FOREWORD

This shop manual contains the specifications, construction, operation, adjustment and service
procedures of the Model D6A diesel engine for service mechanics engaged in servicing of the
Hyundai diesel engines.

Please make the most of this shop manual to perform correct servicing and wasteless operations.

Note that some of the contents of this shop manual are subject to change owing to improvements,
etc. that may be introduced after publication of the shop manual.

HYUNDAI MOTOR COMPANY
COMMERCIAL ENGINE DEP'T
Printed in Korea

HYUNDAI MOTOR COMPANY



COMPILATION OF THIS MANUAL

1. The contents of this shop manual are divided as shown below when edited.

Grou
i Group Name Contents
No .- :
5 | I General description, outside view photograph and cross section
enera : : o . ”

view of engine, specifications, construction and operations

) Engine service standards, service standards table, tighteni
2 | Service standards o 9 0

torque table, sealant and grease table

3 | Special tools Shapes and usages of special tools
a Determining time to Decision on time to overhaul, measurement of compression
overhaul pressure,  troubleshooting :
_ _ Inspection and adjustment of valve clearance, inspection and
Engine adjustment and , L . . :
5 _ _ adjustment of fuel injection start timing, engine speed adjust-
break—in operation
- ment
6 Removal and installation | Removal and installation of auxiliaries such as injection pump,
of auxiliaries starter, alternator, injection pump drive
Disassembly, inspection and reassembly of engine proper, inc-
7 | Engine proper luding cylinder head, valve mechanism, camshaft, piston, cran-
kshaft, timing gear, flywheel, etc.
Disassembly, inspection and reassembly of air cleaner, turbo-
8 | Inlet and exhaust
charger, etc.
o Disassembly inspection and reassembly of lubrication system,
9 | Lubrication . ' : . ;
including oil pump, oil filter, oil cooler, etc.
_ Disassembly, inspection and reassembly of cooling system,
10 | Cooling _ .
including water pump, thermostat, etc.
11 | Fuel Disassembly, inspection and reassembly of fuel system, inclu-
ue
ding injection pump, injection nozzle, fuel filter, etc.
12 | Electrical Inspection of starter, starter relay, alternator, etc.
) Disassembly, inspection and reassembly of infection pump
13 | Other equipment

drive.




2. How to read disassembly and reassembly drawings

(a) The part names and numbers in the drawings correspond to those in the text. The parts
are numbered in the order of disassembly.

(b) The inspection items to be performed during disassembly operations are shown in the
disassembly drawings.

(c) All tightening torque specifications in the reassembly drawings may be considered “dry”
unless “wet” is specified.

3. Definition of terms

(a) Nominal Value(Abbr. : NV)

Shows dimension of single part, mutual clearance between parts or standard performance.
Values, however, are rounded off within limits necessary for inspection.

(b) Repair Limit(Abbr. : RL)

Shows that when specified value is reached, repair is necessary, Repair means adjustment,
grinding, replacement of bushings, metals and the like, selection of oversize, selection
of shim thickness, etc.

(¢) Service Limit(Abbr. : SL)

Shows that when specified value is reached, replacement of the parts with new one
is necessary.

(d) Basic Diameter(Abbr : BD)
Shows nominal diameter of part to be measured.
4. Unit

The S| unit(International System of Units) is used. Metric notation is jointly shown in parenthe-
ses.



5. Table of Conversion Rate for Foot—pound Units into Sl Units

- " . | Sign of foot— m,
Unit Sign of S| unit _ Conversion rate
pound unit o _
Mass quantity kg Ib 1kg=2.2046 1b
‘of matter | g oz 19=0.035274 oz
o m ft. 1m=3.2808 ft.
D'mens'p—h | mm. . - | 1mm=0.03937  in.
it. gal. 1 1it=0.2642 gal.(US.)
iy 0.220 gal.(lmp.) |
cc 0z 1 cc=0.033814 0z(U.S.)
0.035195 oz(lmp,)
Force | N(Newton) | Ibf 1 N=0.2248 Ibf
Pressure kpa(Kiloba‘scaI:). Ibf/in.” \, bpa=0.145 1btn.
1 kpa=0.2953 in. Hg
Stress N/cm’ Ibf/in.’ 1 N/ecm?*=1.45" Ibf/in.?
Moment of force| N/m ft.Ibf 1 N/m=0.7375 ft.ibf
Output kw(kilowatt) | HP |1 kw=1.34 HP
| Temperature T °F t

T=(1.8tC+32)F



1-1 GENERAL DESCRIPTION
1-1-1 Engine Section Views

(1) D6AU







(2) D6AZ







1—-1-3 Engine Number, Nameplate
(1) Engine Number

(2)

The engine number is stamped on the left
side of the crankcase, near the front portion,

as shown.
Ex : Mo?el Productitin year Engine J'N*:a.
D6AU W 123456

The engine number is important in knowing
the history of the engine.

Name plate

The nameplate is bonded to the side cover:

on the right side of -the engine and shows
the following.

* Engine Model

* Total Displacement
* Qutput

* Valve Clearance

* Firing Order

* Fuel Injection Timing

0

bl

Engine number

-

TOTAL CYL VOLUME 11149cc(680cun)

g DGAU p

OuT PUT (US)s EEiioa PS
ENGINE  SPEED FrrrrTes e 1
MOTOH  COMPANY KOREA

VALVE CLEARANCE ({CoLD)
INLETO4Amm{O M GINEXHAUST O0B8mmi{Q024mn)
FIRING QRDFR 15 36 2 4

[FUEL  INJECTION TIMING {113 BTDC
|\

s

Engine nameplate




1-2 SPECIFICATIONS

1-2-1 Principal Specifications

—x

Item Specification
Engine model D6AU D6AZ D6AC
Type Water cooled, Water cooled, -
4-cycle diesel 4-cycle diesel ‘-

Number of cylinders-arrangement 6-in-line 6-indine —
Valve mechanism Overhead Value | Overhead Value —
Combustion chamber Direct injection type. | Direct injection type. —
Cylinder bore X stroke mm 130x140 130x140 -
Total displacement (elo 11149 11149 —
Compression ratio 17 16 16.5
Firing order 1-5-3-6-2-4 1-5-3-6-24 —
Engine dimensions

Overall length 1612 1607 1289.6

Overall width mm 924 907 847.5

Overall height mm 1248 1392 1018
Weight kg 930 970 970




1-2-2 Specifications of Each Device

Engine proper

ltem Specifications
Cylinder liner Type Wet type
Piston Type Trunk-shaped, slipper skirt type
Piston rings Q'ty Two compression rings
One oil ring
inlet and Exhaust
Item Specifications
Air cleaner
Element Type Cyclone filter paper type
Turbocharger D6AZ
Type Turbocharger

Model

Mitsubishi Schwitzer 3LM




Lubrication

ltem Specification
[D6AU] [DE6AZ(AC)]

Engine of Quality API classification AP classification
“FOR SERVICE CC"or | “FOR SERVICE CD" or
better better

For con- For con-
For gen- . For gen- .

struction struction
erators ) erators ,

machinery machinery

Qil pan oil quantity Approx. Approx. Approx. Approx.
20 lit. 23.3 lit. 20 it. 233 lit.

Qil filter oil quantity Approx. Approx.

3 lit. 3 lit.

LLljbncattong system Oil pump forced feed system

Oil P Type Gear Pump forced feed system

Relief valve Type Ball valve type

Oil filter

Full flow filter element type Filter paper type

By pass filter element type Filter paper type

9" bypass alarm type Piston valve type with electric contacts
Oil cooler Type Shell and plate type(multi-plate type)
Bypass valve Type Piston valve type

Regulator valve Type Piston valve type

Qil jet

Check valve Type Piston valve type




Cooling

Item

Specification

Cooling system
Cooling water quantity
(Engine proper)

Water pump

V-belt

Thermostat

Fan

Type
Drive system
Type x quantity

Type

Valve opening
temperature xq' ty
Type

Water-cooled, forced circulation system
24 |it.

Centrifugal type
V-belt drive

(With fan)
Low edge cog Type Bx1(for water pump)
Low edge cog Type Cx2(for fan drive)
(Without fan)
Low edge cog Type Cx1(for water pump)
Wax pellet type bottom bypass system

e x2
Made of polypropylene, blow-off type




Fuel

ltem Specification
[D6AU] [D6AZ] [D6AC)

Injection pump proper

Type Boash Type AD | Boash Type P —

Model NP-PEGAD 105 | NP-PE6P 120 —
Turing direction Counter Clockwise|Counter Clockwise -
(as viewed from drive side)
Plunger

Diameter 10.5mm 12mm —
Governor

Type Al speed All speed —

governor governor

Model RSV Electric Gov. o
Feed pump

Model NP-FP/KE22ACB | NP-FP/KE-PS —
Automatic timer

Type Mechanical Mechanical —

automatic timer automatic timer

Model SA SP s
Injection nozzle

Type Hole type Hole type -

(1-spring nozzle) | (2-spring nozzle)

No. of orifices 5 5 —

Orifices diameter 0.33mm 0.34mm e

Orifices angle 154° 150° g

Injection pressure 220kgf/cm? 220kgf/cm? —

Fuel filter

type

Cartridge type




Electrical

item Specifications
Voltage-Polarity 24V-(-) ground
Starter
Type Solenoid shift Type Reduction starter
Output 24V-5.5kW

Reduction mechanism
Starter relay

Single stage reduction by internal spur gear

Model M72S3006
Alternator
Type Alternator with built-in IC regulator
Qutput 24V-40A
Intake air heater
Type Electric heating type
Capacity 2.86kW
Heater relay
Fuse capacity 127A
Automatic stop system (For generators)
Item Specifications
Stop solenoid
Type Solenoid type
Oil pressure switch Type Diaphragm type with built-in
electric contacts
Water temp unit Type Wax type with built-in electric contacts




1-3 CONSTRUCTION AND OPERATION

1-3-1 Engine Proper

(1) Combustion Chamber
The combustion chamber is formed by
the cylinder head and pistion top.
The injection nozzle and nozzle tube are
mounted to the cylinder head.
The nozzle tube not only holds the nozzle
in position but also cools it. Since the

outside of the nozzle tube is exposed

to the water jacket, the top end of the
tube is sealed with an O-ring and the

bottom end staked to prevent water lea-

kage.

Fuel is directly injected into the combus-
tion chamber where combustion takes
place.

Water directors which direct the flow of
coolant are installed at the bottom of the
cylinder head to provide more effective
cooling around the combustion chamber.

(2) Valve Mechanism

The valve mechanism is an overhead va-
lve (OHV) type and is constructed as
shown in illustration at right.




(a) Both inlet and exhaust valves are
made of surface-treated heat-resis-
ting steel. The valve seat angle is
457,

The valve stem has a valve stem seal
which controls the quantity of lubri-
cating oil on the sliding surfaces of
valve and valve guide.

(b) The valve springs are unequally pit-
ched springs. Two springs, inner

and outer, diferent in coiled direction
are installed.

(c) The rocker and rocker shaft are sup-
ported on the rocker shaft bracket
and are independently installed for
each cylinder. The inlet and exhaust
rockers are common parts, and the
end sliding portions are quenched.
The rocker shaft is a hollow round
rod sealed off by thrust plates at
both ends. The hollow inside of the
shaft constitutes an engine oil pas-
sage. -




(d) A steel ball is welded to the bottom

(e)

end of the push rod and a spherical
concave-shaped cup welded to the
top end. Both ends are case-harde-
ned. |

The tappet is a cylindrical type, and
the portion making contact with the
camshaft has a spherical surface.
The tappet is removable through the
side of the crankcase.

(f) The cam profile of the camshaft has

a special curve. The surface is induc-
tion-hardened to improve the perfor-
mance of the valve mechanism at
high speeds and to improve wear

resistance.

(3) Crankcase and Cylinder Liner

(a)

(b)

(c)

The crankcase is made of cast iron,
has a high rigidity and is so constru-
cted as to minimize stress concent-
ration and deformation.

Seven camshaft bushings are instal-
led in the camshaft bearing portions
of the crankcase. To facilitate inser-
tion and removal of the camshaft
from the rear end of the case, the
bearing 1.D. is made smaller toward
the front.

Coolant is forced in from the water
pump at the left front end of the
crankcase. after cooling the oil coo-
ler, the coolant flows through the

/
Cylinder head |
e

ocker arm

Valve

| ___— Cylinder liner

Camshaft




water jacket holes to around all cylinders. After cooling the cylinders, the coolant reaches
the cylinder head

(d) The cylinder liner is a removable wet type and is press-fitted in the crankcase at the
top of the crankcase and at the bottom of the water jacket.
Rubber rings and O-rings are provided at the top and bottom of the cylinder liner to
prevent entry of coolant. The water jacket has a throat for higher cooling performance.

(4) Piston and Piston Ring
(a) Piston

The piston is an aluminum alloy cas-
ting. The one for the D6AU has a
re-entrant type combustion chamber
at the top, whereas the one for the
D6AZ has a toroidal type combus-
tion chamber.

A Niresist piston ring insert is cast
into the 1st piston ring groove to
increase durability.

A size classification mark(oversize

dimension on oversize pistons) for
selection fit with the cylinder liner,
a piston weight and part No., and
a front mark “F” and arrow indica-

ting the piston installing direction are
stamped on the top surface of the
piston.

The piston pin is fitted in the piston and connecting rod in fullfloating style with the
snap rings fitted at both ends of the piston pin to prevent the pin from slipping off.



(b) Piston ring

The piston rings are three in total ;
two compression rings and one oil
ring. The sliding surface of each ring
is hard chrome plated to improve
durability.

The piston rings are shaped as
shown. The 1st compression ring
is a barrel-faced full keystone type,
the 2nd compression ring is a taper
faced inner cut type, and the oil ring
is a dual type with an expander sp-
ring.

(5) Connecting Rod and Connecting Rod
Bearing '

The connecting rod is I-section die for-
ging and has a high rigidity. A lead bro-
nze bushing is installed in the small end
and a split type plain bearing used in
the big end.

An oblique oil passage is provided in the
stem portion for lubrication of the small
end bushing.

The connecting rod and connecting rod
cap are coupled by four bolts.

1st compression ring
~[full keystone type]

Oil ring
(dual type with an expander spring)




(6) Crankshaft and Main Bearing

(a) The crankshaft is a high rigidity die
forging with integrally forged bala-
nce weights.

The pin and journal are induction ha-
rdened for higher wear resistance.
An oil hole is provided between each
journal and pin, allowing some of
the main bearing lubricating oil to
be fed to the pin to lubricate the
connecting rod bearing. At the rear
of the crankshaft, the crankshaft
gear which drives the timing gear
is fitted.

An oil seal is provided at the front
of the crankshaft and an axial lip

type oil seal provided at the rear.

The front portion of the crankshaft is a flange type to which the crankshaft pulley is
mounted with bolts. A torsional damper mounted to the pulley absorbs the torsional
vibration of the crankshaft.

Torsional
oamner Crankshaft pulley Torsional damper
Crankshaft pulley
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Crankshaft Crankshaft )
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(b) Main bearing

The main bearing is a split type plain
bearing consisting of special alloy
plating and kelmet metal with bac-
king metal.

The inside surface of upper main
bearing has an oil groove and oll
hole which is in alignment with the
oil hole in the crankshaft.

Seven pairs of main bearings are
provided. Halved thrust plates are
mounted at the rearmost bearing

cap.

Lower main
bearing

Upper main Lower main

bearing

bearing

Thrust plate




(7) Timing Gear
The timing gears are accommodated in the flywheel housing at the rear of the engine.

The gear train is as shown below.

zZ

Idler gear “C”
Z=68 s
Power steering pump gear
Z=26

Qil pump gear
Z=53

Each gear is a carbon steel helical gear. The tooth surfaces are machined by shaving to
form close-tolerance tooth profile, and are given surface treatment to offer improved durability.

A timing mark is stamped on each timing gear. Correct meshing can be achieved by aligning

the timing marks at reassembly.



The crankshaft gear, installed on the cra-
‘nkshaft and positioned by a dowel pin
drives all the gears.

The idler gear is mointed to the crank-

case with the idler shaft bolt and is sup-
ported by the flywheel housing at the
other end.

A bushing is installed on the inside cir-
cumference of the idler gear and turns
on the idler shaft.

The bushing is lubricated by the oil
which flows through the inside of the
idler shaft from the crankcase oil hole.

A sensor plate is mounted on the injec-
tion pump gear.

The sensor plate is smaller than the inje-
ction pump gear to facilitate removal of
the air compressor, etc. Therefore, the
air compressor, etc. can be easily remo-
ved with the gear at any position, When
they are reinstalled, however, make sure
that the timing marks are in alignment.




(8) Flywheel

The flywheel is made of cast iron. The

pilot bearing of the transmission drive
pinion is installed at the center. The ring

gear which meshes with the pinion of
the starter is shrinkage-fitted on the cir-
cumference of the flywheel.

The ring gear teeth are induction-harde-
ned for higher durability and one side
of the teeth is chamfered for easier enga-
gement with the pinion of the starter.

The cylinder Nos. and angle scales are
stamped on the circumference of the fly-
wheel as shown.

1-3-2- Inlet and Exhaust
(1) Air Cleaner

(a) Cyclone type air cleaner
The element is a plastic-coated and
heat-treated filter paper type and is
resistant to water and oil. Even if
it is contaminated with oil or water,
it can be restored to normal by wa-
shing.

The air drawn into the element is
made to spin at high speed by the

vanes on the element, so large parti-
cles of dust are centrifugally separa-
ted(cyclone function). Small partic-
les of dust are removed by the filter
paper element, so clean air is drawn

into the engine.




(b) Read Valve

The centrifugally separated particles
of dust and dirt are collected at the
bottm of the air cleaner. The collec-
ted particles of dust and dirt are dis-
charged outside by pulsations of the
rubber read valve mounted in the
air cleaner. If the engine speed inc-

reases(to 800 rpm or more), the

read valve will be closed by a high
negative pressure in the air cleaner,
so no outside air will be drawn in.

(2) Dust Indicator

The dust indicator, mounted near the ou- —
tlet of a paper element type air cleaner,
operates on the negative pressure of the
air drawn into the engine, performing the
function of indicating, the time to clean
or replace the element. Transparent
portion

If dust is collected in the element, the

suction resistance increases. When the

negative pressure reaches 7GO0mmAgq,
the signal is pulled down against the

Negative
pressure of the spring, and the transpa- pressure

rent portion of the body changes to red,
indication the time to clean or replace
the element.

After the element has been cleaned or
replaced, depress the reset button on the
top, and the signal will return to its origi-
nal position.



(3) Turbocharger

The turbocharger utilizes the energy of

the exhaust gases from the engine to Turbine wheel (;ompr&sorwheel
feed more air into the engine, thereby '\\ R '

! ! : -
offering the advantages of increased Exhaust outlet T;&E gy, | Air inlet
engine out put, greater saving in fuel co- » E
nsumption, lower engine noise, etc. _ ; MEIJ\\ T
The exhaust gases discharged from the Exhaust j

manifold

cylinder of the engine are led through i _\ :
the exhaust manifold into the turbochar- [I:_i}] Cylinder
ger and are accelerated in the turbine -

housing and are blown against the tur-

bine wheel. Accordingly, the turbine is made to rotate at a speed of scores of thousandé
of revolutions per minute, and turns the compressor wheel mounted on the same shaft as'
the turbine wheel. By rotation of the compressor wheel, a larger amount of air than th-
at supplied when no turbocharger is provided is forced into the cylinder of the engine,
so a correspondingly larger amount of fuel can be burnt. This increases the effective pre-
ssure during combustion(the pressure forcing the piston down) and thus increases the
output.

Structurally, the turbocharger may be di-
vided into two broad sections ; the tur-
bine wheel section which is driven by
exhaust gases and the compressor wheel
section which forces inlet air.

The turbine wheel and compressor wheel
are supported by bearings. A thrust bea-
ring is mounted on the compressor side.
The lubricating oil is derived from the
main oil gallery at the front end of the
engine and routed through the oil hole

provided in the bearing housing. After

lubrication of the bearings, the oil is retu- Turbine e

a . wheel \
rned to the engine oil pan through the o
drain port provided at the bottom of the Turbine housing

bearing housing.




1-3-3 Lubrication

Engine lubrication is accomplished by forced lubrication system using gear pump. The engine

oil in the pan is drawn up through the oil strainer by the oil pump and force-fed to the oil
filter and oil cooler to lubricate all parts.

Pilot lamp ' ‘ —
“OIL FILTER"” !

Qil pressure :
ewiteh Qil pressure
= gauge unit
; Turbo
Bypass valve charger
\ E} Oil main gallery
I
Qil L ‘ ‘
cooler Check
valve Fuel injec- |
Air compres- tion pump
: el b Crankshaft . Camshaft i _ Regulator

Oil Piston main bearing bushing valve
bYD&SSﬁL Fuil flow cooling ]

alarm L=/ oil filter i '

* Connecting||Timing gear {| Qil spray Cylinder
rod bearing||idler bushing{| plug head
Bypass
oil filter
Reljef| O C : Rocker
va FI.- Du‘ mp roo: 23";:1'::?9 shaft

2 0il strainer

\ Oil pan /




(1) Oil pump

The oil pump is a gear pump. It is moun-
ted on the rear bottom surface of the
crankcase and is driven by the crankshaft
gear. /

An oll strainer is mounted to the suction
port of oil pump and an oil pipe mounted
to the delivery port. |

The crankshaft gear drives the oil pump
idler gear and oil pump gear to transmit
the rotation to the oil pump drive gear,
In the oil pump, the oil pump drive gear
is in mesh with the oil pump driven gear.
When the oil pump drive gear is driven,
the oil pump driven gear is turned in the
opposite direction.

At this time, the engine oil is drawn in
by the negative pressure produced when
the gears turn along the inside of the
pump case, and is forced out from the
suction side to the delivery side along
the gears and case inside wall.

An oil strainer is mounted to the suction
port of the oil pump to prevent suction
of foreign substances and air from inside
the oil pan. The oil pipe mounted to the
delivery port sends the ensine oil to the
crankcase.

NI

N Ol pump gear
= N2

QOil pump

(with built-in

relief valve)
Oil strainer

From oil strainer




(2)

Since the oil pump is driven at speed
proportional to the engine speed, the de-
livery pressure of the oil pump might rise
excessively énd overioad the lubrication
system during cold starting, etc. To pre-
vent overloading the lubricating system,

the ol pump has a built-in relief valve.

Oil Filter

The oil fileter is a double type oil filter
consisting of a full flow filter and bypass
filter put together as a single assemly.
It comes In two types ; the vertical and
horizontal types. The element is a filter
paper element.

The engine oil forced by the oil pump
passes through the oil hole of the crank-
case and flows from the oil filter head
into the full flow filter and bypass filter.
The engine oil filtered by the full flow
filter is routed from the oil filter head
through the crankcase oil hole to the oil
cooler. The engine oil filtered by the by-
pass filter returns to the oil pan. An oil
bypass alarm is provided on the oil filter
head.

3

EA

- : et
i )
FE
b ' Qil fitter
case
Drain plug
Element
Center bolt /.._/
Center bolt Drain plug
(Bypass fitter]
(Full-fiow fitter)




(3)

When the oil filter element is clogged
and the difference between the filtered
and unfiltered oil pressures increases be-
yond specification, the valve in the oil
bypass alarm moves against the spring
force, allowing the unfiltered oil to flow
to the filtered oil path.

The oil bypass alarm has electric conta-
cts. When the valve opens, the contacts
close and the meter cluster pilot lamp
of the cab lights to warn the driver.

Oil Cooler

The oil cooler is a shell and plate type(multi-plate type) and is mounted to the coolant
path on the left side of the crankcase.

The engine oil forced through the oil filter flows through the inside of the oil cooler element,
whereas the coolant forced from the water pump flows around the element. the engine
oil in the element is cooled or heated before it flows to the main oil gallery.

Oil cooler element

To main oil it (
gallery &




(4)

(5)

When the oil viscosity is high at low te-
mperatures or when the element is clog-
ged and the element has high resistance
to flow, the oil bypass valve provided at
the oil cooler opens so that the engine
oil flows to the main gallery without pas-
sing through the oil cooler.

Regulator Valve

The regulator valve is mounted to the
main oil gallery in the crankcase. When
the oil pressure in the main gallery ex-
ceeds specification, the valve accompli-
shes the function of allowing the engine
oil to escape to the oil pan, thereby pro-
tecting the lubrication system against

overload.

Lubrication of Each Part

The engine oil forced to the oil main gal-

lery lubricates each part as described be-

fow.

(a) Main bearing, connecting rod bea-
ring and connecting rod bushing.

The oil hole extends from the oil
main gallery to the crankshaft main
bearing to lubricate the main bea-
ring.

To main oil gallery

Oil bypass valve




(b)

(c)

Some of the engine oil which has
lubricated the main bearing flows
through the oil hole in the crankshaft
and lubricates the connecting rod
bearing. The oil then flows through
the oil hole in the connecting rod
and lubricates the connecting rod
bushing.

Camshaft

Lubrication of the camshaft bushi-
ngs is accomplished by the oil flo-
wing through the oil holes to the
individual camshaft bushings.

The engine oil that has lubricated
the No. 7 camshaft bushing is rou-
ted through the oil holes in the top
of the crankcase to each cylinder

head.

The engine oil forced to the cylinder
head flows through the oil holes in
the rocker shaft bracket and rocker
shaft and lubricates all rocker bushi-
ngs. The engine oil ejected from the
oil hole at the top of the rocker arm
lubricates the sliding portion contac-
ting the valve cap, the valve stem
portion and the push rod and adjus-

Camshaft
bushing




ting screw portion, flows through
the cylinder head and crankcase
push rod hole, lubricates the tappet
and camshaft cam portion, and retu-
rns to the oil pan.

(d) Timing gear

The idler shaft bushing of the timing
gear 1s lubricated by oil through the
oil hole from the oil main gallery and

through the oil hole from the crank- Oil spray

shaft main bearing at the rearmost pulg

end as shown. Each gear is lubrica-

/ !| Camshaft
bushing
section

ted by the oil spray plug.

Crénkshaft main
bearing section

(e) Cooling of piston

The oll jet provided under the main
oll gallery for each cylinder sprays

engine oil against the reverse sur- : //
| O

face of the piston to cool the piston.

The oil jet has a check valve which

opens and closes at specified oll

pressures, preventing reduction of

i
" s u |
the oil quantity(at low oil pressure) |

\
and reduction of the oil pressure. Check valve




1-3-4 Cooling

The engine cooling system is a water-cooled, forced circulation system using a water pump.
Coolant, for the most part, is cooled by the radiator, but the cooling efficiency varies on different
applications(as in an enclosed generator room in a building, operations in stationary condition,
etc.). Therefore, variation in fan diameter, ventilation type(suction or blow-out type), radiator
capacity, etc. have been made available for the individual applications.

Engines for fixed type power generators and those installed in the basement of a:building usually
employ a city water cooling system instead of radiator cooling system.

The following illustration is the schematic diagram of a radiator cooling system with a suction
type ventilation.

Radiator cap

Water temp unit Water outlet pipe
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(1) Water pump To crankcase
water jacket ‘

' 727\
From thermoszat

The water pump is a centrifugal pump.
Mounted on the left side of the crank-
case, the pump is driven by the crank-

shaft pulley via a V belt.

An impeller having a blade is mounted
at one end of the water pump shaft and
coolant is sealed off by a unit seal.

The ball bearing supporting the water f

pump shaft is lubricated with grease. To crank pra el

water jacket

From radiator

To radiator
(2) Thermostat i N When coojant
temperature is high
The thermostat is a bottom bypass type (bottom bypass
valve is closed)

with a special wax enclosed in a pellet.
When the wax is heated, it changes from
solid to liquid and its volume also cha-

nges. This change in volume changes From
. 4= cylinder
the opening of the valve and changes head

the quantity of coolant fiowing into the
radiator and water pump(bypass side),

‘ . When coolant
thereby controlling the coolant tempera frir e ' o

ture. (bottom bypass valve is open) Y To water pump




1-3-5 Fuel

The fuel system consists of the injection pump general assembly(injection pump proper, governor,
timer, feed pump and coupling), fuel filter, water separator, injection pipe, injection nozzle, fuel
leak-off pipe, etc.

The injection pump is driven at one-half the engine speed.

Fuel feed |
pipe | Fuel
fiter
Fuel leak-off —= | Adto timer
i \0 _/ "w / Coupling
= | Fuel feed
S ]@ pipe
Overfiow pipe- |1 JJ
Fusl  (C —e—
L ) Ifeed pump
& (I
Fuel retum
separator

(1) Injection Pump Proper
(a) AD type injection pump [(DBAU)

The camshaft driven .at half the

' di d by t :
engine speed IS supporte Yy taper Priiger baiel '!mlll. Plunger
roller bearings at both ends. The ca- Pinion — [I== #>.| — Control rack

mshaft has a cam for operating the Control sleeve —/~1 ™™g
Plunger spring P

rating th . a
plunger and a cam for operating the Lower spring seat \/ 3

feea pump. ' il TS_him
A tappet operating with the pump K j
Camshaft ¢ /

housing as the guide is in contact
with the camshaft. The tappet cha-

nges the rotary motion of the cam




to up-and-down motion which is transmitted to the plunger.

The plunger slides in the plunger barrel secured by the dowel pin of the pump
housing.

A delivery valve is mounted on the top of the plunger by the delivery holder. An injection
pipe is mounted to the holder.

(b) P type injection pump (DBAZ)

The p type pump is a totally enclo-

1] i~ —

sed type and is constructed as ol sl Plunger block
= assembly
n. IRInEL ) — .
2o l_'_l "  Adjusting shim
The plunger barrel, delivery valve, el //"O" sump
delivery valve spring, etc. are secu- \" e Teontre] ]
, ([ 23 -

red on the flange sleeve by the deli- 5 i: X Control sleeve
very valve holder. These are put to- | l.l l ~ Spring seat

o . t 7_/P|unger spring
gether as a unit to constitute a plu- A S

___—-Spring seat
~ nger block assembly and are moun-
/"Tapwt

ted to the pump housing.

il HL |
) Cam chamber
ppet, pump housing, camshaft and I ) -1 Camshaft

The cam chamber lubricates the ta-
governor by the forced lubrication

system using engine oil. To mini-

mize the leakage of fuel into the cam

chamber, the plunger barrel has an
oblique hole for returning the fuel
that has leaked to the oil sump. To
prevent leakage of the fuel in the
oil sump into the cam chamber, O-
ring is mounted on the periphery
of the plunger barrel.

A deflector is also mounted on the periphery of the plunger barrel to prevent erosion

of the pump housing by counter flow of fuel at the end of an injection.



(¢) Plunger

The plunger has an oblique groove and
a vertical groove, while the plunger barrel
has 2 inlet-outlet holes.

Pressurized feeding of fuel oil begins
when the plunger, pushed up by the cam
of cam shaft, closes the inlet-outlet holes
of plunger barrel. When the plunger is
further pushed up, fuel oil is discharged
through the vertical groove of plunger
from the infet-outlet holes.

Beginning End of
of pressure pressure
feed feed

A deflector is installed on the periphery of the plunger barrel so that high pressure fuel

oil discharged from inlet and outlet ports will not erode the pump housing. Fuel injection

volume is controlled by the governor which moves the control rod(or the control rack)

left and right and rotates the control sleeve which engages with the control rod(or the

control rack and pinion). Since the driving face of plunger meshes with the control sleeve

at the lower part thereof, the plunger turns with the rotation of control sleeve and injection

volume is controlled through the changing of the effective stroke.

AD type injection pump

Pinion

Control rack

P type injection pump
Control rod

N’y

Control sleeve
Driving face




The effective stroke means the length
of the plunger stroke from the time when
the upper end of plunger closes the in-
let-outlet holes of plunger barrel until the
oblique groove of plunger opens to the
inlet-outlet holes. When the effective st-
roke stands at zero, it indicates that no
fuel injection takes place.

(d) Delivery valve

The fuel highly pressurized by the
plunger pushes the delivery valve up
and gushes out. When delivery of
the fuel under pressure by the plu-
nger is completed, the delivery valve
is pushed back by the delivery valve
spring and closes the fuel passage
to prevent counter flow of the fuel.

Beginning of End of

injection injection
(beginning
of suction)

Suction stroke

End of
injection

The delivery valve is further brought down until it is held against the seat surface tightly.

The amount of fuel corresponding to the stroke during the period is drawn back from

above to instantly lower the residual pressure in the line between the delivery valve

and nozzle. The draw-back effect improves the cutting of fuel from the nozzle and

prevents after-injection dripping.

Adelivery valve stopper, provided on the top of the delivery valve spring, limits the

lift of the delivery valve to prevent the surging of the valve during high speed operation.

It also reduces the dead volume between the delivery valve and nozzle and stabilizes

the injection rate.




(e) Overflow valve

When the fuel pressure in the injec-
tion pump exceeds a predetermined

pressure, the steel ball in the overf-
low valve is pushed up to let the
fuel flow out from the injection
pump and return to the fuel tank,
thereby stabilizing the fuel tempera-
ture and temperature distribution in
the injection pump and maintaining

the injection rate into each cylinder

constant.

(2) Governor
(a) RSV type governor

The RSV type governor is a centrifugal type all-speed governor coupled to the cam
shaft of the injection pump. The governor not only controls the maximum and
minimum speeds but also automatically controls the engine speed at any intermed-
late speed position.

Guide lever Supporting lever Govemor
"~ housing

Tension lever

Start spring > =2~ Y P Control rack
Shackle
— _ Adijusting lever
Control lever
Swiveling lever
Control
spring

Full-load stopper bolt




The governor, as shown, consists of

flyweights mounted to the injection Guide lever ., GOVemOr Sl canenatt bushing
. i |
pump camshaft. When the flywei- ™~ /(:r;ﬂ(
; . |
ghts turning on the flyweight suppo- Thﬂ{rs‘;\ (\‘ / - fkﬂ_;(:‘»ovegrnar
beari ~— 1l housing
rting shaft open outward, the roller (AN ) ] e NS iy
mounted to the end of flyweight arm Control — <=
pushes the end of the sleeve in the block
Flyweight
axial direction. The governor sleeve, Weight supporting

. . . shaft
being made integral with the control

block through a bearing, moves only

in the axial direction.

The control block, mounted to the guide lever hung on the supporting lever shaft of
the governor cover, prevents rotation.

The control lever is mounted to the middle of the guide lever by the shaft with the
bottom end as the fulcrum, whereas the top of the lever is coupled through the shackle
to the control rack.

The start spring, attached to the top end of the control lever, always pulls the control
rack in the direction that fuel is increased.

The turning shaft of the swiveling lever is fitted into the bushing of the governor cover
and its center is eccentric with respect to the mounting position of the control spring
installed to the tension lever. The control spring is installed to the end of the swiveling
lever. When the control spring receives tension, the bottom end of the tension lever
touches the adjustable fuli-load stopper bolt.

When the angle of the adjusting lever is changed, the angle of the swiveling lever
is also changed and the tension of the control spring changed. This is because the
turning center of the swiveling lever and the mounting position of the control spring
installed to the tension lever are eccentric to each other as mentioned above.

An adjusting screw is also mounted to the swiveling lever. Adjustemnt of the screw
changes the tension of the control spring, thereby making it possible to adjust the
speed regulation.

An Ungleich spring is provided in the bottom portion of the tension lever. Adjust the
tension of the spring by adding or removing shims.



An idling sub spring adjustable from
outside is provided in the middle of
the governor cover. During idling,
the spring always keeps in contact
with the tension lever to maintain
a constant idling speed.

The stop lever, mounted through the
supporting lever to the bottom end
of the control lever, returns the cont-
rol rack to the stop position with a
slight pressure irrespective of the
adjusting lever position.

1) Start of engine

When the adjusting lever is moved to the
start position(until it touches the maxi- Stop

mum speed stopper), the swiveling lever

which moves with the adjusting lever pu- Control rack

Govemor spring

lls the control spring and moves the ten- Swivel .e\,er_\
sion lever until it touches the full-load sto-

—q
pper bolt.

Govemor sleeve
- - . / Shifter Full-load

At that time, the flyweights are stationary, Flyweight stopper bolt

and the start spring with weak tension

pulls the control lever in the direction that

fuel is increased.
At the same time, the control block and governor sleeve push the flyweight roller to the
left.

As the resuit, the tension lever and control block are spaced that much apart, and the correspo-
nding amount of fuel is supercharged to facilitate starting.



2) Idling control

3)

Once the engine is started and the adjus-
ting lever returned to the idling position,
the tension of the control spring is drasti-

cally reduced.

Now the flyweights can move outward
even at a low speed, so the tension lever
is pushed back until it touches the idling
sub spring and pilaces the control rack
at the idling position. In this state, the
centrifugal force of the flyweights and the
weak-state control spring and idling sub
spring achieve balance and maintain
smooth idling.

T 'GO‘VEI'nor spring
Tensi
Control rack ension lever
il [ 2 idling sub
“,l q 1,0 '-—__T_:J\‘ spring

When the speed falls, the centrifugl force decreases, the flyweights move inward, and the

idling sub spring pushes the tension lever to the left and moves the control rack in the

direction that fuel is increased.

If the speed falls radically, the start spring with weak tension acts and moves the control

rack in the direction that fuel is increased to maintain the idling speed.

Maximum speed control

When the adjusting lever is moved to the
full-load position, the tension of the cont-
rol spring is increased and pulls the ten-
sion lever until it touches the full-load sto-
pper bolt.

When the engine exceeds the specified
speed, the centrifugal force of flyweights
becomes larger than the force of the cont-
rot spring pulling the tension lever. So the
tension lever is moved to the right and
moves the control rack in the direction

No load(idiing)
.Adjusting lever

‘Shifter Full load stopper bolt




that fuel is reduced, thereby preventing the engine from exceeding the specified speed.

If the speed further increases, the centrifugal force of flyweight increases and pushes the
tension lever to the right and also compresses the idling sub spring to pull the control rack
back to the no-load maximum speed position, thereby preventing over-speed operation of
the engine.

The RSV type governor controls the entire speed range from idling to maximum speed. If
load increases or decreases at a certain speed determined by the position of the adjusting
lever, the governor automatically funtions and maintains the engine speed constant at all
times.

4) Ungleich operation
When max. injection is set
l at low-speed operation

When max. injection is set
at high-speed operation

The Ungleich device controls fuel injection Injection matched
in such a way as to match the engine ity e 'makeft?_ -—TB
performance(the required injection varies % A g1 — s B
with engine speed). % Ab-T1— "~

=

The air intake rate of the engine falls as

the engine speed increases. The injection -
Engine speed

pump, on the other hand, increases the

per-stroke injection as the speed increa-
ses, even with the control rack at the
same position.

Therefore, if full load is set at point A to derive enough output at low speeds, the injection
will reach B as the speed increases, and the engine will produce black smoke.

If full load is set at point B’ to prevent black smoke, the low speed injection will come
down to A’, allowing combustion of more fuel.

So the Ungleich device accomplishes the function of setting full load at point A to derive
the largest possible torque in the low speed range, and changing it to adjust the injection
to point B” in the high speed range.



Ungleich effect

Without Ungleich effect

Rack position(mm) —es=
Torque Nm(kgf m) —es

Nz Ny N2 N;
Pump speed(rpm)—s=— Engine speed(rpm) —*=

When the engine speed is low and the

centrifugal force of flyweight smaller than
the pressure of the Ungleich spring, the Control rack
control block is moved as much as the

1 - Tension lever

4%*1

Ungleich stroke to the left, so the control Q X Ungleich spring

rack moves in the direction that fuel is

increased to increase the torque of the

engine at low speeds.

As the engine speed increases, the centrifugal force of flyweight increases. If it becomes
larger than the pressure of the Ungleich spring, the Ungleich spring is slowly compressed
before the start of high speed control, and the control rack moves in the direction that fuel
Is reduced. The Ungleich stroke is completed at the position where the control block directly

touches the tension lever.



5) Engine stop

When the stop lever is moved to the stop
position, the control rack is moved to the
stop position to stop the engine regardless
of the position of the adjusting lever.

6) Operation of torque spring

Construction machinery engines are often subjected to a large load during operation, and
reduced speeds often lead to stalls, To prevent this, a torque spring is provided.

When the adjusting lever is fixed in the lever set position, a sudden increase of load, if
no torque spring is provided, will move the control rack along the B-D curve as the speed
falls. The rotational displacement at the time may be expressed as P..

If a torque spring is provided, the control rack moves along B-C, and the rotational displacement
at the time may be expressed as P.. Therefore, large changes occur in P, and engine speed,
and because of increased fuel injection, the engine torque increases, and large combustion
noise warns the operator of the increased load, enabling him to take proper action to prevent
stopping the engine.

D
i I WL T Cﬂ B
E \ B —
E g Govemor operation range
S 2
k= X
g- p— A R
: g
: A
P4 P
e P, P,
Pump speed(rpm) —ue Engine speed(rpm) —=




In an abrupt increase of load occurs when
the engine is running at continuous rating,
the engine speed falls. So the fiyweights
are moved inward and the tension lever
pulled to left by the control spring, causing
the control rack to move in the direction
that fuel is increased.

At the time, the tension lever pin pushes
the bottom of the torque control lever, and
the lever moves with the pin “A” as the
fulcrum, whereas the portion “B” is pu-
shed to right. As the result, the torque
spring performs the function of reducing

movement of the tension lever.

(b) RFD type governor
The RFD type governor is a mini-
mum-maximum governor which con-
trols only the minimum and maxi-

mum speeds.

The RFD type governor make it pos-
sible to increase or reduce fuel by
the load control lever which operates
- the control rod. Any desired speed
can be set as a displacement of the
speed control lever changes the ten-

sion of the governor spring.

Because of the construction descri-
ded above, the RFD governor can be
operated as an all-speed governor by
holding the load control lever in the
FULL position and operating the

speed control lever.

On the top of the governor, an engine

stop lever is provided which creates

Torque spring

= Torgue control
@‘ i lever
17 g
@ o
4
‘ﬁj Full-load
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a no-fuel injection state for stopping the engine. A cancel spring is provided to make sure that
when the lever is operated, no undue force is applied to the link.

1) Start of engine and control of idling

When the engine is stationary, the flywei-
ght is in closed position, pushed by the Start spring
governor spring, idling spring and start

spring. Control rod

Govemor spring

If, in this condition, the load control lever

'Flyweight 4
is moved all the way to the FULL position
(in the direction of greater fuel delivery), O '
the start spring and idling spring will

cause the control rod to move to the fuel
increashing position.

If the load control lever is placed to the idling position after the engine has started, the
floating lever will move the control rod back to a position where a fuel injection rate suitable
for the idling speed is available, with the point B as the fulcrum.

As the engine speed increases, the flyweights will move outward by the centrifugal force
and will shift the shifter by the point A until the shifter compresses the idling spring.

At this time, the fulcrum B will also sligh-
tly move toward the tension lever and will

move the control rod back in the direction Control rod
for reducing the fuel injection rate.

As the engine speed decreases, the cent-
rifugal force of the flyweights will dec-

rease and the flyweights will move inward,

so the point A will return toward the O

pump housing. This will set the shifter
in the free state, pushing it back toward

the pump housing by idling spring force.

iding spring




At the same time, the fulcrum B will also slightly move toward the pump housing
to push the control rod back in the direction for decreasing the fuel injection rate.

In this manner, the idling speed is maintained stable by slight adjustment of the injection
rate. | '

2) Normal speed operation

If the control lever is moved toward FULL
(in the direction of greater fuel delivery),
the eccentric shaft coupled to the load
control lever will cause the sliding lever
to turn with the point D of the tension

lever as the fulcrum. In addition, the floa-

ting lever will push the control rod back

in the direction of greater fuel injection

rate, with the point B as the fulcrum.

As the engine speed increases, the centrifugal force of the flyweight will increase, and the
flyweight will push the shifter. In the normal speed range, however, the shifter will have
only a thrust enough for compressing the idling spring and will not be able to push the
tension lever out by overcoming the tension of the governor spring.

In this manner, the fuel injection rate is increased or reduced simply by operation of the
load control lever which moves the control rod.



3) Control of maximum speed

4)

If the engine speed exceeds a predetermi-
ned maximum speed because of changes
in engine load, the centrifugal force of the

flyweight will overcome the tension of the
governor spring and will push the tension
lever together with the shifter.

Movement of the shifter will move the

point B, and movement of the tension le-

ver will move the point D, and will also
move the point C with the point E as the

fulcrum.

Movement of the point B and movement of the point C will combine to pull the control
rod back in the direction of less fuel injection rate, thereby preventing the engine speed
from increasing.

If an engine control mechanism which operates the speed control lever adjusting the tension
of the governor spring is employed, the governor can be operated as an all-speed governor
which maintains a desired engine speed constant.

Engine stop

To stop the engine, fuel is cut off by ope-
ration the stop lever on the top of the

governor.

If the stop lever is operated, the internal
lever pushes the pawl of the floating lever
link to force the control rod out to the

no-injection position.

Floation lever link




Since the amount the control rod is moved
by operation of the stop lever exceeds the
operating range of the floating lever me-
chanism, damage to the link and allied
parts is prevented by the cancel mecha-

nism shown.

The floating lever A pushed by the floating
lever link turns in such a way as to make

the cancel spring bend over the shaft B.
So no load is placed on the floating lever
C blocked by the idle stopper bolt outside

the governor.

Operation of the ungleich device is the

same as the RSV type governor.

(3) Feed Pump

Supply of fuel to the injection pump proper is accomplished by the feed pump mounted
to the side of the injection pump proper and driven by the cam of the injection pump
camshaft provided for the purpose.

The priming pump mounted to the feed pump makes it possible to lift fuel manually when
the engine is stationary.

Knob
Cylinder
Qil seal
Feed pump housing = Spring
' =
Outlet ===
Check valve é O Inlet check valve
O A
o w
l i
To fuel filter ®) O 1 Gauze filter
From fuel fitter




The feed pump feeds fuel under pressure as follows.

When the piston is pushed up by the cam of the camshaft, the fuel in the suction chamber
opens the outlet check valve, so most of the fuel is forced out and drawn into the pressure
chamber. When the cam is moved away by rotation of the camshaft, the piston is pushed
back by the pressure of the piston spring. At the time, the outlet check valve closes and
the inlet check valve opens. So fuel is drawn into the suction chamber, whereas the fuel

in the pressure chamber is forced out.

When the pressure of the pressure chamber or the delivery pressure exceeds specification,
the piston cannot be brought back by the pressure of the piston spring, so the pump action
stops and the fuel pressure in the fuel filter does not rise more than necessary.

Suction Piston
chamber spring
Pressure Qutlet
‘chamber check valve Inlet check vaive
-\ \ /
= = n—
- § ~ g%‘“ Q8 D=
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Piston "I.“ N

Tappet ]
7] C
Camshaft

Suction stroke  Pressure feed stroke Stop




(4) Automatic Timer

The interval between fuel injection into the cylinder and its ignition is called the ignition
delay interval. The ignition delay interval is constant regardless of the engine speed. If the
ignition timing is always constant, changes in the engine speed will vary the relation between
the piston position and ignition timing, making it impossible to obtain the best engine perfor-
mance. To maintain the relation between the piston position and ignition timing constant
at all times, the injection timing must be changed to match the engine speed.

The automatic timer is a device which automatically changes the injection timing according
to the engine speed.

(a) SA type automatic timer

Flyweight holder

L~ Curved surface of fiyweight

Flange Timer spring




The two flyweights have a hole at one end. The pins of the ﬂyweight holder fit in
the holes. The flange legs touch the curved surfaces of the flyweights. Timer springs
are mounted to the flyweight pins and flange legs.

Rotation of the engine is transmitted to the flange and from there to the flange legs,
flyweights and flyweight holder and to the injection pump camshaft.

During low speed operation of the
engine, no centrifugal force acts on
the flyweights, so the timer springs
have the longest installed length.

When the engine runs at a high
speed, a centrifugal force acts on the
flyweights and causes them to open

outward with the pins of the flywei-
ght holder as the fulcrums. The fla-
nge legs are pushed by the curved
surfaces of the flyweights in the di-
rection of the timer spring compres-
sion, but they cannot be moved be-
cause they are coupled to the drive
side.

As a result, the pins of the flyweight
holder are drawn in the turning dire-

ction, while compressing the timer
springs, and move the camshaft of

the pump in the turning direction

to advance the injection timing.

If the engine speed changes from a high to low speed, the centrifugal force of the
flyweights will decrease and the flyweights will return to their original positions. At
the same time, the pins of the flyweight holder wiil be pushed back by the timer springs.



(b) SP type automatic timer

Timer housing

Two flyweights are fitted on the pins of the timer housing and are held in the timer
housing. On the other hand, the injection pump connection side flange has a curved
surface, and the roller fitted on the pin installed in the flyweight touches the curved
surface. Timer springs are held between the spring seats fitted on the timer housing
pins which extend through the flange and flyweight. These parts are housed in the
timer housing and are totally enclosed with a cover, O-ring and oil seal.

When the engine is running at a low

speed, the timer spring pressure is Timer

stronger than the centrifugal force housing, N Flyweight

of flyweight, so the roller of flywei-
ght is held down by the flange, crea-
ting no advance state.

When the engine reaches a high
speed, the centrifugal force of fly-

weight becomes stronger, the roller
of flyweight pushes the curved sur-
face of flange with the timer housing
pin as the fulcrum, and the flyweight

opens outward, while compressing

the timer springs.




In this manner, the roller installed on the flyweight moves the flange in the turning

direction and advances the injection timing.

(5) Coupling

The coupling which transmits drive power from the air compressor crankshaft or injection
pump drive crankshaft to the automatic timer is a laminated coupling consisting of thin
plates placed one upon another.

The laminated coupling, thanks to the reversibility of the plates, absorbs excess forces other
than the torque, thereby provideing protection against application of forces other than neces-
sary to the injection pump.

Adjustment of the fuel injection start timing is made by changing the installed condition
of the driving coupling.

AD type P type

Cross coupling

Driving

— h gﬁg coupling

i) NN

N

/ Cotter bolt

Air compressover
crankshaft

Coupling plate Cotter bolt

Coupling plate




(6) Injection Nozzle

(a) Hole WDe(1"SD"n9 ﬂOZZ'e)_ o > To leak-off pipe
The fuel delivered from the injection From injection pump

pump enters the nozzle holder and

h re higher than the spe- )
as a pressure hig p Aebissisg e

cified pressure. So the fuel overco-

mes the nozzle spring and pushes \ J—/‘ Nozzle holder
the needle valve up.

) - Nozie spring
The high pressure fuel which has
forced the needle valve up is injected
from the orifice at the end of the hoadie) vave
nozzle into the engine combustion Pt

_ﬂ/ Nozzle

chamber.

i
Some of the high pressure fuel lub-
ricates the needle valve, etc. and is

returned through the fuel leak-off
pipe to the fuel tank.

The injection pressure of the injection nozzle is adjusted by changing the tension of
the nozzle spring with the adjusting screw.

(7) Fuel Filter

The fuel filter is a cartridge type. So the s i pung

element is easily replaceable.
Fuel filter

The fuel filter separates the water contai- From fuel cover

ned in the fuel fed under pressure from
the feed pump of the injection pump and
removes dust and dirt by the element.

Element




(8) Water Separator(Option)
The sedimenter type water separator se-
parates gas oil and water centrifugally |
by taking advantage of their difference
in specific gravity.

The fuel that has flowed in from the inlet
connector is squeezed by the fuel path
of the head to increase the flow velocity
and spins. The separated water is sedi-
mented in the case, where as the water-

separated fuel is drawn through the fuel
path in the center of the head into the
feed pump.

The water separator sediments not only

water but also mud components.

A red float goes up and down with the
water level in the semitransparent case,
making it possible to visually check the
water quantity.



1-3-6 Electrical

Over heat warning unit

_ Pilot lamp

Pilot iamp Ol press, sw

1 . Cold start sw
2 . Key sw
3" ! Preheat controller
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(1) Starter

The starter is a reduction type starter co-
ntaining a smaller-size and higher-speed
motor and a reduction gear mechanism.

The starter may be broadly divided into
the motor section which generates po-
wer, the overrunning clutch section
which transmits the torque of the arma-
ture and prevents the starter from over-
running after the engine has started, the
magnetic switch section which makes
the pinion fit the ring gear and feeds the
load current to the motor, and the reduc-
tion gear section which reduces the rota-

ting speed of the armature and transmits
the torque to the pinion.

(a) Reduction gear section

The end of the armature is shaped
as a gear and is in mesh with the
internal gears.

After reduction by the internal gears,
the torque is multiplied several times
and is transmitted to the pinion.

(b) Overrunning clutch

The overrunning clutch is a roller
type. Each roller is set in the wedge-
like groove provided between the
outer and inner races{pinion) and
is pressed against the narrower side
of the groove by spring.

Magnetic switch

I intemal gear
Sieeve PINON uomunning  Yoke
clutch

Outer

—




(c)

When the armature turns, the rota-
tion is transmitted through the rol-
lers to the pinion by the wedge ac-
tion of the outer race of the clutch.

On the other hand, no torque is tra-
nsmitted from the pinion side as the
wedge action is released.

Operation

While the starter switch is ON, cur-
rent flows from the terminal “SW”
of the starter relay to the terminal
“L” and closes the contact “P.".

When the contact “P," closes, cur-
rent from the battery flows from the
terminal “S” of the magnetic switch
to the pull-in coil “P” and holding
coil “H".

Furthermore, the current that has
decreased flows from the terminal
“M” to the motor section.

The plunger, attracted by the mag-
netic flux of the pull-in coil and hol-
ding coil, closes the contact “P,” and
simuitaneously pushes out the pi-

nion turning slowly on weak current.

When the pinion comes into comp-
lete mesh with the ring gear, the
contact “P;" closes and the large cu-
rrent of the battery directly flows to
the motor section to turn the pinion
powerfully.

Attracted by closing of
magnetic switch

Pinion is pushed out

Ring gear

Starter switch

G
Fusible
link
Field coil
Battery
= Ring gear
Starter switch
Fusible 8
link

=
=
: Batter =
Fi =
¥ Ring gear




In this condition, no current flows to the pull-in coil.

The plunger is retained by the holding coil alone.

When the starter switch is set to
OFF, the contact point P. opens.
{AStarter ;witch
N/ g
-.-.—-—-—?—Q

et T
Starter relay

The moment the starter switch is

opened, the P, is still in closed posi-

tion and the battery current flows

from the B terminal to the pull-in L -
al \
coil (P) and holding coil (H). = v
L
Since the direction of current that Fusible Field coil] Reduction
. . link Pinion\
flows is reverse, the magnetic fluxes =
cancel each other, and the return sp- Field coii— Ci“’LhJ
] . utc
ring pushes the plunger back to its Battery
original position. At the same time, Ring gedr

the contact point P, opens, so the

current to the motor section is cut
off.

(2) Alternator
(a) 40A IC regulator built-in alternator

The 40A alterator is a compact IC
regulator built-in alternator(abbre-
viated to built-in alterantor) consis-
ting of an IC regulator built in the
alternator rear bracket.




The built-in alternator offers the fol-
lowing features.

1. The residual magnetism of the
rotor allows the alternator voltage
to build up through self-excita-
tion.

2. Field current directly flows from
the diode trio to the field coil. So
no voltage drop is caused by the
starter switch and wiring as in
the conventional alternator.

Built-in altemator

Starter
Charge lamp gwitch

Stator

coll ¢

&

:r""j 3
i Fleld

b Hl;;_J

- ) -
Power transistor | '

IC regulator *}4

3. To make sure that the voltage builds up easily, power transistor base current is

kept flowing. Therefore, when the battery switch is in closed position, current(10

mA or less) continues to flow through the regulator even when the engine is statio-

nary.

When the battery switch is clo-
sed, current flows to the base of
the power transistor and causes
the power transistor to be ON.

When the alternator is turned, the
residual magnetism of the rotor
causes the stator coil to generate
a very smali voltage, and current
flows from the diode trio to the
field coil to excite the rotor.

1313

f——r




If the engine is started and the
rotor excited, the stator coil gene-
rated voltage suddenly rises.

Current to the base of the power
transistor is supplied from the al-
ternator itself.

When the voltage generated by
the alternator increases, the Ze-
ner diode “Dz” conducts, base
current of the transistor “Tr,”
flows and causes “Tr,” to be
ON.

So current to the power transistor
is short-circuited to “Tr,”, and the
power transistor through which
base current has ceased to flow
is forced to the OFF state. As the
result, no current flows to the
field coil, and the voltage genera-
ted by the alternator falls.

o —————————

b 2B B 4

——

L 38 3 ¢

When the generated voltage falls too far below the Zener voltage, “Dz” does not
conduct so that “Tr,” is forced to the OFF state.

Accordingly, base current flows again to the power transistor and causes the power

transistor to be ON, so that current flows to the field coil and the voltage generated

by the alternator rises.

The voltage generated by the alternator is adjusted through repetition of such opera-

tions by the IC regulator.



(3) Intake Air Heater
The intake air heater improves engine BIM|G[S]
startability by heating intake air at engine SJQ,'?TT 8000 T}Tmeater
starting. i ggp &9
: l
When the starter switch is set to “HEAT" odS D
or “START” position, current is supplied Fuse : gggter
to‘ the intake air heater. If current is Sl.fp- F‘&\ _L /
plied for about 40 to 60 seconds with =
the starter switch at the “HEAT” position, o L
the temperature of the intake air heater lager
exceeds 800C, and the air heater indica-
tor indicating heated condition for the Battery
driver becomes red hot. - © o

1-3-7 Other Equipment

(1) Injection pump Drive
The injection pump drive is mounted to
the flywheel housing on the left side of
the engine and is driven at half the
engine speed by the timing gear train(in-
jection pump gears) of the engine. A

coupling is mounted at the rear end of '
From oil To ol

the injection pump drive crankshaft to cooler  pan

drive the injection pump.

For lubrication of the parts, thev engine oil is drawn by an oil pipe from the en-
gine oil cooler. The oil flows through the oil hole in the shsft and lubricates the bearing.

Excess oil flows from the bottom hole in the crankcase and returns through the timing

gear train to the oil pan.



2-1 ENGINE ADJUSTMENT STANDARDS

Adjustment item Adjustment Standard Value
Valve timing inlet valve opened 18° BTDC
Inlet valve closed 50° ABDC
Exhaust valve opened 50° BBDC
Exhaust valve closed 18° ATDC
Valve clearance Inlet side 0.4 mm
(when cold) Exhaust side 0.6 mm
Fuel injection timing
~ No-load minimum speed(idling) Vary on different
No-load maximum speed specifications.
Tension of V-belt(deflection of V-belt when pressed down at 10 to 15 mm
middle under approx. 98N or 10 kgf pressure)
Compression pressure Standard value 2 750 kpa(28 kgf/cn)
(With engine at 200rpm) Repair limit 1 960 kPa(20 kgf/c)
Difference between 390kPa(4 kgf/cm) or less
cylinders
Oil pressure Air idling Standard value 145 to 290 kPa
(oil temperature : 70C ) | speed (1.5 to 3.0 kgf/en)
Repair limit 49kPa (0.5kgf/cn)
At maximum| Standard value 290 to 490 kPa
speed Repair limit 195kPa(2.0kgf/cm)




2-2 SERVICE STANDARDS

2-2-1 Engine Proper
All values in mm unless otherwise specified.

o Nominal value Repair Service Correction and
Description . o o
(Basic diameter] limit fimit remarks
Clearance between rocker and (28] - Rl Bushiing,
rocker shaft 0.03 to 0.08
Outer valve Free length 89.38 85
spring instalied load 450N(46.1kgf) 380N Replace.
(installed length : 58.35) (39kgf)
Squareness 25
Inner valve Free length 65.04 62.0
spring Installed load 115 N (12 kgf) 100N
(installed length : 50.35) (10.2kgf) | Replace.
Squareness 2.5
Clearance between crankcase tappet (35) 0.2 Replace tappet.
hole and tappet 0.06 to 0.10
Push rod runout 0.6 Replace.
Cylinder head bottom surface dirstortion {0.07 or less 0.08 May be grond
to cylinder head
height of 129.8
mm maximum
Valve stem O.D. Inlet 11.95 to 11.96 11.85 | Replace.
Exhaust 1191 t0 11.93
Clearance between valve |inlet (12)
stem and valve guide 0.05 to 0.09 Replace valve
Exhaust (12) 0= guide.
0.09 1o 0.12
Depth of valve from Inlet 0.25 to 0.75 1.0 Replace valve seat
cylinder head insert. Service limit
bottom surface _ shows value when
Exhaust -0.05 to 0.45 0.7 new valve is instal-
led.
(Minus value shows
amount of projec-
tion.)
Valve seat angle 45°




- Nominal value Repair Service Correction and
Description o o o
(Basic diameter) limit fimit remarks
Valve margin Inlet 2.2 ()
Exhaust 25 2.0 Rephace:
Valve seat insert seat width 2.69 to 2.96 3.5
Fccentricity of flywheel housing 0.2 Correct installed co-
ndition.
Flywheel Runout 0.2 Correct installed condition
Friction surface 0.1 or less 0.2 Correct.
distortion
Depth from clutch 48 495 Replace.
cover mounting
surface to friction
surface
Timing Between crankshaft 0.12 to 0.26 0.4
gear gear and idler gear “B”
backlash
Between idler gear 0.11 to 0.23 0.4
“A" and camshaft gear
Between idler gear 0.11 to 0.24 0.4 Replace.
“A" and idler gear “C"
Between injection 0.12 to 0.25 04
pump gear and idler
gear “C"
Between power steer- |0.10 to 0.23 04
ing gear and idler
gear “C”
End play of idler gear 0.1 to 0.28 0.4 Replace thrust plate.
Clearance between idler shaft (40) 0.2 Replace bushing.
and idler gear bushing 0.03 to 0.06
Camshaft gear end play 0.05 to 0.22 0.4 Replace thrust plate.
Clearance between No.1 (65)
camshaft journal and | journal 0.03 to 0.08
camshaft bushing No. 2 (65.25)
journal 0.03 to 0.08 Replace bushing
No. 3
journal (65.50) Fie
No. 4 0.03 to 0.08
journal




o Nominal value Repair Service Correction and
Description L o -
(Basic diameter) limit limit remarks
No. 6
journal (65.75)
No:: 6 003"% 0.08 0.25 Replace bushing
journal
No. 7 (66)
journal 0.03 to 0.08
Cam profile(difference between 8.3 Inlet
lobe height and base circle diameter) Lobe height
: 56.167
Base circle diameter
147334
Exhaust
Lobe height : 56.
036
Base circle diameter
:47.216
Camshaft bend 0.05 or less 0.08 Correct or replace.
Crankcase top surface distortion 0.07 or less 0.2 Regrind very
slightly.
Cylinder liner 1.D. 130.014 to 130.25
130.054 Replace or correct to
Cylindricity 0.02 or less 0.3 oversize.
(diametral
method)
Projection of 0 to 0.08 Replace.
flanged portion
Clearance between piston and (130)
cylinder liner(selection fit) 0.178 to 0.204
Clearance between | 1st ring 0.11~0.13 0.25
piston ring groove |2nd ring 0.05 to 0.08 0:15 Replace.
and piston ring Oil ring 0.03 to 0.06 0.15
Clearance between open ends of 04 to 06 1.5 Replace.
piston ring
Projection of piston from top surface|0.87 to 1.33 Replace parts.
of crankcase
Clearance between piston pin hole (50) 0.1 Replace.
and piston pin 0.01 to 0.02




e Nominal value Repair Service Correction and
Description L e St
(Basic diameter) limit limit remarks

Connecting rod Clearance (50)

between con- |0.02 to 0.05 0.1 Replace bushing.

necting rod

bushing and

piston pin

Bend and [50] 0.05 Correct or

torsion 0.02~0.05 or replace.

less

End play 0.2 to 05 1.0 Replace.
Connecting rod Oil clearance (84) 0.25
bearing 0.07 to 0.13 —

Tension when Less than

free 90.5
Crankshaft End play 0.09 to 0.23 0.4 Adjust by oversize

thrust plate.

Bend 0.04 or less 0.1 Correct or replace.

Qut-of-round- 0.01 or less 0.08

ness of journal Grind and correct to

and pin undersize.

Cylindricity of | 0.006 or less

journal and pin
Main bearing Oil clearance (100) 0.25

0.08 to 0.15
Tension when Less than Floplce.

free

106.5




2-2-2 Inlet and Exhaust

All values in mm unless otherwise specified.

o Nominal value Repair Service Correction and
Description = ad -
(Basic diameter) limit limit remarks

Turbo- I.D. of bearing inserting po- 19.06 Replace.
charger |rtion of bearing housing
(3LM) | Turbine wheel shaft journal 11.18 Replace.

diameter

Turbine wheel shaft journal 0.015 Replace.

diameter

Piston ring open end clea-|0.015 to 0.18 Replace insert.

rance

Clearance between turbine|0.53 to 1.04 Check.

wheel and turbine housing

End play of turbine wheel {0.05 to 0.13 Check.

shaft

Clearance between turbine|0.74 to 1.55 Check.

back plate and turbine

wheel back surface
Dust indicator operating 700+ 50 mmAg Replace.

resistance value

(7.47 +0.57kpa)

2-2-3 Lubrication

All values in mm unless otherwise specified.

o Nominal value Repair Service Correction and
Description o e -
(Basic diameter) limit limit remarks
Oil pump Backlash between cran-{0.13 to 0.24 0.4 If backlash is less
kshaft gear and oil than 0.13, adjust
pump idler gear shims.
Backlash between idler{ 0.11 to 0.22 04 Replace.
gear and oil pump
gear
Difference between | 0.05 to 0.11 0.15 Replace.

pump case depth and

gear height




e Nominal value Repair Service Correction and
Description L o .
(Basic diameter) limit limit remarks
Oil pump |Clearance between gear [{0.11 to 0.18 0.2 Replace.
tooth end and pump
case
Clearance between drive | [(20) 0.15 Replace.
gear shaft and case and [0.04 to 0.07
cover
Clearance between (20) 0.15 Replace.
drivenrl gear shaft and |[0.04 to 0.07
driven gear
Clearance between idler |(22] 0.15 Replace bushing.
gear shaft and idler gear |0.03 to 0.05
Relief Valve opening pressure |1 180kPa
valve (12kgf/m’)
Spring load 158+ 7.8N Replace.
(Installed length : 46 : 3) | (16.1+ 0.8kgf)
Oil bypass alarm valve opening 295 to 345 kPa
pressure (ON start pressure) (3 to 3.5kgf/m’)
Oil cooler bypass valve opening 175 to 215 kPa
pressure (1.8 to 2.2kgf/m')
Regulator |Valve opening pressure |360 to 420 kPa
valve (3.7 to 4.3kgf/m')
Replace.

Spring load
(Installed length : 50)

76~80N
(7.8~8.2kgf)




2-2-4 Cooling

Ali values in mm unless otherwise specified.
- Nominal value Repair Service Correction and
Desenption [Basic diameter] fimit limit remarks
Thermostat | Valve Opening start 69 to 73 ¢
temperature
= / Replace.
: mm or more
Valve lift'temperature 850
Wat
ater pump | Interference between 0.05 to 0.08 Reassembly
pump shaft and pulley tolerated up
Interference between o twotimes | Replace.
pump shaft and 0.04 to 0.06
impeller
2-2-5 Fuel
All values in mm unless otherwise specified.
Descriotion Nominal value Repair Service Correction and
P [Basic diameter] | limit limit remarks
Infec- | Injection spacing 60° +30° Adjust.
ton [ prestrok AD type
- restroke type| 4.5 -
Ptype |48
proper Overall tappet AD type 0.3 Relace
clearance P type 0.2 place.
Clearance between |AD type! 26] 0.2
tappet and housing 0.03 to 0.07 Replace.
P type 0.15
Clearance between |AD type| 0.03 to 0.08 0.12 Replace.
plunger driving
face and control
sleeve
Wear of plunger P type 0.2 Replace.

contacting surface
of lower spring
seat




s Nominal value Repair Service Correction and
Description - - Q%
(Basic diameter) limit limit remarks
Injec- | End play of camshaft 0.02 to 0.06 Adjust shims.
ton [Sliding resistance |AD type | 1.5N or less Check.
pump |of control rack (150 gf or less)
proper | (when stationary) |
Sliding resistance |P type |1.3N or less Check.
of control rod (130 gf or less)
(when stationary)
Tappet clearance AD type | 0.3 or more Adjust.
Backlash between |AD type {0.15 0.3 Replace.
control rack and
pinion
Overflow valve AD type | 157 kPa
opening pressure (1.6 kgf/m')
Replace.
AD type, | 255 kPa
P type |(2.6kgf/m)
Gover- | Dimension from RSV type |19 to 19.2
nor |[governor housing |RFD type |33 to 334 Adjust shims.
to shifter
Feed |Overall tappet clearance 0.2 Replace.
pump
Lifting Number of strokes |25 strokes
capacity | pump goes through |or less
before lifting of
fuel when operated
at 60 to 100
strokes a minute
Air When 196 kPa Occ(No leaks
tightness | (2kgf/m’) tolerated)
air pressure is
applied
Delivery |For 15 |AD type |350cc
rate seconds
at 1000 [P type 530cc
rpm
Injection nozzle | 1-spring nozzle 21.6 to 225 kPa _
o Adjust or
injection pres- (220 to 230
— kat/c) replace.
17.2~18.1 kPa
2-spring nozzle (175~185 kgf/cni)




2-2-6 Electrical

(1) Starter All values in mm unless otherwise specified.
o Nominal value Repair Service Correction and
Description ' G o i 5%
(Basic diameter) limit limit remarks

Commutator O.D. 138.7 37.7 Replace.
Commutator periphery runout 0 to 0.03 0.1 Replace or correct.
Depth of groove between segmets (0.7 to 0.9 0.3 Correct.
Brush length | 17 11 Replace.
Brush spring pressure 25 to 33N 18N(1.8kgf)| Replace.

(2.55 to 3.45kgf)
Pinion gap 0.1 to 2.0 Adjust washers.
Gear shaft thrust gap 0.1 to 05 Adjust washers.
No-load-character- | Voltage 23V
istics Current 110A or less Check.

Rotating speed |3 100 rpm

or more
Magnet switch operating voltage 16V or less Check.
Starter relay coil resistance 10.4Q Replace.

(2) Alternator

All values in mm unless otherwise specified.

. Nominal value Repair Service Correction and
Description - o .
(Basic diameter) |  limit limit remarks
Slip ring portion O.D. 41 404 Replace.
Brush spring pressure 3.7N(380gf) 2N Replace.
(200gf)
Brush length 23 8 Replace.
Field coil resistance(at 20T ) 10Q
Load Rotating | Terminal voltage 27V
character- | speed
istics (1500 |Cur- |whencold |26A or more
rpm) rent |When hot |22A or more
, : Check.
Rotating | Terminal 27V
speed voltage
2500 Cur- |When cold |37A or more
rpm rent |When hot 33A or more
IC regulator regulated voltage 28 to 29V Replace.
(5000rpm, BA or less)




(3) Preheating Equipment

All values in mm unless otherwise specified.

o Nominal value Repair Service Correction and
Description - oy _—
(Basic diameter) limit limit remarks
Air heater resistance 0.23 to 0.27Q) Replace.
Heater relay resistance 1040 Replace.
Indicator resistance 12.20) Replace.
Time required before indicator 40 to 60 secs. Check.

becomes red hot




2-3 TIGHTENING TORQUE TABLE

2-3-1 Tightening Torque of Major Bolts and Nuts

Thread size
Description Dia. x Faique Remarks
_ N m(kgf m)
Pitch mm
Engine Main bearing cap bolt M18X25 [370(38) Wet
proper Connecting rod nut M13X1.25 {115(12) Wet
Crankshaft pulley attaching bolt M14X15 [175(18)
Idler shaft bolt M16X2 115(12)
Camshaft gear attaching nut M27X1.5 |265(27) Wet
Flywheel housing attaching bolt M12X1.75 [59(6)
Idler shaft nut M16X1.5 |98(10)
(for attaching collar)
Flywheel attaching bolt M16X1.5 |255(26) Wet
Cylinder head bolt M14X2 195(20)  [Wet
Rocker bracket attaching bolt M10X1.5 |34(3.5)
Rocker cover attaching screw M10X1.25 {9.8(1)
Inlet Iniet manifold bolt M10X1.5 |29(3)
and Exhaust manifold nut M10X1.25 |33(3.4)
exhaust Torbo- Compressor wheel attaching 17 to 20
charger nut (1.73 to
2.07)
Compressor cover attaching 6.9(0.7)
bolt
Turbine housing attaching 17(1.7)
bolt
Lubrication |Qil pump idler gear shaft nut M12X1.25 |59 to 78 LOCTITE
(6 to 8) No.262 to
be applied
Qil filter center bolt M16X1.5 |59 to 69
(6 to 7)
Regulator valve M27X1.5 [98(10)
Check valve(to be mounted to crankcase) M12X1.76 |34(3.5)
Cooling Fan coupling bolt(to retain damper as well) M12X1.75 |59(6)
Cooling fan bolt M10X1.5 |42(4.3)
M12X1.75 | 59(6)




Thread size

Torque

Description Dia. x Remarks -
. N m(kgf m)
Pitch mm
Fuel Injection pump bracket attaching bolt M10X1.5 [42(4.3)
Injection | Flange sleeve nut P type 39 to 44
pump (4 to 4.5)
Delivery valve holder AD type 64 to 69 |Tighten to
(6.5 to 7) |specified to-
P type 110 to 115{rque repea-
(11 to 12) |tedly three
times.
Governor flyweight nut 49 to 59
(5 to 6)
Automatic timer AD type 83 to 98
round nut (8.5 to 10)
P type 125 to 145
(13 to 15)
Injection | (AD type) _ A bolt 49 to 54
pump (5 to 5.5)
B bolt 29 to 34
(3 to 3.5)
C bolt 29 to 34
(3 to 3.5)
(P type) A bolt 74 to 83
(7.5 to 8.5)
B bolt 44 to 49
(45 to 5)
C bolt 44 to 49
= (4.5 to 5)
Injection pipe union nut M14X15 |[29(3)
M12X1.5 |20(2)
Injection | Nozzle bolt(for attaching to cyli- M8X1.25 |[15(1.5)
nozzle |nder head)
Inlet connector M14X15 |135(14)
Retainting nut 59 to 78
(6 to 8)
Nozzle cap nut 39 to 49

(4 to 5)




Thread size

Torque

Description Dia. x Remarks
Pitch mm N mlat m)
Fuel Fuel Element 12 to 20
filter (1.2 10 2)
Connector bolt 34(3.5)




2-3-2 Tightening Torque of General Bolts and Nuts

When parts are tightened, use the bolts and nuts specified in the specifications. Parts for which
no bolts and nuts are specified should be tightened with general bolts and nuts torqued as

shown below.
Unit : N m(kgf m)

Thread Pitch 4T 71 8T
diameter mm (Head mark : (Head mark : (Head mark :
mm 4 or ©) 7 or %) 8 or &
5 0.8 20 to 2.9 40 to 5.8 50 to 6.8
(0.2 o 0.3) (0.4 to 0.6) (0.5 to 0.7)
6 1.0 4.0 to 5.8 6.9 to 10 7.9 to 11
(0.4 10 0.6) (0.7 1o 1.1) (081t 1.2)
(4.0 to 5.8] [7.9 to 11 ] [8.9 to 13 ]
0.4 to 0.6 (0.8 to 1.2) (09 to 1.4)
8 1.25 89 to 13 17 to 25 20 to 29
(0.9 to 1.4) (1.7 to 2.6) (2.0 to 30)
[9.9 to 14 ] [19 to 27 ] [22 to 32 ]
(1.0 to 1.5) (1.9 to 2.8) (2.2 to 3.3)
10 1.25 19 to 27 35 to 53 45 to 58
(1.9 to 2.8) (3.5 to 5.5) (4.5 to 6.0)
[21 to 3011) [39 to 58 J [50 to 63 ]
(2.F 1o 3; (3.9 0 6.0) (5.0 to 6.5)
1.5 18 to 26 33 to 49 43 to 105
(1.8 to 2.7 (3.3 to 5.0) (4.3 to 6.0)
12 1.25 34 to 49 69 to 93 84 to 105
(3.4 to 5.0) (7.0 to 9.5) (851t 11)
{38 to 53 j [79 to 105 ] (89 to 115 ]
38 to 5.5 (80t 11) (9.0 to 12)
.25 31 to 46 64 to 83 74 to 98
(3.1 to 4.7) (6.5 to 8.5) (7.5 to 10)
14 1.5 59 to 83 120 to 155 130 to 175
(6.0 to 8.5) (12 to 16) (13 to 18)
20 54 to 73 110 to 135 120 to 165
(5.5 to 7.5) (11 to 14) (12 to 17)
16 1.6 94 to 125 180 to 235 200 to 260
(9.5 10 14) (18 to 24) (20 to 27)
20 89 to 115 160 to 215 190 to 250
(9.0 to 12) (16 to 22) (19 to 26)

NOTE : 1. Threaded portion and bearing surface are in dry state.
2. Tightening torque of flange bolts and nuts is shown in(



2-4 SEALANT, OIL AND GREASE

Location

Sealant, oil or grease

Application procedure

Oil main gallery plug and connector

HERMESEAL S2 or
equivalent

Apply to threaded portions.

Idler gear shaft of oil pump

LOCTITE No. 262 or
equivalent

Apply to threaded portions.

MOLYCOAT or equivalent

Apply to portion sliding
with idler gear bushing.

Water pump case

JT-6 grease or

Put 70g in case and pack

equivalent bearing.
Water pump Seat Silicone oil Portion for fitting impeller
unit seal Outer cylinder THREEBOND 1101 or Portion for fitting case
equivalent

Water thermo gage and water temperature

sending unit In thermostat case

THREEBOND 1102C or
equivalent

Apply to threaded portions.

SA type automatic timer

AUTO TIMER GREASE
(ZEXEL Co., Ltd.

product) or equivalent

Put 150g in case.

SP type automatic timer Engine oil Pour in 250 cc in case.
Starter Sleeve bearing Apply to inside.
Internal gear MULTEMP PS-2 Apply to gear.
Gear shaft (KYODO YUSHI) Apply to splines.
Plunger or equivalent Apply to sliding portion.
Lever Apply to portion contacting

Rear bracket

Thrust gap
adjusting
washer of gear
shaft

plunger and clutch.

Put in rear.

Apply to all surfaces.

Gear shaft

ALVANIA or equivalent

Apply to pinion sliding portion.




Engine

Tool name Part No. Shape Use
Compression gause MHO061461 Measurement of com-
adaptor pression pressure
”' -
1X\ Dimension between
center 46mm
Socket 3119106100 Removal and installa-
tion of starter
Injection pump MHO061270 Centering of bracket of
centering tool AD type injection pump
Valve lifter MHO61668 Removal and installa-
tion of valve cotter

Valve lifter Hook MHO61679

Inside diameter |

47mm
Nozzle tube. remover MH061232 Removal of nozzle tube
Diameter 12.5mm

Gear puler MHO61061 Removal of gear and pulley

‘Maximury.

pulling O.D.

200mm
Piston ring tool 3119102900 Removal and installation

of piston ring




Tool name Part No. Use
Rocker bushing pulley MHO061236 Removal and installation
of rocker bushing
Valve guide puller 30091-081 Removal and installation
00 of valve guide
Valve seat insert caulking |Inlet Installation and caulking
tool MHO061650 of valve seat
insert
Exhaust
MHO061651
Idler gear bushing puller |MH061228 Removal and installation
of idler gear
bushing
Cylinder liner extractor MHO061490 Extraction of cylinder liner
Cylinder liner installer 3119103101 Installation of cylinder liner




Tool name Part No. Use

Connecting rod bushing MHO61238 Removal and installation

puller of connecting rod bushing

Oil seal slinger installer MHO061652 Installation of rear oil seal

slinger

Front slinger installer MHO61247 Installation of front slinger

Piston guide 3119103200 Insertion of piston

Nozzle tube stamp MHO061229 Installation of nozzle tube

Nozzle tube installer MHO61416

flange

Nozzle tube installer MHO061231

bolt

Valve stem seal installer MEO67431 Installation of valve stem seal

Socket MHO061242 For exhaust manifold nut
Width across flats 14mm




Tool name Part No. Shape Use
Tip clearance spacer MC019470 Adjustment of fan shroud
clearance
Water pump impeller MHO61417 Removal of water pump
puller impeller
Filter wrench MHO061507 Removal of fuel filter
Fitter wrench ‘% element
Non-slip paper MHO61508




4-1 DETERMINING TIME TO OVERHAUL

When determining a time to overhaul the
engine, first check for a low compression pre-
ssure. If increased blow-by gases as well as
low compression pressure are evident, it is
safe to consider that the engine needs ove-
rhauling.

A low output, a radical increase in engine

oil consumption, an increase in fuel consump-
tion, low oil pressure, hard starting, etc. could
be symptoms suggesting the need for ove-
rhauling the engine, but these are often due
to effects of other causes and do not necessa-

rly mean a time to overhaul the engine.

NOTE : 1. Measure the compression pres-
sure at regular intervals and keep

records of its changes.

2. When the engine is new or when
parts are replaced, the compres-
sion pressure slightly rises due to
inadequate seating of the piston
rings, valve seats, etc. but will
soon fall as the parts are worn

down.

4-1-1 Measurement of Compressor Pressure

(1) Allow the engine to warm up until the
engine coolant temperature reaches 75
to 85C.

(2) Remove all injection nozzles from the cy-
linder head.




NOTE : Put a cover on the injection noz-
zle mounting holes and injection
pipes to prevent entry of dust
and dirt.

(3) Install a special tool(the Pressure Gauge Adaptor) to the injection nozzle mounting hole
together with the gasket and connect a measuring instrument(the Compression Gauge).

(4) Operate the starter to rotate the engine and read the pointer of the compression gauge
when the engine speed is 200 rpm.

(5) If the reading is below the repair limit, disassemble and check.

NOTE : 1. Since the compression pressure varies with the engine speed, make sure that
the engine speed is measured at the same time.
2. Since the wear and other conditions differ from cylinder to cylinder, be sure
to measure all the cylinders.
Measuring one cylinder and estimating the rest could result in a wrong decision.

NV 2745kPa(28kgf/cm?)
RL 1960kPa(20kgf/cm?)
Difference between cylinders
390kPa(4kgf/cm?) maximum




4-1-2 Engine Oil Consumption

The engine oil consumption could increase, depending on the operating condition. engine
oil quality, oil leakage, etc. Check the compression pressure as well as the oil consumption from
the overall point of view before making a decision.

4-1-3 Low Oil Pressure
NV--:Nominal Value

(1) Allow the engine to warm up until the RL---Repair Limit
oil temperature reaches 70 to 90T E;‘gg%ﬁgfmg) o
E";?gt 490 kPa
. . gyt " 0
(2) Measure oil pressures at idling and ma 3 ko Fitor?) s
ximum speeds. [f the readings are below maximum speed .
o o 49kPa(05 to 3kgf/cm?)
the repair limit, overhaul the lubrication maximum at
idling speed
system. 195kPa(2kgf/cm?)
maximum at

maximum speed
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5-1 ENGINE ADJUSTMENT

Valve clearance

Intake 0.4mm
Exhaust0.6mm o

Belt Tension
(deflection of belt
when pressed down-_
at middle under
approx. 98 N or
10kgf pressure)

NV 10 to 15mm

To bleed fuel system

OFuel injection timing

ONo-load minimum speed(ldiing)

ONo-load maximum speed

NV All three items vary on
different specifications.

NV:--Nominal Value




5-1-1 Inspection and Adjustment of Valve Clearance

Check and adjust the valve clearance as described below when the engine is cold.

(1) Crank the engine to align the inscribed
line 1.6 on the flywheel housing with
the pointer of the inspection window in

flywheel housing. The piston in the cylin-
der where the push rod is not pushing
the rocker up is at the top dead center
on the compression stroke.

(2) If the piston in the No. 1 cylinder is at

the top dead center on the compression

stroke, check and adjust the valves mar-
ked O in the following table. If the piston
in the No. 6 cylinder is at the top dead

center on the compression stroke, check
and adjust the valves marked X in the
following table.

Crank the engine another rotation and check and adjust the valve clearance of all the val-
Ves.

Cylinder No. 1 2 3 4 5 6
Valve arrangement| In. | Ex. | In. | Ex. | In. | Ex. | In. | Ex. | In. | Ex. | In. | Ex

Piston in No. 1

cylinder at TDCon O | O | O O | 0O O

compression stroke

Piston in No. 6
cylinder at TDC on X X X X X X
compression stroke




(3) Measure the clearance between the roc-
ker arm and valve cap with a thickness
gauge to determine whether it is up to
specification.

If the thickness gauge having the normal
thickness fits in the clearance somewhat
tightly, then the clearance is good.

If the clearance is out of the nominal

value, loosen the lock nut and adjust the
clearance with the adjusting screw.

After the clearnce has been adjusted, tighten the lock nut to secure the adjusting screw.

NOTE : After the lock nut has been tightened, recheck the clearance.

5-1-2 Bleeding Fuel System

Bleed the fuel system as described be-

low.

(1) Loosen the air plug of the fuel filter.

(2) Turn the priming pump knob of the inje-
ction pump counterclockwise to let the
knob float up.

(3) Move the priming pump knob up and \_/

down by hand to force the fuel out until

no air bubbles come out from the air

plug.

(4) After air bubbles have ceased to come
out in the fuel, firmly tighten the air plug.

(5) Move the priming pump knob several
times up and down and turn down the

knob, while pressing it down.




NOTE : Make sure that fuel spilt around is thoroughly wiped away.

(6) .Operate the starter to exhaust the air from inside the injection pump and injection pipe.

NOTE : Do not operate the starter continuously for more than 15 seconds.

5-1-3 Inspection and Adjustment of Fuel Injection Start Timing

(1) Crank the crankshaft more than 180°
in normal direction to align the fuel injec-
tion start timing angle scale inscribed on
the periphery of the flywheel with the
pointer.

NOTE : If the engine is reversed(by cra-
nking or when it is stopped), the
automatic timer will stay opera-

ted in advancing direction and
will not readily return to normal
even if it is made to resume nor-
mal operation by turning the
engine in normal direction for a

while. Make sure that the crank-
shaft is cranked more than 180°
in normal direction by hand.

(2) If, under the condition of Item (1), the
pointer of the injection pump and the
inscribed line of the automatic timer are
in alignment, the injection start timing
is correct.




(3) If the fuel injection start timing is not
correct, loosen the two timing adjusting
bolts and adjust the timing by turning
the automatic timer.

29t0 34 N m
(3 to 35kgf m)
N =g

WY

Tighten the adjusting bolts to the speci-
fied torque. Recheck the fuel injection

start timing by the procedure described

in Items(1) and (2).

NOTE : Do not loosen any other parts
than the adjusting bolts.




5-1-4 Inspection and Adjustment of No-
load Minimum and Maximum Speeds

(1)

(2)

Inspection and Adjustment of Idling Run
the engine at idle and check to ensure
that the control lever touches the stopper
bolt “A”, and measure the engine spped
at the time.

If the idling speed is not within the spe-
cified limits, adjust with the stopper bolt
“A“’

Inspection and Adjustment of No-load
Maximum Speed

Push the control lever until it touches
the stopper bolt “B”. If the engine speed
is out of the maximum speed limits, ad-
just with the stopper bolt “B”.

Control lever

bolt “A”

7

NOTE : After idling adjustment, quickly move the control lever from the full load position
to the idling position to verify that the engine does not stall and no hunting occurs.

If abnormal condition occurs, make adjustment as far as the specified idling limits

allow. If adjustment is impossible, disassemble and inspect the injection pump.

5-1-5 Inspection and Adjustment of V-belt Tension

(1) Inspection

Adjust the belt tension so that when the middle of the belt is pressed strongly(approx.

98 N or approx. 10 kgf), the beit deflection will be up to specification.

Check the V-belt for damage. Make sure that a damaged and badly worn one is replaced.



(Fan provided] 10 o 15mm [No fan provided)
Water pump
Alternator
Crankshaft
(2) Adjustment

Slightly loosen the alternator mounting
bolt and adjusting plate mounting bolt
and move the alternator to right and left
to adjust the tension.

' ion pulley nut and
Slightly loosen the tension pulley Adiusting bot

turn the adjusting bolt to adjust the belt
tenston.

After adjustment, tighten the tension pu-
Tension pulley nut

J%Nm‘l()kgfm)

lley nut to the specified torque. -




5-2 BREAK-IN OPERATION

After an engine has been overhauled, install it to a dynamometer and break it in.
5-2-1 Starting of Engine
(1) Before starting the engine, check the coolant, engine oil and fuel and bleed the fuel system.
(2) Heat the air heater for approx. 40 seconds to facilitate engine starting.

(3) Place the load control lever to the full load position and start the engine with the starter.

(4) After the engine has started, return the load control lever to let the engine run at idle.
5-2-2 Inspection during Engine Operation

Pay attention to the following points during operation. If anything wrong was noted, stop
the engine and take corrective action immediately.

(1) Oil Pressure

When the oil temperature is over 70C, the oil pressure should be 145 to 295 kPa(1.56
to 3.0 kgf/m’) during idling and 295 to 490 kPa(3.0 to 5.0kgf/m’) during high speed
operation.

(2) Water Temperature

Should be approx. 75 to 85C
(3) Check for oil leaks, water leaks and fuel leaks.
(4) Check for Noise

Knocking may be heard while the water temperature is low, but will die away as the water
temperature rises.

(5) Check for abnormal exhaust color and odor.



5-2-3 Break-in Operation

The load, speed and time for break-in operation are as shown below.

Break-in operation
Model : ;
Speed rpm Output kW(PS) Time in minutes
650 0(0) 5
o 1000 22(30) 15
1400 48(65) 15
1800 88(120) 15
650 0(0) 5
DBAZ 1000 37(50) 15
1400 66(90) 15
1800 117(160) 15

5-2-4 inspection and Adjustment after Break-in Operation

(1) Check all bolts and nuts for looseness.

(2) Retighten the cylinder head bolts.

(3) After the cylinder head bolts have been retightened, adjust the valve clearance.

(Refer to 5-1-1.)



This section contains the procedures for removal and installation of the various auxiliaries
of an off-vehicle engine. The procedures are systematically described, presuming that the engine
is to be overhauled.

Since the removal and installation procedures are described on a system-classified basis,
their sequence may not always be consistent. Some changes may be made to the sequence
when operations are performed.

6-1 PREPARATIONS

6-1-1 Preliminary Inspection of Engine

Before the engine is overhauled, check
the cylinder compression pressure, engine oil
consumption, startability, exhaust gas condi-
tion, diesel knocking and other noises, and
keep records of all data. After disassembly,
correction and reassembly, refer to the data

as necessary.

To determine a time to overhaul the engine,
refer to “Group 4 Determining Time to Ove-

rhaul.”

6-1-2 Cleaning of Engine

The engine removed from a vehicle has
oil, grease, dust and dirt deposits. Clean them
from the engine, using a steam cleaner, etc.

When the engine is to be cleaned, the electri-
cal devices(alternator, starter, etc.), V-belt, ru-
bber hose, wiring, etc. should be removed
beforehand.

NOTE : Before disassembly and cleaning, iso-

late symptoms and possible causes
of problem which are not easily dete-
cted after disassembly and cleaning.



6-2 REMOVAL AND INSTALLATION

6-2-1 Electrical

When there is a need for removal of vehicle-borne and installed electrical parts, first disconnect
the negative battery cable.

(1) Harness

When removing the terminals of engine harness, make alignment marks on the clamps
to prevent misconnections at reinstallation.

(2) Starter

1 Starter
2 Starter relay

(3) Alternator

1 V-belt
2 Alternator

NOTE : After the alternator has been ins-
talled, adjust tension of the V-
belt. (Refer to Item 5-1-5.)




(2) Intake Air Heater
(Model D6AU)

1 Coupler
2 Air heater

(Model D6AZ)

1 Inlet pipe
2 Air heater

NOTE : When the air heater is installed,

make sure that the embossed 2’

arrow mark of the air heater is ﬁA'R
) ) ) FLOW

directed toward the inlet mani-

fold.




6-2-2 Inlet and Exhaust
(1) Air Cleaner

(Model DBAU) 2 |
Deterioration, cracks !' "\J

1 Air cleaner /,4 |

2 Rubber hose ) V\a
3 Air cleaner bracket s S o

Deterioration,
Deterioration, cracks

(Model D6AZ)

i Air cleaner

2 Rubber hose

3 Air inlet pipe

4 Rubber hose

5 Air cleaner bracket




(2) Turbocharger

1 QOil inlet pipe
2 Oil outlet pipe

3 Inlet pipe

4 Rubber hose
5 Exhaust elbow
6 Ring

7 Turbocharger

6-2-3 Fuel

(1) Fuel Filter

1 Inlet feed hose
2 QOutlet feed hose
3 Fuel filter




(2)

(3

Injection Nozzle

1 Injection pipe

2 Fuel return pipe
3 Fuel leak-off pipe
4 Injection nozzle
5 Dust seal

NOTE : Store the pipes, injection nozzles
and injection pipe in such a way
as to prevent entry of dust and
dirt.

Injection Pump

1 Inlet oil pipe

2 Qutlet oil pipe
3 Overflow pipe
4 Injection pump

NOTE : To remove the injection pump,
remove the bolts indicated by ar-
row in illustration from the coup-
ling.

Replace gasket

1
\T}\\

15N m
@(1.5 kgf m)




NOTE : The injection pump should be
stored on woodblocks to prevent
application of undue force to the S sm——
timer section. — o

Installation Procedures
(a) Adjustment of injection pump bracket
1) Center the injection pump bracket by the following procedures.

Place Injection Pump Centering Tool(special tool) on the injection pump bracket, hold
a dial indicator to the mandrel of the centering tool, and perform O-point adjustment.

Injection pump drive

Injection pump bracket




2) Slide the dial indicator of the cente-
ring tool toward the injection pump
drive and measure the positions of
the injection pump drive shaft shown
in the illustration with the dial indica-
tor.

3) If the eccentricity between the mand-
%05 = » 5 \
rel and injection pump drive shaft is =" ccentrs ity

P i . : = o0 el NV 02 mm
in .excess of t'he nominal d!merTSfon, . (’/nf | N ‘ o less
adjust by adding or removing injec- =0 ) ?\ e R
tion pump bracket shims. \g\\:gé |
@ _—
—

=

Shim Inserting Condition

o The number of shims inserted into ?0
a single point must not exceed th- ’\ ~ =Y
ree. P "

42 N m (4.3 kgf m)
o The front and rear shims must be NV---Nominal Value

equal in number.

o The difference in number between
the top and bottom shims must
not exceed one.

4) After adjustment, tighten the tightening bolts to the specified torque before confirmation.

(b) Installation of injection pump

1) Crank the engine to adjust the No. 1 cy- T

linder to the fuel injection timing. For th-
is purpose, align the angle scale inscr-
ibed on the outer periphery of the fly-
wheel with the pointer of the inspecti-
on window of the flywheel housing.

H“Hl ’IIHIII




2) At this point, check to ensure that the
keyway of the crankshaft of the injecti
—o0on pump drive is in the uppermost
position.

If the keyway is not in the uppermost
position, turn the engine crankshaft.

3) Align the pointer of the injection pump
and the inscribed mark of the auto

timer.(On engines with no auto timer,
align the inscribed mark on the pump
bearing cover with that on the pump

side coupling.)

4) Install the driving coupling together Coupling plate
with the coupling plate on the injection coupling
pump drive shaft. ) tnjection /\
H Th—m PUMpP
t— drive shaft
Install the injection pump to the bracket. é 1
Move the driving coupling toward the .
§ om—n
cross coupling and tighten the couplin | B Bl A 320 t03aNm
ping 9 e g {3to3.5kgfm ~
plate and cross coupling to the specifi — Cotter bolt

—ed torque.

Then tighten the cotter bolt to the specified torque.

NOTE : After the injection pump has been installed, be sure to check and adjust the
fuel injection timing.(Refer to 5-1-3).



6-2-4 INJECTION PUMP DRIVE

Replace O-ring

Replace gasket

1 Qil pipe Replace gasket

2 Injection pump drive

The injection pump gear mounted to the Injection pump drive must be put in correct mesh

when the Injection pump drive is installed.

Install the Injection pump drive by the following procedure.



Injection pump drive Installation Procedure

(1)

(2)

Crank the engine to align the stamped
mark “1, 6" on the periphery of the fly-
wheel with the pointer of the inspection
window in the flywheel housing and put
the piston in the No. 1 cylinder of the
engine at top dead center on the comp-
ression stroke.

If the piston in the No. 1 cylinder is at
top dead center on the compression st-
roke, the No. 1 cylinder will have a valve
clearance. If both inlet and exhaust valves
have no valve clearance, the piston in
the No. 6 cylinder will be at top dead
center on the compression stroke. So let
the engine rotate 360°

Remove the piug from the flywheel hou-
sing. |

Flywheel housing




(3) Insert the bolt (M10X 1.5 about 100
mm long) from the rear end of the fly-
wheel housing to support the injection
pump drive. Using the bolt as a guide,
insert the injection pump drive into the
mounting hole of the flywheel housing.
At the position where both ends of the
injection pump gear and idler gear C have
touched each other, align the inscribed
line on the rear plate with that on the
injection pump gear tooth surface, and
then push the injection pump drive.

(4) Look through the plug hole to confirm
that the projection on the sensor plate
is poéitioned at the center of the plug
hole, and then secure the injection pump
drive. If the projection on the sensor plate
is not positioned at the center of the plug
hole, remove the injection pump drive
and perform Item(3) again.

After the injection pump drive has been
installed, install the plug.

NOTE : If the injection pump gear and
idler gear C are misaligned a
tooth, about half of the projection
on the sensor plate will be hid-

den from the plug hole.
6-2-5 Cooling

(1) Fan and Fan Drive

1 Fan
2 Fan drive

(M10X15;
approx. 100 mm iong)

Threaded hole for mounting plug




NOTE : Remove or install the fan drive
by operating the tension pulley.

A
b
After installation, adjust the ten- it
sion of the V-delt.

(Refer to 5-1-5.)

(2) Fan Drive Pulley and Torsional Damper
1 Fan drive pulley
2 Torsional damper

Replace O-ring

“NReplace gasket

1 Thermostat cover Replace O-ring

2 Thermostat
3 Bypass hose

Replace gasket |

4 Thermostat case
5 Water outlet pipe
6 Water pump




6-2-6 Lubrication

(1) Oil Filter and Oil Cooler

b S e

Replace gasket

Replace
£ | rubber ring

Replace rubber ring

1 Oil filter
2 Qil cooler

(2) Oil Pump and Oil Strainer

1 Oil pan 3 Oil pipe
2 QOil strainer 4 Qil pump

NOTE : 1. Before the oil pump is remo-
ved, measure the backlash.

2. The oil strainer and oil pipe

should be removed as asse-

mbled with the oil pump, un-
less abnormal condition is
evident.

2. After the oil pump has been
installed, measure the back-

lash to confirm that the back-

) o _ Adjust by shim Replace gasket
fash is with in the nominal only when

backlash is  oplace gaskel .\ minal Value

values. too small SL---Service Limit




In servicing the engine proper, use the following tools and measuring instruments.

Special Tool Name Part No. Use
Valve Lifter MHO61668 Removal and installation of inlet
MHO061679 and exhaust valve cotters
Nozzle Tube Remover MHO061232 Removal of nozzle tube
Nozzle Tube Stamp MHO061229
Nozzle Tube Installer Flange MHO61416 Installation of nozzle tube
Nozzle Tube Installer Bolt MHO61231
Rocker Bushing Puller MHO061236 Removal and installation of rocker
bushing
Valve Guide Puller 30091-08100 |[Removal and installation of valve
guide
Caulking Tool, Exhaust MHO61651 , ,
: Caulking of valve seat insert
Caulking Tool, Inlet MHO061650
Valve Stem Seal Installer MEO67431 Installation of valve stem seal
Gear Puller MHO61061 Removal of gear and puiley

Piston Ring Tool

31191-02900

Removal and installation of piston

ring

Piston Guide 31191-03200 |Insertion of piston

Connecting Rod Bushing Puller MHO061238 Removal and installation of
connecting rod bushing

ldler Gear Bushing Puller MHO61228 Removal and installation of idler
gear bushing

Cylinder Liner Extractor MHO61490 Removal of cylinder liner

Cylinder Liner Installer 31191-03101 Installation of cylinder liner

Front Slinger Installer MHO061247 Installation of front slinger

Oil Seal Slinger Installer MHO061652 Installation of rear oil seal slinger

General tools and measuring instruments

Snap ring pliers
Varnier calipers
Portable jack
Torque wrench
Micrometer

Spring tester
Caliper gauge

Thickness gauge
Connecting rod aligner

Cylinder gauge

Straight edge
Valve seat cutter
Dial gauge
Square

Valve lapper




7-1 DISASSEMBLY

This paragraph contains the procedures for disassembly of the engine proper with the engine
auxiliaries removed. For removal and installation of the auxiliaries, refer to “Group 6 Removal

and Installation of Auxiliaries.”

For disassembly of the individual parts, the operational procedures aimed at their overhaul
are shown, but the procedures are simply fundamental examples.

They may be changed as the occasion may demand.

As for the cylinder head and valve mechanism, the procedures for only one cylinder are

shown. For the other cylinders, follow the same procedures.
When proceeding with disassembly operations, observe the following precautions.
(1) Use proper tools suitable for disassembly operations to prevent damage.

(2) For parts which might cause confusion at reassembly, make alignment marks on functionally

safe points before disassembly.

(3) The disassembled parts should be kept in order to prevent confusion. The parts independently
assembled for each cylinder should be kept in a separate place to eliminate the possibility

of their reinstallation in different positions.



7-1-1 Cylinder Head and Valve Mechanism

Oil hole
-y / clogging

Wear, damaged
threads

2 Water leaks,

Carbon deposition,
cracks, scale
deposition, damage

Carbon deposition,
bum, cracks,
damage, ridge wear

oil leaks,
gas leaks
1 Rocker cover 13 Valve cap
2 Rocker bracket mounting bolt 14 Valve cotter
3 Cylinder head bolt 15 Upper retainer
4 Thrust plate 16 Outer valve spring
5 Rocker 17 Inner valve spring
6 Set screw | 18 Valve stem seal
7 Rocker shaft 19 Lower retainer
8 Rocker shaft bracket 20 Valve
9 Push rod 21 Nozzle tube
10 Cylinder head 22 Water director
11 Crankcase side cover 23 Sealing cap

12 Tappet




(1)

(2)

(3)

Remove the following parts.

1 Rocker cover

2 Rocker bracket mounting bolt

3 Cylinder head bolt

NOTE : Where the push rod is forcing
the rocker up, the rocker adjus-
ting screws should be loosened

before all bolt are removed.

Remove the rocker shaft bracket assem-

bly from the cylinder head.

NOTE : The rocker shaft bracket assem-
bly is set in position on the cylin-

der head by spring pins.

Remove the following parts.
4 Thrust plate

5 Rocker

6 Set screw

7 Rocker shaft

8 Rocker shaft bracket

(4) Withdraw the push rod 9 and remove

the cylinder head 10 from the crankcase.

NOTE : 1. To remove the cylinder head,
make sure that the injection
nozzle is removed before-
hand. f the cylinder head
with nozzle mounted is pla-
ced on the work table, da-
mage to the nozzle end proje-
cting from the bottom surface
of the cylinder head will re-

sult.




2. When the cylinder head gasket is removed, make sure that the cylinder head

and crankcase are not scratched.

3. Since the cylinder head is located by dowel pins on the top surface of the crank-

case, make sure that the cylinder head is lifted straight upward when removed.

(5) Remove the crankcase side cover 11 and

remove the tappet 12 from the crank-

case.

(6) Remove the valve cap 13. Using Valve
Lifter(special tool) as shown, remove the

valve cotter 14.

NOTE : Make sure that the valve spring

iIs evenly compressed.

(7) Remove the following parts.

15 Upper retainer

16 Outer valve spring

17 Inner valve spring

18 Valve stem seal

19 Lower retainer

20 Valve

NOTE : When the valve stem seal was

removed, make sure that a new

one is installed.




(8) Withdraw the nozzle tube 21 with Noz-

zle Tube Remover(special tool).

NOTE : The nozzle tube need not be re-
moved unless water leaks, gas

leaks, etc. are evident.

(9) If the water director 22 and sealing cap
23 are corroded, withdraw.

7-1-2 Flywheel, Timing Gear and Camshaft

1 Flywheel

2 Oil seal retainer

3 Oil seal
4 Collar Streaks on friction surfaces,
cracks, ridge wear, gears

5 Flywheel housing broken and badly wom




Timing gear backlash
Crankshaft gear-idler gear “B”
NV 0.12 to 026 mm
SL 0.4 mm
Idler gear “A”-camshaft gear
NV 0.11 to 0.23 mm
SL 04 mm
Idler gear “A”-idler gear “C”
NV 0.11 to 0.24 mm
SL 04 mm
Injection pump gear-idier gear “C”
NV 0.12 to 0.25 mm
SL 04 mm
Power steering gear-idler gear “C"
- NV 010 to 023 mm
SL 0.4 mm

ldler gear end play
NV 0.1 to 0.28 mm
RL 04 mm

Wear, dama
8 Wear e

Camshaft gear end play
NV 0.05 to 0.22 mm
RL 04 mm

6 Camshaft
7 Camshaft gear

8 Thrust plate
9 Idler shaft bolt
10 Thrust plate

11 Idler gear “C”
12 Idler gear “A”
13 Idler gear “B”
14 Idler shaft
15 Rear plate

NV:--Nominal Value
RL:--Repair Limit
SL--Service Limit




(1)

(2)

(3)

Thread the mounting bolt into the remo-
ving threaded hole to remove the fly-

wheel 1.

Remove the following parts.

2 Oil seal retainer

3 Oil seal

4 Collar

5 Flywheel housing

Remove the oil seal retainer with oil seal
attached by threading the mounting bolts

evenly into the removing threaded holes.

NOTE : Do not remove the pointer mou-
nted to the inspection window

of the flywheel housing.

Measure the backlash between the indi-
vidual gears. Parts that have exceeded

the service limit should be replaced.

NOTE : For a pair of gears, the backlash
should be measured at more
than three points to determine

whether it is acceptable.

Threaded holes for removal

Threaded

holes for

removal oo




(4) Measure the idler gear and camshaft

(5)

(6)

gear end plays with a thickness gauge
and dial indicator. If the readings are over

the repair limit, replace the thrust plate.

Loosen the thrust plate mounting bolt
through the camshaft gear hole and re-

move the camshaft 6.

Remove the lock nut and lock washer
of the camshaft gear and withdraw the
camshaft gear 7 with Gear Puller(special
tool).

Remove the thrust plate 8.

NOTE : 1. Do not remove the gears un-

less trouble is evident.

2. Do not strike the gears with
a hammer. Make sure that
the gears are removed by use

of a gear puller.

Remove

thrust plate

mounting bolt :
through ™
this hole.

Thrust plate™ |
mounting bolt +——3




(7) Remove the following parts.

9 Idler shaft bolt
10 Thrust plate
11 Idler gear “C”
12 Idler gear “A”
13 Idler gear “B”
14 Idler shaft

7-1-3 Crankcase and Main Moving Parts

NV---Nominal Value Q“———d,
SL---Service Limit

0—5 Damage, abnormal wear

Damage, discoloration 8

7\__() NV 0.87 to 1.33 mm
Scraiches on outer periphery,
cracks on top, melted or
discolored

Cracks 9—__

Connecting rod end play
NV 0.2 to 0.5 mm
SL 1.0 mm

1 Connecting rod cap
2 Connecting rod bearing

3 Piston
4 1st compression ring J @
5 2nd compression ring Uit e

6 Oil ring
7 Snap ring

1
8 Piston Pin Qj/

9 Connecting rod M

-2 Inner or outer periphery damaged,
corroded or peeled




NV---Nominal Value
RL:--Repair Limit

20 Oil hole
clogging

——17
Qil hole
{ clogging
& corrosion or
flaking of
inner or outer
periphery
Cracks, deterioration,
oil leaks
ll'a'ianf\age,'I
osion,
corrosi 5

flaking of inner
or outer periphery

15

Crankshaft end play
NV 0.09 to 023 mm
RL 04 mm

Scratches, cracks, pounding,
seizure, oil hole clogging

ﬁ
’

10 Crankshaft pulley
11 Front cover

12 Oil seal

13 Seal plate

14 Main bearing cap
15 Crankshaft

16 Main bearing
17 Thrust plate
18 Check vaive
19 Oil jet

20 Oil spray plug




(1)

(2)

(3)

Measure the projection of each piston
by the following procedures. If the readi-

ngs are out of specification, check all

clearances. @

(a) Hold the dial indicator to the top su- Measuring

rface of the crankcase and make

zero adjustment.

(b) Find the top dead center of piston

with a dial indicator.

(c) Measure three points on the top su-

rface of piston to find the average

value.

NOTE : Make sure that the piston projection is up to specification, because an incorrect

projection could cause adverse effects on engine performance.

Measure the end play of each connecting
rod. If the service limit is exceeded, rep-

lace the connecting rod.

Remove the following parts.

1 Connecting rod cap

2 Connecting rod bearing

3 Piston _

NOTE : When withdrawing the piston
from the crankcase by pushing

up together with the connecting

rod use care to prevent damage

to the cylinder liner.




(4)

(5)

(6)

Remove the piston rings, using piston

Ring Tool(special tool).

4 1st compression ring
5 2nd compression ring
6 Oil ring

Remove the following parts.

7 Snap ring

8 Piston pin

9 Connecting rod

If the piston pin is hard to remove, heat

it with a piston heater or in hot water.

Measure the end play of crankshaft. If
the reading is in excess of the repair limit,
replace the thrust plate with an oversize

one.

There are three kinds of oversize thrust
plates ; +0.15, +0.30 and +0.45mm.

The thrust plates on both sides of the
bearing cap need not be the same size.
However, the thrust plate on the rear end
of the crankcase and the one on the rear
side of the bearing cap must be the same

size.

Must be
same size.

Thrust plate
Main bearing cap




(7) Remove the following parts.

10 Crankshaft pulley

11 Front cover

The crankshaft pulley should be removed
by threading the removed bolt into the

removing threaded hole.

NOTE : The oil seal 12 and seal plate
13 need not be removed unless

trouble is evident.

(8) Remove the following parts.

14 Main bearing cap
15 Crankshaft

16 Main bearing

17 Thrust plate




(9) Remove the following parts.

18 Check valve
19 QOil jet

(10) Remove the oil spray plug 20 and

check to ensure that the oil hole is not

clogged.




7-2 INSPECTION AND CORRECTION

Clearance
BD 28 mm
NV 0.03 to 0.08 mm
RL 0.2 mm

»0

a1

~@ » @ @O0 |

Displacement ‘
SL 0.5 mm~]

Free length
NV 7346 mm
SL 705 mm
Load/installed length
NV 325 N (33 kgf)/58.35 mm
SL 275 N (28 kgf)/58.35 mm
Squareness
SL 25 mm

BD---Basic Diameter
NV---Nominal Value
RL---Repair Limit
SL-+-Service Limit

Free length
NV 8504 mm

SL 620 mm
Load/installed length
NV 120 N (12 kgf)/50.35 mm

Squareness
SL 25 mm

SL 100 N (102 kgf)/50.35 mm

Crankcase tappet hole to

NV 006 to 0.10 mm
SL 02 mm

Valve stem O.D Valve margin
Inlet vaive Exhaust valve inlet Exhaust
NV 1195 to 11.96 mm NV 11.91 to 11.93 mm NV 2.2 mm NV 25 mm
SL 11.85 mm SL 11.85 mm SL 1.7 mm SL 20 mm
Valve guide to valve stem clearance Sinkage of valve from bottom surface of cylinder head
Inlet valve Exhuast valve Inlet vaive Exhaust valve
BD 12 mm BD 12 mm NV 0.25 to 0.75 mm NV —005 to 045 mm
NV 0.05 to 0.09 mm NV 0.09 to 0.12 mm SL 1.0 mm SL 0.7 mm
SL 0.2 mm SL 0.2 mm
Valve seat insert seat width |  Distortion of cylinder head bottom surface
NV 269 to 296 mm NV 007 mm
RL 35 mm RL 0.08 mm




NV:--Nominal Value
RL---Repair Limit

Distortion of friction surface

NV 0.1 mm or less

BRL 02 mm




BD---Basic Diameter
NV---Nominal Value
RL:--Repair Limit
SL---Service Limit

Clearance
BD 40 mm
NV 0.03 to 0.06 mm
RL 0.2 mm

Q
bushing clearance
lobe height and base BD No. 1 65.00 mm
circle diameter) No. 2 6525 mm
BD No. 3, 4 6550 mm
(intake valve cam) No. 5, 6 6575 mm
Lobe height 56.167 mm No. 7 66 mm
Base circle diameter 47.334 mm | NV 003 to 0.08 mm
(exhaust valve cam) RL 025 mm
Lobe height 56.036 mm
Base circle diameter 47.216 mm
Bend
NV 0.05mm or less
RL 0.08mm




BD---Basic Diameter

NV---Nominal Valuz
RL---Repair Limit
IEAPaN SRR Open end clearance
SL---Service Limit NV 04 to 06 mm
SL 1.5 mm

Piston ring groove to piston nng
clearance
1st ring
NV 0.02 to 0.08 mm
SL 0.25 mm
2nd ring
NV 0.05 to 0.08 mm
SL 0.15 mm
Qil ring
NV 0.03 to 0.06 mm
SL 015 mm

Clearance
BD 50 mm
NV 0.01 to 002 mm

SL 0.1 mm

Clearance
BD 50 mm
NV 0.02 to 005 mm

RL 0.1 mm

Clearance
BD 130 mm
NV 0176 to 0.202 mm

Bend or torsion
RL 0.05 mm or less

Distortion of top surface Q

NV 0.07 mm or less
RL 0.2 mm

Projection of cylinder liner

from top surface of crankcase
NV O to 0.08 mm

Inside diameter
NV 130.014 to 130.054 mm
RL 130.25 mm

Out of roundness or cylindricity
NV 0.02 mm or less
RL 0.03 mm

Qil clearance
BD 84 mm
NV 0.07 to 0.13 mm
RL 0.25 mm
Tension when free
SL Less than 90.5 mm




NV..
RL--
--Service Limit

‘Basic Diameter
‘Nominal Value

Repair Limit

Qut of roundness
NV 001 mm
or less

RL 0.08 mm
Bend Cylindricity
NV 0.04 mm NV 0.006 mm
or less
RL 0.1 mm

QOil clearance

BD 100 mm
NV 008 to 0.15 mm
RL 026 mm

Tension
when free
SL Less than
106.5 mm




7-2-1 Valve Mechanism

(1

(2)

(3)

Calculate the clearance from the rocker
I.D. and rocker shaft O.D. If the repair
limit is exceeded, replace the bushing

in the rocker.

Replacement of Rocker Bushing

Replace the bushing by the procedures
shown in illustration, using Rocker Bu-

shing Puller(special tool).

NOTE : 1. Align the bushing and rocker

oil holes.

2. Face the bushing joint toward

the adjusting screw.

Measure the displacement, free length,
and installed length/load of the valve sp-
ring. If the service limit is exceeded, rep-

lace.




(4) Measure the clearance from the tappet O.D. and crankcase I.D. If the service limit is exceeded,

replace the tappet.

(5) Measure the push rod runout. If the ser-

vice limit is exceeded, replace.

|
-
£
)

7-2-2 Cylinder Head, Valve and Valve Seat

Insert

(1) Measure the cylinder head bottom sur-
face distortion. If the repair limit is excee-
ded, correct the distortion with a surface

grinder.

NOTE : The height from the top to bot-

tom surface of the cylinder head

after grinding must be more than
129.8mm.




(2) Measure the valve stem O.D. If it is smal-

ler than the service limit, replace.

An excessively unevenly worn stem

should also be replaced.

(3) Calculate the clearance from the valve
guide 1.D. and valve stem O.D. If the ser-
vice limit is exceeded, replace the valve

guide.

(4) Replacement of Valve Guide

Using Valve Guide Puller(special tool),

replace the valve guide.

NOTE : When the valve guide is instal- Valve Guide Puller

led, make sure that the valve

Valve guide
| Securely seat flange

guide flange is securely seated on cylinder head.

on the cylinder head.

To remove To install




(5)

(6)

Check the contacting condition of the va-
lve seat insert and valve. If anything
wrong is noted, correct or replace the

valve seat insert and valve.

NOTE : 1. The contacting condition
should be checked after ins-
pection/replacement of the
valve guide.

2. When the valve is pressed
against a red lead coated va-
Ive seat insert, make sure that

the valve is not turned.
Correction of Valve Face

Grind the valve face with a valve refacer.
The grinding should be limited to a mini-

mum.

NOTE : 1. The valve seat angle is 45°.
2. Secure a valve margin of

more than 1.7mm for inlet

valves and more than 2.0mm

for exhaust valves. If these

margins cannot be secured

after grinding and correction,

replace.




(7) Correction of Valve Seat Insert

(a) Grind with a valve seat cutter or a

valve seat grinder.

(b) After machining, Iight:ly grind by hol-

ding about #400 sandpaper bet- |

ween the cutter and valve seat.

NOTE : 1. The valve seat angle is
45¢°,

2. If the valve sinkage is
beyond the service limit,
replace the valve seat in-

sert.

(c) Correct the seat width to the nomi-

nal dimension, using a 15° cutter.

(d) Seat the valve and valve seat insert.
Refer to Para.(9).

(8) Replacement of Valve Seat Insert

Since the valve seat insert is cold fitted,

replace it by the following procedures.

(a) Grind the valve seat insert from in-
side to reduce the thickness, and re-

move it at normal temperature.

(b) Check to ensure that there is enough
interference between the cylinder

head and valve seat insert.

(¢) Cool the valve seat insert by immer-
sing in liquid nitrogen. The cylinder
head should be fully heated.

N

To be cut away 05 to 1.0 mm
Head I.D. Head 1D.

52% 8’03mm b7t g‘osmm

Exhaust side intake side




(d) Using Caulking Tool(special tool),
install the valve seat insert and caulk

the periphery of the valve seat.

(e) Reface the valve seat insert so that
the seat width and valve sinkage will

have the nominal dimensions.

(9) Seating of Vale and Valve Seat Insert

The valve and valve seat insert must be

in even contact throughout.

When the valve or valve seat insert is

corrected or replaced, make sure that

they are seated.

(a) Apply a thin coat of compound eve-
nly to the seating surface of the va-

Ive.

NOTE : 1. Make sure that there is
no compound on the
stem of the valve.

|

Caulking Tool

Inlet
Exhaust
Valve seat insert

Cylinder head

.- Valve guide

Valve sinkage




2. Use intermediate mesh compound(120 to 150 meshes) first and then

use fine mesh compound (200 meshes or more) for finishing.

3. If the compound is mixed with a small amount of engine oail, it can be

evenly applied.

(b) Using Valve Lapper(special tool),
seat the valve and valve seat insert.

While turning the valve slightly at
a time, strike it against the valve seat

insert.

(c) Wash away the compound in gas

oil, etc.

(d) Apply engine oil to the contacting

surface to seat them with oil.

(e) Check to ensure that they are prope-

rly seated.




7-2-3 Flywheel

Check the ring gear. If broken teeth or
abnormally worn tooth surface are evident,

replace by the following procedures.

(1) Replacement of Ring Gear

(a) Removal

1) Evenly heat the ring gear with

an acetylene torch, etc.

2) While holding a protective rod,
strike the ring gear all around

with a hammer to force it out

of position.
(b) Installation

1) Heat the ring gear with piston heater(approx. 100C) for three minutes.

2) Fit the ring gear onto the flywheel with the nonchamfered side of tooth end to

ward the flywheel.

(2) Friction Surface distortion

Place the flywheel on a surface plate and
move a dial indicator in the diametral di-
rection of the flywheel to measure distor-

tion.

Use of a portable jack will make it possi-

ble to take a more accurate reading.

If the distortion is in excess of the repair

limit, grind the friction surface.

NOTE : If the ring gear shows an abnormal condition, replace the ring gear before me-

asurement.



(3) If the distortion of the surface making

il

LI
L)

friction with the clutch is in excess of i & _ Friction surface

the repair limit, grind.

Make sure that the friction surface is pa-

rallel to surface A with in O.1Tmm.

If the dimension of portion B exceeds —

the service limit, replace.

Surfac “A”

7-2-4 Timing Gear

(1) Calculate the clearance from the idler gear I.D. and idler shaft O.D. If the repair limit is
exceeded, the bushing in the gear should be replaced.

(2) Replacement of Idler Gear Bushing

Pressure Pressure
Replace the bushing by the procedures

shown in illustration, using Idler Gear

1

Bushing Puller(special tool).

NOTE : 1. Install the bushing with cha- | ider Gear | J
_ Bushing Puller
mfered side of gear 1.D. in- ~ Bushing
‘ Vs Idler gear
ward. T H &:ﬂ

2. After installation, check to

To remove To install

ensure that the bushing to id-
ler shaft clearance is within
the nominal dimension. If it
is below the nominal dimen-

sion, ream the bushing.



7-2-5 Camshaft

(1) Measure the lobe height and base circle ' _Lobe
diameter of each cam. If the difference Forward | O height
between them is below the service limit, 195 95

Measuring Measuring Base circle
replace. - posiion ~ positon  diameter
Unit : mm

(2) Measure the camshaft journal O.D. and crankcase I.D. If the repair limits are exceeded,

the bushing in the crankcase should be replaced.

(3) Replacement of Camshaft Bushing

Remove the camshaft bushing screws
to remove the bushing. Since the bu-
shing and crankcase are clearance fitted,

they are easily replaceable.

NOTE : For installation, pay attention to
the following points.

1. Thread the set screw positi-

vely into the set hole of the

bushing.



2. The number stamped on the
external periphery of bushing
near the set screw hole
shows the position where the
bushing is to be installed. In-
sert the bushings in the order

of 3-4-5-5-6-6-7 from the R (T N\ RN R \
front. At that time, the set sc- (‘D (‘D
3 4 5 5 6 6 7

rew hole(@8mm) and threa-

--s——— Engine front
ded hole of the crankcase L

should be aligned. s

(4) Measure the bend of the camshaft. If
the repair limit is exceeded, correct with

a press or replace.

NOTE : Turn the camshaft a turn and

read the deflection of the pointer,

using a dial indicator.

One half of the reading is the
bend.

7-2-6 Crankcase and Cylinder Liner

(1) Measure the cylinder liner I.D. at six po-

sitions shown in illustration. If the 1.D.

is in excess of the repair limit, replace - Z’

or bore to oversize. or more é

If the out-of-roundness and cylindricity ,/f/’

are in excess of the repair limit, take the oiomﬁg 22 ' / s S{;’;‘gﬁﬂaﬂ

same corrective action. B ?l;arﬂk:nh;fé
direction

NOTE : When a cylinder liner needs replacing, make sure that the liner with the same size
mark as that of the piston is selected.

Piston size mark A

o9/
O

Cylinder liner size mark A B C




(2) Measure the cylinder liner flange to dete-
rmine whether it is projecting from the

top surface of the crankcase as specified.

If the projection is out of specification,

replace the cylinder liner or crankcase.

NOTE : If the projection is in sufficient,
the surface pressure around the
bore of the cylinder head gasket

will fall and cause gas leakage.

(3) Replacement of Cylinder Liner

(a) Remove the cylinder liner through
use of cylinder Liner Extractor(spe-

cial tool).

(b) After the rubber packing and O-ring
have been installed to the cylinder
liner, slowly insert the cylinder liner
into the crankcase.

NOTE : Apply soap suds to the cra-
nkcase and cylinder liner fit-
ting portions and make sure
that the rubber packing and
O-ring are not twisted when
inserted.

Cylinder Liner Extractor

O-ring
Rubber
packing
O-ring

C

be applied

Soap suds to
be applied




(c) Securely seat the cylinder liner on Strike in.
the crankcase by lightly striking the " Cylinder Linear Installer
flange portion, using Cylinder Liner Cyiinder liner

Installer(special tool).

NOTE : After installation, make leak

test to confirm air-tightness.

Keep hold-down pressure l[

on the cylinder liner flange k

e

portion. )

(4) Measure the crankcase top surface dis-
tortion. If the repair limit is exceeded, R R EETm

correct the distortion with a surface grin- =

der. If the service limit is exceeded, rep-

lace the crankcase. /

NOTE : When the crankcase is ground, T R G e At.

make sure that the piston proje- : g | t i “\| r‘ (
ction does not exceed the nomi- /e ‘ |

nal dimension.

(5) Oversize of Cylinder Liner

Oversize(three kinds)
+0.5mm, +0.75mm and + 1.00mm

102 mm

(a) Selection of an oversize should be

accomplished in consideration of the O.D. measuring
) . ) position
maximum worn portion from all cyli-

nder |.D. measurements.




(b) Measure the O.D. of each oversize piston to be used, using a micrometer.

(c) Bore and hone-finish the cylinder liner so that the cylinder liner to piston clearance

will have the nominal dimension.

NOTE : 1. Even if it is only one cylinder that needs boring, make sure that all cylinders

are bored to the same oversize.

2. The piston rings should be replaced with corresponding oversize rings.

7-2-7 Piston and Piston Ring

(1) Replacement of Piston
(a) If the piston to be replaced is a stan-
dard(STD) one, select one of the
same size mark as stamped on the

cylinder liner.

(b) The weight of six pistons for a vehi-
cle must fall within the range of 10
g difference in stamped value of

weight.

(c) Make sure that the piston rings are
also replaced.

(2) Measure the piston skirt O.D. and calcu-
late the clearance from the measured va-
lue of cylinder liner I.D., refer to Para.
7-2-6(1). If the nominal dimension is
exceeded by a large margin, replace the

cylinder liner or piston.

Cylinder liner

£
E lhﬁ ]
o™~ - — 04
E‘ m

OD. measuing [ ~—H




(3) Measure the piston to piston ring cleara-
nce. If the service limit is exceeded, rep-

lace the piston rings or piston.

NOTE : 1. After carbon has been remo-
ved, measure the clearance
all around the piston.

2. Replace the piston rings as

a set.

The 1st compression ring
should be measured by pres-
sing the ring against the pis-
ton with a straight edge.

(4) Place the piston ring in a standard gauge
or new cylinder to measure the open end

clearance.

If the clearance is over the service limit,

replace.
Standard gauge 1.D. 130+ Omm

NOTE : Using a piston, push the piston
ring in horizontally into -a stan-

dard gauge cylinder.

Thickness gauge
Piston
Ring \




(5) Calculate the clearance from the piston Piston

pin 0.D. and piston [.D.

-—ﬂ- o
If the clearance is over the service limit, t[],—t @
replace the piston pin or piston. ¥

Piston pin

7-2-8 Connecting Rod

Connecting rod
(1) Calculate the clearance from the piston Shle .
pin O.D. and connecting rod |.D. .
If the clearance is over the repair limit, 1( ﬂ
replace the bushing in the connecting Piston pin
rod.

(2) Replacement of Connecting Rod Bushing

Replace the bushing by procedures shown in illustration, using Connecting Rod Bushing
Puller(special tool).

Connecting Rod Bushing Puller

.
Bushing
Qil hole ——a—f o ' (:Qnmng rod
==
To remove To install

(a) Align the oil hole of the bushing with the oil hole of the connecting rod.

(b) Press the bushing in from the chamfered side of connecting rod end.




(c) After the bushing has been pressed in, insert the piston pin and check to ensure that
it turns lightly without play.

(3) Measure the bend and torsion of the connecting rod with Connecting Rod Aligner(measuring
instrument).

If the reading is in excess of the repair limit, replace or correct with a press.

NOTE : 1. Install the bushing and connecting rod bearing to the connecting rod before mea-
surement.

2. Tighten the connecting rod and connecting rod cap to the specified' torque before
measurement.

c
>

¢ é; &/l
% T .
’f* )
A

Piston pin
Connecting rod aligner




(4) Measure the free time tension of the co-
nnecting rod bearing. If the tension is
lower than the service limit, replace the

upper and lower bearings as a set.

NOTE : Do not use the bearing by artifi-
cially expanding it.

(5) Calculate the clearance from the bearing
I.D. and crankshaft O.D. If the repair limit
is exceeded, replace the upper and lower

bearings as a set.

Measuring direction Measuring position

[

Measuring direction Measuring position

v

i

-

e

r




7-2-9 Crankshaft and Main Bearing

(1) Calculate the clearance from the main

bearing |.D. and crankshaft O.D. If the
repair limit is exceeded, replace the upper

and lower bearings as a set.

Measuring direction Measuring position

AN TR
N )

(2)

(3)

Measure the free time tension of the
main bearing. If the tension is below the
service limit, replace the upper and lower

bearings as a set.

NOTE : Do not use the bearing by artifi-

cially widening it.

Determine the out-of-roundness on the
basis of the crankshaft journal and pin

0.D. measurements.

If the repair limit is exceeded, grind to

undersize.




(4)

(5)

Measure the bend of the crankshaft. If
the repair limit is exceeded, correct with

a press or grind to undersize.

NOTE : Read the crankshaft center jour-
nal runout with a dial indicator.
One half of the reading is the
bend.

Correction of Crankshaft to Undersize

If the journal or pin is damaged or seized,
grind the crankshaft by the following
procedures. Replace the bearing with an

undersized one.

(a) When the crankshaft is ground, take
care not to change the center dista-

nce of journal and pin.

(b) Grind the crankshaft in such a way
as not to change the width of journal

and pin.

(c) Finish the fillet smooth to the speci-
fied R.

(d) Check for ground cracks by the ma-
gnetic particle inspection method.
The surface hardness(Hs 75 or
more) should also be checked to

confirm that it has not decreased.

(e) To grind the crankshaft with grinder,
the grinder and crankshaft should
be turned clockwise as viewed from

the crankshaft front end.

420 mm 54.0"32 mm
/ = J_\
% & - E
‘ 3 o‘
4 1ol MmE)] e
57 ]
< 3 —
I
Grinder grinding Finish grinding
Grindstone
Crankshaft  Grinder or sandpaper




(f) To finish the crankshaft with a grind-
stone or sandpaper, turn the crank-

shaft counterclockwise.

_ Journal O.D. Pin O.D. Out-of-
Undersize o ) _ . ] ) - Cylindricity
finish dimension finish dimension roundness
-0.08 -0.06
-0.25 99.75 83.75
-0.10 -0.09
-0.08 -0.06
-0.50 99.50 83.50
-0.10 -0.09
-0.08 -0.06
-0.75 99.25 83.25
-0.10 -0.09 0.01 or 0.006 or
-0.08 -0.06 less less
-1.00 99.00 83.00
-0.10 -0.09
-0.08 -0.06
-1.25 98.75 82.75
-0.10 -0.09
-0.08 -0.06
-1.50 98.50 82.50
-0.10 -0.09

(6) Replacement of Crankshaft Gear

(a) Remove the oil seal slinger from the

crankshaft.

(b) Remove the gear from the crank-

shaft, using Gear Puller

(special tool).

NOTE : Do not attempt removing

the gear by striking.



(c) Heat the gear to about 100C, using

a piston heater, etc.
Locate the gear so that the dowel
pin of the crankshaft will fit in the
notch of the gear and fit the gear
by lightly striking the gear end with
a soft hammer.

(b) Install the oil seal slinger, using Oil
Seal Slinger Installer(special tool).
NOTE : Install the oil seal slinger

with the threaded surface
toward the flywheel.

(7) Relacement of Front Slinger
(a) Remove the front slinger from the
crankshafft.
(b) Install the front slinger, using Front

Slinger Installer(special tool).

Qil seal slinger

Oil Seal Siinger Installer

»

Crankshaft

Front slinger |
Front Slinger Installer —— /

|

—

ey

K
i -




7-3 REASSEMBLY

Observe the following items when proceeding with reassembly.

(1) Thoroughly clean all parts to be assembled. Check to ensure that there are no dust, oil

and water on the joining surfaces of the parts before reassembly.

(2) The gaskets, O-rings, packings, lock washers, split pins, etc. should be replaced with new

ones. Since gasket kits are available, use them at the time of an overhaul.

(3) Use of sealants is not required as a rule. Where use of a sealant is specified, however,

use the specified sealant.

(4) Parts for which a tightening torque is specified should be tightened to the specified torque.
Parts for which no tightening torque is specified should be tightened to the general bolt
and nut tightening torque.

(5) Apply engine oil to all moving parts before reassembly unless otherwise specified.



7-3-1 Crank case and Main Moving parts

NV-.-Nominal Valve

Flange projection RL---Repair Limit
NV 0 to 008 mm

|\

l%l, Pl
|

s\ .

Locating pin

Replace lock washer
~ Bend lock
18 washer

A

/ .
370N m 115N m
(38 kgf m) (12 kgf m)

Wet Wet
: 1st compression ring
Expander spring C
butt portion end gap direction
2nd compression -
ring end gap Oil fing end gap direction
direction g e .
Replace O-ring
4
5
3 Nm 6 I Replace rubber ring I
35 k
( ik pe N Replace O-ring

9
Reptace gasket

8 I Line up [

1

Locating pin

' ]
175 N m =4

(18 kgf m) ' s _ML.

Face oil groove
toward sliding
surface

/
I Connecting rod \

T
10 1213 54 14 15
play Crankshfaft end play
t“pf?'y grease  Nv 0.2 to 05 mm NV 0.09 to 023 mm
0 lips RL 1.0 mm RL 04 mm

Assembling sequence

20—19—18—17—-16—15—>14
30287 —2>6—5—4

121131221110




(1) Install the oil spray plug 20 to the crank-

- Case.

NOTE : Install the oil spray plug with the
arrow stamped on the plug to-

ward the top of the engine.

(2) Tighten the oil jet 19 and check valve
18 to the specified torque. After they
have been tightened, bend the lock wa-

sher to prevent turning.

(3) Install the thrust plate 17 and upper

main bearing 16 to the crankcase.

NOTE : 1. Install the thrust plate with
the oil grooveless side toward 16

the crankcase.

2. Line up the lug of the main )___,
bearing and the groove of the G
! le
crankcase. The upper main
bearing is one with oil holes. >/Je] Thrust plate
7 mounting pin

Take care not to confuse it

’ Lug groove NI
with the lower one. D

3. The crankcase and rear main

: 17
=K

Lff \%jon

' groove

bearing cap rear end thrust

plates should be the same

size.




(4) Lift the crankshaft 15 with chain blocks,
etc. While keeping it in horizontal posi-

tion, slowly lower it into the crankcase.

(5) Fit the lower main bearing 16 onto the
main bearing cap 14. Install the main
bearing cap to the crankcase while tap-
ping it with a soft hammer. The thrust
plates 17 should also be installed to the
front and rear of the rear main bearing

cap.

NOTE : 1. The lug of the iower main
bearing should be on the
same side as the lug of the

upper main bearing.

2. Install both thrust plates with
the oil grooveless surface to-
ward the rear main bearing

cap.

(6) Tighten the main bearing cap to the spe-
cified torque.

After reassembly, check to ensure that
the crankshaft can be turned lightly by
hand. Check to ensure that the crank-
shaft end play has the nominal dimen-
sion. Refer to Para. 7-1-3(6).

17

14 Thrust plate
mounting pin

370 N m
(38 kgf m) (wet) ——
T




(7) Reassembly of Piston and Connecting
Rod

(a) When the piston 3 and connecting
rod 9 are installed, direct them as

shown.

(b) Insert the piston pin 8 to couple the

piston and connecting rod.

Fit the snap ring 7 to prevent the
piston pin from slipping out of posi-

tion.

If the piston and piston pin are hard
to insert, heat the piston with a pis-

ton heater or in hot water.

NOTE : The parts for an engine
must be of the same weight

mark.

Weight marks

Heavy --— » Light
A B C D E F G H J K

(c) Using Piston Ring Tool(special tool),
install the piston rings in the follo-

wing sequence.

6 Oil ring
5 2n compression ring

4 1st compression ring

Etched cylinder
numbur and in-
scribed or etched
weight mark

Direct lug groove mark
frontward.

Piston Ring Tool




Install the piston ring with the ma-
nufacturer’s mark at the open end

of the ring upward.

Samped manufacturer's mark

position

Direct the open ends of the piston Expander spring 1st compression ring
. butt direction open end direction
rings as shown. o

op:

,
Qil ring
2nd compression ring open end direction

open end direction

(d) Fit the oil-holed upper connecting
rod bearing 2 on the connecting rod
in such a way that the oil hole wiill

match the oil hole in the connecting

rod, and insert the piston into the
cylinder liner, using a special tool Piston Guide

(Piston Guide).

NOTE : 1. Assemble the piston and
connecting rod so that
the arrow mark on the
top of the piston will be
directed toward the

front.

2. Make sure that the open
ends of the piston rings
do nt change their direc-

tions.




3. When the connecting rod is inserted, be sure not to damage the cylin-

der liner and crankshaft pin.

4. The notched portion of bolt head should be directed toward the connecting
rod.

5. The connecting rod bearings are of two kinds, the upper and lower bearings.
Assemble by fitting the oil-holed upper bearing on the connecting rod with
the oil holes in alignment and by fitting the lower bearing without an oil

hole in the connecting rod cap.

(e) Fit the lower connecting rod bearing

115 N m
(12 kgf m)(wet)

2 without an oil hole in the connec-

ting rod cap 1 and tighten the cap
to the connecting rod to the speci-

fied torque.

NOTE : The lug side of connecting
rod and the lug side of con-

necting rod cap should be

in the same direction.

(f) Check the connecting rod end play. Refer to Para. 7-1-3(2).

(g) Check the projection of the piston. Refer to Para. 7-1-3(1).



(8) Fit the seal plate 13 and oil seal 12 into
the front cover 11 and install the front

cover 11 to the crankcase.

NOTE : 1. Apply engine oil to the oil seal
lips.

2. Check to ensure that the front
slinger pressed into the cran-

kshaft is free from deforma-

tion.

(9) Tighten the crankshaft pulley 10 to the
specified torque.
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(1)

(2)

(3)

Install the rear plate 15 to the crankcase

rear end.

The bottom of gasket installed between
the rear plate and crankcase will prot-
rude. After the flywheel housing has
been installed, cut away the protruding

portion.

NOTE : Do not apply sealant to the joi-
ning surfaces of the rear plate
and crankcase.

Install the idler gears in the following

sequence.

14 Idler shaft

13 Idler gear “B”
12 Idler gear “A”
11 Idler gear “C”
10 Thrust plate

9 Idler shaft bolt

When the idler gears are installed, make
sure that the alignment marks are in alig-

nment.

Tighten the idler shaft bolt to the speci-

fied torque.

Install the thrust plate 8 and camshaft
gear 7 to the camshaft 6.

The gear mounting nut should be tighte-

ned to the specified torque.

As for the lock washer, make sure that
its claws are fitted and positively bent

toward the nut.

10

9
115N m

265 N m
(27 kgt m)




(4) Install the camshaft.

NOTE : 1. When the camshaft is inser-
ted, take care not to damage
the camshaft bushing.

2. When the idler gears and ca-
mshaft gear are installed,
make sure that their align-

ment marks are in alignment.

(5) Check the camshaft gear and idler gear
(6) Check the backlash of each gear. Refer

(7) Install the flywheel housing 5 to the cra-
nkcase by tightening to the specified tor-

que.

Measure the mounting condition(eccen-
tricity) at the flywheel housing joint. If
the pointer of a dial indicator deflects
beyond the repair limit, loosen the bolts
and lightly strike the housing to correct

the mounting condition.

NOTE : 1. The protruding bottom ends
of the gaskets between the
rear plate and crankcase and
between the rear plate and
flywheel housing should be

cut away.

2. Do not apply sealant to the
mounting surfaces of the rear

plate and flywheel housing.

end play. Refer to Para. 7-1-2(4).

to Para 7-1-2(3).




(8) Install the collar 4 to the idler shaft bolt
and tighten the nut to the specified tor-

que.

(9) Install the oil seal retainer 2 in which G =
the oil seal 3 was pressed to the flywheel (10 kgf m)

housing.

NOTE : Apply engine oil to the sliding

surface of the oil seal.

(10) Install the flywheel 1 to the crankshaft

. - 225 N m
and tighten the bolt to the specified e (26 kgf m)(wet)

torque.

(11) Measure the flywheel mounting condi-
tion(runout). If the pointer of the dial
indicator deflectis beyond the repair li-
mit, check the bolt tightness or moun-

ting surface.




7-3-3 Cylinder Head and Valve Mechanism

*Install valve spring

with the side painted 98 N m
1 in green directed toward
cylinder head. s

i’ e
il i1
| 1M

AT

Replace gasket

N L
6 mm 22 23 2 mm

Aligne inscribed
line of cylinder

head with notch
of water director

Replace gasket

12 195 N m 34 N m
(20 kgf m) (35 kgf m)
6 (wet) 3 2 10

11

Assembling sequence

23—22—21—-20—18—18—17—16—16>14 13~
121110987625 >4>3-2—1




(1) Install the sealing cap 23 and water dire-
ctor 22 in the cylinder head.

NOTE : Install the water director with its

notch directed as shown.

(2) Installation of Nozzle Tube

(a) Apply sealant to the end of the noz-
zle tube 21 and insert into the cylin-
der head together with the O-ring.

(b) Using Flange(special tool), press

the nozzle tube against the cylinder.

(c) Apply engine oil to Stamp(special

tool) and insert into the nozzle tube.

(d) Thread Installer Bolt(special tool) to
push the stamp until it can be remo-
ved from the bottom of the cylinder
head.

(e) After the nozzle tube has been insta-
lled, perfrom hydraulic test to check
for water leaks.(Test pressure 195
kPa or 2 kgf/m?)

Water director
/ _Sealing cap

Align notch with this line

=

O™y
Tum down until
stamp is exposed
Installer Bolt W in bottom surface
T of cylinder head.
— Seat nozzie tube
Flange aa by tightening to

Stamp:@: f

O-ring

gl
i L[
e )]

-\_-_“-—-._«

—————————

15 N m (15 kgf m)
torque




(3)

(4)

Install the following parts.

20 Valve

18 Valve stem seal

The valve stem seal should be installed
by applying engine oil to the lip and stri-
king down Valve Stem Seal Installer
(special tool) until it touches the cylinder
head.

NOTE : 1. Before the valve is installed,
apply a small amount of

engine oil to the stem.

2. Ater installation, check to en-
sure that the valve stem seal
spring has not been defor-

med or damaged.
Install the forllowing parts.

19 Lower retainer

17 Inner valve spring
16 Outer valve spring
15 Upper retainer

14 Valve cotter

13 Valve cap

Install the valve cotter, while compres-
sing the valve spring, using Valvé Lifter

(special tool).

NOTE : 1. Install the valve spring with
the closely coiled portion
(blue painted) toward the cy-

linder.

20

=—\/alve Stem Seal Installer

|18

10

|/




2. When the valve spring is co-
mpressed with the valve lifter,
make sure that it is evenly

compressed.

(5) Insert the tappet 12 and install the cran-

kcase side cover 11.

(6) Seat the cylinder head 10 on the crank-
case, while lining it up with the locating

pin.

(7) Assemble the rocker shaft bracket asse-
mbly.

8 Rocker shaft bracket
7 Rocker shaft

6 Set screw

5 Rocker

4 Thrust plate




(8) Install the push rod 9 and rocker shaft

bracket assembly.

NOTE : Install a new O-ring to the bot-

tom of the rocker shaft bracket.

(9) Install the following parts.

3 Cylinder head bolt
2 Rocker bracket mounting bolt

1 Rocker cover

Temporarily turn down the cylinder head
bolts in the sequence shown. As a final

step, torque them to specifications.

3 Nm
(85 kgf m) 1
2

195 N m
(20 kgf m)(wet) 3

\,‘ s o

195 N m (20kgf m)(wet)




In servicing the inlet and exhaust system, use the following tools.

Special Tool Name

Part No.

Use

Socket

MHO061242

For exhaust manifold attaching nuts

General tools and measuring tools
Snap ring expander
Plastic hammer
Torque wrench
Chisel
Dial gauge
Micrometer
Thickness gauge

For overhaul of turbocharger

8-1 INLET MANIFOLD

Replace gasket

20N m
(2 kgf m)




8-2 AIR CLEANER

8-2-1 Disassembly and Reassembly

(1) Single Element Type

To be cleaned when red signal appears
in dust indicator or every 250 hours o
To be replaced every 1000 hours f\ssem_bly direction
indicating mark
Deformation, damage 1 4
| \
3
Repice O-ring
1 Air cleaner body
2 Element 5 Clamp
3 Dust cap 6 Wing screw
4 O-ring 7 Dust indicator

8-2-2 Inspection and Cleaning
(1) Dry Dust

If there is dry dust on the element, clean
the dust by blowing 685kPa(7 kgf/m*)
or lower compressed air against the ele-

-ment,

Blow the compressed air from inside the
element up and down along the frills of
the filter paper and clean the whole ele-

ment evenly.




NQTE : Do not strike the element or st-
rike it against a hard object to

loosen the dust.

(2) Moist Dust

If the element has dust moistened with
oil smoke or soot, wash the element,

using the element cleaner ND-1500

Add 15 g of the cleaner per liter of app-
rox. 40C hot water, stir, immerse the

element for about 30 minutes, and wash.

After the element has been washed, ri-
nse it in water(275 kPa or 2.8kgf/m?)

or lower water pressure) and let it dry

in a well-ventilated place.

An element washed four times should
be replaced regardiess of the time in ser-

vice.

NOTE : When the element has to be quickly dried, an electric fan, etc. may be used, but

do not use compressed air or fire.

(3) Inspection of Element

After the element has been cleaned, put
an electric lamp inside the element to
check for damage and pin holes. if there
are thin portions in the filter paper, rep-
lace the element. If the packing on the
top surface of the element is broken, re-

place the packing.




8-2-3 Inspection of Dust Indicator

Start the engine and slowly close the su- Operatin

5 5.0 H
: p 3 + mm
ction port of the air cleaner to increase the H 80 ? NV---Nominal Value

. . Reset button
nagative pressure. If the red signal appears

in the dust indicator, the dust indicator is
good. ' Red signal
appears

The simplest checking method is to put

the suction port in your mouth and draw a
breath. If the red signal appears at this time,
then the dust indicator is good.



8-3 EXHAUST MANIFOLD

1 Exhaust manifold

2 Center exhaust manifold

3 Exhaust manifold ring




8-4 TURBOCHARGER

8-4-1 Disassembly

Interference with
compressore wheel

14

1 Turbine housing
2 Compressor cover
3 Compressor wheel
4 Snap ring

5 Insert

Interference with
turbine wheel, damage

m

Blade bends,
damage, comrosion,
marks of interference
on back surface

Blade bends, damage,
corrosion, marks of

Interference with
turbine wheel, cracks
due o overheat,
pitching, deformation

interference on back surface,
damaged seal ring groove

Bearing hole surface
roughness, damage,

11 gas comosion, turbine

side flange deformation

6 Thrust sleeve
7 Piston ring

8 Qil deflector

9 Thrust ring
10 Thrust bearing

11 Bearing housing

12 Turbine wheel shaft
13 Piston ring

14 Turbine backing plate
15 Bearing




(1) Hold the flange portion of the turbine

housing in a vice.

NOTE : Make sure to put alignment ma-
rks on the compressor cover,
bearing housing and turbine
housing for correct positional re-

lationships at reassembly.

(2) Remove the turbine housing 1.

NOTE : Do not drop and strike the com-
pressor wheel and turbine
wheel, as their blades are readily
bent.

(3) Remove the compressor cover 2.




(4) Fit the core assembly detached from the
compressor cover in the turbine housing.
Hold the turbine housing end of the tur-
bine whee! shaft to prevevt its rotation

and remove the following parts.

3 Compressor wheel

4 Snap ring

NOTE : If the compressor wheel has
bent blades, do not attempt cor-
recting the bend but replace pa-
rts.

(5) Remove the following parts.

5 Insert

6 Thrust sleeve
7 Piston ring

8 Qil deflector

9 Thrust ring
10 Thrust bearing

(6) Remove the bearing housing 11 from

the turbine housing.




(7) Remove the following parts.

12 Turbine wheel shaft
13 Piston ring

14 Turbine backing plate
15 Bearing

NOTE : 1. There are two pins driven into the turbine housing. Do not remove the pins.

2. Do not attempt correcting bent blades but replace them.




8-4-2 Cleaning and Inspection

NV---Nominal Value
SL--Service Limit

1.D.(to be measured in
terms of end gap of
new pistion ring

NV 0.015 to 0.18 mm

Clean

Clean
Shaft joumal diameter
SL 11.18 mm
Shaft cocentricity
SL 0.015 mm
(total gauge reading)

Bearing hole diameter
SL 19.06 mm

NOTE:The parts may be cleaned by use of a blast equipment or any other effective methods,

but a non-corrosive neutral detergent should be used.



(1) Cleaning

Turbocharger manufacturers use a blasting equipment for cleaning parts at their workshops.
As an alternative effective method for overhaul at the dealer’s workshop, use the following

procedures.

When a commercially available neutral detergent is used for cleaning, make sure that it

does not contain corrosive component.

(a) Before cleaning, visually check the _
condition of the parts. Check for R AR X cover
burns, wear, etc. which could not & :

be identified after washing.

(b) Immerse all the parts in a non-infla-

] Turbine wheel
‘mmable solvent to clean oily conta- shaft
Compressor wheel

mination.

(c) Blow clean compressed air against
the entire internal and external sur-

faces.

(d) Clean deposites, using a plastic sc-

raper or bristle brush.




(e) Blow clean compressed air again
against the entire internal and exter-

nal surfaces.

NOTE : The bearing housing and tu-
rbine wheel shaft should be

re-immersed in a non-infla-

mmable detergent after Step

(d). After deposits have
been removed, blow comp-

ressed air.

(f) To prevent rust, apply engine oil to
the entire internal and external surfa-
ces of the bearing housing, turbine
housing and turbine backing plate
and the shaft portion of the turbine

wheel shaft.

(2) Inspection

(a) If the bearing hole diameter and pis-
ton ring hole diameter are beyond
the service limit, replace the bearing

housing.




(b)

(c)

(d)

Measure the shaft journal diameter.
if the measured diameter is less
than the service limit, replace the

turbine wheel shaft.

Set a dial indicator beside the threa-
ded portion of the shaft to measure
the bend.

if the deflection of the dial indicator
is beyond the service limit, replace

the turbine wheel shaft.

NOTE : Do not correct but replace
~ a bent shaft.

Insert

Insert a new piston ring securely in
the bore in the insert and measure

the end gap of the piston ring.

If the end gap is out of specification,

replace the insert.

A\




8-4-3 Reassembly

blasecenioma: siio NV-+:Nominal Value
Bend lock washer

Turbine whee!l shaft to
7 N m(07 kgf m)17Nm(1.7Kgfm) turbine housing clearance
4 Apply engine oil NV 053 to 1.04 mm

Play in axial direction 1
NV 0.05 to 0.13 mm

3

5_.-

181

Lock nut to be replaced ~|
170 20 N'm

(1.73 to 207 kgf m)

Turbine backing plate to
turbine wheel shaft clearance
NV 0.75 to 1.55 mm

9 15 to be replaced
6 Apply engine oil.
Replace ket.
7 to be replaced i
Apply engine oil. 10 to be replaced
2 Bronze side toward
. compressor wheel

Apply grease or oil

to socket portion

Assembling sequence

11—214—13-12—>15—10—9-8
5""’7_"6 }*4_’3_"2"’1

NOTE:After an overhauled turbo charger has been installed to the engine, run the engine at
low idle speed for more than three minutes.



(1) Assemble the following parts.

11 Bearing housing

14 Turbine backing plate

13 Piston ring

12 Turbine wheel shaft

NOTE : Apply engine oil to the piston

ring.

(2) Insert the core assembly into the turbine

housing held in a vice.

(3) Apply engine oil to the I.D. and Q.D. of
the bearing 15 before installing the bea-
ring in the bearing housing.




(4) Apply engine oil to both sides of the th-
rust bearing 10 and thrust ring 9 before
assembling them on the turbine wheel

shaft. Then install the oil deflector 8.

NOTE : Install the thrust bearing with the

bronze side up.

(5) Assemble the following parts and install

them in the bearing housing.

5 Insert

7 Piston ring

6 Thrust sleeve

NOTE : Apply engine oil to piston ring,
flinger sleeve, O-ring and bearing
housing before assembly.

(6) Install the snap ring 4.
NOTE : Face the non-chamfered side to-

ward the insert.

Locating hole

Locating Pin

Compressor wheel side

W

Insert side




(7) Set a dial indicator on the end of the

turbine wheel shaft.

Move the turbine wheel shaft up and
down to measure the clearance between
the turbine wheel and turbine housing.
if the clearance is out of specification,
disassemble and check to locate the

cause.

(8) Install the compressor wheel 3 on the
turbine wheel shaft and tighten the lock

nut to the specified torque.

(9) Set a dial indicator on the turbine wheel

shaft end. Move the compressor wheel

up and down to measure the end play.

If the play is out of specification, desas-

semble and check to locate the .cause.




(10) Apply grease or engine oil to the socket

portion of the compressor cover.

Remove the core assembly from the
turbine housing and insert into the co-

MPressor cover.

Using two thickness gauges, measure
the clearance between the turbine bac-

king plate and turbine wheel shaft back

surface.

If the clearance is out of specification,
disassemble and check to locate the

cause.

(11) Install the compressor cover 2 by tigh-

tening the bolts to the specified torque.

(12) Install the turbine housing 1 by tighte-
ning the bolts to the specified torque.

NOTE : Apply an anti-seizure agent to

the cap screw.




In servicing the fubrication system, use the following tools.

General tools and measuring devices
Micrometer for external measurement
Micrometer for internal measurement
Straight edge
Thickness gauge

9-1 OIL PUMP
9-1-1 Disassembly and Inspection

BD---Basic Diameter
NV---Nominal Value
SL---Service Limit
Backiash

SL 04 mm
Clearance between shaft 14
and cover
Bd 20 mm
NV 0.04 to 0.07 mm
SL 0.15 mm

Clearance
BD 20 mm

Relief valve opening pressure SL 0.15 mm
NV 1 180 kPa (12 kgf/om?2)

Installed load of spring

(Installed length : 46.3 mm)
NV 160+7.8 N -16.1+0.8 kgf:

NV 0.11 to 0.24 mm

1 Qil strainer 7 to 10 Relief valve
2 QOil pump cover 7 Split pin

3 Driven gear 8 Seat

4 Driven gear shaft 9 Spring

5 Idler gear shaft 10 Ball

Clearance between idler
shaft and idler gear
BD 22 mm
NV 0.03 to 005 mm
SL 0.15 mm

Clearance between gear tooth
tip and oil pump case

NV 011 to 0.18 mm

SL 0.2 mm

NV 0.04 to 0.07 mm Difference between oil pump

case depth and gear height
NV 005 to 0.11 mm
SL 0.15 mm

6 Idier gear 11 Case and gear assembly




When disassembling the oil pump, pay

attention to the following items.

(1)

(2)

(3)

Prior to disassembly, measure and record
the backlash between the oil pump gear

and idler gear.

Remove the 6i| strainer 1. Remove the
oil pump cover 2 by lightly striking with

a plastic hammer, etc.

NOTE : The oil pump cover is positioned
by the dowel pin in the oil pump

case.

Before the drive gear and driven gear
are removed, measure and record the fo-

llowing items.

(a) Measure the difference between the
drive and driven gear height and the
oil pump case depth with a thick-

ness gauge.

(b) Measure the clearance between the
drive and driven gear tooth ends and

the oil pump case with a thickness

gauge.




(4) Remove the following parts.

3 Drive gear

4 Driven gear shaft

5 Idler gear shaft

6 ldler gear

NOTE : Do not remove the driven gear
shaft unless it is defective, as
an insufficient interference with

the oil pump case could other-

wise resuit.
(5) Remove the following parts. Relief valve opening pressure
NV 1 180 kPa (1 2Kgf/cm®)
installed load of spring

7 Split pin (installed length : 46.3 mm)
NV 160+78 N (16.1+0.8 kgf)

8 Seat

9 Spring

10 Bali

NOTE : The case and gear assembly ca-
nnot be disassembled. If defec-

tive, replace as an assembly.
NV:---Nominal value

(6) Measure and record the outside diame-

ters of the drive gear shaft, driven gear

shaft and idler gear shaft. Then, measure

and record the inside diameter of each

bushing in the oil pump case, cover and

driven gear. Calculate the clearances

from the measured values, and the parts

which have exceeded the service limits

should be replaced.




9-1-2 Reassembly

Prior to reassembly, apply engine oil to all parts unless otherwise specified.

Apply sealant to threads
after degreasing
(LOCTITE No. 262 or
equivalent)

Shaft oil hole should 50tc 78 N m
be in this range (6 to 8 kgf m)

1

) Shaft end surface should be
2 3 4  flush with case end surface

Assembling sequence
11—210—9—8—-7—>6—->5—4—>32

NOTE : Temporarily tighten the oil strainer 1 for installation in the crankcase.



9-2 OIL FILTER

NV---Nominal Value

Replace gasket

On start pressure
NV 285 59 345 kPa
(3 to 35 kgf/em)

Replace gaskets
Clogging, deformation

Clogging, deformation .

4 Cracks, deformation
Cracks, deformation 4

Replace gasket

53 to 69 N m (6 to 7 kgf m)

1 Drain plug 5 Spring retainer
2 Center bolt 6 QOil filter element
3 Washer 7 Qil filter head

4 Qil filter case 8 Oil bypass alarm




9-3 OIL COOLER

NV---Nominal Value

\h
‘% @ 2

[Replace gasket|—g - =
ypass valve openi
re
NV 175 to 215 kPa
(1.8 to 2.2 kgf/en)

1. 01l cooler element
2. Bypass valve
3. 0il cooler cover

9-3-1 Cleaning

(1) Check for carbon or sludge deposited in the oil passage of the oil cooler element and bypass

valve. If contamination is evident, wash in a cleaning oil.

(2) If there is much scale on the element and cover, wash in the cleaner Radipet 7 or caustic

soda solution.
9-3-2 Air Pressure Test

To check for oil leaks due to a broken or cracked element, air pressure test should be
performed.

Apply 980 kPa(10 kgf/m’) air pressure to the element to check for leaks.

If air leaks or other defects are evident, replace the element.

NOTE : Make sure that the specified air pressure is not exceeded.




9-4 REGULATOR VALVE

1 Snap ring
2 Valve
: Installed load/Installed length (50 mm)
S Spring NV 75 N (7.6 kgf)
4 Body

Regulator valve
opening pressure

NV 360 to 420 kPa ,
| (37 to 4.3 kgf/em)

NV---Nominal value

9-5 CHECK VALVE

1 Check valve
2 Oil jet body

Replace lock washerl
g Bend lock washer at time of
assembly.

34 N m (35 kgf m)

Valve opening pressure
NV 265 to 325 kPa |
(2.7 to 3.3 kgf/cn)

NV---Nominal value




For servicing the cooling system, use the following tools.

Special tool name Part No.

Use

Water pump impeller puller MHO61417

For removal of water pump impeller

10-1 WATER PUMP

10-1-1 Disassembly and Inspection -

Rotating
condition

Bend, rust, wom bearing
fitting portion

11 Corrosion, damage
Damage, wear

Cracks, water leaks,
rust, wom bearing

6 Water pump shaft

fitting portion
1 Water pump pulley 7 Impeller
2 Flange 8 Ball bearing
3 Snap ring 9 Spacer
4 Snap ring 10 Ball bearing
5 Cover 11 Unit seal

12 Woater pump case




(1) Remove the water pump pulley 1. Pull
off the flange 2 with Gear Puiler etc. and
remove the snap ring 3. 2

(2) Remove the snap ring 4 and remove the | 5 4
cover b.

(3) Using two threaded holes(M8X1.25)
in the impeller 7 and the Puller(special
tool), pull off the impeller 7 and remove
the water pump shaft 6.

Check the unit seals in the impeller and
water pump case for wear and damage
and replace the unit seal 11 if defective
or water leaks during operation.




(4) Remove the ball bearings 8 and 10 from
the water pump shaft with a gear puller
etc.

10-1-2 Reassembly

Apply sealant (THREEBOND No. 1101 | Apply silicone oil to unit seal shell

or equivalent) to unit seal shell before press-fitting it into impeller
1 3 12
AN S | O
A T /
. j?/\‘ Press-fit shaft until
shaft end is flush
! with impeller end
Apply water pump
grease or equivalent) to bearing | \
Pack 70 g of water pump grease 4
(JT-6 grease or equivalent) in
space between bearings E
{ Replace O-ring |
Assembling sequence

jp S5 4321

NOTE : After réassembly, turn the water pump pulley by hand to confirm that the impeller does
not touch the case and cover.




10-2 THERMOSTAT

10-2-1 Inspection of Thermostat

Check the thermostat by the following
procedures. Stir the water in the container with
a rod equalize water temperature.

(1) Slowly heat the thermostat to the valve
opening temperature.

Keep this condition for about five minutes
and check to ensure that the valve is

open.

(2) Raise the water temperature further to 95t

Keep this condition for five minutes and
measure the lift of the pellet.

(3) Lower the temperature to less than 65¢
and check to see that the valve is held
tightly against the valve seat.

Check all of the above items. If any of the
items fails, replace the thermostat

80 to 84C

95T

Valve opening temperature

Valve fully opening temperature

Stiming rod -

iy

Valve stroke at valve fully
opening temperature
NV : 10 mm or more

Leak hole [ Thenno:

meter

14

Thermc!fsta'r
holdine . plate

NV --- Nominal value

NOTE : The two thermostats in normal control trucks differ in valve opening temperature.
The valve opening temperature is stamped on the thermostat.



HHI
텍스트 상자   
80

HHI
텍스트 상자   
84

HHI
텍스트 상자   
95


10-3 FAN DRIVE AND TENSION PULLEY

10-3-1 Disassembly and Inspection

T

1 Fan 10 Ball bearing

2 Spacer 11 Bearing case

3 Fan pulley 12 Adjusting bolt

4 Coupling flange 13 Tension pulley bracket
5 Snap ring 14 Snap ring

6 Fan drive shaft 15 Tension pulley shaft
7 Ball bearing(one-side seal) 16 Tension pulley

8 Ball bearing 17 Ball bearing

9 Spacer




10-3-2 Reassembly

Face the shield surfac

outward.
Apply grease (JT-6 grease
or equivalent).
16
14 _
N

Apply grease (JT-6 grease or i Lo
equivalent) every 125 hours. @]E:Q

Pack 6g of grease

(JT-6 grease or equivalent).

Face seal surface outward.
Apply grease (JT-grease
or equivalent).

Apply grease (JT-6 grease or

145 N'm

equivalent) every 125 hours.

(15 kgf m) NSO/

=4

Pack 86g of grease (JT-6
grease or equivalent).




Prior to disassembly, test the parts of the fuel system to precisely grasp their conditions

unless it is impossible to make their test.

Make sure that the parts of the fuel system are disassembled and reassembled in a clean

place, as small particles of dust deposited in the parts can produce large effects on engine

performance.

In servicing the fuel system, use the following tools.

(1) AD Type Injection Pump Proper

The part numbers are the ZEXEL part numbers.

Special Tool Name

Part No.

Use

AD type injection pump
special tool set

105790-1060

Disassembly and reassembly

Universal vice

105794-0090

Mounting base

Tappet pin

157931-3120

Supporting of tappet

Measuring device

105782-4130

Measurement of camshaft end play

Wrench

157910-1120

Removal and installation of screw

Guide

157920-5400

Protection of oil seal

Roller pincers

157921-3020

Tappet pincers

1567931-7120

Removal and installation of tappet

Plunger pincers

157921-6120

Removal and installation of plunger

Wrench 157914-0500 |Removal and installation of delivery
valve holder
157925-6520 |Removal of inner race
Extractor 157925-0520 |Removal of outer race(timer side)
157925-0120 |Removal of outer race(governor side)
Reamer 157930-4620 |Correction of pump housing




(2) P Type Injection Pump Proper

The part numbers are the ZEXEL part numbers.

Special Tool Name

Part No.

Use

P type injection pump
special tool

105790-7000

Disassembly and reassembly

Universal vice

105794-0010

Mounting base

Fitting plate 157944-3620 ,

Installation
plate 157944-3820 :
Tappet holder 157931-4700 |Supporting of tappet
Bracket 157920-5600

Extractor bearing cover

157920-7720

Removal of bearing cover

Tappet mounting device

157921-8020

Removal and installation of tappet

Plunger insert

157921-4820

Removal and installation of plunger

Plunger clamp device

157921-56620

Removal and installation of control sleeve

Extractor

105792-0030

Removal of plunger block assembly

Fitting plate

157944-3520

Disassembly and reassembly of plunger
block assembly

Socket wrench

157914-0500

Removal and installation of delivery holder

Special wrench

157915-6500

Removal and installation of screw bushing

Inner race extractor

167925-7120

Removal of inner race

Quter race extractor

157925-2020

Removal of outer race

O-ring insert

105792-0000

Installation of O-ring

Plate measuring

1567828-7200

Positioning of governor side taper roller
bearing

Camshaft measuring device

105782-4140

(3) RSV Type Governor

Measurement of camshaft end play

The part numbers are the ZEXEL part numbers.

Special Tool Name Part No. Use
Handle 157910-0300 . o ngicdlsf ¢ fiadfs o
Socket wrench 157914-0500 emovel-ang Ingwiigiion. of jouk: Ny

Worench

157915-0100

Removal and installation of round nut

Extractor

1567926-5110

Removal and installation of flyweight




(4) RFD Type Governor

The part numbers are the ZEXEL part numbers.

Special Tool: Name

Part No.

Use

Socket wrench

157914-0500

Removal and installation of lock nut

Special wrench

1567915-0100

Removal and installation of round nut

Extractor

1567926-5320

Removal of flyweight

(5) SA Type Automatic Timer

The part numbers are the ZEXEL part numbers.

Special Tool: Name

Part No.

Use

SA type automatic timer
special tool set

105790-5010

Disassembly and reassembly

Special spanner

157916-5320

Removal and installation of round nut

Extractor 157926-6210 |Removal

Guide bolt 157924-0200 Disassemnbl g bl
is

Base IB7928QE10 | Y Al [easeemany

Hand spanner

1567916-6120

Removal and installation of timer case

Thrust bushing

157924-1500

Guide bushing

157924-1200

Block 157924-0800 |Installation of oil seal
Guide bushing 157924-1300

Guide 1567924-0900

Ll sl L2t Installation of flyweight
Guide 157924-0400

Thrust bushing 157924-0500 |Installation of flange

Oil seal guide

157914-0600

Insertion of timer case




(6) SP Type Automatic Timer

The part numbers are the ZEXEL part numbers.

Special Tool Name

Part No.

Use

SP type automatic timer
special tool set

105790-5050

Disassembly and reassembly

Box spanner

167915-2320

Box wrench

157916-2800

Removal and installation of round nut

Special spanner

1567916-6320

Extractor

157926-6420

Removal and installation

Base

1567924-2520

Special spanner

1567916-8320

Disassembly and reassembly

(7) AD Type Injection Pump Testing and Adjustment Tools

The part numbers are the ZEXEL part numbers.

Special Tool Name

Part No.

Use

Measuring device

105782-6010

Adjustment of control rack position

105782-4020

Adjustment of prestroke

(8) P Type Injection Pump Testing and Adjustment Tools

The part numbers are the ZEXEL part numbers.

Special Tool Name

Part No.

Use

Fixing stand

105781-0170

Fixing of injection pump

Measuring device

105782-4210

Adjustment of control rod position

1056782-4190

Adjustment of prestroke

(9) Injection Nozzle

The part numbers are the DOOWON part numbers.

Special Tool Name

Part No.

Use

Nozzle cleaning tool

105789-0010

Cleaning of nozzle

Nozzle tester

105785-1010

Adjustment and testing




(10) Miscellaneous

The part numbers are the ZEXEL part numbers.

Special Tool Name - Part No. Use
Filter wrench MHO061507
Nonslip paper MHO061508

Removal of fuel filter element

11-1 INJECTION PUMP-GENERAL

11-1-1 AD Type Injection Pump

In servicing the injection pump, clean the work bench and arrange all disassembled parts
neatly by cylinders. Use special care not to change combination of the plunger and plunger
barrel and that of the delivery valve and delivery valve seat.

Disassemble and reassemble the major parts with utmost care.

For disassembly and reassembly, use the ZEXEL special tool set and be sure to avoid applica-
tion of an undue force and rough operation.

Prior to disassembly, perform tests to grasp all defective points.



(1) Disassembly

- Damage, wom seat

Damage, seizure

Bend
broken tooth

Sliding resistance
(when stationary)
150g or less

Backlash

Damage, wear, seizure

6 of cam surface

End play
NV 0.02 to 0.06 mm
RL 0.1 mm

16 Brokent tooth Selzure wear, peeling

Cracks, deterioration 13
Damage, seizure,
gloss of lapped surface 11
12
10
Damage, break 2

1 Housing cover 10 Shim
2 Screw 11 Plunger
3 Screw 12 Lower spring seat

4 Bearing cover 13 Plunger spring

5 Oil seal 14 Upper spring seat

) o
& i.‘o
,
< , " k) -
1 o pre-
NV 015 mm
; SL 0.3 mm . /
- Cracks, damaged thread g-\ 3
)

6 Camshaft

7 Taper roller bearing
8 Center bearing

9 Tappet

15 Control sleeve

16 Pinion

17 Lock plate

18 Delivery valve holder

19 Stopper
20 Delivery valve spring
21 Delivery valve

22 Delivery valve seat
23 Plunger barrel

24 Screw

25 Control rack

26 Pump housing




(a) Install the injection pump in a special tool
(Universal Vice).

(b) Remove the feed pump.

(¢) Remove the coupling and automatic ti-
mer.(Refer to Para. 11-1-6.)

(d) Remove the governor.(Refer to Para 11-
1-3.)

(e) Measure the sliding resistance of the co-
ntrof rack with a spring balancer.

Turn the camshaft and measure the sli-
ding resistance in all of the rising and
falling positions of the cam.

if the readings are in excess of the nomi-
nal value, the following causes are proba-
ble.

1) Damaged control rack, abnormal
teeth.

2) Abnormal teeth of pinion, contact
with housing

3) Overtightened delivery valve holder

(f) Remove the housing cover 1.

Insert special tools(Tappet Pins) into the
tappet holes of all the cylinders to space
the tappets away from the camshaft.

Universal Vice

—=—

Tappet Pin




(g) Measure the end play of the camshaft
with special tool(Measuring Device). If
the end play is in excess of the repair
limit, adjust by using shims or replace
the bearing.

0.10, 0.12, 0.14,
Shim thickness 0.16, 0.18, 0.30
0.50, 1.00mm

NOTE : Select timer and governor side
shims so that their thicknesses
will be about equal.

(h) Remove the screws 2 at the bottom of
the injection pump with special tool

(Wrench).

(i) Insert a screwdriver into the groove in

the bearing cover to remove the bearing

cover 4 and oil seal 5.

NOTE : 1. To prevent damaging the oil
seal, remove the woodruff key
from the camshaft and put
special tool (Guide) on the th-
readed portion.

2. To remove the camshaft, direct

the first cam lobe on the re-
moval side of camshaft toward

the top of the pump to prevent
the camshaft lobe from tou-
ching the tappets, and then li-
ghtly strike.



(j) Push the tappets up from the bottom of
the injection pump with special tool(Roller
Pincers) and remove the special tools(Ta-

ppet Pins).

(k) Hold a tappet in special tool(Tappet Pin-
cers), remove the special tool(Roller Pin-
cers), and then take out the tappet 9
and shim 10.

(1) Remove the plunger 11 together with the
lower spring seat 12, using special tool
(Plunger Pincers).

(m) Measure the backlash between the con-
trol rack and pinion. If the backlash is
in excess of the service limit, replace.

(n) Remove the following parts.

17 Lock plate

18 Delivery valve holder
19 Stopper

20 Delivery valve spring

Use special tool{Wrench) to remove the
delivery valve holder.

Roller Pincers

Plunger Pincers




NOTE: Immerse the delivery valve combined with delivery valve seat and the plunger combined
with plunger barrel in gas oil without changing their combinations.

(2) Inspection and Correction

Use Reamer
to comrect damaged pump
housing, or replace.

Sliding condition

Clearance between plunger
driving face and control sleeve
NV 0.03 to 008 mm
SL 0.12 mm

BD 26 mm
NV 0.03 to 0.07 mm
SL 0.2 mm

Clearance between tappet and housing i
v

Qveral tappet clearance
SL 0.3 mm

BD---Basic Diameter
NV:--Nominal Value
SL-+-Service Limit

(a) Plunger and plunger barrel

After cleaning in gas oil, check to
see that the plunger falls smoothly
in the plunger barrel under its own

weight.

Check by the following procedure.

1) Tilt the plunger barrel

approx. 60°.

2) Pull the plunger about 20mm
out.

3) Turn the plunger and check se-
veral points.



(b)

(c)

Measure the width between the dri-
ving faces of the plunger and the
width of the groove in the control
sleeve. If the calculated clearance
between driving face and groove is
in excess of the service limit, replace
the control sleeve.

Delivery valve

Clean the valve and valve seat por-
tions of the delivery valve in gas oll
and check worn condition.

Seal off the bottom of the valve seat
portion with a finger tip and press
down the vale portion with a finger.
if the valve portion bounces back
when released, the valve portion is
good. If it does not bounce back,
the valve portion is badly worn.
Replace the delivery valve.

Tappet

Hold a dial gauge to the roller por-
tion of tappet and check the overall
clearance by moving the roller up
and down.

If the overall clearance is in excess
of the service limit, replace the tap-

pet assembly.

Pin

Bushing
Roller
Tappet body




Calculate the clearance between the
tappet and pump housing.

If the clearance is in excess of the
service limit, replace parts.

(d) Plunger spring and delivery spring

(e)

Measure the squareness and free
length of the springs. A spring
which has reached the service limit
should be replaced.

Replacement of taper roller bearing

Inner race

To remove, use special tool(Extrac-
tor).

To install, put the ring and shims
and then install the taper roller bea-

ring.

~

Cut of square

Free length

T




QOuter race

The bearing cover side outer race
should be removed by use of special
tool(Quter Race Extractor).

To install, put a new oil seal in posi-
tion, and then install the outer race.

(3) Reassembly

-~ Bearing outer race
Extractor

.
77| 1579250520 (iimer side)
~¢| 1579250120 (govemor
side)

1 B

- - Bearing cover
|

22

Replace O-fing 45t0 58 N m
(045 to 0.6 kgf m)
2;' 64 to 68 N m

(65 to 7 kgf m)

23

24
25
Sliding resistance of control|

rack (When stationary)
NV 150g or less

NV---Nominal Value
| RL-Repair Limit

@ ¢ NV 0.02 to 0.06 mm |
é\ 3 |RLO1 mm |
2 / :
15 16 8
14
8
11
12
10
2]
Assembly sequence
2 2625—24—23-22—-21-20

—19-18—-17>16—15—14—
13->12511>10->9—-8—-7—
6—>3->5—-2>4—>2—1




(a) Mount the pump housing 26 in

special,;tool(Universal' Vice). After

" the control rack 25 has been inser-

ted, thread the screw 24 into the
back of the pump housing.

Check to see if the control rack ligh-
tly operates.

(b) Insert the plunger barrel 23 into the
housing.

NOTE : 1. Align the notch of the
plunger barrel with the
dowel pin of the hou-
sing.

2. Do not lightly strike the
plunger barrel but secu-
rely push in by finger.

(¢) Place the pump housing on its side
and set the control rack so that the
punched marks of the control rack
will be positioned the same dimen-
sion away from the ends of the hou-
sing. After the pinion 16 and control
sleeve 15 have been combined, put
the pinion in mesh with the teeth
of the control rod.

NOTE : 1. Install the pinion and co-
ntrol sleeve so that the
joint of the pinion and

‘Positioning 23

= Punched mark

notch of the control sleeve will be faced toward you.

2. After each pinion has been installed, move the control rack to con.
firm that it can be moved the same amount to right and left




(d) Install the following parts.

14 Upper spring seat
13 Plunger spring

12 Lower spring seat
11 Plunger

Install the lower spring seat and plu-

nger together, using special tool

(Plunger Pincers).

NOTE : Install the plunger with the

stamped model number to-
Manufacture mark

ward you(the housing co- / inscribed

ver). i

S

Plunger number
inscribed

(e) Hold the tappet 9 and shim 10 in
special tool(Tappet Pincers) and in-

Tappet pincers

sert into the housing.

(f) Push the tappet inserted into the

housing up with special tool(Roller Tappet Pin \
Pincers) and insert special tool(Tap- A

y ]l
pet Pin) into the hole in the tappet. Q<= E_*“,




NOTE : When the camshaft is inser-
ted, face the inscribed line
on the end of the camshaft

toward the timer. ‘lﬁnbed

(g) Confirm the following items.
1) End play of camshaft (Refer to 11-1-1 (1) (g).)
2) Sliding resistance of control rack (Refer to 11-1-1 (1) {(e).)
Check after removal of the special tool(Tappet Pin).
(h) Install the following parts.

5 Qil seal
4 Cover

2 Screws
1 Cover

Install the screws, using

special tool(Wrench).

(i) Install the following parts.

Governor{ Refer to Para. 11-1-3.)

Feed pump
Automatic timer(Refer to Para. 11-1-6.)
Coupling

(j) After the reassembly has been completed, adjust the injection pump.



11-1-2 P Type Injection Pump

In servicing the injection pump, clean the work bench and arrange all disassembled parts
neatly by cylinders. Use special care not to change the combination of the plunger and plunger

barrel and that of the delivery.valve and delivery valve seat.
Disassemble and reassemble the major parts with utmost care.

For disassembly and reassembly, be sure to use the ZEXEL Injection Pump Special Tool
Set and avoid application of an undue force and rough operations.

Prior to disassembly, perform tests to fully grasp all defective points.



(1) Disassembly

8 of) }
Bum, wear, peeling E

1 Pipe joint bolt
2 Overflow valve
3 Bottom cover

4 Screw plug

5 Shim

6 Bearing cover

7 Oil seal

8 Center bearing
9 Camshaft

10 Roller bearing inner race
11 Tappet assembly

12 Lower spring seat
13 Plunger

14 Plunger spring

15 Upper spring seat
16 Control sleeve

17 Cover

18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
33
34

Nut

Plunger lock assembly
Deflector

Delivery valve holder

Stopper
Delivery valve spring

Delivery valve
Delivery valve seat
Plunger barrel

Distance ring
Flange sleeve

Screw bushing
Pin

Bushing
Control rod
Bushing

Pump housing




(a) Remove the feed pump.

(b) Install special tool(Fitting Plate) in
special tool(Universal Vice).

(c) Remove the pipe joint bolt 1 and
overflow valve 2 from the fuel inlet
of the injection pump. Utilizing the
threaded hole, install special tool
(Plate). |

(d) Install the injection pump in, special
tool (Universal Vice).

c(Fftting Plate




(e) Remove the screw plug 4, turn the
camshaft to place the tappet at the
top dead center position, and insert
special tool(Tappet Holder) into the
screw plug hole to space the tappet

away from the camshaft.
(f) Remove the coupling.
(g) Remove the automatic timer.

(Refer to Para. 11-1-7).

(h) Remove the governor.

(Refer to Para. 11-1-3 or 11-1-4).

(i) Remove the bearing cover 6, using
special tools(Bracket) and (Bearing
Cover Extractor).

NOTE : 1. When the bearing cover
IS removed, use care not
to lose the end play adju-
sting shims.

2. Check the oil seal 7 and
do not remove it unless

defective.

(j) Install special tool(Tappet Mounting
Device) to the pump housing.

Then operate the lever to push the
tappet up, remove the special tool
(Tappet Holder), and take out the
tappet assembly 11,




(k) Remove the special tool (Tappet
Mounting Device), install a wire in

~ the hole of the lower spring seat 12,
pull it together with the plunger until

the lower spﬁng seat can be remo-
ved, and remove only the lower sp-

 ring seat.

(1) Remove the plunger 13, using spe-

cial tool(Plunger Insert). Ty
: ~ Y i
' PR D
NOTE : Put the removed plungers ,-;e P
; . ’ 'Mb?\ N
orderly in a tray containing ' Plunger Insert ’f' >~ D
352
clean gas oil. I o 4@
ean g | & e
4 \ J
O .

(m) Remove the upper spring seat 15
and control sleeve 16. The control
sleeve can be e'asi!y removed by
use of special tool(Plunger Clamp

Device).

NOTE : The control sleeve cannot
be removed unless the ball

mounted on the flange of

the control sleeve and the

tappet guide groove in the
pump housing are in align-

ment.

(n) Mount special tool( Extractor) to the
delivery holder and remove the plu-
nger block assembly 19.




(o)

(p)

(a)

Disassemble the plunger block as-
sembly by the following procedure. -

a) Mount special tool(Fitting Plate)
in the vice.

Secure the plunger lock assembly
to the special tool(Fitting Plate) and
loosen the delivery valve holder with
special tool(Socket Wrench).

Remove the governor side screw
bushing 29 with special tool (Spe-
cial Wrench) and remove the pin
30 and bushing 31.

Then remove the control rod 32 and
bushing 33 from the timer side.

NOTE : 1. Arrange all removed pa-
rts orderly by cylinders.

2. Be sure not to change
the combination of the
paired plunger barrel and
plunger and that of deli-
very valve and delivery
valve seat.




(2) Inspection and Correction

Free length
NV 21.5 mm
SL 19.8 mm

Squareness
NV 0.7 mm or less
SL 1.0 mm

Air tighmgss check

Sliding condition check ]

r

Free length
NV 64.5 mm
| SL 62 mm
Squareness
! NV 1.0 mm or less Clearance betwe_entappet
.~ SL 1.5 mm and pump housing
SL 0.15 mm
Wear of plunger
contacting surface
SL 02 mm
Overall clearance
of roller portion
SL 0.2 mm

NV::-Nominal Value
SL---Service Limit

(a) Plunger and plunger barrel

After the plunger and plunger barrel
have been cleaned in gas oil, tilt the
plunger barrel approx. 60° and pull
the plunger half the way out and
release. If it falls smoothly under its
own weight, then the plunger and

plunger barrel are good.




(b) Delivery valve

Ater cleaning the valve and valve
seat portions of the delivery valve
in gas oil, check the worn condition.

Seal off the bottom of the valve seat
portion with a finger tip, press down

the piston portion with a finger and
release. If the piston portion boun-
ces back, the delivery valve is good.
If it does not bounce back, the deli-
very valve is badly worn. Replace
the delivery valve.

(c) Tappet

Hold a dial gauge to the roller por-
tion of tappet and check the overall
clearance by moving the roller por-
tion up and down. If the overall clea-
rance Is in excess of the service limit,
replace the tappet assembly.

Check the clearance between the ta-
ppet and pump housing. If the clea-
rance is in excess of th service limit,

replace parts.




(d) Lower spring seat_

Check the plunger contacting sur-

face of the lower spring seat. If it
is worn beyond the service limit, re-
place parts. |

(e) Plunger spring and delivery valve
spring
Measure the out of square(square-
ness) and free length of the springs.

If they are beyond the service limits,

replace parts.

(f) Replacement of taper roller bearing
Inner race

Remove inner race by use of special
tool(Inner Race Extractor).

To install, use press.

Quter race

Remove the bearing cover side outer
race by use of special tool(Outer
Race Extractor).

To install, install a new oil seal and
then install the outer race.

Plunger contacting surface

5

.Out of square

Free length

Y

Bearing cover
1 -~ Bearing outer race
i

Extractor




(3) Reassembly

110to 115N m
(11 to 12 kgf m)
(Tighten in three
stages.)

Replace O-ring

Apply grease

Replace gasket

Prestroke
adjusting shim

Replace O-ring
Direct side of smaller
dimension from end
surface to hole position
downward

Apply grease |
\
Replace O-ring
End play adjusting shim
Camshaft end play
NV 002 to 0.06 mm
RL 0.1 mm
@ Align guide groove with
dowel pin of flange sleeve
® Face inscribed line in
opposite direction
controf rod
© Install dowel pin in "NV---Nominal Value
opposite direction to RL---Repair Limit
control rod

(a) Mount the pump housing 34 in
special tool(Universal Vice).

Then install bushings 33 and 31,
control rod 32, pin 30 and screw
bushing 29 with special tool(Special
Wrench). Check to see that the con-
trol rod lightly operates.




(b) Install the O-ring on the upper side

(c)

of the plunger barrel, and insert the
lower side O-ring into the pump
housing with special tool (O-ring In-

NOTE : Make sure that the lower

side O-ring is not set on the
plunger barrel and slided

along the wall surface of

pump housing.

Using special tool{Socket Wrench),
~tighten the delivery valve holder to
the specified torque(tighten in three

NOTE : If the tightening torque is

smaller than the specified
torque, oil leakage or da-
mage to the related parts
could result.

If the tightening torque is
excessive, unsmooth plu-
nger movement or damage
to the related parts could re-
sult.

(d) Mount the plunger 13 to special tool

(Plunger Insert) and insert it into
the plunger barrel.

O-ring Insert

110 to 115N m
(11 to 12 kgf m)
(Tighten in three stages.)

Plunger insert




(e)

("

Mount special tool(Tappet Moun-
ting Device) to the pump housing.

Then install the tappet by operating
the Tappet Mounting Device.

At this time, compress the plunger
spring and insert the mitt portion
of the plunger into the guide groove
in the control sleeve, and insert spe-
cial tool(Tapppet Holder) into the
screw plug hole. The operation of
inserting the mitt portion of the plu-
nger into the guide groove of the
control sleeve can be easily perfor-
med by inserting the mitt portion,
while moving the control rod to right
and left.

insert the camshaft 9 from the timer

side.

When the camshaft is installed, face
the inscribed line of the end of the
camshaft toward the timer side.

(g) Install the governor housing. At this

time, perform the following opera-

tions.

Mount special tool(Measuring plate)
to the timer side taper portion of
the camshaft, and install and posi-
tion the governor side taper roller
bearing outer race in the ring so that

' Tappet Mounting Device

Inscribed line




~ the dimension from the end of the

(h)

pump ho‘using to the end of the
Measuring Plate will be 13.85+ 0.5
mm.

Installation of the taper roller bearing
outer race will produce a clearance
between the governor housing and

taper roller bearing outer race. Cha- |

nge shims to eliminate the cleara-

nce.
Shim thickness

0.6, 1.2, 1.5, 1.8, 2.0mm

Measure the camshaft end play.

Install special tool(Camshaft Mea-
suring Device) to the timer side of
the camshaft to measure the end

play.

If the camshaft end play is out of
the nominal value, adjust by cha-
nging shims between the bearing

~ cover and pump housing.

Shim thickness

0.10,0.12,0.14,0.16, 0.18, 0.30,
0.50mm

=

|




(i) Install a spring balance to the control
rod and check to see that the control
rod slides smoothly over the entire

stroke without exceeding the stan-
dard sliding resistance value.

Remove the special tool
(Tappet Pin) before checking.

(j) Install the following parts.

Governor(Refer to 11-1-3 or 11-1-4).

Feed pump
Automatic timer(Refer to 11-1-7).
Coupling
(k) After reassembly has been completed, adjust the injection pump.
11-1-3 RSV Type Governor

Make sure that the disassembly operations are carefully perfromed. Clean the work bench
and site beforehand. Prior to disassembly, record the governor performance and the turned-down
amounts of the adjustment points. During disassembly, put all parts neatly and orderly on the
work bench to facilitate fast reassembly and adjustments.

If drastic maladjustments or malfunctioning parts are detected, the causes of the problems
can be located by comparing the pre-and post-disassembly adjustment values.

Prior to disassembly of the RSV mechanical governor, thoroughly remove the dust and other
foreign substances from the external surfaces and remove the lubricant from the cam and governor
chambers of the injection pump. Be sure to use special tools for disassembly and avoid application
of undue forces and rough operations.



(1) Disassembly

Cracks, deterioration 15

Damaged or unevenly wom
18 contacting surface
17 Wom chrome plaing of

shifter portion
\“\R
29
12
1 Closing cover 13 Collar 25 Shim
2 Ungleich spring capsule 14 Shim 26 Spring cap.
-3 Idling subspring capsule 15 Governor spring 27 Return spring
4 Torque spring capsule 16 Tension lever 28 Bushing
5 Governor cover 17 Guide lever assembly 29 Sliding lever
6 Start spring 18 Sleeve 30 Bolt
7 Round nut 19 Floating lever link 31 Snap ring
8 Flyweight 20 Snap ring 32 Spring
9 Governor housing 21 Bushing 33 Torque contro! lever
10 Plug 22 Qi seal 34 Adapter
11 Tension lever shaft 23 Swivel lever

12 Control lever 24 Stop lever




(a) Removal of ungleich spring assem-

bly . Y &P

Socket .\.\" 1=
. : Wrench s &
Using special tool(Socket Wrench), . W .
loosen the nut tightening the ung- ’ | e S
leich spring assembly to the tension Vi “ //{
lever, and remove the ungleich sp- "= &

ring capsule.

(b) Removal of flyweight

P N} ! - e
L A | =-"_-§
(J Y e===2=
L]
3

Using special tool(Special Wrench), Special P ST oS

; ; Wrench A5 .r%‘ —
remove the round nut tightening the ] = L (P &/
flyweight. At this time, hold the drive ezl S
side to prevent it from turning. l‘“"’)

Thread special tool(Extractor) into
the flyweight. Extractor ,
After the bolt end has touched the ?g th;;ze pzum?)))
camshaft, lightly strike the bolt head

and turn down the bolt to remove

the flyweight.

NOTE : Do not attempt disassembly to remove the swivel lever except when replacement
of parts is necessary or when unsmooth operation is evident. In addition, disas-
sembly of parts for the stop device and torque spring mechanism of the governor
is not generally required.



(2) Inspection and Correction

Dimension from the end of the housing
to the shifter

NV 19402 mm
NV-:-Nominal Value
Replacement of sleeve or guide lever as-
sembly | |
(a) Remove the bearing from inside the Sleeve D
shifter, using a press. | 4 Shim
(b) Using a press, remove the shifter L 1GH gger €
of the guide lever assembly from the o

Chrome plated surface
bearing.




(¢) Install the bearing in the sleeve.

(d) Then install the shifter of the guide
lever assembly in the bearing.

(e) Check to ensure that the sleeve rota-
tes smoothly.

NOTE : 1. Do not replace the shim,
as it has a thickness de-

termined by adjustment
of Iltem (f).

2. During the removal and installation operations, use care not to damage the
chrome plated surface of the shifter.

(f) When the shim has to be replaced,
assemble all related parts correctly | Shim
and select the right shim thickness
to make sure that the dimension
from the end of the housing to the

shifter complies with the specified

value.
Shim thickness(4 types)

0.2, 0.3, 0.4, 1.0mm

NOTE : Measure the assembly di-

mension without lifting the
flyweights.



(3) Reassembly

Replace O-ring

22

iReplaoe gasket .
0—@) V-

U [Replace O-ing| 27 26 25 24

Assembly sequence
—34—30—+33—32—31—28—29—27—26

—25—24—-23—-21-20—14

S 19 718 111100087

—6—2>5—24->3-32->1

;v——l
To be temporarily
secured for adjustment

Reassemble the governor by reversing the above-mentioned disassembly procedures.

The full load stopper bolt, maximum speed stopper, idle subspring, ungleich spring, torque
spring and other adjusting points should be kept in temporarily set state during reassembly.

11-1-4 RFD Type Governor

Make sure that the disassembly operations are carefully performed. Clean the work bench
and site beforehand. Prior to disassembly, record the governor performance and the turned-down
amounts of the adjustment points. During disassembly, put all parts neatly and orderly on the
work bench to facilitate fast reassembly and adjustments.

If drastic maladjustments or malfunctioning parts are detected, the causes of the problems
can be located by comparing the pre-and post-disassembly adjustment values.



Prior to disassembly of the RFD mechanical governor, thoroughly remove the dust and other
foreign substances from the external surfaces and remove the lubricant from the cam and governor
chambers of the injection pump. Be sure to use special tools for disassembly and avoid application
of undue forces and rough operations.

(1) Disassembly

Cracks, deterioration
15

)

B

4 12 24 25 26
\T-Damaged contacting surface ?Enc;sge
: Ridge wear
L E ~—18
!

1 Governor cover 10 Thension lever shaft 19 Sliding lever

2 Lock nut 11 Guide lever assembly 20 Speed control lever
3 Idling spring assembly 12 Sleeve 21 Snap ring

4 Cap nut 13 Floating lever link 22 Bushing

5 Lock nut 14 Tension lever 23 Swivel lever

6 Damper spring 15 Governor spring 24 Round nut

7 Governor cover 16 Load control lever 25 Flyweight

8 Start spring 17 Bushing 26 Governor housing
9 Tension lever plug 18 Lever shaft




(a) Install special tool(Fitting Plate) in

= M,Fitting Plate

special tool(Universal Vice).
Universal Vice

(b) Remove the pipe joint bolt and over-
flow valve from the fuel inlet of the
injection pump. Utilizing the threa- -
ded hole, install special tool(Plate). Plate

’(k. —:- " 0 ‘9_‘ la] q

;ﬁ[f‘\l ?' *L—?-@? Yl

N

(¢) Install the injection pump in special
tool(Universal Vice).

(d) Remove the cover 1 and remove the

lock nut 2 with special tools(Socket
Wrench and Handle).

Furthermore, remove the idle spring
capsule 3.

NOTE : Check the speed setting le-
ver. If there is nothing
wrong, do not disassembile
it.




(e) Remove the flyweight by the follo-
wing procedure.

Using special tool(Special Wrench),
remove the round nut 24 of the fly-
weight.

Using special tool (Extractor), re-
move the flyweight 25.

Extractor

{for P type pump)
{for Ad type pump)

(f) Remove the governor housing 26 by
the following procedure.

Using special tool(Tappet Holder or
Tappet Pin), disconnect the tappet
from the camshaft.

Then remove the governor housing

tightening bolts, and remove the go- Tappet Holder <for P type pump)

) . - ) Tappet Pin {for AD type pump)
vernor housing, while striking with

a plastic hammer, etc.

NOTE : Do not remove the stop lever
assembly on the top of the
governor housing from the
governor housing.



(2) Inspection and Correction

(a) Replacement of sieeve or guide lever
assembly

To disassemble the shifter and
sleeve, remove the snap ring in the
sleeve, and the shifter and sleeve
can be separated.

Use a press to remove the shifter
and bushing.

NOTE : When the shifter and bu-
shing are installed, use care
not to damage the chrome
plated surface of the shifter.

Chrome Plated surface

(b) Assembly dimension of shifter

When the shifter and sleeve are as-
sembied, be sure not to change the
adjusting shim, as the assembly di-
mension of the shifter has been ad-
justed by the shim.

If readjustment is necessary, assem-

ble all related parts correctly and se-
lect the right shim thickness to make

sure that the dimension from the

housing end to the shifter complies 13 1o 334 mm

with the specified value.

Shim thickness(4 types)

0.2, 0.3, 0.4, 1.0mm

NOTE : Measure the assembly dimension with all flyweights lifted.



(3) Reassembly

| Replace O-ring

Beplaoe gasket

installing
direction

26

12 499 t0 58 N m
(5 to 6 kgf m)

‘k‘u?eptaoe O-fing | &

~

e
17
Assembly sequence
26—25—24—23—-22-21—->20
—-19—-18—->17—>16—>15—14
T 3o12011 471070
—8—-7—26—>5—>4—>3—>2—>1

(a) Install the governor housing 26. Af-
ter installation, remove the special
tool(Tappet Holder or Tappet Pin).

Tappet Holder {for P type pump)
Tappet Pin {for AD type pump)




(b) Install the flyweight 25 and tighten
the round nut 24 to the specified
torque with special tool(Special
Wrench) and torque wrench.

NOTE : Use care not to forget to in-
stall the bushings on both
sides of the guide lever as-

sembly.

11-1-5 Feed Pump

Replace gasket

Replace O-ring

Repiace gasket| 4o Wear, damage, rust
Cracks, rust,
damaged
threaded portion

1 Eye bolt(suction side : with gauze filter) 7 Plug

2 Eye bolt(delivery side) 8 Piston spring
3 Priming pump 9 Piston

4 Check valve plug 10 Snap ring

5 Check valve spring 11 Tappet

6 Check valve 12 Feed pump housing




11-1-6 SA Type Automatic Timer
in servicing the SA type automatic timer, use special tools.

(1) Disassembly

1 Round nut 6 Oil seal
- 2 Timer plug 7 Spring
3 Timer case 8 Shim
4 Qil seal ' 9 Flyweight
5 Flange 10 Holder

(a) Remove the coupling from the auto-
matic timer.

~ {(b) Mount special tool(Special Span-
ner) in the coupling mounting th-
reacied hole to prevent turning, and
remove the round nut 1.




(¢) While holding the automatic timer
with special tool(Special Spanner)
to prevent it from turning, remove
the automatic timer with special tool
(Extractor).

(d) Mount special tools(Base and Guide
Bolt) in the vice.

(e) Remove the timer plug 2 and place
the automatic timer on special tool
(Base).

NOTE : Line up the hole in the timer
plug with the pin of the

base.

Special Spanner
157916-5320

Extractor
157926-6210

Guide Bolt
157924-0200

Base
157924-0110




(f) Using special tool(Hand Spanner),
remove the timer case 3 by turning

clockwise.

Remove the oil seal 4 from the timer

case.

(2) Reassembly

Hand Spanner
157916-6120

Assembly sequence
6—5

1029877 | —2-1
4—3

(a) Mount special tools(Base and
Guide) in a vice.

Base
157924-0110

Guide Bolt
1579240200




(b) Install the oil seal 6in the flange.

(c)

1) Mount special tool(Block) to the
base.

2) Put the flange so that its pins will
fit in the holes in the block.

3) Apply NEJI LOCK to the oil seal
installing hole in the flange.

4) Put the oil seal in the hole in
the flange.
Install the oil seal by turning
down special tool(Thrust Bu-
shing) with special tool(Guide
Bushing) in between. |

Install the oil seal 4 In the timer

case.

1) Mount special tools(Block and
Guide) to the base.

2) Put the timer case on the guide.

3) Apply NEJI LOCK to the oil seal
installing hole in the timer case.

4) Put the oil seal in the hole in
the timer case. Install the oil seal
by turning down special tool(Th-
rust Bushing) with special tool
(Guide Bushing) in between.

(d) Place the holder 10 on special tool

(Base).

Thrust Bushing

157924-1200

Oil seal
Fange

Block s
157924-0800%
“{/
;&
Thrust Bushing
157924-1500
Guide Bushing :
157924-1300




(e) After placing special tool(Support)
on the flyweight, install the shim 8
and spring 7.

Thread special tool(Guide) onto the
guide bolt.

NOTE : Select the proper shim thic-
kness suitable for the adva-
nce angle of the automatic
timer.

(f) Put the flange 5 so that the pin of
the flange will touch one end of the

spring.

Mount special tool(Special Spanner)
to the coupling mounting hole of the
flange.

Furthermore, mount special tool(Th-
rust Bushing) with a bolt.

(g) After placing special tool(Oil Seal
Guide) on the flange, insert the ti-
mer case 3.

Support
157932-0100

Guide
157924-0400

Special Spanner
157916-6320 Thrust Bushing

157924-0500

Oil Seal guide
157914-0600




(h) After the oil seal guide has been re-

moved, turn down the timer case Hand Spanner
157916-6120

onto the holder with special tool
(Band Spanner), and punch it.

NOTE : Turn down the timer case
until the injection start ti-

ming lines inscribed on the

timer case and flange are

in alignment.

(i) Inject approx. 150g of automatic ti-
mer grease from the timer plug hole.

After grease has been injected, tigh-
ten the timer plug 2.

(j) After the automatic timer has been in-
stalled on the camshaft, fit special tool
(Special Spanner) into the coupling
mounting hole. While holding it to
prevent turning, tighten the round nut
1 to the specified torque.




11-1-7 SP Type Automatic Timer

In servicing the SP type automatic timer, use special tools.

(1) Disassembly

1 Cap screw
2 Round nut
3 Cover

4 Oil seal

5 Washer

6 Roller

7 Bushing

8 Flange

9 Retainer

10 Timer spring
11 Spring seat
12 Shim

13 Flyweight

14 Timer housing

(a) Remove the coupling from the timer.

(b) Remove the cap screw 1 of the ti-
mer. While using special tool(Box
Spanner), remove the round nut 2
with special tool(Box Wrench).




(c) Mount special tool(Special Spanner)
by taking advantage of the coupling
mounting thread. While holding it
to prevent turning, remove the timer
from the injectioh pump, using spe-
cial tool(Extractor).

(d) Mount special tool(Base) in a vice.

(e) Fix the timer to special tool(Base).

(f) Mount special tool(Special Spanner)
to the flange. With the timer spring
compressed, remove the washer 5,
roller 6 and bushing 7.

Special Spanner




(2) Reassembly

After reassembly, . .
Roller side QCO\,Q; side | supply 250 cc of engine oil

130to 147 N m
(13 10 15 kgf m)

Reassembly sequence
14—>13—>12—>1110—>—9
—8—>7—6 2554321

(a) Mount special tool(Base) in a vice
and secure the timer housing 14 to
the base.




(b) Mount special tool(Special Span-
ner) to the flange. With the timer
spring compressed, install the follo-
wing parts.

7 Bushing
6 Roller
5 Washer

NOTE : When the washer is instal-
led, direct it as shown.

(c) Install the key to the injection pump
camshaft and install the automatic
timer. While using special tool (Spe-
cial Spanner) to prevent turning, ti-
ghten the round nut to the specified
torque.

(d) Remove the plug at the rear end of
the timer and supply 250 cc of
engine oil.

special spanner

_Cover side

Roller side

130 50 147 N'm
(13 to 15 kgt m)




11-1-8 Test and Adjustment

(1) AD Type Injection Pump

Injection start interval |
NV 60° + 30’ [\

Sliding resistance of control |
rack (when stationary)
NV 150 g or less

Total stroke of control rack
NV 21 mm or more

NV 4.5+0.05 mm

Tappet clearance
NV 0.3 mm or more

NV---Nominal Value

NOTE : Supply oil to the injection pump cam chamber.

(a) Setting position O of control rack

Mount special tool(Measuring De-
vice) to the injection pump.

Temporarily set the speed control le-
ver so that with the injection pump
at 500 to 600 rpm, the governor
will provide high speed control.

Increase the speed further to have the control rack pulled, and simultaneously push
the control rack all the way in.

Regard this position of the control rack as “O” and set the scale “O” of the measuring
device to this position.

NOTE : If the position O is set by operating the load control lever without rotating the
injection pump, there is the possibility that the link mechanism and other parts
of the governor will be damaged. Do not set the position O by operating the
load control lever. |




(b) Checking stroke of control rack

(c)

Move the control rack to confirm

that the total stroke is over the spe-

cified value.

In addition, check to see that the

start spring and idling spring smoo-

thly move the control rack in the

maximum injection direction.

Adjusting prestroke

1)

2)

3)

4)

Pull the control rack out to the

total injection position and se-

cure it there.

Place the plunger of the No. 1
cylinder in the bottom dead cen-
ter position and mount special
tool(Measuring Device). Set the
contactor on the tappet.

Couple the injection pump and

tester nozzle.

Send a high pressure fuel into
the injection pump to let the fuel
flow out from the overflow pipe
of the nozzle holder.

NOTE : The pressure of the fuel
forced into the injection
pump must be higher
than the delivery valve
opening pressure.

Pressure feed stroke




5) Slowly turn the camshaft until

6)

7)

the fuel ceases to flow from the
overflow pipe of the nozzle hol-
der (until static injection begins).

NOTE : Make measurement by
turning the camshaft
clockwise.

Read the prestroke from the bot-
tom dead center to the point
where the fuel ceases to flow
(static injection begins), using
a dial gauge.

If the prestroke is out of specifi-
cation, adjust by shims. (Refer

to (d).]

After adjustment of the prest-
roke, check to see that, at the
static injection beginning, the in-
scribed lines of the pointer and
timer are in alignment.

If they are out of alignment, res-
tamp a line on the automatic ti-

mer.

Static injection beginning

Prestroke

B~

2 EBEEDII )  inscribed line
Inscribed line of pointer 0} timer

S 06 o\

/f =




(d) Adjustment of injection start inter-
val

1) Couple tester nozzles to all the
cylinders of the injection pump
as in the case of adjustment of
the prestroke.

2) Force fuel into the injection
pump to let the fuel flow out

from the tester nozzle.

3) On the basis of the static injec-
tion beginning of the No. 1 cyli-
nder, measure the interval when
the fuel ceases to flow out acco-
rding to the injection sequence,
using an angle scale.

NOTE : Injection sequence

1-5-3-6-2-4

4) If the prestroke and injection
start interval are out of specifica-
tion, insert a special tool(Holder)
between the tappet and lower
seat and then adjust by changing
the shim thickness.

Shim thickness

29 Kinds from 0.20 to 1.60mm,
0.05mm apart




(e) Adjustment of tappet clearance

1) Place the tappet in the top dead Control sleeve

center position.

2) Raise the tappet with a screwd- o)
im
river, etc. until the driving face

of the plunger touches the bot-

tom end of the plunger barrel.

3) Measure the stroke of the tappet
from the top dead center to the
point where the plunger barrel
Is touched.

4) If the tappet clearance is less than the nominal value, adjust within the extent permit-
ted by the injection start interval. |

If correction within the permitted extent is impossible, set the prestroke of the No.
1 cylinder to the maximum of the set value and readjust.

(f) Adjustment of fuel injection amount

To check whether the injection
amount is up to specification at the
specified rack position and speed,
measure with a measuring cylinder.

If the injection amount is out of spe-

cification. adjust by the following
procedures.

1) Loosen the screw of the pinion.

2) While blocking movement of the
control rack, turn the contrl
sleeve with an adjusting rod.

3) Tighten the screw of the pinion.



NOTE : 1. A maladjusted injection amount will produce marked effects on engine
performance. Make sure the injection amount is carefully adjusted.

2. The injection amount varies on different nozzles and pipes. Make sure
that the measuring conditions are observed.

3. Injection amount uneven ratio

Maximum injection amount Average injection amount
in each cylinder — of each cylinder

Une tio(+)= ——— : X100(¢
Ve it/ Average injection amount of each cylinder (%)
Maximum injection amount Average injection amount
: in each cylinder — of each cylinder
Uneven ratio( —)= E v X100(%)

Average injection amount of each cylinder

(g) Final adjustment of injection amount
Adjustment of load control lever

With the load control lever fixed at
the full load position, operate the in-
jection pump at the specified
speed.

Finely adjust the stopper bolt of the
load control lever so that the injec-

tion amount at the time will be up
to specification.




(2) P Type Injection Pump

Adjustment of injection

Setting position of controt rod

Checking stroke of control rod
NV 21 mm or more

start interval
NV 60° + 30’
Adjustment of prestroke =
NV 48 mm = &) =
— < = ap
) a,
NV--Nominal Value . /
\ S
N . -

NOTE : 1. Supply oil to the injection pump cam chamber.

2. Adjust the injection amount after adjustment of the governor.

(a) Mount two special tools(Fixing Sta-
nds) to an injection pump tester.

Secure the injection pump firmly to
the special tools.

NOTE : To make sure that the coup-
ling and injection pump ro-
tate smoothly, align the cen-
ters of the coupling and in-
jection pump accurately.




(b) Setting position “Q” of control rod

Remove the smoke set assembly,
mount special tool(Measuring De-
vice) there instead, and couple it

with the control rod. Set the speed
control lever so that the control will
begin when the injection pump rea-
ches a speed of 500 to 600 rpm.
In this condition, increase the pump

speed to have the contro! rod pulled J

back. At the same time, push the
control rod all the way in until it be-
comes stationary. This position is
the position “0O” of the control rod.
Adjust the point “O” of the scale.

NOTE : 1. If the position “O” of the control rod is set by operating the load control
lever, there is danger of damage to the link mechanism and other parts
of the governor. |
Do not set the position “O” by operating the load control lever.

2. When the position “O” is set, remove the damper spring beforehand.

(c) Checking stroke of control rod

Move the control rod to confirm that
the total stroke is more then the
specified value.

Check to see that the control rod
is moved smoothly in the maximum
injection amount direction by the

start spring and idling spring.




(d) Adjustment of prestroke

1)

2)

3)

4)

5)

6)

Remove the governor side No.
1 cylinder delivery valve holder,
spring, delivery valve and gas-
ket.

Mount special tool(Measuring
Device) to the flange sleeve.

Turn the flywheel of the pump
tester to detect the bottom dead
center of the plunger with a dial

gauge.

With the control rod set in the
full position, force a high pres-
sure fuel into the injection pump
to let the fuel flow out from the
overfilow pipe.

Slowly turn the flywheel of the
pump tester clockwise until the
fuel ceases to flow out from the
overflow pipe(until static injec-

tion begins).

Measure the prestroke of the
plunger from the bottom dead
center to the point where the
fuel ceases to flow out(static in-
jection beginning).

Measuring Device




7) If the prestroke is out of specifi-
cation, adjust by changing the
shim thickness between the fla-
nge sleeve and pump housing.

Shims(8 types) t=0.15, 0.4,
0.5, 0.6, 0.7, 0.8, 0.9, 1.5mm

If the prestroke is smaller, inc-
rease the thickness. If the prest-

roke is larger, reduce the thick-

ness.

NOTE : To install the plunger block, apply grease to each O-ring. After inserting
the O-ring in the lower part of the plunger barrel into the pump housing
in advance, apply grease to the skirt portion of the plunger barrel and then
install the plunger barrel.

8) After adjustment of the prest-
roke, check to see that the insc-
ribed line of the timer and that

of the pointer are in alignment.

|
| . . ©) |
If they are out of alignment, ins- /}\\ ’
s : 2 G < ' Inscribed line of timer
cribe another line on the timer. & b}.be‘d lineeoF Geirksr—
When the automatic timer was —t=Ftd !

replaced with a new one, pro-

ceed in the same way.

(e) Adjustment of injection start interval

1) Set the static injection beginning
position of the No. 1 cylinder on
the pump tester scale plate.

2) Force a high pressure fuel into
the injection pump to let the fuel

" Pressure feed stroke




flow out from the overflow pipe
of the tester nozzle.

NQOTE : The pressure of the fuel

forced into the injection

pump must be higher

than the delivery valve
opening pressure.

3) Slowly turn the flywheel of the
pump tester clockwise until the
fuel ceases to flow out from the
tester nozzle.

Read the rotation angles (injec-
tion start intervals) where the
fuel ceases to flow, according to
the injection sequence.

4) If the injection start interval is

: Static injection beginning
out of the standard angle, adjust

by the same procedures as for

prestroke adjustment.

NOTE : Injection sequence
1-6-3-6-2-4
(f) Adjustment of fuel injection amount

At the specified rack position and speed, measure the injection amount and uneven
ratio with a measuring cylinder to check whether they are up to specification.

If the injection amount is out of specification, adjust by the following procedures.



1) Loosen the two nuts tightening
the flange sleeve.

2) Turn the flange sleeve by lightly

striking.

3) Tighten the nuts to the specified
torque to secure the flange
sleeve. (39 to 44 N m (4 to
4.5kgf m)]

iy

Y mnl\l\““

Perform the operations repeate-

dly.

NOTE : 1. A maladjusted injection amount will produce considerable effects on

Uneven ratio(+)=

Uneven ratio( —)=

(g) Final adjustment of injection amount
Adjustment of load control lever

Place the load control lever in the
full load position and operate the
pump at the specified speed.

Finely adjust the stopper bolt of the
load control lever so that the injec-

tion amount will be up to specifica-

tion.

engine performance. Make sure that the injection amount is carefully adju-

sted.

sure that the measuring conditions are observed.

. Injection amount uneven ratio

Maximum injection amount Average injection amount
in each cylinder — of each cylinder

Average injection amount of each cylinder

Maximum injection amount Average injection amount
in each cylinder ~ of each cylinder

Average injection amount of each cylinder

. Since the injection amount varies on different nozzles and pipes, make

X100(%)

X 100(%)




(3) RSV Type Governor

-

Adijustment of speed
variation rate @
,:!

=%

Adjustment of torque :

spring Y-~ Adjustment of maximum

Adjustment of idling speed stopper
sub spring
Adjustment of ungleich TU¥
device

Adjustment of stopper boft

W

¥’ @  Adjustment of intermediate
speed control

NOTE : 1. Supply engine oil to the injection pump cam chamber.

2. Keep the stopper bolt of the adjusting lever loosened.
3. Remove the idling sub spring.

4. Do not let the ungleich spring and torque spring work.

Adjust the relation between pump speed and

L L
rack position to the specified governor perfor- ] .
i pe gov e gdru%\%#
mance diagram and perform adjustments In Nel f
Nb
the following sequence.
Na| =

The governor performance diagram varies on
different specifications.

N
Ni——— E
Ng| 7

Pump spped (rpm) ___

ReRhRi Rg Rc Ra
Rack position (mm) —




(a) Setting position “0O” of control rack |
(Refer to 11-1-8(1) (a).]

(b) Adjustment of intermediate speed
control

This adjustment is aimed at deter-
mining the control rack position,
point C(maximum injection amount)
when the injection pump is at full

load.

Operate the injection pump at Nc

speed, press down the adjusting le-

ver so that the governor spring in
the governor will be given conside-
rable tension, and temporarily secure

the lever in the position.

Then adjust the full load stopper so

that the control rack will be -positio-

ned at Rc. |

Clockwise rotation of the full load stopper, as viewed from the rear of the governor,
will move, the rack in the direction fuel is increased.

Counter-clockwise rotation will move the rack in the direction fuel is decreased.

(c) Adjustment of ungleich device

Fix the adjusting lever at the maxi-

mum speed stopper position. Adjust / Tension lever

the adapter screw so that when the Adapler Screw

speed is changed from Na to Nb,
the rack position will move from Ra

to Rc. Lock nut

The stroke of the rack position from M
Ra to Rc is called the ungieich st-
roke.




Tightening the adapter screw will in-
crease the ungleich stroke.

Loosening it will reduce the ungleich
stroke.

Adjust with special tool(Special
Wrench) so that the rack will be
positioned at Ra when the speed is
Na.

(d) Adjustment of low speed control
1) Adjustment of stopper bolt

Operate the pump at Ni speed,
press down the adjusting lever
and adjust with the stopper bolt
so that the control rack will be
positioned at Ri.

2) Adjustment of idling sub sp-
ring

Adjust the idling sub spring so
that the rack will be positioned
at Rh with the pump at Nh
speed.

Reduce the speed and check to
see that the rack is positioned
at Rg when the speed is Ng.

(e) Adjustment of high speed control

1) Adjustment of high speed cont-
rol start point

Press down the adjusting lever

and determine the maximum co-
ntrol speed of the governor.

Special Wrench




Slowly increase the pump speed
from Nc and press down the ad-
justing lever and adjust the ma-
ximum speed stopper so that
when the speed reaches Nd, the
control rack will begin to retreat
from the position Rc.

2) Adjustment of speed variation
rate

Increase the pump speed from
Nd and check to see that when
the speed reaches Ne, the rack
position is pulled back to Re.

If it is out of specification, adjust
the amount the adjusting screw

of the swivel lever is turned

down.

Tightening the screw will imp-
rove the speed variation rate.

Loosening it will worsen the
speed variation rate.

Speed variation rate= %ﬁq X 100(%)

NOTE : 1. if the vanation rate is

poor, the engine will Govemnor spring

exceed the specified
maximum speed at
no load and will enter i N i
a hazardous condi-

tion. Adjusting screw




2. The maximum extent to which the adjusting screw can be loosened

is 20 notches (5rotations) from the fully tightened position.
Loosening it any further can be dangerous.

3. If the adjusting screw is adjusted, the tension of the governor spring
will change and the high speed control start point will change. Make
sure that the high speed control start point of ltem 1) is readjusted.

(f) Checking operation of stop lever

Check to see that when the stop le-
ver is pulled all the way toward the
stop side with the injection pump
at full load, the rack is positioned at
0O mm.

(g) Adjustment of torque spring

Press down and fix the control lever

at the maximum stopper bolt posi-
tion, slowly increase the pump
speed from Na, and set the troque
spring so that the rack position will

pass through the points B and C.

Pump speed (rom) —

(h) Adjustment for adaptation to engine

After the governor adjustment has been completed, measure and adjust the total injection
amount at the same lever angle as at the time of high speed control according to

the adjustment standards.



(4) RFD Type Governor

control start point

j t of hi h Setting position O of control rod
el Checking stroke of control rod
NV 21 mm or more

]_Adjustment of damper spn'hg] '

\\

Adjustment of idling |

7
(O

Ao 'z

Adjustment of of idling spring
7

‘ Load control lever angle

position

Adjustment of fly weight lift

.

NV-:Nominal Value

NOTE : 1. Remove the damper spring.
2. Remove the idling spring.
3. Keep the stopper bolt of the speed control lever loosened.
4. Keep the stopper bolt of the load control lever loosened.

5. Supply engine oil to the injection pump cam chamber.




Adjust the relation between pump speed
and rod position to the specified gover-
nor performance diagram and perfrom
adjustments in the following sequence.

The governor performance diagram va-
ries on different specifications.

(a) Setting position “O” of control rod
(Refer to 11-1-8 (2) (b).]

(b) Checking stroke of control rod

(Refer to 11-1-8 (2) (c).)

(c) AdjuStment of flyweight lift

Divide the total lift of flyweight bet-
ween a lift necessary for high speed
control and that necessary for idling
control.

1) Temporarily set the speed cont-
rol lever so that high speed cont-
rol will be performed with the
pump at 500 to 600 rpm.

2) Keep the load control lever in the
full load direction.

3) Slowly increase the pump speed
and adjust the stroke adjusting
bolt so that the puli-back stroke
(L) from the control start point
C to the end point A will be up
to specification.

Nb

Pump speed (rpm)
&g &

e
a

| Damper spring
begins to work

R3 R2 R4 R5R1

Rod position (mm)

A
‘K——.
’ 500 .
oy @ C
£ 600]
E
:
Q
E
oo 1
o

Rod position (mm) =




(d) Adjustment of high speed control
1) Adjustment of full load position

Adjust the pump speed to 500
to 600 rpm.

Temporarily adjust the load con-
trol lever with the full load stop-
per bolt so that the control rod

will positioned at Ra.

NOTE : The correct position R; is determined on the basis of the injection
amount.

2) Adjustment of high speed cont-
rol start point

Fix the load control lever at the
full load position.

Slowly increase the pump speed =
and adjust the stopper bolt of i
the speed control lever so that
when the pump speed reaches

Na, the control rod will retreat
from the position Rs.

3) Checking speed variation rate

Slowly increase the pump speed
until the control rod is pulled

back to the position R,.

Check to ensure that when the
rod reaches the position R, the

pump speed is Nb.

R2 R1

Increase the pump speed further

and check to ensure that the co-

ntrol rod pull-back stroke L is
up to specification.



NOTE : If the speed variation rate is poor, the engine will exceed the specified maxi-
mum speed at no load and will enter a hazardous condition.

4) Adjustment of stopper bolt

With the load control lever fixed
at the full load position, turn
down the stopper bolt of the
speed control lever.

NOTE : Adjustment of the stop-
per bolt should be per-
formed after adjustment
of the high speed cont-
rol start point and chec-

king the speed variation

rate.

(e) Adjustment of idling

Adjust the pump speed to 800 to
1000rpm. In this condition, adjust
the stopper bolt of the load control
lever so that the control rod will be
positioned atR, With the load control
iever fixed in this condition, lower
the pump speed to Nc.

Adjust the idling spring so that when
the pump speed 1s Nc, the control
rod will be positioned atR,.

Check to see that the control rod
is positioned atR,.when the pump
speed is Nd and at R,. when the

pump speed is Ne.




(f) Adjustment of damper spring

Operate the pump so that the control
rod will be positioned at R;.

In this condition, tighten the damper
spring until it touches the back sur-
face of the control rod.

(g) Adjustment for adaptation to engine

After the governor adjustment has been completed, measure and adjust the total injection
amount at the same lever angle as at the time of high speed control according to
the adjustment standards.

(5) Feed Pump

The feed pump tests are as follows :

Test Item Standard Value Remarks
Air tightness test O cc/minute  |When 196 kPa (2kgf/m?) air pressure
IS applied

Pump 100rpm
KE type 350cc/15secs |Test condition

Delivery rate Fuel pipe 810X28X2000mm
test Cam lift KE type*:---6mm(D6AU)
K type 530cc/15secs K type:-- 4mm(D6AZ)

(Double cams)
No. of times feed pump is operated

until it pumps up fuel by operating

25 times or priming pump at 60 to 100 strokes/min.
less. (Pumping-up lift 1m)

Test condition

Pumping-up test

Same as for delivery rate test




(6) SA Type Automatic Timer

(7)

Adjust the relation between pump speed and advance angle to match the specified automatic

timer performance diagram.

The automatic timer performance diagram varies on different specifications.

Adjustment of Automatic Timer Advance
Characteristics

Adjustment of the advance characteris-
tics should be performed by adding or
removing adjusting shims or replacing
the spring.

Increase the shim thickness to reduce
the advance angle.

Shim thickness(5 types)
0.1, 0.2, 0.5, 1.0, 1.5mm

SP Type Automatic Timer

Adjust the relation between pump speed and advance angle to match the specified automatic

timer performance diagram.

The automatic timer performance diagram varies on different specifications.

Adjustment of Automatic Timer Advance
Characteristics

Adjustment of the advance characteris-
tics is performed by adding or removing
adjusting shims or replacing the spring.

Increase the shim thickness to reduce
the advance angle.

Shim thickness(6 types)

0.2, 04, 0.5, 0.6, 0.7, 1.0mm

Advance angle
adjusting shim




11-2 INJECTION NOZZLE

11-2-1 1-spring Nozzle

(1) Disassembly

o
2
E g/i 3 Cracks, deterioration

Cap nut

Adjusting screw
Spring 6 Wear, deposited carbon

Push rod ‘ lr\5

Retaining nut

Nozzlel
Needle valve

0 N ORWN =

Nozzle holder

(2) Cleaning

) Nozzle Cleaning Tool
After the nozzle has been cleaned in a

cleaning solvent, remove the deposited
carbon by the following procedures,

using special tool(Nozzle Cleaning Tool).

NOTE : Make sure the combination of

the nozzle and needle valve is
not changed.




(a) Remove the needle valve from the
nozzle and clean the needle valve
with a needle valve cleaning wood

piece.

(b) Pass a cleaning needle through the

injection orifice of the nozzle, while
turning the needle, to remove car-
bon.
First pass a cleaning needle 0.32
mm in diameter through the orifice
and then pass a finishing needle O.
35mm in diameter.

(¢) To remove burnt and hardened car-
bon, use FUSO Carbon Remover.

(3) Inspection

Clean and immerse the needle valve in
gas oil, slide the needle valve, and check
to see that it moves smoothly.

Then pull the needle valve approximately
1/3 vertically and check to see that the
needle valve falls down under its own

weight.

If it does not fall, replace the nozzle.



(4) Reassembly 391049 N m

(4 to 5 kgf m)
NOTE : Be sure not to touch the sliding

surface of the needle valve by
hand.

Replace gasket

5 59t0 78 Nm
(6 to 8 kgf m)

(5) Test and Adjustment
(a) Injection pressure

1) Remove the cap nut and mount

the nozzle to a nozzle tester. Lever operating speed

Once in 0.5 sec.

Injection pressure

NV 216 to 225 MPa
(220 to 230 kgf/enf)

2) Loosen the adjusting screw. In
that condition, let the nozzle in-
ject two or three times to bleed NV---Nominal Value

the air.

3) Operate the lever of the nozzle
tester at the specified speed. Ad-

just the injection pressure to the
standard value with the adjusting

SCrew.

NOTE : Be sure not to touch the atomized fuel injected from the nozzle.



4) After the injection pressure has
been adjusted, tighten the cap
nut to the specified torque. At

this time, insert a screwdriver
through the hole in the cap nut
to hold the adjusting screw in
position and prevernt it from ro-
tating together.

5) After the cap nut has been tightened, recheck whether the injection pressure is
correct.

(b) Spray condition

When the injection pressure is adjusted by a nozzle tester, check for clogged injection
orifices, spray condition, fuel ieaks from the injection orifices, etc. at the same time.
If defective, replace the nozzle.

(1) Good (2 Good 3) Poor 4 Poor (5 Poor (6 Poor

|
<

—

- S

Good spray Poor spray
1. Evenly sprayed from four injection orifi- 3. Asymmetrical sprays
ces

4. Branches intermediately produced

2. Even and symmetrical sprays
5. Thin sprays

6. lrregular sprays




(¢) Ol tightness test

Mount a nozzle adjusted to start In- Test pressure

—1 196 to 206 MPa )

+0.98 (200 to 210 kgf/em)

jection at 21.6 0 MPa
(220 +1OO kgf/cmz) to a nozzie

tester and slowly increase the pres-

sure to the test pressure. Keep the condition and check for fuel leaks from the
bottom of the nozzle. If there are no fuel leaks, the nozzle is good.



11-3 FUEL FILTER

Replace gasket

> Cracks, damaged
thread

Before installation,apply a

thin coat of engine oil

to gasket

1 Element

2 Fuel filter head \ Y

NOTE : 1. When removing the element,
check for the gasket left behind
on the head side.

2. To mount, apply a thin coat of
engine oil to the gasket, and fully
tighten by hand.

(Hand pressure equivalent to tigh-
tening torque of 12 to 20 N m
or 1.2 to 2.0 kgf m).

3. After installation, start the engine
and check for fuel leaks.

To remove the element, use spe-
cial tool(Filter Wrench)




11-4 WATER SEPARATOR

8 -

{Repalce gasket L<%

Lo

1 Dramn plug

2 Ring nut

3 Case

4 Baffle plate

5 W ater level ring
6 Screen assembly
7 Cover

8 Connector bolt
g Joint

7910 98 Nm
{08 to 1.0 kgf m)

291049 Nm
(0.3 to 05 kgf m)

Replace O-ring

Replace O-ring

If the red float in the translucent case rises
to the level of the red line marked on the
outer circumference of the case, immediately
loosen the drain plug to discharge water.

ft is not necessary to completely remove
the drain plug, as water is discharged grad-

ually through the groove of the looaened
plug.
NOTE: After draining, tighten firmly the dr-

ain plug before bleeding the fuel

system.

Red line
Float

Drain plug




12-1 STARTER

(1) Disassembly

Roughened commutator surface,
seizure, ridge wear,
wom damaged gear

13 Rotaing 4 6 3
|  condition

9
19 2 23 24 7 8 10 11 12
Wom and Mounted condition ePosited brush powder,

uneven wear, movement
damaged gear % Iball and field of brush . holder

1 Magnet switch 10 Brush holder 18 Gear shaft

2 Cover set 11 Brush spring 19 Front bracket

3 Through bolt 12 Brush(-) 20 Lever

4 Armature 13 Center bracket 21 Ring

5 Bearing 14 Packing 22 Pinion stopper

6 Bearing 15 Holder 23 Overrunning clutch
7 Yoke assembly 16 Spacer 24 Gear bracket

8 Brush(+) 17 Screw 25 Bearing

9 Rear bracket

NOTE : 1. Do not remove the bearings located on each end of the armature unless defective.

2. To prevent misassembly, carefully confirm the assembly sequence and directions
beforehand.



(1) Hold a pipe-like tool on the pinion stop- .
per and strike it with a hammer until the
pinion stopper is loosened from the ring.
A
. . g
NOTE : If the pinion stopper cannot be
removed, grind away the burr of
the ring groove in the gear shaft.
(2) If the bearing 25 of the gear shaft is Press dowrlwﬂh a press
defective, put a pin or bolt in each of Intemal gear ¢ 1 Pin or boit
the four holes(6mm in diameter) in the E
internal gear and press down the bearing i = ) e —
out of position with a press. Q"
]
o] |
Bearing




(2) Inspection

i'
i
|

Coil open circuit test
Fused contacts
|.oose contact

Short circuit test Commutator outside
Coil earth test diameter
Open circuit test NV 38.7mm

SL 37.7mm

Commutator outside Depth of groove between
circumference runout segments

NV 0 to 0.03mm NV 0.7 to 0.9mm

SL 0.1mm SL 0.3mm

i

\ o 1/ [Coileathtest | ; | Brushlength

\ h Reation tesJ fI Open circuit test | | l NV 17mm |

\ / SL 1itmm |
Inside diameter Outside diameter 1 ' Spring pressure |
BD 17mm BD 17mm | NV 25 to 34N !
NV 17 to 1704mm|. NV 1693 to 16.95mm |* (255 to 345 kgf)!
SL 17.1mm SL 169mm j‘[ SL 18N(1.8 kgf)

BD --- Basic Diameter
NV --- Nominal Value
Sl. - Service Limit




(a) Armature

1)

2)

3)

Coil short circuit test

Place the armature on a growler

tester.

Hold a piece of iron in parallel
with the armature and slowly
turn the armature by hand.

If the iron piece is attracted or
vibrates, it means that there is
a short circuit. Replace the arma-

ture.

Coil earth test

Check to ensure that there is no
continuity between the commu-
tator and core.

If there is a continuity, it means
that the coil is earthed. Replace
the armature.

Inspection of commutator

a) Measure the runout of the
commutator with a dial

gauge.

If the runout is in excess of
the repair limit, correct, while
making sure that the service
limit of the outside diameter

is not exceeded.

If the commutator surface is

" rough or shows ridge wear,
correct with sandpaper
(No. 300 to 500).




b) Measure the outside diame-
ter of the commutator. If the
outside diameter is less than
the service limit, replace the
armature.

¢) Measure the depth of groove
between segments. If the de-
pth is less than the repair li-
mit, correct.

(b) Field coil
1) Coil open circuit test

Check to ensure that there is co-
ntinuity between the terminal
lead and brush{+).

if there is no continuity, it means
that there is an open circuit. Re-
place the yoke assembly.

2) Coil earth test

Check to ensure that there is no
continuity between the yoke and
brush(+).

If there is a continuity, the coil
is earthed. Check for poor insu-
lation. If correction is impossible,
replace the yoke assembly.




(c) Brush and brush holder

1)

Z)

3)

Wear of brush

Measure the length of brush. If
the length is less than the ser-
vice limit, replace the brush.

{f the brush is unevenly worn

or has a rough contacting sur-
face, correct with sandpaper(No.
300 to 500).

Brush spring pressure

Measure the installed load of
brush spring. Using a new
brush; read the load at the mo-
ment the spring leaves the
brush.

If the spring pressure is less
than the service limit, replace the

spring.

Brush holder insulation test

Check to ensure that there is no
continuity between the (+) side
brush holder and( —) side holder
plate.

If there is a continuity, replace
the brush holder.




(d) Overrunning clutch

Check to ensure that the pinion rota-
tes smoothly when turned in the
drive direction(clockwise) and locks
when turned in the opposite direc-
tion(counterclockwise).

If the pinion does not rotate prope-

rly, replace the overrunning clutch.

(e) Measure the outside diameter of
gear shaft and the inside diameter
of sleeve bearing in the front brac-
ket.

If the readings are the service limits,

replace.

(f) Magnet switch

Perform the following continuity te-
sts. If defective, replace the magnet

switch.

1) Coil open circuit test
Check to see that there is conti-
nuity between S and M terminals
(resistance value 10 or less)
and between the S terminals and

earth(resistance value 20 or

less).

2) Melted contact check

R a———

& i

Pinion stopper \

B terminal

S tefminal ‘
' M terminal

Check to see that there is no continuity between B and M terminals.

3) Loose contact check

Check to see that there is a little voltage drop across the contacts.

If there is a large voltage drop, the contacts are defective.



(3) Reassembly

Recommended grease |Grease to be{ Grease to be!

|applied | applied F

MULTEMP PS No. 2
)

Recommended ail
DIAMOND L3923

Grease to be applied!
to splines

Grease to be applied
| Ol to be applied

!Greasetobepacked 6

! '. \ —
\ b1 \ 43 Pinion gap |
7 513181725\ 23 NV 0.1 to 20mm
Grease to be applied 10| | Grease to be applied to

Gear shaft thrust gap S chkch
NV 0.1 fo 0.5mm

NV -** Nominal Value

frﬁssembly sequence
18—+25—+24-+23-+22-+21-20~19~+17-+ 16> 15~

14—13
7—+8~>
| 5-.3-»4——-'

I 12=+11->10—+9-+3-+2-1

NOTE : 1. When the lever is installed, pay attention to its installing direction.
2. The yoke assembly and center bracket have a positioning notch and projection.
3. The armature thrust gap is a no-adjustment type.

(a) Install the following parts on the gear shaft 18.

25 Bearing

24 Gear bracket

23 Overrunning clutch
22 Pinion stopper

21 Ring

For installation of the pinion stopper

and ring, install the pinion stopper,

secure the ring in the ring groove




(b)

of the gear shaft, and then secure
both by drawing the overrunning
clutch tightly against them.

Choose adjusting washers to make
sure that the thrust gap of the gear
shaft falls within the nominal value,
and install the packing 14, bearings
5 and 6 put together as an assem-
bly, armature 4 and center bracket
13.

To measure the thrust gap, tempo-
ranly assemble the center bracket
and determine the gap on the basis
of a difference in the dimension A.
Thickness of adjusting washers

0.2mm and 1.0mm

NOTE : If the thrust gap is measu-
red with the packing instal-
led, an accurate reading ca-
nnot be taken because of
the elasticity of the packing.

Install the cover set 2 and magnet
switch 1.

Measure the pinion gap and add or
remove washers on the magnet swi-
tch assembly mounting surface SO
that the gap will conform to the no-

minal value.

To measure the pinion gap, make
connections as shown in illustration
at right.

Close the switches K; and K.. If the

Center bracket
Gear shaft
assembly

Dimension A -1

Thrust gap
adjusting washer

Sta\ner:yper

~———} — “4}—0"0




pinion comes out rotating, open the
switch K> to stop rotation of the pi-

nion.

In this condition, lightly push the pi-
nion toward the armature, and the
amount the pinion is moved in the
axial direction is the pinion gap.

NOTE : 1. Do not close the switch
K, for more than 30 se-

conds. If the switch is

closed for a longer pe-
riod, heat damage to the

coil and lead could result.

2. The pinion is pushed by a spring in the direction that it moves out. Even
if it is pushed back by hand, the pinion will return when released.

(4) Test
No-load Voltage 23V
character- |Current 110A or less .
istics Rotating 3100rpm [ Switch K

speed or more o
Bound Voltage 8V — ~
character- | Current 1400A or less folioey 4 T Voltmeter
istics Torque 98N(10kgf) ' +

or more

Magnet switch 16V or less
operating voltage




Large current flows but
rotating speed is low.
(No torque)

(1) Sleeve bearing and ball bearing short of oil or
contaminated

(2) Armature and yoke pole portion rubbing

(3) Armature coil and yoke field coil earthed

(4) Armature coil short-circuited

Large current flows but no

rotation occurs.

(1) Magnet switch earthed
(2) Armature coil and yoke field coil earthed
(3) Sleeve bearing and ball bearing seized

No current flows and no

rotation occurs.

(1) Open circuit in armature coil and yoke field coil

(2) Open circuit in brush

(3) Commutator contaminated or in loose contact due
to high mica, etc.

Small current flows and
rotating speed is low.

Contacting portions of yoke field coil in loose contact

Large current flows and
rotating speed is high.

Short circuit in yoke field coil

NOTE : 1. Use as thick wires as possible for wiring and tighten all terminals firmly.

2. Since the starter has a built-in reduction gear, it produces high rotating sound

at no load.

3. If the starter is operated for a long period, the battery will run down and the
rotating speed will fall. Operate the starter for 10 to 15 seconds and stop it
for 10 to 15 seconds, and thereafter repeat this sequence.



12-2 STARTER RELAY

(1) Check for continuity between the “SW”
and “L” terminals and check to ensure
that the coll resistance is up to specifica-

tion.

(2) Check to ensure that when the battery
voltage(24V) is applied across the
“SW” and “L” terminals, there is conti-
nuity between the “B” and “S” terminals.

Coil resistance _
NV 104 (24V, 20C)




12-3 ALTERNATOR

12-3-1 Alternator Handling Precautions

tion

(1)

(2)

(3)

When servicing the alternator, pay atten-
to the following.

If the polarity of the battery is reversed
when connections are made, large cur-
rent will flow from the battery to the alte-
rnator, causing damage to the diode and
the IC regulator.

Do not disconnect the battery terminal
connections while the engine is running.
Otherwise, a sure voltage will be genera-
ted, causing deterioration of the diode
and the regulator.

Do not use a high voltage tester such
as megger to test the alternator as it
could cause damage to the diode and
the regulator.




(4) When a steam cleaner i1s used, take care
to prevent direct exposure of the alterna-
tor to the steam.

(5) Operation of the alternator with the ter-
minals shorted will result in damage to
the diodes.

(6) When the battery is to be quick-charged
with a quick charger, be sure to discon-
nect the battery terminal connections be-
forehand. Otherwise, the diode and the
regulator would be damaged.




12-3-2 40A Alternator

(1) Disassembly

T >-s“§
Brush sliding 2 .
condition ‘\ﬁ&,

Bearing rotating

Slip ring contamination.
damage, seizure, shaft
oil seal contact surface wear

1 Cover 5 Pulley 9 Rear bracket
2 Regulator assembly 6 Fan 10 Stator

3 Through boit 7 Spacer 11 Rectifier

4 Front bracket 8 Rotor

NOTE : 1. If disassembly is continued without removing the regulator assembly, the brush
will be damaged when removing the rotor.

2. Do not remove the oil seal unless it is defective.

(a) Remove the through bolt 3 and se-
parate the assembly into the front
bracket and the rear bracket as illus-
trated.




(b) Unsolder the stator coil leads and
remove the stator 10 from the rear
bracket 9.

NOTE : When unsoldering, operate
the soldering iron quickly
(within 5 seconds or so).

(2) Inspection

Brush length
NV 23mm
SL 8mm

NV --- Nominal Value . Brush spring pressure| ?
SL --- Service Limit i NV 3.7N(380 gf)
SL 2N(200 gf)

, Earth test
E

| Slip ring O.D. | Field coil resistance
NV 41mm NV 100
| SL 404mm

Short test

Open test

Open circuit test
Earth test

(a) Stator

1) Check that there is continuity
between stator leads.

If not, replace the stator as leads
are broken.

2) Check that there is no continuity
hetween the stator leads and

core.

If there is continuity, replace the

stator as it is earthed.




(b) Rotor

1)

2)

3)

Check that there is no continuity
between the slip ring and the
core. If there is continuity, rep-
lace the rotor.

Measure the resistance between
the slip rings. Replace the rotor
if the resistance is not as speci-
fied.

If the slip ring has rough surface
or unevenly worn surface, cor-
rect with sandpaper or lathe.

Do not correct beyond the ser-
vice limit of the slip ring O.D.

(¢c) Brush

1

Replace the brush if it is worn
beyond the wear limit.

Brush length when new

Length limit

H

Wear limit line




(d)

2) When a brush has been repla-
ced, push in the new brush and
measure the brush spiing pres-
sure.

If the spring pressure is lower
than the service limit, replace the
brush spring.

3) Replacement of brush and brush
spring.

The brush and brush spring can
be removed by unsoldering the

pigtail.

Diode

For each diode, check the resistance
between the diode leads and the
heat sink.

Check the resistance in two man-

ners, namely connecting the positive
(+) tester lead to the diode or con-
necting the negative(—) lead to the
diode.

The diode is open if the resistance
is infinite in both cases.

The diode is shorted if the resistance
is nearly O in both cases.

Brush
Brush spring \

Pigtail

Replace the rectifier if the diode is open or shorted.

As for the diode trio, check resistance between diode trio leads.




(3) Reassembly

NOTE : 1. When inserting the shaft through the oil seal, apply vinyl tape around the spiined
section of the shaft to prevent the oii seal lip from being damaged by the splined
section.

2. When inserting the oil seal into the rear bracket, work uniformly on the outer
circumference of the oil seal to prevent local shock or heavy shock.



(4) Test

(a) Performance test(on test bench)

Characteristics under load

Model 40A
Terminal 27V Ammeter
voltage i ®—_
When 26A B) Sw‘rtch-&l SWitCh'Kzl
Cur- |cold or more
rent | When 22A Alternator q> Voltmeter
hot or more © Baﬂefyl
Character- | Rotating 1500rpm
istics speed = e —I— / —
when Terminal 27V PO -
loaded voltage (variable resistance)
When 37A
Cur- |cold or more
rent | When 33A
hot or more
Rotating 2500rpm
speed

With the load resistance set at maximum(almost no load current flowing), close switches
K: and K2. While increasing the alternator speed gradually, decrease the load resistance
and measure the specified terminal voltage and the current value at specified speed.

If the measurement reading is less than the specified level, check each section of the
alternator.



(b) Performance test(as mounfed to
engine)

1) Provide a switch between the
battery and the alternator “B” te-
rminal. With the switch turned
off, connect an ammeter(60A
class) and a voltmeter.

2) Turn on the switch to check that
the voltmeter indicates the bat-
tery voltage.

3) Start up the engine and imme-
diately turn on ail lamp switches.
Then, increase the engine speed
and read the maximum current
value as soon as the aiternator
speed reaches 5000rpm.

4) If the current reading is 70% or more of the nominal output, the alternator may

be safely regarded as good.

NOTE : The on-vehicle inspection is a simple way of inspection and the test bench

+ ¢~ — Ammeter

A
\_/
4
Alternator Voltmeter

Switch

LT

Battery

t—iF -

inspection Is necessary for more accurate results.

(c)

IC regulator regulated voltage

Measured between
terminals L and E
at 5000rpm, load
B5A or less’

28 to 29V

Use a fully charged battery. Close
the switch and gradually increase
the alternator speed to 5000rpm.
Check that the current value at this
speed is DA or less. The regulator
is good if the regulated voltage un-

IC regulator regulated voltage inspection(on test bench)

+ m_— Ammeter
Z/

@ | .
(L

Alternator

E)

+ Switch
(\D Voltmeter
Battery

-+

I




der this condition is as specified.

If not, replace the regulator assembly

as the regulated voltage is not read-

justable.

(d) IC regulator regulated voltage inspection(as mounted to engine)

1)

2)

3)

4)

5)

Connect a voltmeter and an am-
meter and provide a switch.

The regulator is normal if the vo-

Itmeter reads O when the switch

l

N

-

is closed. If the voltmeter pointer
deflects, the alternator or wiring
is defective.

o

GATT

——

With the ammeter terminal sho-
rted to prevent flow of the starter

current through it, start up the

engine.

Increase the engine speed to approximately 2000rpm and read the regulator voltage
value if the charge current is BA or less.

if the charge current is BA or more, continue charging for some time or replace
with a fully charged battery. It is also acceptable to connect a 1/4 resistor(25W)
in series to the battery to limit the charge current.

it is good if the regulator voltage is as specified.

if not, replace the regulator assembly as the regulator voltage is not readjustable.




12-4 AIR HEATER

Standard Limits

Starter switch

M| G

'S

1&)

HEAT

O

ON

G
START | O+
o,

O

OFF

Indicator

. 12.20
resistance
Heater rela

. ¥ 10.40
resistance
Air heater

. 0.23 to 0.27Q
resistance
Time required
for indicator 40 to 60 sec.

to be red hot

The heater relay is provided with a fuse
of the air heater circuit. Check the fuse and
replace if burned out, after determining the

cause of the burn-out.

For replacement, be sure to use a fuse
of the amperage(91A) marked on the burned

out fuse.

Air Heater

AR

A

Heater
relay

ir
Heater —=
indicator
0 or—ii
Battery




13-1 INJECTION PUMP DRIVE
13-1-1 Disassembly

Cracks, wear

Replace O-ring
1 Sensor plate 6 Shaft
2 Injection pump gear 7 Bearing
3 Collar - 8 Bearing
4 Bearing holder 9 Crankcase

5 Oil seal




(1) Remove the following parts.

1 Sensor plate
2 Injection pump gear
3 Collar

(2) Remove the bearing holder 4
TOTE : 1. When that bearing holder is

removed, take care not to da-

mage the oil seal 5.

2. Do not remove the oil seal
from the bearing holder un-
less it is defective.

(3) Remove the shaft 6 from the crankcase 9.

NOTE : Do not remove the bearings 7 and 8 from the crankcase unless they are defective.



13-1-2 Inspection and Correction

Shaft end play
NV 0.02 to 0.55mm

SL 1.0mm

Clearance

D 42

NV 0.03 to 0.07mm
SL 0.1mm




13-1-3 Reassembly

Instail with "O" mark
aligned with "U"” mark NV-.-Nominal Vaive

0/\ SL---Service Limit

K Direct this

surface
toward

gear
Align guide plate notch

Y
®\ Align pawl with guide

with gear "O" mark
plate notch

Replace O-ring m{j

4 U ( B 215Nm
22Kgfm
5 U /( gfm)
, - i
u T
et
|
Apply engine oil :
to the iips }
8 [
T < \ Replace lock
‘ washer
Bend lock washer
14 to 18Nm

(o))
w

(1.4 to 1.8Kgim) 7

Assembling sequence
9+8-+7+6—+5+4-+3-2-1




13-2 AUTOMATIC STOP SYSTEM

13-2-1 Inspection
(1) Stop Solenoid (Energize to RUN Type)

Energize the stop solenoid and check to see that the stop lever comes to the RUN position.
Using an ammeter, check to see that when the solenoid is held, only the holding coil is

energized.
Operating volitage
24V or less [at 27 mm stroke
and 39 N (4 kgf) load]
Current
Pull-in coil 31A or less
2d" Holding coil 1A or less
Run

Stop solenoid |

Before attraction After attraction

P,C . P.C
LI g i |
H,C H,C ;




(2) Over heat warning unit

The over heat warning unit won’t operate if the temperature-sensing portion is not in contact
with coolant. If the coolant level is low or if there is only steam, the over heat warning
unit won't operate completely.

Immerse the temperature-sensing portion in water, heat the water, and check the over heat
warning unit operating temperature with a mercury THERMOMETER

Operating temperature
105+ 2°C

Difference between
ON and OFF : 7°C

e
S

"\ Overheat
warning unit T~ M16x1.5

- (3) Oil Pressure Switch

Connect the pipes as shown above, close the cocks A and B, and start the engine. After
the oil pressure has risen, fully open the cock A to lead the oil pressure to the oil pressure
switch. Then close the cock A to shut off the oil passage to the engine and hold the oil
reservoir.

Slowly open the cock B to lower the oil pressure and check the oil pressure switch operating
oil pressure with the test oil pressure gauge.

Operating pressure

| 0.5Kgf/Cm?
. Oil pressur Oil pressure gauge g
gauge for test for engine
Oil ',: S ) |
" ) o -?___‘,
reservoir . :
| v Crankcase
oy p~+i- Cock A &5 oil Pressure
e e OB o SR :
L b i} NG st __..___l..__i take-out port
oil :: |
pressure Y Cock B

switch




	D6A SHOP MANUAL
	FOREWORD
	COMPILATION OF THIS MANUAL
	GENERAL
	GENERAL DESCRIPTION
	Engine Section Views
	Engine Number, Nameplate

	SPECIFICATION
	Principal Specifications
	Specifications of Each Device

	CONSTRUCTION AND OPERATION
	Engine Proper
	Inlet and Exhaust
	Lubrication
	Cooling
	Fuel
	Electrical
	Other Equipment


	SERVICE STANDARDS
	ENGINE ADJUSTMENT STANDARDS
	SERVICE STANDARDS
	Engine Proper
	Inlet and Exhaust
	Lubrication
	Cooling 
	Fuel
	Electrical

	TIGHTENING TORQUE TABLE
	Tightening Torque of Major Bolts and Nuts
	Tightening Torque of General Bolts and Nuts

	SEALANT, OIL AND GREASE

	SPECIAL TOOLS
	DETERMINING TIME TO OVERHAUL
	DETERMING TIME TO OVERHAUL
	Measurement of Compressor Pressure
	Engine Oil Consumption
	Low Oil Pressure

	TROUBLESHOOTING
	Engine


	ENGINE ADJUSTMENT AND BREAK-IN OPERATION
	ENGINE ADJUSTMENT
	Inspection and Adjustment of Valve Clearance
	Bleeding Fuel System
	Inspection and Adjustment of Fuel Injection Start Timing
	Inspection and Adjustment of No-load Minimum and Maximum Speeds
	Inspection and Adjustment of V-belt Tension

	BREK-IN OPERATION
	Starting of Engine
	Inspection during Engine Operation
	Break-in Operation
	Inspection and Adjustment after Break-in Operation


	REMOVAL AND INSTALLATION OF AUXILIARIES
	PREPARATIONS
	Preliminary Inspection of Engine
	Cleaning of Engine

	REMOVAL AND INSTALLATION
	Electrical
	Inlet and Exhaust
	Fuel
	Injection pump Drive
	Cooling
	Lubrication


	ENGINE PROPER
	REASSEMBLY
	Crankcase and Main Moving Parts
	Flywheel, Timing Gear and Camshaft
	Cylinder Head and Valve Mechanism

	INSPECTON AND CORRECTION
	Valve Mechanism
	Cylinder Head, Valve and Valve Seat Insert
	Flywheel
	Timing Gear
	Camshaft
	Crankcase and Cylinder Liner
	Piston and Piston Ring
	Connecting Rod
	Crankshaft and Main Bearing

	DISASSEMBLY
	Cylinder Head and Valve Mechanism
	Flywheel, Timing Gear and Camshaft
	Crankcase and Main Moving Parts


	INLET AND EXHAUST
	INLET MANIFOLD
	AIR CLEANER
	Disassembly and Reassembly
	Inspection and Cleaning
	Inspection of Dust Indicator

	EXHAUST MANIFOLD
	TURBOCHARGER
	Disassembly
	Cleaning and Inspection
	Reassembly


	LUBRICATION
	OIL PUMP
	Disassembly and Inspection
	Reassembly

	OIL FILTER
	OIL COOLER
	Cleaning
	Air Pressure Test

	REGULATOR VALVE
	CHECK VALVE

	COOLING
	WATER PUMP
	Disassembly and Inspection
	Reassembly

	THERMOSTAT
	Inspection of Themostat

	FAN DRIVE AND TENSION PULLEY
	Disassembly and Inspection
	Reassembly


	FUEL
	INJECTION PUMP-GENERAL
	AD Type Injection Pump
	P Type Injection Pump
	RSV Type Governor
	RFD Type Governor
	Feed Pump
	SA Type Automatic Timer
	SP Type Automatic Timer
	Test and Adjustment

	INJECTION NOZZLE
	Spring Nozzle

	FUEL FILTER
	WATER SEPARATOR

	ELECTRICAL
	STARTER
	STARTER RELAY
	ALTERNATOR
	Alternator Handing Precautions
	40A Alternator

	AIR HEATER

	OTHER EQUIPMENT
	INJECTION PUMP DRIVE
	Disassembly
	Inspection and Correction
	Reassembly

	AUTOMATIC STOP SYSTEM
	Inspection






