shown, by 
"sing • thickness gause at the thrust bearing. If a 
play of 0.3 nun (O.OllB in.) Or more is noted . 
replace the thrust bearing. 

Checking crankshaft en d pl.y 

Unit: mm Iln.1 

Item Standard Re pair 
limit 

Crankshaft end 0.1 - 0.264 0.3 
play (0 .00394 - 0.0)039) (0.012) 

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

1\ 
1---111 

@ 

'--

A 

Journal width for th rusr bearing 

(5) Oil seal ins"",,lion 

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

(6) Oil seal sI .... in .... ction 

The outside surface of the oil seal sleeve is preci
sion·machined and chrome·plated for v •• ter wear 
resistance. Be sure to handle the sleeves carefuUy 
and protect th.is s"rface against damage. 

Even a slightest scratch mark. not 10 mention of a 
dent Or groovy wear. on this surface could result 
in oil leakage , and 3. sleeve wiLh such a surface !law 
must be replaced. 

(7) Replacement of rear oil seal sleeve (for cnnkshaft 
gear) 

To remove the sleeve, put a chisel to the outs-ide 
surface of the sleeve and drive it in axial direction 
to 'tretch it. Thi, will loosen the sl •• ve , m.k.ing it 
rea dy to be drawn out . When driving , be careful 
not to dam.ge the gear. 



To instail the replacement sl ..... oil its bore and 
the crankshaft gear. using clean . fresh engine oil ; 
hold the sleeve squarely and drive it into its posj
tion, keeping it trued up accurately . 

(8) Inspection of cr.lIlkshaft keyway and screw threads 

The forward end of the crankshaft is threaded and 
has a keyway. Visually examine the thr.ads and 
keyway and. as necessary. repair them . 

Pistons and piston rings 
(I) Piston inspection 

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

(2) Piston clearance in the bore 

Mike each piston at the positions listed below; and 
by re ferring to the bore diameter. previously 
determined , of its s.leeve , compute the radlal 

Unit: mm {in.) 

Item Standard Service 
limit 

Standard size 
93 .86±0.0IS 

(3.6953 ±0.00059) 
Piston 

0.2S-mm diame· 94.11±0.015 - 0.2 
tor (at (0.0098 in.) 

(3 .705 1= 0.(0059) (-0.008) 
skirt) oversIze 

O.SO-mm 
94.36: 0.015 

(0.0197 in.) 
(3.71 50 :0.00059) 

oversize 

At piston 0.615-0.680 
crOwn (0.02421-0.02677) 

At No.! land 
0.465-0530 

(0.0183 1-0.02087) 

At No.2 land 
0.415-0.480 

Piston (0.01634-il.01890) 

d ear- Just below 0.275-il.340 
02 

ance oil ring (0.01 083-{) .0 1339) (0.008) 
in 

!7mm 
bore 

(0.669 in.) 0.195-0.260 
below oil (0.00768-0.01024) 
ring 

37 .5 mm 
(1.476 ",.) 0.1 55-{).220 
below oil (0.00610-0.00866) 
ring 

At skirt 
0 .1 25-o.!90 

(O.00492-{).OO748) 

~ 

MAINTENANCE AND ADJUSTMENT 

d earance at each position. if the piston is wom 
down so much as to exceed the timit [- 0.2 rom 
(-0.0079 in .)J at any of the,. positions. replace it. 

--------"' 

ntlU 
Miking piston 

Front of engine 

t 

pj~ton weigl'll 

Amount 
of offs!![ 

Pis10n weight marking and pin holo offset 

[NOTE] 
Before reassembling the eng;ne, make sure that 
the four pistons do not differ by plus or minus 
3 grams (O.! oo) from the weight indicated on 
the crown. I f any of the pistons has to be 
replaced by an oversil.e pis ton , replace the 
other three l too, by those of the same overs.ize_ 

(3) Piston ring gap 
Be sure that each piston ring has its gap within the 
serVice limit. Measure the ring gap with a thlckness 
gauge, holding the ring fitted in a new sleeve. 
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MAINTENANCE AND ADJUSTMENT 

-~ .... 
< (, 

/ 

.' 

Checking piston ring gap 

Unit : mm (in.) 

Standard Service-Item 
limIt 

0 .3 - 0.5 1,$ 
Pi>!on ri ng gap 

(0.0118 - 0.0197) (0 ,059) 

(4) Piston ring clearance in groove 

58 

The c!eJ.r.B.nce between 8 piston ring and its groove 
is spcl:ified for each . TIlls clearance is dependent 
on the condition of the ring or tile groove, or 
both . If tile reading t.aken exceeds the repair lunit, 
replace Ihe rin!i end, if the replileement ring still 
provides an txce$SlVe reading.. it means that the 
sroove is worn so muth as to require piston 
replae.ement. 

JlIII 

Checking piston ri ng clearance 

Unit : mm !inJ 

Item Standard Repair 
limit 

No. 1 
0,04 -0.08 0,2 

Piston ring 
(0,00 16 -0,0031) (0,0079) 

clearance 
No,2 

0,025 - 0,060 0.15 
in the (0,00 I a - 0.00236) (0,0059) 
groove 0.025 - 0.060 I 0,15 No. 3 

(0.0010 - 0.00236) (0,0059) 

(5) Pin clearance in pislon 

Replace the piston Or piston pin if the pin clear -
3nce, as. computed fr om djame{er readings taktn 
on pin hole and pin. exceeds the service limit. 

Unit: mm On.l 

Irem Standard 
Repair 

I 
limit I 

+0 
28 - 0.006 , 

PISton pin diameter 
, 

+0 
(1 .1 02 -0.00024) 

Pin clearance in the 0-0.016 O.OS 
plston (0 - 0.0006) (0.002) 

Conne<:ting rods 

(I) Pill clearance in smaU end 

Replace lIle piston pin or bushlllg if Ul< pin clear· 
ance in the bushing, ilS computed from diameter 
readings. taken on pin and bushing, exceeds the 
service Iimi t. 

"-'-. 

1'Ji'ii'i 
Miking piston pin 

[NOTE) 
To remove the bushing from and install it in 
the small end, the :special tool must be used . 
Before installing the bushing., be sure to haye 

the oil holes aligned, 



Unit : mm (in.) 

Item Stand(lrd Repair 
limit 

+0 

Piston 'PLn diameter 
28 -{I.006 

-Kl 
(I .102 -0.00024) 

I.D. of bushing in 
"8 -Kl.045 
- +0.020 

small end (I 10" +0.00 177) 
. - +0.00079 

Pin cleilranc.t in 0.020 - 0.051 0.08 
bushing (0.0008 - 0.0020) (0.003) 

(2) Connecting rod alignment and big-end bearings 
(a) Inspect .ach connecting rod ror evidence of 

cracking, particularly at the corner radius parts 
of the "( " shank n.xt to the bIg and small ends 
.nd also at the oil hole in the small end. Con
m;cling rods found cracked or suspected of 
cracking must be replaced. 

Check each connecting rod for alignment by 
fitting it to the aligner, as shown, and repair it 
by cold.working with 8 P'~SS' as neC"esslry . The 
aligner tells whether the connecting rod is 
twisted 01 bent beyond the limit. 

,. 

Chocking connecting rod for bend 

Unit: mm fi n.) 

Item Standard Repair 
limit 

Conneoting rod align· 0.05 (0.002), 0.15 
ment (twist and bend) max. (0.006) 

MAINTENANCE AND ADJUSTMENT 

---' 

JlIOS 
Checking con nocting rod fo r twist 

(b) Inspect each big~nd bearing for evidence of 
wiping or fatigue failUle, fOJ scratches hy dirt 
particles imbedded in and for improper seating 
on the bore. Determine whether the bearing 
should be re·used or replaced on the bas.is of 
finding$ . 

(0) Check the r.dial clearance between crankpin 
and bearing; jf the repair linti t specified below 
is exceeded by the checked clearance. repbce: 
the bearing. Where the crankpin Is 10 be ground 
to thl: nex! undersize , tlS~ P replacement bear
ing of tlla!. undersize. 

Unit : mm lin.) 

Standard Repair Item limit 

58 -{I.03 ; 
-0 .055 

Crankpin diameter 
-00014 

(2 .283 -0:0022) 

Radial clearance: 
0.035 ~ 0.100 0.20 

between beanng 
(0.0014 - 00039) (0.008) I 

and crank pin _. _ - ~ -

The two bearing undersizes .ll.re 0.25 rom 
(0.00984 in .) and 0.50 mm (0.01969 in .). 
As in the case of tbe main bearing, the clearance 
is to be detemlined from lh~ crank pin diameter 
(determined as described ill CRANKPIN IN· 
SPECTION) and also the diameter readings 
taken on the big.end beanng at the positjons 
Indicated and in the manner illustrated. 



MAINTENANCE AND ADJUSTMENT 
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Measuring big-end 

The big..end bearing fitted to the connecting. 
rod must be «cured by lightening the cap boilS 
8.5 ± 0.5 kg-m (61.5 ± 3.6 fl-Ib). 

'\l 
""T"'! I 
I 

"' 
2 
I 

Positions fot' mik ing big-end bearing 

(d) Check the contact pattern of blg""nd be4ring 
on crankpin by lilting the big end in the nonnal 
manner to the crankpin, with the cranksh.an 
laid out on the bench, 3.Jld by using a pas.te of 
red lead Or Pwssian blue 10 visualize the con
tact. Be sure to tighten the Clip bolts to the 
specified torque, that is, 8.5 kg-m (6J.S fl-lb). 
The contact should occur over at least 75% of 
the entire surface; if not , replace the bearing. 

[NOTE ] 
The above job of checking the contact pattern 
may beelim inaled where the c:rankpin is ground 
to the s,,"cified tolemnce and the bearing has 
been replaced. This is because a replacement 
beaIing is precision.fmished to ensure the speci
fied extent of contact. 

(eJ Check each bearing shell for "crush." SheUs 
found to be loose in the hore or have an exces
sive crush mun be repjac.td. A crush of up to 
0.04 nUll (0.0016 in.), which will yoeld to, 

load of 350 kg (772 Ib) . is prescribed. A.s in the 
case. of the main bearing shelli, some "crush'· 
is needed for securing a proper fit , without 
which the bearing might roll or jump in place , 
resulting in localized overloading and consequ
ent flaking, burning or faligue failure. 

Check to be sure that the "crush" disappears 
to allow the bearing cap to mate the big end 
pmitively When Ihe c.p bolts are lightened 10 

8 .S kg-m (6 1.5 ft -lb) . 

350 kg 

t 
Crush: 0 -0.04 mm 

Big-end buring crush 

(I) Check •• cb connect ing rod for end play in the 
manner illustrated, with the cap bolts lightened 
to 8.5 ± 0.5 kg·m (61.5 ± 3.6 ft-Ib). Use a thick
ness gauge to measure the end play (which is the: 
clearance between bjg end and crank ann). If 
the clearance measured exceeds the service limit , 
replBce the connecting rod or big-end Dearing. 

Unit : mm {in ,) 

Item Standard Service 
limit 

Connecting rod O.JS - 0.35 0_50 
end play (0.006 - 0.014) (0.020) 

Checking end play of connecting rod 



[NOTE) 
Before. reassembling the engine, make sure that 
the four c.onnecting rods are equal in weight 
wi.llin ±5 grams (±O.I 8 0.) of the specification 
weight. 

Flywheel inspection 

(I) Repair the fdction surface of the flywheel if it is 
found buml, stepped, or grooyed b)' riYet h •• ds. 
If this surface Is badly worn or damaged, the 
flywheel must be replaced. 

(2) Using" dial indicator, check the friction surface 
for flatness and face TUneut. A perfectly flat 
surface js no guarantee that the surface will not 
"run out" when it rotates. 

Flatness can be checked , as shown, with the 
flywheel laid on a surface plate . To take the 
runou! reading. secure the Oywheel to the crank· 
shaft in .he normal manntr and roll the crankshaft , 
with the spindle of the dial indicator put to the 
surface De-ar its edge. 

Checking1lywne-el for flatness 

Checking flywheel for faco 'Unout 

MAINHNANCE AND ADJUSTMENT 

Unit: mm {in.) 

Item Standard Repair 
limit 

Flatness of friction 0 .1 5 (0.006). 0 .5 
surface max . (0 .020) 

Face runout of 0.1 5 (0 .006), 0 .5 
fric.t ion surface max . (0 .020) 

(3) Make sure that the flywheel securing bolts are in 
good !:ondition, with their screw threads showing 
~o signs of stripping. The ring gear with broken or 
badly worn teeth must be replaced . Clean the 
bushing for pilot oearing~ if the bushing is abnor
mally worn or showing defective contact pattern, 
replace it. 

Timing mechanism 

Cam,haft inspection 

(1) Support the ca,,,,haft at No. I and No.3 journals 
by "V" ~Iocks, with the spindle of the dial gauge 
put to No. 2 journal, and roU the casruhaft to 
measure its distortion (which is one·haIf of the 
deflection, that is, Ihe dial sause indication). 
Straighten the camsl1.aft in a press or replace H, as 
necessary . 

Unit: mm lin.' 

Item Standard 
Service 
limit 

Camshaft distortion 
0.02 (0.0008), 0.05 
max. (0.0020) 

Checking camshaft dlrllection 

(2) Mike each cam of the camshaft to read OJ (cam 
height) and Ih (diameter). and compute the 
differenoe between D. and D2. If this difference 
i$less than the service limit, replace the comshaft. 
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MAINTENANCE AND ADJUSTMENT 

Unit: mm (in. J 

Standard Service Item 
limit 

Cam height DI : 46.9 16j:1 wear 01 - 0, 
(01 - 0,) In tak. <11.0039') = 6.184 (1.847 .. 0,01 131 

cam (0.24346) DI -D, a 6.684 
(0.26315) 

WI Ol : 45 .944 jj.~ 
01 - 0, 

f xh,us l -+{}.OOJ94 ) = 6.844 (1.8088 -0.011 Bl 0, cam (0.26945) 
Dl - 0, = 7.344 

(0.28913) 

(3) Inspect tho camshaft journal, for abnormal wear 
and damage ; the camshaft mus t be replaced if any 
of its three journals is found in bad condition 
beyond repai r. 

(4) Mike each journal of the camshaft In two direc· 
tions, One being a1 right angles wi th another, at 
two places, front and rear_Measure each camshaft 
hole in the crankcase . Compute the clearance 
betw~en tlle two; if the repair limit is exceeded, 
bore the hole up to 57.tf6 ~_Ol.g mm 
(2 .24 ~~,OOO1! in .) md inst:rt a bushing to bring 
it into the standard clearance range . 

Unit: mm (in,~ 

Item 
. 

Standard 
Repair 
lim't 

Nos. 1 
54 --0.(14 

--0.06 
and 2 

(2 126--O·001~ Camshaft . --0 .0024 
journal 

53 --0.04 0.0. 
No .3 

--0.06 

(2 087--0·0016) 
. --0.0024 

Camsha ft joumal-t<>- 0.04-0.09 0.15 
hole clearance (0.0016 - 0.0035) . (0.0059) 

.1' 

Mild ng camshaft journals 
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Timing g= Inopection 
(I) Be sure lhat th . backlash in each me.h is within 

the repair limit. If the limit is ex-ceeded, reduce 
(he backlash by replacing the worn gear . To 
measure backl ash, use a thickness gauge: put the 
gauge squarely into between two gear teeth. 
~ -~ -. - "!,!,_!"U-'14 

/ 
Checki ng t iming gear backlash 

Un it: mm (in.) 

St.nd.rd Repair Item 
li mit 

0.07 - 0.20 0.25 
Backlash 

(0.0029 - 0.0079) (0.0098) 

(2) Check the radial clearance between idler bushing 
and shaft by miking. Compute the clearance frofll 
the re3dings laken and, if the repair limit is 
exceeded. IOplace the bushing. 

Unit: mm (in.I 

Item Sland.rd 
Repair 
lim it 

36 ffi.025 

Idler bushing tD. 
--0 

(1.41 7 j .00098) 

36 --0.025 

Idler shaft OD. 
--0.050 
- 0.00098 

(1.41 7 --0.001 97) 

Bushing·tD-shaft 0.Q25 - 0.075 0.1 
clearance (0.00098 - 0.00295) (0.0039) 

(3) Check the idle r end play with a thickness gauge. 
Repl.c. the thrust plate to reduce the play if Ihe 
thickness gauge reading exceeds the repair limit. 

Unit; mm (in. ) 

Standard 
Repair 

Item limit 

0 - 0.1 0.35 
Idler end play 

(0 - 0.004) (0.0138) 



Checking idler end play 

(4) If the idler 'haft has to be ,epl,ced , use the id ler 
shaft puller to remove it, as shown. When installing 
the replacement shdt, cheCK to be sure thai Ihe 
oil holes are aligned. 

r-~ .... - ' . . '.: 
Ill :', . . 

I' ..... 
~,, ~ . 

.: . . 
-:~~':1 ( .. ;::., 

~ 
... ; .. ...... .'.~ 
:-.'" ":: ' .. :-·I··.·n .. · · ··· ~· 

I' .:. Ii [1 I, 

Drawin9 ou t idler shaft 

(5) Impect the timing gears" fol lows: 

(a) Camshaft gear 
Replace the gear if its Leeth show evidence of 
flaking or exce~~ave wear, or if ltS keyway is 
galled. worn Or otherwise d.i~figured . Make sure 
that the camshaft gear as mou nted on the 
camshaft has no more end play than 0.4 mm 
(0 .0 157 in.): to cheCK the end play , use ,dial 
gauge. If the reading C'xceeds the repair limlt . 
replace the thrust plate . (Remember, lhis gear 
IS shrink·fi tted to the camshaft.) 

MAINTENANCE AND ADJUSTMENT 

Unit: mm (in .~ 

I Standard Repair Item 
limit 

I 0 05 - 0 11 2 0.3 
Camshaflend play (Q,OOi97_- 0:00(41) (O .~.18) 

'-- - -' . .. 

(b) Injection pump ge" 
Inspect the gear teeth for damage and also the 
mounting bolt holes for maicondition. Replace 
the gear If found in badly damaged condition. 

(c) Crankshaft gear 
Replace the gear ir it s teeth show ::.igns of 
defective tooth contact , or are excessively worn 
or otherwise defective . 

(d) Idle r gear 
Inspect the id ler gear teeth and , tiS necessary, 
replace the seat . 

(6) lnspecl the gear case for cracks, ;{nd for evidence 
of oil leakage at the parI ahead of the crankshaft. 
A cracked Case mus.t be replaced. ]nspect Ule crank 
puUey I (00, examining the condition of the surface 
in conlact with t he oil seal ond chec!W>g the 
keyway and key for wear. Replace the pulley if 
found in defective condition, 

Lubrication system 
Oil level check 

The oU level gauge is located at lhe right.hand ' ide o f 
the crankcase, and cilrries two leve' marks, upper and 
lower. The oil pan contains about 7 liters (1.8 galions) 
when the oil i ~ up to the upper mark, and about 5.5 
lite" (1 .5 gallons) when it is up to the lower mark. The 
oil pan should be kept filled to the upper mark. 

Oil pwnp inspection 

(1) RunninJ cJeanmc< between outer rQtor aod inner 
rotor 

Using .a thickness gauge, check the clearance at 
VIHiou$ positions, If the reading exceeds. the service 
limit , replace both rotors. 

Checking rOlor·to·ro·tor clearance 
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MAINTENANCE AND ADJUSTMENT 

Unit : mm (in.) 

Standard Service 
Item limit 

-
Clearance between 

0 .013 - 0.15 0.25 
inne r rotor all d 

(0.0005 - 0.0059) (0.0098) 
outer rotor 

(2) Sliding clearance between rol"" and coyer 
This clearance i~ required to be not greater fhan 
0.15 mm (0.00591 in .). If this limit is exceeded, 
grind orr the mating face of the body to reduce 
the clearance. 

Un it: mm lin.) 

Item Sta ndard I Repair 
lima 

Clearance beIwcen 0 .04-0 .09 I 0.15 
rotors and cover (0.0016 - 0.0035) (0.0059) 

Checking rotor-ta-cover claaranoe 

(3) Radial clearance between out., rotor and pump 
body 
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Insert iJ thickness. gauge into between outer rotor 
and body. If the clearance checked is greater Ihon 
the limIl , replace the warn part. 

CheckiJ\9 rotor-to-body clearanCE! 

Unit: mm (in.) 

Service Item Standard 
limit 

Clearance between 
0.2-0.28 0 .5 outer rotor and 

(0 .0079 - 0.0110) (0 .01 97) 
body 

- -

(4) Rotor shaft diameter 
Inspect ihe shaft for damage, and check it for 
wear by miking. Determine the available clearance 
of lite shaft in the pump body from Ihe mike 
readings; if the service lim it in fenns of clea rance 
value is exceeded Or if the shaft is in badly dam
aged condition, replacement is necessary. 

Unit: mm (in.) 
. . 

Service Item Standard 
limil 

+0 
Rotor ~"fl 13 - 0,0 15 
diameter +0 

(0 .512 -0.00059) 

Sholl to body 0.032 -0.074 0.15 
clearance (0.00126 - 0.00291) (0.0059) 

-

Oil mter inspection 

The ftltering elelnent is prescribed to be replaced 3fttr 
each 600 hours. of operalion Ot whenever its filtering 
performance is note.d to have deteriorated . Inspect the 
element (0 see if it has any signs of rupture or fissure ; 
and if so, replace it by a new one. Visually -e xamine the
fllter case for distortion and cracks. 

Relier valve inspection 

First, inspect the valve and valve seal for seating contacl , 
and ·check. its spring for condition . Poor s.ealing cafl be 
corrected by lapping. A broken or fatigued spring must 
be replaced. 

Next , check the relief valve fo r relieviJlg pressure on 
reference to the specification. Increase or decrease lhe 
spring preload, as necessary, to oblain • relleving (open
ing) pressure wiOun fO .3 kg/em' (f4.27 psi) of 3 kg/cm' 
(42.7 psi) . 

Un it: kg/cm' (p,l) 

Item Standard' 

Relief valve opening 3 ± 0.3 
pressure (42 .7 ± 4.27) 



Fuel system 

Fuel fdle. inspection 
Inspect ,he filter case and cover for cracks, distortion 
and damage and 31'0 for stripped 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 thread" Th, pacltings removed in disassembly 
must be discarded: be sure to use. new packings in 
r.assembly . 

The mtering element is prescri bed to be replaced at 
intervals of 1200 hours. and the fill " itself b. made 
free of sludges. and condensation by draining at in tervals 
of 300 hours, 

[ NOTE] 
The fIltering element is of paper type no t 
meant to be cleaned by w.shing. Use a soft· 
half brush and compressed air to dean it. 

Fuel feed pwnp inspection 

(1) Chock valve 
Inspect tbe seawlg faces of the check valve rOt 

wear , and rcpJOlce parls found 10 abnormally or 
excessively worn condition . 

(2) Tappet wear 
Mike the lapl>el and tap pel hole 10 detennine 
their dlarneual wear. Repiacemen! is necessary if 
the amount or wear noted in comparis.on with (he 
st.nd"d dJameter is 0.1 mm (0.004 in ,) or mor • . 

Unit: mm {io.t 

Item Standard 
Service 
limit 

rappel diameter 7 (0.276) 0.1 (0.004) 

Tappet hole diameter 7 (0.276) 0.1 (0 .004) 

The overall play of tappet toUer pin. involving the 
pin hole and roller , is prescnbed to be not greate 
than 0.3 mm (0.012 in.) , If this limit is exceeded. 
the whole tappet sub·assembly must be replaced. 

Replace the roller if it s diameter has worn down 
to the service limit. 

Unit: mm (in.J 

Standard Service 
Item 

limit 

+0 
15 -0.027 - 0.075 

Tappet roUer 0 .0 . 
(O59 1 ~~.00106) (- 0.00295) 

MAINTENANCE AND ADJUSTMENT 

(3) Pump housing damage 

Inspect the hous-itlg for cracks , broken screw 
threads and other types of damage and repair or 
replace it as necessary. 

(4) PrimIDi pump wear 

Inspect the piston and cylinder for scratc.h marks, 
WUr and rusting. Check the seating faces. of ils 
valve for wear. An excessively worn or damaged 
seating face must be corrected by replacement. 

Fuel feed pump tesliag 
The feed pump is in satisfactory condition when it 
nleets. all of the test reqUirements hereunder enumerated: 

(1) Suction perfanno"c. 

Th. pump should ~. capable of starling to deUver 
fue l in 45 seconds of its staning at 150 rpm . 

(2) Discharge pressure 
Run the feed pump at 600 Injection-pump rpm, 
with the discnarge <ide of the reed pump fully 
closed . Under this condition, tbe diseh"ge pres· 
sure should be anywhere between 1_8 kg/em' 
(25 .6 p~) and 2.2 kg/em' (31.3 p<i). 

Unit: ~9/cm' (psi) 

Item Standard I 

Feed pump disch"ge 1.8 - 2.2 (25.6 - 31.3) 
pressure .t600 rpm 

(3) Capacity test 

Run the pump at the speed specified below and 
ope" the disch.rge side more or 1 ... to hold the 
discharge pressure at 1.5 kg/cm' (21.3 psi) (as 
rud on the test gauge), with a meas.uring glass 
cylinder sel up to receive the discharged fut!. 
Under this. condition , the pump should dcli 1o'tr at 
least 900 ec (54.9 ell in.)/minute. 

Item Standald Repair limit 

900 co (55 600ec (37 
Feed pump cu in.)/minute. cu m.)/minute. 
capacity minimum at at J 000 rpm 

1000 rpm 

(4) Air-Ughtness 

Imme,,. tIte feed pump in • pool of futl . wllh its 
discharg. side plugged up. Apply an air pressure of 
2 kg/em' (28 psi ) to its suction to see If any 
bubbles come Qut aflhe pump. Some air, however, 
will leak out lh1 0ugh the -clearance between its 
push/od and houiing. The pump is ,ufficienUy 
air· tight if the amount of this leak.ge (with no 
leakage from any other part of the pump) is not 
greater th.a.n the value specifi.ed. 
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MAINTENANCE AND ADJUSTMENT 
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Item Standard 

NOl sreater than SO cc 

Feed pump air-tightness 
(3 cu in.)lminute (with 
bubbles not lerger than 

3 

2 rnm (0.08 inl!. size) 

AIr prltUurs. 
2 kg/em' (28 psI) 

(r ~ 

, 
'Jl--~ - - _I , 
o 

4 

I-Measuring cylinder 3 -P1UV 
·,'.apPOt 4·Dfesel fuel oil 

T!tting feed pump for Bir-tightn&ss 

If a greater leakage than the specified value occurs, 
rework the pu,ruod hole with a burnishing broach 
to the oversize and repl.ce the pushrod by a new 
oversiz.e one . 

Injection pump inspection 

(1) Wear of pwnping elements (Plunsu and baml) 

Mike the width of plunger nange. If lhis nangc is 
worn down to give a reading less than 6.95 mm 
(O.2736in.) (= 7 - 0.05 nun (0.2756-0.0020 in.)], 
replace the plunger. 
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Widlh of plunger f lange 

M.asure the WIdth of the slol provided in the 
control sleeve . If this slot is worn down to give a 

reading greater than 7.02 mm (0.2764 in.), replace 
the sleeve. 

1. 02'" 

Width of slot in control sleeve 

Inspect the sliding surf.ces .of plunger and barrel 
ror wear, scratch marks and evidence of pitting 
due to burning. If any defect is noted, replace the 
whole pumpUlg element (plunger and barrel). 

Wllelher a plunger is worn or not can be told from 
its appearance: . A worn plunger has no surface 
luster . If ::my of the four plungers ;s in defective 
conciJtion to require replacement , then a1l fout 
pumping elements (plunger and barrel) should b. 
replaced to ensure Ih. uniform pumping perform
ance for Ihe four injection nozzles. Th;. replace
ment is necessary also when any of the pumping 
elements fails to meet the fOU09.010g test require
ment on the sliding clearance between plunger and 
barrel: 

Fuel-tighlness lesi on pumpins .Iement 
Afler assenlbling Ihe injection pump. install. test 
pressure gauge on the deu'iery val"e holdtr, and 
run the pump .t 200 rpm, with the control rack 
held 1D • position for low-load engine operation. 
Til. pressure gauge should be c.pabl. of indicating 
up to 300 kg/em' (4266 psi) or 400 kgJcm' (5688 
psi). When operated under these test condition, 
the pressure gauge should register a pressure nol 
lower IIlen I SO kg/em' (2133 psi) . 

Unit: kg/em' (psi) 

Standard 
Repair 

Item limit 

Fuel-tightness of 
150- 200 

(2133 - 2844) 150 (2133) 
plunger in barrel 

at 200 rpm 

In addWon to the above requirement, each pump
ing element has to meet the foUowing requiremem 
as proof of. proper fit of the plunger in lis barrel: 
Into the barrel removed upon injection pump 
disassembly, insert its plunger about Iwo-thirds of 
the way. leaving a third of ilS lenglh outside the 



band, while holding the barrel horizontal: then 
angle up the barrel slowly by about 60° . This 
should cause the pitmgtr to slide in all the way by 
Its own weight to evidence a proper fi t. If the 
plunger goes inward in a free-falling manner or 
becomes stuck on the way, then the pumping 
element must be replaced. 

!lSI( ~ 

.. // 

f 

Checkill9 pumping element for fit 

(2) Delivery vah'e test 
Each delivery valve must be lested for seating 
lightness. Before testing it, inspect its piston, valye 
seat and other parts for wear. If any part is exces
sively worn or if the :seating contact is defective. 
replace lhl; vah'e piston and seat as a unit. 

Set up the assembled injection pump on the test 
stand ! with a lest pressure gauge installtd on the 
delivery valve holde., as in the fuel·tightness test 
outlined above . [The gauge should be capable of 
indicating up to 300 kg/cm' (4266 psi) Or 400 
kg/cm' (5688 psi)[ . Run the pump until ,h. 
pressure gauge read, slightly above 150 kg/em' 
(2133 psi). With. stop watch in the hond, pull the 
control rack to non .injection pO'sit~on and, at the 
same time. stilIl clocking the tune required by the 
fuel pressure (ahead of the delivery v'lve) to fall 
(due to leakage past the se.ted valve) 10 kg/em' 
(142 psi) . If Ihis duration is not less lhan 5 sec· 
onds, then the delivery val\'e is satisfactorily tight. 

Item Service limi t 

Seating lightness of delivery 
valve in terms of duration for 5 seconds, minimum 
a drop of 10 kg/ern' (142 psi) 
from I SO kg/em' (21 33 psi) 

When the injection pump is in disa5&embled state, 
check the fit of the deb very valve piston in the 
bore by holding Iht! valve with fingers as shown . 
Finl , let down thl! valve all the way into the bore , 

MAINTENANCE AND ADJUSTMENT 

and give thumb pressure to the bore . This should 
raise the val'ole a titde and release of thumb pressure 
shouJd aUow it to seule into seated condition ; if 
the val ve remains scaled without res.ponding to the 
thumb pressure. its fit in the bore is IOO loose. 

.~ .. ' . ",-' 
,or. . r 

. ~. ' .' 
Jaell 

Checking delivery valve for fit 

(3) Wear of control rack ond pinioll' 

The control rack must be replaced if It js found 
dis.torted or bent Or i!s rack teeth are exccssivety 
worn. After assembling the injection pump, cnet:k 
each pinion ror backlash , and repi.:lce pi.nions 
found to exceed the service limit on backlash. 

Unit: mm (in.l 

I Standard 
Servi~ Item Ilm;t 

~.lS 0 .25 
Pinion.to.ra~k backlash (0.0059) (0.0098) 

Using a spring scale, check rhe force necessary to 
set the control rack in sHding motion. Repair or 
replace the: control rack ff it offers a resistance 
requiring a greater force to overcome than J SO 
gr.uns (5 .25 oz). 

Checking !Sliding resi5tance of control rack 
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Unit : gram (00) 

Item Standard 

Sliding resistance of Not more than 150 (5.3) 
control rack as ,tarting pull 

(4) Wear of tappets and roUers 
The t.ppet roller consi,ts of roller , roUer bushing 
and pin . The overaJl wear of these th ree puts is 
to be checked by measuring the r.dial play of the 
roller with a dial gauge as illustrated. With the 
tappet sub-assembly held as .hown, move the roUer 
up and down with a rod. If a reading greater than 
0.3 mm (0 .011 8 in .) is oblOined, replace the whole 
tappet iub-assembly . 

..... ® 
,·Dia4 gau9& ,J ·Vise 
2-Tappet ~·Rod 

Checking tap~ ... rol ler tor Wear 

MiI« each tappet and tappet bore to determine the 
amount of radial clearance between the two, 

Replacement of wOrn parts is necessary if the 
clearance compulc:d from micrometer re.admgs ex
ceeds the servic-c limit . 

Unit: mm (in,) 

Service Item Standard limrt 

Radial clearance 0.02-0.062 0.25 
between "'ppet and 

(0.0008-0.00244) (0 .0098) 
lappet bore 

, 

Check tbe outside diameter of each roller; if the 
,eading as referred to Ihe standard O.D. roveals a 
wear of 0.075 nun (0.00295 in.) or mor •• replace 
Ibe whole tap""t sub-a ... mbly . 

Unit: mm (in. ) 

SUlndnrd 
Service Item limit 

l1_~,oo, 0.075 
Tap""t roUer O.D. 

(G,669 -~.OOOll) (-O.00295) 

(5) Delivery·vaIve springs, p1Wllle, sprinp and seats 

Springs showing evidence of cracking must be 
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replaced. Me.sure the free length of each spring; 
if the spring is found 10 be shorter by -0.5 mm 
(-Q.020in.)(plungerspring)or by -I mm (-0.039 
in.) (delivery.v.lv. 'pring) than the smaUest stand
ard length, replace it. 

Uni'! : mm (in.) 

Item Standard Silrvice 
lim.' 

Plunger 
49 +] 

-0 - 0.5 

Free length 
spring (1 .929 ~~ .039) (- 0.020) 

of spring 
Dellvel)'-
valve. 

32 :1:0.5 - I 

spring 
(1.2 6 ±0.020) (-0,04) 

lrupeel each plunger-spring seat; if the seal i. 
found to have a rece .. (due 10 the seating end of 
Ihe spring) of 0.1 mm (0.0039 in.) or more i 
depth. ,oplace it . 

(6) Wear of camshaft and its tappet roDer beru:iJl:s 

Replace the c.amshaft if any of its cam surfaces. is 
badly worn , grooved or otherwise damaged or jf 
its keyway or threaded end portions are found 
defectlve . Mike the major diameter (cam height) 
of each cam to determine its wear ll1 referC!nce to 
the sundard size and if the amount of wear is 
noted to exceed the service limil, repl3ce the 
camshaft . 

(7) 

Unit: mm find 

Item Standard 
Service 
timit 

Cam height 
32 +0.1 

-0 - 0.2 
(major dia.) (126 +0.0039) (-0.0079) 

- 0 

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

CornUtloDofpwnph~ 

[n.pect 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 fO\lnd 10 have worn down exces· 
sively as a result of the check on the radiaJ clear· 
ance of the tappet (in (4) .bovel, replace lhe 
housing. 

Unit : mm (in.) 

Item Service tim it 

Pump housing lappet bar. 
24-0.15 

(0.945 - 0.0059) 



Injection pump test ing nnd adjustment 

A dies.el engine Cat\1lot give the full performance it 
should be capable of even if it were in its best operable 
condition , unless the injection pump and governor 
serving it arC equaUy In beSot condition. The foUowing 
testing and adjusting, instructions are for making sure 
thjit the pump is in such a condition and must be carried 
out with utmost care . lns1 ructions all the governor will 
be given sep~ r ately in the subsequent sect ion . 

The tests and adjustments, set forth unde r three head· 
ings, presupposes the use of special servicmg equipment 
- the injection pump tester. It should be borne in mimI 
that the pump and its governor constitu te an inseprable 
set and must be tested and adjusted to meet the specified 
cri teria before installing them on the engine. 

(I) Preparntion 

(a) Mount the reassemble<! inj<ction pump on the 
tester. 

Setting up tne pump on the tester 

(b) Attach ilie rack position measure. Remove from 
the governor these parts : maximum s.peed stop
per, stop adjusting screw, idling spring) torque 
sprinS and adaptor spring. Push in the control 
rack toward the gO \ltmor side as far as it will 
go, and set the rack POSitiOD measure (95904-
01 060) at the storting position (zero ntm) . 

......-. -~ 

Sening rack measure at O-mn'l pOSition 

MAINTENANCE AN D ADJUSTMENT 

(c) Bleed ai, out of the injection pump, as follows: 
Filst , moye the se'ector lever of the pump 
tester into " injec tion " pOSi tion an d tum on the 
motor swit ch to slart up the motor. 

Next, produce (he prescribed delivery presslJ re 
by meanS of the pressure adjusting valve . Loosen 
tho air bleeder S(;rew on the pump to let out 
the trapped air , If any. 

[NOTE ] 
It is not necessary to " run" the pump in order 
to bJeed air out. 

Ai r bleedi ng 

The pump is noW ready rOT these operations: 
CONTROL RACK SLIDING RESISTANCE 
TES!' , INJECTION TIMING ADJUSTht£NT, 
and INJECTION QUANTITY ADJUSTMENT. 

(2) Control ruck sliding ,..istance test 

Run the pump at 1000 rpm and me .. ure the 
resIstance with the hand spring balancer. The 
control rack should be capable of slid ing without 
offering any resistance greater than 50 grams ( 1.8 
ounces). 

Checking rack slIding resistance 
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MAINTENANCE AND ADJUSTMENT 

(3) Injection timing adjustment 

70 

(a) Pre-stroke adjustment 
"Pre·strokc" refeIs to the upward movement of 
the plunger (and hence of the tappet) and ;, 
measured as the distan<:e the tappet trlJvels from 
its lowest pOsition until the reed hole (in the 
barrel) becomes closed by the plunger. 

Loosen the nozzle holder o\'ernow valve ; move 
the selector lever of the tester to "injection" 
pO~Lt ion ; and start running the high-pressure 
pump of the tester by engaging Ihe dutch; ""d , 
with the tappe t cle.arance measu ring devite 
(95904-02100) securely installed, t llrn the cam· 
shaft to bring No_ 1 plunger to bollom dead 
center (lowest) position. 

From this position of camshaft , rotate it gently 
in nannal direction to raise th.e tappet (and 
hence the plunger)_ In the meant~'Tle , fuel will 
be overflowing. Stop w ming the camshaft just 
when the fuel ceases to o\'erflow I and read the 
distance traversed by the tappet from Its lowest 
position. 

Measuring pre-stroke 

Adjusting pre-stroke 

Unit; mm (in. ) 

It@m Standard 

Plunger pre.,troke 1.95 - 2.0 
(0_077 - 0_019) 

If the reading is not witltin the $tandard range, 
adjust the pre·stroke by repositioning the tappet 
adjusting boll vert ically with tile tappet wrench, 
Turning this bolt by abou t a half roUt ion varies 
the pre·st roke by abou ' 0.5 mm (0.020 in.). 
After making [his adjustment , be SUrf! to ha ... c 
the lock nut tightened fully_ 

Check and adjust the other plungers fO I the 
prc3cribcd prc o 3tl"okc by rc p ca tinlj the fo tce;olht( 

pJOcedure. 

(b) 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 begin. to pres
surize the fuel in .the barre.l when it hilS just 
closed the reed hole . 

Take the position or No_ I plunger at it, begin
ning of injection as the reference angular 
position (0 deg_), and check the angular position 
at which each of the Ie" of tlte plunge. begins 
to inject. Make s.ure that the beginning of 
injection comes w~th.in the J deg. tolerance of 
the angu[,u value prescribed : 

Itam Standard beginning of Iniection 

Angular No.1 NO.2 No_ 3 No.4 

spacing of 
89'30' 119'30' 269'30' 1.1 injection O· 

timing 
"",()Oo30' -180'30' "'210' 30' 

-- --

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

Checking interva l between infections 



bolt by about a one·flfth (l/S) rotation chang.s 
<he beginning of injection by about I degree. 

(0) Tappet clearance measurement 
By the term "tappet clearance" is meant the 
marginal upward stroke of the tappet from its 
tOP dead cent.r pOSition , through which the 
tappet can ~ moved by forcing with a Ie-ver. 
This clearance is prescr ibed to be not less than 
<he volu. speciOed below, lind normally should 
not rtquire any adjustment. Thus, the purpose 
of this measurement just for making sure that 
SOme clearance greater than the. specified mini
mum is available . 

Unit: mm (in.) 

Item Standard 

Tappet cl", .. nce 0,2 (0.0079), minimum 

.' 

Use the tapptt c1earanoe measuring device 
(9S904-02100), as shown, and lever up <he 
tappet which is pushed up all Ihe way by the 
cam. If the reading happens to be less thanlhe 
minimum, increase it by means of the tappet 
adjustIng bolt . without causing the injection 
iming (beginning of inj.clion) to devi.te from 

the I ·deg. toleranc • . Incre.sing the tappet clear· 
i.\m:e will increase lhe pre-s.troke ; be sure Dot to 
exceed <he upper limit [2 .0 ntrn (0.0787 in.)] . 

v 
Measuring tappet clearance 

The injection is properly timed in the injeetion 
pump when all four pumping element, have 
the ir pre·strok, and tapptt dearance uniformly 
set to the sp~clficaLions, with the fOUI ang:ulal 
intervals between sllc'Cessive beginnings of injec
tion are equalized within the given tolerance _ 

(4) Injection quantity adjustment 

"Injection quantity" is expressed in terms of cubic 
centimeters (cc) of fu.1 d.Uvered by each pumplIlg 
e.lement for m3.nY :itrokes of its plunger. This 

MAINTENANCE AND ADJUSTMENT 

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·pressllle 
pump of the teSter laken out of service by disen
gaging its cJULCh.. Keep the ~lector lever in "injac. 
tion" position_ 

[NOTES] 
.) Keep the fuel supply pressure at 2.0 kg/em' 

(28.4 psi) . 

b) Be sure to use 3. measuring cyJUlder for each 
pumping element. 

c) To empty a measuring cylinder, in to which 
fu.el has been sprIlY-Bd , be sure to invert the 
cylinder and ke-ep it m that position for ilt 

lea,t 30 seconds before using ir 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 

Pump Rack Injoction Difference 
,peed position Stroke'S quantity cc lcu in.\ 
rpm mm(in.) "'leu in,) 

1000 
8.5 200 

7.2 -7.8 0.4 
(0.335) (0.44 - 0.48) (0 .02) 

1000 
&.0 

200 
6.4 -7.0 0.4 

(0.315) (0.39 - 0.43) (0.02) 

200 
6.0 500 

5.0 - 8.0 1.0 
(0136) (0.31 - 0.49) (0.06) 

If any pumping elemenl i, noted' 10 deUve, too 
much or too Ut1le fuel , adjust it to bring irs 
injection quantity into the range specifi~d by 
displacing the control sleeve relative to the pinion. 
Loosening tho pinion clamp screw allows the 
sJee,,-e to be rotated in the pinioo; turning the 
sleeve toward the governor side increases the 
injection qU3Illity t and vice vena. 

Be sure to set the pinion and sleeve accurately so 
th.t all four pumping elements will deliver the 
same arnounl of fuel without exceeding the limit, 
indicated above, on difference betw-een the largest 
and the sm:illest measurement. Be sure to tighten 
the pinion clamp strOW good and hard after adJu,t· 
ing the contiol sleeve. 
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Adju$tjng injection quantity 

~'emor inspection 

Upon disassembling the governor, visually inspect the 
baU bearing (which is between control block and sleeve 
as a means of transmitting the push and pull between the 
flywheel device and the lever meci1.3S1ism) for wear and 
damage. hamme the baIls 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 Tattle o r abnormal noise is not 
permitted. 

There are a lotal of five items to be checked and 
serviced in the governor during the process of reassem· 
bly . A repair limit is specified for each and , If tb. 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 clearmce between the fiyweight 
roller and roller pin. If the lJrnit is r.,ched , 
replace Ihe flyweight assembly . 

Unit: mm (in.) 

Service Nominal Standard limit Item 
diameter 

flywet,1 r?lle r 0.025 - 0.062 0.10 8 (0.00098 - (0.00394) and rO or pm 
(0.315) clearance 0.00244) 

(b) Check the contact surf.ce, of the flyweight 
roller and governor slec y~ . If any excessive wear 
or damage is found, replace the flyweight 
assembly. 

Unit: mm (in.) 

Item Nominal Standard Ssrv ic;@ 
diameter limit 

0 
Flyweight 16 - 0.11 -0.25 

(---0.0098) roller 0 .0. (0.63) 0 , CO.0043) 
-
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(2) Inspection of part; related 10 conttol lever 

(a) If the control block is worn down at its end 
and chrome plating Is off, replace the control 
block or guide lever. 

(b) Meosur. the c1eariUlco between the holes of the 
tension lever and gUide lever , and supporting 
IC'o'ei shaft. If the limit is reached, replace them . 
If any excessive uneven we~r in holes and 
stepped wear on the shaft are found. replace 
the supporting lever shaft and levers. 

Unit: mm (in.) 

Service Nominal 
Standard 

limit 
I(em 

diameter 

Tension lever 
0 .013 - 0 .05 0.10 and guide: fever 8 (0.0005·- (0.00394) holes, and sup- (0.3 15) 0.0020) porting lever 

shaft clearanct: 

(c) Measure the cle.arance between the sch3ckle pin 
and control n,,:k hole . If the limit is r •• ched , 
replace the .st:hack.le or control rack . 

Unit: mm {in.) 

Item Nomina! Service 
diameter 

Standard l imh 

SchackJe pin 
and control 5 om 5 - 0.0056 

rock hole (0.197) (0.0006 - 0.08 

clearance 
0.00022) (0.0031) 

-

(3 ) Swiveling lever in'pection 

Mea:s.lJre Ihe clearance between the swiv!1ing le\'er 
sharr and bushing. If the limit is reached, r.place 
the buslting. When replacing the bushing, replace 
"0'1 ring and oil seal, 100. 

Unit: mm lin.1 

Itam 
NomInal Standard Service 
diameter limit 

Swiveling leycr 0.016 - 0.07 
shart and 11 (0.0006 - 0.15 
bushing clear· (0.433) 0.0028) (0.0059) 
anc. 

-- -

(4) Torque conuol 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. 1 
Service Nominal Standard 

limit 
item 

diameter 

Torque con· 
0.026 - 0.056 0.10 trollever 8 
(0 .00102 - (0.00394) bU'hing and (0.315) 

0.00220) supporting pin 
clearance 

(5) Spring inspection 

When (he govBmor is adjus ted , check v:uious 
springs and determine if they are defective or not. 
ExpeciaJly at disassembly , check them ror bc-nt , 
damage, fa tig\.le :lnd rusting. Check the control 
sp ring at il s hook part, too . Replace springs found 
in abnormal condition. 

Governor testing and adjustmel'J t 

As to the meanings of various technical terms used in the 
foUowing instructions re~arding governo r performance 
and adjustments, re ference must be had to the governor 
characteristic curves, below. and to the table or standard 
adjustment d.ua, carried at the end or this part. 

The procedures which foUow assume thost the injection 
pump ha, been properly sel for injection timing and 
injection quantity as outlined in (he preceding part , and 
that the injection pun,p unit (complete with its go,-,ernor 
less the adaptor spring and idling spring) is set on Ihe 
pump lester. 

(1) Govemoradjushnenls 

After servi cing the governor, s.ecuring the pre
scribed clearances in the various. running patU, 
make four adjust ments : adaptor adjuslmtnl, maxi· 
mum-speed control adjustment, low-speed control 
adjustment and torque sprinS adjustment. Each. 
adjustment will be explained in reference to the 
characteristic curves. 

(al Preparation 
Install the angular scale plate (protractor) on 
the governor housing to read the angular posi. 
tion of the adjusting leve,. (vertical = 40°) • 

Protractor on governor housing 

MAINTENANCE AND ADJUSTMENT 

(b) Maximum-sp.ed .djustment 

1. Setting the fuU ·l oad stopper 

'" 
t : 
E 
§. 

g 
.~ .. 
"Ii .. 
e '" ] 
8 

0 

Run the injection pump at the speed corre· 
sponding to HNc," wruch is indicated In Ihe 
characteristic curve diagram. Tum the adjust ing 
le ... er in the direction for raising the speed: this 
tensions the control spring. making the cont rol 
rack move inward. Stop moving the adjusting 
lever when the rack comes to the posi tion 
correspon ding to ""Re" (~8.S ± 0.1 mm (0 .346 
± 0 .004 in .)], and secure Ihe adjust ing lever 
there tenstatively. Rack position "Rc" is fo r 
maximum injection quanti ty . Bring the fun-load 
stopper into contac t with the tension lever 
under lhis condition. 

A daptor sp ring YIeldIng HJ thl!" f)\JSh 

b , d 

~ 

Adju11ing I_vor 
,n Idllng position 

H. .. .... f>IINcN:l~ 

Pump tpeoad (rpm) -----

Governor cnaracteris.tic curves 

Setting fu ll·lc>,d stopper 
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2. Setting the maximum·speed stopper 
Slowly raise the speed from "Nc" to see when 
the control rack begins to wme out (in the 
direction for decreasing injection quantity). The 
$peed .t which Uti, should OCCUi i, prescribed 
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to be 1200 rpm (= Nd). This requirement can 
be met by unlocking the adjusting lever (which 
wo. &o cu",d in the preceding step), by turning 
he lever, and by ,lowly 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 .. tting the maximum·speed p()sition of 
adjusting lever . The lever ansle for tIus position 
is prescribed to b. 47° ± S· . 

3. Speed regulation adjustment 
What " speed regulation" signifies was explained 
previously: it refers to the differtnce between 
two governed speeds: no-load speed and full 
load speed for a given pOSition of the adjusting 
lever. It is expressed as a percentage of full·load 
speed: 

Specd regulation 

= n040ad speed - full-load speed x 100(%) 
full-load speed 

Gonerally 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 aU~peed governor as the pr=nt 
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 mlximum speed position of .djusting 
lever. speed regulation is rtpresented by that 
portion of the characteriSlic curve from point 
"d" to point U e" for the differential speed from 
"NdO! to liNe." 

In the present governor) the regulation can be 
changed by means of the adjusting screw pro
vided in the swivel lever. Tightening this screw 
increases the tension of control spring to 
reduces the value of regulatjoo, and vice versa. 
WUh a small regujation, the curve ud" ..... "e" is 
sharper .. d, if it should be too sharp, the 
governor would become too sensitive . 

It is importanl to note that the speed regulation 
of an engine unit (complete with its injection 
pump and governor) is determined not so!ely 
by the governor setting but by the character
istics of the engine (which were explained 
earlier in the discussion of the torque ,pring). 
For the present engine, a proper regula tion will 
obtain when the adjUsting screw (on the swh'cl 
lever) is &ot as follows: 

Drive in the adjus.ting screw as far as it will go 
in, and then back it away by four (4) rotations_ 
Four n01ches of this screw correspond to one 
(I) rotation. 

Backing away the screw increases the regulation 
(making the curve "d" - "e" less sharp). Never 
back it .way by more than 24 notches (6 rota
tions) or the thre.ded engasement of the screw 
will be so small as to invite a h.azardous condi
tion. 

4 . Re-adjustrnent of maximum-speed stopper "'t
ting 
Changing the speed reguiatlon by tightening or 
loosening (he adjusting. Screw is, in substance , 
dlanging the tension of tlte control spring. For 
this reason, after each repositioning of the 
adjusting screw, the position of maximum....speed 
stopper for determining "Nd" (the speed at 
which the governor begins to perform its high
speed conlrol action) must be changed to raise 
or lower "Ndu to a proper level by repeating 
the process described above. 

(!roTE) 
In the table of standard adjustment dalO, the 
angular position of thl! adjusting lever assumes 
that 40° is vertical . 

c) Adaptor adjustment 

1. Move the adjusting lever to make it bear asainst 
the maximum-speed stopper, and install the 
adaptor in its normal position in the tension 
lever. 

2. Run the pump at "No" (= 900 rpm). ThIs 
should move the control rack inward to th 

.2 :t 0.1 rnm (0.362 ± 0.004 in.) position 
(= Ra); if not, change the thickness of shim 
plate (3) indicated in this illustration 

3. Raise the pump speed from "Na" to "Nb." This 



should pull the control rnck out to the posiUon 
"Rc" [= 8.8 t 0.1 mm (0.346 ± 0.004 in.)]; 
j ( not, tighten Or loosen 3daptor screw (4) . 

[NOTE] 
The rack movement from "'Ran to "'Re" corre
s.ponds to the amount of compression of adap. 
tor spring (5), whioh is referred to " "adaplor 
stroke." Tightening (or drlving iJ1ward) adjusliJ1g 
screw (4) elongates this spring to increase the 
stroke, and vice versa. 

CD 

@ 
® 

® 

4 

Adaptor adjustment 

(d) Low.speed control .djustrnent 

I·Ton3ion levef 
2·LLXk nut 
3.sh IfI1 plele: 

4·Adi!~tor screw 
5-Adap~or $pri n9 

This adjustment is related to lhe low·speed 
control curve in th~ diagram given above, and 
is effected as foUows: 

I . Run the pump at "Ni" (~ 275 rpm), with the 
adjusting lever bearing against the In 3XirrlLLIlI 

speed slopper; tum back the adjusting lever 
until the control rack comes to "Rh" r~ 5.5 ± 
0.1 nun (0217 ± 0.004 in.)]; and secu,e the 
adjusting lever Ihere. 

2 . Instill the idling spring. Drive in the adju"ing 
Screw of this screw . as shown. until the control 
rack mo\'e:S in and comes to "R.i." Be careful 
not to set this adjusting screw too rar inward 
or the no-load maximuJn speed will rise too 
high in operation. 

3. Lower the speed to "Ng" (~ 200 rpm), this 
should cause [he conlrol rack to move in and 
comes to "R,g" [. 11.0 mm (0.433 iJ1.) miJ1i · 
mum) owing to the action of the idling spring. 

MAINTENANCE AND ADJUSTMENT 

Setting idling spring for low-speed control 

4. After completing the foregoing adjustment" 
stop running the pump and tum the adjusting 
lev.r in the stopping direction until the control 
rack comes to I mm (0.0394 in.) position. Set 
the stop adjusting screw to limit the stopping 
end or adjusting lever slroke, and secure the 
screw by tightening iTS lock nut . 

(3) Matching the pwnp to the engine 
After adju.sting the governor according ((I the 
procedures sci fortil in (2) .bove , check the 
mjection qu""tilY by running the injection pump 
as outlined in (4) INJECTION QUANTITY 
ADJUSTMENT, INJECTION PUMP TESTING 
AND ADJUSTMENT. Use a 500-<:c (30.S-<:u in.) 
measllring cylinder to receive and collect the: fuel 
delivered by lhe four purnp!Jlg elements, with the 
adjusting lever set at 47° ± 5° . For this tesl, t,ke 
two readings , one by running the pump at 900 rpm 
and tile other at 1200 rpm. If the re.ding, differ 
from Ihe valu.s iJ1dicated in the lable of standard 
adjustment data , adjust tile pumping elemenLs. 

Measuring injection quantity 
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Table of standmi adjustment data 

APPLICABLE TO: Injection pump. 090000-9721 (2) Low-speed control 
(ND·PES4A65B320RND972) 

Speed Rack position 
Governor. 090800-4030 Lever angle 

rpm mm lin. I 
(ND-EP/RSV250.1750A2/302ND403) 

I 275 
5.5 :!:O.l )1 

I. Injection timing adjustment (0.2165 ± 0.0039) 

(I) Direotion of rot.tion: Clockwise" viewed from High·speed control 
5.0 ± 0.1 

drive side lever angle MINUS 
330 (0.1969 ± 0.0039) 

(2) injection order: I - 3 - 4 - 2 
26~ :!: 30 

with sub-spong 

(3) Int.",,! between ,uccessive injections : 90' ± 30' 200 ~ 11.0(0.433 1) 

(4) Pre-strokc : 1.95 ± 0.05 mm (0.077:t 0.0020 in.) 
NOTE: Figures in box [:=:J are for initial I",,, 

(5) Tappet clearance: 0 .2 rnm (0.0079 in.) minimum setting. 

2. Injection qoantity adjustment (3) Control by adaptor action 
The listed values are based on these conditions: 
I) injection nozzles, 093400-0090,2) nozde opening Lever angle Speed Rack pos ition 

(injecting) pressure. 120 kglcm' (1706 psi), 3) fuel rpm mm lin.) 

supply pressure. 2.0 kg/em' (28.4 psi) , and 4) high· 
400 

1O.4± OJ 
p",,,ur. tester pump, 1.6 rom (0.0630 in.) di • . , 6 Slo ± SO 

(0.4094 ± 0.0039) 

mm (0.2362 in.) ma. x 600 mm (23 .622 in.). 8.8 ± 0.1 650 (0.3465 ± 0.0039) 
Pump Rack Ind ividual Permi$sibJe 
'pei!d position 

Pumping injection difference 
strokes rpm mm{in.} cc {cu in .1 cc (cu in.1 (4) Match between injection pump and engine 

1000 
85 

200 
7.2-7.8 0.4 Pump Total injection qt. 

(0.335) (0,44-Q.48) (0.02) Lt!Ive-r ,peed a: (cu In.)/500 Remarks 
8.0 6.4-7.0 0.4 

aogle rpm .. roke,.4 cvl. 
1000 (O315) 

200 (0.390-0.43) (0.02) With adaptor 
600 81 :t 2 

6.0 5.0-8.0 1.0 5 I 0 ± SO 
(3 .1 890 ± 0.0787) 'pring 

200 
(0.236) 

500 
(O.30-QA9) (0.06) 

1200 62 t 2 With lorque 
(2.4409 ± D.07S7) spring 

3, Governor adjustment 

The listed values are based On these conditions: 
J) govenled speed range. 275 - 1200 rpm. and 
2} swivel·lever adjusting screw setting. backed away 
.bou! four (4) rotations from the fully tightened 
position. 

(I) High·speed control 

Laver angtQ Speed Reck position 
rpm mm (in.) 

1100 
8.2 ±O ,1 

(03228 ± O,0039) 

47' ± 5' 1230 7.0 ± 0.1 
(0.2756:l: 0.0039) 

1290 ;; 4.0 (O.1575) 
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injection nouJe services 

(I) Needle valv. and nozzle body 

(a) lmmerse 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 
s.ure (hat the sliding contact is smooth wit.hout 
evidencing any excessive clearance . The injec
tio n nozzle as a whole muS! b. replaced if the 
lit is found defective . 

(b) Visually examine the nozzle body with. magni
fying gl"" having a pow" of 4 Or 5. 

(c) Inspec t the needle valve for distort ion or dam
age at its seating part and for wear of its end 
face i.n contact with the pres;sure pln . 

(d) Poor seating contact may be corrected, if the 
defective condition is not advanced too far J by 
lapping the valve agains' the seat with a coat of 
clean lube oil applied to the seating faces . If 
tltis does not help , the injection non:le must be 
repl.ced. 

(2) Nozzle bolder and distance piece 

Check the fit between nozzle holder and distance 
piece and between distance piec.e and nozzle 
holder , Delennine the quality of ' he fi t from 
contact patterns obtained with the use of red lead 
pasle : defective fit will be evidenced by an abnor
mally high rate of return oil (I""d-<>ff) fiow. 

(3) Pressure spring and pressun pin 

(a) Replace any pressure spring broken\ cracked or 
otherwi .. defective , or out of square. Inspect 
each spring for the.se defecu, 

(b) lnspect each pressure pin for wear at ils ond 
fa.ces., one for pressure spong. and the other for 
needle valve . 

(4) l.eak..,ff pipe packing 

If the packing is found in deteriorated condition, 
replace il. 

InjectioD nozzle lesting IIlld adjustment 

( I) Injection p~ 

The pressure at which Ihe needle valve unseats 
lts.lf .gain.t the force of th' pressure spring is 
referred 10 as "valve opening pressure" o r "begin
ning.()r~injection pressure," but will be called here 
'!injection presS"uTl~" for mort. The value of {his 
pressure is specified ~ it is checked and adjusted as 
follows : 

(a) Install the injection no",l. in the noule tester, 
and operate the manual pumping handle of tile 
tester several strokes to prime the nozzle. 

(b) 

MAINTENANCE AND ADJUSTMENT 

Move the Ieyer up and down slowly, completing 
each up·.nd-down cycle in .bout , second, 10 
pressurize the injection nozzle, while observing 
the indication of the lest pressure gauge. As the 
nozzle begins to spray . the indicating pointer of 
Ihe gauge being deflected will start perceptiv'ly 
o<ciUaling: read the pressure right then as the 
injection pressure . 

Unit: kg/em' (psi) 

Standard 
Repair 

Item limit 

120 ± 5 110 ( 1564 .2), 
Injection pressure (1706 .4 ± 7J.J) minimum 

(c) If the readins laken is below the limit, increase 
the thickness of-the shim used on the pressure 
spring. Increasing tlle sltim thickness by 0 .1 mm 
(0,0039 in.) raises the injection pressure by 
abour 10 kg/cm' (142 psi). Adjustinj; .rum 
stock for this purpose is available in 20 sizes, 
from 1.0 nUll (0.0394 in.) up to 1.95 mm 
(0.0768 in,) in Incremenls 0(0.05 m.m (0.0020 
in.) each, 

Checking injection pres.sure on nozzlB t&iiter 

(2) Spr1lY pattern 

The injection noules used in the present engine 
are of throttle type , Some throttling action lak" 
place when the needle valve begins to unse.at, 
thereby limi ting the amount of fuel being .prayed 
out during the initial stage of each fuel injection. 
Thus, each slug of fuel sprayed out may b. 
regarded as consisting of two parts: initial throt tled 
spray and terminatmg main spray. 

When tested on the nozzle tester, the injection 
nozzle can be made to produce these two kinds of 
pray for visual inspection. Initial throttled spray 

comes about when the tester lever is. operated at 
a rat-e of 60 cycles per minute (up and down in 
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1 

one second): tenrunating mam spray occurs when 
the lever IS operated rapidly at a rate of, say, 4 to 
6 cycles per second. 

2 3 4 5 & 

I1Il I!!J !U1J IilJ 
1\\ 

UlIJ 

Ij\ 

1,COCId 4·Afte1'<iribble 
2-SIXllY cone tOO ILI~!l~ S·Fissure-d spray 
3·0Ir<:ente~ sprey S·Whirl lng -spray 

Possible patterns of spray 

(,) Inltiill throttled spray 

It, 

l\11 
00 

When the nozzle is producing onJy this spray I 
atomization is generally poor and the pattern is 
r'lher straight Ih ... conieol, there being more 
Or less after-dribble, th'l is, fuel dribbling ,fter 
mjection. All th.~ are due to the fact th 't the 
fuel being injected is being throttled by the 
pintle protruding from the valve . 

Wltile the nozzle is making this spray, see if the 
needle valve chatters in syncluonism with the 
cyclic motion of the lever; if so, then the needle 
"a1ve is free from any sticking or hitching 
tendency and, if not , the nozzle and needle 
valve must be cleaned by washing and r.·tesled. 

Off-center spray Or directionally ernuic spray , 
if nOled, should be take" to mean Ihat the 
injection nozzle n<ods thorough cleaning. 

(b) Terminating main spray 
With the tester lever operated at a rate of 4 to 
6 cycles per second , the initial thro ttle spray is 
hardly visible . The spray under this condition 
may be regarded as main spray. 

The "Jain spray should be a good straight cone, 
about OQ in angle~ comisting of fmely atorruzed 
fuel partic-les without any large droplets, and 
.hould terminate with no dribble at the tip, nol 
to mention of any fuel dripping. 

(3) Seating tightness 
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An injection nozzle tested and adjusted as above, 
and found to produce a good spray pattern may 
b. re·used in the engine provided that it passes 
lhis ftnal lost - seating tightn." test. 

WIth the injection nozzle mounted on the nozzle 

tester, raise the pressure slowly to 100 or 110 
kg/cm' (1422 Or 1564 psi) (without exceeding the 
set pressure of 120 kg/em' (1706 psi). so thatth. 
needle valve will not unseat). Hold the pressure 
and observe the nozzle tip: there should be no 
evidence of fuel oozing oul to form a dribble. If 
such evidence is noted, then the contacting faces 
of the needle valve and s •• t must be repaired by 
lapping in the manner already suggested Or the 
injection nozzle as a whole must be replaced. 

Cooling system 

FJU>bing service 
Even drinki.ng water conta ins one or m Ore substan<:e5 in 
extremely small quanti ties as impurities . In the engine in 
use, the cooling water deteriorates -gradualJy: the con
centrations of impurities increase progresslvely to form 
sludges , scales or rust On wet walls inside the engine 
jackets and in the radiator COre to interfere with smooth 
heat conduction. 

Overheating tendency of u'e engl.ne is. often due to ils 
cooling wate r circuits foul.d with sc.le , 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 u," a soft water (drinking water is usually soft). 

Woter pump services 

(I) Check to see if the bC1l'ing rattles or develops 
hJtche, when the pump shaft is spun by hand; if it 
does , replacement is necessary. 

(2) Inspect the pump ImpeUer for pining, erosion and 
breakage; replace tl,. inapeUer if it is found m bad 
condition . An impeller found with its front or reaT 
edges sJ,owing evidence of rubbing against pump 
case or rear cover means that the impeller together 
with th. bearing need replacement. 

Unit seal 

1·Flosti(')ij OeGl ~cilrbon) 
2&aJ ring (~rQmid 



(3) ne unit seal mu,t b. replaced as a whol. ifwa!er 
leakage from it has been complained by the use r. 
Referring to the sectional \'iew of the unit ~al , 

examine floating seat (carbon) (I) and seal ring 
(ceramic) (2) part icularly carefully fo r we:u. If the 
wear is found excessive , replace the unit seal . 

Unit: mill (in.) 

Item Standard Wear 
limit 

Free·state height 2 1.8 ± I 
of unit seaJ (0.8 58 ± 0.04) 

Flo.ting seat height I.S (0.059) 0 

(4) Check the fi t of pump shaft in the bea ring inner 
race for lightness, If the fit is loose or if the mating 
faces are badly damaged, replace shaft Or bearing 
or both . 

Unit: min (in.I 

Item Standard 

O.GO lT-O.Oln 

Fit of pump shaft in (G.OOOO4T - O.a0067T)(front) 

bearing. .inner race a .DOIT -0.017T 
(O.OOOO4T - 0.OO067T)(rear) 

(5) Inspect the bore provided in the water pump case 
for receiving the bearing. outer races lo See if the 
bore is damaged ; if so , replace the cast or the 
whole pump assembly. Be sur< that the bore 
admits the bearing races with a tight fit. 

Unit : mm (inJ 

Item Standard I 
0.0 II L - 0.02 5T ([ront) I 

Fit or bearirlg outer (O.OOO4L - O.OOIOT) 
races in pump case 

0.0 IlL - O.025T · (rear) bare 
(0 .OOO4L - 0.00 lOT) 

(6) Inspec' ' he threaded portion of the impeller for 
danuge . 

Thermostat inspection 
Test the remo· ... ed thermos.tat to see if jt starts opening 
at 76's°C ± 2'C(169 .7°F ± 3.6°F) of rising ,emperature 
and becomes fuUy open .,90·e! 2°C(194°F ± 3.6°F ). 
If the difference between these temperature levels is too 
large, replace the thennostat. 

The tes1. is carried out by immerSing the rhennostat in 
water contained in an appropriately sized pan and by 
heating the water with such as an electric stm'e_ Check 
the rising temperature with a thermometer. 
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Inspection o[ fan belt and fan 

(1) Inspec' the belt for signs of deterioration such as 
c;racks, and check it for permanent stretch. An 
excessively stretched or cracked belt mus t be 
replaced . 

(2) lnspec! the fan blade, for distortion and crack' 
and replac.e the fan as necessary. 

Electrical equ ipment 

Starter senrices 

(I) Inspection before disassembly 

(a) Checking the starting circuit for operation 

With the starler Ln place, check to be sure that -

1. The battery is in good condition, with its cell 
plates. shOwing .no evidence of "sulhtioo" or 
any other faulty condition, and is in fuUy 
charged state. 

2. The battery terminal connections are dean and 
tight. 

3. TIle starter tcnninal connections ace tight, 

4. The wires are securely connected to terminals. 
and arc: free of any insulaUon stripping due' 
fraying t thefe being no sig.ns of grounding or 
breakiI,g. 

S. The s.tarter switch closes and opens the circuit 
positively at each pos.ition. 

Do not jump in to a conclusion that the starte r 
is in trouble when the engine refuses to fire up 
upon cranking: the engine could be in lrouble. 

(b) No·load te,t 
If the starter is suspected of trouble. take it 
down from the engine :md run a no-load lest 
on it to fmd out if it is really in trouble . 

W11en removing (he starter, be sUre to have the 
battery switch ,umed ofr. 

Switeh 

W (AJ----, 

v 

No-load test ci rcuit 

-9 
Battt!t'y I 

I -e 

Here's how to car ry out the no-load test : Form 
3. lest circuit with iI voltmeter and an ammeter, 
as 'hown , using a fully ch arged 24-volt battery ; 
close the s.witch to run the starter un til its 
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speed rises to and above 4500 rpm ; and then 
read the voltmeter and ammeter wh.en the 
Starter is spinning. The l1TUI1e:t.er should sh.ow 
th31 the starter is drawing not more than 50 
amperes. with the voltmeter indicating at least 
23 voUs (al Ihe speed of at least 4500 rpm); 
if not , estimale the cause of the trouble by 
consulting the troubleshooting guide, which 
follows: 

Starter troubleshooting gu ide 

Symptom Possible cause 

1. Bearings are dirty lor need 
lubrication. 

2. Rotor (armature core) is 

Large curren t rubbing the pole pieces. 

and low speed 3. Grounded coil in the annalure 
or in the field. 

4. Short-circuH in the annature 
coils. 

1. Magnetic switch is grounded 
and is nol working. 

Large curronl 2. Grounded coil in the armature 
but no speed 

or in the field. 

3. Seized be.nng. 

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

No current and 2. Broken brush pigtail. 

no speed 3. No conduction between brushes 
and conunulator because of 
"high mica" condition or dirty 
commutator surface. 

Small current Loose coil connection in the field . 
and low speed 

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

-

The best wa.y of testing me slarter is to run it 
under loaded condition ~ but that requires special 
testing equipment. For ordinary se.rvicing pur
pose.s, the no~o.d test and troubleshooting 
guide will do. 

(2) Inspection after disassembly 
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(a) Check the armature coils and commulalOr for 
ground. open and short. A ciroCuit 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. 

Test ing armature coils and commutator for 
ground and open 

Testing armature for shon with growler 

(b) lnspect the commutator surface for burning 
and "high mica" condition . Surface bums can 
be removed by turning the commutator in a 
l'the provided thai ther. is enough stock 10 be 
removed by machining without exceeding (h, 

limit diameler [43.2 mm (1 .701 in_)). "High 
mica" must be corrected by undercutting the 
mica between commutator segment5. Inspect 
the risers and, if their solder is found melted, 
repair them by re-soldering. 

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

Unit: mm (in.) 

Item Standard Repair Limit 
limit dia. 

Commutator 0.03 0.1 43.2 
runout (0.00118) (0.0039) (1.70 1) 

-



.- ..., 
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Checking commutator for runout 

(c) One end of the shunt field coli is so ldered to 
the yoke . Undo this solde red connection , and 
check the posit ive (+) brush holder for ground 
by putting one testing prod of a circuit tester 
(with lis sdector knob set in thc ohmic zon.) 
to the "M" t. rmina) of the starter ,n d the other 
prod to t.he field coil : the tes.ter should ind icate 
"connnulty." Shift the latter prod to the yoke: 
the te,t."hould in<licate "infinity ." This check 
is for finding whether or not the pos.itiye 
brush holdor is sati,factorily insu lated . lf the 
insulation: is found defective, repai r Or replace 
the holder. 

(d) Check the brushes for wear. The brush worn 
down to 13 mm (0.512 in.) in length must be 
replaced. 

Unit: mm fin.) 

Item Standard Service 
limit 

Brush length 19 (0.748) 13 (0 .5 12) 

(e) Replace the rotor if the armature shaft is WOOl 

down at any o f the ' Itree places indicated 
b.low; and also rep lace the bearing if it is so 
worn that the radial clearance exceeds the 
upper limit of the range indicated : 

Shaft cleara nce 
Unit: mm (in.) 

Item 
Nominal Standard Repair 
diameter limil 

Commutator 14.2 0.034-0.104 0.2 
side (0559) (0.00134 -0.00409) (0.0079) 

Pinion side 
12.2 0.034 - 0 .1 04 0.2 

(0.480) (0 .001 34-0.00409) (0.0079) 

Cenler· 20.3 0 .020 - 0 .353 
bri3ckel side (0.799) (0 .00079 - 0.00139) 

MAINTENANCE AND ADJUSTMENT 

_., : •. ; ' . .... r .. ,. 

. ..... 1\ . u .l\.'''''lJi i..:..i.h~ I j .~ -.t • .u1(l1 ..... "\.lJ1JlJ ct n llo·ioad 
t.st ill the manner al ready outUned . and eheck the 
magnetic s.witcn and hs lever mechanism tor DmlOr. 
~tlltln. actio; . 

L - ' - ::-. :- ;-:~:;:;;;= ~-:;-::;.d.tr.. G 

:--: - .. ' : :":~ r~ ~: ' ''1 ~. ~"" ,''::''7' ,A_,''';' ~ .... .... 

T ne punon :iIlOUJQ move oacK ana JOrtO smoothJy 
through ilS foU st roke , without any hitches. If any 
fa ulty movement is noted of the pinion, disassem
ble the shift mechanism and repair it. 

Switcll 1<.. 
s: 

Baner)' 

e (j) 

'----;11 n I t--I ----' 
Testing circuit for checking pin ion shifting action 

Having made sure that the pinion mO\'es: satisfacto· 
rily , clos.e the sw itch (K l ) to Ildva.nce the pinion 
all the way oul and hold Iht switch closed. Under 
th.is condition . move back the pinion by giving a 
Ijght push to it with il fingertip to take up its plaYt 
and measure the clearance between pinion and 
stopper. Tltis clearance should iJ.e between 0.5 and 
2 mm (0.0197 and 0.0787 in.) : if not , incr.ase or 
decrease the number of washe1"5 used in the mag· 
netic swHcll mounting, 

Un it: mm (in.) 

Item Standa,d 

Clearance between 0.5 -2 
pullon iLfld stopper 
~, -

(0.0197 - 0.0787) 

After mounting the starte r in place, test it by 
cranking the engine a second or so abou t 10 times 
just to make sure tha t the pinion meshes wilh the 
ring gcar properly . 

Generating system services 
(I) Cause of poor charging opcl1ltion 

If tho user complains that the battery tends to 
become overcharged or discharged , check the fan 
belt for tension and, if the b,ft-It is in proper 
tension. chetk the wirifig connections for tightness. 
Be sure !hat there is no open in the charging 
circu it . 

B1 



MAINTENANCE AND ADJUSTMENT 

.l 

•... ~ ~ .... ~ ..... -~ ..... ... " .... 
l .. ujScSluic:: I.;au~> iJ.su::J in lOJSi Io!Ul"': . 

','vhal?e regulator is set [0 

m:untain lOa hi¢1 a vojta/lC: .1 

; ..- _""':" ..... :. ':'" - ' 

........... ,. 

;:.med . 

The batterv i'S iflternallv 
:non·circuireci . 

~ ~~r:,; !:';:'j~ly . 

J He diL'CiLlLiu,)l J:!<. rHltUlti..:ln2 I 

n .... t ~..,"' ., f"., ........ ''''''~ 

hU~"; ; CUIU H~ tllOUe n~Clliler mllP nf! TP~ i' 

.... ltI.:t"t L<LHl wmll IS nrevenTln~ 1nl' :<!IU'l'nalhr : --

j 

_:; ~~; .... i.w. ..... .:.. Ui ... i"':' .. ;: ; 1'" i.':'.,ji v ........... aJlU 

~;;..: 't1lt:m';Ul!T ~naJ I to lIle vanao~e·sp~ : 

: !.::.::~~ lt110lOt 1 Ul ttU: oencn. roMe: elecu 
I· . H)ml a. ItS\" CirCUit arrang.e!! 

as shown: 

.!...-.) 

SlOtl teh J(. ~. ~ SWJt!:~ 

' . • - I a 
' ~r---f.~ -i 

S::me-rv I 

'1 
, .li 

~ 
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" • 0 

.... r .. ~_~ _ . .. . _ 

\VJth S\': ~ ~;;t ; . ...... ~~_ 1,. ..... """"I~'" .u ... ~", ... ' 
"ator field from the battery), drive the alter· 
nalor by tUTning on the drive motor, increasing 
the speed of drive graduaUy , and observe the 
indications of the voltmeter and ammelfr . Stop 
increasing the speed when the ammeter indica· 
tlon reaches Its zero mark, and open switch Kl : 

~!:e :.r ..... rJl.:~niJl i.:;:rmmm or 11:;; rcC::1il;:> '; 
...... _ ..... _ .. _-- ..• _ ... - . 
• ,,' ,. 'v . •. .... .." r. " . 

.. - ~. --- _ .. _--- -.. -- --: - ,, --:.-' 

unit develoos the ralec vo ltage . ~~~ ~r:.:"".:;: 11 l~p 

dOOUI 1 iOO rom. 
Next. close SWltcn 1\.1 • .. It!! ~1i.~ ':"~!1 :!~!e ~: :~!1 

...~ • • ,., p.nlt~llv (t r .::u111 ;1l lv ~nn r p'!lrl .. "',. ................. ' o r 

'1! r"'~ "':"''''' l ' ''' .: ..... ~ .~ - . 

·o.jic!K: lc:.c .. iUI.:!I IVU~UUl ~'I.IIIC;II~ .111l1 ~ll['~Ul Willi 

Ule: oerrOrmance SpeCUlcatlOnS to Uel.emUne
wnetner or not the alterna.tor unit is. capable of 
me soecitJeCl OUluut Derfm::mance. 

the rectifier diodes and bu:akine: the sei:; ·exc: · 
tn2 conalUon or tne alternator un: 

· 1. ...... 1.: __ .1.. - ... .. ~ i r; ." ;.'_ ' . 

..:. .;':' •. :~j'::' ." i.. ..... nQ'UJ Vl G I \Vh 

.1~ .:,,,,r,, I 

i L r - '1'" 

lire-uno C.!~ Cl! . ~ . ...-; _____ __ -::-

Schematic rectifier connection 

Il is obvious from the abo.,.e schematic di,Hmlln 

It"..UlII[;JLl ww lIUW II dUY UJUut:. I::' IUULUL~U. ::. c.:.: 

the other hand . no current :;= .. -:~ _. --

Uuee are biased in iorw3ra OJrecnon . .. 
(hat all three diodes are opc::n-cncuneu. 

A lamp (2 to 10 wallS, 24 volts) and a 24-vol. 
battery with two lead wiles will serve the pur· 
pos • . 



t-arNIo ~w , Ih UU! ~.lIr1'· 8 BI-IOUI't{ 01 

vohog~ A~ the ban.TY)@..,I-_ ____ , 

r--: I 
---~~ ,=i f7l 

. ' F. 

~J;.emlti ... elv. a circuit tes.ter mOlY be llstd. I" 
·~s casc o bear in mind that the (+) lenninal of 
Ihe tester lS ConneC[E~:D 10 rhe t-) side of its 
buill·in b,ucry and the (-) terminal to the 
(+) sid-e. 

":"c.s,ter 

Altljlr~tOI coupler 

.--" '-'\ I\WI 
I , 

,lo. '\ ---+ ..-,... . 1 . -
r---:- ':'" 

:heckinq diodes with a circuit tenet 

:R the fore2oin~ check Je~·tal$ that the reetilier 
" ..... ~ ,· .. " . ... '(HI! .~f1nllj' i nn fhpn rllc:r:k each 

,~ 

~"i' 
/Jl r ~. 
:', ... , -
". 

Check ing diodes for ground 

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

(0) Checking the field coils ror short through j.yers 

Check the ohmic res.istance of field cucuit by 
tls)ng the circuit tester. wi th ~ts fe-sling prods 
put ro thO! two slip rings. The field coils are in 

MAINTENANCE AND ADJUSTMENT 

; ounoJ conoition if I resistance reading or 
approx.i.",ate!y 27 o)un, I.t 20'C (68 ' F)J is 

obtained. A lower reading than this ca!Js for 
rotor replacement. 

...::.---..;~ 

-
I ,-

~_/ 
r.heckinq field t:o ils fo r layer~short 

(d) Chocking the arm,ture wInding' for opell and 
~IOund 

windinl;ts and Lne core .. ... 
_p!.: r.-cHcuneu or lirtJUllueu ItJun L_ 

Check i ng a rmatu re: wind; ngs for open and short 

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

Wear limit line 

Wear limi t mark on brush 
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(3) Regulator tests and "'Mee:s 
With the alternator unit mounted on the tes:t 

bench and coupled to Ihe vari'ble-speed drive 
source (molor). connect the regulator unit , as 
:shown below·, with two arruneter AJ and A:i and 
• vohmeler. Be sure 10 use a fully charged 24-V 
battery . Before starling the test operation , check 
to be sure thai the resistance inside the regulator 
ijIlit between terminal IG and terminal F is any
where between about 35 and 41 ohm s. This ohmic 
value is important : this much resistance means 
that resistor R" is in sound condition and that the 
point faces of contact Pl are smooth and closing. 
positively to pass. fie ld curront properly . 

RE-Qula tor 
E 

Ammeter 

A, 

Switch Kl 

" • I ( 

Voltmu.t r 11 

Regu I ate r le'St ci rcuit 

(a) Checking for regula led volt.ge 

Close switches K. and K, and ,tart driving the 
IIllenlalOr. Just when ammeter A. indicatestero 
to ,ignify that the alternator is nOw in ,eJ[
t:xclting condition. optn swjtch K4. Raise the 
spe<:d 10 3000 rpm and read the vohmeter. The 
regut .. or is properly "t and working saliEf.cto· 
riJy if this reading is between 28.0 and 31.0 
VOllS. 

(b) If the indication of ammeter A> remains z.ro, 
1t means 1) t:ont.act P2 is not working properly, 
or 2) volt,se coil YC, i, open-drcuited . 

(c) If Ihe voltage read on the voltmeter i, outside 
the range stated above. despHe ammet-er A2 
showing !Orne field currenl being supplied to 
the field , then It means 1) "oltage coil VC, is 
open.circuited , 2) resistor Rl is open-circuited , 
Or 3) conlact P, is stuck closed wilh ils point 
faces fused logether. 

Bench tests 
An overhauled e.ngine ,hould be operated on Ihe t est 
bench in order to correc~y break it in , to .djust lhe 
engine and injectIOn pump 3Jld governor fO! besl engine 
performance, and to quantitatively determine the output 
power the overhauled engine is capable of. 
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The ten bench is an appil.r3tus complete with a dynamo
meter. In the foliowinE, procedures. 8 standard· type test 
bench is ."umed. 

(I) Breaking in 
Have the engine set up 011 the bench, and aligned 
to the dynamometer. Operate the engine for a 
total of2 hour:: according to the schedule indici3ted 
below. During this operation, observe the running 
c-ondition carefully and I jf any malcondition is 
noted to be developing, shut down tile engine and 
take steps to correct it. 

Breaki ng·in s.chedu le 

,- E· d Load Duration o d I ngme spee 
r er (rpm ) IPS) (m inutes) 

I I 1000 0 30 -
2 1500 7.5 30 

3 2000 IS 60 

4 2500 20 60 
- - ----

Run the engine with (a) lube ail pressure held 
between 3 and 4 kg/em' (42.7 and 56.9 p,i), (b) 
cooling water temperature he ld between 75

0 
and 

85'C (167' 3lld ISS'F), (e) lube oU lem!X''''tpre, 
as measured in the oU pan complete with i1 vacuum 
pump, held between 80' and 9O'C (176' and 
194'F). While lhe engine is running, check 10 be 
sure that there is no leakage of oil. wate.r or 
combustion gases., and Iisltn into (he engine now 
and then for abnormal noise. 

For this. breaking·in run , start up the engine as 
fonows: 

(a) FiU up the cooling system and the oil P31l, and 
make ,ure there Is enough fuel . Prime the fuel 
system, lelling ou' all lIapped air, if any . 

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

(c) With the Adjusting lever of the governor moved 
to the .1.riing pOSition , crank the engine with 
Ih. starter and , after slarting up the engine, 
move Ihe adjusting lever to its idling posilion _ 

(d) With Ih. engine kepI in idling condition , inspect 
for leakage of oil or wale{, ob,erv. the color of 
exhaust s.moke, lis ten into the engine for abnor· 
mal noise, and check lube oil pressu,. and 
cooling water temperature. 

Until the C()oHng water temperature- rises to its 
normal operating r"'go, . he eogine might develop 
sharp knocking.like sound, but this is no c.use for 
alarm because it will disappear as the temperature 
rises. 



(2) Engine performance tests: 

HEa'o'e the ail cleaner, '-'actJum pump, alternalor unit 
and other auxiliary device.5o mounted on the engine , 
and test tile engine ror (a) no·load maximum speed 
(governo, seHing), (b) fuel injeclion (rack setting), 
and (e) no·joad minimum spoed (idling se tting). 
Ha"'t:! the '7.riYl'lamome let tumed off for 1hese three 
tes.ts. 

(a) Sett ing the governor (no-load maximum speed 
(e5l) 

Immediotely after Ihe breaking.in operation, set 
Ihe governor to limil the rughest speed 10 

2640 !: 20 rpm . Wilh the governor so set. the 
engine speed will, .S iI should , f. 1I 10 24{)O rpm 
when full load ("Ied load) is pu I on the engine 
by means of the dynamometer. 

(b) Setting Ihe rack (injeclion qoantity tes t) 

Set the rack so that fuel injection quantity will 
be between 7.6 .nd 7.8 Iile rs (464 and 476 
eli Ill ,) pe r hou l at ) 600 engine rpm . 

(c) Setting the idling stop Screw (no.load OllOimum 
spoed lest) 

Set the stop screw so th3t , when the adjusting 
lever is turneu to be-ar against this sc rew, Ihe 
governor wHi aUow the engine to ru n " 600 
rpm . 

(3) Engine Oli tput test 

Turn on the -dynamomete r to U'nP0M: load On [ne 
cnginl' running ill no·load maximum speed and 
incr.,se the lo,d until the spoed f,lI, to 2400 rpm. 
Read tile dynamomoler indjcation right then. 
Determ ine the ronl1al output power by multiply
ing the reading by this correction factor K: 

760 / 273 + t 
K-- H - Hw 'V 293 

where H : barometric pressur e in mmHg 

Hw : parlial pressure of H2 0 vapor in mmHg 

t : room temperalure 10 °c. 

MAINTENANCE AND ADJUSTMENT 
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Hints for f.cilitating disassembly-reassembly work 

Engine disassembly 

(al Orderliness is important. Have work benohes ond 
parts trays in good condition ~ clean and tidy. 
Washing sinks and pans should be neat and ready 
for us.. Have the dis,,",sembled parts placed in 
respective trays, keepmg a group of associalcd 
parts in the same tray ror easy identification. 

(b) Before separating two parts, be sure to make 
match marks a~ necessary. Even for iliost parts to 
whicn positional matching is. not criticai, such 
marks will facilitate reassembly work. 

(e) Signs of some defects or naws are visible during 
dis3ssembly but JIlay disappear when the disassem
bled 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 
'he work. 

(e) Handle bearU'g8 and busrung' and the like with 
care. They are critical par ts: a little nick could 
make them unfit [or re-use. 

Engine re .... mbly 

(a) Make it a rule not to rc·use ditty parts. in reassem· 
bly. Oil seals and beari1lgs must be particul"ly 
cle.n . !lefore instolling them, be sure to cle .. , the 
bores for admit ting them, 

(b) It is a good practice not to re·use those gaskets 
and sealing members removed from the engine 
that has been in long service. Use of replacement 
partS is more economical as far as gaskets and the 
like are concem~d. 

(e) !lefore fitting a running part, be sure to oil its 
stiding surf.c ... Use clean, fresh 'ngine oil . 

(d) Hav. the speCified sealing compoWld on han 
Use of the compound is prescribed for most of 
sealing parts. 

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

Engine dismounting and mounting 

The engine and transmissi on a.re lo be Laken down 
tog.thor from the machi.ne. The two mus t be combined 
On the bench and then remounted as a unit . The dis
mounting and mounting procedures are set forth in 
another manuaJ. 

DtSASSEMBLY AND REASSEMB LY 

Rocker arms and rocker shaft 

Rocker shaft .... mbly removal 

(1) Remove rocker cover and gasko t. Remove oil pipe 
eye bolt (I) and disconnecr pipe (2). 

(2) Loosen short bolt (3) fi rSt and long bolt (4) next 
on each bracket and. after freeing all four brackets, 
~ft the rocker shaft .surnbly (5) off the cylinder 
head. 

-- ~ --
1·Sy. bolt 
2·0il p ipe 

3-5110rt bol t 

4·Lor.g boh 
5 ·F\ocke.r s.hah e,:semblv 

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

6-Pusk rod 7·V alve t:zIp 

Rocker shafl assembly iru5ta1I.tion 

(1) Insert push rods into respective tappet holes. 
Mount valve caps on the heads of respective "alves. 
Position the rocker shaft assembly on the cylin. 
der head and make the short bolts and long bolts 
ing.rlight . 

(2) Tighten the 8 shorl and long bolts to • torque 
value between 1.5 and 2 kg.m (l0 .8 and 14.5 rt -lb). 
Give Ihe final torquing to long boh s fi rst and to 
short bolt, next, malting sure that all bolts ar' 
tightened equ,Uy. 
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DISASSEMBLY AND REASSEMBLY 

(3) Reconnect the oil pipe and secure the connection 
by tightening th, eye boll. 

Upon starting the reassembled engine for the 
first time , inspect the rocker shaft assembly, 
checking for evidence of any loose bolts: on lhe 
brackets and making SUre that the rocker arm 
mechanism is properly lubricated. Check, .Iso, for 
abnonnal nOise, such .u, valve chatter due (0 

improper vulvc clearances. 

As to the valyt clearance, refer to the part dealin 
with vaI .. 'e clearance adjustment in the latter part 
of litis section. For both exhaust and intake .,'aJves , 
this clearance is prescri bed to be 0.25 mm (0 .0098 
in .) (cold). 

Rocker shaft <lisasselll bly and reassembly 

1§i @ 

\Y) @-

®@i @ I 

'" =l "t~ I, 
~~o~~~ 1-Eye bolt 

2-011 pipe 
J...snap ring 
4·Wesh'!-r 
5-Roc~r arm auembly 

iQ--9recket 

, '·Short botl 
14·Long bD11 

15-$pring 
1&Sh:!lft 

Rocker shaft assembly - Explod&d view 

[lkl 
, , 

~ .. , -

Rocker shaft assembly 

(I) To break the rocker shaft assembly, taken off 
the cylinder head, into its component parts , the 
first step is to remove snap rings 0), on •• t each 
cnd of the shaft. Pliers must be used to pick out 
the ring •. 

(2) Remove washer (4). This permits the .",.mbly to 
be broken into components : br.ckets (10), rocker 
.nns (5) , springs (IS) and shan (16). 
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Removing sn!p rin9 

[NOTE J 
Reverse the above sequence of disass~mbly to 
rebuild this assembly . Make sure that each 
rocker arm in place is capable of smooth rock· 
ing motion. 



Cylinder head 

Remol-'81 

(1) Disconnect hyPass hose (1) and pipe (2). To do s' 
the thermostat elbow and water pump clamp must 
be displaced. 

1.Bypass hos. 2·Pjpe 

RemovinQ cylinder head (1) 

(2) Remove bracket (3) and fue l ruler (4). 

(3) Disconneet injection pipes (5) , Ieak-off pipe (6) 
and ,otll,n pipe (7) . 

3 -Bt.aeket 
4 -F uet filU,T 
5-lnl~ction pipe 

6-Leak-oH pjpe 

7·Ft'turn pipe 

Remoying cy linder head (2) 

(4) Remove rocker cover . and take OUt the rocker 
shaft assembly. push [ods and valve Ci!PS, as 
described pre ... iously. 

(5) Remove cylif1der head bolts (8). Lift cylinder 
head (9) straigh t up to remOve it from the block 
of cyl inders and crankcase . 

D ISASSEMBLY AN D REASSEMBLY 

8-Cvlinder head bOlt 9-Cylinder h. "d 

Removing cylinder head (3) 

&,( CAUTION ) 

Cover up the open ends of injection pipes and 
air intake pipe to avoid entry of dirt . When 
removing the gasket from cylinde r head, be 
careful not to nick or mar the ~skeled surfaces 
of head and block . Read the torque needed 10 

loosen eacl\ cylinder ht:ad boh: these rendings 
might help locating the c3use o f the tr'Ouble 
reported . 

Installation 

(I) PI,,, new gaske t (I) on the block (2), and lower 
cylmder he,d (3) squarely onto the gaskot.lle sure 
to luv. twO guide bolt' (4) installed so th.t the 
gasktt in place will not Wft. 

(2) 

1·G."k8"[ 3·Cyli ndogr heed 

2·C renkca.se A·Guidl!: bolt (2 pes) 

Instal linQ cylinde r head (1J 

Using a torque wrench, tighten the cylinder head 
bolts to 12 ± 0.5 kg·m (87 "3.6 ft·lb) m the 
sequence indicated by tbe ascending order of 
nt1mbers., start ing with «1." 
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DISASSEMBLY AND REASSEMBLY 

¢! 
Front end of engine 

Tightening sequence 

Installing cylinder head (21 

(3) Insert push rods, fit vaI ... e caps arid install the 
rocker shaft assembly as described previously. 

(4) Reconnect injection pipes, bypass hose and others. 

(S) Adjust the valve- clearance as pre.scribed , and 
mount rock.er cover. 

Disassembly 
(1) Remove nozzle hoi de" (1) and glow plugs (2). 

, -Nozzle holder 2-GJow plug 

Disassembling cvlindltr head (1) 

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

(3) Similarly remove intake manifold (5). 
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3-Nut 5-lntake manifol d 
4-E)(ho~ust manifold 

Disassembl ing cylinder .head (2) 

(4) Remove themlOstat elbow (6) and take out ther· 
mostat (7). 

6·ThtrlTtO$UJt , Ibow 7-Thc-rl'nonat 

DisassembHn g cylinder head (3) 

(5) Remove exhawt and intake valves 3S follows: Com· 
press valvo spring by operating the valve lifter, 
pick oul valve cotters (8) and relainer (9), rei .... 
,prin~ (10) and remove spring and valve (II). 

. --.,. - '"" ... " .. ," !.::-.~\.. • ' : 
Removing valve- coners 



~f3 

~ 

~ 
H 

S.Ve!"!!' colter~ 
9·Upper reti!li~r 

10N,Iva sprinG 
1 ,.ve~ve 

Valve - Exploded view 

(6) After disa,.,mbling the head, de·carbon it thor· 
oughlyand clean the threaded holes for glow 
plugs and nOllle holde" by washing. CIe,n the 
plugs and holders similatly . Use compressed air to 
dry washeci parts . When washing the nozzle holder 
units, be carefui not to damage their noz-.dc tips. 

(!ioTESJ 
a) Intake and exhilus~ valves are not marked to 

jdentify the respective cylinders they serve. 
Upon removing each valve, be sure to mark 
it or otherwist identify il to ensure that it 
wiU b, .. stored to the original pi", of 
service. 

b) The two halve, of each valve cot1.r musl be 
handled as a matched pair for the val,. from 
which il was. removed in disassembly . 

c) Leave the valv, guide, in place un les, 'hey 
need replacement. 

d) Observe Ihe c3rboned c·ondilion of the com· 
bus(ion chamber surfaces, in take and exhaust 
ports and valve heads before cle.rung them. 
What is observed is an i.mportant s,ymptom 
for troubleshooting. 

c) To remove the valve guide I be sure to use 
' he "alve guide remover (A). 

DISASSEMBLY A ND REASSEMBLY 

• o 
2 

-

,C 
... .. 

1-Valve gulda A-Valveguidt ~tmover 
2 .(:ylinder hnd 

Removing .... alve gu ide 

o Leave the precombustion chambc ~ jets in 
place unle,ss their replaceme.nt is necessary. 
To remove a jet, as when clacks are noted 
on jt , case the jet out by driving with 3 

nat-faced dnft pin inserled ' hrough the 
glow plug hole, as ,hown: 

Remo .... ing precombustion chamber jet 

Before installing the jet, wash th.e precom
bustion chamber cavity clean, and drive the 
jet into position. with Hs orifice pointing to 
the tenter of [he cylinder. 
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-~ 
;' I 

.' 
"" -' = 

-.J,:: • '-l " " '. 
.~ 

A- ln'loke port B·E )( h.t\ln pon C-C hl:fT1bo1r Il!t 

Precombustion chamber jllt location 

2 

~ 

Reassembly 
Make sure Iha t au component parts have been stniced 
or otherwis.e checktd to be in re-usable condition; have 
them aU c1can t free of grea~y matter. Refer to tItis cross 
section in executi.ng the reassemb~y work: 

4 

w @ 

, ·Lock n\,lt 

·Adjurtln9 SCfl!lW 

3·Push rod 
4.cy linder head bolt 
5-Rocker br& kitl 
6-Velve guide 
7-E )(h;ai.l$1 valve 

8·Volve see! 
g,Co\let 

10·Flocker arm 
11 -Rocker 5hah 
12·Spl'lng relitll'ler 

13 ·Val'll! cap 

14-Valve cotters 

~ ~ to ii ( §UrrQl ® 

15-Spring 
1fi·Sttm ~eal 
l1-Glow plug 

1 8·Le.a"~ff pipe 
19-Nozzle 
20-Cylindl!r head 
2 '·Pre.cQmbustion chamber j l!l 

Cylinder head - Cross section 

(I) Assuming that the valve guides have been removed, 
instaU each guide (2), as shown, with the use of the 
guide instauer (A). After driving the guide in, 
check to be sure that the dimens.ion (B) measures 
17 mm (0.669 in.). 
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'2 

~. 
/r 

• 

'·C 
l oC1{linder ~3d' A-Valve gUide instBn~r 

B 

2Nal ... a guide 8.specifi~d hmgttl : 17 m..'TI (0_669 io .) 

Inmlling val ... €! guide 



._____CD 
____ .------fJJ 

L __ ----G:> 

1.cylinder head 3-Stcm seal 
2·Villv6 guid!! 

Stem seal 

(2) Mount valves (7), springs (15) and retainers (121. 

(3) 

Ir~tall valve co tters {l4} on each yalve with the 
spnng compressed by mean' of the valve tifter . 
Le,ve out caps (13), wluch are to be put on when 
instaJling the rocker shaft assembly . 

Restore '0 the cylinder he.d the therrnast.! , 
thermos.tat cover, noule holders, ieak·off pipes, 
glow pius,s , connecticm wires . exhaust manjfold 
and intake manifold . 

Timing gears 

Removal 

(1) Remove bolts (I) and take down the fan (2). 
Loosen bolt (3) securing the ,djust~lg plate to the 
alternator, and take off fOJ] belt (4). 

Q 
~ J\ '_ 

' , ~ . .' . .::.-- . 
:~'t ~ .. 
. -- . ~~ .. 

-- - - ~:: " "./ ~4 
~ . • 1 _ 
~ 

l ..soh and washli!r 14 pes each. 
2FFon 

Removing fan 

3-Boft 
4-fan belt 

2 

(2) Remove nut (5) on water puntp shaft, and nut (6) 
on crankshaft. From the pump shaft, remove fan 
spacer and , by using the fan puUer (Al, draw pump 
puUey (7). Draw puUey (8) from crankshaft with 
the puUer. 

DISASSEMBLY AND REASSEMBLY 

J 

5-Nu( and w.uh.et 7-Pump pu ll.y 
6-NI.It a-wj w<J$her 8-Cranksh8h pulll!v 

Removing pump pl}lley and cranks hail pulley 

7-Pump pulley A-Pullir 

Ora-wing pump pulley off 

a·Cranlt$neft pulf.y A·Puller 

Removing crankshaft pullev 

(3) Remove bolt> (9) securing the cOvtr (lO). Remove 
bolts (10) securing the timing goar case (J 2). T tlke 
off the cover and gear case_ 
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DISASSEMBLY AND REASSEMBLY 

(4) 

9-8ol t and washer (5 pes each) l 1-Cover 
10-801t end wa'h .... 19 pet. ellch) 12-G ellr CIl.S8 

Remoying timing gear case 

13-801t 
14-Thrun pl.te 
16·Nu\ and w~hlllr 
16~ldJe, gelllr 

plate (14) and 

1 7-Cam~hllof1; gear 
18-lnJeetlon PUITlp gear 

19-Cranksh"h gear 

Timing gears 

(5) Draw idler gc., (16) while twisting it in the direc· 
tion of its helix. 
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1 G-tdl~r geBr 

Removing idler ge~r 

Leave camshaft gear (J 7) and injection pump gear 
(18) in place, uniess they have to be serviced Or 
replaced: each gear is to be removed complete 
with its shaft. 

[ NOTE J 

~ 
'3' 

1 .ctm:ah:.:.h g(!;fIr J-trenksha f t 9f!i( 
~ ·I dl.r 9tiiT ,q· lnjcttlon pump ge~ r 

Timing gear match mark'S meeting each other 

lmlallation 
The procodure is generally the reverse of removal. It is 
assumed he" That injection pump geOT (4). camshaft 
gear (1) and idler gear (2) have been removed . 

(J) Mount pump gear (4) and cammaft gear (J). Tum 
the .. gears while fitting idler gear (2), so that the 
match marks will meet as shown above . 

(2) Position timing gear case (I) in plact, .sgovemed 

1~T 'rnJn9 g!1lf ~5e 

2.(:CW9T 

3.Bolt and WiI$~er 
'1 3 peseaeh) 

Securi ng gear case 



by the locating pins provided on the front place, 
and secu re the cast hy tightening a lot31 of 13 
volts. InstaU injection pump gear cover (2). 

(3) Inslall waler pump pulley (5) and crank pulley (6) 
by driving them onto respective shafts witb In

stallers (B) (C). 

5·W~ner pump pulley B-lnstallc~ 

Inst allIng pump polley by driving 

!5·Crunk pulley C-ln,t.II., 

Ins[alling crank pul ley by drLving 

~, . , 
~ 

(4) Fit the washer to crank puUey and fasten down 
the pulley by tightening the nut . 

(5) Pass the fa n belt around the pulleys and install the 
coollna fan . Adjust me belt for proper tensIOn i:!S 
described in the part tllied "Fan belt tension 
adjustment." Belt tension is specified in terms of 
"belt deflec.tion" and is prescribed to bt 12 nlm 
(0.472 in.) (denectioll) uoder thumb pres;ure. 

Lubrication system 

on fdter removal and insraU.tion 
The oil filte r is bolted to the crankcase . RemoVlIlg the 
four bolts (1) allows the filter (2) to be detached from 
the engme !'or removal . When installing [he fitter, make 

DISASSEMBLY AND REASSEM6LY 

sure that the seating face is clean and that the packing. 
is ill good condition. 

8 0lt and ~$het (4 p~ es'Ch) 2-Oil filter Bssembly 

Removing oil fi lte r 

Oil ftlter disassembly and r""ssembly 
/ 

To disassemble the oil filter , use the oil filler wrench to 
detach element (1) from filler bracket (3) . Removing 
relief .alv. (4) from the bruck,t completes disassembly. 
To re.assemble the oiJ niter, reverse the disassembling Sot· 

quence. 
o 

1 

h 
1-Ell!lment 3~Brollol;ket 

2-Ce-nter K:ltw 4·Reli.f valve 

Oil filter - Exploded view 

97 



DISASSEMBLY AND REASSEMBLY 

= 

CD 

®~J 

~-Cr::tl ,3. 

l ·!;lemsnt 3·Roiicf va lve 
2..f'~Dl.tntlng bf.cket 

Oil fi lter - Cross section 

Oil pu rnp remo,"'aI 

To remOYe the oil pump, tho oil pan mus! be separate, 
from the I:rankc.ase. Before removing the oil pan l be Sure 
to drain il complerely. Removing the mounting bolt ( I) 
allows the pump (2) to be puUed out of the crankcase. 
Reverse lrus sequence of removal to install the oil pump. 

~ --
~~ .. -~ -' 
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1-8olt Zlnd Q8~ket 2-0 11 purnp 

Removing oil pump 

[NOTE] 
The oil pump will not com. off if oil pump 
drive sear is firmly meshed with camshaft skew 
gear, While giving a pull to Ibe oil pump, tum 
over the crankshaft a Uttle to ease the dr\ve 
g.ear from the skew ge~ r . 

, 
~ 

When installing the 011 pump. examine the gasket fo r 
the mountlog bolt. Replace the gas.ket if it is nicked or 
olherwise defective . 

O~ pump disassembly 
(I) From the pump> remove oil strainer (2) and pump 

cover securing bolts (1). Separate the coyer. 

1·Bott and w8iher (4 pc:.; ei!lch ) 2·0;1 nnl iner 

ReMOving oit strainer 

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

3.oU1IJt f010r 

Aenloving outer rotor 



(3) Drive out tape red pin (4) by using' drift , as 
shown, and pull drfve g<ar (5) off main sh,ft (6) . 
Dr.w the main shaft out of the pwnp case. 

4-Tap~re:d p in 6--Main $haft 
5--0riv. gs:ar 

Removing tapered pin 

(4) Drive out inn.r rotor pin (7), and separate main 
ahafl (6) from inner rotor (8). 

6·Main shaft B·lnner ro(O( 

''''nnltr rOtor pin 

Re-mmdng Inner rotor pin 

Oil pump reassembly 

After securing inner rolor to shaft by driving in Ille pin , 
insert the. shaft in to the pump case, and mou.nt the gear 
on Ille Shaft, locking the gear by driving in the tapered 
pin. 

DI SASSEMBLY AND REASSEMBLY 

l 

, -Pump dri \Je gear 

:2.Mll in shiloh 
3-Pymp ce:oe 

/ 

3 

4 

5 

4~ute, to lor 
G-Innl!lr rotor 

Oil pump - Cross $ecticm 

Mounting drive gear 

Fining cover to case by match ing ma rks 
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ISASSEMBLY AND REASSEMBLY 

[NOTES] 
a) If main shaft Or drive gear has been replaced , 

• new pin hole must be made by drilling 
wough the gear mounted on the illaft. 

b) After putting on the cover, check to be sure 
that the match mad,s 8re correctly indexed. 
If the cover is in 3. wroDS position relative to 
the case, the pump will not draw in oil . 
Tighten the bolts after checking to be sur. 
Ihal tile marks are correctly matched. 

c) After reassembling the pump complete with 
its strainer. inunerse the strainer in a pool of 
oil and run the drive ge ... by hand to make 
sure thaI the pump is capable of sucking oil 
in. 

Cooling system 
(water pump complete with thermostat) 

Warer pwnp removol 
(I) Remove four bolts (I) and take off fan (2). 

I .... 
'I 
(' 
t--.. 

Loosen bolt (3) and remove fan belt (4). 

'-Boit al'ld ""uhft ,. pes each ) 
2·Fan 

Removing fin 

3-Boh 
4-F", belt 

2 

(2) Loosen clamp (5) and dj"'OMect bypass hose (6). 

(3) The oil pipe for p .. "ure-feeding lube oil to the 
water pump is connected to the pump by means of 
union nut (7). Loosen lhis nut and disconnecl the 
pipe. 
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4~F.n be!t 7-Union nUl 

5-Clamp a ·Pulley 
6--Byp.ss ho,. 

Disconnecting hose and pipe 

(4) Remove the nut securing pulley (8), and draw the 
pulley off the ,haft by operating puUer (A). 

S-Pullev A-Pvller 

Removing pulley 

(5) Remove mounting bolts (9) and take off the wat.r 
pump assembly from the crankcase. 

C).Bolt and wosher (4 JlCI each) 10-Pump assemblv 
Removing water pump 



(6) Remove two boiL< (II) securing elbow (12) , and 
take off Ulermo".t (13), as outlined pr<viously. 

~ ~ l1 -Bol t and washor 
,~.J (2 pc:s e.oJ::h j 

' 2~Therrnostat elbO\o'V 
13· Thermostat 

Removing thermostat 

InstaUiltion is reverse of removal and can be effected by 
CBrrying out the foregoing steps in the reverse order. 
After installing the water pump , be Surt to adjus.t the 
bell ror proper tension. 

[NOTEl 
Handle 'he fan belt with car<, keeping it free of 
iifly greasy stains. After removing the water 
pump from the crankcase, be sure to close the: 
water opening of crankcase to 'C':void e!1try of 
dirt , 

Water pump disassembly 

1-6011 
:2-Cover 
3-lm".lIor 

.J\ 

~~\\ 
\ \ \ (j) 

\ \ ® ® 
@® 

6-Snal'! ring 
7.Se:aring 
8-Sh.ft 

4-Unit Jell 9-Boaring 
s-on SCl i!ll lO·Pump CfI~e 

Water pump - Exploded view 

(I) Remove co>,er (2), wruch is secured to the pump 
case by boll , (1). 

DISASSEMBLY AND REASS EMBLY 

\ 

" / "\ 
\ 

\'-y)..) 

(2) 

1·801l an.d washor 2-Cove. 

Remoyjng pump COYer 

Hold 'he pump "'aft rigidly, and unScrew pump 
impelle, (3) LO remOve it from the shafl. 

JJGt1 1 

Impeller (l) Is mOU!'.Ited lhutadlldlv on the shaft, The 
screw th rum. lsoi righc-tlsnd SC;;I'1IIIII. T Cl remO\l1!' i mp.!!e~ , 

tur n It in the direction of the all OW. 

Remoying im peller 

(3) Ease out oil seal (5) from pump case (10). 

5.Qil sal 

Removing oil seal 

nun-

(4) U~ng pliers , pick out ,nap ring (6) from ",ound 
lhe shaft . 
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DISASSEMBLY AND REASSEMBLY 

_/ 
6-$"31) ring 

Remolling s.nap ring 

(5) Draw shaft (8) out from the puUey side of the 
pump case. Separate the two bearings (7) (9) from 
the 'haft. 

/ 
~0i. 

,;.. 

I 
~ 

/ 

(I) Fi t oil seal (10) inla the case (4) . 

(2) Mount bearings (2) on shan (1), put on spacer (3) 
and msert the shaft into the ease . 

(3) To the pulley side of the pump case , fi t ,nap rmg 
(5). 

(4) Attach unit seal (7) to Impeller (8), and mount 
the impeller on the shah by running the impeller 
onto thl!: shaft. 

(5 ) Put on cover (9) and, after f.stening it down to 
the C3se~ check to be sure that the impeller does 
not rub the cover. 

Flywheel and r ing geat 

Ring ¥ear separation from flywheel 
It is assumed here that the du tch has 6een removed. 

(I ) Straighten lock washers (I) and remove bolts (2). 

-;.~ 

~ 
~ •• 

I 

~ ~~l 
• 
~ 
~ 

Jan. H.ock WilmH £2 ~csl 2~B o lt 14 Qa) 

] B~ar i n9 8·Snaft 9-Buril"iiI 

Removins shah 

Waler pump re .... mbly 

-® 11 

®~I® :-=~7 : 
q: 

102 

'.$hafl 
2-Bear ings 
3·$!)itcer 

4.""" 

5·Snap rll'\g 

6·011$eii-l 
9.co~'er 

l 0-0il .eal 
7-Unlt lui l 1-l>ull~v 

8-lmplllller .0.-011 cavity 

Wator pumo - Cros,) seCliofl 

J) 

® 

RElmo\,ing fl ywneel (l) 

(2) Hold the flywh.el with both h:trlds, as ,hown, and 
pull it off crunkshafl. Lay Ih. removed flywheel 
on th.e bench top . 

-... 
Removing flywheel 121 

(3) Using il drift. drive pilot bushing (3) out. 



-.... 
~-

,/ 

A 
, "t,. 

3 

",,,;o:M, l~ ,,'(~.:' .. ~. ,.~. 
~-: . ~ -.. ~ ., . ~~. _ ... ,,:f:: 

= 
3 .PiJot b\J shing 

Removing pilot bushing 

(4) Immerse the flywheel in a hot oath of oil al 100'C 
(212'F). Keeping lhe flywheel in this bath fo r 
3 minules will he.t Ihe flywheel unlfom1ly 10 tlUs 
temperature . T.1<o OUI the flywheel, pl.ce it on a 
firm, level working surface, and .ase ring gear (4) 
off flywheel (5) by drivmg wi'h a drift bar. 

4-Ring gear 5:.F IV\'\'h~J 

Removing (i,..g gear 

Flywheel re:l5SeJnbly and mOWlting 

(I) Clean Ihe shouldered periphery of lhe flywheel for 
receiving !he ling gear. Clean the nng gear sim..i
huly. 

(2) He" Ihe ring gear 10 about lOO'C (212'P) in a 
hot ba th of oi!. Keeping the gear in the 100' C 
(212'F) bath will heat it uniformly to this temper· 
alure . Upon removing. the ring gear from the 
oil bath, fit it to the nywheel, making sure that 
the ring is. seated firmly . 

(3) Dlive the pilot bushing '"to Ihe flywheel. 

~ 
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Installing pilot bushing 

(4) Screw lIVO guide bolts (A) inlO the cra nkshaft en 
Hold out lhe flyWheel squarely against cranksh.ft, 
positioning Il os guided by dOIVel pins. 

; 

A·Gul(h! bolt 12 p~ l 

Rem~ 9'U1cle bolts aft~r correctly 
positioning [he rlywheel , 

Fining flywheel [0 crankshaft 

(5) Put on washers and IIgblen mOllnting bolts to 

secure flywheel to crankshaft. 'Be sure to torque 
these bolts toB .S±O.5 kg.m (61.S± 36 ft-lb). Lock 
Ihe righ1ened bolts by bending thCl washerS firmly 
agam'! each boll he.d. 

Securing flvwheel10 crankshaft. 
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Fuel mler 

RemoYII and inslal1Jtion 

(1) Close Ih. fu.l supply valve under the fuel tank. 

(2) Disconnect fuel feed pipe (2) from fiJter. 

(3) Remoye two mounting bolt, and take off the fuel 
Illt.r assembly (3). 

l-Or.in plug 3...fihl!f" assemblv 
2·Fult rf!ed pipe 12 IX'S 1 

Removing fuel fil ter 

Reverse the foregoing seqUf:nce of steps to install the 
fu.1 mlor. Ar(" Insta1Jing the fuel flit." run the 'ngme 
and inspett fOT fuel leakage from pipe connections. 

Disassembly and reassembly 

The (wo views of the fuel filter giycn here are self· 
explanalory and will serve to explain the methods of 
dlS.ssembly and reassembly: 

1 ·Filtcr cov, - 4-5pring 7·Drain plug 
2-Gaskcl 5-Frller taJe 8-Bolt 
3-Ehrme"( 6·Bolt g·Air vent plug 

Fuel filter - Cross section 
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Parts a~ to be t,ken off one another in the 
8$Qt11ding ordor of retltrwnce numbers. 

1·801t S-Spran51 seat 
2-Filtl!lf c:o\ler 6-Sprln 
J-Gaskst 7·F tl,'f CIIse 
4-Element 

Fuel 1ilter - Exploded viow 

Injeclion nozzles 

Remol'a1 and instaUatioD 

(I) Loosen connector (1) and disconnect injection 
pipe (2) from the nozzle holder. 

(2) Loosen the union nut and disconnect return pipe 
(3) from the holder . 

(3) Remove nut (5) on each nozzle holder and discon
nect leak·orr pipes (4) interconnecting the holde ... 



t·conneC10t"(4 pes) 

2.I"f~ion. pipe 
3-Flf;tU/n pipe 

4-Ltak-o'i pipe 
5 ·Nut (6~) 

Removing In jection nozzle 

(4) PIlt the wrench to the retaining nut. and unscrew 
the injection no:u.!e assembly to remove it from 
the .cylinder head . Take off the packin! rtmalning 
I>chind on tho s.ating face by plucking w,th a 
~rewdriver tip . E::-:amille the removed packing. to 
~ee ifit can be re -used. 

[NOTE) 
Reverse the foregOing sequence or removing 
steps: to lndaU the injection nozzles, making 
sure to tighten the nozz.le holder in ~lac.e by 
torquing its nut 105 ±O.s kg-m (36 .2 ±J.6 ft .lb). 
After romoV)ng each nozzle assembly, be sure 
to plug up the hole with a wad of cloth to 
avoid entry of dirt mto the cylinder. 

Disassembly 

(I) Before disassembly. collect data on the nozzle by 
testing it for injection pressure (beginning of 
injection), spray pattern and internal oil-tightness, 
aU in the manner already described. Throughout 
the disassembly. cleaning and reassembly work, 
handle Cllcit noule assembly with care to PJ otecl , 

in particular, the nozzle tip . 

(2) Clamp' retaining nut (I) between the jaw, of a lise . 
as shown, pur tht wrench to the holder and loosen 
it to .. parate it from the nut (I). 

(3) Take Otll of the removed holder oI,es. pans: 
nozzle tip (3). di,tance piece (4) . pressure pin (5) , 
spring (6) and washer (7). 

Wash the <u"",mbled parIS clean wjth clea" 
kerosine or die"] fue l oil. and dry Uoem witl, 
compressed air. Using iI wooden scraper, remove 
carbon: after decarboning, wash the decarboned 
pans with a more powerful cleaning fluid such as 
gasobne. 
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Removing nOllle holder 

-®--® 

h 
~ 
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~ 
'·RotBining nOI 
2·Noule holder 
3-Nozzlr tip 

4·0istsnc8 pice(\' 
5-PreS5ure pin 

6-$pring 
7-Wssher 
8-Nu( 
9·Ga,ket 

Injection nozzle assembly - Exploded view 

Reassembly 

The reassembling ,tep' are the same as the dis3'<embllng 
steps except tMot the sequence is reversed, and that the 
job of fitting a pm to anoLhe r must b-e carried out in a 
pool of clc:m kerosine . 

If the need I, valve and noule proper h,\'e tobe replaced, 
be sure to wash the replacement parts in the pool of 
ke~osjne after removing their protcttive fi lm of plast ic : 
wash off the rust·preventi,·e oil from the nozzle prope r 
by stroking the needle valve bock and forth in the needle 
v31vc stem bore. 
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9) r: 

8 

1.Fle:!nlnlng nu, 
;?·N ollie tic 
3 ·0nta nC(l 01«11 
4·Pr~srul1! pi n 
5-Sprin9 

6,WQsher 
7·Noz~te ho ld!t 
B-GBSke t 

9-Nl.lt 

Inje-ction nozzle - ero:» section 

~ 

4 

3 

2 

Injection pump 8I\d governor 

&J CAUTION 1 
Unle'Ss the circumstances. require disassembly 
of (he inje.ction pump and its governor. thes 
components should not be di5assembled. To 
overhaul them, special eqUipment complete 
with test~ng de"ices and special 1001 is needed. 
Furthennorc ) the overhauling work must be 
per{ormeu by a person skilled in Otis. service 
and in. pl.te specially kept clean . 

Removal 

(I) Disconneot control wire (2) from adjusting lever 
rod (I); and <lisconnect fuel feed pipe (4) from 
th. pipe jOint at injection pump. Simllarly dis
conneCl the pipe between fuel filter and injection 
pump. Remove fuel return pipe (3) by undOing il. 
pipe connections. 
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At each injection pipe connection on the pump 
unit, undo connector (5) to disconnecl injection 
pipe (6). Remove oil pipe (1). 

, ·Adju;til1g Itver rod 

2.conuol wi rc 
4·Fuel feed pipe 

.oJ 

5·Con nector 
a· lnjection pipe (4 pes) 

Removing Injecti n pump (11 

3·R~urn pipe 7-OU pipe 

Removing injoction pump (21 

1& 

.. 

(2) Remove the injection pump gear cover. Turn over 
engine crankshaft to bring the piston in No. I 
cylinder to top dead center on compression stroke . 
wok into the timing gear case to check to be 
SUTe that the match marks pro;ided on the idler 
and pump gear are meeting each other correctly. 

~ --. --~ . 

.' 
~'" 

e·Pumpght 

I njection pump gear 



(3) Remove bolts (9) ,ecuring the mounting nange o. 
the injecUon pump to the engine front plate, and 
take down the injection pump unil. 

Installation 

9·Solt Ind washer 

Removing injection pump (3) 

(l) Alignment marks (tine marks) are prOvided on the 
pump body <lnd mounting flange. Make sure that 
these marks are lined up. With the pump gear ,nd 
idler ploperly positioned in their meshed condilion 
inside lile timing gear case, that is, the match 
marks on these ge31s indexed to each other. mount 
the injection pump unit on th~ engUic front plate 
and secure it by ~ghten.ing the mounting bolts. 

(2) Install fuel feed pipe, and lube oil pipe, and 
reconnee! all but No. 1 fuel injection Pipe . 

(l) Turn over en~c crankshaft 'lowly until the 
plunger in No. I pumping element cames to the 
pOSition for "beginning of injec(ion." Check to be 
sure thai the timjng mark 011 crank puUey is 
matched to (he mark on the timing gear case; 
if not , a.djust the mou.nted. position of the pump 
in the foUQwrng manner : 

Setting injection timing 
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(4) T!.lting the p\lrnp toward the engine advances the 
liming, and "ice versa . Refer to the gr:adulltjon 
macKs pro\;ded on the edge face of the mountmg 
flange: one division is equivalent to 6 dtg. of crank 
angle . 

(5) Having m,de S"ro that aU timjng marks arc 
matched as preSCribed and tha. the be~nlng of 
injection is correctJy timed (in refe rence: 10 No. 1 
cylinder) , reconnect the injection pipe (No. 1) . 
Prime the fue l circuit in the manner previously 
described: make sure that no air remains trapped 
irl any part or the circuit. 

( NDT£] 
Whether the injection pump is correctly instaU· 
ed must be chec~ed by actually PJnning the 
engine. Run the engine in aU speed ranges; 
Usten in for abnorm~l noise and examine the 
color of exhausl smoke. Evidence of malcondi· 
tiOllS noted could be due to mistuned fuel 
injecIIon. 

feed pump removal and installa.tion 
(I) Disconnect fuel feed pipe (I) and return pipe (2). 

(2) Remove nuts (3) securjng ihe reed pump to tile 
injection pump body, and t.ke off feed pump 
aSSembly (4) . 

1·Fuet filled pipe 3·Nut and w~iher (3 pC$ 'CI;Deh) 
2-Return pipEr 4·Feed pomp as~embt'r' 

Removing feed pump 
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Feed pump disassembly and reassembly 

18 
~-

2 

d 

, ·Pump hOUSit'lg 

2-Primil19 pump 
3-Check valve 
4·Pinon chamber j:>luQ 
5-Pln on 
6·Pitton ,"pring 
?Rlng 
8·T&PPet 

9-Push rod 
lO·Vahl.luPPOrt 
'l-ctleck VBlv8 spring 
12·H(]ilow screw 
13-Hallow screw 
14·Gaule filter 
15-Nlpple 

Feed pump - Exploded view 

(1) Remove priming pump (2), and take out check 
valve (3). 

l -Verv,", holder 3-Chec:k 1131ve 
2·Prlrn il'lg pump 

Removing priming pump 

' lOB 

[ NOTE) 
Priming pump is not meant for disassembly: 
its cylinder and valve holder are integrnUy rom· 
bined by using. bonding compound . 

(2) Loosen piston chamber plug (4), pick out piston 
spring (6), and draw OU\ piston (5). 

4-Piston eh,mbar plug 6 -Pistan !pring 

5 -Pino n 

Removing feed pump piston 

(3) Remove ring (7), and lake out tappet (8) and pu;h 
rod . 

7..sprin~ 8·T.ppet 
Removin9 feed pump tappet: 



[ NOTE) 
Ass.ernbty is reverse of disassembly. Be sure to 
{;orreclly assemble by referring [ 0 the cros.s 
seclion , 

(D- L 

J J-----.---L )-'---'-! 

6) r~ 

5 

i-Pump housing 
2-Cheek valVf! 
3-Vat"'l!1 &ul)port 

7.frimlng pump 
8NelvC! holdor 

4-Hollow scrft'V 9·Ga\lZe'iller 
&.Piston sf'ld UPPft 1 O·Holiow screw 
S.chec k vaiYIJ 11-Cover 

Feed pump - Cron section 

Governor disassembly 

. JJ 

B 

CD 

The [onowing tool, are needed to disassemble ond 
assemble the RSV governor of me injection pump unH : 

(nl Screwdriver 
(b) Wrench set 
(c) Long·nose pliers 
(d) Special wrench for torquing governor weight round 

nut 
(e) Flyweight extractor 
(I) Overhauling tool sot 

Before starting to disassemble Ihe governor, wash the 
exterior surfaces of injection pump unit and set up the 
pump on 'he bench . Drain lube oil. 

(I) Detach and remove the governor cover as follows : 

(a) Loosen idle lock nut (I). remove idling sub
spring (2), loosen screWS securing cover piece 
(3). and ,ake off this cover piece. 

(b) Remove the six screws (4) securing tilf' governor 

DISASSEMBLY AND REASSEMBLY 

cover to the housing, and detach the cover by 
pulling it a little. Insert the s~rewdriver and 
lTIove 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 'he ,tart 
spring. Remove the governor cover C"Drnplete 
with (he lever mechanism. 

Dis.conne'cting start spring 

(2) Remove the Oyweighl> '" ronows: 
(a) Remove round nut (5) by loosening 11 with the 

round nul wrench. 

Removing round nut 
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Governor - Exploded view 

01j,,~ 

(b) Run the lIyweight extractor inlo .he tlue.d.d 
hole, as shown , and force me flyweight! off the 
earn.haft by jacking action . 

"-' 
• 

.' ,--

Removing flYweights 

Removing tension lever 

Go"<rnor reassembly 
Carry out Ihe sequential steps of disassembly in reverse 
order, adhering to the foUowing instructions: 

(3) From Ihe removed governor cover, lake out the 
lever mechanism parts, as follow:i : 

(1) Flyweight mounting 
After positioning the flyweights on camShaft, 
,ecure it by tightening the round nut to 6 kg.m 
(43.4 ft-Ib). B. sure to place a spring washer under 
this nut. 

, , a 

(a) Remove two ,c rew plug. (2), and drnw Out 
lever supporting shaft (8), On which rension 
lever (7) is hinged . 

(b) Raise the swiveling lever, as shown , take out 
tension lever (7) and remove control spring. 

(c) Take out guide lever (9) tog.ther with control 
lev.r (10) and governor sleeve (II). 

(d) To remove <wi •• ling I.,er (12) , remove adjust
ing lever (13), pick out map ring (14), drive ou t 
lever bUShing (15) to outer side . Tltis pernlits 
the lever (12) to come Oul or the coyer. 

(2) Combining governor sleeve and guide lever (float. 
ing lever) 
If these two parts have been separated, combine 
them in the following manner: 

Referring to the sketch below, press the ball bear
ing into the governor steeve, and press lhe control 
block into the bearing, making tite flange of the 
block seat fundy against the inner ring of the 
bearing. Fit the sleeve (complete with the control 



block) onlo Ihe nyweight support, and measure 
the distance betweeD the end face of gove:r-nor 
housing and the nange of control block. This 
distance ~ presc ribed to be from 15 mm (0.591 
in .) <0 15,2 mm (0.598 'in.); if not , adjust it by 
'himming. The ,him , tock for this purpose is 
avail,ble iJ1 th ree sizes: 0 .2 mm (0 .0078 in.), 0,3 
mm (0,0]18 in .) and 0.4 mm (0.0157 in,) . 

l·GovernOr ,Ieelle 
2-CoMTO' block 

[c;+1}.2 
• 0 

3·Govs-rnor housi~ 

Position of control block 

• 

Pressi(Jg ball bearing into governor sfeeYe 

* 

(i) 

'-Conuol block 2· lnner ring 1UPPOfti"lJ toOl 

Pressing control block into ball bearing 
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(3) Check to be SUr. thai Ihe adjusling screw in Ihe 
swiveling lever is positioned as pI(~scrJbedi if 'he 
screw js too far in Or QUL, adjus t it by referr ing to 
the value indicated in the list of adjus( ing stan dards 
so tha l ~he governor adjuscing work to be carried 
out after reass-embly will be made easier. 

Checking posi tion 01 adjusting scrrwlo' in swivelin9 le\rer 

(4) Make sure thaI each lever and link set in position 
mOYeS smoothly without unduly hea,-,y reSLs.tanc.e, 
After securing the go\'crnOi cover to the housing. 
check to be Slire that tensIoning and ielaxmg Ihe 
start Spiing cause the control rack to slide outward 
and inward smoothly . 

Injection pump disassembly, inspection and reassembly 

(1) G.nernJ rules on work 

Q.. M3ke a balch of washin~ fluid available ror ready 
use, For the Was.hLtlg fluid , use clean kerosme Or 
diesel fuel oil. 

b . Work in a clean place. The injec.tlon pump is :j] 

preC'ision-machine component. and , as such , abhors 
dust. After removjng it from the engine, wash ils 
exterior clean and im~ct for damage: t illS should 
be .ccomplished before starting 10 disassemble I~' 
pump. 

c. Sorne jobs ilre prescribed to be effected with the 
use of special tools .. Use of common tools is not 
permitted. 

d. H<Uldle each plunger and it' cylinder (banel) as , 
suit, and eilch delivery valve with its seat as another 
suit. Upon removal or tltese parts, have them sat 
aside: as di!: tiiltt suits iden UfLed for the cylinder 
numbers. 

e. When inslalling the delivery valve halder, be oleefu] 
not to overtighten it or the pump housing will 
break, A sticky conlrol rack is often due <0 an 
overtightened val ve holder. Use a torque wrencb. 
and tighten it to th is torque limit: 
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Untt: k!tm Ift· lbl 

I tem Limit 

Delivery valvo holder 2.5 - 3 .5 
tightening torque (18 - 25) 

f. Each pl unger has its part number punched on its 
fl.nge. Whtn reassembling the injection pump, be 
sure to position e3ch plunger $0 that its pWlched 
part faces the front ~ this means that. with the 
plunger so positioned, its: control groove meets the 
reed hole . Remember, the adjustabUily of injection 
quanti ty presupposes that aU plungers. are so pos.i
tioned in \heir barrels . 

.,.--CD 
o 

(2) 

Tht off 'f ide tlas if 'et1ar 
A Of L mafked by PlJnthin~. 

~ 
E)Camp!o 0' p.!I1t numOOr 

' -FeltS nOll! 2.cOf'trolgrooq 

PumpIng element parts 

g. It is highly e"enlial IhOi Ihe conlrol rack should 
s.lide smoothly in place. If any stickiness is noted 
after te-assembly, the pump must be disassemb1ed 
and reassembled om::e again. Stickiness of the 
control rack is often caused by nicks or dents 
sufferred by the rack, defectiv~ rack teeth or 
plnion leeth, lnterfetence between pinion and 
pump housing, or overtightened delh'ey ',alve 
holders . 

h. Axial play is specified for the camshaft. Make sllTe 
that it is between 0.03 and 0.05 mm (0.00)2 and 
0.0020 m.). )f 100 much or too little a play is 
noted, .dju,! it by shimming. 

(2) Disassembling procedure 
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(0) Drain lube oil . Ex:tJIllne the dIained 011 for 
evidence of ma.lcondition. Set the injection 
pump fi rmly on the work bonch. by mean, of 
the holding fixture . 

Remove the cOver plate and look in to ~e if 
lher-e are signs ofmaicondition. 

(NOTE] 
Removing one part after another without exam
ining ea.ch part critically and heeding to the 
story each part wants to tell is a wasteful 
practice and prevents you from taking prope r 
measures ner;cssaf}1 (or restoring the pump as 
dose to the original condition as pOSSible. 

Setting up pump by means of holding fixtur e 

(b) Remove \he governor from the pump proper, 
as in Governor tli~ssembly . 

(0) Turn the pump camshaft by hand to " feel" 
the resistance of camshaft : abllormal resistance 
means thai there is something wrong in the 
pump . Usmg a s.prjng balance, measure the 
sliding resistance or the I;ontrol nck t and write 
down the reading for rererence . A ljmit is 
specifie d on this resistan ce : 

Unit : gram {ou nce) 

Item 

Sliding reSIstance (I f control ra.c.k 
in standstill pump 

[ NOTES) 

Limit 

150 (5 .3) 

a) A control rack not sliding smoothly could 
mean. that tappets or control sleeves are in 
bad condition. Check \hese parts carefuUy 
when taking \hem out in disassembly. 

b) Move \he control rack aU the way in each 
direction, and note the position of each 
control pinion for the extreme positions or 
the rack. "Restore \hese positions at the tbne 
of reassembly. 

(d) Isolate rhe four tappets from the cam' by 
holding lhem in lifted condilion. Thi, is accom· 
plished by turning the carmhaft by hand to 
raise each lappet 10 the highest position and 
locking \he lappel in \hat position wi th a tappet 
insert. 



locking tappets 

(e) Lay down the pump and remove the screw 
plu"" as shown : 

Removing screw p1U~5 

(I) Remove the bearing cover, and draw out the 
camshaft gently. 

,&[ CAUTION l 
When lemoVing th~ bearing cover? be care ful 
not to nick Or mar the seating faces or oil 
leakage will develop during operation, 

Removing camshaft 
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(g) Remo"e the lappet loserts 10ckJng lh. tappe!! 
In raised positJon . To do so, the roller clamp 
(9590S'()6030) must b. used: mserl the damp 
through the screw plug hole to pinch the tappet 
roller, and give a push to the tappet with Ule 
clamp to allow the lappel insert 10 be pulled 
out. 

Taking out tappet inserts 

(h) Insert the tappet cI'-l1Jp (9S90S'()2030) through 
bearing hole to ploch the tappet , take off Ihe 
roller clamp. and remove the tappet. Remo ... ·e 
ail four tappets in this mariner. 

[NOTE I 
Till down the pump so that the plung." and 
springs will not {aU off. 

Removing tappets 

(I) Remov, the plonge" and lower spring seats by 
using the plunger clamp (9590S .()9030): pinch 
the lower portion of the: plunger with this tool, 
and draw oul the plunger together With it, 
lower spring seat. 

,&r'-C-AU-T-IO-'N l 
This removal operation must be I:arried out 
with great caution lO avoid scratching the 
plUGger: puU the plunger straight oul. 
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"ti4 

Removing plungers 

U) Draw out each plunger spring, and remove. lhe 
con trol sleeve and upper spring seat. 

Remo'l ing p lunger springs and upper 'Seats 

(k) Rai,e the pump body in to vertical p()Sltion. 
Unscrew and remove the delivery valve holders. 
InsUill the extractor and draw out each deUvery 
v:llvr: , as shown : 

Removing delivery val't'e 

&(CAUTIONj 
When irIstalling the extractor. be careful not to 
run down the threaded portion of the extractor 
too filI onto the delivery valve in pJace. 

(I) Take out the cylinder (barrel) from top 'ide by 
pushing on its bo llorn. 

Removing cyl inder 

(m) Remove the rack guide screw > and draw out th~ 
control rack. 

Rem olJlng control rack 

(3) Inspection 

Layout the removed parts in the trays , segregating 
lbern in groups, each group for e3ch pumping 
elemen! and ~I.ted parts , as identified for th.e 
re.spective reference numbers , No.1, No.2. No.3 
and No . 4 . Do not disturb lbe original sui ts. 

Wash each part clean, and dry iI with compresse d 
Ilir , makJ.ng sure that orifices , screw threu.ds and 
pocket' al. all clean. 

(a) Pump housing 
Inspect each bore, from which the cy~nder 
(barrel) has been drnwn out , to see if there is 
any damage. Check to be sure that the counter
bore (into which lb.. shoulder of the cylinder 



fils) is. in good condition to ensure a good oil· 
tight fit, To repair this counterbore. use the 
countcrbOic cuuer, Orle of the special tools for 
servicing work. Fuel 'cakage into the camshaft 
chamber is often due to a defective fh in lhis 
counterbore. 

(b) Pumping element, 

l . If any scra tch OJ scoring is. noted on the cylin
der bore under VIsual examination, ~epl ac:e It 
together with its plung.er. 

2. Each suit of cylinder and plunger must be 
check,d for the lightness of slidin~ fil by 
testing as follows: Hold the cylinder tilted, 
forming an angle of 60 de~. relative to hori;z:on
t3 1, wilh its plunger inserted into its bore ; pull 
oul Ihe plunger ,boul 20 mm (0.8 in.); and 
release it to see if it slides down smoothly by 
its own weight, If it does in several angular 
positions with the cylinder 5,0 .mBJed, the fil is. 
saHs f!1ctory. Replac.e the cyhnder and plunger 
:IS iI ~uit ir any 'Stlckiness or rree-faJlIng sliding 
motion is noted_ 

L~,. 
. , 
~ 

Testing fit of plunger in cvllnder 

3, Measure rhe width of plunger nang~. U the 
nange is worn down 10 6.95 rnm (0.274 in .) 
or unde r in Width, replace the plunger and 
cylinder. 

4. Oll.liglHness t.est 
The c.ylinder and plunger found La be iI' sa tis
fiJ'!,;lory condition must undergo another leSL for 
checking the oil ·tightness of sliding fit between 
cylinder and plunger , after reassemb li ng [he 
injection pump. Before reassembling the pump, 
make it ab&olurely sure that the delivery v31ves 
are al l in sa lisfactor ~' condition as determined 
by the methods 10 be described subsequently . 
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Delivery va lve test 

Set up the pump on the tester , and instaU a test 

pressure gauge . on on!:': of the deliliery vaJve 
holders. Prime the pump with fuel oil , and 
drive the pump at 200 rpm , with the contro l 
rack locked in idling position. The pressure 
gauge indication under this running condition 
tells wholner Ihe cyImder end plunger beulj) 
tes ted is satisfactory or not: tlle pressure criteriil 
are as follows : 

Unit : kg/em' (psil 

Item Standard 
Service 
limit 

Oil-tigll,ness of sliding 150 -200 ISO 
fil between &ylinder (2 133 - 2844) (2133) 
and plungeJ al 200 rpm 

Cy linder.plunger s.u its not capable of de'Jelop
ing al I. a" I SO kgicm' musl be replaced . For 
the lest pressure gauge, use one calib(ated UfJ 
to 300 or 400 kg/em' (4266 or 5688 pSi) . 

(c) Deliv. ry valves 

l. A delJvery valve found with its piston worn 
exceSSively OJ valve seat showing evidence or 
poor seatitlg contact OJ damage mu~[ be- re
placed together with its 5ei!l. 

2 . Hold the suit of delivery voUve· and s.eat between 
two fmgers. as shown, with ~he thumb pluggillg 
the bOllom hole . Pu ll up ' he valve ,nd I .. il 
go to see jf the valve goes down smoolhly bUI 
becomes arrested as its exl ra.; tion land clas.ts 
the bore; If it does, the n the s.uit is satisfactory 
for the n lst test. For th~ s-econd lest , push the 
villv! down till iI touches the seat , and remove 
[he push to sec if the valve springs. tlpwB ld 10 
the arrestmg pOSilion merlltoned above: if it 
dots, then the su it is. satisfactory for the sl:cond 
tesL A valve-se at suit found unsat isfactory In 

either te~' must be replac:td . Remember, these 
two lests are meaningful only when {he valve 
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, 
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I 

I" 

and <eat .rc absolutely dean and oiled ade· 
quately to form oil films on thei r surface, . 

Test each suit of delivery valve and seat in the 
foregoing manner and, when reassembling the 
pump, use only those found sausfactory. 

... 

, 

L.1'L..;: .~ . _..:.. 
Testing do liv9ry valv e. and seat 

3. Qit-ligillness test 
Test the delivery valve for oil·tight",,, of jts 
seating contact afte r checking the cyUnders and 
plunger> for oil.Ughtne" by running the r .... · 
sembled pump at 200 rpm in the manner 
already described. It is ... umed hete that the 
cylinder and plunger served by a parti~ul:J. r 

dehvery \..uve .are tn good condition with respec t 
W oil -lIghtness:. 

Run th. pump at 200 rpm in the same 1"ling 
setup. WIth the control rack kep i in idling 
position , aJ) d, when the pres.3ule gauge indica: 
lion reath .. 150 kg/om' (2133 psi), mOVe Ihe 
rack into non~injcction position ('''0'' nun) to 
see if It (akes more than 5 seconds for this 
pre"ur. to faJ] [0 10 kg/em' (142 psi): if il 
does, then the delivery va1ve under test is 
sati,factory . 

(d) Control rack and pinions 
A control rac.k [n distorted condition or present 
ing excessive wear on its rack teeth must be 
replaced. After reassembling the pump, <hetk 
each pinion for bacl<.lash and, as necessary, 
repla-ce the pinion or control rack., or both. to 
reduce the backJa'h to the specification : 

Unit: mm (in.) 

Standa rd Se~vice Item 
limit 

0 .15 0.25 
R,ck.lo-pinion bad<lash 

(0.0059) (0.0098) 
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(e) Tappet' 
Using a dial gauge, read the radial play of the 
roller of each tappet by mO\rjng the roller up 
and down in the manner illustrated: we a ro<l. 
to push the roU" up from boltom side . If a 
re,ding of 0.3 mm (0.012 in.) or more is 
obtained , replace the whole tapper. 

Check the slid ing clearance of each tappet in 
tbe bore of the hous,ng; lappet replacement is 
ecessary if the clearance noted exceeds the 

service limit. 
Unit : mm (in.) 

Item Standard Serv ice 
limi t 

Tappet-lo-bore 0.02 -0.062 0.25 
clearance (D 0008 - 0.00244)] (0 .0098) 

1·01&1 g;i)ugl!!! 
·R:ollor 

J ·F!oll! r buSh!"g 
4·Pi" 

Measuring tappet roller pa ly 

(I) Delivery va lve sprins, and plunger springs 
Replace badly rusted, cracked Of otherwise 
damaged 'prings. Springs vislbly out of square 
must be replated. Che<k each spring for free· 
state length, and replace it if the linti l, indicatr:d 
below, is exceeded _ 

Unit: mm {in.1 

Plunltjer springs De live rv valve 
springs 

Item Serv ice Sfrvice 
Standard 

limit 
Standard limit 

Free lenglh 49 .0 48 .5 32 .0 31.0 

of spring (1.929) (1.909) (l.260) (1.220) 



Inspect ""ch plunger spring seat for depth of 
its concave; replace the seat if [he depth is 
0.1 nun (0.004 in.) or o;·er. 

(g) Camshaft 
Inspec t the camshaft for wear of its cam sur
faces , of the: surfaces of seaJctJ portions in 

contact with oil seals , and or screw threads at 
both ends. Inspect, too , for rustjng . damage 
and for keyway deformation. Repair or replace 
[he camshaft depending On the result of inspec
tion. 

Check the comshaft fo r allgnmenl by ,upport
irlg it with center pins fi tted to it s end faces, 
and by me:asuring fhe omour.t of deflection 
with • di.l g.uge. A com'haft exhibiting a 
deflection of 0.15 mm (0.0059 in.) or over at 
its middle seclion mwt be straightened in a 
press or replaced by 3 new one. 

(4) Assembly 

(a) Install the cylinder. (barrels), poSitioning each 
cylinder angularly as guided by the localing pin 
and positionrng groove . 

.&.! CAUTIONS 1 
l) These cylInders are meaIll for .hurnb ·pres~ 

sure fit. Ne'r'er attempt to drive them into 
lh. bores with such 3S. mall.t. 

b) Aft.r fitling e3ch cylinder into (he bor<, 
mam]s it sc.t firmly in place, check to' be 
sure that it will not rotate wben llimed with 
a fmger. 

Install ing pumping element cylinder 

(b) Fit a new valvo gaske t to the delivery valve, and 
insen it into bore. Drive down the delivery 
'Ialve by using a drift, as shown. making the 
seat meet the top of the cylinder to present an 
Oil-tight face-to-f.ce contact . Only light blows 
are needed to the end of the d.rift. 

DISASSEMBLY AND REASSEMBLY 

.&.1 CAunON 1 
Take every precaution [Q avoId dus( pariides 
getting in to between cylinder and delivery valve 
seat. 

Dri ving in delivery valve seat 

(c) Insert the spring, and run in the deUvery valve 
holder and tighten the holder tentalivoly. 

Installing holder 

(d) Position (he control rack in place, and install 
the guide screw . 

Fitting guide screw 
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Lt.[ CAUTIONS] 
a) Make sure that the gUide screw installed i! 

located accurately mside the groove proyided 
In ,h. rack . Tightening ,his screw located off 
the groove is liable to bend (he raCK. 

b) After installing the rack. check to be sure 
that it is. capable of smooth movement 
through its entire stroke . 

(e) Lay down the pump. and fi, control pinions 
:ld slee't'es to bar!'els, making sure that each 

pinion is so positioned that the adjusting hole 
provided in the control slee',tc pOints 10 the 
pinion clamp screw. 

[NOTES] 
.) Move the rack back and forth to rot,t. the 

control pinions similarly. and check. to be 
sure "that each pinion is aecurately meshed 
with the rack teeth. 

b) Check, also , to see lhal each pinlon Is accu· 
rattly centered (0 the control rack when 
the rack is in its center position, so that 
moving the rack £rom this position to each 
stroke end rotates the pinion by an equal 
amounL 

(f) Install upper spIing seats and plunger springs. 
Using the plunger damp. fit the lower sprmg 
seat to eadi plunger, and insert the plunger into 
the barrel. 

---
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Inserting upper spril'lg seat and plunger spring 

[NOTES J 
a) Be .ur. 10 hold •• ch plunger I rue and square 

and insert it straight into the barrel. 

b) Remember. the driving face (on which. 
nwnber is rnaJked by punching) of each 
plunger comes on top side : if not , the helical 
groove of the plunger will not meet the feed 
hol ~ and this defeats the a.djustabiJJty of 
injection quantity. 

c) After inserting the cylinder, pOsition its 
lower 5pring seat in such a way thaL the 
se>! will not faU off. 

I ns&rting plunger 

(g) Pick up the t.ppet with lh. tappet clamp, feed 
the t.ppet into the carnshafl chamber and 
ms.en it into the bore . 

Insertin9 tappet 

Match the plung« driving f.ce to the notche, 
cut out in tlte control sleeve, push up the 
tappet and hold it there by me..,s of the lappet 
insert. With th. tappet so held, move the rack 

Fining tappet insett to hold up tappet 



to be sure it slides smoollily, Install all four 
tappets in this manner, making sure each time 
that the rack moves smoothly. 

(h) Using the torque wrench , tighten the delivery 
valve holders to this torque value: 

Item Standard 

Delivery valye holder 2.5 - 3.5 kg-m 
tightening torque (18 - 25 ft-lb) 

I NOTE] 
After tightening up each delivery valve holder , 
move .he rack. [0 see if this tigh tening has 
adversely affected the ability of the control 
,del< to dide smoothly . 

• • 

_" I ~ ~ I ~ . " 1 

.lIPl4'--;---
Tightening del ivery valve holder 

(i) In.taU the lock plat. for locking the deliv<lY 
valve holders in p l~ce. Using the spring b:Jlance. 
check the sliding reSistance of the control rack. 
The rack is required to sllde with a push or pull 
of not greater than 150 gram. (5.3 ounce,). 

~ 
I .... 

Checking slid ing resistance of control rack 

(j) Apply engine oil to the camshaft , and iristaU it, 
posi tioning it in place with the marked end 
face coming on the drive side. 

• 
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(k) Put 00 the bearing cover tentatively, and ch"k 
t he axial play of the cam,haft by llSing the 
camshaft clearance gauge (95905-01 080). If the 
pl. y noted is off the range indicated below, 
reduce or ulc rease it into the specified range by 
shimming; shim stock ror litiS purpose is a'V.a ila~ 

ble In six tlticknesses, O.lD nun (0.0039 in.), 
0 .12 mm (0.0047 in .), 0 .14 mm (0 .0055 in.), 
0.16 mm (0.0063 tn.), 0.18 mm (0.001J in.) 
and 0 .50 mm (0.0197 in .). So that the camsh'ft 
will not be so displaced by shil11ming to one 
side as to offset the cams from the tappets, try 
to use equal amounts of shlm on both sides. 

Unit: mm (in. ) 

Item Standard 

Camshaft bearing 0.03 - 0.05 
axial play (0.00 12 -0.0020) 

c 

. ... 
r JJ- ---

Checking camshaft ax iel play 

(I) 1i8\'ing properlY insWJed the caDlshaft , apply 
OND ( 0 the beanng cover and secure it 

permanently to the pump body, with an 
"Ou ring set in the joint. 

ApplyinQ BONO [0 ~arin9 ccver 
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Lt.! CAUTIONS) 
a) Do nol apply BOND to the "0" Mg. 

b) Be sure that the ventilating hole of the cover 
comeS on top side. 

(m) Install the screw plugs, lightening each plug 10 

tl'tis torque value : 

Item Standard 

Screw plug tighlentng 55-7.5 kg.m 
torque (39.8 - 54.2 ft·l b) 

(n) Remove the lappet inserts one after another 
while ruming over the .amshaft. For the last 
time, check to be sure that the control rack is 
capable of smooth sliding movement, and check 
its sliding resistance to see and confirm that :J 

force not g,ealel than 150 grams (S .3 ounces) 
will mOve the runsha fl . 

Remolling tappet insens 

Engine proper 

Disassembly 

Drain out engine oil and coolant. Wash the exterior 
surfa.ces of the engine clean , and set it up on the 
disassembly stand. After removing the various compo. 
nents at",.hed to the engine proper, proceed as foUows: 

(I ) Remove a total of 24 bolt, securing oil pan (1) to 
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crankcase, and take off the oil pall. Remol·. oil 
pump (2) as outlined in OfL PUMP REMOVAL. 

:r'\ . ~'~.-~~~":~~~.- .1Y~ .. 
,4 ~:::".. '" -" , 

--

' -Oil pan 2-0i! pump 

Removing oil pan 

(2) Remove the idler gear in the Ilrriing gear traln. 

(3) Tum camshaft gear , bringing iI, two holes to top 
and boltom to expose bolts (I) securing thrust 
plate . Remove boll' (I), and draw the camshafl 
assembly oul . . . 

-.. 

~\ t)~r 
p ~ . 

- Y'~. .-
1·8oft and walhlllr (2 pes 8ach) 

Removing camshaft (1 I 

[NOTE ] 
Remove the tappets after drawing out the cam
shaft. 

Removing camshaft (21 



Using the puti.r (A), extract gear (2) from the 
camshaft . Remove thrus l plate from the camshaft. 

2-Gear A·Puller 
3·Thnist !)111t 

Remov ingc gear from camshah 

(4) Remoye bolls (I) se""ring the front plate (2l to 
crankcase, and take off the plate. Tne injection 
pump urul (3) com.s off as mounted on the front 
plm. 

' ·8011 and w~er {2 DC$ ttcn I 
2·Ftont plstE! 

3·lnjection pump unit 

Rem oving front plate 

(5) Remove tl,e Oywhcel. 

(6) Remove bolts (1) securing the rear housing (2) to 
the .. ar plate, and lake off the housing . 

.&.[ CAUTION 1 
Exercise caution nol to damage the oil seal 
fitted to the rear hOU'ing. 

OISASSEMBl Y AND REASSEMBLY 

1-801t 2-Re:ar housing 

Removing rear housing 

(7) Remove connecting rods, pistons and crankshaf~l 

as follows: 

Cal Remove is nuts fostening down the connect mg 
rod caps ! two nuts on each cap . Take off caps 
(1) complete with bearings. 

.-Cap 

Looseni ng connecting rod cap nlltS' 

(h) Lay down the crankcase, and draw out each 
piston and connecting rod . 

2-COI'Inectit'l,9 rod 3·Piston 

Drawing out piston and conl'lilcting rod 
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(c) Raise the crankcase (bril1gJng cfBnk,haftto top 
~de). Remove 10 bolts securln~ the main bear· 

"!'iA4;;,~ 
~ 

, . 
-",:,-:f< _""i!£ 

.-I .. J;':m.~_t!;.;.",=, 

;~~~I-':t~ 

4-Milin bnanng cap 

Loosening main beari ng cap bolts 

,LtJ CAUTIONS 1 
.) Handle the bearing .. carefully to avoid dam

age, Tog or otherwise identify •• 011 bearing 
shell and set >Sid. the shells in identified 
groups w that each will be restored to its 
odgi.ruillocation in reassembly, 

b) Remember, No, I and No, 5 beatings have 
two side seals each. 

(d) lift the crankshaft (5) off and out of crankcase, 
IlS shown. 

6-Crank:s.hah 

Removing crankshaft 

(8) Remove the remaining main bearing ,h<lIs (I), The 
idler shaft need not be removed unless to do so is 
absolutely necessary; the puller (A) must be used 
to dTilw ou t this shaft. 
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1-8&aring shell 

Taking off main bearing she lls 

® cc Q) 
:-~ -

" 
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"< 

- ;. 

,: : :::.:': ':-;~ 

- .:.:'.-;';~.~ 

.:,: :-" .':.-: 

:' ,-- '" 

I 
3·1dler shaft A· ldler shaft puller 

Drawing out idler shaft 

(9) Using the special tool (A), .xlraot crankshaft gear 
(I) from the removed cnmlclIaft (2). 

.... 
~ 

1-G .. r 2-CranktMh 'A·Puffer 

Removing crankshaft gear 



flO) From each pIston , sepnate its conneclmg rod, as 
foUows: 

(a) Using the piston ring tool (A). remove compres
.ion tinS' (I) and oil ring (2). PiCK Oul oil ring 
spring with fmgers . 

F 

Jill' 
1 <ompt8!SIOI\ rings 2 ·0H rinv A·Piston ring tOOl 

Removing piston ring 

(b) Using the snap TlJlg tool (8). remove ,nap ring 
(3) from .ach end oi Ute pin . 

--*" - J1UH 

3-$nap ring (2 pcs' a-$nap ring 100/ 

Removing snap ring 

(C) Remove pin (4) by driving it out with a drift 
(special (001) (C) • ., ,hown: 

DISASSEMBLY AND REASSEMBLY 

.~. 

~ 

/--

J1Ult 

4-Pjn 6-Connecling rod 
5-Piuon C~Orih 

Removing piston pin 

(d) From the small end of confleeting rod. remOvO 
Ihe buslung. 

[NOT!] 
Wash the disassembled pans clean, and de
carbon them. 

(I I) Clean Ille crankc",e b)' W3Shing it in 0 bath of 
caustic soda solUlion or cleaning soJvc:nt , removing 
grease and grime from aU surfaces in amI out. 
Clean oil drilling' and holes with • long·handle 
brush. After washing, dry it with steam or com
pr<lssed air. 

Reassembly 

(I) fit the bushing inlO the small end of .. ch connect
ing rod by driving it in with a drift, making ,ur. 
thai the oil hole provided in the bus.hing meets 
the hoie provided in the small end. 
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JlIII 

FlnlOg bushing into sma~l end 

--

.. @ 
~ 

P~eeombust ion 
cha-mbtlr "do 

Ci!ll"Tlsbaft side 
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CylindE'r numl)eor fn61'k.d 
an tM~ 11M . 

CombIning piston end connecting rod 

Have a snap ring fitted to one end of the pi«on 
pin hole. insert the small end in to the piston. 
aligning the bushing to the pin hole. and insert the 
pin gently into the pin hole through the bushlng 
from the end at which the snap ring is to be 
installed , 

Be sure that, with the small end connected to the 
piston. the big end has its match mark located On 

the camshaft side, that is, opposite to the pre
chamber side . Secure the pin in place by fitting 

the allier snap ring, The pin and pin hole .re 
siLed fo r loose fit and. therefore. the pin mould 
go inw the hole \.\'hen given thwnb pressure . Ttus 
insertion will be made easier by having the piston 
warmed up in advance . 

Using the piston ring tool, fit the piston rings (two 
compression rings and one oil ring) to the piston. 

-.- ,:~.- ~ ..... ~'.;.:.:, 

?I~ '\ / ~ 
~l'.Z F"=';".':'\ CD 

\.3~,~n 
r.~ 

.'.' ' :'.:.' 

2 

l·Compreu ion nn9S 2·0il rin9 

Instal ling piston rings. 

[NOTE ) 
No, 2 ring has "R" mark on i IS lOp side , Be sure 
that lh]. side is on top when th. ring is in th', 
groove. 

Thi5 mark com~ on top ,ide . 

" R" mark on No.2 piston ring 

When installing No, 3 (oil) ring. be sure to combln. 
ring (I ) and expander (2) by matching the ring 
ends 10 the tube, 



CD 

Explnaer 
connec!ing part 

Tube 

1-011,.ng 2-E~Bnder 

Combining oil ring with ex pander 

(2) After combining the ",nnecting rod, with their 
pistons, to which rings are fitted, insert woodruff 
keys (1) to the keyway prOvided in the forward 
end of cr.okshaft , and mount gear (2l on thi, 
end by driving it in with the installer (A). (Thl> jo 
wiU he easier if crankshaft gear (2) is heated hoI.) 

, -Woodruff key {2 f'csl A-IM:tallet 
2·Cnlrlk~hah gsar 

Driving gear onto crankshaft 

(3) FH the thrust plate to camshaft , and press cam
shaft gear onto camshaft. Have the gear heated hot 
to facilitate the job . 

(4) Install idl" sh.ft (2) by driving it into the crank
case with the installer (Al, as shown : 

DISASSEMBLY AND REASSEMBLY 

2·1dler sheft A4InS1;lUer 

Installi ng idler shaft 

(5) Position the tappm in the r.speetiy. tappet holes. 
Lightly oil the s.ats of main bearings, and fi. the 
upper bearing shells to the seats, making slIre that 
the tab formed of the sheU fit< snugly into the 
recess provided In the s.al. Fit thrust plate (3) to 
the rear side or the seat. 

3·Thrust pl.a.lG' 

Fining upper bearing shells 

(6) !nstallth, crankshaft , as foUows: 

(a) Lower crankshafr in levd pOSition and rest it On 
the five upper 'heUs. which h,ve been lightly 
oiled . Oil the five bearing c'ps, and fit the 
lower bearing shells, which have been oiled 
Similarly. To the mating f.ce of each cap, apply 
SUPER THREE BOND No . 10. Taking care not 
to damage tlu"'t plates (3), put on No. 5 cap 
(2) and stttle it firmly in plac, by Upping on 
it with a mallet (A).l'Ilt on No . J, No.2, No. 3 
and No.4 capSj and run down the bearing caps. 
Make sure that the outer end (aces of No _ 5 and 
No_ 1 c:ap$ are flush with the outer faces of 
crankcase. (The face to be fiush is indicated by 
the arrow.) 
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(b) 

, -Cr~1n kshah 3·Thrust pl lne 
2-No. 5 bearing c:ap A·Maliet 

Fitt ing bearing caps 

U'ing a torque wrench,lIghten the 10 cap bolt> 
equally , tightening each just 3 little at a time , 
to the rrnal torque v, lue of 10 to 11 kg.m (72 
[080 f,·lb). 

4-Cap bolt 110 pcs t B·TorQue wreod1 

Securing m ain bearing caps 

[NOTE] 
Rc-cbeck to be Sure th,t No . 1 and No. S caps 
have their outer end faces flush with crankcase 
end faces . 

(c) Using a dial gauge , check the cran kshaft end 
play to be Sure it is wi thin the specified range . 
Adjust the play, as necessary , by repl.cing 
thrust plates. . 

Unit: mm (in.) 

Standard ReJ:jair Item 
limit 

0.10 -0.264 0.30 
Cranksha ft end play 

(0.0039 - 0.D1 039) (0 ,012) 

(7) Apply SUPER THREE BOND No . 10 to e,p seals 
(I). and insert the. seals into bearing cap grooves 
at No. I and No . 5 main bearing cap 
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1-Cap scal 

Fitti ng cap seal 

.,-----(2) ~~ ~ 

®---~ 
1-Crlln5tC35C1 
2-Main bearing Gap 

3-Cop seal 
4·Aounded corner of cap seal 

Position of cap seal In groove 

&.!CAunONS] 
0) Be sure '0 in,W each cop seal with it' found 

end foremost , bringing the:: round-e d oorner 
on outer side. 

b) After pushing in the cap seal, give a full 
thumb pressure to us cnd to settle it in 
place, taking care not to bend the seal. Never 
drive the seal with su ch as a hammer. 

(8) Lay down the crankcase, and insert the piston·and· 
rod combinations, as 'Shown. Al the crankshaft 

" 
l·Connecting rod bearing 



side, fit bearing shells to the big end, and to Ihe 
ea ps. oiling the sheil!; :as in the case of main bearing 
shells. Have the p!~tons lnd piston rings adequately 
oHed. 

(a) Distribute the ring jOints, 115 shown, and reed 
the piston into the cylinder by using th~ piston 
gUide (A), positioning the piston in such a way 
that the match mark provided on tM connect
ing rod comes 011 camshaft side. 

(b) Secure the four ""ps by tightening Ihe B cap 
nulS to 8 .5 ± 0.5 kg-m (6 1.5 ± 3.6 fl ·lb). 

~ 
No . 2 ring jOint (\ 

No. t fll1.lJ joint 

"Ie: 

... 
Pr'coMbunlan<hamber'Side 

Configuration of piston ring Joints 

2.fiston A-Pis',on guid! 

Insening piston 

§ rE) 
Before inser1ing the pislon-3Jld-rod combma
tions into the cylinders, have the cap bolts 
studded in the big ends. Be sure to match each 
cap to it' big end as governed by the mark,. 

D ISASSEMBLY AN D REASSEMBLY 

3-Csp 4-Nu t ~8 pes} 

Tightening big-end cap nuts 

(9 ) Check the ' ide play.or each connecting·rod big end 
by b.uring it to one side and inserting a thickness 
gauge into the clearance . If the clearance (s.ide 
play) nlearured exceeds: semce limit, the bearing 
shells. Or connecting rod must be replace.d. 

Unit; mm (in.! 

Standard 
Ser ... ic~ Item limit 

0.1 5 -0.35 0.50 Big end side play 
(0.0059 - 0.0138) (0.020) 

(10) Attach the front plate (I) (on whlch the Injection 
pump is mounted), and secure the plate to crank· 
case by tightening it, two mounhng bolts (2) t 
2.1 kg·m (15.2 ft.lb). 

, ·Froot pl~te 2-801t (2 PCS. 

Securing f ront plate to crankcase 

(11) Insen the c.amshaft gently into crank"",.. Seour. 
the cam,h.n thrust plate to crank"",. by tighten
ing its bolts with the wrench put to each bolt 
head through the hole provided in camshaft gear: 
the holes afe indicated by the arrows. 
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DISASSEMBLY AND REASSEMBLY 

Install ing camshaft 

~ - .. j 1- . 

""'" r--

-~ -, 
• iIIIii 

~ .:.1----." 
Securing camshah thrust plate to crankcase 

\ 

(\2) Fil the oil pump assembly to crankcase. Make 
sure that drive gear and camshaft gear are correctly 
meshed . Secure the pump in place as. outlined in 
OIL PUMP INSTALLATlON. 

(13) Position the OU pan on crankcase, and secure it by 
tightening its mounting bolts evenly: there are 
24 bolts to b. tightened. 

II 

• 

Oil seal in rear housing 
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(14) 

Lb.1 CAUTION 1 
When titling the rear housing to the rear plate l 

be careful nol 10 allow the oil .. al lip to fold 
OV<I, making its spring to come off. The lip 
portion is. indi<:ated by the arrow, 

Drive dowel pin (1) into crank gear. Drive bali 
bearing inlo flywheel (2) . Secure flywheel to 
crankshaft through the crank gear by tightening 
the four mounting bolts to 8.5 t 0.5 kg·", (6 1.5 
± 3.6 Ib -ft ), with the lock wllSbers insetted under 
bolt heads. Lock the bollS securely by beJl dmg 
the washers positively . 

1 -DD'I'III!I~ !lin 2-F Iywhael 

Installing flywh .. 1 

Starter 
Removal and insto1latiOD 

(J) Disconnect from the starter the lead wire (I) 
connecting starter to the battery. Disconnect, also, 
the two wires (2) connecting starter to the Slalter 

J. 

..i; 

~ 
,..starttlT.to-batttfY wi((J 2.stQr1et-lo~itch wiJlll (2 Pe1) 

Disconnect ing electrical wires from starter 

(2) Remove mounting nut (3) and bolt (4). Take doWll 
the slatter assembly (5) from the engine. 



3· Nul and washer 4-Bol t a,"Jd washer 5-St2lrt ll'r "$sem~y 
Removing s.larter 

DisassemblY and reassembly 

O~))/f ® 
(j) 

® 

DISASSEMBLY AND REASSEMBLY 

(NOTE] 
To instaU the starter , carry out the above twa 
steps in reverse order. 

~ 

II..-{TI 

® tID 
® 

1-8olt oIlnd wa.liher 
[2 PC5 aac'"'t 

2.sWtt-:h 
3-PILln lJl" 
4-801, !lind washer 

(2 pcs each) 
5-A ear brac4l;.t 
6-Yo~ 

7-Cenu.'r bra!:k.et 
8·Fronl brack., 
9·Armatufc 

10-Lever 
'1 -Lever Jipcnng 
J2·Rubber pi!Jd:lng 
13-0verrunnin51 clutth 
14-Polg Piece 

Staner - Exploded lI i-ew 

(I) Remove two boll, (I) securil1g the m,~ne'icswltch 
to front bracket (8), and t.ke off lite ,witch (2), 

/ -y-

' -Bolt end win,t'lel (:2 pc:s eachl 2".-1'9I\tli~ switch 

Re mo'lling magnetic switdl 

(2) From front bracket (8), remove plunger (3) com
plete with rubber cover, 

3-Plunggr with rubbe-r 1;:0..,8r 

Removing plunger 
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DISASSEMBLY AN D REASSEMBLY 

(3) Remove two bolts (4) from rea, b,acket (5). 

'\ , 

\ 
. '",. 

~ 

4-Bolt 12 DCS ) 

Removing bolts secufin9 re ar brack@t 

(4) D,"ch f,on t hl'll. ket (8) from yoke (6) by tapping 
Ughtly On the bracket. Separate roar bracK" (5) 
from yoke (6). 

,-

III::I>1l 

~ ~ . :5 

4·Bolt (2 pes) 6'Yoke 
5.ftOi!lf bracket a ·Front maCket 

$apara t il1g brackets from yoke-

(5) Take out front bracket complete with rotor and 
pinion from yoke. Remove centel bracket (7) from 
front bI~cke l by removing the bolts set:uring it to 
front bracket . 

130 

7'Ct1'Iter brBcku 

Removing cemer bracket 

(6) From fronl bracket (8), draw out the rotor, lhot 
is, annatu,. (9), rubber packing (1 2) , Ie .. , (10), 
spring ( II), overrunning clutch (1 3) complete with 
pinion . 

-

\! I. 
a-From bra .;; ket 11 · LOII'cr soring 

9·Armllturll 1 2·Rubber p.c~ln~ 
10·Leo\rer 13 -Qverrunnmg c!uICn. 

Sepa rating front bracket f rom rotol" 

(7) Remove overrunmng clutch (13) from armature 
(9), 

13-Qvrerru nning clutch 

Removing clutch from armatur 

L:t.( CAUTION I 
Before drawing off the center bracket , tape the 
splined port ion of the sha ft .0 th.t the oil seal 
will not suffer damage as. the bracket is moved 
, long the shaft fo, removal . 

(8) To reassemble the Starter. reverse the foregoing 
sequence of di sassembling steps and refer to the 
following c.ross section : 

L:t.( CAUT ION 1 
When Lostalling the: lever. be careful not to posi
tion it [he other way around. The corre!;t posi. 
lion h c! &.~dy recogniz.able in the cross section. 
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DISASSEMBLY AND REASSEMBLY 

Alternator and regulator unit 

Alternator removal and instaDation 
(1) DiscoIlIlect wires between alternator and regula tt'lr 

unit and disconnecl ground harness (2)_ Loo"," 
.djusting plate bolt (3) and remove fan belL 

(2) Loosen . Iterrullor bracket bolts (4) and remove 
alternator assembly (5) from engine. 

(3) To imtall the all • .".tor. follow the reverse of 
removal procedure. 

'·Wlfltt between Ilter"ator .nd regulator ul'Ii( 
2-Ground 
3·Adi ust i:'l9 plals bolt snd WinhlH 
4·801($, nuts and WIlmet!!, 12 pes ea:et'l.} 
5·Altemator assembly 

Allemator disassembly and reassembly 

~ 
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~ j A 

" ~~ 
~CJ1iI"" "" or> 

1-8011 {3 pc:sj 
2·Front bracket 
3-Rotor 

4-5tator coil 
5 -Rear bti;,lckl!t 

&-Pull...,. 

Alternator - exploded view 

7·Fen 
B-Diode 
9·BtUlh 

(I) Pulling out through bolts (I ) will penni( 
removal of rolor (3) (with front brackel and 
puUey) and stator coil (4) (wtth reas bracket). 

(2) 

(3) 

.....-
~ 

c1
.......- P"""':: ---

Iii' 

1 

1-130 1, (3 poe:s ) 

2·F ront brae kit 
3.f1:otor 

4-StatOT coil 
SoAaar mcket 
6-pulrey 

J1U4H 

Hold rotor in a vice and remo,'e pulley by loosen
ing pulley clamping nut. 

G< 

~~,~ , . 

. , ~, 

2 -Frol\t br.l!lckllt 
3 -Aol0r 

6-Pull.V 
7·F,.n 

Assemble alternator in the reverse order of dis
assembly. Ploce brush in brush hold .. and secure it 
by passing a pin through a ,maJJ hole vacated by 
removing screw as shown. After assembly, be Sure 
to pull ou t the pin . 



nita 

t4) Apply a coating of sealer to the mating surfaces 
between the statOr and rubber packing and those 
between the front and rear brackets and rubber 
p:ldjng. 

[NOTE] 
Care should be uken to instal! the rubber 

packing co the stator properly. 

1-Rotor 
2-aru~h 

::s-ae.J1ing 
4·0"ode 
5·Beilnng 

G-S tator 'C~11 

'-Aur brao:;:kel 
a·front br~;ko t 

a·Fan 
1().PIJLI~ 

Al ternator assembly 

DISASSEMBLY AND REASSEMBLY 

RegulslOr unit .removal and iru:tallation 
The r.egulator unit is mO ll nted on the mbo3rd Side of the 
dashboard. To remove the regulator unit. undo the 
coup!e r (1), remove mounl ing screws (2) :md detach It 

from [he dash board . Re ... ersr: these steps t o insta!.i the 
regulator unit. 

., 

~I""'~ - .I!"~ 
1-CDupl~r 3-RBlJulil10r un.t 
2-Mounting screw \2 PC1~ 

Re9ula to r Ullit in place 

Regulator ullit disassembly and reassembly 

For the purpose of servicing the regulator unit , the only 
lhing to be done is to remove its co,,'er. (IS Internals are 
nol meant for di sassc::mb\y_ 

'~ 

Regulator un it - Disassembled vie~'Y 
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MAlNTENANCESTANDARDS 
Unit : mm lin. ) 

, NomInal Assemblv standard Repair I1mi1 Service limit Remedy Remarks 
Group Put or Item d4memiQn (Standard clearance] lCle<!lrance) IClearance) 

" . (I d) 2640 m.'¥ Adjust gO'torntJr. l'lilumum rpm no· oa • ... 

Mlnlmum rpm (no-load) 650 ...... 700 

20 q}cm~ Oil and water Ie.m~rllturc,: 
CompressKm pressure (284.4 p$i). min. ]6 kg/em1 (221.5 psi) 20 ~ 30°C (6B ...... 860F) 

<ot I$O - IOOrpm) 

3 --4 kg/cm2 

(43 -57 psI) 2 ~gJcm' (ll!.4 psi) 
(at 1500 rpm) OU lempcllllurc: 

iii Engine oil pressure .1 :2 700;:1(" (1580F) lii l.O ktio'C1T1 
~ (14.2 psi)rrtin. O.S .. stem:!. (1.1 p$l) 

(,:) (11 Idle !peod) 

Opens WO BTDC 
Intake vdvC$ 0 

V I Oease:; SO ABDC 0 
ave :t 3 

timing; OpeDS 141J BBDC 
Exh:llust va]\lCS 0 

Ooses 30 ATDC' 

8 
., f " , ZSo±1 

qlnnms Q InjCction (Crank :!flSlc) 

Four $Icc\'c5$hould be rmbhed 
10 94 (3 .101) + 0.1)'35...., 0 +0.20 1,20 (0.047) Hone sl«Yc. to 0.25 11) th~ sameo1re1sb:e . }-tl,)ne 
- . (1'0 .0014 -0) (-+().008) (0,0093) or 0.50 (0,0197) ~Ul1def bore 10 

o Y'crsiu wJth pt~S(:rjbed 98 - 0 .010 0 .»58 - O.OOO~l9) 
Cy1Jlldl!f Qut-or-rDUoooC$$ l£l iCl1lncc. -0,045 - 0.00 177 
s.leeves 01let1b:epistonS.3ndpiiton and hul Lhe et:anktaSt. 

0.0 IS (0.0006), mIX. rings shou ld be moo. Press !l: iccy€;s Inlo clankCJlsc 

ilJld mach ine e~hslttvc 1.0. e Tl!per 10 auernbly staiKbrd ~ , 
"-

.S Pistons l Pfouuskm aboVE! 0.35 ...... 0.75 Cleek bearing cleittllnee . 
~ l:Jank~ psketcd surface (0.0138 ..... 0.02'95) 

e (I) Ring side clearance ~ 
.!::: • • 0.04-0.08 0.20 I Mcasureslde U ~ ~ No. I CoIlmpreSSlOfl nng 1(00016 -0 0031)J 1(0.0019) . :/~/~ 0 

~ 'd . , . clearallce with :%%r t: 
:; ... 2.0 (1.079) , Use pl$tom by replacing rmgk.epl n~sh ...... 0: 
~ ~ l)islQn fi"3' up 10 ~rvlcc with setoJ1d % 
'1:: g No. 2 compf~l:Slon J ~g limit. Replace pistons-when land.. /'l Pislon 
g ~ 0,025--0.Q60 1 1 O.IS 1 rer\l'(.oc Um itisreached, ~/////// 
~ i 1(0.0010 ...... 0.0024 ) (0.0059) StJalljJhtedge 

Ol! rf 4.0 (O.J57) ~) Re"I.;'l~ oil. 
ng nng togelhtJ Wlth expander. 

;:: 
~ 
Z ... 
m 
Z 
» z 
n 
m 

~ 
Z 
g 
:n 
?il 



~ 

'" '" 
Group 

l'J 
:; 
a. 

'" '" .;; 
0 
E 
~ 
';;, 
:; 

Part or item 
Nominal 
dimension 

.. No.1 comprmlon dnl; 
c 
.~ NQ . '2 ro mpn:ssion rin,g c 

~a 
~:o OllrLng 

.5 Cleanm ce in pi$lons 28 (Ll02) 
"-
e 
0 
1! Clearance In connecting ... 

lod bushing .. 

PistOns, variance: in weight peT 
engine 

V;l1lan«. in weighl per 
engine 

ClearAnccon cr3nkpinO.D. 

-ll (biB end be"l ... 1.0.) (in 
E two directions at ri3.h1 58 (2.283) 

~ IIfIJIC5 to each Clthef with 
be ..... in pia",) u 

v 
~ 
~ 

8 End play 40 (1.575) 

BellI ilnd twist 

CenTer·(o-c:el\(tJ dimcn. 
oon between Journall and 47 (1.850) 
Cfankplm 

Pa.roUelLsm ~tweetJ cr.an};:. 

.::: pw 3t.1djourNih 

.l! Out-of-roundllCS'S of crank-.l2 

8 pJm. and jouuws 

Tapt:J" Qf !::nmtpin5 and 
jQumalt. 

Fillet radius 3 (0.12) 

Variance. in mnkpin Ill'lgles 

A...",bly """dard Repair limit 
[Standard oJ.arance) [Clearance) 

0 .30 -0,50 J 
'(0,0118 -0,0191) 

LSI 
[(0.059) 

0-0.016 [ 0.05 1 
' (0 - o.ooo~n ' (0.002) 

0.020 -0.051 
[(0.0008 -0.0020)1 

0.08 I 
[(O,OOl ) 

± 31 (± 0.1 DZ) 

± Sg (± 0.13 02) 

0.035 - 0.100 
'(0.0014 -0.0039)1 

0.20 
1(0.008)1 

[ O.lS -0.35 
(0,006 -0.014)1 

OM (0 .0021 0.1$ 
(0.006) 

• ± 0.05 (i 0.002) 

0.01 (0,0004), max 
as runout 

Varlana in dia.: 
0.01 (0.0004) , "' .. O.OJ (0.0012) 

± 0,1 (0.008) 

±20' 

Sef'~h:e limit 
Remedy (ClearanceJ 

Use plslOItti by replacmg 
pbton pi n. up 10 repau 
limi1. 

Replace pistonlO or budl-
lnp. (Ream if necessary.) 

Use conm:ctins rods b)' 
u:placing bea:rJ.ng.s:, up to 
rl!!lpBlir limit. Regrind 
crank pins and use under-
5ite bearin&s when Tepair 
limil is n<lched. 

0.50 I Rcpb.ce connecting 
' (0 .020) rods o r l,)cJ rl n!;S. 

Unit: mm lin.l 

Remarks: 

When oil Tina is compJl)ned 
to 94 (3 .701) , 

-

Cap must be installed with 
muks on cap and fod on 
Ihe :same siue. 
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'" 

~ 
~ 

"-

'" c .;; 
0 

E 
c 

.~ 

::; 

"0 
~ 
~ 

"' ~ 
Q 

"C 
.S 
>-
U 

0 
ro 
10 
~ 

~ 

is. 
0> c 
E 
f= 

~.::: 
RUf)Oui (musurc:d whh Ilt 

~ ~ and 4th journals. held in 
~~ "V" blocks 

CI~n.nce 011 cru.nksh .. n 
journ:d 

" ~ (in two directions a1 righl c 75 (2 .953) .~ ang.le, to each other with 
.II bearing in rbce) 

,~ 
:>: 

Crankshaft end pIny 2.45 (0.097) 

rlywheel . face runou( and rI;) tncn 

CrOllnt:"C3.Je, warp38c on ,gasktled 
SU lhce 

W.;np:lIse of s:nkeled 
'C surface ft 
V 

= 
~ VaJ"c: $.Cat angle 45' 
." 
.5 Val"e 51nka~c 0 .7 (0.028) 
C 

Valve seal widt h 12 (0.047) 

V:.IYe 8u ide.s, protrusion nbove 17 (0 .669) 
cylind{!'l he;lld 8~sketl!d .!iurftlce 

Cylinder head g~$ket , as·jn, lallcd 
1.4 (0.055) 

Ihlclr: nes$ 

tntake 
Ckllu.ncc of YI)1'Ycs 
'qlve stem in 8(0.1 15) 
guide Exh.aUll 

... ., !vc:; 

! -
ft M~fgln 1.5 (0.059) ;-

Sink3f,C 0.7 (U.028) 

Facl!: runout of hend 

- . -

O.O:Z (O.OOOS}, mox 0.05 (U.OOIO) 

0.05 -0.115 
1(0.0020 -0.0045)' 

0.20 
110.008)' 

0.1 -026' 0.10 
1(00039 - 0.010l9) 1 I(O.Oll) ' 

0.50 
0.15 (0.006). m.3:'C (0.020) 

0.05 (o .OO:n . ma x O.l (0.008) 

± 0.2 (±o.o08) 1.3 (0.05 1) 

± 0.14 (± 0.00';5) 1.6 (0.063) 

~ O.3 (± O.01 2) 

± 0.05 (o! 0.001) 

O.OS'; -0.08S 
1(0.0022 -0.0033) ' 

0.070 -0. 10(1 
1(0.0028 -0.0039)1 -

± 0.2 l~ 0.008) 

0.03 (O.0012~ , tni'll): (pet. 
pendieulu to vaL\lc (;iet) 

-1l .? (-0.0151 
(;a1 ¢ranluhJr! 
JournIiIO .D.} 

011 
1(0.0059)' 

I 0.20 I 
(0.0(179) 

1.2 (O 0472) 
.Jflcr rC( >l l,;u\: 

1.J 1005 1) 
-

Stralah1en Of replace 
c:rankshafl . 

R~p'late beillings unless 
r.epaLJ Iilnit is rc.)ched . 
R egrJnclC1~l1kshan lO ll Tn!!1 
ilnd UjJC undersize bocl'l rin~ 
0.25 (0.0(198)", 0 .50 
(0 .0 [97) whe n rcp*u 
limIt is rcached . 

R~pl:tc c. th rust bea ring. 

Regrind if waTpa(;e is 
minor . 

-

"cpl~l,.~ bOlh ",l Ive r,uidc 
and ~ LC J1l when .sc f\'it: ~ 
Uml l is h!:lched. 

Replace I:I~n~usc ami 
be,u;ng cap!. U an o$sem bly, 

Install di:ll gouge [() nywhtcl 
OjTI(;i meaSltH' face 

runou[ wJth respec t 10 

O)'whccl housing: 'COIl r.iJCC . 

-
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Group Part or item Nominaf Assemblv standard 
dimension [Standard clearance] 

Free length 48,85 (1.923) 

::h 
'S As·inrtalled knSlh 43 (1.693) 5i' 
• > 
01 

0.4 (o.o16W25 (0,98) , > 
Squ3~nCD 

m3Jt. 

Valve c'ea.t:ull:~ 
0,1$ (0.0098) 
(oold sellin&) 

Tappets, rit in (:r.t.Dkcase 22 (0,8661) 
0.Ql5 -0.086 

1(0.0014 -0,0034)' 

Valve push rod.!. bend 0,4 (0,016), ma<. 

Rocker arms, ril on rocker 10 (0.18 7) I 0.016 -0,055 , 
c shaft (0,0006 -0,0022) 
"g 
~ Clc<IIilnceor No, I jQllrnal ro 

" in I.o le ~ .,. 
S4 (2,116) .s 0.040 -0.090 

E Cltaranc;e 01 No.2 journal 
1(0,0016 -0,0035) ' ;:: in hole 

Oeannoc of No.3 jou1rn11 
53 (1.08 7) 

S in hote 

-5 C!euanee of thrust plate on , 0,05 -0,112 J a thJUst journal 
5 (0.197) 

(0.0020 - 0,0044) 

Carn beigh t Intake 46,9J6 (1.841J) 
+0,1 (+0,00394) 
-0,3 - 0-01181 

0 1-0, = 6.684 (0.263IS) 

Exhaust 45 ,944 (1.8088) ~g:3 (~:gm~) 
D, -01-1.344 (0,28?!}) 

C4rn rjia. 40.232 (1.5839) 

RuOOtll 0.02 (0.0008), mox. 

Cleatanoc or bulhing on 0.025 -0.075 
shaft 36 (I.411J 1(0.00098 -0,00295) ' 

~ 
;§ 0-0.1 

End play '(0 - 0 .004) ' 

Repair limit Servicl! limit 
[CI •• ranee) (Cleamnal) 

41.6 (l.a14) 

44 (l. 732) 

0.12 
+0.10(+0.004) 

' (O,OO41)J (~t tappet hole 
dla.) 

0,07 
, (0.0028)' 

O.IS 
1(0.0059)' 

1 0,3 
(0,0118) ' 

01 - 02 
= 6_134 
(0.24346) 
DI H' 
" 6.844 
(0,1694S) 

0.05 (0.0010) 

, 0.1 
(0,0039)' 

0,)5 
'(O.DI J8)1 

Remedv 

Adj ust by m~ns or 
shim(s) when repair limit 
is reached . 

Replac:e tappet unle" 
fCpW Umlt is leached. 

Rcpl:acc bushing unless 
repa" Umh ls reached. 

Instill! bushing when 
repair lim it is reached. 
(Ream it nettna.ty.) 

Rcp l:liCtllhrust pl;)te. 

Replace camshaft . 

Straighlen OJ replace. 

Replace bushing . 

Replaoc thrust pl3te. 

Unit: mm (In.) 

Remarks 

SqlJaJeness or each. end 
wilh respe(:( 10 c:~ntt:r Unc. 

0.25 cJHrance may abo be 
obbined by warm SClllnl!: JI 
intake and exhaust "BlI ... t:s are 
OIt the .same tell1 perature. 
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L 
Clearance or ,haH in bore .. u m :2 30 (1.1 81) 

'" in crllnkcaliO 
'" .5 r::: 
E -iii Tim ing gUI. backlash 
i=.P 

ClC:l(l'Inee or ma.in shaft 
in body 13 (0 .lI2) 

E 
0-

Clea.tanct or auter r0101 
:;0 (1.969) tl 8 in body 

> , 
~ 0. 

Ro tol and co\''=~ end c '" 30 (1.18 11 0 0 pl:. y .;:; 

.~ Inm::r fOot !;)f find OuteI 
15 roto r cl-t:!:a.tllnce ~ 
..J 

~~ 3.0 k~cm2 Relief pre.ss~lm 
~~ (42.7 psi) 

CI~ran~ orou ter (:ace in 
47 (LiSO) 

pump CIl-5lng 40 lUll) 

t 
~ Clcar.:.nct of irln~f r.~ on 0. 

e pump shaft • 0. 

~ 
; 

17 (0 ,669) 
E 
m Rlidial play 
1:: 
> 
~ 

." 
C 

'0 
<'3 

Sp'cc •• I.D. 

Wllter pump impeUer, "ane-Io-
O,S - J 

ca:ring clearance (ltont Bnd rear 
(0.020 -0.039) sides) 

Ca.tboon protru,lon 1.5 (0.059) H 
Heighl \r. .. l<l18Ih) 21.8 (0.858) 

~ 

76.5· C(169.7°F) ~ Valve opening tcmpt:t1llure 
0 

l> 

~ Valve utt 9 (90°C) 
~ 

{0.35 (194°1')) ~ 

0.009T - o.o.n 
I(O.OO035T - O.OO I77n l 

0 .0 7 -0.20 0.25 
(0 ,00 28 - 0.0019) (0.0098) 

0.032 - 0.01' 
1(0.00 126 -~,0029 l)1 

0 .20 -0,28 I 
1(0 .0019 -0.0 1 10) 

0.04-0.09 ) 
1(0.0016 -0,0035) 

1 0.15 I 
(0.0059) 

I 0.013 - 0.15 1 
(0.0005 - 0.0059) 

t o.3 ~i!lCnt' 
(ol 4,27 pSI) 

I 0.01lL-0.025T 1 
(0.0004 L - 0.00 1 01 ) 

O.OO IT- O,011T 
I(O.OOOO4T - 0 00061TJI 

0.010 -0.015 1 
1(0,00039 -0.00098) 

0.010 -0.022 
1(0.00039 -0,00087)' 

O.OOlT-O.OllT 
1(0.000041 - 0,00061 n J 

0 

± I (±0.04) 

± ZoC (iJ.6° 1') 

-

RIIlpi3ce :'Uf. 

0.15 
1(0.0059)1 Repbc;e pump CII.&e. 

I 0.5 I 
(0 .0197) 

Rdac:e cue cover or CUQ. 

I 0.25 I 
(0.0098) 

Rep13cc pum p case or 
pump ,nsembly . 

1°.045 I 
(0 .00171) Replace b4!8rina. 

Repbce bnpcUcr or 
bearing If nnes are 
binding. 

Oil plC$.~"ue Vilries 
0.1 5 kg/cm1 (2,J 33 ,ni) pe' 
1 (0.04) of shim IhlCknC$5, 

Rc-pbce. beadns. when it 
dot! not rOlale smoothly. 

~ 
I·Flol1lt~ 5e;It (talOOh) 
2-SeaJ ring (ceramic) 

i 
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Part or item 

Bell.leru:ktn 

If\ieC:lion pn:ssun= 

~ 
0 

" c SPnlY .n~lc 

'fl • .e--
Needle: "'3l ... ~ sea t oll-
tighlne$S 

Q earan« of tlppellolle-r 
!}In in pin hole: 

eJl!I"'r.:'l [)1;C. or lappet rulle.r 
GP JQUe..r pin 

RoHer OD 

"-
E Ai11igl1tnes5 
~ 

" "ll 
~ 

" ~ .. 
Number oC strokes fo r 
pumpinl (pr iming pump) 

Number of strokes for 
pumpinc. 

Nominal AsSfimblV!:itandard Repair limit Service limit 
dimension [Standard clearance 1 [Clearance] [Clearance) 

Deflcclion: 
12 (0.471) 

120 k~","' ± .B~g/cm'2.(± , 1. ) pSi) 
110 kg/em' 

(1706.4 p~) 
11564.2 ps;) . 
min. 

O· 

-

Seal .sh" U show 0 0 sig n o r ICilkilgt: under ~ prc~IIIC 0( 

100 kg/em' (1 422 p, i). 

0.0]) - 0 .07 I 
[(0.000' -0.0028)1 Toes l play: 

7 (0.276) 10.3 (O.oJ 18), 
0.033 -0.08' max.1 

1(0.0013 -0.0033)1 

15 (0.591 ) 0 - -0.027 (- 0.00 106) - a .0l'!5 
r - O.OO:!g5) 

No parl ' sholl show s ign o f kai.:..."1se . 
Sec Asseml:tly 

l csb g between w d I\ou~ng :dlOuld be: 
nOI mOle Ihun SO cc (3 cu In.)(mln. 

Sl.Bnd~rd. 

25. max. 30 

4S second\. mlx.. 50 sccondJ 

Remedy 

."-djUSI by inelinS or 
shim(s), 

THt by means o f h3t1jj 
1C$ler I l.lsittg dlese I fuel 
Il, 20cC or 6S() r appro )!;, 

Ir spray paHern i~ Im-
ptoptf even after nozzle. is 
wlSh~ in clan ttTO.scne , 
n:place om "Z1\':: Up. 

Wash needle \'~h'e scat 
or rep l.a~ nozzle tip. 

Unit : mm (in.1 

Remarks 

htiCl;t iofl pressure v:lt m 
10 kg/an' (142.2 p. i) per 
0. 1 (Q .004 ) of shlln lh ickl'lU$. 

Spray o f fuel oil should 
be unirQrm :II"d r:::()nsist 
Gf 11M drop let$.. 

Replace nozzle tip when 
needle SUrrsce is SCJ:ac(:hcd 
or ~orcd . 

I 
I 

Oose pump dlschat&t pore 
with .. plug. A.pply an air 
pres5Urr:: Gf 2 kgJcm 1 (21l ps.) 
to the pump.lU'Id keep the 
()~m9 Lmrncrsed in cHe~ fuel 
longe .. tnllln 1 ... ,Inutes. 

Operate priming pump 
h .. ndle :II :I !:pcl!d of 60 
stro kC$/minLltc . Clle~" lilt> 
number or s trokes n:qtliod fot 
making (he pump ,1(aIt dis-
chB811l8 at 3. 1K:3d of I melcr, 

Open Ie injection pump mt 
ISO rpm to chedc the length 
or timt Jcquvod fOf (he feed 
pu.mp to sLarI dischargIng . 

;: 
l> 
Z 
-i 
m 
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C3padly 

Cllm height 

A:tCbl play ofcamsbLC"1 
bearing 

CIc:ar3n<;(! of lappet pin in 
U:ppet (hole, 

Clei.ltand: of tQppet Ol.)aling 
bu5hing on tappc.1 pin 

Clearance or lappet (oller 
on no~ ting bustling 

TOIppe t roUer 00 

Plunger Frtt lengl h 

springs As-j.nst.3lled length 

Backlash belwttn pinion 
and rack 

R:IIcl:: slldmg ,esl~lancc 

Free ICl18th Dr deUv(,)' 
valve 'prins 

P lu r l l!:~J pre-stroke 

Fu~l injection quanlily 

600 c:e (37 900 cc; (55 e ll iJl.)/min , 
cu tn.)/min, 

min. 
min . 

O ~ +O. I -0.2 
32 (1.260) 

(0 - , 0.0039) (-0.00191 

I 0.03 - 0.05 I 
(0 .0012 -0.0(20) 10.1 (0.004)1 

0.01l-0.050 
1(0.0005 -0.0020)' 

7 (0.276) 
Tala.! play : 0.033 -0.078 

1(0.0013 ~'0.0(31)J 10.3 (0.01 13). 
max·1 

II (0.433) I 0.050 - 0.097 I 
(0.0020 -0.0038) 

11 (0.669) 
0--0.021 -0.Q75 

(0 - -0.00 II) (- 0.00295) 

49 (1.929) +1-0 (' 0 .039 - 0) - 0.5( - 0 .020) 

44 (1.732) 

10.15 (00059)1 1 0.25 , 
(0.0098) 

150 r: (5.3 Oz.) ".Iith pump .. 1 slilndstUJ 
so *' 0.8 o:t} with pump lu"ntnt 3t 
lOOO rpm 

32 (1 .26) ±0.5 (iO.02) -I (-0.04) 

1.9S (0.011) ± 0.05 (i 0.0(2) 

PlJmp~ Rack positio n S trt)k~ IrJ[cction Quant i ty 
r pm mm n \ (1'1 cc (el) in" .-. 

S.l 10 .) ,5 ) 200 
7.1- 7.8 

1000 (0.44 - O.4S) 

1000 200 
6.4 -7.0 

8 .0 (0.315) 
(0.39 - 0.43) 

200 60 (0.136) 500 
5.0 - 8.0 

10.11 - 0.49) 

R~pl~ce camshaft , 

Adjusl ~y mean s of 
shim . 

Replin .. ~ lappc I com ... 
plctc . 

--
Variancl'J' 
cc leu in.) 

0.4 
(002) 

D.' 
(0.02) 

1.0 
(O.M) 

- - - ---

o-.cd;. displat:cn1enr witt!. 
injection pump o poe-r-att=d at 
l OOO rpm with a discharge 
pre:5Surc of 1,5 kgfcm1 (Zlp3i). 

Crn:ck am surface for 
condition . 

Mounr LnjeclKlR pump on 
pUI'\'lp lestcr arK! allow 

pump 10 inject. 

:?: 
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Nominal 
Part or it~m d lmemion 

Fuel injection qu:mLiI), 

C~rance of ~wivolin ,g. 11(0.433) 
lC ~' c r s.h;JIft in bushing 

(.1c;nan<:c of tension 
h::ver ur guide lc ~e l 8 (0.315) 
support pin in pJn hole 

Cle:v:mcc o f cot! tlol 
levcr slmft bush in& o n 
shildle connect ing pin 5 (OJ97) 
Clearance of 3hacK. ic pin 
in conlrQI 13Ck ho le 

Guide lev~r lind oo nlIo l 
btock 

Conuol sprin t:: 

Flyweight fotter 0.0. 16 (0.630) 

OeaTi1lnCEl or n ywelght 
rolle r on roUer pin 

C1esrRnoe ur torque oo ntro) 
8(0.115) 

ie"eJ bushinG on support pin 

Step ~t l!lm 

1 Hi£t'I·speed control 

Ca n lrol by Rd::-.ptor 
2 achon 

A$Sembly s!andard Repair limit Service lim it 
Remedy [Standard clearance) (Clei1fsnce) {CfeiiT~nce l 

Tes.t condit ions 

Nonie t.ip: ND - DNOSD 
In}eC'lion pipo: 6,1.6, 600 (1/4 x 1/16 , 23-5/8) 
Injection pres.sufe: 120 k.g/ern".! (1106 .• p~i) 
DeUvery prcssure: 2.0 kr,/em" (28,044 psi) 

Test 01.1 : ASTM Diese.l fuel No.2 

1 0.016 -0.07 , 
(0.0006 - 0.0028) [0.1 5 (0,0059)] 

I O.OD -0.05 ] 0.10 
1[0.0039')' [0.0005 - 0,0(20) 

0.005 -0 
'(D,()()o2 - 0)' 10.10 (0.00)9), 

O.DIS -0.056 
( (0,0006 -0.(022) i 10.08 (0.0031)] 

- 0.11 - 0 -0.25 
(- 0.0043 -0) [-0.0098) 

0.025 -0.062 
1(0.0009B -0.00244)' 

I 0.10 I 
0.02~ - 0.056 (0.00394 ) 

'(0.00102 -0.0022)' 

Adju~. i ng lev.f .nglt' PUn1plpm Control'nlck posi1ion 
Np. rpm AW , mm 

1100 8.2 to, I (0.3228 i 0,00)9)" full-Io,d stopper 

470 ± 50 1l)0 7.0 to. l (0.2756 ± O,0039) a.t ilLi t b llc\'cr selll~ 

1290 ~ 4,0 (0 1575) 

'00 IDA ±O. ' (0.4094 ±0,ool9) 
5 III i 5'" 650 8,3 t o,l (0. )465 ±0.(039) 

Unit: mm (in.t 

Rl!IOlarks 

--

Rcpljl1cc hushiu:. or ~wl ... e llc\'el. 
Replu ce "0" rin,g :md o il sc:1I 
whell rc:pllu;ing bushing. 

Replacep inn nd lever If f1inhol~ 

i$ worn ubno rm:llly or \\IOtn to 
shoW au)' stepped p('lffio n. 

Rr.pI::lcc conlrol lev;:r or 
s.h<I cJ,; Ie. 

Rt!pl1Cl! shacklot: 0 1 CQl1tlo l 
rack. 

RcpliiCC con trol block or goidD 
lever it ..;;luomed lipof .::onlrol 
bloc.k I~ worn dO wn. 

fh:pbcc sptin~ If tm of.;. I~ 

b;Jd ly worn. 

Repl:u:e f1 ywetgh l. 

Replace lever. 
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H1sIHpeed t:ontIO [ 200 ~ II (OA l3 11 
1 Low-speed con trol klvcr ilTlgJi= MINUS 27; 5.5 :!:: 0.1 (0 ,'2165 :!.. 0.0(39) 3.1 iuil ia! leveT selling 

2( .. 9 ± 3 .... - no so 10 1 (O_ 1 969:!: O ,OUJ~> w i l h ,u\Hpri~ 

AdJustir.g I~ v(:r ;JIn~le Pump rplll TC'lal l "Ie:~tion q l cc (cu in )/ 500 
Sp_ rpm :$lJol.:e~. -4 cy l. 

4 \tntdllfV,: witb engine 
600 8 1 ± 2: (3. l S90 ± 0.U7B1' ) with adaptor spring 

5- 1° ±So 

120G 61 ±2 (2 .44419 ± 0.0781) will! torq ue sp rillg 

- --
The SlOp levt!r m n.st o pl:rate (l ieciu:ly, Wh en th.! SlOP !e~r 1J. 1I1l1!t:J wit h the h1lolh-spccu 

5 Stop le~r o~ r;lt ion cC)CW(lIIc:Ycr il l VII. Np = 1200 rpln , Ihe T:!.l.:k musI1,,::! dr.1w n up Lo Rw = 0 mrn 

No-load opar.j)liQ(1 LOIId operation M.agnetic iWitch OI=Ie,~~lng ,",olt. 

VoItOlglr(VI Curt eM fA) Rpm Vol,age tV I Current tA l T O/QUit Switch IN SWitch OFF 

23 50, m~)( . 
4500, 

9 700. m 8:( . 
4 its-m (29 16V,ma;( . When clrcwl 

min. tt·lb). Olin . is op\!rllCd. 

Rear R .. , 'ntermedifll(e mE!t8t CommLJI810f 0 .0. BI1J$h 
Shal, Mel~ 

Fronl Front 8r6Ckel shaft servic;c limit J-t:ui gh1 W .. , Spting compras~ ion , 

142-0.050 14 2 ->(I,on 206->(1,02 
""llbl 

. -0.077 • - 0.016 . - 0,08 43.2 
- 0.0020 (om~:~) (0811 '0.0008, (1.701) 

(0.559 - O.OOlO) . - 0.003 I 19 (0.75) 6 2 (4 .4) 

122-0 .050 ) 2 1 ->(I.Oll 0 Sc.rvice!1mi( : 13 00.5 1) (0,236) Service limi L: 1.5 (3 .3) 
10,3 . - 0.077 . - 0.016 - 0.031 2 

(0480 -0.00101 (0,480 ~:~!) 0 (0,079) 
(0,799 

-O.OOlll . - 0.0030 

No~oad oP'l!'ratioJ1 Load oPt!lra1iol'l Rt-a, WoC 
(~ttery c:onnoelecl ) tbenery + ,.eli~tance iCl!ld 12.SA COf!nec:t ed) Ball beatings 

Fto f'l t 
FIeld rMi51",.1CE1 (GBoF ) 

Tenninal CuRe.,t 
Rpm 

itrmln.ol Cunent #6201 
VQI, ... (VI (A I I#O!t3ge{VI (AI Rpm 

27 (m 
#630) 

28 0 1100. max , 28 12.5 1900 . moilx . 
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I Nominal 
Pnrt or item dimeruion 

. ., , 
" 0 

-3 
ll' 

'" 

Assembly nandard Repair limit Servic:e limit 
{Standard CII!UTclnce) (Clearance] ICI ..... nce) 

Voluge regulatOr Lamp .el.y 

1.0 ..... 1.4 0.9 - I ' Air ClIP 
(0.0)9 -0.055) (0,035 - 0,05$) 

0.15 ..... 1.1 
Conlllci point lap 0.3 (0.0 ll), Ih m (0.030 -0.043) 

0 ,7$ ...... l.l 
Sack Sap 

(0.030 -0.043) 

-----21.S - 30. S ot 3000 N040ad voltage" (V) 
rpm (;.llet1l210T speed) 

Cut-ou ! voltagt: (V) .....- 6.5 -7.5 

Cut·in voltage (V) --- 5, m l.;II; . 

Unit : mm (in,) 

Remedy Remarks 
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MAl NTENANCE STANDARDS 

TIGHTENING TORQUE Unit: kg·m Ift· lb) -
Item TorQue Iti3m Torque -

12 ~ 0.5 10.0±0.S 
CyUnder he.d bolts 

(87 ± 3.6) Oil pan drain plu& (72.3 ± 3.6) 

10.4 .:!:: 0.5 5 .5 ± O.S 
Main bearing cap bolts 

(75.2 ± 3.6) Oil pump conneclor (39.8 ± 3 .6) 

8.5 ± 0.5 
Nozzle holder retaining nuts 

5.0 to.5 Connecting rod cap bolts 
(61.5 ± 3.6) (36.2 ± 3.6) 

8.5 ± 0.5 I , J 0 ± 0.5 
Flywheel bolll 

(61.5 ± J .6) Injection pump deUvery \'lI ly. ho de" (21:7 ± 3.6) 

1.8 , 0.5 3 .5 ± 0.5 
Camshaft thrust plate bohs 

I (13± 3.6) Flywheel housing bolts '(2;3 ± 3.6) 

Front plate bolts. 
1.8 ± 0.5 

I 
I (13 ± 3.6) 

-
Timlng gear case bolES 

3.5 ~ 0 .5 
I 

(25 .3± 3.6) 
I - --

I 

Crankshaft pulley flU I 
40 ± 0.5 

(290 ± 3.6) 

Idler thrust plate boll 
3.5 ± 0.5 

(25 .3:: 3.6) 

I Oil pan bolts 0.7 

I ! (5.1) 
I 

i 47 



MAINTENANCE STANDARDS 

APPUCATION OF SEALERS 

Apply to: Mating part Sealer 

M.in be,nng caps Crankcase bearing caps SUPER THREE BOND No.5 

S{de seals Crankcase be,uing caps. SUPER THREE BOND No. 5 
- - -

148 
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TROUB LESHOOTING 

Com plaim 

POs.Jlble C""~CI 

IUSllff lcicn t fuel supply to 
tr.ject io n pum p 

Creater VlThmc:e of injec
tion qUJ nuty 

Ocrectiv~ inje.ction pUTF1 p 
,,,", 
IllS\lfficien1 injection 
quantil)' 

bce-~~ • .,e InjeCtion 
qmmHt)' 

improper fuel spta)' fmm 
inject io n no ale!: 

E,~ces:s.ive fut"l return fro m 

~ I iujeciion nozzle~ 
~ lnJer;tion llmL"& 1 
~ ad\'amed 

u. 

E 
~ 

" 

Jnj~ction timing too 
n:tardr:d 

()e(ecti ... e auto timer 

Oefr:c1ive &O\lell101 

contra\ 5p(i"1\ 

Maladjuste<l gOYP:FnOC 

damper SprJ.ll~ 

EnginE: $pt.ed laO low 

FaUurt: of enlilDr to sto.p 
plopclly 

P.:;lOJ grade of fuel oil 

F lu~l \'isoos.H y too ~Hgh 

POOf &r;ade or aLI 

Oil vi~LO:sity too high 

Oit VLs.c.oslty too low 

Low od o r e SS IJ J C 

~ I ExcC!ssivt! oi.1 1eak;&.tt 
.~ 
:;; ," B 

Pumpirtg up or a Li 

Cloggc=d oil fill-er 

31 Defective oil bypass 
llJarm or [amp 

E 

Defective o il indicaior 
switch or lamp 

Insufficlcl'l t :air 

TROUBLESHOOTING CHART (l) 

Enfine wLI) Ml St3tt En.sinl:" I • .::ki Aun~ rmal u-
h~Ult $rnClke 

En~mc 
hunls 

Ene:i.,e tum' 
bUI ~()c~ 
riot st.n 

" ~ o _ 
e ~ . " - ~ - . ; 0 

.= ~ \i . -.. 
'-' ..;:: 0 
o - • z ..:c ~ 

o o 

o 0' 

~ 

o (> 

" ~ o 
E ;:; ... 

o -
:: ~ 
c ~ 
o • 
e- " 

o 

o 

o 

o 

o 

-I 

o 

o 

;; 
= 
~ 0 
0 -
'0 ~ 

§ g ~ 
~ E '~ 
~:I ;:i 
- .... ,.It 
t: c c: " _ ft 
- 0 _ 
v:. ... v 

~ pDwet 

E " ~ ngme does ~ ~ 

nol tum ~ g :;; o ... !"l ::J 

";t. CQ ~ ~ 

When ~ 
operaHng I .~ 

... ~.- . -;::: 
» u>.c .. c ~ ... 
~ .D ~= ~ ~ .::; M _ 

~ =- =o~ ""·:;L> "" ~ .ol:: g _"'O w!) - ~ ':'l -
l: '"'c n ...... ~ " O Q :.r,, ~ 
", E o;Ic1lll~-;;:..:::::E.r:; c:: ~ 
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lJo f) i>QI:Lc.. .., ::J -v; :::I :2 .= 
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01 -- 10 1010 ~ I POOl comprcSiion 
~ Low prmurc .t high 
:.i :uomo-'"pheril;; tcmpcr:ul,lre ~ -

(1)[ Rlt itude) I 
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TROUBLESHOOTING 

Engine will not start >.. Engrnc lacks 

En,gtfie [urn~ 

but d'DCS 

Complaint 

Possi bole il::BU:.e 

En.ine is lO!) cold. 

Radaatoi dissip.:Hes heat 
~ exccsshcly 

~ lns",f(ic jc:n l coo ll1nt 

~ FailUfe: or udjator (0 dis
~ ,\.jpuc heal propl:'rty 
o 
u 

Waler leak lruoug.h 
cyUnClef he01d gasK{!I1 

u3cks in ctu:nkcII:sc walCl 
Jack~t 

not stal t 
o 

'" o 
~ 

, , 
~ " , " 
.£ .l1 u 

" -" ~ :=; ~ 
z "' " 

Dt fcct.h'e statlel swit.;;:h 1_ 

O1:fecth'c SLaller m3gneljc I _ 

!>Witch 

De fecth'e stastina m(ltor 

Odccti'vc :s.WLUIll mellOr 
(roc wheel 

~ 1 Defective n ywhecl ring 
'E-- gCiU' and pinion 

~ I B3Hcr~ vOUagc drop 
;; 
• iii 

Oft:: n Clt'CUlt In SJo ~ 
plu:g.s 01 pilot bmp 

Short circ.uit In glow 
plugs 

Defective alternator 

Ocfective alternator 
rr:!.y 

Improper wirin& 

Jammed mD ... in& pllIh 

Worn cyw.clen, pistons 
Ot piJlon MItS 

Sticlting piston rings 

Execss.i"e main bearing 

- lcreariUl¢'C 
~ Loose connCClint rod cap 
i bolts 

~ 
o , 

::! 
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Illterre!c:nr;;c bet woIWn 
vahe and piston 

BT ok en vah'e springs 

ExC:t:$$i~e va In cle.arancc 

Forctgn 5ubstanc.es in 
cybnders 

Extcssi\'c [:c;;u b;ac.kbsh 
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TROUBLESHOOTING 

( . For detailed information ref-cr to the separate ch<U'L) 

Abnormal 
water tem
pt!Rture me 
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Remedy 

H~t oil pan hom bouom side af 
starting. After slart ing, ...... arm up 
cnguu: thoroughly . 

• 
• 
• 
Ret:l,ghlen and replace gilsket 
if nece!i."3.n. 

Replace crankcase. 

Check rOT connections and repaJ.r . 
Repla ce if necessary. 

Repair or repll1rct: if neces-s:;vy . 

RepilL( DT replace. 

Repiur or fr!i!rIBrce starter 
Ii nC:GCioSan: . 

Re pair O-! repbce rin& gear . 
Rt.pl3« pinion. 

RechaQ!.(: or replace baftlllY· 
tr neces&Uy heat it . 

Replace. 

Replace c:oppu packiJ1,gs and 
if ncc~sary glow plu!s. 

Replace ahernator If necet.wy. 

Adju:s.t or rcplaC'C . 

Ct;ln ncct wires prope-:d>'. 

• 
Repair or lepJa~ . 

Rep3i.r or replace . 

Checlc and replile",. beuUtg(s) wi th 
undersize om:(s.} if necesw'l. 

- 1 Rel1ghlen . 

Re.[ir.1c timing ~ear min or 
adjust \'~ Ive slillul,e pro perly . 

• Rtplacr:. 

Adjust VOIlve cltaranee 10 0.25 mm 
(0.0098 In.). 

Repair. 

R~phrc.-e llran: (II idler bu.s.hinl!:. 
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TROUBLESHOOTING 

Poor fuel supply to fu.1 
injection pump 

Greater variance. of injection 
quanti ty 

Insufficient injection quantity 

Excessiye: injection quantity 

154 

TROUBLESHOOTING CHART (2) 

Possi ble cause 

Closed fuel tank supply cock 

No fu.l in tank 

logged fu.llines 

Air in fuel sy>tem 

Clogged fue l reed pum p inle t 
strainer 

Defective fuel feed pump 

Leaky fu~ l l i nes. or connecHons. 

Clogged fuel filter 

Air in fue l system 

Jammed plung.rs 

Jammed tappets 

Wom plunge" 

Worn tappet cams 

Worn bearings 

Worn or broken ph.lllger spr ings 

Loo~e plunger pinions 

Defective de li very valves 

Worn Or broken deln1e ry vnlve 
springs 

Governor stop lever link is 
binding, 

Control rack is sticky . 

Jammed plungers 

Jammed tappels 

Worn plungerS 

Worn tappet. cams 

Worn bearings 

Loose plunger pin ions 

Improper full·load setting of 
governor 

Stop Jever jammed in "increase" 
position. 

Improper fuU· load selling of 
governor 

Loose plungeJ pinlon~ 

Remedv 

Open the cock . 

Fill fue l tank. 

Repair or d ean fuel pipes whh air. 

Retighten connections or replace 
fuel pipes. 

Remove and clean strainer . 

Re pair . 

Retighten COnnectiOns. 

Disassemble and cle~n filte r . 

Bleed air out of fuel sys1em 

Replace plungers. 

Replace tappets . 

Repl,ce plungers. 

Replace "PP" C3m,. 

Replac.e bearings., 

Replace plunger springs. 

Rem,,"iJ properly by malChlng 
marks. 

ReplClce valves . 

Replace \'a lve Spl lng . 

Straighten link, pl.cing 
lever in neutral position . 

Relubricate Or repair . 

Replace plunge". 

RepJace tappets . 

Replace plungers. 

Replace lappet cams. 

Replace hearmgs 

Reinstall properly by ma tching 
marks, 

Adjust governor setting on 
bench. 

Repair lever link, placing lever 
In neutral pOSitIOn . 

Adjust governor selting on bench. 

Retnstall properly by matching 
marks. 



PO$.sible caus~ Remedy 

Slic: king needle \'alve in one Repair and replace nozzles if 
or more nozz.!es necessary. 

Damaged noule tip seats Repair and replace scats if necessary . 

Improper fuel 'pray rrom Worn or broken nozzle springs Replace nOlzle springs. 

injection nozzles Too Iowan injection pressure Adju't pressure to 120+ lgkg/cm' 
(1706.4 + 143 psi) on nozz le 
tester by inserting mimes). 

Carbon deposited on pac:klngs Remove carbon. 
at noule tips , 

Improper install.tion of fuel Re·time properly by tilting injection 

lnje<:tion timing too advanced 
injection pump pump away from engine. 

InCOtreclmstaUation of timing Re.t~e timing gear train. 
gears 

Improper installat ion of fae l Re·time properly by tilting mjection I 

mjection pump pump toward engine, 
I 

1njection timing too retarded Incom:cl mesmog of liming Re·timt timmg gear tr~in. 

I 
gears 
Wort'J cams, tappets or beadngs Replaco . 
in fU'!i illjection pump I 

Poor grade of fuel 
Use good-qu.Uty fuel. I 

Water in fuel Us< good-<luality fuel. 
I 

Lack of oil in oil pan Add oil to prescribed level. I 

Air in oil Sltl~ineI Replace damaged pIpe< or packing,. 
Retighl~n loose connections ir any. 

Low oil pressure 
Defel;live Otl pl.lrnp Repair. 

Clogged f"ellinos Cle.n. 

Defect.ve:oil pressure regulating valve Repajr and replace if necessary 

Clogged oil Cdt., Change element lind oil . 

Leak in lubrieatmg system Repair . 

Excessiv.e oil in oil pan Drain oil to lower oil le\'e l. 

Worn cylinders, pistons or Repair and replace parts Lf 
piston rin~ ne~essary 

Pumping up a r oil 
Sticking piston rings. Repair and replace damaged rings 

I if necessary, , 

Worn valve guides Replace valve guides. 

Prolonged operation under nO Overhaul engine jf oil-laden gases 
load fire exhausted . 

C1.ogged air cleaner Clean and replace element if 
(Paper element type) 

Ins:uffic ient ~ir Clogged au cle"".r WaUl interior. 
(Oil bath type) 

I 

Clogged intake manjfold Check and clean. 
- . -- -- -
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TROUBLESHOOTI NG 

Pos~l b le cau~e Remedy 

Defective valve seals Rep"' . 

Slicking 'I3.lve stems Repair and replace v.l!ve stems 
if necessary. 

F ailuJe ofrocker anns to Adjust valve clearance to 025 mm 
lift valves (0.0098 in.l. 
Worn cyhnders . pistons or Repair and replace parts if 

Poor compression piston rlnll$ nect:Ssary. 

Stidting piston rings Replace damaged rings. 

Exh.ust ~,~, leak th10ugh Retighten .nd replace gasket if 
cylinder head gasket necessary. 
Worn or broken valve springs Replace springs . 

lnsufncienl torque of starting Replace parts. 
motor (at ,Luting) 

InsuffiCient coo)ant Add water to prescribed level. 

Overheating 

Insufficien t coolant 
Water leaks from unit seal of water Replace seal. 

I 
pump 

Crack an crankcase water Jackel Replace crankcase . 

Wat" lem from other pam Check and repair . 

,<\.i r in cooling system Bleed air by loosening air bleed 
plug, drain plug, or hose clamp. 

Rust and iCale deposited in Flush. 

Failure of radiator to radiator 

dissipate he't properly Dust 3nd dirt around radiator Flu,", . 

Slippase of f.n belt Adjwt (}e lt tension. 

Inoperat ive themlosta t Replace . 
(kept cJo.sed) 

Extremely low atmospheric 
temperature 

Radiator diSSipates heat Uncovered radiator Cover radiator. 
excess.ively 

Jnopelative thermostat Replace. 
(kept open) 

Slicking f;ylinders , pistons Repair and replace if 
or piston rings nect!:sary . 

J ammo d moving part' 
Slkking main bearings and Repair and replace if 
crankpin bearings necessary. 

Sticking cam bushing and Repair and replace if 
idler bu.rung necessary. 
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SPECIAL SERVICE TOOLS 

Ret. Part number Tool at. Used for: No. 

I 3449 1·00400 Valve gUide installer I Valve gUide installation 

2 3 !391 ·10500 Vah'c guide remover I Va.lve guide remoyal 

3 31391·130 10 
Vah'e seal caulking tool 

I I Va.lve s.eat lrutaUalion and c3\JLking 
I (intake valve) 

4 I ] 139 J.J 3020 
Valve seat caulking tool 

I Valve se:H installation .and caulking (exhaust valve) 

5 ]0691 ·J I JOO Ad.plot I I Test pressure gauge inslalloliwl 

6 34491 ·00200 Piston gUide I Piston installation 

7 MII061 0n-Oi Idler sh.ft puller 1 Idler shart removal 

8 30691 ·11800 Cranking hand I. I F ngint cranking 

9 ]449 J.()0300 Sock,t 1 
CammafL thrust plate (emovai 
and ins.'ailation 

10 34491 ·00100 Cylinder sleeve installer I Cylinder sleeve insta. llation 

II 30091-01 101 or Uniyelsal extension I 
Injtclion pump n!' moval and 

commcrci3UY-3yailable in~(aHation 

I" 
31391 ·12900 or Piston ring 1001 I 

Piston ring remova l nnd 
commercially-av:u lil ble illstallation 

i Remo val of cranksh:lfr 

13 64309·12900 or Puller oss.embly I 
1 geal,cams:haflgeal, 

commc [cia ily -a 'Jailable I crankshafl pulley ,nd ",.1" 
I pump pulley 

14 3009! .(J1300 Idler bushmg puHer I 
Idler and camshaft bu~hing removal 
and insta.llation 

I S 3089 1·04 500 
Adaptors 2 

Idler and camshaft bushLng rernoval 
30891 ·04600 and installation 

- -- -- -----
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SPECIAL SERVICE TOOLS 

Tool appUcation chart 

~ 
e-

o ~ • 
~ ~ 

~ 

~ • ~ G -;;; ,2 c 
~ > 

'" 1l '0 , ft 

~ > . ~ 

~ • c ~ 

j ; ~ g E' " 1 11 
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.g o ~ 

i. 
~ S 

Used for: • ~ -= u • "3 ~ ~ '. ~ = -.E 0 ~ >. '" 
u ~ ~ .. 5 5. ~ ~ o<~ 

~ .. 1!' ~ ~ C " _$ • ~ .. ,§ :5~ u ~ • ~ fj ,S <:: .. .:: e 
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0 ~ ~ 'fi ~ ;; "u 
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u ! ] ~ • ~ · . ". ;;; u u • • u . ~ ~ ] Pan No. T(Jol .: '" .: a =0. -= ... .lS -= '" '" 0: '" '" "'''' 

I 34491-00400 
Valve ,\lklc I 
innliJeJ , 

l ll1g1·IOSOO 
Valve gukle 

1 
te.mover 

VaNe seat lru.c.tl 

l 31391-13010 clluJkinll. tool 1 
(intake Ynt~'t!.) 

Vahl:: sc:at insert 
4 31391-130.0 CIlulkmg tOQI 1 

(exhaust ~"3I"e:) 

5 30691·11100 AdaplOJ 1 

6 34491 ·00200 Plsl{1n .&u iiJe I I 

7 M1I061077-01 
Idle' shart 
puller 

1 

6 ,0691 ·11600 Crankinc h3;ndie 1 

9 '4491-00300 Sock!:' 1 1 

10 34.91-00100 
CYlinder ~If!cve 

I 
inn~Uer 

)009J-0110101 Unlvers:ll 
II commerdal.ly - cx (emion 

1 
nvailabte 

31391 -11900 or 
12 tQmmereiaHy- Piston ring. 1001 , 1 

Il.vallabl~ 

64)09-12900 or 
Il com mol!JcUlJy- Puller assembl)' I I I ! 

4v.il3.blc 

I~ )O~91-O 7300 
Idler bushing 1 I pull!:;, 

IS 
3039 1-04500 

AdaptoIJ I I I I 
30891-04600 

-
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V.lye guide installer and remover 
The inst aller is for use jn driving the valve guide into the 
guide hole (n such a way chat the guide will lake its 

, l' 

SPECIAL SERVICE TOOLS 

pres~ribed position . The remover IS, for drivitrg the guide 
out of the hole. 

Ie 

8 

Ie 
17 

'" 
MatiH ia l: SS3C 

Va lfJe guide installer (part numbe r: 34491·00400) 

t 

~c/ 
I \. = 

~ 
c- II ..., f-- . 

~ 
. -

s! ~ 
" j!18 

D f:J 
lSI! 

-

MecII!(i:J1 S53C 
Valve guid! remover ~part oumbe-r : 31391·105001 

How to use , • 
o 

2 
A 

·c ~
' . 

'. 

f 

··:c··.· ,.' 

, -l nstGllor 3.cylll'lder h fJ ~c:t 

2·v~JII"e9u ide A -17mm (0.67 in. l 
j • • • 

Insta lling va lve guide 

, ·Remo ... pr .j· Cylinr;ler heild 
2Nillve guide 

Aemoving va l ... e gUide 
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SPECIAL SERVICE TOOLS 

Valve seat caulking tools 
The-se 100ls are for Use in drlvins: v.ilve seat (2) into 
cylinder head (3) and, after fitting the "a\ve, in caullung 
Ih. p<ripheral edge of the v.ive. There are Iwo caullung 

~ 

Materia); : SK:5 or SK7 

tools , one for intake valve and (he other for exhaust valve. 
Each com., WJth 2 caulking ring, and Is to be used in 
two directions , one fOl driving and the other for caulk
ing. 

Valve s.at .,.ulking tool (intake valve) (part number: 31391-130101 

Do not ch.mitt 
/ 

L ~l ~ ~o 
'j M I JIIIIII '" v 

" 
::l 

6 
60 16 " ~. 

~S II ~§ 
;r '1'1 '10 n 

c 

" '& 
8() 70 '" i<l 

Mtl[Ql lal ; SK5 or SK7 ISO 

Valve seat caulking tool (exhaust valve) (part number: 31391·13020) 

How to use I 
JJ t~:d'I.un) 
42 (Intake) 

5 
Cylinder head 

®- -..I ;Uo,.J .. - gjske1ed surface 
:-LP\ I . . 
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l -Caulkinu body 
2-V.11Ie 
3-Gyli nd.r head 
4-ValV'f gUide 
&-Caulking ring 

Installing and caulking \'alve seat 

Ref. Pan number Tool No. 

3 31391 -13010 
Valve seat 
caulking tool (intake valve) 

4 31391-13020 
Valve seat 
caulking IDol (exhaust valve) 

Adaptor 
This is a connection fittmg to be used in insl8Uing the 
test pressure gauge in the glow plug hole for Ihe 
purpose of reading the compression pres.s:ure. 



How to use 

'" 
/ 

0.5(: 

Mlllltrlllll: $541 

Ml0X 1.25 

"~~l 

:;:k MH X 1.5 

1190 
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21 I . 13 

16 45 

60 

Adap10r (part number : 30691·111001 

Piston guide 

SPECIAL SERV ICE TOO LS 

o 
17-0'25 

Sl 

e 
~ 
.; 
!!! 

\. 
Use this tool when inserting the piston into cyhndtr. 
It protects pistons and pistOn rings against damage, and 
facwlatts the feeding in o f th~ piston. 

\\ 
" 

~
-:'~~ . 

" . t~«'.·)i & 
<C. ( , .. - " . 

'. I .. ~ -1_. 

Test pressure gauge installed with 'the adaptor 

,-

• 

L_ 

Mattmtll: STKM12A 0 '13A 
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Piston gvid!!' (pan numbtPr: 34491-00200) 
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PECIAL SERVICE TOOLS 

How to US< Idler shaft puller 
For drawmg out the idler shaft, one of (he timing gear 
parts . 

Insert ing piston into cyl inder 

""10)1 LlS 

~l'lif"11 f"fl ,.s,Fh fin '" 

50' 

44 .!!W!thl 

'" 

:>1 

~ $ ; 

l.!.UL ~ ~ J I I}O , 

"""".:L; 
1>' 

(..!. 

Deta,I 3 ...sz. 
Miltenal S43C 

lOr! 

~ 

-4/-" 

." 

OeUllis 1, :2 5l. 
Matlrlill : 

' ·STl<M 11 A 
2,SSOO' 

g ~ 

Itl.2 

Idler shaft pullo, (part numbe, : MH0610n-Ql) 
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How to ~ 
Set the puller over the idler shaft (4), run the stud (3) 
into the .haft , and drive nu t (5) to force the shaft out by 
jacking achon. 

" " 

<bl CD , " 
".~' 

\ ).~ , 

; ' , , " :, 
h t '< I .. " ,.,::::::}, 

l-Crankc,as.e 
2 ·Pul ~er 

3·SIUd rM101 

i'·n· 
, t' 1 • 

1 : 

4 · ldl!!r 5h;)fl 

$·Nul 

Removing idler shait 

SPECIAL SERVICE TOOLS 

Cranking handle 
This tool is for luming over crankshaft, as in val\'e 
clearance adjmtment and others. Its hexagonal hole fits 
the crank pulley securing nUl . 

4'~"",o' , { 

~~ 

u 
:i! 

I 30 I~ 

I 

! 

24, 

:<: 

Materi.I ' $541 

Cr.n~ing handle {part numb" . 30691·11800) 

~ 

~ 

~ 
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SPECIAL SERVICE TOOLS 

How to use 

Turning over crankshaft 

Q.4, MAX 

Mauni .. 1 SCM3 

How to use. 

Socket 
This tool is for use in tightening th. bolts to secure the 
camshaft thruSI plale (through the holes provided in 
camshaft gear). and also Ihe shortt r ones or Ihe boilS 
for securing the rocker brackets. It can be used in 
lorquing Ihe glow plugs. 100. 

40 

SoCkOl (part number: 34491·003001 ..5L 

'" M 

Tightening shorter bolt on rocker bracket 

Securing the umshaft tnrust plete 
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SP.CIAL SERV ICE TOOLS 

Cylinder sleeve instaUer 
For use in driving replacement sleeve into the cyl inder. 

'- iOJ +c, (IS 
0 

I 1/ 2C 

,f, 
I 

o 7 '---b-

., ~ ~ . 36 

10· 
i ~ r 

1 { 
1$25 +0 .1 

0 31: S43C 
Cyl inder sleevelnstal ler (pan number: 34491 ·00100) 

How to use 
In.ert the sleeve I"'taller (2) IOto,leeve (I) , and push on 
the lOp end of the: installer wi th a press arbor to foree 
the 51eeve into cylinder (3). 

'2' 
~ 

J: 
J) 

'·Cylinder 51.,,\,. 
2-lmtaller 
3·Cvhflder 

ClY'"' 
u~~ 
)I~ 

$~.~~j ~"'~1 'I ... ~-,t( j, l ~~ 

, • ..J...~"'~ .. ~I! Y:I' 
;.< .... _ ~~i ~--. ~L) . L I~~'~' '2'j.tC{ ""ftjl \" :'.Jii-J ,. p' ".J)J.CSJ~~(':· .. :' 

o· 

~II ;.L(Y' ' , ' " 
Pressing replacement sleeve into cyhnder 

~ 

14 +0.3 .... 

./ 

UnJversal extension 
The fuel Injection pump untl is mounted on engine front 
plate , a.s. secured by two bolts. This extension tool J5 for 
bringing the wrench head to these bolts . 

V ... ' 
T'i' 

70 
' 3~.J 
~ 

Mattlnal; SK7 

UnivElrs.a1 extension (part number: 30091·0110 1) 
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SPECIAL SERVICE TOOLS 

How to uw 

9-8011 It'1d Wi!!lsher 

T ighten ing in jection pump mounting bolts 

Piston ring tool 
For usc l fl fitting piston rIngs 10 and in removing them 
rrom t;~e pi~roll 

Piston ring tool (pan number : 31391·12900) 

How to use 

JIIH 
1.compression lings A-Piston ri~ tool 
2·0i] ring 

Remol,'in.g piston rings 

168 

Puller assem bl y 
For use m Ie moving crankshaft putley. waler pump 
pulley. crankshafl ~tar , carnshan gear and injection 
pump gear. 

00 

Size of pun!:! .... 10 clamp 

Di.am jMIN) X Width (MAX. 

4(} mmX 110mrn 

150mm X eo mm 

~[O 

Puller assembly (pan number. 54309·129QOI 

Idler bush ing puller 

For use in remo\'ing and installing idler bu~hmg and 
camshaft bushings, when necessary . 



SPECIAL SERV ICE TOOLS 

60 62 

1-45· 1 J 1-45· 

.d!jiiO. 

PIiI:SS s.dr PUL L ~Ide 

.2.. 
Matena l: S K 7 NOTES: t . • Ind icate$ dHnenl-'Qni alt!!' , p I 8 (l n~_ 

'l auel'\(:h ..,d temtJt( (HQc ~O - 50/ . 

Idier bllshin9 pu ll er (part number: J009 1·0730ot 

Adaptor 
For use in rtmoving :Lnd ms.tiJlhng idler bushi ng and 
camshaft bu!>Jtings. whe n nectss.ary. 

V
~~ 
".\ r --, '. 
., !' , ". CJ ,; , v.t 

" " s 

5L 
Matenal : SS41 B 

(pan number : 30891-04500) 
Adaptors 

] 

~ 

SL 
Mate1Je i: $S41 B 

(part number: 30891.04600) 
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