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Infracore

P086TI G-DRIVE

© POWER RATING

Engine Type of Engine Power
Speed Operation

rev/min kwm Ps
Continuous Power 186 253
1800 Prime Power 205 279
Standby Power 223 303
Continuous Power 151 205
1500 Prime Power 177 240
Standby Power 199 270

Note : -. The engine performance corresponds to 1ISO 3046, BS 5514 and DIN 6271.
-. Ratings are based on ISO 8528.
— Prime power available at variable load. The permissible average power out put (during 24h period) shell not
exceed 70% of the prime power rating.
— Standby power available in the event of a main power network failure. No overload is permitted.

© MECHANICAL SYSTEM © FUEL CONSUMPTION

O Engine Model P0O86TI o Prime Power (lit/hr) 1,500 rom 1,800 rpm

O Engine Type In-line 4 cycle, water cooled 25% 11.3 13.8
Turbo charged & intercooled (air to air) 50% 211 25.1

© Combustion type Direct injection 75% 31.7 37.7

O Cylinder Type Replaceable dry liner 100% 43.1 50.6

© Number of cylinders 6 o Standby Power (lit/h 1,500 rom 1,800 rpm

O Bore x stroke 111(4.37) x 139(5.47) mm(in.) 25% 12.7 15.2

o Displacement 8.071(492.49) lit.(in%) 50% 237 27.7

O Compression ratio 16.4:1 75% 355 41.6

O Firing order 1-5-3-6-2-4 100% 48.4 56.8

O Injection timing 12° BTDC

© Compression pressure Above 28 kg/cm2(398 psi) at 200rpm  © FUEL SYSTEM

O Dry weight Approx. 790 kg (1,742 Ib) © Injection pump Zexel in-line “P” type

O Dimension 1,242 x 918 x 1,099.5 mm o Governor Electric type

(LxWxH) (48.9 x 36.1 x43.31in.) O Feed pump Mechanical type
O Rotation Counter clockwise viewed from Flywheel © Injection nozzle Multi hole type

224 kglcm? (3,186 psi)
Full flow, cartridge type

Fully forced pressure feed type
Gear type driven by crankshaft

O Fly wheel housing SAE NO.1 © Opening pressure
O Fly wheel Clutch NO.14 o Fuel filter
© Used fuel Diesel fuel oil
© MECHANISM © LUBRICATION SYSTEM
O Type Over head valve © Lub. Method
© Number of valve Intake 1, exhaust 1 per cylinder © Oil pump
O Valve lashes at cold  Intake 0.30mm (0.0118 in.) o Oil filter

© VALVE TIMING

O Intake valve
O Exhaust valve

Exhaust 0.30mm (0.0118 in.) o Qil pan capacity

o Angularity limit

Opening Close
16 deg. BTDC 36 deg. ABDC
46 deg. BBDC 14 deg. ATDC o Lub. Qil

Full flow, cartridge type

High level 15.5 liters ( 4.09 gal.)
Low level 12 liters ( 3.17 gal.)
Front down 25 deg.

Front up 25 deg.

Side to side 25 deg.

Refer to Operation Manual

DOOSAN Infracore

Printed in March 2006 PS-P086TI-D



Infracore

P086TI G-DRIVE

© COOLING SYSTEM
© Cooling method Fresh water forced circulation
O Water capacity 14 liters ( 3.70 gal.)

(engine only)
O Pressure system Max. 0.9 kg/cm® ( 12.8 psi)
O Water pump Centrifugal type driven by belt
O Water pump Capacity 150 liters ( 39.6 gal.)/min

at 1,800 rpm (engine)

O Thermostat Wax — pellet type
Opening temp. 71°C
Full open temp. 85°C

© Cooling fan Blower type, plastic

660.4 mm diameter, 7 blade

© ELECTRICAL SYSTEM

O Charging generator 24V x 45A alternator
o Voltage regulator Built-in type 1C regulator
O Starting motor 24V x 6.0kwW

O Battery Voltage 24V
O Battery Capacity 100 AH (recommended)
O Starting aid (Option)  Block heater

1099
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© ENGINEERING DATA

o Water flow

O Heat rejection to coolant

O Heat rejection to CAC

o Air flow

o Exhaust gas flow

o Exhaust gas temp.

o Water flow

O Heat rejection to coolant

O Heat rejection to CAC

o Air flow

o Exhaust gas flow

o Exhaust gas temp.

© Max. permissible restrictions
—.Intake system

130 liters/min @1,500 rpm
17.3 kcal/sec @1,500 rpm
4.5 kcal/sec @1,500 rpm
12.1 m*min @1,500 rpm
33.9 m*/min @1,500 rpm
580 °C @1,500 rpm

150 liters/min @1,800 rpm
20.3 kcal/sec @1,800 rpm
10.8 kcal/sec @1,800 rpm
16.8 m*/min @1,800 rpm
38.8 m*/min @1,800 rpm
530 °C @1,800 rpm

220 mmH,0 initial
635 mmH,0 final

—.Exhaust system 600 mmH,0 max.

¢ CONVERSION TABLE
in.=mm x 0.0394
PS = kW x 1.3596
psi = kg/cm2 x 14.2233
in3 = lit. x 61.02
hp = PS x 0.98635
Ib = kg x 2.20462

Ib/ft = N.m x 0.737

U.S. gal = lit. x 0.264

kW = 0.2388 kcal/s

Ib/PS.h = g/kW.h x 0.00162

cfm = m¥min x 35.336

il
I
g 5o o
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Head office

7-11, Hwasu-Dong, Dong-Gu, Incheon, Korea

TEL : 82-32-760-1437, 1964 FAX : 82-32-760-1964
Seoul Office

Doosan Infracore Co. Ltd.,

22nd Floor, Doosan Tower, 18-12, Euljiro 6-ga, Jung-gu,
Seoul, Korea.

TEL : 82-2-3398-8521~8535 FAX : 82-2-3398-8509

Web site : www.doosaninfracore.com

% Speccifications are subject to change without prior notice

DOOSAN Infracore

Printed in March 2006 PS-P086TI-D
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FOREWORD

This manual is designed to serve as an instruction for the Operation & Maintenance of the generating-
set engines of Doosan POLUS series and the power unit engines: POS6TI /PO86TI-1/D1146T/ 1146/
PUOBGT/ PUDB6. The POLUS means 'Power Plus’ that is represented more powerful Doosan
generating-set engines and it is marked on engine name as an initial P. On the other hand, initial PU
stands for ‘Power Unit’ and Initial D stands for standard engine prior to POLUS version.

The first half is for operation and the latter half is for maintenance like disassembling, inspecting and
re-assembling etc in order to help an understanding for the maintenance procedure more easity.

To keep the best periormance and the durability of engine for a long time, CORRECT OPERATION
and PROPER MAINTENANCE are essential.

In this manual, the foliowing symbols are used to indicate the type of service operations to be
performed.

Removal Adjustment

Installation Cleaning

Disassembly Pay close attention-lmportant

Reassembly Tighten to specified torque

Align the marks Use special tools of manufacturer

E1E1EIE P

Directional Indication L.ubricate oil
inspection Lubricate grease
Measurement

[ Fel (= E R R

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 services.
Also some figures in this manual may be different from the actuzal appearance of the engine because
of explaining them with the representative figure among these models.

For the last, the contents of this instruction manual may be changed without prior notice for some
quality improvement. Thank you.

Jan. 2004
DOOSAN Infracore Co., Lid.
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. 1. Safety Regulations
: 1.1. General Notes

Handling diesel engines and the necessary resources is no problem when the personnal com-
N missioned with operation and maintenance are trained accordingly and use their common
sense.

H This summary is a compilation of the most important regulations. These are broken down into
main sections which contain the information necessary for preventing injury to persons, damage
to property and pollution. In addition to these regulations those dictated by the type of engine
and its site are to be obsarved also.

X A IMPORTANT

i, despite all precautions, an accidentoccurs, in particular through contact with caustic acids,
: fuel penetrating the skin, scalding from oil, antifreeze being splashed in the eyes sic., con-
3 sult a doctor immediately.

1.2. Regulations Designed 1o Prevent Accidents

1.2.1. During commissioning, starting and operation

’ Before putting the engine into operation for the first time, read the operating instructions care-

¥ fully and familiarize yourself with the “critical” points. If you are unsure, ask your DAEWOO rep-

3 w resentative.

.

3 # For reasons of safety we recommend you attach a notice to the door of the engine room pro-

; hibiting the access of unauthorized persons and that you draw the attention of the operating

L persconat to the fact that they are responsible for the safety of persons who enter the engine
room.

> ® The engine must be started and cperated only by authorized personnel. Ensure that the

b engine cannot be started by unauthorized persons. _

' * When the engine is running, do nat get too close to the rotating parts. Wear close-fitting cloth-

4 ing.

g ® Do not touch the engine with bare hands when it is warm from operation risk of burns.

_ e Exhaust gases are toxic. Comply with the Installation instructions for the installation of DAE-

4 WQOOQ generator diesel engines which are io be operated in enclosed spaces. Ensure that

¥ « there is adequate ventilation and air extraction.

o Keep vicinity of engine, ladders and stairways free of cil and grease.Accidents caused by
slipping can have serious consequences.




1.2.2. During maintenance and care

e Always carry out maintenance work when the engine is switched off. if the engine has 1o be
maintained while it is running, e.g. changing the elements of change-over filters, remember
that there is a risk of scalding. Do not get too close to rotating parts. -

& Change the cil when the engine is warm from operation.

CAUTION :

Thera is a risk of burng and scalding. Do not touch oil drain valve or oif filters with bare hands.

* Take into account the amount of oil in the sump. Use a vessel of sufficient size to ensure that
the oil will not overflow.

® Qpen the coolant circuit only when the engine has cooled down. If opening while the engine
is still warm is unavoidable, comply with the instructions In the chapter entitled “Cooling”.

® Neither tighten up nor open pipes and hoses (lube oil circuit, coolant circuit and any addi-
tional hydraulic oil circuit) during the operation. The fluid which flow out can cause injury.

& Fuel is inflammable. Do not smoke or use naked lights in its vicinity. The tank must be filled
only when the engine is switched off.

® Keep sarvice products {anti-freeze) only in containers which can not be confused with drinks

containers.

* Comply with the manufacturer’s instructions when handling batteries.

CAUTION :
Accumulator acld Is foxic and caustic. Battery gases are explosive.

1.2.3. When carrying out checking, setting and repair work

® Checking, setting and repair work must be carried out by authorized personnel only.

* Use only toole which are in satisfactory condition. Slip caused by the worn cpen-end wranch
could lead to Injury.

* When the engine is hanging on a crane, no-one must be allowed to stand or pass under it.
Keep lifting gear in good condition.

® When checking injectors, do not put your hands under the jet of fuel. Do not inhale at atom-
ized fuel.

® When working on the electrical system disconnect the battery earth cable first. Connect it up
again last in prevent short circuits.
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1.3. Regulations Designed to Prevent Damage to Engine and Premature Wear

1) Never demand more of the engine than it was designed to vield for its intended purpose.
Detalled information on this can be found in the sales literature. The injection pump must not
be adjusted without prior written permission of DAEWQOQ.

2) If faults occur, find the cause Immediately and have i eliminate in order to prevent more seri-
ous of damage.

3) Use only genuine DAEWQO spare parts. DAEWOQOQ will accept no responsibility for damage
resulting from the installation of other parts which are supposedly “just as good”.

4) In addition to the above, note the following points.

e Never let the engine run when dry, i.e. without lube oil or coolant. Use only DAEWQO-
approved service products. (engine olf, anti-freeze and anticorrosion agent)

e Pay attention to cleanliness. The Diesel fuel must be free of water. See “Maintenance and
cara”.

# Have the engine maintained at the specified intervals.

® Do not switch off the engine immediately when it is warm, but let it run without load for about
& minutes so that temperature equalization can take place.

e Never put cold coolant into an overheated engine. See “Maintenance and care”,

» Do not add so much engine oil that the oil level rises above the max. marking on the dipstick.
Do not exceed the maximum permissible tilt of the engine. Serious damage to.the engine may
result if these instructions are not adhered to.

. Always ensure that the testing and monitoring equipment (for battery charge, oil pressure, and
coolant temperature) function satisfactorily.

» Comply with instructions for operation of the alternator. See “Commissioning and operatlon”

& Do not let the water pump run dry. If there is a risk of frost, drain the water when the engine
switched off.

1.4. Regulations Designed to Prevent Pollution

1.4.1. Engine oil, filter element, fuel filter

e Take old oil only to an il collection point. Take strict precautions 10 ensure that oil does not
get into the dralns or into the ground.

# The drinking water supply may be contaminated.

e Oil and fuei filter elements are classed as dangerous waste and must be treated as such.

1.4.2. Coolant

s Treat undiluted anti-corrosion agent and / or antifreeze as dangerous waste.
* When disposing of spent coclant comply with the regulations of the relevant local auihorities.



1.5. Notes on Safety in Handling Used Engine Oil

Prolonged or repeated contact between the skin and any kind of engine oil decreases the skin.
Drying, irritation or inflammation of the skin may therefore occur. Used engine oil also contains
dangerous substances which have caused skin cancer in animal experiments. If the basic rules
of hygiene and health and safety at work are observed, health risks are not to the expected as
a result of‘handling used engine oil.

2 Heailth precautions

® Avoid prolonged or repeated skin contact with used engine oil.

¢ Protect your skin by means of suitable agents (creams etc.) or wear protective gloves.
* Clean skin which has been in contact with engine oil.

- Wash thorcughly with scap and water, A nailbrush is an effective aid.

- Certain products make it easier to ¢lean your hands,

- Do not use petrol, Diesel fuel, gas oil, thinners or solvenis as washing agents.

» After washing apply a fatty skin cream to the skin.

® Change oll-soaked clothing and shoes.

e Do not put oily rags into your pockets.

E Ensure that used engine oil is disposed of properly.
- Engine oil can endanger the water supply -

For this reason do not let engine oil get into the ground, waterways, the drains or the sewers.
Violations are punishable. Collect and dispose of used engine oil carefully.
For information on collection points please contact the seller, the supplier or the local authorities.
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2. General Information

2.1. Engine Assembly

2.1.1. Engine sectlonal view {longitudinal)

b i S S S

6 7 8
15 16 17 18 19
EASO1001

1. Coaoling fan | 2. Vavle seat 3. Intake valve

4. Valve spring 5. Exhaust valve 6. Oil filter cap

7. Cylinder head 8. Combustion chamber 9. Pistion
10. Cylinder liner 11. Push rod 12. Tappet
13. Camshaft 14. Connecting rad 15. Crankshaft pulley
16. Vibration damper 17. Oil Pump 18. Qil suction pipe
19.  Qil pan




2.1.2. Engine sectional view (cross)

O

EA9O1002

o n AN~

Fuet filter

Inteke rmanifold

Injection nozzle assembly
Valve cotler

Valive stern seal

Valve guide

© ®

11.

Rocker arm
Exhaust manifold
Cylinder block
Qil filter

Oil cooler
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2.1.3. Engine assembly views
1) D1146/PUDSBS

1 2 3 4 56

X

O
7 8 910N
18 19 20 21

12 13

13 14 15

EA901003

1. Cooling fan 10.
2. Alternator 11.
3. Thermostat 12.
4.  Qil filter 13.
*5.  Qil filter cap 14,
8. Exhaust manifold 15.
7. Vibration damper 16.
8. Qil cooler 17.
9. Cooling water pipe 18.

(from radiator)

Qil pan

Oil drain valve
Flywheal

Flywheel housing
Cylinder head cover
Cooling water pipe
Fuel pipe

Starter

Intake stake

19.
20,
21.

23,
24.
25,

Intake manlfold
Fuel filter
Injection pump
Injection pipe
Water pump
Mounting bracket
Qil level gauge




2) D1146T/PUQBET

8 9 10 11 12

13 14

15 16 17 18

EA90O1004

© e Mo e ko h =

Cooling fan
Altarnator
Thermostat

Ol filter cap
Cylinder head cover
Exhaust manifold
Breather

Vibration damper
Qil filter

10.

11.
12.
13.
14.
16.
16.
17.

Cooling water pipe
{from radiator)

Qil cooler

Ol drain valve
Flywheel housing
Flywheel

Exhaust elbow
Turbocharger
Cylinder head cover

18,

19.
20.
21.
22.
23.
24.

Air pipe
{Turbocharger fo
Intake manifold)
Intake manifold
Fuel filter

Starter

Injection pump
Water pump
Mounting bracket



; 3) POSGTI

77
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8 910 1112 13

A

: -
¥
B
. 1819 20 21
EA201005
B
E
o 1. Cooling fan 8. Vibration damper 17. Intake manifold
5 2. Thermostat 9. Qil coocler 18. Injection pump
3. Oilfilter cap 10. OQil fan 19. Qil fikker
b 4. Air pipe 11. Ol drain valve 20. Oil lsvel gauge
B . {Turbocharger to 12, Starter 21.  Air pipe
’ Intake manifold) . 13. Flywheel housing (Intercooler to Intake manifold)
5. Turbocharger 14. Cylinder head 22. Mounting bracket
6. Exhaust elbow 15. Cooling water pipe 23.  Water pump
7. Breather 18. Flywheel




2.2. Engine Specification

2.2.1. Specification

Engine Model
tems

D1146/PUOBG

D1146T/PUGBET POBGTI

Engine type

4 cycle in - ling,
Water - cooled
type Naturally

aspirated

4 cycle in - line,
Water - cooled
type Turbo
charged

4 cycle in - line,
Water - cooled
type Turbo charged
intercoocted

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, ail ring 1

No. of cylinder-bore x stroke {mm) 6-111x139
Total piston displacement {cc) 8.071
Comprassion ratio 176 : 1 16.8 : 1 18.7 : 1
Engine dimension
(length x width x height) (mm) 1,224 xB30x 974 1,224 x830x1,0815 | 1,242x918x 1,102
Engine weight (] 720/780 780/780 790
Fuel injection order 1-56-3-6-2-4
Fuel injection timing (B.T.D.C siatic) 18° | 18°'12° 12°
Injection pump type Zexel in - line * AD” type Zexelin - line “ P* type
' Mechanical governor Electrical govemnor
Governor type
type(RSY) type(Ghana Control)
Ihjectlon nozzle type Multi-hole type (5 hole)
Fuel injection pressure (kg/cm?) 214 ‘ 214 | 214
Compression pressure (ka/cm?) 28 (at 200 mm)
Intake and exhaust valve clearance (at cold} {mm) 0.3
Open at 16°C (B.T.D.C)
Intake valve
Close at 36°C (A.B.D.C)
Exhaust valve Open at 46°C (B.8.D.0)
Close at 14°C (A.T.D.C)
Lubrication method Full forced pressure fead type
Oil pump type Gear type driven by camshaft
Qll filter type Full-flow, cartridge type
Lubricating il capacity (max./min.) (tit) 15.5 | 23
Qil cooler type Walter cooled
Water pump Ceantrifugal type driven by belt
Cooling Method Fresh water forced circulation
Cooling water capacity (engine only) (lit) 14711 14/14 ‘ 19
Thermostat type Wax paliet type (71 ~ 85 "0)
Alternator voltage - capacity (V-A) 24 - 45 '
Starting motor voltage - cutput  (V - kW) 24-45 [ 24 - 6.0

-10 -
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2.2.2. Engine power

Production tolerance : +5%

Conditlon
Generating-Set Engines
Continuous Prime Stand by
50 HZ 105 PS 116 PS
_ {1,500 rpm) - {77 kW) {85 kW)
D1146 Standard
60 HZ 130 PS 143 PS
(1,800 rpm) - {96 KW) (105 KW}
50 HZ - 145P5S 160 PS
{1,500 rpm) (107 kW) (118 kW)
D1146T Standard
60 HZ 170 PS 187 PS
{1,800 rpm) - {125 kW) {138 kW)
50 HZ 205 PS 24Q PS 270 PS
(1.500 rpm) (151 kW) (177 kW) {199 kw)
Standard
60 HZ 253 PS 279 PS 303 PS
{1,800 rpm) (186 kW) (205 KW) (223 kw)
PO86TI
50 HZ 203 PS 223 PS
(1,500 rpm) - {149 kK\A) (164 kW)
POBBTI-I
60 HZ 237 PS 260 PS
{1,800 rpm) - (174 kW) (191 kW)
Production tolerance .: +£5%
Max. Qutput
Power-Unit Engines
rpm PS kW
Naturally
PUOS6 6 Cvl. Aspirated 2.200 160 118
Turbo .
PUOBST 8 Cyvl. Charged 2,200 205 151

-

- 11 -

" * Note : All data are based on operation without cooling fan at 1SO 3046.




3. Technical Information
3.1. Engine Model and Serial Number

The engine model and serial number is
located on the engine as illustrated. These
numbers are required when requesting
warranty and ordeting parts. They are also
referred to as engine model and serial
number because of their location.

¢ Engine serial No. {(example 1 : D1146)
EACOA300001

Serial No.
Production Year(2003)
Engine Model Suffix

I

* Engine serial No. (axample 1 : D1146T)
EADOA300001

Serial No.
Production Year{2003)
Engine Model Suffix

I

¢ Engine serial No. (example 1 : PO86TI)
EBPOA300001

Serial No.
Production Year(2003)
Engine Model Suffix

I

® Ehgine serial No. (example 1 : PUCS6)
EACPA300001

Searial No.
Production Year{2003)
Engine Model Suffix

:

w12 .

EA902001

[ P mrEvoO

wobe, [ T eoRe [ im]
SPEED STROKE [ mm ]
sDBY [ Jvowme [ e ]
pME [ lvewm [
SERIAL RUMHER | |
DAEWOO HEAVY INDUSTRIES LTD.

-

EAS0O2002
<Namea Plate : General>
TENRIEATMOR TR D, )
[MPORTANT ENGINE INFORMATION W& R

A LAEROD EGYOUTY S CEEL () nscsmm‘wegm TYPEED RESELFLEL
R ]

TUNELF

0 GEHE DSAACEENT (e 0 CIMPRESSHTM RATI) 8
o RATED (RRPUT SIAD-BY ¢ DN
PRAE M
O BUECTOH TG Citegie +/- 1 HOC
O VVECIGRACE RANE 7 DUIT = O (010}
OO EHGSNE P <1 Mo for 1500rm conston] -2peed only
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o BAIE OF nACTURL [ [
“THEINGHE COFORME 10 [T]  WSEPAAKD GARS RECULATIONS FOR HER#-DUTY
OFF- ROAD INESEL CYTLE EMGHE 45 APFLCATON™

EAZ02003

<Name Plate : EPA & CARB>
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* Engine serial No. (example 1 : PU0OS6T)
EADPA300001

Serial No.
Production Year{2003)
Engine Model Suffix

3.2. Engine Type

The Engines D1146/ D1146T/ POSGTI/PUOSE/PUOSET are in-line vertical water-cooled 6-cylin-
der four-stroke diesel engines with direct injection. B1146/PUOB6G are natural aspiration engine,
D1146T/PUOSET are turbo-charged type, and PO3ETI is turbo-charged and inter-cocled engine.

3.2.1. Cylinder block

The cylinder block is a single piece of alloy cast iron. To increase its stiffness, it is extended to
a lavel below the crankshatft centar ling. The engine has replaceable dry cylinder liners and indi-

vidual cylinder heads with struck-in valve seat rings and replaceable valve guides.

3.2.2. Piston con-rod / crankshaft

The forged crankshaft is a ingrate type (Counterweight is integratad with crank shaft body).
Radial oil seal on crankshaft and flywheel are provided to seal the flywheel housing inside pen-
etrations.

The con-rods {connecting rods) are die-forged, diagonally split and can be removed through
the top of the cylinders together with the pistons. Crankshaft and connecting rods run in steel-
backed laad bronze ready-to fit type bearings. '
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3.3. Engine Timing

Camshatft, oil pump and injection pump are driven by a gear train arranged at the front end.

Camshaft gear

Injection pum =
I(z : ;4)p - _ - 7(
| —\ /—\k— -

¥
Idle gear
(Z=42) ,
Crankshaft gear - h

Z2z2) /&
Qil pump idle gear
(Z = 28)

Oil pump drive gear
(Z=38)

I
1

EASO2004

3.4. Valves

The gverhead valves are actuated via chilled cast iron tappets, push rods and rocker armsfrom
the camshaft.

-
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3.5. Lubrication System

The engine is equipped with force-feed lubrication.
The pressure is produced by a gear pump whose drive gear is in direct mesh with the crank-
\__/ shaft gear at the front end of cylinder block.

The oil pump draws the oil from the oil sump and delivers it through the oil cooler and oll filker

——

to the main distributor gallery and from there to the main bearings, big-end bearings and
camshaft bearings as well as to the small-end bearings and the rocker arms.

The injection pump and the turbocharger are also connected to the engine lubricating system.
The cylinder walls and timing gears are splash-tubricated.

Each cylinder has an oil jet provided for cocling the underside of the pistons.

The lube oil is cleaned in a full-flow oil filter.

« D1146/D11467/ POS6TI/PU0SG/PUOSET

—— CYLINDER BLOCK MAIN GALLERY |
OVER FLOW VALVE
? |§] | onruver | * i * * i * ‘
1

¢ BYPASS VALVE ? IEGEAR|  fcAman CRAMK SHAFT |WJECTION TURBO CIL SPRAY

_ (TIMING} BRG. BRG. l PUMP GHARGER NOZZLE
B | oL cooLer | pecuLama vave @I
[
¥ RELIEF VALYE 1 | |

CYL. HEAD CON-ROD | |

B [ o

PUMP | VALVE SYS1I‘EM BRG.

E‘é * PISTON

|0ILSTF|AINER|
]

N { 1 1 1 1 r

b —

g s
; \: OILPAN =

h ED70MO0

© 8.5.1. Cll cooler

[ An oil codler is provided beiween the cil filter and the cylinder block. This cooler is a flat fube
type with turbulence inserts and operated by the coolant.

ey

Wy W wpoer
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3.5.2. Oll filter

Check for oil pressure and oil leaks, and
repair or replace the oil filter if necessary.
Changa the cil filter cartridge simuitaneously
at every replacement of engline oil.

3.6. Air Cleaner

In case that elements are deformed, dam-
aged or if the air cleaner has a crack,
replace it.

By the definite interval, the elernants must
be cleaned and replaced.

- Cleaning of air cleaner efement : Evary 200 hours.

- Changing of air cleaner element : Every 400 hours.

-16 -
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3.7.

3.71

3.7.2.

3.7.3.

Fuel System

The fuel is delivered by the fuel feed pump via the fuel filtar to the injection pump and from there
to the injection nozzles.

The fuel is sprayed into the cylinders through nozzles fittaed in screw-fit injection nozzle holders
in the cyiinder heads.

Excessively delivered fuel and leak fuel from ihe nozzle flow through the return pipe back to the

tank.
A strainer is arranged ahead of the fuel fesd pump.

. Fuel filter

This fuel filter has two functions not only
oil filtering but also water separating
Before entering the suction chamber of
the injection pump, the fuel is cleaned ina -
strainer of fuel feed pump and & fuel filter.
Drain water in cartridge with loosening
the cock under filter manually (8} from
time to time.

The fuel filter should be replaced at

EA204009 |

every 400 hours.

Fuel requirements

DAEWOO marine diesel engines was designed to use Number 2-D diesel fusl or equivalent
that meets specification DIN 51601-DK. For maximum fuel aconomy, Number 2-D fuel when-
ever possible. When temperatures are below -7 “C (20 °F), use Number 1-D fuel. If Number 1- -
D fuel is not available, the mixture of one kerosene to two gallons of Number 2-D fuel ¢an be
used. Once kerosene has been added, the engine should be run for several minutes 1o mix the
fuel.

How to select fuel oil

Fuel quality is an important factor in obtaining satisfactory engine performance, long engine
life, and acceptable exhaust emission levels. DAEWQOOQ engines are designed to operate on
most diesel fuels marketed today. In general, fuels meeting the properties of ASTM Designation
D975 (grades 1-D and 2-D} have provided satisfactory performance.

'l:he ASTM 975 specification, however, does not in itseif adequately define the fuel character-
istics needed for assurance of fuel quality.

The properties listed in the fuel oil selection chart below have provided optimum engine per-
formance. Grade 2-D fuel is normally available for generator service. Grade 1-D fuel should not
be used in pleasure craft engines, except in an emergency.
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g Fuel Oil Selection Chart

General Fuel ASTM No. 1 No. 2

Classification Test ASTM 1-D ASTM 2-D DIN 51601
Gravity, "APt #) D 287 40 ~ 44 33 ~ 37 0.815 ~ 0.855
Flash Point b 23 100 {38) 125 (52) 131 (55)
Min. °F (°C)
Viscosity, Kinematic
CST 100 °F (40 °C ) D 445 1.3~ 2.4 1.9 ~ 4.1 1.8 ~ 10
Cloud Point °F #) D 2500 Sese Note 1) See Note 1) See Note 1)
Sulfur Content
Wi%, Max. D129 0.5 0.5 0.15
Carbon Residue

D 524 0.1 0.35 0.1

on 10%, wt%, Max.
Accelerated Stability
Total Insolubles D 2274 1.5 1.5
mg/100 mi, Max. #)
Ash, wi%, Max. D 482 0.01 0.01
Cetane Number, Min. +) D613 45 45 > 45
Distillation D 85
Teﬁ'\perature, F Q)

IMP, Typican #) 350(177) 375(191)

10% Typical #) 385(196) 430(221)

50% Typical #) 45(218) 510(256) 680(360)

90% +) 500 (260) Max. | 625(329) Max.

End Point ¥) 550(288) Max. | B75(357) Max.
Water & Sediment

D 1796 0.05 0.05 0.05

%, Max.

#) Not specified In ASTM D 975
+) Differs from ASTM D 975

NOTE : 1. The cioud point should be 6°C (10°F) balow the lowest expected fuel temperature to

prevent clogaing of fuel fitters by crystals.
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3.8. Cooling System

The engine has a liquid-cooling system. The fresh water pump is a maintenance-free by V-belt

from the crankshaft pulley.

Depending on the agreed extent of delivery and the design of the engine, the coclant circuit can

be equipped with temperature monitors which, in the event of loss of coolant, shut the engine

down.

® Check the coolant lavel of the expansion tank by removing the expansion tank filler cap, and

add coolant if necessary.

» When injecting antifreeze solution, first drain out the old coolant from the cylinder block and

radiator, and then clean them with cleaning solution.

# Be sure to mix soft water with antifreeze solution.

Water pips

)

Heserve tank

Radiator

Thermostart

4

Cylinder block

A
i,

| Water pump
C U

Cylinder head
N ——
L
EASM4001

-19 -




3.8.1. Coolant pressure cap

Check the pressure valve ocpening pres-
sure using a expansion tank cap tester. -
Replace the filler cap assembly if the
measured valve does not reach the spec-
ified limit. (pressure valve opening pres-
sure : 0.9 ‘kg;’cmz)

NOTE : Because jt is dangerous o

A open the pressure cap quickly
when coolant is hot,

after lowering the inside pres-

sure of the tank by sfow-open-

ing at first open it fully.

EA503002

3.8.2. Cooling water

® Regarding the cooling water that is to be used for engine, the soft water not the hard water
must be used.

® The engine cooling water can be used diluting it with antifreezing solution 40% and the addi-
tive for rust prevention (DCA4) 3 ~ 5 %.

® The density of above solution and additive must be inspected every 500 hours to maintain it

properly.

@ Note : The proper densily controf of anlifreezing solution and rust preventing additive will be
able io prevent the rusting effectively and mainiain the stable quality of engine. For
the improper control might give the fatal damage to the cooling water pump and cylin-

der liners, detail care is nesdad.

® Since D1146/PU086, D1146T/PUOBST and POBGTI 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 o be confirmed
by the cooling water test kit. (Fleetguard CC2602M or DAEWOO 80.99901-0038)
® 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 half.

-20 -
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2 Note : /it 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 loosan-
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. till the color change of test paper.

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

(4) Meake 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 indication
af test paper storage bottle, confirm the density. (Then, the density indication must be in
the hue range of 33% to 50%).

(8) The brown at the middle of test paper and the lowsr pink color indication represent the
additive state for rust prevention, and the proper range is that the mesting numerical
value of brown (vertical) and pink color (herizontal) 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, reptenish 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

Tem:g:'::ﬁ: 0 Cooling water (%) Antl-freeze (%)
Over -10 85 15
-10 80 20
16 73 27
20 87 a3
-25 &0 40
-30 56 44
-40 50 50
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3.9. V-belt Tension Check and Adjust

By the finger-pressure the belt is pressed
by 10mm ~ 15mm between the fan pulley
and the alternator pulley in normal condi-
tion. For the adjustment of the tension,
loosen the adjusting bolts which support
the alternator, adjust the tension and tight-
en the bolts again.

_oo.

Press here

10~15mm

Water pump
pulley
Alternator
pulley

Crank pulley Vbelt
- EA02006

EA9O2007




3.10. Turbocharger (for D1146T, P086TI, PUQS6T)

The exhaust gases of the engine are passed through the turbine rotor of the turbocharger. Air
compressor impeller mounted on the same shaft draws in fresh air and delivers it at a higher
pressure 1o the cylinders.

The turbocharger is naturally air-cooled. Lubrication of the main bearing is by oil under pres-
sure from the engine lubricating system.

%4 N

A
s

77}
7

EAG03004

1. Compressor casing A, Air inlet

2. Turbine casing B. Gas outlet
3. Compressor whael C. Gas inlet
4. Impeller D. Cil supply
5. Turbine E. Oil return
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3.11. Electrical Equipment
3.11.1. Wirlng circult

KEY SMTCH
LW CIL PRESS.CVERHEAT  CHARGE
WHLAMP  WIRLAMP LAWY (5025605009 “QPTION

HEAT | ofoto
@ @ @ ) :

O |

ETART} o

[ ]
Foa
Al

- oo
.] BoriRijaccira | G
- o oo

.85 50

B

045 80

- ETaHDaRD

OIL PRESS. W/R SW 5050 STARTER
weznE |7 25201-
5050 -] eE
0 . -STANDARD: 508 6050 (31}
+ OVER HEAT W/R SW ¢ (50)
{67 27841 -5008)
BATTERY < SHRRD
5050 g
— o
S
| * ot
. R
w30 ® soso ALTERNATOR
P, (E26101-7120) | !
EfG EARTH L
p
* ETAMDARD
FRAME EARTH
EAQ02008

3.11.2. Alternator

The altemator is fitted with integral silicon rectifiers. A transistorized regulator mounted on the
aiternator body interlor limits the altemator voltage. The alternator should not be operated

except with the regulator and battery connected in ¢ircuit to avoid damage to the rectifier and
regulator.

P-TAB :KET GP 890545
FACHOMETER CHARGE INDICATOR
ALDOG SYSTEM FREQUENCY = %

WM& x 1.0 THREAD
BATTERY TERMINAL

"L* Terminal
"R" Terrninal

L2

CONNECTOR HOUSING
KET MG 2042
TERMINAL
KET §T 740254

EA8G3006
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The alternator is maintenance-free, nevertheless, it must be protected against dust and,
above all, against moisture and water. '

| Wiring Diagram

To Battery + \0
¢ / Regulator
- 0

£

i1
P RL = 150250 OHM
g O — 0 —0
T T | ' '
:S; |
77

EABQO3007

E Operate the alternator according to the instructions given in the chapter.

3.11.3. Starter motor

The siiding-gear starter motor is flanged to the rear of the flywheal housing on the left-hand
side. When the starting key switch is turned on, the starter motor pinion flies out and engages
the ring gear of the flywheel. Then the main contact is closed, current flows, and the engine
is started. After the engine starts, the pinion automatically returns to its initial position when
the starting key switch is released. Once the engine starts, the starting key switch should be
released immediately. Otherwise, the starter motor may be damaged or burned out.

In case of repairing the engine dip the pinion of the starter and ring gear into the fuel and
remove the corrosion with brush. After that apply the grease on them to protect the corrosion.
Whenever you clean the starter, always pay attention not to occur the electric short due to

* entering the water.
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& POBGTI (24V X 6.0kW)

124V x 6.0kW

TERMINAL "B" TERMINAL SwW

?

H“Z@ 1
Uj T

- pER
Hm

EABO3008
Wiring Diagram
w8 n
Y N ]z
Motor . =
SW S =t
E:‘II— [
P
s e (w)
L o o =
L KS *
) - 2. 5A(20°C 24V) -
EAS0Q3009
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e D1146/D1146T/PU086 / PUOSET (24V X 4.5kW)

24V X 4.5kW |

ﬁ_wLmu

jj -
Vil
_

EA902009
| Wiring Diagram |
STARTER SW
MAGNET
SWITCH
STARTER
i MOTOR
L ]
EA902010

-

' E Always protect starter motor against moisture.

WARNING :
A Always' disconnect the battery earth cable before starting work on the electrical system.
Connect up the earth cabie last, as there Is otherwise a risk of shori-circuits.,
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4. Commissioning and Operation

4.1. Preparation

At the time of initial commissioning of a new or overhauled engine make sure to have observed
the “Technical Infarmation for the installation DAEWOO generator engines”.

* Qil filler he_ck on cylinder head cover
Before dally starting of the engine, check the fuel, coolant and oil level, replenish if necessary.
The notches in the dipstick Indicate the highest and lowest permissible il levels
"The oil required in the sump is specified in the "Engine Specification.

NOTE : The oil required to fill the oil fillers and pipes depends upon the engine and usa and
must be determined individually at the time of initial commissioning. (Make the Max
and Min. marks of the determined quantity on the oil level gauge.)

® Cleaniliness

Ensure ouimost cleanliness when handling fuels, lubricants and coolants

4.2. Breaking-in
4.2.1. Operation of a new engine (Break-in)

Because the sliding surfaces of a new engine are not lapped encugh, the oil film can be

destroyed easily by overload or overspeed and the engine life-time may be shortened.

Therefore the followif-"ig things must be obeyed by all means.

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

A Engine should be run at fast idling until the temperature of the engine becomes normal oper-
ating condition. ‘

A Overload or continuous high speed operation should be avoided.

A High speed operation with no load should be prevented.

A Abrupt start and s%op of the engine should be avoided.

A Engine speed must be under 70% of its maximum speed.

A Maintenance and inspection must be accomplished thoroughly.

4.2.2. Check points for break-in

During the break-in (Eche initial running of the engine) period, be particularly cbservant as fol-
lows: '

a) Check engine oil level frequently. Maintain cil level in the safe range, between the “min." and
“max.” marks on dipstick.

@ NOTE : if you have a problem getting a good oil evel reading on dipstick, rotale dipstick 180°
and re-insert for check.
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b} Watch the oil 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 il pan, if required.
Do not overfill. If level is correct énd the status still exisis, see your DEALER for possible
switch or oil pump and line malfunction.

MNOTE : Qil pressure will rise as RPM increases, and fall as RPM decreases. In addition, cold
oit will generally show higher oil prassure for any specific RPM than hot oil. Both of

these conditions reflect normal engine operation.

¢) Walch the engine watser temperature gauge and be sure there is proper water circulation.
The water temperature gauge hasdle will fluctuate if water level in expansion tank is oo low.
At the end of the break-in period, remove break-in oil and replace the oil filter. Fill oil pan
with recommended engine oil. Refer to following table.

<Recommended engine oil and capacity>

Modei Qil pan (only) Engine oil
D1146/PU08BE 15.5 liter
BP1146T/PU0OSET 15.5 liter SAE 15W40
, - API CD or CE
PO8ETI 23 liter

4.2.3. Operating alter break-in

When staf!ing a cold engine, always allow the engine to warm up gradually. Never run the
engine at full throttle until the engina is thoroughly warmed up. Be sure to check the il level
frequently during the first 50 hours of operation, since the oil consumption will be high untill the
piston rings are properly seated.

4.3. Inspections after Starting

During operétion the oil pressure in the engine lubrication system must be monitorad. If the mon-
itoring devices register a drop in the lube oil pressure, switch off the engine immediately.
And the charge warning lamp of the alternator should go out when the engine is running.

& Do not disconnect the battery or pole terminals or the cableg!

* If, during oiperation, the battery charge lamp suddenly lights up, stop the engine immediately
and remedy the fault in the electrical system!

e Engine should be stopped If the color, the noise or the ocdor of exhaust gas is not rormal.

® Confirm thé following things through warning lamps and gauge panel.
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4.3.1. Pressure of lubricating oil

The normat pressure ¢comes up to 1 lﬁ:g)'cra"n2 (1.0 bar) at idling and 3 ~ 5 kg/cm? (3.0 ~ 4.9 bar)
at maximum speed. If the pressure fluctuates at idling or does not reach up to the expectad
level at high speed, shut down the engine immediately and check the oil level and the oil line
leakage.

4.3.2. Temperature of cooling water

The cooling water temperature sheuld be 71 ~ 85 "C in normal operating conditions.
Abnormally high cooling water temperature could cause the overheating of engine and the
sticking of cylinder components. And excessively low cooling water temperature increases the
fuel consumption, accelarates the wears of cylinder liners and shortens the engine life-time.

4.4, Operation in Winter Time

Pay special attention to the freezing of cooling water and the viscosity of lubricating oil.

4.4.1. Prevention against the freeze of cooling water

When not using anti-freeze, completely discharge the whole cooling water after engine run-
ning. The freeze of cooling water causes the fatal darmages of the engine. Because the anti-
freeze is used to prevent cooling water from freeze, consult “The amount of anti-freeze”.

4.4.2. Prevention against excessive cooling

Drop of thermal efficiency caused by excessive cooling increases fuel consumption, therefore
prevent the engine from excessive cooling. If the temperature of coctant does not reach to hor-
mal condition (71 ~ 85 °C) after continuous operation, examine the thermostat or the othér cool-
ing lines.

4.4.3. Lubricating oil

As cold weather leads to the rise of oil viscosity, engine speed becomes unstable after start-
ing. Therefore the lubricating oil for winter should be used to prevent this unstability. Refer to
Lubricating System section.
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4.5. Tuning the Englne

The purpose of an engine tune-up is to restore power and performance that's been lost through
wear, corrosion or deterioration of one or more parts or components. In the normal operation of
an engine, these changes can take place gradually at a number of points, so that it's seldom
advisable to attempt an improvement in performance by correction of one or two items only. Time
will be saved and more lasting results will be abtained by following a definite and thorough pro-
cedure of a.nalysis and correction of all iterns affecting power and performance.

Economical, trouble-free operation can better be ensured if a complete tune-up is perfformed
ohce every years, preferably in the spring. Components that affect power and performance to be
checked are:

& Components affecting fuel injection ;

Nozzie, delivery valve, fusl filter, water saparatar, eic.
# Componants affecting Intake & exhaust ;

Air filter, inter-cooler, turbo, silencer, etec.
* Components affecting lubrication & cooling ;

Air & oil filter, anti- freeze, ete.
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5. Maintenance and Care
5.1. Perlodical Inspection and Maintenance

In order to insure maximum, trouble-free engine performance at all timas, regular inspection,
adjustment and maintenance are vital.

® Daily inspections in below figure should be checked svery day.
& The maintenance should be executed thoroughly at regular intervals,
(Refer to "7.1. Periodic inspection Cycle".)

5.2. Lubrication System
5.2.1. Exchanging of tubrication oil

Engine ol and the oil filter are Important factors affecting engine life. They affect ease of stari-
ing, fuel economy, combustion chamber deposits and engine wear. Refill and drain oil pan
every 50 hours of operation or 6 months whichever occurs first. At the end of the break-in peri-
od (50 heurs), change the oil sump oil and replace the cil filter.

5.2.2. Qil level

Check the oil level in the engine sump

daily with a dipstick. _

# The notches in dipstick must indicate
the oil level between the max. and the
min. permissible.

# The oit level should be checked with
the engine horizontal and only after it
has been shut down for about 5 min-

utes.

# Examining the viscosity and the conta-
mination of the oil smeared at the dip-
stick replace the engine oil if neces-
sary.

CAUTION :
. Do not add so much engine oil that the oil lavel rises above the max. marking on the dipstick.
Over lifting will result in damage to the engine.
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5.2.3. Oil exchange procedure

While the oil is still hot, exchange oil
as follows:
\._/ ® Take out the oil dip dipstick.

® Remove the drain valve from oil pan,
then drain out the engine oil into a con-
tainer.

® Reassemble the drain valve with the oil
pan and the drain plug with oil filter head

after draining out the engine oil.

EAS04001

® Refill with new engine oil at the oil filler

neck on the head cover and the lubricat-
ing oil in accordance with the oil capaci-
ty of the engine through oil filler. Be care-
ful about the mixing of dust or contami-
nator during the supplement of oil. Then
confirm that cil level gauge indicates the
vicinity of its maximum level.

¢ For a few minutes, operate the engine at = EASQ4002

idling in order tc circulate oil through

s
(,

lubrication system.

® Thereafter shut down the engine. After
waiting for about 10 minutes measure
the quantity of il and refill the additional
oil if necessary.

& Recommend of lubricating oil

Initial factory filling is high quality break-in oil (AP1 Service CH-4 grade). During the break-in
A period (50 hours), chack the oil leve! frequently. Somewhat higher oil consumption is normal

until piston rings are seated. The oil leve! should be maintainéd in the safe range between Min.

and Max. mark on the dipstick. To obtain the best engine performance and engine life, Engine

oil is spacified by API| Service, lettarad designations and SAE viscosity numbers. If the speci-

fied engine oil is not available, use a reputable brand of engine oil labeled for APl Service CH-

4 and SAE viscosity 18W40 or 10W40. Refer to il identification symbol on the container.

-33 -




Engine oll viscosity - amblent temperature

Single

grade

Ambient |-30°C 15°C .0°C 15°C 25°C_ 30°C

tomp  |(-20°F) (-0°F) (-3F) (60° F) (80°F) (90°F)
g’f.‘;ﬁe SAE 10W - 30

EA4M1008

5.2.4. Replacement of oll filter cartridge

At the same times of cil exchanges,

replace the il filter cartridga. Qil filter head

CAUTION :

Don’t forget tightening the drain vaive

after having drained engina oil.
Oil filter
{Cariridge)
® Loosen the oil filter by turning it counter-

clockwise with a filter wrench. EA902005

® With a rag wipe clean the fitting face of
the filter body and the oil filter body so
that new oil filter cartridge can be seated
propery.

O‘Lightly oil the OG-ring and turn the oil fiter unti} sealing face is fitted against the O-ring. Turmn 1-
1/4 turns further with the filter wrench.

2 NOTE : t is strongly advisable to use DAEWOQ genuine oil filter cartridge for replacement,




5.3. Cooling System

The coolant must be changed at intervals of 1,200 hours operation or six months whichever

comes first. If the coolant is being fouled greatly, it will lead an engine overheat or coolant blow

off from the expansion fank.

5.3.1. Coolant draining

a) Remove the pressure cap.

b) Open the drain valve at the radiator lower
part to drain the coolant as the right fig-
ure.

¢) Loosen the coolant drain plug.
Loosen the coolant drain plug of the
cylinder block and oil cooler,

CAUTION :
When removing the pressure filler cap

while the engine is stilf hot, cover the cap
with & rag, then turn it slowly to release
the internal steam prassure This will pre-
vent a persorn from scalding with hot

steam spouted out from the fiflar port.
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5.3.2.

A

Cleaning of the cooling system Inside clrcuit
(by authorized speclalist personnel)

When the cooling system circuit are fouled with water scales or sludge particles, the cooling
efficiency will be lowered.
Investigations have shown that in many cases the poor condition of the coclant and /or the
cooling system accounts for damage to the water pump mechanical seal, The poor condition
of the codling system is normally due to use of unsuitable or no anti-freezing agents and cor-
rosion inhibitor or defect, not early enough replaced covers for filler neck and working valves.
If twice in a short time the water pump of an engine develops leases or the coolant is heavily
contaminated (dull, brown, mechanically contaminated, gray or black signs of a leakage on the
water pump casing) clean the cooling system prior to removing that water pump as follows.
a) Drain coolant.
b) Remove thermostats, so that the whole cocoling system is immediately flown through when
cleaned.
¢) Fill the cooling system with a mixture of potable water and 1.5% by volume of cleaner.
{(Henkel P3T5175)
d) Warm up engine under load. After a temperature of 80°C is reached, run engine for a fur-
ther 15 minutes.
&) Drain cleaning fluid.
f) Repeat steps ¢} and d).
g) Flush cooling system.
h) Replace drain plug by drain plug with a bore of 8rmm diameter.
i} Fill cooling system with hot water.
i} Bun engine at idle for 30 minutes. Al the same time continucusly replenish the water leak-
ing from the bore in drain plug by adding fresh water.

Periodically clean the circuit interior with a cleaner.
- Cooling system cleaning interval: Evary 1,200 hours.
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5.3.3. Intercooler {for PO8ETI)

The intercooler ig air to air type and has a large cooling fan capacity. The intercooler life and
performance depends on the intake air condition greatly. Fouled air pollutes and clogs the &ir
fins of intercooler. As a result of this, the engine ocutput is decreased and engine matfunction is

occurred. So yvou always check whether the intake air systems like air filter element are wormn
or polluted.

Airfair intercooler
with downstream
radiator

(Combined radiator)

Cooling &ir

Hot charge air
from compressor

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

EAS04003

¢ Cleaning

in order to maintain the heat transfer efficiency of the intercooler, it is necessary to clean It at
regular intervals.

! Cleaning of intercoaler fins : Every 600 hours.

-
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5.4. Air Intake System

1. Connection port, fouling Indicator
2. Cleaner housing

3. Clamp

4. Element

5. Hexagon nut

6. Covar

7. Dust bowl

EAB05012

5.4.1. Maintenance
(only when engine is switched off)

Empty the dust bowt (7) regularly. The howl should never be filled more than halfway with dust.
On slipping off the two clamps (3), the dust bowl can be removed. Take off the cover (6) of the
dust bowl and empiy.

Be careful to assemble cover and bowl correctly.

There is a recess in the cover rim and a lug on the collector which should register.

Where the filter is installed horizontally, watch for “top” mark on cleaner bowl.

5.4.2. Changing filter element

CAUTION : Do not allow dirt to get info
the clean air end.

On removing ihe hexagon nut, take out
the dirty cartridge and renew or clean.

Wipe the cleaner housing with a damp
cloth, in particular the sealing surface for

tha elemant.

-

EABOS013

NOTE : Unless the maximum nurmber of
A cleanings (up to 5 x} have baen
done, tha fifter cariridge should
' be ranewad svary lwo years or
4,000 hours operation.
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5.4.3. Cleaning filter elements

® By compressed air

{wear goggles)

For the purpose, the airgun should be fit-
ted with a nozzle extension which is bent
907 at the discharge end and which is
long enough to reach down inside to the
bottom of the element.

Moving the air gun up and down, blow

out the element from the inside (maxi-
mum 500kPa - 5 bar) until ne more dust
comes out of the filter pleats.

EA6O5014

® By washing
Before washing, the element should be
precleaned by means of compressed air,
as described above.

Then allow the element to soak inlukewarm
washing solvent for10 minutes, and then
move it to and for in the solvent for about
5 minutes.

Rinse tharoughly in clean water, shake
out and allow drying at room temperature.
The cartridge must be dry before it is
reinstalled. Never use steam sprayers,
petrol (gasoline}, alkalis or hot liquids etc.
to clean the filtey elements.

EAEO5015

® Knocking out dirt by hand
In emergencies, when no compressed air or cleaning agent is available, it is possible to clean
the filter cartridge provisionally by hiiting the end disk of the cartridge with the ball of one’s
thumb.
Under no circumstances should the element be hit with a hard object or knocked against a hard
surface to loosen dirt deposits.

® Checking the filter cartridge
Befare reinstailing the cartridge, it must
be checked for damage e.g. to the paper
f}!eats and rubber gaskets, or for bulges
and dents etc. in the metal jacket.
Cracks and holes in the paper pleating
can be established by inspecting the car-
tridge with a flashlight,
Damaged cartridges should not be
reused under any circumstances. In X
cases of doubt, discard the cartridge and EABO5016
install a new one.
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5.5. Fuel System

5.5.1. Fuel fiiter

® After every 200 hour of operation, drain
the water and sediment from the fusl-
water separator.

® Shut off the engine. Use your hand 10
open the drain vaive (7).

& Turn the valve countar clockwise approx-
imately 2 ~ 3 turns until draining occcurs.
Drain the filter sump of water until close
fuel is visible.

® Turn the valve clockwise to close ihe EA204009

drain valve. Do not over tighten the valve,
overtightening can damage the threads.

5.5.2. Replacement of fuel filter

# Clean the area around the fuel filter head
3.

e Remove the fuel filter @ by turning it
counter-clockwise with filter wrench,
{Discard the used filter.)

» Remove the fuel fiter thread adapter seal
rng(@) -

® Use a clean lint free cloth to clean the
gasket surface of the fuel filter head @).

® Install the new thread adapter seat ring EA7Q5008
@ supplied with the new filter.

® Use clean oil to lubricate the filter seal
®), and fill the new filter with clean fuel.

® install the filter on the filter head @).

® Tighten the filter uniil the gasket contacts
the filter head surface.

@ Tighten the filter on additional one-half to
three-fourths of a turn with the filter
wrench, on as specified by the filter man-
ufacturer.

iNIOTE 1 Mechanical over tighitening of the filter can distort the thread or damage the iifter ele-
A ment seal. ‘
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5.5.3. Fuel sysiem checks

5.5.4.

A

Fill the tank with the recommended fuel. Keeping tanks full reduces water condensation and
heips kaep fuel cool, which is important to engine performance.

Make sure fuel supply valves (if used) are open.

To insure prompt starting and even running, the fuel system must be primed with the fuel feed
pump manually before starting the engine the first time, or after a fuel filter change.

Refili at the end of each day’s operation to prevent condensation from contaminating the fuet.
Condensation formed in a partially filled tank promotes the growth of microbial organisms that
can clog fuel filters and restrict fuel flow.

if the engine Is equipped with a fuel water separator, drain off any water that has accumulated.
Water in fuel can seriously affect engine performance and may cause engine damage.
DAEWOQ recommends installation of a fuel water separator on generator units.

@ Air removal of fuel system ' L
The suction room of fuet injection pump has the function of air removal coﬁtinuously during
the operation through a relief valve. | .
In case that the suction room lacks fuel at all, forrinst;ance,' 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 disap-
pear.

& Fuel supply pump

Evary time of engine oil replacement, the fuel strainer installed at the fuel supply pump should
be removed and cleaned.

Fuel contamination and water trap

In the generator environment, the most likely fuel contaminants are water amicrobial growth
(black “slime”). Generally, this type of contamination is the result of poor fuel handling prac-
tices. Black “slima” requires water in the fuel to form and grow, so the best prevention is to keep
water content to a minimum in storage tanks.

If diesel fuel which contains moisture Is used the injection system and the cylinder liners / pis-
tons will be damaged. This can be prevented to same extent by filling the tank as soon as the
engine is switched off while the fuel tank is still warm (formation of condsansation is prevented).

Drain moisture from storage tanks regularly. Installation of a water trap upstream of the fuel fil-
ter is also advisable.

-

NOTICE:

A galvanized steel tank should never be usad for fuel storage, because the fusl oil reacts
chemically with the zinc coating to form powdery flakes which can quickly clog the fuel filters
and damage the fuel pump and injection nozzles. '
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5.5.5. Priming pump strainer cleaning

Clean the prfiming pump sirainer filter
every 200 operation hours.
The strainer filter is incorporated in the

priming pump inlet side.

EADC4004

5.5.6. Bleeding the fuel system

Whenever fuel filter s changed or the
engine is stopped by cause of the fuel
lack, the air of fuel line must be removed
as follows.
Bleed the fuel by manually operating the
priming pump with fuel fiter cutlet joint
bolt and injection pump bleeder screw
loosened.

® Press the feed pump cap repetitively until

the fuel without bubbles overflows from

the bleeding plug screw. " EAS04005

& After the whole air is pulled out, close the
plug screws of the filter and the pump.

® Confirm the resistance of fual delivery by
repetition pressing of the feed pump cap,
Pressure and turn the priming pump cap
simultaneously to close it.

5.5.7. Injection pump

e Check the fue! injection pump housing for cracks or breaks, and replacs if damaged.

# Check and see if the lead seal for idling control and speed control levers have not been

* removed.

» No alterations must be made to the injection pump. If the lead seal is damaged the warranty
on the engine will become null and void.

® We strongly recommended that any faults developing in the injection pump should be taken
care of by authorized specialist personnel. ' ’
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5.6. Injection Nozzle Maintenance
{by authorized specialist parsonnel)

The injectors are designed to spray the

fuel delivered by the injection pump direct-

ly into the spherical combustion chamber

in the pisto‘n crown.

The injector consists of the nozzle and the

nozzle holder.

A copper seal fitted to the injector ensures
gas-tight seating and good heat dissipation.

The opening pressure of the nozzle is

EAQM30G3
adjusted by means of shims at the com-
pression spring.
i e PETEY: et v e
“’:‘:’:% ‘é;‘\‘-:’:“ %%’Z%:' : \\¢§§
Normal Abnormal Abnormal
EFM10086]

# Install a nozzle to a nozzle tester.

® Check injection pressure, and adjust the nozzle using the adjusting shim if the pressure does not
meet the specified limit. '

Engine Model D1146/PUOSH D1146T/PUQBET FPO86TI

Opening pressure 214 kgfcm? 214 kg/cm? 214 kg/cm?

® Check nozzle spray patterns and replace if damaged.

CAUTION :
The Injection lines are designed for high operating pressures and should thus be handled with
particular care,

& When mounting the pipes to the engine take care of good fitness,

# Do not bend pipes to permanent deformation {not for replacing the nozzles either).
* Do not mount any heavily bent pipes.

# Avoid bending the pipes at the ends by more than 2 to 3 degrees.

In case of faults in the injection system which might have resulted in excessive operating pres-
sures, not oniy the failed part but alse the injection line has to be replaced.
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5.7. Turbocharger (for D1146T/PU0S6T, POB6TI) .

5.7.1.

Maintenance
{by authorized specialist personnel)

The turbochargers do not call for any specific maintenance.

The only points to be observed are the oil pipes which shouki be checked at every oilchange
for leakage and restrictions.

The air cleaners shouléj_.be carefully serviced.

Funhermore;_ a regular check should be kepi on charge air exhaust gas pipes. Any leakages
should be attended to at once because they are liable to cause overheating of the engine.

When operating in highly dust or oil-laden atmosphaeres, cleaning of the air impsaller may be

* necessary from time to time. To this end, remove compressor casing (Caution , Do not skew

5.7.2.

* Measuring rotor axial clearance

it} and clean in a non-acid solvent, f necessary using a plastic scraper.

If the alr compressor shoukd be badly fouled, it is recommended that the wheel be allowed to
soak in a vessel with solvent and to clean it then with a stiff brush. In doing so, take care to see
that oniy the compressor wheel is immersed and that the turbocharger Is supported on the
bearing casing and not on the wheel.

Special hints

It is recommended that the radial and
axial clearances of the rotor be checked ' Magnetic vise Turbine wheel chamber

after every 3,000 hours operation.
This precaution will enable any wear of

the Measuring of axial clearance bear- Sy { =

Move the turbine
shaft to axal
direction

ings to be detected in good time before

serious damage is caused to the rofor Dial gauge
and beaarings.

F— Wear limit : 0.20mm EAAM2017

Axial clearance 0.2 mm

e Measuring radla! clearance

Radial clearance 0.65 mm
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Dial gauge
gaus Magnetic vise

Move the turbine shaft

— |] in both directions
simultaneously

Radiai play
Limit of wear : 0.57mm

Qif inlet

EAAM2018
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6. Checking and Setting

6.1. Adjustment of Valve Clearance

6.1.1.

6.1.2.

Gieneral information

The valve clearances are to be adjusted at the times of the following situations.

& After Eniﬁal 50 hour’s operation.

® When the engine is overhauled and the c¢ylinder heads are disassembled.

® When severe noise comes from valve train.

® Whan the engine is not normally operated, even though there is no trouble in the fuel sys-
tem. The valve clearance of the cold engine are as follows.

Adjusting order of the valve clearance

® Cylinder No. 1 begins from the rear side where the fiywheel is mounted but cylinder No. 6
begins from the front side of the engine on the contrary.

Flywheel Intake Valve Exhaust Valve Cylinder No. Crank pulley

/

d

EDSOMO0S

Step 1:

& After letling the cylinder No.6 in the overlap TDC position by turning the crankshaft, adjust
the valves corresponding to * {} of following figure. At this time cylinder Ne. 1 should be at
the ignition TDC position{O.T).

‘Step 2:

» After adjusting upper valves tum the crank pulley 360" to adjust the other valve clearance
until the cylinder No. 1 comes to overlap TDC position.
At this time cylinder No. 6 should be at the ignition TDC position(Q.T).

¢ Adjust the valves corresponding to " 4" in upper figure.
After reconfirming the valve clearances, retighten it if necessary.
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QI ® Loosen the lock nuts of the rocker arm adjusting screws and push the specified feeler
< gauge and adjust the valve clearance with adjusting screw respectively.

Nodel Intake Valve Exhaust Valve

D1146/PUOB6
D1146T/PUOSST 0.2 mm 0.3 mm
PO8BTI

6.1.3. Method of adjusting the valve clearance

1) Loosen the lock-nuts () using a ring span-
ner.
2) Insert a thickness gauge of 0.3mm
' between valve stem (@ and rocker arm
: @
; 3) Turn the adjusting bolts @ using a screw
' driver until the gauge can be pulled out
with some restriction.

; 4) After the adjustment fix the adjusting boit = EA004014
i not io rotate and tighten the lock-nut at

the same time.
5} Measure the clearance one more time

and’if necassary adjust again.
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6.2. Adjustment of Injection Timing

6.2.1. Method of adjusting injection timing

& 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 (\L} on the fly-

wheel housing.

D1146/PUOSS | POB6TI
D1146T | /PUOSET
Fuel injection timing X R
(B.T.D.C static) 18 12

® 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.

-48 -
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& Tighten the coupling fixing bolts and nuts
to specified torque.

Torque | 6.0 ~6.5kg.m

" EAMDO21|

6.3. Cylinder Compression Pressure

1) Stop the engine after warming it up, then

remove the nozzle assambliss.

EAZS05003

B '\L/ 2) install 2 special too! {gauge adapter) in
nozzle holder hole and connect the com-
pression pressure gauge to the adapter.

L 3) Cut off fuel circulation, rotate the slarter,

then measure compression pressure of
each cylinder.

EA90S5004

a Standard value 25 ~ 28 kg/cm?

b Limit 24 kg/cm? or less

Difference between each cylinders Within = 10%

% Testing conditions : at water ternperature of 20°C and speed of 200 rpm (10 tumns)
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6.4. V-belts

The tension of the V-belts should be checked after every 2,000 hours of operation,

1) Change the V-belts if necessary

If in the case of a multiple beit drive, wear or differing tensions are found, always replace the

complete sei of belts.
2) Checking condition

Check V-belts for cracks, oil, overheating and wear.

3) Testing by hand

The tension is corract if the V-belis can
be pressed in by about the thickness of
the V-belt. {(no more midway between
the belt pulleys)

A more precise check of the V-belt ten-
slon is possible only by using a V-belt
tension tester.

4) Measuring tension
() Lower indicator arm (1) into the scale.
® Apply tester to belt at a point midway
between two pulleys so that edge of
contact surface (2} is flush with the V-
belt.
¢ Slowly depress pad (3) until the spring
can be heard to disengage.
This will cause the indicator to move
upwards.
I pressure is maintained after the
spring has disengaged a falsa reading
will be obtained!
® Reading of tension
® Read of the tensioning force of the
*  belt at the point where the top surface
of the indicator arm (1) intersects with
the scale.
® Before taking readings make ensure
that the indicator arm remains in its
position.
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Tensioning forces on the tester
new installation . x
Type Drive belt width When servicing after
. After 10 min. .
Installation ' long running time
running tims
M 9.5 mm 50 kg 45 kg 40 kg
A * 11.8 mm 55 kg 50 kg 45 kg
B - 15.5 mm 75 kg 70 kg 60 kg
C 20.2 mm 75 Kg 70 kg 60 kg

* : Adopted in D1146/PU0S6, D1146T/PU0OBET and POS6TI

5) Tensioning and changing V-belt

& L oosen fixing bolts and nuts.

e Adjust the alternator until V-belts have

correct iensions.

® Retighten fixing belis and nuts.

To change the V-belts loosen fixing boits

and nuts. Then push the alternator

toward water pump pulley by hand.

EA902007
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7. Operation Tip

7.1. Periadic Inspection Cycle

(O: Check & adjust @ : Replace

Inspection

Dally

Every
50hrs

Evary
200hrs

Every
400hrs

Every
800hrs

Every
1200h

emark

Cooling
System

Check for leakage(hoses, clamp)

Check the water level

Change the coolant water

Adjust the V-belt tension

Evary
2,000hrs

Clean the radiator

Lubrication
System

Check for leakage

Check the oil level gauge

Q|10

Change the lubricating ol

1st

Replace the oll filter cartridge

1st

Intake &
Exhaust
System

Check the leakage for intercooler
{hases, clamp)

Clean and change
the air cleaner element

clean

Clean the inter-cooler alr fins

Clean the turbo-charger

Every
2,000hrs

Fuel
System

Check the leakage fuel line

Clean the fuel strainer
of fuel feed pump

Remove sediment from fuel tank

Drain the water in separator

Replace the fuel filter element

Check fuel Injection timing

When
necessary

Check the injection nozzies

When
necessary

Engine
Adjust

Check the state of exhaust gas

Check the battery charging

o}l

Check the compression pressure

When
necessary

Adjust Intake/Exhaust
valve clearance

1st

When
necessary
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7.2. Trouble Shooting

1. Engine Starting Impossible

I

Starting motor operation poer

—

Inspaction of battery electorlytic

llquid amount & gravity

Engine

I |
\Eormal| I Too low ]
1

Inspect air cleaner
I |

Starting motor revolution —‘

Fuel

Inspect amount of fusl

Inspect fuel filtar
|
Elerment polluted
Ovarflow valve poor
I

Replace

- B3 -

Ajustment - Normal Polluted Normal None
Recharging | .
I Replace or Raplenish
Inspection of foose electric Clean element Inspect fuel [
wring & short : g o
d | Check compressicn IHIECUIOH No injection
| ressure
Normal Retigten - P Normal
Replace
P I EI' Continuous
- : - orma Repair - operation after
I Inspection of starting switch | P air removal
I Replace
; ot of Inspect
Norrmal Repair - nspe injection
Replace other parts timing
I ] [
| Inspection of starting relay | Check valve Adjust
| [ clearance Normal
|
Normat Replace L
LFJ | [ Normal | [ Adjust | '“SP‘TC‘ !"!gf"“
{_Inspection of magentic switch | ' nozzie {injection
I Check cylinder — pressure injection
Normal Repair « head gasket eplace state etci)
Repface P
Normal | Normal hemiac
Replace
Starting motor - .
disassembly Engine disassemply Injecticn pump
{valve assembly piston disassembly
eylinder liner etc.) ;
| Inspect supply pump cperation |
[
| + Normal I Inspect supply pump valve strainer Air mixture in fuel
| I I
Injection pump Clean - Retighten connection
Normal
dasassembly Replace | paris. Replace gasket |
I

Air removal .

Contlnuous air mixing

Supply pump
disassembiy




2. Engine Overheated

Operating state

1. Qverload
2. Radiator core clogged
3. Continuous over-run

Fuel excessive supply

Check injection nozzle

|

Coaoling unit Fuei unit
]
Check coolant
I Inspect fuel quality
i |
| Nermal | ‘ Too low |
| Poor
I
Check fan belt Repair - Clean and replace
tension waar Replace with specilied fust
or damage ete,
I
Replenish inspect cooling
Nermal water leakage
|
Check fresh | __| Replace
water tank cap o Exteran|
Normal Retighten - Engina
‘ Replace disassembly
Check thermostat ——  Replace
Normal
|
Inspect heat o " Repair -
exchanger amag Replace
Normal || Check cooling Repair -
| water pump Replace
Clean cooling N |
water passage orma
Engine
disassembly
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Normal Abnormal
Adjust _
repair Repalir -
injection Replace
pump




3. Output insufficient

[
Engine

[
Fuel unit
I
Check for air mixing
in fuel

i 1

Others
1

Installation improper

Check for coupling
alignemnt

|nspect air cleaner

Inspact fuel supply pump

Normal| | Clean-Relpace

Mormal {| Clean-Replace

Inspect fuel fiter overfolw valve

Inspect engine control
rad, link, cable, etc.

Normal Replace

Normal Adjust

Inspect injection pipe

Check valve clearance

Normet || Repair- Replace

Normal Adjust

Inspect injsection nozzle
injecticn pressure
atomizing state

Inspect cylinder head
gasket for damage

Normal Hep[acel

Normal || Adjust-Replace

Check injection timing

Engine disassembly
(valve assembly)

Nermal Adjustment

Disassemble engine or
injection pump

—
Check Turbocharger
I [

MNarmal Repair-
Raplaca

Disassemble injection
pump or engine

-55 -

Adjust or replace
coupling

Inspect air leakage

of alr piping line
Normal Retighten -
Raplace

Inspect air leakage
of Intercooler




{l. Qil Pressure Lowered

Check oil amount

Check if oil pressure
gauge Indicates wrongly

Normal TOOIIOW
i
Check cooling Use recommanded oil
temperature I (replenish)
I
Teo high
Normai | g
| ' Refer to engine overhea
Inspect oil quality
Normel
Check oil relief Water & fusl mixed Improper
valve in oil
' | _
Retighten - Disassemble engine Replace W‘;h 5o
Normal Replace or injection pump recommended o
Disassemble
engineg
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5. Fuel Consumption Excessive

Causes according to Use Conditions
1. Overload

2. Govemor's Atbitrary Adjustment

3. Full Speed QOperation for Long time

B T e e O

4. Sudden Speed Changs from Low to
Inspect fuel lsakage High Speed
|
,« Normal
!
";?‘- — | . Qil leakage
i Inspect injection nozzle
. {injection pressure, Adjust -Replacs
4 atomizing state etc.) Retighten- Replace
: Normal
I
Check injection timing Adjust
|
Normai
I
Rapair -Replace
Inspect compressed Check valve Cyl?nder Iin?ar
p"’ss”“"] clearance Piston ring Piston
Normal
|
Disassemble .
injaction pump Adjust
I
Nermal
Inspact head gasket . Replace
Mormal

Cisassemble engine
(valve assembly piston
cylinder liner etc.)
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6. Oil Consumption Excessive

Cause according to use conditions

1. Excessive oil infusing

2. Continuous operation in low or
extremely cold state

Inspect oil ieakage

| Inspect air cleaner
| | I
Normal Oil leakage Clean- Replace
‘ I
Check ail quality External Internal
I ' I
Replace with Retighten - Check compressed
specified ofl Replace pressisre
Engine disassembly Normal
(piston cylinder finer) i
Disassemble
cylinderhead
(valve stem seal)
7. Engine Knocking
I
Inspect combustion of fue! & oil
(carbon residue exhaust gas)
|
Unconfirmed Confirm
‘ i
Inspect compressed Dicassemble
pressure | engine
| Too low
Normal I

Inspact injection

pump

I

Normal

Adjust

l

Chack fus! quality

Use specified fuel

Check valve clearance and
cylinderhead gasket for damage

l_l—‘

Normal Heplace -
‘ Adjust
Disassemble
angine
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8. Battery Discharge

ko

Battery Wiring Switch Generator
I [ [
Check electrolytic inspect cut wire, Check fan belt
liquid amount shorts and lkoose tension & damage
connections
I
Rapair - Replace
Normal
I
Electrolytic Battery room Battery self Battery over
liguid's damage discharge charging
standard i
1 Inspect generator-
Replenish Replace Charging Voltage regulator
I
Normal Abnormal
Check charged stated Adjust -
] Replace
Discharging
Disassemble

generator - Voltage
regulator
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7.3. Causes and Remedies

Condition

Causes

Remedies

1) Starting difficu!t

{1) Compression pressure

¢ Valve’s poor shut, stem distortion
® Valve spring damage
¢ Cylinder head gasket's leak

& Wear of piston, piston ring or liner

Repair or replace
Replace valve spring
Replace gasket
Adjust

2) Idie operation abnormal

¢ Injection timing incorrect

® Alr mixing at injection pump

Adjust

Remove air

3) Engine output insufficiant

(1) Continuous output

(2) Qutput insufficient

when in acceleration

® Valve clearance incorrect insufficient

® Valve tightness poor

& Cyiinder head gasket’s leak

& Wear, stick, damage of piston ring

# Injection timing incorract

® Fusl injectlon amount insufficient

# Nozzle injection pressure
improper or stuck

® Supply pump’s function lowered

® Fuel pipe system clogged

® Air suction amount insufficient

* Supercharger poor

Adjust

Repair

Replace gasket
Replace piston ring
Adjust

Adjust injection pump

Adjust or replace

Repair or replace
Repair

Clean or replace air
cleaner

Repair or raplace

» Compression pressure insufficient
® Injection timing Incorrect
® Fua! injection amount insufficient
& Injection pump timer's
function insufficient
& Nozzle infection pressure,
infaction angle improper
® Supply pump’s function lowered

@ Air intake amount insufficient

Disassemble engine
Adjust
Adjust injection pump

Repalr or replace

Repair, replace

Repair or replace

Clean or

replace air ¢cleaner

-G60 -
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Condition Causes Remedies
4) Qverheating e Engine oll insufficlent 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
& Valve clearance incorrect Adjust
o Exhaust system’s resistance Clean or replace
increased
5) Engine noisy For noises arise compositely such as
rotating parts, lapping pars etc., there
is necessity to search the cause of
noises accurately.
(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
e Oil supply insufficient due to cil Clean oil passage
passags ciogging
M .
® Stuck bearing Replace bearing & Grind
(2) Con rod and Con rod | ® Lopsided wear of con rod bearing Replace bearing
bearing ® Lopsided wear of crank pin Grind crankshaft
® Connecting rod distortion Repair or replaca
® Stuck bearing Replace & grind crankshaft
« Oil supply insufficiency as clogging | Clean oil passage
at oil passaqge progresses
{3) Piston, piston pin & & Piston clearance increase as the Replace piston & piston ring
, piston ring wear of piston and piston ring
progresses
& Waear of piston or plston pin Replace
® Pision stuck Replace pist_on
® Piston insertion poor Replace piston
# Piston ring damaged Replace piston
-\_’ .
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Condition

Causes

Remedies

(4) Others

® Wear of crankshaft, thrust- bearing
¢ Camshaft end play increased

» idle gear end play increased

» Timing gear backlash excessive

® Valve clearance excessive

® Abnormal wear of tappet, cam

e Supercharger inner part damaged

Replace thrust bearing
Replace thrust plate
Replace thrust washer
Repair or replace
Adjust valve clearance
Replace tappet, cam

Repair or replace

6) Fuel Consumption Excessive

¢ Injection timing incorrect

# Fuel injection amount excessive

Adjust

Adjust injection pump

7) Qil Consumption Excessive
(1) Ol level elevated

(2} Qil level lowered

(3) Qil leak

® Ciearance between cylinder
liner & piston
® Wear of piston ring, ring g'roove
* Piston ring’s damage, stick, wear
® Piston ring opening’s digposition
improper
e Piston skirt part darmaged or
abnormal waar
& Ol ring’s oil return hole clogged
o Qil ring’s contact poor

Replace

Replace pisten, piston ring
Replace piston ring
Correct position

Replace piston

Replace piston ring
Replace piston ring

® | poseness of valve stem & guide
& Wear of valve stem seal

* Cylinder head gasket's leak

Replace in sot
Replace seal
Replace gasket

® [ coseness of connection pans
& Various parts’ packing poor
& Qil seal poor

Replace gasket, repair
Replace packing

Replaca oil seal
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8. General Information

8.1.

1"
12

General Repair Instructions

. Befora performing service operation, disconnect the grounding cable from the battery for

reducing the chance of cable damage and burning due to shart-circuiting.

. Use covers for preventing the components from damage or pollution.
. Engine oil and anti-freeze solution must be handled with reasonable care as they cause paint

damage.

. The use of proper tools and special tools where specified is important to efficient and reliable

service operation.

. Use genuine DAEWQO parts necessarily.
. Used cotier pins, gaskets, O-rings, oil seals, lock washer and self-lock nuts should be discard-

ed and new ones should be prepared for installation as normal function of the parts can not be
maintained if these parts are reused.

. To facilitate proper ard smooth reassemble operation, keep disassembled parts neatly in

groups. Keeping fixing bolis and nut separate is very important as they vary in hardness and
dasign depending on position of installation.

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

air to make certain they are free from restrictions.

. Lubricate rotating and sliding faces of parts with oit or grease before installation.
10.

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

. Carefully observe all specifications for bolis and nuts torqueé..
. When service operation is completed, make a final check to be sure service has besn done

property.
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8.2. Engine Characteristic

8.2.1. Toroidal combustion mode (D1146/PU0O8G)

The D1 1’46 engine is operated in the toroidal combustion mode that was developed by this
company with AVL Co. Australia.

The feature of this mode in the fundamental structure is that there are combustion chambers
in the centers of piston heads and swirling passages in the cylinder heads.

This swirling passages when intake stroke generates the strong swirling motion in the com-
bustion chambers by giving the intake air a big moment, and when compression stroke, the
special piston’s shapes causing very complicated and distorted flows by means of eddy cur-
rent and squashed flows will make the air and fuel mix more smoothly.

Also, when explosion stroke, a considerable output increase came to be expected with the
accomplishment of nearly perfect combustion by the more smooth mixing of alr and fuel
which was injected through multi-nozzles in the combustion chamber.

This engine by means of Torocidal Combustion Mode has the specific character such as guiet
and stable revolutional motion, multi-purpose application, economical fuel and oil consump-
tion, etc.

8.2.2. OMEGA combustion bowl (D1146T, P086TI)

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 plston has been machined in a small- @

er size than the interior of the combus-

tion bowl, strong swirl is produced in the ‘
cembustion bowl and strong squish flow

makes the fuel be mixed more sufflcient-
ly with air.

Due to the application of OMEGA com- % W %

bustion system and optimal utilization of

intake and exhaust port configuration
within the cylinder head, the D1148T and
FPOLUS PO086TI generator diesel
«engines discharge very low level of haz-

ardous exhaust gases such as smoke,

nitrogen oxide, hydrocarbon, or carbon EABM1001

monoxide and thus ensure high petfor-

mance and low fuel consumption.
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8.2.3. Oil gallery cooling type piston (POB6GTI)

Oil gallery cooling is used for the piston
of PO8ETI generator engine,

When thermal loading is high, piston
cooling by means of an oil gallery in the
crown is normally necessary to pre-
vent crown cracking and ring sticking.
The design of the gallery, the design and

location of the oil spray nozzle and the
quarttity of oif flowing in the gallery are

EAM1001

critical in order to achieve the desired
temperature raduction.

The cross section shape of the gallery
should be designed to achieve sufficlent
oil movement t¢ maximize coollng effi-
cisncy,

g e
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9. Maintenance
9.1. Engine Disassembly

9.1.1. Heed at disassembily

A ® Before disassembily, the part shelf should e prepared for various tools and repair parts.
® When assembling, clean empty hand should be used and clsan environment maintained.
@ In case of storing the disassembled parts, each part should not touch each other.
® In case of disassembly, the pants should be laid in order.

8.1.2. Oll level gauge

@ Pull out the oil level gauge.

9.1.3. Cooling water

® Remove the radiator cap. Open the
drain plug at the radiator lower pant to
drain the coolant as the right figure.

Caution :
When removing radiator filler cap
while the engine is stili hot, cover the
cap with a rag, then turn it slowly to

release the internal steam pressure

This wilf prevent a person from scald-
ing with hot steam spouted out from
the filler port.

EABC4002

® Remove the drain plug from the cylin- i R ] T
der block and drain out the cooling JilL, . iﬂ{‘ﬁ___r

. water into a container.

oo g
a6 a

-]
fa]

j —

Drrain plug EAZ0Q4003
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9.1.4. Engine oil

@ Remave the oil drain cock of oil pan
and pour the engine oll into the
prepared vessel.

9.1.5. Cooling fan

& Remove the flange fixing bolis, then
take off the flange and cooling fan.

9.1.6. V-beit

® Remove the V-belt by loosening
the alternator tension adjusting
bolt and tighten the bolt.

9.1.7. Starter

® Loosen ithe starter assembling nuts

and remove the starter being care-
ful not to damage its gears.

-67 -
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9.1.8. Fuel filter

® Remove the hollow screws of filter and
tear down fuel supply and dis-
charge rubber hose.

® Remove fuel filter assembling bolts
and disassemble the fuel filter,

9.1.9. Breather

® Loosen the clamp screw to remove the
rubber hose.

9.1.10. Intercooler (P086TI only)

® Tear down the various hoses and air
pipes from the inter cooler.
® Remove the intercooler fixing boilts

and tear it down.

9.1.11. Alternator

® Remove the alternator fixing bolts and
disassemble the alternator.

® Remove the tension adjusting bolts
and bracket.

-88 -
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9.1.12. Oil cooler

® Loosen the cocling water pump and
the rubber hose clamps of connected
pipes, and disassemble it.

® Remove the oil cooler assembling
nuts and disassemble it.

EDFOMO12

9.1.13. Qil filter

® Remove the oll filter assembling
bolts and disassemble the oil filter
assembly.

9.1,14. Water pump

® Remove the water pump assem-

bling bolis and disassemble the water
pump.

9.1.15. Cylinder head cover

® Remove the head cover assem-
: bling bolts and lift the cover.
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9.1.16. Nozzle

® Remove the fuel supply high pressure
pipe and its assembling nuts that are
connected between fuel injection
pump and nozzle and disassemble the
pipes.

& After installing the special tool
for

removing nozzle temporarily,
loosen the holder and then ham-
mar up with a hammer which is a
spacial tool o as for nozzle assem-
bly to be disassemblad.
| (Be careful not to damage the nozzie
at disassembled.)
® Pull the seal ring out through the noz-
zle hole of cylinder head and scrap it.

9.1.17. Turbo charger
{D1146T/PU0OB6T, POB6TI)

@ Disassemble the oil supply pipe
that supplies oil from cylinder block to
turbo charger and the oil discharge
pipe that discharges oil from turbo
charger to cylinder block.

® Remove the turbo charger assembling
nuts and disassemble it from the

axhaust manifold.

9.1.18. Exhaust manifold

@ Remove the exhaust manifold assem-
bling nuts and disassemble the heat
shield from the exhaust manifold.

® Then disassemble the exhaust mani-

+ fold and gasket.

® Scrap the used gasket.

-70 -
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9.1.19. Intake manifold

® Remove the Intake manifold assem-
bling bolts and disassembie it from the
cylinder haad.

® Disassemble the intake manifold gas-
ket and scrap it.

9.1.20. Cooling water pipe

® Remove the cooling water pipe
assembling bolts and disassemble the
pipe for the cylinder head.

® Remove the gasket of cooling water
pipe with a scraper thoroughly.

E Caution :
Be careful for the gaskat pleces not to
get in the passage of cooling water.

9.1.21. Rocker arm

® Remove the rocker arm bracket
assembling bolts in the reverse order
(zigzag method) of assembling and
disassemble the rocker arm.

® Disassemble the push rod.

9.1.22. Cylinder head

® Remove the cylinder head bolts in the
* reverse order of tightening but remove
it step by step.
First step : Loosen 1 ~ 2 threads
Second step : Remove by locsening
fully.
Howéver, remove the total bolts simui-

taneously by the step of 1 and 2.

-71 -
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® Lay the removed bolts orderly not to damage the threads at all and store.

A Cautlon :
Pravent a collision betwseen the bolt thread each other.
& Take out the cylinder head gasket and scrap it.
® Remove the foreign residues from the cylinder head surface and block surface.

e Caution :
Try not to make any damage on the contact surfaces.

9.1.23 Oll pan

® Remove the oil pan assembiing bolts
and disassemble the pan.

® After ramoving the oil pan gasket,
scrap it.

9.1.24. Vibration damper

@® Remove the vibration damper assem-
bling bolts in the reverse order of
assembling and disassemble the
damper assembly

9.1.25. Timing gear case cover

® Disassemble the oil seal using an oil
M seal removing jig-

® Remove the cover fixing bolis
and disassemble the cover from
the timing gear case.

EAMDOZ5I
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9.1.26. Oil pump

® Remove the bracket fixing bolts of oil
intake pipe.

® Remove the pipe assembling bolts of
oil pump and disassemble intake and
supply pipe.

® Remove the oil pump assembling
bolts, and disassemble the oil pump.

9.1.27. Piston

® Remaove the connecting rod cap bolts
in the reverse order of assembling but
do same as the cylinder head boit
removal.

#® Disassemble the upperfiower of con-
hecting rod caps by tapping lightly with
urethane hammer, and remove the
bearing.

® By pushing the connecting rod with

‘wooden bar from the direction of oil -

pan toward cylinder head, disassem-
ble the piston assembly.

® The disassembled piston assembly
should be handled to prevent bumping
each other, and stored as the cylin-
der's order.

#® In order for connecting rod cap not to
be swapped, temporarily assemble to
the corresponding connecting rod.

<Disassembly of piston>

Q (1) Remove the snap rings by means of
N\ a plier.

-

-73-

EFM2025]

EFM2026l

EAMDO38I




{2) Heat the plston with a electric heater,
then take out the piston pin from the
piston as tapping it with a round
wooden bar.

(3) Remove the piston ring with a plier.
N

@ (4) Clean the piston thoroughly.

9.1.28. Cylinder liner

@ @ Disassemble the cylinder liner with a
special tool or hand but be careful not
to generate any damage at cylinder

block.

9.1.29. Gear and idle gear pin

® Remove the camshaft gear assem-
bling bolts and disassemble the
* camshaft gear.
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® Remove the idle gear assembling
bolts and disassemble the idle gear
pin.

EAMDO026S

9.1.30. Fuel injection pump

® Disassembly the oil hose for lubrica-
tion.
® Remeve the injection pump

flange assembling nuts

" EAMDOZ1

® Remove the bracket fixing bolts $
7

of injection pump, and disassem-
ble by pulling the injection pump

backward.

T EAMDOZ2!

9.1.31. Water chamber cover

® Remove the assembling bolts
: and disassemble the water chamber
cover.

® Remove the remnarnt gasket thorocughiy.
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9.1.32. Fly wheel

& Remove the flywheel assembling bolts
and disassemble it.

@ The bolt removal is done by the
reverse order of assembling and by

the steps.

9.1.33. Fly wheel housing

® Remove the flywheel housing assem-
bling bolts and disassemble the

flywhesal housing.

® Disassemble the oil seal of fly-
wheel housing.

9.1.34. Injection pump drive gear

® Ramove the assembling nuts of drive
gear.

# Remove the drive gear housing ass-
embling nuis and disassembile the
gear assembly.

9.1.35. Timing gear case

® Remove the timing gear case assem-
biing bolts.

@ By tapping lightly with a urethane
ham-maer the right and left back of tim-
ing gear cease’s connecﬁn:g part, dis-

assemble the timing gear casa.
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9.1.36. Bearing cap

® Reamove the bearing cap assem-
bling bolts by the step in the reverse
order of assembling, and disassemble
the bearing cap. (Remove by the same
way as the cylinder head bolts’
removal.)

® Disassembled bearing caps are kept
laid in order.

9.1.37. Crankshaft

A

U0

N/AO]
o

o - EAMDO47S

® Assernble the bolts on the both side of crankshaft temporarily.

& Connect the rope 1o the bolis and lift the crankshaft by means of crane being careful not to

give any damage on it.
@ In order for the disassembled cranksh
the special lathe and store.

aft to be prevented from bends or damage, put it on

® Disassembie the metal bearings In turn and store them.

Note : Do not mingle with the metal bearings and bearing caps randormly. To prevent mix-

ing, temporarily assemble the metal bearings to the corresponding bearing caps in

turr.

9.1.38. Camshaft and tappet

® In order for camshaft not to be dam-
aged, disassemble turning it.

®In order for the disassembled
camshaft to be prevented from bends
or damage, put it on the special lathe
and store.

& Pull out the tappet.

® As required, pull out the camshaft
bush from the cylinder block by a
press.

“‘® Check for damage, scratch, and wear-

ing state and if abnormal, tear dowrn.

-

' )
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9.1.39. Oil spray nozzle (D1146T, POSET! only)

® Remove the valve screws of oil injec-
tion nozzle and disassemble it.
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9.2. Inspection

9.2.1. Cylinder block

® Clean the cylinder block thoroughly, and check for any crack or damage.

E @ |f there is any crack or severe damage, replace it and if there is minor one, correct it.

® Check for any clogging or corrosion in the oil passage and water passage.

L @ Carry out a leakage test for any crack or air leaking.
Hydraulic test :
Plug each cylinder block's water and oil discharge ports, and apply the air pressure of about
4kg/cm?® to intake port and soak it in water for about 1 minute to check if there is any leak-
age. (Water temperature : 70°C)

9.2.2_ Cylinder head
1) Cylinder head assembly disassembly

(1) Disassemble the cylinder assembly,
and put it on the shelf for assembly or
clean lathe.

Cautlon :
Prevent any damage fo gasket's comntact

surface of the cylindar haad.
Compress

(é) Disassemble the cotter pin, spring, the spring
spring seat pushing valve spring by a

special tool. EAOM4007

(3) Pull out the intake and exhaust valves.
(4) The disassembled parts are kept laid

in turn.
(5) Disassemble the valve stemn seal.
(6) By means of the special tool, punch,
Q\ pull out a valve guide.

-

2) Inspection of cylinder head’
{1) Check for the cylinder head.

@ ® Remove carbon from the cylinder head lower surface, and then should be careful not to
scratch the surface.

® Check any crack or damage that’can not found by naked eyes through the hydraulic or
magnetic particle test, '
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(2) Distortion of lower surface

@I @ As shown in figure, measure the cylinder

t
. head's distortion at 8 directions with hor- ”DEL/D/
izontal ruler and clearance gauge.

# If the measured value is beyond the limit @
value, correct it by means of the fine “‘“c . -‘B©
grirding paper or grinding machine.

@ If it is beyond the max. allowable value, >< E
raplace the cylinder head ’5“%

EA3M2031

<Lower face warp and height>

Standard Limit

Warp 0.2 mm or less 0.3 mm

T(?;ﬁ';‘,}ggge; 109.9 ~ 110.1 mm | 108.4 mm

EAIM3020

{3) Flatness

Check the flatness of the installing surface of cylinder head's intake and exhaust manifolds
with horizental ruler and clearance gauge.

Standard Limit
Q.05 mm 0.2 mm

{4) The hydraulic test

The hydrauiic test of cylinder head Is same as the cylinder block tast.

3) Inspection of valve and valve guide
(1) Valve

ﬂ After cleaning valve with fuel, check it.

@ Valve stem outer diameter
Measure the valve stem outer diameter

at 3 positions (top, middle, and bottom),

End of stem
and check for any wear and if beyond ‘_d/
the limit value, replace the valve., H

EFM20361
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Dimension

Pescription

Standard

Limit

Intake valve stem

# 8,950~ ¢8.970 mm

$8.93 mm

Exhaust valve ster

#8.935~ $8.955 mm

#8.91 mm

® Valve seat contacting faces
CheackK the valve seat contact surface for

any crack and wear, and if necessary,

correct with grinding paper, and if

excessive, replace H.

'ﬂ ® Valve head thickness

Measure the thickness of valve head

and if beyond the limit value, replace

the valve,
Dimension
. Standard Limit
Description
Intake valve 2.7 mm 1 mm or less
Exhaust valve 2.2 mm 1 mm or less

{2) Valve guide
® Insert a valve into cylinder head and

measure the clearance between valve

guide and valve by valve movement. If

the clearance is excessive, measure the

valve and replace the excessively worn

valve or valve guids.

[i <Valve stem end play>-

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

!Assemble the wvalve at cylinder head's
valve guide and see if it is centered with

@ the valve seat using a 'special tool.

-81 -
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(3) Valve seat

@.I ¢ Contacting face amount

As for the valve seat’s wear, measura the

width of the contact surface with intake
valve seat and exhaust valve seat. If

e

beyond the limit value, replace the valve
seat,

® Assemble the valve at the valve seat of
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

intake &
Exhaust 0~03mm 0.55 mm

If the amount of depression is beyond the

specified limit, repiace the valve seat. + Depression
T\

EAOMAD46

® For the disassembling of valve seat, by

welding the welding bead to a valve seat

rotating tool or valve seat, pull it out with Valve seat

a special tool.

Cylinder head

Welding bead

EA3M2032

® For the assembling of a new valve seat, by putting it among the dry ices of an ice box pre-
@‘ viously for about 2 hours for the cold shrinkage, and press it in the cylinder head by
a special teol. (bench pres's)
@ Apply valve lapping compound to the valve head seating face on the valve seat and lap the
valve seat by furning it until it is seated in position, theﬁ wipe out the lapping compound.
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(4) Valve spring
.

ﬁlo

@.

Visual check
Check the appearance of valve spring
and if necessary replace the spring.

Valve spring free length

tise a varnier caliper to measure the
valve spring free length.

If the measured value is less than the
specified limii, the valve spring must be

replaced.
Spring free Length Standard
Intake valve 54 mm
Exhaust Inner 60 mm
valve Outer 71 mm

Valve spring inclination

Use a surface plate and a square to mea-
sure the valve spring inclination.

if the measured value exceeds the spec-

‘ified limit, the valve spting must bs

EA3M2033

replaced.
{unit : mm) Standard Limit
Valve Spring

Inclination less thart 1.8 mm (2.7 mm

@nl ® Valve spring tension

Use a spring tester to measure the valve
spring tension if the measured value is
less than the specified limit, the valve
spring must be replaced.

=— |nclination

Free length

f - Square

N\ OSSN EJM20501

"™ Spring toster

EAOM4056

Spring
Set Length force Limit
Valve Spring
13;?\‘},(: Tension at41mm | 70 kg = 3Kg
Set Length
Exhaust | Inner | 38 mm | 28.6 kg +6 %
valve

Cuter | 41 mm 66 kg + 5 %
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(5) Assembling cylinder head
® Clean the cylinder head thoroughly.,

® Replace the valve stem seal with new
ons, and by means of a special too|,
press the stem seal into the valve guide
of cylinder head.
® Coat engine oil to valve stem and valve
guide and assemble the valve.
However, be careful for the damage of
valve stem seal.
® [nstall the lower seat of valve spring to
the valve guide of cylinder head.
& After putting inner, outer springs, install
the spring .upper seat on it.
O ® Assemble the valve by inserting the
A valve cotter pressing the valve spring
with a special tool.
® After installing the valve, check whether
the vaive is correctly installed or not tap-
ping it lightly with- urethane hammer.

9.2.3. Rocker arm assembly

1) Disassembly
(1) Disassemble the snap rings that are
located at both ends of rocker arm
shaft by a plier.
(2) Disassemble in the order of washer,
rocker arm bracket, rocker arm spring,
rocker arm.

2) Inspection of rocker arm assembly
(1) Rocker arm shaft
@ @ Rocker arm shaft run-out
. Place the rocker arm shaft on two V
. blocks and inspect the shaft for bend
using a dial gauge.
If the amount of this run-out is small,
press the shaft with a bench press to

correct the run-out Replace the shaft if
the meoasured value exceeds the limit.

vl it

Og

o

EA9OMa022

EABM3008

Limit 0.2 mm

EDM2037!
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® Rocker arm shaft diameter

With an outside micromster, measure
the rocker arm shaft diameter at the
point whera the rocker arms have been
installed. Replace the rocker arm if the
amount of wear is bayond the specified

limit.
Standard Limlit
¢23.978 ~ ¢23.959 mm $23.75 mm

2} Rocker arm
® 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
grinding paper of fine grain slze, Rocker
arm with a considerable amount of step
weaar should be replaced.

¢ Rocker arm bushing diameter
Measure the inside diameter of the rock-

er arm bushing with an inside microme-
ter or verrier calipers, and compare the
measured values with the rocker arm
shaft diameter. If the clearance
exceads the limit, replace either bushing
or shaft, whichever worn more.

Standard Limit

0.020 ~ 0.093 mm 0.3 mm or less

3) Tappet and push rod
& Clearance

-

Measure the clearance of the tappet
and tappet holes of the cylinder block. I
the value is beyond the specified limit,
replace tappets.

Standard Limit

0.035 -~ 0.077 mm 0.15 mm
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® 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 dam-
aged. If the amount of cracks or pitting is
small, correct with an ¢il stone or grind-
ing paper.

@.I ® Outslde diameter of tappet
With an outside micrometer, measure

the tappet outside diameter If the mea-
sured value is beyond the limit, replace
tappeis.

(1) Unevenness (2} Crack {(3) Normal

{4) Abnormal EAOMA4070

Standard | ¢19.944 ~ ¢19.965 mm

@ ® Push rod run-out

EDM20511

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
surface as shown in the figure.

4) Reassembling rocker arm assembly

Reassembling can be done in the reverse

(;rdar of disassembling and following things

should be heeded

® Check the oil supply heole of rocker arm
shaft for any clog and clean thoroughly.

® Be careful not to occur any swap of posi-

tion and reverse assembiy.
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9.2.4.

Camshaft

1) Camshaft End play

@& Push the thrust plate toward the cam
gear.

& With a feeler gauge, measure the clear-
ance between the thrust plate and
camshaft journal,

® If the end play is excessive, replace the
thrust plate.

Standard Limit
0.28 ~ 043 mm 0.6 mm
2) Cam
® Cam lobe height
Standard Limit

Cam journal
diameater {A,B)

¥ 5786~ ¢57.88 mm| ¢57.52 mm

Use a micrometer to measure the cam
lobe height and journal diameter.

if the measured number is less than the
specified limit, the camshaft must
replaced.

® Cam surface

inspect the cam face for scratch or damage.

Feeler gauge

EAQMAOE7

EAOM4082

Slight step wear or damage on the cam face may be corrected with oil stone or oiled grind-

ing paper. But, replace if severely damaged.

3) Cam shaft

K3

& Clearance

between camshaft journal and camshaft bush

- With an outside micrometer, measure the camshaft journal diameter.

-

- Measure the inside diameter of the camshatft bushing on the cylinder block using a cylin-

der bore indicator, and compare the measured value with the camshaft cutside diametar to

determine the clearance.
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<Clearance>

Standard Limit

0.12 -~ Q17 mm 0.24 mm

Replace the bushing if the measured
value is beyond the specified limit.

& Hun-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

9.2.5. Crankshaft
1) Inspection of crankshaft

{1) Defect check

® By naked eyes, check for any scratch or
damage on the crankshaft journal and
crank pin.

® By means of magnstic particle test and
color check, check the crankshaft for
any crack and if found, replace it.

(2) Wear measuring

& With an outside micrometer measure
the dlameter of the crankshaft Journals
and pins In the directions as shown, and
compare the measured values to
determine the amount of wear.

-88-
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@ It 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 oiled grinding paper of fine grain size.
(Be sure to use grinding paper which
has been immersed in oil.)

Standard Limit

Journal diameter | $83.966 ~ #83.988 mm | #83.000 mm

Pin diameter $70971 ~ p70.980 mm | ¢70.000 mm

® In case that pIn’s wear is more than the
limit value, grind the crankshaft journal
and crank pin, and use the undersized
bearings.

@ Be sure to use grinding papar which has
been immersed in oil.

* Standard values of "R’
® Crank Pin‘® :4.52,

(@) Crank journal ‘R’ : 4 3.

<Undersize bearings available:

® Standard

® 0.25 (Inside diameter is 0.25 mm lesser
than the standard sizs.)

@ 0.50 (Inside diameter is 0.50 mm lesser
than the standard size.)

& 0.75 (Inside diameter is 0.76 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 dif-
ferent sizes as indicated above, and the
crankshaft can be reused through the
regrinding as described above.

e
1 4
- i
L]
X
EFM20471
N H " --\_—"_
N -
n H n
13 R L}
r'd
e
Normal Paor Poor EFM20481

E Caution : In case of regrinding, the grinding the “R” part of bearing end should be correctly
done and keep In mind to'remove any jaws or coarse surface absoluiely.
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(3) Crankshaft run-out
® Support the crankshaft on V blocks.

@'I ® Turn the crankshaft with a dial indicator
placed on the surface plaie and take the
amount of crankshaft run-out.

Standard Limit
0.05 mm 0.1 mm

2) Crankshaft bearing and connecting rod
(1) Visual check

Visually check the crankshaft bearing
and connecting rod bearing for scores,

uneven wear or damage.

EAMDO58S

(2a) Oil clearance between crankshaft _
and bearing (Method 1 : dial gauge)
& Main bearing clearance

Q\I Install the main bearing in the cylinder
bleck, tighten the bearing cap to speci-

fied torque, then measure the inside

‘dlameter.
Torgue 30 kg-m
Crank journal 83.966 ~
diameter 83.98Bmm

Compare the two values
obtained through measurement of
main bearing inside diameter with
the outside diameters of crank-
shatt journals to determine the oll
clearance.

<Main bearing oil clearance:>

Standard Limit
0.052 ~ 0.122 mm 0.25 mm

-g0 -
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E ® Connecting rod bearing clearance
Install the connecting rod beating in the
connecting rod bearing cap, tighten the

@ connecting rod cap bolts to the specified

torque, then measure the

inside diameter.

1
Torque 18 kg'm *
i 12
Crank pin . 70.791 ~ \LJ)
diameter 70.890 mm

Compare the iwo wvalues obtained
through measurement of connecting rod
bearing inside diameter with the outside
diameters of crankshatft pins to determine
the oil clearance.

Standard Limit
0.034 ~ 0.098 mm 0.25 mm

EAMDO&O!

A @ If the clearance deviates from the
specified range, have the crankshaft
ijournals and pins ground and install
undersize bearings.

{(2b}) OIll clearance between crankshaft and bearing
{Method 2 : plastic gauge)

@l #® Assemble the crankshaft on the cylinder block and put plastic gauge on thae journal and pin
of crankshaft and then after assembling bearing cap, tighten the bolts at the specific torqus,

@ Agaln after disassembling the bearing cap by removing the bolts, take out the fiatted plas-
tic gauge and measure the width of plastic gauge by means of plastic gauge measuring
scale. This is the il clearance.

® The oil clearance too can be measured in the same manner.

-
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3) Bearing spread and crush

- . @ Inspection

Check to see that the bearing requires a

considerable amount of finger pressure

at reassembly operation.

@ Crankshafit bearing crush
Install the bearing and cap in the cylinder
biock, retighten the bolts to specified

torque, unscraw out one bolt completely,

then measure the clearance betweaen the

bearing cap and cylinder block using a

feeler gauge.

Standard

0.19 ~ .22 mm

-02 -
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@ Connecting rod bearing crush
Install the bearing and cap in the con-
necting rod big end, retighten the bolis to
specified torque, unscrew out one bolt
completely, then measure the clearance

betwaen the bearing cap and conneacting
rod big end using a feeler gauge.

Standard 0.3 ~ 0.5 mm

EAMDOB4!

4) Crank shaft end play

® Assemble the crankshaft {0 the cylinder
block.

& With a dial gauge, measure crankshaft
@' end play.

Standard Limit
0.15 ~ 0.325 mm 0.5 mm

9.2.6. Piston assembly

1) Disassemby of piston assembly
Disassemble piston according to the disassembly process of “3.1.28. Piston”.

2) Piston inspection
{1) Visual check

a Visually check the pistons for cracks,
scuff or wear, paying particular attention

to the ring groove.

{2) Clearance between the pision and cylinder liner

i @ With an outside micrometer, measure the
@. *  piston outside diameter at a point 13mm

Position of measuring
away from the lower end of piston skirt in outside diameter

a direction at a right angle to the piston I

pin hoe. (:j “]

Standard | 2 110.833 - ¢110.897 mm

l

EAMDOB6S
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® Using a cylinder bore gauge, measure
cylinder liner inside diameter at 3 points
(cylinder top ring contacting face, middle,
and oil ring comtacting face on BDC) ina
cdirection at an angle of 45°, Take the
mean value with the largest and smallest
values- excepted.

Standard
g111 ~ $111.022 mm

Limit
#111.122 mm

® The clearance is computed by subtracting
the plston outside diameter from the
cylinder liner inside diameter. Replace
either piston or cylinder liner, whichever
damaged more, if the clearance is
beyond the specified limit.

«<Clearance between piston and liner>

Standard 0.108 ~ 0.138 mm

3) Piston rings

fi)

(1) Visual check

Replace the piston rings with new ones if
detacted worn or broken when the engine
is overhauled.

(2) Piston ring gap
® Insert 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 feeler
gauge.

Standard ~ Limit
Top ring | 0.40 ~ 0.60 mm 1.5 mm
2nd ring | 0.40 ~ 0.60 mm 1.5 mm
Qil ring | 0.30 ~ 0.50 mm 1.5 mm

Replace piston rings with new ones if the
gap is beyond the limit.
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(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
valus is beyond the specified limit.

(4) Piston ring tension

With a tansion tester, measure piston ring
tension. RHeplace the piston ring if the

measured value is beyond the limit.

Standard
Top ring 2.58 ~ 3.88 kg
2nd ring 1.81 ~ 2.71 kg
Qi ring 3.57 ~ 5.03 kg

4) Piston pin inspection
(1) Wear

Measure the amount of wear on the piston
s pin at the points as shown. The measured
values are beyond the limit (0.08 mm or

greater), replace the pin.

Standard
$41.994 ~ §42.000 mm

Limit
#41.2840 mm

=95 -

Standard Limit
Top ring - -
2nd ring | 0.07 ~ 0,102 mm {0.15 mm EAOM4032
Qil ring 0.05 ~ .085 mm | .15 mm
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(2) Clearance

Measure the clearance between the piston
pin and connecting rod bushing, and
replace either of them, whichever dam-

aged more, if the measured wvalue is
beyond the limit.

Standard Limit

(-}

0.009 ~ 0.015 mm 0.08 mm ]

EA3SM2047

(3) Condition check

Check the engaged condition of the piston and piston pin. If it is possible to force the pin into
the piston heated with piston heater, the piston is normal. When replacing the piston, be sure
to replace the piston pin together.

5) Connecting rod inspection

il

]

(1) Distorsion

Check the connecting rod for distortton. 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 con-
necting rod Is found distorted, never re-use it but replace with a new one.

(2) Holes alignment (paratlelism)

Measure the alignment of the connecting
rod piston pin bushing holes with
connecting 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
EAOM4034
(3) Wear

® Assemble the connecting rod to the crankshaft and measure connecting rod big end sicde
clearance using a feeler gauge.

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

& If the measured values are beyond the limit, replace the connecting rod.

Limit 0.5 mm
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9.3. Reassembly

9.3.1. General precautions

@ Clean all the disassembled parts, particularly oil and water ports, using compressed air,

then chack that they are free from restrictions.
@ Arrange the general and special tools in order for engine assembly operation.
® To wet each stiding part, prepare the clean engine oll.
® Prepare service materials such as sealant, gaskets, etc.

& Discard used gaskets, seal rings, and consumable paris, and replace with new ones.
® Apply only the specified torque for boits in the specified tightening order and avoid over-

tightening.

#® Be sure o check that all the engine parts operate sroothly after being reassembled.

® Check the bolis for looseness after reassembly.

#® After completing the engine reassembly operation, check if there is missing parts or short-

age of parts.

& Keap your hands clean during the working.

9.3.2. 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 fiting surface facing
downward.

9.3.3. Oil spray nozzle (for D1146T/PU0BET/ PUBETI)

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

Torque 8 kg-m

-

9.3.4. Tappet and cam shaft

a. ® 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.
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tappets and slide them into the tappet
holes on the cylinder block,

j ® Apply engine oil to the entire face of the

® Wet the cam bush inside diameter and
camshaft with oll, and carefully assemble
them while tuming the camshatt.

2 Caution :
Be careful not to genaraia a damage fo

camshaft and bush.

® Check to see that the camshaft rotates
L smoothiy.

“ EDM20601

9.3.5. Crankshaft

@ Install the main bearing (refer to assemble
sequence : right figure) 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.

EFM2061]

Key groove
Oil port and passags

EAOMA4083
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® 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.

& Semi-tighten a bolt at both sides of the
E crankshaft, apply engine oil to journals
and pins, then assemble the crankshaft
with the cylindar block by tightening the
fixing bolts.

E Cautlon :
Coat engine oil to the pin and journal of
crankshatft.

® Install the oiled thrust washers with the

oif groove facing outward.

® install the bearing and thrust washers to
the bearing cap and apply oil to the

-

bearing and thrust washers.
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@ Install the bearing cap by matching the
cylinder block No. with the bearing cap
No.

® Apply oil to the entire part of the bearing
cap bolts, then tighten in tightening

]
@ sequence to specified torque.

Torque 30 kg'm

& After semi-tighiening both bolts evenly,
tighten them diagonally to the specified
torgue using a torgue wrench as follows.

Lo
EQM30591

<Tightening order>

{1) First stage : Coat engine oil over bolis.

(2) Second stage : Temporary boit screwing about 1 ~ 2 threads

{3} Third stage : With iImpact wrench, tighten up to about 15 kg-m

(4) Fourth stage : With torque wrench, tighten up to about 25 kg-m _

(5) Fifth stage : By means of torque wrench, tighten finally in the specified torque. (30 kg:m}.

® Tighten the bearing cap in the sequence of 4-3-5-2-6-1-7.
® Check to see that the assembled crankshaft tums smoothly.

9.3.6. Flywheel housing

® Temporarily install the guide bar on the
cylinder block.

® Appiy gasket to the cylinder block.

Q\ ® Using the dowel pin and guide bar, install
the flywheel housing and tighten the fix-

ing bolts in a diagonal sequence to spec-
ified torque. (Zigzag- method)

Torque 8 kg-m

EA9M3013
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Caution :
When the bolts are tightened, remove the guide bar.

® The flywhesl housing is assembled after the new oil seal was pressed (Coat engine oil over
N the outside of oll seal} before in the housing by a press. If any peripheral scar was gener-
ated dus to oil seal at the il seal contact surface of crankshaft, after inserting about 1 mm

shim or thereabout in front of oil seal (Direction toward crankshaft.), measure and adjust.

9.3.7. Rear oll seal

& Apply lubricating oil to thie outside of the

oil seal and flywheel housing inside
diameter and fit them over the crank

Q\ shaft, then assemible the oil seal using

an oil seal fitting jig.

EABM3003

9.3.8. Flywheel

® Installation of flywheesl ring gearWith a
gas burner, heat the ring gear evenly
until heat expansion takes place, then
install it using a hammer.

Q Cautlon :
Do not allow the temperature of the ting
gear to exceed 200 °C (390 'F}.

EAOMA029

@ By means of mandrel, assemble pitot
bearing to the flywheel.

® By means of mandrel, press in the wear
« ring at the backward face.

Wear ring # Ring gear

EAGM2004
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® Install a guide bar into a bolt hole on the

E crank shaft, and lift the flywheel to align

the dowel pin with the pin hole on the fly-

wheel for temporary assembly
operation.

® Coat the adhesive (#271 Loctite) over
the assembling bolts and install bolts in
the remaining holes. After that take out
the guide bar, then install a bolt in the

hole where the guide bar had been

inserted.
X a4
] ® According to the order of tightening
@ tighten the fixing bolts using a torque @
wrench in a diagonal sequence to speci- @ @

fied torque.

Torque 18.5 kg'm @ @

) EDM2073I
9.3.9. Tacho sensor (Pick-up sensor)
® Move the lack nut o hexagonal side of
sensor completely.
® Rotate (CW) the tacho sensor on fly
wheel housing, until the end of it reach Lock nut Ring gear
on fly wheel ring gear.
& Rotate (CCW) the tacho sensor for 270° :
ap 1.0 mm)} and fix lock nut. L —E
{gap ) - » B
® Tolerance limit is 27°. {gap £ 0.1 mm) | |
M16x 15
9.3.10. Water chamber cover
EPM2030]

& Coat the adhesive over the water cham-
ber cover (Particular around bolt holes)
and after attaching the gasket, assemble
it to the cytindet block using the boits for
assembling.

® As for tightening of bolts, after primarily
tightening the bolts located at the both
endé of cover (4ea at both sides) and
middle bolts (Upper, lower 2ea} , tighten
the rest.
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9.3.11. Cylinder liner

® Stand the cylinder block so that the fly-
wheel faces downward.
® Thoroughly clean the liner flange fltting
E surface and bore inside with compressed
air to prevent the entry of foreign sub-
stances.
® After the cleaning operatlon, make the
cylinder liner dried up and push it into the
cylinder block by hand.
& Wet the liner Inside diameter with
E engine oll.

9.3.12. Piston and connecting rod

Q @& Use a pision heater to heat the piston
LY approximately 100°C (212°F) for & minutes.

® 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) to assemble the
connecting rod with the piston.
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® Noticing the directlon of the piston, make
the longer side (machined with key
groove on the bearing) of the connecting
rod big end and the mark of ‘%’
impressed on the inside of the piston
face 9§mh other in opposile directions.
On the piston head surface, the longer
side of the connecting rod big end is in
opposite direction from the valve seat
surface.

#® Install the snhap rings and check to see
that it is securely assembled.

@ [nstall the piston ring in the piston using
pitston ring pliers.

@ Identify 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. (The surface marked as *Y~
_is upper surface.}

® Adjust the angle among individual piston
ring gaps to 90° and fit a piston
assembling jig onto the piston, Use care
not to match the ring gaps with the pin
direction.

E # Install the bearing by aligning it with the

A

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.

Caution :

Use care not to damage the cylinder liner
and piston, and siightly lift and insert the
piston into the cylinder so that the ring
may not be damaged by the fillet of the
liner. '
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manulacturing company
EAMD090!
45° 45°
2nd ring gap Top ring gap
90°
Piston pin

B Qil ring gap

Iston EABM3006

Tappet hole

Valve seating

EAMDOS21
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® Install the bearing in the connecting rod
cap and apply oil. '

A Caution :

Make sure that the manufacture serial
numbars impressed on the connecting rod
cap and connecting rod big end are iden-
tical, and install the connecting rod cap by
aligning it with dowe! pin.

& Wet the fixing bolts with oil, semi-tighten .
them with hand, tighten them to the

specified torque using a torque wranch

“Serial No.

as follows.

EAOMA4082

<Tightening order>
(1) First stage : Coat engine oil over bolts.
(2) Second stage : Temporary bolt screwing about 1 ~ 2 threads
(3) Third stage : With torgue wrench, tighten up to about 10 kg-m
~ (4) Fourth stage : With torque wrench, tighten up to about 15 kg-m

(5) Fifth stage : By means of torque wrench, tighten finally in the specified torque. (18 kg-m).

Torque 18 kg-m

=1 ® Move the bearing cap with hand, and

10 e
release and reassemble it if no
movement is detected.
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9.3.13. Timing gear case

E #® Mount a naw gasket using dowel pin on

the cylinder block.

® Put the time gear case to the cylinder
block by aligning the dowel pin hole of
timing gear case with its pin, and then
assemble it by tapping lightly with an ure-
thane hammer 1o the right and left
{Particularly around dowel pin}.

® Tighten the bolts for assembling to the
specified torgue. However, in case of
tightening the bolts, tighten primarily the
bolts of both end paris and then do the
rest.

9.3.14. Timing gear and idle gear pin

® Install the oil pump idle gear onio the
No.7 bearing cap. Idle gear pin

! @ With the oil port on the idle gear pin
facing the cylinder block, install the idle

gear pin.
@ Idler gear pin with oil hole is assembled
toward cylinder block.

EABM3004

® Install a thrust washer over the camsharft

@ and assemble the cam gear by aligning it
with camshaft key groove. Tighten the

cam gear assembling bolts to thé speci-

fied torque. (Zigzag method}

Torque 2.2 kg-m
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® Insiall the idle gear by coinciding the
marks impressed on the crank gear, cam
gear, fuel injection pump drive gear, and
idle gear.

® Install a thrust washer on the idle gsar
and tighten to specified torque.

Torque 3.1 kg'm

Fuel injection

EA9M3015

® Check and adjust the amount of backiash
between gears using a feeler gauge.

Measuring position

(between)

Backlash

Limit

Cam gear & idle gear

0.16 ~ 0.28 mm

0.35 mm

Crank gear & idle gear

0.16 ~ 0.28 mm

0.35 mm

injection pump & idle gear

0.16 ~ 0.28 mm

0.35 mm

9.3.15. Injection pump flange

@ After assembling the fuel injection pump
gear to the idle gear, tighten the /
a \‘/ assembling bolts of the injection pump
flange. _
® Mount gasket by aligning the bolt holes
L with the pin holes on the bearing
housing.
® Turning the flywheel, adjust the pointer
s to the 19° pesition of the engraved scale.
@ After adjusting the injection timing of fuel

EA9M3021

injection pump drive gear, tighten the fix-
¢ ing bolts in the direction of fuel injection
pump.

; 9.3.16. Injection pump

4 # Install the injection pump bracket in the
cylinder block.

disassemble the bracket,

adjust the

@® After measuring the amount of run-out
3 with an alignment setting jig,

shims, then reassemble it.

Run out 0.2 mm ot less

- 107 -




2

® Mount the top/bottom adjusting shims
in the bracket and then mount the fuel
injection pump.

® Tighten the fixing bolts in a diagonal
sequence to specified torque.

Torque 4.4 kg-m

<Injection timing adjustment:

® Bring the piston of #1 cylinder 1o the
compression TDC (OT) by turning the
crankshaft. Again, turn 60" in the reverse
diraction of angine rotation.

@ Disassemble the fuel injection pipe that
connect the fuel injection pump and #1
injection nozzle.

® Disassemble the fuel injection pump
delivery valve holder, and after removing

the valve and valve spring, again assem-

ble the valve holder and then, on it
. assemble the pipe of “U” shape on it.
® Operating the priming pump of supply
pump, furn the crankshaft slowly in the
direction of engine rotation until the fuel

I

I

I

i

will drop at the rate of a drop for 6 -8 '
sec. :
@ Confirm then whether the indication point i
at the flywhest housing inspection hole :
and the engraved specified injection !
angle are coincided or not, and if the !

injection timing is not correct, adjust as

Timing
check hole
Flywheel
ring gear Injection timing
notch mark

-

EA905001

follows.

(1) As above adjusting method, Please
coincide the indication point(],) at the
flywheel housing’s inspection hole with
the flywheel's in;;pection' angle.

<Fuel injection timing>

Model Timing angle
D1146/PU0BB/D11468T [ BTDC 18°
PLO8BT/POBETI ’ BTDC 12°
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(2) Loosen the drive gear fixing bolt of injection

pump a bit.

{3) After turning slowly the coupling of injection

&

pump unill the fuel will drop from #1

plunger at the rate of a drop for 6 ~ 8 sec,,

tighten the driving gear fixing bolt of fuel

pump.

@ After the adjustment of injection timing,
disassemble the “U” shape pipe, readjust
the delivery valve and the valve spring.

@ Turn the coupling until the notch mark of
the indicator plate aftached to the fuel
injection pump is aligned with the notch

mark of the coupling.

@ Tighten the Coupling fixing bolts and

nuts to specified torque.

Torgque 6.0 ~ 8.5 kg'm

@ Install the oil delivery pipe and raturn
pipe.

9.3.17. Oil pump and oll pipe

#® Install a dowsl pin in the No.7 bearing
cap, then assemble the oil pump by tap-

« ping lightly with urethane hammer.

® Insert the lock washers and tighten the
assembling bolts with specified torgue.

Torque 4.4 kg-m

& Assemble the gil suction pipe with the
delivery pipe to oil pump by the boits.
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9.3.18. Water pump

® Mount a new gasket.
@ Install the water pump on the cylinder
block and tighten the assembling bolts

with specified torque.

Torque 2.2 kg-m

® Connect water pipes and by-pass pipe fo

the water pump.

® Connect a water pipe to the expansion
tank.

9.3.19. Front oil seal

® Apply lubricating oil te the outside of the
oill seal and the oil seal hole of the timing

gear case cover.
#® Put the new oil seal on the cil seal hole
E of timing gear case cover aligning the
centar of them, then assemble the oil

seal using an oil seat fitting jig.

Qil seal fitting jlg

EAMDOBEI

9.3.20. Timing gear case cover

#® Install dowel pin on the timing gear case.

® Mount a gasket by aligning the fixing bol
holes with those on the gasket.

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

@ Tighten the fixing bolts beginning with
the oil pan fitting face.

@ Caution :
* In the assembling, be careful not to be
damaged by the crankshaft.
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9.3.21. Vibration damper

""@"'\" & Insert the vibration damper o the

crankshaft, and assemble by tightening

the assembling bolts at the specified
tightening forque according to bolt tight-
ening order. (refer to right figura.)

Torque 13 kg-m

9.3.22. Oil pan

& Remove the gaskats thoroughly that pro-
ject at the timing gear case, case cover
of cylinder block, and the con-
tacting part of flywheel housing by
means of a scraper.

Q Caution :
Be careful for the gaskef pieces not fall
into the engine during tha work.

® Coat the silicone at the gasket part that
was removed (Contacting part), and
atiach the new oil pan gasket.

® Assemble the cil pan by tightening the oil
pan assembling bolis, and when tighten-
ing bolts, primarily tighten the bolts (4ea)

at the both ends, and then tighten the
rest bolts to specified torque.

Torque 2.2 kg'm
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A Caution :
Align the boft holes with gasket holes fo
prevent damage to the gasket and
Hghten.

9.3.23. Oll fiter

® Install the oil filier onto the cylinder block,
and tighten the fixing boits.

Torque 2.2 kg'm

® install packing and assemble the
cartridge using a filter wrench.

9.3.24. Oil cooler

® Coat a grease at the oil hole of the oil
cooler housing and insert the O-ring.

® Assembie the oil cooler assembly by

. tightening the assembiing nuts.

® Connect the cooling water pipe with the
cooling water pump and tighten a hose
clamp.

ED7OMO12

9.3.25. Starter

® Assemble the starter in position on the
fiywhesl housing.

Torque 4.4 kg'm

ED70MO04

9.3.26. Intake and exhaust valves

® ldentify the marks of “IN” and "EX"
A impfessed on the valve head before
assembling the valve with the‘ valve

head. '
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& With a valve stem seal fitting jig,
assemble the valve stem seal with the
valve guide.

® After installing valve springs and spring
retainer, press the retainer with a jig, then
instalt coiter pin.

® Tap the valve stemn lightly with a rubber
hammer to check that the valve is
assembled correctly.

9.3.27. Cylinder head

A

EAOM3017

Compressor @
the spring

EAOMA4007

@& Blow the boit holes of cylinder block with a compressed air and remove the foreign matter.
@ ® Clean the head gasket contact surface thoroughly.

Caution :

However, be careful for the foreign mat-erial not to emter imo the combustion chamber.

& Assemble the new head gasket by align-
ing the holes with dowsels of cylinder
block with TOP' mark facing upward.
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a ® Check the inside of combustion chamber

for foreign substances, and carefully
mount the cylindar head assembly in the
block by aligning the dowel pin with the
dowael pin hole.

Caution : ®
Be careful not to damage the cvlinder
head gaskel. If the dowsl pin is not in °

= E o

° EASM3022

alignment, lift the cylinder head again

and than remount it.

® After tightening the cylinder head bolts,
even at disassembling, the cylinder head
gaskst should be changed a naw ones.

® Coat the cylinder head bolts with engine
Q oil, and tighten in proper sequence to the

specified torque according te bolt

tightening order. {refer to the figure.).

<Cylinder Head Bolts>

Type 1

EDM20871

Specification

M14x1.5x146 M14x1.5x150

6 kg-m +180°+150°

Torque 24.5 kg'm (Angle torque)

However, before tightening bolis, the side parallel degree between cylinder heads should

be adjusted.

<Tightening order of boits by steps>
{1) First stage : Coat the bolis with engine oil.
{2) Second stage ; Tighten 1 ~ 2 threads with hands.

{3} Third stage : Tighten at about 6 kg'm with a wrench.

. (4} Fourth stage : Tighten at rotating angla method 180° with a wrench.

(5} Fifth stage : Finally, tighters at rotating angle method 150° with a torque wrench .

Howevet, all boits are tightened simultaneocusly by above steps.
& Coat the push rod with engine cil and insert it into the push rod hole.

® Adjust the valve clearance as following guide.
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<Guide for valve clearance adjustment>

® By turning the crankshaft, when the intake and exhaust of #6 cyiinder (the first cylinder from
the flywheel) overlap, that is, when #1 cylinder’'s piston come at the compression top dead
center {OT), adjust the valve clearances by ﬂ mark indicated.

® After having turned the crankshaft by 360" and Intake & exhaust valves of #1 cylinder over-
lap, that is, when #6 cylinder is in the state of compression TDC (OT), the clearance indi-
cated by "‘ mark is adjusted,

Flywheel Intake Valve ExhaustValve  Cylinder No. Cooling Fan

/

J

5

EA905005

=t ® To adjust the clearance, 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 (to msasure the
clearance of the valve and rocker arm contacting part) and adjust the clearance with adjust-
ing screw respectively and then tighten with the lock nut,
® As for the valve clearance, adjust it when in cold.

Model Intake Valve | Exhaust Valve
Di146/PUOSE
D1146T/FPUQSET 0.3 mm 0.3 mm
PO86TI

Caution :
(1) Crankshaft revolution is done by hands without using & starting motor.
(2} Tumn it to the direction of engine rotation, but do not use the installing bolts at the
turn. '

(3} The cylinder no. and the order of intake and exhaust can be determinad from the fly-
.wheel housing.
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# Adjust valve clearance with a feeler
gauge and tighten the fixing nuts to
specified torgque.

Torgue 5.0 kg'm

9.3.28. Rocker arm assembly

2l
=

@ Apply lubricating oil to the rocker am
bush and shaft, and assemble the
intermediate bracket with the rocker arm
(rocker arm assembly) on the cylinder
block using fixing bolts, In tightening the
bolts, it must be done at the specified
‘value using zigzag method.

M10: 4.4kg'm
M12: 8.0kg'm

Torque

& Semi-install valve clearance adjusting
bolts onto the rocker arm.

® Install 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.

9.3.29. Intake manifold

& Put in the new gasket between the
cylinder head and manifold, and
assemble the intake manifold by

tightening the assembiing bolts.

- 116 -

Valve clearance adjust

EASM3007

EB1M3026

ED7OMO02

ED7OMO0S




9.3.30. Exhaust manifold

@ Install the exhaust manifold gasket over
the stud belts 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 instail the heat resisting plate.

® Assemble them by tightening the

assembling bolts. The tightening order

of bolis is from the middle to left and
right alternately.

ﬁ Cautlon :
For upper and lower bolts differ in the length, so use the correct bolts.

9.3.31. Turbocharger
(for D1146T/PUOBET, POSETI)

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

® Install the oil supply pipe and return
pipe.

@ Tighten the clamps of rubber hose that
is connected air pipe to the intercooler.

ED7OMO10

9.3.32. Cooling water pipe

® Aftach new cylinder head gasket.
& Assemble the cooling water pipe by

tightening the assembling bolts.

7~ LS

il
1
[
) ;

ED70MO06

V4
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9.3.33. Alternator

® Install the alternator mounting bracket. T J N ]
# Install the altemator with fixing bolts to 0
the mounting bracket.
O @
0 -
xz—“w
3\)‘
o )]
A (
EASM3004

9.3.34. Fuel filter

® Assemble the fuel filter with the intake

manifold.

® Aszsemble the fuel feed hose according
j to the direction of an arrow impressead on
the fuel filter head so that fuel can be fed
in the sequence of FUEL FEED PUMP
-> FUEL FILTER - FUEL INJECTION
PUMP,

EA9M3018

9.3.35. Injectlon nozzle

@ Install the dust seal with its round portion
- facing downward.

® Mount a seal ring on the seal ring seating
surface of the ¢ylinder head and
assemble nozzle holder assembly with
the nozzle pipe installing direction facing
outward.
@ ® Be sure to follow the specified torque.

EB1M3024

Torque 7.0 kg-m
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9.3.36. Injection pipe

® Semi-assemble a nut at both ends of the
fusl high pressure pipe and tighten them
up one by one to specified torgue.

TJorque 3.0 kg-m

® Tighten hollow screws to assemble the
fuel return pipe.

& Assemble the fuel return hose on the
fuel injection pump.

9.3.37. Cylinder head cover

® Assemble the new gasket with the
eylinder cover, install the cover on the
cylinder head, then tighten the fixing
bolts in sequence to specified torque.

(=

Torque 1.2 kg-m

® Assemble the breather hose with PCV
valve.

® Insert the oil filler cap In the cylinder
head cover.

9.3.38. Cooling fan

® Install the fan drive pulley onto the
timing gear case cover.
® Install the fan flange and cooling fan

onto the cooling water pump.

Torque 4.4 kg-m
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9.3.39. V- Belt

® Install the V-belt on the crank pulley,
alternator pulley and water pump pulley.

® Adjust the V-belt tension using the ten-
sion adjusting support,

9.3.40. Qil level gauge

@ Apply sealant (Locktite #282) to the bot-
tom side of the guide tube.

& Then assemble the guide tube and oil
level gauge on the oil pan.

9.3.41. Others

Press herg

10~15mm

Water pump
pulley

Alternator
pulley

Crank pulley Vibelt
- EAB02006

T —

o )

§W

EQM300EI

® Assemble by connecting the other oil and fuel hoses.

9.4. Breaking-in

Refer to "Breaking-in” in chapter of “Commissioning and Operation”.
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10. Maintenance of Major Components
10.1. Cooling System

10.1.1. General information

This engine is water-cooling type. Heat from the combustion chamber and engine oil heat are
cooled down by coolant and radiated 1o the outside, resulting in the normal operation of the
engine.

Looking into the cooling system, the water pumped up by the water pump circulates around the
oil cooler through the water pipe to absoth the ¢fl heat, and then flows through the water jack-
et of the cylinder block and water passage of the cylinder head to absorb the heat of the com-
bustion chamber.

The water absorbing the oil heat and combustion chamber heat goes on to the thermostat
through the water pipe, and circulates to the water purnp if water temperature is lower than the
valve opening temperature on the thermostat, while circulating to the radiator at water tempar-
ature higher than the valve opening temperature. At the radiator, the heat absorbad in the
coolant is radiated to cool down and the coolant recirculates to the water pump.

g======| Thermosiart |<======== Cooling water PiPe1

I

Cylinder head

I

Cylinder block

i

Oil cooler > Water pump

Radiator

EQM4001]
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10.1.2. Specification

Item D1146/T, POB6TI PUOSGE/T
1. Water pump
Type Centrifugal type
Delivery About 150 liter/min About 130 lites/min
Pump speed 1,800 rpm 2,200 rpm
Pumping back pressure 0.5 bar
2, Thermostat
Operating temperature 71°C
Valve lift 8 mm or more {(at 85°C)
Operating temperature 71 ~ 85°C

3. Cooling fan and belt

Fan diameter - Number of blades

Fan beit tension

D1146/T, PUOBSE/T : ¢590mm - 6
PO86TI : ¢755mm -7
15mm/ deflection by thumb

10.1.3. Thermostat

@ General descriptions and main data
The thermosiat maintains a constant
temperature of coolant and improves
thermal efiiciency of the engine by
preventing heat loss.

Namely, when the temperature of
coclant is low, the thermostat valve is
closed to make the coolant bypass to

directly enter the water pump; when Eﬁ?r;?i?ggg [\t‘l;% bypaﬁb‘ 1 / ;alve
the coclant temperature rises to open i““‘—‘- | i | / EAMC002I
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 radia-
tor.
Itefn Specifications
D1146/ T PO86TI
Type Wax-pallet type Wax-pallet type
Ope'h at 71°C 71°C
Open wide at 85 °C 85 °C
Valve lift 8 mm or more 10 mm or more
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There are 2 Kinds of thermostats according to surrounding and operating conditions.
One is named by 71 "C type and the other is 79 °C.

& Inspecting

{1) Check the wax pallet and spring for
damage.
(2) Put the thermostat in a container of Ruler

_ Thermomater
water, then heat the water slowly and

check temperaturs with a thermometer.
If the vaive lift is 0.1 mm (starting to Wood plate
open) at temperature of 71 °C and 8
mm or mere (full open) at temperature

of 85 °C, the thermostat is narmal,

EFM20551

# Replacing thermostiat and precautions for handling

(1) Precautions for handling
The wax pallet type thermostat does not react as quickly as bellows type one to a varia-
tion of temperature of coolant. Such relatively slow reaction is mainly due to the large heat
capacity of the wax pellet type thermostat. Thersfore, to avoid a sharp rise of coolant tem-
perature, it is essential to idle the engine sufficiently before running it. In cold weather, do
not run the engine at overload or overspeed it immediately after starting off.

(2) When draining out or replenishing cooclant, do it slowly so that alr is bled sufficiently from
the entire cocling system.

(3) Replacing thermostat
If the thermostat is detected defective, retrace with a new one.

-123 -




10.1.4. Diagnostics and troubleshooting

Compilaints

Possible causes

Corrections

1. Engine overheating

® Lack of coolant

& Radiator cap pressure valve

spring weakened

Fan belt loosened or broken
Fan belt fouted with oil

Thermostat inoperative

Waier pump defective
Restrictions in water passages
due to deposit of scales

Injection timing Ihcorrect

& Restriction in radiator core

® Gases leaking into water jacket

due to broken cylinder head

gasket

® Replenish coolant

& Replace cap

Adjust or replace fan beit
Replace fan belt
Repiace thermostat
Repair or replace

Clean radiator and water
passages

Adjust injection timing

correctly

® Clean exterior of radiator

® Raplace cylinder head gasket

2. Engine cvercooling

® Thermostat inoperative

® Ambient temperature {oo low

® Replace thermostat

® Instali radiator curtain

3. Lack of coolant

® Radiator ieaky

#® Radiator hoses loosely

connected or damaged
Radiator cap valve spring

weakenhed

® Water pump leaky

® Heater hoses loosely

connected or broken

® Cylinder head gasket leaky

® Cylinder head or cylinder biock

cracked

® Correct or replace

® Retighten clamps or replace

hosas

Replace cap

® Repair or replace

& Tighten or replace hoses

& Replace cylinder head gasket

® Repiace cylinder head block

4_ Cooling system noisy

Water pump bearing defective
Fan loosely fitted or bent
Fan out of balance

Fan belt defective

s ® & @

Replace bearing
Retighten or replace fan
Replace fan

Replace fan belt
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10.2. Lubricating System

10.2.1. General descriptions

#® General descriptions
All the engine oil pumped up from the cil pan by the gear type cil pump is filtrated through
the oil cooler and oil filter, and this filtrated oll is forced through the main oil gallery in the
cylinder biock from where it is distributed to lubricate the various sliding parts, and fuel injec-
tich pump in order to ensure normal engine performance.

8 Specifications

Item Specifications tem Specifications
Lubricating system Forced pressure | Qil filter type Full flow
circulation
Qil pump type Gear type Bypass for filtar alement

Relisf valve opening pressure

10 = 1.5 kg/fcm?

Valve opening pressure

1.8 ~ 2.3 kg/cme

Bypass for oil. cooler Bypass for antire oil filter

Opening pressure 5+1 kg/cm? Valve opening pressure 4.0 ~ 4.8 kg/cm?

Adjusting valve for spray nozzle

Opening pressure 1.5 ~ 1.8 kg/fcm?

# Diagram of lubricating system

CYLINDER BLOCK MAIN GALLERY ‘

(L DS [ S (. i |

OVER FLOW VALVE

E} | OILFILTER |

1
BYFASS VALVE ' BLEGEAR|  [caMSHAFT|  |CRANKSHAFT |IMECTION TURBO OILSPRAY
{TIMING} BAG. BRG. | PUMP CHARGER NOZZLE
I OIL COOLER | REGULATING VALVE @
RELIEF VALVE } ’ |
CYL HEAD CON-ROD ' l
| oweuwe | WIESISTER | 6RG

‘ j

\J 1 f F 1 1 1 |
= v
\“\— OIL PAN 7

ED7OMO01
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10.2.2. Oil pump

® Disassembly
(1) Disassembly of cil pump drive gear

a. Unscrew the screw and disassernble
the oil relief vaive.

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

c. Disassemble the drive gear.

{2) Remove the oll pump cover fixing huts
and disassemble the oil pump cover.
The oil pump cover is fixed with the two
dowal pins.

(3) Disassemble the drive gear and driven

gear.

® Inspection and correction
{1y with steel rule and feeler gauge,
measure ihe axial end play of the il
pump gear. Replace if the measured

value is bayond the [imit.

0.0256 ~ 0.089 mm

End play Limit

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

the limit.

Backlash limit 0.50 ~ 0.64 mm
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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 repiace if the
measurad vatues are less than the limit (¢ 16.95mm)

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 measurad value with the standard

value to determine whether to replace or not.

Clearance

0.032 ~ 0.077 mm

® Reassembly

(1) For reassembily, reverse the disassembly sequence.

10.2.3. Diagnostics and troubleshooting

Complaints Possible causes Corrections
1. Oll consumption ® Poor cil & Use suggested oil
excessive @ Oil seal or packing leaky & Replace
® Pistons or piston rings worn & Replace pistons and/or
piston rings
® Cylinder liner worn ® Replace cylinder liner
& Pision rings sticking ® Replace pistons and/or
piston rings
& Valve guide oil seals or valve ® Replace
guides, or valva stam worn
2. Oil pressure too low & Poor oil ® Use suggested oil
#® Relief valve sticking ® Replace
& Restrictions in oil pump strainer ® Clean strainer
& Cil pump gear wom ® Replace
® Qil pump feed pipe cracked ® Replace
. & Oil pump defactive ® Correct or replace
® Oil pressure gauge defective @ Correct or replace
& Various bearings worn ® Replace
3. Oil deteriorates quickly| & Restriction in oil fiter ® Replace filter element
® Gases leaking ® Replace piston rihgs and
cylinder liner
® Wrong oil used & Use suggesied oil
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10.3. Fuel Injection Pump

10.3.1. 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.

Fuel return pipe

Overllow vale
{Valve opening)
pressure 1.6kgffem?
Nozzle
:pr:slzg?e Fuel hoge
Air vent ' *
0 Injection pi

n ——u— ——-——
Fuel filter = : \
Cooling water % Fuel
drain plug == ue’ purmp *

Fusl ~= Return
hose Intake f

Injection pump Fuel supply pump

Inner dlamedar ¢ 9.52 outer diamster 6 15,1 —
Inner surface rubber oil durable comosite rubber

Fuel tank

EDOs00sI

10.3.2. Injection pump

The components relating to the injection pump should be serviced at regular intervals as
the plunger and deiivery valve may be worn after a given length of time for use and cause
the deterioration of tha 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 foliowing pages.
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1) P1146

{1} Injection pump : 85.11101-7269A _
: KP-PES6ADS5SB410RS2 (101061-8820 ZEXEL)
: KP-EP/RSV200-1350AQ49C311(105419-3930)

- Model

- Governor

- Plunger & barrel
- Delivery vaive

- Feed pump

- Prestroke

1 131153-1720

:131110-5120

: KP-FP/KE-ADS(105210-5280)
1 4.6 = 0.05mm

(2) Nozzle holder assembly : 65.10101-7050 (9134-153C LUCAS)
(3) Nozzle : 65.10102-6026 (9135-143 LUCAS)
(4) Injection pipe : 85.10301-6048

(5) Injection order: :1-5-3-6-2-4

(6) Injection timing : BTDC 18°

(A) Test condition
for injection pump

Nozzle & Holder Ass'y 105780-8140

Opening pressure :175kg/em?

Injectlon pipe{ID ,OD ,L} -

2.0 X ¢6.0 — 600 mm

Test oil 504113

Temperature : 40 = 5°C

(B) Engine standard parts

65.10101-6026
Nozzte & holder Ass'y

Nozzle (& x ¢0.29)

65.10101-7050

214 kg/cm?

Injection pipe {ID, OD, L) | 65.10301-6048

2 x $6 - 650 mm

Rack diagram and setting valve at each point

Injection @'ty on RIG
Rack | Pump
Standby power Check N {mm?®/ 1,000st) Press.
. position} speed _
Point | hm) | (rpm) | (A) Test condition | {B) Engine (mmHg)
for inj. Pump standard parts
A - 900 - 93.5+2 -
B - 875 - (103) -
C - 100 - {135) -
D 277 370 - 2 -
Boost pressure : zero boost
Governer weight| 740 g Lever ratio{min/max) 1:2
Governor spring { k = 10.0 kgf/mm| Plunger #9.5 Left hand 20+45lead
Idie spring k = 1.9 kgffmm . retraction pressure 70mm/st , t=0.11
Delivery
Start spring k = 0.01 kgf/mm valve upening pressure 23.1kgf/cm?
Feed pump | 105210-5280 spring k=1.63kgf/mm
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(7) Governor adjusiment (D1146)

Rack Position {mm)

C

Injection Pump Speed {rpm)

EA9M4002
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2) D1146T

(1) Injection pump : 65.11101-7271A
: KP-PESGADSSB410RS2 (101081-8820 ZEXEL)
: KP-EP/RSV200-1350A049C311(105419-3930)

- Model

- Governor

- Plunger & barrel
- Delivery valve

- Feed pump

- Prestroke

: 131153-1720
:131110-5120

: KP-FP/KE-ADS(105210-5280}

: 4.6 = 0.05mm

(2) Nozzle holder assembly : 65.10101-7050 (9134-153C LUCAS)
(3) Nozzle : 65.10102-6028 (9135-143 LUCAS)
(4) Injection pipe : 65.10301-68048

(5) Injection order: : 1-5-3-6-2-4

(8) Injection timing : BTDC 18°

{A) Test condition
for injection pump

Nozzle & Holder Ass'y

105780-8140

Opening pressure :175kg/cm?

Injection pipe(tb ,OD ,L}

¢2.0 X $6.0 — 600 mm

Test oil

1504113

Temperature : 40 £ 5°C

(B) Engine standard parts

Nozzle & holder Ass’y

65.10102-6026

Nozzle (5 x $0.29)

65.10101-7050

214 kg/cm?

Injection pipe (ID, OD, L)

65.10301-6048

g2 x 6 -850 mm

Rack diagram and setting valve at each poirt

Rack | Pump Injection Q'ty on RIG
Standby power Check . {mm? / 1,000st) Press.
. position] speed
POINt 1 vm) | (rpm) | (A) Test condition |(8) Engine (mmHg) |
for inj. Pump standard parts
A - 800 - 1143 2 -
B - 875 - (126) -
c | pmor!| 100 - (140) -
D ®£7.7 370 - 1282 -
Boost pressure : zero boost
Governer weight | 740 g Lever ratio(min/max) 1:2
Govarnor spring | k = 10.0 kgf/mm| Plunger $9.5 Left hand 20+45lead
Idle spring i = 1.9 kgf/mm ] retraction pressure 7Oommd/st |, 1=0.11
Delivery
Start spring K = 0.01 kgf/imm valve opening pressure 23.1kgffom?
Feed pump 105210-5280 spring k=1.63kgfi/mm
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(7) Governor adjustment (D1146T)

Rack Position (mm)

14

—_
]

—_
L]

o]

Injection Pump Speed (rpmy)

EASM4002
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3) POBETI

(1) Injection pump : 65.11101-7309 (106674-4120 ZEXEL)

- Model

- Governor
- Plunger & barrel

- Pelivery vaive

- Feed pump

- Prestroke

: NP-PEGP120/700RS3S (108067-8010 ZEXEL)
: Ghana electric control

: 134183 -2020

134110 - 1420

: NP-FP/KD-PS(105237-5470)

: 3.9 £ 0.05mm

{2) Nozzle holder assembly : 65.10101-7055 (9135-293A LUCAS)
(3) Nozzle : 5.10102-6049 (9135-291 LUCAS)

(4) Injection pipe : 65.10301-60489 , 85.10301-6052

(5) Injection order: : 1-5-3-68-2-4

(6) Injection timing : BTDC 12°

Nozzle & Holder Ass'y 2135-293A Opening pressure 121448 bar
(A) Test condition L :
| - . W35 -
for injection pump Injection pipe(ID ,0D L} 2.2 X §8.35 ~ 650 mm
Test oil ISO4113 Temperature - 40 £ 5°C
65.10102-6049 Nozzle (5 x ¢0.34)
MNozzle & holder Ass'y 55101017055 214 Kajorm
; - cm
(B} Engine standard pans 55.10301-6049 9
Injection pipe (ID, OD, L) ) $2.2 x #86,35 — 650 mm

65.10201-6052

Rack diaigram and setting valve at each point

Standby power

Injection Q'ty on RIG

Rack | Pump
Check - (mm?®/ 1,000st) Press.
position| speed
oint A) Test condition | (8} Engine mmHg) |
p (mmy | (rpry | ) oSt (8) Eng (mmHg)
for inj. Pump standard parts
A 12.2 900 - 189 +2 -

Boost pressure : zero boost

Governor weight 26kg Lever ratio(min/max) 1:2
Governor spring - Plunger ¢12 Left hand 30lead
ldle spring - A retraction pressure 100mm¥/st , t=0.09
Delivery
. ] . .
Start spring valve opening pressure 18.5kgf/cm
Feed pump .| 105210-5280 spring k=0.87kgf/mm
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4) PUQB6
{1) Main Specification

Fuel Enjection Pump :
: PESSAD

: RSV

: 105210-4830
11 mm
:BTDC t8° = 1°
:1-5-8-6-2-4

: Clockwise (Viewed at driving gear side)

Modet Type
Govemor Type
Fuel Feed Pump
Cam Lift

Injection Timing
Injection Order
Rotating Direction

{2) Calibration Data

65 11101-7269A

Nozzle & Holder Ass’y

105780-8140

Opening pressure 175kg/cm?

(A) Test condition
for injaction pump

Injfection pipe(iD ,0D L) -

$2.0 x 8.0 — 60C mm

Test oil

1804113

Temperatura ; 40 £ 5°C

(B) Engine standard parts

Nozzle & holder Ass'y

Nozzle (5 x $0.36)

65.10101-7050

214 + B kg/cm®

Injection pipe (1D, OD, L} -

6 X #2.2 - 650 mm

Rack diagram and setting valve at each point

Injection Q'ty on RIG
. Rack | Pump
Refer to (3) Rack Diagram Check . {mrn?® / 1,000st) Press.
position; speed BT T =
Qirt est condition Engine mmH
P (mm) | (rom) | A TeStC (B) Eng (mmHg)
for inj. Pump standard parits
A 10.5 | 1100 88.5 = 2 + 2.5 Full
B 7.7 370 11.5+2 + 25 Ictle
C = 100 (185) - .
Balance Weight 7409 Lever ratio{min/max) t:12
Governor spring k = 7.2 kg/mm Piunger 9.5, 20+45 lead
Idle spring k= 1.8 kg/mm Delivery valve retraction volume 70 mm3/st, +=0.11
Igle sub spring k = 3.0 kg/mm Delivery valve opening prassure 23.1 kg/cm?
Start spring k = 0.01 kg/mm Delivery valve spring k = 1.63 kg/mm
Max. discharge pressure k = 3.4 kg/mm? Feed pum 105210-5280
' rge p ks pump (KP-FP/KE-ADS)
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(3) Rack Diagram

14
ar mare than 14

Idling serve spring

/ Stroke start

Governor spring sst

. 4 105 : / [dling serve.
E ' '} Spring setting
5 :
= 7.7 B |
8 6.9 =
5 '.
@ }

0 370 4855 110072 1215 or LESS

1165%°

Pump speed (RFM)

EDM5C01I
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5) PUOBET
(1) Main Specification

Fuel Injection Pump :
: PESGAD
: RSV

: 105210-4830
11 mm
:BTDC 12° £ 1°
: 1-6-3-6-2-4
: Clockwise (Viewed at driving gear side)

Modet Type
Govarmnor Type
Fuel Feed Pump
Cam Lift

In]ectinri Timing
Injection Order
Rotating Direction

(2) Calibration Data

65.11101-7271A

Nozzle & Holder Ass'y

105780-8140

Opening pressure :175kg/cm?

{A) Test condition
for injection pump

Injection pipe(ID 0D ,L) -

$2.0x $28.0 - 80O mm

Test oil

iISO4113

Temperature : 40 £ 5°C

{B} Engine standard parts

MNozzle & holder Ass’y

Nozzle (& x ¢0.36)

65.10101-7050

214 + 8 kg/cm?

Injection pipe (ID, OD, L) -

$6 x ¢$2.2 - 650 rmm

Rack diagram and seiting valve at each point

Injection Q'ty on RIG
. Rack | Pump .
Refer to (3) Rack Diagram Check position| speed (mm?3 / 1,000s%) Press.
point {A) Test condition | Max. Var. (mmHg)
(mm) | (rpm) -
_- for inj. Pump | Bet. Cyl. (%)
A 105 1100 1M135x2 + 2.5 Full
7.9 370 11522 % 25 idie
C = 100 - - -
Balance Weight 740g Lever ratio{min/max) 1:1.2
Governor spring k= 7.2 kg/mm Plunger #9.5 , 20445 lead
Idle spring k =1.9 kg/mm Delivery valve retraction volume 70 mm3/st, i=0.11
Idle sub spring k = 3.0 kg/mm Delivery valve opening pressure 23.1 kg/cm?
Start spring kK = 0.01 kg/mm Delivery valve spring K= 1.63 kg/mm
Max. discharge pressure | X = 3.4 kg/mm? | Feed pum 105210-5280
’ ger o pump (KP-FP/KE-ADS)
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(3) Rack Diagram

Governor spring setting

Idling serve. spring setling
/ Q=17 +i.ame’rsi

14.0 ¢
14.0 or more — Booster compensating start : 1035 m
11.2*° — Y A
10.5 %
] N 1
£
H “C
s
= 7.7)
§. R 2(7.0}
2] R 1-0.1
o«

0 370 /

485 110018 1190*%
400 11651

Pump speed (RPM)

EBMS5003I
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10.3.3. Governor system (P086TI Only)
Governor system for fuel injection pump consists of "Integrai Actuator' and * Speed Control Unit”.

1) Integral Actuator

(2075]
139 i)
{6.260) : (3.504)
485 68
{1.909) (z,gg?}
AT
99,5 SPLINE(36 TEETH)
(#0.375) =
= &7 NN
m 1 T
e ' //if I
1 4-$6.4 =
: @ off
)
N
| = (:\L _ﬁ\ )
2R ek
Pl (o,
= ¥ L=
- 2
[~——ti 1 1 BERNE RETANER K ASSY 23
H K1 225, 300 PyLP —
. \ - \
] e
R L ] ap
J&? a . & 7 -
L - x Iq
63
(2450)
85
(@97
102
(4076}
EC20M316
» <Djmension View>
Fig. No. Description 'ty Remark
1 Framea 1
2 Bearing retainer kit Ass'y 1
3 Mounting bar 1
8 SWFP connector 1 Mg610320
11 Front cover 1 T3.2
13 Shaft 1
.15 Return spring guide Ass’y 1
16 Qil seal 1 SC 0283 EO
17 Allen screw 8 M5 x0.8xL12
23 Manual stop device Ass’y 1
30 Stop plate 1 T3.2
52 Return shaft Ass’y 1
54 Stop level 1
62 Lead wire ’ LG 16AWG
63 Corrugate tube : Dia. 10, L250+-10
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2) Speed control unit for governor system

(DWC-2000 SERIES SPEED CONTROL UNIT)

<Introduction>

This speed control unit performs the slectronic function of the engine governing system. The speed
control unit senses the puises from the magnetic speed sensor, compares them with the speed
control unit's set point and supplies the appropriate current output to the actuator to contro! the
engine's fuel system.

An integral, independent single selement speed switch is provided internally which can be used to
initiate engine shutdown in the avent that an overspeed condition is reached, The performance of
the speed controt unit is fast and responsive in elther isochronous or droop operation.
Adjustments are provided for: operating speed, idle speed, overspeed shutdown setting, droop,
run ramp, crank ramp, starting fuel, speed ramping and two performance adjustments{gain and
stability). All adjustments are accessible from the front cover. The prirnary features of the DWC-
2000 Series speed control unit are the engine STARTING FUEL and SPEED RAMPING adjust-
ments. The use of these features will minimize engine exhaust smoke experienced prior to attain
engine operating speed. The speed control unit alsc includes other features such as adjustable
droop and idle operation, inputs for accessories used in multi-enygine or special applications and
protection against reverse voltage polarity, transient voltages and accidental short circuit of the
actuator. Loss of battery supply, joss of speed sensor and overspeed signaling are built-in to pro-
vide engine shutdown.

<Description>

Pulse/second = H2

CONTROL UNIT

ECS0OMOG7

Figure 1. Governor system schemetic.
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The engine speed signal is usually obtained from a magnelic spesed sansor mounted in close prox-
imity to the testh of a ferrous ring gear that is driven by the engine. The frequency of the speed sen-
sor signal is proportional to the engine speed. The speed control unit will accept any signal if the fre-
quency is proportional to engine signal, and in the frequency range of the speed control unit (1K to
7.5K Hz.). The speead sensor is typically mounted in close proximity to an engine driven ferrous gear,
dsualiy the engine ring gear. As tha teeth of the gear pass the magnetic sensor, a signal is generat-
ed which is proportional to engine speed. The signal strength must also be within the range of the
input amplifier. An amplitude of 1 to 120 volts RMS is required to allow the unit to function within its
design specifications. The speed control unit has an input impedance of 20K-ohms between the
speed sensor input terminals. ("C" & "D"). Terminal "D" is connected intemally to the battery negative.
Oniy one end of the shielded cable shouid be connected.

When a speed sensor signal is received by the controller, the signal is amplified and shaped by an
internal circuit to form constant area pulses. K the speed sensor monitor does not detect a speed sen-
sor signal, the output circuit of the spaed cortrol unit will turn off alt current to the actuator.

The summing point of the speed sensor and the speed adjust control is the input to the dynamic con-
trol section of the governor. The dynamic control circuit, of which the gain and stability adjustments
ara part, has a control function that will provide isochronous and stable performance for most engine
types and fuel systems.

The speed control unit circuit is influenced by the gain and stability performance adjustments. The governor
system sensitivity is increased with clockwise rotation of the gain adjustment. The gain adjustment has a non-
lingar range of 33:1. The stability adjustment, when advanced clockwise, increases the time rate of response
of the governor system to match the various time constants of a wide variety of engines. The speed control
unit is a PID device, the "D", derivative portion can be varied when required.(See Instability section.}

During the engine cranking cycle, STARTING FUEL can be adjusted from an almost closed, to a nearly full fuel
position. Once the engine has started, the spaed control point is determined, first by the IDLE speed set point
and the SPEED RAMPING circuit, After engine speed ramp- ing has been completed, the engine will be at its-
governed operating speed. At the desired governed engine speed, the actuator will be energized with sufficient
current to maintain the deslred'engine speed, independent of load (isochronous operation).

The output actuator current switching circuit provides curreni e drive the actuator. The output transistor is alter-
nately switched off and on at a frequency of 300Hz. which is well beyond the natural frequency of the actua-
tor, hence no visible motion from the switching resulis. Switching the output transistors reduces its internal
power dissipation for efficient power contrel. The ouiput circuit can provide current of up to 10amps continu-
ous at 25°C for 24VDC battery systems. The actuator responds to the average current to position the engine
fuel control lever.

In standard operation, the speed control unit performancs is isochronous. Droop governing can be selected by
connecting terminals K & L and the percent of droop governing can be varied with the droop adjustment con-
trol. The droop range can be decreased by connecting Terminals G and H.

The speed control unit has several performanoe and protection features which enhance the governor system.
A gpeed anticipation circuit minimizes speed overshoot on engine startup or when large increments of load are
applied to the engine.
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's 1) Specification
- e Performance
‘ isochronous QOperation / Steady State Stabilly .....ccccooovvvcceeiniii e ceeenenne.. 20025% OF better
! L Speed RANGE/BOVEITION i iiieiccirerreeerrens s rrrassecarrscoaassrasessssanssessrnssanns 1K~7.5 K Hz continuous
5 Speed Drift With TemPeralure ......iiveerrriirierrrarrsrnirrrra s rrrtssrer s raserrssraerasesrases £0.5% Maximum
. [ L= | E- A T 60% of set speed
? ldle AdUust GOV e e i tea ettt s rcsiiaa st et bs ittt a e e aeaent Less than 1200Hz
: Droop Bange .. .. e e e e 1-B% regUlation
a Droop Ad]. Max.(K-L Jumpered) ... 450 Hz, + 90 Hz. per 1.0A change
’ Droop Ad]. min.{K-L Jumpered} ... 20 Hz., + 8 Hz. per 1.0A change
f Spead THM FANGO ..t tiie s s boaiarit s sotstassastrsssssstos sorasasasbossrnamasasnss +210 Hz
; Remote Variable Speed Range ................. 500~7.5 Hz. or any panrt thereof Terminal Sensitivity
. R 100 Hz + 15 Hz/Volt @ 6.0K Impendence
¢ ) b i s s 680 Hz & 50 Hz/Volt @ 165K Impendence
: I o ieeet et r et reeeeer s srranabesaeaeaaaes e arsanbaatesrbann 135 Mz £ 10 Hz/Volt @ 1M Impendence
. P et v rare st rrtrrrra rar e e rr e v aTnrre e r e vTrr bre v averesra vanrrrn 10 VCD Supply @ 20 [mA] Max.
. # Environmental
/ Ambient Operating Temperature Range ......ccccoovviiiieie it eeeeve e eeeneen . =3 0~85°C
| Relative HUumMiaity e e e e oo e e e e e up to 95%
All Surface Finishes ..., Fungus Proof and Corrosion Resistant
i
1 ® Power input
‘u Supply e e 24V D0 Battery System{Transient and Reverse Voltage Protected)**
4 POIANY ... e Negative Ground{Case Isolated)
’ Power Consumplion ... 50[mA] continuous plus actuator cusrent
Maximum controtlable actuater current at 25°C-(Inductive Load) _................ 10{A} continuous***
) Magnetic Speed Sensor SignNal ...t e s e e reeen e eenees § - 120[V] RMS
] ¢ Reliability
AT w1 1T o T U P 1G @ 20~100 Hz
=252 1 o 100% Functionally Tested
L” # Physical
) [T a L= g T [ OOV OR See Outlina(Dia. 1)
B4 =T o ¢ O PP 705 grams
Mounting ... e oo ANY POSIEON, Vertical Preferred
E *  Droop is based on a speed sensor frequency of 4000Hz. and an actuator current change of 1amp from
' no load to full load. Applications with higher speed sensor signals will experience less percentage of
) droop. See droop description for specific details on aperation of droop ranges.
** Protected against reverse voltage by a series diode. A 15 amp fuse must be installed in the positive
i battery lead.
1 \, *** Protected against short circuit to actualbr(shuts off current to actuator), unit automatically turns back
i oh when short is reimoved. ‘
J
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Qverspesd Run Crank O @ Speed Test
(€€ commvor covrraiies | Pt L Gain
ON =[] OFF L Stability
i Starting
E Fuet
T4 Speed
oNBEorr | Ramping
‘:: ‘EE de T e
Speed Trim E Droop
Avtuator  Pic-up E!atlar;r Droop L
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g
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\ O\\\ / ™ Q
D ™ , B
Whsve - ~CP T iov poweR 2
ACTUATOR AUX.
CTUATO - \Yiﬁ____,:> ADD JUMPER FOR 12V
BATTERY OR ACTUATOR
T CURRENTS ABOVE 5A
GND :
Pick up " ’—i
— el cw
FUSE -
BATTERY AN
15A MAX » CLOSE FOR iDLE
|} SPEEDTRIM — ——
OFTIONAL ACTUATOR CONTROL-5K
CABLE SHIELDING TO

MEET CE DIRECTIVE

ECBOMO008

Diagram 1. DWC-2000 Wiring and Qutline
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2) Application and Installation information

The speed control unit is rugged enough for mounting in a control cabinet or engine mounted
enclosure or in a remote console up to 20 meters(65f.) from the engine. Care should be taken to
insure that the speed control unit, mount it vertically so that condensation will not accumulate In the
speed control unitt.

<Warning>
An pverspeed shutdown device, independent of the governor system, shouid be provided fo
prevent loss of engine control whichh may cause personal injury or equipment damage. Do
not rely exclusively on the governor sysitem electrfc actuator to prevent over speed. A
Secondary shuioff device, such as a fuel solenoid must be used.

3) Wiring

Wiring to the speed control unit should be as shown in Diagram 1. Wire leads to the battery and
actuator from the speed control unit terminals A, B, E and F should be #16 AWG(1.3 mm sq.) or
larger. Long cables require an increased wire size to minimize voltage drops. An external 15amp
fuse is recommended in series with terminal F, the positive (+) battery input terminal.

The magnetic speed sensor leads must be twisted and/or shislded for their entire length. If shield-
ed cables are used, connect ail the shields to terminal D only. The shield should be insulated to
insure no other part of the shield comes in contact with engine ground, otherwise stray spesd sig-
nals 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.(0.45mm). Usually, gear tooth will achieve a satisfactory air gap. The magnetic speed sensor
voltage should be at least 1 VAC RMS during cranking.

4) Adjustments

® Before starting engine
Confirm the following adjustment positions. The adjustments are factory pre-set as follows :
Check to insure the GAIN and STABILITY adjustments, and if applied, the external SPEED TRIM
CONTROL are set to mid position.

Preset the DWC-2000 as follows:

Galn . Minimum CCW

Stability oo .. Mid-range

Spéed AdJUST . e 3650Hz

I e s s rrerreaes 1950Hz

DIOOP civerirrninnmmrreinernsrrrnnsrrsnmsnensaas ssnns Maximurm CCW {minimaum setting)
Overspaed .....ccciicrrer i rrenrrras s e Maximum CW

RUn Bamp ..cveiiiivnerm s sramermaan e eeneee. NMaximum CW

CRANK FAMP .coccvviveerinriirnrnerrsensieneeen:. Maximum W

STARTING FUEL .......iiiiiiinenaen FULL CW{Maximum Fuel)
SPEED RAMPING ...ooooovieemerieecenemee 'FULL CCW({ Fastest )
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& Start engine
The speed control unit governed speed setting is factory set at approximately engine idie speed.
Crank the engine with DC power applied to the governor system. The actuator will energize to the
maximum fuel position untit the engine starts. The govemor system should control the engine at a

low idle speed. If the engine is unstable after starting, turn the GAIN and STABILITY adjustments
counterclockwise until the engine is stable.

& Governor speéd setting

The governed speed set point is increased by clockwise rotation of the SPEED adjustment control.
Remote speed adjustiment can be obtained with an optional 8K Speed Trim Control.
(See Diagram 1.)

e Governor performance

Once the engine is at operating speed and at no load, the following govemor performance adjust-
ment can be made.

A. At no load, turn the gain contral CW until instability results. Then back-off slightly CCW (1/8 turn)
beyond the point where stability returns,

B. Turn the stability control CW until instability resuits. Then back-off slightly CCW (1/8 turn) beyond
the point where stability returns. Excellent performance should result from these adjustments.

if instability cannot be corrected or fusther performance improvements are required, refer to the sec-
tion on SYSTEM TROUBLESHOQOTING.

¢ Starting fuel adjustment

The engine's exhaust smoke at start-up can be minimized by completing the following adjustments.

A. Place the angine in idie by connecting Terminals M & G.

B. Adjust the IDLE speed for as low a speed setting as the application allows.

C. Adjust the STARTING FUEL CCW until the engine speed begins to fall. increase the STARTING
FUEL slightly so that the idle speed is returned to the desired level.

D. Stop the engine.

One of two methods of operation {or the DWC-2000 may now be selected.

Method 1 : Start the engine and accelerate directly to the operating speed(Gen Sets, etc.).
& Remove the connection between Terminals M & G. Start the engine and adjust the
SPEED RAMPING for the least smoke on acceleration from idle to rated spesd. If the
starting smoke is excessive, the STARTING FUEL may need to be adjusted slightly

CCW. If the starting time is too long, the STARTING FUEL may need to be adjusted
slightly CW.
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Meathod 2 : Start the engine and control at an idle speed for a period of time prior to accelerating to
the operating speed. This method separates the starting process so that each may be
optimized for the lowest smoke emissions. _

% Replace the connection between Terminals M & G with a switch, usually an oil pres-
sure switch. Start the engine. If the starting smoke is excessive, the STARTING FUEL
may need to be adjusted slightly CCW. If the starting time is too long, the STARTING
FUEL may need io be adjusied slightly CW.

When the switch opens, adjust the SPEED RAMPING for the [east amount of smoke

when accelerating from idle speed to rated speed.

e ldle speed setting ‘
If the IDLE speed setting was not adjusted as detailed in "Stariing Fue! Adjustment” section, then
place the optional external selector switch in the IDLE position. The idle speed set point is increased
by clockwise rotation of the IDLE adjustment control. When the engine Is at idle speed, the speed
control unit applies droop to the governor system to insure stable operation

& Speed droop operation

Droop is typically used for the paralleling of
engine driven generators.

. ) . Adjust the DROOP adjisstiaht
Place the optional extemal sslector switch in SPEED / —)

|
the DROOP position, DROQOP is increased by ' M L}Load up. |

clockwise roiation of the DROCP adjustment Set speed |-

DRCOF widh
(Betew 10% of o set-speed)

*

. . . Full Kad(
control. When in drocp cperation, the engine [Foll e
speed will decrease as engine load increas-

—

es. The percentage of droop is based on the TIME ™~

actuator current change from engine no load

ECBOMO0S |

to full load. A wide range of droop is available Figure 3. The relation between the speed
with the internal control. Droop level require- and a amount of load.

ments above 10% are uriusual.

If droop levels experienced are higher or .

lowar than those required, contact the factory

for assistance.

After the droop level has been adjusted, the

rated engine speed setting may need to he

reset. Check the engine speead and adjust the

speed setting accordingly.
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¢ Accessory input
The AUXiliary Terminal N accepts input signals from load sharing units, auto synchronizers, and
other governor system accessories, DWC accessories are directly connected to this terminal. It is
recommended that this connsction from accessories be shielded as if is a sensitive input terminal.
If the auto synchronizer is used alone, not in conjunction with a load sharing moduls, a 3M ohm
resistor should be conhected between Terminals N and P. This is required to match the voltage lev-
ols between the speed control unit and the synchronizer.
when an accessory is connected to Terminal N, the speed will decrease and the speed adjustment
must be reset.
when operating In the upper end of the control unit frequency range, a jumperwire or frequency trim
control may be required between Terminals G and J. This increases the frequency range of the
speed control to over 7000Hz.

e Accessory supply
the +10 volt regulated supply, Terminal P, can be utilized 1o provide power to DWC- 2000 governor
systemn accesscories. Up to 20ma of current can be drawn from this supply. Ground reference is
Terminal G. Caution : a short ¢ircuit on this terminal can damage the speed control unit.

® Wide range remote variable speed operation

Simple and effective remote variable speed can be obtainsd with the DWC-2000 Series contral unit.
A single remote speed adjustment potentiometer can be used to adjust the engine speed continu-
ously over specific speed rangs. Select the desired speed range and the corresponding poten-
tiometer value.(Refer to TABLE 1.) If the exact range cannot be found, select the next higher range
potentiometer. An additional fixed resistor may be placed across the potentiometer to obtain the
exact desired range. Connect the speed range potentiometer as shown in Diagram 2.

To maintain engine stability at the minimum speed setting, a small amount of droop can be added
using the DROOFP adjustment. At the maximum speed setting the govaernor performance will be near
isochronous, regardiess of the droop adjusiment setting.

TABLE 1. Variable Speed Range Potantiometer Value

Speed Range Potentiometer Value
900 Hz 1K
2,400 Hz BK
32,000 Hz 10K
. 3,500 Hz 25K
3,700 Hz 50K
Diagram 2.
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¢ OVERSPEED shutdown setting

DWC-2000 has a Test switch to determine the OVERSPEED set point and test the engine shut-
down function. If you want to adjust the OVERSPEED set point at the speed about 10% higher
than the RUN set speed, use the Test switch. When the engine is operating at the Run set speed
in pushing the Tast switch, rotate the Overspeed Adjust. by CCW until the Overspeed shutdown
function is operated. When the Test switch is pushed, the Overspeed set point is reduced to 10/11

of the real set point.

® RUN ramp turn-on speed setting

When the engine is operating at the Run set speed, adjust the Run lamp adjustment CCW until

the lamp is on. Then, more rotate 1/2 tum by CCOW.

# CRANK ramp turn-on speed setting

When the engine is operating at the Idie set speed{(800rpm}, adjust the Crank lamp adjustment

CCW uritil the lamp is on. Then, more rotate 1.5 turns by CCW.

5) System troubleshooting

® System Inoperative

If the engine governing system does not function, the fault rnay he determined by performing the
voltage tests described in steps 1,2,3,and 4. (+) and (-} refer to meter polarity. Should normal val-
ues be indicated as a result of following the trouble shooting steps, the fault may be with the actu-

ator or the wiring to the actuator. See the actuator publication for testing details.

STEP | TERMINALS | NORMAL VALUE

PROBABLE CAUSE OF ABNORMAL READING

1

. DC battery power not connected. Check for

1 F(+) & E() Battery Supply blown fuse.
Voltage{24V) 2. Low battery voltage.
3. Wiring error.
1. Gap betwaen speed sensor and gear teeth
too great. Check gap.
o CaD 1.0VAC RMS min., 2. Improper or defective wiring to the speed
while cranking sensot. Resistance between terminals C and
D should ba 30 to 12000hms
3. Dafoctive speed sensor.
1. Short on terminal P.
a P(+) & G{-) 10vVDC, {This wilt cause a defective unit.)
- internal Supply ]
2. Defactive Speed Control.
1. SPEED adjustment set too low.
2. Shert/open in actuator wiring.
4 F(-+} & A(-) 1 0 -2.0VDC 3. Defective speed control.
while cranking
4, Defactive actuator.

Sea Actuator Troubleshooting.
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® Unsatisfactory performance

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

engine at the desired
running speed.
Measure the BC volt-
age between
Terminals A{-)&F{+)
on the speed control
unit,

SYMPTOM TEST PROBABLE FAULT
Actuator goes 1o full fuel, then, disconnect speed
sensor at Terminals C & D.
Do not crank. Apply & If actuator still at full fuel —» speed control
DC power to the gov- unit deffective.
ernor system. ® If actuator at minimum fuel position —»
errorneousspeed signal.
Check speed sensor data.
Engine

a) SPEED adjustemnt set above desired speed
b) Defective speed control unit.

2. l§ the voltage reading is above 6.0VDC.
a) Actuator or likage binding.

3. if the voltage reading is below 4.0VDC.

4. Gain set too low.

Actuator does
not eriergize
fully.

Measure the voltage
at the battery while
cranking.

If the voltage is less than 15V for a 24V system,
replace the battery if it is weak or undersized.

Momentarily connect
Terminals A and F.
The actuator should
mava to the full fuel
position.

. Actuator or battery wiring in error.
. Actuator or linkage binding.
. Defective actuator.See actuator troubleshaoting.

. Fuse opens. Check for short in actuator or
actuator wiring harness.

PN v LS

Engine remains
below desired

governed speed.

Measure the actuator
output. Terminals
A&B, while running
under governor con-
trol

1. Hf voltage measurement is within approximately 3
volts of the battery supply voltage, then fuel
control restricted from reaching full fuel position.
Possibly due to interference from the mechanical
governor, carburetor spring or linkage alignment,

2. Speed setting too low.

# Insufficient magnetic speed sensor signal

A strong magnetic speed sensor signal will eliminate the possibility of missed or extra pulses. The
speed control unit will govern well with 0.5voits RMS speed sensor signal. A speed sensor signal of
3 volfs RMS or greater at govemed speed is recommended. Measurement of the signal is made at

Terminals C and D.

The amplitude of the speed sensor signal can be raised by reducing the gap between the spesd
sensar tip and the engine rind gear. The gap should not be any smaller than 0.020 in {0.45mm).
when the engine is stopped, back the speed sensor out by 3/4 turn after touching the ring gear tooth

to achieve a satisfactory air gap.
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& Electromagnstic compatibliity (EMC) .

EMI SUSCEFTIBILITY - The governor system can be adverssly affected by large inter- fering sig-
nals that are conducted through the cabling or through direct radiation into the control clrcuits.

All DWC-2000 speed control units contalin filters and shielding designed to protect the units sensi-
tive circuits from moderate external interfering sources.

Although it is difficult to predict levels of interference, applications that Include magnetos, solid state
ignition systems, radio transmitters, voltage regulators or battery chargers should be considered
suspect as possible interfering sources.

If it is suspected that external fields, either those that are radiated or conducted, are or will affect
the governor systems operation, it is recommended to use shielded cable for all including the speed
sensor shieid, is connected to a single point on the case of the speed control unit. Mount the speed
control unit 1o a grounded metal back plate or place it in a sealed metal box.

Conduction is when the interfering signal Is conducted through the iMterconnacting wiring to the
governor system electronics. Shielded cables and installing filters are common remedies.

As an aid to help reduce the levels of EMI of a conductive nature, a battery line filter and shieided
cables are conveniently supplied by DWC,

Instabllity

Instability in a closed loop speed control system can be categorized into two general types. PERI-
ODIC appears to be sinusoidal and at a regular rate. NON-PERIODIC is a random wandering or an
occasional deviation from a steady state band for no apparent reason.

Switch. D1 controls the Differential function. When the position of switch D1 is "ON", the function is
operated. Move the swiich to the "OFF" position if there is fast instability in the system.

The PERIODIC type can be further classified as fast or slow instability. Fast instability is a 3Hz, or
faster irregularity of the speed and is usually a jitter. Slow periodic instability is below 3Hz., can be
very stow, and is sometimes violent,

if fast instability occurs, this is typically the governor responding to engine firings. Raising the
engine speed increases the frequency of instability and vice versa. In this case, placing switch D1
in the "OFF" position will reduce the speed control unit's sensitivity to high frequency signals.
Should instability stifl be present, placing switch D2 to the "OFF" position may help stabilize the
engine. Again, readjust the GAIN and STABILITY for optimum control. Interference from powerful
electrical signals can also be the cause. Tumn off the battery chargers or other electrical equipment
to see if the system disappears.

Slow instability can have many causes. Adjustment of the GAIN and STABILITY usually cures most
situations by matching the speed control unit dynamics. If slow instability is unaffected by this pro-
cedu_Ee, evaluate the fuel system and engine performance. Check the fuel system linkage for bind-
ing, high friction, or poor linkage. Be sure to check linkage during engine operation. Also fook at the
engine fuel system. Irregularities with carburetion or fuel injection systems can change engine power
with a constant throttle setting. This can result in speed deviations beyond the control of the gover-
nor system. Adding a small amount of droop can help stabilize the systém for troubleshooting.
NON-PERIODIC instability should respond to the GAIN control. If Increasing the gain reduces the
instability, then the problem is probably with the engine. Higher gain allows the govemor to respond
faster and correct for disturbance. Look for engine mis-firings, an erratic fuel system, or load
changes on the engine generator set voltage regulator. If the throttle is slightly erratic, but perfor-
mance is fast, move switch D1 to the "OFF" position, This will tend to steady the system.
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10.3.4. Fuel feed pump

1) General descriptions and construction

Priming pump

Check valve

Check valve

mlet Outlet
side side
rTT T ] _:' ______ 1|
! \ ! | Cam shaft
EGM4019)

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 betow:

The figures show its construction (above figure) and operation (following 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 fusl 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).
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Y B C)
Inlet side Outlet side Interruption

EQM40201

-pump to fitrate any foreign sub-

This feed pump is mounted with a priming pump designed to permit manual feeding of fue!
from the fuel tank with the Injection pump mounted in the engine. During the manual feed-
ing operation, air must be bled from the fuel lines.

When using the priming pump, fix it securely to prevent the possible antry of moisture or
other foreign substances in the inside of feed pump.

In addition, a strainer is fitted into joint
bolt on the inlet side of the fuel feed

stances possibly mixed in fuel.

Strainer
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2} Disassembly

42

EQM30215

@ 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 (6), and piston (&) on the piston side.

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

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

3) Inspection
® If 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 housing 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.
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B) Testing
(1) Suction capacity test

Connect one end of a hose to the inlet
side of the fead purmp and immerse the
other end of it into the fuel tank as illus-
trated.

Hold the feed pump in position about 1 m
above the level of fuel in the fusl tank.
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 deliv-
ery is more than 405 ¢c/15 seconds.

(3) Sealing test

Plug up the delivery port on the feed
pump and apply compressed air of 2
kg/cm?® inta the inlet side.

Submerge the feed pump in a container
of diesel fuel and chack for air leak.
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10.3.5. Injection nozzle

1) General descriptions

Pressurized fuel delivered from the fuel injection pump is sprayed Into the combustion cham-

ber past the injection nozzle at proper spray pressure and spray angle, then burmt complete-

ly to achie\fe affactive angine performance.

a

(1) At vaive closed

s

{2) At valve opened

M

pan

EQM4024]

2) Construction

gy

AN
N

ey
i

S

g

2 e -
e T~ TN
b

o =i A WHh =

. Nozzle holder

. Union nut

Shim

. Coll spring

. Guide bush

- Intermediate washer
. Cap nut

. Nozzle

N ® O AN =

EFM2054]

3) Disassembly

® Clamp the nozzle assembly and remove the nozzle holder.

& Remove the nozzle nut and components inside.

-

4) Inspection

® Visually inspect the disagssembled components foy damage.

5) Reassembly

® After removing carbon deposit, submerge the nozzle in diesel oil and clean it.

® Replace all the gaskets with new ones.

® Assemnble the parts and tighten them to specified torque.
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6) Adjustment

# the cap nut and assemble a nozzle to
a nozzle taster.

® With the adjusting screw loosened,
operate the nozzle 2 -~ 3 times to
bleed it.

® Operate the nozzle tester lever at the
specified rate.

® Adjust the injection pressure to the
standard pressure using the adjusting
SCrew.

& 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.
Spray pattern should be uniform and
free of spattering.

T) Testing
With the nozzle assembled to a nozzle
tester and specified pressure applied,
check the nozzie for fuel leakage.

-

EFM20561

» L/
W

Normal

&

-
A

!”NI: 11“3
Abnormal

Aoy

Abnormal

EFM2057]

EAMCO22I

Engine Model D1146/PU086

D1146T/PUOBET

POB6GTI

. Opening pressure 214 kgfem?

214 kg/om?

214 kgfcm?
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10.3.6. Diagnostics and troubleshooting

Complaints

Possible causes

Corrections

1. Engine won’'t start
1} Fuel not being pumped
out from feed pump

2) Fuel not being injected
from injection pump

3} Fuel injection timing
Incorrect

4) Injection nozzles
inoperative

& Fuel pipes clogged or air into
pipe fine

& Feed pump valve defective

® Fzed pump piston or Push rod
sticking

Correct

Replace
Disassemble, correct

@ Fusl filter elament restricted

@ Air in fuel filter or injection
pump

® Plunger and/or delivery valve
sticking or defective

Clean
Bleed

Disassemble, corract

@ Injection pump not properly
instalied on pump bracket

@ Injaciion pump tappet
incorrectly adjusted

@ Cams on cam shaft worn
axcassively

Check, corract

Check, correct

Replace

® Needle valves sticking

@ Fuel leaking past clearance
between nozzle and needle
valve

Correct or replace
Corract or raplace

@ injaection prassure incorrect Adjust

2. Engine starts but stalls | @ Pipe from feed pump to injection | Clean
immediately pump clogged or filter clogged

® Aifrin fuel Bleed

® Feed pump delivery insufficient
& Fuel delivery insufficient due 1o
clogging of fuel tank air breather

Disassemble, correct
Replace breather

3. Engine lacks power

® Plunger worn excessively

@& Injecticn timing incorrect

@ Delivery valves defective

& Nozzle leaks excessively

® MNozzle not working normailly

Replace

Adjust

Replace

Correct or replace
Disassemble, correct

4, Engine knocking

® |njection timing too fast
® Nozzle injection pressure too
high

@ Nozzles not working normally

Adjust
Adjust

Disassembie, correct

5. Engine knocks seriously
producing excesslve
exhaust smoke

@ Injection timing incorrect

® Nozzle injection pressure too low
® Nozzle spring broken

@& Nozzles not working nosmally

® Plungers woern eaxcessively

@ Delivery valves seat defective

® Supply of fuel excessively

Adjust
Adjust
Replace
Replace
Adjust

Replace

Check feed pump
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Complaints

Possible causes

Corrections

6. Engine output unstable

® supply of fuel insufficient

@ Ajr in fuel

® Water in fuel

@ Operation of plungers unsmooth

® Movemerdt of control rack
sluggish

® Nozzles defactive

® Injection starting pressure of
each barrel incorract

@ Automatic timer defective

Check fead pump
Bleed

Repiace fuel
Disassemble, correct

Disassemble, correct

Disassemble, correct

Adjust

Disassemble, correct

7. Engine cdoes not reach

maximum spaed

® Nozzles not working normally

® Governor defective

Disassemble, corract

Disassemble, correct

8. Engine idling unstable
sluggish

@ Movement of control rod
@& Operation of plungers unsmooth
® Control pinions not engaged

O with control rod correctly

Disassemble, correct
Disassemble, corract

Disassemble, correct
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10.4. Turbocharger

10.4.1. Main data and specifications

1) Main data and specifications

Specification

D1146T/PUOSET

PO86TI

Turbocharger Model

Allied Signal 466721-13

Allied Signal 466721-16

Air pressure at
compressor outlet

50Hz: Approx. 0.76 kgfcm?
60Hz: Approx. 1.00 kg/cm?

50Hz: Approx. 1.56 kg/cm?
60Hz: Approx, 1.76 kg/cm?

At maximum
output

Air suction volume

50Hz: Approx. 8.2 m¥min
60Hz: Approx. 10.3 m¥min

50Hz: Approx.13.0 m¥min
60Hz: Approx. 16.4 m*min

Speed of turbine
revolution

50Hz: Approx 72,000 rpm
B60Hz: Approx. 78,000 rpm

B50Hz: Approx. 102,000 rpm
60Hz: Approx. 110,000 rpm

Maximum allowable speed

126,000 rpm

126,000 rpm

Max. allowable temperature of
exhaust gas at turbine inlet

750 °C

750 °C

Lubricating system

External oil supply

External oil supply

Weight 9.3 kg 9.3 kg
2) Construction
1 2
22777 ) ;
/
A —#=B

}\\\
N

\.\\'\'

O —

EAO5008I
1. Impeller casing A. Air inlet
2. Turbine casing B. Gas outlet
3. Bearing casing C. Gas inlet
4. Impeller ) D. Oil supply
5. Turbine E. Qil retum
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. Turbine shaft

Thrust bush

. Oil shut off

. Fixing nut

. Seal ring

. Seal ring

. Seal ring

. Compressor wing wheel
. Turbine housing
. Bolt

. Clamp

. Bearing housing
. Retainer ring
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16.
17.
18.
1.
21.
22.
23.
24.
27.
30.
31.

Seal plate

Thrust bearing
Journal bearing
Screw

Screw

Heat dissipator
Compressor housing
Clamp

Boit

Liquid gasket

Loctite

Liquid anti-bum agents




3) Operating principle

Tubine wheal and

shaft assembly Ol Inlet

Compressor

Tubine housing housing

Exhaust pipe £y auet gas discharge ~o= P —=2= Fresh air inlet

3 ﬂ " Compressot
p — 4 ) 1 wheel
l } — Ol outlet |: Compressed air flow
‘ [ _ Intake pipe

TIAUT Al

y
a

—

]

EAMC0545

The turbecharger 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.

10.4.2. General descriptions

The engline output is determined by the fuel delivery volume and engine efficiency.To burn the
supplied tuel compietely to change into effective power for the engine, the volume of air
enough to bum the fuel completely should 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 burns so much more fuel.

As explained, the compressing of air to supply into the cylinders is calted “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®.

10.4.3. Functions

1) Turbine

Exhaust gas discharged from the combustion chamber distributes its own energy to the turbine
blades while passing the inside of the turbine housing, with the result that the turbine shatft 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.
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2) Compressor
The compressor, which is connected to the turbine over the one and same shaft o form a rotat-
ing body, takes in and compresses ambient air with rotating force transmitted from the turbine
shaft. Then, the compressed air is delivered to the irtake stake. This is the operating principle

of the comprassor.

3) Bearings

(1) Thrust bearing
The turbine wheel creates thrust force. Therefora, axercise care sc that the shafi is not davi-
ated from its the original position due to this thrust.

{2) Journal bearing
This journal bearing of floating type forms a dualt oil film on both the inside and outside of
the bearing so that the bearing can rotate independently. As the dual oil fitm plays a role as
a damper, the sliding speed of the bearing surface becomes lower than the rotating speed
of the shaft, resulting In assurance of stability in its movement.

4) Sealing-Compressor shaft
The compressar is of a dual construction type composed of seal plate and seal ring to prevent

the leak of compressed air or lubricating oil.
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10.4.4. Precautions for operation

1) Precautions for aperation of engine

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

angine:

Operations

Precautions

Reasons

When stariing
the engine

1} Check oil lavel

2) Crank the engine with starter to
check the increase in oll pressure
{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
elemant, or lubricating parts, or
when having stopped the engine
for extended period of time, orin a
cold place, loosen the oil pipe con-
nectiohs and operate the starer
motor until oil is discharged. After
completing the operation, be sure
to retighten the olil pipe connections
portion before starting the engine.

2) Abrupt starting of the engine caus-
es the engine to rotate with oil not
being distributed not only to each
part but also to the turbbocharger,
resulting in abnormal wear or
seizure on the bearing due to
insufficient supply of oil,

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

Immediately
after starting

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

2) Check each part for leakage of oii,
gas, and air, and take proper mea-
sure.

1) Applying load abruptly If load is
abruptly appiled with the engine
and rotating
unsmoothly, such parnts that a suffi-
cient amount of oll has not reached
can be seized up. _

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

turbocharger

During operation

Check the followings:
1) Oil pressure At idle: 0.8 kg/cn? or
more At full load: 3.0 ~ 4.8 kg/cm?®

2) f unusuai sound or vibration is
heard or felt, reduce engine revolu-
tions slowly and locate the cause.

1) Excessively low oil pressure caus-
as unusual wear or seizure of the
bearing. Too high pressure causes
oil leakage.

2) The engine |s operatad continuously
with unusual sound or vibration not
corrected, it can be damaged
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 bums oll to cause seizure of
the bearing metal and rotating
shaft.

~-162 -



10.4.5. Walk-around check and serviclng

As the condition of turbocharger depends greatly on how well the engine is serviced, it is very
important to maintain the engina in accordance wiih the specified maintenance procedure.

1) intake system
Pay particular attention 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 cleanear draws In oil to foul the case.
Especially, if the rotor is fouted, the sophisticatedly-tuned balance is broken to create vibra-
tion and to cause seizure and unusual wear to the bearing.
Therefore, 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-
tem because leakage of exhaust gas from discharge pipes, turbocharger fixing portions,
atc. lowers charging effect.
As such components as turbine chamber that becomes rad-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) Fuet system

if the full load stopper regulating the maximum injection volume and the maximum speed
stopper regulating the maximum spsed 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 it, if spray pattern from the fuel injection nozzles is bad or the injection timing
is incorrect, temperature of exhaust gas rises up to affect the turbocharger adversely. To
avoid such trouble, be sure to make a nozzle test.

4} Lubricating system
Pay particular attention to oil quality and olil filter change intervals when servicing the lubri-
cating system. Deteriorated engine oil affects adversely not only the engine but torso the
turbocharger. Suggested engine oils for the turbocharger-mounted engine are as follows:
& SAE 15W40
& AP! grade CD or CE
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10.4.6. Perlodical checking and servicing

Make it a rule to check the turbocharger assembly for condition and contamination periodi-
cally.

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 turbocharger
housing and increase the engine revolutions slowly. If a high-pitch sound is heard contin-
uously, 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 turbocharger should be replaced or
repalred.

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

(1) Rotor axial play

Magnet vise Turbine whesl room

Move the turbine
shaft to axial
direction

Dial gauge

Standard : 0.117~0.20mm
Limit of wear : 0.24mm EASM4003
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(2) Rotor radial play

Dial gauge

Ol outiet

Radial play N Move the turbine shaft
Standard : 0.075~0.11mm — ! g in both directions
Limit of wear ; 0.12mm simultaneously
)
Oil inlet
EABM4004

(3) # the measured axial and radial plays are beyond the limit of wear, replace or repair
the turbocharger.

3) Gulde 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 oil inlet port but also the oil
outlet pipe and check them for damage or foreign matiers.
® Assemble each joint on oil pipes securely to prevent oil leaks.

» (2) Intake system
@ Check the ingide of the intake system for fereign matters.
® Assamble each joint on the intake duct and air cleaner securaly o prevent air leaks,

(3) Exhaust system
® Cheack the inside of the exhaust system for foreign matters.
@ Be sure to use heat rasisting steel bolts and nuts. Do not interchange them with ordi-
nary steef bolts and nuts when performing reassembly operation.
Apply anti-seizure coating to the bolts and nuts.
® Assemble each joint on the exhaust pipes sacurely to prevent gas leaks.
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10.4.7. 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

£) Turbine blades and compressor blades
coming in contact with each other or damaged

6) Exhaust piping deformed or clogged

Replace oy clean
Check and correct
Check and cortrect
Disassemble/repair
or replace
Disassemble/repair
or replace

Check and correct

2. Excessive white smoke

1) Oil leak into turbine and compressor

2} Worn or damaged seal ring due to excessive

wear of bearing

Disassemble/repair
or replace
Disassemble/repair

or replace

3. Low engine output

1) Gas leak at each part of exhaust system
2) Air cleansr slement restricted

3) Turbocharger fouied or damaged

4) Leakage at discharge poit on compressor side

Check and correct
Replace or clean
Disassemble/repair
or replace

Check and correct|

4. Unusual sound or

vibration

1) Rotor assembly coming in contact

2) Unbalanced rotation of rotor

3) Seized up

4) Each joint loosened

Disassemble/repair
or replace
Disassemble/repair
or replace
Disassemble/repair
or replace

Check and corract

- 166 -




peal

11. Special Tool List

No. Part No. Figure Tool Name
Injection pump setting ass’y
EF.123-014
(for D1146/T,PUOSG/T)
1
Injection pump setting ass’y
EF.123-015 (for POBGTI)
EF 123-127 Qil seal(CR) insert ass’y (Front)
(Up to 2000.Apr)
2
Oil seal(NOK)insert ass’y (Front)
EF123-173
(From 2000.May)
EF.123-043 Qil seal(CR) insert ass'y (Rear)
{Up to 2000.Apr)
3
i ,
EF 123-184 Qit seal{NOK)Insert ass'y (Rear)
{(From 2000.May)
EF.123-052 Oil seal(CR}) puller ass'y (Front)
(Up to 2000.Apr)
4
it !
EF 123-317A Olt sealiNOK)puller ass'y (Front)
(From 2000.May)
Qil seal(CR) puller ass’y (Rear)
5 EF. =
123-048 (Up to 2000.Apr)
& EF.123-345 Cylinder pressure tester adapter
7 EF.123-086 Cylinder liner puller ass’y
8 EF.123-179 Valve stem seal punch
9 EU.2-0131

Valve clearance adjust ass'y
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No. Part No. Figure Tool Name
10 EF.123-065 Valve spring press

11 EU.2-0647 Crankshaft gear punch
12 EF.120-208 Piston sleeve

13 60.99901-0027 Feeler gauge

14 T7610001E Snap ring plier

15 T7621010E Piston ring plier
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Appendix

® Tightening torque for major parts

Major Parts Screw Strength .
(Diameter x pitch)| (grade) Tightening Torque | Remarks
1st : 6.0 kgesm
2nd : 180°
Cylinder head bolt Mi14 x 1.5 10.97 ard - 150°
(Angle method)
i1st: 10 kg-m
Connecting rod bearing cap boit M14 x 1.5 12.9T 2nd : 15 kg-m
3rd : 18 kg-m
1st: 15 kg-m
Crankshaft main bearing cap bolt M16 x 1.5 12.97 2nd : 25 kg-m
3rd : 30 kg'm
Balance weight fixing boit Mi2x1.5 10,97 8.0 kg'm
Flywheel housing fixing bolt Mi14 x1.5 10.97 8.0 kg-'m
Flywheel fixing bolt Mid x 1.5 10.2T 18.0 kg'm
Crankshaft pulley fixing kol Mi2 x 1.5 10.8T 13.4 kg-m
Oil spray nozzle M14 x 1.5 - 8.0 kg-m
® Tightening torque for fuel injection pump system
Maior Parls Screw Strength .
J (Dlameter x pitch)] (grade) Tightening Torque | Remarks
Injection nozzle nut M28x1.5 - 7.0 = 0.5 kgem
injection pump bracket bolt M10 8.8T 4.4 kg-m
Injection pump coupling bolt - - 6.0 ~ 6.5 kg'm
Injec!ion pump driving gear nut M24 x 1.5 8.8T 25.0 kg-m
Injection pipe nut Mi4x 1.5 8.8T 3.0 kg-m

Injection pump delivery valve holder

11.0 ~ 12.0 kg-m
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® Standard bolt tightening torque table

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

Degree of strength
Diameter 3.6 4.6 4.8 56 58 6.6 6.8 6.2 8.8 10.8 12.9
X (4A) | @4D) | (48} | (D) | (B8) | {6D) | (68) | (BG) | (BG) |(10K) | (12K)
pitch _ Limit value for elasticity (kg/mm?)
{mm) 20 |24 |32 |30 |40 |36 | 48 | 54 | 64 | 90 | 108
Tightening torque (kgem)
M5 D.15 0.16 | 0.25 022 | 0.31 0.28 | 0.43 0.48 0.5 0.75 0.9
Mé& 0.28 | 0.30 | 045 0.4 055 | 047 | 0.77 | 0.85 0.9 1.25 0.5
M7 043 | 046 07 063 | 083 | 0.78 1.2 13 1.4 195 | 235
M8 0.7 0.75 1.1 1 1.4 1.25 1.9 2.1 22 341 as
M8 x 1 0.73 0.8 1.2 1.1 1.5 1.34 2.1 23 2.4 3.35 4.1
M10 1.35 1.4 2.2 1.9 27 2.35 3.7 4.2 4.4 6.2 7.4
M10 x 1 1.5 1.6 2.5 2.1 3.1 28 4.3 4.9 5 7 8.4
Mtz 2.4 2.5 3.7 3.3 4.7 4.2 6.3 7.2 7.5 10.5 12.5
M12x 1.5 2.55 2.7 4 3.5 5 4.6 6.8 7.7 8 11.2 13.4
M14 3.7 3.9 B 52 7.5 7 10 s 12 17 20
M14 x 1.5 41 4.3 6.6 57 8.3 7.5 1.1 12.5 13 18.5 22
M16 5.6 8 g 8 11.5 10.5 17.9 18.5 18 26 31
Mi& % 1.5 6.2 6.5 8.7 8.6 125 11.3 17 19.5 20 28 33
M18 7.8 8.3 12.5 11 16 14.5 21 242 25 36 43
M18x 1.5 9.1 9.5 14.5 12.5 | 18.5 16.7 | 245 | 27.5 28 41 49
M20 1.5 12 18 16 22 19 31.5 35 36 51 &0
M20x1.5 12.8 13.5 | 205 18 25 22.5 35 39.5 41 58 68
M22 15.5 16 24.5 21 30 26 42 46 48 67 75
M22 x 1.5 17 18.5 28 24 34 22 47 o2 56 75 85
M24 205 21.5 33 27 40 34 55 58 83 82 a2
M24 x1.5 23 25 37 31 45 38 61 a7 74 o3 103

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 value.
For example, a screw coated with MoS2 should be tightened to 80% or so of the stan-
dard value.

® Tightening torque for hollow screw (4-hole)

Material Me M10 Mi2 M14 Mt6 M18 Ma22 26 M30 Mas

SM25C - - 1.6 25 3.5 4.5 55 2.0 13.0 18.0 30.0
*SUM22L 0.8 1.8 3.0 4.0 6.5 6.5 11.0 16.0 20.0 35.0
STS304 0.8 1.8 3.0 4.0 55 6.5 11.0 16.0 20.0 35.0

* : Adopted in DAEWOQO engine
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& Maintenance specification table

Group Part Inspection ltem Stand value | Limit Correction Remark
for assembly| for use
Inside dle.ameter of 6 111~4111.022 ;5.11.1 229 Replace liner )
cylinder liner for wear (limit 0.2)
A tof i Need amount of | Projection difference
moun iner
Cylinder o 0.03~0.08 projection without | between adjacent
projection . .
block & fait liners : 0.15 ¢
liner The flatness of upper 0.05/200 Correct with a Referenced length :
Engine surface of cylinder block ’ surface grinder 200mm
bod Hydraulic test for 1
y 4 4 Replace if leaky
minute (kg/cm?)
Valve seat Intake 0~0.3 - Replace valve
Cylinder | depression | Exhaust 0~0.3 - seat
head & | Cylinder head height 109.9 ~110.1 | 108.4 { Replace cyl. head
valve Hydraulic test for 1
!.( 4 Replace if leaky | Water temp. 70°C
minute {kg/cm?)
Measure at 13mm
L #110.801~ .
Outer dia. piston 5110.959 Replace liner away from lower
’ surface of piston
Clearance between Reapl one worn
_ enwee 0.041~0221 | 03 | Poc®
piston and liner more
Width of Top ring 3.50 Replace piston if
Piston | piston ring 2nd ring 3.06~3.08 groove width is beyond
grooves Qil ring 4.04~4.06 gpecified vallle
Piston projection from Measure unworn
cylinder block upper 0~0.12 Must exist portion beneath the|
surface rim of the upper side
Permissible weight .
) ) . x5 g 26 g v | Replace piston
Major difference of each piston
moving ) ) Top ring 0.40~0.65 1.5 Standard gauge
Piston ring - . oo .
parts 2nd ring 0.40-0.65 1.5 | Replace ring inside diamster :
gap Ol ring 0.30~0.60 1.5 $108
| Piston | Pistonring | Top ring Reol . Limit § i1
r mit for
ring side Zndring | 0.07-0.102 | 0415 _ef ace fing o ;a 'd duie nor
g standard clearance
clearance Ol ring 0.05~0.085 .15 pision
Dirsction of rin Cross Install by
ggap 120°C
Outer diameter of pi
. _ lameter of PISION| 4 41.904- g 42 Replace piston pir]
Piston pin -
in Cl between D Repla
B earance 0.009~0.015 place one worn

piston pin and its bush

more
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Stand value | Limit
Group Part Inspection Hem for agsembly | for use Correction Remark
Radial run-cut of journal 0.01 Correct Measure [n horizontal
and pin . with a grinder and vartical directions
Qutside diameater of #83.966~ 683 Use under sized
journal £ 83.988 bearings
: . . $70.871~ respectively(0.25,
Qutside diameter of pin #70.990 #70 0.5, 0.75, 1.0)
Er':ﬂf‘é?,'}y of journal 0.008 0.025
gggg‘?ﬁtncuw of journal 0.01 0.03
Taper of journal and pin 0.01 .03
Clearance between Replace bearing | Measurg at crown
Crank | crankshaft and bearing 0.052~0.122 | 0.25 part not parting line
shaft Replace
End play of crankshaft .15~0.325 0.5 thrust bearing
Adiust b Meaasure at No.4
Run-out of crankshaft 0.1 ¥ .f bjus i P:;a Press | hoaring(Ne. 1 & 7
iF bende bearing supported)
Balance of 80 ¥ 60 or | Check dynamic | Measure
crankshaft{g-cm} less | balance at 400 rpm
Torque valve journal Clean out foreign
bearing cap bolt 30 Coat the bolt with | 5hiects on joining
{kg-m) engine il surface
. . Measure after
Crush height of journal | g 08-0.110 tightening metal cap
bearing and releasing one stud
Qi seal for wear({crank Heplace oil seal
Major shaft rear} if oil leaking
moving End play of con-rod 0.170 ~ 0.248; 0.50 | Repiace con-rod
parts Clsarance between con-
rod bearing and crank | 0.034 ~ 0.098| 0.25 | Replace bearing
pin
Clearance between Measure after
small end bush & 0.050~0.081 0.12 installing the bearing
piston pin and releasing one bott
Connec- -~ After completing of
ting rod | Crush height of con-rod | g 536..0.50 bearing loosen one
bearing stud bolt & measure
Side clearance of big-
end and small-end g 0.50 | Replace con-rod
Allowable weight ;
difference per con-rods Bav
Torque valve of ... | Clean out foreign
con-rod bearing cap bolt 18 Coal lhe_::aolt with | abjects on joining
(kg-m) engine oi surface
j%luarl';.l:gler of cam shaft 457 86~ #57 68
Neam | Slearance between cami -, 15 047 | 0.24 | Replace cam bust
Shaft | End play of camshaft | 0.28~0.43 | 06 |hcplacethrust
Correci or replace
Run-out of camshaft 01 |ihe cam shaft
Clearance betwaen idle
shaft bush and idle shaft| 0-025~0.091 0.15
Timirg | End play of idle gear Correct or replace
gear shaft 0.043~0.167 0.3 |gear
Back-lash between ]
gears(cam, idle, crank 0.16~0.28 0.35 | Replace gear

and injection)
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Stand value

Limit

Group Part Inspection ltem ) for assembly | for use Correction Remark
Diamater of intake valve ' '
stem $8.950-98.970| 0.02 Replace valve & | When replacing
Diameter of . valve guide valve, replace
exhaust valve stem #8.935~£8.956 0.02 valve guide alike
Clearance :
between valva| INake 0.030~0.065 | 0.15 Replace valve & | Replace one wom
Shive e | Exhaust | 0.045-0.080 | 0.15 |VAleoUde more
Thickness intake 27 M 1 | Ren |
of valve head| Exhaust 2.2 ax. eplace valve
Clearance
batwean valve Intake 1.0
guide and valve
spring seat Exhaust 1.0
Clearance betwean vaive Spraad oil over
guide and cyl. head -0.?:’39~-0'._?10 vaive guide and
installing hole (Press fit) press it into the hole
Concentricity between
valve stem and valve 0.15 Without spring seat
head
Free length Approx.84
Valve Tensicn force .
Intake {when pressed 67.9-72.1 66.5 | Replace
valve to 41mmjkg valve spring
spring Squareness
(along free 2.5°
Valve length direction)
system Free length| Approx.60
Tension
| |force(when . _ Replace
n |pressed 1o 26.9-30.3 valve spring
n [38mmjky
? Squreness
{along free o
Exhaust length 2.5°C
valve direction)
spring Free length] Approx. 71
Tension
O |force(when » ) Replace
u |pressed to 62.7~69.3 valve spring
t |[41mmikg
? Sgurenoss
(along free o )
length 2.5°C
direction)
Valve Intake 0.3
clearance : Adjust
(at cold) Exhaust 0.3
Joini " £ val Grind or replace if
oining séu a(:(e of valve severely pitted on
sterg and rocker arm tip of racker arm
bus and stem
Clearance betwesan
rocker arm shaft & 0.020~0.093 0.3 EEELZ%Q bush
rocker arm bush
Ciameter of rocker arm #23.939~
shaft for wear $23.96 $23.75| Replace
Run-cut of push rod - 0.3 |Replace
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Stand value | Limit .
Group Part Inspection item Correction Remark
- for assembly | for use
Clearance betwsen 0.035 ~ 0.077 0.1 | Replace tappet
tappet & cvi. block
Valve Tappet Diameter of tappet #1994~ 319.865 19.89 { Replace tappet
system Tappet face in contact Repiace
with cam - - if severely womn or
deformed
ol Check oil leakage
ressure
) P R 4.8 or less 3.5 |and clearance
it (normal speedkg/cm between each part
pressure .
Qil pressure 0.6~1.4 0.6 Usa recommended
(idling)kg/cm? il
Max. permissible _ 105
Qil oil temperature’C Must not exceed this
tempera| Permissible valve
ture ofl temperature - 120
in short time"C
Axial pla:
atpey 0.055~ 0.105| -
of oil pumyp gear Replace gear
Clearance between Or cover
drive gear shaft & 0.032 ~ 0.077 -
oil pump cover hole
Clearance between Replace bush
drive gear shaft and | 0.040 ~ 0.094 - oF cover
Lubricating | Ol cover hole
system | pump Diameter of gear shaft] 416950 ~ ¢ 16968 Replace gear shaft{ ¢ 17e7
Diameter of driving gear
#26.000 ~ $26.033 Replace bush #28e7
bush
Between crank
gear & idle 0.15 ~ 0.25 0.8
Backlash gear Adjust back-fash
Between oil
pump drive 0.15 ~ 0.25 0.8
gear & idle gear
il control
Cil pressure 4.0 ~ 4.8 0.8
valve (kg/cm?®)
By-pass valve for fliter 18 ~23 0.8 |Replace vaive
3 element (kgfcm?)
Valve By- ve for full oil
y-pass vaive for 4.0~ 4.8
opening | filter (kg/em?)
ressure| Relief valve for oil
P K ) 85 ~11.5
pump (kg/crm?) Replace valve
Spray nozzle control
1.6~ 2.0
valve (kg/cm?) .
Qil Damage of oil filter
. . Clean or replace
filter cartridge
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. Stand value | Limit T
Group Part Inspection Rem for assembly | for use Correction Remark
Radiator & water pump
for corrosion, damage & Corract or replace
improper connecting
Test for leakage Submergz in w:-.fat-er
(air pressure) (kg/em?) 1.0 and replace if afr
bubbles found
Radiator| Pressure valve for
opening pressure 05
(kg/cm?)
Negative pressure valve
for opening pressure 20
(mmHg)
Delivery volume ¥min
- Pump speed 2,300rpm
- Water temp.85 °C Approx, 260 Check the water For any restrictions
- Back pressure : 0.5 passage
kgfem?
Cooling| Water | Clearance between Replace if impeller
system | pump impeller & housing 0.35 & housing are intact
Perpendicularity of 0.3 Adjust by a bench
pulley ’ press
::?r:t?)" depression(with Approx.10~15 15 | Adjust
. Operating temperature
Cooling (permissible temp) 'C 85 95 Must not exceed this
water -
temp Permlsslble.temperature 103 valve
in a short time. °C
Thermostat
opening temp. "C 71 Replace
Thermostat| (under atmoespheric preasure)
. . Replace if defective
Full opening temp. °C a5 stroke min. 8mm
Fuel pipe, Injection pipe
Piping | & Nozzle holder for Repalr or replace
a damage, cracks, :
others impropear packing, etc.
Fuel filter cartridge for .
Fuel damage or dimple Replace cartridge
system| Injection pressure of injection 250 Adjust by shim | 1st 1160 , 2nd : 220
nozzle (ka/cm?)
Operating pressure of overflow 10~15 Replace valve
valve (kg/cm?)
: Projection height of nozzle from Replace cyl. head &
3.6 ~4.1
the cyl. head surface(mm) nozzle
Running-in the engine :‘1efer t_o Su?p,!,e ment
running-in
inspection - COTnpressron prassure of 55 . 28 24 or Correct
at Cylinder} cylinder {(kgfcm?) less
completion preséure Compression pressure at 200“)"‘1 or more
difference of each #10% or less Correct more(20 °C)

cylinder

against average
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Parts & After Service Center

©Fax. : 82-31-400-225¢

© http://www.dodsaninfracore.co.kr

I After Servzce Ce"’z' '

7. 11 Hwasu»dong Dong gy | ncweon K re""
IVehche engme] 82- 32-211 2"42
. Elndustnal engme} 82 32- 911-5244 :
- [Marine pnqme]S 32 211-"24?
i _‘ .::'-[Generator engmp] 82 32 21 1-2"46
iX. '82 02-761 2?’59



e Applications for DOOSAN Engine

IA ;“L,a

01146 | 13301812500 || DLOB 235(320)/2,200 LO34 51(70)/3,000 || MD1S8T 206(280)/2,000
D1146T1 | 168(215)/2,200 || DV11 309(420)11,800 LOB4TIH SB(120)43.000 MDASET! 235(320)/2,000
For DEDBTIS | 176(240)/2,300 || DVI5T ZINIT0NZ,300 LO34TIM HOF{145)/3,300 V158TIH 353(480)/1,800
" | pE12 | 169(2s0w2,200 | DVISTI | 308¢420)/2,100 LOBETI 265(360)/2,500 | V158TIM 307(540)/2,100
Vehicle | pejor | 20030012,200 | DVIETIS | 308(420)2,100 LOBBTIH 210(285)/2,100 || V158TIL 500(B80)/2,300
DE12TE | 250(340V2,100 || GEOBTI | 191(260)/2,300 LoS6TIM 232(316)/2,300 || V130THH 441 (600,800
DE12TiS | 250(340)2,100 [| GE12T1 | 250(340)/2,100 L126TIH 265(360)/2,000 || VISOTIM 478{B50)/2,100
L126TIM | 294{400)2,100 | VISOTIL B20{603)/2,300
D146 | 115(156)/2,200 || DBSSTIS | 127(173)/2,000 L136 113160% o0 | vazoTiH 530?,20);? 500
D1146T | 140(190)/2,200 || DEOSTIS | 151{205)11,900 L1367 MTEOOV2200 || Vaz2TIM 585(8002.100
For D1146TI | 162220)2,200 || DE12T | 188(255)/2,000 L136TH 169(230)2.200 || Va22TIL 736(1,00012,300

DB33 53(72)/3,000 [ DE12T1 | 213(200)2,000 L136TL ATT(240/2.600

industial | DB33A | 46(63)/2,300 | DE12TiS | 238(323)/2,000
DBSS | 96(130)/2,800 § DVIST | 238(324)/2,300
DB58S | 75(102)/2,200 [ DLos 191(2680)41,750
DB5ST | 104(142)2,500 || DV11 245(333)1,800
DB5STI | 112(152)/2,200

= Generator Set Engines (G-Drive & G-Pac)

SLERAE ek LT h e R R ] R U e e A R, B P e

105(143) | 96(130) 85(116) 77(15)

LR i

D1146 P158LE-1 | 402(546) 366(498) 362(482) 327{444)

D1146T 138(187) | 1250170} | 118¢i80) | 1o7(145) | PissiE-2 361(491) | sz0(47) | 321437 | 203(399)
DB33 35(47) 32(43) 20(39) 26(35) || P158LE-S 481(654) | 441{660) |  441(800) | 402(546)
DB58 70(95) 84(87) 59(80) 54(73) | P18oLE 540(734) | 497678) |  496(674) | 443(602)
DE¥2T 199(270) | 180(245) | 186(228) | 151(208) [ P1goLE-1 498(677) | 4B4(B17) |  442(804) | 403(548)
PO34TI 60(82) 55(75) 48(65) 4257) || PisoLE-S 567(771) | 519(705) | 498(674) | 452(615)
FOBGTI 203(260) | 205(237) | 199(223) | 177(203) | Peceie 649(883) | 591808) | 574a(781) | s82(723)
POS6TE1 191(303) | 174(279) | 164(e70) | 1491420) || PepoLEs 625(850) | 583(765) | 652(750) | 496(675)
P126Tl 298(405) | 278(378) | 272(370) | 241(328) || P2ooLE-S 682(927) | 625850} | e03(820) | s52(750)
P126TH 288(392) | 262(356) . - P158FE 492(669) | 441(600) |  441(600) | 402(546)
P126T)-I 342(465) - . - P222FE 711(967) | e50898) | e12(832) | sea(zva)
P158LE 443(802) | 402(847) | 414(563) | 363(494)

-

= Natural Gas Engines

ST A | o i ch LR RS, i AL

GEGSTIC 165(224) 150(204) 141(192) ‘12B{174) | GVISOTIC 375(510) 340(462) 319434} 290(394)
GE2TIC 226(306) 200(272) 187(254) 175(238) | Gv222TIC 451(613) 410(557) 385(523) 350(476)
GV188TIC 300¢408) 270(367) 253(344) 23313
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= Marine Auxiliary Engines

ADO34F

I AD136TIF

ADO345 32{43)}

26(35) 121{165) AD136TIS 143(195)

ADO3ATIF 42(57) AD158TIF 30410) ADO34TIS 55{75) AD15BTIS 353(480)

ADOBBTIF 151(205) AD1BOTIF 357(485) ADOBBTIS 186{253) ADA8OTIS 441(800)

AD126TIF 206(280) AD196TF 185(210) AD128TIS 247(336) AD198TS 181(246)

AD136F 77(105) AD196TIF 173(235) AD138S 93(126) ADV19GTIS 199{270)

AD136TF 107(145) AD222TIF 446(606} AD136TS 125(170) [ AD222TIS 530{720)
= Marine Generator Sets » Power Units

PhM
PNB
P
PNK
PND
PNE
PHNL
PNI

PNZ
PNS
PNY

DB33
ADQO34TI
AD136
AD138T
AD136T1
ADQBETI
AD196TI
AD126T1
AD58TI
AD180TE
AD222TI

24130
S0/53
80100
1041130
1321165
1721215
176/220
224/280
328410
400/500
5004625

96H20
108/135
136170
160200
192/240
276/345
332415
408/510

PU034

PUDGE

PU0ES
PUOZBT(EADPA)
PUOSET(EADPB)
PUGSSTI
PU126T)
PU158TI
PU18OTI
PUR22T

50(88)/3,000

85(116)/2,800
116{158)/2,200
15120512, 200
151{2051/2,300°
213(200)/2,200
294(400)/2,100
397(540)/2,100
478(650)/2,100
586(800)/2,100
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CARDIFF

DOOSAN INFRACORE CO.,, LTD.

AROUND THE WORLD

JOHANNESBU
{South Africa} &

Head Office
Hwasu-Dong 7-11, Dong-Gu, Incheon, Korea.
Tel: +82-32-211-1114 Fax : +82-32-211-1231

Seoul Office

Doosan Tower 18-12, Euljiro-6Ga,

Jung-Gu, Seout, korea 100-730

Tel: +82-2-2167-3281 Fax : +82-2-33890-8117

ASIA & OCEANIA

Doosan Infracore Machine Tools Yantal Co.,Lid.
1, Dayu Road 1, ETDZ, Yantai, Shandong, China
Tel ; +86-0535-693-5060 , Fax : +86-0535-693-5619

Doosan Infracore Liaoning Machinery Co.,Ltd.
No.32 DongLing Road, DonglLing District, ShenYang,
Liaoning, China

Tel : +86-24-8841-1407, Fax : +86-24-8841-1404

Doosan Infracore Xinjiang Machinery Co.,Lid.
No. 178, Hetanbei Road, Wurumugi, Xinjiang, China
Tel : +86-991-463-7217 , Fax : +86-991-469-8641

Dajian(Tianjin) Mechanical Construction Co., Lid
No.87 Gangxing Road, Tanggu, Tianjin, china
Tel : +86-22-2521-0640 Fax : +86-22.-2521-0714

Doosan Infracore (China} Co., Ltd.

#28, Wuzhishan Road, Eco. & Tech, Development Zone,
Yantai, Shandong, China

Tel ; +86-535-838-2000 Fax : +86-535-638-2004

Doosan Infracore Japan Corporation

3rd Floor, k-1 Bid., 19-4, Nishi-shinbashi 2-Chome,
Minato-Ku, Tokyo, Japan

Phone ; +81-3-3434-2547 Fax : +81-3-3434.2548

Doosan Infracore Middlie East Center{Dubai)
183127, Al-Serkal Building, Air Port Road, Dubai, U.A.E
Phone : +871-4-295-2781, 2782 Fax : +971-4-295-2783

NORTH AMERICA

Doosan Infracore America Corporation
2905 Shawnee Industrial Way, Suwanee,
Georgla 30024, U. 3. A

Tel : +1-770-831-2200 Fax : +1-770-831-0480

Doosan Infracore America Corporation Cleveland Office
4530 Renaissance Parkway, Warrensville Heights, OH 44128, US.A

Tei: +i-216-595-1212 Fax : +1-216-595-1214

Doosan Infracore America Corporation N.J. Office
8 York Avenue, West Caldwell, N.J. 07006, U.5.A
Tel ; +1-073-618-2500 Fax : +1-973-618-2501

EUROPE

Doosan Infracore U.K., Ltd.

Doosan House, Unit 6.3, Nantgarw Park, Gardiff
CF4A70U, UK,

Tel : +44-1443-84-2273 Fax : +44-1443-84-1933

Doosan Infracore Germany GmbH
Hans-Boecklar strasse 27-29, D-40764, Langenfeld-Fuhrkamp,
Germany / Tel : +48-2173-8509-20 Fax: +49-2173-8509-60

Doosan Infracore Europe S.A. {Europe Head Office)
1A, Rue Achille Degrace, 7080 Frameries, Belgium
Tel : +32-65-61-3231 Fax : +32-65-61-3236

Doosan Infracore France SARL
{Doosan Infracore Eurcpe S.A. France Office)

2Eme Etage, 1/3 Avenug Paviov, Z Al Des Bruyerss, 78180 Trappes France

Tel: +33-1-3016-2140 Fax : +33-1-3016-2144

Doosan infracore Europe S.A. taly Office
Via Monfalcone 41, 20090 Cinisello B.mo (M)
Tel - +39-2-612-0565 Fax : +39-2-512-6322

SOUTH AMERICA

Colombia Liaison Office

Diagonal127 A No. 17-34 Oficing 302
Bogata, Colombia

Tel : +67-1-625-3470 Fax : §7-1 -625-3883

AFRICA

Doosan Infracore South Africa (PTY)Ltd.
60C Electron Road, Isando 1600, Johannesburg, South Africa
Tel : +27-11-974-2095 Fax : +27-11 -974-2778
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