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DEI1ZT, P126TI, P126TI-1 Engine correct in the maintenance manual

Page 7 (Contenrs 1.4 Engine specifications)

- Fuel injection timing(BT.D.C static) F126T1, P126TL-1 12° — 16°
Page 9 (Contents 2.1.3 Engine Oil)

- Engine Oil Intervals 800hr — 200hr

Page 10 (Contents 2.1.5 Fuel Filter)

- Fuel Filter Cartridge Intervais 1200br > 400hr

Page 26 (Contents 2.3.2 General Engine Inspection Cycle)

- Lubrication Sj;st&fn : Change the lubrication o1l 800hr —» 200hr

Replace the o1l filter cartridge 800hr — 200hr

- Intake & Exhaust system : Change the air cleaner element 600hr — 400hr

- Fuel System : Replace the fuel fitrer element 1200hr — 400hr
Page 74 (Contents 3.3.26 Injection Pump)

- Fuel injection timing(B T.D.C static) P126TT 12° — 16°

Page 92 (Contents 2) P126TT)

- Fuel injection timing{B.T.D.C static) P126T1 12° — 16°




FOREWORD

This maintenance manual is designed to serve as a reference for DAEWOO Heavy Industries Ltd’'s
(here after DAEWOO’s) customers and-distributors who wish to gain basic product knowledge on
DAEWOO's DE series generator diesel engines (DE12T and POLUS P128TH

These economical and high-performance diesel engines (6 cylinders, 4 strokes, in-line, direct injec-
tion type) have been so designed and manufactured to be used for the generator application. They
meet all the requirements such as low noise, fuel economy, high engine speed, and durability.

To maintain the engine in optimum condition and retain maximum performance for a long time, COR-
RECT OPERATION and PROPER MAINTENANCE are essential.

In this manual, the following symbols are used to indicate the type of service operations to be per-

formed.

sawp] Removal

E Installation

« o) Disassembly

Adjustment

Cleaning

W

Pay close attention-Important

-

L]

» «l Reassembly

H Align the marks

4m| Directional Indication

—
Inspection
@I Measurement

Tighten to specified torque

»

Use special tools of manufacturer’s

Lubricate with oil

21[T1 58 [E] <] R B

Lubricate with grease

During engine maintenance, please ohserve following instructions to prevent' environmental damage;

* Take old oil to an old o)l disposal point only.

® Ensure without fail that oii and diesel fuel will not get into the sea or rivers and canals or the ground.

® Treat undiluted anti-corrosion agents, antifreeze agents, filter element and cartridgés as special waste.

® The regulations of the relevant local authorities are to be observed for the disposai of spent coolants and spe-
cial waste.




If you have any question or recommendation in connection with this manual, please do not hesitate
to contact our head office, dealers or authorized service shops near by your location for any ser-

vices.

For the last, the content of this maintenance instruction may be changed without notice for some

quality improvement. Thank you.

DAEWOQOQO Heavy Industrias LTD.
July. 1999
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1. General information

1.1 General repair instructions

1. Before Performing service operation, disconnect the grounding cable from the battery for
reducing the chance of cable damage and buming due to short-circuiting.

2. Use covers for preventing the components from damage or poliution.

3. Engine oil and anti-freeze solution must be handled with reasonable care as they cause
pr.;\int damage.

4. The use of proper tools and special tools where specified is important to efficient and
relaible service operation.

5. Use genuine DAEWOQOO parts necessarily.

6. Used cotter pins, gaskets, O-rings, oil seals, lock washer and self-lock nuts shouid be dis-
carded and new ones should be prepared for installation as normal function of the parts can
not be maintained if these parts are reused.

7. To facilitate proper and smooth reassemble operation, keep disassembled parts neatly in
groups. Keeping fixing bolts and nut separate is very important as they vary in hardness
design depending on position of Installation.

8. Clean the parts before inspection or reassembly. Also clean oil ports, etc. using compressed

. air to make certain they are free from restrictions.

9. Lubricate rotating and sliding faces of parts with oil or grease before installation.

10. When necessary, use a sealer on gaskets to prevent leakage.

11. Carefully observe all specifications for bolts and nuts torques.

12. When service operation is completed, make a final check to be sure service has been

done property.




1.2.1

1.2. Engine characteristics

1.2.2.

OMEGA combustion bowl

The OMEGA combustion bowl is a unit ‘
designed to perform high efficiency, low
emission combustion. As the rim around the
combustion bowl port of the upper of the
piston has been machined in a smaller size
than the interior of the combustion bowl,
strong swirl is produced in the combustion
bowl and strong squish flow makes the fuel
be mixed more sufficiently with air.

Due to the application of OMEGA combus-
tion system and optimal utilization of intake
and exhaust port configuration within the
cylinder head, the POLUS P126TI and
DE12T (DE12 series) generator diesel
engines discharge very low level of haz-
ardous exhaust gases such as smoke,
nitrogen oxide, hydrocarbon, or carbon
monoxide and thus ensure high perfor-

mance and low fuel consumption.

Oil gallery cooling type pistion{P126TI)

Gil gallery cooling is used for the piston of
P126TI| generator engine.

When thermal loading is high, piston cool-
ing by means of an oil gallery in the crown
is normally necessary to prevent crown
cracking_and ring sticking. The design of
the gallery, the design and locaticon of the
oil spary nozzel and the quantity of oil flow-
ing in the gallery are critical in order to
achieve the desired temperature reduction.
The cross section shape of the gallery
should be designed to achieve sufficient oil

movement to maximize cooling efficiency.

EABM1001

EA7M1001




1.3. Engine assembly

1.3.1. Engine sectional view (longitudinal)

0 M 12 13 14 15 16 17 18
EASM1002

1. Cooling fan 7. Piston pin 13. Crankshaft
2. Exhaust valve 8. Piston 14. Gil pan
3. Valve spring 9. Gombustion chamber 15. Connecting rod
4. Ol filter 10. Crankshaft pulley 16. Camshaft
5. Tappet 11. Vibration damper 17. Flywheel housing
6. Push rod 12. Qil pump 18. Flywheel




1.3.2. Engine sectional view {cross)

EABM1003

. Intake manifold
. Fuel filter

. Oil cooler

. Injection pump
. Cylinder block
. Oil filter

1
2
3
4
5
5]

7. Injection nozzle assembly

. Rocker arm

. Cylinder head cover
.10,
11.
12,

Exhaust manifold
Piston ring
Turbocharger




1.3.3. Engine assembly views

1) DE12T

1 2 3 12 4 27

14 20 21 26
EASM1004

1. Cooling fan 10. Flywheel housing 19. Thermostat
2. Cocling water pipe 11. Flywheel 20. Injection pump
3. Qil filler cap 12. Exhaust manifold 21. Qil level gauge
4. Cylinder head cover 13. Injection nozzle assembly 22. Mounting bracket
5. Turbocharger 14. Qil fiter 23. Vibration damper
6. Qil drain valve 15. Fuel filter 24, Water pump
7. Aiernator 7 16. Qil coocler 25. Fan drive
8. Oil pan 17. Intake manifoid 26. Crankshaft pulley
3. Starter 18. Injection pipe 27. Breather




2) P126TI

_E‘ :LlL)-]
ﬁ I
7 | N i i\ 1
7 6 8 9 10 11

14 15 16 17 18 19

EABM1005

1, Cooling fan 8. Qil pan 18. Injection pipe

2. Cooling water pipe 9. Starter 19. Thermostat

3. Air pipe 10. Flywheel housing 20. Injection pump
{Intercoocler —> Intake manifold) 11. Flywheel 21. Oil level gauge

4. Air pips 12. Exhaust manifold 22. Mounting bracket
{Air cleaner—- Turbocharger) 13. Injection nozzle assembly 23. Vibration damper

5. Turboche\_rgér 14, Qil filter 24. Water pump

6. Oil drain valve 15. Breather hose 25. Fan drive

7. Air pipe 16. Oil cooler

(Intercooler — Intake manifold) 17. Intake manifold




1.4. Engine specifications

Engine Model
ltems DE12T P126TI P126TI-
. i Water-cooled, 4 cycle in-line
Engine type Water co_lc_wlert:].tlcgole |ndl|ne type Y
type Turbo charge Turbo charged & intercooled
Combustion chamber type Direct injection type
Cylinder liner type Replaceable dry liner
Timing gear system Gear driven type
No. of piston ring Compression ring 2, oil ring 1
No. of cylinder-bore x stroke {mm) 4-123 x 155
Total piston displacement {cc) 11,051
Compression ratio 171 -1
Engine dimension (length x width x height) (mm) |1,365.5 x 870 x 1,046 1,383 x 870 x 1,207
Engine weight {kg} 210
Rotating direction (from flywheel) Counter clockwise
Fuel injection order 1-5-3-6-2-4
Fuel injection timing {B.T.D.C static) 12¢
Injection pump type Zexel in-line “P” type
Governor type Mechanical govemar type(RSV) Electric governor type(GAC)
Injection nozzle type Multi-hole type (5 hole) Multi-hole type (5 hole)
Fuel injection pressure {kg/cm?) 220 1st : 160, 2nd : 220
Compression pressure (kg/cm?) 28 (at 200 rpm)
Conditi 50Hz 6QHz 50Hz 60Hz a0Hz
ondition {1,500rpm) [ {1,800rpmy} [ (1,500rpm) | {1,800rpm) | (1,800rpm)
Conti 280PS | 336PS
ontinuous - - (206kW) | (247kW) -
Power (1ISO 3046)
Pri 205PS 245PS 328PS 378PS 356PS
rime (151kW) | (180kW) | (241kW) | (278kW) | (262kW)
Stand b 226PS 270PS 370PS 405PS 392PS
and by (166KW) | (199kW) | {272kW) | (298kwW) | (288kW)
Intake and exhaust valve clearance (at cold} (mm) 0.3
Open at 18° {(B.T.D.C)
Intake valve
Close at 34° (A.B.D.C)
Open at 46° (B.B.D.C)
Exhaust valve
Close at 14° (A T.D.C)

Lubrication method

Full forced pressure feed type

Qil pump type

Gear type driven by crankshaft

Oil filter type

Fuil-flow, Cartridge type

Lubricating oil capacity {(max./min.)

(lit)

23/20

QOil cooler type

Water cooled

Water pump

Gear driven impeller type

Cooling Method

Pressurized circulation

Cooling water capacity {engine only) {Iit) 19

Thermostat type Wax pallet type (83 ~ 95 °C)
Alternator voltage - capacity (V-A) 24 - 45

Starting Motor voltage - output {(V - kW) 24 -6.0




2. Major maintenance

2.1. Preventive maintenance
The preventive maintenance means that the operator performs the servicing of engine to

obtain long life and best performance from DAEWOO diese! engine.

2.1.1, Cooling water
#» Regarding the cooling water that is to be used for engine, the soft water not the hard water

must be used.
e The engine cooling water can be used diluting it with antifreezing solution 40% and the addi-

tive for rust prevention (DCA4) 3 ~ 5§ %.
e The density of above solution and additive must be inspected every 500 hours to maintain it

propetly.

Note : The proper density control of antifreezing solution and rust preventing additive will be

3 able to prevent the rusting effectively and maintain the stable quality of engine.
For the improper controf might give the fatal damage to the cooling water pumgp

and cviinder liners, detaill care is needed.

® Since DE12T and POLUS P126TI (generator diesel engine of DE12 series) cylinder liner is

dry type, particularly the cooling water control should be applied thoroughly.
® The density of antifreezing solution and additive for rust prevention is able to be confirmed by

the cooling water test kit. {(Fleetguard CC2602M)

e How to use the cooling water test kit
1) When the cooling water temp. of engine is in the range of 10 ~ 55 °C, loosen the plug for

cooling water discharge and fill the plastic cup about a hatf.

V Note : /n taking the cooling water sample, if the water in auxiliary tank were taken, it is hard
to measure the accurate density. Take the cooling water sample necessarily loosen-

ing the cooling water discharge plug.

2) At the state of a test paper soaked in the sampled water, after taking the paper out

through water agitation, shake off the water.
3) Wait for about 45 sec. lill the color change of test paper.

V Note : However, it should not elapse longer than 75 sec, and if it did, the hue would change.




4) Make the numerical value by comparing the test paper which hue has changed with the
color list of label on storage bottle.

5) By comparing the hue changed into yellowish green or so with the green color ind.ication
of test paper storage bottle, confirm the density. (Then., the density indication must be in
the hue range of 33% to 50%).

6) The brown at the middle of test paper and the lower pink color indication represent the
additive state for rust prevention, and the proper range is that the meeting numerical
value of brown (vertical) and pink color (horizontal) locates in the range of 0.3 to 0.8 at
the color list of label on the test paper storage bottle.

7} In case of less than 0.3, replenish the additive for rust prevention (DCA4), and in case of
more than 0.8, pour out the cooling water about 50% and then readjust the density after
refilling with clean fresh water.

¢ Amount of Anti-freeze in winter

Ambient
Temperature (C) Cooling water (%) Anti-freeze (%)
Over -10 85 15
-10 80 20
-15 73 27
-20 67 33
-25 60 40
-30 56 44
-40 50 50

2.1.2. Fan belt

=] ® Use é\ fan belt of specified dimensions, and replace if damaged, frayed, or deteriorated.
Lo ® Check the fan belt for belt tension.
If belt tension is lower than the specified limit, adjust the tension by relocating the alterna-
tor. (specified deflection: 10 ~ 15 mm when pressed down with thumb)

2.1.3. Engine oil

& Check oil level with the oil level gauge and replenish if necessary.
Check the oil level with the engine cooled. If the engine is warm, allow time for 5 ~ 10

minutes for oil drain into the crankcase before checking cil level. The oil level must be
between Max and Min. lines on the gauge.

® Engine oil should be changed at the specified intervals. (800 hr) Oil in the oil filter should
be changed simultaneously.
- First oil change : 50 hr operating

& The oil viscosity grades should be selected SAE NO.15W40 and API CD or CE.




2.1.4. Oil filter

e Check for oil pressure and oil leaks, and

repair or replace the oil filter if neces- .

sary.
® Change the oil filter cartridge simultane-

ously at every replacement of engine oil.

2.1.5. Fuel filter

=] ® Drain water in cartridge with loosening
Lo the cock under filter manually (8) from
time to time.
® The fuel filter should be replaced at
every 1,200 hours.

2.1.6. Ajr cleaner

=1 ® In case that elements are deformed,

Lo damaged or if the air cleaner has a
crack, replace it.

& By the definite interval, the elements

must be cleaned and replaced.

Gil filter (Cartridge)

/—.

Qil filter head
- 7 r»"'
5 /
NNz - — J
l'_L__L'J_§<
EQM40101

EA204009

EFM10021




2.1.7. Intercooler

1 The intercooler is air to air type and has a large cooling fan capacity. The intercooler life -
Lo and performance depends on the intake air condition greatly. Fouled air pollutes and clogs
the air fins of intercooler. As a result of this, the engine output is decréased and engine
maifunction is occurred. So you always check whether the intake air systems like air filter

element are worn or polluted.

Airfair intercooler
with downstream [y
radiator

{Combined radiator)

il

o
A
[
/

Cooling air

{\

N

Hot charge air
from compressor

Recooled charge air
to intake pipe (max. 50 °C)

i

EA504003

- Cleaning of intercooler fins: Every 600 hours.

2.1.8. Valve clearance adjust procedure

@ ® After letting the #1 cylinder’s piston come at the compression top dead center by turning the

crankshaft, adjust the valve clearances.

E: ® Loosen the lock nuts of rocker arm adjusting screws and push the feeler gauge of specified
value between a rocker arm and a valve stem and adjust the clearance with adjusting screw

respectively and then tighten with the lock nut.




® As for the valve clearance, adjust it when in cold, as follow.

Model Intake Valve Exhaust Valve
DE12T 0.3 mm 0.3 mm
P126TI

- By cranking the engine, let #6 cylinder's valves overlap.

- In time, adjust the valve clearance corresponding to “ =" of lower lists.

- Adjust the valve clearance corresponding to “ =" of lower lists.

- After reinsuring the valve clearances, retighten if necessary.

& No. 1 Cylinder is located at the side where flywheel was installed.

Flywheel Intake Valve Exhaust Valve Cylinder No.

Cooling Fan

EA808001




2.1.9. Cylinder compression pressure

ry ® Stop the engine after warming up, and
-
. ¥ take out nozzle holder assembly.

EASO5003

e Install the special tool (compression
gauge adapter) at the nozzle holder

hole, and connect the compression pres-
@ sure gauge there.

Standard value 28kg/cm? over

Limit value 24kg/cm?

Difference
. Within =10 %
between each cyiinder

EAS05004

. ¢ Condition : Water temperature 20°C, )
Engine rotation 200rpm (10 rotation)

2.1.10. Injection nozzle

EFM1006I

Normal Abnormal Abnormal

# |Install a nozzle on the nozzle tester.
@l e |f the inspected injection pressure is less than the specified value, adjust using the adjust-

ing shims.
Engine Model DE 12T P126TI
. Injection nozzle pressure 220kg/ecm? 1st : 160kg/cm*
) ] P g 2nd : 220kg/cm?

& Check the atomizing state and repiace it if abnormai.




2.1.11.

2.1.12,

Fuel injection pump

® |Check the housing crack, damage etc. and replace it if abnormal.

e Check if the idle operation and speed regulating lever’s sealing is removed.

e The adjustment and testing of fuel injection pump should necessatrily be done at the test
bench.

Battery

» Inspect for any leakage of electrolytic sclution owing to battery crack, and replace the bat-
tery in case of poor condition.
® Inspect for amount of electrolytic solution, and replenish if insufficient,

* Measure the gravity of electrolytic solution, if less than specified value (1.12 ~ 1.28), replenish.

1

B 1,200

1,300 - UPPER LEVEL -
~ LOWER LEVEL -

EFM10071

2.1.13.

D

2.1.14,

@

Air removal of fuel system

The suction room of fuel injection pump has the function of air removal continuously during the
operation through a relief valve.

In case that the suction room lacks fuel at all, for instance, in case of new installation of
injection pump, after loosening the air removing screws of cartridge filter respectively,

remove the air by operating the manual pump of fuel supply pump until bubble will disappear.

Fuel supply pump

Every time of engine oil replacement, the fuel strainer installed at the fuel supply pump should

be removed and cleaned.




2.1.15.

2.1.16.

Supercharger

The supercharger needs not arty special equipment

Every time of engine replacement, a leakage or clogging of oil pipes should be inspected.
Air cleaner should be maintained carefully for nut or foreign material not to get in. Periodic
inspection should be applied on the compressed air and exhaust gas pipes, For leaking air
will bring the overheat engine, an immediate repair must be done. '

During the operation that is surrounded by the dust and oil mixed air, frequent cleaning
must be done on the impellers. Tear down the impeller casing (attention: be careful not to
bend) and must clean with non-acid solvent solution. If necessary, use plastic scraper If
impeller is severely polluted, dip the impeller into solution and may be better to clean it with

stiff brush.

Then one thing to beware is to dip only impeller part and so do not support by impeller but
bearing housing.

Starting motor

In case of engine maintenance, clean pinion and ring gear thoroughly putting in the fuel, and
coat them with grease.

Alzo, In case of washing car and so forth, inspect the wiring state being careful for not to
get.




2.2. Diagnosis and remedy

1. Engine Starting Impossible

L Starting motor opetation poor

I I
Inspection of battery electorlytic
llquid amount & gravity

I I
[Normal| | Toolow |
[

Ajustment -
Recharging
I
|: Inspection of loose electric

wring & short

I
Iﬁj‘@ Retigten -
Replage

I
I: Inspection of starting switch |

m Repair -
Replace

|: Inspection of starting relay !

[
Normal

Replace
[Inspection of magentic switch |
I

Repair

Normal Replace

Starting motor
disassembly

|

—

Starting motor revolution

—

Engine

Inspect air cleaner
i f
’ Normadi Polluted

I
Replace or
clean element

I

L Check compression

pressure
[Normal .
Repair -
Replace
Inspect of

other parts

Check valve
clearance
: [

Normal Adjust

Fuel

Inspect amount of fuel

Check cylinder
head gasket

— Replace

Engine disassembly
{valve assembly piston
cylinder liner etc.}

|

Normal

Inspect supply pump opération

N R R
Normal Nane
N R
Replenish
Inspect fuel
injection No injection
|
Normal !
Continuous
operation after
air removal
Inspect
injection
timing
Adjust
Normai

Inspect injection
nozzle (injection
pressure injection
state etc.)

I

Repair -

Normal Replace

I
Injection pump
disassembly

1

Inspect supply pump valve strainer

Injection pump
dasassembly

Clean -
replace

Normal

Inspect fuel filter
I
Element polluted
Qvearflow valve poor

Replace

’ Air mixture in fuel
I
Retighten connection

parts. Replace gasket
i

[ Air remaoval J

I
Continucus air mixing
\

Supply pump
disassembily




2. Engine Overheated

Operating state

1. Overload
: : - 2. Radiator core clogged
Cooling unit Fuel unit 3. Continuous over-run
I
Check cooclant

Inspect fuel quality Fuel excessive supply
|_4|—|

\ Normal j ) Too low \
Poor
I
Check fan belt :
tension wear Repair- Clean and replace Check injection nozzle
ension wea Replace with specilied fue!
or damage sfc.
| Replenish | Inspect cooling
Normal water leakage
Check fresh
Replace )
water tank cap Exteran| Internal
Normal Retighten - Em;:;ine
| Replace disassembly Normal Abnormal
Check thermostat ——  Replace
] Adjust :
repair Repair -
Normal injection Replace
I pump
Inspect Damage Repair -
radiator 9 Replace
Normal Check cooling | | Repair -
water pump Replace
Clean cooling N |
water passage orma
Engine
disassembly




3. Output Insufficient

[
Engine
|

—
Fuel unit
I
Check for air mixing
in fuel
I I
Inspect fuel supply pump
| |

|

Others
T

Installation improper

-

Check for coupling
alignemnt

{

Inspect air cleaner

l L

Normal| | Clean-Relpace

1 I

Normal || Clean-Replace

I \
Inspect fuel filter over folw valve
[
Normal Replace
I I
Inspect injection pipe

1 |

Inspect engine control
rod, link, cable, etc.

| 1

Normal Adjust

l |

Check valve clearance

[ I

Normal || Repair- Replace

I |

Inspect injection nozzle
injection pressure
atomizing state

Normal Adjust
T |
Inspect cylinder head
gasket for damage
I [
Normal Replace

Normal || Adjust- Replace

l |

_| l

Check injection timing

| |

Normal Adjustrment

Engine disassembly
{valve assembly)

Disassemble engine or
injection pump

Check Turbocharger
f &
Marmal Repair-
Replace

Disassembie injection
pump or engine

I

Adjust or replace
coupling

Inspect air leakage
of air piping line

i

Retighten -

Normal
Replace

[

Inspect air leakage
of Intercocler




. 4. Qil pressure lowered

Check if oil pressure
gauge indicates wrongly

Check oil amount

Normal Too low
I
[
Check cooling Use recommended oil
temperature ] (replenish)
I
Too high
Normal | 9
Refer to engine overhea
inspect oil quality
Normal
Check oil relief Water & fuel mixed Improper
valve in oil
l I
Retighten - Disassemble engine Replace with
Normal Replace or injection pump recommended ol
Disassemble
engine




5. Fuel Consumption Excessive

Inspect fuel leakage

—

Causes according to Use Conditions

1. Overload

2. Govemor's Arbitrary Adjustment

3. Full Speed Operation for Long time

4. Sudden Speed Change from Low to
High Speed

—

Normal

Inspect injection nozzle
(injection pressure
atomizing state etc.)

|

Normal ,

1

Adjust -Replace

I Oil leakage J

’ Retighten Replace

Check injection timing Adjust
[
Normal
L.
Inspect cbmpressed Check valve
pressure clearance
[
Normal
i
Disassemble
injection pump Adjust
[
Normai
|
Inspect head gaskel Replace

Normal

Disassemble engine
(valve assembly piston
cylinder liner etc.)

Repair - Replace
Cylinder liner
Piston ring Piston




. 6. Qil Consumption Excessive

Cause according to use conditions

1. Excessive oil infusing

2. Continuous operation in low or
extremely cold state

Inspect oil leakage

l Inspect air cleaner

Normal Qil leakage Clean Replace
| l
Check oil quality External Internal
| ' |
Replace with Retighten - Check compressed
specified oil Replace pressure
Engine disassembly Normal
(piston cylinder liner) |
Disassemble
cylinderhead
. (valve stem seal)
7. Engine Knocking
I
Inspect combustion of fuel & oil
(carbon residue exhaust gas}
|
Unconfirmed Confirm
1 [
Inspect compressed Disassemble
pressure engine
‘ Too low
Normal [
J Check valve clearance and
Inspect injection cylinderhead gasket for damage
pump :
1 .
Normal Adjust Normal Replace -

| | Adjust
Check fuel quality

Disassemble

. | engine

Use specified fuel




8. Battery Discharge

Battery Witing Switch Generator
1 I [
Check electrolytic Inspect cut wire W)heck fan belt
liguid amount shorts and loose tension & damage
connections
I
Repair - Replace
Normal
1
Electroiytic Battery room Battery self Battery over
liquid's damage discharge charging
standard |
1 Inspact generator
Replenish Replace Charging Voltage regulator
|
Normal Abnormal
LCheck charged stated Adjust -
| Replace
Discharging
Disassemble

generator Voltage
regulator




Condition

Causes

Remedies

1) Starting difficult ® Valve’'s poor shut, stem distortion Repair or replace
(1) Compression pressure | e Valve spring damage Replace valve ‘spring
® Cylindér head gasket’s leak Replace gasket
® \Wear of piston, piston ring or liner Adjust
2) Idle operation abnormal ® Injection timing incorrect Adjust
® Aijr mixing at injection pump Remove air
3) Engine output insufficient | @ Valve clearance incorrect Adjust
(1) Continuous output e Valve tightness poor Repair
insufficient e Cylinder head gasket’s leak Replace gasket
e Woear, stick, damage of piston ring Replace piston ring
e Injection timing incorrect Adjust
e Fusl injection amount insufficient Adjust injection pump
e Nozzle injection pressure Adjust or replace
improper or stuck
Supply pump’s function lowered Repair or replace
Fuel pipe system clogged Repair
e Air suction amount insufficient Clean or replace air
cleaner
™ Superchargér poor Repair or replace
(2) Qutput insufficient ® Compression pressure Disassemble engine
when in acceleration insufficient
® Injection timing incorrect Adjust
Fuel injection amount insufficient Adjust injection pump
Injection pump timer’s function Repair or replace
insufficient
® Nozzle infection pressure, infection Repair, replace
angle improper
® Supply pump’s function lowered Repair or replace
® Air intake amount insufficient Clean or replace air
4) Overheating & Engine oil insufficient or poor Replenish or replace
& Cooling water insufficient Replenish or replace
& Fan belt loosened, worn, damaged Adjust or replace
¢ Cooling water pump’s function lowered Repair or replace
® Water temp. regulator’'s operation poor Replace
e Valve clearance incorrect Adjust
& Exhaust system’s resistance clean or replace

increased




Condition Cause Remedies

5) Engine noisy For noises arise compositely such asrota
ting parts, lapping parns etc., there is nec

essity to search the cause of noises accu

rately.
(1) Crankshaft & As the wear of bearing or crankshaft Replace bearing &
progress, the oil clearances increase. grind crankshaft
® Lopsided wear of crankshaft Grind or replace
¢ Qil supply insufficient due to oil Clean oil passage

passage clogging

® Stuck bearing Replace bearing &
Grind
(2) Con rod and ® Lopsided wear of con rod bearing Replace bearing
Con rod bearing ® |Lopsided wear of crank pin Grind crankshaft
» Connecting rod distortion Repair or replace
& Stuck bearing Replace &

grind crankshaft
e QOil supply insufficiency as clogging Clean oil passage

at oil passage progresses

(3) Piston, piston pin & o Piston clearance increase as the wear Replace piston &
piston ring of piston and piston ring progresses piston ring
. Weg_rfof piston or piston pin Replace
e Piston stuck Replace piston
e Piston insertion poor Replace piston
# Piston ring damaged Replace piston
{4) Others s Wear of crankshaft, thrust bearing Replace thrust
bearing
¢ Camshaft end play increased Replace thrust plate
e |dle gear end play increased Replace thrust
washer
& Timing gear backlash excessive Repair or replace
® Valve clearance excessive Adjust valve
clearance
Abnormal wear of tappet, cam Replace tappet, cam
® Supercharger inner part damaged Repair or replace
6) Fuel Consumption ® Injection timing incorrect Adjust
Exttive ¢ Fuel injection amount excessive Adjust injection

pump




Condition Cause Remedies
7} Oil Consumption
Excessive
(1) Oili level elevated Clearance between cylinder iner & Replace

(2) Qil level lowered

(3) Qil leak

piston

Wear of piston ring, ring groove

Piston ring’s damage, stick, wear
Piston ring opening’s disposition
improper

Piston skirt part damaged or
abnormal wear

Cil ring’s oil return hole clogged

Gil ring’s contact poor

Replace piston,
piston ring
Replace piston ring

Correct position

Replace piston

Replace piston ring

Replace piston ring

Looseness of valve stem & guide
Wear of valve stem seal

Cylinder head gasket’s laak

Replace in set
Replace seal

Replace gasket

Looseness of connection parts

Various parts’ packing poor
Qil seal poor

Replace gasket,
repair

Replace packing

Replace oil seal




2.3. Engine inspection

2.3.1. Stopping Engine

Cut off the main circuit breaker of the generator control panel. After checking the engine for

any unusual condition at the idling speed, then press the stop bution to stop the engine.

2.3.2. General Engine inspection cycle

(O Check & adjust @ : Replace

i Every | Every | Every | Every | Every
Inspection Pally | ohrs | 200hrs | 600hrs | 800krs [1200hrs| oo
Check for leakage(hoses, clamp)| O
Check the water level O
Cooling | Change the coolant water 9
System O Every
Adjust the V-belt tension 2.000hrs
Clean the radiator O
Check for leakage O
Check the oil level gauge @]
Lubrication o
System Change the lubricating oil 1st
Replace the oil filter cartridge 1:[
Check the leakage for intercooler
(hoses, clamp) O
Intake & | Clean and change O ®
Exhaust |the air cleaner element clean
System | Clean the inter-cooler air fins 0
Every
Clean the turbo-charger 2 000hrs
Check the leakage fuel line O
Clean the fuel strainer
of fuel feed pump O
Remove sediment from fuel tank O
Fuel Drain the water in separator O
System | Replace the fuel filter element
When
Check fuel Injection timing necessary
Check the injection nozzles O ne‘i:\:alzgry
Check the state of exhaust gas O
Check the battery charging O
Engine
Ad?ust Check the compression pressure O ne\::\g;?sgry
Adjust Intake/Exhaust O When
valve clearance 1st necessary




2.3.3. Use of original parts for repair and replacement

For engine is being mechanically harmonized with many parts, only when the original parts
that the manufacture recommends to use is used, the engine trouble wouid be preventively
maintained and capable to keep up the maximum performances.

For the analogous parts not the original parts are poor in qualities and gives ill performances,
it may rather bring early engine failure.




3. Disassembly and reassembly of major components
3.1. Disassembly
3.1.1. General precautions

® Maintenance operation should be carried out in a bright and clean place.

damage to them.

3.1.2. Cooling water

¢ Before disaasembly, provide parts racks for storage of various tools and disassembled pans.

e Arrange the disassembled parts in the disassembly sequence and use care to prevent any

® Remove the radiator cap. Open the drain

plug at the radiator lower part to drain the

coolant as the right figure.

V CAUTION : When removing radiator
filler cap while the engine is
slifl hot, cover the cap with a

rag, then turn it slowly to

release the internal steammn

pressure This will prevent a
person from scalding with
hot steam spouted out from

the filler port.

EA504002

® Remove the drain plug from the cylinder

block and drain out the cooling water into a

container.




3.1.3. Engine oil

# Take out the oil dip dipstick.
® Remove the oil drain valve of oil. pan and
drain out the engine oil into a prepared

container.

3.1.4. Alternator belt

# |_oosen the tension adjusting nut installed
on the alternator bracket, and take off the

alternator belt.

3.1.5, Cooling fan

* Remove the flange fixing bolts, then take

off the flange and cooling fan.

3.1.6. AHernator

* Remove the alternator fixing bolt and dis-
assemble the alternator.

* Remove the tension adjusting bolt and

bracket.
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3.1.7. Qil level gauge guide tube

® | cosen the flange nut installed on the oil

pan to remove the guide tube.

3.1.8. Fuel filter

* Remove fuel hoses connected to the fuel
injection pump, take off the bracket fixing
bolts, then disassemble the fuel filter.

3.1.9. Breather

® Loosen the clamp screw to remove the

rubber hose.

3.1.10. Intercooler

® Tear down the various hoses and air
pipes from the inter cooler.

e Remove the intercooler fixing bolts and

tear it down.

EQM3005]

EASM3013
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3.1.11. Injection pipe

® Unscrew the hollow screws to disassem-
ble the fuel return pipe.

e Remove the nuts installed on the 'fuel
injection pump and nozzles, then disas-

semble the injection pipe.

3.1.12. Intake manifold

¢ Hemove the air hose connected to the
fuel injection pump.
» Loosan the intake manifold fixing bolts,

then disassemble the intake manifold.

3.1.13. Turbo charger .

e Release the clamp screw of the rubber
hose connected to the intake manifold,
and take off the intake pipas both simul-
taneously.

® Unscrew the exhaust pipe bracket fixing
bolts, release the nuts installed on the
turbocharger, then disassemble the
exhaust pipe.

* Remove the turbocharger after removing
the oil supply pipe and return pipe and

releasing the fixing nuts.

| =] |
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3.1.14. Exhaust manifold

® Belease the exhaust manifold fixing

bolts, disassemble the exhaust manifold,

then remove the heat shield and gasket.

V NOTE :

Make sure to release the nuls
one affer another because the
exhaust manifold will be
removed if you unscrew two

nuts simulftaneously.

3.1.15. Thermostat

e Remove the by-pass pipe connected to

the water pump, unscrew the thermostat

fixing bolts, then disassemble the ther-

mostat housing.

# Disassemble the thermostat housing and

remove the thermostat.

® Disassemble the water pipe by unscrew-

ing the bolts and nuts instalied on the

cylinder head.

3.1.16. Starter

& Unscrew the starter fixing bolts, then dis-

assemble the starier.
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3.1.17. Water pump

® Remove the water pipe connected to the
expansion tank.

® Remove the water pipe and hoses con-
nected to the water pump.

e Unscrew the water pump fixing bolts and

remove the water pump.

3.1.18. Injection pump

® Remove the oil supply pipe and return
pipe connected to the fuel injection pump.
e Unscrew the bolts connecting the cou-
pling and drive shaft, logsen the injection
pump attaching bolts, then disassemble

the injection pump.

V NOTE : As far as possible, place the
No.1 cylinder in 'OT’ position to

disassemble the injection pump.

® Release the pump fixing bracket bolts to
disassemble the bracket from the cylin-

der block.

V NOTE : Do not interchange the shims as
they must be installed in their

original positions at reassembly.

3.1.19. Oil filter

® Using a filter remover wrench, remove
the oil filter cartridge.

® Remove the pipe connected to the oil
cooler.

® [ oosen the oil filter fixing bolts and dis-
assemble the oil fiter head from the

cylinder block.

" EAMDO211
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3.1.20. Fan drive pulley

& Remove the bolts and disassemble the

fan drive pulley.

3.1.21, Vibration damper

® Unscrew the pulley fixing bolts and dis-
assemble the pulley-vibration damper
assembily.

® Unscrew the vibration damper fixing
bolts and disassemble the damper from

the pulley.

3.1.22. Timing gear case cover

e Disassemble the oil seal using an oil seal

@ removing jig.
® Remove the cover fixing bolts and disas-
semble the cover from the timing gear

case.

3.1.23. Idle gear

e Unscrew the idle gear fixing bolts and
disassemble the thrust washer and idle
gear,

# Disassemble the idle gear pin using a
rubber hammer to prevent damage to

them.

EAMDO25I
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3.1.24. Fuel injection pump drive assembly

3.1.25.

3.1.26.

3.1.27.

® Unscrew the injection pump drive shaft
bearing housing fixing bolts and remove
the injection pump drive assembly which
the shaft, gear, bearings, and housing

are put together.

Cylinder head cover

¢ Unscrew the cover fixing bolts and dis-
assemble the cover.

* Keep the bolts in an assembly state so
that the packings and washers may not
be lost, and keep the cover packing as

assembled with the cover.

Rocker arm assembly

& Unscrew the rocker arm bracket bolts
and remove the rocker arm assembly.

® Take off the snap rings to remove the
washers and rocker arm, then unscrew
the bracket fixing bolts to take off the
bracket and springs.

® Take out the push rods.

Injection nozzle

s Remove the nozzle fixing nuts and
extract the nozzles.
® Bemove the nozzle tube using nozzle

tube removing jig.

Do not perform disassembly operation

unless coolant, gas, etc. feak out.

EAMDO28|
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3.1.28. Cylinder head

¢ Unscrew the cylinder head fixing borts
and take off the cyiinder head.

* Remove the cylinder head gasket.

3.1.29. valve an!d valve stem seal

» Compress the valve spring retainer using
@ a jig and take off the valve cotter pins.
e Disassemble the valve springs and
retainers.
® Take off the valves,
¢ Remove and discard the valve stem seal
using a general tool as it should not be

re-used.

3.1.30. Oll cooler

& Remove the water pipe connected to the
water pump.

o Remove the oil pipe connected to the
cylinder block.

e Unscrew the oil cooler cover fixing bolts
and disassemble the oil cooler assembly
from the cylinder block.

® Unscrew the oil cooler fixing bolts and

remove the oil cooler from the oil cooler

caover.

i
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3.1.31. Oil pan

® Stand the engine with the flywheel hous-
ing facing the bottom.

® Rolease the oil pan fixing bolts, remove
the stiffeners then disassemble the oil
pan.

3.1.32. Oil pump and oil pipe

® Unscrew the oil suction pipe bracket
bolts, reieasing the pipe fixing bolts, then
disassemble the oil suction pipe assem-
bly.

* Disassemble the oil pipe feeding ocil from
the cil pump to the cylinder block.

e Unscrew the oil pump fixing borts and

disassemble the oil pump.

3.1.33. Relief valve

¢ Disassemble the relief valve.

3.1.34. Piston and connection rod

® Disassernble the pistons by two cylin-
ders while turning the crankshaft.

& Unscrew the connecting rod fixing bolts
and take off the pistons and connecting

rods in the direction of piston.
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& Remove the piston pin snap rings, take
off the piston pin, then disconnect the

connecting rod from the piston.

# Disassemble the pision rings using ring
pliers.

® UUse care not to interchange the disas-
sembled parts and keep them in the

sequence of cylinder No.

3.1.35. Cylinder liner

# Disassemble the cylinder liner using a

liner puller.

3.1.36. Flywheel

e Position the engine so that the head
installing surface of the cylinder block
faces down.

® Unscrew the flywheasl fixing bolts and fit
a dowel pin.

# |nstall flywheel disasé.embﬁng bolts in
the bolt holes machined on the flywheel,

and disassemble the flywheel.

EAMDO038I
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3.1.37. Oil seal

® Take off the rear oil seal using an oil seal
@ disassembling jig. .

# |f only the inside guide ring is removed,

use a special tool to take off the outside

seal,

3.1.38. Flywheel housing

e Loosen the housing fixing boits disas-

semble the flywheel housing.

3.1.39. Cam shaft and tappet

» Remove the cam shaft gear.

e Take off the cam shaft gear thrust washer.

o Take out the cam shaft using care not to
damage the cam shatft.

» Slide out the tappets by hand.

3.1.40. Crankshaft gear and oil pump idle gear

® Loosen the socket head bolts and take
out the oil pump idle gear.
e Use a puller to remove the crankshaft
@ gear.

EAMDO42|
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3.1.41. Timing gear case

® Linscrew the case fixing bolts and disas-

semble the timing gear case.

F‘I
. N
4‘7(3\, EAMDO46

3.1.42. Crankshaft

® Remove the bolts from bearing caps.: \

® Remove the main bearing cap fixing > < .o\o o

(] w _
bolts in the order of assembling. \ — )
® (Remove them in the same way of the — ¢
cylinder head bolts.) e =

L]
¢ Maintain the removed bearing caps in (

the order of cylinders. = —

e Temporarily install the bolts at the both .

Y

< 4] o () (&)
A 11T EAMDO47S

side of crankshaft, and lift the shaft with

a rope.

V NOTE : Do not mingle with the metal
bearings and bearing caps ran-
domly. To prevent mixing, tem-

porarily assemble the metal

bearings to the corresponding

bearing caps in turn.

3.1.43. Oil spray nozzle

® Unscrew the fixing bolt and remove the

oil spray nozzles.




3.2. Inspection

3.2.1. Cylinder block

2:0“ 1) Clean the cylinder block thoroughly and make a visual inspection for cracks or damage.

2) Replace if cracked or severely damaged, and correct if slightly damaged.

3) Check oil and water flow lines for restriction or corrosion.

4} Make a hydraulic test to check for any cracks or air leaks.{Hydraulic test) :
Stop up each outlet port of water/oil passages in the cylinder block, apply air pressure of
about 4kg/cm? against the inlet ports, then immerse the cylinder block in water for about 1

minute to check any leaks. (Water temperature: 70 'C)

3.2.2. Cylinder head

=1 1) Inspection
o

e Carefully remove carbon from the lower lace of the cylinder head using nonmetallic mater-

ial to prevent scratching of the valve seat faces.
e Check the entire cylinder head for very fine cracks or damage invisible to ordinary sight

using a hydraulic tester or a magnetic flaw detector.

2) Distortion at the lower face
@' ® Measure the amount of distortion using

1
a straight edge and a feeler gauge at six 0 Rt

positions (A ~ F) as shown in the right \\]

figure. (A)
* |[f the measured value exceeds the stan- -.,/ }@

dard value, refrace the head with grind- I @

ing paper of fine grain size to correct

®
such defect. .
®

o If the measured value exceeds the max- EA3M2031

imum allowable limit, replace the cylin-
der head.

Lower face warpage and height

Standard Limit
Warpage 0.2 mm or less 0.3 mm
Thickness : t -
114.95~1150mm( 113.9 mm
(reference)

EAGM2002




3) flatness
Measure flatness of the intake/exhaust

manifolds fitting surfaces on the cylinder
head using a straight edge and a feeler

gauge.

Standard Limit
0.05 mm 0.2 mm

L.a, 4) Hydraulic test
Hydraulic test method for the cylinder

head is same as that for cylinder block.

3.2.3. Valve and valve guide

1} Valve
Clean the valves with clean diesel oil,

then inspect them as follows:

¢ Valve stem outer diameter
Measure the valve stem outer diameter
at 3.positions. (top, middle, and bottom)

If the amount of wear is beyond the limit,

replace the valve.

Dimension
Description
Intake valve stem | $10.950 ~ $10.970 mm | $10.87 mm

Exhaust valve stem | #10.935 ~ #0.955 mm | #10.84 mm

Standard Limit

L@ ® Valve seat contacting faces

Check the valve seat contacting faces for

scratches or wear, and correct the faces
with grinding paper as necessary.

Replace if severely damaged.




]

o

® Valve head thickness

Measure the valve head thickness, and

replace the valve if the measured value

is beyond the limit.

. Fhmensmr Standard Limit
Description
Intake valve 1.5 mm 1 mm or less
Exhaust valve 1.5mm 0.9 mm or less

2) Valve guide

® Install the valve into the valve guide and

measure the clearance between them

by valve movement. If the clearance is

excessive,

measure the valve and

replace either the valve or the valve

guide, whichever worn more.

@ Valve stem end play

Standard Limit
Intake valve 0.04 ~ 0.07 mm 0.2 mm
Exhaust valve 0.06 ~0.09 mm | 0.25mm

@ Install the valve into the cylinder head

valve guide, then check and see if it is

centered with the valve seat using a spe-

cial tool.

——

EFM20371
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3) Valve seat
» Contacting face amount
@ Measure the contacting face between

the intake valve seat and exhaust valve

seat for valve seat wear, and replace if
the measured value exceeds the speci-

fied limit.

® Install the valve into the valve seat on
the cylinder head, and check the amount
of depression of the valve from the lower
portion of the cylinder head using a dial

gauge.

Valve depression

Standard Limit s +

Intake & + EAOM4046
Exhaust 0~ 0.3 mm 0.55 mm

If the amount of depression is beyond the

specified limit, replace the valve seat.

# For removal of the valve seat, apply arc

welding work to two points of valve seat

insert, and pull out the valve seat insert %_A? i\:’gl;ﬁ seat

with inner extractor.

Cylinder head

- Welding bead
EA3M2032

® Undercool a new valve seat with dry ice

@ for about 2 hours and press the valve
seat insert into position in the cylinder

head using a special tool (bench press).

® Apply valve lapping compound to the

valve head seating face on the valve

seat and lap the valve seat by turning it

until it is seated in position, then wipe out

the lapping compound.




4) Valve spring

TR=1 * Visual check
)_.o Visually check the exterior of the valve
springs for damage, and replace if nec-

essary.

@I ® Functional check

- Measure free length and spring tension

with a valve spring tester.
pring 1.0mm or less

{Refer to appendix)
- Measure the spring inclination with a
sguare.

- Compare'the measured value with the

Free length

standard value t¢ determine whether to

replace or repair.

Standard Limit EFM2039i

Valve spring
inclination 1.0 mm 2.0 mm

3.2.4. Rocker arm shaft assembly

1) Rocker arm shaft
& Rocker arm shaft run-out
@' Place the rocker arm shaft on two V

biocks and inspect the shaft for bend

using a dial gauge.

If the amount of this run-out is small,

|y : —
press the shaft with a bench press to i ’ i LllLll l

correct the run-out Replace the shaft if |

the measured value exceeds the limit.

EDM20371

Limit 0.2 mm




@ ¢ Rocker arm shaft diameter
| With an outside micrometer, measure

the rocker arm shaft diameter at the
point where the rocker arms have been

installed.

Replace the rocker arm if the amount of

wear is beyond the specified limit.

Standard Limit
$23.978 ~ $23.959 mm $23.75 mm

EABM3002

2) Rocker arm

?:6 ® Visual check
Visually check the face of the rocker arm

in contact with the valve stem end for

scores and step wear. If the wear is
small, correct it with an oil stone or grind- '
ing paper of fine grain size. Rocker arm
with a considerable amount of step wear

should be replaced.

# Diameter of the rocker arm bushing
@ Measure the inside diameter of the rock-
er arm bushing with an inside microme-
ter or vernier calipers, and compare the
measured values with the rocker arm
shaft diameter. If the clearance exceeds

<
)

the limit, replace either bushing or shaft,

(@

whichever warn more,

«Clearance>
i EAOM4059

Standard Limit
0.020 ~ 0.093 mm 0.2 mm

3) Tappet and push rod

® Clearance
] @l Measure the clearance of the tappet and

tappet holes of the cylinder block. If the
value is beyond the specified limit,

replace tappets.

Standard Limit
0.035 ~ 0.077 mm 0.15 mm




&

® Visual check of tappet -
Visually check the face of the tappets in
contact with the cam for pitting, scores or
cracks, and replace if severely damaged.
If the amount of cracks or pitting is small,
correct w.ith an il stone or grinding

paper.

# Outside diameter
With an outside micrometer, measure
the tappet outside diameter If the mea-

sured value is beyond the limit, replace

tappets.
Tappet Dia | $19.944 ~ $#19.965 mm
Standard " Limit
Tappet !
PP 0.035~0.077mm [0.15mm
Clearance

* Push rod run-out

Limit 0.3 mm or less

Use a feeler gauge to measure the push
rod run-out.

Roll the push rod along a smooth flat sur-
face as shown in the figure.

[OlOJC

(1) Unevenness  (2) Crack (3) Normal
(4) Abnormal EAOMA4070
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3.2.5. Cam shaft

1) Cam

@ e Cam lobe height

Standard Limit

Cam lobe height| Intake

#50.50 ~ #50.70 mm
$49.5 mm

(C Exhaust

#50.70 ~ $50.90 mm

Cam journal diameter(A,B)

#59.86 ~ $59.8 mm [$59.52 mm

Use a micrometer to measure the cam

lobe height and journal diameter.

If the measured number is less than the

specified limit,

replaced.

L,..\ ¢ Cam surface

age.

the camshaft must

Inspect the ¢cam face for scratch or dam-

Slight step wear or damage on the cam

face may be corrected with oil stone or

oiled grinding paper. But, replace if

severgly damaged.

2) Cam shaft

@. ¢ Clearance between camshaft journal
and camshaft bush

- With an outside micrometer, measure

the camshaft journal diameter.

- Measure the inside diameter of the

camshaft bushing on the cylinder block

using a cylinder bore indicator, and

compare the measured value with the

camshaft outside diameter to deter-

mine the clearance.

<Clearance>

] Standard

Limit

' 0.050 ~ 0.128 mm 0.2 mm

Replace the bushing if the measured

value is beyond the specified limit.

EACM4062

Camshalft bearing
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@. ® Run-out
Support the camshaft on two V blocks

and check for run-out using a dial indi-
cator. Correct or replace the cam shaft if
the amount of run-out is beyond the

value indicating need for servicing.

Standard Limit
0.05 mm 0.2 mm

@ 3) Cam shaft end play
‘ ® Push the thrust plate toward the cam

gear.

® With a feeler gauge, measure the clear-
ance betwesen the thrust plate and
camshaft journal.

e |f the end play is excessive, replace the
thrust plate.

Standard Limit
013 ~0.27 mm 0.2 mm

3.2.6. Crank shait

=] 1) Defect check
Lo » Visually check the crankshaft journal and
crank pins for scores or cracks.
e Lising a magnetic particle test and color
check, inspect the crankshaft for cracks,
and replace the crankshaft which has

cracks.

EAGMA0GE
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2) Wear
@ @ With an outside micrometer measure the

diameter of the crankshaft journals and

pins in the directions as shown, and
compare the measured values to deter-
mine the amount of wear.

@ |i the amount of wear is beyond the limit,
have the crankshaft ground and install
undersize bearings. However, if the

amount of wear is within the limit, you

can correct the wear using an oil stone or

ciled grinding paper of fine grain size.

(Be sure to use grinding paper which has

been immersed in oil.)

Standard Limit
Journal diameter |495.966 ~ 495.988 mm| $94.966 mm -+
Pin diameter | #82.966 ~ $82.988 mm ¢81.966 mm

EFM20471

* Undersize bearings available

+ Standard

¢ 0.25 (Inside diameter is 0.25 mm lesser than the standard size.)
+ 0.50 (Inside diameter is 0.50 mm lesser than the standard size.)
¢ 0.75 (Inside diameter is 0.75 mm lesser than the standard size.)
#+ 1.00 (Inside diameter is 1.00 mm lesser than the standard size.)

Undersize bearings are available in 4 different sizes as indicated above, and the crankshaft

can be reground to the above sizes.

V Note : When regrinding the crankshaft
as described below, the filfet sec-
tion 'R’ should be finished cor-

rectly. Avoid sharp corners or

insufficient fillet.

* Standard values of ‘R’
@ Crankshaft Pin 'R’: 4.5
@ Crankshaft journal ‘R’: 4 ) Ern2048]




3) Crankshaft run-out
# Support the crankshaft on V blocks.

@, # Turn the crankshaft with a dial indicator
placed on the surface plate and take the

amount of crankshaft run-out.

r Standard Limit
_ | 0.05 mm 0.1 mm

3.2.7. Crank shaft bearing and connection
rod bearing

1) Visual check
Visually check the crankshaft bearing and
L connecting rod bearing for scores, uneven

wear or damage.

2) Oil clearance between crankshaft and
bearing.

® Main bearing clearance

Install the main bearing in the cylinder

block, tighten the bearing cap to speci-

@I fied torque, then measure the inside

cdiameter.

Torque 30 kg*m

Standard Dia. | $96.06 ~ ¢96.108 mm

Compare the two values obtained
through measurement of main bearing
inside diameter with the outside diame-
ters of crankshaft journals to determine

the qil clearance.

<Main bearing oil clearance>

Standard Limit
0.072 ~ 0.142 mm 0.25 mm

EAMDO56S

EAOMAD19




# Connecting rod bearing clearance

, Install the connecting rod bearing in the
@ connecting rod bearing cap, tighten the

cohnecting rod cap bolts to the specified

@\ torque, then measure the inside diame-

ter.

Torque 28 Kkg'm

Standard Dia. | $83.02 ~ ¥83.092 mm

Compai’e the two values obtained
through measurement of connecting
rod bearing inside diameter with the
outside diameters of crankshatft pins to

determine the oil clearance.

Standard Limit
0.049 ~ 0.119 mm 0.20 mm

EAMDOG0I

V ® If the clearance deviates from the
specified range, have the crankshaft
journals and pins ground and install

undersize bearings.

3) Bearing spread and crush

® Inspection

L,-.. Check to see that the bearing requires a

considerabie amount of finger pressure

at reassembly operation.

EDM2046S

BA

Spread=9 A-@B

EDM2047I




® Crankshaft bearing crush
@, Install the bearing and cap in the cylinder
. _ block, retighten the bolts to specified

torque, unscrew out one bolt completely,

then measure the clearance between the
bearing cap and cylinder block using a

feeler gauge.

Standard Dia. 0.15 ~ 0.25 mm

EABMO63I

¢ Connecting rod bearing crush

Install the bearing and cap in the con-
@' necting rod big end, retighten the bolts to

specified torque, unscrew out one bolt
completely, then measure the clearance
between the bearing cap and connecting

rod big end using a feeler gauge.

Standard 0.086 ~ 0.116 mm

EABMOB4!

4) crank shaft end play
® Assemble the crankshaft to the cylin-

der block.
® With a dial gauge, measure crankshaft
@' end play.
Standard Limit
0.15 ~ 0.325 mm 0.5 mm




3.2.8. Piston

1) Visual check

Visually check the pistons for cracks,
scuft or wear, paying particular attention
to the ring groove.

2) Clearance between the piston and
cylinder liner

@I ® With an outside micrometer, measure
the piston outside diameter at a point

. Position of measuring
18mm away from the [ower end of pis- outside diameter

ton skKirt in a direction at a right angle to [ =
the piston pin hole.
Standard | ¢122.854 ~ §122.886 mm
Jm
EAMDOBES

_J ® Using a cylinder bore gauge, measure
@’ cylinder liner inside diameter at 3

points {cylinder top ring contacting

face, middle, and oil ring contacting
face on BDC) in a direction at an angle
of 45(. Take the mean value with the

largest and smallest values excepted.

Standard Limit
- 123 ~ ¢123.023 mm #123.223 mm

EAMDO67S
1

® The clearance is computed by sub-
tracting the piston outside diameter
from the cylinder liner inside diameter.
Replace either piston or cylinder liner,
whichever damaged more, if the clear-

ance is heyond the specified limit.

Clearance between piston and liner

Standard 0.114 ~ 0.169 mm




3.2.9. Piston rings

1) Visual check
. Ké\ Replace the piston rings with new ones

if detected worn or broken when the

engine is overhauled.

2) Piston ring gap
& |Insenrt the piston ring into the upper por-
tion of the cylinder liner bore so that.it is
held at a right angle to the cylinder liner
wall.

& Measure the piston ring gap with a feel-
@ er gauge. .

Standard Limit
TJopring | 0.30 ~ 045 mm | 1.5 mm
2ndring | 0.35~0.50rmm [ 1.5 mm
Qil ring Q30 ~050mm [ 1.5 mm '

Feeler gauge

Replace piston rings with new ones if

. EAOM4033
the gap is beyond the limit

3) Piston ring side clearance

@ Fit the compression ring and oil ring in

the piston ring groove.

* With a feeler gauge, measure side
@ clearance of each ring, and replace

either the ring or piston if the measured

value is beyond the specified limit.

Standard Limit
Top ring -
2nd ring 10.07 ~ 0.102 mm 10.15 mm
Gil ring (0.05 ~0.085 mm |]0.15 mm

EA4M2Z007




4) Piston ring tension

@ With a tension tester, measure piston ring

tension. Replace the piston ring if the

measured value is beyond the limit.

Standard
Top ring 2.27 ~ 3.41 kg
2nd rin 2.0~ 30K
| g d
Oil ring 4.03 ~ 557 kg J

3.2.10. Piston pin

1) Wear

Measure the amount of wear on the pis-
@' ton pin at the points as shown. The mea-

sured values are beyond the limit (0.005

mm or greater), replace the pin

Standard Limit
¢44 995 ~ ¢45 mm | $44.990 mm or less

EAOM4031
2) Clearance
Measure the clearance between the pis-
@ ton pin and connecting rod bushing, and

replace either of them, whichever dam- %

aged more, if the measured value is @

beyond the limit.

Limit 0.011 mm

EA3MZ2047

3) Condition check

La Check the engaged condition of the pis-

ton and piston pin. If it is possible to force

the pin into the piston heated with piston
heater, the piston is normal. When replac-
ing the piston, be sure to replace the pis-

ton pin together.




3.2.11, Connecting rod

1} Distorsion

@ Check the connecting rod for distortion.
As shown in the figure below, install the

connecting rod to the connecting rod

tester, and check for distortion using a
feeler gauge. If the connecting rod is
found disterted, never re-use it but

replace with a new one.

2) Holes alignment (parallelism)

@ Measure the alignment of the connecting
rod piston pin bushing holes with con-

necting rod big end holes. At this time

also, use both connecting rod tester and

feeler gauge.

Standard Limit
0.05 mm 0.1 mm or less

3} Wear

@' ® Assemble the connecting rod to the

crankshaft and measure connecting

rod big end side clearance using a feel-
er gauge.

® Assemble the connecting rod to the
piston and - measure connecting rod
small end side clearance.

® |[f the measured values are beyond the

limit, replace the connecting rod.

EAOMA4034

Limit 0.5 mm




3.3.1.

3.3.2

3.3.3.

3.3. Reassembly

General precautions

® Wash clean all the disassembled parts, particularly oil and water ports, using compressed air,
then check that they are free from restrictions.

® Arrange the general and special tools in order for engine assembly operation.

* To wet each sliding part, prepare the clean engine oil.

® Prepare service materials such as sealant, gaskets, etc.

e Discard used gaskets, seal rings, and consumable parts, and replace with new ones.

® Apply only the specified torque for bolts in the specified tightening order and avoid over-tight-
ening.

® Be sure to check that all the engine parts operate smoothly after being reassembled.

® Cheaeck the bolts for looseness after preliminary reassembly.

® After completing the engine reassembly operation, check if there is missing parts or shortage
of parts.

& Keep your hands clean during the working.

Cylinder block

Cover the floor of the workshop with wood plate or thick paper to prevent damage to the

cylinder head and place the cylinder block with the head fitting surface facing downward.

Qil spray nozzle

Tighten and assemble the oil spray nozzle
flange with fixing bolts using the spray noz-
zle jig.

EDM3053I

3.3.4. Tappet and cam shaft

1l

& Undercool a new bush with dry ice for
about 2 hours and press it into position in
the cylinder block using a bench press.
After the pressing operation, measure
the inside diameter of the cam bush to

check if it is not deformed.




®

® Apply engine oil to the entire face of the
tappets and slide them into the tappet
holes on the cylinder block.

® Wet the cam bush inside diameter and
camshaft with oil, and carefully assem-

ble them while turning the camshaft.

# Check to see that the camshaft rotates

smoacthly.

3.3.5. Crankshaft

<=

b

® [nstall the main bearing machined with
two holes in the cylinder block so that the
key is aligned with the key groove, then

apply oil to the bearing surface.

® Heat the crankshaft gear for at least 10
minutes to 120°C, then apply sealant
{Loctite # 641) to the inside wall of the
heated crankshaft gear evenly before

inserting it to the end of crankshaft.

EAMDO72S

EDM2060I

. Key groove
- Qil port and passage
by, |
/
EAOM4083

EABM3014




® Semi-tighten a bolt at both sides of the

crankshaft, apply engine oil to journals
and pins, then assemble the crankshaft
with the cylinder block by tightening the

fixing bolts.

e nstall the oiled thrust washers with the oil

groove facing outward. |

« Install the bearing and thrust washers to

the bearing cap and apply oil to the

bearing and thrust washers.

V s Install the bearing cap by matching the
cylinder block No. with the bearing cap

No.

OLA Y

EAMDO75S

EAOM408S |

EAMDO771

EQM3058|




3.3.10.

3.3.11.

Fuel injection pump drive gear
assembly

® Mount gasket by aligning the bolt holes
with the pin holes on the bearing hous-
ing.

¢ Tighten up the fixing bolts in the direc-

tion of fuel injection pump.

Timing gear

& Install the oil pump idle gear onto the
No.7 bearing cap.

® [nstall a thrust washer over the camshaft
and assemble the cam gear by aligning
it with camshaft key groove.

Torque 2.2 kg*m

& With the cil port on the idle gear pin fac-
ing the cylinder block, install the idle

gear pin.

& Install the idle gear by coinciding the
marks impressed on the crank gear,
cam gear, fuel injection pump drive gear,
and idle gear.

# |nstall a thrust washer on the idle gear

and tighten to specified torque.

EASM3004

Torque 6.2 kg'm

;S

( Fuel injection
0 .

ump drive gear

EA8M3005




3.3.12.

3.3.13.

3.3.14.

& Check and adjust the amount of back-

lash between gears using a feeler

gauge.

Backlash 0.15 ~ 0.25 mm

Timing gear case cover

® |nstall dowel pi-n on the timing gear case.

¢ Mount a gasket by aligning the fixing
bolt holes with those on the gasket.

e Align the dowel pin with the cover pin
hole, then.install the cover with light tap.

e Tighten the fixing bolts beginning with

the oil pan fitting face.

Front oil seal

e Apply lubricating oil to the outside of the
oil seal and timing gear case inside
diameter and fit them over the crank-
shaft, then assemble the oil seal using

an oil seal fitting jig.

Cylinder liner

& Stand the cylinder block so that the fly-
wheel faces downward.

e Thoroughly clean the liner flange fitting
surface and bore inside with com-
pressed air to prevent the entry of for-
eign substances.

# After the cleaning operation, make the
cylinder liner dried up and push it into
the cylinder block by hand.

® Wet the liner inside diameter with engine

oil.

EABMO0855

,

Qil seal fitting jig

EAMDOS6I

‘M&J

o]

Z]@@

EAMDOS7|




3.3.15. Piston and connecting rod

@ e Use a piston heater to heat the piston

approximately 100 "C (212 °F) for 5 min-
utes.

® Align the piston pin hole with the oiled

connecting rod small end and press the
piston pin (by lightly tapping with a rub-
ber hammer) toc assemble the connect-

ing rod with the piston.

Noting the direction of the piston, make
the longer side {machined with key
groove on the bearing) of the connecting
rod big end and the mark of ‘gj’
impressed on the inside of the piston
face sach other in opposite directions.
On the piston head surace, the longer
side of connecting rod big end is in
opposite direction from the valve seating
surface as well as in the same direction
with the narrow margin of combustion

chamber.

nstall the snap rings and check to see

that it is securely assembled.

Install the piston ring in the piston using

piston ring pliers.

Piston heater

EA3M2058

EAMBOBSI

EAMDO8OI




® ldentify the mark “Y" or “TOP” on the
ring end to prevent the top and bottom of
the piston ring from being interchanged
and make the marked portion face

upward.

ring gaps to 90( and fit a piston assem-

@ e Adjust the angle among individual piston

bling jig ante the piston, Use care not to
maich the ring gaps with the pin direc-

tion.

& |nstall the bearing by aligning it with the
connecting rod key groove and apply oil
to the bearing and piston.

@ Position the valve seating surface
toward the tappet hole and insert the
piston with hand.

Use care not to damage the cylinder
liner and piston, and slightly lift and
insert the piston into the cylinder so
that the ring may not be damaged by
the fillet of the liner. |

e [nstall the bearing in the connecting rod

cap and apply oil.

V e Make sure that the manufacture serial

numbers impressed on the connecting
rod cap and connecting rod big end are
identical, and install the connecting rod
cap by aligning it with dowel pin.

» Wet the fixing bolts with oil, semi-tight-

) enthem with hand, tighten them to 15
kg.m for 1st stage and 22 kg.m for 2nd
stage respectively, and finally to speci-

fied torque.

r

Torque

28 kgem

Marked with the name of piston ring

manulacturing company
EAMDO20I

—

45" 45°
2nd ring gap f-—\\ Top ring gap
A O N

Serial No.

EAOMA4022




La * Move the bearing cap with hand, and

release and reassemble it if ho move-

ment is detected.

3.3.16. Relief vaive

& Assemble the relief valve.

3.3.17. Oil pump and oil pipe

Q ® Install a dowel pin in the No.7 bearing

cap, then assemble the oil pump with

specified torque.

—_— < 7 EAMDO3S!

Torque _ 4.4 kg'-’r'n

® Assemble the oil suction pipe with the
delivery pipe, then install the pracket on

the bearing cap.

1= = 5 o
= 5 " & E
" A D e D P

EAMDOgSI




3.3.18. Oil pan

& Mount gasket and put the oil pan there-

on.

® Place stiffeners and tighten bolts. / — /W7/

Q\ ® Align the bolt holes with gasket holes to T a5

//_

prevent damage to the gasket and tight-

en to speci}ied torque.

Terque 2.2 kg*m

EAMDO34I

3.3.19. Intake and exhaust valves

V e |dentify the marks of “IN" and “EX”
impressed on the valve head before

assembling the valve with the valve
head.

* With a valve stemn seal fitting jig, assem-
ble the valve stem seal with the valve

guide.

EAMDO96S

* After installing valve springs and spring
retainer, press the retainer with a jig,

then install cotter pin.

L’O‘ ® Tap the valve stem lightly with a rubber

hammer to check that the valve is

assembled correctly.
Valve spring
campressor

EADOM4007




3.3.20. Nozzle tube

P ® Apply sealant (LOCTITE # 620) to the
. nozzle tube and place the O-ring over

the cylinder head fitting face on the noz-

zle tube, then install the nozzle tube in
the cylinder head.

e Install a guider of the nozzle tube insert
ass’y (Guider + Expander) the cylinder

head, then tighten the nozzle fixing nuts.

EAMDOSSI

I ® Apply engine oil to an expander and
install it onto the special tool (guider).
® Tighten the bolts until the expander is
.‘ forced out of the cylinder head bottom.
2:6. ® After mounting the nozzle tube, make a EAMDOY9I

hydraulic test to check for water leaks.

Test pressure 2 kg/cm?

3.3.21. Cylinder head

® Install the injection nozzle fixing stud
bolts and water pipe fixing stud bolts.
¢ Clean the head bolt holes on the cylin-
@ der block with compressed air to remove
foreign substances and thoroughiy
clean the gasket fitting face of the cyiin-
der block.




e Install head gasket, with "'TOP’ mark fac-

ing upward, on the cylinder block by

aligning the holes with dowels.

EAMD101I

?:6 & Check the inside of combustion cham-

ber for foreign substances, and carefully

mount the cylinder head assembly in the
block by aligning the dowel pin with the
dowel pin hole. Be careful not to dam-
age the head gasket. If the dowel pin is
not in alignment, lift the cylinder head
again and then remount it.
# Coat the head bolts with engine oil, then
@ tighten them in proper sequence to the

specified torgue.

<Cylinder Head Bolits>

Type 1 Type 2

Specification

M14x1.5%x153 [ M14x1.5x150
Torque 24.5 kg.m | 6 kg.m +180°+15Q°

ONONORD),

EAMD103I

e Coat the push red with engine cil and
insert it into the push rod hole.




E: & Adjust the valve clearance as following
guide.

<Guide for valve clearance adjustment>

¢ After letting the #1 cylinder’s piston come at the compression top dead center by turning
the crankshaft, adjust the valve clearances.
+ Loosen the lock nuts of rocker arm adjusting screws and push the feeler gauge of specified

value between-a rocker arm and a valve stem and adjust the clearance with adjusting screw

respectively and then tighten with the lock nut.

[ [E]

+ As for the valve clearance, adjust it when in cold, as follow.

Model Intake Valve Exhaust Valve
DE12T

0.3 mm 0.3 mm
P126TI

- By cranking the engine, let #6 cylinder's valves overlap.
- In time, adjust the valve clearance corresponding to * == " of lower lists.
- Adjust the valve clearance corresponding to “ == " of lower lists.

- After reinsuring the valve clearances, retighten if necessary.

+ No. 1 Cylinder is located at the side where flywheel was installed.

Flywhea! Intake Valve Exhaust Valve Cylinder No. Cooling Fan

/

/

EA806001




E: » Adjust valve clearance with a feeler
gauge and tighten the fixing nuts to

@ specified torque.

Torque 4.4 kg*m

EABM3007

3.3.22. Rocker arm assembly

Q e Apply lubricating oil to the rocker arm

bush and shaft, and assemble the inter-

mediate bracket with the rocker arm

using fixing bolts.

EI

!

Torque 4.4 kg*m

# Semi-install valve clearance adjusting

EAMD100I

bolts onto the rocker arm.

# Instail the spring, rocker arm, bracket,
rocker arm, spring, washer, and snap

ring in the described sequence.

& Install the rocker arm and bracket in the

same direction.

EASM3008

'3.3.23. Injection nozzle

® Install the dust seal with its round portion

-

facing downward.

® Mount a seal ring (0.5 mm) on the seal
ring seating surface of the nozzle tube
and assemble nozzle holder assembly
with the stud bolt with the nozzle pipe

installing direction facing outward.

Q & Be sure to foliow the specified torque.

Torque 1.0 kg*m




3.3.24.

3.3.25.

3.3.26.

Qil cooler

e [nstall the oil cooler onto the oil cooler
cover.

. Caréfully apply the gasket to prevent oil
leakage. '

® Do not damage the gasket and install
the cover onto the cylinder block.

# Connect a connection pipe between the

water pump and o¢il cooler.

Oil filter

o Install the oil filter onto the cylinder
block, and tighten the fixing bolts.

* With the hollow screw, assemble the oil
pipe connected between the oil cooler
and cylinder block.

& Install a connection pipe between the oil
cooler and oil filter.

® Install the oil cooler connecting pipe.

& |nstall packing and assemble the car-

tridge using a filter wrench.

Injection pump

¢ [nstall the injection pump bracket in the
cylinder block.

& After measuring the amount of run-out
with an alignment setting jig, disassem-
ble the bracket, adjust the shims, then

reassemble it.

Run out 0.2 mm or less

& Mount the top/bottom adjusting shims in
the bracket and then mount the fuel

injection pump.

¢ Tighten the fixing bolts in a diagonal

seqguence to specified torque.

Torque 4.4 kg'm

EAMDO23S

© EAMD1071




¢ Turn the flywheel until No. 1 piston is

placed in the “OT” position of notch.

marks on the flywheel, and then turn

again the flywheel clockwise until show-

ing the notch mark of the right figure cor-

responding to the injection timing is

aligned with the pointer (J,) on the fly-

wheel housing.

DE12T

P126TI

Fuel injection timing
(B.T.D.C static)

12°

12°

e Turn the timer until the notch mark of the

indicator plate attached to the fuel injec-

tion pump is aligned with the notch mark

of the timer.

Timing
check hale

T ol U (D
J 0]

Injection timing Flywheel
notch mark ‘ ring gear

EABOB002




@\ ¢ Tighten the Coupling fixing bolts and

nuts to specified torque.

. Torque 6.0 kg*m

Q # Tighten the drive shaft connecting flange

fixing bolts to specified torque

Torque 7.5 ~ 8.5 kg'm

& Install the oil delivery pipe and return

pipe.

3.3.27. Vibration damper end pulley

& |nstall the vibration damper on the

crankshaft pulley.

* |nstall the crankshaft pulley assembly on
Q\ the crankshaft, then tighten the bolts

and thrust washers.

Torqgue 13.4 kg'm

3.3.28. Fan drive pulley

@ Install the fan drive pulley onto the tim-

ing gear case cover.

3.3.29. Water pump

¢ Mount a new O-ring.

e [nstall the water pump drive pinion over
the PTO {power take-off} spline.

¢ Connect water pipes and by-pass pipe
to the water pump.

s Connect a water pipe to the expansion

. tank.

EAMDOZ11

EAMD111S

EAMD1121




3.3.30. Power take-off

# Assemble the power take-off sub assem-
bly.

3.3.31. Exhaust manifold

e Install the exhaust manifold gasket over
the stud bolts by aligning the gasket with
the exhaust port on the cylinder head so
that the face and back of the gasket can
be positioned correctly.

& Semi-assemble the exhaust manifold
and install the heat resisting plate.

* First, install the nuts and then place an
additional nut on each of them to prevent

looseness.

3.3.32. Turbocharger

¢ Fit a new gasket over the stud bolts of
the exhaust manifold before tightening
those turbocharger fixing bolts.

® Install the ail supply pipe and return pipe.

® Semi-assemble the bracket to the intake
pipe, connect a rubber hose between the
turbocharger and intake pipe using rub-
ber hose, then assemble the bracket

completely.

. EABM3010

EQM30961




3.3.33. Starter

* Assemble the starter in position on the

flywheel housing.

3.3.34. Intake manifold

® Fit a gasket on the intake manifold

before assembling the intake manifold.

3.3.35. Injection pipe

Q ® Semi-assemble a nut at both ends of the

fuel high pressure pipe and tighten them

up one by one to specified torque.

Torque 13.4 kg*m

® Tighten hollow screws to assemble the
fuel return pipe.
® Assemble the fuel return hose on the fuel

injection pump.

Jieouaddh

(s
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1 EAMD1211




-3.3.36. Fuel filter

& Assemble the fuel filter with the intake

manifold.

» Assemble the fuel feed hose according

to the direction of an arrow impressed on

the fuel filter head so that fuel can be fed
in the sequence of FUEL FEED PUMP
— FUEL FILTER — FUEL INJECTION
PUMP.

3.3.37. Cylinder head cover

Q\ ® Assemble the cover packing with the

cover, install the cover on the head, then

tighten the fixing bolts in sequence to

specified torque.

Torque 1.5 kg*m

® Assemble the breather hose with PCV
. valve.

3.3.38. Alternator

* Install the alternator mounting bracket.
& Install the alternator with fixing bolts to

the mounting bracket.

EA8M3013

EAMD1286t




3.3.39. Cooling fan

® Install the cooling fan and flange, then

tighten the fixing boltd.

3.3.40. V- belt

® Install the V-belt on the crank pulley,

alternator pulley and fan drive pulley.

E! ® Adjust the V-belt tension using the ten-
sion adjusting bolt.

3.3.41. Oil level gauge

e Assemble the oil level gauge and guide

tube on the oil pan.

Alternator
Pulley

Press here
15mm
Fan
Pulley
V-belt

Crank Pulley  Eagoangs

ECQM30051




3.4. Breaking-in
3.4.1. Operation of a new engine (Break-In)

Because the sliding surfaces of a new engine are not lapped enough, the oil film can be
destroyed easily by overload or overspeed and the engine life-time may be shortened.
Therefore the following things must be obeyed by all means.

Up to the first 2,000km(150 hours)

+ Engine should be run at fast idling until the temperature of the engine becomes normal

operating condition.
+ Overload or continuous high speed operation should be avoided.
+ High speed operation with no load should be prevented.
+ Abrupt start and stop of the engine shouid be avoided.
+ Engine speed must be under 70% of its maximum speed.

+ Maintenance and inspection must be accomplished thoroughly.

3.4.2. Check points for break-in

During the break-in (the initial running of the engine) period, be particularly observant as fol-

lows:
a) Check engine oil level frequently. Maintain oil level in the safe range, between the "min.”

and “max.” marks on dipstick.

V NOTE : /f you have a problem getting a good oil level reading on dipstick, rotate dipstick
180( and re-insert for check.

h) Watch the ail pressure warning lamp. If the lamp blinks, it may be the oil pick-up screen is
not covered with oil. Check oil dipstick. Add oil to the oil pan, if required. Do not overfill. If
level is correct and the status still exists, see your DEALER for possible switch or oil

pump and line malfunction.

V NOTE : Oif pressure will rise as APM increases, and fall as RPM decreases. In addition,
cold oif will generally show higher oil pressure for any specific RPM than hot oil.

Both of these conditions reflect normal engine operation.

c) Watch the engine water temperature gauge and be sure there is proper water circulation.

The water temperature gauge needle will fluctuate if water level in expansion tank is too

low.
At the end of the break-in period, remove break-in il and replace the oil filter. Fill oil pan

with recommended engine oil. Refer to following table.

«<Engine Qil capacity>

Qil pan (only)
DE12T 23 liter
P126TI 23 liter




4. Maintenance of major components
4.1. Cooling system
. 4.1.1. General information

This engine is water-cooling type. Heat from the combustion chamber and engine oil heat are
cooled down by coolant and radiated to the outside, resulting in the normal operation of the
engine.

Looking into the cooling system, the water pumped up by the water purnp circulates around
the oil cooler through the water pipe to absorb the oil heat, and then flows through the water
jacket of the cylinder block and water passage of the cylinder head to absorb the heat of the
combustion chamber.

The water absarbing the oil heat and combustion chamber heat goes on to the thermostat
through the water pipe, and circulates to the water pump if water temperature is lower than
the valve opening temperature on the thermostat, while circulating to the radiator at water
temperature higher than the valve opening temperature. At the radiator, the heat absorbed in

the coolant is radiated to cool down and the coolant recirculates to the water pump.

<—==—=| Thermostart I<:==-| Water pipe |

i

| Cylinder head |

i

i Cylinder block |

i

=Al>[ Water pump meJ Oil cooler |

~O=p=gom

===\ Alr compressor

EQM4001(

¢ Specification

Item ' Specification
1. Water pump Centrifugal type
type
Delivery About 350 liter/min
Pumping speed 2,100 rpm
Pumping back pressure 760 mmHg
2. Thermostat
Operating temperature 83 ~ 95°C
. 3. Cooling fan and belt
Fan diameter - Number of blades 1755 -7
Fan belt tension 15mm/ deflection by thumb




4.1.2. Water pump

® Loosen the bolt {16) to disassemble the housing cover (15).
® Heat the impeller (6) slightly, then remove it using a puller jig.
¢ Remove the mechanical seal.

® Unscrew the socket bolt (12) and remove the shaft and bearing assembly from the housing.

e With a press, remove the spline shaft and bearing.

® Reverse the disassembly sequence for reassembly operation.

® Replace the oil seal (7) with a new one at reassembly.

® To reassemble the impeller, maintain a constant gap (0.3 ~ 0.6 mm) between the impeller

and pump housing using a feeler gauge.

Thickness 0.3 ~ 0.6

Fl_ ] 1
i S -
4
7 1
. ZH
Par latex coating Ny + — -
it
F

RN

{342 /
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<Construction of water pump>

1..Water pump houéing . 8.Ball bearing 13.8pline shaft
4.Shaft ' 9.Space . 14.Gasket
5.Mechanical seal 10.Bal! bearing 15.Housing cover
6.impeller 11.Bearing cover 16.Bolt

7.0il seal 12.Socket bolt




4.1.3. Thermostat

# General descriptions and main data /I'o radiator\ \

. The thermostat maintains a constant tem- / , / \ \
perature of coolant (90 ~ 95°C) and / / @ \ \
improves thermal efficiency of the engine ]( -| f { A J_)‘
by preventing heat loss. ‘____ J Q/ ! ﬁj
Namely, when the temperature of coolant ‘ } k_\
is low, the thermostat valve is closed to - / Bypass
make the coolant bypass to directly enter a’;;%%or::gg Yo bypaﬁé 1 / valve
the water pump; when the coolant ternper- ‘f_— \‘ ' ‘ / EAMCO02]

ature rises to open wide the thermostat
valve, the bypass circuit is closed and the

water passage to the radiator is opened so that the coolant is forced to flow into the radiator.

tem Specifications
Type Wax-pallet type
Open at 83 °C
Open wide at 95 'C
Valve lif; 8 mm or more

-

® Inspecting
7

" (1) Check the wax pallet and spring for . B N e
. damage.

{2) Put the thermostat in a container of Temp. gauge

water, then heat the water slowly and

check temperature with a thermometer.

lf the valve lift is 0.1 mm (starting to Wooden plate
open) at temperature of 83 'C and 8 mm
or more (opening wide} at temperature

of 85 C, the theymostat is normal.

EFM2055I

® Hep!gcing thermostat and precautions for h_an;lling

(1) F’recautiqns for handling
The wax pallet type th_s_-:rrnostat does not react as glui‘clg.ly as bellows type ohe to a vari-
ation of temperature of coolant. Such relatively slow reaction is mainly due to the large
heat capacity of the wax pellet type thermostat. Therefore, to avoid a sharp ris'e of
coolant temperature, it is essential to idle the em:;ine. sufficiently before running it. In
cold weather, do not run the engine at overload or overspeed it immediately after start-
ing off. ' o

(2) When draining out or replenishing coolant, do it slowly so that air is bled sufficiently

. from the entire cooling system.
(3) Replacing thermostat

If the thermostat is detected defective, retrace with a new one.




4.1.4. Diagnostics and troubleshooting

Complaints

Possible causes

Corrections

1. Engine overheating

& | ack of coolant

® Radiator cap pressure
valve spring weakened

® Fan belt loosened or
broken

® Fan belt fouled with oil

® Thermostat inoperative

® Water pump defective

® Restrictions in water
passages due to deposit
of scales

® Injection timing incorrect

rectly

& Restriction in radiator
core

# Gases leaking into water
jacket due to broken cyli

nder head gasket

#® Replenish cociant

* Replace cap

® Adjust or replace fan belt

& Replace fan belt

¢ Replace thermostat

& Repair or replace

e Clean radiator and water
passages

¢ Adjust injection timing cor

¢ Clean exterior of radiator

® Replace cylinder head

gasket

2. Engine overcooling

e Thermostat inoperative
® Ambient temperature

too low

# Replace thermostat

@ Install radiator curtain

3. Lack of coolant

e Radiator leaky

* Radiator hoses loosely
connected or damaged

& Radiator caﬁ valve spring

" weakened

® Water pump leaky

® Heater hoses loosely
connected or broken

® Cylinder head gasket
leaky

#® Cylinder head or cylinder

block cracked

« Correct or replace
® Retighten clamps or
replace hoses

® Replace cap

& Repair or replace

e Tighten or replace hoses

® Replace cylinder head
gasket

¢ Replace cylinder head
block

4. Cooling system

noisy

® Water pump bearing
defective

® Fan loosely fitted or bent

# Fan out of balance

® Fan belt defective

® Replace bearing

e Retighten or replace fan
® Replace fan

® Replace fan belt




4.2. Lubricating system
4.2.1. General descriptions and main data

. ® General descriptions

All the engine oil pumped up from the il pan by the gear type oil pump is filtrated through
the oil cooler and oil filter, and this filtrated oil is forced through the main oil gallery in the
cylinder block from where it is distributed to lubricate the various sliding parts, and fuel
injection pump in order to ensure normal engine performance.

e Specifications

Hem Specifications item Specifications
Lubricating system Forced pressure| Qil filter type Full flow
circulation )

Qil pump type Gear type Bypass for filter element

Relief valve opening pressure | 1041.5 kgecm?® | Vaive opening pressure [1.8 £+ 2.3 kgecm?
Bypass for oil cooler Bypass for entire oil filter

Opening pressure 5+1 kgecm? Valve opening pressure (4.0 ~ 4.8 kgecm?®
Adjusting valve for spray nozzle

Opening pressure 1.5 ~ 1.8 kgecm?®

¢ Diagram of lubricating system

Rocker arm

Ll L4 1L 1l Ll 1L
TT TT TT TT TT TT

= WALer pump

bearing
T
Main oil gallery * $

Qil cooler Oil filter

il

Fuel injection

= pump

\ Turbocharger
O

RX

Conn. rod bearing
Main bearing T

Oil spray nozzle
1.3bar

Relief valve

4. 4bar Valve
% 10bar
Shar 2har '

‘ EQM4005]




4.2.2. Oil pump

. Dlisassembly
(1) Disassembly of oil pumgp drive gear

a .Unscrew the screw and disassem-
ble the oil relief valve.

b. Unfold the washer for the oil pump
drive gear fixing nut and remove
the nut.

¢. Disassemble the drive gear.

(2) Remove the oil pump cover fixing nuts
and disassemble the oil pump cover.
The oil pump cover is fixed with the

two dowel pins.

{3) Disassemble the drive gear and dri-

ven gear.

& Inspection and correction

(1) with steel rule and feeler gauge, mea-
sure the axial end play of the oil pump
gear. Heplagg if the mea;sured value is

beyond the limit.

End play | ~0.025 ~ 0.089 mm

(2) With a feeler gauge, measure the
amount of backlash between the oil
pump drive gear and driven gear.
Replace if the measured value is

beyond the limit.

Backlash 0.50 ~ 0.64 mm

ECGM4006]
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(3) Measuring clearance between drive shaft and bushing )
a. Measure the outside diameters of the drive shaft and driven shaft, and replace if the
. measured values are less than the limit.

Standard |$16.95 ~ ¢16.968 mm

b. Measure the inside diameter of the pump body bushing to determine the clearance
between the bushing and shaft, and compare the measured value with the standard
value to determine whether to replace or not. '

Clearance | 0.032 ~ 0.077 mm

s Reassembly

{1) For reassembly, reverse the disassembly sequence.

4.2.3. Oil filter

The oil filter mounted in this englne is of cartridge type, so it is necessary to rep!ace it with a

i l

new one at the specified intervals.

/

Qit filter (Cartridge)
T s e =

OII ﬂltar head

. EGM40101




4.2.4. Diagnostics and troubleshooting

Complaints

Possible causes

Corrections

1. Gil consumption

excessive

¢ Poor oil
o Qil seal or packing leaky

® Pistons or piston rings worn

® Cylinder liner worn

® Piston rings sticking

® Valve guide oil seals or valve

guides, or valve stem worn

& Use suggested oil

# Replace

® Replace pistons and/or pis
ton rings

& Replace cylinder liner

® Replace pistons and/or pis
ton rings

& Replace

2. Qil pressure too low

® Poor oil

e Relief valve sticking

® Restrictions in oil pump
strainer

e Oil pump gear wormn

® Ol pump feed pipe cracked

¢ Qil pump defective

e QOil pressure gauge defective

® Various bearings worn

® Use suggested oil
& Replace

® Clean strainer

¢ Replace
® Replace
#® Carrect or replace
® Correct or replace

® Replace

3. Qil deteriorates

quickly

» Restriction in oil filter

® Gases leaking

® Wrong oil used

® Replace filter element
® Replace piston rings and
cylinder liner

® Lse suggested oil




4.3. Fuel injection pump

4.3.1. General information of fuel system

The fuel system consists of the fuel tank, injection pump, injection nozzle, fuel filter, and fuel

lines such as pipes and hoses necessary to connect those components.

EABO3004

1. Fuel filter 7.Delivery pipe
1a. Fuel water drain plug 8.Fuel pipe (manual pump —>filter)

2. Air bleeding screw (for fuel filter) 9. Fuel tank

3. Injection nozzle 10.Fuel return pipe

4. Overfiow tube 11. Suction pipe

5. Fuel pipe (filter — injection pump) 12.Feed pump

6.

Overflow valve 13.Injection pump




4.3.2. Injection pump

The components relating to the injection pump should be serviced at regular intervals as the
plunger and delivery valve may be worn after a given length of time for use and cause the
deterioration of the engine.

Make sure that servicing should be performed at the professional maintenance shop as

authorized by Bosch or Zexel Company.

For adjustment of fuel injection volume, refer to the ‘Specifications of fuel injection pump’
described on the following pages.

1) DE12T

(1) Main data and specifications

Part No. 1 65.11101-7222(106672-9920)

Model : NP-PE6£120/720RS3000(106061-7250)
Governor : NP-EF/RSV200-1200PD36C311{105407-4720)
Timer : without timer

Plunger : #12, right hand helix 30 lead

Delivery valve 1 120 mm¥/st(¢8 X 2.4mm)

: NP-FP/KR-P(105207-1400)
4.7 mm

: 85.10101-7300(105160-4351)
: 65.10102-6046(105029-1330)

: 65.10301-70048

Fuel feed pump
Pre-stroke
{2) Nozzle holder assembly
(3) Nozzle
(4} Injection pipe

(5) Injection order 1 1-5-3-6-2-4
(8) Injection timing : BTDC 12°C
(7) Calibration data
Adjusting | Rack position) Pump speed | Injection volume | Variation | Basic | Fixing | Ref.
point {mm) {rpm) (mm3/1,000st) rate (%) | point| point
A 10.8 800 129+2 +2
B 11 875. (135)4+3 -
C Approx. 6.4 250 14.5+1.5 +15
D - 100 193.51+10 -
Content Specification Engine
Application
Adjusting | Nozzle holder assembly 105780-8140 65.10101-7300
conditions | Nozzle 105780-0000 65.10102-6046
Nozzle holder 105780-2080 -
Opening pressure 175 kgecm?® 220 kgecm?
Injection pipe $8 X ¢ 3 - 600 mm $6 X 2.2 - 650 mm
Fuel delivery pressure 1.6 kgecm? -
Fuel temperature 35 ~45°C 35~45°C

o




(8) Governor adjustment

over 14

Rack limit

RACK POSITION (mm)

1.0

10.8

N

Idle spring
Set: 6.58-mm

250 400%°

PUMP SPEED (rpm)

900+

EA8M4001




2) P126T!

{1) Main data and specifications

Part No. 1 65.11101 -7310 (106674-4130 ZEXEL)
Model : NP-PEGP120/700RS3S (106067-6020)
Governor : GAC electric (65.11501-7002A)
Plunger & barrel : $12, right hand double helix 30 lead
Delivery valve 1 90mm3/st (#7 X 2.35mm)
Fuel feed pump : NP-FP/KD-PS (105237-5470)
Pre-stroke : 3.94+0.05 mm

(2) Nozzle holder assembly 1 65.10101-7054 (10501-8520)

{3) Nozzle 1 65.10102-6048 (105019-2450)

{4) Injection pipe 1 65.10301-6042, 65.10301-68043

{5) Injection order 1 1-5-3-6-2-4

(6) injection timing :BTDC 12°

(A) Test condition Nozzle & Holder Ass’y | 1056780-8130 | Opening pressure : 175 kgecm?

o Injection pipe(ID ,OD L) - $3.0 X #8.0 - 600 mm
for injection pump :
Test oil 1IS04113 Temperature :401+5°C
65.10101-7054 Nozzle (5 X #0.37)
N le & holder Ass® 1st : *«cm?
(B) Engine standard ozzle clder Ass’y 65.10102-6048 st pressure . 160 Kg*cm

2nd pressure : 220 kge*cm?

parts - 65.10301-6042
Injection pipe{lD, OD ,L) ¢2.2 X ¢6 - B00MM
65.10301-6043

Rack diagram and setting valve at each point

Injection Q'ty on RIG
Check | Rack | Pump (mm3 / 1,000 st) Press.

position | speed (A) Test condition | (B) Engine (mmHg)
(mm) | {rpm)

Standby power for inj. pump standard parts
B 900 24043 -

point




4.3.3. Governor system {P126TI)

Governor system for fuel injection pump consists of “Integral Actuator” and “ Speed Control

¢ Unie.

{1) Integral Actuator

Emergency
mechamical stop

As! tokage ksnglh &a thal
when lnsiened 101ho operating
Tewee the fusl rach ks zppros.
exiromt 4op pastlion

Uppar chamber .1 . mi
Engne oil iubricatad Injection | . Unkagelength L Fxtrama stop position
pump H . -t , of fusel rack

_ . —Opeating fover

Elagtramechanical chamber
completely enclosed. and sealeg:‘

3

g — / I Operating Iﬂve\r'\ Ma fuel
,,,,,,,,,,,, / ‘\ stop sCrew

The G-A-C actuator concept ) Fual ate Stopnut Eixation screw
Fastest responsetime stoppl

near EASMA4001 EA6M4002

=<Side View> <Top View>
34
33
® A\ E
’ 31
30

Two sealable screws. on the LH side, 29
20acent 1o each ather

28
27

26
25

-%Bearing cover
J{Par! of kits KT 275, KT 276

o

19}{18)(17)(16 ) (15} {(14}13){12

7 @
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Fig. No. Description Oty Remark
1 stop lever (emergency) 1
2 pump gasket 1
3 washer 4
4 allen screw 4 7~ N.m
5 ball fink 2 *
6 stop nut 2 35~4Q0Nm*
7 operating lever 1
8 oil seal 1
9 counter nut 1 4.5 ~ 6.0 N.m
10 stop screw 1
11 connector screw 4
12 maunting bar 1
13 ftat washer 2
14 lock washer 2
15 nut 2 17 ~21 N.m
16 flat washer o
17 lock washer 2
18 nut 2 7 ~9N.m
19 threaded bolt (part of bearing kit) 2
20 actuator spring 1
21 gasket, lower cover 1
22 lower cover 1
23 washer 8
24 allen screw 6 20~3.0N.m
25 receptacle 1
26 sealing screw 2 3.5~4.5N.m
27 gasket, upper cover 1
28 flat washer 2
29 screw, ball link 2 *
30 connecting rod 1 *
3 hut 2 *
32 stop plate 1 *
33 top cover 1
34 manual stop device complete 1
* linkage complete 1
comprise pos. 5,6,28,29,30,31,32
35 fixing screw 1 12.5 ~13.0 N.m
36 stop nut 1 12.5 ~ 13.0 N.m




{2) Speed control unit for governor system

The ESDS550 Series speed control unit is an all electronic device designed to control
.. engine speed with fast and precise response to transient load changes. This closed loop

control, when connected to a proportional electric actuator and supplied with a magnetic

speed sensor signal, will control a wide variety of engines in an isochronous or droop

mode. It is designed for high reliability and built ruggedly to withstand the engine environ-

ment. '

Simplicity of installation and adjustment was foremost in the design. Non-interacting perfor-

mance controls allow near optimum response to be easily obtained.

The primary features of the ESDS5550 Series speed control unit are the engine STARTING

FUEL and SPEED RAMPING adjustments. The use of these features will minimize engine

exhaust smoke experienced prior to attaining engine operating speed.

Other features include adjustable droop and idle operation, inputs for accessories used in

multi-engine or special applications, proteciion against reverse battery voltage, transient

voltages, accidental short circuit of the actuator and fail safe design in the event of loss of

speed sensor signal or battery supply.

Engine model P126T
GAC governor model ACE 175A
Speed control unit model ESD5550




(A) Specification

PERFORMANCE

Isochronous Qperation/steady State Stability
Speed Range/Governor
Speed Drift with Temperature
Idle Adjust CW
Idle Adjust CCW
Droop Range
Droop Adj. Max. (K-L Jumpered)
Droop Adj. Min. (K-L Jumpered)
Speed Trim Range
Remote Variable Speed Range
Terminal Sensitivity

J

L

N

P
Speed switch adjustment range

+ 0.25% or better

+1 K ~ 7.5 KHz continuous

=+ 1% Maximum

60% of set speed

Less than 1,200 Hz. -

1 ~ 5 % regulation*

400 Hz & 75 Hz per 1.0 A change
15 Hz + 6 Hz. per 1.0 A change
+ 200 HZ

500 ~ 7.5 Hz or any part thereof

100 Hz 4+ 15 Hz/Volt @ 5.0 K Impedance
735 Hz & 60 Hz/Volt @ &5 K Impedance
148 Hz 4= 10 Hz/Vo1t @ 1 Meg. Impedance
10 VDC Supply @ 20 ma Max.

1,000 ~ 10,000 Hz

ENVIRONMENTAL

Ambient Operating Temperature Range
Reilative Humidity
All Surface Finishes

-40 'F 1o 180°F (- 40 "C to + 85 °C)
up to 85 %
Fungus Procf and Corrosion Resistant

INPUT POWER

Supply

Polarity

Power Consumption

Actuator Current Range

@ 77 °F {25 "C) -(Inductive Load)
Speed Sensor Signal

Speed switch relay contacts (N.O. and N.C.)

12 or 24 VDC Battery Systems

(Transient and Reverse Voltage Protected)™
Negative Ground {Case Isolated)

50 ma continuous plus actuator current
Min.2.5 Amps/ Max. 10 Amps continuous

0.5 ~ 120 Volts RMS
10 Amps

| RELIABILITY

Vibration 1G @ 20~ 100 Hz

Testing 100% Functionally Tested
PHYSICAL

Dimensions See Outline

Weight 1.8 Ibs (820 grams)

Mounting Any Position, Vetrtical Preferred

V Note :

* Droop is based on a speed sensor frequency of 4,000 Hz and an actuator current

change of 1 amp from no load to full lcad. Applications with higher speed sensor signals

will experienice less percentage of droop. Applications with more actuator current

change will experience higher percentages of droap. See droop description for specific

details on operation of droop ranges.

** Protected against reverse volfage by a series diode. A 15 Amp. fuse must be Instailled in

the positive battery lead,

** Protected against short circuit to actuator (shuts off current to actuator), unit automati-

cally turns back on when shorts is removed.




{B) Diagram

£.00(152)
5,25 (133)
‘ e $0.27(7)
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; 1| DEAD TIME |
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MEETCEDIRECVE D T | P o accessory neur
—t—F . ADD JUMPER FOR 12V
N BATFERY OR ACTUATOR
ACTUATOR CURRENTS ABOVE 54
ow GROUND REFERENCE
MAGNETIC — A " CLOSE FORDRODP
PICK-UP . “
SPED TRIM . .
_ +]__.;\__/\).— CONTROL, - 5K L GLOSE FOR (DLE
FUSE
BATTERY 154 MAX
* SEE SPECIFIC ACTUATOR PUBLICATION FOR PROPER
WIRING OF ACTUATCR BASED ON BATTERY VOLTAGE
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Note :

* If wire leads are longer than 3 meters (10 ft), a shielded cable should be Used. Ground
shield at ONE END ONLY.

* The speed control unit is rugged enough to be placed in a control cabinet or engine
mounted enclosure with other dedicated controf equipment. If water, mist, or condensa-
tion may come in comtact with the controller, it should be mounted vertically. This will
allow the fluid to drain away from the speed control unit.

* ExTReEMmely heat should be avoided.

Caution :

An overspeed shutdown device, independent of the governor system, should be provided
to prevent loss of engine control which may cause personal infury or gquipment damage.
Do not rely exclusively on the governor system efectric actuator to prevent overspeed. A

secondary shutolf device, such as a fuel solenoid must be used.

(C) Wiring

Basic electrical connections are illustrated above. Actuator and battery connections to
Terminals A, B, E, and F should be #1686 AWG (1.3 mm?®) or larger. Long cables reguire an

increased wire size to minimize voltage drops.

The battery positive (+) input, Terminal F, should be fused for 15 amps as illustrated.

Magnetic speed sensor connections to Terminals C and D MUST BE TWISTED AND/OR
SHIELDED for their entire length. The speed sensor cable shield should only be connect-
ed to terminal D. The shield should be insulated to insure no other part of the shield
comes in contact with engine ground, otherwise stray speed signals may be introduced to
the speed control unit. With the engine stopped. adjust the gap between the magnetic
speed sensor and the ring gear teeth. The gap should not be any smaller than 0.020 in,
(0.45 mm). Usually, backing out the speed sensor 3/4 turn after touching the ring gear
tooth will achieve a satisfactory air gap. The magnetic speed sensor voltage shouid be at
least 1 VAC RMS during cranking.




{D) System Trouble shooting

. ® SYSTEM INOPERATIVE
If the engine governing system does not function, the fault may be determined by per-
forming the voltage tests described in Steps 1, 2, 3, and 4. (+) and (-} refer to meter
polarity. Should normal values be indicated as a result of following the trouble shooting
steps, the fault may be with the actuator or the wiring to the actuator See the actuator

publication for testing details.

Step Terminals Normal Reading Probable Cause Of Abnorma Reading
1 F(+) & E(-) Battery supply voltage 1. DC battery power not connected. Check
(12 or 24 VvDC) for blown fuse

2. Low battery voltage.

3. Wiring error.

2 C&D 1.0 VAC RMS min., 1. Gap between speed sensor and gear teeth
while cranking too great. Check gap.

2. Improper or defective wiring to the speed
sensor. Resistance between terminals C
and D should be 30 to 1,200 ohms.

3. Defective speed sensor.

3 P{+) & G(-) 10 VDC, 1. Short on terminal P (This will cause a
Internal Supply defective unit.)
L. 2. Defective Speed Control.
4 F(+) & A(-} 1.0~ 2.0 VDC 1. SPEED adjustment set too low
while cranking 2. Short/open in actuator Wiring. -
3. Defective speed control,
4. Defective actuator.




¢ UNSATISFACTORY PERFORMANCE

If the governing system functions poorly, perform the following lests.

Symptom Test Probable Fault
Engine over- 1. Do not crank. Apply DC power to the 1. Actuator goes to full fuel. Then, dis-
speeds governor system connect speed sensor at Terminals C

&D.

If actuator still at full fuel speed control
unit defective. If actuator at minimum
fuel position - erronecus speed signal.

Check speed sensor data.

2. Manually hold the engine at the

desired running speed. Measure the
DC voltage between Terminals A{-) &

F{+) on the speed controi unit.

. If the voltage reading is 1.0t 2.0 VDC.

a) SPEED adjustment set
desired speed.

above

b) Defective speed control unit.

. If the voltage reading is above 2.0

VDC, a) Actuator or linkage binding.

.If the voltage reading is below 1.0

VDG, a) Defective speed control unit.

. Gain set too low.

Actuator does
not energize

fully.

. Measure the voltage at the battery

while cranking.

1. If the voltage is less than 7V for a 12V

system, or14V for a 24V system,
replace the battery if it is weak or

undersized.

. Momentarily connect Terminals A and

F The actuator should move to the full

fuel position.

. Actuator or hattery wiring in error.

. Actuator or linkage binding.

. Defective actuator.

AWM=

. Fuse opens. Check for short in actua-

tor or actuator wiring harness.

Engine remains

below desired

. Measure the

govermed speed-

getuator  output.
Terminals A & B, while running under

governor control.

. If voltage measurement

is  within
approximately 2 volts of the battery
supply voltage, then fuel controi
restricted from reaching full fuel posi-
tion. Possibly due to interference from
the mechanical governor, carburetor

spring or linkage alignment.

2.

Speed setting too low.




4.3.4. Fuel feed pump

1) General descriptions and construction

Priming pump

B e
R TR e e B

Check vaive

Check valve

Inlet
side

Piston

, | , : Cam shaft

EQM4019|

The P-type injection pump is mounted with K-ADS or KP type feed pump. These pumps
have the same basic construction and operation, and the general descriptions of the KP
type pump are given below:

The figures show its construction (right figure) and operation (below figure). The piston in
the fuel feed pump is driven by the push rod and tappet via the camshaft of injection pump
and performs reciprocating operation to control the suction and delivery of fuel. When the
cam reaches the Bottom Dead Center as shown in the figure, the fuel is drawn in through
the check valve on the inlet side,

The fuel pressurized as the cam rotates on flows through the check valve on the outlet side
as shown in (B). If the feeding pressure increases abnormally, the spring is compressed,
resulting in interrupting further delivery of fuel as shown in (C).




(A) {B) {€)
Inlet side Qutlet side Interruption

EQM40201

This feed pump is mounted with a priming pump designed to permit manual feeding of fuel from the
fuel tank with the injection pump mounted in the engine. During the manual feeding operation, air

must be bled from the fuel lines.
When using the priming pump, fix it securely to prevent the possible entry of moisture or other for-

eign substances in the inside of feed pump.

In addition, a strainer is fitted into joint bolt on the inlet side of the fuel feed pump to filtrate any for-

eign substances possibly mixed in fuel.




2) disassembly

42

I Fuel tank side
30 strainer bolt (MESH 50)

EQM4021S

e Clamp the feed pump with a vise and disassemble the plugs (30, 32), strainer (31) and
gaskets (35, 36).

® Take off the priming pump (25), plug (16), both gaskets (18), spring (15), and check
valve (14).

# Take off the prig (7), gasket (8), spring (8), and piston {5) on the piston side.

e Pull out the snap ring (20) holding the tappet (10).

® Disassembie the snap ring, then take off the tappet (10) and push rod (1).

3) Inspection

® |i the check valve is damaged or scored on its seat face, replace it with a new one.

& Inspect the piston and tappet for damage.

* Replace the push rod if excessively worn, and replace together with the pump hc;using if
required. The inspection for wear should be performed in the same procedure as for

suction pressure test described below.

4) Reassembly
Reassembly operation is performed in reverse order of disassembly. All the gaskets must

be replaced with new ones at reassembly.




5) Testing
(1) Suction capacity test

Connect one end of a hose to the inlet
side of the feed pump and immerse the Outiet hase
other end of it into the fuel tank as illus-
trated.

Hold the feed pump in position about 1

Feed pump

m above the level of fuel in the fuel

tank.
inlet hose

Operate the tappet at the rate of 100
rpm and check to see if fuel is drawn in

‘and delivered for 40 seconds or so.

(2) Delivery test

Make a test with the feed pump mounted
on a pump tester as illustrated. Operate
the pump at the rate of 1,000 rpm and

check to see if the pump delivery is more

than 405 cc/15 seconds.

_EAMCO16l)

(3) Sealing test

Plug up the delivery port on the feed Compressed Mass cylinder

pump and apply compressed air of 2 air 2kg / cm?

kg/cm2 into the inlet side. = w :
N : .

Submerge the feed pump in a container of

diesel fuel and check for air leak.

Feed pump

/!
EQM40231




4.3.5. Injection nozzle

1) General descriptions

Pressurized fuel delivered from the fuel injection pump is sprayed into the combustion

chamber past the injection nozzle at proper spray pressure and spray angle, then burnt

completely to achieve effective engine parformance.

{1) At vaive closed

{2) At valve opened

V%

PO

EQM40241

2) 1-spring type

(1) Disassembly

EQMA402583

O 0 N O kW -

. Cap nut

. Adjusting screw
. Spring

. Push rod

. Connector

. Retaining nut

. Needing valve

. Nozzle

. Nozzle holder




(2) Reassembly )
¢ After removing carbon deposit, sub-
merge the nozzile in diesel cil and clean
it.
® Replace all the gaskets with new ones.
® Assemble the parts and tighten them to

specified torque.

(3) Adjustment

® Remove the cap nut and assemble a
nozzle to a nozzle tester.

& With the adjusting screw loosened,
operate the nozzie 2 ~ 3 times to bleed
it.

& Operate the nozzle tester lever at the
specified rate.

® Adjust the injection pressure to the stan-
dard pressure using the adjusting
SCrew.

e After adjusting the injection pressure,
tighten the cap nut to specified torque.

® Re-check the injection pressure and

see if the spray pattern is normal.

(4) Testing
With the nozzle assembled to a nozzle
tester and pressure of 20 ~ 21 MPa (200
~ 210 bar) applied, check the nozzle for

fuel leakage.

Replace
gasket

Replace
gasket

Replace
gasket

Location pin

EQM40263

EAOM3003

EAMCG22i




3) 2-spring type
(1) Disassembiy

EQMA0291

. Nozzle holder body
. Push rod

. Primary spring

1
2

3

4. Adjusting screw
6. Gasket

7. Cap nut

10. Adjusting shim
11. Scondary spring

12. Spring Seat

13.
14.
15.
16.
17.
30.
31.

Lift pin

Pin

Spacer

Pin
Retaining nut
Gasket

Eve bolt

. Nozzle




{2) Inspection and adjustment

Adjusting the primary opening pressure a.
Install the plate of plate assembly
(157944-9520) onto a vise.

V NOTE : Uss the plate assembly
(157944-9520) in fixing a nozzle

holder having a flange. A nozzle

holder without flange should be

EQM40301

directly installed onfo a vise.

b. With the nut, install the two pins on the plate.

c. Install the nozzle holder body (1) onto
the plate with the cap nut side facing

downward.

EQM40311
d. Assemble adjusting shim {10), secondar
j g (10) y 12 )
spring (11), and spring seat {12) on the 11 %
nozzle holder body in the order as 10 =
described.
MNote: The secondary spring is the same
one as the primary spring.
EQM4032I

e. Assemble the pin (14), lift piece (13), and
spacer (15} with the nozzle holder body.

EQM4033I




f. Install the pin (16) and nozzle {A) onto the
spacer.

L EQM40341
g. After installing the gasket (157892-1500)
on the nozzle, use the cap nut (157892-
4000 : 3W22mm) to fix the nozzle onto the
nozzle holder.
Note : While tighltening the cap nut,
V keep checking to see if the fock pin
comes all the way into the nozzle.
EQM40355
Note : Tighten the retaining nut until
V it regisis hand tightening, then fur-
ther tighten it using a torque
wrench,
i
h. Be sure to follow the specified torque rat-
ing when tightening the adjusting retaining
nut.
Q\ Torque 6.0 ~ 8.0 kg*m
EQM4036)

i. With the cap nut facing upward, install the

nozzle holder on the plate.

EQM40371




j- Assemble the push rod (2}, primary spring
{3), and adjusting screw (4) on the nozzle

(4
holder in the order described. )

k. Install the gasket and cap nut onto the

adjusting screw.

|. Assemble the nozzle and nozzie holder
assembly to the nozzle tester (105785-
1010).

EQM4039]

m. Adjust the primary opening pressure to
the specified pressure using the adjusting
screw (4).

EQM40401

n. With a monkey wrench, fix the nozzle hold-
er securely and tighten the cap nut (SW

19mm) to specified torque.

a Torque 3.0 ~ 4.0 kg*m

EQM40411




# Inspecting the needle valve for full lift
a. Install gasket (026508-1140) and plug
(157892-1600 : SWi2mm) onto the
adjusting retaining nut {157392-1400).

b. Install the nozzle holder on the plate

with the cap nut facing upward.

¢. Install the holder into the cap nut.

d. Install a nut (157892-1000 : SW 17mm)
on the holder.

@ e. Assemble the pin (157892-4200 or

157892-4300) to the dial gauge
{(157954-3800).

Part No. L {mm)
157892-4200 160
157892-4300 110

Note : “L”" means the length of the pin
except the threaded portion,

=]
% EQM4p421

EQM40435

EQM40445

EQM40451




f. Install the dial gauge on the holder assem-

\%

bly so that the pin is brought into contact
with the upper end of the push rod, then fix
the pin with the nut.

Note 1 : Fix the dial gauge so that a
stroke of 2 mm or so can be mea-

sured.

V Note 2 ;| Overtightening the nuf may

cause a sticking of the dial gauge

seat.

g. Assemble the nozzle and nozzie holder

V

assembly to the nozzle tester and zero the

dial gauge.

h. Operate the nozzie tester, bleed the retain-

ing nut, and check for fuef leakage.

|I. Operate the nozzle tester and increase the
tester pressure up to 350 ~ 450kgfecrn? in
order that the needle valve can be fully lift-

ed. Then, record the full lift value “L”.

MNote : This festing is to be made in order
to check the nozzle seat portion for
unusual wear or whether the nozzle

assembly is a standard ftem.

Dial gauge

Threaded

part

Holder

EQM4046S

EQM4047S

EQM4048]




® Inspection of pre-lift
a. If the nozzle tester handle is released
. with the needle valve engaged in a full Iift
condition, the tester pressure drops,
being accompanied by decrease in the
needle valve lift value (indicated value on
the dial gauge).

EQM40491
L
. ~-—
/
B
=
3
g
<
0
Tester pressure
EQM4050I
. b. Take the indicated vaiue on the dial
gauge at the point of time when the sec- ]
ondary spring completes its operation
. 1
and the needle valve puts an end to _S ~ ¢
descent (the position of needle valve lift \ &
value “ £ “ as shown in the above and right \
figures) and check that the value is with- .
in the specified limit. _'/W
EQM4051]
Measuring point for pre-lift
@' Take the indicated value on the dial gauge L —-—
at a point of primary opening pressure + = /
approx. 1 0 kgfecm®. E '
E
=
£
<t -
Note : Locate the point of primary
; opening  pressure +  approx. 0 -
] ) Primary opening pressure
. 10kgfecrr while dropping the pres- Tester pressure  EQM40521
sure.




c. If the measured pre-lift value deviates

from the specified limit, replace the pin 13 _}g
(14, 18), lift piece ({13), spacer {15), and 16 3
nozzle assembly (A) with a new “nozzle !
service Kit". A Iy +\
EQM4053|
# Inspection of secondary opening pressure L
a. After confirming the pre-lift, operate the ’ {
nozzle tester and increase the internal
=
pressurg up to 350 ~ 450 kgf/em? to fully =
lift the needle valve. C 005f - -~ - oo
5 :
< X
b. Release the nozzle tester handle to !
decrease the tester pressure, then take pr?mary opening Secandary 350~450
. pressure Opening pressure kgficm?
a note of the movements of the dial EQM4054]

gauge.

c. Take the indicated value on the pressure
gauge at the point of time when the nee-
dle of the dial gauge indicates the speci-
fied needle valve lift value. (In general,
pré-lift “{“ + 0.05mm. Refer to following
figure.)

EQM4055]

1

EQM40561




& Adjusting secondary opening pressure

a. In the event that the measured vaiue
. deviates from the specified limit, readjust
the primary opening pressure if the
amount of deviation is smalli. (to the stan-
dard range of the primary opening pres-
sure)
- If the secondary opening pressure is
lower than the standard value: Adjust the

primary opening pressure up to the top

EQM40401

limit of the standard vague, and then

measure the secondary opening pres-

sure.

- If the secondary opening pressure is

higher than the standard value: In a

reverse manner, readjust the primary
' opening pressure down 1o the botiom

limit of the standard valua,

' b. If the secondary opening pressure still
deviates from the specified limit in spite
y of the readjusting the primary opening
. pressure, take off the nozzle fixing por-
tion from the nozzle holder and remove

the adjusting shim (10),

c. lf the secondary opening pressure is

higher than the standard value, fit a thin- T~ EQMA4058!

ner adjusting shim than the existing one.

d. After replacing the existing adjusting
shim, measure the secondary opening pressure and continue the adjustment untilna value
satisfying the standard value.




Adjusting shim for secondary opening pressure
; (Out diameter = ¢ 9.5 , Inner diameter = ¢ 4.5)

Part No. Thickness(mm) Part No. Thickness{mm)
1505380-4900 0.40 1505380-5300 0.56
1505380-5000 0.50 1505380-5400 0.58
1505380-5100 0.52 1505380-5500 0.60
1505380-5200 . 0.54 1505380-5600 0.70

« Retaining nut
a. Take out the dial gauge, nut, holder and
gasket from the cap nut.
b. Reméve the adjusting retaining nut and
gasket, and install the original retaining
nut. (SW 19mm) .
_ 7
Torque 6.0 ~ 8.0 kg*m
EQM40361

e Inspection at completion )

a. Assemble the nozzle holder to a nozzle
tester and check the primary opening
pressure, spray patterns, oil tightness of
seat portion, and oil leakage from each

part.

b. When replacing the nozzle, replace it
with a new “nozzle service kit” integrated
with a nozzle, lift piece, and spacer as a

complete set.

V Note : /f only a nozzle is replaced, the

amount of pre-fift will deviate from

the specified vaiue.

EQM4039I

EQM4060|




4.3.6. Diagnostics and troubleshooting

Complaints

Possible causes

Corrections

1. Engine won’t start

1) Fuel not being pumped

cut from feed pump

2) Fuel not being injected

from injection pump

3) Fuel injection timing

incorrect

4} Injection nozzles

inoperative

(1) Fuel pipes clogged or air into pipe line
{2) Feed pump valve defective
{3) Feed pump piston or push rod sticking

Correct
Replace

Disassemble, correct

(1) Fuel filter element rastricted
(2} Air in fuselt filter or injection purmp
(3) Plunger and/or delivery valve sticking

or defective

Clean
Bleed

Disassemble, correct

{1) Injection pump not properly installed
on pump bracket

(2) Injection pump tappet incorrectly
adjusted

{3) Cams on cam shaft wom excessively

Check, correct

Check, correct

Replace

(1) Needle valves sticking
{2) Fuel leaking past clearance between

nozzle and needle valve

Correct or replace

Correct or replace

(3) Injection pressure incorrect Adjust

2. Engine starts but (1) Pipe from feed pump to injection pump Clean
stalls immediately clogged or filter clogged

(2) Air in fuel Bleed

(3) Feed pump delivery insufficient

(4) Fuel delivery insufficient due to clogging

of fuel tank air breather

Disassemble, correct

Replace breather

3. Engine lacks power

(1) Plunger worn excessively
{2) Injection timing incorrect

(3) Delivery valves defective
(4) Nozzle leaks excessively

{5) Nozzle not working normally

Replace

Adjust

Replace

Correct or replace

Disassemble, correct

4. Engine knocking

(1) Injection timing too fast
(2) Nozzle injection pressure too high

(3) Nozzles not working normally

Adjust
Adjust

Disassemble, correct

5. Engine knocks

seriously producing

excessive exhaust

smoke

{1) Injection timing incorrect

(2) Nozzle injection pressure too low
(3) Nozzle spring braken

(4) Nozzles not working normally

{5) Plungers worn excessively

(86) Delivery valves seat defective

{¥) Supply of fuel excessively

Adjust

Adjust

Replace

Replace

Adjust

Replace

Check feed pump




Complaints

Possible causes

Corrections

6. Engine output

unstable

(1) Supply of fuel insufficient

(2) Air in fuel

(3} Water in fuel

{4) Operation of plungers unsmooth

{5) Movement of control rack sluggish

(6) Nozzles defective

{7) Injection starting pressure of each barrel
incorrect

{8) Automatic timer defective

Check feed pump
Bleed

Replace fuel
Disassemble, correct
Disassemble, correct
Disassemble, correct
Adjust

Disassemble, correct

Disassemble, correct

7. Engine does not reach

maximum speed

{1) Nozzles not working normally

{2) Governor defective

Disassemble, correct

Disassemble, correct

8. Engine idling unstable

{1) Movement of control rod sluggish
(2) Operation of plungers unsmooth
{3) Control pinions not engaged with control

rod correctly

Disassemble, correct

Disassemble, correct




4.4. Turbocharger

4.4.1. Main data and specifications

1) Main data and specifications

Specification

DE12T

P126TI

Turbocharger Model

T45

TV51

At maximum output

Air pressure at compressor outlet

Approx. 1.257 l-(g.’cm2

Approx.1.9 kgfc:m2

Air suction volume

Approx. 19.0m3/min

Approx. 26.0m%/min

Speed of turbine revolution

Approx. 85,00 rpm

Approx. 91,000rpm

Maximum allowable speed

110,000rpm

105,414rpm

Max. aliowable temperature of exhaust gas at turbine inlet

750°C

7507C

Lubricating system

External oil supply

External oil supply

Weight 14kg 14kg
2) Operating principle
Turbine wheel and Oil inlet
' shaft assembly

Turbine housing 0 Compressor

housing

E t pi
xhaust pipe ¢\ o st gas discharge ~=== <= Fresh

air inlet
Compressed

_\, - — )ﬂ air folw

' . i

[ ' . Oil outle Corvr\\‘;r)];eeslsor

* ' Intake pipe
EMOAS001

The turbocharger is a system designed to make use of the engine exhaust gas energy to charge

high-density air into the cylinders, thereby to increase the engine output.




3) Construction

=

EA8M4002

Turbine housing
Plug

Crank

V-band

Wheel

Piston ring
Wheel shroud
Center housing
Retainer ring
Bearing

Retainer ring

16.
17.
18.
19.
20.
21.
22.
23.
24.

Retainer ring
Bearing
Thrust collar
Screw

Thrust bearing
Thrust space
Piston ring
Seal ring

Seal ring -

Rear plate

25.
26.
27.
28.

30.
31.
32.
38.
45,

Bolt

Q-ring

Compressor wheel
Nut

Bolt

Clamp

Compressor housing
Elbow

Retainer

Bolt




4.4.2. General descriptions

The engine cutput is determined by the fuel delivery volume and engine efficiency.

. To burn the supplied fuel completely to change into effective power for the engine, the volume
of air enough to burn the fuel completely shéuld be supplied into the cylinders.
Therefore, the engine output is determined substantially by the cylinder capacity, and a
greater volume of compressed air is charged into cylinders of given capacity, the greater
engine output can be obtained as a greater volume of air charged into the cylinders bums so
much more fuel,
As explained, the compressing of air to supply into the cylinders is calied "Supercharging” and
the making use of the energy of exhaust gas discharged from the combustion chamber to

charge the compressed air into the cylinders is called “Turbocharging”.

4.4.3. Functions
1) Turbine _
Exhaust gas discharged from the combustion chamber distributes its own energy to the tur-
bine blades while passing the inside of the turbine housing, with the result that the turbine
shaft can get rotating force. This is the operating principle of ‘turbine’, which is mounted
with seal rings and heat protector to prevent exhaust gas from affecting the bearings
adversely.

2) Compressor
. The compressor, which is connected to the turbine over the one and same shaft to form a
rotating body, takes in and compresses ambient air with rotating force transmitted from the
turbine shaft. Then, the compressed air is delivered to the intake stake. This is the operat-

ing principle of the compressor.

3) Bearings
(1) Thrust bearing
The turbine wheel creates thrust force. Therefore, exercise care so that the shaft is not

deviated from its the original position due to this thrust.

(2) Journal bearing
This journal bearing of floating type forms a dual oil film on both the inside and outside of
the bearing so that the bearing can rotate independently. As the dual oil film plays a role as
a damper, the sliding speed of the bearing surface becomaeas lower than the rotating speed

* of the shaft, resulting in assurance of stability in its movement.

4) Sealing-Compressor shaft
The compressor is of a dual construction type composed of seal plate and seal ring 10 pre-

vent the leak of compressed air or lubricating oil.




4.4.4.

Precautions for operation

1) Precautions for operation of engine

The following precautions should be observed when starting, operating, or stopping the

engine:

Operations

Precautions

Reasons

When starting
the engine

1) Check oil level

2) Crank the engine with starter to
check the increase in oil pres-
sure{until the needle of pressure
gauge starts to move or pressure
indicator lamp is actuated) before
starting the engine.

3) When having replaced oil, oil filter
element, or lubricating pans, or
when having stopped the engine
for extended period of time, or in a
cold place, loosen the il pipe con-
nections and operate the starter
motor until oil is discharged. After
completing the operation, be sure
to retighten the oil pipe connections
portion before starting the engine.

2) Abrupt starting of the engine
causes the engine to rotate with
oil not being distributed not only
1o each part but also to the tur-
bocharger, resulting in abnormal
wear or seizure on the bearing
due to insufficient supply of cil.

3) In the case of the engine stopped
for extended time or in a cold
place, oil fluidity within the pipes
can be deteriorated.

Immediately
after starting

Immediately
after starting

1) Run the engine at idle for 5 min-
utes after starting off.

2) Check each part for leakage of
oil, gas, and air, and take proper
measure.

1) Applying load abruptly If load is
abruptly applied with the engine
and turbocharger rotating
unsmoothly, such parts that a suf-
ficient amount of oil has not
reached can be seized up.

2) Leakage of oil, gas, and air (espe-
cially, oil leak) causes drop in oil
pressure and loss of oil. resulting
in seizure of the bearing.

During
operation

Check the foliowings:

1) Oil pressure
At idle: 0.8kg/cm? or more
At full load: 3.0~4 8kg/em?

2) If unusual scund or vibration is
heard or felt, reduce engine revo-
lutions slowly and locate the
cause.

1) Excessively low oil pressure caus-
es unhusual wear or seizure of the
bearing. Too high pressure caus-
es oil leakage.

2) The engine is operated continu-
ously with unusual sound or vibra-
tion not corrected, it can be dam-
aged beyond repair.

When stopping
the engine

1) Run the engine at idle for 5 min-
utes before stopping.

1) If the engine is put to a stop after
being operated at high load, heat
from the red-hot turbine blades is
transmitted to the bearing portion
and burns oil to cause seizure of
the bearing metal and rotating
shaft.




4.4.5. Walk-around check and servicing
As the condition of turbocharger depends greatly on how well the engine is serviced, it is very

. important 1o maintain the engine in accordance with the specified maintenance procedure.

1) Intake system
Pay paricular atiention to the air cleaner when servicing the intake system.
In the case of wet-type air cleaner, if the level of oil surface is lower than specified, clean-
ing effect is poor; if too high, the cleaner draws in oil to foul the case.
Especiaily, if the rotor is fouled, the sophisticatedly-tuned balance is broken to create vibra-
tion and to cause seizure and unusual wear to the bearing.
Therefare, it is very important to use a good quality air cleaner all the time.
In the case of dry-type air cleaner, it is essential to clean it to reduce intake resistance as

much as possible.

2) Exhaust system
Pay particular attention to prevent gas leaks and seizure when servicing the exhaust sys-
iem because leakage of exhaust gas from discharge pipes, turbocharger fixing portions, etc.
lowers charging effect.
As such components as turbine chamber that becomes red-hot during operation use heat
resisting steel nuts, do not interchange these nuts with ordinary steel nuts. In addition, apply

anti-seizure coating to fixing nuts on the portions as designated.

. 3) Fuel system
i the full locad stopper regulating the maximum injection volume and the maximum speed
stopper regulating the maximum speed in the fuel injection pump are adjusted without using
a pump tester, the turbocharger rotates at excessively rapid speed and may suffer damage.
Besides of i, if spray pattern from the fuel injection nozzles is bad or the injection timing is
incorrect, temperature of exhaust gas rises up to afiect the turbocharger adversely. To avoid

such trouble, be sure to make a nozzle test.

4) Lubricating system )
Pay particular attention to oil quality and oil filter change intervals when servicing the lubri-
cating system. Deteriorated engine oil affects adversely not only the engine but torso the
turbocharger. Suggested engine cils for the turbocharger-mounted engine are as follows:
* SAE 15W30
® API grade CD or CE




»

4.4.6. Periodical checking and servicing
Make it a rule to check the turbocharger assembly for condition and contamination periodically.

1) Guide for checking the rotor for rotating condition
The inspection of the rotor assembly for rotating condition should be performed by the
degree of unusual sound. If a sound detecting bar is used, install its tip on the turbocharg-
er housing -and increase the engine revolutions slowly. If a high-pitch sound is heard con-
tinuously, it means that the rotor assembly is not normal. In this case, as the metal bearing
and rotor -are likely to be in abnormal conditions, the tutbocharger should be replaced ar

repaired.

2) Guide for checking rotor end play
Disassemble the turbocharger from the engine, then check the rotor axial play and radial
play.
When disassembling the turbocharger, be sure to plug the oil inlet and outlet ports with taps,

elc.

(1) Rotor axial play

Magnet vise Turbine wheel room

Move the turbine
shatft to axial

. direclion

Dial gauge

£ Wear limit : 0.117~0.20mm
Limit of wear : 0.24mm £ aamana3




(2) Rotor radial play

Dial gauge

_/ Magnetic vise

X\ .
O

Oil outlet

Q/\f@/ -

Radial play £ Move the turbine shaft
Limit of wear ; 0.075~0.11mm ! | in both directions
Limit of wear : 0.12mm simultaneously

Oil inlet

EABM4004

(3) If the measured axial and radiai plays are beyond the limit of wear, replace or repair the

turbocharger.

3) Guide for disassembling/cleaning and checking the turbocharger
First, disassemble the turbocharger from the engine and clean/check it with the oil inlet and

outlet plugged with tape and so on.

4) Precautions for reassembling the tarbocharger onto the engine
For reassembly of the turbocharger or handling it after reassembly operation, be sure to
observe the following precautions:
Especially, exercise extreme care to prevent foreign matters from entering the inside of the

turbocharger.

(1) Lubricating system
» Before reassembling the turbocharger onto the engine, inject new oil in the oil inlet port
and lubricate the journal and thrust bearings by rotating them with hand .
# Clean not only the pipes installed between the engine and cil inlet port but also the oil
outlet pipe and check them for damage or foreign matters.

® Assemble each joint on oil pipes securely to prevent oil leaks.

(2) Intake system
® Check the inside of the intake system for foreign matters.

& Assemble each joint on the intake duct and air cleaner securely to prevent air leaks.




(3) Exhaust system

# Check the inside of the exhaust system for forgign matters.

# Be sure to use heat resisting steel holts and nuts. Do not interchange them with ordi- . ,
nary steel bolts and nuts when performing reassembly operation. Apply anti-seizure |
coating to the bolts and nuts.

» Assemble each joint on the exhaust pipes securely to prevent gas leaks

4.4.7. Diagnostics and troubleshooting

Complaints

Possible causes

Corrections

1. Excessive black
smoke

1} Air cleaner element clogged

2) Restrictions in air duct

3) Leakage at intake manifold

4) Turbocharger seized up and not rotating

5) Turbjne blades and compressor blades
coming in contact with sach other or
damaged -

&) Exhaust piping deformed or clogged

Replace or clean

Check and correct

Check and correct
Disassemble/repair or replace
Disassemble/repair or replace

Check and correct

2. Excessive white
smaoke

1) Oil leak into turbine and compressor
2) Worn or damaged seal ring due to
excessive wear of bearing

Disassemnble/repair or replace
Disassemble/repair or replace

3. Low engins
output

1) Gas leak at each part of exhaust system

2) Air cleaner element restricted

3) Turbocharger fouled or damaged

4) Leakage at discharge port on
comprassor side

Check and correct

Replace or clean
Disassemble/repair or replace
Check and cotrect

4. Unusual sound
or vibration

1} Rotor assembiy coming in contact
2} Unbalanced rotation of rotor

3) Seized up

4) Each joint ioosened

Disassemble/repair or replace
Disassemble/repair or replace
Disassemble/repair or replace
Check and correct




5. Special tool list

No. Description Part No. Hlustration
1 Nozzle tube Insert ass’y DPN-5337
2 | Valve stern oil seal installer | EF.123-082
3 Injection pump setting ass’y EF.123-015
4 Oil seal insert ass'y(FR) EF.123-127
5 | Oil seal insert ass'y{RR) EF.123-053
’_: Oil seal puller ass’y{FR) EF.123-052

EABMS5001




No. Description Part No. Hlustration
7 | Qil seal puller ass’y(RR) EF.123-048
8 Cylinder pressure tester EU.2-0531
adapter
9 | Cylinder liner puller ass’y EU.123-087
10 | Valve stem seal punch EF.123-066
11 | Valve clearance adjust ass’y | EU.2-0131
12 | Valve spring press EF.123-065

t
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No. . Description Part No. lltustration

13 | Crankshaft gear punch EU.2-0647 @
14 | Feeler gauge 60.99801-0027 ' /%
15 | Snap ring plier T7610001E

16 | Piston ring plier T7621010E




Appendix

@Tightening torque for major parts

Screw Strength
Major Parts (diameter X pitch)| (Grade) Tightening torque Remarks
Cylinder head bolt M14 X 1.5 12.9T 6 kgem+180°+150°
Angle
Connecting rod bearing cap bolt M14x 15 12.9T 28.0 kgem
Crankshaft main bearing cap bolt M16 > 1.5 12.9T 30.0 kg*m
Balance weight fixing holt M14 x 1.5 10.9T 9.0 kg*m
Flywhesl fixing bolt M14x 1.5 10.9T 18.0 kg*m
Crankshaft gear fixing bolt M12x 1.5 10.97T 13.4 kgem

®Tightening torque for injection pump system

Parts Tightening Torque
Injection pump delivery valve holder 2.0 ~ 3.0 kg*m
MNozzle holder fixing cap nut 7.0 kg*m
Nozzle fixing cap nut 6.0 ~ 8.0 kg*m

High pressure injection pipe fixing cap nut

Max. 3.0 ~ 5.0 kg*m




@Standard bolt tightening torque table

Refer to the following table for bolts other than described above.

Degree of strength

Diameter 3.6 4.6 4.8 5.6 58 6.6 6.8 6.9 8.8 10.9 12.9

N (4A) | (4D) | (48) | (8D) | (58) | 8D) | (63) | (68G) | (BG) | (10K) | (12K)
pitch Limit value for elasticity (kg/mm?)
(mm) 20 | 24 | 32 | 30 | 40 36 | 48 | 54 | 64 | 90 108
Tightening torque {(kg*m)

M5 0.15 O.; 0.25 0.22| 0.31 0.28| 043 0.48| 0.50 0.75 0.90

M& 0.28 0.30 0.45 040 0558 047 | Q077 0.854| 0.90 1.25 0.5
M7 0.43 | 0.46 0.70 0.63( 0.83 0.78 | 1.20 1.30| 1.40 1.95 2.35
M8 0.70| 0.75 1.10 1.00 1.40 1.25 1.90 210 2.20 3.10 3.80
nM8x1 0.73| 0.80 1.20 1.10 1.50 1.341 210 2300 240 3.35 410
M10 1.35 1.40 2.20 1.90| 2.70 2.35| 3.70 4.20| 4.40 6.20 7.40
M10x1 1.50 1.60 2.50 210 3.10 2.80| 4.30 490 5.00 7.00 8.40
M12 2401 2.50 3.70 3.30 4.70 420 6.30 720, 7501050 12.50
M12x1.5 255 270 4.00 3.50| 5.00 460 | 6.80 7.70| 8.00|11.20 | 13.40
M14 3.70.| 3.90 6.00 520| 7.50 7.00 1000 | 11.50| 12.00 | 17.00 | 20.00
M14X1.5 4.10 4.30 6.60 5701 8.30 750011101 12501 13.00 (1850 | 22.00
M16 5.60| 6.00 9.00 800, 11.50( 10.50 |17.90 | 18,50 18.00 | 26,00 | 31.00
MBx1.5 6.20| 6.50 9.70 8601250 11.30 | 17.00 | 19.50! 20.00 | 28.00 33.00
M8 7801 830 (1250 11001 16.00 | 1450 {21.00 | 24.20( 25.00 | 36.00 | 43.00
M18x1.5 910 950 | 14.50 | 12,50 | 18.50 | 16.70 | 24.50 | 27.50( 28.00 | 41.00 | 49.00
M20 11.50 | 12.00 | 18.00 | 16.00 | 22.00 | 19.00 | 31.50 | 35.00| 36.00 | 51.00 | &0.00
M20x1.5 12.80 [ 13.50 | 20.50 | 18.00| 25.00 [ 22.50 | 35.00 | 39.50{ 41.00 | 58.00 | 68.00
M22 15.50 | 16.00 | 24.50 | 21.00 | 30.00 | 26.00 | 42.00 | 46.00( 49.00 | 67.00 | 75.00
M22x1.5 17.00 | 18.50 | 28.00 | 24.00 | 34.00 | 29.00 [ 47.00 | 52.00| 56.00 | 75.00 | 85.00
M24 20.50 (21.50 | 33.00 | 27.00( 40.00 | 34.00 { 55.00 | 58.00| 63.00 ( 82.00 | 92.00
M24x1.5 23.00 (25.00 | 37.00 | 31.00| 45.00 | 38.00 | 61.00 | 67.00| 74.00 | 93.00 | 103.00

Others:

. 1. The above torque rating have been determined to 70% or so of the limit value for bolt elasticity.

2. Tension is calculated by multiplying tensile strength by cross section of thread.

3. Special screws should be tightened to 85% or so of the standard vailue.

For example, a screw coated with MoS2 should be tightened to 60% or so of the standard

value.
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Daewoo Reavy Industries
Around the Werld

NORTH AMERICA
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Dagwoo intliAmerdca) Corp.
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NJ 07860-2114, US A

Ta : 1-201) 228-4500

Fent : 1-2)1;440-2244

AtiantaH Q)
Daswoo Hoavy Industrios America

2305 Shawnea Industrial Way,

Sulte 100, Suwanna, GA 30024, USA.
Tel : 1-770) B31-2201
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Arngton
Tel :1-547) 690-9800
Fax : 1-84T) 690-0814
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CENTRAL & SOUTH
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Daswoo Heavy Indusirias Lid.
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Oficina Santafe de Bopota ; O Fax 3014228788
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Edificio .

Santafe de Bogela,
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Tel : 54-1}816-3201
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