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TO THE READER 
This Workshop Manual has been prepared to provide servicing personnel with 
information on the mechanisms, service and maintenance of Universal Diesel 
Engines Models 12, 18 & 25.The basic block is manufactured by Kubota to 
Universal specs. It is divided into two parts, "Mechanisms" and "Disassembly 
and Servicing." 
B Mechanisms 
Information on construction and functions is included for each engine section. 
This part should be understood before proceeding to troubleshooting, disas
sembly or servicing. 

B Disassemb ly and Servicing 
Under the heading "General" come general precautions, troubleshooting, lists 
of servicing specifications and periodic inspection items. For each engine 
section, there are "Checking and Adjustment," "Disassembly and Assembly," 
and "Servicing" which cover procedures, precautions, factory specifications 
and allowable limits. 
All information, illustrations and specifications contained in this manual are 
based on the latest production information available at the time of publication. 
The right is reserved to make changes in all information at any time without 
notice. 
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Models 12, 18 & 25 are vertical, water-cooled, 4-cycle 

diesel engines. 

They incorporate UNIVERSA L'S foremost tech

nologies. With UN IVERSAL'S spherical combustion 

chamber, well-known Bosch MD mini type injection 

pump and the well-balanced design, they give greater 

power, low fuel consumption, little vibration and 

quiet operation. 
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[ 1 ]  CY L I N D E R  B LOCK 

The eng ine has a h igh ly  durab le  tu nne l -type cy l i nder block 
in  which the bear ings, pistons,  cran kshaft and camshafts are 
insta l led . 
T here are two types of cyl inder b lock .  One has dry-type 
cy l inder l i ners and the other has no l iners. The cy l inder 
l i ners a re p ressure-f itted into the cy l i nder b lock.  

[2 ]  CY L I N D E R  H EAD 

( 1 )  I n let and Outlet Port 

The cy l inder head has cross-flow type in let/exhaust ports , 

wh ich l ower the heat conduction from the exhaust port to 
the in let port. The l ow heat conduction keeps the in let a ir 
from being heated and expanded by the exhaust gas. 

( 1 ) l n l et Port 
(2) Outlet Port 

( 2) Combustion System 

Exc lusive spherical combustion system - "TVCS" (Three 

Vortex Combustion System) - whir l s  the a i r  a nd mixes it 

with the fuel effectively to acce lerate combustion and reduce 
fuel consumption .  
S heathed type g low p lugs are i nsta l l ed in the  com bu stion 
chamber to ensure easy engine starti ng even· at - 1 5° C 
( 5°F ) .  

T h e  injection nozzles are of the thrott le  type. 

( 1 )  G low P lug  
( 2 )  I njection N ozz le  
(3) Combustion Chamber 
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[3]  C RAN KSHAFT 

The cra nk shaft with the  connecting rod converts the  rec ipro
cat ing  m otion of the p iston into rotat ing motion to driver 
the o i l  pum p  a nd camshafts .  
The crankshaft has cou nterweights opposite the cra nks to 
ba lance the weight of the offset cranks .  
The crankshaft has o i l  passages dr i l l ed so that o i l  can f low 
from the ma in  bearings to the con nect ing  rod bea r ings.  
The front journal  is supported by a s leeve type bear ing, the 
intermed iate journal by a sp l it type, a nd the rear by a spl it 
type with a thrust bear ing .  

[4 ]  P I STON AND P I STON R I NGS 

The p iston has a s l ightly oval shape when cold ( in conside
ration of therma l  expansion )  a nd a flat head . 
Three r ings are insta l led i n  grooves i n  the p iston .  
The top compression r ing ( 1 )  i s  a keystone type, wh ic h  can  
stand aga inst heavy loads ,  a nd the barrel face o n  the r ing  fits 
wel l  to the cyl i nder wa l l .  
The second compress ion r ing (2 )  i s  a n  u ndercut type, which 
effectively prevents the o i l  from being carried up.  
The o i l  r ing (3) has chamfered contact faces a nd an expa nder 
r i ng ,  which increase the pressure of the oi l ring aga inst the 
cy l i nder wa l l .  
Several grooves are cut on  the head land area to he lp heat 
d i ssipate a nd to prevent scuffing .  
The p iston p i n  i s  l ight ly offset from the center l i ne  of the 
p iston toward the major-thrust-face, so that it  contacts the 
cy l i nder with m in im ized "piston s laps." 

( 1 )  Top Compression R ing  
( 2 )  Second Compression R i�g 
(3) Oi l  R i ng 

[5 ]  CON N ECTI N G  ROD 

The connecting  rod ( 2 )  connects t h e  p iston and t h e  crank

shaft , a nd has beari ngs at both ends .  
A so l id type sma l l  end bush i ng ( 1 )  is i nsta l led between the 
p iston p in  a nd the rod. 

Spl it type connecting rod bearing (3) is instal l ed between 
the crankp in  and the rod ( 2 )  a nd between the crankp in  a nd 
the rod cap (4), 

( 1 )  Sma l l  E nd Bush ing 
(2)  Con nect ing R od 
(3) Connect ing Rod Bearing 
(4) R od Cap 
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[6] CAMSHAFT AND FUE L  CAMSHAFT 

The cams on the camshaft ( 1 )  cause the in let and exhaust 
va lves to open as the camshaft rotates. The journals and the 
bearings are force- lu bricated . 
The cams o n  the fu el camshaft (2 )  cause the i njection pump 
or  the fue l  pump to  feed the  fuel. 
On the fuel camshaft, the governor sleeve (3) is insta l led.  

( 1 )  Camshaft 
( 2 )  Fue l  Camshaft 
(3) G overnor S leeve 

[7 ]  ROC K E R  ARM ASSEMBLY 

T h e  rocker arm assembly inc ludes t h e  rocker arms ( 2 )  and 
a n  adjusting  screw ( 1 ) , the end of which rests on the push 
rod, rocker arm b rackets (4) a nd rocker arm shaft (3). 

The rocker arms swing and transm its the reciprocating motion 
of the p ush rods to the i n l et and exhaust va lves to open and 
c lose them. 
Every bear ing surface is lubr icated through the dr i l l ed ho les 
of the bracket and the rocker arm shaft. 

( 1 )  Adjust ing Screw 
( 2 )  R ocker Arm 
(3) Rocker Arm Shaft 
(4) R ocker Arm Bracket 
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[8 ] I N L ET A N D  EXHAUST VALVES 

T h e  valve a n d  its gu ide for t h e  i n l et are d ifferent from those 

for the exhaust.  
Other parts, such as the spring (6) ,  spring reta iner (5 ) , col l et 
(4) , stem sea l ( 2) and cap ( 1 ) are the sam e  for both the in let 
and exhaust. 

( 1 )  Cap 
( 2) Stem Sea l 
( 3) Valve Gu ide 
(4) Co l l et 

( 5) Spring Reta i ner 
(6) Spring 
(7) I n let Valve 
(8) Exaust Valve 

[9] VALVE T I M I N G  

The t im ing for open ing and closing the valve is extremely 
important to ach ieve effective a i r  i ntake and suffic ient gas 
exhaust. 
The appropr iate t im ing can be obta ined by a l ign ing the marks 
on the crank gear and the cam gear when assemb l i ng .  

I n let valve open ( 1 . 0 )  0.35 rad. (20° ) bef ore T.D.C. 

I n let  valve c lose ( l .C )  0 .  79 rad. (45° ) a fter B . D.C.  

Exhaust valve open ( E .0)  0 .87  rad. (50° ) bef ore B .D.C. 

Exhaust valve c lose ( E. C )  0 . 2 6  rad. ( 1 5° ) a fter T.D.C. 

[10] F LYWH E E L  

The f lywheel is insta l l ed o n  the rear end of the cran kshaft 
and its inert ia tends to keep it turn ing at a constant speed , 
wh i le  the crankshaft tries to speed u p  dur ing the power stroke 
a nd s low d ow n  dur ing other strokes. 
The f lywheel has gear teeth arou nd its outer r im,  wh ich mesh 

with the d rive p in io n  of the starter. 

The f lywheel  a lso has marks on its outer r im.  Each must be 
a l igned w ith the mark on the rear end p late to get the top 
dead centers and the injection tim ings. 
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The lubricating system consists of an oil strainer, an oil pump, 
a relief valve, an oil filter cartridge and an oil pressure switch. 
The oil pump sucks the lubricating oil in the oil pan through 
the strainer and sends it to the oil filter cartridge, where the 
oil is further filtered. 
The filtered oil is forced to the crankshaft, the connecting 
rods, the idle gear, the camshaft and the rocker arm shaft 
through the oil passage in the crankcase and the shafts to 
lublicate the bearings. 
Some oil, splashed by the crankshaft or thrown off from the 
bearings, lubricates other engine parts: the pistons, the 
cylinder walls, the piston pins, the tappets, the pushrods, the 
timing gears, and the inlet and exhaust valves. 

1 1  

[ AJ Piston 
[BJ Oil Pump 
[CJ Rocker Arm and Rocker Arm Shaft 
[DJ Oil Strainer 
[EJ Camshaft 
[FJ Oil Filter Cartridge and Relief Valve 
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Engine Oil Flow 
( 1 )  Oil Pan ( 7 )  
( 2 )  Oil Strainer (8) 

(3 )  Oil Pump ( 9 )  
(4 )  Relief Valve ( 1 0) 
( 5 )  Oil Filter Cartridge ( 1 1 )  
( 6 )  Idle Gear ( 1 2) 
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Main Oil Gallery 
Main Bearing 
Big End 
Timing Gear 
Splash 
Cylinder 

1 2  

5 ----, 

( 1 3 )  
( 1 4) 
( 1 5) 
( 1 6 )  
( 1 7 )  
( 1 8 ) 

I 
I 

Small End 
Piston 
Fuel Camshaft 
Tappets 
Camshaft Bearing 
Camshaft 

B 

( 1 9) Drain 
( 20) Rocker Arm 
( 2 1 )  Oil Switch 
( 22 )  Rocker Arm Shaft 
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[1] OI L PUMP 

The oil pump is a gear pump, whose rotors have trochoid 
lobes_ The inner rotor ( 3) has 4 lobes and the outer rotor 
(4) has 5 lobes, and they are eccentrically engaged with each 
other. The inner rotor, which is driven by the crankshaft 
through the gears, rotates the outer rotor in the same di
rection, varying the space between the lobes. 
While the rotors rotate from (A) to (B), the space leading to 
the inlet port increases, which causes the vacuum to suck in 
the oil from the inlet port. 
When the rotors rotate to (C), the connection to the space 
switches from the inlet port to the outlet port. 
At (0), the space decreases and the sucked oil is discharged 
from the outlet port. 

( 1 )  lnletPort 
( 2) Outlet Port 
( 3) Inner Rotor 
(4 )  Outer Rotor 

[2]  R E L I E F  VALVE 

The relief valve prevents damage to the lubricating system 
due to the high pressure of the oil. 
The relief valve is a ball type direct acting one, and is best 
suited for low pressures. 
When the pressure of the oil, forced by the pump, exceeds 
the specified value, the oil pushes back the ball (3) and 
escapes to the oil pan. 

( 1 )  Spring 
( 2) Ball 
( 3) Valve Seat 
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[3] OI L F I LT E R  CART R I DG E  

After lubricating, the lubricating oil brings back various 
particles of grit and dirt to the oil pan. Those particles and 
the impurities in the lubricating oil can cause wear or seizure 
of the engine parts. It may also impair the physical and 
chemical properties of the oil itself. 
The lubricating oil, which is force-fed by the pump, is 
filtered by the filter cartridge with the filter element ( 2 ) .  
When the filter element accumulates on excessive amount of 
dirt and the oil pressure in the inlet line builds up by 98 kPa 
( 1 .0 kgf/cm2, 1 4  psi) more than the outlet line, the bypass 
valve ( 1 )  opens to allow the oil to flow from the inlet into 
the outlet line, bypassing the filter element. 

( 1 )  Bypass Valve 
( 2 )  Filter Element 

[4] O I L P R ESSUR E SWI TCH 

The oil pressure switch is mounted on the crankcase and is 
led to the lubricating oil passage. 
When the oil pressure falls below the specified value, the oil 
pressure warning lamp li��ts. 

[A] At the proper oil pressure 
[B] At lower oil pressure, 49 kPa (0 .5  kgf/cm2, 7 psi) or 

less 
( 1 )  Terminal 
( 2 )  Insulator 
(3) Spring 
(4 )  Rubber Gasket 
( 5) Contact Rivet 
(6) Contact 
( 7 )  Oil Switch Body 
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The cooling system consists of a radiator ( 1 )  (not included in 
a basic model), a centrifugal water pump ( 4), a suction fan ( 2 )  
and a thermostat ( 3 ) .  
The water i s  cooled through the radiator core, and the tar: 
behind the radiator pulls the cooling air through the core to 
improve cooling. 
The water pump sucks the water from the radiator or from 
the cylinder block and forces it into the crankcase. 
The thermostat opens or closes according to the water 
temperature, to allow the water to flow from the cylinder 
block to the radiator while open, or only to the water pump 
while closed. 

Thermostat o pening  temperature Approx. 82°C {1 80° F )  

( 1 )  Radiator 
( 2 )  Cooling Fan 
(3 )  Thermostat 
(4 )  Water Pump 
( 5 )  Cylinder Head 
(6 )  Cylinder Block 

[ 1] WAT E R  PUMP 

The water pump is driven by the crankshaft and a V belt. 
The rotating impeller (4 )  in the water pump sucks the cooled 
water from the radiator and sends it into the water jacket in 
the crankcase. 
The mechanical seal ( 3 )  prevents the water from entering the 
bearing unit ( 1 ) .  

( 1 )  Bearing Unit 
( 2 )  Water Pump Body 
( 3 )  Mechanical Seal 
(4 )  Water Pump Impeller 
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[2]  T H E RMOSTAT 

The thermostat is of the wax pellet type. 
The thermostat controls the flow of the cooling water to the 
radiator to keep the proper temperature. 
The case, which serves as a valve seat ( 1 ) , has a spindle in
serted in the pellet ( 3 )  which is installed to the valve ( 2 ) .  
The spindle is covered with the synthetic rubber ( 5 )  in the 
pellet. The wax is charged between the pellet and the rubber. 

Ill At low temperatu res ( lower than 82°C (180° F ) )  
The valve (2 )  is seated by the spring ( 7 )  and the cooling 
water circulates in the engine through the water return pipe 
without running into the radiator. 
Only the air in the water jacket escapes to the radiator 
through the leak hole (8) on the thermostat. 

Ill At h igh temperature ( h igher than 82°C (180° F ) )  
As the water temperature rises, the wax i n  the pellet (3 )  
turns liquid and expands, repelling the spindle, which causes 
the pellet to lower. 
The valve ( 2 )  opens to send the cooling water to the radiator. 

( 1 )  Seat 
(2 )  Valve 
(3 )  Pellet 
(4 )  Spindle 
( 5 )  Synthetic Rubber 
( 6 )  Wax (solid) 
( 7 )  Spring 
(8) Leak Hole 
(9) Wax (liquid) 
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[3] RAD I ATOR 

The radiator core consists of water carrying tubes ( 1 )  and 
fins ( 2) at a right angle to the tubes. The fin is a louverless, 
corrugated type which is light in weight, high in heat ex
change ratio and less apt to clog. 
The water in the tubes is cooled by the air flowing through 
the tube walls and fins. 

(A) Cooling Air 
( 1 )  Tube 
( 2) Fin 
( 3 )  Louverless Corrugated Fin 
(4 )  Louvered Corrugated Fin 

[4] RAD IATOR CAP 

The pressure type radiator cap prevents differences in 
pressure between the inside and the outside of the radiator 
from deforming the radiator. 
When the water temperature rises and the pressure in the 
radiator increases above the specified pressure, the pressure 
valve ( 1 )  opens to reduce the internal pressure. When the 
water temperature falls and a vacuum forms in the radiator, 
the vacuum valve ( 2 )  opens to introduce the coolant into the 
engine or radiator. 

( 1 )  Pressure Valve 
( 2 )  Vacuum Valve 
( 3 )  Expansion Bottle 
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The fuel  is fed from the fuel tank ( 1 )  ( not inc luded in the 
bas ic model) through the fuel f i lter (6 )  to the i njection pump 
( 5) by the fuel  feed pump ( 7) ( in  the bas ic model) . The 
i nject ion pump force-feeds the fuel through the injection 
p ipes  ( 3) to the injection nozzles ( 4) ,  wh ich inject the fuel  
i nto the cy l i nders for combust ion .  
The excessive fue l  i n  the injection pump and the inject ion 
nozz le  i s  col lected i n  the fuel  overf low p ipes ( 2) and returns 
to the fuel  tan k .  

II NOT E :  

e Component m arked * i s  not i ncluded i n  the basic mode l .  

o Component marked * *  i s  i nc luded on ly  i n  the basic mode l .  

18 

*( 1 ) Fue l Tan k  
(2) Fue l  Overf low P ipe 
(3) I njection P i pe 
(4) I nject io n  Nozzle  
( 5) I nject ion Pump 
(6 )  F ue l  F i lter 

* *  ( 7) F ue l  Feed Pump (Elec.) 



A 

19 

[1] F U EL F ILT E R  
The fuel f i l te r  is i nstal led i n  the fuel l ine from the fuel tank 
to the i njection pump ( between the tank and the feed pump 
in  the basic m ode l ) .  
A s  the fuel from the i n let ( A )  of the cock body move through 
the fi l ter  e lement, the d i rt and impurities i n  the fuel  are 
f i l te red , a l l owing on ly  c lean fuel to enter the i ns ide of the 
f i l ter  e lement. The cleaned fuel f lows out from the outlet 
( B )  of the cock body. 
B efore starting or  after di sassembl ing  and reassemb l ing ,  
loosen the a i r  vent  p lug ( 3 )  to b leed the ai r i n  the fuel  l i ne. 
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[2] F U EL F E E D  PUMP 
The fi ltered fue l is fed to the inject ion pump by  the  fuel fed 
pump.  
The chamber ( 1 ) i s  enclosed with the in let valve ( 2 ) , the out
let va lve (5 )  and the d iaphragm ( 6) ,  wh ich is l i nked to the 
rocker arm with the pu l l  rod ( 7 ). The rocker arm is swinged 
by the eccentric cam on the fuel camshaft (4) .  

When the diaphgram is pu l led down, vaccum in t h e  chamber 
( 1 ) causes the outlet valve (5 )  to c lose a nd the atomospheric 
pressure in  the fuel tan k  to force the fuel i nto the chamber, 
opening the i n let valve ( 2 ) .  

When t h e  d iaphragm is  pushed u p  b y  the cam, t h e  pressure in  
the  chamber causes the i n let valve to  close and  forces out the 
fuel ,  open ing the outlet va lve. 

(A)  I n l et Stroke 
( B )  D i scharge Stroke 
( a) from fuel fi lter 
( b )  to injection p u m p  
( 1 )  Chamber 
( 2 )  I n let Valve 

(3) Rocker Arm 

(4 )  Fue l  Camshaft 
( 5 )  Outlet Valve 
(6 )  D iaphragm 
( 7 )  P u l l  Rod 

ELECT R I C  F U EL PUMP 
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[3] F U E L  I NJECT ION PUMP 
The injection pu mp is  a Bosch M D  type m in i -i nject ion pump,  
which gives h igh inject ion qua l ity even at  low engine speeds. 
The p lunger is  reciprocated by the cam on the camshaft with 
the tappet and forces the fuel i nto the injectio n nozzle.  

The control  rack (4) i s  pushed or  p u l l ed by the fork lever 
of the governor and rotates the control s leeve ( 5) and the 

p lunger, wh ich has a left-hand lead control groove, to vary 
the amount of fuel forced into the inject ion nozzle.  

( 1 )  Del ivery Valve Ho lder 

(2 )  Del ivery Va lve Spring 

(3) Del ivery Valve 

(4) Contro l  Rack 
( 5 )  Control S leeve 

(6)  Cy l i nder 

( 7 )  P lunger 

(8) P lunger Spring 
(9)  Tappet 

1) Pump E lement 
The pump element consists of the p lu nger ( 4) and cyl inder 

( 3) ,  and thei r s l id ing  surfaces are super precision -mach ined to 
maintain fuelti ghtness. 
The p lunger fits i n  the control s leeve wh ich is engaged with 
the control rack .  
The p lu nger has a control goove of with a left-hand h e l ix lead.  

( 1 )  Feed H o l e  
( 2 )  Contro l Groove 
( 3) Cyl i nder 
( 4) P lu nger 
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2 )  Del ivery Valve 
The de l ivery va lve consists of the va lve ( 1 )  and the Va lve 
seat ( 2 ) .  
The de l ivery valve prevents the fuel from flowing back into 
the de l ivery chamber through the injection p ipe.  I t  a lso 
prevents the fuel from dr ibbl ing at the injection nozzle .  
When the de l ivery stroke ends the rel ief p lunger moves i nto 
the bore of the valve seat a nd sea l s  the del ivery l i ne from the 
del ivery chamber. The rel ief p lunger lowers further u nt i l  
t h e  va lve seats suck back t h e  fuel t o  prevent dr ibb l ing at 
the injection nozzle. 

( 1 )  Va lve 
( 2 )  Va lve Seat 

( 3 )  R el ief P l unger 

3) Operation of Pump E lement 
1. Before del ivery 
As the tappet lowers, the p lunger ( 2 )  a lso lowers and fuel 

is drawn i nto the de l ivery chamber ( 1 )  through the feed ho le  

( 5) from the fue l  chamber ( 4 ) .  

2. Beginning of  del ivery 
When the p lu nger is pushed up by the cam a nd the head of 
the p lunger c loses the feed ho le, the pressure in the de l ivery 
chamber r ises to push the rel ief p l u nger ( 3 )  open. 
F ue l  is then force-fed i nto the inject ion pipe. 
3. Del ivery 
Whi le  the p lu nger i s  r is i ng, the d el i very of fuel cont inues. 
4. End of del ivery 
When the p lunger rises further a nd the control groove (6) on 
its periphery meets the feed h ole ,  the fuel returns to the fuel 
chamber from the del ivery chamber through the control 
groove a nd the feed hole .  

( 1 )  D el ivery C h am b er 

( 2 )  P lu nger 
(3 )  R e l ief P lu nger 

( 4) Fue l  Chamber 

( 5) Feed Ho le  
(6 )  Control G roove 
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4 )  P lunger Position 
1. No fuel del ivery 
At the engine stop position of the control rack ( 3) ,  the 

lengthwise slot ( 1 )  on the p lu nger ( 2 )  a l igns with the feed 
hole ( 5 ) .  And the del ivery chamber (4) is led to the feed 
hole du ring the entire stroke of the p lunger_ 
The pressure in the del ivery chamber does not bu i ld  up a nd 
no fuel can be forced to the injection nozzle. 
2. Fuel  del ivery 
The p lunger is rotated (See figure) by the control rack. 

When the p lunger is pushed up, the hole is  cl osed . The p res
sure in the del ivery chamber bui lds up and force-feeds the 

fuel to the injection nozzle u nt i l  the control groove (6) meets 
the feed ho le .  
The amount of the fue l  corresponds to the d istance "A" . 

( 1 )  S lot 
(2 )  P lunger 
( 3) Control R ack 
(4) De l ivery Cham ber 
(5 )  Feed H o le 
(6) Control G roove 

[4] GOVE RNOR 
The governor contro ls t h e  amount of the fuel t o  b e  fed in  
the  entire speed range to  prevent the  engine from changing 
its speed accord ing to the load .  

The  fork lever 1 ( 3) is  he ld  where two forces on  i t  are 
balanced . O ne is the force that fork lever 2 pushes, wh ich is  
caused by the tension of the governor spr ing  ( 4) between 
the governor lever ( 1 ) and fork lever 2 (5) . A nother is  the 
component of the centrifuge! force produced by the steel 

ba l l s  (6) which are rotated by the fuel camshaft ( 1 0) .  

( 1 )  Governor Lever 
( 2 )  Start Spr ing 
( 3) Fork Lever 1 
(4) G overnor Spring 

(5)  Fork Lever 2 
(6) Steel B a l l  
( 7 )  G overnor S leeve 
(8) Steel B a l l  

(9) G overnor B a l l  Case 
( 1 0) Fue l  Camshaft 
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Ill At start 
The steel ba l l  ( 4) has no centrifugal force. 

F ork lever 1 ( 2 )  is pu l led by the start spring ( 1 ) and the 
control rack (3) moves to the maximum injection position 
for easy sta rt ing. 

( 1 )  Start Spring 
(2)  Fork Lever 1 

( 3) Control Rack 
( 4) Steel Bal I 

Ill At id l ing 

When the speed contro l lever ( 2) is set at the id l ing  position , 
the governor spring (3 )  is pu l l ed sl ight ly .  
As the cam shaft rotates, the steel ba l l s  (8) i ncrease their 
centrifugal force a nd push the governor sl eeve (7 ) .  Fork 

lever 1 ( 4) pushed by the governor s leeve, pushes the control 
rack ( 5) and the control rack compresses, the id l ing adju st 
spr ing (6) . 
The control rack is kept at a position where the centrifugal 
force is balanced with the spring tension on  the control rack ,  
p rovid ing stable id l i ng .  

( 1 )  Start Spring 
( 2 )  Speed Control Lever 
(3 )  Governor Spr ing 
( 4) Fork Lever 1 
( 5) Contro l Rack 

(6) I d l ing Adjust Spr ing 

( 7 )  Governor Sleeve 
(8) Steel B a l l  
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II At med ium or h igh speed ru nn ing 

When the speed control lever ( 1 )  is tu rned fu rther, the 
governor spr ing ( 2) i ncreases the tens ion a nd the control rack 

(3) is p u l l ed to i ncrease the eng i ne speed . 
The steel ba l l s  (4) i ncrease their centr ifuga l force and the 

control rack i s  pushed , decreas ing the e ing ine speed,  unt i l  the 

centr ifugal force and the spring tension are ba lanced . 
When the eng ine speed is dropped (A-+B)  with the i ncrease of 
the load (a-+b) ,  the centr ifuga l force of the steel ba l l  decreases 
and the control rack i s  pu l l ed . The amount of the fu el to 
the i njection nozzle i s  i ncreased to produce a h igher engine 
torque requ ired for the load. 

( 1 )  Speed Control Lever 
( 2) Governor Spr ing 
(3) Contro l Rack 

(4)  Steel Ba l l  
(5 )  Engine Torque Curve 
(6) Large Load Torqu e Curve  
( 7 )  Sma l l  Load Torqu e Curve 
(8) Torqu e 

(9) Eng ine Speed 

II At max imum speed running with an over load 

When the eng i ne is overloaded at the h igh speeds and the 
engine speed drops, the centrifugal force of the steel bal l s  
( 6 )  decreases a n d  the governor spr ing ( 2) p u  I l s  fork lever 1 ( 1 )  
and 2 (3) . 
When fork l ever 2 contacts the adjust i ng screw ( 5 ) ,  the spr ing 

( 4) which is bu i l t  i n  fork lever 2 beg ins  to push the fork l ever 
1 to pu l l  the control rack .  
The fuel t o  the i njection nozz le i s  i ncreased t o  r u n  the eng ine 
at h igh speed a nd torque. 

( 1 )  Fork Lever 1 
( 2) Governor Spr ing 
(3)  Fork Lever 2 
( 4) Spr ing 
( 5) Adjust i n g  Screw 

( 6 )  Steel Ba l l  
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Ill To stop the engi ne 

When the stop l ever ( 1) is m oved to the stop position ,  fork 
l ever 1 (2) i s  pu shed and the contro l rack (3) i s  m oved to 
stop the fuel injection . 

( 1) Stop Lever 
(2) Fork Lever 1 

(3) Control Rack 

[5] I njection l\lozz le 

The nozzle is of  the  thrott le type. The  needle va lve ( 10) i s  
pushed aga inst the  nozzle body (9) by the  n ozzle spr ing ( 6 )  

with t h e  push rod (7). 

The fuel forced from the injection pump p ushes up the 
need le valve and is i njected into the su b-com bustion chamber 

(4) . .The excessive fuel  wh ich i s  not injected returns through 
the center chamber of the nozzle holder and the eye jo int  ( 2) 

to the fuel tan k .  
The i njection pressure can b e  adjusted with t h e  adjusti ng 

washer (5), from 13,73 to 14.71 M Pa (140 to 150 kgf/cm 2 , 

1991 to 2133 ps i ) .  

(1) F u e l  Overf low Pipe 
(2) Eye Joint 

(3) Nozzle H older Body 
(4) Sub-combust ionChamber 
(5) Adjust i ng Washer 
(6) N ozzle Spring 

(7) Push R od 

(8) Reta in ing  Nut 
(9) N ozzle Body 

( 10) Needle  Va lve 



ELECTRICAL SYSTEM 
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The e lectrical  system of the eng ine consists of a starti ng 
system ( i nc luding a starter, g low p lugs and others ) ,  a chargi ng 
system ( includi ng an AC dynamo, a regu lator and others ) ,  
a battery and an o i l  switch. 

II NOT E :  
• Components marked * are not inc luded i n  the bas ic model .  

27 

( 1) O i l  Pressure Switch 
(2) G low P lug 
(3) AC D ynamo 
(4) R egu lator 

* (5 )  Battery 
(6) Starter 

* ( 7 )  O i l  Lamp 
* (8)  Key Switch 
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[1] STA R T I N G  SYSTEM 
1) Starter 
The starter is of the e lectromagnetic drive type. 

Type o f  motor DC, Series, E lectro magnetic dr ive 

S upply Voltage 1 2V 

Rated output 0.7 kW 

Rate Less than 30 seconds 

D irect ion  of rotat ion C l ockwise as  viewed f ro m  pinion s ide 

( 1 ) So lenoid Switch 

(2) Plunger 
(3) Spring 
(4) S h ift Lever 

( 5 )  Brush 
( 6) Com mutator 
( 7 )  Armature 
(8 )  F ie ld Coi l  
(9) Overrung C l utch 

1. Schemat ic  C i rcu it 

( 1) Starting Switch 

(2) Magnetic Switch 
(3) Ho ld ing Coi l  

(4) P u l l - in  Coi l  

( 5 )  P lu nger 

( 6 )  R od 
( 7 )  Shift Lever 
(8 )  F ie ld Co i l  

(9) Commutator 

(10) Brush 

( 11) Armature 

(12) Sp iral Sp l i ne  

(13) Overrunn ing Clutch 

(14) P i n ion  
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II When the starting switch is tu rned on 
The contacts of start ing switch ( 1 )  cl ose a nd the ho ld ing  co i l  
(3 )  is connected to the battery to pu l l  the  p l u nger ( 5) .  
T h e  pu l l - i n  co i l  ( 4) and t h e  starting m otor are a l so co nnected 
to the battery. 
The p i n ion (8) is pushed aga inst the r ing  gear (9) w ith the 
overru nn ing c lutch (7 )  by the sh ift lever (6) and the magnetic 
switch (2) is c losed_ 

( 1 ) Sta rt ing  Switch 

(2) Magnetic Switch 

(3 )  Ho ld ing  Coi l 

(4 )  Pu l l - in  Coi l  

( 5) P lu nger 

(6 )  Sh ift Lever 

( 7 )  Overru nn ing  Clutch 

(8) P in ion  

(9) R ing Gear 

II When the magnet switch is closed 
The current from the battery f lows through the magnet ic 
switch (2) to the start i ng motor. 
The p i n ion  (7) ,  wh ich i s  pushed aga in st the r ing gear (8) 

and rotated a long the spl ine (5 ) ,  meshes w ith the r ing gear to 
crank  the engine. 
The engine starts and increases its speed. 
W h i l e  the p i n ion sp ins  faster than the armature, the over
runn ing c lutch (6) a l l ows the p i n ion  to sp in  i ndependently 
from the a rmature. 
The pu l l- i n  co i l  (3) is short-c ircu ited through the magnet 
switch (2) and the start ing switch ( 1 ) . 

( 1 )  Sta rt ing Switch 
(2) Magnetic Switch 
(3) Pu l l - i n  Co i l  
(4) Armature 
( 5) Sp l ine 

( 6) Overrunn ing  Clutch 
( 7 )  P i n i on 
(8 )  R ing Gear  
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• When the start ing switch is released 
The current from the battery flows to the ho ld ing co i l  
(1) through the pu l l - in  co i l  (2) to d im in i sh the m ag net ism 
between them. 
The p lu nger (3) i s  pushed by the spr ing to pul l  i n  the p i n ion. 

(1) Hold ing  Coi l  
(2) Pu l l - i n  Coi l  
(3) P lunger 

2) G low P lug 
Each sub-combust ion chamber has a g low p lug  for easy 
start ing.  The g low p lug  is of the qu ick-heat ing  type. 

(1) l nsu lat ing Powder 
(2) M etal Tube 
(3) H ousing 

(4) H eat Coi l  
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1) AL TERNA TOR 
AL TERNA TOR GROUP 

Item Part No. Unit Description 

1 300105 1 Spacer Alternator Arm 

2 299809 1 Alternator Adjusting Arm 

3 231875 4 Washer 5/16 Plain 

4 231891 3 Washer· Spring Lock 5/16 

5 301019 1 Sere"' . Hex Head 5.'16· 18x3·114 

6 300805 1 V·Belr 

7 231057 1 Hex Head Cap Screw 5/16· 18 x 3.'4 

8 230141 1 Hex Nut 5116·18 

9 230144 1 Hex Nut 3/8.16 

10 231895 1 Washer - 3/8 Spring L0ck 

11 231876 2 Washer 3/8 SAE 

12 300800 1 Alternator 

13 300950 1 Bracket · Alt. Mounting Assembly 

14 231093 1 Hex Head Cap Screw 3/8-16 x 3-314 

15 243061 1 Hex Head Cap Screw 5/16-18 x 4·1/2 

2) Regulator 
The regu l ator i s  a transistorised regu lator with SC R .  
When the battery vo ltage i s  low, SC R s  turn o n  t o  charge the 
battery with the current from the generator. 

When the generated voltage excessively r ises, they turn off 
to stop charging. 

(1) To AC Termina l  of Key Switch ( R ed )  
(2) T o  D ynamo ( Light B lue)  
(3) To D ynamo ( Light B lue )  

(4) To Body ( B lack) 
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II While  the engine is stopped 
A sma l l  amou nt of current is appl ied to the base of transistor 

T2, and transistor T2 turns o n, turn i ng on transistor T3. 

Transistor T3 pul ls  u p  the gate voltage of the SC R 's SC R 1  

and SC R2 .  

( 1 )  Battery 
( 2 )  Dynamo Stator Co i l  

II When the engine starts 
The dynamo generates AC in the stator coi ls ,  and the current 
charges the battery through SC R l  and D4 (-in  figure) or 
SCR 2  and D3 (--in figure) .  

( 1 )  Battery 

( 2 )  Dynamo Stator Coi l  

Ill Overcharge prevention 
When the battery voltage r ises and reaches a certa in  voltage 
d etermined by zener d i ode ZD 1 ,  the current begi ns to flow 
to the base of transistor Tl through ZDl. Transistor Tl 
turns o n  and turns off transistor T2. Transistor T3 turns 
off and stops app ly ing the trigger ing current to the SCR's  
SC Rl a nd SC R 2. The SC R s  turn off  and sto p  charg ing .  

( 1 )  Battery 

( 2 )  Dynamo Stator Coi l  
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GENERAL 
[1 ] E N G I N E  I D ENTI F I CATI ON 
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W he n  contact ing  your l ocal U NIVER SA L  d i stributor, a lways 
s pecify the engine serial n u m ber. 

[2] CY L I N D E R  N UM B E R  
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The cy l i nder n u m bers of the d iesel engines 
are designated as shown in the figure. The sequence of 
cy l inder n um bers i s  g iven as N o .  1 ,  start ing from the gear 

case s ide. 



[3] G E N E R AL P R ECAUT I ON S  
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• Dur ing di sassembly,  carefu l ly a rrange removed parts i n  

a c l ean  area to  prevent  confusion l ater. Screws, bol ts and  
nuts shou ld  be  rep l aced in  thei r orig inal position to 
prevent  reassembly errors . 

• When specia l  too l s  are required , u se Un iversal's genu ine  
specia l  too l s .  Specia l  too ls which are n ot frequently used 
sho u ld be m ade accordi n g  to the drawin gs provided. 

• Before d i sassembl ing  or  serv ic ing l ive wires, make sure 
to a lways d i sconnect the ground ing  cable from the battery 
first. 

• Remove oil and d i rt from parts before measur ing. 

• Use on ly  U n iversal genu ine p arts for p arts replacement to 
m ai ntai n  engine performance and to ensure safety . 

• Gaskets and 0-ri ngs m ust be repl aced dur ing  reassemb

ly. Apply grease to new 0-rings or  o i l  seals before assembl
ing. 

• When reassembl i n g  external  ci rcl i ps or interna l  circl i ps, 

position them so that the sharp edge faces the d irection 
from wh ich force is app l ied . 

( 1 )  G rease 
(2 )  Force 
(3) Place the Sharp Edge against the D i recti on of Force 
[A] External  Ci rc l i p  
[Bl I n ternal  Ci rcl i p  



[4] T I GHT E N I N G  TO RQU ES 

Screws, bolts and nuts must be tigh tened to the specified torque us ing a torque wrench . Several screws, bolts and nuts such as  
those used on the cy l in der head must be ti ghtened in  proper sequence and at  the proper torque. 

1) Tightening torques for special use screws, bolts and nuts 

Ill Note: 
• For "O" ma rked screws, bolts and nuts i n  the table, apply engine oi l to the i r  th reads and seats before tighten ing .  

I tem S ize  X Pitch 
Tighten ing Torque 

N • m  kgf•m f t-l bs 

0 Head cover cap nu ts M6 x 1 .0 3 .9 to 5.9 0.4 to 0.6 2.9 to 4.3 

0 Head screws and nuts M8 x 1 .25 3 7.3 to 42.2 3 .8  to 4.3 2 7 .5 to 3 1 . 1 

0 Bearing case screws 1 M6 x 1 .0 1 1 .8 to 1 4.7 1 .2 to 1 .5 8.7  to 1 0_8 

0 Bear ing case screws 2 M 7  x 1 .25 1 9 .6 to 23.5 2.0 to 2.4 1 4.5 to 1 7 .4 

0 Flywheel screws M 1 0 x  1 .25 53 .9 to 58.8 5 .5 to 6 .0 39.8 to 43 .4 

0 Connect ing  rod screws M6 x 0 .75 1 4.7 to 1 8 .6 1 .5 to 1 .9 1 0.8 to 1 3 . 7  

0 Rocker arm bracket nuts M6 x 1 .0 9.81 to 1 1 .28 1 .00 to 1 . 1 5  7 .23 to 8.32 

0 I dl e  gear shaft  screws M6 x 1 .0 9.81 to 1 1 .28 1 .00 to 1 . 1 5  7 .23 to 8.32 

G l ow p l ugs M 1 0  x 1 .25 1 9 .6 to 24.5 2.0 to 2 .5 1 4.5 to 1 8 . 1  

Drain p lug  M 1 2  x 1 .25 3 2.4 to 37.3 3.3 to 3 .8 23.9 to 27.5 

N ozzle  h ol ders M20 x 1 .5 49.0 to 68.6. 5.0 to 7.0 36.2 to 50.6 
Oi l  switch taper screw PT 1 /8 1 4. 7  to 1 9.6 1 .5 to 2 .0 1 0.8 to 1 4.5 
Fuel  l i mit cap nut M6 x 1 .0 7 .8 to 9.8 0.8 to 1 .0 5.8 to 7 .2  
I njection pipe reta i n i n g  nuts M 1 2  x 1 .5 24.5 to 34.3 2 .5 to 3 .5 1 8 . 1 to 25.3 

0 Cran kshaf t screw M 1 2  x 1 .5 98.1 to 1 07.9 1 0.0 to 1 1 .0 72.3 to 79.6 

2) Tightening Torques for general use screws, bolts and nuts 

When the t ighten i n g  torques are not specified, ti ghten the screws, bol ts and nuts accord ing  to the table bel ow. �I 
e 

N 
t 

Diameter 

M 6 

M 8 

M10 

M12 

M14 

M16 

M18 

M20 -

Standard Sc rew and Bolt 

SS41, S20C 

N·m kgf ·m ft-lbs 

7.85 to 9.32 0.80 to 0.95 5. 79 to 6.87 

17.7 to 20.6 1.8 to 2.1 13.0to15.2 

39.2 to 45.1 4.0 to 4.6 28.9 to 33.3 

62.8 to 72.6 6.4 to 7.4 46.3 to 53.5 

107.9 to 125.5 11.0 to 12.8 79.6 to 92.6 

166.7 to 191.2 17.0 to 19.5 123.0 to 141.0 

245.2 to 284.4 25.0 to 29.0 180.8 to 209.8 

333.4 to 392.3 34.0 to 40.0 245.9 to 289.3 

Special Screw and Bolt Special Screw and Bolt 

S43C, S48C SCr435, SCM435 

N·m kgf·m ft·lbs N·m kgf·m ft-lbs 

9.81 to 11.28 1.00 to 1.15 7.23 to 8.32 12.26 to 14.22 1.25 to 1.45 9.04 to 10.49 

23.5 to 27.5 2.4 to 2.8 17.4 to 20.3 29.4 to 34.3 3.0 to 3.5 21.7 to 25.3 

48.1 to 55.9 4.9to5.7 35.4 to 41.2 60.8 to 70.6 6.2 to 7.2 44.8 to 52.1 

77.5 to 90.2 7.9 to 9.2 57.1 to 66.5 103.0 to 117.7 10.5 to 12.0 75.9 to 86.8 

123.6 to 147.1 12.6 to 15.0 91.1to108.5 166.7 to 196.1 17.0 to 20.0 123.0 to 144.7 

196.1 to 225.6 20.0 to 23.0 144.7 to 166.4 259.9 to 304.0 26.5 to 31.0 191.7 to 224.2 

274.6 to 318.7 28.0 to 32.5 202.5 to 235.1 343.2 to 402.1 35.0 to 41.0 253.2 to 296.6 

367.7 to 431.5 37.5 to 44.0 271.2 to318.3 490.3 to 568.8 50.0 to 58.0 361.7 to 419.5 

Screw and bolt  mater ia l  grades are shown by numbers punched on the screw and bolt heads. Pri or to tighten ing ,  be sure to check 
out the n um bers as sh own bel ow. 

Punched 
Screw and Bolt  Material  Grade 

N u mber 

Standard Screw and Bolt  
N one 

SS4 1 ,  S20C 

7 
Special Screw and Bo l t  

S43C, S48C ( Re f ined)  

9 
Special Screw and Bolt  

SCr435 SCM435 ( Re f i ned)  
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[5]  T ROUBL ESHOOT I N G  

Symptom Probable Cause Solution 

Engine does not start " No fuel Replen i sh  fuel 

• Air in the fuel system Vent air 

" Water in the fuel system Replace fuel and repa i r  or replace fuel system 

• Fuel p i pe cl ogged Clean 

" Fuel  f i l ter cl ogged Clean or replace 

• Excessively h i gh viscosity of fuel or Use the spec i fied fuel or engine o i l  

engine o i l  a t  l ow temperature 

• Fuel with l ow cetane number Use the spec if ied fuel 

• Fuel leak due to l oose i njection p ipe Tighten nut 

retain i n g  nut 

" Incorrect in jection t iming Adjust 

" Fuel  cam shaft worn Replace 

• Injection nozzle c l ogged Clean 

" Injection pump malfunction i n g  Repa i r  o r  rep\ ace 

"Fuel  feed pump malfunctioning Repair  or replace 

<>Seizure of crankshaft, camshaft, p i ston , Repa i r  or replace 

cy l inder l iner  or bear ing 

<>Compression leak from cyl i nder Replace head gasket, t ighten c y l i nder head bolt, 

g low plug and nozzle hol der 

" Improper valve seat a l i gnment, valve spr ing Repa i r  or replace 

broken, valve seized 

<> Improper valve ti m ing  Correct or  replace t iming  gear 

" Piston r ing  and l i ner worn Replace 

" Excessive valve c learance Adj ust 

[ Starter does not wor k ]  " Battery d ischarged Charge 

<>Starter malfunction i n g  Repair or replace 

" Starter switch ma lfu nction i ng Repa i r  or replace 

" Wi r ing d isconnected Connect 

Engine revo l u t i on is n ot " Fuel  f i l ter  cl ogged or d i rty Clean or replace 

sm ooth " Air cleaner cl ogged Clean or replace 

<> Fuel leak due to l oose i njection p i pe Ti ghten nut 

reta i n i n g  nut  

" Injection pump malfunct ion i n g  Repa i r  o r  rep\ ace 

<> Incorrect n ozzle open ing  pressure Adjust 

<> Injection n ozzle stuck or c l ogged Repa i r  or replace 

" Fuel over f l ow p ipe c l ogged Clean 

" Governor malfu nction i n g  Repa i r  

Either wh ite or b l u e  <> Excessive engi ne o i l  Reduce to the spec i f ied level 

exhaust gas i s  observed " P iston ring and l i ner worn or stuc k Repair or replace 

• Incorrect i njecti on t im ing  Adjust 

• Deficient compression Adjust top c learance 

Either black or dark • Overload Lessen the l oad 

gray exhaust gas is • Low grade fuel used Use the specif ied fuel 

observed • Fuel f i l ter  c logged Clean or replace 

" Air c leaner cl ogged Clean or replace 

Deficient  output " Incorrect i njection t iming  Adjust 

• Engine's  m oving  parts seem to be seiz ing Repai r  or replace I 

• Uneven fuel i n jection Repa i r  or replace the i njection pump 

• Defic ient nozzle in jection Repa i r  or replace the nozzle 

<> Compress i on leak Replace head gasket, ti ghten cyl i nder head 

bolt, glow plug and nozzle hol der 
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Symptom Probable Cause Solu tion 

E xcessive l u bricant • Piston r ing's gap fac ing the same d i recti on S h i ft r ing gap d i rection 

oil consu mption e Oi l  r ing  worn or stuck Repl ace 

• Pi ston r ing groove worn Repl ace the p iston 

• Valve stem and guide worn Replace 

• Crankshaft bearing,  and cra n k  pin Repl ace 

bear ing worn 

Fuel m i xed i nto • I njection pump's p lunger worn Replace pump element or pump 
l u bricant oil " Fuel feed pump broken Replace 
Water m i xed i n to • Head gasket defective Replace 

l ubricant o i l  " Crank case or cy l inder  h ead fl awed Replace 

Low oil pressure " Engine oil insufficient Replenish 

e Oil  stra iner  cl ogged Cl ean 

" Oil f i l ter cartridge cl ogged Replace 

• Rel ief valve stuck with d i  rt Cl ean 

• Rel ief valve spr ing weaken or broken Repl ace 

" E xcessive oil c learance of cran kshaft bear ing Repl ace 

• Excessive oil c learance of cra n k  p in  bear ing Replace 

" Excessive o i l  clearance of rocker arm bush i n g  Replace 

• Oi I passage cl ogged Clean 

• Di fferent type of oi l  Use the spec i fied type of o i l  

• Oi l  pump defective Repa i r  or replace 

High oil p ressure " Different type of o i l  U s e  t h e  specif ied type of o i l  

" Re l ief valve defective Repl ace 

Eng ine overheated • Engine oil insuffic ient  Replenish 

• Fan belt  broken o r  tensioned i mproperly Replace or adjust 

" Cool i n g  water insufficient Replenish 

" Radiator net and radiator fi n cl ogged with dust Cl ean 

• I ns ide of radiator corroded Clean or replace 

" Coo l i n g  water flow route corroded Clean or replace 

• Radiator cap defective Replace 

• Water p ipe damaged Replace 

• Thermostat defective Replace 
' • Water pum p defective Replace 

• Mechanica l  seal defective Replace 

e Overload runn ing  Loosen the  I oad 

" Head gasket defective Replace 

• I ncorrect i njection t i m i n g  Adjust 

• Unsui table fuel used Use the specif ied fuel 

Battery qu ick ly  • Battery f lu id  i nsuffic ient Replenish d ist i l led water and charge 

discharge • Fan belt s l ips Adjust  be l t  tension or replace 

• Wir ing  d i scon nected Connect 

" Regu lator defective Repl ace 

• AC dynamo defective Replace 

" Battery defective Replace 
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[6]  S E R V I C I N G  SPEC I F ICATI ONS 

E NG I N E  BODY 
[ Cyl i nder Head ] 

I tem 

Cyl i nder h ead surface f latness 

Top clearance 

F ree 

Gasket t h i ck ness 

T ig ht e ned 

Gasket shim t h i ck ness 

Compression pressure 

Variance among cy l inders 

[ Va lves ( I N . ,  EX.) ] 

Valve clearance (cold)  

Valve seat width 

Valve seat a ng le  

Va lve face ang le  

Valve recessing 

C learance between valve stem 

and gu ide 

Valve stem O.D.  

Valve g u id e  l .D .  

[ Va lve Timing ] 

Open 

I n let valve 

Close 

Open 

E xhaust valve 

Close 

[ Valve Springs ] 

F ree l e ngth 

T i l t  

Tens ion 

Factory Specif icat ion 

L '  I 
-

0 .60 to 0.80 m m  

(0.0236 to 0 .03 1 5  i n . )  

1 .1  5 to 1 .30 mm 

(0 .0453 to 0 .05 1 2  i n . )  

1 .05 to 1 .1  5 m m  

(0.04 1 3 to 0 .0453 i n . )  

0 .2 mm 

(0 .0079 i n . ) 

3.09 M Pa 

( 3 1 .5 kgf/cm2 , 448 psi )  
-

0 .1 5 to 0. 1 8 mm 

(0 .0059 to 0 .007 1  i n . ) 

1 .4 mm 

(0.055 i n . )  

0.785 rad . 

(45.0° ) 

0.794 rad. 

(45.5 ° )  

0 . 7 5  t o  0 .95 m m  

(0.0295 to 0.0374 i n . )  

0 .030 to 0 .057 m m  

(0.001 1 8  to 0 .00224 i n . )  

5.968 to 5.980 m m  

(0 .23496 t o  0 .23543 i n . )  

6 .0 1 0  to 6.025 mm 

(0.23661 to 0 .23721 i n . )  

0.35 rad . (20° ) 

before T D C  

0.79 rad .  (45° ) 

after B O C  

0 .87 rad . (50° ) 

before B O C  

0 .26 rad . ( 1 5° )  

after TDC 

3 1 .6 m m  

( 1 .244 i n . )  

-

64.7 N /27 mm 

(6.6 kgf/27 m m ,  1 4.6 lbs/1 .063 in . )  

4 1  

A l l owable L imit  

I 
0.05 mm per 1 00 m m  

(0.001 9 i n .  per 3 .94 i n . )  

-

-

-

-

2.32 MPa 

(23.7 kgf/cm 2 , 337 ps i )  

1 0% 

-

-

-

-

1 .2 mm 

(0.047 i n . )  

0 . 1 0  m m  

(0.0039 i n . )  " 

-

' 
-

-

-

-

-

28.4 m m  

( 1 . 1 1 8  i n . ) 

1 .2 m m  

(0.047 i n . )  

54.9 N /27 m m  

(5 .6 kgf/27 m m ,  1 2 .3 l bs/1 .063 i n . )  



[ Rocker Arm ] 

Item 
Factory Specif icat ion A l l owable Limit 

I " I 
C learance between rocker arm 0 .01 6 to 0 .068 mm 0 . 1 5 mm 
a nd bushing (0.00063 to 0 .00268 i n . )  (0.0059 i n . )  

Rocker a r m  shaft O . D .  
1 0 .473 to 1 0 .484 m m  

-
(0.4 1 232 to 0.41 276 in . )  

Rocker a r m  bushing l . D .  
1 0 .500 to 1 0 .541 m m  

(0.41 339 to 0.41 500 i n . )  
-

[ Camshaft ] 

0.01 m m  0 .08 m m  
Camshat a l ig nment 

(0 .0004 i n . )  (0.0031 i n . )  

Cam he ight  ( I N . ,  E X . )  
26.88 m m  26.83 m m  

( 1 .0583 i n . )  ( 1 .0563 i n . )  

O i l  clearance o f  camshaft 
0 .050 to 0 .091 mm 0 . 1 5 m m  

(0.00 1 97 to 0 .00358 i n . )  (0.0059 i n . )  

32 .934 to 32.950 mm 
Camshaft j ou rnal  O.D.  -

( 1 .29662 to 1 .29725 i n . )  

Camshaft bearing l .D .  
33.000 to 33.025 m m  

( 1 .2992 1  t o  1 .30020 i n . )  

[ Timing Gear ] 

0.04 to 0 . 1 2 m m  0 . 1 5 m m  
Timing gear backlash 

(0.00 1 6  to 0 .0047 i n . )  (0.0059 i n . )  

0 .20 to 0 .51  mm 0.6 m m  
I d l e  gear side clearance 

(0.0079 to 0 .0201 i n . )  (0.024 i n . )  

Clearance between id le  gear shaft 0 .01 6 to 0 .045 m m  0.05 mm 

a n d  id le  gear  bush ing (0.00063 to 0.00 1 77 i n . )  (0.0020 i n . )  

1 5 .973 t o  1 5 .984 mm 
Id le  gea r  shaft 0.D.  -

(0.62886 to 0 .62929 i n . )  

1 6.000 to 1 6 .01 8  m m  
Id le  gear bushing l .D .  -

(0.62992 to 0 .63063 i n . )  

[ Cyl inder ( l iner) ] 

Cy l inder ( Liner) l . D .  
64.000 to 64.01 9 m m  I 66.000 to 66.0 1 9  m m  0 . 1 5 mm 

(2 .51 969 t o  2 .52043 i n . )  (2 .59843 to 2 .599 1 7  i n . )  (0.0059 i n . )  o f  wear 

+0.5 m m  
Oversize o f  cy l inder l i n er -

(+0.020 i n . )  

[ Piston/Piston R ing ] 

1 8 .000 to 1 8 .01 1 m m  1 8 .05 m m  
Pist o n  p i n  h o l e  l . D .  

(0.79866 to 0 .709 1 0  i n . )  (0. 7 1 06 in . )  

Compression 0 .085 to 0 .1 1 2  m m  0 . 1 5 m m  

Piston ring clearance 
ring 2 (0.00335 to 0 .00441 in . )  (0.0059 i n . )  

0.02 t o  0 .06 m m  0. 1 5 mm 
Oi l  r ing 

(0.0008 to 0.0024 i n . )  (0.0059 i n . )  

Compression 0 .25 to 0 .40 mm 1 .25 mm 

r ing 1 ,  2 (0.0098 to 0 .01 57 i n . )  (0.0492 i n . )  
R ing gap 

0.20 t o  0 .40 mm 1 .25 mm 
Oil r ing 

(0.0079 to 0.01 57 i n . )  (0.0492 i n . )  

+0.5 m m  
Oversize of p ist o n  rings -

(+0.020 i n . )  
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[ Crankshaft ] 

Factory Specification A l l owable  L imit  
I te m  I I 

0.02 mm 0.08 m m  
Crankshaft a l ignment 

(0.0008 i n . )  (0.00 3 1  i n . )  

O i l  clearance between cran ks haft 0.034 to 0 . 1 06 m m  0.20 m m  

journal  a n d  bea r ing (0.001 34 to 0.004 1 7 i n . )  (0.0079 i n . )  

F ront  and 39.934 to 39.950 m m  
-

Journal  0.0. i ntermediate ( 1 .57221 to 1 .57284 i n . )  

43.934 to 43.950 mm 
R ea r  -

( 1 .72969 to 1 .73032 i n . )  

Front and 39.984 to 40.040 mm 
-

i ntermediate ( 1 .5741 8  to 1 .57638 i n . )  
Bea ri n g  l . D. 

43.984 to 44.040 mm 
R ea r  

( 1 .731 66 to 1 .73386 i n . )  
-

O i l  clearance between crank p i n  0.0 1 9  to 0 .081 m m  0.20 m m  

a nd bear ing (0.00075 to 0.003 1 9  i n . )  (0.0079 i n . )  

33.959 to 33.975 m m  
Crank p i n  0.0.  -

( 1 .33697 to 1 .33760 i n . )  

33.994 to 34.040 m m  
Crank p i n  bear i ng 1 . 0 .  -

( 1 .33835 to 1 .3401 6 i n . )  

0 . 1 5 to 0.31  mm 0.5 m m  
Cra n k  shaft s ide clearance 

(0.020 i n . )  (0.0059 to O .D 1 22 i n . )  

Under s i zes o f  cran ks haft bear ing -0.2 m m ,  -0 .4 mm 
-

and crank  p i n  bear i ng (-0.008 i n . ,  -0.01 6 i n . )  

Oversizes of t h ru st bear i ng 
+o.2 m m ,  +o.4 m m  

-
(+o.008 i n . ,  +o.0 1 6  i n . )  

[ Con necting R od ] 

0.05 m m  
Connect ing rod a l ign ment -

(0.0020 i n . )  

O i l  clearance between piston p in 0 .0 1 6  to 0 .039 m m  0 . 1 5  m m  

a n d  sma l l  end bush ing (0 .00063 to 0.00 1 54 i n . )  (0.0059 i n . )  

Piston 0.0.  1 8 .001 to 1 8 .009 mm 
-

(0.70870 to 0.70902 i n . )  

S m a l l  end bush i ng 1 .0 .  ( f i tt ing )  
1 8 .025 to 1 8 .040 m m  

-
(0.70965 to 0.7 1 024 i n . )  

LUB R I CAn NG  SYST E M  

A t  i d l e  6 9  k Pa 
-

(0.7 kgf/c m 2 , 1 0  psi ) 
O i l  pressure 

speed 

At rated 1 96 to 441 k Pa 
-

s peed (2 .0 to 4.5 kgf/cm2 ,  28 to 64 psi ) 

[ O i l  Pump ] 

0.25 m m  
Rotor lobe c lea ra nce -

(0.0098 i n . )  

Radia l  clearance between outer 0 . 1 5 to 0 .21  m m  0 .30 m m  

rotor and p u m p  body (0.0059 to 0.0083 i n . )  (0.01 1 8  i n . )  

E n d  c lea ra nce between rotor and 0.08 to 0 . 1 3  mm 0.20 mm 

cover (0.0031  to 0.0051 i n . )  (0.0079 i n . )  

[ O i l  F i l ter ] 

98 k Pa 

Open ing  pressure of bypass va lve ( 1 .0 kgf/cm 2 ,  1 4. 2  psi )  -

of pressure d ifference 
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COOLI NG  SYST E M  
[ Fan Belt ] 

Item 

Belt deflection u nder load of 98 N 

( 1 0  kgf, 2 1  l bs )  

Factory Specificat ion 

I 
7 to 9 m m  

(0.28 t o  0.35 i n . )  

[ R ad iator ] ( not included with the basic model) 

Radiator water tightness 

Radiator cap opening pressure 

[ Thermostat ] 

Thermostat's valve opening 

temperature 

Temperature at w hich t hermostat 

complete l y  opens 

FUEL SYST E M  
[ I njection Pu mp ] 

I n j ection ti m ing (static) 

Fuel t ightness of pu mp element 

Fuel t ightness of del ivery valve 

[ I njection N ozzle ] 

F ue l  i njection pressure 

Fuel t ightness of nozzle va lve seat 

ELECTR I CAL SYST E M  
[ Starter ] 

Commutator O.D.  

Variance 

Mica u ndercut 

B rush length 

[ G low Plug ] 

I Resistance 

[AC dynamo ] 

N o-load output 

Water t ightness at specified pressure 

( 1 37 kPa, 1 .4 kgf/cm 2 ,  20 psi ) 

1 0  seconds or more of pressure fa l l ing t ime from 

88 to 59 k Pa (0.9 to 0.6 kgf/cm2 , 13 to 9 psi ) 

80.5 to 83.5° C 

( 1 76 .9 to 1 82 .3° F )  

95° C (203° F )  

a t  6mm (0.236 i n . )  of opening 

0.33 to 0.37 rad . ( 1 9° to 2 1 ° )  

before TDC 

60 seconds or more of  pressure fal l i ng ti m e  from 

39.23 to 34.32 MPa 

(400 to 350 kgf/cm2 , 5689 to 4978 psi ) 

1 0  seconds or more of pressure fa l l ing t ime from 

21 .57 to 20.59 M Pa 

( 220 to 2 1 0  kgf/cm 2 ,  3 1 29 to 2987 psi ) 

1 3 .73 to 1 4.7 1 MPa 

( 1 40 to 1 50 kgf/cm 2 ,  1 99 1  to 2 1 33 ps i )  

N o  fuel  lea k at  

1 2 .75 MPa ( 1 30 kgf/cm2 ,  1 849 psi ) 

32 mm 

( 1 .26 in . )  

-

-

1 7 .0 mm 

(0.669 in . )  

approx.  1 .6 ohm 

A C  20 vo lt or more at 5200 rpm 

[ Regu lator ] ( not i ncluded with the basic model) 

I Regu l at i ng voltage I 1 4  to 1 5  vol t  

44 

A l l owable Limit 

! 
-

-

-

-

-

30 seconds or more of pressure fal l ing t ime from 

39.23 to 34.32 MPa 

(400 to 350 kgf/cm2 ,  5689 to 4978 ps i )  

5 seconds or more of pressure fa l l i ng t ime from 

2 1 .57 to 20.59 MPa 

(220 to 2 1  O kgf /cm 2 ,  3 1 29 to 2987 psi )  

-

-

3 1  m m  

( 1 .22 i n . )  

0.05 m m  

(0.0020 i n . )  

0 .2 m m  

(0.008 i n . )  

1 1 .5 mm 

(0.453 i n . )  



[7 ]  M A I NT ENANCE C H E C K  L I ST 

To m a inta i n  lo�1g- last i ng and safe engine performance, make it a ru le  to carry out  regu lar  inspections by fo l lowin9 the table 

be low. 
Service i nterval 

I tem every every every every every every every every every every 
one or two three one two 

50 h rs.  1 00 h rs. 1 50 h rs. 200 h rs. 400 h rs. 500 h rs.  months months year years 

Chec k ing  fuel p ipes and clamps • 
Changing engine oi l  • 
Cleaning a i r  f i l te r  e lement • 
Cleaning fuel f i l ter Ell 
Checking battery e lectroly te level 1111 

Check ing  fan bel t  tension 
• 

and damage 

Checking oi l  or water leakage • 
Checking water pipes and c lamps • 
Changing o i l  f i l ter  cartridge • 
Changing fuel f i l ter  e lement • 
Cleaning radiator in teri or • 
Recharg ing battery 4111 

Changing radiator c leaner 
• 

and coolant 

• 
Changing a ir  f i l ter  e lement or every 6 

cleani n gs 

Checking valve c learance • 
Checking  nozzle injecti on pressure • 
Changing battery • 
Changing water pipes and c lam ps • 
Changing fuel pipes and cl amps 4111 

A. CAUT I ON :  
o When changing or inspectin g, be sure to l evel and stop the engine. 
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[8 ]  CH ECK AN D MAI NTENANCE 

46 

Checking  Engine O i l  Level 
1 .  Leve l the engine. 
2.  To check the oi l  leve l ,  draw out the d i pstick (1 ) ,  wi pe it  

clean, re insert it, and draw it out aga in .  
Check to  see that the oi l  level l ies between the two 
notches. 

3 .  If the level  is too low, add new oil to the specified l eve l .  
4 .  When us ing a n  o i l  o f  a d ifferent m aker or v iscosity from 

the prev ious o ne, remove a l l  old o i l .  Never m ix two 
d ifferent types of o i l .  

• NOT E :  
o Use the proper Engine O i l  SAE according t o  the ambient 

tem peratures. 

( 1 )  D ipstick 

Changing Engine Oi l 
1 .  After warmi ng  up,  stop the engine.  
2 .  To change the used o i l ,  remove the drain p lug ( 1 ) at the 

bottom of the engine and drain off the oi l  complete ly .  

3. Rei nsta l l  the dra in  plug.  
4.  Fi l l  the new oi l  up to the upper notch on the d ipstick .  

1 .87 Q 
M-12 0.494 U.S.  gal 

0.4 1 1 I m p. gal 
Spec if ied qu ant ity 

2.91 Q 
M-18,25 0.769 U . S .  gal 

0.640 I mp. gal 

• IMPO RTANT: 
• Eng ine  o i l  shou ld  be M I L- L-46 1 52/M I L-L-2 1 0 4C or have 

properties of API cl assification CC/C D grades. 

• Change the type of engine oil according to the ambient 
tem perature. 

Above 25° C (77° F )  . . . . . . . . . . . . . . . . . . . .  SAE 30 
0° C to 25° C ( 32° F to 77° F )  . . . . . . . . . . . . . . .  SAE 20 
Bel ow 0°C (32° F )  . . . . . . . . . .  SAE 1 0W or SAE 1 0W-30 

( 1 ) Drai n P lug 
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Item 

1 
2 
3 
4 
5 
6 
7 

8 
9 

1 0  
1 1  
1 2  
1 3  

l 

Part No. 

23 1 059 
23 1 875 
301 602 
23 1 906 
230 1 4 1  
300 1 03 
298605 
298567 
301 38 5  
298854 
299855 
299856 
298853 

Unit 

2 
4 
1 
2 
2 
1 

2 
1 
1 
1 
1 
1 
1 

Description 

Cap Screw 
F lat Washer 
Fuel F i l ter Cover 
Washer Lock 
N ut 
B racket F uel  F i lter 
C lamp Adjustable 
F uel  H ose 
E lectric F uel  Pum p 
Fue l  F i l te r  E lement 
B leed Screw 
0 - R i ng 
Fue l  F i l ter Assembly 
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Chan ging Engine O i l  F i l ter Cartridge 
1 .  Remove the o i l  fi l ter cartridge with a f i l ter wrench. 
2 .  Apply engine o i l  to the rubber gasket on the new cart 

ridge. 
3. Screw in the new cartridge in by hand.  

Iii NOT E :  
e Over-t ighte n i ng may cause deformation of the rubber gas

ket. 
e After, the cartr idge has been repl aced, eng i ne o i l  norma l ly  

decreases a l ittle. 

Check the o i l  level and add new o i l  to the s pecif ied l evel . 

( 1 ) F i l ter Cartr idge 

Bleeding Fuel System 
1. F i l l  the fuel tank with fue l ,  and open the fuel  cock . 
2 .  Loosen the a i r  vent p lug of the fuel f i l ter a few turns. 
3. Screw back the p lug when bubb les do n ot come u p  any  

more. 
4 .  O pen  the air vent cock on top of the fuel i nject ion pump.  
5 .  R et ighten the p lug when bubbles do not  come u p  any 

m ore. 

II NOT E :  
• Always keep the a i r  vent cock o n  the fue l i nject ion pump 

closed except when a i r  i s  vented, or i t  may cause the 
eng ine to stop. 

Check ing Fuel Pipe 
Check the fuel pi pes every 50 hours of operat ion .  

1. I f  the c lamp i s  l oose, apply o i l  to the th reads and secure ly  
ret ighten i t .  

2 .  The fue l  p i pe i s  made of rubber and  ages regard less of the 
period of servi ce .  
Change the fue l  p ipe together with the c l amp every two 
years. 

3. However, if the fuel p i pe and c lamp are found to be 
d amaged or deteriorate ear l i er than two years, · then 
change or remedy. 

4 .  After the fuel p i pe and the clamp h ave been ch anged , 
b leed the fuel syste m .  

A CAUTI ON :  
• Stop the engine when attempt ing  the check and change 

prescribed above. 



Antifreeze 
If the coo l ing  water freezes, the engine  cy l i nder block, 
cy l i nder head and radiator may crack. In cold weather  before 
the temperature drops be low 0 °C (32° F) ,  drain out the water 
after operating  or add a prope r  amount of antifreeze. 

• There are two types of antifreeze so lutions:  pe.ona.ru:.nt 

t� e (SPT �he 

U N I VE R SA L eng ines,  b e  s ure to use the permanent type. 

-��ifreeze dur ing hot weather to keep the 

engine performance since the cool i n g  water boi l i n g  point 
r ises.  

• When antifreeze is used for the first time, fi l l  and drain 
clean water twice or  th ree times so as to complete ly  clean 
the ins ide of the radiator. 

0 The p rocedu re for m ix i ng water and antifreeze d iffers 

accord ing  to the make of the antifreeze and the ambient 
temperatu re. Basica l ly, it shou l d  be refered to SAE J 1034 

standard, more specifica l l y  a lso to SAE J81 4c. 
• Mix the antifreeze and water, then pou r the mixture 

i nto the rad iator. 

Vol % Freez ing point  Boi l i ng po int  

anti freeze o c  O F  o c  O F  

40 -24 - 1 2 1 06 222 

50 -3 7  -34 1 08 226 

60 -52 -62 1 1 1  232 

70 -64 -84 1 1 4 238 

* At 760m m H g  pressure ( atmospher ic ) .  A h igher boi l i n g  
point is obtained b y  us ing a radi ator pressu re c a p  which 
perm its the devel opment of pressu re with i n  the cool ing  
system .  

Ill NOT E :  
• The above data represents i ndustr i a l  sta ndards that necessi

tate a m i n i m u m  g lycol content i n  the concentrated 
antifreeze. 

• When the coo l ing  water l eve l d rops due to evapo ration , 
add water on ly .  I n  case of leakage, add antifreeze and 
wate r  i n  the specified mix ing  ratio. 

• Antifreeze absorbs mo istu re. Keep unused antifreeze in 
a ti ght ly sealed conta iner. 

• Do not use radiator c lean ing agents when antifreeze has 
bee n  added to the coo l ing  water. 
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(Antifreeze conta ins  an anticorrosive agent, wh ich wi l l  
react with the radiator clean i n g  agent forming s l udge 
wh ich wi l l  affect the engine parts . )  
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Belt Tension 
1. Measure the deflection, depressi ng the belt ha lfway 

between the fan dr ive pu l ley and the AC dynamo pu l ley 
at 98  N ( 10 kgf, 22 lbs)  of force. 

2. If the measurement is not t he specified va lue, loosen the 
bolts and the nuts, and relocate the AC dynamo to adjust .  

�e lt  tension Factory speci ficat ion appro x .  10 mm 
0.39 i n. 



50 

Checking  Compression Pressure 
1 .  Warm up the eng ine  and stop it .  

2. Re move the air c leaner and the muff ler .  
3. Remove the n ozz le  ho lde rs from a l l  the cyl i nders. 
4. Set a compression tester ( Code No. 07909-30200) to 

the n ozz le  h older  h ole .  
5 .  Cut the fue l  (pu l l  the  stop l ever ) ,  and run the eng ine  for 

5 to 1 0  seconds (at 200 to 300 rpm)  and read the max i 
m u m  pressure.  
Execute the test at l east twice.  

6. I f  the compress i on pressu re is  less than the a l l owable 
l i m i t, pou r a smal l  amount of engine o i l  th rough the 
n ozz le  h older  ho le  and test aga i n .  

7 .  I f  t h e  com press ion  p ressu re reaches t h e  a l lowab l e  l i m it ,  
check the cy l i nder l i ner a nd the p iston r ings. If not,  
check the top c l earance, va lve and cy l i nder  head. 

3.09 M Pa 
Factory 

3 1 . 5 k g t /cm ' 

Compression 
spec. 

448 p s i  

pressure 2 .32 M Pa 
A l l owable 23 . 7 k g f r c m ' 
l i m i t  337 p s i  

II NOT E :  
111 Fo 1· the test, use a fu l l y  charged battery and the specif ied 

va lve c learance. 
111 Var iances in cy l i nder  compress ion va lues  shou ld be 

under  1 0%. 

Valve Clearance 

1 .  Loosen the lock nut and the adjust i ng  screw on the rocker 
arm.  

2 .  Tu rn the adju st i ng screw to adj u st the va lve c lea 1  ance at 
the top dead cente r  (T .D .C )  dur ing the compress ion  
stroke of the p iston .  

3.  T ighte n  the lock  nut and check the va l ve  c lea rance aga i n  
after  severa l  turns  o f  the f l ywhee l .  

II NOT E :  
111 T o  get T. D . C. o f  the p i ston,  f ind  i ts "TC" mark  o n  the 

f lywhee l  and a l ign  it  to the pu nch m ark  on  the rear e nd 
p l ate (See p hoto ) .  

Valve 
clearance 

Factory 
specification 

0. 1 5  to 0. 1 8  m m ,  
0.0059 to 0 .007 1 i n .  
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Checking Fuel I njection Pressure 
1 .  Set the i njecti on n ozzle to the nozzle tester. 
2. Measure the i njection pressure .  

3 .  I f  the measurement i s  n o t  with i n  the factory specifica
ti ons adjust with the adjust ing washer i ns ide the nozzle 
holder.  

Fuel i njection 
Factory spec. 

pressure 

Piston R ing  Compressor 
Code No. : 07909-32 1 1 1  

1 3 .73 to 1 4 . 7 1  M Pa 

1 40 to 1 50 kgf/cm 2 

1 99 1  to 2 1 33 psi 

Appl i cati on : U se exclus ively for pushi ng in the p iston with 
ease. 

Piston R ing Tool 
Code No. : 07909-32 1 2 1  
Appl i cation : Use exclus ive ly  for removing o r  i nstal l i n g  

the p iston r i n g  with ease. 

Flywheel Pu l ler ( For vertical type d iesel engines ) 
Code N o . :  079 1 6-320 1 1 
Appl i cati on :  Use exclusive ly  to take off the flywheel of a l l  

verti cal type d iesel engines safe ly  and eas i l y .  
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Diesel Engine Compress ion _l_��er 
Code N o. . 07909-30200 

App l icat ion :  Use to rneasu re d i esel eng i ne compress ion and 
to d i agnose the  !:'ngine for a major overhau l .  

Oi l  Pressure Tester 
Code No . : 079 1 6- 32031 

Appl i cati on : A tester to measure l ubr icat ing  o i l  pressure 
for a l l  k i nds. of d i ese l  engi nes. 

Valve Seat Cutter 
-- -- --

Code No . : 07909-33 1 02 
Appl i cati on · Use to reseat valves. 
Angl e :  0 .785 rad. (45° ) 

0.262 rad. ( 1 5° ) 

D i amete r : 28.6 m m  ( 1 . 1 26 i n . )  
3 1 .6 m m  ( 1 . 244 i n . )  
35 .0 m m  ( 1 .378 i n . )  
38.0 mm ( 1 496 i n . )  
4 1 .3  m m  ( 1 .626 i n . )  
50.8 m m  (2 .000 i n . )  
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Radiator Tester 
Code N o . : 07909-3 1 55 1  

Appl icat ion:  Use to check radiator cap pressu re and leaks 

from coo l i ng systems. 

Connecting Rod Al ignment Tool  
Code No . : 07909-3 1 66 1  

Appl icati on : Use t o  check the connecting  rod a l i gn ment. 
Appl icable range :  Connecting  rod l a rge end 1 .0. 30 to 7 5  mm 

Nozzle Tester 

( 1 . 1 8  to 2.95 in d i a . )  
Connecti ng rod length 

65 to 330 mm (2 .56 to 1 2.99 i n . )  

Code No . : 07909-3 1 36 1  

Appl ication : Use t o  check the fuel i njection pressure and 
spray ing  condition of nozz le .  

Measu r ing range : 0 to 49 M Pa (0 to 500 kgf/cm2 , 0 to 
7 1 1 2  psi )  

Press Gauge 
Code N o . :  07909-3024 1 
Appl icati on :  Use to check the o i l  c learance between 

crankshaft and bearing, etc. 
Measu r ing range : Green - 0.025 to 0.076 m m  

(0. 0 1  to 0.03 i n . )  
R e d  - 0.05 1 to 0. 1 52 m m  

(0 .02 to 0.06 i n . )  
B lue - 0. 1 02 to 0.229 mm 

(0.04 to  0.09 i n . )  
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Red Check (Crack check l iqu id )  
Code No. : 07909-3 1 37 1  

Appl i cati on : Use to check cracks on cy l i n der heads, crank
cases, etc. 

Ill NOT E :  
e The fo l lowing specia l tool s  are n ot provided, s o  make 

them referring to the f igures. 

I njection Pump Pressure Tester 
Appl i cation : Use to check fuel  t ightness of i njecti on pu mps. 

Pressure gauge 

A [ Fu l l  sca l e : More than 40 M Pa, 

400 kgf/c m ' . 6000 psi ]  

B Copper gasket 

c F lange [ Material  : S45C] 

Hex. nut 27 mm across the flat 
D (1 .06 i n . )  [ Material : S45C] 

E I njection p ipe 

a Adhesive appl i cation 

b 
F i l l et weld i n g  on the enter 

circumference 
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Valve Guide Replacing Tool 
Appl i cation : Use to press out and to press fi t the valve guide. 

Rocker Arm Bushing  Replac ing Tool 
Appl icati on : Use to press out and to press f it  the rocker 

arm bushi n g. 
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I d le Gear Bush ing  Replacing Tool 
Appl ication : Use to press out and to press fit the idle gear 

bush ing. 

Smal l  End Bushing  Replacing Tool 
Appl ication : Use to press out and to press fi t the sma l l  

end bush ing .  
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Crankshaft Bear ing 1 Replacing Tool 
Appl ication : Use to press out and to press fit the crankshaft 

bearing  1 .  

F lywheel Stopper 
Appl ication : Use to l oosen and tighten the flywheel screw. 
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Compress ion Pressure 
1 .  R u n  the engine u nt i l  it  is warmed up .  
2 .  Stop the engine and  remove the  a ir  c lea ner, the  m uffler 

and a l l  nozz le  h olders. 
3. Set a compression tester ( Code No . :  07909-30200) with 

the adaptor to the nozzle ho lder ho le.  

4.  Run the engine with the starter at 200 to 300 rpm for 5 
to 1 0  seconds and read the maximum compress ion 
pressure.  

5 .  Measu re the compression pressure several t imes .  
6 .  I f  the m easurement does n o t  reach the a l l owable l i m it, 

apply a sma l l  amount  of oi l to the cy l i nder wa l l  through 
the nozzle ho lder hole and measure the compress ion 
pressu re aga in .  

7 .  I f  the p ressure i s  sti l l  l ess than  the a l l owable l i m it, check 
the top c l earance, valve and cy l inder head . 

8. I f  the pressure increases after app ly ing o i l ,  check the 
cy l inder wa l l  and p iston rings. 

Ill NOTE : 
o Check the compression p ressure with the specif ied valve 

c lea rance (See page S-67 ) . 

3.09 M Pa 
Factory specification 3 1 .5 kgf/cm' 

Compressio n  pressure 
448 psi 

2.32 MPa 
A l l owable l i mit  23.7 kgf/cm2 

337 psi 

Top Clearance 
1 .  Remove the n ozz le  ho lder and l ower the p iston in the 

cy l i nder. 
2 .  I n sert a h igh-qu a l ity fuse from the nozzle ho lder hole on 

the p iston [except where it faces the valve or the combus
tion chamber insert. ] 

3. R otate the f lywheel u nt i l  the p iston is raised and l owered 
aga i n .  

4.  Take o u t  t h e  f lattened fuse carefu l l y  a n d  m easure its 
thickness with vernier ca l ipers. 

5. If the m easu rement is not with in  the specified va lues, 
check the oil c lea rances of the crankp in  journa l  and the 
p iston p in .  

T o p  clearance Factory specification 0.60 to 0.80mm 
0 .0236 to 0.03 1 5  in.  
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Valve Clearance 
-·-·�-- -

1 .  Loosen the lock nut  and the adj u st ing screw on the rncke1· 
a rm.  

2. Turn  the  adju st i ng screw to  adju st the  valve c learance at 

the top dead cente1· (T. D . C }  d u r i ng the compress ion 
stroke of the p iston .  

3.  T ig hten the lock n u t  a n d  check the valve c learance aga in  
after severa l turns  of the f lywhee l .  

11 NOTE:  
o T o  get T. D. C. o f  the p iston ,  f ind i ts "TC" mark on the 

f l ywheel and a l ign i t  to the pu nch mark on the rea r end 
p l ate ( See p h oto) .  

,-------i----------- ,- ----- - ---1 
I Vallve 1 I F · t ·  . , 0 . 1 5  to 0. 1 8 m m  L__

_

�a rance 
. 

actory spec1 1cat1on 
I 0 _0059 to 0_00 7 1� 
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[ 1 ]  Externa l  Components 

!=_r:iiil_neg� __ an_� _ _  Cool ing Wat� 
1 .  Open the cock ( 1 )  and dra in  coo l i ng water. 
2 .  R emove the p lug (2) and dra i n  eng ine o i l .  

Capacity M-12 M-18,25
- -

1 .9 �. 2 . 1  \., 
Coo l i ng water 2.0 USqts, 2.3 USqts, 

l.67 Imp. q ts 1 .85 Imp. qts 
2.0 �.  3.0 � .  

Engine oi l 2.1 USqts, 3.2 USqts, 
1 .76 Imp. qts 2.64 Imp. qts 

Tighten ing I Drain 32.4 to 37.3 N ·m. 3.3 to 3.8 kgf ·m. 
to rque p lug 

( 1 )  Dra in  Cock 
( 2 )  P lug 

[2] Cyl inder Head 

23.9 to 27 .5 .ft-l bs 

I njection Pipes, I n let Man ifo ld and Cyl inder Head 
Cover 

-

1 .  Remove the i njection p i pes, overf low p ipes and the nozz l e  
ho lders ( 1 ) . 

2 .  R emove the i n l et m a n ifo ld  ( 2 ) .  
3 .  R e m ove the cy l i nder head cover (3 ) .  
4 .  R e m ove t h e  dynamo ( 4 )  a n d  the o i l  f i lter (5 ) .  
(When reassembling) 

• Apply eng ine  o i l  to the head cover nuts. 

I njection p ipe nut 

Overflow p ipe nut 
Tighten ing torque 

Head cover nut 

Nozzle holder 

24.5 to 34.3 N · m  
2 .5 t o  3.5kgf · m  
1 8. 1  t o  25.3 ft-lbs 
1 9.6 to 25.3 N · m  1 
2.0 to 2.5 kgf · m  
1 4. 5  t o  1 8. 1  ft-lbs 
3.9 to 5.9 N · m  
0.4 t o  0.6 kgf· m 
2.9 to 4.3 ft-lbs 
49.0 to 68.6 N · m  
5.0 to 7.0 kgf ·m 
36.2 t o  50.6 ft-lbs 

�----------�--------�------� 

( 1 )  Nozz le  Ho lder 
(2) I n let Man ifold 
(3 )  Cy l i nder  Head Cover 

(4) Dynamo 
( 5 )  O i l  F i lter 



® © ® ® ® CD 
@ CD © @ d ® h @ 

CD CD 
e CD ® 

®--------<•(J) ® --------... ® @ 
IJ I 09 Fr !6:! 

OllJ9PIJI I 

CD 
® 

61  

R ocker Arm and Cyl i nder Head 
1 .  Remove the grow p lugs  (3 ) .  
2.  Remove the  rocker a rms and shaft assembly ( 1  ) .  
3 .  Remove the push rods a n d  tappets. 
4 .  Loosen the hose c l amp (4 ) ,  and remove the screws, the 

nuts and the cy l i nder head ( 2 ) .  
(When reassembling) 

• Be sure to p l ace the 0-r ing (5 )  (See p hoto ) .  
• App l y  eng ine o i l  t o  t h e  head screws a n d  nuts, a n d  t ighten 

them in the specif ied sequence (See f igure ) ,  in severa l  
steps a nd to the specified torque. 

• After t ighten ing  a l l  the screws and the n uts, run the 

eng ine u nti l  i t  warms up and t ighten them aga in  to the 
specif ied torque .  

I Tighten ing torque 

Grow p lug 

Rocker arm nut 

Cyl i nder head stud 

Cy l i nder head 
screw and nut 

( 1 )  R ocker Arm Shaft Assembly 
( 2 )  Cyl inder Head 
(3) G row P lug 

(4) Hose C lamp 
(5 )  0-r i ng 

Valve 

1 9 .4 to 24.5 N · m  
2.0 t o  2.5 kgf ·m  
1 4.5 t o  1 8. 1  ft-lbs 
9.81 to 1 1 .28 N · m  
1 .00 t o  1 . 1 5  kgf ·m  
7.23 to 8.32 ft-lbs 

I 23.5 to 27 .5 N · m 
2.4 to 2.8 kgf · m 
1 7.4 to 20.3 ft-lbs 

I 39.2 to 44. 1 N · m  

I, 4.0 to 4.5 kgf •m 
28.9 to 32.5 ft-lbs \ 

1 .  Remove the va lve cap ( 5 )  and the va lve spr ing co l l ets (4 ) ,  
compressi ng the va lve spr ing ( 2 )  with the va lve  spr ing 
reta iner ( 3 ) .  

2 .  R em ove t h e  va lve spr ing reta iner (3 )  a n d  t h e  va lve spr ing 
( 2 ) .  

(When reassembling) 

• Clean the va lve stem and va lve gu ide, and app ly  eng i ne o i l  
t o  them. 

• Be sure to adj u st the va lve c learance after i nsta l l i ng the 
va lve. 

• Be sure to l ap  the valve on its seat after rep lac ing the 

va lve, referr ing to "Correct ing Va lve a nd Seat". 

( 1 )  Va lve 
( 2 )  Va lve Spr ing 
(3 )  Va lve Spr ing Reta iner 
(4 )  Co l l et 
( 5 )  Va lve Cap 
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Adjusting Va lve Clearance 
·-·---,·-·�----

1 .  Loosen the lock nut and the adj ust ing screw on the rocker 
arm.  

2. Turn  the adj u st ing screw to adjust the va Ive c learance at 
the top dead center (T. D . C )  dur ing  compress ion stroke of 
the p i ston. 

3. Tighten the lock nut and check the valve c learance aga in  
after severa l turns of the f lywhee l .  

Ill N OT E :  
• To get T . D . C. of p iston ,  f i nd its "TC" mark o n  the f l y  

wheel a nd a l ign i t  w i t h  t h e  pu nch m a r k  o n  t h e  rea r end 
pl ate ( See p hoto ) .  
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[3]  I njection Pump and Levers 

I njection Pump and Speed Contro l P late 
1 .  Re move the socket headed screws and n uts, and remove 

the i njection pump ( 3 ) .  
2 .  R emove t h e  screws a nd separate the  speed contro l p l ate 

( 2 ) ,  taking care not to harm the spr ing (4 ) .  
3.  Disconnect the  spr ing (4) and remove the  speed contro l 

p late ( 2 ) .  
(When reassembling) 

• Hook the spr ing (4)  to the l ever f irst a nd i nstal I the speed 
contro l p l ate ( 2 ) .  

• Be sure t o  p l ace t h e  copper washers u nderneatfothe screws 
( 1 )  ( See p hoto ) .  

o S l id e  t h e  control rack ( 6 )  u nt i l  its e n d  is  f l u sh with the 

pump hous ing ( See  p hoto ) .  
• Position, the s l ot ( 7 )  o n  t h e  fork lever just u nder  t h e  s l ot 

on the crankcase. 
• I nsert the i njection pump so that the contro l rack (6 ) 

shou ld  be pushed by the spr ing (5 )  at its end and the p i n  
(8 )  o n  t h e  rack e ngages with the s lot ( 7 )  on  t h e  fork l ev'ir • 

(See p hoto ) .  

-----�-- · ·-- --:=r--9.81 to 1 1 .28 N · m  
ghteni n g  torque I njection pump 1 .00 to 1 . 1 5  kgf • m 

7 .23 to 7 .32 ft-lbs 
-·-··--- -··· -·· - - ·--- ---� ___J 

( 1 ) Screw 
( 2 )  Speed Control P l ate 
(3 )  I n jection Pump 
(4 )  Spring 
( 5 )  Spring 

(6)  Contro l  Rack 
( 7 )  S lot 

(8 )  P in  
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[4] Gear Case and F lywheel 

Pu l ley and Gear Case 
1 .  Prepare the stopper (See f igure)  a nd i nsta l l  it  to the 

f lywhee l  so that the crankshasft does not tu rn .  
2 .  F l atten the m eta l l ock and rem ove  the lock screw and p u l l  

out t h e  p u l ley with a p u l ler .  
3 .  Remove the screws and  d isconnect the spr ing, and rem ove 

the gear case. 

Ill NOTE :  
• B e  sure to remove the bo lts beh i nd the fan and ins ide  the 

gear  case, ( 1 )  and ( 2 ) .  
( When reassembling) 

• Be sure to t ighten the screws ( 1 )  a nd ( 2 ) ,  a nd hook the 
spr ing (3 ) .  

• I n sta l l  t h e  pu l ley to the crankshaft, a l ig n i ng t h e  marks (4 )  
o n  them.  
Apply eng ine o i l  to the lock screw and t ighten  it  to the 
specified torque. 

! Lock screw 
I 98. 1 to 1 07 .9 N •m  
I 1 0.0 to 1 1 .0 kgf •m 

72.3 to 79.6 ft-lbs 
Tighten ing torque 

( 1 ) Screw 
( 2 )  Screw 
(3) Spr ing 

(4) Al ign ing Mark 

I
i 9 .81 to 1 1 .28 N •m  

Gear case screw 1 .00 t o  1 . 1 5  kgf • m 
7 .23 to 8 .32 ft-lbs 
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F lywheel 
------

1 .  I n sta l l  the stopper to the f lywhee l so that the f l ywhee l  

does not turn. 
2 .  R emove the screws and the f lywhee l .  
(When reassembling) 

e Place the f lywhee l washer on the f l ywheel  and i.nsta l l  
them t o  the crankshaft, not i ng the l ocation of the holes. 

53.9 to 58.8 N • m 
Tighten ing torque F l ywheel screw 5 .5 to 6 .0 kgf •m 

39.8 t o  43.4 ft-lbs 

[ 5] T im ing Gears and Camshafts 

• I f  it is requ ired to check the gear back lashes,  m easure 
them before d isa ssem by .  

I d le Gear 
1 .  R emove the reta in i ng r ing,  the thrust washers and the id le  

gear ( 1 ) . 
(When reassembling) 

• I nsta l l  the id le  gear, a l ign ing the marks on the gears re
ferring to the f igure. 

( 1 )  I d le Gear 
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Gear and Camshaft 
1 .  Remove the screws (3)  and draw out the camshaft (4 )  

with the gear on i t .  

3 2. Remove the reta i n ing p l ate ( 1 ) .  

3 .  Remove the screws ( 5) and draw out the fuel  camshaft 
( 2 )  with the governor fork a ssembly .  

4 (When reassembling) 

• Hook the spr ing to the fork lever 1 (6 )  as shown i n  the 

f igure before i nsta l l i ng the fork lever assemb ly  to the 

--=� 5 crankcase. 
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• I nsta l l  the fork lever assemb ly  so that the p i ns on the fo 1·k 
pos it ion even ly  apart from the governor sl eeve and make 
sure that the fork lever 1 i s  kept apart f rom the rack p l ate 
more than 1 .5 mm (0.059 i n . ) .  

( 1 )  Reta i n i ng P late 
( 2 )  F uel  Camshaft 
(3 )  Screw 
(4)  Camshaft 
( 5) Screw 
(6 )  Fork  Lever 1 
(7 )  Fork  Lever 2 
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O i l  Seal Sleeve and Gear 

1. Pu l l  out  the o i l  sea l  s leeve (2) together with the gear ( 1 )  
usi ng a gear pu l l er. 

(When reassembling) 
e I nsta l l  the id le  gear before insta l l i ng the s l eeve (See figure 

at " Id le  G ear") .  
o Be sure to p lace the 0-r ing (3) before i nsta l l ing  t he s leeve 

( 2 ) .  

(1) Gear 
( 2) Oi l Sea l S l eeve 

(3) 0-ring 

[6] Crankshaft and Piston 

Main Bearing Case Cover 

1 .  Remove the screws, a nd l ift the cover ( 1) by screwing two 
screws ( See photo) gradua l ly  and even ly .  

(When reassembling) 
o Place the case cover a nd the gasket noting each d irection 

( See photo) ,  and t ighten the screws. 

Tightening torque Main bearing 
case screw 

(1) Main  Bearing Case Cover 

9 .8 1 to 1 1 .28 N · m 
1 .00 to 1 .1 5  kgf• m  
7 .23 t o  8.32 ft-lbs 

(A) To l ift the cover, screw i n  two screws . 
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Crankshaft 
1 .  R emove the o i l  p;in ; rnd the str<i i ner . 
2 .  Remove the screw<; ( 1 )  a nd the  connecting rod caps, anrl 

push out  the  p istons .  
3.  R emove the screws (2 )  il nd p u l l  out the Crilnkshaft .  
(When reassembling) 

·- Iii I nsert the p iston i n  its cy l inder in such a manner  tha t  the  
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mark " ' l " on i t s  head a l igns with the m ark " 1 "  on the 
crankcase (See f igure ) .  

• A l ign  the m a r k s  on t h e  s i d e  o f  the connecting rod a n d  
cap. 

• Apply engine oi l  to the bear ing su rface and the screws and 
t ighten them to the specif ied torque.  

o Be su r·e to insta l l  the 0 - r ing on the p ipe extend ing  from 
the stra iner (See photo ) .  

Tighten ing torque 

( 1 )  Screw 

( 2 )  Screw 

Oi l pan screw 

Connet ing 1 oci 
screw 

Ma in bearing 
case screw 

Oil pressure 
switch 

9 .81 to 1 1 .28 N ·m  
1 .00 t o  1 . 1 5 kgf • m 
7 .23 to 8.32 ft- lbs 
1 4.7 to 1 8 .6 N · m  
1 .5 to 1 .9 kgf · m  
1 0.8 to 1 3 .7 ft- lbs 
1 9 .6 to 23.5 N ·m 
2.0 to 2 .4 kgf • m  
1 4.5 to 1 7  .4 ft-lbs 
1 4.7 to 1 9 .6 N · m  
1 .5 t o  2 .0 kg f •m 
1 0.8 t o  1 4.5 ft-lbs 
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Main Bear ing Case 
1 .  Remove the screws anti separa tf' the bear ing case . 

(When reassembling) 

• App l y  engine o i l  to the bear ing surface and in sta l l  the 
bear ing case so that its casti ng mark " -; 7 ·1 " and " ;t -1 Jt,. 
" ( 1 )  o r  the ho les face the flywhee l .  

• P l ace washers with the i r  round edge on t h e  seat of the 
screws a nd apply engine oi l  to the screws and tighten  
them to  the  specified torque. 

• P l ace the thrust washers with their oil groove outside .  

Tightening torque 

( 1 )  Casting M ark 

1 4 .7 to 1 9 .6 N · m  
M�in hP.a ring case screw 1 .2 to 1 .5 kgf ·m 

1 0 .8 to 1 4.5 ft-lbs 

P iston and Connect ing Rod 
1. Remove the reta i n ing r ing and the piston p i n .  
2 .  Rem�ve t h e  p iston ri 1 1gs us ing a p iston r i n g  tool (Code 

No . :  07909-32 1 2 1  ) .  

(When reassembling) 

• I n sta l l  the piston r ings with their  manufacturer's m a rk u p  
and  s o  that their gaps a nd the expander w i l l  not 
positioned in l i ne, referring to the f igure. 

• App l y  engine oi l  to the piston pin and the bush ing ,  and 

insta l l  the connect ing rod so that the mark on  its side 
positions opposite the mark "1" on the p iston .  

CD When insert ing thP.  p i ston p in  to  the  piston ,  heat the 
piston in  oi l  ( 80° C, 1 76° F )  for 1 0  to 15 m inutes. 

F itted 1 . 0 .  o f  the 
p iston pin bus h i ng 

Factory 
specification 

0.000 to 0.000 m m  
0.0000 to 0 .0000 i n .  



S E R VI C I NG 

IJ] (}YFiJ67 l!WYFiJ.'17 

�@:NJ tllil (ilW CTlD IH:lJ£l 

RC-AA RC-AB R�:}} , ........ ,,,,,... 
§] �] [� 

/. � - � 

CiJ:J6Fl!3:J 
( 1) (2) (3) 

70 

[ 1 ]  Cyl inder Head 

Top C learance 
1 .  R emove the nozzle holder and lower the piston in  the 

cyl i nder. 
2 .  I n sert a h igh-qua l ity fuse from the nozzle holder hole on 

the piston except where it faces the valve or the com
bust ion chamber insert. 

3. Rotate the flywheel unti l  the piston i s  raised and l owered 
again .  

4 .  Take out the flattened fuse carefu l ly a n d  measure its 
thickness fuse with vernier cal ipers. 

5. I f  the measurement is not with in  the specified va lues, 
check the oi l  c leara nces of the crankpin  journal  and the 
p i ston p in .  

Top clearance Factory specification 

Cyl inder Head Surface F latness 
1 .  Clean the cy l inder head surface. 

0.60 to 0.80 m m  
0.0236 t o  0.03 1 5  i n .  

2 .  P lace the stra ight edge on the cyl inder head and measure 
the clearance with a feeler  gauge at the posit ions shown 

in  the figu re. 
3. If  the measurement exceeds the a l lowable l imit, correct 

it with a su rface gr inder. 

II NOT E : 
e Do not p lace a straight edge over the com bustion chamber 

i nsert. 

F latness Al lowable l im it 

Cyl inder Head Su rface F law 

0.05 mm per 1 00 m m  
0.0020 per 3.94 i n .  

1 .  Prepare an a i r  spray red check (Code N o . :  07909-3 1 37 1 ) .  
2 .  C lean the cy l i nder head surface with the detergent (2 ) .  
3 .  Spray the  cyl inder head surface with the  red permeative 

l iquid ( 1 ) . 

4. Wash away the red permeative l iqu id on the cyl i nder head 
surface with the detergent (2 ) .  

5 .  Spray the cyl i nder head surface with the white developer 
( 3 ) .  

6 .  I f  a ny flaw is fou nd such a s  a red mark , replace the 
cy l inder head . 
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[2 ]  Valve and R ocker Arm 

Valve C learance 

1 .  Loosen the lock nut and the adjust inq snew on the rockier 
arm. 

2 .  Turn the adjust ing  screw to adjust the va lve c l earance at 
the top dead center (T. D . C . )  dur ing compress ion stroke of 
the p iston .  

3 .  Tighten t h e  l ock n u t  a n d  check the valve c learance aga in  
after severa l  tu rns  of the  f lywheel .  

Ill NOT E :  
• To get T. D .C .  of p i ston. f ind its "TC "  mark on the f ly

wheel and a l ign i t  with the pu nch m a rk on the rea r end 
p late (See photo ) .  

Valve clearance Factory specification 

Valve Stem C learance 

0 .1 5 to 0 .1 8 mm 
0 .0059 to 0 .0071 i n .  

1 .  Remove the carbon from the valve gu ide.  
2 .  Make su re that the va lve stern is stra ight and in sert the 

valve i nto the va lve guide. 
3 .  Set the d i a l  i nd icator w ith its t ip  on the stem near the end 

of the va lve guide. 
4 .  Measu re the c learance, m ov ing the valve s ideways. 

If  the measurement exceeds the a l lowable l im it ,  repl ace 
the va lve guide or the va lve. 

Factory 
C learance between valve spec i f ication 
stem and valve gu ide Al lowable 

l i m i t  

Valve g u i d e  bore l . D .  Factory 
spec ification 

Valve stem O . D .  Factory 
spec ification 

Replacing Valve Gu ide 
(When removing) 

0.030 to 0.057 mm 
0.001 1 8  to 0.00224 i n .  

0 . 1  mm 
0.004 in .  

6 .0 1 0  to 6 .025 m m  
0.23661 t o  0 .23721  

5 .969 to 5 .980 m m  
0.23496 t o  0.23543 

1 .  Press out the va lve gu ide toward the head cover us ing a 
valve gu ide rep l ac i ng tool 

(When installing) 

1 .  Clean the va lve guide bore and apply engine o i l  to the 
bore, before i nsta l l i ng the valve guide.  

2 .  Press i n  the bush i ng so that its end comes f lush with the 
cyl i nder b lock surface us ing a valve gu ide rep lac ing too l .  

3.  Press i n  the  va lve  gu ide unt i l  i t s  end comes f lush  with  
the  cy l i nder head su rface. 

Ill I M PO RTANT: 
• Ream prec isely t h e  bore to t h e  spec if ied d imens ion shown 

in the figu re, after i nsta l l i ng  the valve gu ide.  
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Valve Seat W idth 

1 .  Check the va lve seat surface a nd the w idth . 

2. I f  the seat width is not with in the specified values or (b )  
is not equa l  to (c)  (See F igure ) ,  correct the va lve seat 
referring to "Correcting Valve a nd Seat". 

Valve seat width Factory specification 

Correcting Valve and Seat 

1 .  Correct the va lve using a va lve refacer. 

1 .4 mm 
0.055 i n .  

2 .  Correct the  valve seat su rface us ing a valve seat cutter 

(Code N o . :  07909-33 1 02 ) ,  fo l l owing the steps bel ow. 
3. Cut the valve seat surface with a 0 .75 rad (45° ) valve seat 

cutter .  
4 .  Check the seating surface on the va lve face us ing a red 

lead . 
5. Cut the valve seat surface with a 0.29 rad ( 1 5° ) va lve seat 

cutter so that the width A becomes equa l .to B (See figu re ) .  
6 .  Chec k  the seating surface us ing a red l ead . If  needed, 

repeat the steps above from 3, unti l  the valve contacts 
correct ly .  

7 .  Lap  the  va lve  onto its seat us ing lapping compou nd, u nt i l  
the va lve  contacts w ith its seat even ly .  

II NOT E :  
e Before correcting the valve and seat, check the va lve stem 

and the valve gu ide, and repair  them if necessa ry. 

Valve Recessing 

1 .  C lean the valve face and insta l l  it i n  its guide.  
2 .  M easure the va lve recessing with a depth gauge. 
3. I f  the recessing exceeds the a l l owable I im it, repl ace the 

va lve, cyl inder head or both . 

Factory 0 .7 5  to 0 .95 mm 
specification 0 .0295 to 0 .0374 i n .  

Va lve recessing 
A l l owable 1 .2 mm 
l i m it 0.047 i n .  
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Valve Spri ng F ree Length and Tension 

1 .  Measure the free length of the spri ng with vernier cal ipers. 
2. P lace the spr ing  on  a spring com pre5sion tester and 

compress to the specified length ,  and get the tension. 
3. If the measurement is less than the a l l owable l i m it ,  rep lace 

the valve spr ing .  

Factory speci ficat ion 3 1 .6 mm 
1 .244 i n .  

Free length 
28.4 mm A l l owable  l im it 1 1 1 8  i n .  

64.7 N ( 2 7 .0 m m )  
Factory specif ication 6 .6 kgf (27 .0 m m )  

1 4 .6 l b �  ( 1 .063 i n .I 
Spr i ng tension 54 .9 N (27 .0 m m )  

A l l owable  l i m it 5.6 kgf (27 .0 m m )  
1 2 .3 l b s  ( 1 .063 i n .I 

Valve Spring Squareness 

1 .  P lace the spring on the su rface p late and a squa r e  a t  i t s  
side. 

2. Measure the maximum d istance A ( See figure ) ,  rotating 
spring. 

Valve spr ing  squareness Al lowalbe l i m it 1 .2 mm 
0.047 i n .  

R ocker Arm Bush ing and Shaft C learance 

1 .  M easure the rocker arm bush ing 1 . 0 .  with an in side m ic ro
meter. 

2. M easure the rocker arm shaft 0 .0 .  with an outside m icro
meter .  

3 .  I f  the c learance exceeds the a l l owab le  l i m it,  replace the 
bu shing .  

4 .  I f  the c learance sti l l  exceeds the a l lowab le l imit  after 
replacing the bushing,  replace the rocker a rm shaft. 

Factory 0.0 1 6  to 0 .068 m m  
Rocker a r m  bush ing  specification 0.00063 to 0 .00268 i n . 
a nd shaft clearance A l l owable 0 . 1 5 mm 

l i m it 0.0059 i n .  

Factory 1 0 .500 to 1 0 .54 1 m m  
Bush ing 1 . 0 .  specification 0.4 1 339 to 0 .41 500 i n .  
shaft 0.0.  Factory 1 0.473 to 1 0 .484 m m  

specificat ion 0 .4 1 232 to 0 .4 1 276 in .  
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Rep lac ing Rocker Arm Bush ing 
(When removing) 

1 .  Press out the rocker arm bu shing using a rocker arm 
bushing replacing too l .  

(When installing) 

1 .  C lean  the rocker arm bush ing and the bore, and app ly  
engine o i l  to them. 

2. Press in the bush ing so that its end comes f lush with the 
rocker arm , using  a rocker arm bush ing rep lacing too l .  

Ill I M PORTAN T :  
e B e  su re to a l ign the o i l  ho les on  the rocker a rm and the 

bu shing,  and check that the seam of the bush ing positions 

i s  as in figure. 

[3 ]  Camshaft and Tim ing Gear 

Gear Backlash 

1 .  Set a d ia l  indicator ( l ever type) with its indic ator tip on 
the gear tooth . 

2 .  Move the gear to m easure the bac k lash,  ho ld i ng its mat ing 
gear. 

3 .  I f  the back l ash exceeds the a l l owab le  l i m it, c heck the o i l  
c learance of the  shafts and the  gear .  

4.  I f  the oi l  c l ea rance is p roper, rep lace the gear .  

Oi l  pu m gear to Factory 0 .041 to 0 . 1 23 m m  
cra n k  gear specificat ion 0 .00 1 6 1  to 0 .00484 in.  

Id ler  gear to cra n k  Factory 0 .043 to 0 . 1 24 m m  
gear specificat ion 0.00 1 69 to 0 .00488 i n .  

I d l e r  gear to cam Factory 0.047 to 0 . 1 2 3  m m  
gear specification 0 .00 1 85 to 0 .00484 i n .  

Factory 0 .046 to 0 . 1 24 m m  
I d l e r  gear to specification 0.00 1 8 1  to 0.00488 i n .  
injection p u m p  gear Al lowable 0 . 1 5  mm Oi l  clearance l im it 0.0059 i n .  

I d le Gear S ide Clearance 

1 .  Pu l l  the idle gear co l l a r  2 a nd push the id le  gear, and 
measu re the c learance between the id le  gear and the id le  

gear co l lar  with  a fee ler  gauge. 
2. I f  the c learance exceeds the a l l owable l i m it ,  rep lace the 

id le  gear co l l a r  1 .  

Factory specification 0 .20 to 0 .5 1  mm 
0 .0079 to 0 .0201 i n .  

Side c learance 
A l lowable l i m it 0 .6 m m  

0 .024 i n .  
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I d le Gear O i l  Clearance 

1 .  M easure the l . D .  of the id le  gear bush i ng with an inside 
m icrometer .  

2 .  Measu re the O . D .  of the id le  gear shaft with an outs1t 1e 
m icrometer .  

3 .  I f  the c lea ra nce exceeds the a l l owab le  l i m it,  replace the 
bu sh ing .  

Factory specificat ion 0 .0 1 6 to 0 .045 mm 
0.00063 to 0 .00 1 77 i n .  

O i l  c lea rance 
A l lowable  l i m it 0.05 m m  

0.0020 i n .  

Bush ing 1 . 0 .  Factory specificatio 1 6 .000 to 1 6 .0 1 8  m m  
0 .62992 to 0 .63063 i n .  

Shaft 0.0.  Factory specification 1 5 .973 to 1 5 .984 m m  
0 .62886 t o  0 .62929 i n .  

Camshaft O i l  C learance 

1 .  M easu re the l .D .  of the cam shaft bore on the crankcase 
with an inside m icrometer. 

2. Measure the O . D .  of the camshaft journa l .  
3 .  I f  the c learance exceeds the a l l owab le  l i m it ,  replace the 

shaft .  

Factory 0.050 to 0 .091 m m  

Oi l  clearance 
spec ification 0 .001 97 to 0 .00358 i n .  

A l l owable  0 . 1 5 mm 
l i m it 0 .0059 i n .  

Camshaft bore 1 . 0 .  Factory 33 .000 to 33 .025 m m  
specification 1 .299 2 1  to 1 .30020 i n .  

Camshaft journa l  0.0.  Factory 32.934 to 32 .950 m m  
specification 1 .29662 to 1 .29725 i n .  

Camshaft Al ignment 

1 .  P lace the cam shaft on  the V b locks and set a d ia l  i nd icator 
with its i nd icator tip on the i ntermed iate jou rna l . 

2 .  R otate the cam shaft i n  the V b lock and get the eccentricity 
( ha lf of the measurement) . 

3. If the eccentricity exceeds the a l lowable  l i m it ,  replace the 
cam shaft. 

Factory specification 0 .0 1  m m  
0 .000 4 i n .  

Eccentricity 
A l lowable  l i m it 0 .08 m m  

0.003 1 i n .  
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Camshaft Lobes Height 

1 .  M easure the height of the camshaft lobes at their l argest 
O . D .  with an outside m icrometer. 

2 .  I f  the measurement is less than the a l lowable l imit ,  
replace the camshaft. 

F actory 26.88 m m ,  
specificat ion 1 .0583 in .  

Cam he ight 
A l lowable 26.83 m m ,  
l im it 1 .0563 in .  

[4] CY L I N D E R  B LOCK 

Cyl inder L iner/Cyl inder Wear 

1 .  M easure the l . D. of  the cy l inder l i ner or the cy l inder 
( l i nerless type) at s ix posit ions (See figure) with a cyi i nder 
gauge to find the max imum and m i n i m u m  I . D 's. 

2 .  G et the d ifference between  the maximum and the m i ni 

mum l . D. 's as the max imum wear. 
3. I f  the wear exceeds the a l lowab le l i m it ,  bore and hone to 

the oversize d imension ( R efer to the tab le )  and replace 
the p i ston and the piston r ings with the oversize o nes. 

4.  W hen having been oversized and the wear exceeds the 
a l lowable l i m it ,  replace the cy l i nder l iner or the cy l i nder. 
( l i ner less type ) .  

Cyl inder Factory I M-12 1 64.000 to 64.0 1 9  m m ,  
2.51 969 to 2.52043 in .  

{ l iner )  l . D . specification I - - I 66 000 to 66 0 1 9  m m  
M-18,2 5 2 .59843 to 2 :599 1 7  i� . 

Maximum wear A l lowable I 0, 1 5 m m ,  
l imit  0.0059 in .  

( R eference) 

CD Oversize d imension of cy l inder :  

Model l .D .  

M-12 
64.500 to 64. 5 1 9 m m ,  
2.53937 to 2.540 1 2  in .  

66.500 to 66.51 9  m m ,  
2 .6 1 81 1 to 2 . 6 1 886 i n .  M-18,25 Hone to 1 .2 to 2.0 µm max.  
0.000047 to 0.000079 in .  

o Oversize piston and piston r i ngs :  

Model N am e  

M-12 
P isto n 05 

P isto n  r ing 05 assem b l y  

_18 25 P i sto n 05 

1 
' I P isto n i  r ing 05 assembly  

M 

76 

Code N umber 

1 5841 -2 1 91 1 

1 4601 -2 1 09 1  

1 5852-2 1 9 1 1 

1 4541 -2 1 09 1  

Mar k i ng 

05 OS 

0 5  OS 

05 OS 

0 5  OS 
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[5] Cranksahft 

Crankshaft End P lay 

1 .  Set a d ia l  i nd icator with its ind icator t ip  touch i ng the 
end of the cran kshaft. 

2. Measure the end play bv moving the crankshaft to the 
front and rear. 

3 .  If  the play exceeds thP. a l lowable l i mit,  repl ace the s ide 
beari ng.  

4.  I f  the same size bear ing i s  useless because of the crank

shaft journal  wear, repl ace it with a n  oversize one refer
r ing to the table and the figure. 

Factory 0. 1 5  to 0 .31  m m ,  
specfica i t  ion  0.0059 to 0.01 22 in .  

E nd play 
A l lowable 0.5 mm, 
l imit  0.020 in .  

( R eference) 

c Oversize bear ings : 

Oversize B earing Code N umber 

0.2 mm 
Side bearing 1 02 1 52 6 1 -23951 

Side bearing 2 02 1 526 1 -23971 

0.4 mm 
Side bearing 1 04 1 52 6 1 -23961 

S id e  bearing 2 04 1 52 6 1 -2398 1 

• Oversize d imensions of cran kshaft : 
D imension 
(A)  0.2 m m  Oversize 23.20 to 23.25 mm 

(0 .9 1 34 to 0 .91 54 i n . )  
0 . 4  m m  Oversize 23.40 t o  23.45 m m  

(0.92 1 3  t o  0.9232 i n . )  
( B )  1 .8 to 2 . 2  m m  (0.07 1 to 0.087 in . )  

Mark i ng 

020 OS 

020 OS 

040 OS 

040 OS 

e F inely f in ish the contact face to the bear ing,  to the h igher 
than \!WV (0.4S) 

Crankshaft Al ignment 

1 .  Support the crankshaft with  V blocks on the surface p l ate 
at both end journals .  

2 .  Set a dia l  i ndicator with its i ndicator t ip  touch ing the 

i ntermed iate journa l .  
3 .  Rotate the cran kshaft o n  the V blocks and get the ec

centricity ( ha lf of the measurement ) .  
4.  I f  t h e  eccentricity exceeds t h e  a l l owable l i m it ,  repl ace the 

camsh aft. 

Factory 0.02 mm,  
specif icat i o n  0.0008 in .  

E ccentricity 
A l lowable 0.08 mm, 
l imit 0.0031  in.  
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O i l  C learance between Crankshaft Jou rnal and 
Bear ing 1 

1 .  Measure the I .  D. of the crankshaft bearing 1 with an 
i nside m icrometer. 

2 .  Measure the O .D .  of the crankshaft front journal  with an 
outside m icrometer. 

3.  If the o i l  c learance exceeds the a l lowable l i m it, replace the 
crankshaft bearing 1 .  

4.  I f  the same size bear ing is useless because of the cra n k
shaft journal  wear, repl ace it with a n  u nders ize one refer
r ing to the table and the figu re. 

Ill I MPORTANT: 
• I n sta l l  the bearing us ing a rep lacing too l ,  so that i ts  seam 

directs toward the exhaust s ide in the crankcase 
(See figure ) .  

Factory 0 .034 to 0 . 1 06 m m  
specification 0.001 34 to 0.0041 7 in .  

O i l  clearance 
Al lowable 0 .20 mm 
l i m i t  0 .0079 i n .  

Cra n kshaft Factory 39.984 to 40.040 m m  
bear ing l . D .  specificat ion 1 .5741 8  to 1 .57638 i n .  

Cran kshaft Facotry 39.934 to 39.950 m m  
journal  O.D.  specificat ion 1 .5722 1 to 1 .57284 in.  

( Reference) 

• Undersize bearings: 

Undersize Bear ing  Code N u m ber 

0.2 mm B ear ing 1 02 1 5841 -23921 
0.4 mm Bear ing 1 04 1 5841 -23921 

• Undersize d i mensions of crankshaft: 

D i mension 
(A)  O i l  ho le  5 mm (0.2 i n . )  d ia .  
( B )  0.2 m m  U ndersize 39.734 to 39.750 mm 

( 1 . 56433 to 1 . 56496 i n . )  
0.4 m m  U ndersize 39. 534 t o  39. 550 m m  

( 1 . 55646 t o  1 . 55709 i n . )  
( C) 1 .8 to 2 . 2  mm (0.07 1 to  0.087 i n . )  R 

Ma r k i ng 

020 us 
040 us 

• Fi ne ly  f in i sh  the contact face to the bearing, to higher 
than VVVV (0.4S ) .  

• Chamfer the o i l  hole with an o i l stone. 
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Oi l  Clearance between Crankshaft Jou rna l and 
Bearings 2 and 3 

1 .  Put a str ip of P last igage lengthwise i n  the center of the 

jou rna l .  
2 .  I n sta l l  the bear ing cap a n d  t ighten the screws t o  the 

specified torque, and remove the bea ring cap. 
3 .  Measure the amount of the f latten ing with the sca le and 

get the o i l  c lea rance. 
4. If the o i l  clearance exceeds the a l lowable l i m it ,  repl ace the 

crankshaft beari ng. 
5. If the same size bear ing is useless because of the crank

shaft jou rna l  wear, rep l ace it with an u ndersize one re
ferr ing to the table and the figure. 

1 1 .8 to 1 4 .7 N · m  
Tightening torque Bear ing  cap screw 1 .2 to 1 .5 kgf • m  

8 . 7  to 1 0 .8 ft-lbs 

Factory 0.034 to 0.092 mm 
specification 0.00 1 34 to 0.0041 7 i n .  

O i l  clearance 
Al lowable 0.20 mm 
l imit  0.0079 in.  

Rear 

Bearing 2 Factory 43.984 to 44.040 m m  
1 . 0 .  specif icat ion 1 .73 1 66 to 1 .73386 i n .  

Cran k s  haft Factory 43.934 to 43.950 m m  
journa l  0.0.  specification 1 .72969 to 1 .73032 i n .  

I ntermed iate 

Bear ing 3 Factory 39.984 to 40.026 m m  
1 . 0. specification 1 .574 1 8 to 1 .57583 i n .  

Crankshaft Factory 39.934 to 39.950 m m  
jou rna l 0. 0.  specification 1 .57221 to 1 .57284 i n .  

(Reference) 
• Undersize beari ngs: 

U ndersize Bear ing Code N u m ber Mark ing  

0 .2 mm Bea ri ng 2 02 1 526 1 -239 3 1  020 us 
Bearing 3 02 1 5841 -23861 020 us 

0 .4 mm Bea ring 2 04 1 526 1 -23941 040 us 
Bear ing 3 04 1 5841 -23871 040 us 

• Undersize d i mensions of cran kshaft: 
Di mension 
(A) Oi l  hole 3 mm (0. 1 2  in . ) d ia. 
( B }  1 .8 to 2 . 2  mm (0.07 1 to 0.087 i n . )  R 
(C }  0.2 mm Undersize 39.734 to 39.750 m m  

( 1 . 56433 t o  1 .56496 i n . )  
0 .4  m m  U ndersize 39. 534 to 39. 550 m m  

( 1 .55646 t o  1 . 55709 i n . )  
(D )  0 .2  mm Undersize 43.734 to  43.750 mm 

( 1 .72 1 8 1 to 1 . 72244 in . )  
0 .4  mm U ndersize 43.534 to 43. 550 m m  

( 1 .7 1 394 t o  1 .7 1 457 i n . )  

• F ine ly f in ish the contact face t o  the bearing, t o  h igher 
than V\lV\] (0.4S} 
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Oi l  C learance between Crankpin and Connecting 
Rod Bearing 

1 .  Put a str ip  o-f Plastigage lengthwise i nto the bearing cap. 
2 .  I nsta l l  the bearing cap noting that the gauge may not meet 

with the hole on the crank pin, t ighten the screws to 
the specified torque, and remove the cap. 

3 .  Measure the amou nt  of the f latten i ng with the sca le and 
get the o i l  clearance.  

4.  I f  the clearance exceeds the a l lowable l i m it, repl ace the 
connecting rod bearing.  

5. I f  the same size bear ing i s  useless because of the crank
shaft jou rna l  wear, rep lace i t  with an undersize one re
ferring to the table and the figu re .  

Ill NOT E :  
• Be sure n ot t o  m ove the crankshaft whi l e  the bearing cap 

screws are t ightened. 

1 4 .7 to 1 8 .6 N • m  
Tighten ing  torque Bearing cap screw 1 .5 to 1 .9 kgf• m  

1 0.8 to 1 3 .7 ft-lbs 

Factory 0.0 1 9 to 0.081 m m  

O i l  clearance 
specificat ion 0.00075 to 0.003 1 9  i n .  

Al lowable  0.20 m m  
l imit  0 .0079 in .  

Con necting rod Factory 3 3 .994 to 34.040 mm 
bear i ng l . D. specification 1 .33835 to 1 .340 1 6  i n .  

Cra n kpin  O . D .  Factory 33 .959 to 33 .975 m m  
specification 1 .33697 to 1 .33760 in .  

( Reference) 
o Undersize bearings: 

Undersize Bearing Code N u m ber Mark ing 

0.2 m m  Bearing 02 1 5841 -22971  020 us 
0.4 m m  Bearing 04 1 5841 -22981 040 us 

• Undersize d i mensions of crankshaft: 
D imension 

(A)  2.3 to 2 .7  mm (0.091 to 0. 1 06 i n . )  R 

( B )  0 1 1 hole 4 mm (0. 1 6  i n . )  d ia .  
(C )  0 .2  mm U ndersize 33.759 to 33.775 m m  

( 1 .329 1 0  t o  1 .32973 i n . )  
0 . 4  mm U ndersize 33.559 t o  33.575 m m  

( 1 .321 22 to 1 .3 2 1 85 i n . )  

• F i ne ly  f in ish the contact face to t h e  bearing, t o  h i gher 
than \fVV\7 (0 .4S ) 
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Crankshaft S leeve 

1 .  Check the wear on the c ran kshaft s leeve. 
2 .  If the wear exceeds the a l lowable l im it or  when the engine 

o i l  l ea ks, replace the crankshaft s l eeve. 

Whear of s leeve Al lowable l i m it 0 . 1 m m  
0.004 i n .  

[6] P iston and Connecting R od 

Piston P in Hole 

1 .  Measure the l . D .  of  p iston p in-ho le lengthwise and width

wise of  the piston with a cy l i nder gauge. 
2. If the measurement exceeds the a l lowable l i mit, rep lace 

the pisto n .  

Factory 1 8.000 to 1 8.01 1 m m  
specification 0.70886 to 0.709 1 0  i n .  

Piston p i n  hole l . D. 
Al lowable  1 8.05 m m  
l imit  0 . 7 1 06 in.  

Clearance between Piston Pin and Bush ing 

1 .  Measure the 0. D. of the p i ston p i n  with an o utside m icro
meter. 

2. Measure the I .  D.  of the p i ston p in  bush i ng with a cy l inder 
gauge. 

3.  If the c learance exceeds the a l lowable  l imit, rep lace the 
bushing.  

4 .  I f  the c learance sti l l  exceeds the a l lowable l i m it after re
p lacing the bushing,  repl ace the p i ston p in .  

Clearance Factory 0.0 1 6  to 0.039 mm 
between specif icatio n  0.00063 t o  0.00 1 54 i n .  

Piston p i n  Al lowable 0 . 1 5 mm 
a nd bushing l i m i t  0.0059 in .  

Piston p in  Factory 1 8.025 to 1 8.040 m m  
bushing l . D. specification 0.70965 to 0 .71 024 i n .  

Piston p i n  Factory 1 8.001 to 1 8.009 m m  
O . D .  specification 0.70870 to 0.70902 i n .  
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Piston R ing Gap 

1 .  I nsert the p iston r ing i nto the cyl i nder and push down to 
the bottom, where the wear is least, using a p iston head. 

2. Measure the ring gap with a feeler  gauge. 
3 .  If the ring gap exceeds the a l lowab le  l im it,  replace the 

ring. 

Second Factory 0.25 to 0.40 m m  
r ing specification 0.0098 to 0.0 1 57 in .  

Piston R i ng Factory 0.20 to 0.40 m m  
Gap specification 0.0079 to 0 .0 1 57 i n .  

O i l  r ing 
Al lowable 1 .2 m m  
l i m i t  0.047 i n .  

Piston R ing Clearance 

1 .  Clean the ri ngs and the ring grooves, a nd insta l l  each r ing 
i n  its groove. 

2. Measure the clearance between the ring and the groove 
with a feeler  gauge. 

3 .  I f  the c learance exceeds the a l lowable  l im it,  rep lace the 
piston ring. 

4. If the clearance sti l l  exceeds the a l lowable l i m it after re
p lacing the r ing, repl ace the p iston .  

Second Factory 0.085 to 0 . 1 1 2  m m  
r ing specification 0.00335 to 0.00441 i n .  

Piston r ing Factory 0.02 to 0.06 m m  
clearance specification 0.0008 to 0.0024 in .  

O i l  r i ng 
A l l owable 0 . 1 5 m m  
l imit  0.0059 i n .  

Connecting Rod Al ignment 

1 .  Remove the connecting rod bear ing and  i nsta l l  the bearing 
cap .  

2 .  I n sta l l  the  piston p in  i n  the  connecti ng rod. 
3.  I n sta l l  the con necting rod on  the con necting rod a l ign

ment tool  (Code No : 07909-3 1 66 1 ) .  
4 .  Put a gauge over the p iston p i n  and move it  against the 

faceplate. 
5. If the gauge does not fit squarel y  aga inst the faceplate, 

measure the space between the pin of the gauge a nd the 
facep late. 

6. If t he measurement exceeds the a l lowable  l im i t, repl ace 
the connecting rod. 

0.05 mm 
Space between p i n  A l l owable  l im it 0.0020 i n .  
a n d  face p late (gauge pin span at 1 00 m m ,  

3 .94 i n . )  
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Engine O i l  Pressure 

1 .  R em ove the o i l  pressure switch a nd i nsta l l  the oi l pressure 
adaptor and the oi  I pressu re tester ( Code No. : 079 1 6-
3203 1 ) .  

2 .  Start the engine a n d  run it u nt i l  it i s  warmed up, and 
measure t he o i l  pressure both at id l ing and rated speed. 

3. If the o i l  pressure i s  less than the a l lowable l imit,  check 
a nd repair referring to the causes below. 

• E ngne oil insufficient 
• Oi I f i l ter c logged 
• Dirt in re l ief va lve 
• Oil gal lery clogged 
• E xcessive oi I c learance 
e O i l  pump defective 

Tightening torque I O i l  pressure switch 

At id le Factory 
speed specificat ion 

Engine oi l  Factory 
pressure 

At rated 
specification 

speed 
Al l owable  
l imit 

1 4.7 to 1 9 .6 N · m  
1 .5 to 2 .0 kgf · m  
1 0.8 t o  1 4.5 ft-lbs 

more t han 69 kPa 
0.7 kgf/c m 2  
1 0  psi 

1 96 to 441 kPa 
2 .0 to 4.5 kgf/cm2 
28 to 64 psi 

69 kPa 
0.7 kgf/cm2 
1 0  psi 

(The engi ne o i l  temperature at 90° to 95° C, 1 94° to 203° F )  

Oi l  F i lter and Rel ief Valve 

1 .  Dra i n  the engi ne o i l .  
2 .  Remove the o i l  f i lter a n d  check it. 
3 .  Check the re l ief v a lve for d irt. 



S E R V I C I N G  

,) I 
'-----

-
-- !) I 

___11!0.'IF08J __J 

\ 
\ I  

COI YFO:"iO 

84 

Pump R otor and Lobe Clearance 

1 .  Remove the o i l  pump from the crankcase. 
2. Remove the screw a nd the port p late . 

3. Measure the clearances between the outer rotor and the 
housing, a nd between the outer a nd inner rotor with a 
feeler  gauge. 
I f  the clearance exceeds the a l l owable l i m it, repl ace the 
pump.  

Factory 0 . 1 5 to 0.21 m m  
Clearance between outer specification 0.0059 to 0 .0083 i n .  
rotor a n d  housi ng Al lowable  0 .30 mm 

l i m it 0 .0 1 1 8  in .  

Clea ranee between outer Al lowable 0.25 rnm 
and inner rotor l im i t  0 .0098 i n .  

Rotor End Clea rance 

1 .  Put a str ip  of P lastigage on t he rotor and i nsta l l  the pump 
to  t he crankcase w ith  the port p late. 

2 .  Remove the pump and the port p l ate. 
3. Measu re the amou nt of t he flatte n i ng with the sca le, and 

get the clearance. 
4. If the cl earance is not with in  the reference va lues, rep lace 

the pump. 

End clearance Factory 
specificati o n  

0.08 to 0 . 1 3 m m  
0.003 1 to 0 .0051 i n .  
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Belt Tension 

1 .  Measure the deflection,  depressi ng the belt ha lfway 
between the fan dr ive pu l ley and the AC dynamo p u l l ey 
at 98 N ( 1 0  kgf, 22 lbs)  of force. 

2. If the measurement is not the specified va lue, loosen the 

bolts and the n uts, a nd refocate the AC dynamo to adjust.  

Fan be lt tens ion Factory specification appro x .  1 0  mm 
0.39 i n .  

Thermostat Valve Open i ng Temperature 

1 .  Suspend the thermostat i n  the water by a string with i ts 
end in serted between the valve and t he seat. 

2. Heating the water gradua l ly,  read the temperatu re when 
the va lve opens and leaves the str ing.  

3 .  Continue heating and read the temperature when the valve 
opens approx .  6 mm (0 .236 i n . ) .  

4 .  I f  the measurement i s  not with in  t h e  specified va lues, re

p lace the thermostat. 

80.5° to 83.5° C ( 1 76.9° to 1 82.3° F )  
Opening  Factory at beg i n n i ng 
temperature specif icatio n  below 9 5 °  C (203° F )  

at  6 m m  (0.236 i n . )  o f  opening 

R adiator Water Tighteness 

1 .  F i l  I the rad iator with water t o  t he specified amount  and 
warm up the engine. 

2.  Set a rad iator tester a nd raise the water pressure to the 
1 3.7  kPa ( 1 .4 kgf/cm2 , 20 psi ) . 

3. Check the radiator for water leaks .  
4 .  For water l eak from the p inhole ,  repair  with the rad iator 

cement, a nd for other leaks-, replace the rad iator. 
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R ad iator Cap Openi ng Pressure 

1 .  Set a radiator tester on the radi ator cap. 

2 .  Apply the pressure of 88 kPa (0.9 kgf/cm2 , 1 3  psi ) and 
measure the t ime for the pressure to fal l  to 59 kPa 
0.6 kgf/cm2 , 9 psi ) .  

3 .  I f  the measurement is  less than t h e  spec ified value,  rep l ace 
the radiator cap. 

Pressure Factory 
fa l l ing  t ime specification 

Thermostat 

1 .  R emove the thermostat cover. 
2. Remove the thermostat. 
(When reassembling) 

more than 1 0  seconds 
from 88 to 59 k Pa 
(from 0 .9 to 0 .6 kgf/cm2, 
from 1 3  to 9 psi ) 

• Apply l iqu id gasket (Three Bond 1 2 1 5  or equivalent) to 
the gasket. 

Water Pump 
1 .  R emove the water pump from the gear case cover. 
2. Remove the fan, the p u l ley and  the f lange (1 ) .  

3 .  Press o u t  t h e  water p u m p  shaft ( 2 )  with t h e  i m pe l l er ( 5 )  
on it. 

4 .  Remove the)mpel ler from the water shaft. 

5 .  R emove the mechanical  seal (4) . 

(When reassembling) 
• App ly  l iqu id gasket (Three Bond 1 2 1 5  or equ ivalent) to 

the gasket. 
• Replace the mechan ical seal with the new one. 

( 1 )  Water Pump F l ange 
(2) Water Pump Shaft 
(3) Water Pump Body 
(4) Mechanical  Seal  
(5)  I mpel ler 
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[ 1 ]  I njection Pump 

I njection T im ing 
-- - · ·-· --- --�---

1 .  Remove the injection pipes. 
2. Set the speed control lever to the maximum fuel d ischarge 

posit ion. 

3.  Tu rn the flywheel u nti l the fuel fi l l s  u p  to the hole of the 
del ivery va lve holder. 

4. Turn the flywheel further and stop turn ing when the fuel 
begi ns to flow over aga in ,  to check the i njection t im ing. 

5 .  If the " F l "  mark does not a l ign with the pu nch mark on 
the rear p l ate , add or remove the sh im (2)  to adjust it .  

( Reference) 

• 0.026 to 0.035 rad. ( 1 . 5° to 2 .0° ) at flywheel 
/0. 1 5  mm ( 0.0059 in . )  of sh im 

( 1 ) I n jection Pump 
(2 )  Sh im 
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(A)  0. 1 2  rad ( 7° ) 

( 8 )  1 4mm (0 .55 i n . )  
(C )  30mm ( 1 . 1 8  i n . )  

( D )  3 m m  ( 0. 1 2  i n . )  

( E )  1 5mm (0 .59 i n . )  
( F )  1 8mm ( 0 . 7 1  i n . )  
( G )  1 2mm (0.47 i n . )  
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Pump E lement Fuel T ightness 

1 .  I nsta l l  the p ressure tester (See p age S-5 1 ) to the fuel i n
jection pump. 

2. With the speed con tro l  lever at  the max imum posit ion of 
the fuel i njection, rotate the flywheel to raise the fuel 
pressure to 39.23 M Pa (400 kgf/cm2 , 5689 psi ) .  

3 .  Measure the fa l l i ng t ime o f  the fuel p ressure. from 39.23 to 
34.32 M Pa (from 400 to 350 kgf/cm2 , from 5689 to 4978 
ps i ) .  

4 .  I f  the measurement is l ess than the a l l owable  l im it,  rep l ace 
the pump element or the i njection pump assembly .  

Pressure fa l l i ng t i m e  

Ill I MPO RTAl\IT :  

Factory specification 60 seconds or more 

Al lowable l imit  30 seconds 

• After replacing the pump e lement, adjust the amount of 
the fuel i njection on the specified test bench . 

( Reference) 
e Test Bench: 
Code No. 1 05760-0010 ( 50 Hz) I 1 05760-0020 ( 60 H z) 

[ D I ES E L  K I K I  CO. LTD] 
• Test Condit ions: 

Driving Stand Code No. 1 0578-4 1 60 
[ D I ES E L  K I K I  CO. LTD ]  

Nozzle D N 1 2S D 1 2T 

Open ing  pressure 1 1 .77 M Pa, 1 20 kgf/cm 2 ,  1 707 psi 

I njection pipe 6 mm d ia .  x 2 mm dia.  x 600 mm l ong, 
0.24 in.  d ia .  x 0.08 in.  d ia .  x 23.62 in.  long 

Fue l  feed pressure 49 k Pa, 0,5 kgf/cm2 , 7 psi 

Test fuel  Diese l  fuel N o .2- D 

Pre-stroke 1 .85 to 1 .9 5  mm, 0.0728 to 0.0768 i n .  
(with valve) 

Cam prof i le  ( See f igure) 

• Data for Adjustment 

Contra I rack Camshaft 
Amou nt of ·fue l  (from stop posit ion ) speed 

4.5 mm, 0 . 1 77 in .  1 800 rpm 1 .1  7 to 1 .23cc/1 OOst, 
0.07 1 4  to 0.0751 c.  in ./1 OOst 

1 .0 m m ,  0.039 in .  1 800 rpm less than 0.1  cc/1 OOst 
0.006c. i n ./1 OOst 

i .  
I 

()> 
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Adjusting washer Th ic kness mm ( i n . )  Code Num ber 

0900 0.900 (0.03543 ) 1 5481 -98501 
0925 0.925 (0.03642)  1 548 1 -985 1 1 
0950 0 .950 ( 0 .03740 ) 1 5481 -98521 
0975 0.975 (0.03839) 1 5481 -98531 
1 000 1 .000 (0.03937 )  1 5481 -98541 
1 025 1 .025 (0.04035 )  1 548 1 -98551 
1 050 1 .050 (0.041 34 )  1 5481 -98561 
1 075 1 .075 (0.04232 )  1 5481 -98571 
1 1 00 1 . 1 00 (0.0433 1 )  1 5481 -98581 
1 1 25 1 . 1 25 (0.04429 ) 1 548 1 -98591 
1 1 50 1 . 1 50 (0.04528) 1 5481 -98601 
1 1 75 1 . 1 75 ( 0.0462 6 )  1 5481 -986 1 1 
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Del ivery Valves Fuel Tightness 

1 .  I nsta l l  the pressure tester ( See page S-5 1 ) to the fuel in
jection pump. 

2. With t he speed control lever at the max i m u m  position of 
the fuel i njection,  rotate the f lywheel to raise the fuel 
pressure to 2 1 .57 MPz (220 kgf/cm2 , 3 1 29 psi ) .  

3 .  Measu re the fal l ing  t ime of the fuel pressu re from 2 1 . 57 to 
20.59 MPa (from 220 to 2 1 0  kgf/cm2 , from 3 1 29 to 2987 
psi ) .  

4 .  I f  the measu rement i s  less than the a l lowable l i m it ,  rep l ace 
the pump e lement or the injection pump assembly.  

Pressure fal l ing t ime 
Factory spec if icat ion 10 seconds or more 

Al lowable l i m it 5 seconds 

[ 2 ]  I njection Nozz le 

A CAUT ION 
• Never t o  contact with sprayi ng d iese l fuel u nder pressure, 

which can have sufficient force to penetrate the ski n ,  
caus ing serious persona l  i nj u ry.  

• Be sure nobody is in the d i rection of the spray. 

Fuel I njection Pressu re 

1 .  Set the injection nozzle to the nozzle tester. 
2. Measure the injection pressu re. 
3 .  If the measurement i s  not with in  the specified va lues ,  

repl ace the adjusting washer i n  the nozz le  holder t o  
adjust it. 

Fuel  injection 
pressure 

( Reference) 

Factory 
specif ication  

e Adjusting washer: 
Assembly Code N o .  1 5841 -9 8 1 0 1  
( i nc l udes 4 3  sizes below) 

Adjusting wash er Th ickness m m  ( i n . )  

1 200 1 .200 (0.04724) 
1 225 1 .225 W.04823 ) 
1 250 1 .250 (0.0492 1 ) 
1 275 1 .275 (0.05020) 
1 300 1 .300 (0.05 1 1 8 )  
1 325 1 .325 (0.052 1 7 )  
1 350 1 .350 (Q.053 1 5 ) 
1 375 1 .375 (0 .054 1 3 )  
1 400 1 .400 (0.055 1 2 )  
1 425 1 .425 (0.056 1 0 )  
1 450 1 .450 (0.05709 ) 
1 475 1 .475 (0.0580 7 )  

1 3 .73 t o  1 4.71  MPa 
1 40 to 1 50 kgf/c m 2  
1 99 1  t o  2 1 33 p s i  

Code Number 

1 5481 -98621 
1 548 1 -9863 1 
1 548 1 -9864 1 
1 548 1 -98651 
1 5481 -9866 1 
1 548 1 -986 7 1  
1 548 1 -98681 
1 5481 -98691 
1 5481 -98701 
1 5481 -987 1 1  
1 548 1 -98721  
1 5481 -98731  
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Valve Seat T ightness 

1 .  Set the n ozzle to a nozzle tester. 
2. Ra ise the fuel p ressure and keep at 1 2.75 MPa ( 1 30 kgf/ 

cm2 , 1 849 psi )  for 1 0  seconds. 
3 .  If any fuel leak is fou nd,  rep lace the nozz le  p iece. 

Valve seat t ig htness 

Spraying Pattern 

Factory No fuel l ea k  at 1 2 .75 M Pa 
specification ( 1 30 kgf/cm 2 ,  1 849 psi ) 

1 .  Set the n ozzle to a nozzle tester a nd check t he nozzle 

spraying pattern .  
2 .  I f  the nozzle does not spray i n  a good pattern ,  replace the 

n ozzle piece. 
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[ 1 ]  I nject ion N ozzle 

N ozz le Ho lder 
1 .  Secure the nozzle nut  ( 1 ) i n  a vise. 
2 .  R emove the nut  (3 ) ,  the eye joi nt (4) a nd the p l a in  washer 

( 5 ) .  
3. R emove the nozzle ho lder  ( 2 ) ,  a n d  take o u t  t h e  parts. 

(When reassembl ing) 
111 Assemble the nozzle in c lean l i ght o i l .  

• I nsta l l  the push rod ( 8 ) ,  noting its d i rection . I Tighte n i n g  torq u e  

I MPOR TANT:  

49.0 t o  68.6 N • m  
Nozzle hol der ! 5.0 to 7 .0 kgf • m  

36.2 to 50.6 ft-lbs 

411 The nozz le  p iece is precise l y  f in ished . Do not u se a piece 
of meta l but a p iece of wood to remov e  the carbon 
deposits. 

ED After a ssembl ing the n ozz le ,  be sure to adjust the i n
jection pressure. (See " Fu e l  I nj ection Pressure"}  

( 1 )  Nozz le  N u t  (6)  Adjusting Washer 
( 2 )  N ozz le Ho lder (7)  Nozz le  Spring 
(3)  Nut (8 )  Push Rod 
(4 )  Eye  Joint (9 )  D i stance Piece 
( 5 )  P l a in  Washer ( 1 0) Nozz le  Pi ece 
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[2 ]  Air  B leeding 

B leed t he a ir from the fuel system before attempting to start 
the engi ne whenever :  
• The fue l  fi lter has been removed or the fue l  system l ines 

have been d i sconnected. 
• The fuel  tan k  h as been e mp ty .  
• The engi ne has n ot been run for a long  period of  t i me. 

A CAUT ION 

• Never bleed the a i r  whi le  t h e  engine is hot. 
• Never contact with escaping d iesel fuel u nder pressure, 

which can have sufficient force to penetrate the sk in ,  
caus ing serious personal  i nj u ry .  

• Be sure to rel ieve a l l  pressure before d i sconnecti ng. 
• M a ke sure that no fuel can escape from the system before 

applying pressure.  
• l<eep t he engine stop lever at t he "STOP" posit ion to  shut 

off t he fue l ,  wh i le b leedi ng the a ir .  

B leed ing Fuel System 

1 .  Replenish the fuel tank and open the fuel cock. 
2. Loosen the bleed i ng screws (1 ), (2) at the top of the fi lter 

by two turns. 
3 .  Keep ing the engine stop lever at the "STOP" position ,  ru n 

the engine w ith the starter u nt i l  the fuel without a ir flows 
from the loose screws. 

4. Tighten the bleed ing  screw ( 1 ) .  
5 .  With the engine stop lever at  the "STOP" position, run  

the engine w ith  the  starter aga in  u nt i l  the  fue l  without a ir 
flows from the l oose screw. 

6 .  Tighten the bleed ing  screw ( 2 ) .  

( Reference) 
• I f  the engi ne w i l l  not start after the a bove b leed ing, b leed 

the air further in t he system, as fo l lows. 
• Loosen the p lug (3 ) .  
• R u n  the engine with the  starter, keeping the  eng ine  stop 

lever at the "STOP" pos ition ,  u nti l  the fuel without a ir 
flows from the loose p lug .  

• Tighten the p lug  ( 3 ) .  

• I M PORTANT: 
Iii D o  not run the engine w ith the  starter continuously for 

more than 10 seconds. 
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No-load Test 

1 .  Co nnect a cab le from the negative term i na l  of the ba ttery 
to the body of the starter. 

2. Connect a voltmeter across "B"  term ina l  and the body of 

the starter, and an ammeter across the positive termina l  
of the  battery and " B "  term ina l  of the  starter. 

3. Connect a switch between "B"  a nd "S" termina l s  of the 
starter, and run the starter. 

4. The starter should ru n at the specified rate (See table ) .  

( R eference) 

S upply Vo ltage 1 1 .5V 

Current Less t ha n  53A 

Speed More than 7 ,000 rpm 

B NOT E :  
• Test with a cab le and an  ammeter for l arge cu rrent, and 

a fu l l y  charged battery . 

Motor Test 

1 .  D isconnect the connecting lead to " M "  term ina l  and 
connect a vo ltmeter across the lead and the bod y of the 
starter. 

2. Connect a cab le  between the negative termina l  of the 
battery and the starter body .  

3.  Connect an ammeter and a switch in series between the 

positive term ina l  of the battery and the connect ing lead , 
and run the starter. 

4.  The starter shou ld ru n at the specified rate (See "No- load 
test " ) .  

Solenoid Switch 

1 .  Check the cont inu ity across "S" and "M" term i na ls, and 

across "S" term ina l  and the body with an ohmmeter. 
2 .  If not continuous, rep l ace. 
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Solenoid Sw itch 

1 .  R emove the screws (3 )  to separate the solenoid switch. 
2. Pu l l  out the p luger ( 2 )  a nd the spr i ng ( 1  ) .  

( 1 )  Spr ing 

(2)  P lunger 
(3) Screw 

End F rame 

1 .  R em ove the through bolts ( 3 )  and the screw ( 2 ) .  
2 .  R emove the rear and frame. 
3 .  Lift the brush a nd remove the brush ho lder ( 1 ) . 
4. R emove the yoke assembly .  

Iii NOT E :  
• Do not m iss the thrust washers beh ind the commutator. 

( 1 )  B rush Hdder 
(2) Screw 
(3 )  Through Bolt 

Armatu re 

1 .  Pu l l  out the armature. 
2 .  R emove the p l ate ( 1 )  a nd the lever ( 2 ) .  

(When reassembling) 

• I nsta l l  the lever, noting its d i rect ion (See photo ) .  

Iii NOT E :  
• Do not m i ss the thrust washers o n  the front o f  the 

armature shaft. 

( 1 )  P late 
( 2 )  Lever 
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Overunn ing Clutch 

1 .  Tap i n the stop r i ng (3 ) . 
2. R emove the reta iner r i ng ( 2 ) . 

3. Remove the stop r i ng (3 )  and the overru n ing clutch ( 1  ) .  

(When reassembling) 

• I nsta l l  the stop r i ng f i rst, then the retai ner r i ng, a nd then 
pu l l  up the stop ring with a pu l ler. 

( 1 )  Overru n i ng Cl utch 

( 2 )  R eta i ner R i ng 
(3 )  Stop R i ng 

Lubrication 

Before reassem b l i ng,  lubr icate the fo l lowing.  

( 1 )  Beari ngs i n  the end frames and the washers. 
( 2 )  S l id ing su rface between the armature shaft and over

run n i ng c lutch.  (with low v iscosity o i l )  
( 3 )  Shift lever where i t  engages w ith the p lunger a n d  the 

overrun n i ng c lutch. 

(4) P lunger where it contacts with so lenoid hous ing.  

Armature Coil 

1 .  P lace the armature on  a growler to check for the short 
c i rcu its, and slowly rotate the armatu re hold ing  a n  i ron 
p iece above the core. 

2 .  If the iron p i ece v ibrates against the core, repl ace the 
armature. 

3. Check the cont inu ity across each segment of  the com
mutator and the armature shaft. 

4. I f  cont inuous, replace the armature. 



� :  
! I 
' : 

96 

Commutator 

1 .  Rotate the armature in V b locks to check out-of-round

ness and run-out, sett ing a dial  indicator with its t ip on 
the com mutator.  

2.  I f  the variance among the readings is more than the 
a l l owab le l im it, turn the armature in the lathe. 

3. If the depth .of undercut is less than the a l lowable  l im it ,  

undercut with a h acksaw b lade or  a n  u nd ercutter. 
4. Sand off a l l  bur.rs with sandpaper.  

Ill NOT E :  
1111 When the sma l l est radius of the commutator i s  less than 

the a l l owable l im it, repl ace the armature shaft. 

Var iance o n  A l lowable I 0.05 mm 
commutator 0 . 0 .  l i m it 0.0020 i n .  

Commutator A l lowable 3 1  mm 
0 . 0 .  l i m it 1 .22 i n .  

Commutator A l lowable I 0.2 mm 
undercut l im it 0.008 in .  

F ield Coil 

1 .  Check the cont inu ity between the  brushes. 

2 .  I f  not cont inuous, replace the yoke asse mbly. 
3. Check the cont i nu ity across the yoke and the brush or the 

connecting lead.  
4 .  I f  cont inuous, check for the  breakage of the insu lat ion.  
5.  I f  not repairable ,  replace the yoke assembly .  
6.  Check that  the pole and wind ings are not loose. 

Brush 

1 .  Clean off the brush and check for the wear. 
2 .  I f  uneven ly worn, correct. 
3 .  If worn to l ess than the a l lowab le  l i m it ,  rep lace. 
4. Check that the brushes move free ly i n  the brush ho lder. 

Factory 1 7 mm 

I 
I 

spec if icat ion  0.67 i n .  
Brush length --·---------+----------< 

A l lowable 1 1 .5 mm 
l i m it 0.453 i n. 

--- -- - -·------�---·----··---� 
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Brush Spring 

1 .  Pu l l  the brush i n  the brush ho lder w ith a spr ing sca le .  
2 .  Meassu re the brush spri ng tens ion requ i red to ra ise the 

spr ing from contact posit ion with the commutator. 
3 .  If the tension is less than the a l lowable l i mit ,  rep l ace the 

spr ing .  

Factory 1 3.7  to 25.5N 
1 .4 to 2.6 kgf specificat ion 3. 1 to 5. 7 lbs 

Spr ing tension 
8.8 N A l lowable 

l i mit 0.9 kgf 
2.0 lbs 

Brush Holder 

1 .  Check the cont i nuity across the insu l ated brush ho lder 
and the brush ho lder support. 

2. If  cont inuous, repl ace the brush ho lder assembly .  

Overrrun  Clutch 

1 .  Check the p in ion and if worn or  damaged, rep lace the 

c lutch assembly .  
2 .  Check that  the p in ion turns free ly  a nd smooth ly i n  the 

overrun ing d irection and does not s l ip  i n  the crank ing 
d i rect ion.  

3.  I f  the  p i nion s l i ps or  does not turn i n  both d i rect ions,  
repl ace the overru n i ng c lutch assemb ly.  

II NOT E :  
• D o  not wash off t h e  grease i n  t h e  overun n i ng c lutch with 

the chemicals or o i ls .  
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Solenoid Switch 

1 .  Check the co nt inu ity across "B"  and " M "  term ina l s  with 
an ohmmeter, push ing in the p l u nger. 

2 .  I f  not conti nuous ro if a certa i n  value is i ndicated, rep l ace 

the so l e noid switch. 
3. Pu l l  the pu l l -rod to check the spring bu i l t  in the p l u nger. 

P in ion  Clearance 

1 .  R eassemb l e  the starter with connecti ng leads unconnected. 

2 .  Connect a cable from the negat ive termina l  of the battery 
to the starter body and a cable from "S" term ina l  of the 
starter to the posit ive term ina l  of the battery to force out 
the p in ion .  

3 .  Push back the  p in ion s l ight ly  to ki l l  the p l ay ,  a nd m easure 
the p in ion  c learance. 

4. If the  c learance is not with in  the  specified va lues, add or 
remove the washer between the  so lenoid switch and front 
end frame.  

P i n io n  clearance Factory 
specificat ion 

0.5 to 2.0 m m  
0.020 to 0.079 in .  
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No- Load Dynamo Output 

1 .  D isconnect the lead wires from the AC dynamo. 
2 .  Start the eng ine and operate the AC dynamo at the 

specified speed. 
3 .  M easu re the output vo ltage with a vo lt meter. 

I f  the measurement is not with in  the specified values ,  
repl ace the AC dynamo. 

No-load output 

Regu lating Voltage 

Factory 
specificatio n 

AC 20V or more 
at 5200 rpm 

1 .  Com plete the charging circuit with a ful ly charged battery 

and operate the dynamo at the specified speed. 
2 .  Measure the battery vo ltage with a volt meter. 
3. If the measurement is not with in  the specified values ,  

repl ace the regu l ator.  

R eg u l ating 
voltage 

Factory 
specif ication 

1 4 to 1 5V 
at 5200 rpm 

Heat Coi l  and I nsu lation 

1 .  D isconnect the lead wires from the g low plug.  
2 .  Check the cont inu ity across the thread at the end of the 

g low p lug and its housing or the eng ine body with an  
oh mmeter. 

3 .  If  the ohmmeter i nd icates 0 ohm or  inf in ity, repl ace the 
glow p lug .  

H eat co i l  
resistance specif ication 1 . 6 ohm when cold 

F actory Approx .  � 
�-------�-- -�--




