FOREWORD

This Shop Manual is published for the information and guid-ance of personnel responsible for maintenance of HYUNDAI
D4A, D4D series diesel engine, and includes procedures for adjustment and maintenance services.

We earnestly look forward to seeing that this manual is made full use of in order to perform correct service with no
wastage.

For more details, please consult your nearest authorized HYUNDAI dealer or distributor.

Kindly note that the specifications and maintenance service figures are subject to change without prior notice in line with
improvement which will be effected from time to time in the future.

January.2005



1. How This Manual Is Compiled

® This manual is compiled by classifying various systems into certain groups.

@ Each group contains specifications;troubleshooting; maintenance service standards; tightening torque; lubricant
fluid and sealant; special tools; and service procedure.

® Page enumeration is independent by every group where first page is always 1.

G:::p Group denomination Contents
General specifications, engine No. and name plate, precautions
t eree for maintenance operations, table of standard tightening torques
2 Engine proper Engine body
3 Lubrication Lubrications system
4 Cooling Cooling system
5 Engine electrical Starter, alternator, preheating, engine start system
6 Intake and exhaust Intake and exhaust system, air cleaner, turbocharger
7 _Fuel system Fuel system




2. Terms and Units
The terms and units in this manual are defined as follows.

e Front and rear
The terms “front” is the fan side and “rear” the flywheels side of the engine.

@ Left and right
The terms “right” and “left” shall be used to indicate the side as viewed from the flywheel side of the engine.

® Terms of service standards
(1) Standard value
Standard value dimensions in designs indicating : the design dimensions of individual parts, the standard
clearance between two parts when assembled, and the standard value for an assembly part, as the case may be.
(2) Limit _
When the value of a part exceeds this, it is no longer serviceable in respect of performance and strength and must
be replaced or repaired.

® Tightening torque
Appropriate tightening torque has particular importance in respect of performance. Accordingly, tightening torque is
specified in locations that are to be tightened.
Where there is no specificed figure for tightening torque, follow the table covering standard tightening torques.
When the item is to be tightened in a “wet” state, wet is indicated. Where there is no indication, read it as dry, and
tighten at specified torque.



3. READING THE ILLUSTRATION

(Ex. 1 : Disassembly and Inspection)

* Protrusion from
crankcase top surface
NV 0.01 to 0.50

Breakage, damage

3 Carbon deposits, scratches
on outer surfaces, cracks,
discoloration

Indicates the
service standards.

9 Cracks, oil hole clogging

+ Connecting rod end play
NV 0.15t00.45
L 06

Indicates visual checks

+ indicates inspection to
be made before disassembly
2

Damage on outer and inner
surfaces, corrosion, flaking

Damage on outer and inner
surfaces, corrosion, flaking

Numbers assigned indicate a typical disassembly sequence.

« ’
1 Connecting rod cap ®) Oil ring

2 Connecting rod bearing 7 Snapring
3 Piston 8 Pistonring
@ 1st compression ring 9 Connecting rod

® 2nd compression ring

“ Indicates that the disassembly

procedure is explained in the text.




(Ex. 2 : Reassembly)

Gives instruction for jobs to
be done at reassembly

Piston projection
Apply engine oil NV 0.43 to 0.69<4DA>

3
\ Indicates a typical

4 assembly sequence.
\ - "
5 —
— . ﬂ

7 \ <Assembly sequence>
17—0—®

8 14—
@—0—-® 1

9 ’E 3 @@ 7O —@—2

17 L
- Indicates that the assembly
o & - procedure is explained in the text.

pe= (b, {ITITL
- . ]
e / \ \ 100N m
(10.5 kgf m) g
14 15 16 13 2 1 10 (wet) 11 Face oil groove to crankshaft
End play
NV 0.10t0 0.25
L 04
Specifices the tightening torque; e
(wet) means the part must be tightened in wet state. ;
Indicates the service

standards.

lllustrations(exploded views and assembly drawings) show a typical service précedures if it is identical among various
types of available systems and units.



1. GENERAL SPECIFICATIONS

® Units

Tightening torques and other parameters are given is SI * units whith metric units added in brackets { }.

* Sl : Le Systeme International d’Unites
Example : 390 N.m {40 kEf.m}
Metric unit

S| unit
Unit S| unit {metric unit} Conversion factor
Force N {kgf} 9.80665 N {1 kgf}
Moment of force N - m {kgf - m} 9.80665 N - m {1 kgf - m}
Positive pressure kPa {kgf/cm?} 98.0665 kPa {1 kgf/cm?}
Pressure kPa {mmHg} 0.133322 kPa {1 mmHg}
Vacuum pressure
Pa {mmHg} 9.80665 Pa {1 mmHg}
Volume dm?{L} 1dm? {1 L}
Power kW {PS} 0.7355 kW {1 PS}
Heat quantity J {kcal} 4186.8 J {1 kcal}
Heat flow W {kcal/h} 1.16279 W {1 kcal/h}
Angle & -
Temperature T —
Electric current A -
Voltage \" -
Resistance Q B
Electric power w -

Unit Sl unit Foot-pound unit Conversion factor
Force N(Newton) Ibf 1 N =0.2248 Ibf
Moment of force N-m Ibf.ft 1N - m=0.7375 Ibf.ft
Pressure kPa(kilopascal) Ibt/in.2 1 kPa =0.145 [bffin
1 kPa=0.2953 in. Hg
L gal. 1L =0.2642 gal. (U.S.)
1L =0.220 gal. (imp.)
Volume cm’ 0z 1 cm®=0.033814 oz (U.S)
1 cm?® = 0.035195 oz (Imp.)
cm? cu.in. 1 cm® = 0.061023 cu.in.
Power kW(kilowatt) HP 1kW =134 HP
Temparature L & °F te = (1.8tC+32)°F
Mass quantity of | kg o] 1 kg = 2.2046 Ib
matter g oz 1 g=0.035274 oz
Dimension ft. 1 m = 3.2808 ft.
mm in. 1 mm = 0.03937 in.
Stress N/cm? Ibf/in.? 1 N/ecm? = 1.45 Ibf/in.?




The serial number for engine is assigned to the respective engine in manufacturing sequence : every engine has its
own number. This number is required for incidental inspection of the engine. Please do not fail to mention this number
to the dealers when ordering spare parts.

2. Engine Number —]

The engine number is punch-marked on the shown location.

D4DA-W000001

3. Name Plate and Caution Plate

1 : Name plate or caution plate

1. ENGINE MODEL

2. TOTAL displacement D 4]) A_ C
3. Rated output
4. Engine speed - @& HYUNDAI
- TOTAL CYLINDER VOLUMF  3907(cc)
ENGINE OUTPUT 100/2400 (ps/rpm)
VALVE CLEARANCE (GOLD)
INLET 0.4 mm EXHAUST 0.4 mm
FIRING ORDER 1-3-4-2
FUEL INJECTION TIMING 7°BTDC




4. PRECAVTIONS FOR MAINTENANCE OPERATION

In order to determine the condition of the engine adequately, attend the engine beforehand to find and keep record of

the accumulated mileage. operating condition, what the customer’s demand is, and other information that may be

necessary. Prepare the steps to be taken and perform efficient and wasteless maintenance procedure.

® Determine where the fault exists and check for the cause to see '
whether removal or disassembly of the part is necessary.
Then follow the procedure specified by this manual.

® Perform maintenance work at a level area.

® Prepare general and special tools necessary for the
maintenance work.
NOTE:
Do not attempt to use tools other than special tools
where use of special tools is specified in this manual.
This will avoid injury or damage.

® When removing or installing the engine, attach the lifting
wire rope hooks to the engine’s lifting eyes and hoist the
engine slowly such that it does not touch other components.
NOTE:
Check that the wire rope and crane are sufficiently strong.

® Be particularly careful not to work in shoes that have oily
soles and are slippery. When working as a team of two or
more, arrange signals in advance and keep confirming
safety. Be careful not to accidentally bump switches or
levers.

® Check for oil leakage before cleaning the area having the
fault other-wise you might miss detecting the leakage.

® Prepare replacement part(s) beforehand.

@ Replace oil seals, packing, O-rings and other rubber parts ;
gaskets and split pins with new parts whenever any of them
has been removed.

Use only genuine HYUNDAI replacement parts.




@ On disassembly, visually inspect all parts for wear and tear,
cracks, damage, deformation, degradation, rust, corrosion,
smoothness in rotation, fatigue, clogging and any other
possible defect.

® Put alignment marks on part combinations before

disassembly and arrange the disassembled parts neatly.

This will help avoid mismating of the parts later. Put the

alignment marks, punch marks, etc. Where performance

and apperarance will not be affected. Cover the area left

open after removal of parts to keep it free from dust.

NOTE:

1) Take care to avoid mixing up numerous parts, similar
parts, left and right, etc.

2) Keep new parts for replacement and original
(removed) parts separate.

® Apply the specified oil or grease to U-packings, oil seals,
dust seals and bearings during assembly.
NOTE:
Use only the specified oil, grease, ect. for lubricant.
Remove the excess immediately after application with a
piece of rag.

® Wear goggles when using a grinder or welder. Pay full
attention to safety by wearing gloves when necessary.
Whtch out for sharp edges, ect. that might injure your hands
or fingers.

e Before carrying out maintenance work on the electric
system, disconnect the negative terminals of the batteries.




® Take care when handling sensors, relays, etc. which are
vulnerable to shock and heat.

® Pull the connector, and not the harness lead, to separate
connectors.
To separate a lock-type connector, first push toward arrow
mark. To re-connect a lock-type connector, press the
spearated parts until they click together.

e When washing the Engine, cover the electric system parts
and instruments with waterproof material beforehand(Cover
with vinyl sheet or the like). Keep water away from harness
wire connectors and sénsors.

If any of them should get wet, wipe them off immediately.

® To apply voltage for testing, check that the positive and
negative cables are connected properly, then increase
voltage gradually from O volt. Do not apply voltage higher
than the specified value.
In particular, pay close attention to the electronic control unit
and sensors, since they are not always supplied with 24V,

® When using testers or the like for continuity tests, be careful
not to allow test probes to touch the wrong terminals.




e Measurement Procedures Using Connectors
Test with connectors engaged(continuity through circuit
obtained)

<Waterproof connector>

Prepare a test harness and connectors A, then connect if
between the two parts of harness B that is to be tested. Check
the circuit by touching test probe C to the test connector.

Never insert the test probe from the harness side of the
waterproof connection, or waterproof performance might be
diminished causing corrosion of the connector.

<Non-waterproof connector>

Insert test probe C from the harness side of the connector.
Where control units, etc. have connectors that are too small to
accept the test probe, do not force the test probe into them.

Test with connectors disengaged

Using female pins

insert a test probe into a terminal. However, do not force the
probe into the terminal, or it will cause a poor contact.

Using male pins

Touch the pins directly using test probes.

NOTE:
Be sure that you do not short circuit the connector pins
when you use the test probe because this could
damage the internal circuit of the electronic control
unit.

Connect the test harness
and connector A between
these parts




e Connector Inspecion Procedures
Visual inspection
Check for loose connection and poor engagement.

Check if harnesses are broken by pulling gently around the
terminals.

Check for a decrease in contact pressure between the male
and female terminals.

Check for poor contact caused by connector pins having fallen
out. rusted terminals or foreign particles.

Connector pin fall out inspection

Damaged connector pin stoppers can cause poor engagement
of the terminals(male and female pins) even if the connector
body is secured, and might cause some pins to fall out. Check
if the pins have fallen out from the connector by pulling each
harness gently. '




e Inspection Procedures for Blown Fuses

Remove fuse B and measure resistance between the loaded
side of the fuse and ground.

Turn on all circuit switches(connected to the fuse).

If the resistance value reading is approximately 0, a short has
occurred between the switch and the loaded point. A value of
other than zero may indicate that the fuse was blown by a
temporary short but the short is no longer present.

The major causes of a short circuit are as follows :
® Hamess stuck onto the vehicle body.

® Hamess sheath damaged by friction or heat.

® Water in connectors or circuits.

® Mistakes (accidental short circuits)

A : Battery D : Load
B : Fuse E : Short circuit
C : Loaded switch

e Precautions for Handling Alternator

When servicing the alternator, pay attention to the following :

@ Do not connect the atemator with battery polarties reversed.
If the alternator is connected with reversed polarities, a large
current flow from the battery to the alternator occurs, and the
diode or regulator might be damaged.

@ While the engine is running, do not remove the battery
terminals, if the battery terminals are removed at that time, a
surge voltage is generated and the diode or regulator might be
weakened.

@ Do not use a high-voltage tester such as a megger for
inspection. If a high-voltage tester is used, the diode or regulator
might be destroyed.

i—o




® Do not splash water over the aiternator.
If water is directly splashed over the alternator, individual
components will be short-circuited and might be destroyed.

® Do not short-circuit terminal B and terminal L while running the
alternator.
If the terminals are short-circuited while the altemator is running,
the diode trio might be destroyed.

@ Disconnect the battery terminals before quick-charging the
battery.
Quick-charging without disconnecting the battery terminals
might damage the diode or regulator.




5. TABLE OF STANDARD TIGHTENING TORQUES

® Use specified bolts and nuts and tighten them at specified torques according to the following table, unless otherwise

specified.

@ Threads and contact seats shall by dry.
® Where there is a difference in strength classification between the nut and bolt(or stud bolt), the torque specified for the bolt

shall apply.

Hex-head Bolt and Stud Bolt

Unit:N - m {kgf - m}

Strength
classification 4T (A
re-
Diameter ‘ O 'i ‘ @ '-'
symbol N (Stud) At N (Stud) N (Stud)
i 2103 B 4106 ~ 5to 7 B
{0.210 0.3} {0.4 10 0.6) {0.5 10 0.7}
" 4106 B 710 11 B 8to 12 B
6 {0.4 t0 0.6} {0.7 t0 1.1} {0.8t0 1.2}
— 9to 14 B 17 10 26 B 20 10 29 ~
{0.9 0 1.4) {1.7 to0 2.6} {2.0 10 3.0}
i 1910 28 18 10 26 36 10 52 3310 49 45 10 60 4110 59
0 {1.9t0 2.8} {1.8102.7) {3.510 5.5} {3.310 5.0) {4.5t0 6.0} {4.3 10 6.0}
35 t0 50 3110 46 70 t0 95 65 to 85 8510 110 75 to 100
M12 {3.4 10 5.0} {(3.1104.7) {7.0 to 9.5} {6.5 t0 8.5} {8.5t0 11} {7.5t0 10}
- 60 10 85 5510 75 120 to 160 110 to 140 130 to 180 120 to 160
M {6.0 t0 8.5} {5.510 7.5} {12 to 16} {11to 14} {13 t0 18} {1210 17}
i 90 to 130 90 to 120 180 to 240 160 to 220 200 to 270 190 to 260
16 {9.5t0 13} {9.0t0 12} {18 t0 24} {16 t0 22} {20 to 27) {19 to 26}
. 140 to 190 120 to 160 260 to 340 220 o 290 280 to 390 260 o 340
M18 {1410 19} {12 to 16} {26 to 35} {22 to 30} {30 to 40} {26 10 35)
190 to 260 170 to 230 350 to 470 320 to 420 410 to 550 370 to 490
M20 {19 to 26} {17 to0 23} {36 to 48} (32 to 43} {41 to 56) {37 to 50)
- 260 to 340 230 to 300 470 to 640 43010 570 550 to 740 490 to 670
(26 to 35) {23 to 31} {48 to 65} {43 to 58) {56 to 75} {50 to 68}
340 to 450 290 to 390 630 to 840 540 to 730 730 to 980 630 to 840
M24 {34 to 46} {29 to 40} {63 to 86} {55 to 74} {74 to 100} {64 to 86}

Hex-head Flange Bolt

Unit:N - m {kgf - m}

Strength

classification 47 7T
Repre-
sentation RN
s @
symbol
4106 8to 12 9to 14
Mé {0.4 t0 0.6} - {0.8t0 1.2} - {0.9 to 1.4} -
M8 10to 15 _ 1910 28 - 22 to 32 _
{1.0to 1.5} {1.910 2.8} {2.2 to 3.3}
M10 21to 30 20to 28 3910 58 37 t0 53 50 to 65 45to 65
{2.1t03.1) {1.9 t0 2.9} {3.910 6.0} {3.6 t0 5.4) {5.0 t0 6.5} {4.510 6.5)
M12 38 to 54 35 to 51 80to 110 70 to 95 90to 120 85to 110
{3.810 5.5} {3.4105.2) {8.0t0 11} {7.0 10 9.5} {9.0t0 12} {8.5t0 11}




Hex-head Nut

Unit:N - m {kagf - m}

Strength

classification 4T 6T
Repre- = - .
sentation Y N o\ Y, R
O |0 S
Diameter
symbol Standard screw | Coarse screw Standard screw Coarse screw
- 2103 ~ 4106 ~
S {0.2 to 0.3} {0.4 t0 0.6}
e 4106 ~ 7to 11 ~
{0.4 10 0.6} {0.7 10 1.1}
s 9to 14 ~ 1710 26 _
{0.9 10 1.4} {1.7 10 2.6}
1910 28 1810 26 36 10 52 3310 49
M10 {(1.9t0 2.8} {1.8102.7}) {3.510 5.5} {3.3 10 5.0}
35 to0 50 3110 46 7010 95 65 10 85
M12 {3.4 10 5.0} {3.11t04.7} {7.010 9.5} {6.5 t0 8.5}
60 to 85 5510 75 120 to 160 110 to 140
M14 {6.0 to 8.5} {5.5 t0 7.5} {12 to 16} {11 to 14}
90 to 130 90 to 120 180 to 240 160 to 220
M16 {9.5 to 13} {9.0 to 12} {18 to 24} {16 to 22)
e 140 to 190 120 to 160 260 to 340 220 to 290
{14 10 19} {12 to 16} {26 to 35} {22 to 30}
190 to 260 170 to 230 350 to 470 320 to 420
M20 {19 to 26} {17 to 23} (36 to 48} (32 to 43}
260 to 340 230 to 300 470 to 640 430 10 570
M22 {26 to 35) {23 to 31} {48 to 65) {43 to 58}
340 to 450 290 to 390 630 to 840 540 to 730
M24 {34 to 46) (29 to 40) {63 to 86} {55 to 74}

Hex-head Flange Nut

Unit:N - m {kgf - m}

Strength

classification 4T
Repre-
sentation
Diameter
symbol Standard screw | Coarse screw
4t06
M6 {0.4 t0 0.6} -
10to 15
M8 {1.0to 1.5} -
2110 30 20 to 28
M10 {2.1t0 3.1) {1.9t0 2.9}
3810 54 35to 51
M12 {3.8t0 5.5} {3.4105.2)




Tightening torque for flare nut for general purpose

Unit:N - m {kgf - m}

Pipe diameter

¢

4.76mm

¢ 6.35mm ¢ 8mm

¢ 10mm

¢ 12mm

¢ 15mm

Tightening torque

17 {1.7}

25 (2.6} 39 {4.0)

59 {6.0}

88 {9.0}

98 {10.0}

Tightening torque for air piping nylon tube for general purpose

{DIN type} Unit:N - m {kgf - m}
Standard diameter 6 X 1mm 10 x 1.25 mm 12 X 1.5mm 15 X 1.5mm
+6 +0.6 +10 +1.0 +10 +1.0 +5 +0.5
Tightening torque 20 [ 2.0 } 34 { 3.0 } 49 l 5.0 } 54 { 55 }
0 0 4] 0 0 0 0 0




1. GENERAL

14

13

12

11

10 9 8

1. Rocker arm 8. Exhaust valve
2. Valve spring 9. Piston
3. Camshaft 10. Connecting rod
4. Cylinder sleeve <D4> 11. Timing gear
5. Cylinder head 12. Tappet
6. Flywheel 13. Inlet valve
7. Crankshaft 14. Push rod

On engines, the pistons reciprocate in the cylinder sleeves inserted in the crankcase.



1-1 Engine Proper

(1) Combustion Chamber
The combustion chamber consists of the cylinder head and
toroidal pistons, hole type injection nozzies being installed
in the cylinder head.

Combustion occurs when the fuel is directly injected into
the combustion chamber with the power operating the
piston directly.

The combustion chamber is formed by the lobes-shaped main
combustion chamber in the piston head and HYUNDAI'S own
bell-shaped swirl chamber.

A chamber jet is press-fitted into the swirl chamber that is made

of material with little thermal expansion and good thermal

conductivity. Also installed in the chamber are the sheathed
glow plug and throttle injection nozzle.

The upward movement of the piston during the compression
stroke imparts a violent swirling motion to the air charged into
the swirl chamber, to which fuel is injected for combustion.

As the combustion goes on, the gas moves from the swirl to
main combustion chamber where it is mixed with the air
present. And further combustion occurs.

For more effective cooling of the combustion chamber, water
directors that direct coolant flow are pressed into the bottom of
the cylinder head.

Injection
nozzle [~

head

Cylinder ¥




(2) Valve Mechanism
The valve mechanism is an overhead valve type.
(a) Both the inlet and exhaust valves are made of surface-treated heat-resistant steel.
The valve seat angle is 45° in both valves.

Valve stem seal is mounted to the valve stem, which controls the amount of lubricant on the sliding surfaces
between the valve and valve guide.

A valve guide with carbon cutter is used for the exhaust side.

(b) Two unevenly pitched valve springs are used, the inner and outer with coil directions opposite to each other.

_~ Valve cap

- Valve cotter
i Upper retainer

— Outer spring

Inner spring

— Valve stem seal
Lower retainer

Exhaust valve
Inlet valve

(c) The rocker has an induction-hardened surface in contact with the valve cap, A bushing is used in the hole,
into which the rocker shaft is fitted. Because of them, wear resistance is improved.

(d) The rocker shaft is a hollow round rod with sealing caps at both ends to seal it off.
Its inside is an engine oil passage.

(e) The push rod has a steel ball welded to its bottom end and a spherical or depressed piece welded to its top
end. Both ends are carburized case-hardened.

(f) The tappet on the D4A is of cylindrical shape, while that on D4D of mushroom shape. Its mating surface with
the camshatt is a large-diameter sphere to prevent local wear.

(g) The camshaft is provided with an oil pump drive gear, with its journals, cams, and gear induction-hardened.
The cam on D4A is a taper cam.



(3) Crankcase and Cylinder Sleeve
(a) The crankcase is made of cast iron and built rigid with

minimum stress concentration and deformation.

(b) Three camshaft bushings are installed in the camshaft

bearings of the crankcase. To facilitate insertion and
removal of the camshaft from the front end of the
crankcase, the bushing I.D. is made smaller toward the
rear.

(c) The special cast-iron cylinder sleeve, that is highly

resistance to wear, is press-fitted into the crankcase.

(4) Piston and Piston Ring
(a) Piston

The piston, made of aluminum alloy castng, has a strut
inside (no strut installed on D4AK-T) that ensures an
adequate clearance between the piston and cylinder
sleeve.

The piston-pin arrangement is full-floating. The piston
pin js offset toward the thrust side, which, together with
the effect of the strut, minimizes piston slap.

Stamped on the top surface of the piston is the piston
weight mark, plus the front mak “<]” on D4A and D4D.

On D4AK-T, and ID mark “T” stamped on top and a
Niresist piston ring insert is cast in the top ring groove
for increased durability.

Crankcase

Cylinder sleeve

(DAAN/F, AK-T)

Identification mark “T"
(4D31-T only)

Weight mark

Front mark -

Piston ring insert
<4D31-T only>

Strut
<4D31 only>

Part number

Weight mark O
Qver size
symbal(0.5)
Front mark

i
e et
EE—=—————

i.

(D4DA)




(b) Piston ring
There are three piston rings installed :
Two compression rings and one oil ring.
The sliding surface of each ring, is hard

1st compression ring
Barrel-faced
Semi-keystone type

2nd compression ring
Taper-faced inner

chrome plated. cuttype
Qil ring )
Piston rings are shaped as illustrated. E:;al;%%e ;‘S'é‘ng

BOO78A

(5) Connecting Rod and Connecting Rod Bearing
The connecting rod is a die forging with an | cross section ensuring high rigidity. A lead bronze buhing is press-
fitted into its small end while a split-style plain bearing is used in its big end.

On D4A, an oil passage is provided obliquely through the stem and an oil jet the connecting rod small end of
D4AK, D4DA is wedge-shaped.

(D4AN/AF) (D4AK-T) (D4DA)
1. Connecting rod bushing 5. Upper connecting rod bearing
2. Connecting rod 6. Lower connecting rod bearing
3. connecting rod cap A. Alignment mark

4, connecting rod bolt B. Weight mark




(6) Crankshaft and Main Bearing
(a) Crankshaft
The crankshaft is a highly-rigid die forging integral with the balance weights. The pins, journals, and rear oil
seal sliding surfaces are induction-hardened for improved wear resistance.

By means of oil passages drilled through the pins and journals, part of the main bearing lubricating oil is fed to
pins for lubrication of the connecting rod bearing

At the front end of the crankshatft, there are a crankshaft pulley and crankshaft gear attached with a nut. The
crankshaft pulley drives the alternator and water pump through the V-belt and the crankshaft gear drives the
camshaft and injection pump.

Oil seal

—=—

y —

Taper cone _
NS

Crankshaft - |

Crankshaft pulley
Crankshaft gear

As an option a torsional damper may be installed that

absorbs torsional vibration of the crankshatft.
Crankshaft

Taper cone

Crankshaft pulley

Torsional damper

(Option)




The flywheel is mounted in the rear of the crankshaft.

An oil seal is installed at front and rear of the
crankshaft.

(b) Main bearing
The main bearing is a split-style plain bearing made of
special alloy plated kelmet metal with a steel back.

The upper main bearing has an internal oil groove and
oil hole which is aligned with the oil hole in the
crankshaft.

Five pairs of main bearings are used.
Split-style thrust plates are mounted with the rear pair
of main bearings.

\ Crankst;aﬁl “

Flywheel

Rear plate

] _~ Oil seal

Main bearing, upper

\¥

N,

Thrust
plate

ain bearing, lower




(7) Timing Gear
The timing gears are housed in the timing gear case at the
front of the engine. lllustration shows the gear train.

Each gear is a helical gear machined by a shaving
machine to high precision and surface-treated for

enhanced durability. A
A timing mark is a stamped on each gear. idler '
At resassembly, correct meshing can be achieved by z=41

aligning these marks.
On D4A, an oil pipe is installed in the idler shaft that is
used for forced lubrication of the injection pump gear. r

Crankshaft gear

Injection

D4A

A bushing is press-fitted into the idlergear which turns on the idle shaft.

The oil hole dirlled through the idler shaft and gear provides anoil passage for lubrication of bushing and gears.

P/S oil pump gear Camshaft gear

Injection pump
gear

Gil pump
gear Crakshaft
gear

Idler gear

Idler shaft
Thrust plate -2
Idler bushing

Bolt

D4D

pump gear




(8) Flywheel

The flywheel is made of cast iron. The pilot bearing of the
transmission drive pinion is installed at its center. On its

periphery, the ring gear is shrink-fitted that meshes with
the starter pinion.

The ring gear tooth crests are induction-heardened for
greater durability.
At the same time, one side of the crests is chamfered to

ensure that the starter pinion meshes easily when starter is
operated.

D D Ty
/P 2
) 2>

Pilo
bearing

Ring gear

- Flywheel
P e &




2. SPECIFICATIONS

item Specifications
Engine
Model D4AN D4AK D4AF D4DA
Type 4 in-line, — o —
4-cycle
digsel engine
Combustion Direct Direct Direct Direct
chamber type injection injection injection injection
(with turbocharger) (with turbocharger)
Valve Overhead — — =
mechanism valve
Cylinder bore 100 x 105 — 104 X 105 104 x 115
X stroke mm
Total displacementcc | 3298 — 3567 3907
Compression ratio 17.5 16 17.5 16.5
Firing order 1-3-4-2 — — —
Cylinder liner type Dry — = —
Piston type Trunk — — —
slipper-skirt
No. of piston rings Compression — — —
Performance ring: 2
oil ring : 1
Minimum no-load Varies with — — —
engine speed rpm specifications
Miximum no-load Varies with — e —
engine speed rpm specifications




3. SERVICE STANDARDS

3-1 Service standard table

Unit : mm
Descriotion Nominal value Limit Correction and
P [Basic diameter] remarks
Adjust.
Difference between
Compression pressure 2550 kPa 1960 kPa i )
200 Ko K/ cylinder with
at rpm 26 cm? 20 cm?
( b} ( g ) ( g ) -in 390 kPa

(4 kgf/cm?)

[19] 0.01~0.08(D4A) | 0.2

Rocker to rocker shaft clearance Replace bushing
[19] 0.01~0.11(D4DA)
Free length 60.84 57.8
outer valve Installed 240 N 205N
) Replace
spring load/instalied length (24.5 kgf)/47.25 (20.8 kgf)/47.25
Sequareness - 2.5
Free length 55.07 52.1
Inner valve Installed 93 N 79N
. - Replace
spring load/installed length (9.5 kgf)/40.3 (8.1 kgf)/40.3
| Sequareness - 2
Push rod runout - 0.4 Replace
Tappet to crankcase tappet hole clearance | [28] 0.06~0.10 0.2 Replace
Cylinder head bottom surface distortion 0.05 or less 0.2 Correct or replace
Hight of cylinder head from top to bottom
94.9~95.1 94.6 Replace
surface
Valve seat Inlet 2.6~3.0 3.6
) Replace
width Exhaust 1.8~2.2 2.8
Valve to valve | Inlet [9]0.04~0.06 0.15
; Replace
guide clearance| Exhaust [9]0.07~0.10 0.2
Valve stem Inlet 8.96~8.97 8.85
Replace
0.D. Exhaust 8.93~8.94 8.85
Inlet 0.75~1.25 1.5 Replace valve
Valve sinkage ,
Exhaust 0.75~1.25 1.5 seat insert
Valve margin 1.5 1.2 Correct or replace
Valve seat angle 45° &
Friction surface distortion | 0.05 or less 0.2 Correct or replace
Flywheel Friction sufrface runout
) 0.1 or less 0.2 Correct or replace
(In installed state)




Unit : mm

Nominal value

Correction and

Hescription [Basic diameter] Limit remarks
Between carnkshaft 0.11~0.23(D4A) 0.3
gear and idler gear 0.07~0.16(D4DA) 0.4
Between idler gear and | 0.12~0.25(D4A) 0.3
camshatft gear 0.07~0.17(D4DA) 0.4
Timing gear Between idler gear and | 0.18~0.31(D4A) 0.3 Reol
eplace
backlash injection pump gear 0.07~0.17(D4A) 0.4 ¢
Between oil pump gear
0.10~0.18(D4DA) 0.3
and crankshaft gear
Between P/s oil pump
0.08~0.16(D4DA) 0.3
gear and crankshaft gear
Camshaft end play 0.05~0.22 0.35 Replace thrust plate
0.05~0.25(D4A) 0.35
Idler gear end play Replace thrust plate
0.05~0.15(D4DA) 0.15
Camshaft No.1, No.2, No.3, No.4 [54.5] 0.04 to 0.09 0.15
journal to bush- Replace bushing
_ No.5 [563] 0.04 to 0.09 0.15
ing clearance
Cam profile Replace.
(Difference between cam - S Cam height 46.939
Camshaft height and base circle ' ' Base circle dia :
diameter 40.080
Inlet 7.19+0.05(D4DA) 6.70 Long dia : 47.10
Short dia : 39.10
Exhaust 7.32+0.05(D4DA) 6.82 Long dia : 46.98
Short dia : 39.66
Bend 0.02 or less 0.05 Correct or replace
[40] 0.03~0.07(D4A) | 0.1
Idler gear to idler shaft clearance Replace bushing
[45] 0.03-0.06(D4DA) | 0.6
Connecting rod end play 0.15~0.45 0.6 Replace
Crankshaft end play 0.10~0.26 0.4 Replace thrust plate
Piston projection from crankcase top 0.48~0.74(D4AN,AF) - Check parts for
surface 0.47~0.65(D4AKD4DA) [ - clearance
_ 0.04~0.10(D4A)
Piston ring to 1string 0.2
0.05~0.10(D4DA) ,
Piston ring . .
. 0.03~0.06(D4A) Replace piston ring
groove clear- 2st ring
0.05~0.08(D4DA) 0.15

ance

Oil ring

0.03~0.06




Unit : mm

Nominal value

Correction and

69.5 or less(D4DA)

Valve clearance

0.4

Descripdon [Basic diameter] Hukt remarks
Piston ring gap 0.3~0.5 1.5 Replace
_ [34]0.007~0.021(D4A)
Piston pin to piston pin hole clearance 0.05 Replace
[36]0.007~0.021(D4DA)
Piston pin to connecting rod small-end [34]0.02~0.05(D4A) _
. 0.1 Replace bushing
bushing clearance [36]0.03~0.04(D4DA)
Connecting rod bend and twist - 0.05 Correct or replace
Piston to cylinder sleeve clearance [100]0.05~0.09(D4A) - Correct to oversize
[104]0.07~0.1(D4DA) - or replace
Crankcase top surface distortion 0.07 or less 0.2 Regrind small amount
104~104.03 104.25
(D4AF,D4DA)
e 100~100.03 100.25 Correct to oversize
Cylinder sleeve,
: (D4AN,D4AK) or replace
Roundness 0.01 or less -
Cylindricity 0.03 or less -
Crankcase to STD - 0.16~0.22 Less than 0.16 Replace with an
sleeve inter- oversize
ference 0.S 0.18~0.20 Less than 0.18 Replace
Roundness of pins and 0.01 or less 0.03
journals
Crank-shaft Cylindricity of pins and 0.006 or less 0.03 Correct or replace
journals
Bend 0.02 or less 0.05
Oil clearance [78]0.04~0.10 0.15
Main bearing Tension when Upper | - Less than 82.5 Replace
free Lower | - Less than 82.27
Qil clearance [60]0.05~0.09(D4A)
Connecting rod [65]0.04~0.09(D4DA)
bearing Tension when free - Less than 64.27(D4A) | Replace

Adjust




3-2 Tightening Torque Table.

0.D x pitch Tightening torque
Pescription Remarks
Thread size k.- gm
18<D4A>
Cylinder head bolt M14x%2.0 Wet
15kg - m+90° <D4DA>
M12x1.25 12.5<D4A>
Fiywheel bolt Wet
M14x1.5 4.0kg - m+40° <D4DA>
6
Rear Plate bolt M10x 1.5
6.5<D4DA>
Flywheel housing bolt M10x 1.5 5.6
Idler shaft bolt M10x 1.5 45 Wet
Crankshaft pulley nut M24x1.5 60
Main bearing cap bolt M14x2.0 18
M12x1.25 10.5<D4A> Wet
Conneeting rod bolt
M12.5x1.25 6kg - m+40° £5° <D4DA>
Wet
Front mounting bracket bolt M12x1.25 9~12
Rear lower support bolt M10x1.25 4-55
Rear upper support bolt M14x 1.5 18
Oil pan drain plug M18x1.5 7
Water drain plug M20x1.5 8.3
Engine rotating sensor 3
Thrust plate boit 2.4
Can shaft gear bolt 18




4. SPECIAL TOOLS

Tool name

Part number

Shape

Application

Camshaft bushing
Installer and
Extractor

09221-45000

—

Removal and installation of
Camshaft bushing

A C B

NO.1 ? 58.5 ¢ 54.5

NO.1

NO.1 ¥ 58 ?54.5

NO.1 ?57.5 2 54

NO.1 257 ¥ 53
Piston ring tools MHO060014 3 60-120 Removal and installation of

piston ring

Bearing Cap MH061083 Removal of bearing
Extractor Caps at front and rear
Bearing Cap MHO061071 Removal of bearing caps
Extractor
Clinder sleeve 09211-45000 Installation of Cylinder sleeve

installer

A:99(D4A)
103(D4DA)

oA




Tool name Part number Shape Application
Value guide MH061066 Removal of value guide
remover
Value guide 061293 Installation of valve guide
installer ‘

18
15
Caulking tool body MH061067 Press-fitfing of value seat
Caulking tool body
Caulking ring
Caulking tool lody
Caulking ring MHO061275 Part No Demension
MH061069 MHO061067 9
Inlet caulking ring
Part No Demension
MH061275 476
Exhaust Caulking ring
Part No Demension
MH061069 40.6
Value lapper 30091-07500 Lapping of value seat




Tool name Part number Shape Application
Valve stem seal 09222-45200 = i Installation of valve stem seal
installer
828
Rear oil seal shinger] MH062677 Installation of
Installer Rear oil seal slinger
Gear puller MHO061061 Removal of pulley and gear
Gear puller MHO061326 Removal of gear
Plug 09212-45000 Blank plug used for
removal of camshaft gear

A M10x1.25<D4A>

B : 44<D4A>
49<D4DA>

M14 x 11.5<D4DA>
Idler gear bushing | 09221-45000 | A :ff-gjgjgz Installation and removal of
puller ' Idler gear bushing
A




Tool name

Part number

Shape

Application

Connecting rod
bushing puller

09235-45000

Removal and Installation of
Connecting rod

Piston guide MHO061890 . Installation of piston

Piston guide rever MHO061658

Crank shaft front oil | 09214-45000 Installation of front oil seal
seal Installer

Connecting rod MH061891 Removal and Installation of
bushing puller kit connecting rod bushing
Socket wrench MH061560 <D4DA> Installation of cylinder head




Tool name Part number Shape Application
Slotted screw driver
compression gauge | MH062677 Measurement of compression
adaptor pressure
M14x1.5
i Cranking handle MH061061 Engine cranking
Tappet extractor MH061326 Removal of tappet
Valve lifter 09212-45000 Removal and installation
of valve cotter
Rocker bushing 09221-45000 Removal and installation
puller of rocker bushing




5. SERVICE PROCEDURES

5-1 Engine Proper

1. Measurement of Compression Pressure

Compression Pressure must be measured prior to disassembly of the engine.

Measure the compression pressure at regular intervals and keep track of its changes. During the break-in period or

after parts have been replaced with new ones, there is a slight increase in the piston rings and valve seats fit snugly in
position. As rough edges and friction between parts are gradually reduced, the pressure comes down.

Measurement procedure

<
N r&( }
(1) Retighten the cylinder head bolts to specified torque and let + g
the engine warm up until the coolant temperature reaches
75T 10 85TC.

(2) Remove all injection nozzles from the cylinder head.

Injection nozzle

25N m
(2.5 kgf m)

Bridge

NOTE : Cover the mounting holes and injection pipes to prevent entry of dust and dirt.



(3) Install Compression Gauge Adaptor (special tool) on the injection nozzle hole together with a gasket and connect
the compression gauge (measuring instrument).

(4) Turn the engine with the starter and read the compression gauge pointer value with the specified engine speed.

NOTE : 1. Keep on fuel injected.

2. Make sure that the enigne speed is also measured as compression pressure varies with the
engine speed.

3. Make measurement for all cylinders as wear and other conditions vary from one cylinder to
another.

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

Compression pressure (at 200 rpm)
NV 2.55 MPa(26kgf/cm?)
L 1.96 MPa(20kgf/cm?)
Difference between cylinders
0.39 MPa(4kgf/cm?) max.

Compression gauge

Gompression
Gauge Adapter
MH061460

NV ... Nominal Value
L ... Limit




2. Cylinder Head and Valve Mechanism
(1) Removal and Installation

For disassembly of parts with an encircled number, see following items.
1 Rocker cover

2 Cylinder head bolt

@ Rocker and bracket assembly

4 Push rod
5 Cylinder head assembly
® Tappet

2 175N m
(18 kgf m)(Wet)

4
120N m
Wear, damage (12.5 kgf m)(Wet)
5
A_pply engine Weter leak,
oil. oil leak
gas lead

Face the “UP"
stamped side
upward.

Wear, damage 6

Dowel pin

Removal Procedure

(a) Where the push rod is forcing up the rocker, the rocker
adjusting screw must be loosened before all cylinder
head bolts are removed.




(b) Loosen the cylinder head bolts in the reverse order of
tightening.

(c) Remove the rocker and bracket assembly and cylinder
head assembly, raising them straight upward.

(d) When removing the cylinder head gasket, use care to
prevent scratches on the cylinder head and crankcase.

(e) Removal of the tappet
Remove the tappet, using Tappet Extractor(special tool).
For removal, press the special tool until its O-ring is
pressed tightly against each other and remove the
tappet together with the special tool.

Installation Procedure

<D4A>

(a) Install the cylinder head assembly and rocker and
bracket assembly to align the dowel pins.

(b) Tighten the cylinder head bolts in the sequence shown
in illustration. Tighten step by step, and as a final step,
tighten to specified torque.

<D4DA>

(a) Set the socket such that the built-in spring force forces
rod against the rocker shaft bracket, and injection pipe,
or another nearby part.

(b) On holder, select inscribed line J that is easiest to see.

(c) Using the selected line as a reference, turn socket 90°
clockwise.

(One gradation on scale K represent 5°.)

(d) After tightening the cylinder head bolts 11 using the
plastic region tightening method, make a punch mark
on the head of each one to indicate the times of use.

NOTE:

Since cylinder head bolts 4 utilize the plastic region

tightening method, they must not be tightened further

after this procedure.

Tappet Extractor
MH061288

15kg-m+90°
(D4DA)




Cylinder head gasket

[Removal]

NOTE:

Be careful not to scratch cylinder head assembly or
the crankcase when removing cylinder head gasket.
[Installation]

Install cylinder head gasket in the direction as illustrated.

@ Cylinder head gasket installed must be the one which
can accomodate the poston projection. To obtain such
a gasket, measure the piston projection at each
cylinder and take an average. Select a cylinder head
gasket appropriate for the average value from the
following table.

e |[f any of the piston projection Measurements is more
than 0.05mm lager than the average value, then use
the gasket one rank higher than that rank(A—B, B—C)

Cylinder head gasket

Average value of :
. o . I Thickness when
piston projection |Szie Classification : :
tightening
0.546 to 0.610 A 1.35+0.03
0.610 to 0.674 B 1.40£0.03
0.674 t0 0.738 c - 1.4510.03

(D4DA)

® The classification(size) and the application(engine
model) of cylinder head gasket can be known from the
shape of the notches D cut in the gasket edge.

NOTE:

Changing a piston or a connecting rod can cause the
piston projection to change.

Measure the piston projection whenever a piston or
connecting rod is replaced. '



(2) Disassembly
(a) Rocker and bracket assembly

Oil hole clogging
Wear, oil hole clogging
4

@ " - Thread damage
Deterioration
Qil hole clogging
)|

Wear
Wear
<Disassembly sequence>
1 Set bolt 4 Rocker ASS'Y
2 Front rocker shaft bracket 5 Rocker shaft spring

3 Rear rocker shaft bracket 6 Rocker shaft




(b) Cylinder head assembly

Carbon and scale deposits,
cracks, damage, water leak

Corrosion 11—
Carbon deposits,

ridged wear, seizure,<10
cracks, damage 9

Wear, damage 14

D4A D4AF(Fork Lift)
D4DA
<Disassembly seequence>
1 Push rod 6 Inner valve spring (@D Water director
2 Valve cap (D Valve stem seal 13 Cylinder head
@ Valve cotter 8 Lower retainer 14 Tappet
4 Upper retainer 9 Inlet valve 15 Glow plug
5 Outer valve spring 10 Exhaust valve 16 Connecting plate

For disassembly of parts with an encircied number, see following items.
Glow plug 15 take care not to damage.




1) To remove the valve cotter, use Valve Lifter(special
tool) and compress evenly the valve spring.

NOTE:

Do not compress value springs more than is
necessary. If the valve springs are compressed
excessively, upper retainer can touch valve stem
seal and be damaged.

2) Whenever the valve stem seal or valve is removed,
the valve stem seal must be replaced with a new
one.

Valve lifter
30091-08500

@P’_—Upper retainer
% ?Valw spring
Valve stem seal
K Lower retainer
e

Valve




3) Remove the water director if corroded.

Water director

(3) Inspection
(a) Rocker and bracket assembly

Clearance

BD 19

NV 0.01 to 0.08
L 02

BD ... Basic Diameter
NV ... Nominal Value
L ... Limit




1) Using the rocker 1.D. and rocker shaft O.D., calculate the clearance. If the limit is exceeded, replace the

bushing in the rocker.

Installation
Removal {L

S

Rocker Bushing Puller

H061378
/w Bushing

; Notch in bushing linch

Chamfered jemir . .
Bushing rocker face Bushing oil hole

Rocker oil"hole

NOTE:

1. Align the oil hole in the bushing with that in the rocker.

2. Ensure that the bushing clinch is on the adjusting screw end.

3. When press-fitting the bushing into rocker, start with the chamfered side on the rocker.




(b) Cylinder head assembly

Free length
Free length
L 578 L 521

Installed load/ Installed load/

installed length installed length

NV 240N(24.5 kgf/ NV 93N(9.5 kgt/
47.25 40.3

L 205N(20.8kgt/ L 79N(8.1kgf/
47.25 40.3

Squarencess
L 25

[

Squarencess

Runout
L 04

Distrotion of bottom surface
NV 0.05 or less
L 02

Clearance : ’ : " _ 12
Iniet . >
BD 9 X !
NV 0.04100.06 ‘&\lﬁ WQ (V2 Valve seat width

L 015 NV 18to2.2
Exhaust L 28

BD 9
NV 0.07 t0 0.10

L 02 G

Height from top to bottomn surface
NV 94910 95.1
L 946

Stem O.D.
Inlet
NV 8.96108.97 |
L 885
Exhaust
NV 8.93t08.94
L 885

Valve sinkage from cylinder
head bottom surface

NV 0.75t0 1.25

L 15

Valve margin
NV 1.5
L 12

Valve seat angle
NV 45°

Clearance

BD 28

NV 0.06t0 0.10
L 02

BD ... Basic Diameter
NV ... Nominal Value
L ... Limit

<D4A>




1) Inspection of valve spring
Check the valve spring for squareness, free length,
and proper tension, and replace if the limit is
exceeded.

—=t= Squareness f

yiBua)| aai4

/’7///////

2) Tappet to crankcase clearance
If the measured valve in higher than the limit, replace the faulty parts.

3) Measure the push rod run out.
If the limit is exceeded, replace. i




4) Cylinder head bottom surface distortion
If the limit is exceeded, correct with a surface
grinder.
If the cylinder head height from top to bottom
surface is below the limit, replace.

NOTE:

Ensure that grinding does not cause the cylinder
head’s top surface-to-bottom surface distance to
fall below the specified limit.

5) Inlet and exhaust valves
Measure the valve stem O.D. and, if the
measurement is below the limit, replace.

6) Valves and value guides
Calculate the clearance with the valve guide I.D.
If the limit is exceeded, replace the valve guide.

7) Replacement of valve guide

For removal of the valve guide, use the Valve Guide
Remover(special tool).

To install, use Valve Guide Installer(special tool)
and ensure that the special tool is positively seated
on the cylinder head. The pressing force is
specified for the valve guide, which must be
reached by using the special tool.

Measuring

positions

Installation

Removal

0

=

I

=1

T

Valve Guide Installer\_

MHO061223

alve Guide Remover
MH061066

s |




8)

9)

Inspection of valve

Check the contacting condition of the valve seat
and valve, after inspection and replacement of the
valve guide.

When the valve is pressed against the valve seat
coated with red lead, make sure that the valve is
not turned.

Correction of valve face
Grind the valve face with a valve refacer, the
grinding dimension being limited to a minimum.

NOTE:
1. The valve seat angle is 45°.

2,

Correct to ensure that the valve margin is up to
the limit.

10) Correction of valve seat

a) Grind with a valve seat cutter or valve seat
grinder.

b) After grinding, hold a #400 or similar sand paper
between the cutter and valve seat and regrind
lightly.

NOTE:

1. The valve seat angle is 45° .

2. Correction must be made to ensure the valve
seat width and valve sinkage are within the
limit.

c) Usinga 15° or 75° cutter, correct the seat width
to the nominal value.
d) Seat the valve and valve seat. [See fig]

Good

Defecitve Defecitve

Sinkage

Valve seat angle

Seat width

Valve seat

Valve




11) Replacement of valve seat
The valve seat is cold fitted.
Replacement procedure is given below.

a) Grind the valve seat from inside to reduce the
wall thickness.
Then, remove it at normal temperature.

(Installation)

b) Check if there is sufficient interference between
the cylinder head and valve seat.

¢) Dip the valve seat into liquid nitrogen and let it
cool down.
But heat the cylinder head sufficiently.

d) Using Caulking Tool Body and Caulking
Ring(special tools), install the valve seat.

NOTE:
After pressing in position the valve seat with the

chamfered side of the caulking ring, face the

ring in the opposite direction to caulk the
cylinder head.

e) Reface the valve seat to obtain the nominal
values for the seat width and valve sinkage.

Cut here / 5t 1.0

Intake Exhaust
side side
Head I.D. Head 1.D.
0.025
Caulking
G Installation {}
Caulking Tool
Body
MHO061067
Caulking Ring
Inlet
MH061275
\sCharrﬂe Exhaust
ide 1 MHO061069

|

Valve sinkage




12) Seating of valve and valve seat
The valve and valve seat must be in even contact
throughout the surfaces.
Whenever the valve or valve seat is corrected or
replaced, they must bo seated.

a)

Apply a thin coat of compound evenly to the
seating surface of the valve.

NOTE:

b)

c)

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

Use intermediate mesh compound(120 to 150
meshes) first and then use fine mesh
compound(200 meshes or more) for the finish.
Mix the compound with a small amount of
engine oil and the compound can be applied
evenly.

Using Valve lapper(special tool), seat the valve
on valve seat. (‘A’ Surpace)

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

Wash off the compound with gas oil or similar
object.

d) Seat the contact surfaces with engine oil.
e) Seat the contact surfaces with engine oil.

(4) Reassembly
(a) Rocker and bracket assembly

Compound

Apply engine oil to bushing

Locating pin

<Assembly sequence>

6—3—4—5—1




(b) Cylinder head assembly

-4 oil

_ Apply engine | .

Croweded coil down Apply engine oil

57 Blue paint
6

D4AF(12V)
D4DA

<Assembly sequence>

14—13—(1)—10—9—8—D—6—5—4—3—2—1—15—16—17

1) Installation of water director

Install the water director with its cut facing toward E‘ 4

the specified direction.

Water director

mark

H O 00 (o} 00
et (69, @)
A

©9,E8;

L 60060 0% 06°%

b ¥V ¥ U




2) Installation of valve stem seal
Apply engine oil to the lips of the valve stem seal
and strike valve stem seal Installer(special tool)
until it touches the cylinder head.

NOTE:

a) Valve guides must be pressed in to the
specified depth A.
Be sure to use the Valve Guide installer for this
operation. A:10mm

b) Exhaust valve guides are longer than inlet valve
guides. Be sure to install the correct type of
guide in each location.

3) Installation of valve cotter
Using Valve Lifter(special tool), install the valve
cotter while compressing the valve spring.

NOTE:

Do not compress valve springs more than is
necessary.

If the valve springs are compressed excessively,
upper retainer can touch valve stem seal and be
damaged.

ol

Valve Stem Seal Installer

l—"MH061293

| _—Valve

Apply engine oil

_/_,Va!ve stem seal

ower retainer
~ 1A

-

Valve Lifter
30091-08500

a Valve

cotter




3. Flywheel and Rear plate
(1) Disassembly and Inspection

Scratches on firction

surface, stepped wear,
cracks, damage on gear, 4
abnormal wear

Wear, deterioration N
damage - w

Oil leaks

e

T

—
Wy

ANUAN

YAl

Friction.surface distorsion
NV 0.05to less
L 02

Height to friction surface
NV 228
L 218

NV ... Nominal Value

L ... Limit
<Disassembly sequence>
(D. Flywheel 4, Oil seal
3. Washer plate 5. Real plate or flywheel housing

For disassembly of parts with an encircled number, see following items.




Removal Procedure

(a) Removing flywheel
Remove the flywheel by insertion flywheel mounting
bolts evenly into the flywheel removing holes.
Remove the ring gear integral with the flywheel.

Inspection Procedure
(a) Replacement of ring gear

1)

2)

3)

Inspection

Inspectring gear for damage and abnormal wear.

If any defect is evident, the ring gear must be
replaced.

Removal

Using an acetyline torch or similar device, evenly
heat the ring gear.

By applying a protective rod, hammer the entire
periphery of the ring gear, forcing it off.

Installation

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

Fit the ring gear onto the flywheel with the
nonchamfered side of tooth crests toward-the
flywheel.

NOTE : Be carful not to get burned.

Threaded hole
for removal




(b) Friction surface distortion
Place the flywheel on a surface plate and move a dial
indicator over the flywheel friction surface to measure

the distortion.
For more accurate measurement, use a portable jack.

If the distortion is beyond the limit, regrind the friction
surface.

NOTE:
If the ring gear develops any unusual condition, replace it
with a new one before taking a measurement.

(c) Correction of friction surface
Correct the friction surface with a surface grinder.
Make sure that the friction surface is parallel to surface
A within 0.1mm.

NOTE:
After correction, make sure that the height of the

friction surface(dimension B) is within the limit.

(d) Inspection of runout.

" If runout exceeds the specified limit, check that bolts
are tightened correctly and inspect the crankshaft
mounting surface. Then, rectify or replace flywheel

' assembly as required.

Flywheel

0.1 or less

Surface A




(2) Reassembly

<Rear plate type>

= 0, /37
4
/--P
Apply engine oil
to lips.

- - 2
™\ 100 N m
(10.5 kgf m)(Wet)

..\

Assembly with “UP”"
mark facing upward.

: O

= o

o 0
Oo/e ooo

NV ... Nominal Value
L .. Limit Friction surface runout
(At installed condiition)
<Assembly sequence> NV 0.1 or less
L 02
2—1
For reassembly of parts with an encircled
number, see following items.
<Flywheel housing type>
Housing runout
(Eccentricity)
L 02 S

Oil 3
seal
side

" Apply engine oil

1
L

3 to lips.

Julm i
. _:é || __2
ALE
e Y
1L
: ~_100Nm
(10.5 kgf m)(Wet)

NV ... Nominal Value

™~

3 Assembly with “UP”
17 7 mark facing upward.
4

L .. Limit 1
<Assembly sequence> Friction surface runout
' (At installed condiition)
5B —3)—2—1 NV 0.1 orless
For reassembly of parts with an encircled L 02

number, see following items.

59 N m (6 kgf m)

(FORK LIFT)

74 N'm (7.5 kgf m)

34 N m(3.5 kgf m)

(GENERATOR, MARINE)




(a) Installing flywheel housing

Measure the installed state(eccentricity) at the spigot

joint of the flywheel housing.

If the dial gauge indicates runout exceeding the
specified limit, loosen the bolts and tap the housing

lightly to correct position.

(b) Installation of oversize oil seal

If an excessive amount of oil leaks from the oil seal,

use the auxiliary oil seal and sleeve.

To install the sleeve, sue oil seal and Sieeve
Installer(special tool). The pressed position of the
‘sleeve is datermined where the flywheel is installed.

NOTE:Face the white painted side of sleeve,

toward the crankcase.

(c) Installation of washer plate

Install the washer plate with its shear droop end facing

toward oil seal side.

Apply white paint
to end face.

Oil seal and Sleeve
Installer MH061201
Qil seal

Flywheel

Apply engine !
oil to

crankshaft outer
surfaces.

' 7\ Oil seal
side

Washer plate.
Assemble with “UP™
mark directed upward
<DR>




(d) Instaliation of flywheel
Mount the flywheel onto the crankshaft and tighten
bolts to specification.
Measure runout(installed position) of the flywheel.
If the dial indicator deflects over the limits, check bolts
for looseness or mounting surface.

D4A:100 N m
(10.5 kgf m)(Wet)
D4DA:18kgf.m(Wet)




4. Timing Gear and Camshaft
(1) Disassembly (D4A)

*Backlash

Crankshaft gear to idler gear
NV 0.11t00.23
L 04

Idler gear to camshaft gear
NV 0.12100.25

L 04
Idler gear to injection pump gear
NV 0.18 to 0.31
L 04
*End play
NV 0.05100.22
L 03

Wear, damage 7

Oil leak
g Clogged \g wear, damage

*End play
NV 0.05t0 0.25
L 035

3 Cracks

4 Wear, damage,

deterioration NV ... Nominal Value

L ... Limit
<Disassembly sequence>
(1) Taper cone 6 Idler gear
@ Crankshaft pulley @ Camshaft gear
3 Timing gear case Thrust plate
@ Oil seal @ Camshaft
- 5 Idler shaft 10 Front plate

For disassembly of parts with an encircled number, see following items.
The part marked with * must be inspected before disassembly



<D4DA>

<Disassembly sequence>

1 Nut 10 Timiing gear case *1:Crankshaft gear

2 Crankshaft pully 11 Bolt *2:0il pump gear

3 Bolt 12 Thrust plate *3:Camshaft gear

4 Engine revolutiion sensor 13 Idler gear assembly *4:Injection pump gear
5 O-ring ) 14 Idler gear bushing *5:Key

6 O-ring 15 |dler gear *6:Front oil seal slinger
7 Vacuum pump assembly 16 ldler shaft

8 Front oil seal 17 O-ring

9 Bearing 18 Power steering oil pump

NOTE : Do not remove front oil seal 8 and bearing 9 unless they are faulty.



(a) Remove of taper cone
To remove, use Cone Puller
(special tool).

(b) If the crankshaft pulley flange and crankshaft pulley are
hard to remove, use Gear Puller(special tool).

(c) Do not remove oil seal and seal plate unless abnormal
condition is evident.

Crankshaft
pulley

Taper cone

cone Puller
MHO061101

Gear Puller \

MHO61061 )R\,

Crankshaft pulley




(d) Measurement of backlash
Measure the backlash between gears and replace if the
limit is exceeded.

NOTE:

1. For a pair of gears, the backlash must be measured
at three points or more to determine the condition.

2. When measuring the backlash in injection pump
gears, keep the pump fixed onto the front plate.

(e) Measurement of end play
Measure the end play of the idler gear and camshaft
with a thickness gauge or dial indicator.
If the measurements exceed the limit, replace the
parts.

(f) Removal of camshaft gear
1) Accessing through the holes in camshaft gear,
loosen the thrust plate attaching bolts.
Then, remove the gear together with the camshatft.

NOTE:
Turn the crankcase upside down before removing the
camshaft.

Thrust plate
attaching bolt




2) To remove, use Gear Puller(special tool).

NOTE:
1. Do not remove the gear unless defect is evident.

2. For removal, never attempt to tap the gear with
a hammer.

(2) Inspection

Gear Puller

<D4A>

BD...Basic Diameter
NV...Nominal Value

L...Limit

Clearance

No. 1 and 2 journals

BD 545

NV 0.04 to 0.09
L 0.5

No. 3 journal

BD 53

NV 0.04 to 0.09
L 0.5

L 01

ltem NV L Remarks
Cam height 6.86 | 6.36 | Cam major
(Difference axis 46.939
between cam Base circle
major axis diameter 40.080
and base circle
diameter
Clearance Bend 0.02 0.05
BD 40 .orless

NV 0.03 to 0.07




(a) With the idler gear I.D. and idler shaft O.D., calculate the clearance. If the limit is exceeded, replace the

bushing in the idler gear.

(b) Replacement of idler gear bushing
Using Idler Gear Bushing Puller(special tool), replace
the idler gear bushing. See illustration for procedure.

NOTE:
1., When installing the bushing, align the oil hole in
" bushing with that in idler gear.
2. After installation, make sure that the bushing to
idler shaft clearance is within nominal value.
If the clearance is below specification, ream the
bushing.

(c) Measure the lobe height and basic diameter of each
cam. If the difference between them is below the limit,
replace.

NOTE:

Since the taper cam is used on D4A, ensure that the
measurement is taken at the location indicated in
illustration.

Removal Installation
Idler Gear
Bushing Puller
MHO061228
Bushing oil
Idler gear hole

Idler gear bushing Idler gear Qil hole

Measurement point

Front
ron‘-_ lobe
height
55 55
Basic diameter
D4DA:6.5

D4A:5.5




(d) Measure the camshaft journal O.D. and crankcase I.D. If the limit is exceeded, replace the bushing in the

crankcase.

T

(e) Replacement of camshaft bushing

1) Removal Camshaft Bushing Instalier Camehatt bushing
Remove the sealing cap through the camshaft and Extractor
hole in the rear-end face of the crankcase. \ o
Then, using Camshaft Bushing Instalier and L i [if WD
Extractor(special tool), remove the camshaft
bushing.

2) Installation
Identify bushings with a unique number stamped on

the external surface, indication the installation

position.
(D4DA)
Bushing No. Identification mark | Outer diameter A
(from front of engine) (mm)
No. 1 1 ¢ 58.50
No. 2 A $ 58.25
No. 3 2 ¢ 58.06
No. 4 Cc ¢ 57.75
No. 5 4 # 57.06
(D4A)
Bushing No.
(Ascending from front Stamped number
of engine)
No. 1
No. 2
No. 3




Then, using Camshaft Bushing Installer and
Extractor(special tool), press-fit the bushings.

If the marking is illegible, determine by measuring the

and Extractor

Make camshaft
bushing end

Camshaft bushing face flush with
Camshaft Bushing Installer

crankcase end
E ] !Iface‘

-—p |

-

i)

Oil hole( # 8)

11
Align with oil F
hole in crankcase.

I.D. and width.
Bushing No. No. 1 No. 2 No. 3
(Ascending from front of engine)
I.D. 54.5 54.5 53
Width 41 21 21
Mark 1 2 3

(f) Measure the bend of camshaft. If the limit is exceeded,
correct with a press or replace.

NOTE:

Rotate the camshaft a turn and read the deflection of
the dial indicator pointer.

One half of the reading is the bend.




(3) Reassembly

Wt

§
P

10 5
44Nm
(45kgfm) | End play
(Wet) NV 0.05 t0 0.25
Assemble with "UP" L 035

mark facing upward.

End play
NV 0.05to 0.22
L 033

\ 390Nm f- J
(40 kgt m)

=

b{g,? N

Backlash ;

Backlash Y NV 0.18 to 0.31
NV 0.1210 0.25 / L 04 1
L 04
Backlash 2
NV 0.11t00.23 o 3
L 04 Apply lithium-base grease 4
to lips (wheel bearing

grease or equivalent).

NV...Nominal Value
L...Limit

<Assembly sequence>

10—@—Bp3—2—1
1
9%8)-@1{7)




(a) Installation of camshaft gear
<D4A>
After mounting the thrust plate, install the camshaft
gear with its number marking side facing outward.
<D4DA>
Fit camshaft gear onto camshaft with “2” alignment
marks positioned as shown.
Do not forget to fit key

(b) Installation of thrust plate
Fit thrust plate with “F” mark positioned as shown.

(c) Check the camshaft end play. Thee, install the
camshaft into the crankcase.

@ Number marking "2"

Camshaft gear

¢ Thrust plate
Face oil groove

AT e
@: side to gear

<D4A>




(d) Installation of idler gear

1) <D4A>
Install the idler gear, its side with a number
marking facing outward and its alignment mark
lining up with others.

2) <D4DA>
Fit idler gear assembly such that the alignment
marks(“1”, “2”, and “3”) on the idler gear are aligned
with those on the gears with which it mates.

3) Make also sure that the idler shaft spring pin rests
in the crankcase oil groove and the “UP” mark with
an arrow on the shaft faces upward.

é? Crank shaft "h”i

gear “1"

Idier shaft
installed
direction

44N m
(4.5 kgt m)

(Wet) \ >
Apply engine oil

Idler gear
Face the side with number
markings(1,2,3) outward.

idler shaft




(d) Check gears for backlash
(e) Apply lithium-base grease to the oil seal lips.

(f) Installation of timing gear case

Apply an even, unbroken bead of sealant A to the
mounting surface of timing gear case. Fit the timing
gear case onto the front plate within three minutes of
applying the sealant.

NOTE:
1. When fitting the timing gear case, hold it firmly in

2.

position to prevent spreading the sealant.

Before applying the sealant, make sure the
application surface is free of oil and other
contamination.

Apply a new bead of sealant whenever bolts have
been loosened.

After fitting the timing gear case, wait at least an
hour before starting the engine.

Qil 599

Timing gear case

Apply lithium-base grease to lips
(wheel bearing grease or equivalent)




Crankcase and Main Moving Parts

<D4A>
4
5 | Breakage, damage
Damage, 6 -
discoloration *Projection

8

NV 0.48 to 0.74<D4A>

Carbon deposits,

cracks, scratches
on outer surfaces,
discoloration

Cracks,
oil hole

*End play clogging
NV 0.15t00.45 }—9
L 06

Do not remove from connecting
rod except for replacement

Scratches on inner
and outer surfaces,
corrosion, flaking

Corrosion, scale deposits,
cracks, damaged threads,
oil hole clogging ' 47

7 ; n 3——"] L 0.431t00.69<D4AK>

*End play
Scratches on inner

% NV 0.10t0 0.25
L 04
and outer surfaces,

ion, flakin '
corrosion, flaking T % 14

Tooth

11 Wear

&

O
&
Scratches on inlgr& %Q&i"\ﬂ
J 10

and outer surfaces,

flaking, corrosion @

Scratches on inner 2

and outer surfaces,
corrosion, flaking 1

6 NV...Nominal Value
<Disassembly sequence> L...Limit
1 Connecting rod cap @ Oilring 12 Side seal
2 Connecting rod bearing 7 Snap ring 13 Lower main bearing
@ Piston ® Piston pin 14 Crankshaft
@ 1st compression ring @ Connecting rod . @® Crankshaft gear
® 2nd compression ring, @ Main bearing cap 16 Upper main bearing
@ Thrust plate 17 Crankcase

For disassembly of parts with an encircled number, see following items.
The parts marked with * must be inspected before disassembly.




CRANKSHAFT AND CRANKCASE

<D4DA>

<Disassembly sequence>

1 Bolt 10 No.4 main bearing cap 19 Upper main bearing
2 Rear oil seal 11 Real main bearing cap 20 Front plate

3 Bolt 12 Thrust plate 21 Gasket

4 Rear plate or flywheel housing 13 Side seal 22 Crankcase

5 Bolt 14 Front oil seal slinger

6 Lower main bearing 15 Crankshaft gear *1:Check viave

7 No.1 main bearing cap 16 Key *2:0il jet

8 No.2 main bearing cap 17 Real oil seal slinger

9 No.3 main bearing cap 18 Crankshaft

NOTE:

Do not remove the crankshaft gear 15 unless it is faulty.

Assembly sequence
Follow the disassembly sequence in reverse.




PISTON, CONNECTING ROD AND CYLINDER SLEEVE

<D4A>

<D4DA>

<Disassembly sequence>

1 Nut<D4A> 6 Piston and connecting rod *1:Crankshaft
2 Bolt<D4DA> assembly *2:Crankcase
3 Lower connecting rod bearing 7 Cylinder sleeve *3:Qil pan

4 Connecting rod cap <D4AK, D4DA>

5 Upper connecting rod bearing

Installation sequence

Follow the disassembly sequence in reverse.




1. Disassembly

(a) Inspection of piston projection
Incorrect piston projection adversely affects the engine

performance.

If measurements are out of specification, check parts -
for clearance. @

1) Hold the dial indicator on the crankcase top surface Measurement points

to make zero adjustment.

2) Locate the piston TDC with the dial indicator.

3) Measure projections at three points on the piston
top surface to obtain the average value.

(b) Connecting rod end play
Measure the end play of each connecting rod.
If the limit is exceeded, replace the connecting rod.

(c) Removal of piston
Withdraw the piston from the crankcase, pushing it up
together with the connection rod.

NOTE:

1. If the piston pin is hard to remove, heat the piston Piston pin 9
with a piston heater or hot water. Sanp ring
2. Do not remove the connecting rod bolts from the

connecting rod unless defective.
If the bolt is damaged, install a new connecting rod
bolt by referring to reassembly connecting rod.

Connecting rod

Connecting__
rod bolt




(d) Removal of piston ring
To remove the piston rings, use piston Ring Tool
(special tool).

(e) Crankshaft end play
If the end play exceeds the limit, replace the thrust
plate with an oversize.
Three oversize thrust plates are available: +0.15,
+0.30, and +0.45mm

NOTE:

The thrust plates on both ends of the bearing cap
need not be of the same size; however, use the one of
the same size for those at the rear end of the
crankcase and in rear of the bearing cap.

(f) Removal of main bearing cap
To remove the main bearing cap, use Bearing Cap
Extractor(special tool).
1) At front and rear ends

2) Intermediate position

Piston Ring Tool

Bearing Cap
Extractor

Bearing cap




(g) Removal of crankshaft gear
To remove the crankshaft gear, use Gear Puller

(special tool).

NOTE:
It is not necessary to remove the crankshaft gear
unless defect is evident.

Gear Puller




2. Inspection

Clearance
BD 34

L 0.05

NV 0.002 to 0.019

Clearance

BD 34

NV 0.02to 0.05
L 01

Top surface distorsion
NV 0.07 or less
L 02

Ring groove to ring clearance
1st
NV 0.04t00.10
0.06 t0 0.12
L 02
2nd
NV 0.03 to 0.06
0.07 t0 0.10
L 0.15
Qil ring
NV 0.03 to 0.06
L 0.5

Ring gap
NV 0.3t00.5
L 0.15

Bend, twist
L 0.05

Sleeve

1.D.

NV 100 to 100.03
L 100.25
Roundness

NV 0.01 or less
Cylindricity

NV 0.03 or less

Interference between crankcase
and sleeve
STD

NV 0.16 to 0.22

L Lessthan0.16
0Ss

NV 0.18 to 0.20

L Lessthan0.18

Oil clearance

BD 78

NV 0.05to 0.09
L 0.15

Free span
L Lessthan 82.5
<D4A:Upper>
Less than 82.27
<D4A:Lower>

Qil clearance

BD 60

NV 0.05t0 0.09
L 92

Free span
L Lessthan 64.27

Clearance

BD 100

NV 0.05 to 0.09<D4A>
0.11 to 0.15<D4AK-T>

Roundness of pins and journals
NV 0.01 or less
L 0.03

Cylindricity of pins and journals
NV 0.006 or less
L 0.03

Bend
NV 0.02 or less
L 0.05

BD...Basic Diameter
NV...Nominal Value
L...Liimit




(@) Measurement of cylinder sleeve |.D.

Measure the cylinder sleeve |I.D. at the six points
shown in illustration.

If the 1.D. exceeds the limit, replace or bore to oversize.
If the cylinder sleeve is to be used without being bored,
correct the ring ridge wear at its top by grinding with a
ridge reamer.

(b)

Replacement of cylinder sleeve

1)

a)

b)

c)

2)

Removal

With a boring machine fixed in the crankcase,
center the machine.

Make sure that the machine is centered at the
bottom of the cylinder sleeve which develops
uneven wear least.

Bore until the wall thickness is reduced down to
approximately 0.5mm.

Insert a screwdriver(machined as illustrated)
between the crankcase and cylinder sleeve.

Tap the screwdriver to break and remove the
sleeve.

Make sure that the rounded part of the screwdriver
faces to the case.

Installation

After the cylinder sleeve has been removed, check
the crankcase sleeve hole for damage and proper
interference.

If defects are evident, bore the crankcase sleeve
hole.

A : Crankshaft direction
B : Direction perpendicular
to crankshaft

Crankcase
/ Cylinder sleeve
i, D \-//Izﬂormore

2 .
A 1 %
T~
-1 A
éf é]ﬁﬂormora

1 ' —— -

T

Make round
0~

View X




For measurement of interference, measure the
cylinder sleeve O.D. and crankcase sleeve hole I.D.
at the positions indicated in illustration.

Calculate the average value of the measurements
in the vertical (D1, D2, D3) and diametrical(A, B)
directions.

If the interference exceeds the limit, bore the
crankcase sleeve hole to oversize.

® When crankcase sleeve hole interference is

sufficient:

a) Using Cylinder Sleeve Installer(special tool) and a

b)

hydraulic press(sleeve installation load: 4.7 to 9t),
install the STD cylinder sleeve into the crankcase.
During installation, ensure that the chamfered side
of the sleeve faces down and the sleeve top surface
is flush with the crankcase top surface.

After installing the cylinder sleeve, obtain the
nominal dimension for 1.D. and finish to 3.2-S by
honing operation.

A : Crankshaft direction
B : Direction perpendicular
to crankshaft

D ;/ 15
7 / .
ﬁ Cylinder /
D: r"//' sleeve A
é\cemer
/7; Crankcase
o
e 15
Z

FIIIUIEN RN

Cylinder Sleeve Installer
MH061295




® When crankcase sleeve hole interference is insufficient:

a) Ready an oversize cylinder sleeve with a 0.5mm larger O.D.
Hone the crankcase sleeve hole to 8S to obtain the nominal value for the interference between the
cylinder sleeve O.D. and crankcase sleeve hole.

b) Using Cylinder Sleeve Installer(special tool), install the cylinder sleeve into the crankcase.
After installation, obtain the nominal value for the cylinder sleeve 1.D. and hone the surface to 3.2-S.

NOTE:

1. When boring the crankcase sleeve hole, remove sleeves from all cylinders and bore to roundness.

2. Before installing the sleeve, apply spindle oi(MECHANIC #32 or equivalent) to the crankcase
sleeve hole.

(c) Selection of oversize
Available oversizes(4 types): +0.25, +0.5, +0.75,

+1.00mm

1) An oversize must be determined in consideration A : Crankshatt direction
of the part developing the most serious wear from B : Direction perpendicular
all cylinder 1.D. measurements. Craiticars e sisam AR

2) Using a micrometer, measure the O.D. of individual :; D, \,5; 1'20 s
oversize pistons to bo used. %; 7’ y

3) Bore and hone the cylinder sleeve to obtain the //,’ D 7’ : d
nominal value for the cylinder sleeve to piston é ?
clearance. f D: é

é éIﬁO or more
NOTE: 7 72

1. Even if only one cylinder requires boring, make
sure that all cylinders are bored to the same
oversize.

2. Replace the piston and the piston rings with the
corresponding oversizes.

(d) Crankcase top surface distortion
If the limit is exceeded, correct with a surface grinder.

NOTE:
Crankcase must be ground only to the extent that the
piston projection does not exceed the nominal value.




(e) Piston O.D.
Measure the piston skirt O.D. and calculate the
clearance with the smallest cylinder sleeve |.D.
measurement. |f the limit is exceeded, replace the
cylinder sleeve or piston.

NOTE:
If a piston is replaced, replace also the piston ring.

(f) Piston to piston ring clearance
If the limit is exceeded, replace the piston ring or
piston.

NOTE:

1. Remove carbon and measure the clearance
throughout the entire periphery of the piston.

2. Replace piston rings as a set.

For the 1st compression ring, press the ring against the
piston with a straightedge.

0.D. measurement position

-1“-”'-

MODEL A
D4A 60.65
D4DA 62.15




(g) Pistonring gap
Put the piston ring in the standard gauge or crankcase
cylinder sleeve by pushing it with piston and measure
the ring gap.

If the limit is exceeded, replace.

Standard 1.D.: D4AN/AK:100+0mm
D4AF/D4DA:104 +0mm

(h) Piston to piston pin clearance
If the limit is exceeded, replace the piston pin or piston.

(i) Piston pin to connecting rod clearance
It the limit is exceeded, replace the connecting rod
bushing.

Level piston ring

Piston
,_.}L__ N
=
Piston pin ‘ A
Connecting rod
T
=== =

N

Piston pin'




(j) Replacement of connecting rod bushing.
1) Removal of bushing
Using Connecting Rod Bushing Puller or Connecting Rod Bushing Puller Kit(special tool), remove the

bushing.
Approx.
49 kN {}
(6-1one) Connecting Rod
Bushing Puller Kit
MH061891
Connecting Rod Bushing Puller
MH061296
— Bushing
<D4A>
<D4DA>
a) With the connecting rod bearing removed from
the connecting rod big end, secure the Approx. 49 kN

connecting rod to Base(special tool). (S tons)

b) Set Mandrel and Collar A(special tools) onto the
connecting rod small end as illustrated at right

and gradually apply force with a press. Bushing
Fixing bracket

Base

= :
///a ?////I\’///////////

2) Installation of busing
<D4A>

a) Insert the bushing into Connecting Rod Bushing Appro S0KN G tone) e
Puller(special tool). 2
b) Apply engine oil to the bushing and connecting rod. Sﬁ;‘{-,';‘;“;ﬂ.ﬁ?d
c) Press-fit the bushing into the connecting rod. MHO61296<D4A> Oil hole
NOTE:
1. Press the bushing into the chamfered end of the Bushing
connecting rod.
2. Align the oil hole in the bushing with that in the SRR
connecting hole. ' N——
3. After the piston pin has been inserted, make il

surface that there is no excessive play and it
turns smoothly.




<D4DA>
a) Set the bushing to Mandrel, Collar B, Collar A,
and Nut(special tools).

b) Apply engine oil to the connecting rod small end Approx. 49 kN §
z (5 tons) 1
and bushing. 5|~ Mandrel -
c) Press the special tools, to which the bushing is
set, into the connecting rod small end with a N oo CoNerl e
press. Bushing Oil hole

7772171 7777777777 7777777,
Nut Base

d) After the bushing is pressed into position and special tools are removed, ream the bushing to obtain the
specified bushing to piston pin clearance.

NOTE:

1. When installing the bushing, make sure that the oil hole in bushing is aligned with that in the
connecting rod.

2. When the piston pin has been installed, ensure that it turns smoothly with no excessive play.

(k) Bend and twist of connecting rod.
Measure with Connecting Rod Aligner(special tool). If the limit is exceeded, replace or correct with a press.

NOTE:

1. Measure with the bushing and connecting rod bearing installed in the connecting rod.

2. The connecting rod and connecting rod cap bolts must also be tightened to specification in
measuring.

Measurement of bend Measurement of torsion

C Connecting rod

Connecting rod
aligner




() Connecting rod bearing tension
Measure the tension of he connecting rod bearing __A
when free and, if the measurement falls short of the =

limit, replace the upper and lower bearings as a set. )

NOTE :
Never attempt to expand the bearings for reuse.

!
b

(m) Connecting rod bearing to crankshaft clearance
If the limit is exceeded, replace the upper and lower and lower connecting rod bearings as a set.

(n) Main bearing to crankshaft clearance
If the limit is exceeded, replace the upper and lower main bearings as a set.




(o) Main bearing tension
Measure the tension of the main bearings when free.
If the measurements are below the limit, replace the
upper and lower main bearings as a set.

NOTE:
Never attempt to expand the bearings for reuse.

(p) Roundness and cylindricity of crankshaft
Determine roundness and cylindricity of the crankshaft
based on measurements of journal and pin O.S.s.
If the limit is exceeded, grind to undersize.

(q) Crankshaft bend
If the limit is exceeded, correct with a press or grind to
undersize.
If the bend is excessive, replace.

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




(r) Correction of crankshaft to undersize

item Nominal value mm
A 41
B 35
C R4
D 52.5

If a journal or pin is damaged or seized, grind the
crankshaft by using the following procedures.

Replace the bearing with an undersize.

1) During grinding, use care not to change the center
distance of journal and pin.

2) Use care also not to change the width of journal
and pin.

3) Finish the fillet smooth to the specified radius.

4) Check for grinding cracks by the magnetic particle
inspection method. Make also sure that the surface

pal

Shore hardness HS 75 or more

Finishing

CE

Grindstone or

: sandpaper
hardness(shore hardness Hs 75 or more) has not Qe
Crankshaft

decreased.
5) When grinding the crankshaft with a grinder, the

grinder and crankshaft must be turned

counterclockwise as viewed from the crankshaft

front end.
6) To finish the crankshaft with a grindstone or

sandpaper, turn the crankshaft clockwise.

Crankshaft Undersize Dimensions
Unit : mm
_ Joummal O.D Pin O.D finish demension o
Under size . _ _ Out-of-roundness Cylindicity
finish dimension D4A D4DA
0.25 77.68~77.70 59.695~59.715 64.69~64.71
0.50 77.43~77.45 59.445~59.465 64.44~64.46
0.01 or less 0.006 or less

0.75 77.13~77.20 59.145~59.215 64.19-61.21 -
1.00 76.93~76.95 58.945~58.965 63.94~63.96




3. Reassembly

Weight mark
Expander spring stamped position
butting ends 1string
Engine open ends
front —=—

: QOil ring
2nd ring open ends
open ends

3
4
5
6
7
8
9
17 —
7
14 15 16 13

<Assembly sequence>
17—
14
@0 1
3-@—-@—710—0®—2

Weight mark

roove
g stamped
Mating mark Locate oil groove to
stamped the crankshaft side

Piston projection
NV 0.48 to 0.74<D4A>
0.43 to 0.69<D4AK-T>

Locate oil grove to

2 1 10 100Nm 11 the crankshaft side
(10.5 kagf m) s
Wet) pilay
Esxl piay ( NV 0.10t0 0.25
rv g.;s t0 0.45 L 04
Apply sealant
Front mark (THREEBOND 1105D)
175N m or equivalent).
(18 kgf m) 1
(Wet) =
Apply sealant
(THREEBOND 1105D)

or equivalent).

NV...Nominal Value
L...Limit




(a) Install the thrust plate and upper main bearing to the

NOTE:

1.

crankcase.

Install the thrust plate with its side having no oil
groove toward the crankcase.

Line up the lug of main bearing with the lug groove
in crankcase.

Note that the upper main bearing has an oil hole,
which must not be confused with the lower.

3. Apply engine oil to all sliding surfaces.

(b) Instaliation of crankshaft gear

When the crankshaft gear was removed, it must be
heated with a piston heater or similar device before
being reinstalled onto the crankshaft.

(c)

Instaliation of main bearing cap

1)

<D4A>

Fit the lower main bearing into the main bearing
cap. At the time, make sure that the main bearing
lug is aligned with the main bearing cap lug groove.

2) Install also the thrust plate onto the main bearing
cap in the rear-end paosition.

3) Make sure that the main bearing cap lug groove are
on the same side. Ensure also that the embossed
numbers on main bearing caps are in ascending
order from the front of engine.

NOTE:

1. Face the side of thrust plate having no oil groove

=

toward the main bearing cap.

Use thrust plates of the same size for the
crankcase and main bearing cap rear end.
Apply sealant to the crankcase front and rear
surfaces onto which bearing caps are mounted.

Lug
, Oil hole
'S ) A7

attaching pin

Crankcase

) W Upper main bearng

Lug groove
A Pin hole

d & Qxé§EEEOHgmmve
Thrust plate

Thrust plate

Crankshaft gear

Embossed number
Oil groove side

Lower main bearing
v
%

s~ attaching pin

Main bearing
cap

Thrust plate

Thrust plate
Qil groove

Apply sealant
THREEBOND




4) Tighten the main bearing cap bolt to specification.
Then, make sure that the crankshaft turns smoothly
by hand.

5) Measure the crankshaft end play to determine if it is
within the nominal value.

<D4DA>

1) Fit main bearing caps their front marks(“{")
pointing toward the front of engine.

2) Fit rear main bearing cap with its embossed
mark(“R") positioned as shown in the drawing.

3) Bolts 5 can be reused only three times.
Before fitting the bolts, make a punch mark on the
head of each one to indicate how many times it has
been reused.

NOTE:
If any bolt already has three punch marks, it cannot
be used again; replace it with a new one.

4) Set the socket wrench such that the built-in spring
force forces rod against crankshaft.

5) On holder, select inscribed line F that is easiest to
see.

6) Using the selected line as a reference, turn socket
90° clockwise.
{One gradation on scale represents 5°.)

NOTE:

since bolts 1 utilize the plastic region tightening
method, they must not be tightened further after
this procedure.

)

175 N m(18 kgf m)(Wet)

=4S %—,
!@t L /

B

_1

®

O)X o ©

1y

<D4DA>

<D4DA>




(d) Installation of side seal
Install the side seal with sealant applied to its end.
Then, apply sealant to the bearing cap.

NOTE:
When installing the side seal, ensure the correct
installation direction.

(e) Reaseembly of piston and connecting rod.

1) Assemble the piston and the connecting rod,
ensuring correct direction as illustrated.

2) Insert the piston pin to couple the piston and
connecting rod. Mount the snap ring to hold the
piston pin in position. The piston pin is a clearance
fit in the piston. If the piston pin is hard to fit, heat
the piston with a piston heater or hot water.

NOTE:

1. Pistons must all have the same mass mark.

2. Connecting rods must all have the same mass
mark.

3. After inserting piston pin check that it turns
smoothly and with out play.

3) The connecting rod bolts do not normally need
removal, however, where replacement is necessary
for damaged bolt, install new bolts by using the
following procedures.

Make sure that the connecting rod bolt hole is free
from damage and burrs. Then, with engine oil
applied to the connecting rod bolt, press it into
position with a press.

(pressing load: Max. 4.9 kN or 500 kgf)

Side seal
Cap Case
3 ”end

Apply sealant
(THREEBOND 1105D or
equivalent) to ends

Apply sealant
(THREEBOND 1105D
or equivalent) after
installing side seals

Alignment

mark side Weight mark

Lug side indicating '
protrusion Lug

Weight mark
Front mark

?

Apply engine oil

tug side indicating

protrusion Weight mark
<D4DA> d

Face top groove inside. F'ress fiit with a press.
Max 49 kN (500 kgf)

Apply engine oil

L

Check for scractches
and burrs




(f) Installation of piston rings
To install piston rings, use piston Ring Tool(special
tool).

NOTE:
A manufacturer’'s mark is stamped near the piston ring
ends. Install with the mark up.

Direct the open ends of piston ring as shown.

(g) Instaliation of piston and connecting rod assembly
Fit the upper and connecting rod bearing into the
connecting rod and install the piston into the crankcase
with piston Guide(special tool).

NOTE:
1. Face the position mark on the lug end toward front
of engine.

2. Make sure that the piston ring ends position does
not change during installation.

3. Cover the connecting rod bolt with a vinyl hose so
as not to damage to crankshaft pins.

Piston Rong Tool
MH060014

1st compression
g ring en
Qil ring expander g gnds

spring butt joint ﬁ
Front of engine
g

2nd compression (N
ring ends Qil ring ends
-

Guide Lever

MHO061 658 Piston Guide

MHO061890




Use of Piston Guide

With the piston guide lined up with the piston skirt, set
the lever in position and adjust with the adjusting bolt
to match the clamp [.D. with piston O.D.

On completion of adjustment, remove the piston Guide
from piston and apply engine oil to piston external
surfaces, piston Guide internal surfaces, and cylinder
liner internal surfaces.

After these procedures have been completed, install
piston Guide to the piston with their top surfaces flush
with each other and tap piston top with a mallet or
other soft object into piston so as not to damage to the
piston.

(h) Fit the lower connecting rod bearing to the connecting
rod cap and tighten the connecting rod to specification.

NOTE:
The lug sides of the connecting rod and connecting
rod cap must be in the same direfction.

(i) Check the connecting rod end play.
(i) Check piston for projection.

Incorrect piston projection adversely affects the engine

performance. If measurements are out of specification,

check parts for clearance.

1) Hold the dial indicator on the crankcase top surface
to make zero adjustment.

2) Locate the piston TDC with the dial indicator.

3) Measure projections at three points on the piston
top surface to obtain the average value.

Adjusting

bolt

100 N m(10.5 kgf m){Wet)<D4A>

Measurement

Points

Crank case

<G

&
A - '\'-'::;




Average value of

Size classification

Thickness when

piston projection tightening
0.466-~0.526 A 1.351+0.03
0.526~0.588 B 1.40+0.03
0.588-~0.648 C 1.45+0.03

4. Inspection and Adjustment of Valve Clearance

Inspect and adjust the valve clearance when the engine is cold

by using the following procedures.

(a) Crank the engine with Cranking Handle(special tool) to line
up the inscribed line “0” position on the “1.4” stamped side
of the crankshaft pulley with the pointer.

Another pointer is provided on the crankshaft pulley

top.<D4A>

If this pointer is used, use the inscribed line “0” position on

the “2.3” marking side of the crankshaft pulley.

<D4DA> kil . Gasket

<D4DA>

Pointer

%&nking Handle

MHO061289




(b) When the piston in No.1 cylinder is at TDC on the compression stroke(the push rods of No.1 cylinder not
pushing up the intake and exhaust valves), check and adjust clearances of valves marked with “O” in the
following Table. Then, with the crankshaft rotated a turn, check and adjust clearances of the remaining valves

marked with “ x",

If the No.4 or No.6 cylinder piston is at TDC on the compression stroke(push rods in the NO.4 or NO.6 cylinder
not pushing up the intake and exhaust valves), similarly check and adjust the clearances of valves marked with
“x" first; then, turn the crankshaft a turn, check and adjust valves marked with “0”.

Cylinder No. 1

Valve arrangement In. Ex.

Ex.

EX.

No. 1 at Tdc on
compression stroke

No.4 at TDC on
compression stroke

(c) Insert the specified thickness gauge between the
rocker and valve cap to check for clearance.
if the valve clearance is out of the nominal value,
loosen the lock nut and turn the adjusting screw to the
extent that the thickness gauge moves slightly tight.
After adjustment, hold the adjusting screw in position
with a screwdriver, and tighten to secure the lock nut.
Recheck the valve clearance with the thickness gauge.
For on-vehicle adjustment of the valve clearance, use
slotted Screwdriver(special tool) to turn the adjusting
screw, which makes the job easier.

Valve clearance
(both intake and
Exhaust, when cold)
NV 0.4




6. TROUBLESHOOTING

Engine is hard to start

Change fuel or oll

Adjust

Is right fuel used or oil vicosity adequate? __L
YES
Is valve clearance of fuel injection timining NO
correct?
YES
Is compression pressure correct? —NO-—-
YES
Y

Check or correct below, or replace

« Defective cylinder head gasket

» Worn valve and valve seat

« Valve spring set

» Worn or damaged piston ring

« Worn or damaged piston ring groove

- Excessive cleartance between pistonand
cylinder sleeve

Is starting system (including preheating system)
in good condition?

NO

Correct or replace defective parts.
(See GROUP 14 ELECTRICAL SYSTEM)

YES

check fuel system
(See GROUP 16 FUEL)




Idling not smooth

Is right fuel used or oil viscosity adequate?

NO

Change fuel or oil

YES

Is valve clearance of fuel injection timing
correct?

NO

Adjust

YES

Is compression pressure correct?

NO

YES

Y

Check or correct below, or replace

« Defective cylinder head gasket

- Worn valve and valve seat

« Valve spring set

« Worn or damaged piston ring

- Worn or damaged piston ring groove

« Excessive clearance between piston and
cylinder sleeve

Is fuel filter or feed pump clogged, or air
trapped inside?

YES

YES

Are injection pump and nozzle intact?

YES

Check governor for idling adjustment
(See GROUP 16 FUEL)

Correct or replace, adjust defective parts.
(See GROUP 14 ELECTRICAL SYSTEM)




Improper exhaust color

; . NO
Is right fuel used or oil level adequate? I —
YES
Is valve clearance of fuel injection timing NO
———————————— =]
correct?
YES
. NO
Is compression pressure correct? e
YES
Y
. : = NO
Is air cleaner or muffler in good condition? KSR, = AU

Change fuel, or add or reduce oil to an
adequate level

Adjust

Check or correct below, or replace

« Defective cylinder head gasket

« Worn valve and valve seat

« Valve spring set

« Worn or damaged piston ring

« Worn or damaged piston ring groove

» Excessive clearance between piston and
cylinder sleeve

Correct or replace defective parts.

YES

Check injection pump, timer and nozzle
(See GROUP 16 FUEL)




Engine lacks power

i

Change fuel or oil

Adjust

Check or correct below, or replace

« Defective cylinder head gasket

« Worn valve and valve seat

- Valve spring set

» Worn or damaged piston ring

» Worn or damaged piston ring groove

» Excessive clearance between piston and
cylinder sleeve

Correct or replace defective parts.

NO
Is right fuel used or oil level adequate? —
YES
.
Is valve clearance of fuel injection timing NO
————
correct?
YES
. NO
Is compression pressure correct? e
YES
Y
, : " NO
Is air cleaner or muffler in good condition? —
YES
Is fuel filter or feed pump clogged, or air YES
———

trapped inside?

NO

Correct or replace defective parts
(See GROUP 16 FUEL)

Check injection pump, timer and nozzle
(SeeGROUP 16 FUEL)




Excessive oil consumption

YES

Is fuel injention timing correct?

NO

YES

Adjust

Is valve stem seal intact?

NO

Replace valve stem seal

YES

Is valve to valve guide clarance adequate?

NO

YES

Are piston ring and ring groove free from
wear? :

Replace valve and valve guide

NO

Replace piston ring or piston

YES

Is lubricating system OK?
(See GROUP 12 LUBRICATION)

YES

Is fuel system OK?
(See GROUP 16 FUEL)




Engine develops unusual noise

- Noise comes from around the engine

YES

Are pipings and hoses securely
connected?

NO

YES |

Adjust installed conditions

Are injection pump, water pump, and
other auxiliaries in good condition, or
properly installed?

NO

YES

Check and adjust, or adjust installed positions
of the auxiliaries (See GROUP 16 FUEL and
GROUP 13 COOLING)

s V-belt free from looseness or
damage, or is crankshaft pulley
properly installed?

NO

YES

Replave V-belt, or check and adjust its installed
position
(See GROUP 13 COOLING)

Is air cleaner or muffler in good
condition?

NO

YES

Correct or replace defective parts

Check valve and valve seat for proper
contact

Continued on enxt page




Continued from previous page

Y

Noise comes from rocker cover
and neighborhood

Is valve clearance correct?

NO

YES

Is valve spring intact?

NO

YES

Check for the amount of oil from
rocker shaft

Noise comes from gear case and
neighborhood

Is timing gear backlash correct?

NO

YES

Check timing gear and associated
parts

\

Continued on next page

Adjust

Replace valve spring

Replace valve spring




Continued from previous page

Noise comes from cylinder head and
crankcase

Y

Does the noise change with different
engine coolant temperature or fuel
injection timings?

NO

YES

| Thereis a great change

! Thereis a small change

NO

Check for compression pressure;
Check and correct below, or replace:

« Defective cylinder head gasket

« Worn valve and valve seat

= Valve spring set

« Worn or damaged piston ring

» Worn or damaged piston ring groove

« Excessive clearance between piston and
cylinder sleeve

Check and adjust fuel injection timing, injection
pump, nozzle, and timer
(See GROUP 16 FUEL)

Check parts for wear and damage;
check and correct below, or replace:

» Worn piston or cylinder

« Seized or broken piston and piston ring

« Worn connecting rod small-end bushing
and piston pin

» Worn crank pin and connecting rod
big-end bearing

« Worn crankshaft journal and main bearing

« Broken crankshaft

« Loose flywheel on crankshaft

« Excessive crankshaft end play

= Worn cam and tappet

« Excessive camshaft end play




1.GENERAL

The engine is lubricated by a gear-type oil pump that forces engine oil thtough the oil cooler and oil filter into the
engine for lubrication of various engine parts.

The illustration below shows the flow of engine ail.

Injection pump

Oil pump

From full-flow filter
From by pass filter

Qil main gallery
Qil strainer

Qil strainer <With vacuum pump>
*\
Pl
A
=AY

Vacuum pump_£f :
G

(D4DA)

Regulater valve

To oil main gallel To oil cooler

From oil pan

Qil filter

By pass valve

(D4DA)




(1) Oil pump

<D4A>

The oil pump, of a gear type, is driven by the skew gear
mounted on the camshaft.

The oil pump cover serves also as the oil filter head,
requiring no oil pipe.

(D4A)

The camshaft skew gear and oil pump gear are lubricated
by oil sprayed from the oil hole drilled in the oil pump case.
The engine oil fed inder pressure by the oil pump is
delivered {o the oil cooler.

' |~ Skew gear

o gear (D4DA)

<D4DA>
Oil pump is a geartype. It is driven by rotation of the
crankshaft via crankshaft gear and oil pump gear.

- Relief valve is fifted to the oil pump. When the oil pump
discharge pressure exceeds a specifited level, the relief
valve returns some of the engine oil to the oil pan, thus
protecting the lubrication system from excessive oil
pressure.

Qil pump

I
To oil pan
) \)L

Relief valve

From oil strainer

(D4DA)

(2) Oil Cooler
The oil cooler is an egipment for heat exchange between
the coolant and oil fed under pressure from the crankcase
water jacket and oil pump, respectively.

The oil cooler has bypass valve that opens when the
element passes less oil as it becomes clogged.

To oil filter From oil pump (D4A)




Qil press sw

To oil pan gallery
By pass valve

To oil pan I’i’%l}!
E°N0

Drain plug

Qil cooler

Coolant inlet

Regulator valve

,‘ To oil cooler

(a) Operation of bypass valve
When the oil's viscosity is high at low temperatures or
when oil cooler element is clogged and resists the oil's
flow, bypass valve opens, thus allowing oil to flow to oil
filter without passing through the cooler.

(b) Operation of regulator valve
When the presure of oil going to the main oil gallery
exceeds a specified level, requlator valve opens,
allowing some of the oil to return to the oil pan. The oil
pressure is thus constantly requlated.

To oil pan
By pass filter
Qil filter
Full-flow filter
By pass valve
(D4DA)
To oil cooler
By pass valve
Qil filter
To oil main
gallery Regulator
valve
To oil pan
Qil filter
(D4DA)
To oil pan vae
Spring
(D4AF, D4AL)




Lubrication system (Oil flow)

(D4A)

Qil strainer

Oil main gallery
3
Lo AN
'I[}\M i 4
Qil press sw s Injection Camshaft Crankshaft
Qil filter } ?
pump bush main bearing
X
Orifice )|( 5 > Idler gear
h J - bush
Vacuum Connectlpg
pump rod bearing
A
) ookt . l Timing Autometiq
rod bearing [y
Oil pump -
[ Y IJgI' Vg T N
A
Regulator | Piston cooling I
valve I
A \ 4 A 4 Y \ 4 y

X Oil pan /

\ Qil strainer

(D4DA)
QOil main gallery
'Y
—a n:c c . y Y \ 4
Injection Crankshaft Camshaft
pump mai bearng brsh
Bypass Qil filter Idler gear
valve bush
b
7T
Y ¥ Y v
i - Autometi Timing Connecting Rocker
Oil coole —
il cooler} - Orifice )| C timer gear fod bearing bush
¥ T 1 ‘
J : Connecting| | p,sh Turbo
| g l Oil pump Ml bush ueiiR charger
Regulator 3 " ]
valve ?:ll‘lg ‘ .
Tappet Vgﬁ#.l”pm
4
Oil jet
Piston [¢— —_—
L . v v y v Y A |
Oil pan




(C) Operation of oil pressure switch
If the pressure of oil fed to main oil gallery drops below
the specified level, electric contacts close inside
pressure switch. As a result, a warning lamp
ilfuminates in the meter cluster to alert the driver.

(3) Oil filter

<D4A>

The oil filter is a type incorporating both the full-flow and
bypass filters. The element is a spin-on type that allows
easy replacement.

The engine oil filtered through the full-flow filter is delivered
to the crankcase oil main gallery and the oil circulating
through the bypass filter returns through the crakcase to
the oil pan.

The oil pump cover has a relief valve that reroutes the
engine oil to the oil pan when the oil pressure exceeds a
predetermined level, thus preventing the lubricating system
from being overloaded.

<D4DA>

The oil filter is a spin-on filter-paper type incorporating a
full-flow filter and a bypass filter.

A bypass valve is fitted at the borrom of the filter assembly.
If the elements become clogged, the bypass valve opens
and allows oil to flow to main gallery without passing
through the elements. This operation prevents seizure of
the engine.

Qil pressure S/IW

(D4A)

From oil cooler

Bypass oil filter

Qit filter
Bypass valve

(D4DA)

To main gallery

: \I‘.

To oil pan

/]

\

j Bypass filter
F

ull flow valve

Bypass viave




(4) Lubrication of parts
The engine oil routed from the oil filter to crankcase oil
main gallery lubricates all engine parts as detailed below
before returning to the oil pan.

(a) Main bearing and connecting rod bearing.

<D4A>

There is an oil passage provided from the oil main
gallery to each main bearing. The oil flows through the
oil hole to lubricate the main bearing and passes
through the oil passage drilled into the crankshaft to
lubricate the connecting rod bearing.

<D4DA>

An oll jet is fifted in the lower part of main oil gallery for
each piston. These oil jets cool pistons by injecting oil
into them. Each oil jet is fifted with a check valve that
opens and closes at specified oil pressure levels.

At low oil pressures, these check valves close to
maintain the required volume of oil in the lubrication
system and prevent reductions in oil pressure.

(b) Camshaft
Camshaft bushings are lubricated by the oil flowing
through the oil passages leading from the oil main
gallery to each bushing.

There is an oil hole provided in the journal at the front
end of engine that serves as an oil passage to lubricate
the camshaft gear and valve mechanism.

Cooling piston

Oil main gallery (™5
S i
‘l

i
A

Connecting
rod bearing

(D4A)

Piston

Check valve

(D4A)




(c) Valve mechanism

The engine oil that has lubricated No. 1 camshaft bushing passes though the oil hole and pipe proveded at
the top portion of crankcase to the cylinder head.

The engine oil then goes throuhg the front-end rocker shaft bracket into the rocker shaft, lubricating each
rocker bushing. At the same time, it sprays from the oil hole at top of rocker to lubricate the surfaces over
which the valve cap slides and valve stem. The oil then passes through in the cylinder head and crankcase to

lubricate the tappets and camshaft cams before returning to the oil pan.

Engine oil sprayed

(D4A)

Rocker oil hol
Rocker bushing i H?ocker
Rocker shaft bracket \ p
Rocker shaft
Cylinder head

Crank case \

‘ 1 ___,..-—'-'-—' Ta‘ppet
“ To oil pan
SV
l\\ Camshaft
L—

; amshaft bushing No1.
From main gallery

(D4DA)




(5) Timing gear

The timing gear idler gear bushing is lubricated by the engine oil routed from the oil main gallery, part of which
spraying from the idler gear oil hole to lubricate each gear.

The camshaft gear and thrust plate are lubricated by the engine oil routed from NO.1 camshaft bushing through
the camshaft oil hole.

(D4A)
ldler gear
Thrust piati
\ (i
i =
|
,LL . T\r ] L
Camshatt gear
Idler gear bushing

(D4DA) Thrust plate Camshaft From main oil gallery

Idler gear bushing

Automatic timer

Oil pipe

Camshaft gear

Idler shaft idler gear  Oil jet Bearing Timing gear case
Vacuum pump (for automatic timer)

Engine oil from main oil gallery passes through camshaft and idler to lubricate the gears and vaccum pump.
An oil jet is provided in timing gear case to provide constant, forced lubrication of the automatic timer.

On D4A the idler shaft is provided with an oil pipe for the
forced-lubrication of the auto timer.




(6) Injection pump
Engine oil that has lubricated injection pump and governor

returns to the oil pan through the oil passage of bearing
cover.

Governor

Timing
gear case

(7) Vacuum pump
Engine oil is delivered from main oil gallery to vacuum
pump through the oil passage of timing gear case to
lubricate the vanes. Then, the oil is discharged to timing

gear case through the air outlet port together with air to be
returned to the oil pan.

To crank shaft
Vacuum pump

(D4DA)
(8) Turbocharger
Via an oil pipe, engine oil is delivered from the main oil
gallery to bearing housing to lubricate bearing.
At each end of the turbine wheel shaft, piston ring acts as
an oil seal. Bearing housing

Piston ring Bearing Piston ring

A : To oil main gallery
B : To oil pan

(D4AK, D4DA)




2. SPECIFICATIONS

valve

Model :
item D4AN D4AK D4DA
Engine oil
Quality AP classification class API classification class —
CC or better CC or better
Capacity Oil pan — 7.5 [ (oil filtter 1 1)
Approx. 8.2 lit.
Lubrication method Pressure feed by — —
oil pump
Oil pump
Type Gear pump S -1
Relifef valve Piston valve
Qil filter
Full-flaw Spin-on type filter — e
filter paper(with built-
element in bypass valve)
Bypass Spin-on, type filter — -
filter paper
element
Regulator = Piston valve type
valve
Qil cooler
Type Shell-and-tube -~ Shell-and-plate
Bypass Piston valve - .




3. SERVICE STANDARDS

1. Service Standard Table

. Unit ; mm
Descrintion Nominal value Limit Correction
P [Basic diameter] and remarks
Oil pressure At idle 1.5 kg/cm? or more 49kPa(0.5 kg/cm?) Adjust
(Oil temperature at
70to 907T) At maximum speed 3~5kg/cm? 195kPa(2 kg/cm?) Adjust
Qil pump Oil pump case to gear 0.10 ~0.189 0.2 Replace
tooth end clearance
Difference between oil pump 0.01 ~0.07 0.18 Replace
case depth and gear height
(Sinkage)
Driven gear to driven shaft 0.04 ~ 0.07[20] 0.15 Replace
clearance
Drive gear end play 0.03 or more Replace
Relief valve opening| D4A 3.7~4.3kg/cm?
pressure Replace
D4DA 10~12kg/cm?
Qil Bypass valve D4A 1.8~2.2kg/cm?
cooler Opening pressure Replace
D4DA 3.7~4.3kg/cm?
Bypass valve spring
installed load D4A 2.6~2.7kg/cm? Replace
(Installed length : 51)
Regulator valve
D4DA 5.7~6.3kg/cm? Replace

opening pressure




2. Tightening Torque Table

Thread size Tightening
Description 0.D. X pitch torque Remarks
mm (kgf m)
Oil Relief valve D4A M27 x 1.5 7
pump
Cover to case mounting bolt | D4A M8 x 1.5 2
Qil Combination filter element M26 x 1.5 18~22
Filter
Bypass filter 12t020(1.2t0 2)
Qil Mounting bolt M10 x 1.5 45
cooler
Front and rear cover bolt D4A M8 x 1.5 1.3~21
D4A M20 x 1.5 15~2
Bypass viave
D4DA M16 x 1.5 2
Strainer mounting bolt M10 x 1.5 41

4. SPECIAL TOOLS

Tool name

Part number

Shape (Unit : mm)

Use

Filter wrench

MHO06158

oil filter element

Part No. [Dimension A| Application

MHO06158 101.2 Full-flow

filter
element

Removal and installation of




5. SERVICE PROCEDURES

5-1 Engine oil replacement
1) Draining

Warm up the engine and remove oil filler cap. Then,
remove oil pan drain plug and allow the engine oil to drain
out.

<D4DA>

Remove the oil filter drain plug to allow the engine oil inside
the oil filter to drain out.

2) Filling

Tighten oil pan drain plug to the specified torque. Then,
pour the specified amount of new engine oil into the
engine. _

Tightening torque:34 to 39 N - m {3.5~4.0 kgf - m}

3) Engine oil.

Engine D4AN/AF D4AK D4DA
APl Quality |CC or above |CD or above —
Oil Quality 8.21 — 751

Qil filler cap

Oil pressure measurement

With the oil pressure switch removed and pressure gauge
installed, warm up the engine until the oil temperature
reaches 70 t0 90C.

Measure the oil pressure at idle and maximum speeds.

If the measurement is below the limit, overhaul the
lubricating system.

<D4DA>
Removal engine oil pressure switch from oil cooler.
Mount an oil pressure gauge in the place

Standard valve Limit Remedy
At no-load
2 2
minimum speed 1.5kg/cm 0.5kg/cm
Inspect
At no-load - et
maximum speed| >~>Kg/em 2kg/em

Qil drain plug (D4A)
Qil filler cap
Oil drainplug  \ Oil filter (D4DA)
IDLE SPEED MAXIMUM
NV:1.5kg/cm? NV:3~5kg/em?
L:0.5kg/em? L:2kg/em?
(D4A)

(D4DA)




5-2 OIL STRAINER, OIL PAN

(D4A)
Apply sealant(Threebond 1207C or
4 aquivalant) to mounting surfaces
and mount within 3 minutes.
Cut off tip segment of the
nozzle
ﬁ ¢$2
1. Stiffener — i
. venly apply along
2. Oil pan curved surface

3. Oil strainer

(D4DA) iﬂk
' 2

Drain plug
Stitfener
QOil jet

Bolt

Oil pan

Qil strainer
O-ring

1 35-45kg-m

5 Sealant
{Threebond No. 1707F or equivalant)

i L

NOTE:

1. When applying sealant to the oil pan surfaces, make sure that the surfaces are free from oil and grease.
2. Sealant must be applied evenly. '

3. After installing the oil pan, ensure that there is no shift.

4. Never attempt to start the engine within one hour after the oil pan is installed.

5. If the oil pan attaching bolt has been loosened, be sure to apply new sealant.



5-3 OIL FILTER

Apply a thin coat of
engine oil before installation

— Qil filter

— Clogging, breakege

(D4A)

Removal use of filter wrench(Special tool) oil filter

NOTE:

1. For removal and installation of the spin-on type
element, use Filter Wrench (special tool). Note, howver,
that the bypass oil filter element must be tightened by
hand.

2. After the element has been installed, start the engine
and check connections for oil leaks.

d (D4A)

P (D4DA)




5-4 OIL PUMP

<D4A>

Make sure end play
after installation
NV 0.03 or more

Gear tooth end to case
clearance
NV 0.10-0.19
L 0.2

Difference between gear and
case height(sinkage)

NV 0.01 to 0.07

L 0.8

4 Wear, damage

2kg-m
Gear to shaft clearance
BD 20
NV 0.04 to 0.07
L 015
69 N m (7kgf m)
Valve opening pressure
NV 360 to 420 kPa
(3.7 to 4.3 kgf/cm?)
1
1.6~2.2kg-m
<Disassembly sequence>
1. Qil filter
2. Relief valve
3. Oil BD ... Basic Diameter
. Oil pump cover 8 NV ... Nominal Value
4. Driven gear L ... Limit

5. Qil pump case assembly

NOTE:

1. The gear is a shrink fit in the shaft of the oil pump case assembly and do not attempt to disassemble
more than the illustration.

2. Before reassembly, be sure to apply engine oil to parts.

For reassembly, reverse the order of desassembly.




<D4DA>

Crank shaft gear

Locating pin

<Disassembly sequence>
1. Oil pump assembly
2. Bolt
3. Snap ring
4. Relief valve
5. Spring
6. Seat
7. Oil pump cover
8. Driven gear assembly
9. Oil pump case assembly
10. O-ring

Assembly sequence
Reverse the order of disassembly




Service procedure

<D4A>

(a) Measure the drive and driven gear tooth end to oil pump
case clearance. If the measurement exceeds the limit,
replace the parts.

(b) Measure the difference between the drive and driven gears
tooth end hight and the oil pump case depth.
If the limit is exceeded, replace the parts.

(c) Measure the play in the diametral direction of the driven
gear to check for driven gear to shaft clearance.
If the clearance exceeds the limit, replace the parts.

(d) Measure the load at installed length of the relief valve
spring. If the load is far beyond the nominal value,replace
parts. '




<D4DA>
(a) Installation of seat
A:Qil pump assembly side.

(b) Measure the clearance between each gear shaft and the oil
pump case or cover. If the measured value exceeds the
limit, replace the faulty parts

(c) Position oil pump cover on oil pump case assembly using
two ¢ 9mm pins A.

(d) Fit bolts and tighten to the specified torque.

(e) Remove pins A, then fit other bolts and tighten to the
specified torque.

NOTE:
After assembly, turn the oil pump gear B by hand and
check that it rotates smoothly.

If the gear does not rotate smoothly, disassemble and
reassemble the components.

Oil pump cover

Driven gear Oil pump
Oil pump  assembly
cover \
N —

case assembly

I

|

assembly

Driven gear

Qil pump
case assembly




(f) Differences betwwen gear heights and case depth
Replace any component whose measurement is out of
specification.

(g) Clearance between gear teeth and oil pump case
Replace any component whose measurement is out of
specification.

Oil pump case

assembly \iive gear

Drive gear

Driven gear
assembly

Qil pump case assembly




5-5. OIL COOLER

Disassembly and Reassembly

Removal oil cooler after removing exhaust manifold.

When installing the oil cooler, align it with the oil pump mounting surface.

<D4A>
Apply engine oil to
prevent damage
Scale,
Align 7 mark on shell .
with notch in element | 229929 il hoe
RN Mating mark

{Align with notch in water pipe)

Installed load
(Installed length:51)
NV 2.6-2.7kg

NV ... Nominal viave

G\ Disassembly sequence
1.5-2kg-m )
Valve opening pressure - 1. Heat insulator 5. Rear cover
NV 1.8~2.2kg/cm? 2. Water pipe 6. Element

3. Oil cooler 7. Shell
4. Front cover 8. By pass valve




<D4DA>

Crank case

Disassembly sequence

1. Oi filter 6. Oil pressure switch 11. Plug
2. Qil cooler 7. Plug 12. Spring
3. Nut 8. Spring 13. By pass valve
4. O-ring 9. Regulator viave 14. Oil cooler body
5. Oil cooler element 10. Drain plug 15. Gasket

(a) Cleaning

® Check wheather carbon deposits or sludge have
accumulated in the oil passages of oil cooler element
and the oil cooler's bypass arrangement. Remove any
deposits with cleaning sealant.

@ Clean out any water scale or fur that has accumulated
in oil cooler element or oil cooler boody.

(b) Inspection of oil cooler element (D4DA)

[inspection]

® Seal outlet A of oil cooler element and connect a hose
to engine oil inlet B. Then, immerse the oil cooler
element in a tank of water.

® Apply air pressure of 980 kPa{10 kgf/cm?} for seconds
via the hose and check whther air leaks out of ail
cooler element.

@ |If any air leaks, replace the oii cooler element.




6.TROUBLESHOOTING

Low oil pressure

lYES

Is oil level correct?

NO

lYES

Check for oil leaks or oil trapped in the coolant.
Repair the trouble sport and add oil to the
required level.

Is oil viscosity normal?

| NO

Change to oil with adequate viscosity.
Troubleshoot if fuel is trapped.

lYES

Are oil pressure switch and gauge unit

NO

operational?
lYES

Replace

Is oil filter element free from clogging?

YES

Replace element

YES

If oil strainer free from clogging?
Are oil pump joints tight enough?
Is pipe free from cracks?

YES

Repair defective parts, or replace

lno

Is relief valve or regulator valve operational?

NO

Repair or replace

lves

Is Oil pump proper free from wear and break?

YES

Repair defective parts

lwo

Is connecting rod bearing or main bearing free
from wear?

YES

Repéir defective parts, or replace




Excessive oil consumption

l

Check following parts for leaks:
« Qil filter

« Qil cooler

« Qil pan

* Pipings

= Rocker cover

YES

lm

Are front and rear crankshatft oil seals free

NO

from leaks?
lYES

Are liner to cooling system free from leaks?

NO

YES

Check engine bearings for wear, resulting in
oil working up, efc.

NO

Repair leaks

Repair defective parts, or replace

Repair leaks of oil cooler-water jacket, etc.

Correct or replace




1.GENERAL

The engine is cooled by forced circulation of coolant by the water pump.
The illustration below shows the coolant flow.

Radiator

Thermostat Radiator Theimosiat Oil ):oo{er

Bypass pipe

= IR

e ey
gl ) 1N
her pump \ v

Drain
plug

Drain
plug

Water pump

Qil cooler

—

-
Radiator drain cock
Drain cock
(1) Water pump
Of a centrifugal type, the water pump is driven by the V-belt
from the crankshaft pulley.
- T ; Timing From
A unit seal is installed between the impeller and water gear case thermostat
pump that prevents leakage of coolant. There is a drain \6"‘%
hole provided at the bottom of the water pump case, which Z r\k f
ensures that coolant, should it leak from the unit seal, does From To
radiator : crank-

not enter bearings.

The water pump is mounted on the timing gear case
proveded with a suction pipe and swirl chamber.

Pressed into the one end of water pump shaft is the
impeller with combination-type blades which feeds coolant
under pressure into the engine.

Impeller




(2) Thermostat

The thermostat is bottom bypasss type that stops supply
of coolant to the bypass side when the path to the radiator
becomes full open.

The thermostat pellet, of wax peliet type, contains a special
wax which changes from a solid to liquid state and vice
versa, depending on heat, and consequent change in its
volume causes the valve to open or close, thereby
changing the quantity of coolant which flows into the
radiator and water pump (bypass side) to control the
coolant temperature.

A jiggle valve is provided in the air purge hole of the
thermostat to quickly in crease the coolant temperature.

The jiggle valve is in down position by its own weight when
the engine is stationary. When pouring in coolant, the air
in the system is forced into the radiator through the
clearance between the air purge hole and jiggle valve.

When the engine is started, coolant circulates and the
jigggle valve is forced upward by the hydraulic pressure.
As a result, the valve closes the air purge hole, preventing
outflow of coolant the air purge hole.

To radiator At low

cylinder
head

At engine stop At engine running

'r%
ot

Water pressure




(3) Radiator

The radiator, with a tube-and-courrgated-fin type core, not
only cools the engine coolant but also separates vapor
from liquid wter and regulates pressure in the cooling
system.

The radiator is of a simple closed type equipped with a
pressure cap. The reservoir tank is open to atmosphere.
The coolant overflowing from the radiator is therefore
stored in the reservoir tank, maintaining the radiator full
with coolant at all times.

The pressure cap requlates the pressure in the cooling
system. When the pressure bulids up exceeding the
predetermined level, the pressure valve compresses the
pressure spring relieving the excessive pressure to the
atmosphere.

As the coolant temperature falls forming a vacuum in the
radiator, the vent valve opens to admit air into the radiator,
thus preventing the radiator from being deformed by the
vacuum.

<D4A> Pressure cap

Radiator

<D4DA> Pressure cap

Radiator

(Pressure building-up)

(Vacuum)

From reservoir
hank




2. SPECIFICATIONS

M D4AN/AF D4AK D4DA
Item
Cooling method Water-cooling, P -
forced circulation
Coolant capacity 8.3 lit. e -
(engine proper)
Water pump
Type Centrifugal type - Velt-driven involute type
Drive V-belt P .
V-belt
Type x q'ty (Coqling Fan)
Low edge cogged Low edge cogged s
B type x 1 B type x 2
(Water pump)
Low edge cogged
B type x 1
Thermostat
Type/véalve Wax-pellet, bottom - -
opening bypass(with jiggle valve)/
temperature 82t
Fan Type Polypropylene, - g
pusher
Pressure type — —

CapType




3. SERVICE STANDARDS

1. Service Standard Table

Unit : mm

Description

Nominal value
[Basic diameter]

Limit

Correction
and remarks

Water pump | Interference between pump [17]0.08~0.10
shaft and and flange
Reassembly up to Replace
Interference between [13] 0.03~0.06 twice
pump shaft and impelter
Pump case to impeller 20.8~21.7 Replace
installed dimension
Thermo- Valve opening tempera- 80~84C Replace
stat ture
Valve lift/ tempera- 10 or more/95C Replace
ture
V-belt deflection 10~15 Replace
(between alternator and water pump)
Radiator Opening pressure 0.75~1.05kg/cm?
of radiator cap
Vaccuum 0.05kg/cm? less Replace

Radiator cap inspection

pressure

1.4kg/cm?




2. Tightening Torque Table

Thread size Tightening
Description 0.D. X pitch torque Remarks
mm (kgf m)
Cooling fan attaching bolt M8 x 1.25 20(2)
Fan coupling attaching bolt M8 x 1.25 20(2)
Alternator attaching nut M12 x 1.25 91(9.3)
Alternator adjusting bolt M12 x 1.25 82(8.4)
Water pump flange attaching nut M14 x 1.5 88(9)
M22 x 1.5 155(16)

4. SPECIAL TOOLS
Tool name Part number Shape (Unit : mm) Use
Puller- MH061298 Removal of water pump flange
Water pump MH061417 Removal of water pump
impeller puller impeller




5. SERVICE PROCEDURES

Removal and Installation

1 Cooling fan

2 Fan puliey

3 Fan drive ass'y
4 Tension pulley
5 V-belt




5-1 Cooling fan

L B A O g
m - - -'-:7 H

M8 20 N m (2 kgf m)

1 Cooling fan

2 Spacer

3 Water pump pulley
4 V-belt

5-2 Inspection and Adjustment of V-Belt tension.
1) Adjust the belt tension to obtain the specified belt deflection

when the center of each belt is pressed with a force of Altermator

approximately 98 N (10kgf).

NOTE:

1. A slack belt can be a cause of over heating and
undercharge.

2. An excessively tight belt may result in damaged
bearings and belts.

2) Adjustment of Fan Belt
To adjust the fan belt tension, slightly back off the
alternator attaching nut and adjusting bolt and move the
alternator.




5-3 Water pump

5-3-1 Removal and Installation

<D4A>

<D4DA>

Water pump

5-3-2 Disassembly and Inspection

Corrosion,

<D4A>

damage 2
Damage, wear
Cracks, damage 3 )
Bend 4"vtor leadk <Disassembly sequence>
(D Flange
Rotating @ Impeller
condition 5§ 7 @ Unit seal
Rotating @ Water pump shaft
condition ® Ball bearing
; ® Spacer
Irg%ﬂ%rgnce 7 Washer plate
NV 0.03 to 0.06 8 Water pump case
Remarks
_Reasse.mb(ljy up to . ’ .
Iné%rfqlr_?nce is permitied. For disassembly of parts with an encircled
llowi .
Hg:,n a%_( %3 10 0.10 5D . Basic Diameter number, see following pages
Reassembly up to twice is permitted. NV ... Nominal Value
<D4DA>

1 Impeller 6 Bearing, rear

2 Flange 7 Washer

3 Snap ring 8 Water pump shaft
4 Bearing, front 9 Unit seal

5 Spacer 10 Grease nipple

11 Water pump case

® Assembly sequence

8—7—6—5—4
}—3-4-*9—’1
11—10




(a) Using gear puller, remove the flange.

(b)

(c)

After removing the snap ring, withdraw the water pump
shaft together with the ball bearing by using a press
and remove the impeller. Heating the water pump case
to approximately 80 helps make the job easier.

Check the unit seals installed in the impeller and water
pump case for damage and wear. If defects are
evident, of when water leaks during operation, replace
the unit seals with new ones.

NOTE:

Whenever the unit seal is removed, it must be
replaced with a new one.

When the unit seals alone are to be replaced, tap two
holes in the impeller to M8 and, using Water Pump
impeller Pulier (special tool), remove the impelier.

impeller

Unit seal

Water Pump
impeller puller
MH061417




(d) Using a gear puller or press, remove the ball bearings.

NOTE:
Do not remove the snap ring from the water pump
shaft.

(e) When the impeller and flange are removed from the
water pump shaft, it may result in insufficient
interference.
if they are reassembled three times or more, of if the
interference is below the specification even reassembly
is two times or less, they must be replaced with new
ones. :

Washer plate

Snap ring

Water pump shaft

Ball bearing




5-3-3 Reassembly

Apply grease
(Wheel bearing grease or
equivalent).

Align shaft
and impeller
ends flush.

88 N m(9 kgf m) (M14)
155 N m(16 kgf m) (M22)

Pack 15g (shaft dia. 17) or
60g (shaft dia. 25) of grease 20.81021.7
(Wheel bearing grease or equivalent).

Apply sealant to the
outer circumference
of unit seal
(THREEBOND 1102

or equivalent). <Assembly sequence>

4—7—5—6—8—3—2—1

NOTE:

1. After reassembly, install the water pump onto the timing gear case and make sure that the impeller is not
in contact with the timing gear case.

2. Reassembly of the flange and impeller into the water pump shaft is allowed up to two times.



5-4 Thermostat

5-4-1 Removal and Installation

Thermostat cover
Thermostat
Thermostat case
Bypass pipe

HWN =

5-4-2 Inspection

o ST
LT
N

AT

S~ .

i

Apply engine oil to
prevent damage

Agitate water in the container with the stirrer to obtain uniform temperature.

For the inspection, use the following procedures.
(1) Slowly heat water to the thermostat valve opening temperature. Keep this condition for about five minutes and

make sure that the valve is open.

(2) Raise the water temperature up to 957¢C.
Keep the condition for five minutes and measure the lift of pellet.

(3) Lower temperature down to 651 or below and ensure that the valve is fully closed.

If the thermostat is found defective in any of the above items, replace it with a new one.

/ Stiring rod

Termometer————.

Valve fully closed at
normal temperature

/

]]’\\Ill__)

BANGE| N
v |

Valve
NV 74510785

opening temperature

Container
/

Valve lift'temperature
NV 10 or more/90T

_— Heat source

NV ... Nominal Value




5-5 Radiator

5-5-1 Inspection
(1) Using a copper wire or similar device,remove dirt, mud,

and bugs from the front of radiator core with care to
prevent damage to tubings.

(2) Connect a hose to one of the radiator ports, cap the other

port, and immerse the radiator into water. Using a radiator
cap tester, force the compressed air under the specified
inspection pressure from the hose end to check for leaks.

If there is a leak, resolder the point of leakage of replace
the radiator.

Inspection of Radiator Cap
Check the spring tension and sealing condition of the
pressure valve and vent valve. If defective, replace.

Check the pressure valve opening pressure, using a
radiator cap tester.

Inspection pressure
98 kPa
(1.0 kgficm?)

Radiator
cap tester

Inspection
pressure

39 to 59 kPa

(0.4 to 0.6 kgficm?)

Radiator
cap




5-6 Cleaning of Cooling System

If the radiator is used for a long time, rust, scale, mud, etc. are
deposited inside, resulting in overheat. Clean the cooling
system with city water by using the following procedures.

The city water to be used should have the following properties.

Required Properties of City Water

Total harness 300 ppm or less
Sulfate SO: 100 ppm or less
Chiloride CI’ 100 ppm or less
Total dissolved solids 500 ppm or less
PH 6to8
NOTE:
1. Use a cleaning solution if the radiator is seriously

2.

obstructed or coolant is seriously contaminated.
When the cooling system is cleaned or washed with
water, make sure that the coolant temperature is
maintained at 90C ; the coolant temperature below the
valve opening temperature closes the thermostat
resulting in poor coolant circualtion.

(1) Washing with Water (Every six months at coolant change

or before and after the use of antifreeze)

(a) Discharge coolant from the radiator, and crankcase.

(b) After draining the system, fill it with tap water
(preferably hot water) and, with the water temperature
kept at around 90, run the engine at idle for about 10
minutes. Then, discharge water.

Continue flushing until the drained water runs clear.

(2) Washing with Cleaning Solution (Radipet-7 of equivalent)

(When radiator clogging or coolant contamination are
serious)
(a) Discharge coolant from the radiator and crankcase.
(b) Ready a mixture of Fuso RadiatorCleaner(Radipet-7 or
equivalent: 5 to 10%) and cooling water.
pour the specified amount of mixture into the radiator.

45 33
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O
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(c) Run the engine to raise the solution temperature to

°
around 90C. Let the engine run at idle another 30 oot ¢ -k ‘ZOC
minutes, then remove the soultion. 30 min. [ ¥ g‘l

w
e T
i

(d) After discharging the solution, fill the system with tap

water(preferably hot water)and,with the water 10ming 3

temperature kept at around 90C, run the engine atide | = I 5 =
for about 10 minutes. Then, drain water. Q{:::k
Continue flushing until the drained water runs clear. /B Dt

I
%chsﬁ’

(3) Antirust and Antifreeze
(a) After cleaning, add the Fuso Radiator Antirust
(Radipet-9B) or equivalent at a ratio of 5% to the
coolant quantity to prevent corrosion in summer.

(b) In winter, add the Fuso Antifreeze or equivalent at a
ratio of 30 to 60% to prevent freezing.

NOTE: -

1. Make sure that the antirust is added in summer and
the antifreeze in winter at the specified ratios.

2. The antifreeze or antirust added coolant used for a
season (about six months) must not be reused.

3. Use the antifreeze at a proper mixing ratio of 30 to
60% suitable for the atmospheric temperature. If
the mixing ratio is less than 30%, the antirust effect
will fall. If the ratio exceeds 60%, the antifreeze
effect will fall, and engine overheating will result.



5-7 Gas Leak Test

Air or exhaust gas leaked into the coolant promotes corrosion
and rust formation.
Perform the following check and, if defects are found, take
remedial action.
(1) Inspection
Remove the pressure cap from the radiator, and run the
engine to raise the coolant temperature up to around 90 .
(2) Causes
(a) If air is trapped in coolant, check cylinder head bolts,
water pump mounting bolts, and hose and its
connections for looseness. Check also hoses for
damage. '
(b) If the exhaust gas has leaked into coolant, check the
cylinder head gasket or nozzle tube end stake for
damage. Check also cylinder head for cracks.

Bubbles

5-8 Bleeding the Cooling System

(1) With the pressure cap removed from the radiator, let the
engine run at idle with coolant temperature of about 90
to bleed the system completely.

(2) After the system has been bled of air, add coolant to
radiator as required.




6. TROUBLESHOOTING

Overheating

lYEs

Is fan belt tight enough?

NO

Adjust belt tension. Also check belt
for damages; if defect are evident, replace.

lYES

Is coolant level correct?

NO

lYES

Add coolant. If water leak is suspected, go to
“Rapid coolant loss".

Is radiator fin clear of obstruction?,

NO

lYES

Clean radiator core and correct core bend as
required

Is coolant free from contamination and rust?

YES

YES

Flush cooling system

Is thermostat operational?

YES

Replace thermostat

YES

Is water pump impeller intact?

NO

Replace impeller

YES

Check engine for possible cause of overheating




Rapid coolant loss

l

Is radiator hose free f ;
sradiatorhose freefrom | NO _| Are hose clamps tight? | _NO___| Retighten clamps
water leak?
e
Are hose free from decay NO Replace hoses
and cracks?
y
water leak?
lYES
Is water pump free from NO »| Replace gasket or unit seal
water leak?
lYES
Is radiator pressure valve NO
free from waer leak? l
YES Is pressure valve set NO
pressure correct? », Replace pressure valve
Is gasket intact?
lves
Is coolant free from gas NO Replace cylinder head
leaked from cylinder head ——1 gasket
¥ gasket?
Is oil cooler free from water NO
leak?<D4A>
! NO i
YES Are bolts tightened? Tighten bolts
YES
Y
Is O-ring free from NO
deterioration or break? Replace
Y

Check engine for possible
water leaks




1.GENERAL
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1-1 Starter
The strater is an overhang type in which the pinion sliding ' _
surface are not exposed to the outside. Magnetswivh section

Major components include: the motor that develops a high
torque required to get the engine started; overrunning cluth that
transmits torque and prevents the starter from overrunning;
magnetic swith that brings the pinion into mesh with the ring
gear, while turning on/off the load current to the motor; and, the
reduction gear which boosts the armature torque.

Qverrunning
clutch seciton

Reduction gear
section

(1) Reduction Gear
The end of the armature is a gear which is in mesh with the
reduction gear.
The armature torque is multiplied by about 3.6 with its
speed reduced as they are transmitted to the pinion.

(2) Overrunning Clutch

A roller-type overrunning clutch is used. Gikei v Spring

Roller

Rollers are housed in the wedgeshaped grooves formed Inner race
by the outer and inner races (sleeve) and pressed by _‘
springs.

When the starter is started, the roller is pressed towards
the narrower side of the groove, functioning as a key to

transmit rotation of the outer race to the pinion. No torque
is transmitted, however, from the pinion (as it is turned by
the engine), as the roller compresses the spring moving
toward the wider side of groove and releasing the key
action.



(3) Operation

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

When the contact P:closes, current from the bettery flows
from the terminal "S" fo 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 magnetic flux of the pull-in
coil and holding coil,closes the contact P.and
simultaneously pushes out the pinion turning slowly on
weak current.

When the pinion comes into complete mesh with the ring
gear, the contact P:closes and the large current of the
battery directly flows to the motor section to turn the pinion
powerfully.

In this condition, no current flows to the puli-in coil. The
plunger is retained by . the holding coil alone.

When the starter switch is placed to OFF, current to the
holding coil (H) is interrupted. The plunger is returned to its
original position by the return spring and the contact P:
opens so that current to the motor section is interrupted.

The moment the starter switch is opened, the battery
current flows from the terminal "B"to the pull-in coil (P) and
holding coil (H). Since the coils are wound in opposite
direction to each other, the magnetic fluxes cancel each
other so that the return spring can move the plunger back
to its original position.

Starter switch

Starter relay
] SW

- Ring gear

Starter switch
Starter relay
] SW

a

~ Ring gear

Starter switch

Starter relay
SW

Ring gear




1-2 Alternator
The alternator with a built-in IC Regulator (abbreviated to the
built-in alternator) is used.

The alternator consists of the IC regulator and brush holder
accommodated in the rear bracket.

a) Features of the Built-in Alternator

(1) For better voltage buildup especially at idle speeds,
the alternator is porvided with the R terminal
independent from the L terminal (charge lamp circuit)
as the initial excitation circuit.

(2) The three diodes (diode trio) built into the alternator
apply the field current directly to the field coil,
eliminating voitage drop caused by the starter switch
and wiring.

(3) The P terminal is for detecting the safety frequency.

b) Operation
When the starter switch is turned ON, base current flows
from the battery to poWer transistor to turn it ON, allowing
the current to flow through the field coil to turn on the
charge lamp.

Alternator
Charge
lamp
be Starter
I switch
be==t
trio
—1\ ] . I Battery
ul — #
| 4
| i\ .
L1 ; *rl
i 1 GJ
7 \
Power IC
transistor  regulator

L

I




As the engine starts with the alternator generating power,
the base current is supplied by the alternator itself.

The field current also flows from the diode trio to energize
the rotor.

At the time the charge lamp goes off, since the output
voltage from the B terminal becomes the same as that
from the L terminal.

As the voltage developed by the alternator builds up, the
zener diode Dz conducts providing base current for the
transistor Tr1 to turn it ON.

As a result, the base current of the power transistor is
shorted to Tr1, which turns OFF the power transistor.

This means that there is no field current flow, dropping the
voltage generated by the alternator.

When the zener diode Dz is shut off with a voltage drop,
the base current flows to the power transistor to turn it
ON. As a result, the field current again starts flowing,
increasing the generated voltage.

These IC regulator operations repeat to regulate the
alternator voltage.

b 34

]

Lok o




1-3 Vacuum Pump

The vacuum pump is of a rotary type with movable vanes.

The rotor with three movable vanes turns in the housing of a
cylindrical shape. The housing is mounted on the rear bracket
of the alternator with the rotor spline-coupled into the alternator
shaft.

The rotor and housing are eccentric. The air drawn in through
the suction port is gradually compressed and discharged from
the deliver port. Qil is also drawn in through the oil filler port to
provide sealing, lubricating, and cooling functions for the
housing, and discharged from the deliver port with the
compressed air to the oil pan.

The check valve prevents the engine oil and compressed air
from flowing back to the vacuum tank when the engine is
stationary.

Rotor

Vacuum pump
housing

Check valve

Suction Compression

Delivery




1-4 Safety Relay

The alternator rpm is detected and when it exceeds the
reference level, the safety relay prevents the starter from
operating even if its switch is accidentally turned on during
engine revolution.

Operation

Alternator

1
Fl
(T/

XX * ”1 ,L\ Charge lamp Starter switch
TG O o
||

A X 2 IC
regulator
| | | I

Battery
o\ switch

Battery

-4

@ Starter
L__' . 7’]” relay
To starter

(1) When the starter switch is set to ON, current flow from the starter relay to terminal "s" and to terminal "E" of the
safety relay, closing contact Pi. The charge lamp also illuminates if provided.

(2) As the starter runs and the engine starts running, pluses of frequency 1/10th of the alternator speed appear at
terminal "P" of the alternator.
The charge lamp goes out.

(3) When the pulse frequency at terminal "P" exceeds the specified value, continuity between terminals “S" and "E"
is lost. Then, the starter does not operate even if the starter switch is set to ON while the engine is running.




1-5 Preheater

(1) Intake Air Heater<D4A>
The intake air heater which is electric type heats intake air
in the inlet manifold to facilitate engine startup in cold
weather.

Set the starter switch to HEAT to energize the intake air
heater mounted on the inlet manifold. The heater becomes
red heated and in about 20 to 30 seconds, its temperature
reaches 800T or higher. Then, the it heater indicator
comes on to indicates heat state to the driver.

The heater relay has a fuse to prevent overcurrent from
flowing to the intake air geater circuit.

(2) Glow plug sys (D4DA, D4AF Fork Lift)
The glow plug heats the switch chamber to easily start the
engine in cold weather.
The glow plug, of a sheathed type, is connected in parallel.

Air heater

Stater switch
G{M
OFF ot
HEAT | ofotod
ON Sy
START] fototo

Air heater

--Hv\/—‘, )
Heater relay

Air heater
indicator




Combustion chamber
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Glow plug o

Battery

Water temp gauge unit
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| } 3 LOCK
Water Lamp Lamp |1 Lamp
sensor timer timer timer ACC o+0
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1-6 Automatic Stop Device
If the coolant temperature rises or the oil pressure falis while the engine is running, this device operates the stop lever
of the injection pump governor to cut fuel supply and automatically stops the engine.

(1) Run Off Type

Solenoid relay

|

Battery switch
—~—i

Qil pressure

(a) Start circuit
1) current flows from the solenoid relay (B) to the RY coil and applies the voltage to the collectors of TR:and
TRs but RY does not operate, as there is no input to the base.

2) Current also flows from the oil pressure switch to the solenoid relay (W) to R« to Rsand applies the voltage
to the base of TRs, when the voltage is applied to the base of TRacurrent flow from Rs to C and E of TRs to
the ground, and RY does not operate, as there is no input to TR«and TRs of the stop circuit.



(2) Run On Type<24V Type>

Solenoid Solenoid relay )
I > PC |
| EC} Lokl fiff @

HC ] !
1
S !

N

Oil pressure .
switch Thermo switch
Sy —
Stop | 1:-'! -—'-!
switch 1 ‘_i__, : ¢ :
== . _l
Qil pressure
Battery

/__/'\__.f\.._-crsw“o..h_hlpﬂ-

> Terminal| Battery =
ey
position 8 @ @

OFF o

ON O

—0
START OO0

Starter switch

(a) Start circuit
1) When the battery switch is turned ON:
Solenoid relay (B) — RY pull-in coil P TR: collector
TR: collector
RY contacts do not operate with no input to the base of TR:and TR..
2) When the starter switch is placed in the START position:
Starter switch S — Splenoid relay (S Resistor Ro — Ground

Diode Ds — RY holding coil H — Ground
Diode D: — Capacitor C

When the capacitor C is charged, voltage is applied from VR:to the base of TR:actuating TR:.
As voltage is applied to TR collector, TR: emitter, and to TRzbase, a current flows from TRecollector to TR
emitter, resistor TRe, and ground, causing the RY pull-in coil P to close the RY contacts.




3) When the RY contacts turn ON:

Current flows from solenoid relay (B) to RY, solenoid relay (C), and the solenoid, activating the solenoid
and starting the engine.

4) As the engine starts and starter switch is placed in the ON position, voltage to the solenoid relay (S) is cut
off; however, TR: and TR: stay ON for approximately another 30 seconds by the discharge current of the
capacitor C. During capacitor C's discharging, the oil pressure builds up as the engine speed increases,
causing the oil pressure switch to turn ON. This causes the current to flow from the starter switch (M) to oil
pressure switch, thermo switch, solenoid relay (H), RY holding coil H, and to ground, keeping the RY
contacts in ON state.

(b) Automatic stop circuit
When the thermo switch and oil pressure switch detect an abnormal condition, each switch turns OFF and
the RY contacts open, deactivating the solenoid and stopping the engine.

(C) Pushbutton stop
To stop the engine during operation, operate the stop switch, and the stop operation is performed just as
when the automatic stop is performed.



2. SPECIFICATIONS

Description Specification
D4DA
Model D4A / D4AF(Fork Lift)
Fork Lift Generator
Voltage-Polarity (-) earth —
Starter type Overhang electro-magnatic push-in —
type reduction starter
Starter output 24V-5Kw / 12V-3.2Kw 12V-3.2Kw
Alternator type Alternator with built-in Ic regulator —
(ldle-speed efficient type)
Alternator output 24V-25A/12V-90A 12V-90A 24V-40A
Vacuum pump type Rotary pump with 3 vanes, directly -
coupled with alternator
Preheater system Air heater / Glow plug system —
Glow plug temperature(30sec) - 1050+80T
Glow plug voltage(30sec) - 3A
Air heater capacity 2.0Kw -
Relay fuse capacity 95A -




3. SERVICE STANDARDS

3-1 Service Standard Table

Unit : mm

Nominal value

Correction

speed

i [Basic diameter] Clate and remarks
Starter Commutator O.D. 32 31 Replace
Commutator runout on 0.05 or more Correct or
periphery replace
Mica depth of grooves 0.2 orless Correct
between segment
Brush lenght 18 11 Replace
Brush spring tension 251034 N 20N(2kg) Replace
(2.55~3.45 kg)
Pinion shaft thrust gap 0.1~05 Adjust with washer
Pinion gap 05~20 Adjust with packing
No-load | Voltage 23V
Character-| Current | 24Vtype | 80A or less Check
istics Speed 3,400 rpm or more
Magnet switch 16V or less
24V type
operating voltage
Alter-| 25A | Slip ring O.D. 32.8~33.2 32.4 Replace
nator| type | Brush spring tension 3to4.2N 21N Replace
(0.31~0.43kQ) (0.21 kgf)
Brush length 18.5 g Replace
Field coil resistance(20) Approx. 10Q Replace
Load character- | Terminal | 27V
istics Voltage
(When cold) Current | 22A or more Check
Rotating | 2,500 rpm




Unit : mm

Besctipiion Norpinzfl value Limit Correction
[Basic diameter] and remarks
Alter- 25A | Ic regulator regulated 28 to 29V
nator | type | voltage rang(5,000 rpm, Check
5A or less)

Vacuum| 60cc| Maximum at- Vacuum| 91 kPa(680 mmHg) Check.

Pump | type | tainable vaccum or more Qil supply
Rotating| 3,000 rpm pressure(at
spped 3,000 rpm):

Deliver char- | At Vacuum| 67 kPa 295 to 345 kPa
acteristic low (500 mmHg) (3 to 3.5 kgf/lcm?)
after 20 speed or more
seconds with Rotating| 1,500 rpm
a 10 it speed
tank load At Vacuum| 77 kPa
high (580 mmHg)
speec or more
Rotating| 3,500 rpm
speed

*Quick- | Heatindicator | Coolant temperature -5 6 seconds Check

heating |lampontime | Coolant temperature -15C [ 10 seconds

air Coolant temperature -20C | 20 seconds

heater |Preheating Coolant temperature -5 14 seconds

time Coolant temperature -15C | 18 seconds
Coolant temperature -20C | 28 seconds
Afterheating | Coolant temperature-5C | 10 seconds
time to 10T
Coolant temperature -5C | 30 seconds
or less




Unit : mm

DéstHisHGH Nominal value Limit Correction
P [Basic diameter] and remarks

Glow plug Time required for indicator to 15 to 35 seconds Check

become red hot

Resistance under |24Vitype | 3.08t03.75Q Replace

normal temperature | 12V type | 1.14t01.39¢Q

3.2 TIGHTENING TORQUE TABLE
Thread size Tightening
Description 0.D. x pitch torque Remarks
mm (kgf m)

Alternator pulley nut M17 x 1.5 83to 105(8.5t0 11)
Alternator bolt M12 x 1.25 91(9.3)
Alternator adjusting bolt M12 x 1.25 82(8.4)
Glow plug M12 x 1.25 20(2)

4. SPECIAL TOOLS

Tool name

Part number

Shape (Unit : mm)

Socket

31391-12400
(D4DA)

12

of glow plug

Removal and installation




5. SERVICE PROCEDURES

Whenever removing electrical parts from the engine, be sure to
place the starter switch in OFF position and disconnect the
negative battery cable from the frame.

5.1 STARTER

5.1.1 Removal and Installation

Remove the starter from the rear plate and FLY wheel housing.

5.1.2 Disassembly

Rotatin
15 5 condit!iogn
14 )
Rotating

condition

..........

Breakage,
wear

7 2 Brush powder deposits,
8 9 Beac?_r'!g rot?tmg 4 uneven wear of brush
LONCHON. Soeve wear Installed condition of

Breakage, wear 10

pole and field coil
<Disassembly sequence>
1 Magnetic switch @ Pinion stopper
2 Rear bracket 10 Pinion
3 Brush holder 11 Spring
4 Yoke 12 Gear
5 Armature 13 Pinion shaft
6 Cover (@ Lever assembly
7 Center bracket 15 Spring set
8 Ring 16 Front bracket

For disassembly of parts with an encircled number, see following pages.




(1) Do not remove the bearings on both ends of the armature

unless defective.

(2) Apply a tubular tool to the pinion stopper and tap it with a
hammer until the pinion stopper comes off position to the

clutch side.

NOTE:

if the pinion stopper cannot be removed, deburr the

groove in the pinion shaft.

(3) Note the installed direction of the level to avoid wrong

reassembly.

5.1.3 Inspection and Correction

Pinion stopper
Ring

bar

Pinion Spring

Front bracket

Lever assembly Sgring set

Gear

NV ... Nominal Value

L ... Limit

Coil open circuit test
Fused contacts
Loose contact

Rotation test

Short circuit test
Coil earth test

Commutator O.D.
NV 32
L 3

Commuator runout
L 0.05 or more

Depth of groove between
bars
L 02orless

Brush length
NV 18

NV25t034 N

boil earth test
Open circuit test

L 20N(2 kgf)

Brush spring pressure

(2.55 t0 3.45 kgf)} | Brush holder

L M

insulation test




(1) Armature
(a) Coil Short Circuit Test
Place the armature on a growler tester. Hold a piece of
iron in paralle with the armature and slowly turn
armature by hand. If the iron piece is attracted or
virbrates, it means there is a short circit. Replace the
armature.

(b) Coil earth test
Check for continuity across the commutator and shaft
(or core). If there is a continuity, indicating that the coil
is earthed, replace the armature.

(c) Commutator check
Measure the runout of commutator with a dial gauge.
If the runout exceeds the limit, correct, ensuring that
the O.D limit is not exceeded.
If the commutator surface is rough developing ridge
wear, correct with sandpaper (NO. 300 to 500).

(d) Measure the commutator O.D If the measurement
exceeds the limit, replace the armature.

(e) Measure the depth of groove between bars. If it does
not reach the limit, correct.

AW
J)

Commutator ar ’é :
\ D, 4 E 5%
=
D 5 e

g

Depth of
groove




(2) Field cail
(a) Coil open circuit test

(b)

‘Check to ensure that there is continuity between the

terminal lead and brysh (+).
If there is continuity indicating an open circuit, replace
the yoke assembly.

Coil earth test

Check to ensure that there is no continuity between the
yoke and brush(+).

If there is continuity indicating that the coil is earthed,
check for poor insulation. If repair is impossible,
replace the yoke assembly.

(3) Brush and brush Holder

(a)

(b)

(©)

Brush Wear

Measure the brush length and, if the measurement is
less than the limit, replace the brush.

If the brush is unevenly worn or develops rough
surfaces, correct with sandpaper (NO. 300 to 500).
NOTE:Correct the brush contact surface to a curve
of the commutator.

Brush spring pressure

Measure the installed load of the brush spring.

Using a new brush, read the load at the moment the
spring leaves the brush.

If the spring pressure is below the limit, replace the
spring.

Brush holder Insulation test

Check to ensure that there is no continuity between
the.(+) brush holder and (-) holder plate.

If there is continuity, replace the brush holder.




(4)

(5)

(6)

Qverrunning clutch

Check to ensure that the pinion shaft turns smoothly
when turned in the drive direction{clockwise) and locks
when turned in the opposite direction(counter clockwise).

If the pinion shaft does not properly rotate, replace the
overrunning clutch.

Magnetic Switch

Perform the following continuity tests and, if any faulty

condition is evident, replace the magnetic switch.

(a) Cecil open circuit test
Check to ensure that there is a continuity across SM
terminals, and S terminal and ground.

(b) Fused Contact Check
Check to ensure that there is no continuity across and
M terminals.

(c) Loose Contact test
Check to ensure that voltage drop across contacts
small.
If a large voltage drop involves, it means that contacts
are defective.

Replacement of Front Bearing

If the front bearing is defective, replace it by the following
procedure.

Bearing replacement procedure

After replacing the bearing, use Caulking Tools A and B
(special tools) to caulk the bearing two times. (Since one
caulking operation can provide caulking at four points, two
caulking operations will provide caulking at eight points.)

A caulking load of 29 420 N (3000 kgf) (static load) is
applied.

After caulking, make sure that the bearing turns lightly.

NOTE:
Bearing replacement by the abovementioned
procedure shall be made only once.

M terminal

A

S terminal

29 420N
(3,000 kgf)

Caulking

L

Caulking
point

| Tool B
‘ 1 Sleeve

| bearing set
Front
bracket

T 1_~Tool A
// Caulking




5.1.4 Reassembly

Apply grease to surfaces
in contact with lever
Recommended grease 1 15 |14 16

MULTEMP PS-2 or

equivalent - ‘\R

. X
/(]
= A o Pinion gap
= L]
[App!y grease] Az f ] 19 10| NV 05t02.0
2 : 2 9
3
Ay 8
T [ - \ | Apply grease
_J f y =
1 T 13 Pinion shaft thrust gap
/ x 6 l 7112 NV 0.1t00.5
4 5 | Pack grease H Apply grease |
NV ... Nominal Value
<Assembly sequence>
16—156—14—B—12—11-@—-9-8—7T—-0—6—-0—-3—2—D
For Reassembly of parts with an encircled number, see following pages.
NOTE:
Ensure Correct installation direction for the lever assembly.

(1) To install the pinion, pass the pinion shaft through front

bracket. Then, with the spring, pinion, and pinion stopper
mounted and the ring fixed to the pinion shaft groove, pull
the pinion or pinion stopper toward ring to fix in position.

(2) Adjustment of pinion Shaft Thrust Gap

Measure the thrust gap with the following procedure and, if

the measurement is of specification, adjust by using
adjusting washers.

‘ Cc:ver

Thrust gap
adjusting Center bracket

washer for
pinion shaft




(a) With pinion Removed Adjusting washer

Mount the gear onto the pinion shaft and pass the shaft Pinion shaft

through the center bracket. Wahser
Then, secure the pinion shaft with a washer and snap nap ring
ring. =i _Thrust gap

Now, move the pinion shaft in the axial direction to
measure the thrust gap.

(b} With Pinion Mounted
Temporarily secure the pinion shaft and gear be tween

Center bracket

the front and center bracket with attach bolts. Then,
adjust the thrust gap by moving pinion shaft in the
axial direction.

At the time, lead the spring set removed: the spring
set, when installed can cause the center bracket to rise
resulting incorrect measurement of the thrust gap.

(3) Assemble by lining up alignment marks.

Alignment mark

(Aligned with punch

mark on yoke)
Align with the
groove in center
bracket.

Rear bracket

Punch mark
(Aligned with alignment
mark on rear bracket)

Armature Yoke

Brush holder




5.1.5 Adjustment and Test after reassembly

(1) Adjustment of pinion Gap

When the reassembled starter is wired as shown, the
pinion comes out rotating. When the M terminal is
disconnected, the pinion stops rotating, being held in the
out position.

Then, push the sleeve lightly back and measure the
backward travel (movement), which is the pinion gap.
Adjust by varying the number of packings in the magnetic
switch to obtain the nominal valve for the gap. To reduce
the pinion gap, use a greater number of packings.

Test
Set up a circuit as shown check for no characteristics.
<24 V type unit>

Pinion

Sleeve

Pinion gap

No-load charac- | Voltage 23V

teristics Current 80 A or less

Rotating speed 3 400 rpm or more

<12 V type unit>

Ammeter

No-load charac- | Voltage 11V

teristics Current 130 A or less

Rotating speed | 4 000 rpm or more

Magnetic switch operating voltage 16 V or less
NOTE:
1. Use wires as thick as possible tighten all terminals

2.

securely.

The reduction gear built into the starter produces high
rotating sound at load.

if the starter is operated for a long period, the battery
will run down resulting in reduced rotating speed.

Do not operate the starter for more than 10 to 15
seconds at one time.




5.2 ALTERNATOR

5.2.1 Removal and Installation
Remove the alternator, oil hose, vacuum hose, and other parts.

91 Nm
(9.3 kgf m)




5.2.2 Disassembly

Rotating o ey
? 4 condition ‘gq""

Rotating

congitjon @

<Disassembly sequence>
Vacum pump assembly
Fornt bracket

Pulley and fan

Rotor

Stator

Rear bracket assembly
Regulator assembly
Rectifier assembly

Qil seal '

Rear bracket

—O‘L{OO‘-"*J@WAQJ@-*

For disassembly of parts with an
encircled number, see following
pages.

(1) Remove the vacuum pump.

Wrap vinyl tape.

(2) When disconnecting the front from rear bracket wrap vinyl
tape around the shaft splines to prevent damage to oil
seal lips.

NOTE:
Use care not to lose the spring installed in the outer
periphery of the bearing on the rear end.

Front bracket M Rear bracket




5.2.3 Inspection and Correction

Slip ring O.D.
NV 33+0.2
L 324

Field coil resistance
NV Approx. 10 9 <25A>
Approx. 2 to 3 @ <50A>

Open circuit test

Earth test

Brush length
NV 18.5
L 7

Brush spring pressure
NV 3t042N

(0.31 to 0.43 kgf)
L 2.1 N(0.21 kgf)

o= 3@ -\
m@g lu . Short test
Open test NV ... Nominal Value
L .. Limit
(1) Stator

Check that there is continuity across the stator leads.
If there is no continuity indicating a broken wire, replace the
stator. Check that there is no continuity across the stator

leads and core. If there is, replace the stator as it is
earthed.

(2) Rotor

(a) Check that there is no continuity between the slip ring
and core.If there is, replace the rotor.




(b) Measure the resistance across slip rings. Replace the
rotor if the resistance is not within the specification.

(c) If the slip ring has rough surface or is unevenly worn,
correct with sandpaper or lathe.
Correction must be made within the limit of slip ring
O.D.

(3) Brush
(a) Replace the brush if it is worn beyond the limit.

(b) When a brush jas been replaced with a new one, push
it in to measure the brush spring pressure.
If the spring pressure is lower than the limit, replace
the brush spring.

(c) Replacement of Brush and Brush Spring.
The brush and brush spring can be removed by
unsoldering the pigtail.

(4) Diode

(a) For each diode, check the resistance across of leads
and heat sink.

(b) Make the check in two modes, by connecting positive
(+) lead of multimeter to the diode and negative (-)
lead to the diode.

(c) The diode is open if the resistance is infinite in both
cases.

(d) It is shorted if the resistance is almost 0 in both cases.
Replace the rectifier if the diode is open or shorted.

For the diode trio, check resistance across leads.

Brush length when new

Wear limit line

Brush spring

Brush spring




5.2.4 reassembly

Apply grease included
in the seal set to
the lips

N

s 8310 105N m
L. (8510 11kgfm)

<Assembly sequence>

9—6—(10—8—7)—5——
1
423

When installing the lock spring into the eccentric groove in the
outer periphery the rear bearing, ensure that the maximum
protrusion rests in the deepest parts.

NOTE:

1. When installing a new bearing, make sure that the
groove on its outer periphery is positioned on the
spring end.

2. Push the brush into the brush holder and secure with
the brush pull-up pin. After reassembly, be sure to
remove the pin.

Minimize the brush
protrusion.




5.2.5 Tests
Handing Precautions

When servicing the alternator, observe the following

precautions.

(1) If the polarity of the battery is reversed when connections
are made, a large current flows from the battery to
alternator, damaging the diode and IC regulator.

(2) Do not disconnect the battery terminal connections while
the engine is running, or a surge voltage develops
deteriorating the diode and regulator.

(3) Do not use a megger of other high-voltage multimeter, or
damaged diode and regulator will result.

(4) When a steam cleaner is used, take adequate measures to
prevent direct exposure of the alternator to the steam.

(5) operating the alternator with its B and L terminals shorted
results in the damaged diode trio.




(6) When quick-charging the battery with a quick charger, be
sure to disconnect terminal connections in advance.
otherwise, a damaged diode and regulator will result.

Performance Test (on test bench)

With the load resistance set at maximum (meaning that
there is almost no load current flowing), close switches K,
and K.

While gradually increasing the alternator speed to reduce
the load resistance, measure the current value with the
specified terminal voltage and speed. If the measurement
is below the specification, check alternator parts.

Ammeter

t .
&) [ J
Switch &, Switch
* Kl KE
d' Voltmeter

-

Battery . Load

resistance
_L (variable
= =resistor)

<L oad characteristics>

Alternator 25 A type unit
Terminal voltage 27V 27V
Current 1 14 A or more 22 A or more
Rotating speed 1,500 rpm 2,500 rpm

IC Regulator Regulated Voltage Test (On test bench)
Use a fully-charged battery.

Turn on the switch and gradually increase the alternator
speed up to 5000 rpm. Check that the current value at this
speed is 5 A or less. The regulator is in good condition if
the regulated voltage under this condition is within
specification. If not, replace the regulator assembly as the
regulated voltage is not readjustable.

Ammeter

<, Switch
i d

v) Voltmeter

=%

-

IC regulator regulated voltage

281029V _

(24 V type: 25 A alternator) Measured across terminals
: L and E at 5,000 rpm, load

13.910 14.7 V = P

5 A orless
(12 V type: 50 A alternator)




5.3 VACUUM PUMP

5.3.1 disassembly, Inspection and Reassembly

Replace seal set.
Apply all grease
included in seal
set to lips.

2 Wear in splines

3 Wear, damage

For reassembly, reverse the order of disassembly.
NOTE:
When reassembling the vacuum pump, make sure that the housing and rotor are
free from metal particles and other contaminants.

<Disassembly sequence>
1. Vaccum housing

2. Rotor

3. Vane

4. Plate

5.3.2 Test

If the performance is below standards, check hose joints for
tightness and the amount of oil supplied.

Then, recheck. If poor performance is still persistent, check
vanes for chips; housing, rotor, and rear bracket mating
surfaces for scratches; and, oil seals and check valves.
Replace parts if defective.

Maximum attrainable | Vacuum | 91 kPa(680 mmHg) or more
vacuum Rotating 3,000 rpm
speed
Deliver charc- |At low| Vacuum | 67 kPa(500 mmHg) or more
teristics after |speed| Rotating 1,500 rpm
20 sec.(with spped
10 lit. tank)  |At Vacuum | 77 kPa(680 mmHg) or more
high | Rotating 3,000 rpm
speed| spped

10 lit. tank

g

Engine oil

Alternator




5.4 PREHEATING UNIT
5.4.1 Quick-heating Air Heater System

(1) Removal and Installation

Heater hamess

(D4AN, AF)

(2) Inspection of heater relay
Check to see if there is continuity between terminals B and
C when an excitation current 2.3 A (24V) is applied across
terminal A and body ground.
Check heater relay fuse and, if the fuse is blown, isolate
the cause of trouble and replace the fuse.

Note the ampere stamped on the fuse at replacement. Amperage
marked Terminal B

5.4.2 Grow Plug (D4DA, D4AF)
(1) Removal and Installation.

2 0.10~0.15kg-m

1. Harness

X L, F 2. Connector
Al —__ 3. Glow plug




(2) Inspection of glow plug

(a) With the starter switch in "G" position, measure time
required for the indicator to become red hot.
Nominal value: 15 to 35 seconds

(b) If the measurement is out specification,or if the
indicator does not become red hot, make the following

checks.

If the specified time is not obtained, measure the
resistance of glow plug at normal temperature.

Normal value:
24 V type
3.08t03.75 Q
(205V-6 A+£10%)
12 V type
1.14101.39 @
(10.5V -8.3 A+10%)

If the indicator does not become red hot, check wrings

and indicator for broken wires.

(3) Inspection of water temperature gauge unit.
Place the water temperature gauge unit in a container
which contains water in it and measure the resistance
when the specified water temperature is reached.
If the measurement is out of specifications, replace the

water temperature gauge unit.

Glow plug indicator

{111

Glow plug

Starter LOCK
switch ACC o0
ON OO0
G O1O1010
START |O+—101010
BIA[M[G|S
L |
Q QO 0‘1
Battery -

Water temperature

connection side

Glow controller
connection side

Thermometer

Water temperature Nominal value
50¢C 230 Q
70C 104 £ 135 Q
90c 52




(4) Inspection of engine oil pressure switch

perform the following checks. If defective. replace engine
oil pressure switch.
Under the condition where no air pressure A is applied to
engine oil pressure switch, check to ensure that there is
continuity between terminals (D and @.
Slowly apply air pressure A to engine oil pressure switch,
beginning at 0 kpa(0 kgf/cm?).
When there is no more continuity between terminals () and
2, measure the air pressure and check to ensure that the
air pressure has the standard value.
B : Air pressure gauge

(5) Inspection of coolant temperature Sensor

Put coolant temperature sensor in a container filled with
engine oil.

Before raising the oil temperature, check to ensure that
there is no continuity between terminals (D and @.

Slowly raise the oil temperature and stir the engine oil well.
Measure the temperature at the time when there is
continuity between terminals () and 2.

If ther reading is out of the standard value, replace defective
parts.

NOTE:

When the oil temperature is near the operating
temperature, slowly heat the oil.(When the operating
temperature -5 is reached, leave it alone for five
minutes, and then raise the oil temperature at a rate of 1
T in two or there minutes.)

switch

Temperature
~~ sensor




6. TROUBLESHOOTING

Starter turns but engine does

not start

l

Does flywheel speed increase?

NO

YES

Repair or replace magnetic
switch

Repair or replace defective
starter parts

Repair or replace defective
starter parts

Repair or replace pinion
and allied parts

: NO
Does flywheel speed increase?
YES
Are magnetic switch main NO
contacts intact? ' »
YES
P
Y
If overrunning clutch free from NO
slipping? >
Is starter or surrounding parts NO
developing no unusual noise or
vibration?
YES
Is starter pinion free from wear NO
and damage? i
e
Y
NO
Does engine start? >

Repair or replace defective
starter parts

Starter is in good condition
Check fuel system and other
parts on the engine side for
defects




Starter does not turn when
the starter switch is placed in
“START” position

l

Does pinion develop meshing
sound?

NO

YES

Y

Is voltage across starter S
terminal and starter relay |
normal when the starter switch
is in “START” position?

YES

Is there continuity across
terminals S and M of the
magnetic switch?

NO

YESl

Defective starter
There are no breaks between

M terminal and ground

Is starter free from chattering?

NO

YES

Are magnetic switch main
contacts free from fusion or
damage?

Defective starter switch
contacts or wiring
Replace switch or repair wiring

Replace magnetic switch

Replace or replace

YES

Replace magnetic switch

Is magnetic switch holding coil
free from breaks?

NO
e

NO
.

NO
>

NO
]

>’7 Replace or replace starter

Replace magnetic switch




Battery overdischarges

Check if:
1. Starter turns slow
2. Charge warning lamp comes

on
Yesl

Is fan belt free from looseness
or damage?

YESl

Is wiring between alternator
and battery intact?

Are there any broken fuse or
poor connection?

YESl

With engine speed increased
up to 1,000 to 1,200 rpm,
measure the B terminal voltage

NO » Adjust belt tension or replace
Ha »| Repair or replace
High

No change from
battery voltage

Y

Continued on next page

With an ammeter (60 A or more) connected to the output terminal of alternator,
turn ON all electrical equipment. Start the engine and rev it up to 2,300 rpm or
more, and measure the maximum value indicated by the ammeter. (Make this
check quickly with an assistant.)

' ;

70% or less of rating 70% or more of rating

l

Alterator is in fair condition:
Check battery and electrical
equipment for unusual conditions

l

» Repair or replace alternator




Continued from previous page

Measure the B terminal voltage
when F terminal is grounded
(Watch for sudden voltage rise;
Slowly rev up while checking
voltages)

High

Replace defective IC regulator

Voltage not
increasing
Y
Does charge warning lamp NO
come on with engine
stationary?
YES
Y

Measure L terminal voltage with
engine stationary

High (near battery voltage)

Diode trio may be defective:
Repair or replace

Low (1V or less) l

Does charge warning lamp
come on with engine stationary?

NO

Positive diode is shorted:
Repair or replace

YESl

Is L terminal or positive brush
free from grounding

NO

Brush failure to contact or broken
field coil: Repair or replace

Repair or replace




Battery overcharging

Check if:

1. Battery needs water
frequently

2. Battery temperature is high

YES &

Does B terminal voltage remain
unchanged while gradually
revolving up?

NO

YES

Y

Is negative brush free from
grounding with starter switch in
“OFF"?

NO

YES

Grounded negative brush does
not allow the IC regulator to
operate:Repair

Replace defective IC regulator

Is F termjnal voltage at high | NO
engine rpm higher than that at
idle?
YES
Y
High

Check for regulated voltage
Measure L terminal voltage with
engine at high rpm

IC regulator is defective or
negative brush is grounded:
Replace IC regulator or repair
grounded point

Low

Excessively high regulated
voltage: Replace IC regulator

Alternator is in good condition:
Check battery for unusual
conditions




1.GENERAL

(1) Air cleaner

@)

The element, which comes in two types; the single element
types, is the filter paper type. Coated with plastics and
given heat treatment, the element offers outstanding
resistance to water and oils.

The air that has been drawn in is made to rotate by vane,
and large particles of dust are centrifugally separated.
Furthermore, small particles of dust are filtered out by the
filter paper element, and the air thus made clean is drawn
into the engine.

A : Outside Air

B: To engine

Dust Indicator

Mechanical type dust indicator is located near the intake air
outlet of the air cleaner. '

Operated by the negative pressure which is produced
when the air is drawn into the engine, the dust indicator
indicates that it is high time to clean or replace the
element.

In other words, when the element is clogged with dust, the
suction resistance increases.

When negative pressure A reaches 6.23 kpa{635 mmH:0},
singal(red) is pulled down against the spring pressure of
spring . So the signal (red) appears in transparent portion
of the body to indicate that it is high time to clean or
replace the element.

After cleaning or replacing the element, press the reset
button and the signal will return to its original position.

<Single element type>

Rest
buttom

Dust
indicator

Signal

Transparent

portion Spﬂﬂg

Negative pressure




(3) turbo charger

15

1 13 2 17 10 11 4 6 16

Compressor wheel
Thrust sleeve
Thrust bearing
Bearing

Bearing housing
Turbine back plate
Turbine housing
Shaft & turbine wheel
Piston ring

10 Thrust ring

11 Qi deflector

12 Insert

13 Compressor cover
14 Snapring

15 Actuator

16 Waste gate valve
17 O-ring

O ~NOO O AR WN =

(o]

1 to 6, 8 to 12:Cartridge assemblies

(a) waste gate mechanism

1)

2)

The waste gate mechanism has actuator assembly
1 to extra exhaust gas escape.

By so doing, the boost pressure is properly
controlied to prevent the turbine wheel from
overrunning and prevent an excessive pressure
produced in the intake manifold.

The boost pressure is led from compressor housing
14 through a rubber hose to chamber A of actuator
assembly 1. When the boost pressure that acts on
chamber A is below the setting, the actuator
assembly does not operate. and the waste gate
valve remains closed, and exhaust gas D is blown
against turbine wheel 9.




3) When the boost pressure that acts on chamber A
exceeds the setting, the waste gate valve is
opened. As a result, the amount of exhaust gas
blown against turbine wheel 9 decreases, and the
rotating speed of compressor wheel 2 also
decreases, and the boost pressure falls.

(b) Operation of overboost valve
1) Overboost valve E operates when the boost
pressure becomes abnormally high due to the
failure of the waste gate mechanism.

2) When the boost pressure of overboost valve E
Exceeds the setting, the valve releases the boost
pressure into the atmosphere to make sure that a
boost pressure more than necessary is not applied
to the engine. .

The valve whistles when it is in operation.




2. SPECIFICATIONS

Model D4A D4AK D4DA
Element type Paper filter type — —
Turbocharger type - TD0O4 TDO5
3. SERVICE STANDARDS
3-1. Service standard table Unit : mm
Bescrintion Nominal value Limit Correction
P [Basic diameter] and remarks
Turbo- 1.D. of bearing inserting [15.6] 15.686 Replace
charger portion of bearing housing
Turgine wheel shaft [9] 8.994 Replace
journal diameter
Turbine wheel shaft bend 0.015 Replace
Bearing | O.D. 15.574
1.D. 9.04 Replace
Length | TDO5 9.34
Piston ring open end 0.05~0.15 Replace
clearance insert
Clearance between turbine 0.42~1.1 Check
wheel and turbine housing
End play of turbine TDOS 0.057~0.103 Check
Wheel shaft
Clearance between turbine 0.37~0.85 Check
wheel and turbine back plate
Boost pressure 200mmHg, Check
(20¢, 760mmHg) 3800rpm




3-2. Tightening Torque Table

Maintenance item Non.unefl vake Limit Correction
Basic diameter
Turbocharger | Attaching Nut M10 x 1.25 42
(TD05) C heel attachi
ompressor wheel attachin
i g 0.8-0.9 Apply MOLYKOTE
lock nut
(NLGI #2) to thred
Coupling 0.4~0.5
Inlet manifold attaching bolt M8 x 1.25 2.2
Exhaust manifold attaching nut M10 x 1.25 4.2
Qil pipe lubrication eye bolt M10 x 1.25 1.7
" Front pipe bolt M10 x 1.25 4~5.0

4. SPECIAL TOOLS

"Tool name

Part number

Shape (Unit : mm)

Use

Boost pressure
gauge

MHO061366




5. SERVICE PROCEDURES Dust indicater
V=

5-1. Air cleaner
Disassembly and Assembly

Element

Air cleaner
5-2. Element
a) Cleaning
® Blow compressed air 685 kPa {7 kgf/cm?} or less from inside Element
element

® Blow the compressed air, working along the creases of filter
paper of element up and down throughout the element.
Note :
® Do not strike element to loosen dust.
@ Do not blow the air from outside element.

b) Inspection

@ Put a light inside element.

e |[f the filter paper is broken or partially thin, or if the packing
on the top of element is broken, replace the element.

® If the dust deposited on element is wet with oil smoke or
soot, replace the element irrespective of the replacement
intervals.

Element

5-3. Inspection of dust indicator
Perform the following checks. If there is anything wrong,
replace dust indicator.

Vacuum pump

<Mechanical type> _

e Mount a hand vacuum pump on dust indicator and apply the
standard operating negative pressure to check whether the
red signal appears.

Duéi indicator




5-4. Turbocharger
Disassembly and assembly

(D4AK)

1 Airinlet pipe
2 Rubber hose
3 OQil return pipe
4 Oil inlet pipe
5 Turbocharger
(D4DA)

1 Airinlet pipe

2 Rubber hose

3 Oil return pipe

4 Eyebolt

5 Oil pipe

6 Nut

7 Turbocharger assembly

8 Gasket

9 Gasket

10 Overboost valve

@ Installation sequence
Follow the installation sequenece in reverse.




Installation of gasket

Install gasket with grommet fold-back portion A toward the
exhaust manifold.

Gasket

5-4-1. Disassembly

1 Coupling assembly Insert
@ Turbine housing 9 Oil deflector
@ Snapring 10 Piston ring
@ Compressor cover 11 Thrust sleeve
5 Lock nut 12 Thrust bearing
® Compressor wheel 13 Thrust ring
@ Snapring @ Shaft and turbine wheel

For disassembly of parts with an encircled number, see following items.

15
16
17
18

Psiton ring
Turbine back plate
Bearing

Snap ring

Bearing housing




(1) Be sure to make alignment marks on the compressor
cover, bearing housing, and turbine housing, as their
positional relationship is extremely critical at reassembly .

(2) Remove the coupling assembly to remove turbine housing.

NOTE:

The compressor wheel and turbine wheel blades are
easy to bend. Use care not to drop them or hit them

against other objects.

(3) Remove the snap ring.

NOTE:

Retain the snap ring by hand to prevent it from
springing out when slipping off the snap ring pliers.

(4) Using a plastic hammer, tap the compressor cover on its

periphery and remove.

NOTE:

Be careful not to hit the compressor wheel against
compressor cover as its blades are easy to bend.

(5) Removal of Compressor Wheel

(a) Fit the bearing housing into the turbine housing which

is clamped in a vise.

Hold the bolt on shaft and turbine wheel and remove
the lock nut that attaches the compressor wheel.

(b) With the turbine wheel held by one hand, lightly turn
the compressor wheel to remove it.

Coupling
assembly

Bearing
housing

Turbine housing

Compressor
wheel




(6)

(7)

(8)

Remove the snap ring.

NOTE:
Retain the snap ring by hand to prevent it from
springing out when slipping off the snap ring pliers.

Removal of Insert, Oil Deflector, and Other parts

Using two screwdrivers, carefully remove the insert form
the bearing housing.

Then, remove parts shown in illustration.

Removal of Shaft and Turbine Wheel, and Bearing

(a) Hald the shaft of turbine wheel and shaft by one hand
and the bearing housing by the other hand, and
carefully withdraw from the turbine housing.

(b) Remove the parts shown in illustration from the bearing
housing.

Snap ring

insert —-@ Piston

®&——ring
g; Thrust
Qil sleg}ve
deflector Q/ Thrust
: bearing

Shaft and turbine wheel

Bearing housing

Turine housing

Turine back plate

Bearing %

Shaft and
turbine wheel

Piston ring

Bearing housing




5-4-2. Cleaning and Inspection

Blade bend, damage,
marks of interference
on back surface,

corrosion

Interference

with compressor

wheel

L

Bearing hole |.D.
BD 156

15.686

End gap when new
piston ring is installed
NV 0.051t00.15

Clean, damage of
bearing hole, gas
corrosion, deformation
of turbine side f

Wear on
thrust
bearing
surface

Interference
with turbine
wheel, damage

Bearing

0.D. 1.D. Length

L 15.574 9.34

Wear

Interference
with turbine
wheel, cracks,
defornation

Clean

Journal O.D.
BD 9.0
L 8994

Shaft bend
L 0.015

Blade bend, damage,
marks of interference
on back surface,
corrosion, damage

of ring groove

BD ... Basic Diameter
NV ... Nominal Value
L ... Limit




(1) Cleaning
Turbocharger manufacturers use a blasting equipment for
cleaning parts at their workshop. As an alternative,
effective method for overhaul at the dealer's workshop,
use the following procedures.
NOTE:
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 parts.
Check for burns, wear, and other defects which could
not be identified after washing.

(b) Immerse disassembled parts in a nonflammable
solvent to clean oily contamination.

(c) Blow compressed air against the entire internal and
external surfaces.

(d) Using a plastic scraper or bristle brush, remove
deposits from the surfaces.then, dip parts in the
nonflammable solvent and blow compressed air to
them again.

NOTE:
Use care to prevent damage to parts.

(e) Apply clean engine oil to all sliding surfaces.




(2) Inspection
(a) Bearing housing
Measure the 1.D. of bearing hole.
If the measurement exceeds the limit, replace the
bearing housing.

(b) Bearing
Measure O.D., I.D., and length of the bearing.
If the measurement exceeds the limit, replace the
bearing.

(c) shaft and turbine wheel
1) Measure O.D. of the shaft and turbine wheel

journal.

If the measurement exceeds the limit, replace the
shaft and turbine wheel.

Replace the piston ring with a new one.

Measurement of shaft bend

Set a dial indicator just beside the threads on the
shaft to measure bend.

If the deflection of dial indicator exceeds the limit,
replace the turbine wheel and shaft.

If the shaft journal gets rough, hold the shaft
between centers of a lathe, and polish the surface
with a sand paper #400 and engine oil at a spindle
speed of 300 to 600 rpm.

NOTE:
Do not attempt to correct, but replace, a bent
shaft.

A\




(d) Insert
Measure the piston ring gap.
Fit a new piston ring into the bore of the insert and
measure the ring gap.
If the ring gap is out of the specification, replace the
insert.

(e) Cartridge assembly
1) Axial play in shaft and turbine wheel assembly
If the measurement exceeds the specified limit,
replace cartridge assembly.

2) Play at right angle to shaft direction in shaft and
turbine wheel assembly

@ Play on turbine wheel side
If the measurement exceeds the specified limit,
replace cartridge assembly.

e Play on compressor wheel side
If the measurement exceeds the specified limit,
replace cartridge assembly.

Insert
Ends .
Piston
ring
Cartrjdge
f
prrr77) = @
raoyi IJ/‘
Cartridge
= !
=
7'!(’:
:; . )J; @
Cartridge
=
- —
‘ —d | e

V2777,
@ 5

y
>y




5-4-3. Reassembly

Pay attention to the | Ap ply grease—! Apply engine oil

installation direction /\

18 19 16 15 2

12

Turbine wheel to
turbine housing clearance
NV 0.42t0 1.1

14

Axial play
NV 0.057 t0 0.103 [

Turbine wheel to
turbine back plate
clearance

NV 0.37 to 0.85

98to 11 Nm
(1.0to 1.1 kgf m)

Apply MOLYKOTE 3.9t049Nm
of equivalent to 5 (0.4 to 0.5 kgf m)
threads 5
Apply MOLYKOTE or equivalent
to threads
<Assembly sequence> NV ... Nominal Value
@—18—17—16
}1 3—@

]—@%—@—@—*@—-@a@
9**'1 1—-10—@®

For reassembly of parts with an encircled number, see following tiems.

- NOTE:

With the overhauled turbocharger mounted on the engine, crank the engine with starter to allow the engine
oil to circulate through the turbocharger.




(1) Installation of Shaft and Turbine Wheel, and Bearing

NOTE:

1. Apply engine oil to the piston ring and do not expand
the ends when mounting it onto the turbine rotor.

2. Do not apply excessive force to the turbine rotor
during installation.

After assembly, temporarily install the bearing housing to the
turbine housing and temporarily secure with the coupling
assembly.

NOTE:
Face the bearing end face with six oil holes to the
compressor wheel.

(2) Installation of Thurst Bearing
Before installation, apply engine oil to the surfaces of thrust
ring and thrust bearing.

(3) Installation of O-ring
Install O-ring with grease applied to it.

Bearing
Apply engine oil to
the inner and outer
circumferences

Turbine back plate
\@ Shaft and
turbine wheel
a\\ O

Piston ring
Apply engine ol

Bearing housing

Bearing housing

Turbine housing

Bearing

Apply engine oil to
inner and outer
circum ferences

Apply engine oil
to both surfaces

Thrust bearing

Apply grease




(4) Assembly of Insert Subassembly

NOTE:

1. When mounting piston ring to the thrust sleeve, ensure
that the ring is not expanded and ring ends are not
twisted.

2. Apply MOLYKOTE or equivalent to the piston ring that
has been mounted to the thrust sieeve. Install the thrust
sleeve to the insert with care to prevent damage to the
piston ring.

Install the subassembly into the bearing housing.

(5) Installation of Snap Ring
Install the snap ring to the bearing housing with its taper
up.

NOTE:

1. Ensure the correct installation direction.

2. To fit the snap ring into position, tap its ends with a
screwdriver and hammer into the groove in bearing
housing.

3. Special care must be exercised, when tapping the snap
ring into position, to prevent damage to the bearing
housing by the screwdriver.

(6) Measurement of Turbine Wheel to Turbine Housing
Clearance
Set the dial gauge to the turbine wheel and shaft end.
Move the turbine wheel and shaft and in the axial direction
to measure the ciearance. ' '
If the measurement is not within specification, disassemble
and locate the cause of trouble.’

Insert

Qil deflector
Piston ring

Thrust sleeve

Bearing
housing

Snap ring

Turbine wheel
and shaft




@)

(8)

(9)

Installation of Compressor Wheel
With the compressor wheel installed in position, apply
MOLYKOTE to lock nut threads and tighten to specification.

Measurement of play in Shaft and Turbine Wheel in Axial
Direction

Set the dial indicator at the end of shaft and turbine wheel.
Move the compressor wheel in the axial direction to
measure the play.

If the play is not within specification, disassemble and
locate the cause of trouble.

Measurement of Turbine Back Plate to Turbine Wheel
Back Surface

With the turbine housing removed from the bearing
housing and compressor cover installed, make the
following measurement.

Using thickness gauges, measure the clearance between
the turbine back plate and turbine wheel back surface.

If the clearance is not within specification, disassemble and
locate the cause of trouble.

NOTE:
Use two thickness gauges.
Make the measurement at the end of the blade.

(10)Installation of Compressor Cover

Install the compressor cover, ensuring the correct
installation direction.

Apply grease to O-ring when mounting

Compressor wheel
Apply MOLYKOTE
or equivalent to

lock nut thread

Shaft and
turbine wheel

Compressor
wheel

Bearing housing

Compressor
cover

Compressor cover




(11)Installation of Snap Ring

Install the snap ring to the compressor with its taper up.
Use the snap ring pliers for installation.

(12)Installation of turbine Housing

Install the turbine housing to the bearing housing, ensuring
correct installation direction.

(13)Installation of Coupling Assembly

Apply MOLYKOTE or equivalent to threads in coupling
assembly and tighten to specification

Snap ring

Compresso
cover

Bearing housing

Turbine housing

Turbine housing

Coupling assembly
Apply MOLYKOTE or
equivalent to the
threaded section.




5-5. Inlet Manifold

(D4AN, D4DA, D4AF)

16 t0 24 Nm
(1.6 10 2.4 kgf m)

Face this side to the
cylinder head
{the side with grommet

folded back). (D4AK)

Cracks, damage

? Cracks, damage

16 to 24 Nm
(1.6 to 2.4 kgf m)




5-6. Exhaust Manifold

Cracks, damage

Face this side to the
cylinder head

(the side with grommet
tolded back).




6. Thoubleshooting

Loss of power

l

Intake system

Is air cleaner free from

NO
——

Clean, wash, or replace
element

obstruction?
lYES

Are intake system connections Ep. Securely clamp
free from air leaks?
Y
; NO
Exhaust system Are muffler and exhaust pipe [ "3l Repair or replace

free from deformation?
Is no carbon deposited?

ives

NO :
Is system free from gas leak? »| Repair or replace
Y
Turbocharger(D4AK, D4DA) Are compressor cover and NO o] - Tighten clamps

intake pipe connections free
from air leaks?

lYES
Are compressor inside, | NO. Clean
COmpressor cover, compressor
wheel, etc., free from
contaminations?

lYES
Does turbine wheel turn EQ,.. Carbon deposits.

smoothly when turned by
hand?

Disassembly and clean
turbocharger.




Unusual noise and virbration

'

Intake system || Are clamping bots and nuts of | N0, Tighten
the intake system tight enough?
Y
Exhaust system » Are clamping bolts and nuts of EC_)_,. Tighten J
the exhaust system tight
enough?
lYES
Are muffler and exhaust pipe ﬁg- Repair or replace
free from damages?
Turbocharger Are bearing and rotating aprts NO
(D4AK, D4gDA) ™ intact? ™ Make the following checks:
« Engine oil for deterioration
« Qil filter element for clogging
YES « Foreign objects trapped in oil
supply pipe
» Damaged bearing due to
repetitive sharp
acceleration/decelaration
y
E;;g:?:;@g et NO + Defective bearing
gl — + Damaged compressor-
Ls tugsme wheel shaft free from whiaat ortarhing wheol die
end: to foreign objects trapped
inside
YES
Is turbocharger free from NO | Check the intake and
foreign objects trapped? ] exhaust pipes carfully for chips
of compressor or turbine

wheels




Oil leak into intake and
exhaust pipes;
white exhaust smoke

'

Turbocharger
(D4AK, D4DA)

Is oil discharge pipe from Lol Disassembly and clean
turbocharger free form
clogging?
YES
: " ; NO . . .
Are piston ring and ring groove | —= Replace piston or piston ring
free from excessive wear?
YES
Is air cleaner free from clogging |NO | Clean, wash, or replace
resulting in oil leaking into ] element
intake pipe?
YES
: : ; ; NO
Air bearing and piston ring free |~/ Replace

from defects, resulting in oil
leaking into intake and exhaust
pipes?




1. GENERAL

The fuel system consists of the injection pump assembly(injection pump proper, governor, feed pump), auto timer,

fuel filter, injection nozzle, injection pipe, and other parts.

Fuel is fed from the fuel tank through suction pipe to the feed pump of the injection pump assembly, and then to the
fuel filter, injection pump, and injection nozzle. The excess fuel is returned from the injection pump to fuel tank(direct

injection type engine) or from the injection nozzle to the fuel tank(swirl chamber type engine).

d/ﬁf/ Lo

Feed pump

Aoy

Overflow pipe

n

Oil pipe \

Fuel suction pipe

Fuel filter
Injection pip Fuel feed pipe Injection nozzle
2y - P, W——
Fuel hose "\f(_ !
Overflow valvo—-’———l—c-ff— ;
s y T
r P"” uel feedL-.
: hose
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(1) A-type Injection Pump
The injection pump is a device which forces fuel to the injection nozzle and has a mechanism for increasing
or decreasing the pressure feed quantity according to the engine load and speed.
The injection pump is constructed as shown in illustration at right.
It has one plunger and delivery valve for each cylinder.
The plunger, pushed up by the camshaft and pushed back by the plunger spring, movers up and down through
the plunger barrel on a predetermined stroke to feed fuel under pressure.
Both ends of the camshaft is supported by the taper roller bearings and is driven by the timing gear at 1/2 engine
speed.

Delivery valve holder
Stopper

Delivery valve spring
Delivery valve
Delivery valve seat

(a) Pressure feed of fuel
The plunger has an obliquely cut grove(lead) on its side as shown.
At the top of the plunger there is a hole which leads to the groove.
The plunger barrel has suction and discharge ports.
The fuel delivered to the injection pump is forced by the rotation of the camshaft or reciprocating motion of
the plunger as shown below.

(a) Bdoﬂ?n (b) Pressurizing (c) Pressure (d) Pressure
ea‘ start feed feed
center stroke completed

(Suction)




(b)

When the plunger is at the lowest position or bottom dead center(a), fuel flows through the suction and
discharge ports into the plunger.

Rotation of the camshaft moves the plunger up. When the top surface of the plunger is lined up with the
suction and discharge ports, application of pressure to fuel begins(b).

As the plunger moves up further(c), and the lead of the plunger meets with the suction and discharge ports,
the high pressure fuel flows through the hole in the plunger and runs back from the lead to the suction and

discharge port, and the pressure feed of fuel is completed(d).

The plunger stroke during which the fuel is fed under pressure is called the effective stroke.

Injection amount control system Piunger barrel

According to the engine load, the amount of injection is Suction port
increased or reduced by turning the plunger a certain
angle to change the position where the lead meets with
the suction and discharge ports on the up stroke and
increasing or reducing the effective stroke.

Notch

Control sleeve

Plunger

The control rack is coupled to the floating lever in the governor. If the control rack is moved to right or left by
operation of the governor, the control sleeve in mesh with the rack is turned. Since the bottom of the control
sleeve is in mesh with the bar of the plunger, the plunger turns with the control sleeve, so the effective
stroke changes and the injection amount increases or decreases. The more the control rack is pulled toward
the governor, the less the effective stroke and the less the injection amount.

Each plunger is in mesh with this single control rack and simultaneously turns the same amount.



()

()

Delivery valve

The delivery valve, provided on the top of the pump
housing, performs the function of discharging the
pressure in the injection pump.

The fuel compressed to a high pressure by the plunger
pushes the delivery valve up and spouts out. If the
pressure feed stroke of the plunger ends, the delivery
valve is brought back to its original position by the
pressure of the delivery valve spring to block the fuel
path, thereby preventing counter flow of the fuel.

The delivery valve is brought down further until the
seat surface is held tight. During that stroke the fuel is
drawn back from above to instantly lower the residual
pressure between the delivery valve and nozzle. The
draw-back effect improves the end break of an
injection from the nozzle and prevents after-injection

dripping.

A delivery valve stopperis provided on the top of the
delivery valve spring. The stopper limits the lift of the
delivery valve and prevents valve surging during high
speed rotation. |n addition, it reduces the dead volume
between the delivery valve and nozzle, thereby
stabilizing the injection amount.

Overflow valve

When the fuel pressure in the injection pump exceeds
a set level, the steel ball in the overflow valve goes up
to let the fuel flow out of the injection pump and return
to the fuel tank, thereby stabilizing the fuel
temperature and temperature distribution in the
injection pump and maintaining the injection rate into
each cylinder constant.

Suction stroke

—_———

Beginning of Injection End of Suction
injection injection completed
(Beginning
of suction)
Spring seat
Steel ball




(2) Governor
(a) RSV type governor
The RSV type governor is a centrifugal type all-speed governor coupled to the camshaft of the injection
pump. The governor not only controls the maximum and minimum speeds but also automatically controls the
engine speed at any intemediate speed position.

Governor houysing  Supporting lever shaft

Guide lever

Tension lever

Control rack Start spring
Swivel lever Shuckle
Camshaft

Governor cover

Floating lever

Governor spring

Idling subspring

Unglieich spring

Adjusting lever

Stop lever

Flyweight Full load stopper boit

The governor, as shown, consists of flyweights Governor sleeve
T Camshaft, [ Round nut
mounted to the injection pump camshaft. When the bushing Giildé laver
flyweights turning on the flyweight supporting shaft Governor y
housing o 4 ol

open outward, the roller mounted to the end of 110 ;ggl:isr:g
flyweigth arm pushes the end of the sleeve in the axial ‘ 5 /
direction. The governor sleeve, being made integral /J H)
with the shifter through a bearing, moves only in the Camshaft 7\@ Shifter
axial direction. Roller —

Flyweight supporting shaft lyweight

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

The floating 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 floating lever, always pulls the control rack in the direction that
fuel is increased.

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



When the angle of the adjusting lever is changed, the angle of the swivel lever is also changed and the
tension of the governor spring changed. This is because the turning center of the swivel lever and the
mounting position of the governor spring installed to the tension lever are accentric to each other as

mentioned above.

An adjusting screw is also mounted to the swivel lever. Adjustment of the screw changes the tension of
the governor 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 floating lever, returns the
control 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 maximum speed
stopper), the swivel lever which moves with the
adjusting lever pulls the governor spring and
moves the tension lever until it touches the full-load
stopper bolt.

At that time, the flyweights are stationary, and the
start spring with weak tension pulls the floating
lever in the direction that fuel is increased.

At the same time, the shifter and governor sleeve
push the flyweight roller to the left.

As the result, the tension lever and shifter are
spaced that much aprat, and the corresponding
amount of fuel is supercharged to facilitate starting.

Pressure
spring

Governor
shaft

. Pi
Return spring = Supporting lever

Adjusting lever

Starting :
Start Start spring
S&E : /*:Stop
- s
LITIT1 7 Jom ~ Floating lever
Control rack

Governor g
sprin

pring ! Tension
Swivel lever
lever — l@ Guide lever

— 2

Governo/
sleeve Full-load

Flyweight  stopper bolt




2) Idling control

3)

Once the engine is started and the adjusting lever
returned to the idling position, the tension of the
governor spring is drastically 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 places the control
rack at the idling positing. In this state, the
centrifugal force of the flyweight and the weak-state
governor spring and idling sub spring achieve
balance and maintain smooth idling.

When the speed falls, the centrifugal 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 governor spring is
increased and pulls the tension lever until it touches
the full-load stopper bolt.

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

Start spring

Idling

|

[IT=1

/
Control rack

n
u_“

Flyweight

Shifter

Adjusting lever

Governor spring
Tension lever

Idling subspring

No-load

(Iding)

JI

Control rack

Adjusting lever

Idling
1, subspring

stopper bolt




4)

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 functions and maintains
the engine speed constant at all times.

Ungleich operation

The Ungleich device controls fuel injection in such
a way as to match the engine performance(the
required injection varies with engine speed.)

The air intake rate of the engine falls as the engine

o

When max. injection
is set at low-speed

Pump speed(rpm)—

Engine speed(rpm) —=

speed increases. The injection pump, on the other °°e'a“°"|niecﬁon melichied
hand, increases the per-stroke injection as the @ \with airintake rate o
speed increases, even with the control rack at the % Aom=ml——— B'
same position. ) T TR Ly
3 1
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 Engine speed
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

1 b | —

E = Without Ungleich

=3 J= effect

2 E

g s

3 g

o P

N: N N: N




5)

6)

When the engine speed is low and the centrifugal
force of flyweight smaller than the set tension of the
Ungleich spring, the shifter is moved as much as
the Ungleich stroke to the left, so the control 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 set tension 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 shifter directly touches the tension lever.

Stopping of engine

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.

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 P1.

Full-load

L~ Tension lever

Stop lever




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 Pz 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
CcCD -
l - A C 4B
€ ! -
E g Govemor
5 s operating
E ” % range
(=1 =
x e
: g
— P' Pl
P: P:
Pump speec (pm) —e= Engine speed (rpm) ——=

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

Torque spring

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 '

) . —_Torque control
pushed to right. As the result, the torque spring lever
performs the function of reducing movement of the [I: Pin A

tension lever. u L
] Fuli-load

U stopper




(3) Feed Pump

The feed pump is driven by the camshaft of the injection Priming pump
pump.

82— Piston
The priming pump makes it possible to manually lift fuel — Holder
when the injection pump is stationary, so it can be used in ; ;
bleeding the fuel system. p=Olsedl

The gauze filter removes large particles of dust and dirt
contained in the fuel lifted from the fuel tank to prevent
clogging in the feed pump. Make sure the gauze fiiter is
cleaned in gas oil at regular intervals.

— Valve

\j .-~ Housing

Gauze filter
From

" fuel tank

Connector

The fuel is fed under pressure as described below. When the camshaft of the injection pump forces the push rod
up, the fuel in the suction chamber is compressed and opens the outlet check valve. Most of the fuel forced out is
drawn into the pressure chamber above the piston. When the cam, moved away by rotation of the camshatt,

cases to push up, the piston is pushed back by the pressure of the piston spring and forces out the fuel from the
pressure chamber and forces it into the fuel filter.

At the time, the outlet check valve simultaneously closes, and the inlet check valve opens, so the fuel is drawn
into the suction chamber.

If the pressure in the pressure chamber exceeds specification, the piston cannot be brought back by the pressure

of the piston spring and stops the pump function. So the pressure in the fuel filter is adjusted not to rise more than
necessary.

Iniet check
s | Y1/ valve
2 IR | MY ]
" =
Suction A\t Piston spring
camber Outlet \'==—{ =1~ Piston
Pressure check \ “f |-H=— Pushrod
: chamber valve = Tappet roller
Cam shaft
ul b
Suction stroke Pressure feed stroke

Stop




(4) Automatic timer
(a) SCDM type timer(D4A)
The SCDM type auto timer, of a mechanical type, varies the fuel injection timing automatically according to
engine speed. Attached to the injection pump camshaft with round nuts, the auto timer is driven by the
injection pump gear from the idler gear.

Injection pump gear

Timing flange

There are two pins opposing to each other press-fitted into the flange, to which the injection pump gear is
attached. An eccentric smaller cam is installed on the pin, and mounted on the periphery of the smaller cam
is a larger cam. The larger cams fit into the two holes in the timing flange, which causes the timing flange to
turn as the flange rotates, thus dirving the injection pump.

The two flyweights are installed with a given tension by the timer springs. The pins press-fitted into the
flyweights are inserted into the holes in the larger cams.

With the engine running at low speed, the flyweights are unable to lift because of the timer spring set tension.
When the centrifugal force of flyweights becomes greater as the engine speed goes up, it overcomes the
timer spring set tension allowing the flyweights to lift. This causes the larger and smaller cams to move in the

turning direction.

Since the larger cams are fitted into the holes in timing flange, the motion of the cams is imparted to the
timing flange, thus providing an advance.



When stationary

Flange pin

Smaller cam

When advanced

Advance
angle

Flyweight in \ Roating

\
Flyweight Timer spring

\/ maximum lifted
state

direction

(b) SBO type Automatic timer (D4DA)

The automatic timer utilizes a mechanical arrangement
to adjust the injection timing in accordance with the
engine speed.

The automatic timer is mounted on the injection pump
camshaft using a round nut. It is driven by the idler
gear which is in engagement with the injection pump
gear.

1) At standstill
Flyweight is forced to close by the tension of timer

Sp™Ng.

2) At operation

As the engine speed rises, the centrifugal force
acting on flyweight increases, and when it
overcomes the tension of the timer spring, the
flyweight start to open. Therefore, the small cam
and the large cam move in the direction of rotation.
Since the large cam is fitted in the hole of hub, the
movement of the large cam is transmitted to the
hub, thus the injection timing being advanced.

Timer cover

Injection
pump gear
Small cam

Timer spring

Fly weight Timer spring

Advanced angle

Large cam

Small cam

Timer spring
Fly weight




(5) Injection Nozzle

(6)

@)

The injection nozzles are of the hole type and the throttle
type.

The fuel delivered from the injection pump enters the
nozzie holder. When reaching the specified pressure
vaive, the fuel overcomes the spring force to push up the
needle valve of the nozzle tip, spraying from the injection
orifice at the end of the nozzle into cylinder(hole type).

The injection pressure can be adjusted by increasing or
decreasing the number of washers in the spring.

Fuel filter
The fuel filter is of the spin-on type designed for ease of
element replacement. The element is made integral with
the outer casing, the center of the casing is being
threaded.

Water Separator<Option>

The sedimenter type water separator separates 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 sedimented in the case, whereas
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, marking it possible to visually
check the water quantity.

__— Spring

- _— Nozzle tip
J:_T]L,,,- Needle valve

| ==—— Retaining nut

Fuel filter head
~

Fuel filter
element




2. SPECIFICATIONS

Model Specification
<D4AK> <D4AN/AF> <D4DA>
Injection Type BOSHC A — =
pump proper
Model NP-PES4AS0 ND-PES4A90
Turning direction Clockwise =
(As viewed from drived
side)
Plunger Diameter 9mm = —
Lead R.H. single or two-step R.H. single-step —
Governor Type RSV, all speed
mechanical RSV, all speed -
minimum-maximum, mechanical
mechanical
Feed pump Model NP-FP/KS22AC ND-FP/KS22AC
Auto-timer Type SCDM, mechanical — SBO
(2,600 rpm or more)
Injection Type Hole —
Nozzle
Model NP-DLLA ND-DLLA
No.of 5 — —
ofrifices
Orifice 0.28 or 0.30 mm 0.28 mm
diameter
Orifice 160 —
angle
Injection 17.7 MPa 17.7 MPa
pressure (180 kgf/cm?) (180 kgf/cm?)
or 21.6 MPa
(220 kgf/cm?)
Fuel filter Type Spin-on, filter paper
Water separator Type N
<Option> Sediment trap




3. SERVICE STANDARDS

3-1 Service shandard Table

Unit : mm
Besorisition Non.1ina!! value Limit Correction
[Basic diameter] and remarks
Injection pump| Overflow valve opening pressure 255 kPa(2.6 kgf/cm?2)
Proper Control rack sliding resistance 1.5N
(When not rotating) (0.15 kgf) or less
Camshaft end play 0.02 t0 0.06 0.1 Adjust or replace
Backlash between control rack and 0.15 0.3 Replace
pinion
Tappet roller overall clearance 0.2 Replace
Tappet to pump housing clearance [24] 0.03 to0 0.07 0.2 Replace
Wear on lower spring seat surface 0.2 Replace
in contract with plunger
Plunger driving face to control 0.02 to 0.08 0.12 Replace
sleeve clearance
Control rack full stroke 21 or more Adjust
Prestroke 3.5 + 0.05 Adjust
Injection start interval 90° =+ 30° Adjust
Tappet clearance 0.3 or more Adjust
RV gowetnat Governor housing ::ESZ:tds‘::)i(;)A) 1510 15.2 et
end face to DOOWON
shifter distance products(D4A) 19
Feed pump Airtightness(When 195 kPa or 0 cc/min Adjust
2 kgf/cm?) air pressure is applided)
Priming pump lift capacity 25 strokes or less Adjust
(No. of strokes required before lifting
when operated at 60 strokes/min
Delivery | At 600 rpm D4AN 175 to 215 Kpa Replace
pressure (1,8 to 2.2 kgf/cm?)
D4AK-T 335 to 410 Kpa
(3.4 to 4.2 kgf/cm?)
Delivery | For 1 min. at D4AN 900 cc or more Replace
amount | 1,000 rpm through
a ¢ 1.54 nozzle
For 1 min. at D4AK-T 1,620 cc or more
1,000 rpm




Unit : mm

Bescrinkion Non_'lina.l value Limit Correction
[Basic diameter] and remarks

Feed pump | jft When operated | D4AN 45 sec. or less Replace

capacity | at 150 rpm
When operated |D4AK-T 40 sec. or less
at 100 rpm

SCDM auto | Flange to shim clearance 0.0210 0.1 Adjust

timer Flyweight to cover clearance 0.05t00.2 Adjust

Injection nozzle| Orifice diameter 21.6 to 22.6 MPa Adjust

injection 0.3 (220 to 230 kgf/cm?)

pressure

3-1 Tightening Torque Table
Unit : mm
Description R iy

Injection pump| Delivery valve D4A 39-~49(4 ~4.5)
holder
Screw plug 54 ~ 74 (5.5~ 7.5)
Lock plate D4aAN 78~11(0.8~1.1)

D4AK-T 4.4 ~ 5.9 (0.45~0.6)

RSV governor round nut 49 ~59 (5~ 6)

Auto timer Round nut D4A 83 ~ 98 (8.5 ~ 10)
Injdection pump D4AK-T 78~12(08~1.2)
gear attaching bolt

Injection Nozzle bridge bolt | D4A M10 %X 1.5 25 (2.5)

nozzle Retaining nut D4AN 25~34 (2.5~ 3.5)

D4AK-N M15 x 0.5 29 ~39 (3~ 4)
Fuel filter Fuel feed hose connector bolt M14 x 1.5 34(3.5)
Filter element 7.8~12(08 ~1.2)
Air vent plug M8 x 1.25 7.8~12(0.8 ~1.2)

Water separtor connector bolt M4 x 1.5 34 (3.5)

| Secondary Connector bolt M4 x 1.5 34 (3.5)
fuel filter Center bolt M4 x 1.5 27 ~ 41 (2.8~4.2)




4. SPECIAL TOOLS

Tool name Part number Shape (Unit : mm) Use
Socket wrench 31391-14100 ® For timing gear case bolt
used for removal and in-
stallation of injection
pump(on-vehicle service)
® Removal and installation of
timer round nut
Width across flats 12
Universal MHO061099 Adjustment of fuel injection
extension f start timing
<))
6
Width across flats 14
Filter wrench MHO061509 Removal of fuel filter element
Cranking handle MH061289 For engine cranking




5. SERVICE PROCEDURES

Inspection and Adjustment of Injection Timing
5-1. Inspection

(1) From the injection pump's No.1 cylinder, remove union nut
of injection pipe, lock plate, delivery valve holder, stopper,
delivery valve spring, and delivery valve.

(2) Fit delivery valve holder 3.

NOTE:

Place all parts in gas oil after removal to keep them free of
dust.

(3) Fit an injection pipe onto cylinder No.1 point the pipe's
other end downward such that fuel flowing out can be seen
cleary.

(4) Rotate the crankshaft pulley clockwise(as seen from the
front of engine) by at lest 180° and bring cylinder No. 1 to
approximately 30° BTDC on its compression stroke.

(5) Feed fuel into the injection pump using priming pump. With
fuel flowing out of injection pipe, crank the engine slowly
clockwise(as seen from the front of engine).

NOTE:
Make sure the stop lever on top of the governor is in
its engine starting position A.

(6) When the flow of fuel from injection pipe diminishes, crank
the engine more slowly. When the flow of fuel stops
completely, stop cranking the engine.

Union nut
Lock plate
Valve holder\ﬁ
\\'

Stopper
Delivery valve Spring\\B

Delivery vaive——_g%

Injection pipe




(7) Check that pointer on the timing gear case is pointing to
inscribed line on the crankshaft pulley which corresponds
to the specified fuel injection timing.

If the injection timing should be measured in a dusty

location, perform as follows:

® Rotate the crankshaft clockwise(as seen from the front
of engine) and bring the No.1 cylinder to 30° BTDC on
its compression stroke.

® Disconnect injection pipe with a little amount of fuel
remained at the top of delivery valve holder.

e Slowly rotate the crankshaft clockwise. When the
injection timing is reached, the fuel at the top of
delivery valve holder starts to move.

(8) If the fuel injection timing is out of specification, make
adjustments in accordance with the following procedure.

5-2. Adjustment

(1) Lossen injection pump mounting nuts
Nut(4-off; on flange)
Nut(1-off)

(2) If the fuel injection timing is overly retarded, incline
injection pump toward crankcase B.

(3) If the fuel injection timing is overly advanced, incline
injection pump away from crankcase C.

Pointer

Pointer

!
Cranking handie

Universal
extension

B
Vo1 C
2
Injection
pump




(4) Tuming the injection pump by one of gradations inscribed
on the timer case flange causes a 6°change in the
injection timing.

(5) Tighten nuts then check the fuel injection timing again.

(6) After checking that the fuel injection timing is up to
specification, fit delivery valve, delivery valve spring, and
stopper, and then delivery valve holder, lock plate and
union nut.

(7) Tighten each part to its specified torque.

Before making inspections and adjustments, warm up the
engine until the coolant reaches 80 to 90TC.
(1) No-load minimum speed

[Inspection]
Confirm that adjust lever is touching idling set bolt. Then
check that the minimum speed is up to specification.

[Adjustment]
If the minimum speed is out of specification, adjust it using
idling set bolt.

(2) No-load minimum speed

[Inspection]

Confirm that adjusting lever is touching full-speed set bolt.
Then, check that the maximum speed is up to
specification.

[Adjustment]
If the maximum speed is out of specification, adjust it using
full-speed set bolt

NOTE:

Check that the engine does not stall and that no
hunting occurs when adjusting lever is moved quickly
from the full-speed position to the idling position.

If any abnormality is apparent, make adjustements
within the specified range.

Pointer

i

Valve holder Union nut

Lock plate

Adjust lever

Idling
set belt

Full speed
set bolt




5-3. A Type Injection Pump
5-3-1. Removal

1 Fuel hose

2 Injection pipe
3 Leak off pipe
4 Oil pipe

5 Injection pump stay
6 Injection pump

Hold the injection pump by hand, and remove five timer
case attaching bolts.

Then, remove the injection pump, pulling it rearward.

Use of Socket Wrench(special tool) will make the removal
of timer case attaching bolts easier.

Socket Wrench ; X
31391-14100 _ O, — N
3 LR

M,
;

\
i




5-3-2. Disassembly

Wear of piston <
seatcontact 17
damage \ﬁ

18
Wear, damage, dis-\ﬁ
coloration, rust

Overflow vaive
opening pressure
V 255 kPa (2.6 kgf/cm)

NV ...
L

Tappet

PO » wr =

—~§

NP

* Backlash between control
rack and pinion
NV 0.15
0.3

Nominal Value

.. Limit

Timer case
Cover plate
Screw plug
Bearing cover
Camshaft

Lower spring seat
Plunger

10
11
12
13

15
16

Plunger spring
Upper spring seat
Control sleeve
Control pinion

Lock plate

Delivery valve holder
Stopper

Delivery valve spring

21 Wear of tooth

* Sliding resistance
(At stationary)
NV 1.5 N (0.5 kgf) or less

22

()
19

20

Cracks, damage
of threads

Wear of tooth

Deterioration

Wear, damage, dis-
coloration, rust

Stepped wear
Wear, damage

Delivery valve
Plunger barrel
Control rack cover
Rack guide screw

21 Control rack

22

Pump housing

For disassembly of parts with an encircled number, see following items.

Inspection items marked with * must be checked before disassembly..

NOTE:

1. Keep disassembled parts neatly arranged for each cylinder.
2. Keep plunger, plunger barrel, and delivery valve in gas oil.




(1) With the auto timer and timer case removed, install the

injection pump to the Universal Vise(special tool) and
remove following parts.

® Feed pump
e Governor
e Cover plate

Universai Vice
105794-0020

(2) Measure the sliding resistance of the control rack.

Turn the camshaft to check that the value is as specified
when measured ant any position.

If the measurement exceeds specification, possible cause
are:

e Damage on control rack, defective teeth

® Defective pinion teeth, pinion in contact with housing
@ Excessively tightened delivery valve holder

(3) Turn the camshaft to place the tappet at TDC.

Insert Holder(special tool) into the tappet, one by one, to
keep them off the camshaft.

(4) Install Measuring device(special tool) to the camshaft and
measure the end play.

Measuring Device
105782-4 U@D

(5) Remove the screw plug from the bottom of injection pump
with Handle(special tool).

157910-1120




(6) Install Seal Guide(special toll) to the camshaft end(threads

and keyway).

Remove the bearing cover by inserting a screwdriver into
notches at tap and bottom of bearing cover.

If the bearing cover is hard to remove, tap the camshaft
with a soft hammer from the governor end.

Remove camshaft at the same time.

NOTE:
Whenever the bearing cover is disassembled, its oil
seals must be replaced with new ones.

(7) Using Tappet Insert(special tool), push the tappets from

under the injection pump. Remove Holders(special tool).

(8) With the tappet held in position with Tappet Insert(special

tool) insert Inserter(special tool) into camshaft hole to
remove tappet.

(9) Insert Extractor(special tool) from the bottom of the pump

and fix its end to the lower spring seat. Then, withdraw the
special tool, which removes the lower spring seat with
plunger.

NOTE:

When removing, ensure that the notch in the lower
spring seat(for inserting the plunger) faces up to
prevent the plunger from dropping.

Seal Guide
157920-5400

Hoder
157931-2500

Tappet Insert
157921-0120

Tappet insert Insert
157921-0120 157931-6120

Lower
spring seat

Extractor
157921-5620




(10)Measure the backlash between the control rack and
pinion. If the limit is exceeded, replace.

(11) Remove the lock plate and use Socket(special tool) to
remove the delivery valve holder. Then remove the stopper
and delivery valve spring.

(12)Using Delivery Valve Extractor(special tool), remove the
delivery valve.

(13)Remove the plunger barrel.

NOTE:

Keep the plunger and plunger barrel in original
combination and leave them

immersed in gas oil.

Socket
157914-0500

Delivery
Extractor
157920-0320




5-3-3. Inspection and Correction

Sliding condition

§ &
¢

Correct flaw in pump housing
with special tool Reamer
(157930-4120) or replace.

Flaw

i

Clearance between plunger
driving face and control
spring

NV 0.02 to 0.08

L 0.12

Airightness

Clearance between tappet
and housing

BD 24

NV 0.03 to 0.07

L 02

Wear of plunger
contacting surface
L 0.2

Combined clearance between
tappet(rolier) and housing

@ L 02

NV ... Nominal Value
L ... Limit




(1) Plunger and Plunger Barrel
After cleaning in gas oil, check to see if the plunger falls
smoothly in the plunger barrel by its own weight.
For inspection, use the following procedure:
® Tiit the plunger barrel about 60°.
@ Pull the plunger out by about 20mm, and let it go.
® Make the check several times by turning the plunger. 20,
If the plunger does not fall by gravity, replace.
60°

(2) Delivery Valve(with Ungleich Cut)
After cleaning the valve and valve seat of the delivery valve
in gas oil, check for wear.

(3) Tappet
Set a dial indicator to the tappet roller and move roller up
and down with a rod to check for overall clearance.

If the overall clearance exceeds the limit, replace as a
tappet assembly.

Measure the clearance between the tappet and pump
housing and, if the limit is exceeded, replace parts. -

(4) Lower Spring Seat
Check the lower spring seat surface in contact with the
plunger for wear and, if the limit is exceeded, replace.




(5) Replacement of Taper Roller Bearing

(6)

Inner Race

To remove the inner race, use Extractor(special tool) and
remove the roller and inner race from the camshart.

At installation, press-fit the ring, shim, and bearing, in that
order.

NOTE:

Install shims of almost the same thickness on both
ends of camshaft.

Outer race

To remove the outer race, use Extractor(special tool).

For installation, use a press.

Camshaft Bend(Runout)

Support the camshaft with a V-block at its ends(or the
center holes at both ends), and check for bend at the
center with a dial indicator.

If the limit is exceeded, correct with a press or replace.

Extractor
157925-4120

%

Extractor
157925-0120




5-3-4. Reassembly

End play

L 01

NV 0.02 to 0.06

<Assembly sequence>

J inscribed line

&

391044 Nm
(4 to 4.5 kgf m)
14

15

! Install with

facing to the
timer side

161‘%
%

1\g

441059Nm

@‘\(&45 t0 0.6 kgf m)
- 13

@ Align locating groove
of plunger barrel with
dowel pin on housing

Sliding resistance
(At stationary)

NV 1.5 N (0.15 kgf) or less
Backlash between control
rack and pinion

1 \ With the control rack

10 set at the center
position, install

9
%\ 8 —_

pinions facing joints
-

to cover plate side.
3 54to74Nm

(5.510 7.5 kgf m)

Face the plunger
No. stamped side
to cover plate.

NV ... Nominal Value
L ... Limit

22—-Q—@—B—D—-®—0B—

—4-3—19-1-1

For reassembly of parts with an encircled number, see following items.




(1)

(2)

(©)

Mount the control rack and rack guide screw.

NOTE:
Check to see if the rack moves smoothly. Check also
if the rack does not turn.

At installation of the plunger barrel into the housing, align
the notch in the plunger barrel with the housing knock pin.

NOTE:
Do not tap the plunger barrel, but push into position
with a finger.

Place the injection pump horizontally, and set the control
rack so that its marking lines are positioned at the same
distance away from the housing end faces.

Mate the control pinion with control sleeve and put the
pinion in mesh with the control rack teeth.

NOTE:

1. Make sure that the joint of control pinion and notch
in control sleeve face toward you.

2. Move the control rack each time the pinion is in
mesh to ensure that the control pinion joint evens
out at right and left. (this is done to ensure an
entire rack stroke of 21mm)

Control rack

Dowel pin

Mari?ing line




(4) Fit Extractor(special tool) into the lower spring seat, and
install the plunger into the lower spring seat.

Insert the plunger into the plunger barrel with care not to
allow the plunger end to hit the pump housing and plunger
spring.

NOTE:

1. After the plunger has been installed, turn the lower
spring seat to face its notch downward.
This prevents the lower spring seat from coming
off position.

2. Make sure that plunger flange side with a part
number marking faces upward.

(5) Clamp the tappet with Inserter(special tool) and with the
tappet guide aligned with the housing groove, install it into
the pump housing.

(6) Using Tappet Insert(special tool), push the tappet to TDC,
insert Holder(special tool) and remove Tappet Insert
(special tool).

At this time, make sure that the part number marking on
the plunger flange is positioned on the cover plate side.
For each cylinder, check the control rack for sliding
condition each time Holder(special tool) is installed.

(7) Using Socket(special tool), install the delivery valve holder.

Extractor
157921-5620

Plunger No.

Tappet Insert
157921-0120

Inserter
157931-6120

Holder
157931-2500

Socket
157914-0500




(8) Install the camshaft with the marking line at the end of its
thread facing toward the drive end.

Marking line

(9) Temporarily mount the bearing cover to measure the camshaft end play with
Measuring Device(special tool). If the limit is exceeded, adjust with shims or replace bearing.

Measuring Device
105782-4080

Adjust ring

NOTE:
Use shims of almost equal thickness for the governor and timer end.

Shim Thickness

Timer end 0.10, 0.12, 0.14, 0.16, 0.18,
0.30, 0.50, 1.00 mm

Governor end 0.10, 0.12, 0.14, 0.16, 0.18,
0.30, 0.50, 0.70, 1.00, 1.40 mm

After installing the bearing cover in position, measure again end play to ensure that it is up to specification.



(10)With Tappet Insert(special tool) removed, measure the
sliding resistance of the control rack.

(11) Apply sealant to screw plug and install it with
Handle(special tool).

(12)Install the governor.

(13)Install the following parts after adjusting the injection pump:

Control rack cover
Cover plate

Timer case

Feed pump

Auto timer

157910-1120




5-3-5. Adjustment after Reassembly

For fuel injection rate adjusting standard, see Service Information separately published.

Fuel injection start interval
Prestroke NV 90° +30°
NV 3.5+0.05

Control rack full stroke
NV 21 or more

Tappet clearance
NV 0.3 or more

NOTE:
Feed oil to the injection pump cam chamber.

NV ... Nominal Value

(1) Control Rack “O” position setting

Install Measuring Device(special tool) on the injection
pump.

Temporarily set the adjusting lever to maintain the
injection pump speed at 500 to 600 rpm. Further increase
the speed to pull the control rack; at the same time, push
the control rack fully.

Measuring Device
105782-6010

With this position of control rack regarded as “O”, set “O”
on the Measuring Device scale to the position.

NOTE:

If zero position is set by the adjusting lever operation
without running the injection pump, the governor
linkage could be damaged. Do not use the adjusting
lever to set the zero position.




(2) Control Rack Stroke Check
Move the control rack to check its stroke is more than the
specified value.

Ensure also that the start spring and idling spring move
the control rack smoothly in the direction to increase the
amount of fuel injected.

(3) Prestroke Check
(a) With the control rack withdrawn and fixed in the full
injection position, install Measuring Device(special
tool).

: = " Measuring Device
J %I 105782-4010

(b) ?N.ith_NoJ cylinder pliunger at BDC, send fuel to T
injection pump under high pressure pump of the pump 157916-8220
tester and install Nozzle Holder Wrench(special tool) to
test nozzle to let the fuel flow out from overfiow pipe.

NOTE:
The fuel pressure must be over the delivery valve
opening pressure.

-

Iy Compression stroke
" (Bottomn dead center

(c) Slowly turn the tester coupling until the fuel stops
flowing out of the test nozzle overflow pipe(static
injection starts).

NOTE:

Measurement must be made with the camshaft
turned in the normal rotating direction(clockwise
as viewed from the drive end).

)
Static injection starts

(d) Read the prestroke of plunger on the indicator, from Prestroke
BDC until fuel stops flowing.

)

If the prestroke is out of the nominal value, adjust as
follows.

(Bottom dead center




(4) Adjustment of Prestroke

(5)

(6)

With the tappet at TDC, insert Holder(special tool) between
the lower spring seat and tappet.

Turn camshaft, and you have a clearance between the
lower spring seat and tappet. Increase or decrease shim
thickness to fill the clearance, to adjust the prestroke.

A greater shim thickness makes prestroke smaller.

A smaller shim thickness makes prestroke greater.

measurement of Injection Start Interval

With the static injection start of NO.1 cylinder used as a
basis, read the injection start interval of each cylinder
according to the injection sequence using an angle scale
of the tester. If the interval is out of specification, adjust as
in prestorke adjustment.

Injection Sequence

1—3—4—2

Tappet Clearance measurement

Install Measuring Device(special tool) and turn the
camshaft to bring the tappet to TDC.

Push up the tappet and measure the lift for the plunger
flange top to come into contact with the plunger barrel.

If the tappet clearance is out of specification, adjust within
the allowable range of injection start interval. If the range
does not permit correction, read just with No1. 1 cylinder
prestroke at the maximum nominal value.

Fuel Injection Rate Adjustment

Measure the fuel injection rate and uneven ratio at the

specified rack position and speed.

If the injection rate is out of specification, adjust as follows.

(a) Loosen pinion clamp screw.

(b) With the control rack held in position, turn the control
sleeve with the adjusting rod.

(c) Tighten pinion clamp screw.

Handle

Angle scale

Measuring
Device
105782-4Q10

Decrease

— Increase




NOTE:
1. Use special care to make the adjustment. Improper or failure of adjustment greatly influences engine
performance engine.
2. The fuel injection rate vaies with nozzle and pipe used. Observe measuring requirements strictly.
3. Uneven ratio
Max. fuel injection Average fuel injection
rate in each cylinder " rate in each cylinder
Uneven ratio(+) = x 100

Average fuel injection rate in each cylinder

Min. fuel injection Average fuel injection
rate in each cylinder ~ rate in each cylinder
Uneven ratio(-) = x 100
Average fuel injection rate in each cylinder

(8) Adaptation to Engine

After the governor has been adjusted, measure the fuel injection rate adaptable to the engine.
(9) Inspection of Fuel and Qil Leaks

Fuel leaks from delivery valve attaching portion and other parts oil leaks from oil seals and other parts.
(10)Inspection of Parts .

Check parts for unusual noise and bearings for excessive heat.



5-3-6. Installation

1 Injection pump 4 Leak off pipe
2 Injection pump stay 5 Injection pipe
3 Oil pipe 6 Fuel hose




(1) Set the piston of the engine No.1 cylinder at the top dead
center on compression stroke. For this purpose, use
Cranking Handle(special tool) to crank the engine until
the engraved line “0" position on the side bearing “1.4”
mark of the crankshaft pulley is lined up with the pointer.

h Pointer
TEE eainig

In the case of D4A, another pointer is on top of the \\_1:

crankshaft pulley and if this pointer is used, align the z\TD

engraved line “0” position on the side bearing “2.3" mark of HT-_{;;-’ N\
N

the crankshaft pulley with the pointer.

\.

-
Cranking Handle
MHO061289

At this time, if the intake and exhaust valves of the No.1
cylinder are not pushed up by the push rod, the No.1
cylinder is at the top dead center on compression stroke.
If the intake and exhaust valves are pushed up by the push
rod, turn the crankshaft through 360 degrees.

(2) Line up the marking on the timer case with the notch in the
injection pump gear.

(3) Insert the guide bar on the timer case into the guide hole in
front plate. Using this as a guide, push until the injection
pump gear is about to be in mesh with the idler gear.

Guide hole
(4) Make sure that the alignment mark of the injection pump
gear is aligned with that of the timer case. Then, push in Notchin Alignment mark on
the injection pump. At the time, the alignment mark on the DA ooy o case
N

gear moves to the end of that on the timer case.

o— =
- T




5-3-7. Bleeding the Fuel System

Here is the procedure for bleeding the fuel system.

(1)

)
(3)

(4)

(5)

Turn the injection pump priming pump counterclockwise
until it comes loose,

Loosen the air plug of the fuel filter.

Move the priming pump up and down by hand to feed fuel
until air bubble does not come out from the air plug.

When no air bubble comes out in fuel, keep the priming
pump down and turn it clockwise until it fits into position,
Then, tighten the air plug.

NOTE:

1. The air plug must be tightened after the priming
pump is secured into position.

2. Sop up fuel spilt around.

Actuate the starter to discharge air from the injection pump.
NOTE:

Do not operate the starter for more than 15 seconds.
The injection pump is provided with an air bleeder which
can be loosened for bleeding as with the fuel filter.

5-3-8. Inspection and Adjustment after Installation

(1)

)

(Fuel Injection Timing)

Remove the injection pipe, delivery valve, delivery valve
spring, and stopper fromNo.1 cylinder of the injection
pump. Keep the delivery valve holder attached.

NOTE:

Keep disassembled parts in gas oil to prevent
contamination by dust and dirt.

Install a spare injection pipe to No.1 cylinder. Face the
other end of the pipe downward for easier observation of
fuel flow out condition.

Crank the engine to bring the piston in No.1 cylinder 30°
before top dead center.

Injection pipk\%
Delivery
valve holder

Stopper\\%

Delivery
valve spring




(4) While operating the priming pump to let fuel run out from

the injection pipe, slowly crank the engine in the direction
of normal rotation.

NOTE:

Make sure that the stop lever on the governor is not
pulled toward the STOP position.

(5) Crank the engine even more slowly as the fuel is about to

stop flowing out from the injection pipe. Stop cranking as
soon as no more fuel comes out from the pipe.

(6) Check that the inscribed line on the flywheel and the pointer indicate the position about 2 degrees before the fuel
injection timing.

NOTE:

valve opening pressure does not work.

1. The injection timing is advanced by about 2 degrees from specified timing as the delivery spring's
2. The injection timing is indicated at the caution plate on the rocker cover.



(7) Loosen the injection pump attaching nut with Universal Universal
Extension(special tool). Extension
_/ MH061099

(8) To advance the fuel injection timing, move the injection
pump toward the crankcase side.
To retard the timing, move the injection pump away from
the crankcase.

(9) Move the injection pump to the desired direction. A shift of
one graduation of the adjustment marker varies the
injection timing by 3 degrees.

(10)With the injection pump attaching nut tightened, measure 391044 Nm
the injection start timing again. (4.0 to 4.5 kgf m)

(11)After the adjustment has been made, install the delivery
valve, delivery valve spring, and stopper and tighten the
delivery valve holder to specification. Then, install the

injection pipe. | 78t011Nm

©‘]‘ (0.8t0 1.1 kgf m)

(12)For inspection at dusty locations, proceed as follows.
(a) Remove only the injection pipe and keep a small amount of fuel remaining at the top of delivery valve holder.
(b) Crank the engine to bring the piston in No. 1 cylinder to a position about BTDC 30° on the compression
stroke. Further crank the engine siowly, and the fuel on top of the delivery valve will begin to move.
(c) This is the fuel injection start timing.

NOTE:

If the fuel ijection timing is radically different from the specification and the deviation is beyond the
adjustable range of the injection pump, the engine timing gear and injection pump gear are not probably
in proper mesh. In this case, remove the injection pump and reinstall it.



5-4. RSV Type Governor
5-4-1. Disassembly, Inspection and Reassembly

L 27202111
Wear of chromium 24 23

plated portion of @s
shifter o %
@»@
A

Damage, stepped
wear of contact

13

surface
6
49t0 59 N'm
(5 to 6 kgf m)
<Diassembly sequence>
1 Idling subspring adapter @® Governor sleeve
2 Torque spring adapter @® Governor spring
3 Stopper 17 Tension lever
@ Governor cover assembly (8 to 27) 18 Ungleich spring adapter
5 Start spring 19 Snap ring
® Round nut 20 Lever bushing
(@ Flyweight 21 Oil seal
8 Cap nut, Lock nut @ Swivel lever
9 Full load stopper 23 Stop lever
10 Cover 24 Return spring
11 Adjusting lever 25 Supporting lever
12 Supporting lever shaft 26 Support pin
@@ Guide lever assembly 27 Torque control lever
14 Shackle 28 Governor housing

For disassembly and reassembly of parts with an encirled number, see following items.

NOTE:
1. Do not disassemble the shackle and governor sieeve from the guide lever, unless replacement is
necessary.

2. Do not remove the governor housing unless removal is necessitated for correction of oil leaks, parts
replacement, etc. '
Before removing the housing, use Tappet Insert(special tool) to separte the camshaft from the tappet.

For reassembly, reverse the order of disassembly.



1. Disassembly Procedure
(1) Remove the governor cover assembly from the governor
housing.

Open the governor cover slightly to the front and slide
downward the shackle latch connected to the control rack
to disconnect it from the control rack.

(2) Remove the start spring using long-nose pliers.

(3) Remove the round nut using Socket Wrench or Round Nut
Wrench (special tools).

Round Nut Wrench
95907-07010
Socket Wrench
157915-0100

(4) Screw in Extractor(special tool) to the flyweight and extract
it.

,-' Extractor
, “‘_W/ 95907-02050

(5) Removal of Swivel Lever

Remove the snap ring from the lever bushing and tap
lightly the swivel lever shaft from the adjusting lever
mounting side to remove the bushing from both ends.
Then, remove the swivel lever.

NOTE: Do not remove the swivel lever from the
governor cover unless such removal is necessary for
parts replacement or for correcting unsmooth motion.

Bushing Governor cover




(6) Replacement of the Governor Sleeve or Guide Lever
(a) Using a press, remove the bearing in the governor
sleeve and remove the guide lever assembly shifter
from the bearing.

(b) Press-fit the bearing to the governor sleeve.
Press-fit the guide lever assembly shifter to the
bearing.

(c) Make sure that the sleeve turns smoothly.
NOTE:
1. Do not replace the shim as its thickness has
been established.
2. During removal and installation take care not to
damage the chromium plated surface of the
shifter.

2. Reassembly procedure

(1) if shims have to be replaced, assembly the associated
parts correctly and select the thickness of shims that gives
correct housing end to shifter dimension.

Shim Thickness

(5 types)
0.1,0.2,0.3, 0.4, 1.0 mm
(6 types)
02,03 04,05,1.0,1.5mm

NOTE:
Measure the assembled dimension without lifting the
flyweight.

Goyernor sleeve

| — Bearing

'

l

{

Shifter

Chromium plated surface

@/ Shim

s, Vs

Chromium

plated

surface

e %

Bearing

Governor
sleeve

l Shifter

—
® ] _ Shim
Jig

A ES

Y

Governor

sleeve

/

QL

—

G

STl

©

Governor

housing

s

15 to 15.2 (Nippondenso)
19 (DOOWON)




(2) When mounting the governor spring to the swivel lever,
position the spring so that its end faces the shackle.

Locate to the
shuckle side.

5-4-2. Adjustment after Reassembly
For governor performance curve, see Service Information separately published.

Adjustement
of speed
regulation

Adjustment of
stopper bolt

Adjustment of

Adjustment of torque spring
maximum speed. _
stopper Adjustment of

idling subspring

Adjustment of

Adjustment of
intermediate
speed control

NOTE:

1. Supply engine oil to the injection pump cam chamber.

2. Loosen the adjusting lever stopper bolt.

3. Remove the idling subspring.

4. Do not allow the Ungleich spring and torque spring to work.



Adjust the relationship between the pump speed and the rack
position to the specified governor performance curve as

follows.
Ungleich
& g
Ra b cij d
Rc =
Rg—) 9 o
T Lowed g&%}éd
3 ggﬁtrol control
E
~ e
S i
2 \~ h
% LI
(4]
(1]
T
Pump speed(rpm) —>

(1) “0” Position Setting of Control Rack

(2) Mount the angle scale plate for the adjusting lever fixing
device.

(3) Adjustment of intermediate Speed Control
This adjustment sets the control rack position point
C(maximum injection) when the injection pump is at full
load.
With the injection pump at Nc rpm, set the adjusting lever
to its tilted position where the governor spring in the
governor is tensioned fairly strongly and hold the lever at
that position temporarily.
Then, adjust the full load stopper to bring the control rack
to the Rc position.
Turning the full load stopper clockwise as viewed from the
rear of the governor moves the rack in the direction that
fuel is increased and turning in counterclockwise moves .
the rack in the direction that fuel is decreased.




(4) Adjustment of Ungleich

(5)

Set the adjusting lever at the maximum speed stopper
paosition.

Adjust the adapter screw so that the rack position changes
from Ra to Rc when the speed is changed from Na to Nb.
The change in the rack position from Ra to Rc is called the
Ungleich stroke.

Tightening the adapter screw increases the Ungleich stroke
and loosening the screw decreases the Ungleich stroke.
Change the thickness of shim plate(Nippondenso products)
the Ungleich spring assembly(DOOWON products) so that
the rack is positioned at Ra when the speed is Na.

Shim Thickness(4 types)
0.10, 0.20, 0.25, 0.50 mm

Adjustment of Low Speed Control

(a) Adjustment of stopper bolit
While rotating the pump at Ni, tilt the adjusting lever
and adjust the stopper bolt to bring the control rack to
the Ri position.

(b) Adjustment of idling subspring
Adjust the idling subspring so that the rack is
positioned at Rh when the pump is running at a speed
of Nh.
Then, decrease the pump speed and check that the
rack is positioned at Rg ant the pump speed of Ng.

Ungleich spring

Tension lever

Lock nut

Shim plate

Adapter screw

Gy
Stopper bolt




(6) Adjustment fo High Speed Control
(a) Adjustment of maximum speed stopper

Tilt the adjusting lever and set the maximum control
speed of the governor.

Tilt the adjusting lever and adjust the maximum speed
stopper so that the control rack is moved from the Rc
position when the pump speed increased slowly from
Nc reaches Nd.

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 improve the speed variation
rate. :

Loosening it will worsen the speed variation rate.

Speed variation rate
Ne - Nd
X 100(%)

Nd

NOTE:

1.

If the variation rate is poor, the engine will exceed
the specified maximum speed at no load and will
enter a hazardous condition.

2. The maximum extent to which the adjusting screw

can be loosened is 20 notches(5 rotations) 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
maximum speed stopper under Item(a) is
readjusted.

Full position \VH

Stopper bolt

Adjusting bolt

Swivel lever




(7) Stop Lever Operation Check

With the injection pump at full load, move the stop lever

fully to the stop side and check that this moves the rack to
the Omm position.

(8) Adjustment for Adaptation to engine
Upon completion of the governor adjustment, measure the
total injection amount with the lever set at the same angle

as in the high speed control in accordance with the
adjustment standard and adjust as necessary.

Normal posmon\vt. N T
SRR
‘&% ? .

)




(9) Sealing
After all adjustments have been made, seal the governor
as follows.
NOTE:
Sealing of the sections marked with * must be done
after adjustment of no-load minimum and maximum
speeds.

5-4-3. Inspection and Adjustment of No-load Minimum and
Maximum Speeds
Start engine and warm up sufficiently. After the temperature of
coolant exceeds 60T,
perform the following inspection and checks.
(1) Minimum Speed
(a) Make sure that the adjusting lever is in contact with the
idling set bolt.
(b) In this state, measure the minimum speed to ensure
that it is within the specification.
(c) If the measurement is out of the specification, use the
set bolt for adjustment.
(2) Maximum Speed
(a) Operate the adjusting lever to the position where it
touches the full load set bolt.
(b) In this state, measure the maximum speed to ensure
that it is within the specification.
(c) If the measurement is out of the specification,
adjustwith full load set bolt.
NOTE:
Ensure that the engine does not stall or hunting does
not occur even when the adjusting lever is abruptly
returned from the full load to idling position. If any
unusal condition is present, adjust within the
specification range.

*Lock with wire.

Lock with wire

Full-load position

Idling
position

Full-oad__—E£4]

set bolt Kiing

set bolt

Adjusting lever Stop lever




5-5. Feed Pump

5-5-1. Disassembly, Inspection and Reassembly

13 wear

S
@ @ Dirt, clogging
ﬁ—7 Clean or replace
6
8 9 10 11
<Diassembly sequence>
1 Priming pump 8 Plug
2 Eye bolt 9 Spring
3 Valve support 10 Piston
4 Spring 11 Push rod
5 Check valve 12 Snap ring
6 Eye bolt 13 Tappet
7 Gauze filter 14 Housing

For reassembly, reverse the order of disassembly.

NOTE: Know the trouble spots thoroughly by making tests before disassembly.




5-5-2. Test and Adjustment

Lift capacity
Conditions -~
Delivery pressure No. of strokes required Airightness

Condition 600 rpm before lifting when operated No Iea'ak‘s from push
NV 335 to 410 kPa at 60 strokes per minute. rod sliding surface

(3.4 to 4.2 kgf/cm?) NV 25 strokes or less

Air - .
F Conctt lskPa | @f L
Condition a |
For 1 min. at 1,000 rpm (2 kgtiom) Faed prnp
NV 1,620 cc or more = l
O Lift capacity
~ k«q- Conditions
R i Time rquired before lifting
when operated at 100 rpm
NV 40 sec. or less
1m
Test conditions
Fuel pipe
1.D. 8
Length 2,000

Cam lift 6(Nippondenso products)

(Eccentric cam) 4.8 (DOOWON products)

Height from oil elvel 1,000

Test oil JIS No. 2 light oil

NV ... Nominal Value

5-6. Automatic Timer
5-6-1. SCDM Type Automatic Timer
(1) Removal

(a) Using Socket Wrench(special tool), loosen the
roundnut. Socket Wrench

(b) Using Timer Extractor(special tool), remove the auto
timer from the injection pump.

y .
Timer Extractor
157926-6920




5-6-2. Disassembly and Inspection

12

10

<Disassembly sequence>

1 Injection pump gear
2 Snap ring

3 Shim

4 Flange

5 Smaller cam

6 Larger cam

Deteﬁoratir;é%‘
" 54,15

18

Score, ware
of cam sliding
surface

7 Snap ring

8 Shim

9 Cover

10 Flyweight assembly
11 Snap ring

12 Outer spring seat

Score, ware

13 Shim

14 Spring

15 Inner spring seat
16 Pilot pin

17 Flyweight

18 Timing flange




5-6-3. Reassembly

78t012Nm
(0.8t0 1.2 kgf m)

Clearance
NV 0.02to0 0.1

NV ... Nominal Value

Clearance
NV 0.05t00.2

_<Assembly sequence>
18

(
—@—3—2—1—@—8—7

For reassembly of parts with an encircled number, see following items.

(a) After the flyweight assembly has been installed to the
timing flange, position the flyweight pins as shown, with
reference to the keyway in the timing flange, and install
the larger and smaller cams.

(b) Install the flange, al:gmrng it with the hole uj the smaller Aligrinent mark Flafige
cam and ensuring that its alignment mark(identation) is (Idention)
positioned on the same side as the timing flange

keyway.

Keyway Timing flange




(c) Put the timing flange and flange closely tied together Timing flange
and ensure that the clearance between the flange and /
shim is up to specification. If the clearance is out of
specification, replace shim. /

Flange

Shim Thickness
0.10, 0,12, 0.14, 0.16, 0.18, 0.9,
1.1,1.3, 1.5, and 1.7mm

i i

oL

Clearance between
flange and shim

(d) Vary shim to obtain the specified clearance between Covor
the cover and shim N
Shim Thickness Shim
0.10, 0.12, 0.14, 0.16, 0.18, 0.9, 1.1, 1.3, 1.5, 1.7mm
NOTE:

When measuring the clearance, closely contact the
cover and flyweight.
After adjustment, install snap ring. ' 1L 1

[
Clearance between
cover and shim

(e) After the timer characteristic adjustments have been
completed(see next items), install the gear with its
alignment mark “0” lined up with the timing flange
keyway or alignment mark on the flange.

Then tighten six bolts diagonally to the specified

Alignment
torque. mark (identation)
)}ggnment mark

1. Installation

Mount the auto timer onto the camshatt, aligning it with the ek WrscisH
camshaft key. Using Socket Wrench(special tool), tighten 31391-14100 Y
the round nut to specification. '

831098 Nm
(8.5 to 10 kgf m)




2. Test and Adjustment

Whenever the auto timer has been disassembled, its
advance angle must be measured and adjusted with the
manufacturer's measuring device.

To adjust the advance charcteristice of the auto timer, add
or reduce the adjusting shims or replace the spring.

To reduce the advance angle, increase the shim thickness.

Shim Thickness
0.1,02,0.3,0.4,60.5,0.6,0,7,0.8,0.9, 1.0mm

5-7. Injection Nozzle

5-7-1. Removal and Installation

1 Bridge
2 Injection nozzle
3 Nozzle tip gasket

(a) To remove and reinstall the injection nozzle, use
Socket Wrench and Handle(special tools).

(b) Iif the nozzle tip gasket is hard to remove because of
seizure, use Gasket Pliers(special tool).
NOTE:
Cover pipes, injection nozzle, and injection pump
to prevent entry of dust and dirt. If the injection
nozzle is removed, provide adequate means to
prevent entry of dust into the cylinder.

qj
Flyweight ; Shim

Timer spring

2
23 N m(2.5 kgf m)

Socket Wrench Handl
31691-12400 3089 1?01 900

~ "
" (\ Gasket Pliers

30091-60700




5-7-2. Disassembly

<Disassembly sequence>
1 Retaining nut
2 Nozzle

3 Needle valve
4 Packing

5 Pressure pin
6 Spring

7 Washer

8 Nozzle holder

NOTE:

Make sure that the combination of the nozzle and
needle valve is not changed.

5-7-3. Cleaning and Inspection

(1) Cleaning
After cleaning the nozzle with gas oil, remove carbon
deposits with Nozzle Cleaning Tool(special tool).
Proceed as follow.

(a) Remove the needle valve from the nozzle and clean
the needle valve with the needle valve cleaning wood
piece.

(b) Insert, while turning, a cleaning needle into the
injection orifice of the nozzle to remove carbon.
Use first a cleaning needle having smaller diameter
than that of injection hole and then finish with
following:
0.28mm[Valve opening pressure 17.7 MPa(180 kgf/cm?)]
0.30mm([Valve opening pressure 21.6 MPa(220 kgf/cm?)]

Deterioration,
cracks

@~——0_ 5 wear

%\ a
3 Wear, damage
T~ 2 Carbon deposits
@—_/ 1
Special Tool

(furnished at cost)
Nozzle Cleaning Tool
105789-0010




(c) Remove carbon from the oil pool and valve seat of the
nozzie body.

(d) To remove burnt and hardened carbon, use Fuso
Carbon Remover.

(2) Inspection
Clean and immerse the nozzle in gas oil, slide the needle
valve, and ensure that it moves smoothly.

Next, pull up the needle valve vertically about 1/3 of its
entire stroke and check if it falls under its own weight. If it
does not fall, replace the nozzle.

5-7-4. Reassembly

NOTE:

1. Never touch the sliding surfaces of the needle valve by
hand.

2. When replacing the nozzle tip with a new one, remove
the seal peel(synthetic resin film) and move the needle
valve in nozzle in a clean gas oil to completely remove
the anti-rust oil..

3 251034Nm

2 (2.5t0 3.5 kgf m)<D4A>
29t039Nm

1 (3to 4 kgf m)<D4AK-T>

<Assembly sequence>

| 87654321




5-7-5. Test and Adjustment

(1)

&

Injection Pressure

(a) Install a nozzle tester to the nozzle.

(b) Operate the nozzle tester to inject several times. This
allows the tester to be bled of air.

(c) Operate the nozzle tester at the specified speed. Then,
vary shims to obtain the specified injection pressure.

Shim Thickness

<D4A>

0.95 to 1.25mm in 0.05 increments
1.275 to 1.775mm in 0.025 increments
1.80 to 2.15mm in 0.05 increments

A 0.05mm variation in shim thickness varies the injection
pressure by 0.49 MPa(5kgf/cm?).

(d) With a correct shim selected, recheck the injection
pressure.

NOTE:
Never let yourself exposed directly to the atomized
fuel injected from the nozzle.

Spray Condition

When adjusting the pressure with a nozzle tester, check
also for clogged injection orifices, spray condition, and fuel
leaks from the orifices. Replace the nozzle if dfective.

Good
1 Evenly sprayed from five injection orifices
2 Even and symmetrical

Poor

3 Asymmetrical
4 Branched

5 Thin

6 Irregular

Injection pressure
(Operate lever once per second)
NV 17.7 to 18.6 MPa <D4AN>
(180 to 190 kgf/cm?)
21.6 to 22.6 MPa <D4AK-T>
(220 to 230 kgf/cm?)

NV ... Nominal Value

1
Good

1

I\

2 3 4
Good  Poor Poor P

— S 8 wn




(3) Fuel Tightness Test

Mount a nozzle, that has been adjusted to start injection at

the specified pressure, to the nozzle tester and slowly Test pressure
increase the pressure to the test pressure. Keeping this (1156; ‘1312-07 :;; :r;?“‘“‘m
condition, check for fuel leaks from the bottom of the

19.6 t0 20.6 MPa <D3AK-T>
nozzle. The nozzle is in good condition if there is no leak. (200 to 210 kgf/cm?)




5-8. Fuel Filter

5-8-1. Removal and Installation

§ ol

34Nm
(3.5 kgf m)

34Nm
(3.5 kgf m)

N\

1

1 Fuel feed hose
2 Fuel filter

To remove the element, use Filter Wrench(special tool).

NOTE: (/A
1. For installation, tighten the element by hands.

2. After installation, run the engine and check for fuel
leaks.

Filter
Wrench
MHO061509




5-9. Water Separator

34Nm
(3.5 kgf m)

1 Drain plug

2 Ring nut

3 Case

4 Baffle plate

5 Float

6 Head

7 Connector bolt
8 Joint

If the red float in the translucent case rises to the level of the
red line marked on the outer circumference of the case, loosen
the drain plug to discharge water.

It is not necessary to completely remove the drain plug as
water is discharged gradually through the groove of the
loosened plug.

NOTE : After draining, tighten firmly the drain plug before
bleeding the fuel system.




Disassembly, Inspection and Reassembly

78to12Nm
(0.8 to 1.2 kgf m)

Apply thin coat of
oil when installed0

Clogging, breakage
78t012Nm
(0.8 to 1.2 kgf m)

1 Fuel filter head
2 Element




6. TROUBLESHOOTING

(1) Fuel Injection Pump

Idling is not smooth

YES

Is idling speed set at normal level?

NO

YES

Is fuel system free from air trapped
inside?

NO

Adjust the idling stopper bolt

YES

Is fuel system free from water
trapped inside?

NO

Isolate the case of trouble
and repair

YES

Are fuel filter element and feed
pump gauze filter free from
clogging?

NO

Remove water from the fuel tank,
fuel filter, water separator, etc.

YES

Is injection pump adjusting lever
clamping nut left loose or lost?

YES

Replace fuel filter element or clean
gauze filter

NO

Is injection pump injection timing
correct?

NO

Tighten to specification

YES

Continued on next page

Readjust injection timing




Continued from previous page

:

Remove nozzle and make following
checks:

Is injection start pressure of nozzle
correct?

Is spray condition good?

(If excessive amount of carbon is
deposited around nozzle hole,
clean before inspection)

NO

YES

With injection pump removed,
make following check on the pump
tester:

NO

Adjust injection start pressure if
incorrect. If spray conditiion is
poor, clean and recheck the
condition; replace nozzle tip if
necessary.

Dose the control rack move
smothly?

YES

Are the fuel injection rates even
between cylinders when
measured?

NO

Isolate the cause of rack binding
and repair

YES

Is injection interval between
cylinders correct?

NO

Isolate the cause of trouble and
repair

YES

Are idling spring and damper
spring set properly as checked in
the governor test?

NO

Isolate the cause of trouble and
repair

YES

Y

Is feed pump deliver rate up to
specification?

NO

Readjust the idling spring and
damper spring

Repair or replace feed pump




Engine is hard to start

Add fuel

Make following checks to eliminate
the cause of trouble:
- Loose piping and connector
- Clogged feed pump gauze filter
- Air sucked in from feed pump
- Clogged fuel filter element

Drain water from the injection
pump, fuel filter, fuel tank, and
other parts

N
Is the amount of fuel sufficient? 2
YES
Y
Is fuel system free from air? NO
(Engine would not start even after
bleeding)
YES
Is fuel system free from water NO
trapped inside?
YES
Is injectiion pump piping free from NO
fuel leak due to cracks or loose
connector?
YES
Is injection pump injection timing NO

correct?

Repair or replace

YES

Continued on next page

Readjust injection timing




Continued from previous page

l

Remove nozzle and make following
checks:

Is injection start pressure of nozzle
correct?

Is spray condition good?

(If excessive amount of carbon is
deposited around nozzle hole,
clean before inspection)

NO

YES

With injection pump removed,
make following check on the pump
tester:

NO

Adjust injection start pressure if
incorrect. If spray conditiion is
poor, clean and recheck the
condition; replace nozzle tip if
necessary.

Dose the control rack move
smoothly?

YES
Y

Are the fuel injection rates
between cylinders even?

NO

Isolate the cause of rack binding
and repair

YES

Is injection interval between
cylinders correct?

NO

Isolate the cause of trouble and
repair

YES

Are idling spring and damper
spring set properly as checked by
the governor test?

NO

Isolate the cause of trouble and
repair

YES

Is feed pump deliver rate up to
specification?

NO

Readjust the idling spring and
damper spring

Repair or replace feed pump




Loss of power output

Is fuel system free from air?
(Engine would not start even after
bleeding)

NO

YES

Is fuel systen free from water
trapped inside?

NO

Make following checks to eliminate
the cause of trouble:
- Loose piping and connector
- Clogged feed pump gauze filter
- Air sucked in from feed pump
- Clogged fuel filter element

YES

Is the injection pump overflow
valve spring free from set and
breakage?

NO

Drain water from the injection
pump, fuel filter, fuel tank, and
other parts

YES

Is injectiion pump piping free from
fuel leak due to cracks or loose
connector?

NO

Replace

YES

Is injection pump injection timing
correct?

NO

Repair or replace

YES

Continued on next page

Readjust injection timing




Continued from previous page

Remove nozzle and make following
checks:

Is injection start pressure of nozzle
correct?

Is spray condition good?

(If excessive amount of carbon is
deposited around nozzle hole,
clean before inspection)

NO

YES

With injection pump removed,
make following check on the pump
tester:

NO

Adjust injection start pressure if
incorrect. If spray conditiion is
poor, clean and recheck the
condition; replace nozzle tip if
necessary.

Dose the control rack move
smoothly?

YES

y

Are fuel injection rates between
cylinders even?

NO

Isolate the cause of rack binding
rack and repair

YES

Y

Is injection interval between
cylinders correct?

NO

isolate the cause of trouble and
repair

YES

Is auto timer advance correct?

NO

Isolate the cause of trouble and
repair

Isolate the cause of trouble and
repair




Excessive amount of black
smoke in exhaust gas

'

Is full load stopper on governor
adjusting lever tight?

NO

YES

Is injection pump injection timing
correct?

NO

!

YES

Remove nozzle and make following
checks:

Is injection start pressure of nozzle
correct?

Is spray condition good?

(If excessive amount of carbon is
deposited around nozzle hole,
clean before inspection)

NO

t

YES

With injection pump removed,
make following check on the pump
tester:

NO

Dose fuel injection rate of injection
pump exceed specification?

YES
|

Are the fuel injection rate between
cylinders even?

NO

YES

Is injection interval between
cylinders correct?

NO

YES

Is auto timer advance correct?

NO

Adjust full load stopper bolt

Readjust injection timing

Adjust injection start pressure if
incorrect. If spray conditiion is
poor, clean and recheck the
condition; replace nozzle tip if
necessary.

Isolate the cause of trouble and
readjust fuel injection rate

Isolate the cause of trouble and
repair

Isolate the cause of trouble and
repair

Isolate the cause of trouble and
repair




There is knocking noise from
around the injection pump

Y

Is injection pump coupling tight?

NO

YES

Y

Is injection pump piping free from
cracks and loose connector?

NO

Align timing marks and retighten
bolt

YES

Is the injection pump free from
unusual noise when the engine
runs at low speed?

NO

Repair or replace

Worn parts around tappet:
disassemble injection pump and
replace defective parts




There is knocking noise from
engine

Y

Is fuel of adequate quality used?

YES

Y

Is injection pump injection timing
correct?

YES

With injection pump removed,
make following check on the pump
tester:

Are fuel injection rates between
cylinders even?

YES

Is injection interval between
cylinders correct?

YES

Is auto timer advance correct?

NO - Change fuel to the one of specified
quality

Ne »| Readjust injection timing

NO Isolate the cause of trouble and
repair

NO Isolate the cause of trouble and

! repair
NO Isolate the cause of trouble and

repair




Speed shifting from
high to idle is not
smooth

Is linkage to governor
adjusting lever free from
binding?

NO

YES

Is adjusting lever return
spring free from set and
breakage?

NO

Repair portion causing
binding

YES

Does adjusting lever
move smoothly when
governor adjusting lever
linkage is disconnected?

NO

YES

Y

Is control pinion set
screw installed correctly?

With the injection pump
removed, make following
check on the pump
tester:

Does injection pump rack
move smoothly?

NO

YES

Replace return spring

Isolate the cause of
binding rack and repair

NO

Isolate the cause of
binding in governor
linkage and repair

YES

.

With injection pump
removed, make following
check on pump tester

Adjust injection pump
injection rate and
retighten control pinion
set screw

Measure the governor
idling characteristics and
If they are out of
specification, adjust
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